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Abstract 

The minera l fiber content of lung parenchyma 
in 24 cases of diffuse pulmonary fibrosis of 
unknown cause was determin ed b y sca nnin g electron 
microscopy and compared with that of 36 a utop sy 
cases of histo l ogically confirmed asbestosis 
and 20 autopsy cases of patients with norma l 
lun gs . Fibers were isolated from the lu ng usin g 
a hypoc hlorite digestion technique and co ll ected 
on the surface of a po l ycarbonate filter. In 
a dd ition, the types of fibers present (asbestos 
vs. other mineral fibers) were d eter mined by 
energy dispersive x - ray analysis (EDXA). When 
the hi sto logic grade of fibrosis in the cases 
of asbestosis was compared with the uncoated 
fiber content by means of l inear regression 
ana ly sis , it was determined that the fiber 
content of the 24 cases of diffuse pulmonary 
fibrosis of unknown cause was below the 95 % 
confidence limit for asbestosis in every 
instance. Furthermore, the majority of fibers 
ana l yzed by EDXA were not asbestos in the cases 
with diffuse pulmonary fibrosis of unknown cause , 
whereas more than 90 % of the fibers from the 
asbestosis cases were commercia l amphiboles 
(amosite or crocidolite). It was conc lu ded 
that most patients with advanced pulmonary 
fibrosis whose tissue samples do not meet 
histologic criteria for asbestosis do not have 
asbestos-induced fibrosis, even though there 
may be some history of exposure to asbestos. 
In such cases, scanning e l ectro n microscopic 
analysis of mineral fiber content and EDXA of 
the types of fibers present often provide usefu l 
information with regard to the correct 
classification of these cases. 

Key Words: Asbestosis , mineral fibers, scanning 
e l ectron mi crosco py, idiopathic pulmo n ary 
fibrosis, usual interstitial pneumonitis, 
carcinoma of the lun g , parietal pl e ural plaques. 
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Introduction 

Asbestosis is defined as pulmonary 
interst it ia 1 fibrosis resu l ting from inha l ation 
of asbestos fibers , and usua ll y occurs in the 
setting of prolonged, direct, and often heavy 
exposure to airborne fibers (24]. Histologic 
criteria for the diagnosi s of asbestosis a re 
well - defined, and inc lud e the presence of 
pu lmonary interstitia l fibrosis which tends 
to be distributed in a bronchio l ocentric pattern 
associate d with acc umul ations of asbestos bodies 
in tissue secti ons (10]. Various grading sc h emes 
have been proposed for the est imation of the 
severity of fibrosis in patients with asbestosis 
(10, 20,27]. Epidemio l ogic st udi es have shown 
t hat there is a dose-response relationship 
between the levels of asbestos expos ur e and 
the severity of pu lm onary fibrosis (i . e., 
asbestosis) (34]. Since asbestos fibers tend 
to acc umulate progressively within the lun g 
with continuing ex posure, one would expect to 
find a corre lation between the sever ity of 
pulmonary fibrosis and the concentratio n of 
asbestos fibers which can be recovered from 
t he lun g. Indeed, such a correlation has been 
demon strated in a number of studies using a 
variety of techniques to estimate the pulmonary 
mineral fiber burden (3,8,29,37,42]. 

However, the correlation between mineral 
fiber content of the lung and the severity of 
fibrosis is somewhat imperfect. Ashcrof t and 
Heppleston [3], for exa mpl e, reported a 
progressive increase in mineral fiber content 
from mild to moderate fibrosis but no fur th er 
increase in patients with severe fibrosis. 
These a uthors conc lud ed that factors other than 
tissue fiber burden must be responsib l e for 
the progressio n to severe fibrosis i n patients 
wit h as b estosis . Other st udi es have s hown a 
poor corre lat io n be tw ee n the severity of 
asbestosis and th e pulm on ary mineral fiber 
content (40]. Since diffuse pulmonary fibrosis 
of unknown cause (i.e., idiopat hi c pulmonary 
fibrosis, a lso called usual inters titial 
pneumonitis) i s considerably more co mmon th an 
asbestosis (39], and since asbestos workers 
are not exe mpt from other fibro t ic pulmonary 
disord e rs, one possible exp l anation for these 
observations is that some of the cases wit h 
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severe pulmonary fibrosis and relatively low 
fiber burdens were not causally related to 
asbestos exposure. 

The problem is further compounded by the 
reported occurrence of cases of occult 
asbestosis, that is, diffuse pulmonary fibrosis 
in which asbestos bodies are not identified 
in histologic sections but the mineral fiber 
content of the lung as assessed by electron 
microscopy is distinctly abnormal [5, 16 ,41]. 
Such cases would be difficult to distin guis h 
from idiopathic pulmonary fibrosis by hi sto lo gic 
evaluation alone. The finding of other markers 
of asbestos exposure, such as parietal pleural 
plaques, might be useful in this regard [ 29]. 
However, pleural plaques are quite common and 
may be related to very low level exposure to 
asbestos [33,38]. Therefore, the mere finding 
of plaques is no absolute guarantee as to the 
nature or etiology of diffuse pulmonary fibrosis 
in a given case. 

The author ha s had the opportunity to examine 
the mineral fiber content of 36 autopsied cases 
of asbestosis by means of scanning electron 
microscopy [29]. Each case satisfied established 
his to logic criteria for the diagnosis of 
asbestosis, and the severity of fibrosis was 
assessed using the grading scheme proposed by 
the College of American Pathologists and the 
National Institut e for Occupational Safety and 
Health [10]. There was a highly significant 
correlation between the numbers of fibers 5 
µm or greater in len gt h per g ram of wet lun g 
tissue and the estimated sever ity of interstitial 
fibrosis, witr. p < 0 .01. In addition, there 
was a suggestion of a threshold burden in order 
for pulmon ary fibrosis to develop [29]. In 
contrast, a number of cases of diffuse pulmonary 
fibrosis had been examined which did not satisfy 
his to logic criteria for the diagnosis of 
asbestosis, even though there had been some 
histor y of asbestos exposure. In a few of these 
cases, there were other clinically relevant 
explanations for the patient's pulmonary 
fibrosis. In most of the cases, there was no 
apparent etiology and min era l fiber analysis 
was performed to evaluate the possibility of 
occult asbestosis. Also, in most of these cases, 
the degree of fibrosis was advanced at the time 
that the tissue was obtained for histolo gic 
evaluation. The purpose of the present study 
was to determine whether linear regression 
analysis of the relationship between severity 
of fibrosis anc tissue fiber burden as determined 
in confirmed cases of asbestosis could provide 
useful information in the evaluation of cases 
of diffuse pulmonary fibrosis of unknown cause. 

