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Mineral Fiber Content of Human Lungs 

PAUL GROSS, M.D.,* RUSSELL A. HARLEY, JR., M.D.,* 
JOHN M. G. DAVIS, PH.D.,t and LEWIS J. C'RALLEY, PH.D.* 

Industrial Health Foundation, Znc., 5231 Centre Avenue, Pittsburgh, Pe~z~zsyl~ania  15232 

Mineral fibers in the lungs of 13 Pittsburghers and 10 Charlestonians as well as of 
7 workers exposed to asbestos dust have been quantitated, and the methodology has 
been described in some detail. Although wide variations in fiber concentration were 
found in people of the same sex and of the same community, the average concen- 
tration of optically visible pulmonary mineral fibers of Pittsburghers was about 
seven times as high as that of Charlestonians. The average pulmonary concentration 
of optically visible fibers in people not occupationally exposed to asbestos was about 
0.7% of the average concentration of optically visible fibers in asbestotic lungs. From 
54 to 71% of the EM-size fibers were less than 5 pm long. Of the EM-size mineral 
fibers in the lungs of people not occupatiorvally exposed to asbestos, an average of 
6.8% were identifiable as chrysotile. 

Introduction 

I T IS NOW RECOGNIZED that ambient 
air contains asbestos fibers and that the 

sources of these fiber.s are related not only 
to industry and hdustrial products but also 
to natural phenomena.1 It is therefore not 
surprising that asbestos fibers have been 
identified in the lungs of people presumably 
not occupationally exposed to asbestos2y3 
(Gross, P. unpublished data). The presence 
of asbestos fibers in the lungs of these people 
has not, however, been associated with pul- 
monary disease referable to this milneral 
dust. 

Also noteworthy is the fact that, in addi- 
tion to identifiable chrysotile fibers, the lungs 
or urban dwellers contain much larger num- 
bers of mineral  fiber.^, the composition of 
which remains unknown unless expensive 
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and time-cculsuming determinations are un- 
dertaken. Man-made fibers composed of 
glass or rock wool or even ceramic alumi- 
num silicate could thereby be identified. 
There are also fibers derived from the skele- 
tons of plants and diatom fragments to be 
found in the lungs. Fibers derived from the 
skeletons of plants become airborne in the 
smoke from burning coal, wood, paper, or 
 leave^.^ 

There appears to be little question but 
that, of all the different kinds of mineral 
fibers inhaled during a lifetime, asbestos fi- 
bers are probably the most important, since 
they have ;I high pathological  potential. 
However, there is likewise little questialn, at 
least with respect to the development of pul- 
monary fibrosis and lung cancer from in- 
haled asbestos dust, that a dose-effect rela- 
tionship e x i ~ t s . ~  Un~fortunately , at this time 
no data are available which would indlicate 
at what do!;e level--that is, in terms of the 
number of asbestos fibers per gram of dry 
lung-a danonstra~ble asbestosis develops 
and how much more asbestos dust per gram 
of dry lung is required for the development 
of lung cancer. The question of primary con- 
cern is, of course, whether the asbestos dust 
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content in the lungs of non-occupationally 
exp0se.d people constitutes a health hazard. 

The purpose of this ilnqluiry is 1.0 provide 
data on the lungs of non-sccupationally ex- 
posed people with regard to the number of 
mineral fibers in the optical range and in the 
submicronic range, the nuimber of fibers less 
than 5 ,urn in length, and the number of fi- 
bers identifiable as probably chrysotile-all 
on a per-gram-of-dry-lung basis. l o  order to 
place these data in @heir proper perspective, 
they are compared with the data or1 the lungs 
of a few people occupationally exposed to 
asbestos dust. In addition, the methodology 
employed for the procurement of these data 
is described. 

Materials and Methods 

The lungs or portions of lungs fixed in 
formaldehyde were obtained from the De- 
partments of Pathology of the University of 
Pittsburgh and of the Medical University of 
South Carolina. They were not selected ex- 
cept for a deliberate preponderance of wom- 
en over men (15 women versus 8 men) in 
order to minimize bias caused by occupa- 
tional exposure to dust in general and fibrous 
dust in particular. In addit ion, formalin-fixed 
lung tissue derived from workers known to 
have been occupationally exposed to asbestos 
dust was obtailned for examination. 

