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Abstract
Objective-To conduct a mineralogical
study on the particles retained in the
necropsied lungs of a homogenous group
of asbestos miners and millers from
Asbestos township (and a local reference
population) and to consider the hypothe-
sis that there is a difference in size
between fibres retained in the lungs of
patients with asbestosis with and without
lung cancer.
Methods-Samples of lung tissue were
obtained from 38 patients with asbestosis
without lung cancer, 25 with asbestosis
and lung cancer, and 12 with mesothe-
lioma, from necropsied Quebec chrysotile
miners and millers from Asbestos town-
ship. Fibre concentrations in the lungs of
these patients were compared with those
in tissue from necropsies carried out on a
local reference population: men who had
died of either accidental death or acute
myocardial infarction between 1990 and
1992. 23 were born before 1940 and 26
after 1940.
Results-Geometric mean (GM) concen-
trations were higher in cases than in the
controls for chrysotile fibres 5 to 10 pm
long in patients with asbestosis with or
without lung cancer; for tremolite fibres 5
to 10,um long in all patients; for crocido-
lite, talc, or anthophyllite fibres 5 to
10,um long in patients with mesothe-
lioma; for chrysotile and tremolite fibres
> 10 pm long in patients with asbestosis;
and crocidolite, talc, or anthophyllite
fibres > 10 pm long in patients with
mesothelioma. However, median concen-
trations of each type of fibre in the lungs
did not show any significant differences
between the three disease groups.
Average length to diameter ratios of the
fibres were calculated to be larger in
patients with asbestosis and lung cancer
than in those without lung cancer for
crocidolite fibres > 10 pm long, for
chrysotile, amosite, and tremolite fibres 5
to 10 pm long, and for chrysotile and cro-
cidolite fibres < pum long. However,
there was no statistical difference in the
median length to diameter ratios for any
type of fibres across the disease groups
when they were calculated in each
patient. Cumulative smoking index
(pack-years) was higher in the group with
asbestosis and lung cancer but was not
statistically different from the two other
disease groups.

Conclusion-Lung cancers occurred in
workers with asbestosis from Asbestos
township who had an equal concentration
of retained fibres but a tendency to a
higher length to diameter ratio of amphi-
boles. These workers had a 29% higher
average cumulative smoking index.

(Occup Environ Med 1996;53:801-807)
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It is established that workers with asbestosis
have an excess risk of lung cancer.' 9 A recent
study by Sluis-Cremer and Bezuidenhout'°
showed that the standardised proportional
mortality ratio (SPMR) of 302 for amphibole
asbestos miners without asbestosis indicated
no excess bronchial cancer but the SPMRs
were progressively raised in workers with slight
and moderate or severe asbestosis (416&7 and
562-5 respectively). They showed that
asbestosis was the most significant factor in
predicting the likelihood of being a case
of bronchial cancer (likelihood risk X2 = 30- 1,
2 df, P < 0 001) after adjusting for the effects
of smoking and age. A study by Hughes and
Weill" of two asbestos cement manufacturing
plants indicated a significantly higher
(P < 0*01) risk of lung cancer in workers with
asbestosis and not in the workers without
asbestosis after controlling for age, smoking,
and exposure to asbestos. However, the risk of
lung cancer attributable to asbestos in exposed
workers without asbestosis who also smoke is
controversial.6 12 15

Studies of asbestos burdens in the lungs of
patients with lung cancer who were exposed to
asbestos have been reported,'4 16 19 but were
unstratified by the presence or absence of
asbestosis, which may have obscured the dif-
ferences in variables of lung burden.
Karjalainen et al20 reported that patients
exposed to asbestos had significantly more
tumours of the lower lobe than non-exposed
patients, although the predominance of such
tumours occurred in exposed patients without
asbestosis.

In animal models, Davis and Cowie2 found
that tumours at an early stage of development
originated from fibrotic areas. The same
authors speculated on the importance of long
fibres (perhaps 15-25 pm) to produce disease
in the lung parenchyma, and somewhat
smaller fibres (8-10 pm) to produce mesothe-
lioma. They recommended further studies on
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the key variables of shape of the fibres. Based
on the results of reported animal experiments
with fibres of defined size and data on reten-
tion of fibres in human lungs, Lippmann" pro-

posed that mesothelioma was related to the
concentrations of fibres > 5 jpm long and
< 01-m in diameter, and the risk of lung
cancer was linked to the number of fibres
> 10 pm long and > 0Od15 um in diameter and
recommended further investigations in
patients with asbestosis with and without lung
cancer.

