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Abstract
Objectives—To compare the concentra-
tions of inorganic fibres in the lungs in
cases of mesothelioma and controls: to
determine whether concentrations of re-
tained asbestos fibres diVer with the
diVerent exposures identified from inter-
view; and to investigate the existence of a
cut oV point in concentrations of asbestos
fibres that indicates occupational expo-
sure.
Methods—Case-control study; 147 con-
firmed cases of mesothelioma and 122
controls identified from deaths occurring
in four districts of Yorkshire between 1979
and 1991. Surviving relatives were inter-
viewed to determine lifetime exposure
history to asbestos. Mineral fibre analysis
was carried out on lung tissue from
postmortem examinations.
Results—Odds on high concentrations of
retained asbestos fibres were greater in
cases than controls. After excluding sub-
jects with occupational and paraoccupa-
tional exposure, the odds on high
concentrations were still greater in cases
than controls, but only significantly so for
amphiboles. There was only a weak rela-
tion between probability of occupational
exposure to asbestos and concentrations
of retained asbestos fibres, and no signifi-
cant diVerence in fibre concentrations was
found between subjects who had been
exposed to asbestos through diVerent
routes: these comparisons were only based
on small groups. There was considerable
overlap in concentrations of retained
asbestos fibres between cases and controls
with and without histories of occupational
exposure
Conclusions—The study has confirmed
previous results of higher concentrations
of asbestos fibres in cases than controls,
and has shown that this is still found in
subjects with little evidence of occupa-
tional and para-occupational exposure.
The overlap in concentrations of retained
asbestos for diVerent groups of subjects
did not suggest a clear cut oV value.
(Occup Environ Med 1999;56:51–58)
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Recent studies have attempted to measure a
dose-response relation between exposure to
asbestos and the development of mesothelioma

through lung mineral fibre analyses within
case-control studies.1–5 This study is unique in
bringing together detailed exposure histories
from interviews and mineral fibre analyses in a
relatively large number of cases and controls
from the same communities. It arose from local
concern about the incidence of mesothelioma
in parts of Yorkshire. Many cases were linked to
three factories that used large amounts of
asbestos, and there has been speculation that
some cases were associated with merely living
near one of them.6 However, many other local
industries used asbestos and we decided to
investigate all potential industrial sources of
exposure to asbestos. The association between
mesothelioma and exposure to asbestos
through diVerent routes based on interview
information has been reported previously.7

The objectives in this part of the study were
(a) to compare the concentrations and type of
retained inorganic lung fibres in cases of
mesothelioma and controls, (b) to determine
whether concentrations of retained asbestos
fibres in the lung vary with the diVerent expo-
sures identified by interview information, and
(c) to investigate whether there is a natural cut
oV in concentrations of retained asbestos fibres
in the lungs which separates most cases of
mesothelioma from controls, and indicates
likely occupational exposure.

Subjects and methods
STUDY SUBJECTS AND EXPOSURE HISTORIES

Cases of malignant mesothelioma occurring in
four Yorkshire districts during the period Janu-
ary 1979 to December 1991 were identified
from several sources, and included in the study
if confirmed as definite mesothelioma by two
pathologists. Necropsy records were used to
identify controls who had died from diseases
other than mesothelioma in the same period.
Surviving relatives of both cases and controls
were interviewed to ascertain lifetime exposure
to asbestos through diVerent routes—that is,
occupational, paraoccupational (domestic ex-
posure while handling items brought home by
a household member), incidental (through
hobbies or visits), and residential (living near a
particular source of asbestos—such as a
factory). However, any exposure to asbestos in
the last 15 years of life (by whatever route) was
not included.

Exposure through occupational and paraoc-
cupational routes was coded as likely, possible,
or unlikely according to the occupation with
the highest probability of exposure. Residential
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exposure was coded as likely if the subject lived
within 0.5 km of one or more of the 278 poten-
tial industrial sources of asbestos in the area,
and unlikely otherwise. The subjects were clas-
sified into five groups by their dominant
reported route of exposure, occupational,
paraoccupational, incidental, residential, and
none. The dominant route is deemed to be
occupational if such exposure is likely or possi-
ble; paraoccupational if such exposure is likely
or possible and there is no evidence of occupa-
tional exposure, etc. Details of identification of
cases and controls, and coding of exposure
information are given in a previous paper.7

