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To examine how fiber type, fiber concentration, and fiber size correlate fvith the presence of asbestos-refated
disease in workers with heavy chrysolile exposure, we used analytic electron microscopy to determine the
fiber content of the lungs of 94 long-term chrysotile miners and millers from the region of Thetford Mines,
Quebec. Mesothelioma, airway fibrosis, and asbestosis were strongly associated with a high tremoiite fiber
concentration, whereas pleural plaques and carcinoma of the lung shawed no relationship to tremolite bur-
den. Similar patterns were seen for chrysotile concentration, but further analysis suggested that the appar-
ent effect of chrysotile probably was due to the high correlation {r = 0.70) between chrysotile and tremolite
concentration rather than 10 an independent effect of chrysotile. Increased tremolite-chrysotile ratio was
marginally associated with the presence of pleural plaques but not with any other disease. Very high corre-
lations {r > 0.90) between the concentrations of fibers longer or shorter than 8 um prevented assessment
of the effects of long compared with short fibers. Pleural plaguas were very strongly associated with higher
mean tremolite fiber aspect ratios, but no differences in mean fiber size {length, width, aspect ratio, surface
arga, and mass) were seen for any other disease. Total fiber size measures {total fiber length/g and others)
shawed differences similar to fiber concentration for mesothatioma, airways fibrosis, and asbestosis, but
no ane measure was clearly better than ancther or better than fiber concentration. We conclude that, in
this population of heavily exposed chrysotile miners and millers, the presence of airways fibrosis and as-
bestosis and, probably, mesothelioma reflects high tremolite burden. Whether chrysatile fibers themselves
play a role in disease induction remains uncertain, Mean fiber size appears to be of importance only in
the genesis of pleural plaques. Carcinoma of the lung is not significantly associated with any mineratogic
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Despite extensive study, the exact relationship between fiber bur-
den, taken in its broadest sense to include fiber type, concentra-
tion, and size measures, and disease patterns in workers with
chrysotile asbestos exposure remains uncertain. This issue is com-
plicated by contamination of most chrysotile ores with the amphi-
bole, iremolite, and it has been suggested that tremalite is respon-
sible for much of the apparent disease produced by chrysotile,
espacially in regard to mesothelioma {see reference 1 for a re-
view}). As well, there is disagreement about what size of fiber is
importantin the genesis of disease (2-12). Further, it was recently
proposed that the most important predictor of toxicity is actually
liber surface arga (6, 8), but some authors believe that belter corre-
lations with disease are to be found by examining total rather than
mean fiber size measures {13). These problems are of consider-
able importance, since knowledge of the relationship between fi-
ber burden and disease plays a role in determining allowabls ex-
posure limits, particularly for chrysotile, the only form of asbestos
likaly to be used in the future.

In this study we use analytic slectron microscopy to measure
the fiber burden in autopsy lungs from 94 chrysotile miners and
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millers, specifically to address the question, in a group of work-
ors with heavy chrysotile exposure, what mineralogic measures
are associated with the presence of specific asbestos-induced
diseases?

METHODS

Casegs for this sfudy were sslactad from approximately 300 autopsy lungs
from the Centra Hospitalier de 1a ragian de fAmiante at Thetford Mines,

. Quebec. Cases, along with details of their occupational histories, were

very kindly supplied by Or. M. Poulin and Mr. C. Pratte. The 300 lung sam-
ples represented lissues from all workers in the Thetford Mines-8tack
Lake ragion autopsied at the Centra Hospitalier de la region de TAmiante
during 1981 through 1330.

The cases in the prasent study were selected to provide examples of
mesotheliomas, asbastosis, asbestos-induced airways disease, pleural
plaques, and {ung cancers. In this study, airway fibrosisis defined as a
morphologically distinctive pattern of fibrasis confined ta the walls of re-
spiratory branchioles and alveclar ducts (see reference 4 for iltustrations),
whereas asbaestosis is defined as interstitial fibrosis affecting the paren-
chyma batween small airways, regardless of the presence of airway fibrosis.
Some of the cases were praviously analyzed for a variety of other studies
involving mesotheliomas, airway fibrosis, and asbestosis, but no aitempt
was made spacifically to selsct cases of plaques or carcinomas.