Materials and Methods 

Case Selection. 
The study group consisted of 24 cases from 

the author's consultation files with diffuse 
pulmonary fibrosis of unknown cause and for 
which lung tissue was available for analysis 
of mineral fiber content. In each case, there 
was some history of exposure to asbestos, 
although specific details were available for 
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only 15 patients. In 16 cases, no asbestos 
bodies were observed in hematoxylin and eosin 
or iron-stained sections after prolonged 
searching. In an additional five cases, 
equivocal asbestos body fragments were noted 
on an iron-stained section. In two cases, a 
rare but definite asbestos body was noted on 
an iron-stained section, and in one case, a 
rare body was found after prolonged searching 
of one hemato xy lin and eosin and one iron-stained 
section. These latter three cases (Cases 11, 
21, and 22, Table 1) could arguably meet 
histologic criteria for asbestosis [7]. However, 
even in these cases, the severity of fibrosis 
seemed to be far out of proportion to the rare 
asbestos bodies found, so that further analysis 
of tissue for mineral fiber content was deemed 
to be warranted. 
Grading of Fibrosis. 

The grading scheme used in the author's 
previously reported study of 36 cases of 
asbestosis [29] was that proposed by the College 
of American Pathologists and the National 
Institute for Occupational Safety and Health 
[ 10]. Briefly, this scheme involves the 
assessment of two histologic features: the 
proportion of bronchioles with fibrosis within 
their walls (graded on a scale of 0-3), and 
the most advanced extent of fibrosis on any 
one slide (graded on a scale of 0-4). To obtain 
a score for each slide, the scores for eac h 
of these features are multiplied together, givi ng 
a range of values from O to 12. A score for 
an individual case is then obtained by averaging 
t he scores for a ll of the slides pr epared from 
that case [10] . In the author's experience 
using this scale, s lid es s howing grade 3 severity 
(i.e., fibrosis involving a ll alveolar septa 
between two adjacent bronchioles) always show 
fibrosis involving the walls of a majority of 
bronchioles (grade 3 profusion). Similarly, 
slides showing grade 4 severity (i.e., hon eycom b 
changes) always show gra de 3 profusion. Thus 
s 1 ides from cases of ashes tosis with areas of 
grade 3 or 4 severity would have scores of 9 
or 12, respectivel y. Therefore, for the purposes 
of this study, slides from cases of idiopathic 
pulmonary fibrosis in which all alveolar septa 
between two adjacent bronchioles were fibrotic 
were assigned a score of 9, and slides from 
cases showing honeycomb changes were assigned 
a score of 12 . Grading of the severity of 
fibrosis usin g this scheme was available in 
20 of the 24 cases included in the present study. 

Mineral Fiber Analysis. 
Tissue mineral fiber content was determined 

using the sodium hypochlorite digestion 
procedure, the d eta ils of which have been 
reported previously [31,33]. Briefly, formalin 
fixed lung parenchyma with a wet weight betw ee n 
0.25 and 0.35 gm was minced with a clean scalpel 
blade and digested in 5 .25 % sodium hypochlorite 
solution (commercial bleach) with constant gentle 
agitation. The residue was collected on 0.4 
µm pore-size Nuclepore ® filters, one of which 
was mounted on a glass slide for asbestos body 
quantification by light microscopy (LM) a t a 
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magnification of 200x. The other was mounted 
on a carbon disc with colloidal graphite, 
sputter-coated with gold, and examined by 
scanning electron microscopy (SEM). Fibers 
were counted by SEM usin g a JEOL JSM 35C scanni ng 
electron microscope operated at 20 kV 
accelerating voltage at a screen magnification 
of lOOOx and a scan rate of 5 sec/frame (30]. 
Fibers were defined as particles with an aspect 
ratio (length:diameter) of 3:1 or greater and 
roughly paral l e l sides, and particles meeting 
these criteria and with a length of 5 µm or 
greater were counted. A total of 100 fie ld s 
with an approximate cumu l ative area of 2.53 
mm2 were counted for each sample. From these 
data, fiber density on the filter surface and 
numbers of fibers per filter could be determined. 
Asbestos bodies (asbestos fibers coated with 
ferroprotein material) were enumerated 
separately. Results are reported as asbestos 
bodies or uncoated fibers 5 µm or greater in 
length per gram of wet lung tissue. Fi lt er 
blanks were also examined and all reagents 
prefiltered to avoid contamination (30]. 

In five cases (Case 3-7, Table 1), only 
paraffin blocks of lung parenchyma were avai l able 
for analysis. In these cases, tissue was 
recovered from the block, deparaffinized in 
xylene, and rehydrated to 95% ethanol as 
previously described (32 ,33]. Digestion was 
then performed as described above. The 
Nuclepore ® filter was cut in half with a scalpel 
blade, and one half was mounted on a glass slide 
for asbestos body quantification by LM whereas 
the other half was mounted on a carbon disc 
and examined by SEM. The results were multiplied 
by a correction factor (0. 7) which takes into 
account the difference in weight between formalin 
fixed lung and lung which has been processed 
into paraffin (33]. In addition to the 24 cases 
of diffuse pu lmonary fibrosis described above, 
asbestos body counts (LM) and uncoated fiber 
counts (SEM) were determined in 20 adult autopsy 
specimens with macroscopically normal lungs 
and no known asbestos exposure. 

The chemical composition of mineral fibers 
was ~etermined by means of energy dispersive 
spectrometry (EDS) using a KEVEX 7000 detector 
and an accelerating voltage of 25 kV (30]. 
In 20 cases with diffuse pulmonary fibrosis, 
10 to 25 consecutive fibers were analyzed and 
classified as asbestos (amosite, crocidolite, 
tremolite, anthop h y lli te, actinolite, or 
chrysotile) or nonasbestos mineral fibers based 
on their morphology and chemical composition 
as previously described [ 30, 33] . In two cases, 
only three (Case 1) and five (Case 19) fibers 
were ana l yzed by EDS. In two ad dit iona l cases 
(Cases 6 and 7), EDS was not performed. 
Statistical Ana ly sis. 

Linear regression analysis of the 
relationship between severity of fibrosis an d 
the concentration of uncoated fibers 5 µm or 
greater in length in 36 autopsy cases of 
histologically confirmed asbestosis had been 
reported previously. Ninety -f ive percent 
confidence limits were constructed for the 
regression line using these previo usl y reported 
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data. The uncoated fiber content of cases of 
diffuse pulmonary fibrosis of unknown cause 
as well as autopsied cases with normal lun gs 
were then compared with the lin ear regression 
95% confidence limits constructed from the 
confirmed asbestosis cases. 

Results 

Demographic information regarding the 24 
cases of diffuse pulmonary fibrosis included 
in this study are summarized in Table 1. The 
median age for the 20 patients where this 
information was available was 61 years, with 
a range of 42 to 85 years. All were men with 
the exception of Case 8. Specific information 
regarding the patients' occupations were 
available in 15 cases (Table 1). Smoking history 
was avai l able in only 10 cases: eight patients 
were smokers (Cases 4-7, 11, 17, 21 and 23) 
with a range of 20 to 70 pack years, and two 
were nonsmokers (Cases 14 and 20). 