The: lung tissue was dried to constant 
weight and defatted in acetone. Weighed por- 
tions were placed in 5% sodium hypochllo- 
rite (commercial bleach) for digestion. The 
amount was usually 10 gni of dry lung tissue 
from people not occupatronally exposed to 
asbestos, and 2 gm from asbestos workers. 
After complete digestion, the sediment was 
washed several ,times and subjected to treat- 
ment .with perchloric acid to remove most of 
the carbonaceous material. The remaining 
sediment was washed, d~:ied, and weighed. 
It was then suspended in water to which 
phenol had been added to prevent growth of 
microorganisms. The strength of the suspen- 
sion was generally such that the amount of 
sediment in it was equivallent to 1 gm of dry 

lung per milliliter of suspension. Prior to 
counting, it was usually necessary to subject 
the suspension to ultrasonic treatment in or- 
der to break up aggregates. 

Preparatory to counting, a clean cover slip 
(20 X 20 mm), one surface coated with 
glycerinized egg albumin, was loosely ce- 
mented in its mid-portion, coated side up, to 
a small flat-headed nail protruding from a 
board. The cement was a small drop of bal- 
sam or similar mounting medium. A pipet 
delivering 100 pl  was used to deposit the 
measured aliquot of the suspension upon the 
cover slip. This was allowed to dry, and the 
cover slip was heated to about 70°C to 
coagulate the albumin and thereby fix the ' 

sediment to the cover slip. The laltter was 
next placed upon a glass slide, sediment 
down, and water was introduced by capillary 
attraction between the two surfaces. wtical  
counting of all fibers on the cover slip was 
performed at a magnification of 125 X with 
the aid of a reticule in one ocular and a 
mechanical stage. 

For the counting of the submicronic fibers, 
a known number of latex spheres (1.0 pm 
in diameter) was added to an aliquot of the 
sediment suspension to yield a definitive 
number of spheres per unit volume of sus- 
pension. A tiny drop of this mixture was 
placed upon an electron microscope (EM) 
grid and allowed to dry. A determination 
was then made of the number of fibers per 
sphere, and this number was converted into 
the number of EM-size fibers per gram of 
dry lung by means of a simple calculation. 
Similarly, counts were made of fibers less 
than 5 pm long and of the fibers that mor- 
phologically resemble chrysotile. 

Results 

The data obtained from the lungs of 30 
people are listed in Table I. 

The following statements apply to the 
data: There is wide variation in the concen- 
tration of optically visible mineral fibers as 
well as in the concentration of mineral dust 
in the lungs of people, even of the same sex 
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TABLE I 
Mineral Fiber Content of Human Lungs 

Number Number x 103/gm Dry Lung 
of of Mineral Dust Optical-Size EMSize Fibers Less 

Cases Women Age (mg Jgm dry lung) Fibers -- Fibers Than 5 pm 

Pittsburgh 13 7 67 9.5 45 1800 1200 
(2.6-33.0) (5-1 70) (470-67510) (370-48 10) 

Charleston 10 8 60 2.8 7 1300 9100 
(0.2-9.3 ) (0.5-481.8) (150-6600) (47-4650) 

Asbestos workers 7 0 61 19 4000 150,000 80.,000 
(5-35) (22,000- (19,300- (15,700- 

24,000) 340,080) 146,000) 

TABLE 11 
Mineral Fiber Content of Human Lungs 

EM-Size Fibers/ Percent Fibers Percent Chrysotile Percent Chrysotile 
Optically Less Than Chrysotile of A11 of Fibers 'Less 

Visible Fibers 5 ,.LII-I Long ( X 103) EM-Size Fibers Than 5 pm Long -- 
Asbestos workers 18 1 7 1 160 7.4 10.5 

(10-1 125') 
Pittsburgh 815 71 130 6.1 9.2 

(1 14-3200) 
Charleston 325 53 

( 14-880) 

and in the same community. Wide variations 
are also found in the concentrations of EM- 
size fibers, of fibers shorter than 5 pm, and 
of fibers identifiable as chrysotile in the lungs 
of these people. However, in spite of the 
wide range of values, some categorization of 
the data is evident. 