For each case atleast two separata 5-g samples of wel fixed lung were
dissolved in bleach and mineral fibers collected and evaluated by ana-
Iytic electron microscopy according to our usual pratocal {11). A minimum
of 50 fivers of chrysotile and tremalite were counted and sized per sam-
ple. Additional samples of tissue were dried 10 constani weight to allow
expression of concentrations per gram dry lung.
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Fiber characteristics included in the analysis included fiber type and
conciriranon. mean fiber si- ., v .. {length, width. aspect ralio, sur-

**"xce area, and mass), and tolal fiber size values {tolal fiber lengthlg dry
‘g, etc). initial inspection showed that these variables were log-narmally

distributed; all statistical analysis was done on logransformed values,
and geomelric means were calculated for presentation of the data. Pear-
son correlation coetficients were used 10 assess the association between
two continuous variables and ¢ tests to evaluate the differences between
groups. Associations between the fiber characteristics and the asbestos-
related diseases wers analyzed using multiple linear regression tech-
nigues, regressing log fiber characteristics on indicator variables for the
presence of each specific disease. Covariates were included when rele-
vant. All analysas were performed using SYSTAT® (15).

RESULTS
Demographic Data

Data weres available on 94 subjects. Mean age, pack-years of smok-
ing, years of asbestos exposure, and latency are shown in table
1, along with the numbar of subjects with specific diseases. Many
patients had maore than one diseasa: all but four subjects with me-
sothelioma also had airway fibrosis, two subjects had asbestosis
and mesothslioma, and six had asbestosis and lung cancer. Al-
though subjects with asbestosis were defined as a group distinet
from the patients with airway fibrosis alor-, virtually all subjects
with asbestosis also had airway fibrosis. Lung cancer was approx-
imately equally distributed among those with and without airway
fibrosis and among those with and without pleural plaques. Pleural
plagues wera approximatsly equally distributed among those with
and without other asbestos-related diseases; six subjects had no
asbestos-related disease.

‘“iber Concentrations

"he correlation between log tremolite or log chrysotile concen-
tration and various exposure variables is shown in table 2: signifi-
cant correfations were seen between log tremolite concentration
and exposure or latency. Age was weakly correlated with log tremo-
lite concentration, but pack-years of smoking was not. No corre-
lations were seen batween log chrysotile concentration and any
exposura variables. There were moderately strong correlations
between age and exposure {r = 041, p < 0.001) and between
latency and exposure (r = 0.39, p < 0.002).

Tremalite and chrysotile concentrations are compared in sub-
jects with a given asbestos-related disease and subjects without
asbestos-related disease in table 3. On initial evaluation, tremo-
lite concentrations were significanily higher in subjects with all
asbesto-related diseas:s, and chrysotile concentrations were sig-

TABLE 1
DEMOGRAPHIC AND DISEASE DATA®
Age. yr 65 = af
Smoking pack-ysars T
Exposure, yr - 34 % 10
Latency, yr 4 =1
Mesathefiom. N = 13
Asbestosis No= 23
Airway fibrosis N = 35
Slgural plaguss N = 63
Carcinoma of lung N = 35
Nog asbestos-related
N =8

disease

* Some cases have mare than one diseass.
T Data on age wers avaitable for 34 Cases. on sMoking for B4 cases, o exposure foe 9
casas. and lor latency and tims since last azposute 10 64 casas
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TABLE 2
CORRELATION™ 57 SEMOGRA™ T ° ARIABLES
AND FIBER CONCENTRATION"

L.og Tremolite Log Chrysoute

Variable Cancentration Concentraicon
Age r=018.p<0.10 ¢ = 0,04 p NS
Smoking, pack-years t = 0.08 p NST ¢ a D01, p NS
Exposure, yr 1= 0.26. p < 0.0% v = 0.06.p NS
Latency. yr = 0.29, p <005 ¢ = 0.12. p NS
Time since last

axposure, yr ¢ = 0.06. p NS v o= 0.08 p NS

"~ Data on age wers available lor 94 £3323, on SMOkING for B4 c33e3. On expasure for 91
<ases. and fos latancy and time since 1ast exposure {or 84 cases.
¥ No significant ditference.

nificantly higher in subjects with mesothelioma, asbestosis, or air-
way fibrosis than in subjects without disease.

