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PREFACE

It is truly an honor and privilege to provide this preface to the Proceedings of the Seventh International Pneumoconioses
Conference which was conducted in Pittsburgh, Pennsylvania during August 23-26, 1988. This symposium, only the seventh
such conference since 1930 and the first to be held in the United States, was conducted under the joint sponsorship of the
International Labour Office (ILO), the National Institute for Occupational Safety and Health (NIOSH), the Mine Safety
and Health Administration (MSHA), the Occupational Safety and Health Administration (OSHA), and the Bureau of Mines
(BOM).

The Pittsburgh Conference was attended by over 1000 participants from 50 countries. The symposium call for papers was
issued in 1987 and invited submission of abstracts focusing on research and scientific expertise on the pneumoconioses and
other occupational respiratory disease. The response was truly gratifying and resulted in the acceptance of over 275 papers
for presentation in various scientific sessions and workshops and 124 papers for presentation at poster sessions. The Pro-
ceedings (Part II) now in your hand contains over half of those presented at the Conference.

It is my pleasure to acknowledge with gratitude the invaluable assistance of the many individuals and organizations which
contributed to the planning, conduct and follow-up of this Conference. The International Organizing Committee was ex-
tremely helpful in developing the framework of the Conference. Special thanks to the National Organizing Committee who
generously gave of their time and talents so that this Conference was truly representative of an event of its preeminent stature.
1 wish to publicly thank Mr. John Pendergrass, Assistant Secretary of Labor, OSHA and Mr. David Taylor, Deputy Director
General, ILO for their inspiring keynote presentations; to Dr. J. Donald Millar, Assistant Surgeon General, Director of the
National Institute for Occupational Safety and Health, Mr. Lynn Williams, International President, United Steel Workers
of America and Dr. Bruce Karrh, Vice President, Safety, Health and Environmental Affairs, E.I. Dupont de Nemours Co.,
USA for their incisive overview presentations; and to the many staff of NIOSH who worked tirelessly in the conduct of
the Conference. All were important partners in this enterprise.

But there could have been no successful venture without the enthusiastic and committed support of two people. Dr. Jack
Berberich who when called upon at a critical time served both as Executive Secretary-General of the Conference and Editor-
in-Chief of these Proceedings and Mr. Georg Kliesch, ILO.

Part ITT, summaries of Work Group Sessions I-VI, will be printed under separate cover. On behalf of the International and
National Organizing Committees, the five sponsoring organizations, these Proceedings (Part 1) are presented with the hope
that you will find them as rewarding as your participation in the Conference.

e

Edward L. Baker, M.D., M.P.H.
Chairman
VIIth International Pneumoconioses Conference

Georg Kliesch d.
Vice Chairman
VIIth International Pneumoconioses Conference
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BIOLOGICAL EFFECTS OF SHORT FIBERS

J.C. WAGNER

Animal Models—Pneumoconiosis 1

MRC External Staff Team on Occupational Lung Diseases, Llandough Hospital, Penarth,

South Glamorgan, South Wales

Evidence implicating fibre diameter in the development of
mesotheliomas and pulmonary fibrosis is now generally ac-
cepted but the contributicn that the length of mineral fibres
makes is not so well established. As the difference in length
of fibres found in the urban situation, and that in the occupa-
tional and para-occupational environments is revealed, so the
importance of length may increase. Our investigations,
reported here, confirm the concept that fibre length is a signifi-
cant factor in the development of these asbestos related
diseases.

Timbrell! illustrated that the maximum diameter of a fibre
that could be inhaled into the parenchyma of the lung was 3.0
pm. This has subsequently been confirmed in both man and
experimental animal, although fibres above 2.0 um diameter
are uncommon. The length/diameter characteristics were
clearly defined by the experimental studies of Stanton,?
Pott,> and Wagner* et al. These investigations confirmed that
fibres of 0.25 um in diameter and about 8 um in length were
associated with mesotheliomas, whereas the coarser fibres of
between 1.0-3.0 um in diameter and of 8 um in length were
probably responsible for pulmonary fibrosis.

Our investigations on tremolite exposure in both men and ex-
perimental animals® have contributed to clarification of the
different fibre diameter associated with these different lesions.
However, our statement that the shorter fibres physical forms
are relatively innocuous was challenged with the request to
define “‘relative.’” It was hoped that our experiments with
Oregon erionite would satisfy the critics. In these studies we
showed that the relatively long erionite fibre produced a 100%
incidence of mesotheliomas following exposures, both by in-
trapleural and inhalation exposures compared with no tumours
being produced when a non-fibrous synthetic erionite was
used. This established that the mineral fibres and not the
chemical constituents were responsible for the lesions. The
critics pointed out that the control material was non-fibrous
and that we had not proved that short fibres within the ex-
perimental material were relatively innocuous. Therefore, to
answer their queries we would have to produce dust samples
of long and short fibre in sufficient quantities for both implan-
tation and inhalation studies. In our investigations in order to
produce both tumours and fibrosis by inhalation, the exposure
must last twelve months and needs 2 kilograms of dust. Hither-
to production of asbestos fibre of specific length has not been
successful and milling crocidolite has usually resulted in the
short fibre being reduced to non-fibrous particles. Alternative-
ly, in an attempt 1o produce crocidolite < 5.0 in length, for
an intrapleural study, it was found that there were no long

fibres seen in the pre-inoculation dust, but there were long
fibres retained in the granulomas? (thus illustrating our
theory about the selective retention of fibre).

We decided to use Oregon erioniteS because of its friable
nature and Mr. J.W. Skidmore was successful in producing
sufficient quantities by precise milling over a very short time.
A similar preparation was made with UICC crocidolite. Final
assessments of the success of milling could only be made on
fibre measurements at the end of the experiment, on the lungs
from the inhalation study, and pleural granuloma from the im-
plantation investigation. The other two samples used were the
longer erionite as prepared for the original experiment, and
standard UICC crocidolite for long crocidolite. It was ac-
cepted that these were mixed length samples, with sufficient
long fibre to produce lesions. The dust for the short fibre was
prepared by disc milling. By making empirical decisions, only
fibres <5 microns in length were found using the following
strategy of 10 sessions each of 10 seconds duration, the mill
being opened after each session and the dust redistributed. The
inhalation® and intrapleural® methods have previously been
described, as have the characterisation of the dust clouds and
the respirable inoculated materials. The animals used were
SPF Fischer F344 rats (caesarian derived, barrier maintained,
and free from disease as shown by random culling). Eighty
rats of each sex for the inhalation study and 64 of each sex
for intrapleural inoculation, were randomly allocated, in equal
numbers, to the 4 treatment groups. Post mortem and
histological examination were carried out.!® The fibrosis
grading!! is standardised on an internationally accepted
scale: Grade 1 normal; 2 dust in macrophages; 3 early in-
terstitial reaction; 4 first signs of fibrosis; 5, 6, 7 increasing
degrees of fibrosis; 8 severe fibrosis. The only other lesions
noted were 1 Bronchiolar hyperplasia; 2 mesothelioma. Final-
ly, characterisation of the fibres was carried out; recovery
methods were used on a known weight of lung tissue from the
inhalation; and tissue from the granuloma from the intra-
pleural experiment.

RESULT

Dust Studies

Measurements were carried out on the four dusts recovered
after 24 months, i.e. exposure period of 12 months and a fur-
ther survival time of 12 months. Our findings substantiated
the previous experimental results on the retention of the longer
fibres after inhalation. It also demonstrated our success in the
production of fibres in the size ranges required. Figure 1 and
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SHORTEMED CROCIDOLITE

Figure 1. Fibre recovered from rat lung after 24 months.

Tables I and II show the fibre recovered from the lungs of
animals after a period of 24 months. It can be seen from the
electron micrographs taken of the shortened material the com-
plete absence of any fibres with lengths greater than 5 microns.

DISCUSSION
We were endeavouring to answer two questions:—

1. Isitpossible to show by animal experimentation that below
a minimum length, fibre of standard diameter does not pro-
duce mesotheliomata of significant pulmonary fibrosis,
whereas longer fibre of similar type are capable of their
production?

2. What is the critical length of fibre?

Minimum Length (1)
We have succeeded in answering the first point, but have not
been able to define the critical length of fibre as required in (2).

In the intrapleural inoculation study we were able to produce
over 90% of tumours in the animals exposed to either of the
long fibre dusts. Using the short fibre a single mesothelioma
was produced with the crocidolite sample, no tumours oc-
curred in the animals exposed to the erionite.

The inhalation experiment produced the expected tumour in-

cidence of over 90% of the animals, exposed to the erionite,
which had survived for a sufficient time period to develop
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mesotheliomas. It must be remembered that there had been
a serial killing of animals at an earlier stage for the inhala-
tion study which substantially reduced the number surviving
for more than one year. The long crocidolite only produced
a single tumour. This confirmed the importance of using the
Oregon erionite material, as the crocidolite produced too few
tumours for comparison with the short fibre results. No
tumours occurred in the animals exposed to either of the short
fibres.

The inhalation smdies demonstrate that in the animals exposed
to the long fibres minimal fibrosis occurs, whereas the short
fibres only produce a tissue reaction.

Critical Length (2)

Production of fibre below 5 microns and to include a suffi-
cient number of fibres in the 3-5 micron range proved to be
extremely difficuit. This is because a decrease in the milling
time led to the appearance of fibres greater than 5 microns in
length. The result of this difficulty was that the majority of
the fibre used in the short samples was below 3 microns whilst
still retaining the fibrous nature of the material. This was also
apparent in the material recovered from the lungs of the
animals. Very occasional longer fibre was found in the short
crocidolite. This could account for the single mesothelioma
seen in an animal exposed to this dust. These results proved
that the milling was successful. In a previous experiment with
milled dusts a large number of mesotheliomas were in-
duced.” This was thought to be due 10 a long fibre component



Pathology

Intrapleural Inoculation

Animal Models—Preumoconiosis [

Dust Mesothelioma Non-mesothelioma
UICC
Crocidolite 24 8
Shortened
Crocidolite 1 3
Erionite 30 2
Shortened
Erionite 0 3z
Inhalation
Fibrosis Cradings
4 rats/sscrifice Tumours Totsl
Excl.
3 6 12 24 Sacrif
mths, mths. mths, mths. Meso. BAH :

uIicec
Crocidolite 2.9 3.0 4.1 3.9 1 2 24

Shortened

Crocidolite 2,0 2,0 3.3

Erionite 2,4 3.0 4.0
Shortened
Erionite 2.9 3,0 3.0

2.8 0 0 24

4,0 24 2* 27

34 0 1 24

* | animal only remained for sacrifice

* 2 bronchiolar alveolar hyperplasia with mesothelliomas

remaining in the dust.

As in previous investigations, the animals treated with the long
fibre dusts tended to selectively retain the longer fibres. In the
inhalation study, it was of importance to see how little long
erionite was retained in the lungs of the animals, as others with
this exposure developed the tumours.

Attempts should be made to produce a more satisfactory short

crionite sample closer to 5.0 microns in length. All investiga-
tions have failed to produce a satisfactory sample from am-
phibole asbestos. It is possible that by using more complex
methods a small sample sufficient for the implantation study
could be produced. When this was done using glass-micro
fibre the cost of production was extremely high, and no at-
tempt was made to produce a larger sample of inhalation
experiments.
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Table I
Inhalation Experiment
Percentage and Number of Fibres in Defined Categories
per Gram of Dried Lung Tissue (X 105)

Fibre Size
(Fm) 3 months 6 months 12 months 24 months
L. D.
0.3 % 1.2 % 0.6 2 1.0 %
3-5 «<0.5
SHORT 7.0 * 42.6 * 47.9 = 63.0
CROCIDOLITE 10.3 % 29.1°% 15.3 % 15.1 %
> 1 < 0.5
231.3 * 1033.1 * 1221.6 * 948.6 *
1.6 % 2.8 % 3.2 % 5.8 2
> 6 < 0.5
LONG 425.5 * 991.7 * 1427.1 * 2529.3 *
CROCIDOLITE p 0 3.0%2 4.8 2 5.2 X 8.4 2
- < 0.
797.9 * 1712.9 = 2319.0 = 3663.1 *
* No. of fibres
REFERENCES Davies, R., Griffiths, D.M.: Biological Effects of Tremolite. Br. J.

1.
2.

Timbrell, V.: The Inhalation of Fibrous Dusts. Ann. NY Acad. Sci.
132:255-273 (1965).

Swnton, M.F., Layard, M., Tegeris, A., Miller, E., May, M., Morgan,
E., Smith, A.: Relation of Particle Dimension to Carcinogenicity in Am-
phibole Asbestoses and other Fibrous Minerals. J. Natl. Cancer Inst.
67:965-975 (1981).

. Pott, F.: Some Aspects on the Dosimetry of the Carcinogenic Potency

of Asbestos and other Fibrous Dusts. Staub-Reinhalr. Luft 38
(12):486-490 (1978).

.WagnchC Berry, G., Hill, R.J., Munday, D.E., Skidmore, J.W.:

Animal Experiments with MMM(V)F Fibres—Effects of Inhalation and
Intrapleural Inoculation in Rats, WHO.IARC Biological effecis of man-
made mineral fibres. Proceedings of WHO/IARC Conference,
Copephagen, 20-22 April 1982. pp 209-233 (1984).

5. Wagnper, J.C._, Chamberiain, M., Brown, R.C., Bary, G., Pooley,F.D.,
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10.

Cancer 45:352-360 (1982).

. Wagner, 1.C., Skidmore, J.W., Hill, R.J., Griffiths, D.M.: Erionite

Exposure and Mesotheliomas in Rats. Br. J. Cancer 51:727-730 (1985).

- Wagner, J.C., Griffiths, D.M., Hill, R.J.: The Effect of Fibre Size on

the In Vivo Activity of UICC Crocidolite. Br. J. Cancer 49:453-458
(1984).

. Wagner, J.C., Berry, G., Skidmore, J.W., Timbrell, V.: The Effects

of the Inhalation of Asbestos in Rats. Br. J. Cancer29 252-269 (1974).

. Wagner, J.C., Berry, G.: Mesotheliornas in Rats following Inoculation

with Asbestos. Br. J. Cancer 23:567-581 (1969).

McConnell, E.E., Wagner, .C., Skidmore, J.W., Moore, J.A.: A Com-
parative Smdy of the Fibrogenic and Carcinogenic Effects of UICC Cana-
dian Chrysotile B Asbestos and Glass Microfibre (IM100). WHO/IARC
Biological effects of man-made mineral fibres. Proceedings of
WHO/IARC Conference, Copenhagen, 20-22 April 1982. pp 234-252
(1984).
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Table O
Inhalation Experiment

Percentage and Number of Fibres in Defined Categories
per Gram of Dried Lung Tissue (% 10%)

Fibre Size
(Fm) 3 months 6 months 12 months 24 months
L. D.
1.0% 1.7 2 0.3 % 0.6 %
< 0.5
SHORT 3_5 2.4 * 8.5 * 9.1 * 6.3 *
ERIONITE 32.0% 37.2 % 37.9 % 39.7 %
> 1 < 0.5
77.1 = 186.0 * 1154.4 * 449.3 *
7.0% 5.8 % 5.0 2 7.0 %
> 6 < 0.5
LONG 130.0 * 350.9 * 419.1 * 350.8 *
ERIONITE 15.5 % 16.3 % 17.0 2 15.3 %
-6 <«0.5

287.9 * 921.6 * 1424.8 * 764.3 *

* No. of fibres
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EXPERIMENTAL STUDY OF FIBROSIS EFFECT OF POLYPROPYLENE
AND POLYETHYLENE DUST ON RAT LUNGS

LId ZHUAYUAN + Fang Yuxiang * Yie Fengting * Xiao Chunyuan

Liaoning Institute of Labour Hygiene, P.R. China

Polypropylene and polyethylene are all high molecular com-
pounds and typical synthetic organic substances. To research
the fibrosis effect of the dust of these two organic substances,
experiments have been respectively carried out on animal—
the rat. 500 mg of dust was respectively injected intratracheal-
1y into each of 134 rats (half male and half female), and obser-
vations were carried out for 18 months. The results of the ex-
periment showed that the main change of pathological
histology in the early period was the granulomatosis foci
caused by the dust (the polyethylene dust group showed
foreign body multinuclear giant cell granuloma) and the
hyperplasia of recticular fibres. 18 months after dust injec-
tion both experimental groups were found to show pronounced
hyperplasia of reticular fibres inside the foci and around the
bronchi and presence of collagen fibres. The content of col-
lagen protein in the whole lungs is higher than the
physiological saline control group. Therefore, the authors
consider that the dust of polypropylene and polyethylene has
a light fibrosis effect on the rat lungs.

INTRODUCTION

Polypropylene and polyethylene are petroleurn chemical prod-
ucts which are high molecular compounds obtained by
polymerization of propylene and ethylene. They are solid
powder in milky colour without poison and odor, insoluble
in water at normal temperature, acid and corrosion resistant
and good in insulation. Along with their wide use and rapid
increase of output, more and more workers have the chance
to be in contact with the two kinds of dust in production. The
report has not yet been witnessed as to whether the dust of
polypropylene and that of polyethylene can cause fibrosis. In
order to study the fibrosis effect of polypropylene and
polyethylene dust, experiments have been made on the animal
and the results are as follows.

METHOD OF EXPERIMENT

1. Preparation of dust: The fresh dust is obtained from the
workshop producing polypropylene and polyethylene
from a chemical fibre company. In the dust no quartz
was detected by an X-ray diffractometer, and the dust
was classified by a Barkhausen-Kurtz type centrifugal
classifier so that 80% of the dust was of the grain size
under 5 microns. The dust was then sterilized by
ultraviolet rays for 2 hours. Quartz dust for control was
provided by the Labour Hygiene and Occupational
Disease Research Institute under the Chinese Academy
of Preventive medicine.

2. Animal selection and grouping: 134 wister rats were
selected and divided at random into 4 groups
(polyethylene group, polypropylene group, quartz con-
trol group and physiological saline control group).

3. Dust injection into the aniral: 50 mg of physiological
saline suspension solution, with a small amount of tween
added, was injected at a time intratracheally. Then
observations were carried out in turn respectively 1, 6,
12 and 18 menths after dust injection. The animal was
killed with the head cut off after slight anesthesia. The
right lung was kept for collagen quantitative analysis.
The left lung and hilus lymphonodi, after fixation, paraf-
fin embedding, sectioning and staining with HE, Foot
and VG, was subject to observation for histopathology.

RESULTS OF EXPERIMENT

Visible by the Naked Eye

1. Quartz group: 1 month after dust injection the hilus lym-
phonodi were as big as a soya bean or a broad bean. The
surface of the lungs were found smooth. On partial lungs
of most cases were found to have milk-white sections
of different area, of which the surface was full of bumps
and holes and felt hard as to have sand grains. 6, 12 and
18 months after dust injection, the above changes
gradually became greater,

2. Physiological saline group: During the experiment, the
hilus lymphonodi were all as big as a rice grain. The sur-
face of the lung tissues were found smooth, soft and
elastic,

3. Polypropylene and polyethylene groups: 1and 6 months
after the injection of dust, the hilus lymphonodi of both
groups were of rice size. The lung tissues were soft and
elastic. 12 and 18 months afier dust injection, the lung
tissues were still soft and elastic. Some cases showed
local ecchymoma and emphysema.

Visible Under Microscope
1. Quartz group: 1 menth after dust injection, the hilus
lymphonodi and lung tissues were found to have 4th
grade fibrous tubercula around which there were slight
emphysema. 6, 12 and 18 months after dust injection,
all cases showed fibrous mbercula.

2. Physiological saline group: Throughout the experiment



no dust reaction was found.

3. Polypropylene and polyethylene groups: 1 month after
dust injection, the hilus lymphonodi of neither group
showed coniosis cell foci. Inside the lung tissues there
were cell foci of different shape and size which consists
of macrophages, epithelioid cells, coniosis cells and a
great amount of dust particles. The polyethylene group
showed that there were divergent Langhams’ or foreign
body giant cells in the cell foci. In the foci slight
hyperplasia of reticular fibres were found. On some of
the air sacs the epithelioid cells got swollen. Some of
the bronchi showed hyperplasia or disappearance of
epithelioid cells. 6 months after dust injection, all hilus
lymphonodi were found to have a small amount of con-
iosis cell foci and translucent dust particles, on the sur-
face of which there was a brown coloured layer. Inside
the lung tissues there were still visible cell foci of dif-
ferent sizes and in the foci there are still macrophages,
contosis cells and dust particles with a brown ¢oloured
layer on the surface of the particles. Hyperplasia of
reticular fibres were visible in the foci. 12 months after
dust injection both groups showed foci consisting of cells
as those 6 months after dust injection. But the number
of foci decreased whereas the foci became bigger with
clear boundaries. The polyethylene group was still found
to have foreign body multinuclear giant cells. Inside the
foci and in between the foci there were hyperplasia of
reticular fibres. In some of them fine collagen fibres
were visible. In some of the foci, pronounced
hyperplasia of reticular fibres were found in between the
air sacs as well as around the bronchi and around blood
vessels, and collagen fibres were also visible. Bronchi
of various sections got seriously harmed.

The analytical results of the collagen protein content in the
whole lungs are given in Table I and Figure 1.

Animal Models—Pneumoconiosis 1T

DISCUSSION

Polypropylene and polyethylene are all synthetic organic
substances without free silicon dioxide. Different views ex-
ist as to the research of fibrosis effect of synthetic organic dust.
The present experiment on the dust injected animal, through
observation 1 to I8 months intervals, showed that
polyethylene and polypropylene dust may cause slight
hyperplasia of fibre tissues of lungs. The hyperplasia of fibre
tissues is more obvious in the lung mesenchyme and around
the bronchi. The tissular structure of the lungs were obviously
damaged but no typical experimental nedular change was
found.

The two experimental groups, polyethylene and
polypropylene, showed similar pathological features and
course of affection. At the early period of dust injection (16
months), a considerable number of granuloma changes were
irregular in shape and different in size. The granulomas were
rich in cells and were generally found around tetrminal or
respiratory bronchicles. Some of the granulomas leaned
against the bronchi walls. The harmed bronchi showed
epitheliosis. There were secretions in the cavities and inflam-
matory infiltration around them. 12 to 18 months after dust
injection, granuloma foci decreased. Pronounced hyperplasia
of reticular fibres inside the foci and around the bronchi. Some
leaned against the bronchi walls with collagen fibres inside,
Normal structure of air sacs around the foci disappeared.

There were, however, slight differences between the two
groups. In the granuloma foci of the polyethylene group there
were divergent Langhans’ or foreign body multinuclear giant
cells. But in the polypropylene group such cells could hardly
be seen. The cause remains to be studied.

The analysis of collagen protein content in the whole lungs
tallied with the features of pathological changes.

Table 1
Analytical Results of Collage Protein Content
in Whole Lungs {(mg)
Period of
observation 1 6 12 18
(month)
NX+ SD NX+SD NX+ SD NK+SD
Pﬁ?‘“ﬁlﬂlﬂ group 9 41.1+5.8 9 37.5+£7.9 24 68.5%t17.5 § 91.6121.5
Polypropylene group 8 48.9+13.2 8 44.9:8.0 21 101.6+28.0 4 62.2%8.3

Quartz group
Physiological
saline group

5 57.94+15.0 8 97.81:63.0 10 110.5+64.6
7 33.41+4.5 9 24.31+6.5 23 46.4X11.0 1t 46.4%10.6

6 94.81:51.8
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Figure 1. Variation curve of collagen protein content in the whole lungs.
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APICAL PLEUROPULMONARY CHANGES IN PERSONS EXPOSED TO
ASBESTOS—EXPERIENCE FROM 40 PATIENTS

GUNNAR HILLERDAL, M.D.

Department of Lung Medicine, Uppsala University, Akademiska Sjukhuset, S-751 85 Uppsala, Sweden

INTRODUCTION

Parenchymal changes due to asbestos exposure are classical-
ly situated in the lower lobes. Pleural plagues and diffuse
pleural thickening are also found mainly in the lower or the
mid zones of the lungs. However, there have also been reports
on asbestos exposure leading to upper lobe changes.!-3

MATERIAL AND METHODS

Inclusion criteria and patients. Up to the end of 1986, about
1.600 patients with bilateral pleural and/or parenchymal
changes due to exposure to asbestos on chest roentgenogram
had been collected at the Department of Lung Medicine of
Uppsala University. Among these 1.600 patients, there were
40 who showed an apical pleural thickening at least S mm thick
on one side or both.

All patients have been followed until the end of 1987.

The mean age at the first sign of apical affection was 60 years;
the youngest was 31 years old and the oldest 78 years. The
mean latency time frem the first exposure to the development
of apical changes was 32 years, with a minimum of 5 years
and a maximum of 51 years. Twenty-one patients showed
apical changes only on the right side, four on the left side on-
ly and 15 on both sides. In all patients observed for more than
five years there was an obvious progression of the apical
lesions.

In five patients, CT was performed. In those patients it was
secn that the lesions were mainly pleural but were causing
compression of the lung parenchyma, and that some fibrous
strands were reaching into the lung from the thickened pleura.

All patients had other asbestos-related pleural changes in the
lungs on both sides, bilateral changes being a prerequisite for
inclusion to the group in the first place. There was usually
thickening around the whole lung, with 2 marked increase
apically. In five patients a benign asbestos pleural effusion had
been diagnosed before the apical lesions became evident.

In eight patients bronchoscopy was performed and culture for
tuberculosis was negative. Five patients had a course of tuber-
culosis treatment because of a positive tuberculin test and
suspicion of tuberculosis based on the radiclogical findings.
This treatment did not affect the progression of the disease.
A tuberculin test was performed in 25 patients and was
negative in 12 of them, but in the rest it was positive,
sometimes strongly so, the strongest reactor being 30 mm (2
tuberculin units).

Complete lung function test results were available in 21 pa-
tients. The vital capacity was affected in all cases. On an
average it was reduced to 62 percent of the predicted. The total
lung capacity was also decreased in all patients and in the mean
68 percent remained of the predicted value.

Upper lobe changes are a fairly rare manifestation of exposure
to asbestos as judged from the paucity of reports in the
literature. I3 There are a number of diseases which manifest
themselves at the pulmonary apices. An unspecific fibrotic
reaction is common in elderly persons but never reaches the
sizes observed in the patients presented here. Many of these
patients would previously have been diagnosed as suffering
from tuberculosis. It is important to be aware of this manifesta-
tion of asbestos, mainly for clinical reasons, to avoid confu-
sion with tuberculosis, but also for compensation purposes.

How specific is this type of lesion for exposure to asbestos?
Our experience indicates that stmilar reactions are very rare
in persons who arc not exposed to asbestos. As mentioned,
there are other diseases which can cause lesions of the upper
lobe, but the typical primary thickening of the pleura with
compression secondarily of the lung parenchyma is not seen
with other diseases or is at least very rare. The lung depart-
ment is the only one in the county and any lung changes of
this type would very likely be referred to us for evaluation.
They would also have been discovered at the general health
survey, which was in practice in the county until fairly recent-
ly. Thus, the lesion seems to be as pathognomonic to asbestos
as are pleural plaques.

Why does this lesion occur in some patients and not in others?
It does not seem to be due to the degree of exposure. This
seems to depend on individual factors, and my personal belief
is that some disturbance of the immune system caused by
asbestos is responsible for it.

Apical pleural thickening due to exposure to asbestos is usually
only a part of a general reaction, and other parts of the same
lung and usually also the other lung are also involved. The
tendency to progression will, with time, in many patients cause
a serious deterioration of lung function. The patients should
be followed with chest roentgenogram and lung function

regularly.
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RADIOGRAPHICAL APPEARANCE OF TALCOSIS AND

COMPOSITION OF TALC

ZHAO JINDUJO » LiZhong* * LiuJingde* ¢ Du Yuant ¢ Wang Rechent
*Shenyang Research Institute of Industrial Hygiene and Occupational Diseases

fLiaoning Institute of Industrial Hygiene, P.R. China

The workers exposed to talc dust are increasing in number in
textile, paper-making, glass-processing, ceramics, cosmetics,
rubber and pharmaceutical industries, as well as paint, mill-
ing and carving of talc and so on. We investigated the con-
centration of the dust in the workshops in a mine and mill, and
made a mineralogical examination. The chest X-ray films of
the workers exposed to talc dust have been observed. The data
are summerized and reported as follows.

INDUSTRIAL HYGIENE

This talc mine is a company of the min¢ and mill with an ex-
ploiting history of over 60 years. In the 50s and 60s, the dust
concentration in the workplace of the mine ranged 68-582
mg/m3 and the dust concentration in the mill ranged
208-5561 mg/m?, and in talc carving factory, the dust con-
centration was several hundred mg/m?>.

The dust concentration in the workshop was reduced in the
70s, but it still ranged 50-395 mg/m?>. Over fifty percent of
the particles were less than 5 p in diameter; free silica dust
ranged 0.75-2.87%.

MINERALOGICAL EXAMINATION OF THE TALC

The talc is pure, mineralogically, the ore is pure talc, the
impurities are a little serpentine (H4Mp3S8i0;09) and
phosphorite, little quartz, without tremolite Ca;Mgs
(8i4071)2(0OH); or other fibrous silicates (Figures 1-3).

In the talc mine, 80 cases of talcosis have been diagnosed
under the medical supervision of Institute for Occupational
Diseases since 1958 (male 70 cases, female 10 cases),
exposure-onset duration ranging 5-22 years with an average
duration of 13.6 years, grinder 57, excavator 19, worker for
mineral separation 4. In talc-carving factory, 17 cases of
talcosis were diagnosed, all of them are male, exposure-onset
duration ranging 13-35 years with an average duration of
25.2 years. Of 97 cases of talcosis, 24 cases were compli-
cated with tuberculosis (about 25%). In 73 cases of stage 1
talcosis, 12 cases (16.4%) complicated with tuberculosis, of
19 cases of the stage II talcosis, 9 cases (47.3%) were com-
plicated ones. In 5 cases of stage II talcosis, complicated ones
were 3 (60%). (Table I).

Figure 1. A fine streak of serpentine in talc in polarizing microscopy.
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Figure 2. A bright silica particle in talc in polarizing microscopy.

Figure 3. A few phosphorite particles in talc in polarizing microscopy.
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X-RAY APPEARANCE

Unlike the radiographic appearance of silicosis, the enlarged
hilar lymphnodes usuzlly could not be found. The main
characteristic findings of the talcosis were irregular small
opacities; these abnormal findings must distribute beyond 2
zones for diagnosis. In some patients, the rounded small
opacities were mainly observed. In most of them, the round-
ed opacities were 2-3 mm in diameter; occasionally, the
rounded opacities were about 1 mm in diameter (Table II).

Nodular (Type) (15 cases): Of the 15 cases, 14 were grinders,
exposure-onset duration was shorter than 10 years in 3 cases;
11-15 years in 11 cases; 16-20 years in 1 case. There were
3 cases of patients with 2nd stage talcosis, 2 cases with 3rd
stage talcosis.

Reticulate-nodular Type: Of 56 cases, 40 were grinders, 16
excavators. The exposure-onset duration shorter than 10 years
in 8 cases, 11-15 years in 22 cases, 16-20 years in 22 cases,
more than 21 years in 4 cases. There was only one patient with
2nd stage talcosis.

Of 97 cases of talcosis, 5 cases with large shadow in the lung
field, 3 of the cases were complicated with tuberculosis
(Figures 4-8).

Pleural thickening, especially ‘talc plaque’ were not found in
all of the patients. The relationship between the exposure-
onset duration and the types of talcosis in 71 cases was noted

(Table III).

COMMENTS

The relationship between silicates such as talc and pulmonary
diseases was noticed at the end of 19th century, but the
pulmonary damage and its X-ray changes in talc mine and talc
processing workers had not been proved until the 30s of this
century.!? Serial survey reports began to appear in China
since 1958. It has long been noticed that some impurities in
talc (tremolite etc.) can cause pulmonary fibrosis, although
this has not been confirmed yet.>10 In recent twenty years,
the possibility of carcinogenesis by talc and impurities in talc
was also a focus of much attention. 1113

Some authors held that the main causation factors in talcosis
is the fibrous tremolite CayMgs(Sig011)2(0H);. Talc has
cytotoxic effect, while tremolite has fibrogenic, besides the
cytotoxic effects. They also held that the detrimental effect
was related to the length of these fibers. The longer the fibers,
the larger the effect.