The objective of this work was to conduct a

mineralogical study of the fibrous particles
retained in the lung of a group of chrysotile
asbestos miners and millers from Asbestos
township to consider the hypothesis of a differ-
ence in size between fibres retained in the
lungs of patients with asbestosis with and
without lung cancer.

Material and methods
CASE SELECTION
Patients with fibrosis, with fibrosis and lung
neoplasia, and with mesothelioma were

selected from the necropsy records of the
Centre Hospitalier Universitaire de
Sherbrooke from 1976-92. After this first
screening, the occupational history was

obtained from the Quebec Workers'
Compensation Board (Commission de la
sante et de la security du travail, CSST) files.
Thirty eight patients with asbestosis without
lung cancer, 25 with asbestosis and lung can-

cer, and 12 with mesothelioma (considered as

positive controls) of the chrysotile miners and
millers from the township of Asbestos, were

identified.
Concentrations of fibres obtained from

samples of wet lung tissue of men who died
from either accidental death or acute myocar-
dial infarction between 1990 and 1992 were

used as negative controls. Twenty three were

born before 1940, and 26 after 1940. All were

from Asbestos region and were obtained from
the hospital centre already mentioned.
According to the medical records and
necropsy reports, none of these controls had
known exposure to asbestos. For men > 45
years old we looked in the CSST files to ascer-

tain that they were not compensated for any
lung disease or that they were not submitted
for compensation. It was not possible to obtain
reliable histories from the next of kin.

Certifications of lung neoplasms and
asbestosis were performed by the pathologists
from the hospitals where the tissues were

obtained and validated by an expert patholo-

gist retained by the CSST in the process of
compensation. In the selection process,
asbestosis was not graded. Among the patients
with lung cancer, eight had a lung adenocarci-
noma and 17 an epidermoid carcinoma.
Eleven tumours were located in the middle
(two) or lower (nine) lobes of lung, 11 were in
the upper lobes, and two were not clearly
delimited because of the large size of the
tumour. Nine of the patients with mesothe-
lioma had asbestosis. Only tissue blocks were

available for the patients and it was impossible
to find from which lobe the specimen came

and where the resected tissue was selected in
the lobes. Only non-neoplastic tissue was

selected for fibre analysis.
All information related to where the sample

of lung tissue came from, occupational histo-
ries, pathological diagnoses, and other nomi-
native information were available through the
files of the CSST. Table 1 shows the informa-
tion extracted from compensation files. The
descriptive analysis presented was done after
the lung tissue analysis.

Table 1 shows the average age of patients,
the duration of exposure, the time since last
exposure, and other variables of work history
as well as smoking habit. Only six workers out
of 75 were non-smokers. There was one pipe
smoker in the group with asbestosis and lung
cancer and there were seven in the group with
asbestosis. Smoking habit was known for all
patients in the group with asbestosis and lung
cancer and was not known for seven workers
in the group with asbestosis alone and one in
the group with mesothelioma.

ANALYSIS BY ANALYTICAL ELECTRON
MICROSCOPY
The procedures of analytical transmission
electron microscopy have been described pre-

viously.23 24 In summary, lung tissue was

digested in sodium hypochlorite solution. The
suspension was filtered in a vacuum on a cellu-
lose ester membrane filter (Millipore) of
25 mm diameter and 0 45 pm porosity (15 mg
for analysis by analytical transmission electron
microscopy) and on a cellulose ester mem-

brane filter (Millipore) of 25 mm diameter and
3 pm porosity (25 mg for measurement by
phase contrast microscopy) with a Millipore
filtration system. The 25 mm diameter and
0-45 mm porosity membrane filter was ashed
in an oxygen plasma furnace (LFE model 500,
15 ml/min of 02, 150 W) for four hours. The
ashes were then recovered with distilled and
deionised water. The suspension was filtered
on a polycarbonate membrane filter
(Nuclepore) of 25 mm diameter and 02 jpm