MINERAL FIBRE ANALYSIS

Histological sections obtained from the post-
mortem specimens of both cases and controls
allowed blocks of non-tumourous lung tissue to
be identified. The blocks were labelled with a
code number, which did not identify it as a case
or control, and were forwarded to the Histo-
pathology Department of Llandough Hospital.
Electron microscopic mineral fibre analysis was
carried out blind to case status. Because the
lung tissue was embedded in paraYn wax, the
blocks were dewaxed with xylene and the
tissues dried to a constant weight. Tissue sam-
ples were digested in 40% potassium hydrox-
ide, washed, and then ashed at 350°C for 3
hours in an atmosphere of oxygen. It has been
found that the combination gives the cleanest
background for counting and typing fibres, and
gives good preservation without causing
breakages.8 The final abstract was suspended in
distilled water and aliquots of known volume
were filtered on to nucleopore filters. These
were carbon coated, the filters were dissolved in
chloroform, and the carbon films mounted on
to gold electron microscope support grids for
transmission electron microscopy. All fibres
>0.5 µm were counted and typed by a standard
routine energy dispersive x ray analysis
technique.9 A fibre was defined as a particle
with a 3:1 axial ratio and parallel sides. 100 to
200 fibres were examined for each analysis.

Mineral fibres analyses are expressed as mil-
lions of fibre/g (f/g) dry weight of lung tissue.
The lowest detectable fibre concentration is 0.1
million f/g: any samples with less than this are
denoted by <0.1 million f/g in the results. This
paper concentrates on some of the identified
fibre types or combinations of these; amosite,
crocidolite, chrysotile, total amphibole fibres
(the majority of which are amosite and
crocidolite), and total non-asbestos fibres.
Total asbestos fibre concentrations were used
for one analysis in this paper. Given the known
variation in measurements when lung tissue
samples are processed in diVerent laboratories,
absolute fibre concentrations are perhaps less
useful than relative figures. Hence, concentra-
tions of retained fibre have been coded as high
or low for a particular fibre type, when high is
defined as being in the top third of values found
in all subjects for that fibre type. For instance,
high concentrations of non-asbestos fibres are
classed as >28.6 million f/g, whereas for chrys-
otile the range is >3.1 million f/g.

STATISTICAL ANALYSIS

Many of the statistical analyses compared cases
with controls while taking demographic vari-
ables into account. To facilitate this, sets of
cases and controls were matched for sex, age at
death (to within 10 years), and year of death (to
within 2 years): the sets ranged in size from one
case matched with one control, to seven cases
matched to eight controls. The choice of
matched sets rather than matched pairs made
best use of the scarce remaining subjects as oth-
ers were excluded from subsequent analyses.

Conditional logistic regression was used to
compare the occurrence of high concentrations
of retained fibres in cases and controls10: the
model incorporated terms to further adjust for
age, year of death, and district, as the matching
criteria were quite wide. The eVect on patterns
of concentrations of retained fibre by exposure
to asbestos through diVerent routes was inves-
tigated by successively excluding subjects who
had been exposed by occupational and paraoc-
cupational routes. The same matched sets were
used for all analyses with the exclusions as
described: if all cases in a set were excluded, the
controls in that set were not used. A non-
parametric test for trend was used to compare
fibre concentrations within groups with diVer-
ent routs of occupational exposure.11 Kruskal-
Wallis tests were used to compare typical con-
centrations of fibres between groups with
diVerent exposure routes.

Results
In the study area and period 316 cases were
identified: pathological confirmation of malig-
nant mesothelioma was possible in 226. Expo-
sure histories were available for 185 cases and
159 controls: these were the subjects of a
previous paper.7 Of these, 147 cases and 122
controls had both exposure histories from
interviews and lung mineral fibre analyses: they
were split into 45 matched sets.

COMPARING CONCENTRATIONS OF LUNG FIBRES

IN CASES AND CONTROLS

Table 1 gives the frequencies of retained fibres
for all cases and controls, including typical and
extreme values. The median concentrations of
all asbestos fibre types were higher in cases
than controls, but not for non-asbestos fibres.
Concentrations of any asbestos fibre type >5
million f/g were uncommon in controls,
whereas for cases, concentrations >50 million
f/g were unusual for amosite, crocidolite, and
chrysotile fibres but more common for non-
asbestos fibre types.

