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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 sessicns. The Pro-
ceedings (Part I) 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.
I 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.

On behalf of the International and National Organizing Committees, the five sponsoring organizations, these Proceedings
(Part I) are presented with the hope that you will find them as rewarding as your participation in the Conference. We look
forward to completing Part II within the next 12 months so that you will have a complete chronology of the program.

s

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

Georg Kliesch J
Vice Chairman
VIIth International Pneumoconioses Conference
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SEVENTH INTERNATIONAL CONFERENCE ON THE PNEUMOCONIOSES

JOHN A. PENDERGRASS

Assistant Secretary of Labor
Occupational Safety and Health Administration
U.S. Department of Labor

It is my privilege to be one of several to welcome you to
Pittsburgh, and for many of you to the United States and to
all of you to this Seventh International Conference on the
Pneumoconioses. This is the first of the conferences to be
held in the United States and we are honored. The impor-
tance of the conference and the breadth of interest is indicated
by the number of countries represented by the participants
in the conference. It is my understanding that over 50 na-
tions are represented. The speakers, workgroup leaders and
presenters are world authorities in the pneumoconioses.
These diseases of the lungs have held the attention of scien-
tists for well over 400 years. Agricola discussed the conse-
quences of dusty trades in his 1556 publication De re
Metallica. He emphasized the poor prognosis for workers
who developed asthma and ulceration of the lungs due to dust
exposure of miners. He stated that in the Carpathian Moun-
tains many women married seven husbands all of whom died
of diseases of the lungs, pneumoconioses. A term unknown
at Agricola’s time. It is credited to Zenker who in 1866 sug-
gested it as a generic designation for dust deposits in the
lungs.

When 1 began my industrial hygiene career 40 years ago I
soon learned about dust exposure and the lung conditions
caused by exposure to asbestos, silica, talc, bauxite,
diatomaceous earth, coal dust, carbon, calcium and iron. The
program for this week includes sessions on many of these
same materials. Not for a moment should we or those who
report on this conference think that we are gathered to rehash
old topics or assume that progress has been lacking. To the
contrary, this conference, as its six predecessors, is a contin-
uance of knowledge. Current data, built on the past, using
modern techniques and technologies permit the industrial
hygienists, the physiologists, physicians, toxicologists and
engineers to challenge the future.

As a government regulatory official I am acutely aware of
the need for quality scientific information. If our regulations
are 10 be effective and acceptable to those we regulate, we
must have information that can generate a consensus. Such
information stems from scientific data that stands up to peer
review, peers from around the world. No nation and no single
group of scientists can afford to isolate themselves nor ig-
nore the work of others.

Perhaps more than ever before in the history of science, your
work has direct effect on how business is conducted regard-

less of the country of origin or country of application. Multi-
national corporations adapt to the countries in which they
produce and market but they do not leave the knowledge,
practices and policies of the home country behind. As you
exchange scientific information on health effects you are also
affecting how businesses will be conducted and trade car-
ried out. Physiological response to occupational exposure
knows no national boundaries.

Dust particles take many shapes and sizes and have almost
unlimited chemical compositions. Agricola understood that
lethal lung diseases resulted from working in the mines. The
South Africans developed instruments to measure the con-
centration of dust particles in the gold mines. Particle size
and lung retention are important in the causes of
pneumocontoses. We are currently struggling with the defini-
tion of a fiber, only because we are learning that fiber length
and diameter are important to what happens in the lungs.
Are these properties of more concern than the chemical com-
position? Some day you will be able to tell us why silica in
different combinations has decidedly different physiological
responses. Today questions are being raised about particles
that at one time, not so long ago, were thought to be benign.

The demise of asbestos as a satisfactory insulating material
created markets for man made fibers. This has created a need
for better understanding of what, when, and how these fibers
affect the human body. We, as scientists, employers, govern-
ment administrators and professors are challenged as to what
we should be doing to protect workers® health and not un-
duly restrict innovation in the workplaces and the markets
of the world,

You will not leave Pittsburgh with all of the answers. You
will not have all of the answers when the Eighth Interna-
tional Conference on the Pneumoconioses ends. But we and
all who depend on us for guidance and knowledge will be
closer to the answers.

In addition to the scientific sessions that are planned I hope
you will have time to take advantage of what the Pittsburgh
area has to offer. Among these is the Department of Labor
Mine Safety and Health Administration laboratories.

Thank you for allowing me to be a part of your conference
and I wish you continued success in your search for scien-
tific truth.
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DAVID P. TAYLOR

Deputy Director-General, International Labour Office, Geneva

Mr. Chairman, Ladies and Gentlemen:

On behalf of Mr. Francis Blanchard, Director-General of
the International Labour Office, 1 extend a hearty welcome
to all of you who have come from all over the world to at-
tend the VIIth Pneumoconioses Conference. I should also
like to thank our hosts, the City of Pittsburgh, in the person
of the Assistant Executive Secretary to the Mayor, who is
honouring this session with his presence, as well as the in-
stitutions in the United States which have joined forces
together and with the ILO to organise the Conference. Those
who have not organised an international scientific conference
of this magnitude cannot possibly imagine the amount of plan-
ning, both technical and practical, that is entailed. Most
grateful thanks are due, and it is my pleasure to give them,
to the National Institute for Occupational Safety and Health,
the Occupational Safety and Health Administration, the Mine
Safety and Health Administration, the Bureau of Mines, and
the very many institutions, such as the American College
of Radiology, a number of universities, hospitals, employers’
organisations and trade unions, which participated actively
in the work of the national and international organising com-
mittees. 1 am most grateful—as I am sure you all are—to
these institutions for their commitment, and to their individual
members for the dedicated, intensive work they put into
prepare the Conference. I am sorry that I cannot thank them
individually—that would take us well into the afternoon—
and I will ask you, Mr. Chairman, to convey my Organisa-
tion’s most sincere appreciation to each and every one whose
efforts enabled us to meet today for discussions which I am
sure will prove to be stimulating, rewarding and effective.

Pneumoconioses are ugly diseases, and I, for one, always
thought that the word itself was a bit of a nuisance to bring
out. I am glad there are plans to find a more manageable
title for the next Conference, something along the lines of
‘‘International Conference on Occupational Lung Diseases.™
This Conference is the seventh of its kind, the first one dating
back to 1930. In those days, the title reflected the basic con-
cern, which was with diseases induced by mineral dusts,
mainly in mines. Over timme, the Conference has come to con-
sider the identification and prevention of lung impairments
due to exposure to various contaminants, so the time may
have to come to find a broader title. There is yet another
reason for change. The *‘miners’ disease”’—to revert to the
old popular term—is not only the concern of physicians and
the affected persons or their families; like all occupational
hazards, it is the concern of policy-makers and indeed of the
general public. Of course, the dedication of medical practi-
tioners, engineers and other technical specialists will con-
tinue to be required to fight lung diseases; indeed the skills
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of these professionals will need to become ever more
sophisticated. At the same time, the involvement of govern-
ments and representatives of employers and workers is go-
ing to become keener as time goes on. We believe there is
now a need to use simple words that all concerned can
understand.

If 1 harp on this somewhat, it is not for concern about seman-
tics. To me, the use of the layman’s language is as impor-
tant as an illustration of one of the major features of the cur-
rent approach to occupational hazards; I refer to tripartite
participation in the assessment of problems, as well as in the
design and implementation of effective policies and action
programmes.

The emergence, in the mid-seventies, of a new approach to
occupational safety and health led the ILO to reorient its ac-
tivities in that field, while remaining constant in their aim:
when the ILO was created, in 1919, in the wake of the first
World War, the right of workers to safe and healthy work-
ing conditions was established in the Constitution of the
Organisation. At the end of a later world conflict, the
Declaration adopted in this very State, in the city of
Philadelphia, gave the ILO the ‘‘solemn obligation to fur-
ther among the nations of the world programmes which will
achieve adequate protection for the life and health of workers
in all occupations.’’

This is the mandate of the ILO for the world of work. We
can truly say that the International Labour Organisation has
been successful, as evidenced, for example, by the drop in
the incidence of occupational accidents in industrialised coun-
tries. But much more needs to be done to take into account
the growing complexity of labour problems and the high
sophistication of new work processes. The ILO programmes
feature a multi-disciplinary and integrated approach that has
proved well-suited to tackling occupational safety and health
problems in developing and industrialised countries alike,
in a manner designed to promote both the well-being of
workers and the [« aductivity of enterprises.

In the Conclusions which it adopted in 1984 concerning
future action in the field of working conditions and environ-
ment, the [LO Conference stated that improved working con-
ditions and environment were a positive contribution to na-
tional development and 2 measure of the success of economic
and social policy. I believe that good, safe working condi-
tions must be promoted by international as well as national
solidarity. If I think of miners, as one does in the context
of lung diseases, I am struck by the fact that they often are
migrant workers. If they have not been properly protected,
if they are affected by the time they return to their home



countries, I am appalled to think of the burden that is placed
on those countries, which may not have the infrastructure
required to monitor the health status of those workers or the
resources needed to compensate disabilities incurred abroad.

It is indeed very true, the U.S. Secretary of Labor made the
point at the past session of the International Labour Con-
ference in Geneva last June, that *‘in some developing coun-
tries, compliance with what would be considered human
working conditions is not always easy—not because of a lack
of concern, but because of a lack of resources to implement
measures necessary to upgrade working conditions.’” This
indicated that we still have a long way to go, and if I may
again quote the Secretary of Labor, that ‘‘the ILO needs to
promote the understanding that its labour standards are
beneficial to long-term growth and development.”” I hope
that the present Conference will contribute to fostering such
an understanding.

The approach which underlies the recent international labour
standards on occupational safety and health is dynamic and
promotional. We recognise that occupational hazards are
man-made hazards and as such can—and must—be con-
trolled. Occupational injury and disease cannot be considered
to be the inevitable tribute to progress. We see that, as
socioeconomic development progresses, there is a wider ac-
ceptance of the fact that a worker’s physical integrity and
health are assets for the nation and the undertaking. Of
course, work continues to maim and kill, sometimes with
a vengeance, as in the recent North Sea oil platform
catastrophe, at other times more insidiously. The miners or
foundry workers who are suffering today from a discase they
contracted unawares some twenty years ago are thus the vic-
tims of past conditions. Nevertheless, the International
Labour Office estimates a total of approximately 40,000 new
cases of occupational lung diseases each year. The fight goes
on, in the safety and health administrations of mernber States
of the International Labour Organisation, and through the
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work of the ILO and other specialised agencies of the UN
system. I should like to mention here the excellent coopera-
tion we maintain with the World Health Organization. We
plan to continue that cooperation in order to avoid duplica-
tion of efforts and mobilise maximal resources for the pro-
motion of occupational health.

I understand from a recent report of the U.S. National In-
stitute for Occupational Safety and Health that the ‘“black
lung’’ compensation programme has grown over ten years
into an 18-billion dollar programme. This shows that the
American miner is well protected, but at the same time
highlights the importance of early action. The priority
throughout the world must therefore be prevention, through
the regular assessment of work places and work practices,
regular health monitoring, early detection and reassignment
to other duties as required. To give but one example, I would
mention that at its 1988 meeting, the ILO’s Coal Miners
Committee called for the establishment of specialised occupa-
tional health services concentrating essentially on preven-
tive functions, to advise employers and workers, and stressed
the need for prevention and control measures to be fully in-
tegrated in machinery and working processes.

A few years back, the member States of our Organisation
made an important statement: they noted that *“the improve-
ment of working conditions and environment must be pur-
sued in times of economic recessions as well as in times of
economic upturns.”” A clear political commitment is therefore
required at national level, and the ILO will continue to pro-
mote and support the efforts made in its member States to
devise realistic policies for the protection of workers’ health
and well-being. Over a number of issues, and lung diseases
are clearly among those, technical expertise is of paramount
importance in the implementation of action programmes.
Your Conference provides an ideal forum for a broad ex-
change of scientific knowledge and practical experience, and
I wish it every success.
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INDUSTRY OVERVIEW—VIITH INTERNATIONAL CONFERENCE

ON THE PNEUMOCONIOSES

BRUCE W. KARRH, M.D.
Vice President, Safety, Health and Environmental Affairs

E.l. duPont de Nemours & Company, Inc., Wilmington, DE 19898, USA

It is certainly a pleasure for me to be here and participate
in this timely conference on such an important subject as the
pneumoconioses. I am particularly glad to be able to give
the industry overview to the issue and to be with such
distinguished fellow participants in the opening session.

One may ask why a health and safety manager from a
chemical company is presenting the industry overview to this
topic. That is a good question, but it hits right at the central
issue in dealing with the pneumoconioses. These conditions
can occur, and usually do, in almost any industry and any
group of workers. As it happens, though, the duPont Com-
pany, my employer, has more than a passing interest in the
pneumoconioses. We own a large coal company, Consolida-
tion Coal Company, headquartered right here in Pittsburgh.
We also, though, on the chemical side of the company, have
many heat sensitive processes and have been a user of in-
sulation materials, some of which in the past has been, or
has contained, asbestos.

Some of our processes have used silica and other similar pro-
cess materials. We also are the manufacturer of asbestos-
substitute materials, such as keular aramid fiber. So, as you
can see, we have more than a passing interest in the pneumo-
conioses.

The pneumoconioses are an excellent illustration of some of
the issues that industry, and society, face when dealing with
chronic illnesses.

Industry has a responsibility to accept those health condi-
tions it caused or contributed to. And this is a responsibility
that my company, at least, willingly accepts and carries out.
Industry can't, and shouldn’t be expected to, however, ac-
cept all the ills of our society. We need different, more
equitable, means for fulfilling that societal need. Some ex-
amples of where various efforts have been put forth which
could possibly have industry begin to accept more than it’s
fair share of some illnesses have been seen in the high risk
worker notification legislation which has been introduced,
the victime compensatgion aspects which were a prominent
part of the superfund reauthorization debate a few years ago,
and others. Industries opposition to these measures was not
because we didn’t want to properly care for those we may
have harmed but because of the never-ending nature of the
obligation to a poorly defined group.

Another significant issue industry faces is the never-ending
litigation that is an integral part of our doing business,
especially in the U.S. And again, this is not a desire on our
part to not appropriately compensate those we have harmed,
but to be able to have some semblance of fairness and equi-
ty between the magnitude of the harm we may have inflicted
and the compensation which is awarded.

Industry has a sizeable effort to test the toxicity of materials
which we handle and make as part of our programs to avoid
creating needless societal risks. These efforts are costly, but
needed. And we, at least in duPont, are proud of the work
we have done and are doing to help assure we can control
the risks we may impose.

At duPont, we have, for many years, had an extensive
medical surveillance program for workers who may be ex-
posed to ashestos. As newer technologies have come along,
we have upgraded that program and added newer capabilities.
In spite of this, however, we have had several cases of
asbestosis and many more cases of pleural thickening from
asbestos exposure.

Our consolidation coal company subsidiary has had some ex-
perience with the United States black lung legislation. While
we don’t have a great many cases of black lung disease, from
a medical standpoint we have many current and former
workers drawing financial benefits because they are includ-
ed in the legislative definition of black lung. The issue is
distinguishing between coal workers pneumoconioses and
“‘black lung.”” The former is a disease and a medical issue.
The latter is a program and a political/legal issue.

Medical, industrial hygiene and management people are well
on the way to eradicating coal workers pneumoconiosis as
a disease from American mining. ‘“Black lung’* will disap-
pear more slowly as laws and regulations are adjusted to re-
spond to political realities.

Simple coal workers pneumoconiosis was once common in
U.S. coal miners but radiographic studies have shown a pro-
gressive decline in both its prevalence and its severity. The
U.S. “‘black lung’’ legislation has gone through several revi-
sionss but, since those of 1981, seem to be more realistic
and more capable of appropriately addressing the need for
which it was designed.



Another issue that manufacturing industry is increasingly fac-
ing is the removal of old asbestos-containing insulation. And
industry is not alone. Many of our schools and public and
private buildings are faced with the difficult task of remov-
ing old, worn, and friable insulation that contains asbestos.
This is a significant problem in the U.S. now. How to remove
the insulation without creating additional risk.

There is a great need for health professionals to be more
knowledgeable in all work-related health and safety condi-
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tions, but especially in the area of the pneumoconioses. Con-
ferences such as this provide the opportunity for develop-
ment of the state-of-the-art and some general concensus
around what is known, what isn’t and what can be done to
both know more and do more. We certainly are proud to
be a part of this conference and to participate in the interna-
tional effort to be better at what we do and hopefully play
a part in eliminating, or at least controlling, the preventable
diseases.

Thank you again for letting me be with you.
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REMARKS TO THE Viith INTERNATIONAL CONFERENCE

ON THE PNEUMOCONIOSES

LYNN R. WILLIAMS
International President, United Steelworkers of America

Mr. Taylor, Mr. Pendergrass, Dr. Millar, Dr. Karrh, col-
leagues and friends in the fight against occupational disease:

It gives me great pleasure to address this Seventh Interna-
tional Conference on the Pneumoconioses. I am especially
proud that, for the first time, the conference takes place in
North America. Certainly the conference will spotlight some
of the important research under way in the United States and
Canada. At the same time, I hope it will give North
Americans a better appreciation of importance of the Inter-
national Labour Organization in the cause of worker health
and safety and worker rights generally.

I suspect that many American occupational health research-
ers, when they think about the ILO at all, have a profound
misimpression. The ILO may be seen as a rather ineffectual
organization, bound by its own bureaucracy, spending a lot
of money to publish a few monographs and reports. And yet
in August 1980, when the Solidarity Trade Union was be-
ing born in the Gdansk shipyard in Poland, the very first
demand of the strikers was that the government comply with
a convention of the ILO.

ILO conventions and recommendations are a source of hope
for oppressed workers everywhere. ILO Codes of Practice
can be tools in the hands of trade unions struggling to im-
prove working conditions. Of course the ILO can be
bureaucratic; its documents can be bland. After all, the
organization has to reconcile the views of workers, employers
and governments; developed and developing countries; the
Socialist Bloc, industrial democracies and the Third World.
But it is that very diversity, and the need to balance differ-
ing views and interests, that give ILQ instruments and codes
such force. Nor are they only a matter for underdeveloped
or undemocratic countries. The United States has ratified only
a handfut of ILO conventions; despite lip service to the prin-
ciples of ILO, the United States has not always been in com-
pliance with them.

This is a research conference. Its immediate purpose is to
collect and report scientific data, not to debate political issues.
But I hope you will keep in mind that the ultimate purpose
of this conference is not research in the abstract, but research
in the servite of worker health. The right of every person
to a safe and healthful working environment is, at base, the
reason this conference exists. The ILO was not created mere-
ly to provide funding to scientists, or impressive studies for
our bookshelves. The fundamental mission of the ILO is
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human welfare—in this case the eradication of occupational
disease. Of course the same is true of NIOSH.

It is especially gratifying to be in the presence of so much
expertise, from so many parts of the world. With us this
morning are occupational physicians, epidemiologists, tox-
icologists, industrial hygienists, and public health officials.
Individually, and collectively through the ILO, NIOSH and
other organizations, you are a tremendous resource in the
fight against occupational disease. The great gains we have
made in understanding and controlling workplace hazards
would not have been possible without your technical
knowledge and professional dedication. You have much to
be proud of.

But in your daily work, I hope you will remember and join
with those who have another kind of expertise, another source
of dedication. Workers who face hazards every day on their
jobs are also experts in occupational health and safety. They
know firsthand the dangers of work and the practical prob-
lems of control. Frequently they are the first to identify an
occupational disease. It was, for example, the miners of
uranium-bearing ores in the Erz Mountains of Ventral Europe
who first described radiation-induced lung disease to
Georgius Agricola more than 400 years ago.

And I should not have to remind you that effective control
of occupational hazards has usually come only through
political action by workers themselves and the unions which
represent them. I sometimes hear it said that occupational
health and safety is a new issue for the trade union move-
ment. Nothing could be further from the truth.

One example comes from the early textile industry in
Massachusetts. The workers were mosily women. They were
represented by one of the first North American unions, and
led by a remarkable labor leader named Sarah Bagley. In
1845, they marched, agitated, and petitioned the state
legislature for shorter hours and better ventilation in the mills
in order to combat a ‘‘wasting sickness’’ they correctly at-
tributed to cotton dust. Of course, the legislature did nothing,
citing a possible competitive disadvantage with Connecticut
and Rhode Island if Massachusetts attempted to regulate, and
suggesting that the real solution was to be found in the wider
spread of Christian principles among the mill owners.

It took more than 60 years for the medical profession to catch
up to the Massachusetts women by identifying their disease
as byssinosis. The British Factory Inspectorate began to look -



at the problem in about 1908. Effective regulation in the
United States did not come until 1978.

Safety and health concerns were also evident in the early
labor struggles in mining, steel, and other industries,
sometimes in the context of shorter hours, or union-sponsored
benefit programs for injured members—sometimes more
directly, in demand for improved working conditions. For
example, the first effective dust controls in the Quebec mines
came only after a 5 month strike in 1949. In short, workers
have always cared about health and safety. But despite their
best efforts, and the efforts of a few enlightened health pro-
fessionals and government officials, it took the rise of strong
trade unions to bring real reform. Even then, it took decades
of hard work through collective bargaining and political agita-
tion to achieve the protection workers now enjoy.

That is not just the lesson of history, it is a lesson we must
learn every day. In countries where worker rights are
recognized and a strong trade union movement exists, work-
ing conditions are safer and more healthful. But the inverse
is also true. I ask you to consider whether a country or a
company which denies its workers the right to a decent wage,
the right to organize a trade union, the right to speak out
about unfair practices, will voluntarily provide a safe and
healthful workplace. You cannot believe in occupational
health unless you also believe that workers should have the
right to do something about the hazards they face.

Perhaps the most important development in occupational
health in the past decade is the right-to-know movement. That
movement has a simple goal—that workers should have the
right to all information affecting their health and safety. In
the United States we have mostly achieved that right through
the OSHA Hazard Communication Standard, EPA regula-
tions, state and local laws, and many collective bargaining
agreements. Canada and the European Communities have
adopted new chemical information systems. Worldwide, the
phrase “‘right-to-know’ is coming into general use.

Achieving the right to know has not been easy. In the United
States, the attitude of many companies and some health pro-
fessionals was that workers didn’t need, couldn’t understand,
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and might even misuse specific chemicat information. It took
years of effort by unions and environmental groups to get
effective laws on the books. It required public education,
lebbying, legal action, extensive participation in rulemak-
ing, and plain hard work. I hope you will understand that
effort for what it was—a profound complement to the
research community you represent. What we wanted was the
right to know the results of your research as it applies to
our workplaces, the right to know chemical names so we
could effectively use the knowledge you helped gain. If there
was ever any doubt about the importance of your work, not
as abstract research, but as a tool for eliminating hazards,
surely that should dispel it.

I hope the right-to-know movement can point the way to a
more effective coalition between scientists and those who de-
pend on scientific research to improve the workplace. For
our part, the trade union movement will work to ensure that
occupational health research enjoys the funding it deserves.
Without us, such agencies as NIOSH would never have been
created. But we can do more.

What workers need from you in return is, quite simply, the
truth. First and foremost, the research you do must be
thoughtful and objective. But we hope you can do more. We
hope you will choose your research objectives, not solely
on the basis of scientific interest or available funding, but
by asking what we need to know to best protect workers.
And we hope you will add your voice to the effort to win
worker rights and establish safer conditions around the globe.
That is the mission of the ILO; that is the tradition of public
health. You stand in a long line of researchers who fought
for public health, from the early epidemiologist John Snow,
who in 1854 identified and then destroyed the Broad Street
c¢holera pump in London, to Alice Hamilton who early in
this century established occupational medicine in the United
States. Such scientists are objective researchers, but they are
not ‘‘disinterested’’—they are passionately committed to
human welfare.

That passion, indeed, should motivate us all. Safety and
health in the workplace must be a shared commitment, a com-
mon concern. We ask only that you work with us to ensure it.
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A GOVERNMENTAL PERSPECTIVE ON THE PREVENTION

OF OCCUPATIONAL LUNG DISEASES

J. DONALD MILLAR, M.D.
Assistant Surgeon General

Director, National Institute for Occupational Safety and Health

Centers for Disease Control, Atlanta, GA, USA

INTRODUCTION

Thank you. I am very proud that the ILO asked NIOSH to
co-sponsor this VIIth Intermational Conference on the
Pneumoconioses.

This summer in the United States we have had exceptional-
ly warm weather. Almost every day we have been setting
new records for high temperatures. It seems this Conference
has followed the trend and has also proven exceptional. We
have over 1,000 participants here from 50 countries; both
are new records for The International Conference on the
Pneumoconioses!!

Thanks to each of you for coming. As I traveled in many
of the countries represented here, I always received the finest
hospitality. I would like to say *“Thank You’” to each of you
in your own language; instead I will simply welcome you
and wish for you the same fine hospitality in my country that
you have shown me in yours.

It is fitting that the VIIth International Pneumoconioses Con-
ference should meet this week, in this place. This week, 124
years ago, delegates from 16 European nations met in
Geneva, Switzerland, and founded the International Red
Cross. The new organization had one clear purpose—to
alleviate human suffering. We gather here committed to a
stmilar noble purpose—alleviating the suffering of workers
by preventing death, disease, and disability caused by the
poeumoconioses.

It is also fitting that we meet here in Pittsburgh, Pennsylvania.
For in 1869, almost 120 years ago, Pennsylvania was the
first U.S. State to pass a law providing for the inspection
of coal mines.

