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Objectives: Our study simed to identify cccupstions at increased risk of developing meso-
thelioma in persons aged 50 yr or less, and ¢o relate these occupations to lung tssue concen-
tration of asbestos fibres by type. lu this age gronp it was thonght that most, but not zll,
work-related exposures would have been sluce 1978, when the importation of crocidolite, but
not amosite, was virtually eliminated.

Methods: Eligible cases were sought from recent ceporis by chest physicians to the
SWORD occupational disease surveillance scheme, Work histories were obtained for 115 men
and 13 woren, usually with the help of the chest physicians or coroners. Jobs were coded
by the Office of Nationa) Statistics, so that the observed years spent In each occupation could
be compared with expected values from census data, 1960-90. Lung tssue samples were
obtained at autopsy from 69 male and four female cases, and mineral fibves identified, sized
aond cownted by electron microscopy.

Results: Of 37 industyial occupations analysed, odds ratios were significantly raised in
eight: five in the construction Industry and the others in shipbuilding, the mannfacture of
cement products and the manofactore of non-metallic mineral preducts (Including asbestos).
‘The concenirations in lupg of crocidoliie and amaosife Abres, which together could account
for 80-90% of cases, did not differ between occupational categories; those for amosite were
appreciably higher than for crocidolite. Tramolite fibres were rarely found. .

Conclusion: Mesothelioms in this young age group is dominated by carpenters, plumbers,
electricians and insulators in the construction industry, and is mainly attributable to amphi-
bole exposure. Work in shipbuilding and manufacture of mineral products was less important
than In earlier studies. Contrary to expectation, however, some 90% of cases were in men
who bad started work before 1970. © 2001 British Cecupational Hygiene Soclety. Published
by Elsevier Science Ltd, All rights reserved
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INTRODUCTION

The steady rise in monality from mesotbelioma in
Britain since the 19505, predicted to continue for
some years to come, was investigated in the present
study in persons, so far as possible, aged 50 yr or less
at dme of diagnosis, It was argued that the occn-
pations and lung fibre content of these cases would
mainly reflect potential exposure to asbestos since

Received 26 January 2001; in final form 14 April 2001.
*Author to whom correspondence should be addressed. Tel.:
+44-20-7351-8934; fax:  +44-20-7351-8091; e-mail:
c.medonald @ic.ac.uk

1970, By that date the importation of crocidolite, but
not amosite, had been virtually eliminated, and
stricter controls were in force through the Asbestos
Regulations 1969. The use of crocidolite had already
tailed off during the 1960s, but some exposure con-
tinued after 1970 during building maintenance and
asbestos treatment and removal.

Since 1989, the Suwrveillance of Work-related and
Occupational Respiratory Disease scheme (SWORD)
has provided a consistent estimate of the incidence of
occupational respiratory disease in the UK (Meredith
et al., 1991). Some B5% of all consuliants in respir-
atory and occupational medicine throughout the coun-
try have reported new cases of occupational respir-
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atory disease on a voluntary and confidential basis,
including mesotheliorna whether considered occa-
pational or not. All cases of malignant mesothelioma
reported by chest physicians to SWORD between
1990 and 1996, bom from 1943 onwards, were selec-
ted for the smady. A later date than 1943 would bave
been preferable, but would have resulted in too few
cases for analysis.

The investigation has two separate but related
components. The first entailed identification of eli-
gible cases, followed by detatled recording of work
histories and other relevant dasa. The second reguired
collection of lung tissue at autopsy from as many of
these cases as possible, for elecwonmicroscopic
analysis of lung fibre bunden, rogether with samples
for comparison from accidental or sudden cardiac
deaths. In the latrer study, substantially higher con-
centrations of all asbestos fibres, all amphiboles, cro-
cidolite and, although rarer, tremolite were found in
cases than contols (McDonald er al, 2001, this
issue). Crude odds ratios reflected these differences,
with large values for all groups and concentrations of
crocidolite, amosite and all amphiboles, increasing
with concentration. The odds ratios for tremolite were
also elevated, but of limited statistical significance. It
was clear that almost all cases could be explained by
amphiboles, but as cluysotile fibres do not persist in
fung tissue, their contribution is less certain.