Table 2 compares the odds of high concen-
trations of retained fibres between cases and
controls. The odds ratio linking high concen-
trations of specific fibre types and mesothe-
lioma are given first by considering each fibre
type separately, and then adjusted for concen-
trations of the other fibre types. The first
section of the table gives the results for all sub-
jects. It shows that the odds on high concentra-
tions of retained fibres were significantly
greater for cases than controls, for all fibre
types. When adjustment is made for other fibre
concentrations, the odds were still greater for
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cases but there was no longer a significant rela-
tion with non-asbestos and chrysotile fibres:
however, it should be noted that all the odds
ratio estimates have wide 95% confidence
intervals (95% CIs).

Interview information is used to explore
whether the relation still holds when subjects
first with occupational exposure and then those
with paraoccupational exposure to asbestos,
are excluded. Subsequent sections of table 2
show the results of successively excluding cases
and controls: firstly those with likely or possible
occupational exposure, and then those with
paraoccupational exposure. Four extra cases
and one control have been excluded from these
and subsequent analyses because it was not
clear that any occupational exposure had
occurred at least 15 years before death (the
assumed minimum latency). These results
showed similar patterns: the numbers of
subjects with high concentrations decreased,
but there were still high odds ratios for
crocidolite and total amphiboles, and to a lesser
extent for chrysotile. However, the 95% CIs
around all these estimates of odds ratios
widened as the number of subjects available for
analysis decreased. When subjects with occu-
pational and likely paraoccupational exposure

were excluded, higher concentrations of re-
tained fibres were still more common in cases
than controls. Too few subjects remained in the
other groups with diVerent exposure routes for
further analysis.

ASSOCIATION BETWEEN EXPOSURE HISTORIES AND

MINERAL FIBRE ANALYSES

Comparing groups with diVerent routes of
occupational exposure
Table 3 gives the median concentrations of
retained fibres and sample size for cases and
controls within each of the groups with diVer-
ent routes of occupational exposure, and the
result of testing the hypothesis that there is a
trend in fibre concentrations with the probabil-
ity that there has been occupational exposure
to asbestos. The results show a relation that was
not very strong: there was evidence of a signifi-
cant trend of higher fibre concentrations with
increasing probability of occupational exposure
to asbestos, for amosite and total amphiboles
among the cases, and in amosite among the
controls. Relatively high concentrations of cro-
cidolite and chrysotile were found in some
subjects who had no identified occupational
exposure.

Table 1 Distribution of retained fibres in the lung tissue of cases (n=147) and controls (n=122) by fibre type

Non-asbestos Chrysotile Amosite Crocidolite Total amphiboles

Cases
(%)

Controls
(%)

Cases
(%)

Controls
(%)

Cases
(%)

Controls
(%)

Cases
(%)

Controls
(%)

Cases
(%)

Controls
(%)

Million fibres/g:
<0.1 4 21 19 41 36 70 23 73 8 56
0.1–0.9 1 3 9 20 20 15 14 19 12 22
1–4.9 9 16 44 29 16 10 20 7 26 16
5–9.9 18 16 14 7 10 2 12 0 14 2
10–49.9 42 33 13 2 9 3 14 1 19 4
>50 26 11 1 1 8 0 17 0 22 0
Minimum <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Median 22.2 7.8 2.4 0.4 0.7 <0.1 2.6 <0.1 5.7 <0.1
Maximum 498 660 89.1 240 687 29.1 15390 14.2 16096 30.7

Table 2 Odds ratios (ORs) linking high* levels of specific fibre types and mesothelioma

High levels (n) Unadjusted Adjusted

Cases Controls OR† 95% CI OR‡ 95% CI

All subjects (147 cases, 122 controls):
Non-asbestos 62 27 2.5 (1.4 to 4.3) 1.4 (0.7 to 2.8)
Chrysotile 68 22 3.8 (2.1 to 6.8) 1.9 (0.96 to 3.8)
Amosite 71 19 5.7 (3.0 to 10.8) 3.0 (1.4 to 6.5)
Crocidolite 84 7 20.5 (8.4 to 50) 13.9 (5.6 to 34)
Amphiboles 82 7 16.2 (7.0 to 37) 12.4 (5.2 to 29)