Table 1
97 Cases of Talcosis (X-ray Classification)

I Grade I1 Grade 111 Grade
Simple Complicated Simple Complicated Simple Complicated )
No. Cases 61 12 10 ] 2 3
Table I
X-ray Appearance of 97 Cases of Talcosis
Hiilus Marking r Emphysema | Ret. ] Nod. | Pin jLarg

i and Poi.|{Shad.
i Nod.

Disturb.| Dens. |Enl. Incr. | Def. ! Loc. ] Dif.

of i

Constr, !

No. | 80 57 23 39 L’IS ]! 10 6 75 14 6 6

Notes: Ret.Reticulat, Nod.Nodular, Nod.Nodular, Poi.Point, lLarg.large, Shad. Shadow,
Dist.Disturbance, Constr.Constructure, Dens.Density, Enl. Enlargement, Incr.Increa-
sing, Def.Deformity, Loc.localized, Dif.Diffuse,
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Figure 4. A male, 54 years of age, talc-cutter exposure-cnset Figure 6. A male, 34 years of age, talc-cutter exposure-onset
duration—23 years, 2nd stage talcosis with tuber- duration, 3rd stage talcosis.
culosis (nodular type).

Figure 5. A male, 29 years of age, talc grinder, exposure-onset duration—9 years, 2nd stage
talcosis (reticulate—nodular type).
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Figure 7. A male, 27 years of age, talc grinder, exposure- Figure 8. A female, 29 years of age, talc powder packager,

onset duration—6 years, 3rd stage talcosis. exposure-onset duration—5 years, 3rd stage
talcosis with tuberculosis.
Table ITI
Relationship between the Exposure-onset Duration and the Types of Talcosis
| Modular type ] Reticulate-Nodular Type
Exposure-Onset Duration(yrs) | -5 6-10 11-15 16-20 21- | -5 6-10 11-15 16-20 21
1y 2 7 17 6 15 1
Grinder 1T ; 1 2 :
ITI | 1 1 !
i
1] 1’ 6§ 6 3
Niper 11 1
[Ii

*Including 3 cases of pinpoint type. ’One case of pinpoint type.
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A dichotomy has been identified in the classification of ‘tale’:
asbestiform ‘talc’, including anthophyllite, tremolite and
chrysotile, and non-asbestiform talc. Early studies did not
recognize this dichotomy and their different effects.

The pathological changes of talcosis are diffuse pulmonary
fibrosis and collagenic nodules. There were reports that
‘asbestosis-like body” was found in the pulmonary tissue and
localized pleural thickening, granuloma was found at autop-
sy or biopsy and its small opacities in the chest film disap-
peared after corticosterone treatment.

As regards to the various descriptions of the X-ray appearance
of the talcosis, that is apparently related to the purity of the
‘talc’. In workers exposed to asbestiform ‘talc’, their X-ray
appearances look like those of asbestosis, especially the talc
plaques can be seen and the fiims of the workers exposed to
non-asbestiform talc, look like those of silicosis.

The workers in this series exposed to pure talc in which we
can not find any fibrous mineral (without tremolite, an-
thophyllite, amosite or chrysotile), the reticulate and nodular
opacities in early stage talcosis and the large shadows in the
advanced talcosis can be observed. These X-ray appearances
look like that of silicosis.

Hazard Evaluarions/Clinical Studies I
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PULMONARY ALVEOLAR PROTEINOSIS AND CEMENT DUST:
A CASE REPORT— A PRELIMINARY REPORT

ROBERT J. McCUNNEY,* M.D., MPH * Robert Godefroi,} M.D., MPH

*Cabot Corporation, 950 Winter St., P.O. Box 9073, Waltham, MA 02254, USA
TBoston Univ., Medical Ctr., Occup. Health Program, 75 E. Newton St., Boston, MA 02118, USA

ABSTRACT

A twenty nine year old white male developed pulmonary alveolar proteinosis within two years of working
as a cement truck driver. Pulmonary alveolar proteinosis (PAP), an uncommon respiratory disorder characteriz-
ed by the accumulation of phospholipid material within the alveoli, has been described in association with
exposure to silica, aluminum oxide and a variety of dusts and fumes. Although a link between exposure to
Portland cement and PAP has not been previously noted, this type of cement contains upwards of 20% silica.
Lung biopsy material, originally used to diagnose PAP, was reviewed under electron dispersive spectroscopy.
Analysis indicated the presence of silica particles within the alveolar fluid and macrophages. A number of
items support a causal relationship between exposure to cement dust and PAP: (1) the temporal sequence be-
tween assuming job duties and the development of the illness, (2) improvement following remeval from fur-
ther exposure, (3) dusty, unprotected working conditions, (4) the presence of silica within the cement and
the alveolar fluid from periodic acid-Schiff positive lung tissue.

INTRODUCTION

Pulmonary alveolar proteinosis (PAP) an uncommon
respiratory disorder first reported in 1958, consists of the
accumulation of periodic acid-Schiff (PAS) positive
phospholipid material in the alveoli; inflammation of the lung
interstitium usually does not occur. PAP can be a primary
disease process or secondary to opportunistic infections;2*
it has also been described in AIDS patients.> Although the
etiology of the disorder is poorly understood, the disease pro-
cess appears to involve a disruption of the pulmonary
surfactant—type II epithelial cell system.2§ Animal studies
have demonstrated that PAP develops after exposure to a
variety of mineral dusts and fumes,’-13 whereas other reports
have associated PAP with exposure to various occupational
substances. 1419 The purpose of this report is to describe a
truck driver, who appears to have developed (PAP) as a result
of exposure to Portland cement dust, a relationship not
previously noted.

CLINICAL HISTORY

A twenty nine year old white male was referred for an occupa-
tional medical consultation. He was concerned as to whether
his recent diagnosis of pulmonary alveolar proteinosis may
have resulted from exposure to cement dust and whether it
would be harmful for him to return to his work.

Initial evaluation included a review of medical records, a
medical history, a comprehensive physical examination and
laboratory testing such as a chest film, pulmonary function
testing, allergy evaluation and review of diagnostic material,
including results of an open lung biopsy. The patient, who had
twenty-two pack year smoking history (1% packs per day for
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15 years) originally became ill in February, 1982 when he ex-
perienced a cough, with purulent sputum production, fever,
and chest pain.

A chest film revealed diffuse bilateral alveolar infiltrates, sug-
gestive of an acute pneumonia; the right lung was more af-
fected than the left (Figure 1). He was prescribed ten days of
penicillin and tetracycline for a presumed lower respiratory
infection and clinically improved thereafter. A subsequent
chest film (March, 1982) however, demonstrated persistent
bilateral infiltrates. A PPD was negative and psittacosis
serology was unremarkable. Pulmonary function tests later
(May, 1982) revealed normal lung function (Table I). Since
a repeat chest film revealed a persistence of the pulmonary
infiltrates (Figure 2) the patient was advised to undergo bron-
choscopy with transbronchial biopsy. Pathology review
demonstrated PAS positive proteinaceous material within the
alveoli, consistent with PAP (Figure 3).

In December, 1982, the patient developed acute dyspnea on
exertion. Repeat PFTs demonstrated a deterioration of lung
function (FEV,: 3.62L—3.15L FVC 4.28L—3.79L). A
room air arterial blood gas revealed a PO, of 73mm Hg,
PCO; of 37mm Hg and a pH of 7.39. Because of persistent
dyspnea on exertion, therapeutic bilaterial whole lung bron-
chopulmonary lavage was performed in January 1983. Lavage
resulted in marked clinical improvement as well as in pul-
monary function. By May 1983, the patient was clinically
well; pulmonary function alse improved. Evaluation in August
1986, revealed the patient to be free of pulmonary symptoms
although chest X-ray abnormalities persisted and PFTs sug-
gested mild obstructive airways disease (Table I). The patient
continued to smoke one and one-half packs of cigarettes per
day. Clinical evaluation at that time also included allergy skin
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Figure 1. Chest film (initial).

Table I
Lung Function Values

SINGLE BREATH
EEV, (L) e (L) FEV,/FVC DIFFUSION CAPACITY

May 1982 3.62 (89% pred) 4.28 (84% pred) 83% 81% pred

Sept 1982 3.64 (91% pred) 4.27 (92% pred) 85% e

December 19682 3.15 (77% pred) 3.79 (74% pred) 85% 64% pred

May 1983 3.27 (81% pred) 4.33 (85% pred) 76%

s#Anqust 1986 3.00 (76% pred) 4.06 (81% pred) 73%

#+ nagligible improvement after bronchodilators
FEV, 3%; FVC 1%
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Figure 2. Chest film.

testing for common substances such as dusts, ragweed, trees
and grass, all of which were negative.

Biopsy material was further reviewed for the presence of in-
organic particles, which have been previously reported in
association with PAP.2 Through electron dispersive spec-
troscopy (EDS), silicon particles (Figure 4) were noted in the
lung biopsy material. An increased number of small bire-
fringent particles had been noted earlier within the same pro-
teinaceous material.

OCCUPATIONAL HISTORY

For almost two years prior to becoming ill, the patient
operated a cement truck in a railroad freight yard. He over-
saw the transfer of portland cement from railroad tank cars
into the cylindrical tank of the truck that he drove. Heavy ex-
posure to cement dust occurred (Figures 5-7) during the one
to one and one-half hours required per load; two to three loads
were transferred daily, By the end of the day, the patient
claimed his hair, nose and skin were covered with dust. No
dust mask or respirators were used. Air monitoring to quan-
tify cement dust exposure was not conducted.

Portland Cement, commonly called cement, is classified by
OSHA and ACGIH as a nuisance dust; a Time Weighted
Average (TWA) Threshold Limit Value (TLV) of 10 mg/m3
is recommended. Portland Cement consists of hydrated
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calcium silicates with small amounts of aluminum oxide,
magnesium oxide, iron oxide, calcium sulfate and other
impurities.

The chemistry and manufacture of various Portland cements,
blended cements, and other hydraulic cements are related to
their specifications and uses in concrete and other products.
Portland cements are ordinarily manufactured from raw mixes
including components such as calcium carbonate, clay or
shale, and sand. Table II shows the compositions of some
typical raw materials.20-21

During the manufacture of Portland cement, as the
temperature of the materizls is increased, the following reac-
tions occur: (1) evaporation of free water; (2) release of com-
bined water; {3) decomposition of carbonates (calcination);
and (4) combination of the lime, silica, alumina and other ox-
ides. This produces a mixture of solid and molten phases in
the Ca0+Si0; +Al;03 system which crystallizes during
cooling to form a mixture of solid calcium silicates and
calcium aluminate containing small amounts of magnesium
oxide, iron oxide, calcium sulfate and other impurities. Table
IIT shows the compeosition of some typical cements. Table IV
shows the crystalline phases present. 222 Table V shows the
phases present after hydration at normal temperatures.20-2

Of the components of Portland cement, calcium silicate,
magnesium oxide, aluminum oxide, iron oxide and calcium
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Figure 3A, 3B. Periodic acid-Schiff material (lung biopsy).
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Figure 3C. Periodic acid-Schiff material (lung biopsy) (cont.).
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Figure 4A, 4B. Electron dispersive spectroscopy (A) Silica particle.
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Figures 5, 6. Working conditions.
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Figure 7. Working conditions (cont.).

Table I

Chemical Composition of Raw Materials, %
(Courtesy of the American Concrete Institute)*®-2!

Type 8io, Al,0,4 Fay0, 0 Mz0
Cement Rock  13.4 3.5 1.7 42.9 1.0
Limestone 1.2 0.2 0.4 53.4 1.3
Limestone 4.5 0.5 1.6 35.0 14.9
Marl 6.0 0.6 2.3 49.1 0.4
Oyster shells 1.5 0.4 1.2 52.3 0.7
Shale 53.8 18.9 7.7 3.2 2.2
Clay 67.8 14.3 4.5 0.9 1.2
Mill Scale ca 100.0

Sandstone 76.6 5.3 3.1 4.7 1.7
Bauxite 10.6 57.5 2.6
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sulfate are assigned TLV’s of 10mg/m? by the ACGIH;

calcium hydroxide and magnesivm are assigned TLV's of

S5mg/m?3.

DISCUSSION

The relationship of PAP to occupational exposures was first
raised in 1969 by Davidson and MacLeod!¢ who reviewed

Type I
Type I
Type III
Type IV
Type V
White

Hazard Evaluarions/Clinical Studies I

139 cases of PAP that had been reported since 1958 and found
that approximately half were associated with fume or dust ex-

posures. Rosen et al,! however, in their classic paper,
reported on the occupations of the 27 cases they described.
It is ironic that the first patient they described was a cement
truck driver. McEuen and Abraham later (1978)* evaluated

Table III
Chemical Composition of Some Typical Cements, %

810,  Al0; Fe0; cw Mo

20.9 5.2 2.3 64.0 2.8

21.7 4.7 3.6 63.6 2.9

21.3 5.1 2.3 64.9 3.0

24.3 4.3 4.1 62.3 1.8

25.0 3.4 2.8 64.4 1.9

24.5 5.9 0.6 65.0 1.1

5.3 39.8 14.6 33.5 1.3
Table IV
Compound Composition of Some Typical Cements, %
Calculated by the ASTM C150-76)
Crystalline Fom

Cement (2) (3) (4) (5)
Type I 55 19 10 7
Type II 41 24 6 11
Type IIX 56 195 10 7
Type IV 28 49 4 12
Type V 38 43 9
White 33 46 14 2
Column Headings:

(2) Tricalcium silicate

(3) Dicalcium Silicate

(4) Tricalcium Aluminate

(5) Tetracalcium Alumino~ferrite

2.9
2.4
3.1
1.9
1.6
1.8
0.4

37 cases of PAP and found that 13 of their series had been ex-
posed to various dusts and fumes. In their retrospective
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Table V
Cement Phases Hydrated at Normal Temperatures

Name

Calcium Sulfate Dihydrate (Gypsum)
Calcium Hydroxide (Portlandite)

Magnesium Hydroxide (Brucite)

Calcium gsilicate Hydrate Gel (C-8-H gel)

Tetracalcium aluminate 19-hydrate
Tetracalcium aluninate 13-hydrate
Tetracalcium aluminate 7-hydrate

Tetracalcium aluminate monosulfate lé6-hydrate
Tetracalcium aluninate monosulfate l4-hydrate
Tetracalcium aluninate monosulfate 12-hydrate
4-Calcium aluminate sulfate 10,8,x-hydrate

Ettringite (6-calcium aluminate trisulfate, 32-hydrate
6-Calcium aluminate trisulfate, 8-hydrate
Garnet-hydrogarnet Solid Solution Series

review, the same authors also found an increased number of
small, inorganic particulates in the lung tissue as compared
to controls. Crystalline silica is the most commonly implicated
mineral associated with PAP.15.18.19.24.25

PAP has also been described secondary to exposure to
Kaolin,' an aluminum silicate compound, and aluminum
dust.!” In these cases, minerologic analysis of lung tissue
revealed high concentrations of aluminum silicate and
aluminum particulates, respectively.

Although PAP has a variable prognosis, this patient’s clinical
improvement after 2 single pulmonary lavage is unusual.
Kariman et al?¢ for example, described complete remission
or marked subjective and objective improvement in only two
of eleven cases treated in this manner. Wilson et al*? reported
PAP in a welder who was successfully treated by a single bron-
chial lavage and removal from further occupational and en-
vironmental exposure to dusts and fumes. The improvement
in our patient after a single pulmonary lavage and removal
from further exposure to cement dust lends credence to the
notion that PAP may be initiated by a nonspecific injury that
results in a transient failure of alveolar clearance and the ac-
cumulation of surfactant materials. 18

Documentation of an increased amount of inorganic par-
ticulates containing silicon within the biopsy material supports
the notion that inhalation of cement dust precipitated the
development of PAP in this patient. Abraham and McEuenZ
have also reported two individuals exposed to cement dust in
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CAS Reqgistry No.

10101-41-4 & 13397-24-5
1305-62-0

1309-42-8

12323-54=5

12042-86-3

12042-85-2

12511-52-3

67523-83-5

12421-30-6

122522-10-7

12252-09-4 & 12445-38-4
12252-15-2

11070-82-9

12042-80~7

whom an increased number of inorganic particulates (silicates
found in cement dust) were noted in the proteinaceocus lung
tissue.

Further studies are necessary to elucidate the relationship be-
tween PAP and smoking. Abraham and McEuen? were not
able to document smoking histories in their analysis of PAP
cases. The role of smoking in the deposition of small par-
ticulates in the lung also needs further exploration.?

Workers involved in the manufacture of cement dust have also
been evaluated. One study of 160 cement workers in
Yugoslavia indicated a decline in pulmonary function (FEV |,
FVC, FEV{/FVC) following four years of unspecified level
of exposure; the authors controlled for cigarette smoking.??
Similar analyses among cement workers have indicated
obstructive defects®® (decline in FEV/FVC), expiratory
airflow obstruction?! and a higher prevalence of respiratory
symptoms,*2 even when controlled for cigarette smoking.

CONCLUSION

Pulmonary alveolar proteinosis is a rare disorder that in some
cases “‘represents one mechanism by which the lung responds
to a variety of insults.”*3? Dust overload can provoke exces-
sive discharge of surfactant and associated lipids from type
I pneumocytes.?* The mechanism for this reaction may be
simply mechanical and not related to the presence of
fibrogenic material. It is the destruction of the type II alveolar
epithelial cells that leads to PAP. Although the amount of



cement dust to which this patient was exposed is unclear, ver-
bal accounts {“‘it was so thick, that sometimes I couldn’t see’")
and pictures (Figures 5-7) of the operations suggest that the
working conditions were unarguably dusty and likely ex-
cessive at times. After a single intratracheal instillation of
silica dust, laboratory animals developed PAP within three
weeks. 5 The presence of silica particles within both alveolar
macrophages and alveolar fluid and the temporal sequence of
the patient developing PAP within 2 years of assuming his job
responsibilities and improvement following removal from ex-
posure lend further support to a causal relationship.

Whether this patient is at risk of recurrence of PAP upon fur-
ther exposure to dusts is problematic. Prudence would dic-
tate, however, that in light of PAP being a potentially life
threatening illness, such exposure should be avoided.
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PERSONAL DUST SAMPLING WITH THE CIP-10 FOR A BETTER MEDICAL
MANAGEMENT OF THE PNEUMOCONIOSIS RISK IN COAL MINES

M, ZITTER + B, Mahieu ¢ E. de Surgy * P. Sebastien ¢ G. Auburtin « A. Mas

Houilleres du Bassin de Lorraine, Freyming-Merlebach, France

INTRODUCTION

In French coal mines, static sampling is used for regulatory
measurements of ambient dust concentrations in workings. In
1983 however, the perscnal dust sampler CIP-10 became
commercially available. This air sampling instrument was
designed by CERCHAR (*‘Centre d’Etudes et Recherches de
Charbonnages de France’ ") to measure individual exposures
to respirable dust in mining environments.

The CIP-10 is a small (18 x 7 x 2.5 cm) and light (300 g) in-
strument, conveniently worn by the miners. It can be lodged
into a chest pocket or into a chest strap. Wearing the CIP-10
is generally well accepted by the workers. The sampler is
operating at a flow rate of 10 I/min and collects the respirable
fraction of the dust within a rotary foam. Dust can be ashed
or extracted from the foam for laboratory analyses, such as
free silica determination. The CIP-10 has enough autonomy
to cover a full 8-hour shift. More technical information on the
CIP-10 is available elsewhere (Courbon et al, 1988).

Personal sampling greatly modified our existing views on dust
exposure in coal mines. Results of a large scale monitoring
study of personal exposures to respirable dust in French coal
mines have just been reported (Bruyet et al, 1988). Several
more specific surveys were carried-out at the request of the

occupational physicians from collieries in Lorraine. They pro-
vided other useful informations, examples of which are given
in this report.

USEFULNESS OF PERSONAL DUST SAMPLING

Documenting Specific Exposures

In French mines, some goafs must be filled-up, especially in
the case of flat working, when heating, water irnuption or min-
ing damages are feared. When hydraulic stowing is not possi-
ble, pneumatic stowing is sometimes used to fill-up the goafs
with shales. The shales are collected in the washing plants,
sent back underground with successive tubings, belt-conveyed
to the face and sprayed out pneumatically from a stowing
machine located in the top road. Since it was often found in
the career of pneumoconiotics, this technique was suspected
to carry a substantial pneumoconiosis risk.

In February 1984, a survey was carried out in a particular
working at Wendel mine to measure personal exposures
associated with the pnenmatic stowing technique. For a period
of 10 days, all workers engaged in the operation and two
technicians were equipped with a CIP-10. Measurement
results are reported in Tables I and II. Concentrations of
respirable dust were in the range 11.2-91.5 mg/m?®. Such

Table I

Personal Dust Sampling with the CIP 10
Paeumatic Stowing Technique
Wende] Pit, February 1984

20/2 2172 22/2 2372 24/2 27/2 28/2 29/2 1/3
T n"138 3,70 8,00 “ 15,130 9,00 — 2;),10 6,40 7,20 40,00 12,50
Pneumatic T n"139 6,70 7,40 11,70 8,80 14,10 7,10 6,70 37,50 15,40
Stowing Mean 5,20 7.70 - 13,50 .90 17,10 6,70 6,90 38,70 14,00
Technigue S n*140 11,20 52,50 77,70 39,50 33,50 22,10 55,90 91,50 68,50
Ratia S/T 115% 581% 475% 34t 953 2108 710% 13561 389%

RESULTS OF RESPIRABLE DUST IN HMG/M3

T = Technicians

5 = Stover
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Table I
Personal Dust Sampling with the CIP 10
PNEUMATIC STOWING TECHNIQUE
- WENDEL PIT FEBRUARY 1984

90 i

86 { 2~
—50—
—36— =

- _

2072 2V2 22/2 23/2 242 27/2 -28/2 2912
. TECHNICIANS I STOWER

V3

863



Instrumentation for Dust Measurement

high figures are reported with caution, since a saturation ef-
fect was observed with the CIP-10 at very high concentrations.
The stower was the most exposed. By-standers could be 8
times less exposed. Pneumatic stowing was also affecting the
exposures of people at the face. The pneumatic stowing tech-
nique is not used any more in mines from Lorraine since the
end of 1986.

Other surveys with the CIP-10 were able to document un-
suspected exposures, such as those experienced by the elec-
tromechanics underground. These people maintain the energy
sources and the mining equipment. They generally stand out
of the face, except in case of failure of the machinery. Because
not directly involved in coal extraction, they are not con-
sidered as “‘exposed’’ personnel according to regulations.

In the period June 10th-June 19th 1987, all electromechanics
from a working wore a CIP-10. Their activities were observed
and recorded. Tables Il and IV present measurements of per-
sonal exposures and of ambient concentrations 15 m above
the working in the top road on the air return. Values for per-
sonal exposures were linearly related to the time spent at the
face or in the top road. The highest exposure reached the stan-
dard level for regulatory ambient concentration.

In another survey, the exposures of 16 workers involved in-
to heading operations in the seams were measured during 5
days. Three exposure zones were defined: (1) the shearing

area, (2) between the shearing area and the deduster and (3)
from the back of the deduster up to the entrance of the
headings. A total of 55 measurements were done. Among
those, 16 were in excess of 2 mg/m’. Interestingly enough,
most of the excessive exposures occurred in zone 3, a day
when the shearer did not operate. (Tables V and VI).

Assessing the Validity of Job Re-allocation

In French collieries, medical management of the
pneumoconiosis risk is mainly based on job re-allocation.
Diagnosed cases are moved to workings known to be less dus-
ty. The dustiness of each working is deducted from the results
of regulatory measurements done by static sampling. A survey
was carried out with the CIP-10 in order to check if this way
of re-allocating jobs was effectively ensuring less severe per-
sonal exposure for these diagnosed cases.

In Summer 1987, 40 active miners with a chest X-ray scored
0/1 and 30 active miners compensated for pneumoconiosis
were selected. Personal exposures of workers in the two
groups were assessed by a total of 476 measurements with the
CIP-10. Results are reported in Tables VII and VIII. In
average, exposures were less for pneumoconiotics (0.63-0.67
mg/m?) than for other re-allocated but uncompensated
workers (0.89 mg/m?). Some personal exposures in excess
of 2 mg/m? were, however, detected (Mahieu et al, 1988).
These cases were immediately corrected.

Table I
Personal Dust Sampling with the CIP 10
A EXPOSURE SITES DURING THE SHIFT
Static Entry & Bott d Bott: d 1 f
n om roa om rod Coa ace & JTop road
DATE Hea- Bottgn road Coal face & Top road e
sures Top road
Day Shift]mg/m3 fmg/m3 3 mg/m3 3 ng/m} 3 mng/m3 3 ng/m3 3 PERSONAL DUST
SAMPLING WITH
3,98 1,72 4,32 3,30 B2,90 THE CIP 10
10/6 3,72[ 93,40
5,15 2,491 46,303(0,50) ELECTROMECHANICS
2,53| 49,120
1 4,17 1,941 46,50 J,80| 91,10 4,271 102,30 MARIENAU PIT
11/6 2 1,83 1,34 73,20 ! JUNE 1987 Seam ED
1,58 86,30
1,32 72,10
1 4,17 1,84} 44,10 4,28] 102,60
12/6 ! 35| 92!
2 4,09 31,00| 73,30
4,99 5,05| 101,20
1 {0,33 1,66 a7
15/6 +33) ! 396
2 4,21 2,97] 70,50 4,04| 95,90
2,79| 66,20
1 5,20 2,97} 57,10 5,89] 113,20
J16s8 .
/ 2 5,79 1,86 5,89] 111,20
1,92 67,70 R 1
- _— esults of res irable
1 5,99 3,07 51,20 3,72 62,10 dust in mg/m3 P
17/6 6,14 120,50
2 1,83 5,24 N
- Results o dividuwal
1 5,23 1,70] 32,50] 4,04 77,20 BesuaEsef jnalvi
18/6 3,54| 67,860 3 ratio of asbient regu
2 5,81 2,99| 51,40 4,25) 713,50 latory measurements
tr— 1t ——f— — 1 m _above the wor-
1 4,26 1,83f 42,90 5,31 124,60 klng in the top road
19/6 2,85| 66,90 he a1r return)
2 1,35 2,50
1.24
Values 14,00 1,00 10,00 8,000 14,.00| 10,00 6,00 6,008 12,00 10,04
Means 4.63] 1,66 1,89| s57,a8] “2,95| so.58] 3)22| 70.08] "4)69] 102,79
SEM 1,03 ,00 .60 16.78] 1.05) 22)is5 ‘63| 16.56 ‘e?] 16,80 {*) doubtful values
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Table IV
Personal Dust Sampling with the CIP 10

ELECTROMECHANICS
'MARIENAU PIT seam ED JUNE 1987

2

u‘u '

%
13

sl @O &

ENTRY & BOTTOM BOTIOM ROCAD
8OTTIOM ROAD ROAD COAL FACE
& TOP ROAD
DISCUSSION

According to the governmental directives of December 1975,
in the French coal mines the concentration of respirable dust
is regularly controlled and measured by static ambient sam-
pling in well-defined locations. The respirable dust is collected
using the CPM3 air sampling instrument (Fabries et al.,
1987). Workings are ranked according to their dustiness. Stan-
dard levels are in terms of gravimetric concentration of
respirable dust (as collected by the CPM3) in the ambient air.
The observed differences in the pneumcconiotic risk among
coal fields (Amoudru, 1987) have been taken into account to
define standard levels which are specific to each coal field.
In Lorraine, the standard level is at 4.5 mg/m? below 7%
free silica, and gradually decreases above 7%. All the work-
ings are regularly classified according to this level.

Also the regulations impose for any worker exposed an an-
nual medical examination and a chest X-ray. At the term of
that examination, every year the occupational physician
defines for each worker the types of workings in which he can
be employed, essentially in function of the data of the chest
radiography. So the sound subject (Aptitude 1} will be able
to work everywhere (workings ranked O, A, B, C, D, E) and
the serious pneumoconiotics (aptitude 5) will only be author-

COAL FACE
& TOP ROAD

ized to work in non dusty working places (rank O); in general
they are re-allocated in surface jobs.

We know now that there is a heterogeneity of exposures within
the workings. This one could have been in the past at the origin
of some cases of early and/or severe pneumoconiosis. Re-
allocation must also take into account this heterogeneity. In-
ternal procedures are now in place for a better protection of
active miners with slight X-ray changes (score (/1): their ex-
posures are followed to limit under 5 g the annual cumulative
inhaled dose according to their work loads.

Ancther advantage of personal sampling in coal mines is the
ability to detect unsuspected high exposures. The surveys
among electromechanics and among workers engaged in
heading operations beautifully illustrated this point.

Those different studies carried out with the CIP-10 on the in-
dications of the occupational physician have brought useful
contributions to the improvement of the technical and medical
prevention of pnenmoconiosis in our coal mines. The CIP-10
has been found to be a reliable instrument. Personat sampling
is considered useful to identify needs for appropriate control
measures and to follow cases at risk.
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suspects de Pneumoconiose par capteur individuel de poussieres dans
Ies mines de charbon. Presented at the 20th Journees Nationales de Me-
‘decine du Travail Toulouse, France, May 18-21, 1988.

Personal Dust Sampling with the CIP 10
Heading Workings
Marienau Pit SDS June 1988

EMPLOYMENT 13/6 14/6 16/6 17/6 20/6
Overman iTi. 1,63} iTi. ,59} iTi.|(13,0)] iTi. 1,67] 23 1,12
Haulager 23 }{(3,10) Z3 | { ,92)
Haulager Z3 1,66 z3 2,51
"Déblogueur™ Z+ 1,88 z+ 2,99 Z+ 1,83 2+ 1,61 Z+ 3,64
Annexes 23 2,68 22 1,39 23 .50
Piper zZ2 1,40] 23 2,85| 23 1,40f Z3 1,66 22 |(1,15)
Piper z2 1,14 23 1,27 23 2,64 Z3 1,61
"Resserrage bride"™ Z3 2,42
Divers z3 1,74 zZ3 1,04 Z3 1,00 Z3 2,81
Divers 23 1,67 Z3 1,18 z3 1,85 23 1,04
Hewer z2 {( ,08) z2 1,48| z2 1,13} 2Z2 1,41 22 1,56
Hewer 2 1,04 Z1 1,96 Z2 , 11 Z1 1,41 23 4,26
Hewer Z2 1,06 z2 2,57 22 1,21 Z2 1,06 Z3 4,35
Hewer zZ2 ,93 z2 1,01| z2 80| 22 |( ,01) z3 3,14
Cutterman zZ1 1,58 zZ1 2,52 z3 3,69
Cutterman z1 |( ,18) 21 1,75 21 1,34 =2a 1,85 23 3,10

(*) doubtful values

Results of respirable dust in mg/m3

Activity and localisation of workers during the shift



Instrumeniation for Dust Measuremen:

Table VI
Personal Dust Sampling with the CIP 10

HEADING WORKINGS
MARIENAU PIT SDS JUNE 1988

i
DAYS 131416]72(2} 13 14 16 17 20113 14 16 17 20|13 14 16 17 20

Z+ 3 | Z2  ZI

i 1

== AMBIENT DUST RESULTS
¢ PERSONAL DUST RESULTS
€ DOUBTFUL VALUES

REPARTITION ACCORDING TO THE ZONES AND TO THE DAYS
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Instrumnentation for Dust Measurement

Table VII
Personal Dust Sampling with the CIP 10

£ RE-ALLOCATION OF PNEUMOCONIOTIC MINERS CONTROL
mg 1’“3 JULY 1987
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Table VIII
Personal Dust Sampling with the CIP 10

RE-ALLOCATION OF PNEUMOCONIOTIC MINERS CONTROL |

Instrumentarion for Dust Measurement

mg / m3
4 JULY 1987
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PULMONARY FUNCTION CHANGES IN VERMONT GRANITE WORKERS

WILLIAM G.B. GRAHAM + Sheila Weaver e

Taka Ashikaga * David Hemenway * Robert O'Grady
Depts. of Medicine, Biostatistics, and Engineering, University of Vermont and the Vermont State

Health Department, Burlington, VT, USA

ABSTRACT

Previous studies have snggested that excessive losses of FVC and FEV| were occurring in Vermont granite
workers despite the fact that quartz levels existing in the industry were below the current OSHA standards.
We re-examined these losses in granite workers over an eight year period, testing the workforce semiannual-
ly from 1979 1o 1987. All workers, including stone shed, quarry and office were offered forced spirometry
using a 10 L. Collins water sealed spirometer. In the peak year of participation (1983}, 887 workers out of
atotal of approximately 1400 were tested. Estimates of longitudinal loss were based on 711 workers who par-
ticipated in at least 3 of the surveys. The mean age of this group was 42.9 years, and the mean years employed
was 19.3 yrs. 21.4% were non-smokers (NS), 34.2% ex-smokers (ES), and 44.4% current smokers (CS).
Average annual losses of FVYC were .025 +.055L. (CS: .032 L.; NS: .014L.; ES: .024 L.). Average annual
losses of FEV; were .036 £.040 L. (CS: .044 L.; NS: .027 L.; ES: .033 L.). Analysis of covariance in-
dicated that losses were related to the initial values for FVC or FEV | o, height, age, and smoking history.
The losses of both FVC and FEV o were not correlated with years employed in the granite industry. The
losses of pulmonary function were significantly smaller than those estimated previously, which were .070-.080
L in FVC, and .050-.070 in FEV| 5. We conclude that current dust levels in the Vermont granite industry

do not accelerate pulmonary function loss.