Table 1 History ofgroups
n YOE DOB DOD AGE FYE LYE YSLE SMO

Asbestosis with lung cancer 25 36-4 (5 9, 34 0-38-8) 1918 1986 68-2 (6-9) 1940 1979 9-0 (4-6) 46-1 (17 7)
Asbestosis only 38 35-5 (7-9, 32-5-37-7) 1915 1983 68-4 (8-1) 1938 1974 9-7 (8-4) 35-6 (25-7)
Mesothelioma 12 31-9 (10-1,25 5-38 3) 1921 1987 64-7 (6-5) 1944 1975 10-3 (12-3) 28-5 (17-7)
Reference group born < 1940 23 - 1928 1989 60-1 (4-3) - -

Reference group born > 1940 26 - 1955 1990 39 5 (11 9) -

Data are arithmetic means (SDs, range). n = number of cases; YOE = years of exposure; DOB = average date of birth; DOD = average date of death; AGE =
average age; FYE = average first year of exposure; LYE = average last year of exposure; LSLE = average year since last exposure; SMO = smoking consumption
(pack-years).
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Table 2 Concentration and type of asbestosfibres <5um/mg dry lung tissue

Reference population Reference population Asbestosis
born < 1940 born > 1940 with lung cancer Asbestosis only Mesothelioma
n =23 n =26 n =25 n =38 n = 12

Chrysotile 315 (6-9, 137-730) 72-4 (2-6, 47-102) 5177 (7 3, 2280-11755) 7503 (11-9, 3321-16933) 3340 (6-9, 975-11453)
Tremolite 250 (9-3, 95-657) 85-6 (2-9, 57-137) 5345 (7-8, 2292-12469) 9027 (9-8, 4260-19110) 9789 (3-8, 4163-23017)
Crocidolite 41-0 (1-8) 38-7 (1-5) 401 (10-4, 152-1054) 274 (12-4, 120-626) 1604 (8-4, 414-6217)
Amosite 37-2 (1-3) 35-0 (1-0) 119 (7-6, 51-275) 62-4 (4-7, 38-104) 103 (4-9, 37-285)
Talc or anthophyllite 212 (6-0, 98-461) 67 (2-7, 45-103) 908 (12-1, 324-2545) 1092 (9-0, 531-2246) 1422 (8-5, 365-5536)
Other fibres 5130 (4 7, 2636-9987) 1034 (5-8, 482-2043) 11932 (4-8, 6267-22743) 21677 (3-2, 14750-31857) 10499 (2-7, 5620-19634)
Total fibres 7030 (4-8, 3555-13891) 1441 (4-3, 770-2535) 40619 (2-9, 26265-62881) 59101 (4-4, 36452-95990) 43826 (2-5, 24367-78826)

Data are geometric means (GSDs, 95% CIs).

porosity. Four microscope grids were prepared
from each sample by a carbon replica tech-
nique. The grids were observed in the trans-
mission mode under a JEOL 100 CX electron
microscope equipped with an x ray energy dis-
persive spectrometer (EDS, PGT system IV)
with an accelerating voltage of 80 kV and a

magnification of x 10 000.
From the four grids, 30 openings (or less if

30 fibres were counted) with an area of
6400,pm2 were randomly observed for fibrous
particles < 5 Pm. A similar counting proce-
dure was applied for fibres 5 to 10 pm and
finally for fibres > 10 pm. Analysis of fibres
was done in three steps. Firstly, each visible
fibre < 50 mm on the screen (1 mm =

0 09 mm) and with a length to diameter aspect
ratio > 3:1 was first identified; each fibre 50
to 100 mm on the screen in a second step and
each fibre > 100 mm in a third step. Fibre
types were recognised from morphological fea-
tures and EDS spectrum. The length and
diameter of all fibres were measured to the
nearest 0 045 mm (1/2 mm on the screen)
with two concentric circles (10 mm and
50 mm diameter) drawn on the fluorescent
screen.

FIBRES
A total of 7147 single fibres were analysed. A
mineralogical identification of each fibrous
particle was made by their chemical composi-
tion according to a previously described
method.24 Details of the software used to sub-
tract the background, calculation of the K
ratios, sources of referent materials, validation
of the analytical method, and calculations of
pulmonary burden of dust have also been pre-
sented elsewhere.24 The limit of detection for
fibrous particles was 70 fibres > 5 pm/mg dry
lung tissue (based on 15 mg dry lung tissue).