Excluding subjects with likely occupational exposure ( 62 cases, 94 controls):
Non-asbestos 18 22 1.8 (0.85 to 3.6) 0.87 (0.37 to 2.3)
Chrysotile 30 19 3.4 (1.6 to 7.0) 2.1 (0.91 to 5.0)
Amosite 25 23 2.8 (1.2 to 6.5) 1.6 (0.53 to 5.0)
Crocidolite 33 5 20 (5.7 to 68) 16.3 (4.4 to 60)
Amphiboles 26 6 9.2 (3.2 to 27) 7.1 (2.3 to 22)

Excluding subjects with likely or possible occupational exposure ( 26 cases, 48 controls):
Non-asbestos 12 13 2.5 (0.75 to 8.1) 0.9 (0.18 to 4.7)
Chrysotile 14 11 4.8 (1.4 to 15.9) 2.4 (0.5 to 11.1)
Amosite 6 5 3.2 (0.75 to 13.6) 0.63 (0.05 to 7.4)
Crocidolite 16 2 25.1 (3.2 to 208) 25.9 (1.9 to 352)
Amphiboles 13 1 24.7 (2.6 to 236) 17.4 (1.6 to 193)

Excluding subjects with likely occupational or likely para-occupational exposure (47 cases, 83 controls):
Non-asbestos 18 22 1.4 (0.65 to 3.1) 0.8 (0.30 to 2.1)
Chrysotile 23 17 3.5 (1.5 to 8.1) 2.3 (0.88 to 6.1)
Amosite 14 13 2.5 (1.0 to 6.1) 1.4 (0.43 to 4.2)
Crocidolite 22 4 15.4 (4.3 to 56) 16.4 (3.6 to 75)
Amphiboles 17 5 9.3 (2.7 to 32) 6.8 (1.9 to 25)

*The ranges labelled high are the top third of values in this study for that fibre type and are>28.6 units for non-asbestos fibres,>3.1
for chrysotile,>0.8 for amosite,>1.6 for crocidolite, and >4.9 for total amphiboles. Units are million fibres/g.
†Adjusting for age, year of death, district.
‡Adjusting for age, year of death, district, and other fibre concentrations.
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Comparing exposure routes
Table 4 shows summary statistics of the
concentrations of retained fibres by case and
control group, and by the likely dominant route
of exposure. Subjects judged to have a
dominant exposure through incidental or resi-
dential routes have been placed in a combined
category, because there were so few subjects.
Even so, there were very few subjects in some
subgroups and therefore it is not possible to
make statements with confidence about the
patterns of fibre concentrations within them.
Overall, no obvious diVerence existed in typical
fibre concentrations between the assumed
routes of exposure within the cases and
controls. Formal significance tests indicate that

we cannot reject the null hypothesis that typical
fibre concentrations are similar for subjects
with diVerent routes of exposure. However, the
very small numbers in some of the groups
mean that there is low power to detect anything
other than large diVerences in typical fibre
concentrations. It is worth noting that there
were some high concentrations of asbestos
fibres (particularly chrysotile) in subjects who
apparently were only exposed through inciden-
tal exposure or living near an industrial source.

Discrepancies between exposure histories and lung
mineral fibre analyses
In most cases and controls there was some
association between the evidence for past

Table 3 Summary statistics for concentrations of retained fibre by case or control and occupational exposure group

Cases Controls

Likely
(n=80)

Possible
(n=36)

Unlikely
(n=27) p Value

Likely
(n=17)

Possible
(n=43)

Unlikely
(n=61) p Value

Non- asbestos:
Min <0.1 1.4 3.8 0.98 <0.1 <0.1 <0.1 0.82
LQ 6.2 8.9 7.8 <0.1 2.1 2.2
Median 22.4 18.2 22.1 10.8 5.5 9.2
UQ 66.4 40.4 71.4 19.1 25.4 27.8
Max 498 210 153 660 571 241

Chrysotile:
Min <0.1 <0.1 <0.1 0.78 <0.1 <0.1 <0.1 0.20
LQ 0.4 0.9 1.1 <0.1 <0.1 <0.1
Median 2.5 2.1 3.4 <0.1 0.2 0.5
UQ 7.4 4.1 5.4 1.1 1.4 2.6
Max 50.3 15.6 89.1 7.8 240 19.8

Amosite:
Min <0.1 <0.1 <0.1 <0.01 <0.1 <0.1 <0.1 0.03
LQ 0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Median 1.6 <0.1 0.2 <0.1 <0.1 <0.1
UQ 17.4 0.9 0.7 1.4 0.3 <0.1
Max 687 14 8.6 11.7 29.1 27.2