BACKGROUND

I have been asked to provide you with a brief overview of
The Prevention of Occupational Lung Diseases, from the
perspective of the U.S. Government. As you no doubt have
realized from listening to my predecessors at this podium,
there are several agencies of our federal (central) govern-
ment who are involved with this problem; it would be dif-
ficult for any one of us to delineate a single U.S. govern-
mental perspective. However, a month ago, I began my 8th
year as Director of one of those agencies, the National In-
stitute for Occupational Safety and Health (NIOSH). So,
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I can share with you a personal professional perspective based
on my experience in that assignment.

But first, those of you from other countries may appreciate
some brief explanation of the various U.S. agencies active
in this field whose names, or rather initials, you have heard
or seen in the Program. I will attempt a brief orientation to
the principal federal governmental agencies involved.

In 1970, the U.S. Congress passed a law, the Occupational
Safety and Health Act, which is fundamental to the subject
of this conference. It created two of the agencies from whose
Directors you have already heard. The “*Occupational Safety
and Health Administration’” or ‘“OSHA™ is directed by
Mr. John Pendergrass. ““The National Institute for Occupa-
tional Safety and Health™ or ““NIOSH’ is in my charge.
As Mr. Pendergrass told you, OSHA, which is part of the
U.S. Department of Labor, is responsible for promulgating
and enforcing standards for the workplace. NIOSH, which
is part of the U.S. Department of Health and Human Serv-
ices, is responsible for conducting laboratory research and
field investigations, for training professionals, and for recom-
mending standards.

As regards mining specifically, there are two other agen-
cies at work. These are the *‘Mine Safety and Health Ad-
ministration’” or ‘“MSHA", created by the Federal Coal
Mine Safety and Health Act of 1969 (and its amendments
of 1977), and the oldest federal agency in this field, the
““Bureau of Mines’” or ““BOM’’. ““BOM"’ was created in
1907 in response to a major mine disaster in Monangah, West
Virginia, where 400 miners, mostly non-English speaking
immigrants, were killed. MSHA, which is part of the
U.S. Department of Labor, is responsible for setting and en-
forcing standards in mines; the Bureau of Mines, which is
part of the U.S. Department of the Interior, conducts research
on problems related to mining.

To oversimplify then, OSHA and MSHA are agencies which
regulate the workplace, while NIOSH and BOM are agen-
cies which principally conduct research and disseminate in-
formation. Please note that we have all joined happily
together with the TLO to co-sponsor this conference!

National Perspective Rooted in Heritage

Qur central gevernmental perspective on any subject reflects
the traditions of our culture and history as a nation. In this



regard, America has traditionally emphasized the sanctity
of human life in its fundamental governing principles. Qur
first national document—the *‘Declaration of Independence’”
of 1776, depicted Life (along with Liberty) as an ‘‘inalienable
right” of each citizen.

Hence, a governmental perspective on the prevention of oc-
cupational lung disease begins with a reaffirmation of the
right of workers to live. By their very nature as human be-
ings, the lives and health of workers should take priority over
all else that concerns us in the workplace. These same prin-
ciples were later reflected in the Constitution of the United
States, and even later in the Occupational Safety and Health
Act which seeks “*safe and healthful working conditions for
every working man and woman.”’ So whatever we do as a
nation that affects workers should be measured first and
foremost against one standard—the prevention of harm, (i.e.,
the prevention of disease, injury, and death) caused by work.

Are we meeting the standard? You be the judge. In the U.S.
each year about 8,000 workers are killed, 10 million others
suffer significant injuries, and perhaps 400,000 suffer oc-
cupational diseases.

Perspective Guided by Analysis

As part of a national Institute focusing on occupational safe-
ty and health, we in NIOSH see our principal role as one
of exercising professional leadership to assure that our
citizens understand the burden and the nature of occupational
disease and injury. We also feel obligated to assure that they
understand what can be done to prevent these problems. In
exercising this leadership, we, NIOSH, in 1982 began to
delineate and prioritize the occupational health problems of
our country. For the first time in the U.S., we developed a list
of the ten leading occupational diseases and injuries using
the following criteria: (1) frequency of the problem; (2)
severity in the individual case; (3) amenability to prevention.

As most of you know, we reached the conclusion that oc-
cupational lung diseases deserve first place on the list; i.e.,
these occupational diseases of the lungs constitute the most
important occupational disease problem in the United States.

Our view of our role as a national leader demanded also that
we describe a strategy by which each of the 10 leading oc-
cupational problems could be prevented. To accomplish this,
we convened two National Symposia at which proposed
strategies for preventing each problem were developed. This
process has resulted in an unprecedented, broad-based,
understanding of what we as a nation can and need to do
to reduce the burden of our most important occupational
diseases. These ten proposed prevention strategies are now
published. The words exist, the actions to fulfill the words
are another matter.

Perspective Inspired by Experience

Being here with you in such a **melting pot™” of professionals
from all over the world seems to compel me to reflect on
““how it was’’ 20 years ago. At that time I was working hard
in the beginning stages of the global smallpox eradication
campaign. It was a difficult, frustrating, and yet exhilarating
time. Many apparently wise people said smallpox eradica-
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tion could not be done and that we were deranged even to
try. Yet smallpox eradication was done. In the process, East
and West, the industrially developed and the industrially
developing, the aligned and the non-aligned, all joined hands
in pursuit of a common goal. No barriers to eradication were
so great that they could not be solved.

As a result, smallpox has been extinct now these 10 years.
Even in India where smallpox was thoroughly entrenched
for thousands of years, young people recognize *‘smallpox”’
only as a vague historical entity without contemporary
relevance. Smallpox is gone because smallpox eradication
was an idea whose time had come.

Perspective Provokes a Challenge

Now, I will gently ask this audience two questions, (1) are
the pneumoconioses—any of them—eradicable? (2) Is their
eradication an idea whose time has come? I believe the
answer to the first question is ‘‘yes”’. The pneumoconioses
are eradicable. While eradicating smallpox we learned that
in order for a disease to be eradicated, it should have the
following characteristics: (1) The source of the hazard is ob-
vious; (2) Those at risk are predictable; (3) An intervention
is available that protects those at risk from the hazard.

With the pneumoconioses, (1) the source of the hazard is
obvious. As was written in the Proposed National Strategy
for the Prevention of the Occupational Lung Diseases, “‘oc-
cupational lung disease is caused by inhalation of toxic
substances present in the work environment.’” Work-related
lung diseases may ‘‘be further complicated by cigarette smok-
ing and its independent or synergistic effects on the lungs.”’
(2) Those at risk are predictable, namely workers exposed
to the airborne toxic substances. For the most part, workers
who smoke are at greater risk. (3) A specific intervention
is available which protects those at risk from the hazard,
namely eliminating inhalation of the toxic substance. This
can be done by eliminating the toxic substances in the en-
vironment, and/or by preventing their inhalation from the
environment. This process is greatly abetted by not smok-
ing cigarettes.

Those are the reasons why I believe that the pneumoconioses
are eradicable.

Is This the Time?

Now, is eradication of the pneumoconioses an idea whose
time has come? Ah, there’s the rub. Smallpox vaccine was
introduced 200 years before global smallpox eradication was
initiated. Yet when the time came, after 200 years of
preaching, eradication was accomplished through a major
outpouring of international cooperation, and national com-
mittments by many countries. Here, I think we have a prob-
lem. Eradication of smallpox required that we exceed the
ordinary effort and do more than was minimally necessary,
to assure the outcome. And this rule is generalizable. After
all, to achieve victory in any field requires a sacrificial com-
mittment. In fighting smallpox there was an international
willingness to use every weapon, maximally, to reach zero
cases. It meant going on a *‘wartime footing.”” And here,
I’m afraid we face a formidable problem. In the field of oc-
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cupational safety and health, we are far too accustomed to
doing the minimum, not the maximum. Rather than doing
all that we can conceive in prevention, we are much more
likely to do as little as we can get away with. Instead of over-
whelming our occupational health problems with a noble ex-
tremity of effort, we ofien settle for a marginal token con-
tribution. In this field we are much too infatuated with the
““small, economy model;’’ far too prone to compromise.

(As an aside regarding sound investment, I would point out
that the total financial commitment of the United States to
global smallpox eradication, is recovered every four months
in savings of the costs of the programs on vaccination and
quarantine we previously had to maintain in order to keep
smallpox out!)
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Like all conferences, this one ultimately will be a Conference
of words. But may we now add a new word—the word
“*eradication’’? Unless the word is spoken, the outcome will
never happen. And what better group to begin to speak this
word and to probe its requirements, than this group, which
knows more about The Pneumoconioses than any other group
in the world.

Is it possible that the next one of these international con-
ferences might be titled *“The VIIIth International Conference
on the Eradication of Pneumoconioses?”” Think about it.

Thank you.
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WELCOME ADDRESS OF THE INTERNATIONAL

SOCIAL SECURITY ASSOCIATION
ROLF HOPF

Member of the Bureau of the International Social Security Association

Ladies and Gentlemen:

It is an honour and a pleasure for me to extend to you the
greetings of the International Social Security Association on
the occasion of this Conference of such long-lasting tradi-
tion. For the seventh time, specialists from the entire world
have gathered here in order to exchange their experiences
on the protection of the health of workers against the risks
of exposure to dust in the workplace. The new knowledge
acquired here will be applied to measures for workers’ pro-
tection and thus contribute to the prevention of
pneumoconioses and mitigate and cure the effects of these
diseases.

The struggle against pneumoconioses is not only a task con-
fronting medical science. On the contrary, together with
medical care, there must be an assurance that adequate
measures are taken to ensure that sick workers are provided
with social compensation. The International Social Security
Association has set itself the target of supporting and im-
proving measures for the protection, promotion and develop-
ment of social security through its specialized activities. To-
day, the ISSA works in an advisory capacity on a voluntary
collaboration basis in more than 159 countries throughout
the world. The ISSA attaches particular value to the protec-
tion of workers against lung diseases caused by dust. This
is exemplified by the fact that the ISSA has established a
special section for the mining industry, which is one of the
nine sections towards which the ISSA has oriented its focal
activities.
The worldwide collaboration of all occupational safety and
health institutions has led to a coordinated struggle against
joses. The declining figures for these occupational
diseases demonstrate that the common effort has produced
fruitful results. On the international level, social security in-
stitutions or governments, ensure that workers are guaranteed
social security as well as protection at work through national
regulations. To us it seems evident that workers suffering
from dust-related lung diseases should benefit from finan-
cial compensation, although the principles for this were on-
ly established a few decades ago.

Around 20 years ago, specifically in the year 1969, our
friendly host country decreed a federal programme for the

protection of miners. As a result, it was guaranteed that
miners suffering from lung diseases would receive a month-
ly cash payment, or, in the event of death, their relatives
or heirs would receive a pension.

It is to the credit of specialists in medical science and prac-
tice that their work has established the link between the causes
and development of pneumoconioses and that today, there
are not only possibilites for their prevention and early detec-
tion, but also for curative treatment. Although we can look
back with pride on the past success in health protection, prob-
lems still remain which demand urgent answers. We cannot
yet affirm that the problems have been satisfactorily solved.
This is precisely why it is so important that we remain in
contact, in order to jointly seek solutions.

The ISSA has set itself the target of encouraging and sup-
porting international exchanges, to provide guidelines and
inspiration, and of promoting further development. Besides
other activities, the ISSA, in collaboration with the Interna-
tional Labour Office, organises a world congress on occupa-
tional safety and health every three years. The next one, the
XIIth World Congress on Occupational Safety and Health,
will take place in my homeland in the city of Hamburg in
May 1990. Its theme is “‘A Safe and Healthy Working
Environment—a Task for the Enterprise and for Society.”
The hosting associations for statutory accident insurance are
expecting about 2,000 participants. The Congress will pro-
vide the most recent information on the development of
workers’ health protection for all specialists in the field of
occupational safety and health. Regular contacts and ex-
changes can contribute to the improvement of the working
environment all over the world and to the reduction of the
burden placed on the community by a constantly rising
number of accidents at work and occupational diseases. In
this context, the World Congress provides an appropriate
forum for discussion. As President of this Congress, may
I already today invite you and tell you how delighted I will
be to greet you in Hamburg.

I hope that this Pneumoconioses Conference will be a suc-

cessful experience and that you use the information you ac-
quire here for the benefit of workers in your native land.
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ADDRESS TO THE VIITH INTERNATIONAL CONFERENCE ON
THE PNEUMOCONIOSES ON BEHALF OF THE INTERNATIONAL
COMMISSION ON OCCUPATIONAL HEALTH

PREMSYL V. PELNAR, M.D.

Medical Advisor, The Asbestos Institute, 1130 Sherbrooke Street West, Suite 410

Montreal, Quebec H3A 2M8

It is an honor and privilege for me to address this distin-
guished assembly on behalf of the International Commission
on Occupational Health. The ICOH, under its original name
Permanent Commission, was founded by a private group of
scientists in 1906 and thus it is the most senior of interna-
tional organizations working in the field of occupational
health. It was already 13 years old when International Labour
Organization and Office were created. The birth of ILO was
accepted by the Permanent Commission with great satisfac-
tion as it was seen as a great ally with official standing in
protection of the workers” health. Indeed the first Secretary
General of the Permanent Commission, Dr. Luigi Carozzi,
was appointed Head of the Industrial Hygiene Section of the
ILO and served in this capacity for full 20 years. In various
periods of time such personal unions between the ILO and
the Permanent Commission—ICOH were successfully
repeated. Let us just mention the ILO periods of later Presi-
dent of ICOH Dr. Robert Murray, and the ILO period of
the present Secretary Treasurer of ICOH, Dr. Luigi Parmeg-
giani. For many years now the JCOH has enjoyed a special
position with ILO. Our representatives at many occasions
were allowed to actively participate in the ILO meetings.
Some members of ICOH were invited for working in the ILO
institutes of occupational health in developing countries.
Many others were called as experts in preparing international
recommendations and other ILO legal instruments. On the
other hand, members of ICOH come from a great number
of countries in which they frequently occupy important posi-
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tions. They can effectively encourage the implementation of
the ILO instruments and guidance in practice of occupational
health in their countries.

A good example of cooperation for mutual benefit is the field
of pneumoconiosis. Silicosis and coal-workers’
preumoconiosis have been a common concern for many years
and many conferences. Asbestosis appeared prominently on
the scene later, in 1960. The UICC/Cincinnati Classifica-
tion of radiograms covering more specifically asbestosis was
developed by an international group of scientists many of
whom were members and leading personalities of ICOH. The
ILO accepted it, gave it its official sanction as “‘the ILO
Classification’” and provided its world wide dissemination
accompanied with valuable standard films. Up-date of the
Classification prepared by an ICOH Task Force is on the
agenda of this Conference. Another example: Several ILO
Meetings of Experts at which the ICOH was always
represented addressed the question how to use asbestos safe-
ly. On the basis of this work eventually the ILO Convention
Concerning Safety in the use of Asbestos was passed and
accepted in 1986.

The present status of ICOH as a non-governmental
cooperating organization with the United Nations gives us
a particular privelege to be close allies of ILO in its endeavors
toward protection of workers® safety and health. Let me thank
ILO for accepting us in this capacity, and let me wish ILO
and this conference the best success.
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OPENING ADDRESS BY THE REPRESENTATIVE OF

THE WORLD HEALTH ORGANIZATION

BERNICE GOELZER
Office of Occupational Health, World Health Organization

On behalf of the Director-General of the World Health
Organization, I would like to greet the organizers and spon-
sors of this VIIth International Pneumoconiosis Conference,
as well as all the participants, and wish for a very successful
exchange of knowledge and experiences with the objective,
not only of improving our skills for the prevention of
pneumoconioses and other occupational lung diseases, but,
more important even, of finding ways to put these skills in-
to practice. So much is known about the etiology of silicosis
and other preumoconioses, so much is known about evalua-
tions and control of exposures to dust in the work environ-
ment; however, pneumoconioses still ¢laim countless vic-
tims, everyday, all over the world, as exemplified by the
Representative of the International Labour Organization. I
believe that, on a world-wide basis, the greatest challenge
for us, occupational health professionals, and for all con-
cerned with the health of workers, is to apply the vast
knowledge which is already available in our field.

Work is necessary. Each piece of work accomplished, each
pound of ore extracted, each pound of steel produced, each
item manufactured, constitutes an essential link in a chain
which allows the survival of the human race. All work is
important, and the greatest injustice is that, in order to ac-
complish it, human beings may lose their health, and even
their life, or may have an unacceptable quality of life. Scien-
tists, occupational health professionals, technical personnel,
international organizations, scientific institutions, govern-
ments, enterprises, workers organizations, all should join
hands in the fight against such injustice. Keywords for this
are collaboration and commitment.

The Director-General of the World Health Organization has
been requested by Member States, on many occasions,
through a number of resolutions, to give special attention
to the health of working populations, as can be exemplified
by the following extract from Resolution WHA33.31 (May
1980):

¢, .. to support the developing countries in ensuring
safe working conditions and effective protective
measures for workers’ health in agriculture, in min-
ing and in industrial enterprises which already exist
or which will be set up in the process of industrializa-
tion, by using the experience available in this field by
both industrialized and developing countries,...”’.

Through its Office of Occupational Health, and in collabora-
tion with the International Labour Organization, the World
Health Organization aims at the prevention of occupational
diseases and at health promotion in the workplace. The main
approaches are to collaborate with countries in the develop-
ment of their own capabilities to establish and operate oc-
cupational health programmes, and to prepare supporting
documentation and educational materials. In its activities, the
Office of Occupational Health focuses both on the workers,
for example, the development of guidelines for the early
detection of health impairment, or the development of educa-
tional materials for workers, and, on work environment, for
example, the development of guidelines for the evaluation
and control of occupational hazards.

Only a multidisciplinary approach, by which medical, en-
vironmental and required sciences complement one another
in an integrated effort, can lead to the prevention of occupa-
tional diseases and, beyond, to the promotion of health
through the workplace. We should not forget what Alice
Hamilton, a very eminent occupational physician, once
wrote, with reference to silicosis: ‘“. .. obviously, the way
to attack silicosis is to prevent the formation and escape of
dust, ...’". While the formation and escape of dust in the
work environment is not prevented, nothing is achieved in
terms of protecting workers from pneumoconioses; the
recognition of a dust hazard, the diagnosis of a pneumo-
coniosis, the accomplishment of accurate dust evaluations,
the establishment of correlations between dusty occupations
and lung diseases, are all necessary steps, but which have
real meaning only, if and when, they serve as the basis for
an adequate control strategy. In fact, the goal of occupational
health practice should be to anticipate and control hazards
before they can even occur. Control technology for the
prevention of occupational diseases comprises the planning
and design of control measures, both environmental and per-
sonal, as well as their implementation and continuous opera-
tion. Therefore, the immense and essential task of protect-
ing the health of workers can only be accomplished through
close collaboration and joint efforts by occupational health
professionals, such as occupational hygienists, physicians,
nurses, ergonomists, and workers, managers, administrators
and governments. That we may all work together for the pro-
tection of workers’ heaith.
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EVALUATION OF RESPIRATORY HAZARDS IN THE WORKING ENVIRONMENT
THROUGH ENVIRONMENTAL, EPIDEMIOLOGIC AND MEDICAL SURVEYS

MARGARET R. BECKLAKE, M.D., FRCP*

Pulmonary Research Laboratory, Department of Epidemiclogy and Biostatistics

McGill University 1110 Pine Avenue West
Montreal, Quebec, Canada. H3A 1A3

HISTORICAL AND CURRENT CONTEXT

Respiratory disease consequent on work in dusty trades has
been recognized since ancient times when man first turned
to tools to help him to exploit the riches at the earth’s sur-
face. In the past, distinctions have been blurred between
various disease processes involved (fibrotic, infectious,
malignant), all of which may follow occupational ex-
posures.! The term pneumoconiosis was introduced in the
19th century to describe the rather specific nature of the
lung’s fibrotic reaction to inorganic dusts, such as silica, coal
and iron. In keeping with its Greek roots, the term is cur-
rently defined by the World Health Organization as the “‘ac-
cumulation of dust in the lung and tissue reactions to its
presence.”’? Over the past century, industrialization, the
growth of populations, and the increased demands for the
raw materials of the earth’s crust have led to an increase in
the number of workers whose jobs expose them to mineral
dusts.

In consequence, the early years of this century saw an in-
crease in the burden of dust diseases in industrialized coun-
tries, and post World War I in the newly industrializing
countries. There are no global estimates of the number of
workers currently at risk; Table I refers to the 1970°s*>5 and
is mainly based on information furnished to the International
Labour Office by those countries which report on their min-
ing, tunnelling and quarrying operations.? The considerable
between country differences in rates are no doubt largely due
to differences in methods of reporting. Nor is the coverage
comprehensive.

Not only the distribution but also the nature of some of the
pneumoconioses may be changing. For instance, since the
first International Pneumoconiosis Conference held in Johan-
nesburg, in 1930,¢ the profile of diseases such as silicosis
appears to have changed, at least in the large controlled in-
dustries.”-® Whereas in the early decades of this century,
these were discases which disabled young and killed
prematurely, they are now increasingly diseases of primari-
ly radiologic manifestation with little morbidity or impact
on longevity. Reasons no doubt include improved living stan-
dards, better medical care and mberculosis control in addi-
tion to improved environmental controls at the workplace.?

*Career Investigator, Medical Research Council of Canada,
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However, outbreaks of acute disease continue to appear,
usually in new processes or small uncontrolled industries,
even in the technologically advanced countries.!-812 The
mid-century epidemic of asbestos-related disease is another
example of the failure to apply known control technologies
to commercial explonatmn in this instance due perhaps in
part to the exigencies of World War I1.13

The perspective envisaged for the VIIth Internationat
Pneumoconiosis Conference as reflected in the themes
selected for discussion is cons:derably broader than that of
the First Conference, held in Johannesburg in 1930. The
players are also different. Clinical, engineering and industrial
hygiene scientists were the major contributors at the First
Conference, with the major contributing laboratory sciences
being pathology and microbiclogy. Today all branches of
the clinical laboratory sciences are represented, in particular,
epidemiology. This is a late comer on this scene and has
become increasingly important as it adapted the techniques
developed for the study of epidemic infectious discase to the
study of chronic noninfectious disease of multifactorial
etiology. It is well accepted that environmental and medical
surveys can be used to evaluate hazards in the working en-
vironment. However, today I wish to indicate how they may
be combined using the approaches and methods of
epidemiology, and statistics which together offers 3 power-
ful tools: i) a basis for sampling when numbers to be studied
exceed resources; ii) a means of estimating power when sam-
ple size is limited (workforces are after all finite) and iii)
the methods of analysis which enable the simultaneous con-
sideration of more than one factor in these diseases of
multifactorial etiology. The examples chosen to illustrate this
presentation are from my own field of endeavour.

ROLE OF EPIDEMIOLOGY

Epidemiology is defined as the study of the *“distribution and
determinants of health related states or events in specified
populations and the application of this study to the control
of health problems.”’!* 1 agree with those who argue that
it is a discipline rather than a science, i.e., a field of learn-
ing or practice applicable to the study of natural phenomena
(biological, sociologic or other), rather than a science, i.e.,
a systematized theoretical body of knowledge about a par-
ticular category of natural phenomena.!¥ As such, it is a
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Table I

Selected Information on Dusty Occupations in Various Countries:
Number of Current Workers at Risk, Reported Prevalences of Pneumoconiosis (total cases)
and Incidences (new cases each year) per 1000 Exposed Workers

Continent Sources of Years Number at risk Total New
{country exposure cases/ cases/yr
1000 1000
Europe
France mines, pits, 1977 89,391 51.1 5.1
guarries
Germany coal mines, 1977 111,692 228.9 7.5
other 1977 c.7,000 116.9 2.4
Poland mines, other 1978 c.90,000 34.4 3.7
UK coal mines, 1977 252,600 119.1 2.1
other 1977 5,800 103.4 9.4
America
us coal 1973-78 118,579 120.0 na
Ontario mining 1970 17,355 na 1.4
Quebec mining 1967-77 12,556 na 1.8
Mexico* mining 1973 4,815 8.9 8.9
Peru not stated 1976 56,819 c.36.0 na
Australia
NSW coal 1973-76 15,970 28.8 na
other 1676-78 4,484 10.6 0.5
Queensland coal 1968-72 1,387 na 6.4
other mines 1968-72 3,903 na 8.1
W Australia mines 1978 6,923 27.0 2.6
India mines,other 1973-77 ¢.600,000 c.25.0
Africa
Kenya small 1977 3,359 0.0 na
mines
S Africa hard 1977 19,504 na 11.1
rock 1977 300,357 na 1.6

Table shows information derived mainly 3 countries reporting to ILO on the
number of subjects exposed in dusty occupations as well as pneumoconiosis-
rates: (ref 3): figures for Ontaric, Quebec, and for § Africa were derived
from ref 4.

* refers to 1 company only; each company keeps its own statistics
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discipline which must be of interest and of use to all par-
ticipants here today, whatever our branch of science.

Epidemiology can be used to address in populations the same
issues which a clinician addresses in the management of a
single case: namely, the description and recording of its
features (the history, examination and laboratory tests); the
explanation contained in the diagnosis and the formulation
of prognosis, and in light of the above the planning of the
management and the evaluation of its success. Thus popula-
tion based (epidemiologic) studies may have as their objec-
tive, description (prevalence or incidence of disease) and/or
explanation (who in a population is affected and why: who
is not and why not). These findings can then be used to for-
mulate corrective measures, and once in place, their effec-
tiveness can be evaluated by further studies. The key in the
clinical as well as the public health management of occupa-
tional disease is how to establish the link between the biologic
outcome of interest (abnormality, dysfunction or discase) and
the pertinent exposure.

