MAY-06-04

02:20PM  FROM-

Deporoncnt of
Epidemiology und
Public Health,
University of
Newcastle upon Tyne
D Howel .

Formerly: Department
of Pubiic Health,
University of Lecds

L Asblascer

St Jasncs’s University
Hospltal, Leeds
L Swinburne

Lecds Henlth
Authority, Blenheim
Housc, Leeds

M Schweiger

P Haton

United Leeds Teaching
Hospiraly, Leeds
E Renvoize

Corcespohdence o

Denise Howel, Dapartmeat
of Epidtnaiology and Public
Health, The Medical School,
Famlingor Place,
Newcastle upon Tyne NE2
4HH.

Acrepred 18 Decamber 1996

T-305 P.002/008 F-351

Routes of asbestos exposure and the development
of mesothelioma in an English region

Denise Howel, Lorna Arblaster, Layinka Swmbume, Marrin Schweiger, Edward chvo:ze,

Paul Hauon

Abstract

Objectives—To investigare the contribu-
tion of exposure to asbestos through
diffcrent routes in the devclopment of
mesothelioma.

Methods—Cagse-control study. 185 com-
firmed cases of mesothelioma and 160
controls were identified, when death had
occurred berween 1979 nnd 1991 in four
health districts in Yorkshire. The surviv-
ing relatives were interviewed to ascertain
liferime exposure to asbestos. Adjusted
odds ratios (ORs) of exposure to asbestos
(thwough oceupational, paraoccupational,
and residential routes) were calculated for
¢ases and were compared with controls.
Results—Likely or possible occupational
expeosurc to asbestos was more common in
c¢ases than in controls (OR 5.6, 85% confi-
denee interval (95% CI) 3.1 to 10.1). After
exchuding thosc with likely or possible
sccupational exposure, likely or possible
paraoecupational exposure was more
common in cases thas controls (OR 5.8,
95% CI 1.8 to 19.2). Only six cases of mes-
othelioma were identified as being solely
exposed 10 asbestos through their resi-
dence, compared with nine controls. The
OR for residential cxposure to asbestos
varied betwaen 1.5 and 6.6; depending on
which potental indusorial sources were
included, but the 95% Cls were so wide
that slighdy reduced or greatly increased
odds comparing cases with controls could
not be excluded.

Conclhuston—Study results support previ-
ous c¢vidence that occupational and
Paraoccopational ¢xposure to asbestos is
associated with developing mesothelioma.
Despite a rigorous scarch, purely residen-
tial exposure scemed 1o acconnt for only
3% of identificd cases. No firm conclusion
can be drawn about thc risks fom
residential exposure alone, as many of the
stady subjects could alze have been occu-
pationally er paracc¢cuparionally exposed
to asbestos.

(Oceup Envirent Mad 1997:54:403—409)

Keywords: malignant mesothelioma; ssbestos; nop-
occupational exposure

Malignant mesothclioma is an uncommon
cancer, often associated with cxposure 10
asbestos, ‘with a latent interval berween first
exposurc angd rumour development averaging

30-40 years.'? The death rare is cxpeeted 10
rise in Britainn over the next 15-25 ycars.'
Although the risks of developing the disease
from occupational cxposure to asbestos are
well established, those due 10 non-occapational
exposure are of increasing concermn. This study
investigated the conmibution of the differcnt
routes of exposure to asbesios (able 1) in the
development of mesothelioma; concentrating
on occupations), paracccupatiopal, and rcsi-

‘dential exposure. Over raceni years, there has

been public concern about the relauvely high
incidence of mesothelioma locally’: occupa-
tional risks in three facrories which used asbes-
tos in Leeds, Calderdale, and York have been
highlighted by the media. This study axose
from further publicity about cases labelled as
environmental by Her Majesty’s Coroner or
the Jocal mediz and which were said to be
linked to che Leeds factory. This factory closed
in 1958, bur considcrable concern remfins
about continuing residential exposure to asbes-
tos in the vicinity of the factory.® There has
been recent legal action by some former local
residents who have developed mesothelioma
without occupational exposure 1o asbestos.
However, mzany local factorics used asbestos,
and this study considers exposure 19 ashestos
from all potential sources in the study area,