Crocidolite:
Min <0.1 <0.1 <0.1 0.12 <0.1 <0.1 <0.1 0.53
LQ 0.4 0.2 0.3 <0.1 <0.1 <0.1
Median 5.4 1.3 2.0 <0.1 <0.1 <0.1
UQ 57.6 5.7 17.0 0.7 0.2 0.1
Max 15930 82.8 228 2.3 14.2 2.3

Total amphiboles:
Min <0.1 <0.1 <0.1 <0.01 <0.1 <0.1 <0.1 0.07
LQ 2.7 0.9 0.8 <0.1 <0.1 <0.1
Median 13.8 2.5 4.8 0.7 <0.1 <0.1
UQ 157 8.2 17.8 2.3 1.0 0.5
Max 16096 83.7 231 11.7 30.7 30.2

Each occupational exposure category includes subjects who may have experienced exposure through other routes.
p Values refer to the test for trend across the three levels of occupational exposure.
Min=minimum; LQ=lower quartile; Med=median; UQ=upper quartile; Max=maximum.

Table 4 Comparison of concentrations of retained lung fibre levels in cases and controls by assumed routes of exposure

Cases Controls

Occup
(n=116)

Paraocc
(n=13)

Inc Res
(n=7)

None
(n=7) p Value

Occup
(n=60)

Paraocc
(n=11)

Inc Res
(n=20)

None
(n=30) p Value

Non-asbestos:
Min <0.1 5.9 5.5 3.8 0.36 <0.1 <0.1 <0.1 <0.1 0.61

Median 22.2 30.4 22.1 10.6 6.8 9.5 18.6 6.6
Max 498 87.6 153 41.3 660 24.0 241 105

Chrysotile:
Min <0.1 <0.1 0.9 <0.1 0.45 <0.1 <0.1 <0.1 <0.1 0.58

Median 2.4 1.7 5.4 3.4 0.2 0.6 0.3 0.9
Max 50.3 40.9 89.1 7.3 240 6.0 19.8 10.0

Amosite:
Min <0.1 <0.1 <0.1 <0.1 0.07 <0.1 <0.1 <0.1 <0.1 0.54

Median 0.9 <0.1 0.3 <0.1 <0.1 <0.1 <0.1 <0.1
Max 687 2.5 1.7 8.6 29.1 0.5 1.6 27.2

Crocidolite
Min <0.1 <0.1 <0.1 <0.1 0.48 <0.1 <0.1 <0.1 <0.1 0.91

Median 2.8 5.1 0.4 1.9 <0.1 <0.1 <0.1 <0.1
Max 15930 228 32.6 97.0 14.2 0.5 1.6 2.3

Amphiboles:
Min <0.1 <0.1 <0.1 <0.1 0.20 <0.1 <0.1 <0.1 <0.1 0.55

Median 7.4 5.6 1.1 4.9 <0.1 <0.1 <0.1 <0.1
Max 16096 231 32.6 105.6 30.7 1.0 3.2 30.2

Occup=occupational; Paraocc=paraoccupational; Inc Res=incidental (2 cases and 7 controls) or residential (5 cases and 13 controls).
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exposure to asbestos obtained from interview
and the results of the mineral fibre analysis:
those people whose life history suggested that
exposure to asbestos had higher retained
concentrations of lung fibres and vice versa. It
is diYcult to state exactly what would consti-
tute disagreement between the evidence of
exposure through the two methods, but table 5
gives examples in which discrepancies oc-
curred. The second control (code no 349) also
had 1 million f/g of tremolite, but otherwise, no
other amphiboles were detected.

Existence of a cut oV level of lung fibre
concentration for occupational exposure to asbestos
This section concentrates on comparison
between two groups of subjects whose life his-
tory suggests diametrically opposite exposure
experience from interview and lung fibre
analysis—that is, the 80 cases with likely occu-
pational exposure to asbestos and the 61
controls with no known exposure. Figure 1
A–D compares the cumulative frequency
distributions in these cases and controls, for
each of four fibre groups. Figure 1A shows that

Table 5 Examples of subjects with discrepant asbestos exposure from mineral fibre analysis and interviews

Code No Sex
Year of
death

Age at
death

Exposure history Fibre concentration, (106f/g)

Occupational
Paraocc
upation al Incidental Residential Amosite Crocidolite Chrysotile