ESSENTIAL ELEMENTS OF

AN EPIDEMIOLOGIC SURVEY

These can be summarized in four interrogative adverbs: why
(the objectives of the survey), how (its design), who (the
target population or workforce(s)) and what is to be studied
(referring to the measurements made of dependent and in-
dependent study variables).!3 Most important is the first,
what McDonald calls the *‘fundamental ingredient of any
scientific endeavour,”” namely, ““an obtainable objective or
answerable question ... clearly and unambiguously de-
fined.”’'6 He also recommends that a subsidiary question be
asked: “‘and what will I do with the answer?”’ Thus an
epidemiologic study is neither *‘a data gathering exercise with
a nebulously defined purpose and no hypothesis to test;*” nor
is it a study ‘‘which misses a truth because it is buried in
a mass of data.”” These are both popular misconceptions
which relate to the false belief that the key characteristic in
epidemiological study is that it is based on large numbers
of subjects.!” Indeed some of the most effective
epidemiologic studies are very economical in this regard.

Design

At the heart of the scientific method is the experimental
design. In its complete form it requires that the researcher
have control of all aspects of the study including the option
of testing the entire target population (or sampling at ran-
dom from it}; control of the assignment of test units to in-
tervention (exposure) or not, as well as the opportunity to
examine all test units before and afier the intervention with
no loss to follow-up.16 When study units are cells, or plants
or animals, this is possible; when the subjects are human,
and exposure the result of natural experiment, this is rarely
s0. Indeed, the definition of a survey (the word used in the
title of this presentation) is ‘‘an investigation in which in-
formation is systematically collected but in which the ex-
perimental method is not used.’’1

Other than randomized control trial, for instance, of tuber-
culosis drug therapy, most occupational health surveys must
of necessity use a less-than-complete experimental design.
While the strongest designs include measurements before and
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after exposure (i.e., are longitudinal or cohort in concept),
prevalence (i.e., cross-sectional) designs are often all that
is feasible, and are most frequently used for chronic non-
malignant diseases such as pneumoconiosis whose onset is
difficult to pinpoint. Indeed, the prevalence study has been
not inappropriately dubbed the ‘‘workhorse’’ of chronic
disease epidemiology.!?

By contrast, the case control design is an elaboration of the
traditional clinical case series, in which clinical case ex-
perience is described without reference to the population from
which they were derived. The case control study also starts
with identification cases of the disease under study; persons
without the disease (controls) are then selected from as far,
as can be determined, the same population as generated the
cases, and the past of cases and controls are compared for
evidence of exposure. Hybrid designs, using the case-control
approach within a cohort, have been creatively exploited in
establishing relationships between occupational exposure and
malignant diseases,!® and they are now increasingly being
used in the study of non-malignant diseases such as the
pneumoconioses. 17 Nor does the case series study necessari-
ly merit the scorm often accorded it by editors and reviewers:
it was after all such a clinical case series reported by a mis-
sionary doctor, the surgeon to whom his cases were re-
ferred, and the pathologist on the surgical pathology service
which first drew the attention of the medical community to
the link between mesothelioma and asbestos exposure,!? In-
deed, it has been pointed out that shrewd clinical observa-
tion remains the most powerful tool in detecting new disease
patterns linked to workplace exposure,? also in identifying
recognized disease patterns in workplaces or associated with
exposures not previously thought to be at risk.1?

Dose Response Relationships

Dose response relationships form the scientific basis of phar-
macology (which deals with desired responses) and tox-
icology {which deals with undesired responses). In both, dose
refers to the amount of the agent delivered to the target organ
and retained for a period of time sufficient to evoke a
response. In occupational surveys of chrenic diseases like
pneumoconiosis and chronic obstructive pulmonary disease,
dose-response relationships are important in establishing
causality.16.17.21 However, estimates of exposure have un-
til recently, been the only available indicator of dose; ob-
viously a very poor substitute given the low deposition rates
and highly efficient clearance of so much of what we breathe
in. What is surprising, given the impossible task of represent
ing exposure over a working lifetime accurately, is that
exposure-response relationships are usually demonstrable in
workplace surveys even using quite simple indicators of
exposure.

The development of new methods, such as the quantitative
measurement of lung dust residue represent a quantum ad-
vance in the study of the dose variable and these have already
contributed to our understanding of why exposure response
relationships differ between workforces. For instance, there
is now evidence in support of mass rather than fiber number
being the determinant of fibrosis scores for asbestosis.?2
This topic is rightly one of the key themes of this Conference.



New technologies of this sort to obtain the most precise
estimates of dose possible may not however always be
available, and the value of what is surely the simplest estimate
of exposiure, the worker’s personal assessment, should not
be overlooked. Thus several recent community-based studies
have shown clear evidence of association between indicators
of chronic obstructive pulmonary disease (COPD) such as
FEV, and occupational exposure to dusts at work, evaluated
subjectively by study participants.?®-?* Subjective estimates
of personal exposure have also proved as useful as objec-
tive dust exposure measurements in demonstrating exposure
response relationships in workforce based studies, an obser-
vation of relevance in situations where resources for objec-
tive environmental control measurements do not exist, for
instance in certain industrializing countries.

Modelling Exposure Profiles

Whether or not lung responses are influenced by exposure
profiles (such as the occurrence of peaks or gaps in exposure
versus steady level exposure) remains a matter of concern,
with implications for setting control levels. However it is
not an easy matter to investigate. One approach is to use
mathematical modelling based on biologically plausible
models.?627 For instance, in Quebec asbestos miners, tem-
poral patterns of exposure appeared to influence the different
respiratory responses;Z? thus for asbestosis, the strongest
predictor was cumulative exposure; for pleural change ex-
posure, peaks and residence time of dust in the lung; for air-
way reactivity, both with early and recent exposure, and for
airflow limitation and bronchitis, dust level and dust load
over time as well as smoking.

MEASUREMENT TOOLS OLD AND NEW:
APPLICATIONS AND EXAMPLES

The effect of measurement error, whether of exposure or
response, is attenuation of exposure response relationships.
This has ied to concerted efforts to improve standardization
and reduce measurement errer. In the case of the chest
radiograph, the traditional health measurement tool in
pneumoconiosis surveys, the [LO has taken the lead in stan-
dardizing techniques of film reading.?® Subsequently,
respiratory questionnaires and lung function tests have been
included in most workplace surveys,!17 originally in sup-
port of the diagnosis of pneumoconiosis, but subsequently
as outcome measurements in their own right to characterize
among other things airway function and standardization pro-
cedures for their use in surveys has been developed by
various professional bodies.??3 Despite its modest status (it
is cheap and despised by clinicians as inaccurate), the
respiratory questionnaire has proved a surprising but power-
ful measurement tool. For instance, exposure-response rela-
tionships for the complaint of shortness of breath when hur-
rying on the flat are readily demonstrated in asbestos ex-
posed workers, consistent with the clinical conviction that
shortness of breath is an early, characteristic and essential
feature of asbestosis.®!* Recently there has been a
resurgence of interest in this and other symptoms such as
wheezing as response variables coinciding with the increas-
ing appreciation of the fact that acute and chronic airway
responses occur following a wide range of occupational
exposures. !
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Pulmonary Function Tests

Obsession with the importance of reproducibility of lung
function tests for epidemiology studies often led researchers
to exclude subjects whose results failed to meet specified
criteria for acceptability.?® A careful analysis by one
research group of subsequent health experience in subjects
with and without test failure brought to light a very interesting
source of bias, namely, that test failure in itself carries a
greater chance of a less unfavourable outcome.3? This
observation has now been confirmed in several cohorts and
the underlying mechanism(s) are under investigation.

The ““healthy worker effect’’ is a term originally coined to
describe the lower mortality experience of employed workers
compared to the general population,™ presumably due to
their better than average health status. There may be a similar
explanation for the better than average lung function often
seen in workers engaged in physically demanding jobs. For
instance, in a survey of Paris workers employed in a number
of plants, younger workers with pollutant exposure had
consistently better (not worse) values for FEV than those
whose jobs did not involve exposure; in older workers the
situation was reversed.3* Nor is this experience unique.* i
is also biologically plausible: dusty jobs are traditionally
heavy jobs likely to attract those of above average perform-
ance. This potential source of bias has implications for
analysis as well as for interpretation, and suggests that cross-
sectional studies of older workers are likely to underestimate
exposure effects on lung function even when external
reference values are used to take account of confounders.?3

Complex Health Measurements as Tools in
Epidemiologic Studies

The laboratory measurements now available to characterize
pulmonary abnormality, dysfunction and disease are re-
markable for their variety and precision, but also for their
complexity and cost and their optimal integration into
research into pneumoconiosis and other diseases of occupa-
tion can be challenging. This is often possible through the
use of hybrid study designs, such as case-control within a
cohort or within a prevalence study. This allows the target
population to be described by low-technology measurements
(e.g., questionnaire, job, and if necessary lung function or
x-ray), and within this framework, stratification by exposure,
or response, or both can be done prior to sampling. In this
way it is possible to address well formulated objectives by
comparison of selected but small groups of subjects using
high technology tools. Note the poputation description should
respect basic epidemiologic principles including a complete
definition of the target population with an assessment of selec-
tion bias into and out of the workforce (respectively the
*‘healthy worker™’ effect and the *‘survivor’” effect). For ex-
ample, it was possible to use questionnaire, x-ray and lung
function data gathered. in a cross-sectional study of the
Quebec asbestos miners and millers’® to select smaller
subsets of subjects in whom further measurements were car-
ried out to address additional questions on the early effects
of exposure,’” and whether lung geometry was a risk fac-
tor for the development of asbestosis.?®
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UNRESOLVED ISSUES, FUTURE

RESEARCH AND DIALOGUE

A conference like this brings to light many unresolved issues,
and perceptions vary as to their importance. One which
deserves careful scrutiny is how best to evaluate the effec-
tiveness of current pneunoconiosis control measures in-
cluding health surveillance and environmental control levels.
Most current survey research is descriptive (for instance,
health hazard identification or evaluation) or etiologic (ex-
amining exposure response relationships), little is evaluative
{determining the effectiveness of controls). Despite the prob-
ably billions of chest radiographs, and the probably millions
of splrometnc test records carried out in health surveillance
programs, it is still not clear whether medical surveillance
and/or current environmental control levels for silica'? and
asbestos® if respected, do indeed protect human health.

A second and related question concerns the links between
pneumoconiosis and tuberculosis, an issue of great impor-
tance in those countries of Africa and Asia with both high
tuberculosis infection rates, and extensive mining opera-
tions.* Under such circumstances, mine medical services
may be responsible for extensive surveillance and treatment
programs which could provide the framework for important
research. For instance, a recently completed study in
goldminers in the Orange Free State evaluated several short
tuberculosis treatment regimens, and in a subset of the data
showed that continued mining exposure while on treatment
did not affect the outcome unfavourably.3® This important
finding went contrary to the current practice which prectud-
ed miners on treatment for tuberculosis from further
underground service, in the belief that continued silica dust
exposure diminished the chance of treatment success. Nor
was outcome unfavourably influenced by the presence of
silicosis. As a result of these findings, regulations now per-
mit miners to continue in underground service, while under
treatment, without loss of income, an important considera-
tion in a largely migrant and rurally based workforce.

A third issue is how better to exploit the many existing data
banks (including case registries and health surveillance data)
for research and health control purposes. For instance, the
Swedish silicosis case registry,® set up in 1933, has been
used to study i) progression (shown to be greater if cases
continued in a job with exposure after the earliest radiologic
manifestation); ii) the relationship to lung cancer (silicosis
cases have a greater risk than non-cases); iii) tuberculosis
rates (still a frequent complication in cases of silicosis, even
after the introduction of drug therapy in 1951). The
PATHAUT data file, another registry containing machine
readable autopsy reports on some 33,000 South African
miners,*! has also been used as a data base for a case con-
trol study which showed hard rock mining to be a risk fac-
tor for emphysema.*! Other uses of case registries will be
reported at this meeting.

Finally there is the issue of dialogue, within and between
disciplines, within and between researchers, and within and
between professionals. Each of us tends to believe the other
is ignorant of what we have to offer. Dialogue is less dif-
ficult in the context of a conference such as this, when par-
ticipants are free of daily tasks; dialogue is also less difficult
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perhaps in institutes dedicated to a common theme
“‘Dialogue’’ should also include user-responsiveness: those
who are in the workplace on a daily basis are often the first
to perceive the unexplained or the unexpected and yet their
comments are often not sought or heard. Finally, research
into the diseases of occupations (whether it be basic
laboratory research, cellular biology, environmental or
clinical research) should always and only be driven by
hypotheses which have biologic credibility as well as user
plausibility, in the context of good study design. In addition,
if there is a sound answer to Dr. McDonald’s question: *“‘and
what will I do with the information”” before starting a survey,
then the survey is likely to be one which will furnish a useful
evaluation of respiratory hazards in the working environment.
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PROGRESS IN ETIOPATHOGENESIS OF RESPIRATORY DISORDERS DUE TO
OCCUPATIONAL EXPOSURES TO MINERAL AND ORGANIC DUSTS

J.C. WAGNER, M.D., FRCPath

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

INTRODUCTION

Thank you for giving me the honour of introducing the theme
on progress of Etiopathogenesis of Respiratory Disorders due
to Occupational Exposures to Mineral and Organic Dusts.

In the first place, I would like to say how pleased I am to
follow Margaret Becklake in the setting of these themes. We
both did our Graduate and Postgrauate training in Johan-
nesburg which was the scene of the first of these conferences
in 1930. Of course, we were both too young to attend.

Secondly, I have been given a vast field to cover in a very
short time. I will paint with a very thick brush on a large
canvas. I will concentrate on my personal experiences and
views to offer a provocative base to the further sessions of
this conference. I trust this will stir up sufficient controver-
sy to satisfy our sponsors.

I note that my remit covers both minera! and organic dusts.
On organic dusts my experience is brief—I do not believe
that there is such a disease as byssinosis. The biological ef-
fects of cotton dust are part of the vast new field of study
covered by the term “‘Industrial Asthmas,”” which is now
a separate field from pneumoconiosis.

SILICOSIS

There are two facets of silicosis research in which we have
developed new ideas since the 1930 conference. One is
positive and requires explanation, the other I feel is a false
lead which requires most serious scrutiny.

Although historical evidence goes back to neolithic times,
it was in the industrial revolution that it was realized that
exposure to mineral dust could have fatal consequences. By
1912 South African workers had shown that quartz was
responsible for these lesions and by the Johannesburg con-
ference it was proved that tuberculosis was the main killer
of silicotics. The problem is how does silica do the damage
and why is there this promotion of tuberculosis? My views
are now considered simplistic and I hope that at a later stage
of this conference someone will produce a more scientific
hypothesis. I believe that silicosis is a disease of the monocyte
macrophage system and the destruction of numerous
macrophages by the inhaled quartz crystals produces a local
milieu promoting infection from the mycobacteria when they

22

are present. As far as I will go in explaining this are the
studies of Tony Allison and Jack Harington. Briefly the
quartz crystal is taken up by the macrophage forming
phagosomes with the relevant iyzosomes which are re-
leased, but fail to digest either the quartz crystal or the wax
coat surrounding the tubercle bacillus. The quartz crystal then
by some means disrupts the membrane of the phagosome
releasing the ‘‘enzyme soup’’ which destroys the
macrophage: the unscathed quartz crystal is freed to destroy
further macrophages and the bacillus to reproduce.

The other facet which disturbs me is the suggestion that
quartz is an important carcinogen. We have as pathologists
studied numerous cases of silicosis and exposed a vast
number of animals to quartz dust. In all the human cases I
know of where carcinoma does occur in silicotics it is either
associated with cigarette smoking or much more rarely with
radon release. In the experimental evidence only two series
of experiments are quoted in which malignancy occurs. I am
responsible for one of these studies and our results have been
incorrectly interpreted. In 1960 I inoculated quartz into the
pleural cavity of Wistar rats. Some of these rats subsequently
died of tumour which were not mesotheliomas. In 1962 the
experiment was repeated with two further strains of Wistar
rats in which a much higher incidence of these tamours oc-
curred. These tumours were subsequently studied by my wife
who showed that these tumours were in fact histiocytic lym-
phomas of macrophage origin. She was unable to produce
a significant number of these tumours by using different
routes of exposure. It is unlikely in human exposure that silica
would reach the pleural cavity.

The other study was carried out by Dave Smith at Los
Alamos where Fischer rats were exposed to very heavy
clouds of quartz and developed severe pulmonary fibrosis.
Some of these animals subsequently died of peripheral car-
cinomata. These peripheral tumours occur in the animals with
severe pulmonary fibrosis and these lesions are not specific
for silica exposure.

COAL WORKERS PNEUMOCONIOSIS

‘When I first became involved in the study of coal workers
pneumoconiosis 1 was informed that the disease could be
divided into simple and complicated forms. The simple form
did not cause disability; the complicated form did because



of the production of massive pulmonary lesions consisting
of vast chunks of fibrous tissue. All these facts have been
disproved. The majority of coalworkers do not develop any
pathological change apart from having excessive coal dust
blackening their lungs. About 10% of these then develop
pulmonary nodulation, so at this stage the disease becomes
“‘complicated,’’ and with further exposure, these nodules
tend to form vast coalescent masses if exposure is sufficient.
The main disease in these men is not the nodulation per se,
but the associated emphysema and interstitial fibrosis in some
cases. In the massive lesions, the lumps are not fibrous tissue.
In fact, the amount of collagen and pre-collagen amino-acids
present in them is the same as in the non-involved lung
tissues. Working with Dr. F. Wusterman of the Biochemistry
Department of the University College of Wales in Cardiff
and Professor P. McGee at Oxford, we were able to show
that the main constituent of these lesions is fibronectin, a
glycoprotein which occurs as 3% of the normal serum
proteins.

ASBESTOS AND ASSOCIATED DISEASES

There are as we all know, a group of fibrous minerals that
can be split longitudinally and have commercial uses. These
are chrysotile, crocidolite, amosite, tremolite / actinolite and
anthophyllite. The term ‘“asbestos’” was originally used for
chrysotile. If this had been maintained and the other materials
referred to as the amphibole fibres, the present confusion
in assessing the risk hazard would not have occurred. In the
amphiboles the risk hazard depends on the uitimate length
diameter ratio of the fibre and this has been clarified with
the studies of the biological effects of tremolite, an amphibole
with a widespread occurrence in the earth’s crust, asually
as a contaminant of chrysotile, talc, anthophyllite, and other
minerals. It also occurs in small deposits and is frequently
used all over the world as a soil conditioner in agriculture.

The physical features of tremolite vary in all forms from thick
flakes to very fine fibres. The electron microscopic ap-
pearance of some fibres is shown. Under the transmission
electron microscope it can be seen that the finest and
straightest of the fibres is crocidolite followed by amosite
and the coarse anthophyllite. Now tremolite covers this whole
spectrum. By far the finest of all fibres are chrysotile fibres
particularly when they break up into fibrils, one chrysotile
fibre having the equivalent diameter of at least 100 chrysotile
fibrils. However, due to the coiled wave-like configuration
the aerodynamic efficiency of chrysotile depends upon that
of the full coil. Before venturing into an account of the
biological effects of these different fibres, it is necessary to
state the hypothesis of selective retention of fibres in the
lungs. This contends that it is the fibres retained in the lung
parenchyma which are significant in the causation of the
disease.

Now I will briefly state our belief in the correlation of disease
with fibre type. I am sure this will be contended and defended
during this conference.

Asbestos Bodies

Asbestos bodies develop around amphibole and other straight
mineral fibres and are seldom on chrysotile fibres.
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Pleural Plaques

All types of asbestos are associated with development of
pleural plaques particularly tremolite, amosite and an-
thophyilite. The incidence of environmental plaques is ex-
tremely high in agricultural situations and these are usually
associated with tremolite.

Asbestosis

All forms of asbestos dust if inhaled in excessive quantities
will cause asbestosis.

Carcinoma of the Lung

Initially carcinomz of the lung occurred in people with severe
asbestosis with long term survival. Since the 1950’s the in-
cidence of carcinoma of the lung has greatly increased due
to the association with cigarette smoking. We still contend,
and will present supporting evidence, that the association is
between cases of definite asbestosis and carcinoma.

Diffuse Pleural Mesotheliomas

Diffuse pleural mesotheliomas are associated with exposure
to crocidolite, very fine tremolite, very fine amosite; and
if associated with pure chrysotile this must be an extremely
rare occurrence. These associations have been occupational,
para-occupational or familial.

In 30% of cases of diffuse mesotheliomas in adults, there
is no evidence of an association with actual asbestos exposure
as defined above. The amount of asbestos in the lungs of
these cases is similar to that seen in the the general popula-
tion living in the same environment.

Diffuse Peritoneal Mesotheliomas

These tumours are not as common as those originating in
the pleural cavity.

Experimental Mesotheliomas

‘We have produced these mmours by the intrapleural inocula-
tion of various types of asbestos dust, including chrysotile.
In the majority of the chrysotiles used there was tremolite
contamination. The exception to this was the chrysotile that
gave the highest rate of experimental tumours. This was a
specially prepared preparation containing numerous long
straight fibrils and the actual dosage was at least one thou-
sand million times greater than occurs in human exposures.
When we used this dust in an inhalation study the tumour
rate was similar to that seen in the controls.

Significance of Fibre Body Burden

Chrysotile

Chrysotile fibres are difficult to count as they tend to form
clumps, and fibres break up into a myriad of fibrils, so that
amphibole fibre is equivalent to about 100 chrysotile fibrils.
The present opinion is that exposure to chrysotile has a much
milder effect than the amphiboles, and that the association
with mesotheliomas is minimal.

Amphiboles

The total amphibole count, a mixture of fibre types, with
different length and diameter, can be used in the assessment
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of effect, taking 5 X 106 fibres per gram dried weight of
lung as the absolute upper limit of non-occupational
exposure.

In significant asbestosis there are 100 X 106 fibres and in
severe asbestosis 1000 x 106 fibres.

Significant Fibre Size

Mesotheliomas Diameter <0.25 pm, length >8.0 pm
Pulmonary Fibrosis Diameter <3.0 pm, length >8.0 pm

Diffuse Mesotheliomas
Crocidolite—1 million fibres probably minimal but there have
been familial cases with counts of 500,000.

Other Amphibole Fibres

Again, only fibres in the size range of less than 0.25 um
and greater than 8.0 pm in length are regarded as signifi-
cant. The tremolite and amosite are probably equivalent to
crocidolite.

It must be borne in mind that these studies are in a
developmental stage and the criteria recorded above are those

of our present state of knowledge. Further modifications will
be reported as the studies continue.

The number of fibres recorded as millions per gram weight
of dried tissue depend on the technique developed by Fred
Pooley in Wales in coflaboration with Patrick Sebastien in
France. There have been modifications of their methods
which I understand can be made comparable in some
circumstances.

MAN-MADE MINERAL FIBRES (VITREOUS)

I have used the above title deliberately as we have only under-
taken extensive studies on samples of rockwool, slag wool,
glass wool and sub-micronic glass fibre. I am not in the posi-
tion to report on detailed studies of the other synthetic fibres
such as the ceramic fibres; but hope that later in the con-
ference others will give reports.

In our extensive studies with fibres given to us by both Eurc-
pean and American industries, we were only able to pro-
duce significant tumour incidents following the mtrapleural
inoculation of the sub-micron glass fibre. No increased in-
cidence of tumours or significant fibrosis was seen follow-
ing inhalation experiments.

It should be recorded that in the numerous specimens of lung
extracts from tumours that Professor Pooley has studied, only
a handful have contained commercially prepared man-made
mineral fibre. If the material does not get retained in the lung
it is unlikely to cause disease.

ABSORBENT CLAYS

These clays are part of the palygorskite group and are used
for cat litter and containing spills on factory floors. Another
use is in the preparation of drilling mud for the oil industry.
Our detailed studies have been confined to the attapulgite
and sepiotite produced in Spain. In our experimental studies
only fibres from a small deposit in western Spain were shown
to be of a length/diameter ratio to be regarded with suspi-
cion. These fibres produce mesothelioma following in-
trapleural inoculation into rats. On our advice, the produc-
tion of this fibre has been discontinued. Other attapulgite
fibres and sepiolite fibres did not produce tumours follow-
ing both intrapleura! and inhalation studies. Later in this con-
ference Dr. Kathryn McConnochie will report on a clinical
and radiological study of the workers who produce the
sepiolite.

ERIONITE

The most fascinating new development in the fibre studies
are those on erionite. We all know of Professor Baris’
fascinating studies in which erionite was shown to produce
a higher incidence of mesotheliomas than any other fibre.

From our experimental studies we obtained fibres from one
of the houses in Karain and also from other sources in Oregon
State and following intrapleural inoculation it was shown that
the sample from Oregon produoed 100% mmours and only
a slightly lower rate was found in the dust from Karain
although it had a lower fibre content.

In inhalation studies the Oregon fibre produced
mesotheliomas in 27 out of the 28 animals exposed, 1 animal
dying of leukaemia. In repeated experiments tumours rose
to 100%.

In compatison to this in our much larger experiments in
which animals inhaled asbestos dust, we were only able to
produce a very low incidence of mesotheliomas.

Therefore, as I retire from this ficld, I leave you with a fibre
which is a very potent carcinogen and must be of value in
unraveling the mineral fibre mesothelioma mystery.



Conference Theme Presentations

PROGRESS IN PREVENTION: EARLY DIAGNOSIS AND
MEDICAL CONTROL OF OCCUPATIONAL LUNG DISEASE

W. T. ULMER, M.D.

University Clinic and Out-Patient-Clinic, Bergbau-Berufsgenossenschaft

Krankenstalten ‘‘Bergmannsheil Bochum,*’ Gilsingstr. 14
4630 Bochum 1/FRG

I wouid like to touch the old—nevertheless very interesting—
history of dust-related lung diseases very briefly. I will con-
centrate more on later results and on data available for fur-
ther research and strategies for dust-exposed persons,
especially miners.