The pathologic findings in the 24 cases 
are summarized in Table 1. One patient had 
interstitial lung disease the onset of which 
coincided with clinica ll y diagnosed polymyositis 
(Case 17) (30]. Another patient had familial 
pulmonary fibrosis and cirrhosis of the li ver 
(Case 19), and his brother was diagnosed with 
an identical condition. Case 23 developed 
diffuse pulmonary fibrosis following x-ray 
therapy for carcinoma of the lung [ 18]. Case 
6 had an open lung biopsy which showed changes 
indicative of desquamative interstitial 
pneumonitis (19]. The remaining 20 cases were 
classified histologically as idiopathic pulmonary 
fibrosis or usual interstitial pneumonitis 
(U.I.P.) (19]. Grading of the severity of 
fibrosis was performed in 20 cases, and was 
assessed as grade 9 in four cases and grade 
12 in 16 (Table 1). Seven patients also had 
carcinoma of the lung (Cases 4, 8, 13, 16, 20, 
23 and 24), and three had parietal pleural 
plaques (Cases 17, 21 and 23). Tissue was 
obtained for histology and mineral fiber analysis 
from surgical specimens in 11 cases and from 
autopsies in 13 cases. 

The mineral fiber content of the lung in 
all 24 cases is provided in Table 1, and is 
compared with that of 76 cases of asbestosis 
[ 29] and 20 normal lungs in Table 2. The median 
asbestos body count in the 24 cases as determined 
by light microscopy was 24 AB/gm. In 15 cases, 
asbestos body content was below the limit of 
detection by SEM (i.e., 440 AB/gm for a 0.3 
gm samp l e). In only one case (Case 15) was 
there a greater than expected discrepancy b etwee n 
the asbestos body content as determined by LM 
vs. SEM. The median uncoated fiber content 
for the 24 cases was 13,300 fibers per gram 
of wet lung tissue. The uncoated fiber content 
overlapped with that of 20 patients with normal 
lun gs in 15 of 24 cases. In 9 of the 24 cases, 
the uncoated fiber content overlapped with that 
of the 76 patients with asbestosis. However, 
in every autopsied case of as b estosis with 46,000 
or l ess un coated fibers per gram, fibrosis was 
confined to the walls of respiratory bronchioles 
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Table 1. Demographic, Histopathologic, and Mineral Fiber Content Data on 24 Cases of 
Diffuse Pulmonary Fibrosis of Unknown Cause 

Case 
No. 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 

12 
13 

14 

15 
16 

17 

18 
19 

20 

21 
22 
23 

24 

Age/ 
Sex 

70/M 
62/M 
51/M 
55/M 

60/M 
42/M 
58/M 
74/F 

70/M 
?/M 
71/M 

?/M 
62/M 

63/M 

43/M 
65/M 

58/M 

57/M 
47/M 

59/M 

?/M 
? /M 

75/M 

85/M 

Diagnosis 

U. l.P. 
U. I .P. 
U. I. P. 

U.I.P., large 
ce ll, ca., lung 

U. I .P. 
D. I.P. 
U.I.P. 
u. I. p., 

adenoca., lung 
U. I.P. 
U. l.P. 
U. I.P. 

U. l.P. 
u. I. p., 

bronchogenic ca . 
with osteoclast 
lik e giant cells 

U. l.P. 

U. I. P. 
U. I .P., 

squamous ce ll 
ca., lung 

Polymyositis 
l.L.D. 
U. I . P. 

Familial 
U. I .P., 
cirrhosis 

U. I. P., BACA, 
Renal cell ca. 

u. I. p. 
u. I. p. 

Diffuse pulm. 
fibrosis, s/p XRT; 

Ca. of lung 
u. I. p., 

Adenoca. , RUL 

Fibrosis 
grade 

12 
12 
12 
9 

NA 
NA 
12 
12 

NA 
12 
12 

12 
12 

9 

12 
12 

12 

12 
12 

12 

12 
9 

NA 

9 

PPP 

+ 

+ 

+ 

Occupation 

NA 
Farmer 

NA 
Welder, sheet metal 

worker, shipyard 
Brake mechanic (34y) 

Brake repair (Sy) 
Brake mechanic 

NA 

NA 
NA 

Construction worker 
(20y) 

NA 
Military l aundry 

20+ y ago 

Engr. maintenance 
chem. co. (35y) 

Welder (remote past) 
NA 

Draftsman 
shipyd, (28y) 

NA 
Insulation work one 
summer (20+ yr ago) 

Merchant marine, 
deck maint., a nd 
boilermaker (32y) 

Shipyd. worker 
NA 

Sheet metal worker, 
shipyd. (24yr) 

Brakeline grinder, 
many yrs. 

AB/gm 
(LM) 
<J 
< 3 
< 5 

< 6.8 

< 22 
< 30 
< 95 
3.1 

6.7 
11 
14 

23 
25 

36 

55 
118 

140 

148 
180 

360 

450 
470 
730 

7,740 

AB/gm 
( SEM) 
< 440 
< 440 
< 440 
< 440 

< 440 
< 440 
< 440 
< 440 

< 440 
< 440 
< 440 

< 440 
440 

< 440 

2,700 
< 440 

960 

600 
< 440 

1,300 

320 
2,850 

495 

7,800 

UF/gm 
(SEM) 
< 44 0 

29,0 00 
6,90 0 
3,26 0 

42,800 
14,600 
24,000 
6,340 

4,200 
9,370 
13,300 

9,500 
8,790 

6,800 

18,90 0 
24,0 00 

800 

18,000 
7,940 

20,400 

16,100 
26,500 
45,700 

13,300 

Ab/ gm=asbes tos bodies per gram of wet lung tissue; adenoca . =adenoca re inoma; BACA=bronchioloa 1 veo lar 
ce ll carcinoma; ca.=carcinoma; chem. co.=chemical company; D.l.P.=desquamative interstitial 
pneumonitis; Engr.=engineer; ILD=interstitial lun g disease; LM=light microscopy; maint.=maintenance; 
NA=not available; PPP=parietal pleural plaques; SEM=scanni n g electron microscopy; s/p XRT=status 
post x-ray therapy; UF/gm=uncoated fibers 5 µm or greater in length per gram of wet lun g tissue; 
U.I.P.=usual interstitial pneumonitis. 

(Grade 3 or l ess). Thus even in the overlap 
areas, the degree of fibrosis in the diffuse 
pulmonary fibrosis cases (grade 9 or 12) was 
far out of proportion to the mineral fiber 
content. Furthermore, the asbestos body counts 
in the diffuse pulmonary fibrosis cases 
overlapped with those in the asbestosis series 
in only two cases (Cases 23 and 24) (Table 2). 

The relationship between severity of fibrosis 
and uncoated fiber content of the lun g for 36 
cases of asbestosis [ 29], 20 cases of diffuse 
pulmonary fibrosis, and 20 cases with normal 
lun gs is illustrated in Figure 1. The calculated 
regression line and the 95% confidence limits 
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for the asbestosis cases show that the fiber 
content for the diffuse pulmonary fibrosis cases 
of unknown cause is below the low er confidence 
limits for asbestosis in every case. Al so of 
interest is the observation that the unc oated 
fiber content for the control cases with normal 
lungs is below the lo wer confi denc e limit for 
zero (i.e., absence of) fibrosis in 17 out of 
20 cases. 