Cases with low concentrations of asbestos retained by the lung, but reported occupational exposure:
79 M 1983 54 Fitter who built ovens

(asbestos mentioned)
1953–77

None None Lived near Bell’s
Asbestos (1967–85)

<0.1 <0.1 <0.1

124 M 1987 68 Joiner including at power
station (asbestos
mentioned)

None None InsuYcient to code 0.80 <0.1 <0.1

233 M 1989 59 Joinery and maintenance
(asbestos mentioned)
1943–48 and 1950–89

None Did DIY Unlikely 0.36 <0.1 <0.1

Controls with no apparent asbestos exposure and high concentrations of asbestos fibre retained by the lung:
323 F 1989 54 Clerk (at wiremakers,

tailors, and civil service)
1931–76

None None Unlikely 2.0 <0.1 1.3

349 F 1984 69 Clerk (at pram shop,
builders, and furniture
shop) 1931–76

None None Unlikely <0.1 <0.1 7.0

400 M 1988 59 Hairdresser 1942–49, made
chocolates 1949–55, carpet
salesman 1955–82

None None Unlikely <0.1 1.4 4.4

Figure 1 Cumulative distribution of (A) chrysotile, (B) amosite, (C) crocidolite, (D) amphiboles.
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22% of the occupationally exposed cases had
no trace of chrysotile, compared with 34% of
the apparently unexposed controls. When
chrysotile fibres were detectable, they varied
between 0.1 and 50 million f/g in the cases, and
up to 20 million f/g in the controls. There was
a tendency for chrysotile concentrations to be a
little higher in cases than controls, but the two
distributions were not very diVerent. By
contrast, figure 1D shows that only 4% of cases
with likely occupational exposure had no
detectable concentrations of total amphibole
fibres, as opposed to 60% of the unexposed
controls. These two cumulative distributions
are widely separated.

There was a wide range of fibre concentra-
tions seen among the cases. Most of the
controls with no known exposure to asbestos
had undetectable concentrations of amphibole
fibres, but there were some controls with
concentrations up to 30 million f/g. The
overlap in fibre concentrations found in
occupationally exposed cases and non-exposed
controls was less for the amphiboles than for
chrysotile or non-asbestos fibres. Nevertheless,
there was a wide range of fibre concentrations
in both cases and controls, which suggests that
there are no obvious thresholds to indicate
occupational exposure in this series of subjects.

Figure 2 shows the cumulative distribution of
all asbestos fibres, as this grouping is often used
in other publications. This figure also shows a
third group of subjects, the 27 cases with
unlikely occupational exposure to asbestos. The
cumulative distribution of total asbestos con-
centrations in cases with unlikely occupational
exposure lies between that of cases with likely
occupational exposure and controls without any
known exposure. However, there is consider-
able overlap in concentrations of retained
asbestos in the two groups of cases which makes
it diYcult to distinguish occupational exposure
from fibre concentrations alone.

Discussion
Eighty to ninety per cent of cases of mesothe-
lioma in the United Kingdom are thought to be
related to exposure to asbestos12: although some

mesotheliomas occur without a history of expo-
sure, and in some cases the concentration of
retained fibre is not above background
values.13 14 Other putative causes include expo-
sure to the non-asbestos mineral fibre erionite,15

radiation,16 and the SV-40 virus.17

Exposure assessments in this study were
obtained on a large number of cases and
controls, from the same community, through
both lung mineral fibre analyses and exposure
histories. This is unusual; other case-control
studies have had deficiencies of control groups
from a diVerent population to cases2, lacked
exposure histories,4 2 or had a small sample
size.1 3 5 This study showed that the odds of
high concentrations of retained fibres were sig-
nificantly greater in cases than controls for all
types of fibre considered; when adjustment was
made for other fibre types, the odds were still
significantly higher in cases for amphiboles.
The results from other laboratories cannot be
directly compared numerically with these
results, because of diVerences in the methods
of identifying fibres and choice of subjects, but
the existing case-control studies that used min-
eral fibre analysis show similar patterns of high
concentrations of asbestos fibres in cases com-
pared with controls.2 18 Ideally, the methods of
fibre analysis should be standardised, but this
has not occurred so far.