Subjects and methods

STUDY SUBJECTS

Porential cases of mesomclloma were sought
from the Health and Safery Bxecurive’s Na-
tional Mesothelioma Register, the Yorkshire
Regional Cancer Registry, and local posumor-
tem records, where a previows diagnosis of
mesothelioma had been made by a local
pathologist, Subjects who had died from
mcsothelipma  between January 1979 and
December 1991 were considered for inclusion,
if the addresy at death was in the Yorkshire dis-
tricts of Lecds, Calderdale, York, Wakeficld, or
Ponrefract: these are largely urban areas in the
notth of England. Two pathologists then inde-
pendently examined available histological sec-
tions from each potential case. Results were
classified into definite or possible malignant
mesothelioma, or other cumour: only cases
agreed 10 be definite mesothelioma were stad-
1ed further.

Necropsy records were used (o identify con=
ols for the cases, Sets of cases and contols
were matched for sex, age a1 death (to within
10 years), and ycar of death (to within two
years): the sets ranged in size from one case
matched with onc control, o six cases matched
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with five controls. The choice of matched sews
rather thon marched pairs was considered to
snake best usc of scarce subjects, when some
will be dropped from later analyses. Potential
controls were excluded if they had dicd from
mesothelioms, or diseéases which could have
.been confused with mesothelioma (bronchial
or ovarian cancen), or in circumstances in
which gathering information would be difficult

" (suicide; or if they had been homeless at the

time of death; or if they had spent most of their

adult jife in an institotion). This did not give -

rise 1o many exclusions. Specimens of non-
mmorous lung tssue were obtained when
available for cases and controls, and were sent
for mineral fibre analysis. These resulis will be
discussed elscwhere,

Expericnce suggested that abourt 300 cases of

mesothclioma would be jdentified in the study

period and area; however, we ¢ould only obrain
both histological marerial 1o conficm the diag-
nosis and a Jater exposure history on half of
these, Assuming one third of these cases had
not been exposed to ashestos through eccupa-
tional or paraoccypational roufes, there was an
80% power to deiect an odds ratio (OR) =
linking residenuial cxposure and mesothelioma
at o significance level of 5%.

EXPOSURE HISTORIES
Arcmpts were made to conta-:t the next of kin
of subjects, and a sentistructursd questonnaire
was used 10 interview them 1o obtain a detailed
life history of the deceased. It was explained
that we were seeking infermation about the
deceased's life history, and they were cncour-
aged 1o ask other family members or friends for
further derails. Juterviewees were unaware of
the main concerns of the srudy: only the final
few questions mentioned exposure [0 asbestos
cxplicitly, When it was not possible 10 interview
relatives, information was soughr from coro-
ner’s records. Permission: for the smudy was
obrtained from loca) cthics commirtees.
Coding of exposure histories was perfooned
blind to case-conirol srarus, and was based on
responscs obrained before asking explicitly
about asbestos exposure. It was assumed that
asbestos exposuré in the last 15 years of life (by
whatcver route) would not have conmmbuted to
the development of mesothelioma, and this
period was exclnded when coding information.
Occupational and paraotcupational exposures
of less than one month were excluded, as were
residential exposures of less than one year.
Occupations were coded with an existing
classification’ as likely, possible, or unlikely 10
have Jed to exposure 1o ashesros. Each subject
was then assigned an overall code, which was
the highest level of occuparional exposure ever
experienced, Appendix 1 lists the jobs which

determined the occupational codes of the sub-
jects in the study. Also, the occupations of
members of the subject’s househpld were simi-
larly coded, and the subject was assigned an
overall code which reflected the highest level of
paraoccupational exposure, Any incidental
exposurc to asbestos—for example,  home
improvements—was coded likewise.