The results of energy dispersiv e x -ra y 
analysis of more than 1500 fibers from patients 
with asbestosis [29] and more than 250 fibers 
from patients with diffuse pulmonary fibrosis 
of unknown cause are summarize d in Table 3. 
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Table 2. Mineral Fiber Content of Lungs in Patients with Asbestosis, Idiopathic 
Pulmonary Fibrosis (U.I.P.), and Normal Lungs+ 

N 
Asbestosis ( all cases)* 76 

Grades 1-3 14 

Grades 3-6 21 

Grades 6-9 13 

Grades 9-12 4 

U.I.P.-++ 24 

Normal Lungs 20 

---------------------

~ 
63 

(37-87) 
57 

(46-70) 
64 

(48-75) 
62 

(51-79) 
64 

(48-65) 

61 
(42-85) 

64 
(28-85) 

AB/gm (LM) 
37,800 

(600-1,600,000) 
27,000 

(3,670-1,600,000) 
33,600 

(700-1,400,000) 
101,000 

(1,190-481,000) 
13,240 

(840-234,000) 

24 
( <3-7, 740) 

2.9 
(0-21.9) 

UF/gm (SEM) 
330,000 

(18,000-12,500,000) 
306,000 

(22,100-2,890,000) 
441,000 

(78,000-7,810,000) 
526,000 

(18,500-12,500,000) 
201,000 

(116,000-3,600,000) 

13,300 
(<440-45,700) 

3,130 
(<420-16,900) 

+ Values presented are medians with ranges indicated in parentheses underneath. 
* Histologic gra ding of asbestosis was available in 52 of 76 cases. 
-++ This category includes a few cases of other diffuse interstitial lung disease (See Table 1). 

These show that more than 90% of the fibers 
analyzed in patients with asbestosis are 
commercial amphiboles (amosite or crocidolite), 
whereas mor e than half of the fibers analyzed 
in patients with diffuse pulmonar y fibrosis 
of unknown cause are not asbestos. Th e types 
of non-asbestos mineral fibers identified include 
talc, silica, rutile, various aluminum si licates 
a nd other si li cates, iron rich (pr esu mab ly iron 
oxide), fiberglass, and organic (probably 
amorphous carbon) [ 6, 28] . In only six of the 
22 cases of diffuse pulmonary fibrosis were 
the majority of fibers analyzed a commercial 
form of asbestos (i.e., amosite , crocido lite, 
or chrysotile). Thus if the uncoated fiber 
count is corrected so that only asbestos fibers 
are included, the discrepancy between the 
asbestosis cases and the other diffuse pulmonary 
fibrosis cases shown in Figure 1 would be even 
greater. 

Di scussion 

The relationship b etween the concentration 
of uncoated fibers 5 µm or greater in length 
as assessed by SEM and the severity of fibrosis 
in asbestosis as assessed histologically shows 
considerable scatter of the data, with the 95% 
confidence limits extending over two orders 
of magnitude (Figure 1). Nonetheless, the 
present study shows that SEM analysis of mineral 
fiber content of lung tissue can provide useful 
information in the evaluation of diffuse 
pulmonary fibrosis of unknown cause. As a group, 
the 24 cases of diffuse pulmonary fibrosis with 
some history of asbestos exposure but failing 
to meet histologic criteria for the di ag nosis 
of asbestosis (i.e., fibrosis and asbestos 
bodies) are distinctly different from the cases 
of histologically confirmed asbestosis (Figure 
1 and Table 2). There are several possible 
explanations for these observed differences. 

The first possibility is that most or all 
of the 24 cases studied are not asbestosis; 
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i.e. asbestos is an unlikely cause for the 
fibrosis observed. This seems to be the most 
reasonable interpretation in at least 18 of 
the 24 cases presented. In 13 cases, the 
uncoated fiber count was within the range of 
values found in patients with normal lungs, 
and in 11 of 12 cases where EDS was performed, 
the majority of the fibers analyzed were not 
a commercial form of asbestos ( Cases 1, 3, 4, 
6, 8-14, 17 and 19). In an additional five 
cases, the uncoated fiber count was moderately 
e l evate d, but the majorit y of fibers analyzed 
were not a co mmerc i a l form of asbestos (Cases 
2, 15, 16, 18 and 20). In two of these 18 cases, 
a diagnosis of asbestosis was felt to be unlikely 
on clinical grounds (Cases 17 and 19). However, 
in the remaining 16 cases, there was no apparent 
c l inica l explanation for the patient's 
interstitial lun g disease other than a possible 
expos ur e to asbestos. 

Another possibility is that some or all 
of the 24 cases are examp le s of asbestosis due 
to exposure to a predominate fiber type differing 
from that of the cases with histologically 
confirmed asbestosis. Since chrysotile is more 
readily degraded and c leared from the lungs 
than amphibole fibers and is therefore less 
lik e ly to form asbestos bodies, this possibility 
must be serious ly considered [4]. However, 
in studies of chrysotile miners and millers 
with asbestosis, it ha s been shown that asbestos 
bodies are readily detected histologically and 
that these bodies for the most part have 
chrysotile asbestos cores [21]. In addition, 
studies of asbestos bodies recovered by 
bronchoalveolar lavage from chrysotile friction 
product and cement workers show similar numbers 
of bodies as recovered from individuals exposed 
to amphiboles (17]. Furthermore, the bodies 
recovered from the chrysotile workers have 
chrysotile cores. The author's own unpublished 
observations of chrysot ile textile workers with 
asbestosis indicate that asbestos bodies are 
readily detect ed histolo gica lly in these cases. 
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Figure 1. Linear regression analysis of the 
relationship between the severity of fibrosis 
and the pulmonary concentration of uncoated 
fibers 5 µm or greater in l e ngth as determined 
in 36 autopsied cases of asbestosis by SEM. 
The regression equation is given by lo g y 
0.117 x + 5.05 and is indicated by the solid 
black line . Dashed lines mark the 95 % confidence 
limits. Asbestosis ( . ), diffuse pulmonary 
fibrosis of unknown cause ( 0 ) , and normal 
autopsied lungs ( 0). 

Thus differences in predominate fiber type 
exposure between patients with confirmed 
asbestosis and the 24 cases of diffuse pulmonary 
fibrosis of unknown cause are an unlikely 
explanation for the observed differences between 
these two groups. 