METHODS

Case ascertaimment

All reported cases of mesothelioma which met the
bith date requirements were identified in the
SWORD records. With the agreement of the reporting
consultant, a research assjstant (HML) visited to

> obtain u full occupational history with his or her help,

using medical records. Where necessary, further
infermation  was sought from the coroner and
occusionally from the patient’s genperal practitioner.
In three cases with no available work histosy, the
patient was visited by a research physician (DJR),
alter obtaining the consultant's, general practitioner’s
and patient’s consent.

OF 180 eligible cases, 18 had been reported twice,
14 were two old, five were overseas and, in three, the
diagnosis had been changed to benign pleural disease,
inflammatory disease or adenocarcinoma, leaving {40
{126 men and 14 women) suitable for study. OF these,
no work history could be found for {1 men and one
woman. The latter had as a child lived very close to
 Yarge factory which processed erocidolite, where her
father worked. Her iliness had been officially desig-
nated us aitributable to enviroamental asbestos
exposuse.

Anaelysis of wark histeries
There were thus 115 men (meun age 47, interquar-
tile range 4449} und 13 wamen {mean age 42, inter-

quartile range 37-46) available for the occupational
analysis. Work histories were recorded, with industsy
and occupation for esch job (up 10 16 per patient),
These were tabulated and sent for independent coding
to the Office for Navional Statistics (ONS). Observed
and expected person-years by occupation wese then
calcnlated for the three-year period 1958-60 and for
the quinquennia 1961-3, 1966-70, 1971-75, 1976~
80, 1981-85 and 1986-90 by indizect standardisation
as follows:

Observed.  The recorded history and occupation
for alt recorded jobs of the 115 mgn were coded using
the Standard Industrial Classification 1992 (SIC92)
{Central Statistical Office, 1992) and the Standard
Occupational Classification 1990 (SOC90), (Office
for Population Censuses and Surveys, [992) respect-
ively. This was done independently by members of
the Office for National Statistics (ONS). Codings
were then condensed into the major classification of
the SIC%2 (such as construction and metal
processing).

A matrix was constructed with each case contribu-
ting to each quinguenniuwm for each job in that period.
Where one person had had more than one job, and
the starting and finishing dates were unclear, it was
assumed that the jobs were of equal length. Any bias
resulting from this assumption would tend to under-
estimate an association between any particular occu-
pation and mesotbelioma,

Each man’s career lasted 'n years, stating in the
year of his sixteenth birthday and ending in the year
he was reported (0 SWORD as a case. Bach year con-
wributed an equal fraction (1/n) to the analysis. The
fractions for all cases in each industial grouping in
each guinquenniarn were added together for the per-
iod up to 1980, (o give the ‘observed’ total used in
Table 1.

Table 1. Observed and expected map-years of employ-
ment, by occupation

Industry Occupation O/E 95% €1
Construction
Carpenters 8.9 (1.2-11.0)
Plumbers 8.1 (6.1-10.6)
Electricians 5.0 (G411
Insulators 34 (2.5-4.5)
Unskilled 1.2 (1.4-2.6)
Ship and boat building 6.3 {4.7-8.9)
Mfr. cement products 5.7 (2.1-12.5)
Mir. non-metallic mineral 2.8 (1.3-5.4)
products (including
asbestos)
Mfr. glass products 2.1 (0.8-4.5)
Electricity generation 15 {0.8-2.6)
Mft. brick and ceramic 14 €0.5-3.1)
products

Construction — other trades 1
1

(0.8-1.6)
Al other occupations (1=25) <. -
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Expected.  As industsial codings have remained
much more similar during 1980 and 1990 than those
for occupation, it was easier to group denominators
into industrial than occupational cetegories, so the lat-
ter were used in analyses,

Census data from 1960, 1970, 1980 and 1990 were
used to calculate the expected distribution of
employed workers by region and industry. Data were
avajlable by age for each of these censuses, and only
those age groups required for a cohort bom between
1943 and 1965 were selected. For years hetween the
censuses, distributions were calculated assuming a

- linear trend (for example, the proportion in each

indusmrial group in 1961 was calculated as
[0.9xproportion in 1960) + {0.1xthat in 1970}). The
expected distribution was summarised for each quin-
quennium as a percentage for each industrial group,
and multiplied by the total ‘observed’ (for all
industries) to give the ‘expected’ total for each indus-
trial group. Obsesved/expected (O/E) ratios were then
calcolated for each industrial grovp by quinquennium.
Further analyses were cartied out to allow for time
spept in each job, and greater weighting given to the
earliest exposures; this produced similar results, con-
finning the general belief that recent exposures have
little effect or mesothelioma risk.