Since more than one asbestos-related disease was present in
some subjects, however, mulliple linear regression modeis, in
which fiber concentration was regressed against all the different
disease indicator variables, were generated to identify the inde-
pendent associations between fiber concentrations and asbestos-
related diseases. These models confirmed (based on the statistical
significance of the relevant regression coefficients) that concen-
trations of tremolite and chrysotile were significantly higher in sub-
jects with asbestosis or airway fibrosis. Alter accounting for the
presence of the other asbestos-elated diseases, however, tremo-
lite concentrations were no longer significantly higher in subjects
with lung cancer or pleural plaques (table 3). The assaciation of
mesothelioma with concentrations of either fiber type, indepen-
dant of associations with airway fibrosis and asbestasis, was of
borderline statistical significance.

There was a strong correlation {r = 0.70) between log tremo-
lite and log chrysotile concentration. This observation raised the
possibility that the apparent associations of both chrysotile and
tremolite with disease could have been found if, in fact, only one
fiber type was actually associated with disease and the second
fiber type only appeared to be associated with disease because
of its association with the first fiber type. The first approach to
attempt to resolve this problem was to stratify the analysis of one
fiber type by quartites of the other (table 4). In the stratification
analysis, tremolite concentration was consistently higher in me-
sothelioma, asbestosis, and airway fibrosis in each chrysatile con-
centration stratum, whereas chrysotile concentration was rot con-
sistently higher in each tremolite stratum except in subjects with
airway fibrosis. This stratification analysis suggests that tremo-
lite cancentration was associated with asbestos-related diseases
independently of chrysolile concentration whereas chrysotile con-
centration was not, apart from its association with tremoilite.

The second approach to this problem was to generate a se-
rigs of linear regression models in which the concentration of one
typs of {iber was regressed on the presence of diseass, with the
concentration of the other fiber type included as a covariate
{Models il to VI, table 5), This procedure in essence assessed
the association between one fiber type and Jisease while con-
trolling for tha assaciation between the other fiber type and dis-
ease. After controlling for chrysotile concentration, mesothelioma,

" asbestosis, and airway fibrosis were not significantly associated

with tremolite concentration, although the asseciations for the fast
two diseases wara of borderline significance. After controlling for
tremolite concentration, no disease was significantly associated
with chrysotile concentration. In a model in which airway fibrosis

.---’:*)
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D
N . . TABLE 5
s LINEAR REGRESSION MODELS OF TREMOLITE CONGENTRATIONS ON ASBESTOS.RELATED
’ DISEASES WITH AND WITHOUT CONTROL FOR CHRYSOTILE CONCENTRATIONS®
Awreay
Modet Chrysatile Masothetioma Asbestosis Fiorass FirosisT
i 0.81 (0.46)8 1.84 (.41 152 (039
0 0.45 {0.46) 1.76 (0.35)F
u 0.69 (0.0n% ©.39 (0.3 0.60 {0.32)% 0.45 (0.30)
W 0.68 {0.07¢ 0.26 (0.32) 0.57 (0.27F
v 0.76 (0.07% 0.60 (0.32)% 0.54 (0.29%
Vi 0.59 (0.07)% 0.64 (0.26)
LINEAR REGRESSION MODELS OF CHRYSOTILE CONCENTRATIONS ON ASBESTOS-RELATED
: DISEASES WITH AND WITHOUT CONTROL FOR TREMOLITE CONCENTRATIONS®
. Airway
Tramolite Mesothslioma Asbaestosis Fibrosis Fibrosist
K 0.60 (0.48) 1.80 (0.4} 1.56 (0.40)F
[ 0.29 {0.48) 1.73 (0.36)%
] 0.7s (0.08)% 0.01 (0.35) 0.44 {0.33) 0.44 (0.31)
W 0.74 p.08)F 0.05 (0.34) 0.42 (0.29)
v 0.74 (0.08)% 0.44 {0.33) 0.44 {0.30)
Vi 0.74 (0.08F ) . 0.49 (0.28)
° Entrias are regression coslficients with standard arror of the mean in of the & i ¢ ln aach tnogel.

T slrway fibrosis or asbestosls.

tp<oon

$p <010, .
¥p < q.os.

ing aspect ratio on the plaque indicator variable, with length as

- ~3 covariate. Aspect ratio rermained significantly associated with

. ) )eural plaques after controliing for the association between

{ =" laques and fiber length, whereas length was not associated with
~=pleural plaques after controliing for aspect ratio.