BACKGROUND

A cross-sectional analysis of pulmonary function loss in Ver-
mont granite workers suggested a small loss in the forced vital
capacity (FVC) and FEV due to dust exposure, amounting
to 2 ml/year, compared with a 30 ml loss annually due to ag-
ing, and a 9 ml loss due to smoking.! Although these results
were criticized as resulting in a negligible loss over a work-
ing lifetime,? a later longitudinal study?® stated that annual
losses of FEV were between 50-70 ml, and FVC losses were
between 70-80 ml. These studies suggesting excessive
pulmonary function loss related o granite dust exposure
(average dust-year 523 micrograms/cubic meter, average
quariz year of exposure 50 micrograms/cubic meter) were in-
fluential in the current NIOSH recommended exposure limit
of 50 micrograms/cubic meter for crystalline silica. The
operative OSHA limit is 100 micrograms/cubic meter.

In 1981, we published data* concluding that the predicted
losses of pulmonary function had not occurred, based on a
follow-up study of the same individual workers who had been
tested previously. Large increases had occurred in vital
capacity values (106 ml year), and there were essentially no
losses annually in FEV values. The authors of the previous
papers agreed® that the FVC measurements were invalid
because of short expiratory times, though the decrements of
FEV| values continue to be discussed.$

This study presents further longitudinal data on pulmonary

870

function losses in the Vermont granite population. The
initial survey, done in 1979, was the basis for our 1981
publication. Follow-up industry-wide surveys were carried
out semi-annually to 1987, giving an eight year period of
observation. The purpose of the study was to characterize the
rate of pulmonary function change and to determine whether
exposure to the relatively low levels of granite dust prevail-
ing in the industry significantly affect pulmonary function
loss.

METHODS

All employees in the Vermont granite industry, which includes
approximately 70 stone sheds and 6 quarries in 5 different
communities, were offered forced spirometry semiannually
from 1979 to 1987. In 1983 these tests were carried out in con-
junction with a chest radiographic survey. Job categories in-
cluded the various stone shed jobs (polisher, cutter, planer,
wire saw, etc.) as well as outdoor quarry workers and office
workers. Spirometry was performed on a 10 L. water-sealed
Collins spirometer according to recommendations of the
Epidemiology Standardization Project.” Values for FVC and
FEV, ambient temperature, age, years employed in the in-
dustry, and smoking history were recorded for each worker.
In addition, analysis of total gravimetric dust levels was car-
ried out using personal breathing zone samplers. Data were
analyzed using basic univariate analysis, as well as analysis
of covariance.



RESULTS

The numbers of workers tested in the semi-annual surveys is
given in Table 1. The numbers listed for 1979 are artifactually
low, since the initial 150 workers tested were excluded
because they had been tested on a different instrument which
was not precisely calibrated. Subsequent spirometries were
performed on the Collins spirometer used by the previous
workers from 1970-74. In addition, approximately 100 trac-
ings have been lost and are not available for analysis. Only
173 workers were tested on all five occasions over an eight
year period, reflecting the fact that new workers were com-
ing into the work force, others were retiring or were
unavailable for testing because of vacation, sick leave or a
mobile van at the work place for the first time since 1976.
There were 711 workers who were tested 3 times or more.
The basic statistics of this group are listed in Table II. Near-
ly 80% of the workers were either ex-smokers or current
smokers; only 21.4% were never smokers. The average
number of years in granite was nearly 20.

Longitudinal pulmonary function changes are based on the 711
subjects, both shed and quarry workers, who were tested three
or more times. This data is summarized in Table III. Yearly
decrements in FEV, FVC and FEV{/FVC x 100 were esti-
mated for each worker as the slope of the fitted least squares
regression line for each individual. These slopes were approx-
imately normally distributed and smokers exhibited more
function loss than non-smokers and ex-smokers. Overall an-
nual losses were .025 L.for FVC, .036 L. for FEV,, and
0.37% for the FEV |/FVC ratio. Non-smokers have the low-
est losses, ex-smokers intermediate, and current smokers the
highest losses. Within different smoking categories (non-
smoker, ex-smoker, and current smoker), there was no differ-
ence in losses between exposure categories we presume to be
different, i.e. office, shed and quarry workers. Decrements
in lung function appear to be similar to those reported in other
working populations not exposed to dust in the occupational
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environment, and are clearly far lower than the estimates of
longitudinal loss reported previously among Vermont granite
workers.

To separate out the effects of independent variables (age, value
of initial measurement, smoking status and granite working
history), we carried out an analysis of covariance. For the
FVC and FEV,, the independent variables of initial FVC,
height, age and smoking had a significant effect on pulmonary
function changes (p<.001 or less), whereas “‘years in
granite,”” used as an index of granite exposure, had no signifi-
cant effect (p=.144 for FVC and .151 for FEV)).

DISCUSSION

These results indicate that the previous estimates of pulmonary
loss in Vermont granite workers were probably in error, and
we attribute the conflicting results to the fact that our
spirometric measurements were techically rigorous, with
careful attention to duration of expiration, calibration of the
spirometer, and assuring maximum voluntary effort. Qur
analysis of dust levels in the stone sheds suggest that no change
has occurred in the industry since 1970-78. The mean dust
concentration was 601 micrograms/cubic meter, which is
quite similar to the results reported previously.® Accepting
the quartz levels at 10%, as stated by the previous workers,?
the average quartz exposure estimates are 60
micrograms/cubic meter, which is below the current OSHA
limjt, but above the recommended exposure limit of 50
micrograms/cubic meter proposed by NIOSH. We conclude
that current pulmonary function losses are comparable to those
seen in non-dust exposed working populations, and that cur-
rent dust exposures in the granite industry do not contribute
to pulmonary function loss. Further, the observed annual
losses are approximately half the values reported by previous
studies in Vermont granite workers.

Table I
Number of Workers With Data Available
Years Tested
1979 1981 1983 1985 1987 3 or more all 5
426 613 864 806 661 711 173
Table II

Basic Mean Data of Workers With 3 or More Tests
(All Subjects = 711)

Age in 1983
Height

Years in granite

Mean FEV 1.0.,
Mean FVC, L.

L.

Mean FEV 1.0/FVC

42.903

68.3

19.336
3.687
4,804
.766
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Table HI

Mean Annual Lengitudinal Losses in Pulmonary Function Parameters
in 711 Workers Tested 3 or More Times

Smokers FEx-smokers Non-smokers All

N=316 N=243 N=152 n=711
FVC, L. .032 024 .014 .025
FEV 1.0,L. 044 .033 .027 .036
FEV 1/FVC 437 .318 .314 .370

x 100

No difference was found in annual losses of FEV 1.0
and FVC between office, quarry and stone shed workers overall or
in different smoking categories,

REFERENCES 6. Eisen, E.E., Wegman, D.H., Louis, T.A.: Effects of Selection in a Pro-

. . s - spective Study of Forced Expiratory Volume in Vermont Granite
1. Theriault, G.P., Peters, J.M., Fine, L.J.: Pulmonary Function in Granitc Workers. Am. Rev. Resp. Dis. 128:587-591 (1983).
Shed Workers of Vermont. Arch. Environ. Health. 28:23-27 (1974). 7. Ferris. B.G. Epi iol S ization Proiect. Ans. Rev. Re
2. Morgan, W.K.C.: The Walmus and the Carpenter of the Silca Criteria - Ferris, B.G.: Epidemiology Standardization Project. - Resp.

ey Dis. 118:1-120 Pant 2 (1978).
Standard. J. Occup. Med. 17:782-3 (1975). . 8. Eisen, E.A., Smith, T.J., Wegman, D.H., Louis, T.S., Froines, J.:
3. Musk, AW, Peter, ] M., Wegman, D.H., Fine, L.J.: Pulmonary Func- N . :
L ) v Estimation of Long Term Dust Exposures in the Vermont Granite Sheds.
tion in Granite Dust Exposure: a Four Year Follow-up. Am. Rev. Resp. Am. Ind. 1. 45:85-94 (1984)
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ARBEITSMEDIZINISCHE VORSORGEUNTERSUCHUNGEN FUR
QUARZFEINSTAUBGEFAHRDETE BESCHAFTIGTE IN DER

BUNDESREPUBLIK DEUTSCHLAND
SIEGFRIED KNOBLOCH, Dipl.-Ing.

Steinbruchs—Berufisgenossenschaft, Hanover, Federal Republic of Germany

In der Bundesrepublick Deutschland mussen alle
Beschafiigten, die an ihrem Arbeitsplatz durch Quarz-
feinstaub gefahrdet werden, vor Beginn ihrer Tatigkeit und
danach in regelmafigen Abstanden arbeitsmedizinisch unter-
sucht werden. Wann kann von einer Gefahrdung gesprochen
werden? In der Bundesrepublik Deutschland ist fur Quarz-
feinstaub in der Atemluft der Beschaftigten am Arbeitsplatz
eine Schadstoffkonzentration von o, 15 mg/m? zulassig. Die-
ser Wert setzt voraus, daf nur gesunde Personnen dieser
Schadstoffkonzentration ausgesetzgt werden. Daraus folgt,
dap3 Beschaftigte schon bei weitaus niedrigeren Schadstof-
fkonzentrationen arbeitsmedizinisch uberwacht werden
mussen. In der Bundesrepublik Deutschland ist diese
Ausloseschwelle auf die Halfte des oben genannten
Grenzertes festgelegt worden.

Die arbeitsmedizinischen Untersuchungen mussen vor
Ausnahme der Taugkelt {Erstuntersuchung) und danach in
regelmaﬁxgen Abstanden (Nachuntersuchungen) wiederholt
werden. Die Untersuchungen selbst durfen nur von
besonderes erfahrenen und ermachtigten Arzten vorgenom-
men werden. Sofern diese keine kurzeren Zeitraume vor
schlagben, erfolgen die Untersuchungen bei quarz-
feinstaubgefahrdeten Beschaftigten in Abstanden von 3
Jahren. Nur wenn und solange der Arzt keine Bedenken
erhebt, durfen die Beschaftigten dan ihrer Arbeit weiter
nachgehen.

Der Unternehmer hat die Untersuchungstermine zu uber-
wachen, die Untersuchungen zu veranlassen, zu bezahien und
auch fur jeden Beschaftigten eine Gesundheitskartei zu
fuhren. In dieser Kartei sind neben den personlichen Daten
festzuhalten:

Tag der Einstellung und des Ausscheidens,
Art der Gefahrdungsmoglichkeiten,

Art der Tatigkeit mit Angabe des Zeitpunkies ihres
Beginns und ihres Endes,

» Angaben von Zeiten uber fruhere Tatigkeiten, bei denen
eine Gefahrdungsmoglichkeit bestand,

Datum und Ergebnis der arbeitsmedizinischen
Vorsorgeuntersuchungen.

Die Steinbruchs-Berufsgenossenschaft, der Trager der

gesetzlichen Unfallversicherung auch fur die Steinbruche,
hat seit Jahrzehnten gleichsam als Servncelelsmng—fur ihre
Mitglieder die Terminuverwachung dieser arztlichen Unter-
suchungen und die Aufbewahrung der Rontgenaufnahmen
und sonstigen Unterlagen ubernommen. So sind fur alle
quarzfemstaubgefahrdeten Beschaftlgten luckenlos fur die
Dauer ihrer Tatigkeit in einem Mitgliedsunternchmen
Unterlagen vorhanden, die bei einer beginnenden oder
festgestellten Erkrankung fur die Beurteilung herangezogen
werden konnen. Dies ist gerade im Hinblick auf die Vielzahl
der ganz kleinen Steinbruche von sehr grofer Bedeutung, da
diese Betriebe selbst kaum in der Lage sind, die
vorgeschricbenen Karteien zu fuhren und die Unterlagen
aufzubewahren.

Im Jahr 1986 hat die Steinbruchs-Berufsgenossenschaft
begonnen, alle Daten EDV-mapig zu erfassen. Seitdem
erhalt jeder Betrieb, in dem Staubgefahrdete versichert sind,
2 Monate vor Ablauf der Untersuchungsfrist eine
Benachrichtigung, dafl eine weitere Untersuchung vorgenom-
men werden muf. Dieser Benachrichtigung werden nicht nur
die notwendigen Formulare, sondern auch eine Liste der in
der naheren Umgebung tatigen und von der Beruf-
sgenossenschaft ermachtigten Arzte beigefugt. Auf diese
Weise hat der Beschaftigte die freie Arztwahl. Nach der
Untersuchung werden die Rontgenaufnahmen und die
arztliche Beurteilung der Berufsgenossenschaft zur
Aufbewahrung iibergeben Diese legt schlieflich alle
Unterlagen, die uber einen Beschaftigten vorhanden sind,
einemn besonders ausgebildeten und geubten Arzt zur en-
dgultlgen Beurteilung vor. Diese Arzte besitzen nicht nur
eine langjahrige Berufserfahrung als Lungenfacharzte,
sondern haben sich durch die Vielzahl der Falle, die ihnen
vorgelegt werden, ein besonders umfangreiches Wissen um
die Silikose erworben. Jeder dieser Arzte begutachtet im Jahr
etwa 2.000 Personen. Nicht selten kann ein Arzt lo bis 15
Rontgenaufnahmen desselben Beschaftigten zum Vergleich
heranziehen. Dieser Arzt entscheidet auch, ob der
Beschaftigte weiterhin seiner bisherigen Tatigkeit nachgehen
kann, ob die ubliche Untersuchungsfnst von 3 Jahren
verkurzt werden muf und ob ein Beschaftigter gegebenen-
falls seinen Arbeitsplatz wechseln mf. Etwa 20.000
Beschafugtc, die staubgefahrlich tatig sind, werden auf diese
Weiseuberwacht,

Entscheidend fur den Grad der Gefahrdung eines
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Beschafugten ist neben seinem Gesundheitszustand auch die
Hohe der Schadstoffkonzentration in der Atemluft am
Arbeitsplatz. Fur die Arbeitsmedizin ist es sicherlich von
sehr grofem Interesse, diese beiden Daten einander
gegenuberzustellen bzw. zu verknupfen, um eine noch
verlaflichere Beurtetlung der Grenzwerte zu erhalten. Die
Steinbruchs-Berufsgenossenschaft ist diesem Ziel schon
bereits ein grofes Stuck nahergekommen. Seit Jahrzehnten
wird eine Ziclzah! von Staubmessungen am Arbeitsplatz dur-
chgefuhrt und ausgewertet. Im Jahr 1987 wurde nun mit der
Zusammenfuhrung der medizinischen und meftechnischen
Daten begonnen. Dabei wurde zunachst besonderer Wert auf
eine moglichst exakte Beschreibung des Arbeitsplatzes und
Tatigkeit des einzelnen Beschafhgten gelegt. Bei Wechsel des
Betricbes oder Aufnahme einer anderen Tatigkeit werden
diese Daten aktualisiert. Auf diese Weise wissen wir schon
heute nicht nur, ob ein Beschaftigter gesund ist, sondern seit

874

wann er einer bestimmten Schadstoffkonzentration ausgesetzt
ist. Wir beabsichtigen, dieses Verfahren forfzufuhren, so daf
wir schlieflich fur diese Beschaftigten uber ihr ganzes
Arbeitsleben hinweg die entsprechenden Daten haben. Da
nicht nur der Arbeitsplatz, sondern auch die Tatigkeit genau
beschrieben und verschlusselt sind, wird es uns kunftig auch
moglich sein, einzelne Personengruppen daraufhin zu unter-
suchen, ob sie starker gefahrdet sind als andere.

Der Vollstandigkeit halver mochte ich noch erwahnen, daf
die Steinbruchs- Berufsgenossenschaft auch einen Rontgen-
wagen besitzt, der in die Betriebe fahrt und dort an Ort und
Stelle die Nachuntersuchungen durchfuhrt. Dadurch ist
gewahrleisted, daf diese Untersuchunger zum
vorgeschriebenen Zeitpunkt nahezu luckenlos durchgefuhrt
werden und andererseits den Betrieben betrachtliche Kosten
fur die Arbeitsunterbrechung erspart bleiben.



PREVALENCE OF RADIOGRAPHIC SMALL LUNG OPACITIES AND
PLEURAL ABNORMALITIES IN A REPRESENTATIVE SAMPLE
OF ADULT FINNS

A.J. ZITTING ¢ T.Kuusela ¢ O, Impivaara* ¢ J. Maatela* ¢ A. Aromaa*

*Institute of Occupational Health, Helsinki, Finland and Social Insurance Institution, Turku and
Helsinki, Finland

ABSTRACT

This study is part of the Mini-Finland Health Survey which was carried out in a sample (n=8000) represen-
tative of the Finnish population aged 30 or over. The aim of the study was to investigate the prevalence or
radiographic small lung opacities and pleural abnormalities in this population. Of the standard full size
radiographs routinely taken, 7095 (89% of the sample) were acceptable for classification purposes. Two
radiologists recorded the findings independently according to the ILO (1980) Classification of Radiographs
of Pneumoconioses. The prevalences were calculated on the basis of findings agreed on by the two radiologists.

The prevalences of small lung opacities and pleural abnormalities all increased steeply with age and were much
higher in men than in women. The prevalences (%, age-adjusted) of the most common findings are given in

the table.
Men Women
16.5 10.0
Small opacities (at least category 1) 13.8 3.2
Diffuse pleural thickening
Pleural plaques 10.2 2.6
Pleural calcification 6.6 2.3

The divergent prevalences in men and women are probably related to differences in working conditions and
smoking habits which are currently subject to further analysis. These population based findings are likely to
constitute a useful basis for various reference purposes.

No Paper provided.
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OCCUPATIONAL ASTHMA IN MEAT WORKERS EXPOSED TO
PROTEOLYTIC ENZYMES
S.K. GALSON ¢ D.IL Bernstein* e« J.M. Boiano ¢ J.S. Gallagher* * A.B. Smith

National Institute for Occupational Safety and Health, Cincinnati, Ohio
*¥University of Cincinnati College of Medicine, Cincinnati, Ohio, USA

ABSTRACT

InJanuary, 1987, work-related shortness of breath and wheezing among workers at a meat portioning facility
prompted a request for a NIOSH health hazard evaluation. The facility sprays steaks with spice solutions con-
taining the enzymes papain, bromelain, and ficin. Occupational asthma related to enzyme exposure had not
previously been reported in the meat industry.

To identify individuals with symptoms compatible with occupational asthma, we administered a case-finding
questionnaire to 376 of 400 current workers. Ninety-six workers with compatible symptoms, and an equal
number of non-symptomatic workers, were invited to participate in a set of follow-up examinations, which
included a more detailed questionnaire, pulmonary function testing, skin prick testing, and assays for specific
IgE to papain. Ninety-six workers participated in the follow-up. Twenty-one (23%) of 91 skin-tested workers
reacted to at least one of the purified enzymes. Eight (11%) of 73 participants completing peak-flow mea-
surements had evidence of symptomatic, work-related bronchial lability. Based on the medical studies, we
diagnosed 29 workers with possible or definite tenderizer-related occupational asthma. This corresponds to
a prevalence of 12% among workers exposed to tenderizers. This study demonstrated that IgE-mediated sen-
sitization to proteolytic enzymes, and tenderizer-related asthma can occur in the meat industry.

No Paper provided.
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THE EFFECTS OF AGRICULTURAL DUSTS ON HUMAN HEALTH IN

SHANGHAI AREA

SHEN YI-E ¢ Ye Ting-Ting ¢ Dai Gou-Qiang * Zhou Qun-Min * Lu Pei-Lian

Shanghai Medical University

SUMMARY

From 1985 through 1987, the surveys of several kinds of agricultural dusts, including rice, tea, hay and
mushroom compost, on human health have been conducted in Shanghai. Totally, 1851 subjects were in-
vestigated. There were some disorders related to the exposure to the dusts, including stimulation symptoms
on mucous membrane of airway (0.8-63.4% in them), grain fever (5.1-17.5%), hypersensitivity pneumonitis
(3.5-5.8%), chronic bronchitis (4.3-17.7%) and some changes of pulmonary function. Some potential
etiological agents and mechanisms were studied in the survey. The findings show that these dusts have af-

fected human health.

INTRODUCTION

It is well known that agricultural dusts are harmful to human
health.! From 1985 through 1987, some field surveys were
conducted in the Shanghai area in order to find out their ef-
fects on human health and to study some of the potential
etiological agents and the mechanisms of the effects.

METHODS AND MATERIALS

Dust Concentrations in Air

The total airborme dust concentrations in workplaces were
determined by using the dust collectors of DK-60-2 type and
conventional method.

The Amount of Thermoactinomycetes

In order to determine the amount of thermoactinomycetes in
air, LWC-1 centrifugal collectors of airborne microerganisms
were used to collect microoganisms in various werkplaces of
cultivating mushrooms. The samples were incubated at 52°C
and the colonies were counted every day through the fifth day.
Finally, the thermoactinomycetes were identified
morphologically.

Subjects
1851 subjects were investigated, including 349 rice pro-
cessors, 259 tea workers, 746 rice farmers and 497 mushroom

farmers. The controls were not exposed to dust in the same
arca.

Questionnaire and Puimonary Function Test

The modified questionnaires were applied for interview to the
subjects and controls.? The pulmonary function tests were
performed by using spirometer of LR-80 type in most of them,

but the tests were done by using Collin’s spirometer in
mushroom farmers and their controls.

Immunological Test

ELISA was applied to determine the level of IgE in serum
from the tea workers and the precipitins in serum were tested
in mushroom farmers and their controls. 34

RESULTS

The Environmental Study

The geometric means of airborne dust concentration in dif-
ferent workplaces have been found to be from 13.2 to 76.9
mg per cubic meter in rice processing mills and from 2.3 to
36.4 mg per cubic meter in the tea mills. In addition, the
geometric means of the amount of thermoactinomycetes have
been found to be from 1.07 X 10% to 4.39 X 10° CFU per
gram of the compost of mushrooms and from 262 to 3276
CFU per cubic meter of air in the workplaces of cultivating
mushrooms during the work except the duration of picking
mushrooms, but only from 13 to 42 CFU per cubic meter of
air in control places.

Response to The Dusts

The prevalence of stimulation symptoms on mucous mem-
brane was 63.4% in rice processors, 53.7% in tea workers,
29.8% in rice farmers and only 0.8 % in mushroom farmers.
Meanwhile, the prevalence of grain fever was 17.5% in rice
processors and 5.1% in rice farmers, being significantly dif-
ferent between them (P < 0.05). However, the hypersensitivi-
ty pneumonitis (HP) was not found in rice processors. The
prevalence of HP (farmer’s lung) was 3.5% in rice farmers
and the prevalence of mushroom worker’s lung, another kind
of HP, was 5.8% in mushroom farmers, the latter being
significantly higher than the former (P <0.05).
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The prevalence of chronic bronchitis in male and female rice
processors was the highest (17.7 and 9.9%) of all male and
female groups (P <0.01 and P <0.05). The prevalence (in
male and female respectively) was 10.6 and 4.3% in rice
farmers, 6.7 and 5.5% in mushroom farmers, 2.2 and 1.0%
in controls. The prevalence in the tea workers of twe mills
was 5.6 and 6.0%, respectively.

Pulmonary Function Test

The ratio of the observed to the predicted (O/P) FEV, V75,
Vg and V35 declined in different groups. The values of FVC,
FEV,, Vs and V45 declined after shift compared with those
before the shift in female tea workers significantly and the
FEV; also declined in female rice processors, but not
significantly. It was also shown that the values of FEV, FYC
and FEF)¢ 754 decreased significantly in the farmers after the
season of cultivating mushrooms.

Immunological Test

The average levels of total IgE in serum from the tea workers
in the two mills were significantly higher (490.83 and 539.63
IU per ml) than that (290.03 IU per ml) from the controls.
Moreover, the prevalence of precipitin reaction against an-
tigens from T. candidus 106 and T. vulgaris 941 was
significantly higher (64.7 and 41.2 %) in mushroom farmers
than that (6.0 and 8.4%) in controls.

DISCUSSION

The Maximum Allowable Concentrations of airborne rice and
tea dusts in the workplace are 10 mg per cubic meter and 3
mg per cubic meter in China, respectively.’ In these surveys,
most of the samples of airborne dusts had concentrations
higher or much higher than the MACs. The rice processors
and tea workers were exposed to the high concentration of dust
at work every day, which probably was the main cause of the
high prevalence of stimulatiocn symptoms on mucous mem-
branes. The rice farmers were only exposed to the rice dust
outdoors in the harvest season, so their exposure might not
be as serious as the processors and workers. Since the com-
post of mushrooms was rather wet, there was not so much dust
from it, but the acrosol containing microorganisms might
generate from it. Therefore, the prevalence of the symptoms
in the farmers was not as high as that in the processors and
workers.

The prevalence of chronic bronchitis increased in pace with
smoking and age. Although, there was no significant dif-
ference of age and smoking habit between male rice processors
and other subjects, the prevalence of chronic bronchitis was
higher in them than in others. There were almost no women
smokers in Shanghai and the average age of female rice pro-
cessors was younger than that of others, but the prevalence
in them was higher than that in others. In addition, the
prevalence in every group of subjects was higher than that in
controls. Therefore, the chronic bronchitis in the subjects
might be related to their exposure to the agricultural dust,
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especially to the rice dust in the processing mills.

The prevalence of grain fever in the rice processors was higher
than that in rice farmers, which could be related to the fact
that exposure to dust was more severe in the former than in
the latter. But there was little mouldy rice in the rice process-
ing mills, so the HP was not found in the mills. However, since
the rice farmers were not only exposed to the rice dust, but
also to mouldy hay dust sometimes, the prevalence of HP
(farmer’s lung) was 3.5% in them. The mushroom farmers
might be exposed to more amounts of thermeactinomycetes
in the aerosol from the compost of mushrooms than the rice
farmers, thus, the prevalence of HP in them was higher than
that in the rice farmers.

Many of the subjects exposed to the agricultural dusts have
had some damage of pulmonary function. The changes were
obvious in tea workers, which appeared to be obstructive in
airway. FEV, and FVC decreased, but FEV/FVC did not
in some mushroom farmers after a cultivating season, which
might be consistent with the change of HP.?

Mushroom farmers were mainly exposed to thermoac-
tinomycetes like T. vulgaris, but not 1o M. faeni, and the
precipitins in serum from them were mainly against T. can-
didus and T. vulgaris but not against M. faeni. So, the main
antigens of HP might be from T. vidgaris and related taxa,
which is probably similar to the findings of the etiological
study of farmer’s lung in other districts of China.®

In addition, the level of IgE in serum was raised in some tea
workers who had some respiratory symptoms related to ex-
posure to tea dust, which might imply that some symptoms
were possibly related to the mechanism of allergy.?

1t could be concluded that these agricultural dusts had affected
human health in Shanghai. Some preventive measures should
be taken such as supression of dust and mould, personal pro-
tective measures, and so on. !0
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OCCUPATION INDUCED PULMONARY DISEASE IN A WAFER BOARD
MANUFACTURING PLANT, COLORADO

T.R. HALES ¢ P. J. Seligman ¢ B. J. Daniels
National Institute for Occupational Safety and Health (NIOSH), Cincinnati, Ohio, USA

ABSTRACT

In December 1986 the Colorado Department of Health requested assistance from the National Institute for
Occupational Safety and Health in evaluating a cluster of asthma cases among employees of a wafer board
manufacturing plant. The plant reduces aspen logs to thin wafers, which are then pressed into rigid wafer-
boards using MDI (4,4-diphenylmethane diisocyanate) as the binding agent. A cross-sectional survey of 97
current employees and directed review of 93 former employees identified 13 cases of disease for an overall
attack rate of 6.7%. The attack rate among current employees was 3%, while the attack rate among farmer
employees was 11% . Personal air samples for MDI were within NIOSH's standard (5 ppb), suggesting that
our cases represent sensitized individuals. To identify risk factors associated with disease a case control study
was undertaken. No association was found between family or personal history of asthma, eczema, hayfever,
smoking, or job title. Given our inability to find any predictive pre-employment screening tests, nor identify
any particular area or job title with MDI exposure, surveillance of the current workforce for early MDI sen-
sitization is very important. Symptom questionnaires, peak expiratory flow readings, MDI-ELISA and RAST
tests, could all be used.

No Paper provided.
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INTRODUCTION

Although occupational lung disorder caused by inhalation of
cotton dust is a continuing problem and byssinosis is now
known te occur worldwide, cotton production and consump-
tion has expanded rapidly in developing countries. The Peo-
ple’s Democratic Republic of Ethiopia being one of the cot-
ton producers and consumers countries in Africa, started ex-
panding its textile industries since the last decade and the
number of its workers in cotton processing continues to grow
annually.

Lots of studies in cotton mills were done and reported from
many developed nations and also few reports regarding
respiratory problems have been documented from develop-
ing countries like Egypt,! Sudan,? Tanzania,> and Hong
Kong,* but there is no article published concerning the prob-
lems caused by cotton dust in Ethiopia. Thus, this paper
represents the first epidemiological study of the textile industry
in Ethiopia using diagnostic criterion similar to those which
are applied in developed countries, such as the United States
of America and Great Britain.

A few studies of cotton textile workers have looked into the
prevalence of respiratory symptoms and lung function com-
pared with those of control subjects.’-67-3 There is also a
limited number of studies that have reviewed lung function
in cotton textile workers with and without byssinosis or bron-
chitis,%10.!1 This study investigated the prevalence of
byssinosis and other respiratory problems among workers ex-
posed to cotton dust in a textile mill in Ethiopia and also at-
tempted to explore determinants by considering workers ex-
posed to cotton dust in the textile mill with respiratory tract
diseases as case study group and without respiratory tract
disease as control group.

This cotton textile mill was established in the early 1960s and
a daily eight hourly system is operating contincusly for the
whole week, while intermittently providing a *‘day-off™’ for
each worker to rest. In spite of the attempt to retrofit current
ventilation systems in the early 1980s, plant officials stated
ﬂmtlhegustyenvimnmentrmnainedunchangedsincethcwly
1960s.1
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MATERIAL AND METHODS

Population

This study included a group of randomly selected 595 workers
(322 male and 273 female) representing 40.5% of workers
involved in dusty operations in the blowing, carding, draw-
ing, simplex, ringframe, preparatory and weaving sections
of a cotton textile mill in Bahir Dar, Ethiopia.