A third possibility is that some of the 
cases are examples of asbestosis due to exposure 
primarily to short ( < 5 µm) chrysotile fibers. 
Such fibers would not form asbestos bodies and 
would not be counted using the methodolo gy in 
the present study. This possibility would be 
particularly applicable to Cases 5-7, whose 
occupations involved exposure to brake linings 
and brake shoe dust. However, brake dust has 
a very low fibrogenic potential since asbestos 
comprises less than 1% of the dust by weight, 
the fibers present are ultrashort chrysotile 
(<l µm in length), and most of the fiber has 
been structurally altered by the heat generated 
during the braking process [43]. Furthermore, 
there is a large body of experimenta l data which 
indicates that short-fibered as bestos ( <5 µm 
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in length) is nonfibrogenic [1,2,11-14,22,36,44]. 
EDS of ten fibers from Case 5 showed that six 
were chrysotile and two were non-comme rc ial 
amphiboles (tremolite and anthophyllite). 
Unfortunately, EDS was not performed in Cases 
6 and 7. The author considers that a link 
between brake dust exposure and diffuse pulmonary 
fibrosis remains unproven in these cases. 

In some of the cases in the present study, 
the correct classification as idiopathic 
pulmonary fibrosi s or asbestosis remains in 
doubt even after careful histologic assessment 
and SEM analysis of mineral fiber content . 
Case 23 was a patient who had diffuse pulmonary 
fibrosis first manifest clinically following 
therapeutic radiation for carcinoma of the lung 
[18] . Although the mineral fiber content in 
this case is below the 95% confidence limits 
for diffuse (Grade 9) asbestosis, it is well 
within the range for milder asbestosis which 
may have been obscured by superimposed radi a tion­
associated fibrosis. Case 24 was an 85 year 
old man who developed fatal pulmonary fibrosis 
some 20 years after retirement from his 
occupation as a brak e line grinder in a 
manufacturing plant for many years. Although 
the uncoated fiber content was disappointing, 
the high asbestos body count by LM and SEM makes 
it difficult to exclude asbestosis in this case. 
The majority of the fibers analyzed by EDS were 
amosite. A useful piece of information would 
have been the appearance of a chest x -ray at 
the time of his r e tir ement at age 65, but this 
information was un ava ilable. Cases 21 and 22 
also had distinctly e l evated asbestos body 
counts, rare asbestos bodies in histologic 
sec tions, and a majority of the fibers analyzed 
by EDS were commercial amphiboles. In a ddition, 
Case 21 was a shipyard worker and a l so h a d 
parietal pleural plaques. Al though th ese cases 
could conceivably be examp l es of asbestosis, 
the discrepancy between the uncoated fiber 
content and severity of fibrosis remains 
unexplained. 

An interesting finding in this study is 
the observation that only three of 20 patients 
with normal lun gs at autopsy had uncoated fiber 
counts within the 9 5% con fidence limits for 
gra de O fibrosis. This observation is 
interpreted as further evidence for a threshold 
level for asbestos exposure which is necessary 
before interstitial fibrosis can be identified 
histologically. This interpretation is supported 
by the identification of substantial numbers 
of patients with parietal pleural plaques, a 
history of asbestos exposure, and an uncoated 
fiber content intermediate between that of normal 
contro ls and the lower limit for asbestosis, 
but who l ack any appreciable interstitial 
fibrosis [33 ,38]. These data are not consiste nt 
with a l inear dose-respons e, no threshold model 
for asbestosis [9,15]. 

There are several possible explanations 
for the amount of scatter in the data regarding 
fiber content and degree of fibrosis in 
asbestosis as illustrated in Figure 1. One 
possibility is variation in host response, with 
some individuals generating a greater fibrogenic 
reaction to a given fiber burden than others. 
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Also, some variation in severity of fibrosis 
may have been due to histologic sampling. Some 
investigators have reported that the severity 
of fibrosis correlates better with total surface 
area of retained asbestos fibers than with fiber 
concentration [23,35], although this observation 
has not been confirmed by others [8]. Finally, 
the dilutional effect of fibrosis upon fiber 
concentration must be considered, since the 
reporting of data in terms of fibers per gram 
results in a decrease in fiber concentration 
as the weight of the lungs increases consequent 
to the deposition of collagen and the 
accumulation of inflammatory cells and proteins 
[25,26]. This dilutional effect of fibrosis 
can be accounted for by multiplying the fiber 
concentration per unit lung weight by the total 
weight of both lun gs and reporting the data 
as total fibers within the lungs. The effect 
this dilutional factor has on th e regression 
lin e is to flatten the slope and thus minimize 
the incremental increase in fibrosis which occurs 
with increasing total lung fiber burden. This 
correction was not used in the present study 
si n ce e l even of the 24 cases were based on the 
ana ly sis of surgical speci mens and total lun g 
weight was therefore not known. This dilutional 
effect does not accou nt for the differences 
in fiber burden between the asbestosis and 
diffuse pulmonary fibrosis cases since 
comparisons between these two groups were 
stratified by severity of fibrosis. In this 
manner, the dilutional effect of fibrosis should 
be the same for cases with, for exa mpl e, grade 
9 severity regardless of whether the patient 
has asbestosis or idiopathic pulmonary fibrosis. 

A novel conclusion of this st udy is that 
most patients with advanced pulmonary fibrosis 
whose tissue samples do not meet histologic 
criteria for asbestosis do not have asbestos­
induced fibrosis, even though there may be some 
history of ex posure to asbestos. Although cases 
of occult asbestosis (e.g., Cases 21 and 22) 
probably do occur, they are distinctly uncommon . 
These observations reinforce the importance 
of adhering to strict criteria for the histologic 
diagnosis of asbestosis, specifically, the 
requirement for finding asbestos bodies as well 
as fibrosis in his to lo gic sections. In cases 
of diffuse pulmonary fibrosis where asbestos 
bodies are not observed in spite of some history 
of asbestos exposure, scanning e lectron 
microscopic analysis of mineral fiber content 
and energy dispersive x-ray analysis of the 
types of fibers present often provide useful 
information with regard to the correct 
classification of these cases. 
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Table 3. Energy Diseersive Seectrometry of 1530 Fibers from 76 Patients with Asbestosis 
and 269 Fibers from 22 Patients with Idioeathic Pulmonary Fibrosis 

Case No. Fibers Commercial Non-Commercial 
No. Analyzed Amehiboles Amehiboles Chyrsotile NAMF 
U. I.P. 