PARACELSUS already mentioned the miners’ disease, and
he called it consumption of miners (*‘Bergsucht’’), In this
term, the relationship to tuberculosis is obvious. At this time
and till the early fifties of this century, silico-tuberculosis
was one of the main problems of complications of miners’
dust-related Jung disease. This is more or less history but
not in all parts of the world.

RAMAZZINI of Padua (1780} described bakers’ asthma for
the first time which was caused by the organic flour dust
as an asthma-like disease.

The term “‘pneumoconiosis’’ was introduced by ZENKER
(1867) for the first time, and at this time pathologists showed
us all the changes of the structures in the lungs caused by
dust, mainly by quartz and coal mine dust. In Germany,
mostly the term ‘‘silicosis” was used for *“‘coal workers’
pneumoconiosis”” as it is called in English speaking coun-
tries. At present, coal workers’ pneumoconiosis is still the
most important dust-related disease from the sociomedical
point of view. Many of us may remember the tremendous
basic contribution given by pathologists and some may
remember that for physicians’ better understanding of this
disease radiology was the key to a new era. These different
pictures led to different X-ray classifications. The first in-
ternationally used classification was that of Johannesburg
(1928) followed by the classification of the International
Labour Office (ILO 1980/81). With one set of standard films
edited by ILO we have an instrument world-wide available
to control the development of pneumoconiosis by the X-rays
and for comparative studies.

We leave history now and we move on to the present time.

The development during the last 30 years has shown tremen-
dous progress not only on behalf of our knowledge. Our im-
proved understanding of this disease ‘“‘coal workers’ pneumo-
coniosis”’ and very similarly of pneumoconiosis caused by
organic dusts like bakers® asthma have had important pro-
gress for the expectation of life as well as for the quality of

life of dust-exposed and disabled persons due to exposure
to harmful dust.

The development of new methods in basic research work was
followed by much better insights in the etiology and
pathogenesis of these diseases. At the same time, new drugs,
very efficient drugs, were developed which could not pre-
vent these diseases till now, but could control the complica-
tions responsible for disablement and early death. Both ear-
ly disablement and early death were terrible facts connected
with most of the pneumoconiotic disorders and with the com-
plications related to the different forms of pneumoconiosis.

To remember some of these steps, it may be useful to under-
stand our plans and projects for the future.

There is no doubt that the improvement of dust control at
all levels is a very important step for the control of dust-
related discases, but besides the improved dust control
tremendous medical progress took place. All the coal workers
who really develop problems in relation to coal workers’
pneumoconiosis have obstructive airway diseases. This kind
of airway obstruction starts on the basis of chronic bronchitis
and is followed by obstructive bronchitis. In case of less
strong X-ray changes, the obstructive airway disease is not
more frequent than in non-dust-exposed men (REICHEL
et al., 1969).

In categories B and C of the ILO classification this means
large massive fibrotic lesions the incidence of which is twice
as high as in non-dust-exposed men (the smoking habits of
miners agree with the control group of non-dust-exposed

men} (Figure 1).

Like patients with idiopathic obstructive bronchitis, the
obstructive bronchitis of coal miners dictates the clinical
situation of these patients. Fortunately, the obstructive bron-
chitis of coal workers with coal workers’ pneumoconiosis
can be treated in the same way with the same success as the
idiopathic form of chronic obstructive bronchitis (Figure 2).

We control our coal workers with coal workers’ pneumo-
coniosis very carefully. This means, coal workers with coal
workers’ related obstructive bronchitis stay under a con-
trolled regime of treatment. Under the long-term treatment
the expectation of like of our miners with large opacities and
fibrotic lesions on the X-ray is now at least as long as that
of the general population (Figure 3).
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Figure 1. Age dependency of patients with obstructive airway diseases at different stages of coal workers’
pneumoconiosis and of non-dust-exposed men (obstructive airway disease = Ry, >3.5).

At first glance, the sitnation may give satisfaction, but we
have to realize that the age at which the coal workers develop
obstructive bronchitis is nearly the same as 20 years ago.
The mean age of the manifestation of obstructive bronchitis
is 57 years. In the fifties the expectation of life after airway
obstruction was 3.5 years on the average, and now the ex-
pectation of life is 16 years on the average. But during this
time, coal workers with coal workers’ pneumoconiosis and
obstructive bronchitis are disabled and have more or less
dyspnea, and some even develop cor pulmonale.

Therefore, for the future we have to avoid the development
of coal workers’ pneumoconiosis and we have to learn to
avoid manifestations of chronic obstructive airway discases.

First the development of coal workers’ pneumoconiosis on
the X-ray: The correlation between the ILO 12 step classifica-
tion (from —/0 to 3/+) is relatively linear. Figure 4 shows
the results of one mine in W.-Germany as mean value and
also the progression of the worst and the best case (Figure 4).

From these curves we can calculate the ILO classification

step time: it is the time in years necessary to get from one
classification step to the next one (e.g., 0/1-1/0). In the ex-
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ample in Figure 4, the ILO classification step time is 8 years
on the average. These curves allow an extrapolation at a
relatively early time. From such curves we may learn more
about the causes of the different ILO classification step times
for different individuals as well as for different mines.

There are clear differences between different mines as
Figure 5 shows (Figure 5).

We proposed that:

a) the X-ray development of coal workers’ pneumo-
coniosis should be documented for each coal worker
on ILO classification step times/exposure times
curves;

b) an interval of 4 years for X-ray examination of coal
miners is adequate and without any risk for coal
miners at present exposure levels.

In order to prevent the pneumoconiosis due to obstructive
airway disease the prevention of airway obstruction is the
most important factor as already mentioned above. Today,
we dispose of sensitive methods to detect early signs of lung
function changes related to airway obstruction. In W.-
Germany, we examined in 4 mines the miners by careful lung
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Figure 2. Decrease of airway resistance (R,) and of intrathoracid gas volume (IGV) under typical treatment with
bronchodilators and glucocorticoids in patients with pneumoconiosis-related obstructive bronchitis (n = 21)
and of patients with idiopathic obstructive bronchitis {n = 19).

function tests. Among the miners is a relatively high percent-
age still at work who has obstructive airway disease, and
there is quite a number of miners with oversensitivity (hyper-
reagibility) of the airways.

It is very important to detect persons with signs of obstruc-
tive airway disease as early as possible to control the develop-
ment of the lung function of these persons:

1. to start with an adequate treatment at adequate time and

2. to avoid progression of this disease. It is very likely that
an early treatment can control this disease and can avoid
progression.

‘We have to control the lung function of dust-exposed per-
sons with adequate methods. Time intervals for re-examina-
tion could be 4 years but not longer.

Dust concentration decreases in the inhaled air are most im-
portant for prevention. The very effective dust masks are
normally worn for short times only. The acceptance of nor-
mal light masks depends on the isolation, and therefore on
the development of sweat under the mask. The loss of the
possibility of communication is also important and problems
of increased airflow resistance may be a factor, too.

The light masks (Figure 6) comparable to those masks worn
in hospitals, have in this respect many advantages, although
they decrease the dust concentration only for about 70%.

1. They allow communication with other persons without
effort;

2. They soak up the sweat around the mask;

3. The decrease of dust concentration in the inhaled air is
about 70% , and therefore the ILO classification step time
increases so that during the life time coal workers’
pneumoconiosis responsible for dust-related obstructive
airway disease will not develop (Figure 7).

CONCLUSION

In addition to the best available dust suppression we should
emphasize that the light (one-way) masks will be used con-
tinuously. With this strategy, coal workers’ pneumoconiosis
could be controlled so that dust related obstructive airway
diseases never will occur.

These results shown mostly for coal miners and coal workers’
preumoconiosis can be transferred more or less to other types
of pneumoconiosis.

Our knowledge about the development of pneumoconiosis
increased tremendously. During the last decades we could
dispose of strategies which are able to slow down the
development of coal workers” pneumoconiosis suddenly and
which can avoid the coal workers’ pneumoconiosis-related
obstructive airway diseases. Furthermore, we can improve
the health situation of the miners we are responsible for.
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Figure 3. Expectation of life of coal workers with obstructive bronchitis and of miners without coal workers’
pneumoconiosis and of non-dust-exposed men in the years 1951-1954, 1960-1965, 1969-1972.

28



Conference Theme Presentations

ILO-Classification
Density of shadows

worst case

3/3 -
3/2 -
2/3 -
2/2 -
2/1 -
172
171

Mine A

1/0
0714

best case

I T T
10 20 30 40 50 60 70 age {years)

Figure 4. Correlation between ILO classification and exposure time (mean values of 53 miners and the best as well
as the worst individual case).
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Figure 6. Light mask with very good acceptance and many advantages protecting against the develop-
ment of coal workers’ pneumoconiosis (decrease of dust concentration in the inhaled
air ~70%).
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Figure 7. Relationship between decrease of dust concentration in percent of the values from 1970
and the age at which X-ray changes take place which could be responsible for coal workers-
related obstructive airway diseases (a decrease of about 35% would be enough to pro-
long the manifestation time to the values of the normal expectation of life).
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REFLECTIONS ON PROGRESS WITH MINE DUST CONTROL

AND DUST CONTROL TECHNOLOGY
MORTON CORN, Ph.D.

Professor and Director, Division of Environmental Health Engineering
Department of Environmental Health Sciences, School of Hygiene and Public Health
Johns Hopkins University, 615 North Wolfe Street, Baltimore, MD 21205

INTRODUCTION

It is obviously impossible to provide a detailed historical or
even present-day account of the control of dust in mines and
dust control technology in the brief time allotted to me.
Therefore, as a compromise this theme paper highlights ma-
jor selected subject areas of scientific and technical
knowledge that have culminated in the current degree of dust
control and control technology in U.S. mines. What were
the historical understandings and emphases; what types of
knowledge were gained through laboratory and applied
research that permitted us to effectively implement dust con-
trol strategies through either voluntary or regulatory societal
mechanisms? In different nations there has been a shared con-
cern with this occupational problem, and the contributions
to understanding bave been multinational. Bear with me if
I tend to oversimplify; it is my belief that at times we must
sit back and take a long look at what has been called the
“‘drum roll of history.”* This enables us to discern *“the big
picture’” from the many necessary and essential details that
punctuate progress in any field of human endeavor. 1t also
enables us to better consider where we are at present and
to define forther, needed progress.

CONTROL OF MINE DUST

Recognition of Coal Workers

Pneumoconiosis as a Disease State

The report by Bedford and Warner! in Great Britain in 1943
must be regarded as a major turning point in our understand-
ing of the impact of inhaled coal dust and of dust control
in mines in Great Britain. This report stimulated the adop-
tion of airborne dust standards for ‘‘approved dust condi-
tions™ in conjunction with employment underground. No
specific dust concentration limits or standards were set by
law, but the adopted standards in the attainment of dust sup-
pression continued for almost 30 years. The standards were
the result of extensive studies of pulmonary disease in South
Wales coal miners conducted by the Medical Research Coun-
cil. These studies were conducted in five mines; they
associated dust with x-ray abnormalities. The British later
extended these studies to a larger number of mines, i.e., the
so-called 25 Pit Studies.

The proposal for a standard was that not more than 10
milligrams per cubic meter of anthracite dust or 1 milligram
per cubic meter of minerals other than coal for particles 5
microns or less in size, should be achieved. Note that the
particle number standards for approved mine dust conditions
introduced in Britain in 1949, remained basically the same
until 1970, when gravimetric standards were introduced,
again resulting from epidemiologic studies relating dust and
pneumoconiosis. Thus, in Great Britain there was recogni-
tion of the disease state and adoption of standards for ap-
proved dust conditions.

In the United States, a major 1936 report by the Public Health
Service? indicated that the term anthracosilicosis, as used,
was a descriptive title for the form of pneumoconiosis com-
monly called miners’ asthma. It was diagnosed by occupa-
tional histories, clinical examination and x-ray exams, The
report indicated that the correlations ‘‘between exposure to
dust and the evidence of constitutional changes left little doubt
as to the etiological significance of the dust in the air
breathed.’’ Similar correlations were found between the silica
exposure and the extent of pulmonary changes. Investigators
concluded that employment in an atmosphere containing less
than 50 million dust particles per cubic foot would produce
a negligible number of cases of anthracosilicosis when the
quartz content of the dust was less than 5%. This report was
also an extraordinarily important one in that it lead to adop-
tion of the standards for free silica in the United States, which
are in effect to this day under our Occupational Safety and
Health Act, if the user chooses to utilize midget impinger
sampling and dust counting methods to evaluate dustiness.

My point in citing these two reports is to indicate that
acknowledgement of the correlation between the disease state
and the etiological agent is essential before control efforts
can take place. In the 1950s the Commonwealth of Penn-
sylvania pioneered in studies of coal miners that lead to the
recognition of the disease state of coal workers
pncumoconiosis in bituminous coal miners, as contrasted to
anthracite miners. Thus, the 1930’s U.S. investigations
resulted in differentiation between free silica in the dust caus-
ing silicosis, and miners’ asthma occurring in hard coal
mines. We spent another 25 years in the United States
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debating legitimacy of the disease state of coal workers
paeumoconiosis, which seriously hampered efforts at dust
control. In this regard, the British reached consensus on this
point before we did.

The Physics of Dust

In order to control the dust associated with a disease, one
must know a great deal about dust physical and chemical
properties. Although there were scientific treatises on dust
properties as early as 1934,2%7 these volumes were very
limited in the technical information provided that could be
translated to the measurement and control of mine dust. The
dust measurement techniques in effect during the 1930°s were
the midget impinger'é developed in the United States, and
the Kotze’ Konimeter,26 developed in South Africa.
Gravimetric techniques were not extensively utilized to assess
airborne dust for disease prevention until the late 1940°s and
1950’s. In fact, calibration of the impinger for coal dust par-
ticles (the only particles for which, to my knowledge, the
instrument was ever calibrated) was reported by C.N. Davies
in 1951.2 The concept of acrodynamic particle size re-
mained to be elucidated. However, even without these
understandings enormous progress in mine dust reduction
could be, and was made, as evidenced in South Africa in
the 1930’s through the 1950°s.

The ability to advance beyond the qualitative understanding
that inhalation of dust is dangerous to your health and that
dust concentrations measured as described correlate with
disease prevalence in exposed workers, also depends upon
insights into the hygienically significant sizes of inhaled par-
ticles. The development of this area of understanding is my
third selected critical area of knowledge for effective dust
control.

Dust Deposition in the Human Respiratory Tract

Drinker and Hatch!! traced the examination of particles in
exhaled air to studies by Tyndall in 1882, and also cite a hy-
gienic study by Saito in K.B. Lehmann’s laboratory in 1912.
Studies in the 1930°s on nasal filtration by normal men were
performed by Lehmann and by Torangeau and Drinker. The
studies by Brown in 1931 were the first major studies on dust
retention in man.5 Experimental investigations by Davies,?
Landahl and Hermann,?® Van Wijk and Patterson’ and
Wilson and LaMer,3® supplemented by theoretical calcula-
tions by Findeisen,!? all advanced the state-of-the-art of par-
ticle size deposition in the human respiratory tract. The par-
ticle inhalation study that dictated U.S. views on deposition
for two decades was that by Brown, et al., in 1950.% It was
the major source of definitions for respirable dust in the U.S.
and Europe, and for the very important report on dust deposi-
tion and retention in the human respiratory tract by the In-
ternational Congress on Radiological Protection in 1966.%

These were the first of a long series of experiments, still con-
tinuing, to define the particle sizes of significance for chronic
disease developing in the pulmonary compartment of the
respiratory tract. The studies have been refined and there
has been international agreement on the deposition curves
in healthy men after inhalation at standard volume. The sub-
ject was reviewed by Lippman®* and the new definitions of
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compartmental deposition in the human respiratory tract have
been published.?’

The significance of this work was that it provided a target
in terms of the spectrum of particle sizes of hygienic impor-
tance in dusty environments, and enabled those interested
in control to take aim at that target.

Tt should be noted that during all of this work the
characteristic “‘size’” of a particle was the projected area
diameter, because the predominant instrument for viewing
collected dust particles was the light microscope. In the light
microscope one observes a silhouette, a two dimensional
representation of a three dimensional object, the dust parti-
cle. Work performed at a later date would differentiate be-
tween the aerodynamic size of a particle and the silhouette
size of the particle that one observes in the microscope. While
this may appear to be a minor physical differentiation, it is
of the utmost significance. It explains why we observe fibers
200 microns in length in the human pulmonary compartment;
their aerodynamic size is equivalent to a less than 10 um
diameter sphere of unit density which could penetrate to that
region of the respiratory tract. It took many years for the
significance of the aerodynamic size to be recognized.

The understanding of dust aerodynamic behavior and deposi-
tion in the lung required decades to crystallize. The control
of dust could progress, but there was great uncertainty if one
was capturing the sizes appropriate to the disease state. An
analogy is use of a shotgun versus a target rifle. The stan-
dardization of so called ‘respirable dust’” and the develop-
ment of an instrument to simulate that dust size waited until
1954 when B.M. Wright in England introduced the horizontal
elutriator.?® Dust control efforts were proceeding in all in-
dustrialized nations, but it is fair to say that permissible
dustiness was far above the concentrations we have today
in mines of industrialized nations. There was also great
uncertainty in the long term benefits associated with the con-
trol efforts, because the largest particles have the greatest
weight associated with them. There could be extensive reduc-
tions in dust measured in terms of weight per unit volume;
there could, however, still be only conjectural impact on the
disease state, because the smallest particles reaching the
pulmonary compartment are associated with the least weight
per particle.

West Germany began a series of epidemiologic studies in
their mines in the search for the dust parameter that would
best correlate with disease. They concluded that the surface
area of the dust was an appropriate parameter and developed
their dust measurement techniques accordingly. At a later
date, they too would recognize the respirable dust concept
with cyclone precollector sampling to determine respirable
dust weight. During all the years of the 1950s and 1960s the
British counted particles using a thermal precipitator instru-
ment and reported their dust concentrations in numbers of
appropriately sized particles per cubic centimeter of air.

Instruments to Measure Respirable Dust

It is interesting to peruse the first volume of air sampling
instruments entitled ““The Encyclopedia of Instrumentation
for Industrial Hygiene.”**® The volume is concerned with
many different types of air sampling instruments. The cas-



cade impactor, the midget impinger, and the electrostatic
precipitator were the major instruments available for par-
ticulate sampling in 1956. Indeed, at a Governor’s Con-
ference in the Commonwealth of Pennsylvania in 1964 a
leading U.S. industrial hygienist who was director of in-
dustrial hygiene for our major steel firm, and a previous
President of the American Industrial Hygiene Association,
stated publicly that the respirable dust concept then in vogue
in England and Germany was not applicable to United States
mines. Thus, one reason that efforts to develop instruments
that would apppropriately sample respirable dust in coal
mines did not rapidly progress in the U.S. was because the

respirable dust concept was not readily accepted.

Subsequently, appropriate instruments were developed in the
1960s, utilizing a United States Atomic Energy Commission
cyclone preseparator and the definition of the United States
Atomic Energy Commission for respirable dust. It approx-
imates the BMRC respirable dust acceptance curve defined
by the horizontal elutriator.?® These instruments approx-
imated the accepted pulmonary deposition curve at that time,
mainly based on the data of Brown et al.’

The dust standards in mines enforced in Great Britain dur-
ing the period 1949 to 1970 were summarized by
Chamberlain et al.” The British abandoned the particle
counting standards in 1970 and adopted gravimetric stan-
dards. The introduction of gravimetric standards in the United
States accompanied the Coal Mine Health and Safety Act of
1969.

The Mine Health and Safety Act of 1969 required that begin-
ning June 30, 1970 the operator of each coal mine was re-
quired to maintain the average concentration of respirable
dust in the active working at or below 3.0 milligrams per
cubic meter. The standard was reduced to 2 milligrams per
cubic meter after December 30, 1972 and has remained at
this level .32 Because of the difficulty of adapting to this
standard an Interim Compliance Panel was authorized to issue
a permit for non-compliance for a dust concentration as high
as 4.5 milligrams per cubic meter while the standard was
3 milligrams per cubic meter, and for 3 milligrams per cubic
meter when the standard was 2 milligrams per cubic meter.
However, by December 30, 1975 the 2 milligrams per cubic
meter was to be met. In the U.S. we are still not meeting
that standard in all mines. The Mine Safety and Health Ad-
ministration has developed an elaborate sampling procedure
to insure compliance with this standard. The procedure in-
volves sampling key occupations or key locations in the mine.
The progress in dust control in mines has been achieved with
a regulatory inspectorate for approximately 275,000 miners
that equals the inspectorate of the U.S. Occupational Safety
and Health Administration, which has responsibility for over
75 million workers at all types of worksites. Mine Safety
and Health Administration inspectors in the United States
visit every mine many times in a given year; the probability
for a visit by an OSHA inspector to a workplace are, on the
average, less than one in 50 for most businesses.

RISK LEVEL OF PRESENT STANDARD

Since 1982, there has been major emphasis on risk assess-
ment in the regulatory process in the U.5.% The 1969 U.S.
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standard for permissible dustiness in mines was keyed to the
British standard. It is interesting to review the risk level
estimated to be associated with that standard. The interpreta-
tion of risk level can be derived from the British and the Ger-
man epidemiological studies. In England the 25 pit study pro-
vided the data base.Z In the British studies the quartz in the
coal dust varied from 0.8% to 7.8% (respirable dust), with
an average of 4.1%. The progression of the disease seemed
to be associated with the quartz content of the respirable dust.
Nonetheless, the probability of occurrence of 0/1 ILO
classification x-ray for mean dust concentration of 2
milligrams per cubic meter for 35 years of exposure, is ap-
proximately 4%. The probability that a man starting with
no pneumoconiosis (category 0/0) will be classified into 2/1
or higher after 35 years exposure to 2 milligrams per cubic
meter is about 1 1/2% for low rank coal; 3% for high rank
coal.3! The U.S. estimate of CWP category 1 at 2 mg/m?
is 9%; category 2 is 1-2%. In terms of current risk levels
being discussed in the United States for other airborne con-
taminants, this is a somewhat high risk level. For example,
the current estimate of risk at 0.2 fibers per cc for 35 years
asbestos exposure is 0.7% for lung cancer and mesothelioma,
with virtually zero risk of asbestosis. The 35 year time base
for estimate of the risk is the same as that for respirable coal
mine dust.

The German epidemiological studies occurred in 10 coal
mines over a 10 year period.? A cumulative dust index was
utilized based on light scattering measurement of the dust.
Thus, the dust measurement was dependent on some func-
tion of the dust surface area. The German investigators
related the Tyndallometric fine dust concentrations to the
gravimetric fine dust concentrations measured with a
cyclone/filter collecting device. They concluded that the ratio
varied with coal rank; therefore, there was considerable
uncertainty in a general correlation, but they did correlate
by high, medium and low ranks of coal. Using the index
developed, a camulative dust value of 50,000 was associated
with definite pulmonary change. The parameters influenc-
ing the conversion from light scattering to gravimetric
measurements were a dirt concentration factor and the
fineness factor of the dust, which influences the degree of
forward scattering of light in the instrument. The concen-
tration range of 0.9 to 1.5 milligrams per cubic meter as
measured by the cyclone, was estimated to correspond to a
cumulative fine dust concentration measured by light scat-
tering of about 125,000. I correctly interpret the publica-
tion describing these results, there would be a risk of about
5% of light to medium pulmonary changes with a 6,000 shift
exposure to approximately 1.5 milligrams per cubic meter,
indicating a risk level about that encountered in Great Bri-
tain and the U.S. These estimates are very intimately
associated with the rank of coal and my conversions are
therefore a rough estimate.

Chemical Composition of Dust and

Coal Miners’ Pneumoconiosis

The pathophysiology of coal miners pneumoconiosis is still
not well understood. The presence of quartz in the dust is
a confounding factor. The present tools for disease diagnoses,
namely x-ray and pulmonary function testing, cannot dif-
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ferentiate in the living miner between silicosis and coal
workers pneumoconiosis. There is considerable disagreement
at the lowest ILO classifications re: the disease state. Prom-
ising efforts to understand the disease state, as reflected in
the present research emphasis, appears to be correlation of
residual dust components for dust retained in the lungs and
analyzed post mortem, with components of the exposure
dust.? In particular, there seems to be increasing emphasis
in the United States on free silica content of mine dust.
MSHA is increasingly stressing the silica content of the dust.
The classification in 1986 by the International Agency for
Research on Cancer of crystalline free silica as Class 2A
gives further impetus to the emphasis on free silica.*® The
inability to estimate the free silica of the airborne dust on
the basis of settled dust has long been known.!? It is now
possible to measure free silica in respirable dust samples with
a sensitivity of 1-10 micrograms, depending on technique,
and it is anticipated that with the IARC classification there
will be a change of the current U.S. silica standard, which
is presently stated as a sliding scale for permissible dustiness
based on frec silica content.