Environmental Assessment

The concentration of airborne dust in the breathing zone was
determined with the casella personal dust sampler and the
sampling rate was set to 0.2 1/min. The concentration of air-
borne dust in the general environment was concurrently
monitored with an Anderson dust sampler fitted with a ver-
tical elutriator (General Metal Works Inc.) that was set up at
a height of 1.5m at selected positions and samples were drawn
at a rate of 7.41/min. Multiple area samples were taken and
the duration of sampling ranged between 8-10 hours (mean
8.7 hours). All samples were collected on What man glass
fibre GF/A with 3.7 cm diameter and weighing was done on
a calibrated analytical balance before and after sample col-
lection after equilibrating filters in the laboratory for 24 hours.

Interviews and Physical Examination

A modified version of the British Medical Research Council
Questionnaire was filled out and each worker was fully ex-
amined with emphasis being laid on signs and symptoms sug-
gestive of respiratory diseases. All workers were blindly in-
terviewed and examined by one trained physician. The stages
of byssinosis were defined according to the clinical grades sug-
gested by Schilling et al.!3 Subjects were also diagnosed as
having other respiratory diseases based on previously stated
criteria. 14-13.16 Subjects who gave confirmed past history of
respiratory diseases were also considered in this study.

Pulmonary Function Test

Subjects’ forced vital capacity (FVC) and forced expiratory
volume in one second (FEV,) were measured under the
direction of 2 technician using a multipurpose spirometer.



Function testings were carried out on each worker on the first
day of the shift after at least one day absence from work and
repeated at the end of the same shift. Five expiratory efforts
were recorded and the mean of the two highest values was used
to estimate the FEV and FVC. All volumes were adjusted
to body temperature and pressure saturated with water vapour
(BTPS). The preshift FEV; values were compared with the
expected normal values of Cherniack and Rater."?

For all statistical tests, P less than 0.05 was considered
significant.

RESULTS

Population

All the 595 workers in the study voluntarily underwent inter-
view, physical examination and pulmonary function testing.
Non-reproducible function tests of 32 subjects were exclud-
ed only from pulmonary function test analysis. There were
only 14 smokers and 4 ex-smokers, all male. Over 95% of
the cotton workers had not changed jobs or their sections dur-
ing the course of their empioyment.

Environmental Assessment

The concetrations of airborne cotton dust are shown in Table
I. The highest concentration of cotton dust was recorded in
the blowing and carding sections, whereas the lowest was
recorded in the weaving and sections. The amount
of dust generated in the blowing and carding operations was
high and more than two fold compared to other operations
(P <0.005). The mean dust concentration and the mean time-
weighted dust concentration were much higher (P« 0.001) in
the case study group than in the control group.

Respiratory Conditions

The prevalence of byssinosis and other respiratory tract
diseases is summarized in Table H and Figure 1. The
prevalences of byssinosis, chronic bronchitis and bronchial
asthma were very high (P<0.001) among blowers and carders
in comparison to those in other sections. The overall
prevalence of hay fever (28.3%) was the highest of all the
Tespiratory problems in the textile mill. Generally, the
prevalence of byssinosis, chronic bronchitis and bronchial
asthma showed a significant increase with the duration of ex-
posure to cotton dust in the textile mill (Table IIT). No signifi-
cant difference was observed in the prevalence of byssinosis
between smoking and non-smoking workers, otherwise, the
effect of smoking on the prevalence of chronic bronchitis was
significant (Table IV). In general, 48.1% of the study popula-
tion had one or more respiratory tract problems while the re-
maining 51.9% had neither symptoms and signs nor gave past
histories of respiratory tract diseases.

We regrouped the study population in two strata based on the
frequency distribution of the time-weighted elutriated dust
concentration as those with a high and low cumulative dust
exposure and cross tabulated, assuming the present dust levels
were more or less similar to the past ones,

The estimated relative risks of developing byssinosis and other
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respiratory problems in high cumulative cotton dust exposure
were statistically significant when compared to low cumulative
cotton dust exposure (Table V). Also the estimated relative
risk of manifesting symptoms of respiratory impairment was
significant in those exposed to high cumulative cotton dust and
developed respiratory tract problems when compared with
those exposed to low cumulative cotton dust (Table VI).

Pulmonary Function Test Analysis

A statistically significant (P < 0.001) across-shift decrements
in FEV; and FVC and alsc a decrease in the percentage
predicted FEV| were noted in the case study group when
compared with the control group. There was a significant
reduction in FEV (P<0.001) at the end of the shift, more
than 10% and/or 20% among byssinotics when compared with
the controls (Figure 2). Also a significant increase in percen-
tage reduction in FEV,; was noted with an increase in
byssinoiss grade. The chronic changes in FEV; among ex-
posed workers were further analysed according to Bouhuys
et al.’® While 24 % of byssinotics developed FEV; moderate
to severe chronic changes (P < 0.001), only 1% of the non-
respiratory tract disease group (controls) showed similar
changes (Table VII).

Generally, the repression analysis results shown in Tables VIIY
and IX indicate statistically signficant dose-response relation-
ship between respiratory problems and pulmonary function
test results at one hand and current, cumulative and length of
exposure to cotton dust at the other.

DISCUSSION

The results of our study showed that the concentrations of air-
borne cotton dust in the different sections of the surveyed tex-
tile mill were very high, with concentrations greatly in excess
(nearly 4 to 17 tons) of 0.2 mg/m? of dust. This was in ac-
cordance with reports on other cotton mills.2-620 Also the
dust collected at the early stage of yarn production was very
high and this was similar to those reported by others.221.22

The high prevalence of byssinosis in the blowing and carding
processes is similar to those reported by other in-
vestigators.2-232* The high prevalence of byssinosis in draw-
ing, simplex and ringframe spinners may be due to the fact
that the level of cotton dust was still high in these sections,

Inspite of the controversy surrounding the relationship be-
tween the prevalence of byssinosis and the duration of ex-
posure, our study showed a significant increase in the
prevalence of byssinosis with duration of exposure. The same
relationship had also been observed in Sudan and
Egypt.220:2! The progression in the stages of byssinosis in
relation to the duration of exposure observed in our finding
support previously reported conclusions that the different
grades of byssinosis succeed each other in diseased sub-
jects.22021 Our results also showed that there was a signifi-
cant association between the prevalence of byssinosis and
time-weighted dust concentration. This is in agreement with
Fox et al.Z Qur results showed that smoking had no signifi-
cant relationship with the prevalence of byssinosis, probably
because of the small number of smokers in our study. Hence
due to this small number, there may be a risk of a type I error.
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Table 1

The Concentration of Airborne Cotton Dust in Study Sections
by Area Sampling and Personal Sampling (Mean 1+ SD)

Area Sampling Personal Sampling

Section Number of =31 halable] *Respirable
Samples Dust mg/m Dust mg/m

Biowing (1) 14 3.52 * 0.98 3.83 * 1.06
Carding (2) 18 3.21 + 1.09 3.58 + 1,07
Drawing (3) 11 1.62 * 0.44 1.93 + 0.23
Simplex (4) 11 1.29 + 0.32 1.72 + 0.26
Ringframe (5) 27 1.19 + 0.49 1.57 + 0,55
Preparatory (6) 12 0.92 + 0.23 1.21 + 0,33
Weaving (7) 25 0.86 *+ 0.35 1.03 + 0,37
Level of Significance lez P>0.05 IVSZ P>0.05

IVs3 - 7P<0.0005 IVS3 - 7P<0.0005

2Vs3 - 7P<0.005 2Vs3 - 7P<0.0005

{Bahir Dar, 1988)
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Table I

The Prevalence of Respiratory Diseases Among Exposed Workers
Mean Age and Duration of Exposure

General Epidemiology

Number Age Duration of BYSSINOSIS NO. (%) _ .Chronic Bronchial
SECTION Examined  (Years) Exposure .
Mean t SD  (Months) Gi Gl Gii Total Bronchitis  Asthma
. MEAN t SD No. (%) No. (%)
Blowing (1} 44 41.3 + 7.3 201.9 * 87.2 3{7)] 7(15.9} 9(20.5]) 19¢43.2}* 21{47.7)* 9(20.5)*
Carding (21 40 4.5 + 6.9 200.7 * 74.8 - 2(5) 13(32.5) 15{37.5)* 18(45)* 5{12.5)
Drawing (3) 25 39.9 * 6.6 239.6 * 68.5 3(12) 1(4) 2(8) 6(24) 8(32) 3(12}
Simplex (4} 42 40 * 6.8 235.3 + 69.4 37} 3(7.1} 4(9.5] 10(23.8) 10{23.8) 3(7.1)
Ringframe(5) 174 37.5 + 6.5 233.1 *73.2 12(6.9} 9(5.2}) 9(5.2} 30(17.2) 32(20.7) 17(9.8}
Prepuratory (6} 128 37.1 ¢+ 5.8 222.9 #71.5 10(8) - 4(3.1) 14(10.9} 23(18.0} 15(11.7}
Weaving (7) 142 39 * 4.6 238.7 + 67 3(2.1) 2(1.4) 1{0.7} 6{4.2] 25(17.6) 12(8.5)
TOTAL 595 38 * 6.9 218.3 + 79.5 34{5.7] 2a(4} 42(7.1) 100{16.8} 137(23) §5(10.8)
* P< 0.001
{Bahir Dar, 1988
Table III
Duration of Exposure and the Prevalence of Respiratory Diseases
Duration Number BYSSINOSLIS NO (%)
of Exposure Examined Chronci  Bronchial
(Years} Bronchitis Asthmo
Gi Gi Gl TOTAL No. (%) No. (%}
< 10 Years 105 2(1.8}) 4(3.8 } - 6(5.7} 17(16.2) 2 (1.9)
10 - 20 Years 208 11 {5.3) 6(2.9) a8 (3.3) 25{12) 43(20.7) 12 (5.8 }
® 20 Years 282 21(7.4) 14 {5} 3a(12.7 ) 69(24.5) 77(27.3) 50(17.7 )
TOTAL 595 34(5.7} 24(4) 42(7.1} 100( 16.8) 137 (23 ) 64( 10.8}
P<0.001 P< 0.05 P< o001
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Table IV
The Effect of Smoking on the Prevalence of Byssinosis
NUMBER DURATION
GROUP EXAMINED EXPOSURE BYSSINOSIS NO. (% CHRONIC BRONCHIAL
{YEARS) BRONCHITIS ASTHMA
{MEAN * SD }+ G GI Gl TOTAL No. (%) NO. %)
Smokers iy 17.1 + 8,2 T {7.1) ¥z.1) 1{7.1) 32140 9(64.3)%~ -
Non or Ex-
smokers 581 8.2 * 6.8 33(5.72) 23 (4 ) 41 {7) 97(16.7) 128 (22) 6% (11}
+N.S. (P53 0.05) * N.S. " P<0.001
{Bahir Dar, 1988)
Table V

Comparison of Cases (Byssmoms and Other Respiratory Tract Diseases Groups) with Control
(No Respiratory Tract Disease Group) Using Time Weighted Dust Concentration

High Time Weighted Low Time Weighted

2 95%
CROUP Dust Concentration Dust Concentration X (1d-f.} P-Yalue Odds Confidence
{366.72-1182. 7}"} {183.36 -206. CJI Ratio Interval
{mg months/m™} {mg months/m™} {c.1.)
NO. % NO. %
Control
No R.T.D 78 {38.8) 123 (61.2}
Cases
. AN R.T.D 122 {(63.2) 71 {36.8) 23,46 P<0.001 2.71 f2.28, 2.93)
. Byssinosis 69 {93.2} 5 { 6.8) 64. 47 P<0.001 21.76 {8.41, 55.26)
Chronic Bronchitis 67 {69.8} 29 {30.2) 24.96 P<0. 001} 3.62 {2.16, §.11}
. Bronchial Asthma 29 (78.4) {21.6} 19.79 P<0. 001 5.72 {2.48, 13.07)
. Plumonary 12 {75) [ ] {25} 7.9% P<0. 01 4.73 {1.46, 15.18)
Tuberculosis
. Pneumonia 32 {61.5} 20 {38.5) 8.68 P<0.01 2.52  [1.34, .71}
Hay Fever 67 {61.5) 42 {38.5) 14.59 P<O. 001 2,52 {1.55, 4.06)

{Bahir Dar, 1988)



Although previous investigators™? found that the prevalence
of chronic bronchitis is not related to dust concentrations, the
significant relationship observed in our study is in agreement
with those of El Karim? and Merchant et al.26 Although
cigarette smoking is the single most important etiologic fac-
tor of chronic bronchitis, occupational and environmental ex-
posures are now receiving more attention as also supported
by our finding.

Our finding also showed that bronchial asthma was high
among the blowers and had a significant relationship with the
curnulative cotton dust exposure. A majority of the asthmatics
developed the problem after they had worked for several years
in this textile mill. Even though a majority of the asthmatics
gave negative family histories of allergy, 34.4% had had in-
termittent symptoms of rhinitis which was mostly seasonal.

Owr finding showed that there was no significant relationship
between hay fever and current dust exposure but the relation-
ship with longevity in the cotton textile mill and cumulative
cotton dust exposure was significant. This finding probably
might be due to the reason that an allergic reaction does not
occur on first exposure. The latent interval during which sen-
sitization occurs varies from a few weeks to many years.
‘When hay fever, for that matter even asthma, first develops
some years after an employee entered an industry, it is easy
to understand that an occupational origin may be completely
overlooked. In our study 2 majority of hay fever cases

developed the symptom complex after many years of longevity
in the textile mill.

Even though there is some evidence that byssinosis is not more

prevalent among atopic than non-atopic workers,?” our find-
ing revealed that the majority of byssinotics (55%) had clear-
cut characteristic symptom complex of hay fever (allergic
rhinitis). Added to this, the prevalence of hay fever was very
high in our study population. In agreement to this and as
described by Jones et al,?® atopy might be an important risk
factor in the development of byssinosis and indicates the im-
portance of identifying atopic workers.

Our study demonstrated that byssinotics had significantly
greater acute decrements in FEV; throughout a workshift than
those without respiratory tract diseases, supporting the find-
ings of earlier investigators.?2%3 The cotton exposed
workers with byssinosis had also a significantly lower percent-
predicted FEV than those in the group without respiratory
tract desease (control), being in agreement with previous
investigators.2.8.9.31,32,33

In conclusion, our findings suggest that there may be high
estimated risk of developing respiratory discases and impair-
ment as well as leading workers to absence from work due
to illness in high time-weighted dust concentration than in low
time-weighted dust concentration signifying the extent of the
occupational health hazard that calls for due consideration by
all those concerned. Also an immunological dysfunction such
as atopy, may be a risk factor in the development of cotton
dust induced respiratory disease. Thus keeping in mind cot-
ton dust has diverse content as described by many investiga-
tors, the extent of association between exposure to cotton dust
and hay fever and also the extent of development of byssinosis
and other respiratory problems among atopic and non-atopic
workers should be investigated and analysed in depth.

Table VI

Comparison of Symptoms of Respiratory Impairment and Period of Absence from Work Due to Sickness in Those Cases
with High and Low Time Weighted Dust Concentration with ‘‘No Respiratory Tract Disease’” Group as Control

High Time Weighted Low Time Weighted

Dust Concentrotion
(366.72 - 1182.72}

Dust Concentration oDDs 95%
f183.36 - 206.4)

Xzﬂ d.f.}) P-Value R a t i o Confidence

GROUP {mg months./ m3) {mg monthslm3) Interval
{c.1.)
No. (%) No. (%)

Control

+ No R.T.D 78 {18.8) 123 {61.2)

Cases
Sob Hill* 112 {70) 48 {30) 34.77 p<a. 001 3.68 {2.36, 5.7)
Sob Level ** 81 {80.2} 20 {19.8) 46.18 p<o. 001 6.39 {3.6, 11.25)
Sob Pace *** 29 {87.9) 4 {12.1} 27. 5 p<o.o01 11.43 {6.62, 19.89)
Sick Week 64 (71,9} 25 (28.1) 27.05 p<e. 001 4.04 {2.36, 6.96)
More liness 32 {69.6) 14 (30.4) 13.77 p<0.001 3. 6 {1.8, 7.17)

(bahir Dar, 1988)

*  Shortness of breath while walking up a slight hill
Shortness of breath while walking on a level ground with persons of the same age
Shortness of breath even when walking at own paoce.

ak
ek
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Chronic Changes in FEV{ among Exposed Workers

Table VI

FEV, CH R ON I C CHANGES *

Byssinosis Number No. Change Moderate - Severe
Examined @& 80% of Pre- 60-80% of d50% of Predicted
dicted Value Predited Value Value.
No. % No. % No. %
No. R.T.D
Controls 309(51.93) 210 67.96 96 31.07 3 .97
Byssinosis
Grade 3 34(5.71) 20 58.82 13 38.24 1 2.94
Grade 1 24(4.03) 117 45,83 8 33.33 5 20.83
Grade 11 42(7.06} 9 21.43 15 35.71 18 42,86
All Grades 100(16.81) 40 40 36 136 24 24%*
Total 595(100) 376 63.19 191 32.1 28 4.71

Lung function was not recorded for 32 subjects.

* Graded according to Bouhuys et al. (1970)

** pP< 0.001

(Bahir Dar, 1988)
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Regression Coefficients for Time Weighted Cotton Dust
Concentration, Age, Height and Weight in Byssinosis and

Table VIII

General Epidemiology

Pulmonary Function Models
VARIABLE MALE FEMALE ALL WORKERS
(N = 323) {(n= 272) (N = 597}
. + + +
Byssinosis*  Total Dust 0.002" 0.00r 0.002
Age 0.059 0. 104* 0.079
Weight ~0.012" 0. 109* 0.01"
Height =-0.01 0.002 0.033
+ + +
FEVT** Total Dust 0,221 0.167" 0.207°
Age 0.095 0.009 0,06
Weight ~-0.07 -0.017 0.045
Height -0.018 -0.044 0.011
+ + +
FyC#** Total Dust 0.085 0,044 0.0661"
Age 0.115 0.015 1.088"
Weight -1.029+ 0.033 0.019
Height 0.039 0.072 0.048
Lung function was not recorded for 32 subjects.
+ p< 0.001
+ p< 0.05
N.B. For differences between sexes, after allowance for age, height
and weight.
2

*MALE F (1 and 320 d.f.) = 98.96

*FEMALE F(1 and 271 d.f.) =44.96
** MALE F (1 and 302 d.f.) =52.53
** FEMALE F (1 and 257 d.f) =17.2
*** MALE F (1 and 302 d.f.) =22.14
#a% CEMALE F(1 and 257 d.f.) = 4.05

{Bahir Dar,

1988)

P<0.000 and R, =0.23621
P<0.000 and R
P<0.000 and R” _=0.14100
P<0.0000 and 13 =0, 05967
P<0.000 and R 2=0.06471
P<0.0452 and R =0.01472

2

2 =0.14229
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Table IX

Regression Coefficients for Period of Exposure,
Current Cotton Dust Exposure and Cumulative Cotton Dust
Exposure in Byssinosis, Chronic Bronchitis, Bronchial Asthma,
Pulmonary Tuberculosis, Pneumonia, Hay Fever and Pulmonary Function Models

Current Exposure Cumulative Exposure

Svmptom Period of Exposure Cotton Dust Cotton Dust
ymp {Months) Concentration Concentration 3
(mg/m~ ) {mg months/m”)
Byssinosis 0. 002" 0. 308" 0.001%
Chronic Bronchitis  0.042%* 0.065 3.76 E-04"
Bronchial Asthma 0.066* 0.117 0.075%*
Pulmonary
Tuberculosis 8.65 E-04 0.011 7.26 E-05*
Pneumonia 0.046 0.055 1.84 E-04+
Hay Fever 7.14 E-04+ 0.066 0.077**
FEV, 0.427 0.054 0. 154"
FVC 0.005 0.006 0.06"
# P< 0.001
+ P< 0.01
* P< 0.05

** P< 0.05 in one tail test (this is considered since the hypothesis
from the outset was unindirectional }

N.B. General Models: Symptom = Bo + pl; {(age) + ﬁz (Sex) + ﬁ3 (height)
+ B,', (weight) + ﬁs (exposure) x &

{Bahir Dar 1988)
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RESPIRATORY SYMPTOMS AND DUST EXPOSURE

IN THE WOOL TEXTILE INDUSTRY

R.G. LOVE, Ph.D. » C.O.Jones, MSc & D.Gurr * C.A. Soutar, M.D. * A. Seaton, M.D.

Institute of Occupational Medicine, Edinburgh U.K.

Previous studies have indicated that respiratory sympioms are
more prevalent in workers exposed to wool mill dust than in
those who are not!-2-4-5.7.9 but only one study of respiratory
symptoms in wool textile workers in the United Kingdom has
been reported. !

Moll® first identified cases of occupational asthma among
workers exposed to wool in 1933 but more recent studies have
reported non-specific symptoms of chronic bronchitis and
shortness of breath as the main respiratory condition ex-
perienced by between 5% and 50% of the workforce depend-
ing on age and length of exposure. 24 Other studies of wool
textile workers have also indicated a fall of lung function dur-
ing a work shift® or on the first day back at work.? Bacterial
endotoxin has been implicated as the aetiological agent in the
most recent study.”

We have undertaken an epidemiological survey of over two
thousand workers in the woollen, worsted and carpet yarn sec-
tors of the industry and have compared the frequencies of
respiratory symptoms reported by these workers with
measured concentrations of inspirable wool mill dust in their
immediate vicinity by means of personal dust sampling.

METHODS

Fifteen wool textile mills employing 2783 workers in and
around Bradford, Dewsbury and Hudderfield in West
Yorkshire were selected to participate in the study. They
represented all the main processes which are carried out in
the industry, and ranged in size from 4 to nearly 400
employees. We designed a respiratory symptoms question-
naire intended to establish a broad range of symptoms and their
possible temporal and locational relationships to occupation
and current dust exposure. Questions about cough, phlegm,
wheezing, chest tightness, breathlessness and its variability,
rhinitis, conjunctivitis, nosebleeds, chills and chest illnesses
were included, some of these qualified by additional questions
identifying exacerbation or improvement of symptoms at dif-
ferent times of day, days of the week, seasons and in particular
places. Detailed smoking histories and occupational histories
including details of shifts and part-time work were also ob-
tained from which jobs could be allocated to occupational
groups. These questionnaires were translated into Urdu for
use on Asian workers who did not speak fluent English.

Concentrations of inspirable dust were measured using In-

stitute of Occupational Medicine personal inspirable dust
samplers, which were worn for part or all of a shift by
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representative workers in each job or process, a larger number
of samples being collected in the dustier jobs. Average in-
spirable dust concentrations were assigned to each of 16 oc-
cupational groups, based on the measurements made at the
mill concerned or estimates derived from log-linear models
from the measurements made elsewhere. Endotoxin levels in
dust were also measured in a limited number of static samples
at six mills by the Limulus method.® These measurements
were performed under the direction of Dr. M.D. Topping,
Occupational Medicine and Hygiene Laboratory, Health and
Safety Executive).

Logistic regression analyses were used to assess the contribu-
tion of independent variables such as dust concentration to ex-
plain the variation in each of the symptoms separately.

RESULTS

Inspirable dust concentrations based on 630 personal samples
ranged from zero in non-process work to over 100 mg/m? in
some very dusty processes, such as work with wool waste.
Over 9% of the workforce were exposed to shift average dust
levels greater than 10 mg/m?, the nuisance dust standard cur-
rently applied to the industry. Wool opening, blending,
worsted carding and carpet yarn backwinding were particular-
ly dusty jobs, average levels being as high as 14.8, 180.5,
39.1, and 46.7 mg/m? respectively in some mills. Endotox-
in was found in measurable quantities (up to 650 ng/mg dust)
in several samples throughout the process.

Complete questionnaire data were available for 2151 workers,
which represents 85% of the available workforce. Of these
workers 77% were male, 69% European, 28% Asian and 3%
West Indian in origin. Just under half were current smokers.
Eighteen percent opted to be interviewed in Urdu.

Symptom prevalences in the population overall were as
follows: Chronic bronchitis (persistent cough and phlegm),
9% ; wheeze (at any time), 31 % ; breathlessness grade 3 (walk-
ing with others on level ground), 10%; persistent rhinitis, con-
junctivitis and chills, 18%, 10% and 2% respectively and 10
or more nosebleeds in the past year, 2% . The first five of these
symptoms were significantly related to current dust concen-
tration once age, sex, smoking habit and ethnic group had been
allowed for. Table I shows the prevalence of these symptoms
at increasing inspirable dust levels.

The results of the logistic regression analysis predicted a rapid
rise in symptom prevalences over the dust concentration range



0-5 mg/m?3 and a slower increase at higher concentrations up
to 20 mg/m? and above (Table IT}. The highest relative risks
in non-smokers for some of the more important symptoms
were found among European women and were, in relation to
non-dust exposed, non-smoking women aged 40, 2.47 for
rhinitis, 2.77 for chronic bronchitis, 3.56 for conjunctivitis
and 6.20 for grade 3 breathlessness at concentrations of 10
mg/m3.

In addition, the risk of taking time off work because of chest
illnesses increased significantly with increasing dust exposure,
and dyers and scourers had a four-fold higher risk despite low
dust exposures.

General Epidemiology

DISCUSSION

This study was designed to include the full range of working
conditions to be found in the British wool textile industry. The
entire workforce of 15 mills was encouraged to participate and
the overall response rate of 85% gives confidence that the
results are reasonably representative of the whole current
workforce. The specially designed questionnaire was intended
to identify all the common respiratory symptoms, in order to
assess the syndromes related to wool dust exposure. Inclusion
of material from other tried and tested questionnaires;
thorough testing for comprehensibility and ease of use; and
the similar relations of symptoms and smoking habit among

Table I
Symptom Prevalences in Groups Exposed to Different Dust Levels

Dust concentration (mg/m3)

Symptom Grade 0.1 0.1-1 1-10 10-100 >100
(4)% (1206) (740) {187) {6)
Cough and Phlegm Occasicnal 25 19.6 25.2 37.4 50
Persistent 0 5.8 10.8 19.8 33.3
Wheeze Present 50 24.6 35.3 55.1 66.7
Breathlessness 2 and 3 25 39.3 40.8 60.4 50
4 and 5 0 1.8 3.0 1.6 0
Rhinitis Occasional 25 15.7 19.7 29.4 0
Persistent 0 14.9 19.3 36.9 16.7
Conjunctivitis Occasional 25 11.3 12.6 23.0 33.3
Persistent 0 8.0 10.0 23.0 20
¥ Number of individuals in group
Table I
Estimated Frequencies* of Symptoms, Predicted for
Different Inspirable Dust Concentrations in Current Job
Estimated symptom Dust concentration (mg/m3)
frequency (%) 0 2.5 5 10 20
Persistent cough and phlegm 5 9 11 12.5 14.5
Breathlesanesa, grade 3
or more 6 10.5 13 14 14.5
Persistent rhinitis 12 18 20 22 23
Persistent conjunctivitis 6 10 11.5 13.5 16.5

* weighted averages of estimated frequencies for non-smokers and current
smokers aged 40, assuming a population including proportions of smokers,
non-smokers, men, women, ages and ethnic groups similar to the population

under study.
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different ethnic groups and Urdu speakers also encourages us
to have confidence in the results of this questionnaire. Fur-
thermore the consistency of the results across all factories and
other subgroups of the workforce, and consistency between
symptom complexes, is strong evidence that the associations
between symptoms and inspirable dust concentrations are real.
We selected the inspirable fraction, which includes the
respirable fraction, because of our concern with heatth effects
on the nose as well as the lungs.

Our results confirm previous reports of r&spumory symptoms
related to exposure to dust or length of time spent working
in wool textile mills. 12:4.5.7.9 We also identified the presence
of endotoxin in a limited series of measurements and further
studies are currently being undertaken to investigate the possi-
ble role of endotoxin in the causation of respiratory disease
among wool textile workers. Indeed a recent study has im-
plicated bacterial endotoxin in the aetiology of a byssinotic-
like condition among Turkish carpet weavers.”

The questionnaire responses indicate dust related disease at
all levels of the respiratory tract, although it is not clear
whether the pathogenesis of this response includes phar-
macological, toxic or allergic mechanisms, or is merely a
response to the physical dust load.

Evidence (not presented here) from exploratory questions on
the variability of breathlessness suggests that, although related
to dust exposure, such symptoms are relatively infrequent,
about 3% overall. Therefore these symptoms are in most cases
not very like asthma but require further investigation as does
the observation of increased risk of time off work because of
chest illnesses workers involved in the scouring (hot,
usually alkaline, washing) and dyeing of wool. The latter pro-
cess has been shown to be associated with increased
respiratory and nasal symptoms of either an irritant or a
specific allergic nature.3 Positive responses to questions
about chills (shivering or feverishness), an attempt to iden-
tify symptoms of humidifier fever, were unduly frequent in
some occupational groups but did not, as expected, show any
relation with exposure to dust.

The functional and prognostic implications of wool dust
related symptoms are not yet known. However, recent studies
undertaken by us suggest that dust related functional impair-
ment does occur, slight but significant reductions of FEV, and
FVC being observed among Asian men and reduced
FEV/FVC ratio among European women. An additional loss

of FEV,; among dyers and scourers (unrelated to dust ex-
posure) is consistent with the observations on respiratory ill-
nesses made by ourselves and others.? Other investigations
currently being pursued suggest that inflammatory and non-
specific immunological responses can be caused in rodent
models by inspirable wool mill dust and we intend to report
on these shortly.

Meanwhile, we can conclude that exposure to wool mill dust
appears 1o be related to symptoms, when exposure is within
“‘nuisance dust’’ limits of 10 mg/m3. At this concentration
the overall estimated risks of symptoms relative to unexposed
workers are: chronic bronchitis, 1.37; wheeze, 1.40;
breathlessness grade 3 or more, 1.48; persistent rhinitis, 1.24;
and persistent conjunctivitis, 1.70. The relative risk of these
symptoms increases rapidly up to 5mg/m? and more slowly
thereafter. The results of these studies and further investiga-
tions into the functional and other characteristics of respiratory
conditions among wool textile workers, should be helpful in
making decisions on an airborne dust standard for the wool
textile industry.
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ALUMINUM INHALATION REDUCES SILICOSIS IN A SHEEP MODEL
R. BEGIN, M.D. ¢ F.Dubois, M.D. * A.Cantin, M.D. * S. Massé, M.D. ¢
A. Dufresne, Ph.D. * G. Perrault, Ph.D. ¢ P. Sébastien, Ph.D.

Université de Sherbrooke, Sherbrooke (QC), Institut de Recherche en Santé et Sécurité au Travail,
Montréal (QC) and Dust Disease Research Unit, McGill University, Montréal {(QC)

INTRODUCTION

Although effective methods of prevention of silicosis have
been known for years and implemented in the workplace
through legislation, the disease remains of public health in-
terest with some 200 new cases per year from an estimated
workforce of 150,000 exposed workers in Canada.$

The recent availability of a soluble and inert compound,
aluminum lactate {Al) has contributed to the renewed interest
of aluminum therapy in silicosis. We have recently
documented that Al suppresses the biological activity of quartz
up to 10 months after exposure with faster clearance of the
Al coated quartz particles.? In this study, we evaluate the ef-
ficacy of soluble Al aerosol inhalation to alter the biological
activity and disease process associated with silica exposure
in the sheep tracheal lobe model.

MATERIALS AND METHODS

Experimental Design

The flock of 40 sheep was randomly divided in 4 groups of
10 sheep, The first group was exposed to 100 ml phosphate
buffered saline (PBS) infusion in the tracheal lobe followed
by monthly inhalation of 10 ml PBS (group PBS-PBS). The
second group was exposed to 100 m1 PBS followed by mon-
thly inhalation of 100 mg Al in 10 ml PBS (group PBS-Al).
The third group was exposed to 100 mg Minusil-5® (Penn-
sylvania Glass Y Sand Co., Pittsburg, PA) in 100 ml PBS
followed by monthly inhalation of 10 ml PBS (groups Si-PBS).
The fourth group was exposed to 100 mg Minusil-5% in 100
ml PBS followed by monthly inhalation of 100 mg Al in 10
ml PBS (group Si-Al).

Minusil-5® particles have been well characterized, 99.9%
of diameter <5 pm and 95% <1 um.