FERRUGINOUS BODIES
Ferruginous bodies were counted as previ-
ously described.23 The 3 mm membrane filter

(for analysis by phase contrast microscopy)
was cleared and fixed on a glass slide with
dimethyl formamide/acetic acid/water and
Eukitt (Kindler) solutions. The ferruginous
bodies were counted with a phase contrast
microscope (Carl Zeiss) at a magnification of
x 312.

STATISTICAL ANALYSIS
The statistical analyses were performed with
Minitab statistical software (Minitab, release
10). Arithmetic means (SDs) were used to
describe the variables related to the work his-
tory. Geometric mean (GM) and (GSD) were

used to describe the distributions of data on

lung burdens in each group. Non-detected val-
ues were given half the limit of detection (35
fibres/mg and 20 ferruginous bodies/g) of the
analytical method. Mood's non-parametric
median test was used to compare median lung
concentrations among the groups.

Although there were five groups of subjects,
we were primarily interested in two compar-

isons: firstly, subjects with diseases related to
asbestos (asbestosis and lung cancer, asbesto-
sis alone, and mesothelioma) compared with
those without these diseases; secondly,
patients with asbestosis and lung cancer, com-

pared with those without lung neoplasia and
those with mesothelioma.
To compare fibre dimensions in the three

groups with disease, the GM of fibre lengths,
diameters, and length to diameter ratios were

calculated for each patient; GMs (GSD) of the
groups were then calculated from each mea-

sure and compared across groups with Mood's
test.

Results
Tables 2 to 5 show the GM (GSD) concen-

trations of fibres < 5 jpm, 5 to 10 pm, and
> 10 pm respectively of chrysotile, amosite,
crocidolite, tremolite, talc-anthophyllite, and
other types of fibre (including cleavage frag-

Table 3 Concentration and type of asbestosfibres 5 to 10pumlmg dry lung tissue

Reference population Reference population Asbestosis
born < 1940 born > 1940 with lung cancer Asbestosis only Mesothelioma
n =23 n =26 n =25 n =38 n = 12

Crysotile 56 4 (4-2, 30-105) 47 3 (1-8, 37-59) 1181 (5 3, 592-2357) 1117 (13-9, 470-2657) 339 (8-5, 87-1326)
Tremolite 109 (5-6, 51-230) 47-6 (1-8, 38-61) 2032 (4-4, 1107-1329) 3041 (5-8, 1703-5426) 1874 (4-4, 730-4807)
Crocidolite 37-2 (1-2) 35-0 (1 0) 186 (6-2, 88-397) 166 (7-4, 86-320) 603 (3-8, 259-1403)
Amosite 37-5 (1-2) 36-8 (2-2) 56-2 (3-6, 40-114) 68-9 (4-1, 43-109) 82-7 (4-1, 34-203)
Talc or anthophyllite 78-6 (2-7, 51-121) 45-4 (1-7, 36-55) 243 (5-8, 118-503) 270 (6-4, 147-497) 364 (5-2, 128-1035)
Other fibres 347 (4-6, 174-674) 167 (2-6, 113-251) 861 (4-1, 482-1538) 1369 (5-6, 780-2407) 1349 (2-7, 721-2523)
Total fibres 594 (6-1, 272-1297) 255 (2-6, 170-377) 6581 (3-4, 3960-10297) 9036 (6-1, 4994-16367) 6932 (2-7, 3663-13135)

Data are geometric means (GSDs, 95% CIs).
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Table 4 Concentration and type of asbestos fibres > 10 pm/mg dry lung tissue

Reference population Reference population Asbestosis
born < 1940 born > 1940 with lung cancer Asbestosis only Mesothelioma
n =23 n =26 n =25 n =38 n = 12

