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Occupational asbestos exposure, 
lung-fiber concentration and latency time 
in malignant mesothelioma 
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MOWE G, GYLSETH B, HARTVEIT F, SKAUG V. Occupational asbestos exposure, lung-fiber con- 
centration and latency time in malignant mesothelioma. Scand J Work Environ Health 10 (1984) 
293-298. Mineral fiber concentration in lung tissue was analyled by scanning electron microscopy in 
73 males with malignant mesothelioma and in 36 referents who died of cardio- or cerebrovascular dis- 
eases. The investigation showed apparent differences in the median lung-fiber concentration between oc- 
cupational groups with different levels of asbestos exposure, as judged from their occupational history. 
Thus the mineral fiber content in human lung tissue provides a useful indicator of cumulative asbestos 
exposure. There was also a statistically significant difference between the median lung-fiber concentra- 
tion among mesothelioma cases with unlikely or unknown occupational asbestos exposure and the ref- 
erence group. The latency times in 42 of the cases with definite or probable occupational asbestos ex- 
posure showed a log-normal distribution with a median of 37 years and a range of 19-68 years. No 
statistically significant correlation was found between the logarithm of the latency time and the logarithm 
of the lung-fiber concentration. 
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Latency time is defined in this paper as the time inter- 
val between first year of employment involving ex- 
posure to asbestos and death. Long latency time is a 
typical feature of malignant mesothelioma (30). En- 
terline (7) suggested that the latency time for as- 
bestos-induced cancers depends on the level of asbes- 
tos exposure so that high exposure would be as- 
sociated with short latency, and low exposure with 
long latency. However, this suggestion is without epi- 
demiologic support. 

Retrospectively it is difficult to  estimate cumula- 
tive asbestos exposure (23, 29) even when a detailed 
occupational history is available. Dust level measure- 
ments are seldom available, and in epidemiologic 
studies past occupational asbestos exposure is there- 
fore usually assessed from the occupational history 
and from knowledge concerning asbestos exposure in 
various occupations and trades. If information about 
past occupations is incomplete, the latency time can- 
not be estimated with certainty. 

Provided exposure has been to amphibole asbes- 
tos, lung-fiber concentration is probably one of the 
best indicators of cumulative asbestos exposure (4, 
19, 25) and may as such provide an opportunity to  
study the association between latency time and cumu- 
lative asbestos exposure. Mineral fiber analyses of 

lung tissue have, in recent years, attracted great in- 
terest from a methodological, epidemiologic, and a 
medicolegal point of view. So far no standardized 
analytical methods have been established, and thus a 
comparison of results from different studies may be 
of limited value (25). In order to identify and mea- 
sure the smallest asbestos fibers, transmission elec- 
tron microscopy linked with X-ray microanalysis and 
selected area electron diffractometry seems to be the 
method of choice. However, because of its complex- 
ity and cost, other methods such as optical micros- 
copy and scanning electron microscopy are frequent- 
ly employed techniques. These methods are justified 
as long as their limitations are accepted and the inter- 
methodological variations are well documented. In a 
recent report by Rogers (25) many of these analytical 
issues have been thoroughly reviewed. 

The objectives of the present investigation were as 
follows: (i) to  investigate the association between ex- 
posure to  asbestos, as judged from occupational 
histories, and mineral fiber concentration in lung tis- 
sue and (ii) to  assess the correlation between latency 
time and mineral fiber concentration in lung tissue in 
malignant mesothelioma. 
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Materials and methods 

Cases and referents 
The cases were collected in 1978-1983. During this 
period lung tissue samples from 73 men with malig- 



nant mesothelioma were provided from pathology 
departments and analyzed by scanning electron mi- 
croscopy. The diagnosis was, in all cases, based on 
autopsy. Five of the cases were recorded by the Can- 

Table 1. Survey of occupations and lung-fiber concentrations 
of 73 men with malignant mesotheliorna. 

Lung fiber concentra- 
tion (million per gram 

Group Occupation Number of dried tissue) 

Median Ranae 

I Insulation workers 
Asbestos-cement 
workers 
Chemical maintenance 
workers 

I \  Construction workers 
Work shop employees, 
workers in heating 
trades 
Shipyard workers, 
machine crew 

I l l  Skilled workers 
Various industrial 
workers 
Service workers clerks 
Other occupations, 
unknown 

Total 

Referents 36 0.3 0-4.8 

0.1 1 
15 X) 30 40 50 60 

Latency t ime Years 

Figure 1. Distribution of latency times for 42 of the cases of 
malignant mesothelioma in occupational groups I and II. 

cer Registry before 1970, 53 cases between 1970 and 
1979, and 15 cases after 1980. Some of the cases have 
been included in previous publications (11, 12, 20, 
22). 