Exposures were carried out via bronchoscopic catheterization
of the tracheal lobe bronchus and slow infusion of the suspen-
sion in the lobe. Inhalations were carried out 24 hr after bron-
choalveolar lavage (BAL) with the animal intubated and
breathing a mist of nebulized 0.01 to 4 u-sized liquid particles
with a Bird Mark 8 pressure ventilator (Bird Corp. Richmond,
Ca) set at a maximal pressure of 25 cm H,O for 20 minutes.
Exhaled gases were vented outside the room. BAL were car-
ried out after wedging the distal tip of the bronchoscope in
the tracheal lobe bronchus by slow infusion of four 50 ml 39°C
aliquots of PBS through a 50-ml syringe attached to the work

channel of the brenchoscope and by gentle aspiration of the
effluent. BAL were performed prior to exposures and at mon-
thly intervals after. Animals were sacrificed and autopsied at
month 6.

Bronchoalveolar Lavage

The BAL cell differential populations were determined on
cytocentrifuge smears stained with Wright-Giemsa. In the
supernatant, albumin, lgG and IgM were determined by the
immunochemical method (Cappel Lab. Inc., Downington,
PA). The activity of lactate dehydrogenase (LDH) was
measured by spectrophometric method. BAL phospholipids
were measured by the technique of Bartlett'? and contribu-
tion of lecithin and phosphatidylglycerel determined on the
basis of their PO4 content.

To assess interstitial lung matrix changes we looked at the
glycoaminoglycan and fibronectin accumulation in BAL fluid.
Oxidant preduction by alveolar macrophages was evaluated
according to methods previously developed.®

Histopathology

The tracheal lobe was identified and 9 samples of the lobe of
each sheep were obtained and each evaluated histologically
for intensity and profusion of lesions to yield our average
pathologic index of disease.

Determination of Quartz Concentration in Lung
Tissue and Lavage

For each sheep in the study, a large fragment of the tracheal
lobe was analyzed for quartz concentration using X-ray
diffractometry.”

RESULTS

Lung Lavage Cellularity

The total and differential cell counts per lavage were similar
in the group PBS-PBS and the group PBS-Al throughout the
study. All silica-exposed sheep demonstrated at month 1 a 3
to 10-fold increase in cellularity which was sustained in the
group Si-PBS but significantly attenuated to control levels in
the group Si-Al (p <0.01). In the Si exposed sheep,
macrophages, lymphocytes and neutrophils were increased
but there was no significant change in the eosinophil counts
which were less than 4% at all times.
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Lung Lavage Biochemistry

Albumin averaged 70 + 8 pg/ml in the group PBS-PBS and
did not vary significantly over time. In the group PBS-Al,
albumin levels were comparable (p >0.05). In the Si-PBS
group, there was a transient increase to 200% control level
at month 1 with gradual return to control levels by month 5.
In the Si-Al group, albumin remained at control level after
Al inhalation. Lactate dehydrogenase levels in the PBS-PBS
group averaged 6 + 1 m! U/ml and did not vary significant-
ly; in the PBS-Al group, levels were comparable (p >0.05).
In the Si-PBS group, there was a significant sustained 6 to
8-fold increase but in the group Si-Al, after initial increase,
the levels of lactate dehydrogenase returned to the PBS-PBS
group levels. Surfactant showed patterns of response similar
to that of lactate dehydrogenase in the 4 groups.

Fibronectin in Macrophage Supernatant

The production of fibronectin by alveolar macrophages in
culture at month 6 was undetectable in groups PBS-PBS, PBS-
Al and Si-Al but significantly increased at 2.1 + 1 ng/10¢
cells per 24 hours in the SI-PBS group (p <0.01).

Oxidant Production and Glutathione

Lung cells of the PBS-PBS group at time ( spontaneously
released low amounts of superoxide (1.77 + 0.55 nmol
cytochrome-C reduced/10¢ cells-hr) and hydrogen peroxide
(0.67 1 0.34 uM/106 celis-hr), and the release of oxidants
did not change during the study period in any of the groups.
Glutathione in the bronchoalveolar lavage fluid of the PBS-
PBS group at time 0 was 0.23 £+ 0.05 M and did not differ
between groups throughout the study period.

Lung Silica Content

The concentration of quartz in the lung parenchyma of the
tracheal lobe of the sheep 6 months after initial exposure was
as follows: in the group PBS-PBS and in the group PBS-Al,
it was undetectable. In the group Si-PBS, it was 2.83 + 0.98
ug/mg and in the group Si-Al it was 1.01 + 0.74 (p <0.05).

Pathological Scores of Disease

The lung morphology of the sheep in the group PBS-PBS and
PBS-Al remained normal. In the group Si-PBS, we found
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early nodular silicotic lesions composed largely of
macrophages and lymphocytes with no evidence of collagen
deposition comparable to those reported earlier,>> with a
pathological score of disease of 2.9 + 1.0. In marked con-
trast, the group Si-Al had milder histological changes and a
significantly lower score of 1.0+ 0.3 (p «<0.05). In the Si-
Al group, there was significant reduction of both the profu-
sion and the severity scores (p «<0.05). Whereas well-defined
silicotic nodules were seen in 8/10 sheep in the Si-PBS group,
they were seen in only 1/10 of Si-Al sheep.

DISCUSSION

This study documents that soluble aluminum iactate aerosol
inhalation does not alter the normal biological processes in
the bronchoalveolar milieu and does not produce significant
pathological lung damage. In this study, we have observed
that Al inhalafion at monthly intervals significantly suppresses
the alveolitis of silcosis, reduces the intensity and profusion
of the disease process, and accelerates the clearance of quartz
particles from the lung tissue.
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PULMONARY TOXICITY OF ILLITE AND KAOLIN DUSTS
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INTRODUCTION

Clay minerals kaolin and illite are present in some mixed dusts
of industrial origin. Kaolin is an industrial mineral with many
applications. It is used as a filler in the paper industry, as a
filler and extending agent in rubber, paints, inks, plastics and
insecticides, in the manufacture of China, refractory bricks,
crucibles, saggars and glass, as a mild abrasive in soaps and
toothpastes and as stiffener of textile. Dust possibly produced
in these industries, but also smoking,2 can be sources of ex-
posure to fine kaolin particles. It is now accepted that the long
term inhalation of high quantities of kaolin dust can lead to
the development of a specific type of pneumoconiosis.!!
From the pathological viewpoint, the fibrosis is mainly
nodular or massive,? with important dust retention. 14

Sources of exposure to illite and possible related-health ef-
fects are much less documented. The interest for illite came
essentially from its presence in coal mine dust.? It has been
suggested that the in-vivo leaching of aluminum from illite
particles could reduce the activity of the accompanying quartz
particles.” To our knowledge, the toxicity of illite particles
has been tested in only few in-vitro or in-vivo
experiments, 1-5-8

We have some evidence that both minerals can exhibit acute
pulmonary toxicity after a single intratracheal injection.? In
a previous experiment, two groups of 50 female Wistar rats
were injected with 50 mg of fine particles of either illite from
Le Puy, or kaolin from Cornwall. Respectively 12% (illite
group) and 45% (kaolin group) of the animals died of
pulmonary cedema in the first week following the injection.

In this context, we found it useful to conduct long-term ex-
periments to comparatively assess the fibrogenicity of illite
and kaolin dust, alone or in combination with quartz.

METHODS

In a first series of experiments, illite (Le Puy), kaolin (Corn-
wall), quartz (Madagascar) and coal (Courriéres low rank)
were tested in the rat exposed by inhalation. Wistar female
rats were exposed for 3 months (5 h/d, 5 d/w) to 300 mg/m?
of respirable dust. Aerosol generators and inhalation facilities
are described in detail elsewhere.®

In a second series, animals received a single intratracheal in-
Jection of either quartz (12.5 mg), quartz + illite (12.5 mg
+ 37.5 mg) and quartz + kaolin (12.5 mg + 37.5 mg). In-
jected particles were prepared by cyclone separation and were
of respirable size.

In both series, the pulmonary response was assessed at month
6, 12, 18 and 24. Animals (10 per subgroup) were killed and
the lungs removed. The weight of fresh lung was recorded for
each animal.

Left lobes were used for histopathological examination. They
were perfused under 25 cm H,O pressuore and fixed in 10%
neutral buffered formalin. Sections stained by hematoxylin
eosine and Picrosirius were examined at three different loca-
tions under crossed polaroid filters. In each group, remain-
ing fragments of lung tissue were pooled, dried and analyzed
for collagen, lipids and dust. Collagen was measured by the
method of Stegeman.!? Coal in the lung was measured
gravimetrically after extraction by the formamide tech-
nique. 13 For quartz and clay, lung dust was extracted by low
temperature ashing, ash suspension, and filtration through a
polycarbonate membrane filter. Quantity of quartz on the
membrane was determined by X-ray diffractometry. Quan-
tity of clay was deduced from aluminum concentration
measured by X-ray fluorescence.

RESULTS

Main results of the inhalation experiments are reported in
Figure 1. Similar conditions of exposure yielded to different
dust retentions in the lung. The highest retention was observed
with coal and the lowest with quartz, clay retention being
situated in between. For clays, there was no evidence of
pulmonary clearance after month 12. At month 6, the mean
weight of fresh lung was 5 times above control value in the
quartz group; it was only slightly elevated in the other groups.
In the following periods, the lung weight increased much more
in the quartz group than in the other groups. A similar pat-
tern was observed with pulmonary collagen.

Main results of the intratracheal injection experiments with
the quartz and quartz/clay mixtures are reported in Figure 2.
At month 6 and 24, respectively 48 % and 37% of the injected
dose was still present in the lungs of animals exposed to quartz
alone. Clay admixture had no clear effect on the clearance of
quartz. It seemed, however, that overall quartz retention was
somewhat higher in the guartz/illite group and somewhat
lower in the quartz/kaolin group. Mean weight of fresh lung
was 4-5 times above control value in the quartz group and in
the quartz/kaolin group. Interestingly enough, the lung weight
was only slightly elevated in the quartz/illite group. In all
groups, the lung weight increased in the period 6-24 months.
Results of collagen measurement clearly discriminated the
three groups. The admixture of illite or kaolin to the injected
quartz, respectively reduced or greatly enhanced the produc-
tion of pulmonary collagen.
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Figure 1. Wistar female rats exposed by inhalation (300 mg/m3, 3 months) to quartz (Q),
kaolin (K), illite (T) and coal (C). Measurement of lung dust, weight of fresh lung
and pulmonary collagen at month 6, 12, 18 and 24.
DISCUSSION injection that clay and coal dust behave differently in the lung.

In our inhalation experiments kaolin and illite exhibited similar
activities. During a two year period they produced very little
collagenous fibrosis. These results agree with previous ex-
perimental observations.® They are also similar to those ob-
tained after inhalation of coal dust by experimental animals.
It should not be concluded however, that kaotin, illite and coal
dust have similar biological activities. First it must be
remembered that results of these experimental tests are poor
predictors of the pneumoconiotic risk in humans. Inhalation
of coal mine dusts for example, can lead to disabling
pneumoconiosis in miners, but these dusts exhibit very
moderate activity in most of experimental tests. Secondly,
there is some evidence from our experiments by intratracheal
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An interesting observation was the pulmonary response to in-
tratracheal injection of quartz/clay mixtures. Combination of
quartz and kaolin gave rise to pronounced colligencus
fibrosis, as already noticed.!? By contrast animals exposed
to quartz/illite produced mixtures of less pulmonary collagen
than animals exposed to the same dose of quartz alone. This
clearly indicates that kaolin and illite behave differently in the
lung. But apparently, this difference in behaviour had no
detectable effect when the two clay minerals were tested in-
dividually. These findings illustrate once more how complex
are the mechanisms of action of inhaled coal mine dust, which
generally contains quartz, kaolin and illite.
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Figure 2. Pulmenary response to quartz/clay mixtures injected intratracheally in Wistar
female rats. Measurement of lung quartz, weight of fresh lung and pulmonary
collagen at month 6, 12, 18 and 24. Three dusts were injected: QQ 12.5 mg of
quartz, QK 12.5 mg of quartz + 37.5 mg of kaolin, QI 12.5 mg of quartz + 37.5

mg of illite.
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INTRODUCTION

Epidemiological and experimental studies have proved that
asbestos induces certain pathological changes in the lung like
fibrosis knows as asbestosis and two forms of malignancies,
i-¢. mesothelioma and bronchogenic carcinoma.0-3 In order
to safeguard the workers from the hazardous effects of these
fibres, scientists all over the world are trying to replace them
with other natural and man-made mineral fibres. Among
them, wollastonite is a promising asbestos substitute under
trial in India. They are acicular or fibrous calcium silicates
(CaSiO3), and have attained additional significance due to
their high thermal resistance properties. The use of
wollastonite in ceramic tiles, etc., has given this mineral con-
siderable attention as a substitute for asbestos fibres.!25 A
few reports are available on their biological effects. Skaug and
Gylseth® have reported, on the basis of hemolytic studies of
two natural and three synthetic calcium silicates, that synthetic
silicates are more toxic than the natral. Bolton et al2 have
reported no major pulmonary damage in rats exposed to three
different varieties of calcium silicate insulation materials.
Moreover, a few cases of lung fibrosis, pleural thickening,
chronic bronchitis and impairment of lung ventilatory capacity
in wollastonite exposed workers have also been reported. 112
However, no report is available on the biological activity of
Indian varieties of wollastonite dusts. Therefore, in the pres-
ent study, three varieties of Indian wollastonite, namely,
kemolit A-60, kemolit-N and kemolit ASB-3 have been
evaluated for their toxicity. Besides cytotoxic studies in vitro
and fibrogenic responses in vivo, the effect of these fibres on
the pulmonary xencbiotic metabolizing enzyme system was
also evaluated, to menitor their influence in the presence of
other carcinogens, if present in the system simultanecusly
either by smoking or from the other environmental sources.
The results obtained from these studies were compared with
chrysotile, the most toxic variety of asbestos and also a car-
cinogenic enhancer in the presence of tobacco smoke.3

MATERIALS AND METHODS

Dust

Wollastonite dust samples, kemolit A-60, kemolit-N and
kemolit ASB-3 were obtained from Mr. Salif Singhal, Direc-
tor, Wolkem Private Ftd. Udaipur (India). Particle size below
30 u were prepared as described by Zaidi.** Chrysotile
UICC standard reference sample particle size <30 u was
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obtained as a gift from Dr. J.B. Leinweber, Johns-Manville,
U.S.A.

Chemicals

Benzo(a)pyrene, 3-hydroxy benzo(a)pyrene, styrene epoxide,
1-chloro, 2,4, -dinitrobenzene and bovine serum albumin were
procured from Sigma Chemical Company, USA.. All the other
chemicals and reagents were either purchased from V.P.
Chest Institute, New Delhi, India or Sisco Research
Laboratory (SRL) Bombay, India, and were of analytical
grade.

Hemolytic Studies

The lysis of 0.2% suspension of human in0.0i1M
Tris-HCI buffer pH 7.35 in 0.15M NaCl caused by 2 mg/ml
each of different dusts was measured at 379C after two hours
exceg;; chrysotile where it was 10 minutes to avoid adsorp-
tion.

Treatment of Animals

Female albino rats from ITRC Colony, weighing 150-180 gm,
were used. The dried dusts and 0.15 M NaCl were separate-
ly autoclaved at 15 lbs pressure for 15 min. The dusts were
separately suspended in Q.15 M NaCl just before inoculation.
The animals were divided into five groups. Intratracheal treat-
ment of animals with dust were done according to the pro-
cedure as described by Zaidi.*3

Each animal of the experimental groups was instilled intra-
tracheally with 5 mg of different dust samples separately,
suspended in 0.5 ml of normal saline. Control groups received
0.5 ml of norma!l saline solution only. The animals were main-
tained on commercial pellet dict, supplicd by Hindustan Lever
Limited, Bombay, India, and tap water ad libinem. The
animals were sacrificed at 90 days after the instillation of
dusts. Lungs were taken out, weighed and a portion was fix-
ed in 10% formal saline for histopathological studies, while
the other pertion was cut into small pieces and dried at 110°C
for chemical estimation. Another set was taken for
microsomal and cytoselic fractionations.

Histopathological Studies

Representative 5 u paraffin sections were cut and stained with
hematoxylin-eosin and VanGieson.



Isolation of Microsomes

The rat lung microsomal fraction was isolated by the modified
procedure of Johannesen et al.?

Enzyme Assays

Benzo(a)pyrene hydroxylase was assayed by the fluorimetric
technique as described by Dehnen et al.® The quantitation of
phenolic metabolite was based on comparison of fluorescence
to a standard solution of 3-hydroxy benzo(a)pyrene,

Epoxide hydratase activity was assayed by the fluorimetric
technique, according to the method of Dansette et al.® by us-
ing styrene epoxide as substrate.

Glutathione-S-transferase activity was determined by the pro-
cedure, described by Habig et al.,'¢ by using 1-chloro-2,
4-dinitrobenzene (CDNB) as substrate.

Chemical Estimation

Microsomal cytochrome P-450 was quantitated from carbon
monoxide plus dithionite reduced difference spectra as
described by Omura and Sato.3! An extinction coefficient of
91,000 cm~'M-! was used for absorbance change between
450 and 490 nm.

Glutathione content was measured in rat lung cytosolic frac-
tion according to the methed of Ellmann.12

Ascorbic acid content was estimated in lung cytosol according
to the procedure of Schaffert and Kingsley.3*

Enzymatic and non-enzymatic lipid peroxidation was deter-
mined by the procedure of Ottolenghi®? as modified by
Hunter et al.!? estimating the malonaldehyde formed with
2-thiobarbituric acid.

Hexosamine and sialic acid were estimated n the fresh tissue
by the methods of Dische and Broenfreund!? and Warren
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respectively. Uronic acid and collagen were estimated by the
method of Dische,? and Stegmann et al.#! respectively in dry
tissue. Phospholipids were extracted from dry tissue in
chloroform: methanol (2:1) and were estimated by their
phosphorous content by the method of Fiske and Subba
Row. 13

Protein content in trichloroacetic acid precipitate was
estimated by the method of Lowry et al.?” by using
crystalline bovine serum albumin as standard.

RESULTS

In vitro Studies

Table I shows that all the wollastonite dust samples induced
hemolysis and the order of hemolysis was 43.4%,41.2% and
35.3% by kemolit A-60, kemolit-N and kemolit ASB-3
respectively. In comparison to chrysotile all the samples were
less hemolytic.

In vivo Studies

Fibrogenic Response. The changes in the chemical composi-
tion and dry weight of the lung by different wollastonite
samples are recorded in Table II. When compared with
chrysotile,” the increase in the collagen content and
phospholipids by kemolit A-60 was significantly very high.
There was no significant increase in the mucopolysaccharides
by these dusts. Kemolit A-60 increased only the content of
sialic acid.

The histopathological studies revealed mild to moderate
amount of fibrosis of the lung alveoli (Figure 1). The animals
exposed to Kemolit A-60 showed peribronchiolar areas of
fibrosis (Figure 2) which was not found with any other dust.
In some cases collection of chronic inflammatory cells and few
abscesses were also seen on scanning the tissue (Figures 3
and 4).

Table 1
Comparative Hemolysis of Chrysotile and Wollastenite Using Rat Erythrocytes

Dust sample

% Hemolysis

Chrysotile
Kemolit A-60
Kemolit - N

Kemolit ASB-3

72.16+3.29
43.37+2.50
41.19+3.03
35.28:1.65

The values represent mean of six separate experiments + S.D.
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Lung Weight

A significant increase in lung weight of all the experimental
animals was observed, kemolit A-60 showed a higher increase
in the lung weight as compared to kemolit-N and kemolit
ASB-3 (Figure 5).

Effects of Different Dusts on Lung Microsoma!l and
Cytosolic Fractions

Figure 6 shows the increase in the cytochrome-P-450 content
by different dusts. Chrysotile showed the maximum increase
followed by kemolit A-60. Activities of benzo(a)pyrene
hydroxylase and epoxide hydratase is recorded in Figure 7 and
8. Among all the dust samples kemolit A-60 induced max-
imum increase but in comparison to chrysotile the increase
was of lower magpitude. The alteraticn in the activity of
glutathione-S-transferase is recorded in Figure 9. Chrysotile

decreased the activity of this enzyme significantly, while
kemolit A-60 decreased the activity 9% which was three times
less than observed by chrysotile. Kemolit-N and kemolit
ASB-3 increased the activity of glutathione-S-transferase.

Effect on Water Soluble Antioxidants

Statistically, chrysotile and kemolit A-60 induced significant
decrease in the content of ascorbic acid as reperted in Figure
10, while glutathione content was significantly decreased only
by chrysotile (Figure 11).

Effect on Microsomal Lipid Peroxidation

Chrysotile and kemolit A-60 induced significant lipid perox-
idation both enzymatically and non-enzymatically, followed
by kemolit-N. There was no change by kemolit ASB-3 (Table
).

Table II
Changes in the Lung Weight and Composition of Control and Wollastonite Treated Rats

Parameters Control

Kemolit A-60

Kemolit N Kemolit ASB-3

Dry Weight
{mg/g fresh
tissue)

20423

Lung protein 100+8.2
(mg/g fresh
weight)
Hexosamine 2.00+0.14
(mg/100 mg
fresh tissue)
Sialic acid 3.34+0.14
(mg/100 mg
fresh tissue)
Uronic acid 23.38+3.98
(mg/g dry
weight)
Collagen 39.36+3.87
(mg/g dry
weight)
Phospholipids 7.96+0.46
(mg/qg dry

weight)

237:+219

105+5.89

2.16:0.054

3.70:0.23

28.10£4.84

61.45+11.87°¢

13.31:0.332

218+19 205+19

103+2.5 101.4+1.9
2.09:0.08 2.04:+0.08
3.47+0.48 3.44:0.56
26.652£3.57 25.96:2.71
48.93+7.32 45.76+5.56

9.31:0.08° 8.57:0.139

The vatues are expressed as mean * S.D. of six animals.

3, <0.001; °p <0.01; Cp <0.02; Yp< 0.05.
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Figure 1. Section of rat lung tissue taken 90 days after the Figure 3. Section of rat lung tissue taken 90 days after the
intratracheal inoculation of wollastonite showing intratrachea! inoculation of wollastonite showing
interstitial fibrosis. 400 x inflammatory cells. 400x

Cytochrome P-450 Content

Epoxide Hydratase Activity

[-m Exper I D Control
([T} Experimentat

l?
£ T =z @ £
1001 s £ T « 081 i 2 P
= ] Fa ] @
= £ « o
= g £ £ s I 1
4 ™~ > a ? z -
g oof % i E L%
B © 061 x §
a + a = b E x
k4 B ‘E x Ja
601 8 c
g B o I
g # %1
o 401 g i
£ 3
F o 02
a 201 <
0 0
Figure 2. Section of rat lung tissue taken 90 days after the Figure 4. Section of rat lung tissue taken 90 days after the
intratracheal inoculation of wollastonite showing intratracheal inoculation of wollastonite showing
peribronchiolar area of fibrosis. 400X abscess. 400X

903



Animal Models of Pneumoconiosis V

Glutathione -S - transferase Activity

DContro! 3
c . u
K] I]]]Expcnmcntal 4
® o % =
n S = 3
$9 3 T g &
] £ * <
® S 3 b

o o £
g 1+ K <
T 1507 2 b
£ 5
- a
E
$
« 1007
: |
=)
[~
s
o
m 507
z u
[&]
g |
E
e 0 _

Figure 5. Fresh lung weight of control and dust treated
animals. The values are expressed as mean + SEM
of six animals 3p <0.001; bp «<0.02.

DISCUSSION

In the present study among the three varieties of wollastonite,
kemolit A-60 was found most toxic. The cytotoxic index of
these samples were much less than chrysotile!® using
erythrocytes as in vitro model system?®’ Kemolit A-60 was
found to be the most fibrogenic dust. The fibrogenic pattern
of these dusts tallied with those of Bolton et al.2

It appeared from the results that only kemolit A-60 could in-
fiuence the activity of benzo{a)pyrene hydroxylase and epox-
ide hydratase in the diseased animals where fibrosis had
already developed and collagen content was very high.
However, when compared with chrysotile exposed animals
where fibrosis had just begun and collagen content was lower
than kemolit A-60 exposed animals, the activities of these en-
zymes were much less. Benzo(a) pyrene hydroxylase and
epoxide hydratase play a crucial role in the formation of
ultimate carcinogen derived from polynuclear aromatic
hydrocarbons. 1424 Further activation of these enzymes in-
duced by chrysotile may aggravate the situation in the presence
of other carcinogens, if present in the system. The effect of
these dusts on glutathione-S-transferase activity was very in-
teresting. This enzyme catalysed the conjugation of the
ultimate carcinogens with glutathione in the lungs, which are
eventually eliminated 5 The inhibition of these enzymes and
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treated rats. Results represent mean + SEM of six
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the reduction of glutathione by chrysotile decelerate the above
reaction, hence providing the accumulated metabolites with
the opportunity of interacting with DNA.4? Similar results
were also reported by Brown et al.? On the other hand
kemolit ASB-3 increased the activity of glutathione-S-
transferase significantly which could facilitate the elimination
of reactive metabolites of the PAHs from the system. The
other two dusts, i.e., kemolit A-60 and kemolit-N did not have
any significant effect on the activity of this enzyme. Chrysotile
inhibited the content of water soluble antioxidants, like
glutathione and ascorbic acid significantly. It is important to
note this, since antioxidants are known to inhibit tumors in-
duced by PAHs.236.3940 Among the asbestos substitutes,
kemolit A-60) decreased the content of ascerbic acid only and
had no significant effect on glutathione but when compared
with chrysotile the magnitude of decrease was much iess. The
decrease in ascorbic acid content by kemolit A-60 could be
associated with its high fibrogenic response at this stage.
Ascorbic acid is one of the important components of mam-
malian lungs defense against environmental pollutants.26-28
It is closely associated with environmental stress in man and
animals.4 Therefore, its low level in lungs may hamper the
defence of tissue against environmental pollutants. A higher
rate of enzymatic and nonenzymatic lipid peroxidation was
observed by chrysotile and kemolit A-60 while the induction



of LPO with kemolit-N was of lower magnitude and that with
kemolit ASB-3 was insignificant. It is well documented that
the induction of free radicals may be responsible for the
pathogenicity produced by asbestos, 13:1721.29

From these studies it is evident that in comparison to chrysotile
asbestos, wollastonites were less cytotoxic and did not bring
significant alterations in the drug metabolizing enzyme
system. Concluding this paper we would like to emphasize
that kemolit-N lies at one end of the spectrum being closely
followed by kemolit ASB-3 with kemolit A-60 as the most tox-
ic form of wollastonite.
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Figure 7. Benzo(a)pyrene hydroxylase activity in lung
microsomes, isolated from control and dust treated
rats. The values represent mean + SEM of six
animals 2p <0.001, bp <0.02, °p - N.S.

Table I

Lipid Peroxidation in Control and Dust Treated Animals
Treatments Contro) Chrysotile Kemolit A-60 Kemolit N Kemolit ASB-3
Microsomes  0.28:0.022 0.374:-.018% 0.361:0.024%  0.346+0.032° 0.295+0.038¢
Microsomes 1.28+0.172 2.154+0.16% 2.05410.133 ].73t0.18c 1.55:0.14d
+ NADPH
Micrgsomes  4.68:0.23  7.041:0.52°  6.753:0.45° 5.8540.38°  5.12=0.43¢9
+ Fe

The values are expressed as mean * SEM of six animals.

b d

3 <0.001; Op <0.02; Sp <0.05;

p=-N.S.
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STUDY OF EFFECT OF DIFFERENT KIND OF

SHORT ASBESTOS ON LUNG OF RATS

YANG MEIYU ¢ ZhaoJinduo * KuGuihau ¢ ZhaoXiuging * FuBo * Zhang Jifang
Shenyang Research Institute of Industrial Hygiene and Occupational Disease, Shenyang, P.R. China

Asbestos has many properties which include acid and alkali
resistance, fire resistance, and ability of electric resistance
which make it indispensable in modern industry. It is well
known that inhalation of asbestos dust can lead to pulmonary
fibrosis and carcinoma of the lung or to the development of
diffuse mesothelioma of the pleura and peritoneum. But the
mechanism of asbestos carcinogenesis is not clear. Some
authors believe that asbestos carcinogenesis depends on
chemical action. Other authors think that the physical nature
of asbestos fibre is the main factor. Especially long fibre
asbestos is the main reason for either fibrosis or tumors of
lung. In order to elucidate hazards of short asbestos fibre, an
experiment study of effects of four kinds of short asbestos on
lungs of rats was observed. (Figures 1-4)

MATERIALS AND METHODS

Dust

Chrysotile and crocidolite were obtained from a Shenyang
asbestos processing factory and Qingdao No. 2 asbestos pro-
cessing factory respectively. Tremolite and actinolite were ob-
tained from mining department of a college. These fibres were
prepared by grinding in a ceramic ball mill. The length and
diameter distribution of these fibres were obtained by phase-
contrast microscopy as in Table I. Morphology of fibres was
observed by electron micrograph.

Animals

Wistar rats were used. Weights of rats were 180-220g with
nearly equal number of male and female rats. They were
divided into 5 groups: chrysotile, crocidolite, tremolite, ac-
tinolite and saline control group. There were seventy rats in
each group. All rats were injected intratracheally with 20mg
dusts suspended in 1 m! saline; one month later they were in-
jected repeatly with suspended dust of same dose. Total dose
was 40 mg in each rat. Some rats were killed at the end of 2,
4,6, 12 and 18 months respectively after the initial injection
of dust. The one third rats were allowed to live out their full
lifetime. The living condition of rats was observed. The body
weight of rats was measured every other month. The wet and
dry weight and collagen content of the lungs were determined.
The lungs and hilar nodes were examined. The native death
and the development of pulmonary neoplasms of the one third
rats were observed.,

RESULTS

The body weight of all the animals were increasing with time.
There was no difference significantly among the experimen-
tal and control groups. The dry weights of lungs of rats in all
groups are shown in Figure 5.

The increasing of wet weight and collagen of lungs was similar
to that of dry weight of lungs, during the sixth to twelfth
months after onset of injection dust. There was significant in-
creasing of collagen in the lung. There was significant dif-
ference among experimental and control groups. The increas-
ing of collagen in chrysotile group was the highest among the
experimental groups as in Table II.

PATHOLOGY

Gross

There were a lot of small grey-white or brown-tan spots at the
surface of lungs in every group, after 2-4 months of injection
dust. In the crocidolite group, the spots often were grey-blue
in color. There were obvious spots at the cut surface and slight
pulmonary emphysema after 6-12 months. Lymph nodes in
the experimental groups were larger and harder than those of
control group, especially in the chrysetile group.

Microscopic Appearance

Chrysotile group: after 2-4 months, a lot of macrophages, dust
cell, asbestos fibres and debris were seen in alveoli adjacent
to respiratory bronchioles and there was increasing of reticu-
late fibre, thickness of bronchioles and arteriolas wall (Figures
6, 7). During 6-12 months, there was slight pulmonary em-
physema, a few collagen fibres in the interstice (Figure 8).
At the end of 18 months, these changes were similar to former.
No asbestos bodies were found in the lungs. There were a few
reticular fibres and dust in the lymph nodes (Figure 9).

In the tremolite and actinolite groups, pathologic changes were
nearly the same and both slighter than chrysotile group (Figure
10).

Crocidilite group: Reaction of lung tissue was initially slighter
than other experimental groups. Later there was also reticular
fibres hyperplasia in pulmonary interstice.

At 18th months, the epithelium hyperplasia of bronchioles and
alveolus in some rats was present in the crocidolite and

chrysotile groups (Figure 11).

The incidence of pulmonary malignant tumor: The asbestos
fibres produced pulmonary malignant tumor (the exclusion
of spontaneous lymphoblastoma) in all experimental groups.
No pulmonary malignant tumor happened in the control
group. The first tumor was found in the chrysotile group; rat
died after 15 months of injection dust. Later, two rats with
cancer were found at 22 months after injection dust, two cases
in the crocidolite group and one case in both tremolite and ac-
tinolite group separately, as in Table III and Figures 12, 13.
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Figure 1. Electromicrograph of chrysotile (X 2500). Figure 3. Electromicrograph of tremolite (X 2500).