Chrysotile 49-2 (3 7, 28-87) 39-8 (1-4) 380 (4-8, 200-725) 438 (10-4, 203-946) 235 (4 9, 86-641)
Tremolite 57 0 (2-9, 36-91) 37-8 (1-2) 353 (4-4, 191-649) 690 (4-6, 418-1140) 437 (3-6, 195-980)
Crocidolite 35 0 (1-0) 35-0 (1-0) 169 (4 7, 89-319) 134 (5 5, 76-235) 278 (4 3, 121-704)
Amosite 37-2 (1-2) 35-0 (1-0) 85-3 (3-1, 53-135) 75-3 (3-6, 49-115) 74-6 (2-8, 39-143)
Talc or anthophyllite 46-4 (1-6) 37-8 (1-2) 139 (4-0, 78-247) 120 (4-2, 75-193) 170 (3-6, 76-385)
Other fibres 82-5 (2-7, 54-126) 51-1 (1-8) 149 (3-1, 94-239) 176 (4-6, 107-289) 174 (2-5, 106-315)
Total fibres 167 (4-6, 87-324) 67-3 (2 0) 1935 (3 5, 1160-3229) 2124 (6-3, 1161-3885) 2230 (2-3, 1322-3759)

Data are geometric means (GSDs, 95% CIs).

Table S Concentration of all asbestosfibreslmg dry lung tissue andfemuginous bodieslg dry lung

Reference population Reference population Asbestosis
born < 1940 born > 1940 with lung cancer Asbestosis only Mesothelioma
n =23 n =26 n =25 n =38 n = 12

Ferruginous bodies/
g dry lung 192 (7-9, 79-471) 40 (3-6, 24-67) 17677 (10, 6775-46120) 16515 (9, 7935-34407) 11226 (6-6, 3381-37235)

All asbestos fibres
< 5pm 700 (7 0, 301-1626) 162 (3-1, 103-255) 17854 (5 3, 9000-35454) 23225 (9-2, 11193-48243) 24959 (3 3, 11708-53107)

All asbestos fibres
5-10 pm 134 (7-0, 57-309) 65 (2-2, 47-90) 4251 (4-3, 2310-7739) 5878 (7 4, 3050-11328) 4774 (2-9, 2412-9452)

All asbestos fibres
> 10pm 74 (4 7, 38-145) 42 (1-5, 36-49) 1212 (5-0, 624-2352) 1684 (6-2, 925-3069) 1669 (2-5, 931-2996)

Data are geometric means (GSDs, 95% CIs).

ments). Measurements were taken from
nceropsies of the patients with asbestosis and
lung cancer, asbestosis alone, mesothelioma,
and controls from the general population
divided into groups born before 1940 and after
1940. Patients with asbestosis with and with-
out lung cancer from Asbestos township had
retained tremolite, chrysotile, crocidolite, and
amosite fibres as was recently reported.23 For
all types of fibres, GSDs were large, which
indicated considerable variation in the concen-

tration of fibres in the lungs within each group.
As there were no significant differences

between results from the groups with asbestosis
with and without lung cancer and with
mesothelioma, the results are given only for
the comparison of the groups with asbestosis
and lung cancer, with asbestosis alone, or with
mesothelioma v the controls.
The GM concentrations of all sizes and

types of fibres were higher in the groups with
asbestosis with and without lung cancer and
the group with mesothelioma than in controls.
Although GM concentrations of all sizes of
amosite fibres were higher in groups with
asbestosis with and without lung cancer and

with mesothelioma than in controls there were

fewer amosite fibres than chrysotile, tremolite,
and crocidolite fibres. The GM concentrations
for all sizes of crocidolite were apparently
higher in patients with mesothelioma than in
patients with asbestosis with and without lung
cancer but this difference was not significant.
Median concentrations of all sizes and types of
fibres were not significantly different between
the three diseases.

Ferruginous bodies were higher in patients
with asbestosis with and without lung cancer

than in patients with mesothelioma (table 5)
but the concentrations were not significantly
different. The highest mean concentrations of
long and medium asbestos fibres were found
in workers with asbestosis, but most short
fibres where found in those with mesothe-
lioma.