For all the cases autopsy reports and medical rec- 
ords were available. Information about occupational 
history was obtained from the following sources: 
local social insurance offices, hospital records and 
autopsy reports, and specialists in occupational med- 
icine (11 cases), as well as by personal interviews 
(7 cases). Thus, for 18 cases a detailed occupational 
history based on interview by a qualified physician 
was available, but for the others past occupational 
exposure had to be evaluated from the available em- 
ployment records, particularly from those of the so- 
cial insurance offices. Direct contact with the depen- 
dents was not permitted by the health authorities. 

The cases were categorized into three occupa- 
tional groups according to occupational information. 
Group I consisted of insulation, asbestos-cement, 
and chemical maintenance workers with evidence of 
high occupational asbestos exposure, both to croci- 
dolite and chrysotile, as judged from the occupa- 
tional history. Group I1 comprised cases in occupa- 
tions for which an increased incidence of malignant 
mesothelioma has been reported (17). In this group 
occupational asbestos exposure was highly probable, 
but the level of exposure was generally lower than in 
group I. Furthermore, we had no definite informa- 
tion about the fiber types. Group 111 consisted of 
cases in occupations with unlikely or unknown expo- 
sure to asbestos. The analysis of the association 
between occupation and the lung-fiber concentration 
was based on the total material of 73 cases. 

The first year of employment in the first job with 
definite or probable asbestos exposure was chosen as 
the indicator of the first year of exposure. Some cases 
had changed jobs several times in the distant past, 
including jobs in which asbestos exposure might have 
varied considerably. In these cases the latency time 
could have been either under- or overestimated. Par- 
ticularly in group I11 both the occupational exposure 
and the latency time were difficult to evaluate due 
to incomplete information. In order to  improve the 
validity of the latency time/lung-fiber concentration 
analysis, this part of the investigation was restricted 
to 42 cases - 10 cases in occupational group I and 
32 cases in occupational group 11. For these 42 cases 
the evidence of occupational asbestos exposure was 
definite or probable, and the latency times could be 
estimated with reasonable certainty. 

The referents consisted of 36 persons selected on 
the basis of these criteria. One group of 28 referents 
was matched by sex, age, and year of death to 14 
mesothelioma cases from one pathology laboratory 
in a case-referent study which will be published sepa- 
rately (Mowe ct al, in preparation). The other group 
of  eight referents was obtained from consecutive hos- 
pital autopsies from another pathology department. 



It represents a group selected on the basis of age and range 41-92) years for the cases and 67.9 (SD 10.9, 
causes of death, and it has been included in a previ- range 42-90) years for the referents. The differences 
ous investigation (12). For all the referents autopsy in the median lung-fiber concentration of group I1 
reports, medical records, and information about past was only one-tenth of the median of group I, but it 
occupations were obtained from the local social in- was three times the median of occupational group 
surance offices. The causes of death among the refer- 111. The differences were statistically significant. The 
ents were cardio- and cerebrovascular disease. Lung difference between the median lung-fiber concentra- 
tissue samples for fiber analyses were obtained from tion of group 111, with unknown or unlikely asbestos 
all the referents. exposure, and the reference group was also statisti- 

cally significant (p < 0.01). Five of the referents had 
Analytical procedures been employed in group I1 occupations, and they all 
The sampling of the lung tissue was not standardized, had fiber concentrations exceeding 2.0 million per 
and the tissue samples comprised both formaldehyde- 
preserved and paraffin-embedded material. In the 
former case small pieces were cut and dried over- 
night; in the latter this procedure was followed after 
a melting/deparaffinization step. The dried pieces 
were weighed and ashed following procedures de- 
scribed previously (10). On the basis of previous 
documentation, scanning electron microscopy was 
chosen for determining total fiber concentrations. In 
a recent study it has been shown that amphiboles are 
the predominant mineral fibers (13) in lung tissue 

gram of dried tissue. 
Study of the correlation between the latency time 

and the lung-fiber concentration was restricted to 42 
cases in occupational groups I and 11. Figure 1 shows 
that the latency times approximate a log-normal 
distribution with a median of 37 years and a range of 
19-68 years. 