Factories active from 1 900 onwards in north
and west Yorkshire considered 1o use asbestos

and which tnight have emitred asbestos into the

environment—for example, through loading,
ventilaxjon, or waste disposal—were identfied
through trade directories and local knowledge.
Altogether 278 were identificd: many were only
active for sherr periods, and most were within

the Leeds or Bradford area. Only 83 of these

factories ever had study cases or controls living
within 0.5 km of them. The factories were clas-
sified as either group [ (those where goods
containing asbestos were knowm 1o be
mannfacrured—for example, eagine packing,
brake and clutch linings, joints and gaskerts,
railway carriages, or insulation materials) or
group 2 (those where this was in some doubr——
that is, the site may have been a warehouse, or
asbesros may not have been the material used).
Appr-:ndnc 2 shows the activities ar these facro-
ries.

A residential history, including achools
arredded, was obtained ar intervitw. The
addresses of subjects within Yorkshire and
porental industrial sources were converted,
where possible, into the gid references ap-
proXirnsting to current postcodes. Distances
were calculated bétween every residontial
address and every potential source, and then
the residennial exposure of a subject was coded
as; likely if residence was within 0.5 km of one

‘or more sources at some time; and unlikely if it
. was not known whether residence was within

0.5 km of any of these sources during life.

Residential exposure was coded firstly for all
potential sonrces, and sccondly for those where
manufactore of asbestos goods was morc
certain (group 1 only). The figure shows the
grid references  both of addresses where
subjects lived and the facrories which were
posential sources of asbestos to the cnviron-
ment.

STATISTICAL ANALYSIS

The main technique used for the analysis of the
comparatve risks of exposurc was conditional
logistic regression.” Occupadonal and peracc-
¢upational exposure wers coded to three levels
—likely, possible, and unlikely. The analyses
were catried out with two sers of groupings.
Firstly, by comparing likely and possible with
the unlikely group, and secondly, by comparing
likely with the possible and unlikely groups.

F-351
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The conditonal logistic model incorporated
terms to further adjusy for the age, year of
death, and district; a5 the marwching criteria
were quite wide. The effecty of eXposure to
asbestos by a particular roure was evaluated by

successively excluding subjects who had been

exposed to asbestos by roures which were likcely
to be ar higher levels—for example, excluding
-occupatonal exposure while considering
paraoccupationnal ¢xposure, The same matched
sets were used for all analyses, but exclusions
were made as already described: if all cases in a
ser weie excluded for this reason, the contwols
in the ser wege not used.,

Results

There were 316 potential cases of mesothe-
lioma identificd: 71 of these could not be con-
firmed, it was agreed that 15 were not
mesothelioms, and four were possible meso-
thelioma, leaving 226 confirmed cases. The
relatives of 133 of these cases were interviewed
and information on a further 52 cases was
obuained from the coroners’ records. Interview
information was obrained for all 159 controls.

Table2 Choracteristics uf cases and conirels

‘ Coser (n=183) Conuroly (1=15%)
Age ut death (median(rage)) G6 {I§-89) 67 (38-85)
Men (n{3)) . 137 (74) V1B (74)
Died in (a(%)):
Leeds 135 (73) 12217
Calderdal: 22 (12} 2019
Wakehiski 19 (10} 13 (8)
York ) g (3) (N

These were divided ingo 55 sets of cases and
controls. Table 2 shows the distributon of age,
sex, and place of death for cases and controls. -

COMPARING EXPOSURE TO ASBESTOS Itd CASES

© AND CONTROLS FOR EACH EXPOSURE ROUTE

Overall, 103 (56%) of the cases were classified
as likely 10 hove been occupationally exposed 1o
asbestos, compared with 22 (14%) of the con-
rols. Inclusion of those who had possibly been
exposed, gives corresponding figures of 150
(31%) and B0 (50%). The source of infor-
marion abour occupacional history had linle
pssociadon with the exposure Category. Among
those whose work history came from interview
55% had likely occupational cxposure, 26%
possible, and 19% unlikcly, with corresponding
proportions in the cases in which the infoe-
marion ¢ame from coroner's records of 58%,
25%, and 17%. In most matched sets the cases
had the same or a greater chance of being
occupationally exposed than the contols: there
were 41 sets where there werc a  higher
proporton of cases than controls who had been
likely or possibly ocqupationally exposed; 11
scts where the proportons were equal, and
three sets where there was a higher proportion
of controls, Table 3 shows the condtional Jogis-
tic regression results, and show thar the odds
on having occupational exposure were consid-
erably higher in cases than controls.