TABLE §

PEARSON CORBELATION COEFFICIENTS (p-VALUE) BETWEEN
LOG TREMOUTE CONCENTRATION AND LOG MEAN FIBER
SIZE CHARACTERISTICS

Aspect  Surface
Concentration  Length Witith Ratlo Arga  Mass
tength -0.10 1.00
{0.33)
Width - - 0.08 0.35 1.00
(0.65) {0.000)
Aspect ratio -0.10 0.77 -0.20 1.00
0.39) (< 0000}  (0.08)
Surlace area 0.02 0.79 0.67 0.3¢ 1.00
{0.84) (< 0.000) (< 0.000) {0.003) -
Mass . 0.03 .88 0.65 0.23 Q.96 1.00
(0.81) (< 0.000) (<0.000 (0.02) (<0.000)
TABLE 7

GEOMETRIC MEAN TREMOLITE FIBER SIZES IN SUBJECTS

Models in which length or aspect ratio for one fiber type was
regressed on disease indicators plus length or aspect ratio of the
other fiber type as a covariate (models analogous to those con-
structed in table 5) showed that tremolite fiber sizes continuad
to be associated with pleural plaques after controlling for chryso-
tile fiber sizes, but the reverse was not true {data not shown).

Total Fiber Sizes

Total tremotite fiber length in subjects with diseass is compared
in table B with that in subjects with no asbestos-related disease.
The pattern of significant differencas is similar to that seen with
fiber cancentration {table 3). Essentially identical resuits wers ab-
fained for total tremolite liber width, aspect ratio, surface area,
and mass and for the same chrysolile size measures {(data nat
shown).

DISCUSSION

The issue of fiber burden and disease patterns has been the sub-
ject of a fairly large number of studies with not entirely consistent

- TABLE 8

GEOMETRIC MEAN TOTAL TREMOLITE FIBER LENGTH/Qg TISSUE IN
SUBJECTS WITH AND WITHOUT ASBESTOS-RELATED DISEASES®

WITH AND WITHOUT PLEURAL PLAOUEE‘ ~ Mo Aabestos Felated
Plaque Plaque Dissase Cisaase Prasent Dissase
Prasent Absent
: - Mass a30 = a9 1stt 30 = 7.7 (8
Length, gm sof 25 Asbestosis 320 = 6.3 {2378 30 = 7.7 (8)
Width, pm 0.23 0.25 Airway fibrosis 300 = 3.2 (38 30 x 7.7 (6)
‘epect ratic 19.¢% 14.5 Ploural plagues 196 = 5.5 (63t 30 % 77 (8)
. )dace area, pm? 3.08 2.71 Lung cancer 110 = 5.7 @35t 30 = 7.7 (6}
) s x 079 e o.88 - Gi i¢ mean = SO; values ¥ 10° pm. Number of subjects in parsnihases.
R indicaled valuss are sigsi 1 with and without glaural T i < 0.05 lor e diftarence from the no asbesmsselated disease group by ¢ test.
modat atier ing for the presence $p < 0.10 for e witacence tom the no asbesiosrelated disease gioup by multiple-

plagues both by ¢ test and A the
of tha gthpr asbesios- alated diseases.
tp <008
to cooor

regrassion analysis, controtling for the prossnce of the oither ashestos-related diseases.
$p < G.00% fgr the difterence from the no ashastos-alatad dissase group by multiple-
regrassian anakysis, controlting tor the presence of the athar ashestos-velated dissases.
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results. Raggl and calleagues {16, 17). who recently reviewed the
topic, concluded that in terms of fiber cancentration, by far the
highest mean levels were seen in patients with asbestosis; pa-
tients with mesothelioma had considerably lower levels, and pa-
tients with pleural plaques levels at or lower than those seen in
mesotheliomas; all these values were higher than those found
in the general population. A simitar pattern can be discerned in
the work of Wagner and cowarkers (18) and in our own studies (19).

However, detailed evaluation indicates that these observations
actually apply only to levels of the commercial amphibole fibers,
amasite and crocidolite (19), and are often based on comparisons
with nonexposed control groups. Relationships between disease
pattern and fiber burden for chrysotile have been harder {o dis-
cern and are complicated by contamination of most chrysotile ores
with tremolite (1, 20), by the rapid disappearance of chrysotile from
lung tissue (19), and by the failure of some studies to separate
chrysotile with its contaminant from amosite and crocidolite. We
previously sugqgested, based on analysis of a small number of
cases, that the pattern of disease seen with chrysotile-induced
mesotheliomas is quite different from that seen with amosite or
crocidolite-induced mesothefiomas (1, 19); one of the purposes
of this study was to confirm thess impressions. .