There was no statistical difference in the
median concentration of asbestos fibres (all
sizes) between the patients with lung adeno-
carcinoma (20 333 fibres/mg) and those with
the other types of lung cancer (39 735
fibres/mg). There was also no statistical differ-
ence in median concentrations of all sizes of

Table 6 Geometric mean (GSD) of diameter, length and length/diameter ratio offibres < 5,um for cases from Asbestos
township

Talc or
Chrysotile Amosite Crocidolite Tremolite anthophyllite Others

Asbestosis with lung cancer:
n 23 4 14 23 15 25
Eta 0-05 (1-2) 0-21 (1-2) 0-08 (1 5) 0.20 (1-4) 0-23 (2 2) 0.20 (1-4)
La 2-0 (1 4) 1-7 (1 5) 2-0 (1-4) 2-0 (1-3) 1 8 (1-5) 1 4 (1-2)
L:0 41 (1 4) 8 (1 7) 25 (2 0) 10 (1 4) 8 (1-7) 7 (1 3)

Asbestosis only:
n 35 5 17 36 31 38
Eta 0-05 (1 3) 0-09 (2-0) 0-09 (1 8) 0 22 (1-6) 0-21 (2 2) 0-19 (1 51)
L1 1-8 (1-4) 1-3 (1-6) 16 (1-5) 2-1 (1-3) 1-6 (1-6) 14 (1-2)
L)0 38 (1 4) 14 (1 4) 18 (1 8) 9 (1-3) 8 (1-8) 8 (1-4)

Mesothelioma:
n 11 4 9 11 9 12
4, 0 05 (1-3) 0 14 (1 4) 0-10 (1-5) 0-24 (1-3) 0-32 (1-4) 0-29 (1-3)
L. 2-0 (1-3) 2-8 (1 2) 2 1 (1-2) 20 (1-1) 2-2 (1 2) 1 8 (1 2)
L:4) 42 (1-5) 20 (1-8) 22 (1-6) 8 (1 3) 7 (1 3) 6 (1-2)

n = Number of patients who had retained asbestos or other types of fibres; ha = diameter; La = length; L:0 = length to diameter
ratio.
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Retention of asbestos fibres in lungs of workers with asbestosis, asbestosis and lung cancer, and mesothelioma in Asbestos township

Table 7 Geometric mean (GSD) of diameter, length and length/diameter ratio offibres 5 to 10 ,im for casesfrom
Asbestos township

Talc or
Chrysotile Amosite Crocidolite Tremolite anthophyllite Others

Asbestosis with lung cancer:
n 21 7 14 24 16 24
O.~a 0 05 (1-1) 0 13 (2-3) 0 11 (1-8) 0 31 (1-5) 0-63 (1 3) 0-67 (1 9)
iL 5-9 (1-1) 5-5 (1-2) 6-4 (1-1) 5-8 (1-1) 5-8 (1-2) 5-7 (1-1)
L:0 130 (1-1) 42 (2 2) 55 (1-9) 19 (1-5) 9 (1-7) 9 (1 9)

Asbestosis only:
n 29 10 18 37 25 36
O.a 0 05 (1-3) 0 20 (2-5) 0 14 (1 4) 0 36 (1-5) 0-64 (1-7) 0-62 (2-0)
iL 5-9 (1 1) 6-1 (1-2) 6-2 (1-1) 5 9 (1-1) 5-9 (1-2) 5-6 (1-1)
L:0 114 (1-3) 30 (24) 45 (1-5) 16 (1-5) 9 (1-7) 9 (1 9)

Mesothelioma:
n 7 4 12 12 10 12

0-05 (1-2) 0-18 (1-6) 0-12 (2 1) 0-30 (2 3) 0-66 (1-7) 0-65 (1-7)
6-1 (1 1) 6-7 (1 1) 5-7 (1 1) 6-0 (1 1) 6-2 (1-2) 5-6 (1 1)

L:+ 125 (1-2) 38 (1-7) 46 (2-1) 20 (2 3) 9 (1-7) 9 (1-7)

n = Number of patients who had retained asbestos or other types of fibres; sp = diameter; La = length; L:0 = length to diameter
ratio.