Cenain major indusirial groups — manufacmre of
non-metallic mineral products not elsewhere classi-
fied; manufacture of transport equipment; electrical,

n to be over-represented among workers with

I|ias and water supply; and construction — were all

sothelioma, so the apalysis was repeated with these
major groops broken down into their subgroups. For
the first three categories, this was straightforward, but
the denominator data available for 1960 and 1970 for
the fourth group (construction workers) could not be
subdivided. However, an estimate was obtained from
Census economic activily tables kindly supplied by
ONS which showed the occupational distribution for
construction workers, though without breakdown by
age. It was therefore assumed that the distribution of
occupations was the same regardiess of age. A limi-
tation of this analysis was that the denominator for
insulation workers included an unidentifiable number
in other skills, '

The methods for ac‘quiring lung tissue samples and
for performing the electronmicroscopic mineral fibre
analyses are described in detail elsewhere (McDonald
=t al., 2001, this issue).

RESULTS

den

The distribution of observed (O) and expected (E)
‘glues in years employed arc summarised in Table 1
1 descending order of estimated risk. Of the 37
wdustrial groups or sebgroups analysed, odds ratios
were significantly raised {as judged by confidence
nervals) in eight, five of which were in the construc-
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Occupational analyses of mesotheliomu s

tion industry. A further four groups had ruised odds
ratios, but with confidence intervals which included
1.0. A demiled tabulation showing observed and
expected values for all 37 groups in seven periods.
1958-60 and six subsequent quinguennia. 1U61-Yi).
can be abtained from the authors on requess.

Most of the accupational groups at risk. especiully
the eight identified above. were clearly associnted
with pessible asbestos exposure: the converse iy true
of the remainder. Construction, shipbuilding and the
manufacture of cement and non-metallic mineral pro-
ducts carried the highest evidence of risk. and
together accounted for almost 21l the male cases. Con-
trary to expectation, however, 90% of the cases stud-
ied were in men who had started work before 1970,
and mainly before 1965,

Women

Of the 13 women with a work history. only one
had a clear record of occupational asbestos exposure.
but apother had been a paint sprayer, another a
machine operator, and one of the sales assistents had
worked in a textile warchouse. The remaining nine
women (seven in teaching, nursing or office work,
and one each in glass bottling and retail sales) had
worked in jobs not obviously entailing exposure to
asbestos. No further systematic analysis was made of
the female work histories, but see below in relation
to lang tissue analyses.

Occupation and fibre content

The relation between occupation and lung fibre
content is shown in Table 2, limited to amphibole
fibres and to mule cases with Jupg analysis at autopsy.
As some of the men had worked in more than one
type of occupation, the total number in classified
occupational categorics (94) is greater thaa the total
nomber of cases (69). '

Although the number in any given occupation is
small, the distibution of fibre concenuations in them
all is remarkably similar, both for crocidolite and for
amosite, although with higher concentrations overall
than for crocidolite. All these values for mesotheli-
oma cases are appreciably higher than in controls,
particnlarly 2t =1 ffug. The data for tremolite,
although too scanty for intespretation, appear to fol-
low a similar pattern.