Fiber burden in its broadest context includes not only concen-
tration of fibers but sizes of fibers and distribution of fibers within
the lung, and for these measures very few human data are avail-
able. Some experimental data suggest that long fibers are much
more dangerous than short fibers with regard to their propensity
to induce both mesothelioma and asbestosis (2-5). However, we
found that in humans focal degrees of fibrosis (asbestosis) actu-
ally correlated better with short-fiber than with long-fiber burden
{11, 12). and Goodglick and Kane (6) and Adamson and Bowdan
{7) have presented expsrimental results that support the proposi-
tion that under certain circumstances short fibers may have con-
siderable fibrogenic and carcinogenic potential, at least in terms
of mesothelioma induction.

Two recent studies attempted to address some of these issues
by using case-control analyses of mesothelioma cases, evaluat-
ing relative risks for mesathelioma in terms of fiber type, fiber num-
ber, and fiber size. McDonald and colleagues (9) examined 78 au-
topsy cases of mesothelicma and matched conteols and conciuded
that the risk of mesothelioma could be attributed entirely to the
concentration of long (> 8 um) fibers of crocidolite, amasite, or
tremolite, with no contribution by shorter fibers and little effect
from chrysotife. Rogers and colleagues (10) performed a similar

- study and concluded that, although long fibers were more impor

tant than short fibers, short fibers increased risk, and the con-
centration of chrysotile shorter than 10 pm was an impartant
pradictor of mesathelioma. The reasons for the contradictions be-
tween these reports are unclear, but these studies are likely com-
plicated by the tendency of chrysotile to disappear from lung tis-
sue and possibly by differences in analytic techniques as well.

in this paper we attempted a somewhat different approach,
namely, evaluating the associationsof disease and asbestos type,
concentration, and size measures using a population with heavy
exposure to chrysotile ore. This approach seeks to identify the
mineralogic tactors that determine the appearance of disease in
a group of exposed workers, rather than in persons with exposure
compared with contro! subjects generally exposed only to ambient
(atmospheric contamination) levels of asbestos. Also, because of
ihe relatively heavy tremolite exposure (and hence marked tremo-
lite retention) to which all these workers were subjected, we hoped
1o obiain more accurale estimates of the risks with chrysotile com-
pared with tremnalite. :

This approach proved to have a number of serious problems,

b
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and these must be stressed. First, the study population consisted
of 94 subjects with one or more of five diseases, some subjects
having more than one disease. Only six subjects had no disease,_
Although the smalf number of subjects in this relerence gr{
could potentially have limited the power of this study to det..
the diffarences of interest, the effect of increased power would
most likely have been to distinguish more clearly the asbestos
concenirations in subjects with mesothelioma from those with no
asbestos-related disease after accounted for the effects due to
asbestosis afti airway fibrosis. It is also possible that improved
power would have resulted in the ability 10 detect increased as-
beslas concentrations in subjects with lung cancer or pleural
plaques. '

A second peculiarity of this particular population turmed out
to be the fairly constant distribution of fiber sizes from subject
to subject and the very high carrelation between the concentra-
tion of fibers longer and shorter than 8 um {r >0.380). This problem
confounded attempts to evalyate disease risk in terms of concen-
tration of long or short fibers as was done by the McDonald (9)
and Rogers (10) groups.

The most serious problem, however, relates to the question
of exposure and disease patterns versus residual fiber burden
and diseass patterns. Somewhat different information is abtained
from each approach: the use of residual fiber burden, as ana-
lyzed here, potentially indicates the role of persisting fibers in dis-
ease induction but cannot determine the role of fibers only briefly
presentin the lung and then clearad. This is a particular problem
with chrysolile exposures, since most chrysotile is rapidly removed
from lung (19).