Table 8 Geometric mean (GSD) of diameter, length and lengthldiameter ratio offibres > 10 ,im for casesfrom Asbestos
township

Tak or
Chrysotile Amosite Crocidolite Tremolite anthophyllite Others

Asbestosis with lung cancer:
n 20 12 14 21 16 20

0 05 (1 3) 0-35 (1-9) 0 13 (1 3) 0-44 (1-5) 0-60 (2 2) 0-71 (3 2)
13-8 (1-2) 19 8 (1-5) 15 1 (1 3) 119 (1 2) 13 8 (1-3) 12-9 (1 3)

L:0 269 (1-3) 57 (2 4) 114 (1-5) 27 (1-5) 23 (2 4) 18 (3 3)
Asbestosis only:

n 26 13 19 33 19 26
0s06 (1 3) 0-32 (1 4) 0-15 (1-5) 0 45 (1-7) 0-83 (2-3) 0-84 (2 4)

14-7 (1-2) 16-5 (1-7) 15-4 (1-3) 117 (1-2) 14.0 (1-3) 12 6 (1-2)
LO¢ 264 (1-4) 51 (1 8) 100 (1 6) 26 (1-7) 17 (2-5) 15 (2 5)

Mesothelioma:
n 10 5 9 12 10 11
O. 0 05 (1 1) 0o34 (1 3) 0 13 (1-8) 0-50 (2 0) 1-1 (2-0) 1-2 (2 6)
iL 13 9 (1-2) 17-3 (1-4) 14-2 (1-2) 13-0 (1-5) 12-3 (1-2) 11-6 (1-2)
L:0 284 (1-4) 51 (1-5) 109 (1-8) 26 (1-7) 12 (2 0) 10 (2 9)

n = Number of patients who had retained asbestos or other types of fibres; 4I. = diameter; La = length; L:0 = length to diameter
ratio.

asbestos fibre between samples from the upper
(35 596 f/mg) and lower (36 315 f/mg) lobes
of the lung in patients with lung cancer.

Tables 6 to 8 show the number of patients
in each group in whom the numbers of fibres
of a particular type were detected. An impor-
tant proportion of the workers were exposed to
crocidolite and most of the workers were
exposed to tremolite asbestos fibres of all
lengths.

For chrysotile and crocidolite fibres < 5 pm
(table 6), for chrysotile, amosite, and tremolite
fibres 5 to 10 jm (table 7), and for crocidolite
fibres > 10 um (table 8), the average length to
diameter ratios (that have been calculated
from the fibres measured in each patient) were
larger in the group with asbestosis and lung
cancer than in the group with asbestosis only.
However, there were no statistical differences
in the median length to diameter ratios for any
type of fibres across the disease groups when
they were calculated in each patient after log
transformation of the morphological features
of the fibres.

Discussion
The hazards of asbestos fibres for fibrosis, lung
cancer, and mesothelioma relate at least in
part to several factors including mineral com-
position, size distribution, surface properties,
persistence in the lungs,25 and intensity of
exposure. In an attempt to understand better
the mechanisms regulating the risk of diseases
related to asbestos, we looked at the mineral-

ogy of fibres retained in the lungs of patients
with three different diseases and compared the
data with those of a local reference population
from Asbestos township.
We found no difference in concentrations of

mineral fibres in the lungs of the three disease
groups although in the patients with mesothe-
lioma the concentration of crocidolite fibres of
any size was always higher. The presence of
the crocidolite fibres in the patients with
mesothelioma in Asbestos township has been
previously discussed at length.23 In this study,
on the basis of the lung burden analysis of 12
patients with mesothelioma in Asbestos town-
ship, Quebec, the amphibole crocidolite was
the dominant fibre retained in the lung tissue
in two patients. In 10, fibres from the mine
site (chrysotile and tremolite) were most
prevalent; tremolite was clearly the highest in
six, chrysotile in two, and two patients had
about the same counts for tremolite and
chrysotile.
As most of the patients with lung or pleural

neoplasia had more than one disease related to
asbestos exposure (all patients had lung fibrosis
and three had mesothelioma), the differences
in the concentrations may have been obscured
in the groups with asbestosis with and without
lung cancer as they usually have very high fibre
burdens.'726 There was also considerable over-
lap of fibre content between patients with
asbestosis and mesothelioma.'927-31 In a study
in which concentrations of fibres in the lungs
of asbestos miners and millers from Thetford
mines were studied, concentrations of
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chrysotile and tremolite fibres retained were
lower in patients with lung carcinoma than in
those with fibrosis or mesothelioma." How-
ever, it is known that there is only a slight
excess risk of lung cancer in that cohort and it is
possible that most patients with lung cancer
studied were not related to asbestos. It was
also suggested that patients with mesothe-
lioma in this cohort had concentrations of
chrysotile and tremolite in the ranges associ-
ated with asbestosis. There is some evidence
to suggest that it is within the moderate to
severe grades of asbestosis that the risk of lung
cancer increases.'s-" How would this affect the
outcome of this study? Overall, in selecting the
patients, we think that the grades of asbestosis
(mild, moderate, and severe) were balanced
between the asbestosis only and asbestosis
with lung cancer groups. If there was a selec-
tion bias, it was likely to be towards the mod-
erate and severe grades, as compensated
patients were selected in whom a clear pattern
of asbestosis was found.