Figure 2. Electromicrograph of crocidolite (% 2500). Figure 4. Electromicrograph of actinolite (X 2500).
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Table 1
Length and Diameter Distribution of Different Asbestos and SiO»
Asbestos Length of fibre(X) Fibre in diameter (%)
- * Si0x
Fibre <3 -5 -10 -20 >20 <1.2 -1.6 -2.5 -5 >5
Chrysotile 76 15 6 2 i 100 0.31
Crocidoite 88 8 3 1 0 100 4.7
Tremolite a3 6 3 3 0 19 55 20 4 2 0.13
Actinolite 76 14 7 2 1 26 25 11 6 2 0.34
Table I
Result of Collagen Content of Lungs in Every Group
z g 4 12 18
Group No. T¥S.E. No. ¥#* s.BE. No. Xts.E. No. Xis.E. No. ¥ ts.E.
(T P) (T P) (T P) (T F) (T F)
.66 3.74 5 65.40 6.40 4 B81.73 2.20 8 80.10 1.40 7 85.86 5.10
o & (2,49, ¢0.05) (6.59,40.001) (3.08,<0.01)
. e .64 2. 6 55.89 3.37 8 T2.26 6€.29 T T78.05 4.14
Cro 4 35.59 2,70 6 48.64 33 (2. 25.€0.05)
. . <30 6,46 6 69.30 3.93 8 71.20 4.21 8 7T7.23 5.0
Tre 4 49,20 3.88 5 53.3 4 (2093.20.01)
Act 5 40.37 2.03 6 59.78 3.64 5 7T1.M 6.70
e32,$0,0 2.761,(0,05) 5 78.07 10,67 6 7T9.10 5.18
(2.52,¢0.05) ’ (2.396,£0.05)
Table ITI

Pathologic Type and Time of Inducing Tumor

No. of No. of

Group Pulsonary 15 17 19 21 23 25 27 (Months)
Animals Tumors

Chrysotile 38 i sq Fibro Adeno
Crocidolite 39 2 Adeno Fibro

Tremolite 40 H Adeno

Actinolite 35 1 sq

Control 38 0

Sq, Squamous cell carcinoma;
Fibro. Fibrosarcoma;
Adeno, Adenocacinoma:l
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Figure 5. Changes of dry weight of lung in rats of every group.
DISCUSSION pulmonary malignant tumors resulted from these changes.

For the different types of asbestos or the same asbestos type
in different area, inhalation or injection asbestos can lead to
various reaction of lung in the animal. 123 In addition inhala-
tion of same asbestos in different kinds of animals produced
also vartous results. All four short asbestos in the experiment
produced increasing of wet and dry weight of lung in rats. A
lot of reticular fibres and a few collagen were found in the
pulmonary interstice. These results correspond to Fu Shao
Chang’s report.*-3-6

Inhalation of injection of asbestes fibres may produce
pulmonary tumors.”-39 Seven rats with Jung tumors in this
experiment, the first lung tumor was found in a rat that had
died at the 15th month after initial injection of chrysotile
fibres. Most tumors were found during 21-25 months. No
cancer happened in the control group. This experiment in-
dicated that short ashestos fibres produced not only pulmonary
fibrosis but also pulmonary cancer. This result corresponds
with Gross’s report. Besides, epithelium hyperplasia of bron-
chioles and alveoli was sometimes present. There changes
were not seen in the control group. It seems possible that

910

Therefore, we hold that the effect of short fibre asbestos must
be considered as recommended hygienic standard.
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Figure 6. Chrysotile: Extensive areas of reticular fibre abut- Figure 8. Chrysotile: Slight centrilobular emphysema and
ting on the terminal bronchioles and involving slight thickening of alveolar wall in different areas
respiratory bronchioles. At the 2 months after in- of the lungs. 6 moenths (G.5. x 78).
jection of dust (H.E. X 78).

Figure 7. Bid (G.S. x 78). Figure 9. Chrysotile lymbh node: Many more reticular
fibres. 18 months (G.S. x 78).
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e: Squamous cell carcinoma. 15 months

(H.E. x 78).

Figure 12. Chry

Figure 10. Tremolite: Extensive reticular fibres in pul-
monary interstice. 12 months. (G.S. X 78).

by AL

L]

oo.t.__ LY

te St Ry
.-ﬁotai o..&)...wo
$a s " m.“ ¢

78).

Figure 13. Chrysotile: Fibrosarcoma. 22 months (H.E. X

Figure 11. Chrysotile: Epithelium hyperplasia of bron-
chioles. 18 months (H.E. x 120).
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ACUTE TOXICITY OF FLY ASH COLLECTED FROM A MUNICIPAL

INCINERATOR BURNING TRASH

Y. ALARIE » M, Iwasaki ® M. Stock ¢ R.C. Pearson ¢ D.J. Lisk
Graduate School of Public Health, University of Pittsburgh Pittsburgh, PA, and Toxic Chemicals

Laboratory, Comell University, Ithaca, NY, USA

INTRODUCTION

There are about 70 operating municipal refuse incinerators
in the United States and about 250 more are planned. The ash
produced typically contains high concentrations of heavy
metals' and a wide range of toxic organics including
polychlorinated dibenzedioxins and dibenzofurans.?
Therefore, there is a concern about possible health effects of
the ash among those residing downwind from such in-
cinerators as well as on workers within the plants. We have
undertaken some preliminary studies with exposures of guinea
pigs to very high concentrations of fly ash collected from one
municipal refuse incinerator.

Experimental

Twenty kilograms of fly ash was collected from a municipal
incinerator. After drying and mixing the ash was analyzed for
cadmium, lead and zinc by wet ashing with nitric and per-
chloric acids followed by anodic stripping voltametry.? Mer-
cury was determined by flameless atomic absorption
analysis.*

The ash was placed into a Pitt No. 3 aerosol generator’ for
resuspension in air of fine particles which were delivered to
an exposure system for guinea pigs.®7 This system consisted
of a central glass chamber to which four glass chambers were
attached, each holding one guinea pig. Each of these animal
chambers functioned as a flow-through whole body
plethysmograph.® Therefore they permitted indirect
measurement of tidal volume (VT), from the pressure changes
(AP) created by each breath as monitored by a sensitive
pressure transducer attached to each chamber.® Four male
Hartley guinea pigs (300-350g) were obtained from Hazleton
Research Products, Inc. and were exposed to the ash 6
hours/day for 5 consecutive days. The exposure concentra-
tion was 314 mg/m? and the particle size was 3.2 um mass
acrodynamic diameter. Prior to and immediately following
each exposure each animal was challenged with 10% CO- in
20% O, and 70% N3. AP and respiratory frequency (f) were
measured during air breathing and CQ, challenge.®9 Similar
CO; challenges were also conducted on days 6-9, 14, 16, 21,
26-30, 35 and 50 following exposure. Euthanasia was per-
formed on day 50 using pentobarbital. Kidneys, livers and
lungs were removed. Lungs were fixed using intratracheat in-
fusion of 10% buffered formaldehyde held at 25 cm H,O for
two hours prior to continued fixing in the same solution.
Before and after fixation lung weights were taken and lung
volumes were measured by water displacement. Four guinea

pigs were used as controls and treated as the exposed animals
except that no dust was delivered to the exposure system.

RESULTS

Table I lists the heavy metals and carbon content of the ash
and Table II lists the heavy metals found in tissues of guinea
pigs 45 days after termination of exposure. Significant eleva-
tion was found in the lungs of the exposed animals as com-
pared to the controls.

Following the first exposure and during the five exposure days
there was no change from preexposure for VT measured dur-
ing air breathing. However f was lower. During CO;
challenge both VT and f were lower. This effect persisted for
all exposure days. Measurements made after the 5 exposure
days and until sacrifice at day 50 indicated recovery towards
control values. However, there was histopathological findings
in all animals ranging from moderate to severe
poeumoconiosis. This consisted of interstitial macrophage
reaction with a number of dense, black granule-laden
macrophages. Airways were moderately constricted and a
moderate degree of smooth muscle hypertrophy of the airways
and vessels was present. Thickening of alveolar septa by
macrophages and foci of granule-laden macrophages was
observed. There was no increase in lung weights in com-
parison to the controis. Lung volumes after fixation were
reduced by S0% in two animals, probably because of the con-
stricted airways preventing the entry of fixative as in controls.

DISCUSSION

Fly ash from refuse incinerators will vary greatly because of
the nature of the operation. Nevertheless, the results indicate
that a very high concentration was needed to induce an ab-
normal ventilatory response to CO; on an acute basis. The
reduction in VT during CO; was just below 50% of control.
This level of effect can be induced by 13 mg/m3 of cotton
dust,1° 1.5 mg/m? of paraquat,!! or 50 mg/m3 hex-
amethylene diisocyanate trimer.1? Therefore the dust tested
was not very potent in inducing an acute pulmonary effect.
The delayed effects, as indicated from microscopic examina-
tion of the lungs were important and it would therefore be ap-
propriate to investigate such dusts with repeated exposures at
low concentrations to investigate the possible chronic effects.
Airways constriction with smooth muscles hypertrophy sug-
gest the possible development of chronic obstructive lung
disease. This could be followed functionally by flow-volume
measurements which can be made in guinea pigs.?
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Table I

Heavy Metals and Carbon Content of Collected Fly Ash for
Exposure of Guinea Pigs. Concentration Given on the Basis

Table II
Concentrations of Heavy Metals in Tissues of Guinea Pigs Exposed to Refuse
Incinerator Fly Ash. Measurements Made 45 Days After 5 Daily Exposures of 6 Hours
Each at an Exposure Concentration of 314 mg/m3

of Dry Weight.
Item (units)

Cadmium (ppm) 477
Lead (ppm) 2134
Mercury (ppm) 25
Zinc (ppm) 14301
Carbon ( %) 7.34

(Parts per million (dry weight of metal in tissue)

Controls
Cadmium in lung 0.20 + 0
Cadmium in kidney 1.16 + 0
Cadmium in liver 0.41 + 0
Lead in lung 1.25 + 0.22
Lead in kidney 0.40 + 0.06
Lead in liver 0.23 + 0.03
Zinc in lung 68.50 + 7.06
Zinc in kidney 89.45 + 4.18
Zinc in liver 93.63 + 6.12
Mercury in lung 0.16 + 0.04
a
Means + standard error.
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Diffuse pleural fibrosis (DPF), particularly when severe may
cause reduction in vital capacity and contribute to respiratory
disability.! Recently DPF has been accepted as a conse-
quence of asbestos exposure.?-3 We previously studied 7
cases of asbestos related DPF and reported on the pathological
and mineralogical findings.* In this study we have extended
these observations to 13 cases and also performed
mineralogical analysis on tissues sampled from the central,
subpleural and pleural regions of the lung. The aims of the
study were to investigate the type of occupational exposure,
the total mineral fibre burdens and the type and distribution
of asbestos mineral fibres within the lungs associated with this
form of asbestos related disease.

METHODS

The 13 cases were selected on the basis that there was a history
of asbestos exposure and at autopsy the DPF was bilateral,
covered more than 25% of the lung surface and exceeded 5
mm in thickness at some points. Clinical and occupational
histories were obtained from the hospital notes or Medical
Boarding Centres. At least one of the lungs was inflated and
tissue blocks were taken for histology as follows:

Subpleural region of the apex of upper lobe.
Subpleural region of the apex of lower lobe,
Subpleural region of the base of lower lobe.
Central region of the upper lobe.

Central region of the lower lobe.

Several blocks from areas of pleural fibrosis.

b

The degree of parenchymal fibrosis was graded from O to 4
for each histological slide by an established system and an
average value obtained for each case.®®

For mineralogical examination samples were taken from the
same areas. The mineralogical analysis was performed for the
subpleural region by pooling samples adjacent to blocks 1-3,
for the central region by pooling the samples adjacent to blocks
4 and 5 and the pleura by pooling the saraples adjacent to the
blocks from 6. The samples were divided into two, and one
from each of the areas was dried to a constant weight so that
the wet/dry ratio could be calculated. The remaining portions
were digested in a wet state by 40% potassium hydroxide. For
light microscopy: after centrifugation, the sediment was

examined in a Fuchs Rosenthal chamber by phase contrast and
the number of fibres and bodies counted, from which could
be calculated the number per gramme of dried lung.? At least
100 asbestes forms were counted. For electron micrescopical
examination: following digestion, the final deposits were
ashed at 300C for 4 hours. The suspensions were then passed
through 0.2 pore sized nucleopore filters.

They were then carbon coated and examined by transmission
electron microscopy. The fibres were identified by type and
the number per gramme of dried lung calculated. At least 200
fibres were counted and identified for each sample. Statistical
analysis was performed using the Wilcoxon ranking test for
paired data.

RESULTS

The occupational details for each case are given in Table I.
All were males and the age at death ranged from 47 to 80
years. Duration of exposure to asbestos varied from 1 to 35
years. In all cases macroscopical examination revealed exten-
sive diffuse visceral pleural fibrosis which was at least greater
than 5 mm but which went up to 4 cm in thickness and mim-
icked pleural mesothelioma in some cases. In several cases
there were extensive adhesions between the visceral and
parietal pleura. In some cases recognisable parietal pleural
plaques were also present. Case 10 also showed severe dif-
fuse pericardial fibrosis similar to that of the pleura.
Microscopically the pleura showed mature collagen arranged
in a basket weave pattern. The degree of pulmonary fibrosis
for each case is given in Table I.

Total mineral fibre counts obtained by light and electron
microscopy at the central, subpleural and pleural sites are
given for each subject in Table II. Table ITI shows the mean
total and specific fibre counts for each of the anatomical sites.

The total asbestos fibre count was significantly greater in the
central and subpleural region than in the pleura (p<0.01).
There were no significant differences in the distribution of
chrysotile in the central, subpleural or pleural regions but there
was a statistically significant difference in the distribution of
amosite and crocidolite (p<0.01). The amosite and
crocidolite levels were much lower in the pleura than in the
other regions,
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Table I

Ages, Occupational Historics and Histological Fibrosis Grades
of 13 Cases of DPF with a History of Asbestos Exposure

SUBJECT AGE/YRS OCCUPATIONAL HISTORY GRADE OF PULMONARY
FIBROSIS
1 80 Pipe fitter 25 yrs 2
2 67 Engineer, 2 yrs
cutting asbestos sheets 2/3
3 64 Boiler maker 1/2
4 75 Electrical welder 2
5 71 Carpenter, cutting
roofing sheets 172
6 64 Asbestos sprayer 2/3
7 62 Boiler lagger for 33 years 1
Unloaded asbestos from
8 64 sacks (4 yrs) and production 2
of refractory slab (7 yrs)
9 Mixing and moulding blue
47 asbestos for battery moulds 0/1
for 1 yr
10 69 Marine engine fitter 35 yrs ND
11 54 Gas fitter and plumber 0/1
12 75 Refitting ships 25 yrs 1
13 74 Ship yard joiner 2/3
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DISCUSSION

We consider that the DPF in 11 of these cases is likely to have
been caused by asbestos but in two it is debatable. Subject 13
had been treated for pulmonary tuberculosis nine months prior
to death; the lungs showed quite severe fibrosis and very low
asbestos fibre counts which were well within the range of our
normal controls. Tuberculosis therefore seems the most likely
cause of the pleural fibrosis in this case. Subject 11 had a very
vague history of asbestos exposure and the lung asbestos
counts were well within the normal control levels. The cause
in this case is unknown but unlikely to be due to asbestos.

The light and electron microscopical mineral fibre counts

Asbestos, Pleural Pathology, Lung Fiber Burden II

showed a good correlation with each other but the light
microscopical counts were in general two orders of magnitude
lower than the electron microscopical counts. Although light
visible counts obtained by phase contrast cannot give an ac-
curate value for total lung asbestos burden, they are a useful
indicator of amphibole exposure.?1® Small thin fibres are not
visible by this method. Nevertheless, the method is inexpen-
sive, quick and more widely available than EM analysis and
in this group of cases the LM counts appeared to be a useful
indicator of whether the DPF was likely to have been asbestos
induced.

The total counts were generally raised above normal and in

Table 11

Total Fibre Counts Obtained by LM and EM Analysis in the
Central (C), Subpleural (S), and Pleural (P) Regions of the Lung

LM {X 10%) EM (X 105)
SUBJECT .
c s ! c s P
1 102.8 76.5 5.7 E 10.7 25.5 2.0
1
2 232.7 105.5 26.7 8.4 19.0 9.2
3 79.4 131.0 7.0 18,0 19.1 7.5
4 55.6 88.5 0.65 ND ND ND
5 68.4 66.5 0.83 18.9 12.2 2.2
6 95000. 0 5700.0 306.0 24769.5 32722.3 123.5
7 5330.0 4200.0 0 143.3 124.7 10.1
8 1210.0 1800.0 3.7 162.8 225.0 11.0
9 48.5 100.0 0 15.4 40,6 2.5
10 ND 744.0 11.5 18.6 80.3 17.0
1 12.2 7.7 3.1 21.9 13.1 3.3
12 7000.0 2500.0 0 93.9 164.5 2.1
13 0 25.0 0 26.1 32.4 13.2
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Table OI

Geometric (Arithmetic) Mean Asbestos Fibre Counts by Type in the

Central (C), Subpleural (S) and Pleural (P) Regions of the Lung (10%)

Total
Asbestos fibres Chrysotile Crocidolite Anosite
36.8 (2009.3) 5.24 (9.5) 5.2 (1907.9) 6.6 (182.9)

50.4 (2776.5)

6.7 (16.2)

13.3 (56.3)

5.5 (7.7)

4.9 (2559.0)

0.15 (7.4)

7.4 (160.9)

0.05 (1.1)

the range we have seen with pleural plaques and minimal
asbestosis. However, three subjects had counts which were
well above this range (subjects 6, 7 and 12). Subject 6 had an
extremely high count, which we have usually encountered in
severe asbestosis; he was an asbestos sprayer, an occupation
which may be associated with very high asbestos exposures.

The counts obtained at the various sites within the lung con-
firm the nonuniform distribution of asbestos as shown by
others. !! Chrysotile parenchymal levels were similar to nor-
mal controls except for subject 6. Amphibole parenchymal
levels were raised above normal in all but two (subjects 11
and 13) which we consider unlikely to be caused by asbestos.
The pleura contained relatively little fibre and by far the ma-
jority of this was chrysotile. Sebastien et al'? in a previous
study of asbestos fibres from the lung parenchyma and pleura
of cases suffering from a variety of asbestos related diseases,
found no relationship between parenchymal and pleura con-
centrations and the pleura contained almost exclusively
chrysotile. Although amphibole fibres were found in the
pleura of all but one of our cases, they were extremely sparse
in number.

In conclusion the findings of this snxdy confirm previous
observations that the distribution of fibres within the lung is
not uniform. It also shows that in these cases of DPF the ma-
jority of fibre within the pleura is chrysotile but small numbers
of amphibole fibres are also present. Also the amount of am-
phibole fibres within the pleura is much less than that in the
parenchyma. As in other asbestos related diseases the paren-
chymal levels of amphibole asbestos but not chrysotile appear
raised above controls.
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HYALINE PLEURAL PLAQUES AND ASBESTOS EXPOSURE

C. BIANCHI = A.Brollo ¢ L. Ramani

Laboratory of Pathological Anatomy, Hospital of Monfalcone, Monfalcone, Italy

INTRODUCTION

The importance of hyaline pleural plaques as possible markers
of previous exposure to asbestos and to other mineral fibres,
is now recognized.!2:1.12 In the present study the
characteristics of pleural plaques have been anatyzed in a
series of necropsies, carried out in Monfalcone, Italy. The first
results of this investigation have been the object of previous
papers.7

MATERIALS AND METHODS

The Territory of Monfalcone is a small industrial district, in
northeastern Italy, at the border with Yugoslavia. It covers
an area of 152 square kilometers and has a population of
59,599 (1981 census). The Monfalcone Territory includes
eight towns, the major of which are Monfalcone (30,259 in-
habitants), and Ronchi dei Legionari (10,052 inhabitants).

The Monfalcone shipyard, opened at the beginning of this cen-
tury (1908), is the most important industry in this area. At
present about 3,000 persons are employed in the Monfalcone
shipyard; but the workforce was greater in the past, having
reached nearly 10,000 workers in the late 1930’s.

During the period October 1979-December 1987 a total of
1,620 necropsies were performed at the Monfalcone Hospital.
The necropsies were carried out by three pathologists (Claudio
Bianchi, Lucia Bittesini, and Alessandro Brollo), In all the
cases a careful inspection of the thoracic cavities was per-
formed, in order to detect the presence of hyaline pleural
plaques. In a large majority of the necropsies, the costal and
the diaphragmatic pleuras were detached from the thoracic
cavity, placed on a table, and then examined. All white,
fibrous patches, calcified or not, involving parietal pleura
were defined as pleural plaques. Unilateral and very small pat-
ches were also considered as hyaline plaques. The cases with
pleural plaques were classified in 3 classes: (1) mild, (2)
moderate, and (3) severe, on the basis of the size of plaques.
Small plaques (few centimeters in major diameter) were
classified as mild, while very large unilateral and bilateral
plaques involving the major part of a hemithorax were defin-
ed as severe. The term moderate was applied to the in-
termediate conditions. In expressing the results, a simplified
classification (“*small’’ and “‘large’’) is sometimes adopted,
“‘small’* corresponding to class 1, and **large’” including the
remaining two classes.

In a number of cases the macroscopic features of pleural
plaques were photographically documented. Moreover
samples were generally obtained from the pleura for

histological examination.

In all the cases a sample, measuring about 3x3x2 centimeters,
was taken from the lung base and formalin fixed. The piece
was taken from the right lung, or from the left base when the
right was largely involved by tumor. In 464 cases the sample
was completely digested in a commercial 5% sodium
hypochlorite solution. Asbestos bodies were then isolated and
quantitated according to the method of Smith and Naylor.16
The results were expressed as the number of asbestos bodies
per gram of dried lung tissue.

In 745 cases the patients’ relatives were interviewed to ob-
tain detailed occupational data. Generally the interviews were
carried out at our laboratory by one of us (C.B.). In some cases
the interviewer was another doctor of our staff, and in a few
cases telephone interviews were performed. The questions
concerned the various occupations of the patient, the place and
the time of the activities, and the occupations of his/her
relatives. When sufficient information was not obtained, fur-
ther members of the family were interviewed. In many cases
the ‘“work-book’” {a personal document in which all the oc-
cupations and the names of employers are listed) was
consulted.

The chi-square test was used to compare the prevalence of
pleural plaques among the various groups of patients. The
relation between pleural plaques and asbestos body content
was examined by determination of the Spearman’s correla-
tion coefficient.

RESULTS

The series consisted of 1,040 men and 580 women. Tables
I and IT show the sex and age distribution of pleural plaques.
Between the two sexes there were significant differences in
the prevalences of total plagues (p<0.001), small plagues
(p<0.01), and the large plaques (p<0.001).

In Table III the patients are subdivided according to sex, and
place of residence at death. The men resident in Monfalcone
Territory more frequently showed pleural plaques (p<0.001)
and large plaques (p < 0.01), compared with men resident in
other areas. Among women higher prevalences of total
plaques (p < 0.001) and of small plaques (p <0.01) were ob-
served in Monfalcone Territory residents.

The amounts of lung asbestos bodies showed marked dif-
ferences between the two sexes (Table IV). A good correla-
tion was visible between the amount of asbestos bodies and
extent of pleural plaques (Table V) (r=0.61, p<0.001).
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Table 1
Hyaline Pleural Plaques and Age (Men)

Age No. of Hyaline Pleural Plaques (%)
(years) cases Absent Class 1 Class 2 Class 3
0 - 24 13 100.0 0.0 0.0 0.0
25 - 34 4 75.0 0.0 25.0 0.0
35 - 44 24 29.2 33.3 12.5 25.0
45 - 54 99 34.3 20.2 21.2 24.2
55 - 64 209 31.6 26.8 19.1 22.5
65 - 74 327 27.5 24.8 24.8 22.9
75 - 84 305 26.2 23.3 28.2 22.3
85 -~ 94 59 37.3 22.0 22.0 18.6
Total 1040 30.3 23.9 23.6 22.2

Table I
Hyaline Pleural Plaques and Age (Women)

Age No. of Hyaline Pleural Plaques (%)
(years) cases Absent Class 1 Class 2 Class 3
0 - 24 S 100.0 0.0 0.0 0.0

25 - 34 5 100.0 0.0 0.0 0.0
35 - 44 13 84.6 15.4 0.0 0.0
55 - 64 69 71.0 26.1 1.4 1.4
65 - 74 125 72.8 18.4 7.2 1.6
75 - 84 236 77.1 19.5 3.4 0.0
85 - 94 96 82.3 12.5 5.2 0.0
95 - 99)_7__ 5 100-0 000 0-0 0.0
Total 580 77.2 18.1 5.1 0.5
Table IIT
Hyaline Pleural Plaques and Residence

No. of Hyaline Pleural Plaques (%)

cases Absent Class 1 Class 2 Class 3
MEN
MT Residents 872 25.8 23.6 25.5 25.1
Others 168 53.6 25.6 13.7 7.1
WOMEN
MT Residents 468 73.9 20.5 4.9 0.6
Others 112 91.1 8.0 0.9 0.0

MT = Monfalcone Territory
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Table VI shows the prevalence of pleural plaques in men
classified on the basis of work history data. There were
marked differences from one occupational category to
another, with shipyard workers and clerks being at the two
extremes. The subjects employed in industries {(shipbuilding,
chemical, construction, and various), showed a significantly
higher prevalence of pleural plaques, compared with persons
employed in agriculture (p<0.001), or with persons includ-
ed in the remaining groups (p<0.001).

Among the chemical industry workers there were 18 patients,
who had been employed in the sodium carbonate factory of
Monfalcone; a very high prevaience of pleural plaques was
observed in this subgroup, large plaques having been found
in 14 cases, and small plaques in 3.

Among women a large number of patients had histories of
househeld exposure to asbestos having cleaned the work

Asbestos, Pleural Pathology, Lung Fiber Burden II

clothes of their family members employed in shipbuilding or
in the chemical industry. A double classification of the cases
had therefore been adopted, according to the presence (Table
V) or the absence (Table VIII) of data indicating domestic
exposure. Eight women with incomplete histories have not
been included in the tables. The women exposed to asbestos
at home significantly differed from the others in the prevalence
of pleural plaques (p-<0.001).

In a large majority of the cases the patients with pleural plaques
and with histories of employment in the shipyard or in other
industries, had begun their work before 1950. However, a
small number of subjects, who had their first employment in
the shipyard in the 1970’s, were observed; these workers
showed small plaques and widely variable amounts of lung
asbestos bodies (between 100 and 200,000/g dried lung
tissue).

Table IV
Asbestos Bodies Amounts in 464 Cases

AB * MEN WOMEN

Cases ¥ Cases %
0 -1 6 1.6 4 4.4
1 -2 16 4.3 14 15.6
2 - 3 80 21.4 37 41.1
3 - 4 108 28.9 31 34.4
4 - 5 118 31.6 3 3.3
5 - 86 40 10.7 1 1.1
6 - 7 6 1.6 0 0.0
Total 374 100.0 90 100.0

* Asbestos bodies, Logl0 /g dried tissue

Table V
Hyaline Pleural Plaques and Lung Asbestos Bodies

Hyaline Pleural Plaques (%)

AB * No. of

cases

10
30
117
139
121
41
6

464

60.0
60.0
41.9
28.8

7.4

0.0
16.7

26.5

40.0
26.7
37.6
18.7
11.6

9.8

c.0

21.6

* Asbestos bodies, Logl0 /g dried tissue

0.0
13.3
15.4
25.2
33.1
26.8

0.0

23.3

Absent Class 1 Class 2 Class 3
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Shipbuilding industry
Shipbuilding and others
Chemical industry
Sailors and dock workers
Various industries
Construction industry
Agriculture

Artisans and traders
Clerks

Other

Insufficient data

Total

Shipbuilding industry
Various industries
Housewives

Textile industry
Agriculture

Artisans and traders
Maids

Other

Total

Table VI
Hyaline Pleural Plaques and Occupations (Men)
No. of Hyaline Pleural Plaques (%)
cases Absent Class 1 Class 2 Class 3
141 7.1 22.0 33.3 37.6
217 18.4 18.9 25.8 36.9
26 19.2 23.1 26.9 30.8
19 31.6 42.1 10.5 15.8
46 50.0 21.7 19.6 8.7
33 54.5 27.3 9.1 9.1
26 61.5 30.8 7.7 0.0
24 66.7 25.0 8.3 0.0
12 91.7 0.0 8.3 0.0
11 63.6 27.3 0.0 9.1
4 25.0 25.0 50.0 0.0
559 27 .4 22.0 23.4 27 .2
Table VII ¢
Hyaline Pleural Plaques and Occupations in Women with Histories of
Domestic Asbestos Exposure
No. of Hyaline Pleural Plaques (%)
cases Absent Class 1 Class 2 Class 3
9 22.2 77.8 0.0 0.0
19 26.3 52.6 15.8 5.3
24 33.3 54.2 12.5 0.0
14 50.0 35.7 14.3 0.0
20 55.0 30.0 15.0 0.0
18 61l.1 38.9 0.0 0.0
11 63.6 27.3 9.1 0.0
6 50.0 50.0 0.0 0.0
121 44.6 44.6 9.9 0.8
Table VIII

Hyaline Pleural Plaques and Occupations in Woinen without
History of Domestic Asbestos Exposure

various industries
Clerks

Shipbuilding industry
Textile industry
Maids

Artisans and traders
Housewives
Agriculture

Total

922

No. of
cases

2
6
10
4
5
8
18
4

57

Hyaline Pleural Plaques (%)

Absent Class 1 Class 2 Class 3

50.0 0.0 0.0 50.0
66.7 16.7  16.7 0.0
70.0 30.0 0.0 0.0
75.0 25.0 0.0 0.0
80.0 20.0 0.0 0.0
87.5 12.5 0.0 0.0
94.4 5.6 0.0 0.0
100.0 0.0 0.0 0.0
82.5 14.0 1.8 1.8



DISCUSSION

Data on the prevalence of hyaline pleural plagues, in the
general population or in specific occupational groups, are
available for various regions.12.68.11-13.15 Geveral studies are
based on chest X-ray findings, and others on necropsy
material. Since the sensitivity of X-ray examination in detect-
ed pleural plaques is low, 2 the comparisons between the two
types of investigation are of limited value.

The prevalence we observed in the present series appears to
be very high when compared to those found in other necrop-
sy series.! The residents in the Monfalcone area seem to be
particularly involved.

The marked difference in the prevalence of pleural plagues
between the two sexes is a first indication that «n occupational
source might represent the most important cause of the plaques
in our cases. This idea is strongly corroborated by occupa-
tional histories.

Some researchers!? believe that at retirement probably nearly
all the shipyard workers have pleural plagques. The present
findings confirm such an opinion. In our material over 90%
of the subjects, who had worked only in the shipyard, show-
ed hyaline pleural plaques. Moreover other industries have
been identified as causes of plaques. In particular, working
in a sodium carbonate factory, a plant active in Monfalcone
until 20 years ago, was almost constantly associated with the
presence of plaques,

In clarifying the etiology of pleural plaques in the Monfalcone
series, occupational data as well as the findings concerning
lung asbestos content have to be considered.

A history of employment in the shipyard represents a strong
indication of asbestos exposure so that pleural plaques, we
found in shipyard workers, may be attributed to asbestos. As
far as the majority of the other workplaces appearing in the
occupational histories were concerned, we were able to ascer-
tain that they implied an asbestos exposure. However, the
meaning of some data remains uncertain. For instance pleural
plaques (mostly small) have been observed in some subjects
with histories of employment in agriculture. We could not
ascertain the etiology of the plaques in these cases; an en-
vironmental exposure to asbestos is a possible cause, but in-
completeness of the history data or the role of factors other
than asbestos cannot be excluded.