It was considered inappropriate to compare
paraoccupational exposure of subjects who
have also be:n occupationally exposed 10
ashestos. Two analyscs haye therefore baen
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done: excluding subjects with likely occupa-
rional exposure, and excluding those with likely
or possiblc accupational exposure. Altogether
45 matched sets remained, comprising 81 cases

" and 124 controls, for the first analysis. Eighteen
of thast cases had likely and five had possible
paraoccuparional exposure: five of the availablc
controls had likely and 16 had possible paraoc-
cupational exposure. Table 3 shows the ad-
fusted OR estimarcs. The odds of paraoccupa-
tional exposure were higher in cases than
controls, whether the possibles were included
with the likely or unlikely exposure groups.
However, when the possible grovp was com-
bined with the likely group, the 95% confi-
dence interval (95% CI) for the OR showed
that data were also consistent with equal odds
of paraoccupational exposurs.

Only 27 matched sers, comprising 34 cascs
and 58 controls, were usable for the sccond
analysis. Of these cases 13 had likely and four
had possible parzoceupational ¢xposure; three
of the controls had likely and eight had possible
paraoccupariong] exposure. By cxcluding a
further group of subjects who might have been
occupationally exposed, we should chrain a Jess
biased estimate of the steength of the associ-
ation; but the esimare was much less precise,
becaust of the reduced mumbers of subjects

available, The point csomares of ORs sug-

gested # much stropger association, but were
consistent with ORs both litgde greater than
unity and very high indeed. So whereas the
odds on paraotcupational exposure were
higher for cases of mesothelioma, we are
unable to say with any precision by how much
they were raised.

Forry four cases and 43 concrols reported
some activiries which conld be coded as possi-
ble incidental exposure. These included ¢ar or
motorbike repair, removing fireplaces or walls
at home, insralling central heatng or lagging
pipes, dismantling radiators, demolishing a
coke oven, and unspecificd home improvement

tasks. There were three conmrols for whom this -

scemed o be the only asbestos exposure, and
two cases and five more controls for whom only
incidental and residental exposure were iden-
nfied. The vague exposure descriprions pre-
cluded formal analysis.

It was considered inappropriate o compare
the residential exposure of cases and controls if
they had also been exposad to asbestos by other
routes likely 1o have been at highetr exposnre
levels, Therefore thtee analyses were carried
our; excluding subjects with Lkcly occupational
exposurc or likely paraoccupational &xposure;
excluding subjects with likely or possible accu-
patiopal exposvre and likely paraoccupational
exposure; and excluding subjects with likely or
possible occipational exposure and likely or
possible paraoccuparional exposure. Table 3
shows the adjusted OR estmates.

Thirty five matched sets comprising 46 cases
and 96 controls were usable for the first analy-
sis. Of the 46 cases, 25 had lived within 0,5 km
of any potentis) source, and 20 in grotup 1 had
lived within 0.5 lun of a potental source. The
corresponding figures for the 117 controls were
32 and 24, There were only 17 matched sers
comprising 18 cases and 40 controls who wete

" usable for the second analysis. Of the 18 cases,

cight had lived within 0.5 km of any porential
sonrce, and six in group 1 had lived witton 0.5
km of a source. The corresponding figures for
the 69 controls were 13 and nine. Therc were
only 14 marched sers comprising 14 cascs and
29 controls who were usable for the third
analysis. Of the 14 cases, six had lived within
0.5 km of any powntal source, and five in

_group 1 had lived within 0.5 km of a porential

source. The corresponding figwes for the 56
conrrols were ning and five,

The cstimated OR, on residential exposurc to
asbestos comparing cases with controls rosc as
each of the other sources of exposure was
excluded. However, the fow subjects remaining
witheut «¢cupational and paracccupational
exposure do not allow us 1o estimate the
strength of the relation berween residenciel
exposure and mesothelioma with sufficient
precision to rule out either no association or a
strong assOciation,

RELATIVE CONTRIBUTIONS OF THE DIFFERENT
TYPES OF ASRESTOS EXPOSURE

Altogether 45% of the exposure histories
collecred in this study reported asbestos expo-
sure by more than one routs, It is impossible to
be certain which was the dominant cxposure