Although the years of exposure and years
since last exposure were similar in the three
groups of disease (two variables that could
effect the retention of fibres in the lungs), the
precise cumulative exposure was not known. If
the concentration of fibres in the lungs is taken
as an indicator of past occupational exposure,
this would mean that cumulative exposures for
these groups of workers were similar. Overall,
similar exposures would explain the weak dif-
ferences in the concentrations of asbestos
fibres in the lungs of the three disease groups.

Smoking consumption was different in the
three groups; the patients with mesothelioma
had the least cumulative pack-years followed
by the patients with asbestosis only, then the
patients with asbestosis and lung neoplasia. It
has been shown that smoking inhibits the nor-
mal removal of asbestos fibres from the lungs,
thus increasing retention of fibres and their
uptake by tracheobronchial epithelial cells.33
These findings are in line with previously
noted lack of association between smoking and
mesothelioma, but a positive association
between lung cancer and cumulative smoking.

In his excellent review Asbestos exposure
indices, Lippmann22 has proposed that the rele-
vant exposure index for asbestosis was that
fibres were > 2 ,um long with a diameter
> 0-15 um; for mesothelioma, the relevant
exposure index was that fibres were > 5 pm
long with a diameter of < 0. 1 gm; and for lung
cancer > 10,um long with a diameter of
> 0 15 pm. We attempted to test the second
and the third hypotheses with a group of
patients who all had asbestosis and were
exposed in the same mine and mill. Our lim-
ited data failed to support Lippmann's
hypothesis, but further research is needed to
obtain a definite answer.

In the present study, the morphological fea-
tures of the fibres did not separate patients
with lung cancer from those of asbestosis. A
group of exposed workers with lung neoplasia
without asbestosis would have been of interest
but could not be found. It would also have
been useful to have included in the study a

group of subjects who were exposed to
asbestos but who had no disease related to it.

Finally, it is noteworthy that there is a con-
sistent pattern between studies on fibres
retained in the lungs of our patients who origi-
nated from Asbestos township compared with
the results of the independent work of Case
and Sebastien.'4'5

Conclusion
We have investigated asbestos fibre counts,
types, and morphology in patients with dis-
eases related to fibres and a reference popula-
tion from the same locality. All patients had
more fibres than the reference population. The
patients with mesothelioma had accumulated
more amphiboles whereas the patients with
asbestosis with and without lung cancer had
retained similar numbers of fibres. The
patients with asbestosis and lung cancer had a
29% higher mean cumulative smoking index.

AD is Fellow of the Fonds de la Recherche en Sante du
Quebec. This work was supported by a research grant to AD
from l'Association Pulmonaire du Quebec and the Fonds de la
Recherche en Sante du Quebec. We are indebted to the
Commission de la Sante et de la Securite du Travail du Quebec
for providing the work history information of the studied
subjects.
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Occupational and Environmental Medicine and the
electronic age

OEM has an Email address which is
100632.3615@compuserve.com. We wel-
come contact by Email, including letters to
the editor. Some of our reviewers already
send us their reports by Email, helping to
speed up the peer review process.
We are moving towards electronic pub-

lishing and for some months now we have
been asking authors to send us their revised
papers on disk as well as a hard copy. I am
delighted to report that nearly all our

authors are managing to comply with this

request. Oddly enough, the few authors
who have not sent us a disk version of their
revised papers have been almost exclusively
from the United Kingdom. I would be
interested in suggestions for why this might
be. Perhaps United Kingdom based
authors read our correspondence and
instructions less assiduously? Watch for
revised Instructions to Authors.

The Editor
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