Information furnished by quantitation of lung asbestos bodies
supports the idea that asbestos is by far the most important
cause of pleural plaques in the present series. In fact a good
correlation was observed between the amount of asbestos
bodies and pleural plaques. Nevertheless in several cases with
histories indicative of important occupational asbestos ex-
posure and with large pleural plaques, low numbers of
asbestos bodies were found. Conversely some heavily exposed
subjects showed large amounts of asbestos bodies, not
associated with the presence of pleural plaques,

The low number of asbestos bodies in exposed subject may
be explained by different factors, such as the clearance of
asbestos fibers, !4 or individua! differences in the production
of asbestos bodies.? Moreover it should be remembered that
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the sensitivity of the Smith-Naylor method, the techniques
used in the present investigation, has recently been ques-
tioned. ' Concerning the absence of pleural plaques in heavi-
ly exposed persons, in our material this situation was usually
associated with the presence of firm, diffuse adhesions be-
tween the visceral and parietal pleura.

CONCLUSIONS

In the Monfalcone area a consistent portion of the male
population has spent some part of their life in the shipyard.
Consequently it is not surprising that a very high prevalence
of hyaline pleural plaques has been observed in this territory.
However, the present investigation furnishes data on the in-
tensity of asbestos exposure in the Monfalcone shipyard.
Moreover other sources of asbestos exposure, before un-
suspected, have been identified and the magnimde of the
phenomenon *‘domestic asbestos exposure’” in this territory
has been defined. In our experience detection of pleural
plaques represents a valid way of monitoring asbestos
exposure.
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MORPHOLOGY, CHARACTER AND FEATURES OF
ANTOPHYLLITE-INDUCED MESOTHELIOMAS

K. KOLEV
Institute of Hygiene and Occupational Health, Medical Academy, Sofia, Bulgaria

ABSTRACT

A histological, cytological, histochemical and electron-microscopic observation was carried out on 109
mesotheliomas, induced by /UICC/, Bulgarian and Soviet amtophyllites. Intraperitoneal and intrapleural method
of application were used. Most characteristic of the antophyllite-induced mesotheliomas is the fact that in 55
to 72% in terms of their infrastructure they conform to the sarcomatous variant. This feature is in complete
contradiction with science in the experimental and human mesotheliomas caused by crocidolite, amosite and
chrysotile, where the prevailing variant is the carcinomatous one—about 60% while the sarcomatous account
for about 10-15%. The prevailing position of the sarcomatous variant in the first case is not influenced by
the kind of antophyllite, the morphology of the dust applied, nor by the way of application.

The author proposes a new histogenetic classification of antophyllite-induced mesotheliomas.

No Paper provided.
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CELL TYPES OF ASBESTOS LUNG CANCER

COLEMAN B. RABIN, M.D. * Irving J. Selikoff, M.D. ¢ Yasunosuke Suzuki, M.D. «
Ruth Lilis, M.D.

Div. of Environmental & Occupational Medicine, Mt. Sinai School of Medicine of the City Universi-
ty of New York, USA

ABSTRACT

We have been following a cohort of asbestos insulation workers from January 1, 1967. By January 1, 1985,
there were 526 lung cancer deaths in which we had opportunity to review initial diagnostic X-rays, histological
material, and clinical findings. We will present the distribution of cell types, including small cell carcinoma,
squamous cell, adenocarcinoma, large cell carcinoma, bronchoalveolar carcinoma, and less common cell types,
in relation to topographical findings and other parameters.

No Paper provided.
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RELEASE OF A “FIBROBLAST PROLIFERATION FACTOR” FROM
HUMAN MACROPHAGES IN VITRO TREATED WITH QUARTZ DUST

DQ 12 OR COAL MINE DUSTS
N.H. SEEMAYER ¢ E. Maly

Medical Institute of Environmental Hygiene at the University Gurlittstr. 53, D-4000 Dusseldorf, F.R.G.

INTRODUCTION

Alveolar macrophages are the primary target for the noxious
effect of quartz—and coal mine dusts in human and animal
lung. Macrophages produce a very large number of more than
50 ““biofactors’” or “‘mediators”* which participate in various
inflammation and immunological regulation processes. 16.26
Heppleston and Styles? reported in 1967 that after incubation
with quartz dust, peritoneal macrophages of the rat produce
a factor which stimulates chicken fibroblasts to collagen syn-
thesis. Afier initially negative reports® Heppleston’s findings
have been confirmed by various investigators using diverse
in vivo and in vitro cell systems. 1-5:11.12.27 Reacently, evidence
is accumulating about the formation of mediators in human
monocyte and macrophage cultures following stimulation with
soluble and particulate agents which stimulate fibroblasts to
cell replication.3-6.7-13.1% Various reports suggest, that human
monocytes and macrophages have the ability to generate
multiple *“fibroblast activating factors,’” depending on culture
conditions, agents used for stimulation, cell type and assay
employed for activity evaluation,36.7-13.1926 A5 an extension
of our report of 1986, this paper presents results on the for-
mation of a ‘‘Fibroblast proliferation factor” in human
menocyte/macrophage cultures following incubation with
quartz dust DQ 12 and ccal mine dusts TF-1 from the Ruhr-
area (FRG).

MATERIALS AND METHODS

Cell Cultures

Isolation of human monocytes from peripheral blood in Ficoll-
Hypaque gradient and cultivation of monocytes 1o maturation
of cells with characteristics of macrophages has already been
described in detail elsewhere.Z The cell line FH-3 (human
embryonal skin fibroblasts) and the cell line (FH-27) (human
embryonal lung fibroblasts) were obtained from Biochrom,
Berlin (FRG). The cell line WI-38 (human embryonal lung
fibroblasts) were purchased from Flow Laboratories,
Meckenheim, FRG and the cell line MRHF (human foreskin
dermal fibroblasts) from Api-BioMerieux Nurtingen, FRG.
The cell lines of human lung and dermal fibroblasts were
cultured in Dulbecco’s modified Minimum essential medium
with 10% foetal calf serum and antibiotics (Pencillin 100
L.U/ml, Streptomycin 100 pg/ml).

Mine Dust and Control Dust
The TF-1 dust, fraction BAT-II from the Ruhr region was
kindly supplied by the Hauptstelle for Staubbekampfung und
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Pneumokonioseverhutung des Steinkohlenbergbauvereins in
Essen. This is a mine dust with a high mineral content of 95
wt % and a quartz content of 10.6 wt %, with a particle size
distribution of 0.5-2.5 um.20

Quartz dust DQ 12 was used as the toxic dust (positive con-
trol). This is Dorentruper crystall quartz flour (grinding no.
12) with a particle size 5 pm.

Preparation of Supematants from Cultures of Human
Monocytes/Macrophages

Dust samples were suspended in Iscove medium or
RPMI-1640 medium without an addition or with 1 % newborn
calf serum. The samples were subjected to ultrasonic treat-
ment (Sonifier B-12 from Branson Sonic Power Company,
USA) in order to achieve a uniform distribution of the par-
ticles and to destroy germs. Suspended dust samples in con-
centrations as described under “*Results’™ were added to
cultures of human monocytes/macrophages. After an incuba-
tion period of 24 hours at 37°C, the culture supernatants were
centrifuged for 15 min at 3,000 rpm and then filtered through
Millipore filters (pore size 0.45 um). The supernatants were
then deep frozen at -20°C until used.

Chemicals and Equipment

Fibroblast growth factor (FGF) was purchased from Sigma,
Munich (FRG) and Boehringer, Mannheim (FRG), Platelet
derived growth factor (PDGF), porcine, Speywood
Laboratories was obtained from Sebak Company, Aidenbach,
FRG. Ultrafree PF Filter Unrits of 10.000 and 30.000 NMWL
and Centrifugal Ultrafree Filter Units of 10.000 and 30.000
NMWL were commercially available from Millipore,
Eschborn, FRG.

Determination of Cell Growth of Human Dermal and
Lung Fibroblasts

Human fibroblast cell lines (FH-3, MRHF, FH-27, WI-38)
were detached with a trypsin-Versene mixture and adjusted
to a cell count of 4-6 x 10* cells/ml in Dulbecco’s MEM
with 1 % foetal calf serum or with 10% serum (2% foetal and
8% newbormn calf serum), correspending to dermal and lung
fibroblasts, respectively. 1 ml of this cell suspension per well
was transferred to a tissue culture plate with 24 wells (Falcon
3047 MultiWell tissue culture plate) or to LAB-Tissue Culture
Chamber (4 chamber, LT-4804). 24 hours later cell cultures
were re-fed with Dulbecco’s MEM with 0.5% foetal calf



serum or with 0.15% bovine serum albumin (Bochringer
Mannheim, FRG) and kept for 2-4 days to obtain ‘quiescent™
cultures. The macrophage supernatants were added in an
amount of 0.2 ml per well or chamber. In each case 4 cultures
were used per measurement point. The protein determination
according to Lowry in the modification of Oyama and
Eagle!® was carried out as already described earlier.2! A pro-
tein calibration curve was plotted with *“pure’” bovine serum
albumin from Serva, Heidelberg (FRG). For morphological
evaluation of cell cultures by light microscopy we used a stan-
dard procedure of fixation and staining with Bouin’s solution
and hematoxylin-eosin or with methanol and Giemsa.

Statistical Analysis

For statistical analysis data were computerized and mean
values and limits of confidence were determined. Futhermore,
Bartlett test for equal variances, one-way analysis of variance
and Student’s t-test were performed.

RESULTS

Human fibroblast cultures, ‘‘quiescent’ or showing only
slight cell replication were used to quantify the **fibroblast
proliferation activity’* of supernatants from treated and un-
treated human macrophage cultures. The results of such an
experimental set-up are shown on Figure 1. Human
macrophages were cultivated for 7 days. Thereafter cells were
treated with quartz dust DQ 12 for 24 hours in Iscove medium
without serum at a concentration of 30 ug/ml per approximate-
ly 1 x 106 cells. Supernatants were collected as outlined in
Materials and Methods. To cell cultures of human dermal
fibroblasts (FH-3) supernatants of untreated and quartz dust
DQ 12 treated macrophages were added. Afier a culture
period of 6-8 days on an average, the protein content of the
cultures was determined by the method of Lowry in the
modification of Oyama and Eagle.!® Column 1 (Figure 1)
shows an untreated FH-3 fibroblast culture. The amount of

£ 1. Cell Comtrol
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Figure 1. Cell growth of human fibroplasts of cell line FH-3
following incubation with the supernatant of an un-
treated (column 2) human macrophage culture and
one incubated with quartz dust DQ 12 {(column
3-6) in various dilutions. Mean values and con-
fidence limits are shown.
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protein in pg/ml is given as a criterion of cell growth. Col-
umn 2 illustrates the cell growth of the fibroblast culture to
which the supernatants of the untreated macrophage culture
had been added. No increase in cell growth is seen in com-
parison with the control. Column 3-6 (Figure 1) represent the
growth of human dermal fibroblast culture FH-3 to which the
supernatant of a macrophage culture treated with 30 ug/ml
DQ 12 had been added in various dilutions. The potent
**proliferation-stimulating activity’” of this supernatant led
nearly to doubling of the protein content of these cultures at
a dilution of 1:5 in the course of 7 days in comparison with
the control {Column 3). But also at higher dilutions of 1:10
up to 1:40 the ‘“proliferation-stimulating activity’’ of this
supernatant can be seen (Column 4-6). ’

The ““proliferation-stimulating activity’” of supernatants of
human macrophages (age 7 days) to which the coal mine dust
TF-1, fraction BAT-II had been added for 24 hours was tested
in further experiments. For this purpose, supernatants of un-
treated human macrophage cultures and of those treated with
coal mine dust TF-1 (30 ug/ml, 24 hours) were added to
human fibroblast cultures (line FH-3) and cultured at 37¢C
for 7 days. The results are shown on Figure 2. Column 1
represents the cell control, column 2 shows the cell growth
of the fibroblasts after addition of the supernatant of untreated
macrophages. Column 3-6 (Figure 2) represent the cell
growth following addition of supernatant of macrophages
treated with coal mine dust TF-1. In comparison with the cell
and macrophage control, there is a significant increase in cell
growth of the haman dermal fibroblasts FH-3 which had been
incubated with the supernatant of macrophages treated with
coal mine dust TF-1. A similar *“proliferation-stimulating ef-
fect”” was observed with human diploid lung fibroblasts WI-38
treated with supernatants from another batch of human
macrophages incubated with coal mine dust TF-1 (30 gg/ml,
24 hours). We made further attempts to characterize the fac-
tor produced by quartz and coal mine dust exposed human
macrophages. We found that the factor is still active after
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Figure 2. Cell growth of human fibroplasts of cell line FH-3
following incubation with the supernatant of an un-
treated (column 2) and one treated with coal mine
dust TF-1, BAT-II (column 3-6) in various dilu-
tions. Mean values and limits of confidence are
presented.
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incubating at 56°C for 60 min. For estimation of the approx-
imate molecular weight of the factor we utilized Ultrafree PF
Filter Units (Millipore} of 10.000 and 30.000 NMWL
(nominal molecular weight limits) and corresponding Cen-
trifugal Ulirafree Filter Units (Millipore) of 10.000 and
30.000 NMWL.. Results based on induced cell multiplication
of non-replicating MRHF and FH-3 fibroblasts and on
stimulation of DNA synthesis of WI-38 cells by the superna-
tant of quartz dust DQ 12 exposed human macrophages larger
and smaller than 10.000 and 30.000 NMWL indicate a
molecular weight of the factor of more than 30 KDa. In fur-
ther experiments we incubated non-replicating WI-38 cells for
various lengths of time (2, 4, 16 and 24 h, 7 days) with super-
natants of quartz dust DQ 12 exposed macrophages. Results
revealed that a continuous presence of the factor is necessary
for cell replication. This assumption is also supported by
measuring the number of DNA synthesizing cells of WI-38
cells exposed for various lengths of time to supernatant. On-
ly continuous presence of the factor led to a high number of
DNA synthesizing cells.'® After removal of the factor the
DNA synthesis ceased very rapidly. To elucidate the nature
of the “*fibroblast proliferation factor’” we performed “‘com-
plementation tests’” according to Stiles et al.?* and Bitterman
et al.? Addition of fibroblast growth factor or of platelet
derived growth factor (PDGF} 1o no replicating WI-38 or
MRHF-cells enhanced the cell growth significantly in
presence of supernatants of quartz dust DQ 12-treated human
macrophages. Similar resnlts were obtained with WI-38 cells
in presence of supernatant of coal mine dust TF-1 treated

human macrophages. Addition of FGF or PDGF led to a

remarkable enhancement of cell multiplication.

DISCUSSION AND CONCLUSION

Results presented demonstrate that human macrophages in
culture obtained by cultivation and differentiation of blood
monocytes, form a soluble factor(s) following incubation with
quartz dust DQ 12 or coal mine dust TF-1. This factor
stimulates “‘quiescent”” or only moderately replicating human
lung and dermal fibroblasts to a considerable cell multiplica-
tion. Therefore, we designated the ““factor’” as **fibrobiast
proliferation factor’* (FPF).

As we earlier reported, 24 the process of fibroblast multi-
plication stimulated by FPF could also be visualized by mor-
phological criteria, such as increased rate of DNA
synthesis!? and of mitosis and by manifestation of high cell
density of cultures.

The “*dual control model of growth regulation’ suggests2’
that growth factors can be classified either as “*‘competence
factors™ or as “‘progression factors.”” While cells require only
transjent exposure to ‘‘competence factors,”” i.e. PDGF,
FGF,““progression factors’’ are required continuously for
DNA synthesis and cell replication. Results suggest a
classification of FPF as a *‘progression factor”” because a con-
tinuous exposure was required for cell multiplication of
fibroblasts and in view of an enhanced growth afier addition
of FGF or PDGF in a serum-free medium *‘complementation
test. 9

Bitterman et al.3 reported that human alveolar macrophages
obtained by lung lavage and incubated in vitro with soluble
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and particulate agents, release an alveolar macrophage derived
growth factor (AMDGF), exhibiting activity as a “‘progres-
sion factor’’ for human lung fibroblasts. The molecular weight
of AMDGF of 18 kDa differs from the MW of FPF,
preliminary estimated as more than 30 kDa. Thermal stabili-
ty of FPF (56°C, 60 min) is resembling stability of an alveolar
macrophage factor from silica instilled rats, isolated by Ben-
son et al.,2 inducing elevated DNA synthesis of rat lung
fibroblasts. Beside FPF in supernatants of quartz DQ 12 or
coal mine dust TF-1 treated human monocytes/macrophages
a ‘‘Granulocyte activating Mediator’” (GRAM) was
detected'!5 causing a long lasting Lucigenin-dependent
chemiluminescence of human granulocytes.

In several studies “‘fibroblast growth factors’® have been
described, which were induced in cultures of human
monocytes and macrophages by various soluble and par-
ticulate agents, i.c. by zymosan, phytohemagglutinine, con-
canavalin A, endotoxin, immune complexes, staphylococci
and quartz dust (Bitterman et al.,3 Dohlman et al.,% Glenn
and Ross,” Leslie et al.,'* Schmidt et al.,!® Seemayer et
al 3.4

The growth stimulation of fibroblasts by activated or damaged

macrophages is of great importance for fibrotic lung processes
especially silicosis and appears to be a generally applicable,
pathobiological principle.*
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USE OF A SENSITIVE ELECTRO-OPTICAL METHOD TO QUANTIFY
SUPEROXIDE PRODUCTION FROM SINGLE PULMONARY ALVEOLAR
MACROPHAGES EXPOSED TO DUSTS IN VITRO OR IN VIVO: SOME
CURRENT EXPERIMENTAL AND MODEL RESULTS

EUGENE V. CILENTO, Ph.D. ¢ K. A. DiGregorio, Ph.D. * R. Clark Lantz, Ph.D.!
Departments of Chemical Engineering and Anatomy, 413 Engineering Sciences, West Virginia

University, Morgantown, WV 26506-6101, USA

ABSTRACT

This laboratory has developed a sensitive electro-optical method to quantify the initial rate (R) and total amount
(MAX) of superoxide (O3 ) produced by single pulmonary alveolar macrophages (PAM). The method uses
a microscope-based TV system to visualize PAM in culture, and to video record the images during the time
the cells produce O . MAX and R are calculated from measurement of temporal changes in optical density
in the images due to precipitated diformazan formed by the reaction of 05, produced by each PAM, with
nitroblue tetrazolium present in the culture medium. To date, values of R and MAX, measured due to adherence
of PAM to the dish, have been compared to values obtained when quartz, coal mine dust (CMD), and kaolin
were added to the medium (én vitro). R and MAX have also been calculated for PAM lavaged from animals
exposed to quartz and CMD in the WVU Inhalation Facility. Presently, experiments are being done using
serum which will permit PAM to be restimulated by different dusts to help establish a dose response relation-
ship and a means to study the role of lung surfactant on modifying the acute toxicity of inhaled dusts. Ultimately,
this methodology should provide useful insight into establishing the role of O in PAM dysfunction due to

inhalation of dusts, and in lung diseases such as pneumoconioses.

INTRODUCTION

PAM are free cells found in the lungs which protect the lungs
by removing foreign debris and bacteria. This is accom-
plished, in part, by the process of phagocytosis, whereby
foreign matter is internalized into vesicles known as primary
phagosomes. Phagocytosis also involves the chemical
breakdown of inhaled dusts and the killing of microbes.
Detoxification is aided by the respiratory burst, which is a
metabolic response of the cell to foreign substances, that
results in the production of highly reactive oxidizing agents
from the partial reduction of extracellular oxygen to superox-
ide (O4) at the surface of the plasma membrane. Superoxide
undergoes either spontaneous or enzyme catalyzed dismuta-
tion reactions to form hydrogen peroxide (Hy0,) and subse-
quently hydroxyl radical (OH®) and singlet oxygen (O,!).
However, while these oxygen metabolites aid in the killing
of microbes they also may destroy endogenous tissue. For ex-
ample, O has been linked to the aging process and to many
diseases including emphysema, diabetes, and cancer.*
Therefore, a better understanding of the production of 05 is
extremely important since an abnormally low production
could result in damage by inhaled dusts and bacteria while an
abnormally high production could result in direct damage to
the lung tissue by the phagocytes.

Inhalation of regpirable sized mineral dusts, such as quartz
(silica), coal mine dusts (CMD), and asbestos, results in
various pulmonary disorders. PAM are thought to play an im-
portant role since evidence suggests that the first step in
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fibrogenesis is an interaction of dust particles with PAM.
Generally, in vivo exposure of animals to mineral dusts results
in increased respiratory burst activity, migratory patterns,
phagocytic behavior, and secretory potential of PAM, and for
this reason these have been implicated to be pivotal events in
the pathogenesis of pulmonary diseases.! In addition to
stimulation of resident PAM, an influx of monocytes into the
lung and/or production of new macrophages generally occurs
in response to fibrogenic dust inhalation. Further, PAM may
attract and stimulate fibroblasts, which normally synthesize
proteins and cellagen during repair of tissue, by secreting
chemoattractants and enzymes. Thus, PAM may be involved
in pulmenary disorders through failure or partial loss of their
defensive capability, or indirectly, through release of other
mediators.

The major objective of this project is to develop a better
understanding for the role O3 production by PAM plays in
the development of pulmonary disease following exposure to
inhaled dusts. Specifically, it is not understood whether cer-
tain dusts (or constituents of dusts), inhaled over a period of
time, can alter the ability of this cell-type to remove foreign
material from the lung. Also, it is not known whether dysfunc-
tion of PAM occurs which may result in an underproduction
or an overproduction of Q7 ; either of which may be harm-
ful to normal lung tissue.

A novel technique has been developed to quantify O pro-
duction by single PAM which has permitted study of the



effects of different dusts, concentrations of dust, and time of
exposure on Oy release by PAM. A multifaceted approach
has been used which encompasses the following: (1) study of
O3 production by single PAM isolated in culture, when con-
tacted directly with different concentrations of dusts suspend-
ed in the medium (in vifro); (2) study of O3 production by
PAM after in vive exposure to dusts in inhalation chambers
for known periods of time; and (3) development of a
mathematical model to describe the kinetics of production by
single cells. These studies ultimately will provide a rapid,
quantitative assay to determine the effect of toxic dusts on O3
production by PAM.

METHODOLOGY

The methodology for measuring O3 production from single
PAM using NBT reduction was developed previously.??
Briefly, 3 ml of NBT solution (37 C) was placed in culture
dishes and then 0.4 ml of a cell suspension (2-5 X 10° PAM)
added. A layer of paraffin cil was placed on top of the aqueous
layer. The dish was placed on a temperature controlled stage
of an inverted microscope and trans-illuminated at 550 nm.
In the presence of a strong reducing agent, such as O5 pro-
duced due to PAM adherence to the cutture dish, soluble NBT
is reduced to a diformazan precipitate which can be measured
spectrophotometrically. PAM were visualized (20x) and im-
ages, containing at least 6 well-separated PAM, were televised
and video recorded for 40 min. Recorded images were played
back through electronic instrumentation which permitted
determination of optical density (OD) changes for individual
cells due to precipitated diformazan. The OD was converted
to the mass of diformazan produced versus time, from which
MAX was determined directly, and then the data fit to a
phenomenclogical equation from which R was calculated.

RESULTS

In Vitro Experiments

The effects of acute in vitro exposure to respirable quartz and
kaolin on O3 production during adherence of PAM to culture
dishes were tested using low (0.025 mg/ml) and high (0.05
mg/ml) dust concentrations. The low dose of quartz decreas-
ed the maximum amount of O produced (MAX) 38% com-
pared to control while the high dose did not. However, the
maximum rate of diformazan production, R, decreased 31%
and 24 % for the low and high dose, respectively. In vitro ex-
posure of PAM to the high dose of sonicated CMD suspen-
sions resulted in increased O5 production. In contrast, kaolin,
a non-fibrogenic dust did not significantly change either MAX
or R. These results suggested that O; production may be a
better indicator of pathogenicity and PAM dysfunction than
cell death, which gives comparable results for quartz and
kaolin. Interestingly, no changes in O3 production were
observed following in vitro exposure of PAM to quartz,
kaolin, or CMD in the presence of a surfactant (tween 80),
suggesting that lung surfactant may alter the acute toxicity of
dusts.

Previously, PAM could not be restimulated afier adherence.
However, it has been recently shown that O production from
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adherent PAM is possible when cells are incubated with
serum.? Serum alone did not stimulate adherent PAM in-
dicating serum is necessary but not sufficient for stimulation.
This finding supports the idea that ir vivo serum may condi-
tion PAM to produce O; .

In Vivo Experiments

The effects of in vive exposure of animals to respirable quartz

(20 mg/m3, 16 hr/d, 5 d/wk of MIN-U-SIL 10, 95% <35

pm) was tested by housing animals (2-4 weeks) in the WVU

inhalation facilities. Control (no quartz) animals also were
kept in identical inhalation chambers for 2-4 weeks. Follow-

ing exposure, animals were removed from the inhalation-
chambers and housed in animal-care facilities for 3, 10, or
31 days post-exposure. This approach permitted analysis of
the effects of length of in vivo exposure and post-exposure time
on PAM analyzed for O3 production. Overall, respirable
quanz increased MAX 36% and R 29% compared to contro}

animals. Importantly, PAM from exposed animals showed an
increased Oz production for up to 10 days after 2-4 weeks
of exposure followed by a return to control levels by 31 days.

Interestingly, the 3 day group suggested that there was activa-

tion and/or recruitment of PAM. Jn vivo exposures performed
using CMD (20 mg/m?3, 16 hr/d, 7 d/wk of Pittsburgh BOM

Dust 2020, 100% 4-6 um) also showed increased production

at 10 days post-exposure, with large amounts of CMD
phagocytosed by 31 days. Similarly, the data showed an ac-

tivation and/or recruitment of PAM.

Theoretical Model Development

A kinetic mode] was developed to describe the production of
O; by single PAM. The kinetic model considered three reac-
tions: (1) the production of extracellular O5 from the reduc-
tion of oxygen by NADPH oxidase using intracellular
NADPH as the substrate, (2) the subsequent dismutation of
O3 to form H,0,, and (3) the reaction of O; and NBT. NBT
specificity of Q5 was analyzed by comparing experimental
results, in the presence and absence of superoxide dismutase
(SOD) which catalyzes the dismutation of O to Hp0,.
Measured PAM heterogeneity (without SOD) was accounted
for in the model by varying the concentration of intracellular
NADPH, its rate of depletion, and the concentration of
NADPH oxidase. Mode! predictions compared well with ex-
perimental results except when SOD was present. Ex-
periments showed only a 50-60% decrease in diformazan pro-
duction using SOD. This discrepancy may be due to diffu-
sional limitations which occur since SOD is & much larger
molecule (34 kD) compared to NBT (818 D). In addition, the
cell surface is both ruffled and negatively charged, which may
introduce steric hindrances and/or electrostatic effects since
SOD is also negatively charged.

CONCLUSIONS

In vitro assays on large numbers of cells in culture using
hemolysis of red blood cells or release of enzymes from PAM
following dust exposure have been used to analyze cytotox-
icity. In such systems, kaolin has been found to have an ac-
tivity comparable to quartz on a mass basis. However, in vivo,
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quartz is highly fibrogenic resulting in silicosis while kaolin
is not. Therefore, the assay results do not correlate with the
in vivo effects of quartz and kaolin. However, in this study,
in vitro exposure to kaolin did not significantly alter O; pro-
duction compared to control PAM. The results obtained cor-
relate more closely with in vivo exposure effects and help sup-
port the usefulness of this quantitative superoxide assay in
evaluating the effects of respirable dusts on PAM. This sug-
gests O production may play an important role in silicosis
and other respiratory diseases. In addition, results from ex-
periments with surfactant support the concept that lung sur-
factant may alter the toxicity of dusts inhaled into the lung.

Interestingly, in vivo exposure to quartz resulted in increased
O production rather than the decrease observed in vitro.
While this difference may be due to a change in cellular func-
tion from the in vivo to the in vitro environment, it is also
possible the in vitro response may be due to an initial (acute)
response produced immediately after contacting the cells with
dusts. In contrast, the in vivo responses may have resulted
from the longer contact time since animals were exposed 24
weeks followed by a 3-31 day post-exposure period before Oy
analysis. Thus, it may be that quartz causes an initial injury
to PAM resulting in decreased O production followed by
recruitient or activation of PAM having increased produc-
tion capabilities. This is supported by the fact that PAM
analyzed 3 days post-exposure exhibited a wider range in Oy
production than the control or 10 and 31 day groups.
Specifically, perhaps two populations of PAM are present:
(1) cells injured by initial or long-term dust contact, resulting
in decreased Oy production release; and (2) recruited or ac-
tivated PAM with an increased 05 production.

In summary, a sensitive, quantitative assay to study individual
PAM function related t0 O, production has been developed
which shows that respirable dusts do affect O release by
PAM. The in vitro results provide a basis for quantifying the
acute effects of dust-cell contact (or constituents of dusts} on
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O3 release by PAM. Importantly, the addition of serum to
the culture medium permits restimulation of the same cell by
different dusts after adherence of the cell to the culture dish.
The in vivo results provide a basis for critically examining the
effects of long-term exposure to airborne dusts on Oy pro-
duction by PAM, and continued refinement of the
methodology will provide a means to assess and improve pre-
sent understanding of the phagocytosis process in health and
disease.

Based on the results and conclusions obtained to date, con-
tinuing work is focused on several specific objectives. Ex-
perimental work is designed to critically examine the effects
of repeated exposure to different dusts (and concentrations)
on the ability of the same cell to produce and release O5 . Con-
comitantly, the ability to maintain animals for long periods
of time in the inhalation chambers will permit evaluation of
the effects of chronic exposure to dusts. This approach has
the potential to provide information not possible using popula-
tion measurements and to critically assess and ultimately lead
to improved clinical therapies for treatment of pulmonary
disorders.
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AN ATTEMPT FOR EVALUATION OF THE ALVEOLAR DUST DEPOSITION
ON THE BASE OF THE PARTICLE SIZE DISTRIBUTIONS OF LUNG DUSTS

STOYNA IVANOVA-DJOUBRILOVA, M.Sc. * Petrana Tcherneva, M.Sc.

Institute of Hygiene and Occupational Hezlth, Sofia, Bulgaria

INTRODUCTION

The experimental and theoretical studies of the way human
lungs behave at different size distributions of the offered dusts
and form the alveolar depot—the major determinant of the
development of lung diseases, did not offer completely de-
fined results. Regardiess of the recent advances in this field,
such as the derived curves of extrathoracic, tracheobronchial
and alveolar deposition of inhaled particles and the lot of
unified parameters, the criteria for respirabie dust sampling
and assessment of dust hazards etc.? many problems did not
find satisfactory answers.

The progress of technics and electronics eliminates the mass
of difficulties in the particle size analysis and in the com-
plicated calculations of the selective deposition of particles in
the respiratory tract.

Presently, the most important problems derive from the im-
possibility to characterize precisely the entire dust inhaled by
workers during their lifetime. The experimental studies in vivo
on humans and animals, on models of the respiratory tract,
as well as mathematical models providing a precise but valid
information for the moment,® are unable to assess yet the
long-term retention of dust in the lungs as a response of the
inhaled particles.

A very specious solution of these problems seems (o be the
study of dusts recovered post mortem from the lung tissue of
dust-exposed workers and to compare them with the airborne
dusts offered to the respiratory tract.Of course, a method of
approach like this also has its disadvantages mainly in the
assessment of the inhaled, resp. airborne dust. But it is possi-
ble after analyzing a significant number of airborne dust
samples, collected in the work environment during a long
peried of time and including all technological processes used
on the areas where employees had worked, to obtain a more
or less rough approximation to reality. So, the respiratory tract
with its special features and intersubject variability depending
on individuals and experimental design, can be considered as
a “*black box*’ with known “‘inlet’* and ‘‘outlet.’’ Many
aunthors have used lung dusts in their investigations and a lot
of them support the reliability of the information received
about the alveolar deposition of airborne particles.25-8

Another important limitation of this experimental design can
be the impossibility for assessment of particle aggregations
and the kinetic behaviour of aggregates. Possible errors can
be eliminated to some extent by analyzing fully dispersed
samples of airborne and lung dusts using the same methed for
particle analysis.2

When the results from different studies of dust deposition in
the respiratory tract are to be compared, it is particularly im-
portant to bear in mind that the main curves used nowadays
as criteria for dust hazard evaluation® are derived with
monodispersed aerosols, while the determination of alveolar
dust deposition with lung dust studies (representing a long-
term retention of dust in lungs) is based on the inhalation of
polydisperse aerosols.