(= W' T I T B

Tw % '
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Tablc 4 Main route of sxppsure for casct und controls (n(%)) ’
Cavegory Descripnion Gases Cunzroly Total
Occupational Likely or-postibly occuparionally exposed 1%0 (b2) BO {50) 230 (67)
Paisgccupadions] Likely or poszibly pamoscupstionally exposcd und not occupadionslly expoicd (likely or posaible) 17 () 14 31 (9
Incidental Likely or possible incidcatally exposed but not sccupationslly or pamorcupatiopally exposed
(Qlikely or possible) 2(1) 8(5) 12 {3)
Reasidential Likely residential ¢xpasure to any source but not occupationally, paraoccupntignally, or R
incidenially exposed (likely or possible) : () 14 (%) 20 (6)
None or unknown  Subjectr not thought 1o be expoaad to asbestos by any of the above routes (shis will inglode
: biscts whose enposwre history hae missing mlotmation) 10 {5} 43 (27 53 (15)
. . L85 {100}y 159 (10m) 244 {100}

Total

route for cach subject; nevertheless, o hierarchy
of exposure categories has baen suppested. [tis

. assumed that occupational exposure to asbes-

tos has the bighest Jevel: lesser exposures are
deemed w be paraoccupational, incidental,
and residential. Subjeces have been grouped
into five categorics, and table 4 shows the
pumber of cascs and controls in €ach of these.
Occupadonal exposure was the most common
route in hoth cases and controls. Cnly 5% of
cascs seemed to have no exposure to asbestos,
whereas the figure was 27% for the controls.

- Discussion

The hazards of occupational expasure To
achestros have been documented for decades.
Wagner er al” first established the link berween
working ar, or in close association with, an
asbestos mine and development of mesothe-

homa, and subsequent papers have described

the risks associated with other occupations, Of
study cases B2% had likely or possible occupa-
tional exposure, compared with 50% of the
controls. Comparisons with other case-conrrol
studies are complicated by differing occupa-
tiona] coding schemes, but there were similor
proportions of occupadonal exposure in the
cases and controls in a North American study
(70% and 51% respectively),'’® and fcwer sa
exposed jo a London study (41% and 11%),"

- Cur study confirmed that the odds of having a

likely or possible occupational exposure to
asbestos arc significantly higher in cases than
controls, : .

It is generally accepted that therz is a link
between paraoccupational expoesure to ashesros
and mesothelioma. Case-control srudies in
London,” New York,” and North Americe®
found a history of paraoccupational exposure
to asbestos in rmorc cascs than controls,
although the numbers were small. This study
supports previous evidence abour parascenpa-
Honal exposure, but the size and precision of
the OR depends on whether we in¢lude those
possibly cxposed with those likely or unlikely to
he paraoccupationally exposed.

The risk of residenrial axposure is Jess clear.

' Some case-conwol studies have invesrigared

the role of residential exposure afrer excluding
other asbestos exposures. The London study
found 11 cases compared with five controls liv-
ing within 0.5 miles of a parficular asbestos
factory." The New York study found enc case
living 1.2 kam from an asbestos factory, and no
contrals nearby.” The North American study
found that one case and four contrls had lived
within 20 miles of chrysotile mines.” A
Connecricur study found thar 9.2% of cases

-and 9.5% of controls had lived in the vicinity of

an asbestos friction marerials plant” These
resulrs are not comparable with ¢ach other, or
with this study, becausc of the varying
definitions. Outdoor airborne asbestos concen-
trations were found to be mised ncar a factory
that made asbeéstos wlure board, and near 2n
asbestos-cemenr plang,'* ** but in gencral, litde
is known abourt the likely increasc in airborne
asbestos  concentradons near facrories thar .
psed asbestos, or about the area over which this
increase might be expected.