ftis probably impassible to rule aut a significant role for rapidly
cleared fibers, but the data in the present study suggest that the
chrysotile burden data provide reasanable astimates of both - -
posure and fiber-disease potential. in this regaed it is impao
to note that there is very strong correlation between tremalite ang-’
chrysotile concentrations {r > 0.70) and that both tremolite and
chrysotile concentrations produce a similar and statistically sig-
nificant pattern of correlations with specific diseases on initial anal-
ysis (table G). Were thers significant exposure misclassification,
that is, wers chrysotile fiber burdens essentially random residua
of initial inhaled dose, then no such correlations would be expect-
ed. it may be true that the tremolite serves as a better measure
of past chrysotile exposure than the chrysotife itself, which has
largely disappeared, but the implication of the corrglations we
find is that, in such a case, there is a fairy consistent loss of chryso-
tile from the lung from case to case, or, again, there would not
be any correlation betwean chrysotile burden and disease. Atbest,

" onhe can say that disease could have been caused by the initially

much higher chrysotile burden, most of which has now disap-
peared. Thers are not data really to support this position, how-
ever, and the limited experimental data that exist (for example,
reference 21) suggest that only retamed fibers are important in
disease induction.

Last, in formulating our models, we considered whether years
of exposure and years since last exposure should have beenin-
cluded as covariates. The data available to usincluded only years
of exposure without details of lavels of exposure, and, given the
known heterogeneity of jobs and levels of exposures in this popu-
lation (22), crude years of exposura almost certainly pravides a
worse estimate of exposure than fiber burden; this can be ap-
preciated from the significant but not particularly strong assccia-
tion between tremalite burden and crude years ol exposuref‘ N
2). As well, since fiber burden serves as an eslimate o} BxXpo. i
to include crude years of exposure in the regression essentially
includes two different estimates of “exposure” in the sames model,

g
R
G
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ja procedure that is not analytically sound. The same argument
- could be made about including years since last exposure. In prac-
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tice, when we created such models, including years of exposure
andlor years since last exposure did not change our resulls, sug-
gesting that fiber burden indeed provides more useful informa-
tion in this context.

These problems notwithstanding, a number of conclusions can
be drawn from our data. The data strongly suggest that fiber con-
centration per se plays a basic role in the genesis of “chrysotile™
induced mesothelioma, airway fibrosis, and asbestosis. All three
conditions appear at fairly high, and similar, mean fiber concen-
trations (table 3), although given the small number of subjects
with mesothelioma who did not also have either airway fibrosis
or asbestosis, conclusions regarding the fiber concentrations as-
sociated with mesothelioma alone are somewhat tentative. None-
theless, these observations reamphasize in a more formal fash-
ion our previous suggestion that induction of mesothelioma with
chrysotile ore components requires roughly as great a fiber bur-
den as induction of fibrosis (19).

As noled, several studies have suggested that the tremolite
contaminant rather than the chrysotile itself might be the actual
agent of mesothelioma in thase exposed to chrysotile ore {1, 19,
20). The resulis of the stratification analysis (1able 4}, which con-
trols for the presence of the other fiber lype but not for the pres-
ence of other asbestas-related diseases, and the multiple-
regression models (table 5), which control for both the other fiber
type and the other asbestos-related diseases, arg consistent in
suggesting a role for tremolite in airway fibrosis and parenchy-
wal fibrosis (asbestosis). Analysis of the mean fiber size data and

s relationship to pleural plagues also leads to the conclusion that
. @ presance of tremolite is important in the development of dis-
ase. The role of tremolite concentration in mesothelioma, al-
though probable, is less clear because of the small number of
subjects with mesothelioma who did not aiso have either airway
tibrosis or asbestosis.

The problems of evaluating the role of chrysotile have been
noted. The regression models suggest that tremolite is associated
with fibrasis independently of chrysolile concentration, whereas
chrysotile is not, independently of tremolite concentration. This
conclusion is based on the observed changes in the respective
regression coefficients following inclusion of the other fiber type
as an independent variable in the model. Because of the reia-
tively small number of subjects on whom these regression models
were based, such changes in regression coefficients must be in-
terpreted carelully and conservatively. Nonetheless, it is fair to
state that the question of whether chrysotile in fact really plays
anyrole in the genesis of these diseases remains to be answered.