Although the range of concentrations of 
optically visible fibers in the lungs of people 
not occupationally exposed to asbestos is 
from 400 to 170,000, with an average of 
about 25,000, the range of con~en~trations of 
such fibers in klnown asbestotic lungs is of 
an entirely different magnitude, with an aver- 
age of about 4 million. More important, 
whereas the percentage of mineral fibers 
identifiable as chrysotile averages only about 
7% (Table 11) in people not occupationally 
exposed to asbestos, the percentage of as- 
bestos fibers in asbestotic lungs must be well 
over 95%. 

It is of interest that the concentration of 
EM-size mineral fibers in lung tissue ranges 
from 100 to over 100'0 times that of optical- 
size mineral fibers. Of potential significance, 

for reasons to be discussed later, is that 
from 54 to1 84% of the EM-size mineral fi- 
bers are less than 5 pm long. 

Other interesting aspects of the results ob- 
tained include differences in the average con- 
centrations of mineral dust and optical-size 
mineral fibers in the lungs of Pittsburghers 
versus those in the lungs of Charlestonians. 
For minera.1 dust, these were 9.5 mg/gnn ver- 
sus 2.8 mg/gm of dry lung, respectively; and 
for the fibers, 45.2 X 103 versus 6.5 X lo3 
fibers per gram of dry lung in Pittsburghers 
and Charlestonians, respectively. Finally, it 
should be noted thiat there was no relation- 
ship between the concentration of mineral 
dust and the concentration of mineral fibers 
in the  lung:^. 

Comments 

At this time, it may be appropriate to 
point to the fact that neilther the amount nor 
the character of the dust found in the lungs 
of the subjects examined necessarily reflects 
the present status of the ambient air in the 
communities from which they came, inas- 
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much as this dust was accumulated over the 
lifetime of these people. fiurthermor e, much 
of the individual's life was spent indoors, of- 
ten in poorly ventilated rooms. Fifty years 
ago and later, depending upon geographic 
location and economic circumstances, roads 
werei unimproved and many hoimes were 
heated by individual stoves and fireplaces, 
some of which smoked. These could have 
been the sources of much of the particulate 
content of the lungs rather. than the ambient 
commixnity air. The wide range of values 
shown in Table I merely reflects the non- 
homogeneity of the people from which the 
data are derived. The different economic cir- 
cumstances, the frequency of travel and re- 
location, as well as occuymtional exposures 
to smoke and dust, often determine the qual- 
ity of the air breathed. 

In spite of the nonhomogeneity of the sub- 
jects, as a group, the Pittslmrghers differ ap- 
preciably from the Charl~estoniaru with re- 
spect to the concentratiotn of mineral dust 
and mineral fibers in their lungs. Tlhe average 
concentration of mineral dust in the lungs 
of Pittsburghers is more than three times 
that in the lungs of Charlestonians, whereas 
the average pulmonary concentration of min- 
eral fibers is seven times as high in Pitts- 
burghers as it is in the Charlestonians. This 
difference probably reflects the dissimilarity 
over a1 span of more than one-haL€ of a cen- 
tury in the ambient air of a city that was 
known for its high induz;trial sn~oke emis- 
sions and that of a relatively clean, seacoast 
community. 

It can be said with justification that the 
pulmonary content of mineral fibers in the 
optical range is similar to the visible portion 
of an iceberg. The pulmoinary content of op- 
tically invisible, submicronic fibers, like the 
submerged portion of the iceberg, is far 
larger, ranging to more than 1000 times as 
great. However, there the similarity to the 
iceberg stops. Unlike the danger posed by 
the submerged portion of  the iceberg, there 
is considerable doubt that the optically 
invisible, submicronic fibers in nonoccupa- 

tionally exposed persons constitute a health 
hazard. This doubt is based on recent experi- 
mental evidence that asbestos fibers shorter 
than 5 pm are not fibrogmic6-8 (P. Gross, 
unpublished data; G. W. Wright, private 
communication) and the finding that the vast 
majority of the identifiable chrysotile fibers 
present in the lung sediment of non-occupa- 
tionally exposed people are shorter than 5 
pm. The failure of autopsy protocols in these 
cases it0 note the presence of pulmonary dis- 
ease a t t r ibutable  to asbestos serves to 
strengthen this doubt. Also of significance is 
the great disparity between the mineral fiber 
concentrations in the lungs of people not oc- 
cupationally exposed to asbestos and those 
in asbestotic lungs. Nevertheless, it must be 
added that the concentration of asbestos fi- 
bers associated wilth early asbestotic inflam- 
mation has not yet been determined. 
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