1 3 < 440 
2 10 8,700 20,300 
3 10 1,380 5,520 
4 10 330 2,930 
5 10 12,200 36,700 12,200 
8 10 630 2,540 3,170 
9 10 4,200 

10 10 940 940 7,500 
11 10 1,330 6,650 5,320 
12 10 9,500 
13 10 8,790 
14 10 6,800 
15 16 4,720 5,910 8,270 
16 10 9,600 9,600 4,800 
17 20 520 40 240 
18 10 5,400 1,800 10,800 
19 5 3,180 1,590 3,180 
20 25 4,080 16,600 
21 10 9,660 1,610 4,830 
22 20 17,200 3,980 1,320 3,980 
23 20 38,800 4,570 2,280 
24 20 9,310 3,990 
TOTAL 269 85 (32%) 34 (12. 6%) 8 (3.0%) 142 ( 53%) 

Asbestosis 
1 20 12,500,000 
2 50 9,310,000 
3 20 7,800,000 
4 20 4,840,000 
5 20 4,790,000 
6 20 3,600,000 
7 10 3,400,000 
8 20 2,920,000 
9 20 2,890,000 

10 20 2,300,000 
11 20 1,890,000 
12 20 1,400,000 
13 20 1,260,000 
14 20 1,220,000 
15 50 1,220,000 
16 20 1,100,000 
17 20 1,060,000 56,000 
18 10 1,020,000 
19 20 882,000 49,000 49,000 
20 20 826,000 
21 20 823,000 43,300 
22 20 752,000 
23 20 716,000 
24 20 687,000 33,200 
25 20 621,000 
26 20 603,000 31,800 
27 20 596,000 31,400 
28 20 593,000 
29 20 547,000 
30 20 523,000 27,600 
31 20 516,000 
32 10 432,000 108,000 
33 20 431,000 
34 20 416,000 
35 20 407,000 
36 10 373,000 
37 20 371,000 
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38 10 360,000 
39 20 317,000 
40 20 314,000 
41 20 314,0 00 
42 20 291,000 
43 20 284 ,000 
44 10 282,000 
45 20 281,00 0 
46 20 272,000 
47 20 272,000 
48 20 246,000 
49 20 226,000 
50 20 193,000 
51 25 191,000 
52 50 189,000 
53 10 169,000 
54 20 160,000 
55 20 152,000 
56 20 149,000 
57 10 141,000 
58 20 139,000 
59 20 134,000 
60 20 116,000 
61 20 113,000 
62 20 110,000 
63 20 91,800 
64 20 79,200 
65 10 70,200 
66 20 60,800 
67 20 60,000 
68 20 48,000 
69 50 46,400 
70 20 35,400 
71 20 21,400 
72 25 20,500 
73 20 15,700 
74 10 14,900 
75 10 10,200 
76 10 4,170 
TOTAL 1,530 1,389 (91 %) 

Commercial Amphiboles: Amosite and Crocidolite 

33 

16,500 

32,300 

14,800 
16,000 

7,300 
8,900 

15,400 

5,400 
9,900 
7,800 

6,000 
17,400 
4,170 

3,150 
1,850 

7,650 

(2.2 %) 

32,000 

8,000 

7,700 

5,800 

4,950 

6 (0.4 %) 

540,000 

34,000 
16,600 

8,440 

16,600 

35,600 
15,400 
37,800 

10,800 
4,950 

15,000 
66,000 
81,200 

2,080 
14,300 
15,800 

920 
9,920 
7,650 
1,790 

102 ( 6. 7%) 

Non-Commercial Amphiboles: Tremolite, Anthophyllite, and Actinolite 
NAMF = Non-asbestos mineral fibers: Talc, silica, rutile, aluminum silicates, potassium aluminum 
silicates, sodium aluminum silicate, sodium calcium silicate, iron, aluminum-iron, fiberglass, 
and organic (Z<ll). 
*U.I.P. (usual interstitial pneumonitis) category includes a few cases of other diffuse, 
interstitial lung diseases (See Table 1). 
= Not detected. 
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Discussion with Reviewers 

L.E. Stettler: Many long (greater than 5 µm) 
chrysotile fibers found in lung tissues have 
diameters less than O.lµm. Given the relatively 
low magnification used (lOOOx), how efficient 
is your method for counting these very small 
diameter fibers? 
R.F. Dodson: Would the author indicate 
approximately what percentage of the total 
chrysotile, amphibole and other fibers were 
excluded by usin g 0.4 µm filters (by passing 
through the pores), an SEM magnification of 
lOOOx, and a counting regimen including only 
fibers 5 microm eters or longer? 
P. Dumortier: What is the minimum diameter 
of the fibers detected with counting methodology 
(SEM lOOOx)? Could you visualize long fibers 
with very small diamet ers (e.g. 0.05 µm)? Please 
comment on the influence of the results on fiber 
counts especially for chrysotile. 
J.L. Abraham: If the counting 
magnification of 1000 and only 
than 5 micrometers in l engt h are 
comment on the undercounting of 
very thin amphiboles is necessary. 

is don e at a 
fibers greater 

counted, some 
chrysotile or 

Author: At the relatively low magnification 
oflOOOx, d etectio n of the thinnest fibers 
( <0.25µm) is partly dependent upon fiber l e n gth . 
The thinnest fibers that are d e tectable at this 
magnification a re approximately 0.1 µm in 
diameter. This method is therefore very 
inefficient for detecting chrysotile or amphibole 
fibers with diameters less than 0.1 µm. 
Structures suspected to be fibers at lOOOx are 
confirmed by centering in the fi e ld of view 
and examining at 10,000x. Although the total 
fiber count will be underestimated b y omiting 
fibers greater than 5 µm long but less than 
0.1 µm in diamet e r, this is unlikely to affect 
the conclusion on an individual case. A case 
of asbestosis would be missed by this method 
only if the vast majority of fibers 5 µm or 
greater in length had diameters less than O .1 
µm, and the numbers of fibers 5 µm or greater 
with diameters greater than 0.1 µm were near 
or slightly greater than our normal range. 
TEM could detect such cases, but the author 
is aware of no such report in the medical 
literature. 

L.E. Stettler: Why do you use the O .4 µm pore 
size filter instead of a smaller pore size? 
Is fiber loss through these larger pores a 
problem? 
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Auth or : A st ud y publi she d by O'Sullivan et 
~Environ Res 43: 97, 198 7, coauthored by 
R.F. Dodson) has shown that a significant 
percentage of a stock so lution of amosite fibers 
passes thr oug h a 0.4 µm por e size Nuclepore 
fi lt er. Howev e r, as not e d by these a uthors 
the great ma jorit y of th e fibers in th e stock 
prepara t ion were less than 5 µm in length. 
Further more, there was an inverse corre l at ion 
be tween fiber length and potential for being 
d raw n through th e pore. Thus whether ther e 
is a significan t loss of fibers of the size 
counted by SEM at lOOOx magnifica t io n du e to 
use of 0.4 µm pore-size filters is unkno wn. 
It is unl ike l y that a n y loss would affect the 
co mpa ri sons made in this s tud y between asbestosis 
an d idiopathic pulmonary fibrosis cases. Because 
of the organic residues often present in severely 
fibrotic l un gs , the 0.4 µm pore-size is used 
to facilitate filtration of the sa mple. 

R.F. Dodson: Would the a uth ors state how many 
square ce ntim eters of tissue sectio n s sho uld 
be examined fro m patients with confir med 
interstitial fibrosis before the presence or 
abse nce of bodies can be used for clarifying 
the diagnosis (i . e., asbes to sis?) . 
Author: A previous study fro m t h e aut hor' s 
l aboratory (Ref. 29) indicated that there were 
5 or more asbestos bodies per cm2 of iron-stained 
histologic section in 95 % of our cases of 
asbestosis, and 2 or more bodie s per cm2 i n 
all 76 cases (100 %). 