Given the established diVerences in retained
asbestos fibres between cases and controls, and
the known role of occupational exposure to
asbestos, we were interested in the relative con-
centrations of fibres in cases and controls when
occupational exposure had not occurred. We
have been able to establish that the concentra-
tions of retained asbestos fibres were still
greater in cases than controls when subjects
with occupational exposure were excluded, but
we are unable to provide much information on
the fibre concentrations of those exposed only
through incidental or residential routes. De-
spite more comprehensive exposure histories
than other case-control studies, we have not
been able to provide firm evidence on the risks
of residential exposure or the concentrations of
fibres in the lungs of those so exposed, because
of the few subjects who were not also
occupationally or paraoccupationally exposed
to asbestos.7 Some studies have linked mes-
othelioma with residential exposure to crocido-
lite near mines19 and factories20 21; but most
others have not established such a link. These
studies used exposure histories from interviews
or records rather than lung fibre analyses to
classify residential exposure to asbestos. How-
ever, as the criteria for residential exposure in
these studies were very variable, or other routes
of exposure had not always been properly taken
into account, there is still no strong consensus
on the link between residential exposure and
mesothelioma.

We were able to investigate the association
between the concentrations of retained fibres
and histories of exposure to asbestos. The first
comparison was between concentrations of
retained fibres in cases and controls divided
into groups by the probability of occupational
exposure to asbestos. The results showed a

Figure 2 Cumulative distribution of total asbestos.
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fairly weak relation: there was only evidence of
a significant trend of higher concentrations of
fibres with increasing probability of occupa-
tional exposure for amosite and total amphib-
oles among the cases, and in amosite among
the controls. Relatively high concentrations of
crocidolite and chrysotile were found in some
subjects who had no identified occupational
exposure; this may be because some occupa-
tional exposure to asbestos has been missed, or
because these subjects were exposed to high
concentrations of these fibres through other
routes—for example, paraoccupational expo-
sure. Given the considerable variation in expo-
sure concentrations between the diVerent jobs
which involve asbestos, it would be expected
that there would also be a large variation in
concentrations of retained fibres within the
likely and possible occupational exposure
groups. This was found, and was more
pronounced in the cases than the controls.

Previous case series examining the relation
between estimates of exposure by occupational
hygienists and concentrations of mineral fibres
in the lungs in workers within particular occu-
pational groupings—for example, mining,
shipyard, and asbestos factory workers—have
shown positive associations.22–25 Studies have
also shown higher amphibole concentrations in
the lung tissues of exposed workers with
disease related to asbestos than in exposed
workers without such disease.22 26 27 However,
the associations are much weaker in those case
series with multiple occupations,28 29 because of
the diYculties in estimating past exposure in
diVerent locations, where work practices were
very diVerent. The exposure histories in our
study indicate that subjects had multiple occu-
pations and there did not seem to be any clear
diVerences in typical fibre concentrations
between the diVerent assumed dominant
routes of exposure among cases and controls.
However, it is diYcult to make precise
statements about the patterns of fibre concen-
trations because there were few subjects in
some of the exposure route subgroups. Many
of the paraoccupational cases showed similar
fibre concentrations to occupational cases,
which agrees with a previous study of paraoc-
cupational mesotheliomas.30

In most of our cases and controls there was a
positive association between the evidence
obtained from interviews for past exposure to
asbestos and the analysis of mineral fibres in
the lungs; where the life history suggested
exposure to asbestos there were higher concen-
trations of retained mineral fibres and vice
versa. However, there were some discrepancies.
Some subjects with positive occupational
histories had low concentrations of retained
asbestos; similarly, some subjects with no
apparent exposure to asbestos from the inter-
view data had high concentrations of retained
asbestos. Unexpectedly high concentrations of
asbestos fibres may have occurred because the
interviewee did not know about, or recall,
exposure to asbestos. Unexpectedly low fibre
concentrations may be because concentrations
of retained fibres are complicated by the depo-
sition and clearance mechanisms: these depend

on fibre type and dimension, and may result in
little evidence of exposure. However, the fibre
dimensions to which people were exposed
through varying routes in the past is not
known, and information on fibre type is
extremely limited.