In summary, the control of dust in mining has witnessed enor-
mous progress during the past 20 years, stimulated by in-
creased regulation in many countries, including the U.S.,
and innovative development of standards in South Africa,
Germany and England, standards preceded by extensive
epidemiological investigations that provided an estimate of
the risk levels associated with adopted numbers. Areas of
knowledge that required development to efficiently imple-
ment dust reduction in mines were the deposition of dust in
the respiratory tract and the physics of dust, the latter re-
quired for instrument development and sensitive analytical
techniques to measure the dust collected. Different nations
took different approaches to the evaluation of dustiness but
almost all now utilize gravimetric methods, for both feasibili-
ty and for scientific reasons. When compared to risk levels
associated with standards now being adopted for other air-
borne contaminants in the United States, there is need to fur-
ther consider the airborne respirable mine dust standard. Re-
cent classification by IARC of crystalline free silica as a Class
2A carcinogen strongly suggests the need to better under-
stand the exposure to and impact of free silica in coal mine
dust, in particular. Having discussed selected topics in the
control of mine dust, I will now briefly look at the progres-
sion of dust control techniques in mines. What are the
technologies that have brought about this progress and how
much further can we exploit these technologies, or are other
understandings™ needed to make further progress?

DUST CONTROL TECHNOLOGY

Ventilation

The Office of Technology Assessment in its 1984 report Con-
trolling Hazards in the Workplace? introduced the ter-
minology of the *“hierarchy of controls,”” with engineering
controls at the top of the hierarchy and administrative pro-
cedures and work practices following; personal protective
equipment is the last intervention to control exposure. Among
the engineering controls are control at the source and con-
trol by substitution. The seven engineering controls listed
by OTA are shown in Table I. In 1950 in a review of
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literature on dusts,!¥ the authors quote Harrington, a 1934
reference!® with regard to the control of dust in mines. Har-
rington indicates that ventilation, fire protection and preven-
tion, health, safety and efficiency are very closely interlocked
in mines. He indicates that ventilation is perhaps the major
route for control of hazards in mining, both in metal and non-
metal mines, permitting the worker fo exert himself in com-
fort at maximum physical capacity without endangering his
heatth. He focuses very heavily on ‘“the best remedy for the
dust menace in mines, other than preventing its formation,
is the universal coursing of currents of air to remove the dust,
as it has been proved that the very fine, most dangerous dust
in metal mines remains .”” Harrington indicates
that spraying devices available to reduoe dust while drilling
may be effective if used intelligently. However, they may
even intensify the air dustiness if used without intelligence
and, unfortunately, the latter is generally the case. He points
to the availability of efficient water drills. Harrington also
indicates that while ﬁnclydmdeddust mmxmmprobably
the chief cause of miners consumption, it is now recognized
that there may be other factors of almost equal influence,
such as high temperatures and humidities, harmful gases,
and lack of air movement; all of these defects are readily
remedied by ventilation.”” Table II is a summary of ap-
proaches or *‘lines of attack’” for dust control in mines, as
presented by Hamilton in 1972.17 It differs linle from Har-

rington’s approach.

Table I

OTA Hierarchy of Controls: Engineering Controls
Elimination
Substitution
Isolation
Enclosure
Ventilation
Process Change
Product Change

Table I
““Lines of Attack’’ for Dust Control in Mines!?

1. Removal and dilution of dust by ventilation.

2. Contol of the formation and dispersion of dust by atten-
tion to the method of mining and the way in which
machines are cperated.

3. Application of water, either to limit the dispersion of dust
into the air, or to suppress airborne particles. -

4. Use of exhaust ventilation to contain dust sources, fol-
lowed either by ducting the dusting air to unoccupied parts
of the mine, or by filtration before returning it to the main
ventilation current.

The use of water in drilling and in mining has a long history.
The British Coal Mines Act of 1911 required that a drill
worked by mechanical power *‘shall not be used for drilling
in ganister, hard sandstone, or other highly siliceous rock,
the dust from which is liable to give rise to fibroid phthisis,
unless a water jet or spray or other means equally efficient
is used to prevent the escape of dust into the air.”’?!



Water

Water has also been used, particularly in Western Europe
to infuse the coal seam prior to drilling. Coal piles have been
wetted after blasting and after cutting. Permanent use of water
is not possible because moisture can be detrimental to cer-
tain processes in minerals and in some mines limited quan-
tities of liquid must be used if the product is to be marketed.
Wetting agents have been added to water and in recent years
droplets have been electrified during spraying to increase
contact with the dust. Foams has also been utilized, the theory
being that dust particles will be trapped in the individual cells
of the foam and subsequently wetted by the liquid as the cells
collapsed.

The development of our understanding of aerosols and par-
ticles owes much to the concerns of mining. In particular,
the work of the Safety in Mines Research Establishment in
Sheffield, England and the Bergbaustaubsverein and the
Silicosisforscungs Institut in the Ruhr were major con-
tributors to the pool of knowledge of the physical properties
of dust as reflected in compendium volumes such as that by
Green and Lane.!S Other summaries of particulate
knowledge also reflect the contributions of investigators at
these institutes who, although they were pursuing applied
research, recognized the necessity for basic contributions on
the physics and chemistry of dust. The names of Cartwright,
Hodkinson, Davies, Robock, Hamilton and Timbrell im-
mediately come to mind. It is not my purpose here to dwell
on the specific research investigations that lead to progress
in the control of mine dust. Rather, I believe it is possible
to discern the trends in this area, as reflected in comparing
a 1980’s review published in the United States with the earlier
literature on dust control in mines.

The review by Breslin and Niewiadomski* of the United
States Bureau of Mines was published in 1984 and reviews
progress in dust control technologies for U.S. mines from
1969 to 1982. In this report the authors stressed the control
of dust formation, primarily. The relationship of coal cut-
ting to the generation of airborne dust is highest on the priori-
ty list of the Bureau’s dust control *‘understandings®* for con-
trol technology. This is an extension of the innovative work
by Hamilton in England.!’ The type of cutting bit, the depth
of cut, the possibility for injecting water through the bit, the
number of bits used, are all aspects of this research program.
Because the mining methodology in the U.S. is shifting very
rapidly to longwall production the applications of these
techniques to the longwall operation both at the cutting site
and upstream are focused upon. As indicated in the earlier
statements by Harrington, the dust movement caused by the
application of water is of great concern in these investiga-
tions. Ventilation is still our major workhorse in the dilu-
tion and removal of dust through both blowing and exhaust,
but a substantial gain is achieved through the use of water
injection and contrel of cutting.

The Bureau also focuses upon the use of dust collectors for
trapping the dust; these operate both on scrubbing and filtra-
tion principles. The trapping of the dust after generation per-
mits the use of the air without its burden of respirable mine
dust. The largest fraction of work performed by the Bureau
in these years was for in situ testing of these techniques after
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laboratory evaluation. A great deal has been learned about
the equivalent volume of air cleaned versus water pressure
as a function of different types of spray nozzles in the wet
type scrubbers. Wetting agents have also been tested and
there is some reported incremental gain due to their use. In
the course of advancement of this technology the Bureau lists
the following basic ‘‘understandings’” which have come from
this work.

* Laboratory studies showing the relationship between dust
generation and the specific energy used to cut coal.

e Studies of deposition of aerosol on electrostatically
charged surfaces.

¢ Experimental research on the dynamics of water drops
impacted on surfaces.

* Development of laboratory apparatus for generating water
drops of uniform size and for measuring drop size.

¢ Measurement of the adhesion force between dust particles
and surfaces.

¢ Characterization of the physical arxd chemical properties
in mine dust.

* Development of technology for automatic measurement
of particle size, shape and composition using a scanning
electron microscope.

* Studies of the efficiency of dust sampling inlets.

¢ Development of apparatus for generation of laboratory
aerosols.

¢ Studies on the effect of water sprays on air movement and
dust suppression.

The Bureau indicates that fundamental research was done
with the ultimate long term goal of improving technology
for control of dust in mines and that meant many of these
areas of knowledge have applications in areas other than min-
ing. The National Academy of Sciences in 1980 issued a
report2s in which the Academy directed the Bureau towards
research which ‘“should be directed more toward obtaining
fundamental understanding of the origin, transport and
characteristics of respirable coal mine dust.’” One could say
this is expected from an Academy report, but I prefer to think
that there is finally broad recognition of the need to under-
stand fundamentals in order to develop technology.

The future goals of the dust control technology in the Bureau
are also of interest. They are stated as:

® Optimization and in mine application of the new water
spray system (‘‘Shearer/Clearer’”) for longwall dust
control,

* In-mine evaluation of new and emerging longwall dust
control technology.

* Determination of the applicability and effectiveness of
water powered scrubbers at longwall operations and on
continuous miners.

e Completion of field evalnation and application of a mine
worthy twin scrubber system for continuous miners.
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® Development and testing of optimal ventilation systems
for dust control during continucus miner operations.

® Redesign, testing, and application of an improved canopy-
air curtain system in underground as well as surface
operations.

® Development of a basic understanding of the formation
of transport of dust during the cutting cycle for develop-
ment of more effective controls.

* Development and testing of improved bagging machine
dust controls, bag ceiling, cleaning and disposal techniques
for the mineral processing industry.

® Development of dust suppression systems for cutter
machines and other equipment used in conventional min-
ing operations.

® Development of improved dust controls for conveyors,
transfer points and stage loaders.

s Determination of cutting force in coal seam for use in
development of deep cutting machines.

® Development and testing of improved personal dust
exposure.

It would be interesting to compare these research goals for
contro] of dust in mines with those of other nations commit-
ting significant expenditures to development of dust control
technotogy at the national level. As one reviews progress
in this field over the past 50 years, it is striking that the im-
petus for sharing of information has come from the profes-
sionals and the professional associations and not through their
governments. Thus, the first International Pneumoconiosis
Conference was held in Scuth Africa, very much due to the
efforts of Dr. Beadle, who was preeminent in development
of a dust control and medical surveillance program in South
Africa. The inhaled particles and vapors series of con-
ferences, a major stage for sharing of information by in-
vestigators and practitioners, was sponsored by the British
Occupational Hygiene Society. The overlapping of many
research program areas is apparent in the past. One wonders
if we can become more efficient in our approaches to
development of these new technologies. The scientific com-
munity will always share results, but the planning of research
could greatly benefit by such an international effort.

It is impossible to not be struck by our utilization of the same
workhorses for making progress with dust control in mines.
We have reached the limit for bringing air to the face and
diluting the generated dust. We are probably on the asymp-
totic portion of the curve for extracting greater efficiency
from the application of water, either through the cutting tool
or after the cut. We are in need of some new, innovative
approaches. In view of the enormous progress over the last
2-3 decades with our understanding of disperse systems and
aerosols, it would appear there is opportunity for introduc-
ing new and innovative ideas into dust control technology.
There are analogies in other fields to this need. The treat-
ment of hazardous waste is receiving major impetus because
the major workhorse heretofore has been burial and storage
in the ground, which has run its course and is associated with
great risks for the future. New technologies are appearing
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and will undoubtedly have a major impact on the quantities
of materials disposed of to ground by 1995. The Superfund
Act and its recent renewal have stimulated this work. While
the impression in England and perhaps also in the United
States is that we have *‘solved’” the problem of coal workers
pneumoconiosis and dust in mines, in general, it is incum-
bent upon us to make clear that this is by no means true.
We have made enormous progress, but it remains to bring
our risk levels in concordance with those accepted for other
work environments. Doing this efficiently requires knowl-
edge and knowledge requires investment of funds.

On this note I would like to end. The story of dust control
in mines has some logical development. It is troubling that
the current perception is that the job is done, and that diver-
sification of scientific effort and funds from this subject area
is occurring in many countries. We must correct this er-
roneous perception in order to maintain and continue the hard
won gains to date.
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OVERVIEW OF RESPIRABLE DUST CONTROL FOR UNDERGROUND

COAL MINES IN THE UNITED STATES

R. HANEY ¢ R. Ondrey ¢ R. Stoltz, D. Chiz

Mine Safety and Health Administration
Pittsburgh, Pennsylvania, USA

ABSTRACT

Control of respirable dust is an impoertant consideration in the design of the production cycle of an underground
coalmine. In order to create an effective and efficient system, the mining engineer must integrate the regulatory
requirements with the specific conditions that exist in a coal mine. Typical mine development is by room
and pillar. Second mining is by mining rooms, extracting pillars or by retreating longwalls. Each of the
mining systems can have specific constraints depending on the type of equipment used. Contintnous miners
and conventional mining systems (cut, shoot and load) are used for room and pillar application. Single and
double drum shearers primarily are used for retreating longwall systems. This paper provides a review of
the specific federal regulations affecting dust control and description of the various dust control systems
commonly used to supplement those regulations for the various mining systems.

INTRODUCTION

There ar¢ over 2,000 mechanized mining sections in
underground coal mines in the United States. Each of these
sections must utilize a dust control system capable of main-
taining their dust levels below the specified standard.

The purpose of this paper is to provide an overview of the
specific federal regulations affecting dust control and a
description of various respirable dust control systems cur-
rently used in underground coal mines. Utilization of these
systems has been successful in controlling workers exposure
to coal mine dust.

FEDERAL REG(LATIONS

Current authority to establish and enforce a respirable coal
mine dust standard was given to the Mine Safety and Health
Administration (MSHA) of the Department of Labor through
the Federal Mine Safety and Health Act of 1977, Primary
responsibility of enforcing the respirable dust standard rests
at the federal ievel as state laws generally do not specify a
respirable dust standard. Specific regulations pertaining to
the dust standard and dust control are contained in Title 30,
Code of Federal Regulations.

Part 70—Mandatory Health Standards—Underground Coal
Mines, contains the dust standards and the sampling pro-
cedures that must be followed by the coal mine operators.
Part 70 establishes a respirable coal mine dust exposure stan-
dard of 2.0 milligrams per cubic meter (mg/m>. If the dust
contains more than five percent quartz, the dust standard is
computed by dividing the percentage quartz into the pumber
10. Additionally, Part 70 establishes a dust standard for in-

take air of 1.0 mg/m?. Part 70 also requires mine operators
to collect and submit five dust samples from a designated
occupation during each bimonthly sampling period.

Part 75—Mandatory Safety Standards—Underground Coal
Mines, contains various ventilation regulations that pertain
to the control of respirable coal mine dust. Part 75 contains
various regulations pertaining to the design and perform-
ance of a mine’s ventilation system which also have an im-
pact on dust control. Specifically, each mechanized mining
unit must be ventilated on a separate split of intake air. This
prohibits series ventitation of working sections so that the
return of one section cannot be used to ventilate another
section,

To provide dilution, the ventilation system must deliver 9,000
cubic feet of air per minute (cfm) to the last open cross cut
of a set of developing entries and to the intake entries of a
retreating section. The system must also supply 3,000 cfm
to each working face where coal is being cut, mined or
loaded.

Unless otherwise approved by the local enforcement official,
the line brattice or face ventilation device must be main-
tained within 10 feet of the face. For exhausting face ven-
tilation systems, the minimum mean entry air velocity in
working places where coal is being cut, mined or loaded is
60 feet per minute (fpm).

Each coal mine operator must also submit for approval a ven-
tilation system and methane and dust control plan. The plan
must show in detail the methane and dust control practices
along all haulageways and travelways, at all transfer points,
at underground crushers and dumps, in all active working
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places and in any other areas which may be required by
MSHA's local enforcement official.

Prior to approval, dust samples are collected by inspection
personnel to verify system performance. The dust control
plan concept was developed to provide flexibility, yet en-
sure that appropriate measures were being taken to control
respirable dust. The following discussions provide more in-
formation on specific dust control systems used for various
mining systems.

DUST CONTROL ON CONTINUOQUS

MINER SECTIONS

Approximately two-thirds of the mining sections in the United
States utilize continuous mining machines. Continuous
miners are used to both develop and retreat room and pillar
mining sections. Dust generated on a drum type continnous
miner is controlled by two primary means, ventilation and
water. The two basic types of face ventilation are exhausting
and blowing. In an exhausting ventilation system, air is
brought to the face at a lower velocity, captures the dust cloud
and then extracts it from the face at a higher velocity. For
a blowing face ventilation system the return air passes over
the mining machine. This situation necessitates the use of
additional controls such as machine mounted dust collectors
(scrubbers) to maintain adequate dust control.

Water sprays are used in addition to ventilation to suppress
and direct the dust cloud generated at the face. Typical sup-
pression sprays are mounted on the miner as close to the cut-
ting drum and gathering arms as possible. These systems are
designed to deliver water to strategic dusty locations around
the machine. Directional sprays (spray fan systems) are
mounted on the body of the miner up to 10 to 15 feet from
the face. These sprays are designed to use the momentum
of the water to direct the dust cloud away from the machine
operator. Spray fan systems are normally used in conjunc-
tion with exhaust line brattice.

Each continuous mining section utilizes one or more roof
bolters to install roof support in the entries mined. Dust con-
trol on roof bolters is especially important because the drilled
strata can contain high levels of quartz. The two primary
methods of controlling dust generated during roof bolting
operations are through proper use and maintenance of the
machine dust collection system and proper ventilation of the
working place.

DUST CONTROL ON CONVENTIONAL

MINING SECTIONS

In a conventional mining system the coal is extracted in a
series of operations each performed in proper sequence. The
operations in a conventional mining system are: cutting, drill-
ing, blasting, loading and hauling. Each operation in the cy-
cle employs a specialized piece of equipment to perform that
operation.

The cutting operation is performed with a mobile cutting
machine which most nearly resembles a large chain saw on
wheels. Dust from the cutting operation is controlied by the
use of a *‘wet™ cutter bar and external water sprays mountad
above the cutter bar as well as proper ventilation. The wet
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cutter bar is made by plumbing a water pipe inside the cut-
ter bar which terminates in a small opening at the end of the
bar. The movement of the cutting chain around the bar
distributes the water along the length of the cut. External
water sprays should be directed towards the ingoing and
outgoing bits and also toward the pile of cuttings being
deposited on the mine floor.

The drilling operation employs a mobile drilling machine
with a single movable drill capable of drilling to the same
depth as the cutting machine. The number of holes drilled
depends on the height of the coal seam, width of the face,
hardness of the coal and the desired size of the coal lumps.
The period of highest dust concentration is when the drill
is first sumped into the coal. Once the drifl has penetrated
the coal, the hole itself helps contain the dust. The use of
a wet auger (drill steel) is the preferable method of control-
ling dust on a coal drill. Water is directed through the hollow
auger to the bit and is then forced out of the hole after it
has mixed with the cuttings and dust. The coal cuttings and
dust are thoroughly wet and come out of the hole in the form
of a slurry, thus producing very little dust.

Blasting is done chiefly with permissible explosives. An ex-
plosive charge is placed in each hole and then stemmed with
an inert material (either water or ¢lay dummies). The charges
are wired together and then detonated. The rapid release of
energy by the explosives breaks the coal and also generates
a large amount of dust. However, the dust is rapidly
dissipated if the face is properly ventilated. If the blasting
is done on the return air side of the other mining operation,
then personnel will not be exposed to the dust generated by
blasting. The next operation is the loading of the coal by
either a loading machine or a scoop. Loading machines have
mechanical gathering arms which pull the coal onto a chain
conveyor located along the centerline of the machine. The
movement of the gathering arms and chain conveyor pro-
duces dust. This dust is controlled by the face ventilation
system and by external water sprays mounted on the body
of the loading machine. Prior to loading, the coal pile should
be thoroughly wetted. Wetting the coal pile is particularly
important since subsequent loading of the coal is done with
scoops that are not equipped with water spray systems.

DUST CONTROL ON LONGWALL
MINING SECTIONS

In general longwall mining systems in the United States use
single or double drum shearers to retreat mine a block of
coal. Longwall faces range from 400 to 1,000 feet wide with
total panel length often in excess of 4,000 feet. There are
approximately 100 operating longwalls which produce ap-
proximately 15 percent of the underground coal mined. Nor-
mally seven people are required to operate the longwall face
equipment.

When identifying and attempting to control a longwall
system *s dust source(s), the longwall can be divided into three
primary sources of dust generation. These sources are the
machinery in the headgate area, the shearer and the shields.

The dust generated in the headgate area affects personnel
on the entire longwall face since it contaminates the intake
air before it traverses the face. The headgate sources are the



stageloader, crusher and product transfer points. The com-
mon practice employed for dust control is to enclose the
stageloader and crusher on the sides and top and to install
flat jet water sprays across the product inlet and outlet. To
assist the water sprays in creating a tighter enclosure on the
product inlet and outlet, a strip of mine conveyor belting or
brattice is installed on both ends. Usually flat jet water sprays
are located in the crusher and along the length of the stage-
loader. To control dust at transfer points, various types of
water sprays are used.

The shearer’s primary dust source is the cutting of the coal
by the bits on the drum(s). To combat this dust source, four
control methods are normally used. The four dust control
methods are: internal water sprays, external water sprays,
remote control and work practices.

Internal water sprays are the water sprays in/on the shearer
cutting drum. The internal sprays are used to suppress the
dust at the source and provide a cooling effect for the cut-
ting bits. The number of sprays range from 25 to 45 with
the orifice ranging from 1/8 to 3/16-inch. The operating
waler pressure measured at the spray nozzle ranges from 40

to 100 pounds per square inch (psi).

The external water sprays are the water sprays located on
the shearer body or on any attached bar and/or arm. The
best practice is to use these sprays to direct the dust laden
air over the shearer body so that the shearer operator is main-
tained in a clean split of intake air not contaminated by the
dust generated by the shearer. The operating water pressure
measured at the spray nozzle ranges from 40 to 120 psi. To
assist the external water sprays in directing the dust, passive
barriers (usually made of mine conveyor belting) are
sometimes attached to the shearer body, bars and/or arms.

A remote control unit(s) is a device that allows the shearer
operator(s) to control the shearer from various locations. It
is used to remove the shearer operator(s) from the dust be-
ing generated by the shearer. Radio control or umbilical cord
are the two types of remote control units available. Radio
control is more versatile but not as durable as an umbilical
cord unit. Approximately 50 percent of the shearers are
equipped with a remote control system.

Administratively controlled work practices are also used on
longwalls to lower the dust exposure of personnel. The most
common work practice employed to lower exposure is to
reduce the amount of time personnel spend on the face.
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This is accomplished by having personnel move to the up-
wind side of the shearer after they have completed their
primary tasks. Also changing the cutting sequence of the
shearer can reduce the exposure of face personnel. A com-
mon practice employed is to cut unidirectional, cutting two-
thirds of the face height in one direction and cutting the re-
maining one-third coming back. The shields (roof supports)
are then pulled on the upwind side of the shearer. This prac-
tice keeps the shield setters out of the dust that is created
by the shearer. However, the shearer operators are exposed
to the dust generated by the shields. Bidirectional cutting,
cutting fullface height in both directions, exposes shield set-
ters to the dust generated by the shearer for half the mining
cycle and the shearer operators to the shield dust for half
a mining cycle.

The movement of the shield top creates a dust problem
because the crushed and ground material on top of the shield
falls. The severity of the dust problem will vary depending
on the amount of this falling material. The dust problem can
range from negligible to very severe. To circumvent this
problem, the industry is phasing in electrohydraulic shields.
The electrohydraulic shields have controls connected to a
computer on the shields that allow a set of shields (1 to 15)
to be electronically controlled. This allows shield setters to
achieve an upwind position from this dust source.

SUMMARY

Prior to the 1969 Act respirable dust levels of 9 mg/m’
were commonly reported. Today the industry average ex-
posure for the designated occupation is approximately 1.0
mg/m’. These dust levels have been mainly achieved
through the application of the various dust control methods
previously discussed which include:

1. A supply of uncontaminated intake air.

2. Suppression through the use of machine cutting head
design and water.

3. Containment through the use of properly designed and
maintained face ventilation systems, water sprays of
barriers.

4. Dilution from an adequate supply of fresh air.

5. Avoidance through the use of remotely operated cutting
and loading machines.

6. Administratively controlled work practices.

With continued application of these techniques, respirable
dust levels can be maintained at acceptable limits.
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EXTRACTION DRUMS AND AIR CURTAINS FOR INTEGRATED
CONTROL OF DUST AND METHANE ON MINING MACHINES

VICTOR HW. FORD, B.Sc., Ph.D. * T. Brierley, B.A, * B.J. HOLE, B.Sc.

British Coal, Headquarters Technical Department
Burton-on-Trent, UK

INTRODUCTION

Over the past 30 years British Coal has expended a con-
siderable amount of research effort on solving the problems
of environmental control at and around the production
machines in coal mines. That effort has borne much fruit
in the field of respirable dust control, with the levels of
preumoconiosis falling from over 10% of the workforce in
1970 to the current level of 0.9% for mineworkers of all ages.
This improvement has been achieved despite a doubling of
productivity at the coalface. However, the current rapid rise
in output demands even more efficient dust control systems
for the future.

The other major environmental hazard at the production
machine is the frictional ignition of methane, caused by cut-
ting tools striking quartzitic or pyritic strata in the presence
of explosive mixtures of methane. There has been little reduc-
tion in the incidence of frictional ignitions over the last 20
years, with an average of 14 ignitions reported each year,!
despite improvements in the veatilation of the cutting zone
to dilute dangerous concentrations of methane and the more
recent use of water sprays to cool the ignition source.

There is often a conflict between the requirements for good
dust control and those for effective ditution of methane in
the cutting zone or dispersal of methane layers in the roof
of drivages. Excessive amounts of dust are often dispersed
by the high air velocities blown into the cutting zone or roof
area to get rid of methane. On longwall shearers the hollow-
shaft ventilator does this job,? while in drivages where ex-
haust ventilation is used to control dust, machine-mounted
fans can be fitted to disperse methane layers. The high air
velocities these fans produce can resuit in roll-back (or back-
up) of dust to the operator’s position on the machine.

To overcome the conflicting requirements for dust and
methane control, and also to provide the improvements need-
edtoensurethatdlevitalproducﬁvityincmbeinggaimd
by British Coal are not jeopardized by dust sanctions or in-
creasing numbers of ignitions, two new control technologies
have been developed at Headquarters Technical Department,
the Extraction Drum for longwall shearers, and Air Curtains
for use in exhaust ventilated drivages.