These 42 cases were divided into three subgroups 
according to lung-fiber concentration, 5 1.9, 2.0- 
9.9, and 2 10 million fibers per gram of dried tissue. 
Table 2 provides information on the age and year at 

samples, and through interlaboratory comparisons it first exposure, latency time, and age at death for the 
has been demonstrated that the scanning electron cases in the three subgroups. None of the variables 
microscopic method is adequate for total number de- differed statistically significantly between any of the 
terminations. three subgroups. The correlation coefficient (r) was 

calculated for every pair of exposure variables. The 
Statistical methods highest coefficients were found between the latency 
The difference between the latency times and lung- time and the Year of first exposure (r = -0.9, P < 
fiber concentrations in various subgroups was assessed 0.001) and the age at first exposure (r = -0.65, P < 
by a nonparametric statistical method, the Mann- 0.001). There was no correlation between the loga- 
Whitney two-sample test. The correlation coeffi- rithm of the latency time and the logarithm of the 
cients were assessed according to Armitage (2). lung-fiber concentration (r = -0.088, p = 0.58). 

Figure 2 shows the distribution of the latency times 
for the three subgroups on a logarithmic scale. 

Results 

Table 1 gives an overview of the occupations and the 
lung-fiber concentrations for both the cases and the Variation in deposition, clearance rate, durability, 
referents. The mean age at death was 67.0 (SD 9.5, and retention of different types of asbestos fibers is 

Table 2. Year and age at first exposure, latency time, and age at death for 42 men with malignant rnesotheliorna in occupational 
groups I and II with definite or probable occupational asbestos exposure and known latency times. (Number of cases in paren- 
theses) 

Fiber 
concentration 
subgroup 

Year at first exposure Age (years) exposure at first Latency time Age (years) at death 

Geo- 
Mean Range Mean SD Range metric In SD Range Mean SD Range 

mean 

~ 1 . 9 ~  l o 6  fiberslg of 
dried tissue 
(N = 6) 
2.0-9.9 x l o 6  fiberslg of 
dried tissue 
(N = 19) 

s107 fiberslg of 
dried tissue 
(N = 17) 

Total (N = 42) 1939 1911-1960 28.7 10.0 13-47 36.7 0.28 19-68 66.4 8.8 49-90 



second study, arranged by ourselves and comprised 
of lung tissue samples, the results were very closely 

Fibers1 gram dried tissue 
0 210' n.17 

(2.0-9.9)xio6 n-19 

o ~ 1 . 9 ~ 1 0 6  n-o 

01 
15 20 30 40 50 60 

Latency time Years 

Figure 2. Distribution of latency times for 42 cases of malig- 
nant mesothelioma in occupational groups I and II according 
to three levels of fiber concentration in lung tissue, 5 1.9, 
2.0-9.9, and 2 10 million fibers per gram of dried tissue. 

a n  important issue. Compared t o  amphiboles, chrys- 
otile seems to be cleared more efficiently or even 
subject to  chemical attack by the lung fluids (26, 32). 
These major differences are especially important as 
epidemiologic investigations have shown a definitely 
higher incidence of mesothelioma among workers ex- 
posed to crocidolite compared t o  among those ex- 
posed to other amphibole fibers, while the risk re- 
lated to  chrysotile asbestos is probably very low (6, 
16, 18, 21). 

Recent investigations have shown that despite high 
chrysotile exposure, compared to exposure to  amphi- 
boles, amphiboles are the dominating fiber type in lung 
tissue (13, 26). Thus we concentrated on analyzing 
the total lung-fiber concentration, with scanning 
electron microscopy, because we assumed that this 
number is probably the most important indicator of 
cumulative asbestos exposure. The Institute of Occu- 
pational Health, Oslo, has recently participated in 
two interlaboratory comparisons of asbestos analysis. 
The first one was arranged through the auspices of 
the International Organization for Standardization 
and comprised filtered water samples. In this study 
our results were close to  the average for amphiboles, 
while we found 40-50 % of the short and thin chrys- 
otile fibers with scanning electron microscopy, com- 
pared to transmission electron microscopy. In the 

related to those found by another laboratory using 
transmission electron microscopy (9). 

A detailed analysis, by transmission electron mi- 
croscopy, of the fiber types in four of the asbestos 
cement workers included in occupational group I has 
been published before. Although the general expo- 
sure in this group of workers consisted of about 
90 Yo chrysotile and less than 10 Yo amphibole as- 
bestos, the lung tissue content was generally reversed 
(13). The loss of very thin chrysotile fibrils during 
scanning electron microscopy is accordingly low 
compared to errors which may be introduced during 
sampling, preparation, and counting procedures (9, 
11, 25). 