J.E. Craighead: The author has previously 
published quantitative corre l ative studies 
compari ng the asbestos body cou nts of a tissue 
sectio n with the asbestos body content of the 
corresponding tissue. These data are freq u ent ly 
quot e d. Rea li zing that t h e expe rimental 
approaches in this stu d y differed, has he 
confir med t h e results of these ear li er stu di es? 
It is not possible for me to answer this question 
from the d a ta provided. 
Aut hor: Rare as bes to s body fragme nt s were 
observed in histologic sections of th ree cases 
with 4 70, 45 0, and 14 asbestos bodies per gram 
of we t lung tissue. No definit e bodies were 
identified in sect ion s from 20 other cases wit h 
counts ranging from O (none detected) to 730 
asbestos bodies per gra m. Th ese observatio n s 
are co n sistent with our previo u s l y reporte d 
sensitivity of his tologic sect ions for the 
detection of asbes tos bodies (i.e., they are 
ge n era ll y not de tected when t he concentration 
is l ess than 200 bodies p er g r am) . The one 
surprise was my inability to find bodi es in 
histologic sec tions from case 24 with a digestion 
determined concentration of mor e than 7000 bodies 
per g r am of wet lung. 

P. Dumorti er: As besto s bodies were not detected 
in the sec tion s of case 24 (7800 AB/g m wet lung 
tissue), exc luding the hi sto logic a l diagnosis 
of as besto sis . Unpublished results from our 
l aboratory obtained on 17 cases s how that at 
l east one secti on among six contain two or more 
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asbes tos bodies for a ll the cases 
than 1000 AB/g m wet lun g tissue. 
please co mment? 

having mor e 
Could you 

Author: See response to previous question. 

R.F . Dodso n : I would suggest that as besto s 
bodies s hould be reported as ferruginous bodie s 
until a p ercentage from eac h pa ti e nt has be en 
a na l yzed an d th e cores pr oven to be asbes to s . 
Author: Studies done by Churg and Warnock h ave 
s ho wn that ferruginous bodies isolated from 
human lun gs that h ave a thin, translucent core 
virtua ll y a lw ays h ave an asbestos core. 
Nona s bestos ferruginous bodies genera ll y hav e 
black co r es or ye llow "sh ee t- si lic a te" typ e 
cores , a nd the se are enumerated separately by 
the au thor as pseudoasbestos bodies (data not 
s ho wn) . The only exception is th e zeo lit e 
(erionite) bod y which a l so has a thin translucent 
core , but th ese hav e not yet been reported from 
North America . In a ll of t h e cases in this 
series with d etec t a bl e bodies by SEM (i.e., 
> 44 0 per gra m), asbestos cores were id entified 
by EDXA in each instance. 

R.F. Dodson: Would the author discuss in more 
detail the co mments made by Drs. Warnock a nd 
Churg in references #4 1 a nd #7 , respect iv ely, 
co n ce rnin g the lik e l ihood or re du ced lik e l i hood 
of findi ng as b estos bodies in tissue sectio n s 
from i ndi vidua l s with asbestosis? 
Aut hor: Dr. Churg in Ref. #7 suggests th at 
in the setti ng of diffus e pulmonary fibrosis, 
the finding of a single asbestos body in a 
histologic section is sufficient to make a 
diagnosis of asbestosis. The analysis of tissue 
min era l fiber content in cases 11, 21, and 22 
a t l eas t raises the qu es tion as to whether that 
approach is in fact correct. Warnock and Wol ery 
in Ref. 41 reported t hat in some cases wh ere 
asbestos bodies were scarce in histologic 
sections , extrac ts of as b estos fibers yie ld e d 
more than 5 00,000 total amphibo l e fibers per 
gram of dry lun g a nd s uggested th a t this figure 
should be the indicator to signify that 
interstitia l fibrosis in an individua l case 
is due to asbestos . This value is roug hl y 
equiva l ent to 50,000 fibers per g ram of wet 
lun g an d inc lud es a ll fibers O. 25 µm or greater 
in length (with a~nknown but probably s mall 
percentage of fibers greater t han 5 µm in 
l engt h). These authors did not perfor m the 
types of lin ear regression and statist ic a l 
a nal yses which are reported in the present s tudy. 

R.F. Dodson: Summary l e n g th a nd width histogr a ms 
for the various fiber types would be us ef ul. 
J.L. Abraham: What are the dimens ions of fibers ? 
A distribution of length-di a meter a nd aspect 
ratio would help put the da ta in pe rspectiv e 
with other reported data. 
Author: Unfortunately, th ese da t a a re not 
avail a b l e on a fiber by fiber bas is. As not e d 
above, a ll fibers counted were fiv e microns 
or greater in length . Most of the commercial 
amphibole a nd chrysotile fibers we r e greater 
than 10 µm lon g and l ess than 0.5 µmin diameter. 
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less 
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nonasbestos mineral 
µm long and greater 
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than O. 5 µm 

J . L. Abraham: What are the detection limits 
for the analysis? What does one fiber counted 
represent in numbers of fibers per gram of tissue 
for each case? How many fields or fibers are 
counted and what size filter is used? 
Author: The detection limit is approximately 
140 fibers per filter. The number of fibers 
per gram that each fiber represents will depend 
on the amount of tissue digested per filter, 
but for a typical case ( 0. 30 gm sample) would 
be 440 fibers (or bodies) per gram wet weight. 
The protocol I use involves counting 200 fibers 
or 100 fie l ds, whichever comes first. The filter 
is 25 mm in diameter. 

J.L . Abraham: 
per gram for a 
the fraction 
approximately 
calculations. 
Author: Correct. 

A detection limit of 440 fibers 
sample weighing O .3 gram means 
of the filter scanned is 

0.0075. Please confirm th:se 

J.L . Abraham: In case 17 how were the numbers 
determined? The table reports that the number 
of asbestos bodies per gram was 960 and the 
number of fibers per gram was 800. Were these 
the same or different analyses? If one fiber 
equa l s 440 fibers per gram how does the number 
of 960 result? 
Author: The relationship of one fiber counted 
equals 440 fibers per gram applies only to O . 30 
gram sample size. In this one case, the sample 
size was substantially larger than 0.30 gram. 

J.L. Abraham: In table 1 cases 16-24 had 
asbestos body content above the background limits 
of 100 per gram wet lung. Please comment on 
this in relationship to the conclusion that 
the fibrosis was determined to be unrelated 
to asbestos in most of those cases. 
Author: Al l of the 24 cases had uncoated fiber 
counts which fell below the 95% confidence limits 
for bona fide asbestosis cases for the severity 
of fibrosis present. Cases 17 and 19 had 
uncoated fiber counts within the range of values 
observed in our reference population with normal 
lungs. Cases 16, 18 and 20 had modest l y elevated 
uncoated f i ber counts, but the majority of fibers 
ana l yzed were not a commercial form of asbestos. 
The correct c l assification of cases 21 - 24 is 
uncertain (See the 5th paragraph under 
Discussion), but if these cases are examp l es 
of asbestosis, the discrepancy between the fiber 
content and severity of fibrosis remains 
unexp l aine d. 