Given the cstablished risks of occupational
and paracccupeuional exposure, s major focus
of our study was the hypothesis that living in
the vicinity of a factory thar used asbestos is a
risk factor for mesothelioma. No study has
looked at residenrial exposure so0 comprehen-
sively. Many potencdal industrial sources of
asbestos were identificd in the study area, as
well as the sources which provoked public snd
media concern. However, only a few sources
were near the residences of study subjects, and
very few after the exclusion of subjects with
occupational and paracccupational éxposure.
There were more subjects with occupetional or
psraoccupational exposure than expected from
other studics; this may be because there was
genuinely more exposure by these routes in
Yorkshire in the study period, or because we
obrained more complete exposure histories, or
differences in definitions. We had assumed that
one third of the cases would have been
unexposed through occupational or paraoccu-
pational routes, but the acrual figure wag 9,7%,
Ieaving relatively few cases available for that
part of the study that concentrated on residen-
tial exposure, No firmn conclusion can therefore
be drawn from this study about the risks of
residential exposure, because of the small
number of sujtable subjects. The cstimated OR
for residential exposure to asbestos varied
between 1.5 and 6.6, depending on which sub-
jects and sovrces were included, bur the 95%
Cls were so wide thar slighdy reduced or
greatly increascd odds compariog cases with
controls could not b excluded.

The 0.5 kan radius from a potential indus-
trial source of asbasros is arbitrary; itis a proxy
for exposure from a particular source. It is not
assumed that aithorme asbestos from  the
porental source is necessarily found at any
residence within 0.5 km. Living close to a
source may mean dhat the subjeet often watked
past it, or played in the factory yard, etc. Also,
the identified sources ¢arried out a wide range
of industrial activitics with asbestos; some were
known to process large amounts of raw fibre,
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goods. The use of wade directories and local

* knowledge to identify premises uwsed by the

aghestos industry may be insufficiently precise.
If residents in the vicinity of some of the poten-
tial sources were not exposed to asbestos, or
only at distances <0.5 km, their inclusion will
underestimate the risk from larger industrial
sourccs of asbestns. However, more derailed
information abour the manufacruring proc-
esses at the various facrories is rarcly available,
preventing moré precise estimates of their
potential for releasing asbestos ine the cnvi-
ronment. Nor was it possible to determine
which type of asbeswos was used in many facto-
ries, although the Leeds facrory, which had
provoked concern, was known to usc mainly
crocidolite, and the Calderdale factery used
crocidolite and brown asbestos {amosite) for
Jong pexiods.”

This and otheér case-conrrol studiés suffer
from the fact that retrospecrive asbestos expo-
sure histories are likely to be incomplete: rela-
nves providing information may not be aware
of, or be able to recollect, imporrant occupa-

- tions or residences, particularly if these were of

short duration. The quality of information var-
ied: some informants were able 1o provide very
dcrailed life histories, others were vague about
parsticular periods ot aspects of the subject’s
life. B

There are also difficulties in trying to ascer-
tain the key routcs of asbestos exposure when a
life history suggests exposure from more than
onc route, For example, whereas a weaver of
asbestos products would almost cexminly have
been exposed to very high levels of asbestos
which would dominate those from other
routes, an elecrrician (coded as possibla
occuparional exposurs) might have limited
asbestos exposure at work, but higher exposure
as the rvesult of living near an asbestos factory,
or from a family member working there. We
have assurmed that occupational exposure
dominates that from other sources in this stedy:
The few swudies which have measured airborne
asbestos concentrations in non-occupanonal
setrings indicate that paraoccupational expo-
sure can lead to higher concentrations than
residendal cxposure™, .bur we cannot be sure
that this is the case for alt the subjects in this
study,

. T-305 P.007/D08  F-381
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detailed histories of asbestos exposures, and

 has provided valuable information on the risks

of occupational and paraoccupational expo-
sure, and made a usefu) conmribution to the
stady of residential exposurc to asbestos. A

" high proportion of both cases and coptrols

could have been exposed 1o asbestos at work,
Although heavy exposure through the manu-
facture of asbestos products has fallen over the
years, there is still scope for exposure in work-
cEs engaged in repair, tenovarion, and demoli-

“tion of bunildings containing asbestos, the so

called %third wave of ashestos disease”.”