DUST EXTRACTION ON SHEARERS

Numerous attempts have been made in various countries to
provide effective dust extraction systems on shearers, using
fans and dust collectors. All failed, because of problems with
blockage of ducting by coarse material, or the large size of
equipment needed to supply adequate extracted airflows.
However, work on small, water-powered dust capture tubes
in the early 1970°s'% led to the development in the UK of
effective dust extraction systems for use on shearers with
cutting drums well shielded from face ventilation.3 In these
systems the non-blocking, open-ended tubes were integrated
with the coal loading doors or cowls around the cuting zone.
Efficient dust control on ranging-drum shearers and those
with unshiclded drums was not possible until the concept of
the extraction drum was devised in 1981.7

Description of Extraction Drum

The extraction drum was developed after laboratory tests
showed that the best place to extract dust was from the face
side of the drum. A number of dust capture tubes are built
into the drum barrel, with the tube inlets at the face side
remote from face ventilation. Dusty air is drawn from the
cutting zone, cleaned by the tubes, and blown out at the goaf
side, from where it is turned back into the cutting zone,
together with the water spray and debris, by an angled deflec-
tor plate fitted to the gearhead. Figure 1 shows a version
commonly used on medium-sized drums. It has nine,
100 mm diameter, tubes which extract 1.5 m®/s of air us-
ing 60 /min of water, released from hollow-conc, wear-
resistant spray nozzles at a pressure of 100 bar. Even though
up to 70% of the air is recirculated, nearly 0.5 m3/s of fresh
air is provided to dilute methane. On smaller drums rec-
tangular section tubes are used to minimize drum diameter,
while up to twelve 100 mm tubes have been fitted to drums
above 1.5 m in diameter in order to maintain air velocities
across the cutting zone,

High pressure water is fed through the drum shaft to nozzles
on the face-side spray ring by a dual pressure water distribu-
tion system, which also delivers up to 45 I/min of water,
at approximately 7 bar pressure, to sprays on the drum to
wet the cut coal before it is loaded out. It is essential to
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Figure 1. Schematic view and cross-section of a 9-tube extraction drum.

47




Exposure Monitoring and Control—Coal Mines I

operate the tubes at high water pressures to provide high
airflows and freedom from blockage, together with a
respirable dust capture efficiency exceeding 95% .5

Operaticnal problems experienced with the extraction drum
have primarily resulted from inadequacies in the water sup-
ply. Itis therefore essential to install water pumps with suf-
ficient capacity, together with the correct water controf and
monitoring equipment. The high pressure water pump can
be sited in the roadway at the end of the face, or integrated
with the shearer. These pumps are expensive (for a double-
drum machine, £32,000 for a roadway pump and £14,000
for a shearer-mounted pump) and represent the major cost
for a system. The additional cost of fitting the two extrac-
tion drums, water distribution equipment, and deflector plates
is only about £5,500.

Dust Control Efficiency

Results from underground trials on a range of shearers, see
Table I, have indicated dust reductions during cutting opera-
tions of between 40% and 80% when extraction drums
replaced drums incorporating the norma! pick-face-flushing
water spray systems. In most cases water flows were similar
for each system. At one site in the UK, installation of ex-
traction drums enabled output to be raised from 1000 to 1600
tonnes per shift without exceeding the statutory dust limits,
This result shows the size of the benefits to be gained from
the use of the extraction drum.

Results quoted are for dust levels in the face return air,
Evidence from the USA!! indicates somewhat less improve-
ment at the operator’s position, possibly due to the effect
of the high air velocities leaving the exit annulus of the drum,

Effect on Methane Dilution

Extensive surfaces and underground trials? have shown that
at least 30% of the air drawn in by the extraction drum is
fresh air which dilutes methane in the cutting zone. Thus,
for a nine-tube drum approximately 0.5 m3/s of fresh air is
provided for methane dilution, which is more than twice the
airflow given by the hollow-shaft ventilator normally used
at ignition risk sites. In laboratory tests on a shearer in an
artificial coalface,* a hollow-shaft ventilator prevented fric-
tional ignitions up to a methane emission rate of 5.5 U/s. Us-
ing the extraction drum ignitions did not occur until methane
emission reached 15 /s, which is above the emission rate
on most UK coalfaces.

Measurements taken during the underground trials,? of
methane emission rates at the shearer and methane concen-
trations in the cutting zone, confirmed the superiority of the
extraction drum for ventilation. Consequently, British Coal
now considers the extraction drum to be the best device for
methane dilution, and is installing them at a number of sites
primarily for ignition control. In such cases, attempts are
being made to continuously monitor the extracted airflow
by measuring the air pressure developed across the outlet
annulus between the edge of the drum barrel and the deflec-
tor plate.> Alarms are activated when the airflow falls below
a preset level. Systems have been fitted to a number of
machines, and development is continuing to improve their
reliability.

{tilization of Extraction Drums

Since 1985, when 15 drums were in use, there has been a
rapid increase in numbers, with more than 85 drums in opera-
tion on some 20% of faces in the UK. In addition, drums

Table 1
Reduction in Dust Produced During Cutting with Extraction
Drums as Compared to Normal Water Sprays

i | | | | ]
| Machine | Drum | Kumber | Face | Reduction |
| Type | Diameter | of Tubes | Air Flow | in Dust |
| | m [ | mde | * |
I | | | I |
| | | | I I
| i 1.3 | 9 | 12 | BO |
| Fixed Height | 1.5 | 9 | 15 | 78 |
| I 1.8 i 9 i 5 | 62 |
| | | | | |
| | 1 i | |
{ Single-Ended | 1.4 | 9 | 14 i 40 |
| Ranging Drum | l.4 | 9 | 18 | 72 {
| | | | | |
| | | | | |
{ Double-Ended { 1.5 { 10 | 18 | 53 |
| Ranging Drum | 1.7 | 10 | 12 | 60 |
| | 1.8 | 12 | 13 | 55 |
] | ; | | | I




have been installed both in the USA and Australia. The drums
have been fitted to most types of shearer, operating on faces
ranging from 1.07 m to 3.0 m in height.

HQTD have produced a comprehensive training package on
the extraction drum system to aid the transfer of this
technology to the collieries. This includes interactive video
to cover the fault-finding and maintenance aspects.

Future developments include the use of higher water pressure
to increase efficiency.

AIR CURTAINS FOR DRIVAGE MACHINES

Exhaust ventilation gives effective dust control in drivates,
providing the exhaust duct entry is kept in front of the
machine operator and a forward air velocity of 0.5 m/s is
maintained around the machine. In practice, these re-
quirements are often not met, and even when they are, ex-
haust ventilation alone cannot provide high enough air
velocities to disperse methane. The air curtain system was
developed to gencrate these velocities without dispersing
dust, and also to increase dust control efficiency at sites where
the ventilation criteria for preventing dust back-up were not
being met.5

Air Curtain System

The air curtain system directs ‘sheets’ of fast moving air for-
ward from the top and side of the machine body into zones
of the drivage where air velocities are low and dust therefore
backs up, as illustrated in Figure 2. An additional tube is
usually fitted above the machine’s conveyor to prevent dust
from being pulled back to the operator’s position by the
outgoing debris. Air curtains are produced from 100 mm
diameter steel tubes, fitted with cover plates from which the
air is released tangentially to the tube surface through
2.5 mm decp slots running the length of the tube. The
‘Coanda Effect’ causes the discharged air to cling to the tube
surface until directed off in the required direction by a *split-
ter’ bar on the tube, as shown in the mbe cross-section il-
Iustrated in Figure 3.

._
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Air is fed to the tubes at pressures of between 0.75 and 2.0
kPa by a small centrifugal fan powered from the machine’s
hydraulic supply at a flow of 40 I/min. The total airflow to
a system depends on the length of air curtain tube used. It
ranges from 0.15 m*/s on a small boom-type machine, like
the Dosco 2A, to about (.30 m?/s on a continuous miner,
such as the BID/Dresser Heliminer,

On some machines the exhaust duct can be installed on either
side of the heading, whilst on others, aircooled motors are
fitted which draw dust back beneath the exhaust duct. For
such cases, tubes are sited on both sides of the machine, and
the air pressures in the tubes are balanced to provide the cor-
rect flow of air around the front of the drivage towards the
duct inlet.

At present systems are available for ten different boom-type
machines, and three continuous miners, with equipment for
a further two of the latter soon to follow. Figure 4 shows
a typical system, fitted on a Dosco LH1300 machine. Prices
range from £4,500 to £7,500 for a complete system, depen-
dent upon the number and complexity of the air curtain tubes.

Airflow monitoring systems are currently under development
to ensure that adequate airflows are provided for methane
dispersal whenever the machine starts to cut. A new tech-
nique is at present also under development as an addition
to the air curtains, to give integrated ventilation of the cut-
ting zone for continuous miners. Air for this system would
be taken from the same fan as the air curtain, and it is hoped
that use of both systems will provide effective ventilation
of the cutting zone and the roof, whilst maintaining effec-
tive dust control.

Dust Control Benefits

Underground trials® have shown that the air curtains
significantly reduce dust back-up, see Figure 5. Over the
range of forward airspeeds and duct entry positions used,
the proportion of dust from cutting that reached the operator
was reduced by at least 70% when the air curtains were

- ~—i -
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“€— INTAKE AIR

IR CURTAIN TUBES

- -

—-—

Figure 2. Plan view of drivage showing air curtains containing dust cloud.
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switched on. The visual improvements when using air cur-
tains are dramatic on most types of machines, and operators
are loath to work with them turned off. Time lost in waiting
for dust to clear is reduced, with consequent improvement
in production. As a consequence, to date more than 80
systems have been installed.

AIR CURTAIN

SPLITTER

100mm ™ -
STEEL TUBE -

Figure 3. Cross-sectional view of air curtain tbe.

Effectiveness of Methane Layer Dispersal

Full-scale laboratory tests were carried out to ascertain the
air velocity profiles around Dosco 2A and LH1300 machines
in an arched section drivage.? These tests showed that the
air curtains directed air into the roof area at velocities well
above the 1 m/s required for the dispersal of methane layers.
In addition, they were just as effective as a machine-mounted
blower fan for removing the ‘dead zones’ present at the front
of the drivage when exhaust ventitation was used alone.
Underground evaluation confirmed these results. It is now
British Coal policy to fit air curtains to all drivage machines.

CONCLUSIONS

The extraction drum and air curtain systems both provide
effective control of dust and methane on longwall coalfaces
and in exhaust ventilated drivages respectively. Each system
can be easily integrated with mining machines without detri-
ment to operational performance, and offer solutions to the
problems of environmental control on high performance
coalfaces and in rapidly advancing drivages.
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Coal’s Head of Technical Department for permission to publish this paper,
and to acknowledge the work carried out by their colleagues at Headquarters
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Figure 4. Air curtain system for Dosco LH1300 Drivage Machine.
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INCREASING COAL OUTPUT WILL REQUIRE BETTER DUST CONTROL
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BACKGROUND

In 1969, the Federal Coal Mine Health and Safety Act
(FCMHSA) was passed for the purpose of reducing the in-
cidence of Coal Workers” Pneumoconiosis (CWP), or black
lung, a chronic lung disease caused by coal dust inhalation.
The FCMHSA lLimited the average exposure of coal miners
over an eight hour working shift to 3.0 mg/m? (milligrams
of respirable dust per cubic meter of air); this maximum dust
level was reduced to 2.0 mg/m? in late 1972, effective in
1973. Additionally, in order to reduce the incidence of
silicosis, a hung disease caused by the inhalation of silica dust,
the FCMHSA requires that the Mine Safety and Health Ad-
ministration (MSHA) enforce a more stringent standard if
dust samples contain silica in excess of 5.0 percent. (Dust
standard = 10/(percent $i0; in sample); the standard is less
than 2.0 mg/m? if the silica content of the sample exceeds
5.0 percent.)

The annual costs of the black lung program, which include
compensation: payments to retired miners or their survivors
and the program costs of the Departments of Labor and
Health & Human Services, have leveled off in the $1.6-1.7
billion range since 1979, The cumulative cost of the pro-
gram from 1970 through 1985 is estimated at $18.4
billion.2* In constant 1970 dollars using the Consumer
Price Index (CPI) to adjust for inflation, however, the
cumulative cost of the program was $10.0 billion, and an-
nual costs have declined every year since 1979, from $834
miltion to $585 millicn in 1985.

Due to the time lag between initial exposure of miners to
respirable coal dust and the filing of black lung claims,
sometimes as long as 25-30 years, it is likely that future com-
pensation payments will decline, if compliance with the stan-
dard is maintained, as miners who worked in dustier condi-
tions prior to passage of the FCMHSA leave the compensa-
tion rolls. Based on a British study predicting the incidence
and progression of CWP over a ten year period as a func-
tion of dust concentration and assuming compliance
with the 2.0 mg/m? dust standard, Attfield forecasted the
future incidence of CWP Category 1, a less debilitating form
of the disease, to be about 9 percent of the underground work
force and the incidence of CWP Category 2/Progressive
Massive Fibrosis, a disabling form of the disease, at 1-2
percent. 1,10

52

Throughout the remainder of this analysis, it is accepted as
given that there is a direct relationship between lower dust
levels and reduced worker morbidity and mortality.
Therefore, this paper evaluates the relationship between dust
coatrol and mine worker health indirectly through its im-
pact on mine dust levels rather than directly on incidence
of dust related disease.

UNDERGROUND COAL MINING METHODS

The three major underground mining methods employed by
the domestic coal industry are conventional, continuous, and
longwall mining. Since conventional mining currently ac-
counts for only 11.7 percent of underground coal produc-
tion and is predicted to decline to 4.2 percent by 1995 it will
not be further considered in this analysis.3.8.11.17

Longwall mining is more productive than continuous min-
ing and generates more coal dust.'2:13 The silica dust prob-
lem, however, is currently almost entirely restricted to con-
tinuous mining due to the cutting pattern used in this mining
method.

DUST LEVELS AND COMPLIANCE

Due to improvements in dust control technology, average
dust levels of continuous and longwall mining sections are
currently at or below the required dust levels (Figure 1).
These data are average values, implying that not all mines
operate in compliance with the dust standard. This is evi-
dent when the standard deviations of these average data are
examined (Table I). Furthermore, compliance data indicate
that the problem is far from having been solved—through
May 1987, 70 percent of longwall sections were in com-
pliance and only 59 percent of continuous mining sections
could comply with more stringent dust standards due to the
presence of silica in excess of 5 percent (Figure 2). As an
example of the remaining problem, several 1J.S. longwall
mining sections having the highest output per shift recorded
an average dust exposure value of 3.8 mg/m3, more than
two standard deviations above the longwall average.!s

The costs to the underground coal mining industry of the
decline in the average dust level fall into two categories: (1)
direct costs, and (2) opportunity (i.e., lost production) costs.
In fiscal year 1986, for example, mine operators submitted
83,985 samples at a cost of $10.3 million.'* The General
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Figure 1. Average dust levels of operator samples from
selected underground mining methods.

Table I
Dust Levels, by Underground Mining Method (mg/m?)

Year | Continuous Mining Longwall Mining
| Ave. | Std. Dev. Ave, | Std. Dev.
1975 | 1.5 0.62 2.3 1.40
1980 | 1.3 | 0.53 | 2.1 | 6.7
1985 | 1.3 | 0.42 | 2.0 | 0.52
1987 | 1.3 | 0.48 | 2.0 | o0.87
Source: (16); Bureau of Mines records
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Figure 2. Compliance of selected underground mining
methods with dust standards.
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accounting Office cited a National Coal Association claim
in 1977 that 15-20 percent of the total payroll in large
underground coal mines is paid to employees involved with
MSHA-related tasks; it is uncertain whether this figure is
still accurate.?

The opportunity costs associated with lowering dust levels
include: (1) the present value of production lost due to reduc-
tions in production rates to generate less dust per eight hour
shift and thereby maintain compliance, and (2) the present
value of production lost as a result of closure of mines unable
to meet the standard. Longwall operators employ unidirec-
tional cutting methods instead of bidirectional cutting solely
to comply with dust regulations, resulting in an estimated
production loss of 12 percent per working face. (Estimated
based on personal communications with Consolidation Coal,
Old Ben Coal, Jim Walters Resources, and Island Creek Coal
Corp.) In 1985 this translated into a loss in potential revenues
of approximately $200 million. (Revenue Loss = {[(350.8
million tons mined underground in 1985) X (14.7 pct
longwall mining underground)/(100—12 pct)]—[(350.8
million tons) X (14.7 pct)]} X {$28.18 per ton average
underground coal price in 1985]) = $198.2 million.)

EFFECT OF COAL OUTPUT ON DUST LEVELS

A fundamental fact of coal mining is that as coal is mined
at a faster rate, more dust is generated. Coal producers must
balance increased production per eight hour shift against the
reduction of average dust levels per eight hour shift.* This
has become more difficult in recent years since: (1) the use
of longwall mining, a more productive yet dustier mining
method than continuous mining, has increased from only 3.6
percent of underground coal production in 1975 to 20.8 per-
cent in 1987 (Figure 3), and (2) longwal! mining technology
has advanced dramatically. The average production of
longwall sections per shift was approximately 850 short tons
in 1978 and has increased to 1,968 short tons in early 1987,
an increase of 132 percent.!4
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Figure 3. Production by underground mining type.
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Due to the direct positive relationship between output and
dust generated by longwall mining and its growing share of
underground coal production, plots of dust levels against time
(Figure 1) are extremely misleading. It is evident that for
a given amount of dust control technology, dust levels will
rise as coal output per eight hour shift rises. Average dust
levels have decreased through time despite the fact that coal
output per hour has increased considerably, but not as much
as they would have, given the dust control technology im-
plemented, if output per hour had remained constant. In
Figure 4, the obscrved path of dust reduction is indicated
by the round markers. Had output per shift remained at **out-
put level 1,’" dust would have been reduced even further,
as indicated by the square markers,

DUST LEVEL, mg/m®

CUMULATIVE EXPENDITURES ON DUST

CONTROL TECHNOLOGY, dollars
809

Figure 4. Effect of shifting output level on dust versus
expenditures on control technology.

Dust levels of longwall and continuous mining sections ad-
justed for output per hour are presented in Figure 5. These
adjustments were made as follows: output per hour data for
the years 1970, 1978, and 1986 were indexed to 1986 levels
and these ratios were used to adjust the raw dust data. The
adjusted curves, then, show the dust level assuming output
per hour had been held constant at the 1986 level, ceteris
paribus. The adjusted average dust level in longwall sections
declined from 7.29 mg/m? in 1970 to 5.50 mg/m’ in 1978
10 2.0 mg/m> in 1986. Raw data indicate 2 decrease from
2.3 mg/m? to 2.1 mg/m® to 2.0 mg/m? in these years,
respectively. Thus, these curves indicate that, particularly
in longwall sections, average dust levels have been lowered
more drastically since 1970 than is apparent from the raw
data.

The 1986 average dust level was then adjusted to the year
1995 given forecasted output per hour of the two mining
methods. Output per hour data for 1986 were indexed to
forecasted 1995 levels and these ratios were used to adjust
the 1986 dust data. (Output per hour is forecasted to increase
by 28 percent for longwall mining and by 25 percent for con-
tinuous mining by 1995.) Under this scenario, if output per
hour were allowed to increase to the forecasted values, by
1995 dust levels would exceed the current dust standards by
28 percent in longwall sections and by 2 percent in continuous
mining sections (Figure 5).
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Figure 5. Dust levels of longwall and continuous mining
sections adjusted for output per hour.

Unless new dust control technology is developed which
enables compliance to be reached at these higher production
rates, it is likely that output per hour will be significantly
constrained in the future due to required compliance with
the dust standard. Indeed, because the average dust level of
longwall mining sections is already at the 2.0 mg/m® stan-
dard, future increases in output per hour are already con-
strained, on average.

Barring the introduction of new dust control technology, the
lost 28 percent increase in longwall mining output per hour
forecasted for 1995 translates into a loss in potential revenues
in 1995 of $584 million from currently existing longwall sec-
tions. (Coal production from longwall mining is expected
to total 74 million tons in 1987 (based on calculations from
data in 3, 8, 11)). Revenue Loss = [[1.28 X (74 million
tons)] — [74 million tons]} X [$28.18 per ton average
underground coal price in 1985) = $583.9 million.) This
estimate is a maximum figure because even if no pew dust
control technology is developed by 1995, it is expected that
more of the existing technology will be implemented by the
industry before 1995.

COMPETITIVENESS

The United States is a major coal exporting nation; exports
totalled 85.5 million short tons in 1986, S0 percent going
to Europe and 17 percent to Canada. There are numerous
indications, however, that the U.S. is losing market share
to foreign competitors despite the transition to more efficient



underground mining technology. Coal exports have dropped
significantly from the 1981 high of 112.5 million tons. The
Energy Information Administration reported that the U.S.
share of the European market declined from 42 percent in
1981 to 31 percent in 1985; Australia and South Africa ap-
pear to have gained market share at the expense of the U.S.7

The reason for this loss in competitiveness is apparent from
a comparison of the price of delivered coal to Europe (Figure
6)—the U.S. price is by far the highest of the major coal
exporting nations to this market. The U.S. has been losing
market share even though European coal imports have been
rising. And European coal imports have been forecasted to
increase from 139 million tons in 1985 to 174 million tons
in 1995. Thus, unless the U.S. is able to improve its com-
petitiveness, a continued loss of market share in Europe can

be expected.
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Figure 6. C.LF prices of non-EEC coal delivered
to Europe.
CONCLUSION

To reduce unit costs and thereby ameliorate its competitive
position in world markets, the domestic coal industry must
continue to increase output while holding the line on pro-
duction costs. Output from longwall mining sections is
forecasted to increase to 45.0 percent of underground coal
production, from 20.8 percent currently as the industry at-
tempts to achieve this goal.

The silica dust problem, presently uncommon in longwall
sections, is anticipated to become more prevalent as a con-
sequence of increased longwall production because con-
tinuous mining machines are used to develop coal panels for
extraction by longwall methods. In addition, due to geologi-
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cal conditions—mining of thinner and more heavily faulted
and fractured coal seams—the amount of silica dust in air-
borne respirable dust is expected to increase.

In light of the industry trend toward longwall mining, ad-
vancement of dust control technology is necessary to enable
associated increases in production while maintaining com-
pliance with the mandated standard. If no mew control
technology is made available, the dust standard will act as
a binding constraint on future output per hour. This is
especially pertinent to longwall mining where the average
dust level is already 2.0 mg/m3.
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ABSTRACT

One of the primary means of control of health hazards from respirable contaminants in mine atmospheres
is through design and operation of mines to meet mine health and safety regulations and recornmended prac-
tices. A U.S. National Academy of Sciences study concluded that for significant progress in coal mine dust
control, research should be directed more toward obtaining fundamental understanding of the origin, transport
and characteristics of respirable coal mine dust. Theoretical and experimental studies on transport of dust
in mine airways, particularly coordinated efforts to validate theory with practice, are scarce. Some em-
pirical models, developed on the basis of experimental data, are available but these models cannot be ap-
plied to new conditions. The purpose of this paper is to present the results of theoretical and experimental
studies on the transport and deposition of dust in mine airways. This study is a part of an ongoing research
project in the Generic Mineral Technology Center on Respirable Dust.

In the paper, the assumptions of the modeling phase of the project and the development of a convection-
diffusion equation for dust transport in mine airways are outlined. The important aspect of the modeling
effort is the capture of the deposition phenomenon. The experiments performed under controiled conditions
in a typical mine airway, as well as under normal mine operating conditions, are discussed. The comparison
of the mode! predictions with experimental results are made to identify critical areas of agreements and
deviations. The implications of the findings and areas for further research and development are presented.

LIST OF SYMBOLS

class of size distribution
concentration at center of duct
particle diameter

Brownian diffusivity

collision frequency function

length of airway under consideration
number of particles in size class k
deposition rate

radius of particle in i class

radius of dust

molecular Schmidt number
turbulent Schmidt number

friction velocity

terminal velocity

deposition velocity of particles
distance from surface of deposition
eddy diffusivity

dimensionless particie
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INTRODUCTION

The objective of this study was to aid in the control of dust
in underground mines through an improved understanding
of the behavior of dust clouds in mine airways. The resuits
of the study presented in this paper span three phases.
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Phase [ involved the development of a mathematical model;
Phase 1I related to experimental studies in underground mine
airways; and Phase III dealt with comparative analyses of
the mathematical model predictions with experimental data.
A summary of the three phases is presented in this paper.

MATHEMATICAL MODEL

The dispersion and deposition of dust in underground mine
airways was modeled as a convective-diffusion problem. To
achieve this, the constituents of the model were identified,
relationships developed, and assumptions made that closely
approximate the physical conditions in a mine airway. A brief
description of the major components are presented in this
section.

PARTICLE DEPOSITION

The three major mechanisms of deposition in tmrbulent
airflow in mine airways are Brownian diffusion, convective
diffusion, and sedimentation. Deposition due to other
mechanisms such as electrostatic and thermal force, and in-

ertial impaction were considered not significant compared
to the mechanisms considered.

The equation for the ﬁn-bulent diffusion of particles to the
sides of the airways may be written as (Friedlander, 1977):



(equation 1)

N = (D + &) do
P ay

while the flux towards the floor and roof are (Sehmel, 1973):
(equation 2}

N=(D+¢ dctve
P dy T

The value of the eddy diffusivity € varies within the bound-
ary layer. Therefore, different values of £ have to be used
when integrating the flux equation from the deposition sur-
face to the core of the airflow.