P. Dumortier: Do you consider that it is 
possib l e to forma ll y exclude asbestos induced 
fibrosis in a case of chrysotile exposed worker 
whose lungs are examine d long after expos ure 
an d do no t show hig h concentratio n s of fibers? 
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What wou l d be your medicolegal position in such 
a case? 
Author: The author has examined lung tissue 
from a patient who made asbestos blankets, 
gaskets and brake-linings exc l usively from 
chrysoti l e for 7 years, with no additional 
exposure for 43 years prior to admission. Open 
lung biopsy showed mild asbestosis (Grade 3) 
with asbestos bodies present in histologic 
sections. Analysis of lung tissue showed large 
numbers of high aspect ratio tremolite fibers 
and some long chrysotile fibers as well. In 
Lhe hypothetical case you described, if 
histologic criteria for asbestosis are not 
satisfied and analysis does not show high 
concentrations of fibers, I would say that from 
a patho l ogic perspective, a diagnosis of 
asbestosis can not be estab l ished to a reasonab l e 
degree of medical certainty. 

R.F. Dodson: The author should clearly 
his conc l usions pertain only to those 
> 5 µm in length and ~ 0.1 µm in width 
-;n his limit of detection at lOOOx) . 

state 
fibers 
(based 

Author: The rationa l e for the author's belief 
that fibers less than 5 µmin length are unlikely 
to contribute importantly to the pathogenesis 
of asbestosis are outlined in the 4th paragraph 
of the Discussion section. Fibers less than 
0.1 µm in d iameter account for only a smal l 
proportion of fibers, even in a stock solution 
of amosite consisting mostly of short fibers 
(O'Sullivan et al., Environ. Res. 43: 97, 1987). 

P. Dumortier: As case 24 was also exposed in 
brake lining operations, it must be cited along 
with cases 5-7. 
Author: Case 24 was discussed separately (5th 
paragraph under Discussion) because the patient 
worked as a brakeline manufacturer rather than 
as a brake repairman, large numbers of asbestos 
bodies were found by digestion, an d amosite 
was t h e predominant fiber detected by EDS. 
Asbestosis cannot be excluded with certainty 
in this case. 

J.E. Craighead: I am confused regarding the 
author ' s interpretation of Resu l ts regarding 
tremolite fibers. Are they a "marker" of 
chrysotile asbestos exposure? Can the counts 
of tremo l ite be used to assess past chrysotile 
expos u re? Are tremo l ite fiber size 
considerations important? Does t h e work reported 
here provide infor mation re l evant to this 
impor t ant i ssue? 
Author : Th ere is considerable data in the 
literat u re to indicate that tremo l ite fibers 
are a marker of chrysotile as b estos exposure 
a nd that the co unts of tremo l ite can be used 
to assess past chrysotile exposure. Th e author 
be l ieves that as is the case for any other 
minera l fiber, fiber dimensions of tremo l ite 
are i mpor t ant determinants of pathogenicity. 
I do no t be l ieve that th e work reported here 
provides infor mation releva n t to t hi s iss u e. 
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P. Dumorti er: What are th e types of fibers 
enco unt ered in the contro l s ubjects ? I s th ere 
any similarity with those rep ort e d fo r th e 
s u b j ec ts with UIP? 
Aut hor : Near l y 80% of th e fi bers Sµm or greater 
in l eng th iso l a ted from the control subjects ' 
lun gs were n onas bestos min era l fibers of si milar 
types t o those found in the UIP cases . Onl y 
5% were commerc i a l amphiboles. The r e mainin g 
15% were non-commercial amphiboles (mostl y 
t re mo lit e) and c hrysot i l e. 

J.L. Abraha m: Is th ere any fu rth e r inf ormat ion 
on the fraction of patients with parietal pleural 
plaques who have had lun g parenchyma a nal yze d 
and who hav e gra de O fibrosis or asbesto sis ? 
How many of these types of cases hav e actually 
been st ud ie d ? 
Au thor: The author has ana l yzed lun g parenchyma 
asbestos content in 40 cases with pari e tal 
pleural plaques but without evi d ence of 
parenchymal asbestosis. These cases wi ll be 
reported separate l y. Th e me dian as b estos body 
cou nt b y l ig ht mi croscopy was 14 50 b odies/g m 
wet lung, and the median fiber count by SEM 
was 26 ,000 fibers/gm. More t h an half of the 
fibers analyzed in these cases by EDXA were 
commercia l amphiboles , amosite or crocido lit e. 

J.E. Craighead: Does the aut hor believe se l ected 
area e l ectron diffraction has any role in the 
crysta llo graphic eva lu ation of suspect asbestos 
fibers? 
Author: In the a uth or ' s opinion , asbestos fibers 
can be distinguished fro m non asbestos mineral 
fibers fro m human lun g sa mp l es in most insta nc es 
on the basis of morphologic features and EDXA 
results. Electron diffraction is useful in 
some instances, particu l arly in distinguishing 
between anthophyllite asbestos and fibrous talc 
or between anthop h y llit e asbestos and chrysoti l e. 

L.E. Stettler: Have you analyzed any of the 
n onfibrous particles in yo ur speci me n s? 
Considering the l ack of corre l ation between 
fibrosis and asbestos fiber content in t h e 24 
lun gs , cou ld this fibrosis b e related some ho w 
to the lun gs ' nonfibro u s min era l content? 
Auth or: I have not investigated t h e re l atio n s h ip 
between fibrosis and the nonfibrous mineral 
content of the lun g in these 24 cases. 

P. Dumortier: Figure 1 includes data from 36 
pati en ts with asbestosis, whereas, Table 2 
summarizes information regarding tissue asbestos 
co nt ent in 76 cases of as bestosis. P l ease 
comment. 
Author: The a uthor has exa mined the tissue 
asbestos content in 76 patients with asbestosis, 
including s ur gica l and autopsy samples. Only 
th ose cases with sufficient histolo gic sa mplin g 
(i. e. , autopsies) were inc lud ed in the 
construction of Figure 1. 
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R.F . Dodson : It would be h e lpful to add one 
co lumn to Table 1 for s moking dat a in pack years . 
Aut hor: Smoking hi story was available in only 
10 of th e 24 cases. Therefore, it see med mor e 
reasonable to merel y summarize these d a ta in 
the fir st paragra ph of the Results section rath er 
than to di sp l ay this l imite d information in 
tabular form. 

J .E. Cr aig h ea d: Did any of the cases of a lleged 
UIP and as b est osi s have th e bronchiolitis 
obliterans form of pulmonary fibrosis? If so, 
what did the quantitative data t e ll us about 
t hese cases? 
Aut hor : None 
bronchiolitis 
fibrosis . 

of these 
oblit era n s 

cases 
form of 

had the 
pulmonary 
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