By this method we have shown apparent differ- 
ences in the median lung-fiber concentrations 
between occupational groups with different asbestos 
exposure, as judged from occupational history. There is 
a clear distinction between the three occupational 
groupings, but the distribution of lung-fiber concen- 
tration in the occupational groups does overlap con- 
siderably. The results correspond reasonably well to  
the assessment of asbestos exposure from occupa- 
tional history, and the investigation indicates that 
the lung-fiber concentration is a useful indicator of 
cumulative asbestos exposure. 

According to our method a fiber concentration of 
more than one to two million per gram of dried lung 
tissue is associated with occupational asbestos expo- 
sure. The results are consistent with those of previous 
investigations (4, 17, 25). This borderline is based on 
a detection limit of 0.4 million and the analytical 
sensitivity of our method of about 0.1 million fibers per 
gram of dried tissue (25). However, low lung-fiber con- 
centrations below this border should be evaluated 
carefully, as the fiber concentrations may vary con- 
siderably from site to site in lung tissue (5). Con- 
sequently, low fiber concentrations below this border 
do not exclude past occupational exposure to as- 
bestos. 

The lung-fiber concentrations among the cases 
overlapped those of the referents, and in 12 cases the 
fiber concentration was below one million per gram 
of dried tissue. Past asbestos exposure was unknown 
or unlikely in most of these cases, although it cannot 
be excluded for some of them. The causal signifi- 
cance of these low fiber concentrations is difficult to 
evaluate, but it may be that other additional etiologic 
factors are also active in mesothelioma induction 
(25).  

The latency times approximated a log-normal dis- 
tribution, which has been shown to be typical both 
for infectious (27) and malignant diseases (1, 31). 
The correlation between the latency time and the age 
and year of first exposure was, as expected, statisti- 
cally significant. By extrapolation of the distribution 
curve the results were consistent with a lower limit of 



latency time of about 10 to  15 years; however, shorter 
latency times have been reported (28). In  such cases 
the latency time could have been underestimated be- 
cause of  incomplete occupational history o r  un- 
known occupational o r  nonoccupational asbestos ex- 
posure earlier in life, o r  other etiologic factors may 
have been responsible. 

Jones & Grendon (14) suggested that the time until 
the appearance of  cancer (the latency time) was re- 
lated t o  the inverse cube-root of the  dose. This hypo- 
thesis has  been used a s  an  argument in favor of  a 
"practical threshold" (7). A t  very low exposure, the 
latency time was expected t o  be longer than the life 
expectancy. This hypothesis has been opposed by 
others (8, 23, 29), and,  in an  attempt to  test the 
hypothesis, Liddell (15) found n o  evidence of any 
correlation between the cumulative asbestos exposure 
(fiber years) and  the latency time among chrysotile 
miners with bronchial cancer. In ou r  investigation n o  
correlation was found between the  logarithm o f  the 
latency time and  the logarithm of  the lung-fiber con- 
centration, a finding supporting Liddell's conclu- 
sions. 

In a recent study, Browne (3) suggested that the la- 
tency time for malignant mesothelioma is distributed 
in a random manner in time f rom first exposure. H e  
also suggested that asbestos may not act as a complete 
carcinogen but as a promoter and  that a threshold 
seems probable in the induction of  mesothelioma. 
Our  results were not  consistent with this hypothesis. 

Forty-two of  the cases with known latency times in 
occupational groups I and I1 were divided into three 
subgroups according t o  various levels of  lung-fiber 
concentration. There was n o  statistically significant 
difference in latency time o r  age a t  death between the 
three subgroups. Furthermore on  the  log-scale the 
distribution curves appear normal with similar means 
and standard deviations in the three subgroups. 

W e  conclude (i) that the total lung-fiber concentra- 
t ion analyzed by our  method is a useful indicator of  
cumulative asbestos exposure a s  judged f rom occu- 
pational history, provided the exposure has been t o  
amphiboles and (ii) that there is n o  correlation 
between latency time and the to ta l  lung-fiber con- 
centration in malignant mesothelioma. This conclu- 
sion is consistent with those of  other investigations 
(19) and  conforms with the model for mesothelioma 
induction suggested by Peto  et a1 (24). 
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