Although pleural plaques are common in most populations with
significant asbestos exposure, the factors that determine their gen-
esis are gssentially unknown. Gibbs (23) suggested a number of
years ago that plaques were more frequent in workers from the
Thatford Mines region than the Asbestos region of Quebec and
that some contaminant of the chrysotile ore rather tham the chryso-
tile itself was producing the plaques. Recent data indicate that
there is much greater contamination of the chrysatite ore by tremo-
lite in the Thetford mines region than in the Asbestos region {24).
In !he present study, subjects with pleural plaques had marginally

her tremolite-chrysotile ratio but not higher tremolite or chryso-

° concentrations than those without pleural plaques. However,
1g effects were lound when mean fiber size characteristics
were considered. Initial analysis suggested that both mean fiber
tength and mean fiber aspect ratio were associated with pleural
plaques, but in madels that controlled for the presence of both
length and aspect ratio, only fiber aspect ratio proved lo be of sig-
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niticance. This conclusion, however, must be understoad o ap-
ply within the range of fiber lengths that produces disease.
"Thus, although our data provide little support for the impor.
tance of tremolite fiber concentration in plaque induction, they
do provide good evidence that the genesis of plaques is related
to mean fiber size. These findings support the proposal made ty
Gibbs (23) that some substance other than chrysolile is responsi-
ble for pleural plaques, with the proviso that tremolite fiber size
rather than concentration is the fiber characteristic of importance.

Goodglick and Kane {6) and Lippmann (8) suggested that fi-
ber surface area is the most impaortant determinant of asbestos-
related disease; Timbrell and coworkers (13) proposed that it is
total, rather than mean, fiber surface that provides the best corre-
lation with disease. In this study, however, mean fiber size mea-
sures were associated only with the presence of pleural plaques.
as noted, and mean fiber surface area was nol associated with
any condition. it is somewhat surprising that we were unable to
detect an association between mean fiber size characteristics and
the presence of mesothelioma, particularly in light of the animal
studies mentioned earlier and the data of the McDaonald (9) and
Rogers (10) groups, but the latter, as noted, compare largely oc-
cupationally exposed mesaothelioma cases to nonexposed con-
trols. These observations indicate that, although fiber length may
be an important factor distinguishing occupationally exposed
cases with mesothelioma trom nonexposed controls without me-
sothelioma, amaong heavily exposed chrysotile miners and millers

other factors, primarily fiber load, arg more important.in meso-
thelioma induction.

All total fiber size measures were associated with mesotheli-
oma, asbeslosis, and airway disease, but no total fiver size mea-
sure was better than another, and the use of total fiber size mea-
sures did notlead to conclusions any different from those obtained
with fiber concentrations alone. At this point we cannot prove or
disprove the notion that fiber surface area (or total fiber surface
area) is particularly important in the genesis of asbestos-related
disease.

Perhaps most surprising was the absence of any relationship
between fiber concentration or size and the presence of carci-
noma of the fung after controlling for the association between lung
cancer and the other asbestos-related diseases. it should be ap-
preciated that the autopsy population from which is study is drawn
is highly biased because the presence of lung cancer entitles the
families of workars in the'mining and milling industry to apply for
compensation, and hence the number of carcinomas in the un-
derlying autopsy poputation is artificially high (about one-third of
all cases have lung cancer). This form of self selection might have
the effect of diluting the lung cancer subjects whose tumors were
actually associated with high fiber load with those whose tumors
were due to cigarette smoking and thus abolishing any associa-
tion between fiber cancentration and lung cancer. It should also
be noted that, in a study of alarge number of deaths in chrysotile
miners (an earlier cohort of the same work force from which the
present study is drawn), McDonald and colleagues (22) were able
to show an increased risk of lung cancer anly for the highest ex-
posure groups, suggesting that selected subgroups of these wark-
ers should be evaluated to demonstrats a relationship between
fiber burden and carcinoma. When we examined a multiple-
regression model using only the 29 subjects with 40 yr or more
of exposure (presumably all high exposures), however, there was
still no association between lung cancer and tremalite or chryso-
lile fiber concentration (data not shown). Thus tha present data
argue against an association between lung cancer and fiber
burden.

in summary. our data suggest that, within this heavily exposed
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work force, asbestosis, airway fibrosis, and probably mesotheti-
oma are primarily generated by high fiber loads, and that, although
the role of tremolite in all three diseases is established, the tole
of chrysotite is unclear; however, our data cannot rule out the pos-
sibility that chrysotile fibers, which areinhaled and rapidly cleared,
are important in disease induction. The data also suggest that
mean fiber size measures are important in the genesis of pleurat
plaques but that mean fiber size measures do not discriminate
between subjects with and without the other asbestos-related dis-
eases. Specifically, there is no demonstrable effect of fiber sur-
face area. Last, we could not show any association between fiber
burden and the presence of lung cancer.
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