Prevention requires rigorous enforcement of
existng legislafion, workforce education, and
surveillance 1o ¢nsure that exjsring standards
are adequate 1o idennfy other potental causes
of mesothelioma. Only 3% of the cases were
associared solely with residential exposure, and
it is not possible to conclude from this srudy
alone whether such exposure is a risk factor for
development of mesotheliorma. A larger study is
needed to do this. It is important char all possi-
ble sources of asbesios exposure should be
considered and thoroughly investigated in
cascs of mesothelioma. For instance, 25 of the
cases of mesotheliomna in Leeds between 1971
and 1987 were Jabellzd as due to environmen-
tal exposure to asbestos by Her Majesty’s
Coroncr or the local media, bur further investi-
gation established that 20 of these could have
been occupationally or paraoccuparionally
exposed.'™ At present, such investigations are
performed on an ad hoc basis, but it wonld be
useful 10 determine whose responsibility this
should be. Combining the results -of such
inquiries would provide a means of obtaining a
sufficiently large darabase from which the role
of residential cxposure in the development of

‘mesothelioma in the community could be
reconsidered,

We are pacticularly geatefu] (o the contoses of the cascs of mes-
athelioma and those who wered vy soneely, for their help and
intevear; and 1o Dr Philip B da Costy, contultane pathologias,
Staceoft and Killingbeck Hospicol, for carrying uut histelogical
cenfirmadon of the cases. We olxo ackouwlcdge suppomT given
by wafl pc loca) paihology inborutories and medica) records,
deporgnents, stalf ot Joce! officow of Her Majostr's Coroner and
seiff at the Uriveenity of Leeds Mediesl Library, Lecdt Ciry
Library, and Dradford Cicy Libmry. The 1ady was funded by
the Colt Foundation. There are no sonflices of interest.

Appendix 1: List of jobs that determined the clussificotion of subicc:tn inte sach occupational cIass of

expasura to ashestos,

TAKELY

Asbestos factory worker (firter, sprayer, carding, packer, mattress maker, maintenance, spinner,
etc), boilermaker, bricklayer, builder’s labourer, built gas revorts, builr railway coaches, display
wotk using asbestos, dockwork involving asbestos, fitter on ships, fitter using asbestos, foreman
using asbesros, gas firter, hearing engineer or plumber, joiner using asbestos, laboratory technician
using asbestos, lagger, maintenance involving asbestos, metal worker using asbestos, munitions
work involving asbestos, naval ¢ngineer using asbestos, power station worker, roofer oc slater,

shipyard worker.

POSSIBLE

Aircraft mechanic, air rald warden, architecy, boilerman or stoker, car mechanic, chemist, clerk ay
asbestos goods facrory, cleaner in asbestos goods factory, driver of asbestos loads, elecimician,
engineer, fireman, firer, foreman, foundry worker, Hoffiman presser, industrial brush repair,
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joiner, laundry worker (ironing), mainteaance work, meral worker, munition worker, painter,
railway worker, scaffolder, stoncmason, task gunner, relephone engineer, welder,

UNEAKELY

Raker, barman, catering, cinema manager, cleancr, ¢lerk, clothing industry worker (machinist,
wilor’s cutrer, finisher, etc), colliery worker, draughtsman, driver, dyeworker, factory work, farm-
work, film editor, groundsman, hajrdresser, laundry worker, letier sorter, manager, navy, nurse,
paver, postman, priest, sales assistant, shoemaker, weacher, dlex, upholsterer, warchouseman,

wireworker.

Appendix 2: Activities ax potential industrial sources of asbester near Yorkshire residences of smdy

subjects

Number of sources within 8.5 bkm of
= [ roudy subjecy

Group 1—likely manufacnare using adbecroa;

Asbhescax goods manuluchirers 17
Engine packing, seeam necking, ot merailic prcking monutuutiurerns 13
" Brake and clarch manufacturens 7
Jointing and gasket munufucturers 1
Ruilway earriage and locomorive manafscturers 7
Insulation, beiler covering, oc packing manufacoirer 1
Fibrous plaster or fibrous cement maaufacourers 9
Group 2=—muy be sturage oaly, or asbesios not used:
- Asbesros building marezinhs, ssbestos cement, asbestos roofing 10
Ingnladon specialipty, engine packing, firsproofing, steam products manufacnrer 18
. 83
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