Retained concentrations of fibres in the
lungs have been used to clarify uncertainty
about occupational exposure to asbestos.
Although the absolute concentrations of asbes-
tos detected in a lung sample vary between
laboratories, some papers state that concentra-
tions of total asbestos fibres >1 million f/g dry
weight indicate an occupational exposure to
asbestos.1 3 24 28 31 Other papers suggest that dif-
ferent cut oV concentrations or fibre types
should be used for this purpose8 32: depending
on the type of analysis (TEM or SEM) and the
methodology of the laboratory. Considering all
fibre types, although their job history indicated
that these cases had been exposed to asbestos
at work, it is possible that this was only at low
concentrations. However, in this study, al-
though cases with likely occupational exposure
from their job history had generally higher
concentrations of total asbestos fibres than
those cases without a history of occupational
exposure, who in turn had higher concentra-
tions than controls with a similar history, there
was considerable overlap between the concen-
trations of retained fibres in the three groups.
There is no obvious cut oV concentration in
total asbestos fibres which would reliably indi-
cate that occupational exposure to asbestos had
taken place. It would be possible to choose a
concentration which those without occupa-
tional exposure rarely exceeded, but many sub-
jects with occupational exposure would also
fall below this. This finding also applies to the
other fibre types considered.

There are diYculties in assessing past expo-
sure in case-control studies because the
biologically important exposures occurred sev-
eral decades before onset of the disease. Not all
subjects in this study had lung blocks available;
there were hardly any contemporary measure-
ments of concentrations of airborne fibre; there
were only retrospective descriptions of expo-
sure to asbestos from interviews with relatives
or other contacts, which were unobtainable in
some subjects. These descriptions have limita-
tions; personal recollections, especially about
another person, can be incomplete or unreli-
able. This is illustrated in table 5 where there
are occasional gaps in the occupational or resi-
dential histories, or diYculties in deciding on
exposure categories—for example, how likely is
occupational exposure if working as a clerk for
a builder? Job descriptions are often used as a
proxy for exposure to asbestos. However, this
method may be more accurate for certain
industries than others. The mixture of occupa-
tions experienced in a lifetime in this study
make this task diYcult. Possible intermittent
exposures are also diYcult to categorise.

Mineral fibre analysis also has its limitations.
Deposition of fibres within the lung is depend-
ent on the size of the fibres and the amount of
fibres within the breathing zone of the person.
Compared with amphiboles, chrysotile is
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generally not retained within the lungs, and
therefore mineral fibre analysis does not
adequately reflect lifetime exposure to chrys-
otile.32 It has also been recommended that
mineral fibre analyses should be performed on
pooled samples of several pieces of tissue
obtained from the same lung because of varia-
tion in the number of fibres obtained from
adjacent small samples.8 33 This was not possi-
ble in this study because of its retrospective
nature; the analyses had to be carried out on
the samples of lung tissue available. However,
there is no reason to think that systematic bias
occurred in either cases or controls.

This study has added to the literature on the
part played by diVerent types of asbestos. In
industry, the most commonly used type of
asbestos was chrysotile (about 93%): amphib-
oles were used less often. Asbestos fibre type has
been shown to be linked to the risks of mesothe-
lioma: there are numerous studies which indi-
cate that, in the United Kingdom and elsewhere,
exposure to amphibole asbestos accounts for
nearly all mesotheliomas.22 34–36 Chrysotile expo-
sure on its own seems to cause mesothelioma
rarely.23 Even in the few mesothelioma cases that
have occurred in Canadian chrysotile miners
and millers, exposure to tremolite, another form
of amphibole asbestos which contaminates the
chrysotile ore, was thought to be responsible.37 38

This study has brought together detailed
histories of exposure to asbestos and lung fibre
analyses on a group of cases of mesothelioma
and controls from the same population. It has
provided useful information on the relative
risks of concentrations of retained fibres and
has further explored this for non-occupational
exposure. However, due to the high proportion
of subjects with likely or possible occupational
exposure, it has not been possible to contribute
much to the knowledge of concentrations of
retained fibres in cases and controls who have
experienced other routes of exposure: a larger
study is needed for this. The comparison of our
results on fibre burden with those of others is,
as always, problematical: standardised mineral
fibre analysis techniques across laboratories
and standardised postmortem sampling tech-
niques should be agreed on.
We are particularly grateful to the contacts of the cases of mes-
othelioma and those who acted as controls for their help and
interest. We also acknowledge support given by staV at local
pathology laboratories and medical records departments, staV at
local oYces of Her Majesty’s Coroner and staV at the University
of Leeds Medical Library, Leeds City Library, and Bradford
City Library. This work was funded by the Colt Foundation.
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