An empirical relation is used for describing deposition due
to turbulent diffusion in the inertial range, given by (Wood,
1981): (equation 3)

vt =Y  20.13 for 17 <o < 265
cu,
and: (equation 4)
+ 2.6 S0
- m——- - <
Vsky e 5 (1 + o') for ¢ 265

The total deposition due to all mechanisms is given by:
(equation 5)
r
N 1 +
G. = IO n(r) dr vdiff

%2
+ J' 0.13 n(r) dr
T

r

+ J 3 V+ ni{r) dr
£, Skyrme

The deposition due to gravity is a function of the terminal

velocity and can be written as: (equation 6)

-

v . = Vv
gravity T

COAGULATION

Coagulation of airborne particles was represented in the
mathematical model by a modified rate equation (Chung,
1981) and is given as: (equation 7)

dn (t)
X k-1
------ - = Z X, n.n
dc 2 i=1 13173
L=k
Zb". o
+n L K n, -n_ I K
k i=1 ik i X iZo+l iK' i
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where the first term represents the gain in particles in size
class k due to the collision of particles of size i and j. The
second term represents the loss of particles from size class
k due to collision of class k particles with other particles.
The last term represents those k class collisions occurting
with particles of class less than b, the resultant size being
less than the upper boundary of size class k. Kj; is the col-
lision frequency term that takes into account the motion of
the particles with the air, relative motion due to the air and
relative motion due to sedimentation. The formula proposed
by Saffman and Turner (1956) was used in the model.

The governing eguation is a convective-diffusion equation.

A one-dimensional equation was adopted and is represented

by the relation: (equation B)
2

3c . g 9¢ ac

—— - -] =—-—

aC 2 + sources - sinks
ot x 9%’ ax

The equation was solved for a range of particle sizes obtained
by discretizing the particle size distribution of the source dust.
The behavior of the total dust cloud is a weighted average
of the contribution from the various sizes. The initial condi-
tion to solve the equation is of the form: (equation 9)

ex, ) =0fort=0,0<x <L

where L is the length of the region of interest. The boun-
dary condition was developed by assuming that the concen-
tration of the dust becomes asymptotic at the end of the region
of interest. It is represented as: (equation 10)

de
dx

The source term (S(t)) was developed as a step function and
is given as: (equation 11)

n
S(t)y = T A (3({t - )
i=1 i i

when n = the number of operating modes, A, is the amount
of dust released in mode i, and 8 is the dirac delta function.
The model was solved numerically, using an implicit scheme
(Bandopadhyay, 1982) and programmed in WATFIV.

EXPERIMENTAL STUDIES

To obtain a better understanding of the spatial and temporal
behavior of dust clouds in underground mines and data to
compare with the predictions of the mathematical model, a
set of mine experiments were conducted. They were per-
formed in the Lake Lynn Laboratory of the U.S. Bureau of
Mines. The laboratory was formerly a limestone mine. Six
experiments were conducted. The salient parameters are
listed in Table I. The experiments provided data on ambient
concentration, floor deposition, particle size distribution, and
cross-sectional variation of dust at various stations along the
length of the airway. In addition, two experiments were per-
formed in the return airway of a longwall section.
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Table 1
Salient Data on Controlled Experiments

Dust Type Velocity, m/s
Experiment 1 Semianthracite 0.838
Experiment 2 Bituminous 0.833
Experiment 3 Semianthracite 1.855
Experiment 4 Bituminous 1.855
Experiment 5 Semianthracite 1.525
Experiment 6 Bituminous 1.525

The sampling plan for airborne concentration and deposi-
tion is shown in Figure 1. Centerline and cross-sectional air-
borne dust samples were collected as shown in the figure.
Twelve samples were collected at each of the three cross-
sectional sampling stations. The sampling systems were
designed for isokinetic sampling, using specially shaped
ged nozzles. Corrections as suggested by Belyaev
and Levin (1974) were applied to those data for which
isokinetic sampling conditions were not achieved.

Floor samples were collected at about 13 stations, 100 feet
apart, along the airway. Samples were collected along the
center and across the width of the airway. Flat deposition
plates covered with preweighed, lightweight, *“sharkskin’
filter papers were used to collect the dust.

The dust was dispersed by a fluidized bed-type trickle duster
through a four-port system of tubes. Each port was located
at the center of the four quadrants of the airway cross-section.
Semi-anthracite and bituminous dust, with top size of 25 pm
and median size in the 4.96 to 7 pm range were used as
source dusts.

COMPARISON OF MODEL OUTPUT WITH
EXPERIMENTAL DATA

The experimental data were compared with the output from
the mathematical model for similar physical conditions. Com-
parisons were made for ambient concentration, deposition,
particle deposition rates, dispersion cocfficient and cross-
sectional concentration of the dust. The inputs to the model
were based on the physical conditions prevailing during the
experiments. These included the airway, source dust
characteristics, and airflow conditions. For reasons of brevi-
ty, comparisons for only a select set of experiments are
presented.

The results of comparison of model output and experimental
data for experiments 1 and 6 are presented in Figures 2 and
3 for ambient concentration, and in Figures 4 and 5 for
deposition.

The comparison of predicted and actual concentrations for
experiment 1 (Figure 2) shows that predicted concentration
falls rapidly with distance from the source tending to an
asymptote towards the end of the region of interest. The ex-
perimental data also shows a rapid decrease in concentra-
tion from the source, in fact, more than that predicted by
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the model. However, part of this decrease may be due to
agglomeration induced increase in deposition rate. The two
data sets closely follow each other after 120 m from the
source. The respirable dust data show that while the predicted
and experimental data are generally in agreement, the ex-
perimental data show a more consistent deposition along the
airway.

The concentration data for experiment 6 (Figure 3) shows
a closer match between the predicted and experimental data
up to 180 m, after which the experimental data tends to
assume a less steeper decline in concentration. This pattern
is also true in the case of respirable dust data for the experi-
ment. The experiment was conducted at 1.55 m/s. It appears
that some of the differences between the concentration data
sets may be due to the greater sensitivity and scope for er-
rors in concentration data measurement. The deviation be-
tween predicted and experimental data at the first two sta-
tions near the source may possibly be due to inadequate
dispersion of the source dust.

The deposition data for experiment 1 is presented in Figure
4. The data shows good agreement between the predicted
and experimental data. The agreement is especially close be-
tween 60 and 400 m. The deposition data for experiment 6
(Figure 5) also show good correlation between the two data
sets between 100 and 420 m.

In addition to comparison of the predicted and experimental
ambient concentration and deposition, comparisons were also
made between the deposition rate per unit concentration, per
unit time, and the dispersion coefficient of the dust cloud.
The comparisons could be made for floor deposition only,
as the amount of dust deposited on the sides and roof could
not be collected with an acceptable degree of accuracy. Very
litde dust, compared to floor deposition, could be collected
on the sides and roof.

The theoretical deposition rate was assumed to be dependent
on only the physical parameters relating to the particle and
flow properties. The volume concentration of the dust was
assumed to be low enough to be considered a *‘dilute’ flow.
Therefore, the particles were assumed not to affect the fluid
flow properties and the theoretical deposition rate was con-
sidered to be independent of concentration or location of the
dust cloud in the mine airway. However, the experimental
data showed that deposition rate decreased with distance from
the dust source, becoming fairly constant towards the end
of the airway (Figure 6).
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Figure 1. Ambient concentration and deposition sampling plan (Controlled Experiment 6).
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Figure 3. Comparison of model predicted concentration with experimental data (Controlled Experiment 6).



15.0 +

12.5 -

Deposition (g/m2)

2.5

7.5-

5.0

Exposure Mouitoring and Control—Coal Mines I

Experiment 1
© totol deposition {expt.)

D] respiroble deposition (expt.)

toto! deposition {model)

“““ respirable deposition (model)

T T ¥ T T T T
60 120 180 240 300 360 420

Distance (meters)

Figure 4. Comparison of mode! predicted floor deposition with experimental data (Controlled Experiment 1).

Deposition (g/m?)

18-

Experiment &
total deposition {expt.)

B respirable deposition (expt.)

total deposition (model)

= = == = respirable deposition {model)

T8 T 209 0 o o
~~D~...m__ L _

Q0 o o
--H--80._060._p__ D..0__0G0__0O

1 1 L) T T
60 120 180 240 300 360 420

Distonce {meters)

Figure 5. Comparison of model predicted floor deposition with experimental data (Controlled Experiment 6).
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Figure 6. Normalized deposition rates of dust along mine airways (Experiment 5, size 3.73 microns).

The dispersion coefficient relationship used in the model was
developed by Skubunov (1974) and is given by: (equation 12)

E =15.8 upsc. 0% se. /AL
x 1

The values obtained by this relation was compared with the
experimental data. The experimental dispersion coefficient
was calculated using the procedure outlined by Klebanov and
Martynyuk (1974). The results are presented in Table I. The
comparison of the calkulated and experimental data show that
both are in the same order of magnitude. The experimental
values vary from 11.79 to 45.06 m?/s while the model
assumed value was 61.46 m?/s.

Cross-sectional concentration data were also collected dur-
ing the experiments. The data showed that the average con-
centration actoss the cross-section is 75% of the concentra-
tion at the center of the airway, with all the points in the
cross-section given equal weights. The concentration
decreases from the mof to the floor, with the top third of
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the airway having a concentration 72% of that in the lower
third, while the concentration in the middle third being 89%
of that in the lower third of the airway. Complete details of
the theoretical and experimental study are presented in
Bhaskar (1987).

SUMMARY

A mathematical model describing the behavior of dust clouds
in mine atmospheres was developed with special reference
to the condition prevailing in a mine. The model was pro-
grammed for the computer and outputs ambient concentra-
tion and deposition data as a function of time and location.
The output includes both the total and respirable size ranges.
In addition to mathematical modeling, experimental studies
were performed in mine airways for two types of dust at three
velocities. The experimental data were compared with the
output of the mathematical model for similar conditions.

The results show that there are areas of agreement and devia-
tion between the two data sets. The comparison highlighted
areas, such as deposition rate, reentrainment and diffusion
coefficient, where additional studies have to be performed.
Studies in these areas have been initiated and are continuing.
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DUST CONTROL ON LONGWALL SHEARERS USING

WATER-JET-ASSISTED CUTTING

C.D. TAYLOR ¢ P.D. Kovscek ¢ K. Neihaus ¢ E.D. Thimons

Bureau of Mines, U.S. Department of the Interior*

INTRODUCTION

Since 1977 the number of U.S. longwall mining sections
using double-ended ranging-arm shearers has more than
doubled. Improved productivity is a primary reason for us-
ing the longwall mining method. Average U.S. longwall pro-
duction is 700 to 1,200 tons/shift compared with 300 to 400
tons/shift for room and pillar mining. However, in some
cases, production on longwall sections must be limited
because the levels of airborne respirable dust exceed the man-
datory standard.

The best way to suppress dust generated by the shearer is
to add water to the coal at a location near the cutting bit.
The most effective way to accomplish this is to supply water
through the rotating drum and distribute it to nozzles located
in the bit block. All longwall shearers operating in the United
States are equipped with this type of water spray system for
dust control. Typically the water pressure measured at the
nozzle is 100 to 200 psi. Increasing the water pressure
delivered through the drum-mounted sprays will usually
decrease dust levels.

Water-jet-assisted cutting uses moderately high pressure,
2,000 to 10,000 psi (13.5 to 67.5 MPa), solid streams of
water, called water jets, that are directed to strike near the
cutting bit tip. The Bureau of Mines and others have
evaluated the potential advantages of using high-pressure
streams of water for water-jet-assisted cutting. Water-jet-
assisted cutting was used with a roadheader. Energy sup-
plied by the water jets enabled the roadheader to cut hard
rock that could not be cut when operating dry.! Results of
an earlier laboratory test program showed that airborne dust
formed during cutting could be reduced by using water-jet-
assisted cutting.2 The objective of this research program
was to determine what effect use of water-jet-assisted cut-
ting has on respirable dust levels generated during cutting
with a longwall shearer.

Testing was conducted on the surface at a simulated longwall
face and on an operating underground longwall section. The
initial study took place at the Bureau of Mines’ surface test
facility in Pittsburgh, PA. Operating parameters could be
controlled more precisely at the surface site than
underground. A 60-fi-long (18.5 m) by 6-fi-high (2 m)
coalcrete block, composed of coal, fly ash, and concrete,
was used to simulate a longwall face. Because coalcrete has
a higher silica content, it is more abrasive than coal; however,
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when using conventional drag bits, its cutting properties are
simitar. Overall the coalcrete face was homogencous.

The shearer used to cut the coalcrete was a Joy 1-LS1*
double-drum machine (Figure 1). For each test the shearer
cut from right to left. Only the left hand, or leading drum,
was supplied with high-pressure water and used for cutting
during the tests. The right-hand drum was positioned so that
it traveled within the cut made by the left-hand drum. A
longwall face conveyor, located adjacent to the coalcrete
block, provided continuous removal of the cut material, as
well as functioning as a support along which the shearer
moved. The diameter of the cutting drum (bit tip to bit tip)
was 54 in. (137 cm), and the drum width was 28 in. (71 cm).
During the tests, web width (thickness of the cut) varied from
25 to 29 in. (63.5 to 73.5 cm). The machine tram rate was
maintained at approximately 5 ft/min (1.5 m/min). Drum
rotation speed was 46 r/min with a bit tip speed of 650 ft/min
(200 m/min). Thirty-two radial attack bits were mounted on
the drum.

The site for the underground work was a longwall section
in the Auguste Victoria Mine, which is located in Marl, West
Germany. The face was 7.54 ft (2.3 m) thick, 919 ft (280 m)
long, and mined on retreat. During the tests, one single-drum
and one double-drum shearer were operated on the face.
Figure 2 shows the relative locations of the shearers on the
longwall face. The single drum machine, an Eickhoff model
EW-200/170-L shearer, was supplied with high-pressure
water (Figure 3). This shearer operated within
164 ft (50 m) of the longwall tailgate. While making dust
measurements, the shearer cut only in the upper part of the
face. Shearer tram rate and web width were maintained as
constant as possible.

Underground testing at low pressure was conducted using
the cutting drum that was originally supplied with the shearer.
This drum was not designed for use with high-pressure water
and a new drum had to be designed and built for the water-
jet-assisted cutting tests. Table I compares features of the
original and new drums. Included with the high-pressure

‘Referencewspociﬁcpmductsdoesnotimplyendomemmhymcmmu
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Figure 1. Shearer use for surface testing.
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Figure 2. Underground test area.
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Table I
Comparison of Cutting Drums Used During Underground Tests

High-Pressure Drum

Low-Pressure Orum

Diameter(in)..ceceucaans 67 63

Web depth(in)..c.ecevenae 33.4 33.5
R/mMin...cceeccncens cenen 23.6 48

Bits (No./type).cccc... . 51/conical 55/radial
Bit tip speed (ft/min).. 413 791

Spray nozzles (No./type) 50/Sapphire 41 /conical
Flow rate{gal/min)...... 10 to 21 10

Figure 3. Shearer operating underground.

drum was a pewly designed ranging arm with double
planetary gearing that provided a drum rotational speed of
23.6 t/min. The slower rotational speed allowed a more ef-
ficient distribution of fiuid energy, i.e., more energy could
be supplied per length of cut. However, another consequence
of slower rotation speed was a decper depth of cut. The bit
lacing was modified to provide more efficient cutting and
loading at deeper cutting depths.

SURFACE WATER DELIVERY SYSTEM

A 200-hp (112-kW) Aqua-Dyne triplex pump was used to
supply the desired water pressures to the shearer. The pump
was placed adjacent to the coalcrete face and water was
transported to the shearer through a 2-in (5.1 cm) flexible
hose. Water during the low-pressure tests was main-
tained at 190 psi (1 mPa). During each water-jet-assisted cut-
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between 1,000 and 6,000 psi (7 to 40 MPa) were used. Water
entered the cutting drum through a high-pressure Aqua-Dyne
rotary seal, located in the drum hub. Six hoses were at-
tached to the rotary seal. Each one of the six hoses carried
water to a sector of the cutting drum which contained ap-
proximately 1/6 of the water jet nozzles. A water jet nozzle
was located in front of each of the 32 cutting bits on the left
cutting drum (Figure 4). All water nozzles in the drum
operated continuously during the surface tests.

Each nozzle used for these tests had a 13 degree Leach and
Walker configuration (Figure 4). To maintain approximate-
Iy the same flow rate during the high- and low-pressure tests,
0.024 in. (0.6 mm) and .07 in. (1.78 mm) orifices, respec-
tively, were used. Nozzle flow rates for each test pressure
are given in Table II. Each nozzle delivered a solid stream
of water to a location about 0.1 in. (3 mm) in front of the
bit tip. Distance from the nozzle to the bit tip averaged about
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Figure 4. Bit block and nozzle configuration for surface
testing.

Table I
Flow Rate versus Water Pressure for Surface Tests

Flow rate
Pressure, psi gal/min
High-—pressure:1
6,000........ 1.26
5,000........ 1.15
4,000........ 1.03

3,000........ .90
2,000........ .75
1,000.....2.. .54
Low-pressure:
190.......... .90

l9.024-in orifice 20.071-in orifice

4 in (10 cm). The water lines in the cutting drum were flushed
frequently, and the water passed through 10 micron filters
to reduce the possibility of nozzle blockage.

UNDERGROUND WATER DELIVERY SYSTEM

Norma! head pressure provided water to the shearer at 340
psi (2.4 MPa). Forty-one conical spray nozzles mounted in
the cutting drum were used for dust control. Total flow rate
for this normal operating pressure was approximately 10
gal/min (38 /min).
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To provide the high-pressure water needed for water-jet-
assisted cutting, a five-piston pump was mounted on a trailer
that was pulled by the shearer. The maximum capacity of
the pump was 34 gal/min at 10,000 psi. Fifty of the 51 bit
blocks were equipped with jet nozzles (Figure 5). Blockage
of the 0.6 sapphire nozzle orifices was reduced by installing
a 10 micrometer filter in the water line.

The drum built for the high-pressure tests, was divided into
10 sectors. Water was directed to each sector through
manifolds and high-pressure hoses (Figure 6). A phasing
system was designed to feed the water to five of the ten sec-
tors at a time. The average angle of the arc of rotation that
was supplied with water was 195 degrees (see Figure 7). Us-
ing this phasing system reduced the water required by about
50 pct.

Conical bit

-

BTN NS
LEAY L L Al

= B

AP,

SRR § R T R
NN

High pressure water connection

Figure 5. Bit block and nozzle configuration for
underground testing.

TEST PROCEDURE

Cuts made in the coalcrete block were 5 to 40 feet (1.5t
12.3 m) in length. Water pressure was monitored during each
test cut to assure the water pressure did not vary.

Dust levels were measured at two locations near the shearer.

1. About 6 ft (1.8 m) from the cutting drum at approximate-
ly the same height as the top of the cut.

2. About 24 in. (0.6 m) from the bottom of the lead drum.

Real-time aerosol dust monitors (GCA RAM 1’s) and strip
chart recorders were used to track the levels of airborne
respirable dust. Dorr-Oliver 10 mm-nylon cyclones were
used to separate the respirable dust from the larger
particulates.

Underground, one Iocation upwind, and another downwind
of the shearer were sampled. As much as possible, during
underground testing, no other work that produced dust, such
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High pressure

Manifold

Phasing valve

Figure 6. High-pressure water supply to cutting drum.

Phased water supply

Figure 7. Phasing system for underground testing.

as moving the roof supports, was carried out upwind of the
shearer. The dust generated by the second shearer, which
operated on the headgate side of the test shearer, did not in-
fluence the dust readings, because airflow was from tailgate
to headgate.

RESULTS

For the surface tests, the average dust levels measured while
using high-pressure water (1,000 to 6,000 psi) were com-
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pared with dust levels generated while operating at 190 psi
(1 MPa). The percentage dust reductions achieved by using
the higher water pressures are shown in Table IIT. At a water
pressure of 3,000 psi (20 MPa), the dust levels were 79.2 pct
less than when operating at 190 psi (1 MPa). Raising the
pressure further from 3,000 to 6,000 psi (20 to 40 MPa)
resulted in only small additional dust reductions.

Table Il

Comparison of Dust Reduction During High- and
Low-Pressure Operation

Dust reduction,
1 pct

Pressure, psi

High-pressure:

6,000........ 80.4
5,000, 00000 84.8
4,000........ g80.4
3,000........ 79.2
2,000........ 63.9
1,000.....2.. 4.2
Low-pressure:
190 .c0cnnces 0

19.024-in orifice 20.071-in orifice

The underground respirable dust results are shown in Figure
8. At a water pressure of 1,800 psi (12 MPa) and a water
flow rate of 10 gal/m (38 I/min), average dust levels were
reduced almost 80 pct to dust levels measured
while operating at 340 psi (2 MPa) and 10 gal/min (38 1/min).
Maintaining the water pressure at 1,800 (12 MPa) and in-
creasing the flow rate to 21 gal/min (80 I/min), by increas-
ing the nozzle orifice size, resulted in no further reduction
in dust. Additional reductions in dust level due to increas-
ing the pressure to 7,200 psi (50 MPa), with a flow rate of
21 gpm, (80 I/min) were not significant.

DISCUSSION

Dust Levels

Use of water during longwall mining reduces the levels of
girborne dust by:
1. Capturing airborne dust particles.
2. Wetting the dust particles before they can become
airborne.

The surface study results showed that increasing the water
pressure from 190 to 1,000 psi (1 to 7 MPa) did not
significantly reduce dust levels. Dust Jevels decreased rapidly
as the water pressure was raised from 1,000 to 3,000 psi
(7 to 20 MPa). Any further decrease in dust level, as the
water pressure was raised from 3,000 to 6,000 psi (20 to
40 MPa), was small.

Raising the water pressure underground from 340 to 1800
psi (2 to 12 MPa) reduced airborne dust levels 70 to 80 pct.
There was no significant additional reduction in dust level
when the pressure was raised from 1800 to 7,200 psi (12
0 50 MPa). The fact that there is a maximum pressure above
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Figure 8. Underground respirable dust results.

which no further dust reductions take place further confirms
the results of the surface longwall shearer study and the work
performed by other researchers with roadheaders.3

The operation of the shearer during surface cutting of the
coalcrete was similar to the operation of a shearer on an
underground longwall section. However, the airflow patterns
on an underground longwall face, which have a significant
effect on the distribution of the airborne dust near the shearer,
could not be simulated during surface testing. Also, the
amount of dust generated by cutting coalcrete and coal would
not be the same, due to physical differences between the two
materials. Therefore, the dust levels measured during sur-
face testing cannot be directly related to the amount of dust
generated underground. However, the underground study
results verify that the relative reductions in dust resulting
from use of the high-pressure sprays are typical of what can
be achieved underground,

Mining conditions during underground testing were represen-
tative of a typical longwall operation although the amount
of dust generated was extraordinarily high. This may have
been due to cutting in a faulted zone. The same reductions
in respirable dust obtained underground cannot be expected
for all faces. Use of high-pressure water directed through
drum mounted jet nozzles would be effective for dust sup-
pression on all longwall faces.
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Interpretation of the underground dust data is complicated
by the fact that during the high-pressure tests, a different
cutting drum was used and the drum r/min was reduced. Cut-
ting depth was increased because the tram rate was kept con-
stant. Reduced drum 1/min and increased cutting depth has
been shown to reduce airborne dust levels. It is not possi-
ble to determine how much each factor, reduced r/min,
deeper cutting, or water-jet assist, contributed to the reduc-
tion in dust levels. For optimum dust control, it is recom-
mended that high-pressure water be used with reduced drum
speed and deeper depth of cut.

Supplying high-pressure water for water-jet-assisted cutting
requires a large amount of fluid energy. The quantity of
energy can be reduced if water is supplied only to that part
of the cutting drum where the bits are in contact with the
rock, Although a phasing system was used for the
underground study, a suitable system wasn’t available for
the surface study. To more accurately reflect the amount of
energy directed to the bits that were cutting during the sur-
face tests, the total fluid energy supplied was divided by two.
Using these calculations, at 190 psi (1 MPa) operating
pressure, the fluid energy accounted for less than 2 pct of
the total energy used during cutting. At 6,000 psi (40 MPa),
almost 33 pct of the total energy supplied during cutting was
provided by the water jets. During underground testing a
similar proportion of the total energy was supplied by the
water jets.

CONCLUSIONS

The results of the surface and underground studies showed
that use of water-jet-assisted cutting significantly reduces air-
borne dust generated by a longwall shearer. Optimum dust
suppression was achieved using pressures between 1,000 and
3,000 psi (7 to 20 MPa). These reductions in respirable dust
were obtained without increases in water flow rate.
Underground a phasing system, used to direct water to only
those bits that were cutting, reduced water flow rate by 50
percent. The second underground trial called for under this
research project will be conducted on a longwall face in the
United States. During this test a double ranging arm shearer

will be equipped with a high-pressure water supply system.
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TECHNICAL DUST SUPPRESSION METHODS IN COAL MINES IN THE
FEDERAL REPUBLIC OF GERMANY DEPENDING ON THE CONDITIONS
OF THE DEPOSITS AND THE MINING DEVELOPMENT

K.R. HAARMANN, Dipl.-Ing. {TH)
Bergbau AG Westfalen, Werksdirektion Monopol, FRG

In the Federal Republic of Germany, mining techniques and
dust suppression measures must take into consideration the
following important characteristics of the deposits:
* Great depth
¢ Simultaneous mining in several seams
® Mining in level and inclined formations and the occur-
rence of rock strata in the seams.