Lung tissue was obtained for apalysis from only
four of the 13 cases in women. In one of these, 1.8
g of crocidolite was found. She had worked mainly
in retail sales (see above) but also, for two periods of
five months, as a stewardess on ships calling at South
African ports, and was eaposed o closds of asbestos
dust during loading. In two other women amosite
fibres were detected, ope with 0.7 fiug, employed
most of her life in glass bouling, had been exposed
for two' years to asbestos packing material used in the
bottle camtons. The third case, with 0.1 g, had
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Table 2. Occupation and amphibole fibre concentrations in lung

n® Crocidolite Amosite Tremolite
Any =1flug Any =iflug Any =1fug

Construction work

Plurabers 5 11 (73%) 3 (20%) 13 (87%) 9 (60%) 4 (27%) 6 |

Carpenters 10 5 (50%) 1 (10%) 9 (50%) 9 (80%) 4 (40%) [ (10%)

Elecoricians 6 3 (50%) 2 (33%) 5 (83%) 3 {(50%) 0 8(-)

Insulators 12 10 (83%) 3 (25%) il (92%) 6 (50%) 1 (B%) 0¢)

Unskilled 12 6 (50%) 3 (25%) 10 (83%) 8 (67%;) 3 (25%) 0 )
Ship/boat building 12 5 (42%) 1({8%) 9 (75%) 4 (33%) 3 (25%) Q)
Cement/non-metallic 5 4 (80%) 2 (40%) 5 (100%) 3 (60%) 3 (60%) 0 (=)
mineral products
None of the above 22 14 (64%) 4 (18%) 16 (73%) 7 (32%) 2 (5%) 0(-)
ARl cases 69 4) (59%) 14 (20%) 56 (81%) 33 (48%) 14 (20%) [ (1%)
All controls 57 9 (16%) 1{2%) 23 (40%) S (9%) 6 (11%) 0 ()

*Number of men ever employed in the occupations specified.

worked only in clerical or administrative jobs, with
no recorded asbestos exposure.

DISCUSSION

This epidemiological study of mesothelioma is per-
haps the first to include both occupational and Jung
burden components in the same investigation of a
nationally representative series of recent cases within
a narrow and informative age range. It was facili-
tated — indeed, made possible — by the existence of
the SWORD surveillance schemne and the full pantici-
pation of the country's chest physicians. The study
was greatly simplified by deriving expected values for
years employed in afl recorded occupations from age-
specific, regional census data, 1960-90. A very large
control series would otherwise need to have been
selected and interviewed; an expensive, ethically dif-
ficult and time-consuming task. It should be appreci-
ated nevertheless that this approach to risk estimation
is limited 1o a comparison of person-years, and
allowed no consideration of duration of employment
in any given job. .

Despite the steadily rising monality from meso-~
thelioma, especially among men, it was important (o
confirm that there remained little evidence of detect-
able risk outside a few well-recognised occupations.
Confirmation of this does not imply that there are no
environmental or household cases, or that there is no
risk in other industries, but in magnitude it appears
lower than had been feared. Previous population-
based surveys of mesothelioma, predominantly in
much older subjects (McDonald, 2000), generally
found most cases and highest risks in shipyard work
and in asbestos manufacturing and use, particularly
for heat insulation.

Clearly. this pattern would change with the disap-
pearunce of the main asbestos industries and the great
post-war increase in construction work. the first evi-
denee of which would be seen in the age group we
sudicd. The vinwal elimination of crocidolite use

before and since 1970, balanced by an enormous
increase over the same period in the imponation of
amosite, mainly for the construction industry, would
also be expected to affect the epidemiological picture.
It is not surprising therefore to find amosite relatively
more prominent than in past studies in the UK (Berty
et al., 1989). Regreitably our findings suggest thal
crocidolite was still important in this young age
group, probably because almost all cases were in men
who had staried work in the 1960s, and also because
opportunities for crocidolite exposure continued in
the 1970s, as a result of asbestos removal.
Althongh construction workers have, since the
1960s, dealt increasingly with amosite-containing
products, mast of their exposure would have been to
chrysotile, probably contaminated by some tremolite.
Nevertheless, the lungs of our young cases almost all
contained crocidolite or amosite fibres, seldom tremo-
lite, with odds ratios related to retained dose in a man-
ner suggesting that commercial amphiboles, rather
than chrysotile with or without gemolite, were the
cause of most cases. Becaase of the lack of persisi-
ence in lung tissue of chrysotile, a finding based on
fupg fibre analysis canmot fully define the role of
chrysotile per se. However, the dala suggest that
despite widespread use of chrysotile, it probably
accounted for few cases of mesothelioma.
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