Diu and Yu® proposed a new mathematical model of
polydisperse acrosol deposition in human respiratory tract,
proving more or less considerable differences varying with
the polydispersity. The model needs a validation on ex-
perimental studies. Investigation of lung dusts should be con-
venient for this purpose.

The mass particle size distributions of 47 samples of total air-
borne dust in the work environment of three mines—24 from
a polymetal ore mine (PMM), 18 from copper mine A (CMA)
and 5 from copper mine B (CMB) were determined. Full-shift
sampling was performed at normal passing technological pro-
cesses according to the actual standard in the country.!
Samples were collected in different intervals of time during
10 years.

Fifty-nine dusts, recovered post mortem by the formamid
method of Thomas and Stegemann'? from the lungs of
miners with entire length of service in the same mine, were
analyzed for determination of the particle size distributions.
Forty three of them were from the PMM group, 11—from
CMA and 5—from CMB groups.

The particle size analyses were performed by two methods
based on different principles: centrifugal sedimentation in
Joyce-Loebl disc centrifuge* analyzing particles in class in-
tervals of Stokes diameters 0.01-20 um and automatic count-
ing of particles in liquid media with Coulter Counter (CC) us-
ing tube aperture 50 um, analyzing particles in class intervals
of UDS diameter 0.7-25 pm. Dust samples were suspended
in filtrated 0.1% solution of sodium hexametaphosphate in
distillate water. A lot of the analyses were performed with the
same suspension. The Stokes particle size distributions were
calculated in aerodynamic diameters using the density data for
every dust. Particle size distributions were plotted on log-

probability graph paper.

Mean values of the groups of airborne and lung dusts from
the three mines were calculated, as well as the standard devia-
tions and the confidence limits intervals. The standard devia-
tions of the groups of airborne and lung dust from every mine
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were compared statistically by means of the Fischer criterion.

The alveolar deposition was determined by the method
described by Leiteritz, Einbrodt and Klosterkotter.® The
enrichment of fine sizes of each fraction of the lung dust par-
ticle size distribution was calculated as a ratio of the corre-
sponding airborne dust fraction. This is the so-catled enrich-
ment factor. The relative alveolar deposition of each fraction
is the quotient for the enrichment factors and the maximum
enrichment factor which is taken to be = 1.

RESULTS AND DISCUSSION

Particle Size Distributions of Airborne and Lung
Dusts

It was found that the mean values of the mass median
aerodynamic diameters of the particle size distributions
{MMAD) of the three groups of mine airborne dusts are in
the class intervals 3-5 pm, analyzed by both methods. The
mean geometric standard deviations (og) of the groups were

RELATIVE ALVEOLAR RETENTION
=

varying from 4.4 to 5.3 for Joyce analysis and from 2.2 to
2.3 for Coulter Counter analysis. The airborne dust samples
analyzed with Joyce were reduced to 5 combined samples for
each mine, because the analysis needs about 50 mg of dust.

The mean value of MMAD of the particle size distributions
of lung dusts of the three groups of miners was varying from
1.9 to 2.6 um by both analyses and og—from 3.3 to 3.6 and
from 1.6 to 1.8 by Joyce and CC analyses, respectively.

The maximum frequency percentage of the particle size
distributions, as well as the other data about them are
presented in Table 1.

Relative Alveolar Deposition

It was found that the maximum enrichment factors for the 3
groups of airborne and lung dusts are in the class interval
1.2-2.4um. The mean values for each size range of the
enrichment factor were calculated and a curve of the relative
alveolar deposition was derived (Figure 1). The theoretical

r————r—r—r—r—rr
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Figure 1. Curves of relative regional alveolar retention of airborne dusts from three ore
mines derived on the basis of particle size distribution of lung dusts.

LEGEND

Mean retention curve derived by Joyce analysis

——————— Mecan retention curve derived by CC analysis
_______ Deposition curve of ICRP?
-------------- Predictive deposition curve of Yul?
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Table I

Characteristics of the Mass Particle Size Distributions
of Airborne Dusts and Lung Dusts of Miners from Three Ore
Mines Analyzed with Joyce-Loebl Disc Centrifuge and
Coulter Counter

Para- Ajirborne dusts Lung dusts

meters Joyce Coulter Joyce Coulter

Mean

MMAD, pm 3.30 3,95 2.13 2.49

Confid.

lim. pm 2 3.01 ¥ 2.45 T 1.60 I1.50
0'9 5.30 2.08 3.60 1.66

Confid

Tim. 268 Y o.66 to.26 Y o.41

Anal.No 5 24 43 43

Max.fr.% 32 37 23 53

Int.ﬂpm 1.6-6.5 3.2-6.5 1.6-3.2 1.6-3.2

Mean

MMAD, ym 2.90 3.74 1.86 2.31

Confid. + +

Tim. pn *2.49 % 2.48 :1.70 > 1.08
L] 5.00 2.00 2.35 1.83

Confid, + + +

Ton t ., 66 T 0.71 I1.52 2 0.51

Anal.wo 5 18 11 11

Max.fr % 34 36 42 44

Int;ym 1,6-6.5 3.2-6.5 0.8-3.2 1,6-3.2

Mean

MMAD 3.92 4,82 2.53 2.57

Confid,

lim. pm  * 3,61  3.45 :3.48 I2.34
0"q 4,40 2.10 3.60 1.63

Conf.lim. 2 2,61 I 1.01 t2.57 Y o.66

Anal.No 5 5 5 5

Max.fr.% 36 37 21 50

Int;-ym 1.6-6.5 3.2-6.5 1.6-3.2 1.6-332
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curve of Yu!? and the ICRP curve of Task Group” were also
plotted on Figure 1 for comparison, recalculated in the same
way.

The relative alveolar depositions with the minimum and max-
imum values of airborne and lung dusts of the three mines
were calculated separately. The values’ dispersion is shown
on Figure 1 and the data are presented in Table IT.

DISCUSSION

The data obtained showed some differences in the particle size
distributions of the same dusts, analyzed by both methods. The
MMAD determined by Joyce are finer than those determin-
ed by CC, while for og the contrary was proved. In principle
this was expected because the instrumental limitations of CC
in sizing of fine particles {(smaller than 0.7 qm) as well as Joyce
unreliability in sizing of coarse particles (larger than 15-20
pm) are known. But it is necessary to emphasize the fact for
two reasons; on one hand to demonstrate the considerable in-
fluence on the calculated relative alveolar deposition of the
different particle size distributions used, and, on the other
hand—to draw the attention of specialists on the need of good
knowledge about the limitations of every method or instru-
ment used for particle size analysis, when interpretation of
data has to be performed. Thereby useless contradictions due
to underestimation of the last reason could be avoided.

Another fact of interest is the fine dispersity of azirborne dusts
(mean MMAD vary from 3 to 5.0 um, with real maximal
value of the groups examined—S5.2 pm by CC analysis). In
most of the studies known these values are much higher but
they concern coal mine dusts.25-# Ore mine dusts are ex-
pected to be finer and the authors of this paper have many
studies in this field.4!° They have found a considerable
presence of submicron fraction of mineral origin in ore mine
airborne dusts, as proved with X-ray analysis, !! the same be-
ing evidenced for lung dusts, also.

The determination of the alveolar dust deposition by using
lung dusts and work environment airborne dusts is connected
with some preliminary assumptions: the particle sizes are the
leading factor for the dust deposition in the respiratory tract;
the ““inlet™ and the “‘outlet’” dusts, e.g. the airborne and lung
dusts are representative and reliable; alveolar deposition, the
retention, respectively, of dust is more real when lung dusts
are used because the long-term clearance as a total and the
changes of dust parameters after continued staying in lung are
included.

The data obtained for alveolar deposition (more correctly it
should be called alveolar long-term retention) differ to some
extent from the referred in the main studies performed—
experimental, calculated and predicted. The maxima of the
relative alveolar retentions calculated as mentioned above, are

Table I

Size Range Intervals of the Calculated Maximal Enrichment
Factors with the Mean and Real Values of MMAD and og of
the Particle Size Distributions of Airborme and Lung Dusts
from Three Ore Mines by Joyce and CC Analyses

Mine Yalues of
parameters used

Joyce analysis
size intervals

Calculated maximal enrichment factors

CC analysis
size intervals

PMM Mear 1.6-3.2 gm 1.6-3.2 pm
Min 0.4-0.8 um 0.4-0.8 um
Max 1.6-3.2 um 3.2-6.5 um
CMA Mean 0.8-1.6 um 0.8-1.6 pm
Min 0.1-0.2 um 0.2-0.4 pm
Max 1.6-3.2 pm 0.4-0.8 pm
CMB Mean 0.8-1.6 pum 1.6-3,2 um
Min 0.1-0.2 pm 0.8-1.6 pm
Max 0.8-1.6 um 1.6-3.3 pm
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found to be in the same size range intervals as the maxima of
the particle size distributions of lung dusts or are removed
toward the fine size ranges—Figure 1 and Table II.

These results are in correspondence with the mathematical
model of Diu and Yu.? To airborne dust with og significant-
ly higher than 2 results a different alveolar dust retention in
comparison with the deposition curve of Yu,!3 predicted for
monodispersed aerosols—retention curve calculated with
Joyce data on Figure 1. This curve is quite similar in the size
range interval 0.5-1.6 um to the ICRP curve?® derived from
a lot of different studies. On the contrary, the CC retention
curve does not differ in some of the size range intervals con-
siderably from the curve of Yu. The values of og of airborne
dusts analyzed by CC are about 2, Morrow? affirms that in-
haled dust with og < 2 have similar deposition in respiratory
tract to this of monedispersed aerosols.

CONCLUSIONS

The experimental curve of long-term alveolar retention of in-
haled dust from the working environment derived on the basis
of the particle size distributions of miners’ lung dusts from
three ore mines proved that the real alveolar deposition and
retention is different from the predicted deposition of
monodispersed aerosols.

The study was performed with a comparatively great number
of airborne and lung dust samples and can be regarded as
reliable.

It is obvious that the polydispersity of dust samples has more
considerable influence on the alveolar deposition and reten-
tion than it was estimated till now—a problem disregarded to
some extent in the experimental studies.

Modern technologies and the mechanizing and automation of
working processes lead to increasing of the polydispersity of
airborne dusts and namely of the fine particles share. This fact
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inevitably will lead to some changes in the understandings
about the evolution of the hazard and imposes more attention
to be paid to the problems of particle size analyses and the in-
terpretation data.
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THE BIOLOGICAL EFFECT OF PARTICLE SIZE DISTRIBUTION OF
QUARTZ COMPONENT IN POLYMINERAL DUSTS

M. DOBREVA, Ph.D. = N.Dancheva, Ph.D. * S.Ivanova, Ph.D. * R.Lukanova, Ph.D.

Institute of Hygiene and Occupational Health, Sofia, Bulgaria

Experimental and epidemiological studies have shown that not
in all of the industrial dusts a correlation between the content
of respirable quartz and fibrogenicity existed. !:9.14.21

This means that the mass of respirable quartz, which is the
basis of contemporary norms for quartz containing dusts in
a majority of countries, is not the solely sufficient criterion
for their fibrogenicity. During the Last 10-15 years the efforts
of a number of authors were directed toward the study of the
properties of the surface of quartz dusts and finding quan-
tifiable indicators for their fibrogenic activity. A relationship
was defined between pathogenic activity of quartz dusts and:
concentration of hydroxyle groups, ! activating energy of the
surface, 213 free quartz surface,?-"-8 particles size distribu-
tion. 22 etc, 6.16

Most of the experiments studying the influence of the parti-
cle size of quartz dust have been performed with pure quartz
dusts. Results of experiments with coal quartz containing dust
of different particle size are reported, but they do not present
data on particles size distribution of the quartz content. %15

The results of investigations performed by different authors
are consistent and could be summarized as follows: A max-
imum cytotoxic and fibrogenic effect is manifested by quartz
particles of a size from 2-3 to 0.5-1 um; at larger or smaller
size a decrease in the activity is observed.

Investigations on the size of respirable industrial dusts, as well
as of lung dusts from deceased exposed workers show the
presence in them of minerzl particles of a size within com-
paratively wide range (from more than 10 um to 0.01 pm
diameter).5-10.19

On the other hand, it is well known that the sizes of quartz
particles usually differ more or less from those of the other
components of the mixed dust.

In the literature available to us we did not find research data
on particle size distribution of the quartz component in mixed
dusts. Gade and Luft,* working out a IR-spectrophotometric
method for quantitative determination of quartz in industrial
dusts by use of double absorption peak, found a relationship
between particle size and the ratios of the absorbances at the
double absorptions at 798! and 775! cm to the minimum
absorbance between the two absorbance peaks. However, they
proposed this method with a view at correction of the influence
of the particle size upon the results at quantitative determina-
tion of the quartz. The above relationship was later proved
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by Dodgson and Whittaker? for pure quartz. At mixed dusts
the absorbance could be influenced also by interfering
minerals, 131" which would require the use of correction
coefficients, making the method complicated and unreliable.

The aim of the present work was to characterize the particle
size distribution of the quartz component of mixed dusts and
to assess its biological role by an analysis of: lung dust from
decreased exposed miners and some respirable industrial
dusts.

MATERIALS AND METHODS

Dusts extracted from the lungs of 26 workers from lead-zinc,
copper and urdnium mines and tunnels were investigated, as
well as samples of respirable dust from the work environment
in lead-zinc mines, dina plant and foundry.

X-ray and morphological findings of silicotic changes of dif-
ferent degrees were proved in almost all of the deceased
miners with exception of 8 of them, whose lungs contained
less than 235 mg quartz.

The lung dust was extracted by formamide digestion after
Thomas and Stegemann. Then they were ashed at 600°C and
the residue subjected to an analysis of its particle size distribu-
tion and mineral composition. For determination of the par-
ticle size distribution of the quartz in the mixed dusts the
following procedure was applied: the dust sample, suspend-
ed in 0.1 % water solution of sodium hexametaphosphate was
fractionated within the range of 8.9-0.24 um stockes
diameters, calculated on the base of the specific weight of the
quartz by sedimentation in a disc centrifuge. The suspensions
of the fractions were run through Sartorius membrane filters
of 0.05 um pores size. After that, the membrane filters with
the fractions were ashed at 600°C, the residues weighed and
the quartz quantity for each fraction determined by IR-
spectroscopy. The absorption peak at £95 c¢m™! was used,
because of its being less particle size dependent in the range
of 9to less than 1 pm. To enhance the peak height the ordinate
expansion of 5 x was used. So a sensibility of 0.03 mg quartz
in the specially prepared pellet was attained. The quartz quan-
tities in it varied from 0.03 to 0.4 mg, the confidence limits
at p = 95% being less than 0.011 mg.

On the basis of the quartz quantities determined in the frac-
tions, the mass particle size distribution of the quartz com-
ponent was plotted on log-probability paper.



RESULTS

The datza of the total lung dust, as well as the parameters of
its particle size distribution and that of the quartz components,
in particular, are shown in Table I.

It may be seen in the Table that the quantity of the extracted
and ashed dust was varying from about 1 to 24 g, in 20 of the
cases being between 1 and 10g. The mass median unit densi-
ty sphere (UDS) diameter of the majority of the dusts analyzed
(17 from 26} is between 3 and 5 um, in 5 of them it is more
than 5 up to a maximum of 6.8 um and in 4—less than 3 gm
with a minimum down to 2.4 um. These data are consistent
with the results obtained by Tcherneva!® in measuring
equivalent volume diameter of lung dusts from deceased
miners of similar exposure by using Coulter-counter.

The quartz percentage of the dusts mentioned in Table I varies
from about 6 to 40% and most frequently between 10 and
30%, its quantity in 22 of the lungs being less than 3 g, in
12—less than 1 g and in 4—between 3 and 5 g.

The mass particle size distribution of the quartz component
plotted on the log-probability paper shows a log normal
distribution. On Figure 1 the quartz component distribution
in three of the dusts examined is illustrated.
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The particle size distribution in 19 of the samples investigated
is characterized by a larger mass median UDS diameter as
compared with that of corresponding total lung dust (See Table
I). In 7 of the samples the mass median UDS diameter of the
quartz component and that of the total dust, respectively, could
be accepted as almost equal, since they differ only by 0.1 to
0.4 pm.

The mass median UDS diameter of the quartz component in
all 26 samples examined was over 3 um; in 10 of the samples
it was between 3 and 5 um and in 16-larger than 5 um.

With very few exceptions, the median geometric standard
deviations of the distribution of the quartz component were
smaller than those of the corresponding total lung dust.
Although that the quartz particles in general are larger than
those of the other mineral components in the dust and are
characterized with a more limited polydispersity, significant
quantities of quartz particles with a UDS under 1 ym were
found. The mass of the submicron fraction was varying from
3.2 10 15% from the whole mass of the quartz. In 16 of the
samples it was between 5 and 10%; in six—more than 10%
and oaly in 4 it was less than 5% . These data are evidencing
significant individual differences in the particle size distribu-
tion of quartz component in lung dusts.

Table 1
Characteristics of Lung Dusts and Their Quartz Component

Case No Whole extracted lung dust Quartz component
Mass MY Mass median dg Quartz Mass,mg Mass median &g  Submicron
upsS diameter content upsS diameter fraction
um 4 A %

43 i632 5.5 5.9 1.2 118 10.5 3.8 3.2
74 1148 3.6 3.4 12.3 141 4.8 3.0 7.2
75 1635 4.4 4.8 5.7 92 4.8 3.0 7.2
76 355 3.7 3.9 14.5 51 5.8 3. 5.7
17 14897 3.6 3.8 13.% 20141 4.8 3.0 7.2
107 24024 3.6 3.8 17.8 4276 3.2 3.2 15.0
109 2950 2.6 5.6 17.8 525 3.3 3.5 16.0
110 8165 5.5 4.7 29.9 2441 7.0 4.7 10.0
1m 8450 2.8 4.1 28.1 2374 4.0 3.5 13.0
112 2294 3.9 4,6 16,0 367 5.6 ‘3.5 B.0
113 4482 4.4 4.8 35.8 1605 ‘5.3 3.3 8.0
114 5782 4.2 3.9 27.6 1596 7.4 3.7 6.4
115 5796 3.6 4.3 43.8 2539 7.5 3.3 4.5
17 1222 3.6 4.3 17.4 213 7.5 3.0 4.0
119 17882 3.9 4,2 28,0 5007 3.5 3,2 13.0
120 15029 1.6 4.3 27.5 4133 5.2 3.3 6.0
125 1083 5.2 6,3 13,2 143 5.5 3.4 8.0
126 1396 8.1 6.8 16.8 235 8.2 3.9 6.0
129 1240 3.7 5.3 13.6 169 6.0 3.5 7.5
140 11470 2.4 3.8 26.5 3040 4.0 3.1 10.5
141 7209 4.7 5.9 15.3 1107 4.6 3.3 9.0
142 3522 4.2 7.8 17.4 613 5.5 3.4 8.0
143 7068 3.4 4.6 21.9 1548 5.2 3.3 7.5
144 2062 6.8 6.0 13.3 27% 9.0 3.8 4.6
147 8626 4.1 4.4 25,9 2232 5.% 3.4 8.0
148 7736 2.9 4.8 30,7 23175 3.7 13.0 13.5
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Research data for respirable industrial dusts are shown in
Table II. In these samples significant differences were not ob-
tained between the mass median UDS diameters of the whole
dust and of the quartz component. Comparatively near were
proved to be the values for these parameters measured for the
three sorts of dust (between 5,3 and 6.8 um), in spite of the
differences in their composition. The percentage of quartz par-
ticles with UDS diameter less than 1 gm was between 6.8 and
13%.

For assessment of the influence of the particle size of the
quartz component on fibrogenicity of mixed dusts, their
characteristic data and resulting fibrosis changes in the lung
tissue were processed by the program product *‘Statgraf.”’
The following dust parameters were included in the analysis:
total quantity of the extracted dust, its residence time in the
lungs, % of the free crystalline silica content, total free
crystalline silica content and quantity of the fraction with sizes
between 3 and 0.5 um. Slightly higher correlation
coefficient—0.84, was obtained for the quartz fraction within
3—0.5 um, as compared with 0.83 for the total quartz

quantity.
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DISCUSSION

The results obtained illustrate the possibility of determining
the particle size of quartz component in mixed dusts as a help
for the better characterization of both lung and industrial or
experimental dusts.

Evidently, this method has the all well-know shortcomings,
related with the procedure of lung tissue digestion and dust
extraction, ashing at 600°C and preparing liquid suspension
for centrifuging etc. In spite of these limitations, we are of
the opinion that this method could be a help in elucidating the
relationship between the properties of quartz-containing dusts
and their pathogenicity.

In our attempt to assess the biological significance of this
parameter on the basis of the 26 lung dusts investigated we
did not obtain a significant increase of the coefficient of cor-
relation. This fact is perhaps due to the high coefficient of
multiple correlation for a comparatively small number of sub-
jects on the background of the number of the variables in-
vestigated. The studies continue with a larger group of lung
dust cases.

Table II
Characteristics of Respirable Industrial Dusts and Their Quartz Component

Sort of Parameters of particle size distribution

dust Silica
content Respirable dust Respirable quartz
% UDS mass me-  dg. UDS mass me- &g. sub-
dian diameter dian diameter micron
fraction
um um

Ore mine 9.6 5.9 4.5 6.0 3.3 6.8

Dinas 65.4 5.3 4.1 5.5 3.7 9.0

Foundry 5.3 6.2 12.4 6.6 5.4 13.0
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INTRODUCTION

Silicosis is the chronic fibrosing disease of the lungs caused
by the inhalation of crystalline silica. However, inhalation of
crystalline silica, may induce three distinctly different disease
patterns; i.e., chronic silicosis, accelerated silicosis, and acute
silicosis. These three disease patterns differ in their pathologic
characteristics, clinical symptoms, onset of disease, and mor-
tality. Many studies in the past have focused on the elucida-
tion of mechanisms involved in the development of chronic
silicosis. We recently reported that freshly fractured silica has
surface properties that could make it more reactive with lung
tissue than aged silica, and that this unique reactivity of freshly
fractured silica may be involved in the pathogenesis of acute
silicosis (Dalal et al., 1986; Vallyathan et al., 1988; Shi et
al., 1988). Because freshly fractured silica could contain some
moieties in an ‘‘excited state,’” due to the breakage of silicon-
oxygen bonds, we postulated that the de-excitation of these
moieties could produce light which could be monitored by a
luminescence measurement technique. In addition, if this “‘ex-
cited state’” of silica could trigger a greater biclogic response
by phagocytic cells, this activation could be monitored by a
chemiluminescence technique in the presence of appropriate
enhancers.

This investigation describes for the first time the use of
luminescence in the study of freshly fractured silica and its
properties. Enhanced biclogic reactivity of the freshly frac-
tured silica with alveolar macrophages was monitored by the
chemiluminescence technique.

MATERIALS AND METHODS

Native silica was obtained from the dust bank of the Generic
Respirable Dust Technology Center, Pennsylvania State
University, State College, PA, and ground for 30 min in an
agate ball mill. It was then sieved through a 20 micron mesh
filter and used within 10 min as fresh silica or stored in glass
bottles for aging. X-ray energy spectrometry and X-ray
powder diffraction studies on representative samples were
made to confirm the mineralogic purity. All the silica samples
were found to be 99% pure with minimal detectable con-
tamination by metal ions.

Luminescence of freshly ground silica was measured from 5 g
samples in plastic scintillation vials using a Packard Liquid
Scintillation Counter operated in the out-of-coincidence mode.,
After grinding, the samples were stored in dark for 10 min,

and luminescence was monitored over a period of several
hours and days. The effect of aqueous solutions on the genera-
tion of luminescence was studied in HEPES-buffered medium
(145 mM NaCl, 5 mM KCl, and 10 mM HEPES, pH 7.4).
Freshly ground silica (5 g) was added to 5 ml of HEPES-
buffered medium, the vials stored in dark for 10 min, and
samples counted at various time intervals. The effect of
scavengers on luminescence was investigated by the addition
of 5 g freshly ground silica to HEPES-buffered medium con-
taining 125 pug/ml superoxide dismutase (SOD), 125 pg/ml
catalase, or 100 mM 35,5-dimethyl-1-pyrroline-1-oxide
(DMPO).

Bioclogic reactivity of freshly ground silica was monitored as
lucigenin-enhanced chemiluminescence at 37°C using a Ber-
thold Luminometer, Model 9500. Alveolar macrophages were
obtained by the broncho-pulmonary lavage of Sprague-
Dawley male rats with calcium and magnesium-free Hank’s
balanced salt solution. Repetitive lavages were pooled (total
volume of 80 ml) and was sedimented by centrifugation at
500 g for 5 min. Celis were washed and resuspended in
HEPES-buffered medium containing 1 mM calcium and 5
mM glucose. With the aid of trypan-blue and hemocytometry,
cell viability and counts were determined miscroscopically.
Results of these studies indicate that approximately 90% of
the lavaged cells were viable alveolar macrophages. Samples
of alveolar macrophages (1 X 10¢) were then incubated with
20 ug/ml silica in 0.5 ml HEPES-buffered medium at 37°C.
The buffer contained 2.5 x 10-% M lucigenin as an enhancer
of chemiluminescence. Silica-induced reactivity of alveolar
macrophages was then monitored over time for 40 min.

RESULTS

Figure 1 shows the results of luminescence studies on freshly
ground silica in comparison with that of aged dust. Aged dust,
on the other hand, showed a steady minimal baseline intensi-
ty of light emission, most likely due to *‘fluorescence.”’ This
intensity of light emission was greater when samples were not
dark equilibrated for 10 min. Therefore, we consider that, this
basal emission to be due to fluorescence excited by the am-
bient light. The data clearly indicate that freshly ground silica
emitted substantially more light than aged silica. The inten-
sity of this light emission declined with time after grinding
and exhibited half-life of approximately 40 min.

In order to find whether contact with a biologic medium would
quench the luminescence instantanecusly, luminescence
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measurements were made on freshly ground silica dispersed
in HEPES-buffered medium. It is evident from the data
presented in Figure 2 that fresh silica suspended in the biologic
medium emits substantial light suggesting that the reactive sur-
face sites on freshly ground silica are not immediately
quenched after contact with biologic media.

Effect of free radical scavengers on the light emission inten-
sity is presented in Figure 3. It is seen that luminescence of
freshly ground silica was inhibited by approximately 71 % with
SOD, while catalase and DMPO inhibited the light emission
by 88% and 97%, respectively.

Figure 4 shows the effect of freshly ground silica on alveolar
macrophages stimulation and resulting release of reactive
species of oxygen, monitored as chemiluminescence in the
presence of an enhancer, lucigenin. Alveolar macrophages in-
cubated with freshly ground silica (20 pg/ml) generated
chemiluminescence which peaked approximately 8 min after
exposure to silica. This silica-induced activation of alveolar
macrophages was substantially greater with freshly ground
silica as compared to silica aged for 24 and 48 hours (Figure
4).

DISCUSSION

Data from the present study indicate that freshly fractured
silica emits light which can be monitored by luminometry or
a liquid scintillation technique. These studies also indicate that
the luminescence generated by silica is not quenched instant-
ly in biologic medium but can be inhibited to a substantial
degree by SOD, catalase, and DMPQO. These results suggest
that excited surface sites result from the cleavage of silica and
that these surface sites can react with aqueous media to form
reactive oxygen species as a source of emission of light
detected by the luminescence technique. We have previous-
ly shown that silicon-oxygen radicals and possibly O, radicals
are formed during grinding of silica (Dalal et al., 1986; Shi
et al., 1988). We have also shown that these radicals undergo
a time dependent decay in ambient air (Dalal et al., 1986; Shi
et al_, 1988), We tentatively assign the light emission from
the freshly fractured silica to the de-excitation of these radicals
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and/or the silicon-oxygen radicals.

Qur studies also indicate a correlation between light emission
by freshly fractured silica and potential for biologic reactivi-
ty. The increased activation of alveolar macrophages induced
by freshly ground silica as monitored by chemiluminescence
indicates excessive secretion of reactive oxygen species dur-
ing phagocytosis. We have shown previously that generation
of reactive species of oxygen on silica during grinding can
cause the generation of OH radicals. The presence of these
increased cytotoxicity reactive species has been related to lipid
peroxidation (Vallyathan et al., 1988). Results of the present
study support our hypothesis that the reactive species
associated with fresh silica together with those generated by
alveolar macrophages in response to fresh silica may induce
an oxidant stress and overwhelm the protective anti-oxidant
systems of lung in occupational exposures, such as sand-
blasting, tunnelling, drilling, or silica flour mills where freshly
fractured silica dust is generated. We, therefore, conclude
from these studies that oxidant stress may play a role in the
etiology of acute silicosis.
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Figure 3. Effect of SOD, catalase, and DMPO on luminescence by freshly ground silica.
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Figure 4. Effect of freshly ground and aged silica on chemiluminescence by alveolar
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ABSTRACT

The injurious effect of quartz on the membranes of macrophages as well as erythrocytes and the anti-injurious
effect of aluminium citrate (Al citrate) were examined. The comparative study with titanium dioxide was car-
ried out simutaneousty. The results from the present study show that quartz can cause the increases of fluidity
and permeability of macrophage membranes and reduce membrane-bound water of erythrocytes, resulting
in the membrane dehydration. Furthermore, quartz can change electrophoretic behavour of macrophages by
increasing the negative charge density and electrokinetic potential on these cells surface. The effect of titanium
dioxide on cell membranes however is very different from quartz in intensity and kinetics, and is not affected
by Al citrate. The relationship between these effects was discussed and a possible mechanism was proposed
for the interaction of quartz with membrane lipids resulting in membrane damage.

The preventive effect of Al citrate against membrane damage by quartz was also demonstrated. In general,
the addition of Al citrate can recover all alternaticns caused by quartz, so that the stability and order structure
of cell membranes were maintained. A hypothesis about the action of Al citrate on the surface of quartz par-

ticles to exert its anti-injurious effect was postulated in this paper.

INTRODUCTION

It is generally accepted that the cytotoxic effect of quartz on
alveolar macrophages is a key step in the pathogenesis of
silicosis. ! The cytotoxic mechanism postulated by Allison
depends on mainly the release of hydrolytic enzymes from
lysosomes afier the phagocytosis of quartz by macrophages
followed by cell damage.? However, a question that remains
unanswered is whether the toxic particles directly damage the
plasmic membranes of macrophages. It is well known that the
contact of quartz with the cell membranes is the first event
during the process of phagocytosis, no matter how the par-
ticles are uptaken into the interior of these cells. For this
reason, it is desirable to elucidate the molecular interactions
between quartz and cell membranes from the viewpoint of
membrane toxicology.

The therapeutic effects of Al citrate on the experimental
animal and patients with silicosis have been demonstrated in
our previous experimental studies and clinical observations.
It was also found that Al citrate is able to prevent effectively
macrophages from the cytotoxicity of quartz instead of the in-
hibition of fibrosis. 4 It is, therefore, necessary to clarify its
pharmacology with the goal being to provide the experimen-
tal and theoretical evidence for screening the preventive
measurments and therapeutic drugs for silicosis.

On the other hand, titanium dioxide, a less toxic and usually
classified as ‘“inert dust,’’” was also studied in this work for
comparsion.

MATERIALS AND METHODS

Macrophages were harvested from lung of guinea pig through
lavage. The erythrocyte membranes of rabbit were prepared
as described elsewhere.®

Quartz (99% pure) was supplied by Hygiene Institute of
Chinese Prophylatic Medical Center. Particles diameter is less
than 5 um, among which 89.3% is less than 2 ym. Titanium
dioxide with the same purity and size was selected as a con-
trol. Al citrate with Al of 9.26% was supplied by Phar-
maceutical Factory of Beijing Medical University.
Fluorescence probe, 1,6-diphenyl-1,3,5-hextriene (DPH) was
purchased from Sigma. Adenosine 5 “triphosphate disodium
salt (ATP) was produced 