Conditions of the Deposits and of the Mining
Technique and Dust Suppression Measures

The average mining depth in West German coal mines in
1986 was 902 m. By the year 2000, an increase in depth to
around 980 m is anticipated.

The control of high temperatures requires large volumes of
mine air. The results is an increased inlet of dust into the
ventilating air current at the dust generation point and hinders

dust sedimentation. An important planning principle in all
mines is to have both the coal and the ventilating air moving
in the same direction (homotropal ventilation) wherever
possible. Antitropal ventilation must be avoided.

In order to avoid dust raising in the transport area, transfer
points and crushers in particular must be carefully sur-
rounded. Where the belt conveyors have to pass through air
locks, covering belts (see Figure 1) are a good method of
preventing the dust swirling at these points of high ventila-
tion air velocity.

In some cases, an increasing gas content has been observed
with increasing mining depth. In these cases too, large quan-
tities of ventilation air are required in order to keep the CH,
concentrations within permissible limits. Homotropal ven-
tilation here is an important precondition for preventing dust
raising.

Figure 1. Covering belts at air Jocks.
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The depth of the mining operations and the associated over-
burden pressure demand special measures for roof control
at the faces. All faces in level and inclined formations are
fitted with shieldtype supports.

Cushions of rock on the shield canopy are the primary causes
of dust development at the support and of the dust concen-

Exposure Monitoring and Control—Coal Mines I

tration in the mine air. A further reduction in dust can be
achieved with slide bars moving in the same direction (see
Figure 2) and dampening of the cushions of rock using water
under high pressure (see Figure 3).

A face with a roof which is difficult to control can be effec-
tively improved by a high rate of face advance. All the faces

Figure 2. Shieid-type suppert with slide bars.

Figure 3. Dampening of the rock cushion with high-pressure water.
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are operated in several coaling shifts. This multiple shift min-
ing means, however, that only a limited time is available per
night for coal face infusion from the face area, demonstrably
the most effective method of dust suppression in West Ger-
man coal mines. ‘‘Longwall face infusion’ is therefore
becoming more widespread. ‘‘Longwall face infusion’* can
be performed as a process of advance infusion through long
boreholes from one or both gate roads. The infusion of 34
V/min of water with the necessary pressure is commenced
several months before the actual start of mining.

High rates of face advance and the consequent demands for
gate roads require a high-performance road heading system.
In 1987, 100 cutting head machines and 36 impact rammers
were used for this purpose (see Figure 4). The high level
of dust created by the cutting head machines necessitates the
use of dedusters with high extraction rates.

Mining depth and overburden pressure require special
measures to maintain the cross-sections in the gate roads.
These measures include back-filling of roadway supports and
production of roadside packs using hydraulically bonding
materials to increase the strength of the roadway supports
on the side of the worked seam. The materials are transported
preumatically in pipelines. Dusts can be created if these
materials are sprayed with the incorrect water content. This
problem can be avoided, however, by applying the material
hydro-mechanically.

These great mining depths and increasing overburden
pressures have, however, also resulted in convergence-
reducing road heading methods being more widely used. This

Anzahl Maschinen
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has led in some cases to a move away from the gate roads
being headed in front of the coal face so that the gate roads
are now kept with or kept behind the line of the coal face.
In 1986, 59 gate roads were kept with and 6 gate roads kept
behind the line of advance of the coal face. With this method
of road heading, impact rammers (sce Figure 5) have proven
to be effective, since they show clearly the benefit of reduced
cutting into the surrounding rock and thus less dust develop-
ment. In gate roads headed with the advance of the coal face,
face conveyors with supporting sheave curves (see Figure
6) are used. This provides for a sliding transfer of the material
conveyed during the deflection through 90°. A
free fall of the material from one means of transport to the
next is thus avoided.

In the vast majority of pits in West German coal mines,
several seams with differing thickness are mined
simultaneously in level, gently sloping and sharply sloping
formations.

During this multiseam working, the horizontal development
is primarily effected by excavations in the surrounding rock
of the deposits. In 1986, in addition to the widely practiced
heading by blasting, seven full-thickness headers were used
for developing hardheads (see Figure 7). During this year,
14 km of roadway were developed. The dust production is
controlled by the use of high-performance dedusters.

In the majority of cases, headings parallel to the face have
to be developed by overcutting and undercutting due to the
lack of seam thickness or the non-horizontal position of the
seams in the heading area.
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Figure 4. Use of road headers.
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Figure 5. Impact rammer.
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Figure 6. Face conveyor with supporting sheave curvers in the coal haulage road.
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Figure 7. Full-thickness header.

Seams of greater thickness frequently contain intercalated
rock materials. Coal dust and rock dust are produced when
these intercalations are cut. This creates particular problems
for the dust suppression. Since it is not possible to suppress
the rock dust separately, the aim must be to make dust sup-
pression so intensive that the total respirable dust content of
the mine air is kept as low as possible.

Both plough-type and shearer-type machines are in opera-
tion for mining. The percentage of the production from 93
faces employing shearer-loader operation in 1986 was ap-
prox. 40 million tv = 48%. Shearer operation is used
primarily in seams with solid coal with a thickness of greater
than 1.90 m. Drum speed and pick lacing, pick length and
cutting depth, drum shape, spray jet position and an adequate
water distribution to the leading and trailing drums with the
necessary pressure are among the most important precondi-
tions for minimizing dust creation.! In 1987, good results
were obtained during trials using the ““coarse grain drum™
(see Figure 8).2

In mines with gently sloping formations or mines with
geological faults and high percentages of surrounding rock
which is cut with the ¢oal, no acceptable degree of dust sup-
pression can be achieved using the measures described above.
In such cases, the installation of separating elements between
the conveyor track and the mining area (*“dust flow separa-
tion’") has proven to be an effective solution.3* An effec-
tive deduster for 2/3 of the face air volume in the return air
road is necessary.

In seams of lesser thickness and with soft coal, plough opera-
tion is employed. In 1986, approx. 37 million tv = approx.
45% of the total coal production came from plough-operated
faces. Development of the sliding plough has now made it
possible to extend the use of the plough to the tough/hard,
thin and gently undulating seams of h.v. bituminous and long-
flame coal. At plough-operated faces, sectional plough track
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spraying has been successfully used under automatic remote
control for several years. In two of the mines, trials have
been performed with a programmable track spray system
which simultaneously monitors the pressure and volume of
the spray water.

Optimization of the cutting depth, the number, shape and
line of contact of the picks and, of course, the choice of the
plough speed are important criteria for minimizing the
respirable dust production.’

Applying the dust suppression measures described above,
a high degree of success has been achieved in West Germany
since 1952. The industrial health demands have been regular-
ly increased since the beginning of systematic measurements
of the respirable dusts. The annual number of new cases of
compensation due to silicosis has decreased noticeably.® In
order to achieve further successes in the reduction of total
respirable dust concentrations, I would like to conclude by
formulating a number of demands to be made on future
development work on improving technical dust suppression:

1. Increased use of water under high pressure.

2. Planning of all dust suppression facilities as a complete

system from the outset.

. Greater use of remote control systems.

4. Research into the other physical properties of the dusts
which would allow the dusts to be bound as a replace-
ment, for the use of water.

5. Research into the surface physics and specific harm-
fulness of the individual particles.

3

These new developments in dust suppression measures must
be put into practice as soon as possible in order to achieve
a further reduction in the total respirable dust content in the
mine dusts, and thus to improve the health-related working
conditions of the coal miner.



Figure 8. Coarse grain drum.
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SUMMARY

In the Federal Republic of Germany, the particular condi-
tions of the deposits—average mining depth of 902 m, high
overburden pressures, multiseam mining, sloping formations,
developing of roads in the surrounding rock, mining of rock
strata in the seam, etc.—and the mining techniques—mining
using plough systems, shearer-loaders, use of road heading
machines in the ceoal and in the surrounding rock, use of
hydraulically bonding construction materials, etc.—demand
intensive efforts in the development of technical dust sup-
pression measures.

Specific planning principles, e.g., ensuring that both the coal
and the ventilating air are moving in the same direction, must
be observed wherever possible. Effective techniques, e.g.,
coal face infusion, programmable plough track spraying
systems and shearer-loader spraying systems at the face, pick
spraying systems on the road heading machines, must be
applied.

In research and development, projects are being pursued
which are aimed at extending our understanding of the sur-
face characteristics of dust particles. The knowledge of these
characteristics can then be used for even more effective dust
suppression and for an assessment of the specific harmfulness
of the dust particles.
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CHARACTERISTICS OF CHRONICALLY DUSTY LONGWALL MINES IN THE d.S.

JAMES L. WEEKS, Sc.D,, C.I.H.

Deputy Administrator, Department of Occupational Health and Safety

United Mine Workers of America, Washington, DC

INTRODUCTION

Concentration of respirable coal mine dust in underground
mines in the U.S. has been analyzed as industry wide
averages and in relation to specific mining technolo-
gies.2 712,13 Industry wide averages do not consider impor-
tant differences between mines and analyses of exposure
classified by mining technologies do not consider differences
and associations within mines.

The proportion of sections in or out of compliance with the
2.0 mg/m® dust standard is also a common method of
measuring performance. This type of analysis usually does
not consider performance over longer periods of time. Since
most lung diseases caused by dust require chronic exposure,
it would be more appropriate for the task of disease preven-
tion to assess patterns of violation over longer time periods
than is done with measures at one point in time. And since
the principal focus of enforcement is a mine, we should
analyse performance of mines.

Therefore, the principal analytical unit considered in this
paper is individual mines whose performance is assessed over
a four year period, from FY 1984-1987. The purpose of this
analysis is to describe 2 method for identifying chronically
dusty mines and to consider characteristics of these mines
that may provide insight into achieving improved dust
control.

Feasible engineering controls for conventional, continuous,
and longwall mining methods have been developed and
described.3-6-? The principal methods for having these con-
trols adopted in mines include enforcement of regulations
adopted by the Mine Safety and Health Administration
(MSHA), and providing technical assistance by MSHA and
the U.S. Bureau of Mines (BOM).

Exposure to respirable dust has been significantly reduced
since 1969 when the Federal Coal Mine Health and Safety
Act was enacted.* However, in recent years, progress in
controlling dust exposure in mines, particularly those that
use longwall methods, has ceased. (Table I) Therefore, it
is appropriate to question what additional opportunities ex-
ist or may be created for continuing progress in controlling
exposure to dust. This analysis is limited to mines that have
one or more longwall sections.

The question remains which mines have the poorest records
and what do these mines have in common. The Bureau of
Mines has identified some engineering problems at mines
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with excessive dust concentration.’ 1 wish to describe some
characteristics that may provide additional opportunities for
intervention.

MATERIALS, METHODS

Data were gathered from three sources. First, measurements
of dust exposure by mine operators were obtained from
MSHA. Operators in the U_S. are required to monitor ex-
posure to respirable dust for five consecutive production
shifts six times each year.! High exposure personal or

" quasi-personal samples are taken for specified workers or

““designated occupations’” at each mechanized mining unit
(MMU) or mine section.

The purpose of this monitoring program is to assess com-
pliance with the statutory limit of 2.0 mg/m?>. If the average
of five samples exceeds the limit, the operator is issued a
citation for non-compliance and is required to continue
sampling and make adjustments to reduce exposure.

This sampling program generates approximately 100,000 in-
dividual dust samples each year—an exceptionally large data
base that can be used to consider a wide variety of issues.
This data set includes the mine identification number (in-
cluding a state code), MMU number, mining method, oc-
cupation code, date the sample was taken, and dust
concentration.

' The dust analysis program at the United Mine Workers of

America acquires and analyzes this data on a regular basis
in order to identify those mines with the most persistent dust
exposure problems. Annual average dust exposure is
calculated for each MMU taken at each mine. Those mines
that have one or more MMUs with annual averages above
2.0 mg/m?® are considered ‘‘dusty mines.”* Industry-wide
average dust exposure for each mining method and the pro-
portion of mine sections with averages over 2.0 mg/m’ are
also calculated.

Certain mines appear regularly on this list. Chronically dusty
mines are those that have appeared on the dusty mines list
for at least three out of the past four years.

Second, we acquired additional information about mines with
active longwall sections from annnal census data published
in industry trade publications.!® This includes the dimen-
sions of longwall panels (length, width, thickness), and
number of entries, and the average depth for each mine.

Third, since diesel powered equipment generates respirable
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Table I

Percent of Longwall Sections with Annual Average
Concentration of Respirable Dust Over 2.0 mg/m?

FY
1982
1983
1984
1985
1986
1987

particulates, it is possible that excess exposure to dust is
associated with use of this equipment. At the present time,
personal respirable dust sampling units cannot distinguish
between diesel particulate and respirable coal mine dust
generated by coal cutting and transport.® Therefore, we ob-
tained from MSHA a census of diesel powered equipment
currently used in underground mines.

None of these data sources is perfect. Operator samples of
respirable dust may systematically underestimate concentra-
tion.! The industry census was incomplete, is dependent on
voluntary contributions, and could not be independently con-
firmed. MSHA's census of diesel equipment also could not
be independently confirmed and was a measure only at one
point in time.

We compared characteristics of chronically dusty longwall
mines with other longwall mines and with the remainder of
the industry. Variables examined include geographic distribu-
tion, dust exposure at non-longwall sections (Without excep-
tion, these are all continuous mining sections) at these mines,
number of entries, use of diesel powered equipment, and
dimensions of the longwall panels.

RESULTS ,

Included among all longwall mines are 19 that are chronically
dusty. While they occur in most mining regions, they are
concentrated in the west. Out of 16 longwall mines in the
west (Utah, Colorado, New Mexico, and Wyoming), 9 are
chronically dusty. (Table II) Both the proportion and the
number of chronically dusty longwall mines is greater than
that in the mid-west, northern Appalachia or southern
Appalachia.

Chronically dusty mines are somewhat more likely to use
diesel powered equipment than not, though the difference
is not significant (Table IIT). They are four to five times more
likely to employ two entries for their longwall panel as other
mines. This association is highly significant statistically
(p=0.002) (Table IV).

Use of diesel powered equipment and two-entry mining are
also concentrated in the west. (Tables V, VI) These three
characteristics—geographic distribution, use of two entries,

L 4
33.7
35.5
32.8
37.7
32.7
38.4

and use of diesels—are almost completely confounded, mak-
ing it difficult to separate independent associations.

The length, width and cutting height of chronically dusty
longwall panels are slightly but not significantly larger than
that of other longwall panels. (Table VII) Moreover, they
are also, on average, under deeper cover, especially for
mines in the west. (Table VIII) Taken together, these fac-
tors may contribute to dust problems. Wider panels and larger
cutting height may be associated with dust generation by in-
creasing cutting time per shift and increased contact between
cutting bits and the coal seam. Greater depth of cover puts
greater pressure on the coal seam which could result in less
stability and increased friability.

It is not only longwall sections at these mines that have
greater dust exposure; there is greater dust exposure on con-
tinuous mining sections at these same mines. Average dust
exposure (for FY 1987) and proportion of MMUs with an-
nual averages over 2.0 mg/m?® at continuous mining sections
at chronically dusty mines are both significantly greater than
those at other longwall mines and greater than the remainder
of continuous mining sections throughout the industry.
(Tables IX, X) This is consistent with findings we have
reported before.!*

DISCUSSION

Annual average dust concentrations based on operator
samples taken in order to assess compliance is a conservative
measure of exposure. Because of institutional incentives,
operator samples may underestimate exposure to dust. Fur-
thermore, an annual average based on measurements taken
for the purpose of assessing compliance may also
underestimate exposure. After a determination of non-
compliance, the operator must take additional samples until
the average is reduced. In the analysis presented here, we
included all measurements, including those taken for the pur-
pose of demonstrating compliance.

By limiting attention to those mines with longwall sections

that generate averages over 2.0 mg/m3 for at least three of
the past four years, we miss considering those mines that
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Table II
Geographic Distribution of Chronically Dusty Mines
Number of LW Chronically ( %)
Mines Dusty Mines
West (CO, UT, NM, WY) lé 9 (56)
Mid-West (IL) S 0 { 0)
No. Appalachia (MD, OH, PA) 12 3 {25)
So. Appalachia (AL, KY, VA, WV) 44 7 (16)
Total 77 19 {25)
Table I
Chronically Dusty Mines Classified by Use of Diesel Powered Equipment (percent) 1987
Number of LW Chronically
Mines Dusty Mines
Using Diesel Powered
Equipment 31 10 (32)
Not Using Diesel Powered
Equipment 46 9 (20)
Total 77 19
Chi Square = 1.61, 1 d.£., NS
Table IV

Chronically Dusty Mines Classified by the Number of Support Entries {percent)
Number of LW Chronically

Mines Dusty Mines
Number of Support Entries
2 6 5 (83)
3 27 7 {(26)
4 + 39 6 (15)
Unknown 5 1

*pP20.002 Fisher's Exact Test for 2 entries v. others

Table V
Geographic Distribution of Longwall Mines that Use Diesel Powered Equipment (percent)

Number of LW Number Using

Mines Diesels
West (CO , UT. WY) 16 16 (100)
Mid-West (IL) 5 0 { 0)
No. Appalachia (MD, OH, PA) 12 1 ( 8)
So. Appalachia (AL, KY, VA, WV) 44 14 { 32)
Total ' 77 31 ( 40)
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Table VI
Geographic Distribution of Longwall Mines by Number of Support Entries

West (CO, UT, WY)
Mid-West (1IL)
No. Appalachia (MD, OH, PA)

So. Appalachia (AL, KY, VA, WV)

Total

Number of Mines by
Number of Support Entries

Table VI
Average (SD) Panel Dimensions and Depth of Longwall Sections

Cutting Height {inches)
Panel Width (feet)
Panel Length (feet)
Depth (feet)

2 3 4+ Unknown

6 5 1 1

0 4 0 0

0 6 8 2

0 12 30 2

6 27 39 5
Chronically Others
Dusty Mines

N=19 N-58

85 ( 27) 74 ( 21)

632 ( 113) 622 ( 95)
5028 (1247) 4949 (1311)
1131 ( 697) 965 ( 533)

(None of the differences are statistically significant ., p >

.05, t test.)

Table VIII
Average Depth of Longwall Mines Classified by Geographic Location

West (CO, NM, UT)

Mid-West (IL)

No. Appalachia (MD, OH, PA)

So. Appalachia (AL, KY, VA, WV)

P < .01 one-way ANOVA

have only recently developed longwall sections or that have
temporarily stopped production. Dust exposure at these mines
(the number is unknown and assumed small) may be similar
to that of the mines shown here.

It is likely that several factors could contribute, independently
or in combination, to the concentration of chronically dusty
mines in the west. These include development of two en-
tries, increased depth, and panel dimensions. Assessing the
contribution of these factors would require more detailed ex-
amination. It is also possible that min¢ management or
regulatory agency practices unique to this area may be con-
tributing factors.

Average Depth {SD) N of
(feet) mines
1492 (704) 16

620 ( 60) 5

598 (179) 12

1084 (535) 44

The relatively poor performance in continuous mining sec-
tions (in addition to longwall sections) at chronically dusty
mines suggests that dust control problems at these mines may
be mine-wide rather than confined to any one section or min-
ing method. Excess dust exposure in continuous mining sec-
tions shows no geographic association and therefore, no
association with any of its correlates—use of diesel powered
equipment or two support entries.

We have described and demonstrated a method for identify-
ing mines that exhibit a pattern of excess concentration
respirable dust. This method could be employed more effi-
ciently to use resources throughout the industry for the pur-
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Table IX
Continuous Mining Sections With Annual Averages Over 2 mg/m?

Total Number of Continuous
Mining Sections

Longwall Mines:

Chronically Dusty 74
Other 281
Non-Longwall Mines 1,659
Total 2,014

Number with
Annual Averages
> 2.0 mg/m3 (%)

8 {11)
8 { 3}
60 ( 4)

p < .01, Chi Square, 1 d.f., Chronically Dusty lL.ongwall Mines v,

all others.

Table X
Average Dust Exposure on Continuous Mining Sections

Chronically Dusty Mines
Industry-Wide Average

pose of achieving better dust control and thereby, to reduce
the risk of chronic occupational lung disease.

We have shown that mines in the west have the poorest per-
formance, that chronically excessive dust concentration is
associated with use of two entries, and that excessive dust
concentration is not limited to longwall sections. Chronic ex-
cessive dust concentration is weakly associated with increased
panel dimensions and depth of cover.
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ABSTRACT

On December 1, 1985, the U.S. Department of Labor’s Mines Safety and Health Administration (MSHA)
implemented a fully computerized, revised quartz exposure monitoring program that among other features,
enables coal mine operators to participate for the first time in the coal dust standard-setting process when
more than 5 percent quartz is found in active workings. In addition, the improved program also provides
for automatic reevaluation of work areas or occupations on a reduced dust standard on a biannual basis.

In the 22 months since its inception, 7418 MSHA, 1349 operator, and 455 operator 6-mo. samples were
analyzed for respirable quartz. As a result, 1740 areas or occupations were identified as having excessive
quartz dust and thus were required to comply with a reduced respirable dust standard. An additional 304
operations on reduced respirable dust standards continued to operate under stricter dust standards because
of quartz reevaluations.

During this period, approximately 42 percent of the coal mining operations given the opportunity to par-
ticipate in the dust standard-setting process elected to do so. Despite the lower than expected participation
rate, the improved program has enabled more effective identification and more frequent monitoring of areas
or occupations experiencing high levels of quartz dust exposure,

This paper will discuss the key features of the improved MSHA quartz dust exposure monitoring program,
how reduced respirable dust standards are currently set, and the performance of the program since its inception.

INTRODUCTION

During the seventeen years following passage of the Federal
Coal Mine Health and Safety Act of 1969, exposure to air-
borne quartz dust has been controlled by reducing the
allowable dust standard when coal mine dust contains more
than 5 percent quartz. One of the significant milestones in
the Federal quartz enforcement process occurred in early
1981, when MSHA began to use the low-temperature ashing,
infrared (IR) methed for the determination of quartz in coal
mine dust samples.

Unlike the earlier direct IR procedure, which required a
number of samples to be combined to obtain a sample con-
taining sufficient dust for analysis,!? the upgraded IR
method allows individual samples weighing as little as 0.5 mg
to be analyzed for quartz. By using this method, the number
of quartz determinations per year increased dramatically as
illustrated in Table 1. Consequently, this has resulted in a
corresponding rise in the number of designated entities on
a reduced respirable dust standard (entities that are required
to be sampled bimonthly by coal mine operators}, from 155
in 1980 to over 1360 in 1985.

The increase in the number of reduced standards, especially
on roof bolters, coupled with growing operator concern about
MSHA’s longstanding policy of establishing a dust standard

Table [

History of Inspector Coal Mine Dust Samples Analyzed
for Quartz, FY 1978-FY 1987

Number of Number with

Fiscal Year

Analyses »5% Quartz
1978+ BT6 311
1979= 1257 528
1980+ 1619 721
1981 3937 2188
1982 4342 1881
1983 4774 1896
1984 5134 2135
1985 4380 1712
1986 4484 1482
1947 3g48 1181

* Calendar Year

based on the analysis of a single inspector sample prompted
the agency to reexamine its quartz enforcement strategy. In
December of 1985, MSHA instituted the current quartz pro-
gram, one that not only provides for more frequent monitor-
ing of gquartz dust exposure, but, for the very first time,
enables coal mine operators to participate in the dust
standard-setting process.

MSHA's CURRENT QUARTZ PROGRAM

The implementation of the revised quartz enforcement pro-
gram marked the successful culmination of three years of
effort to make the dust standard-setting process more effec-
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tive. Its aim was to expand the level of health protection of
the miner through more frequent monitoring and timely dust-
standard adjustments.

Specific Features

The current quariz enforcement program was designed to
achieve these objectives:

1. Consider day-to-day variations in environmental quartz
levels.

2. Allow use of limited number of operator dust samples
to set the dust standard when over 5 percent quartz is
found.

3. Provide for subsequent monitoring of entities (i.e., jobs,
areas, or work positions) placed on a reduced standard.

4. Provide for automatic biannual reevaluation of entities
placed on a reduced standard.

As before, the sample that triggers the dust standard-setting
process is an MSHA sample. However, the resulting dust
standard is now based on up to three samples, a combina-
tion of MSHA and operator samples. The background and
development of this dust standard-setting strategy will not
be discussed as it is beyond the scope of the paper.34

Adjusting a Dust Exposure Standard

The specific procedures for setting a respirable dust stan-
dard differ somewhat depending on whether an entity is (a)
on the normal 2.0 milligrams per cu. meter of air (mg/m?)
dust standard; (b) already on a reduced respirable dust stan-
dard; or (c) on a reduced standard and being automatically
reevaluated.

Entities on the Normal Dust Standard

Whenever an MSHA dust sample from an entity is found
to contain over 5 percent quartz (or more than 10 percent
quartz from a Part 90 miner already on a 1.0 mg/m® dust
standard), the mine operator is notified by computer message
of the option to collect a sample from the entity in question
and submit it to MSHA for quartz analysis within a prescribed
time frame. Since optional samples require minimum weight
of 0.5 mg for analysis, dust collection over several shifts
is permitted to obtain the required weight gain. These op-
tional samples are used for quartz analysis only—not for com-
pliance determination.

If the percentage of quartz found in the optional sample is
within +2% of the MSHA sample, the two values are aver-
aged, and the result is used to determine the allowable stan-
dard by dividing it into the number 10. Should the percent-
age of quartz differ by more than 2%, the operator is asked
to collect a second sample. The three quartz values, MSHA
plus two operator, are then averaged, and the result deter-
mines the standard for the entity. All quartz percentages are
truncated to a whole percent. If the hundredths position in
the calculated standard is greater than 0, the standard is raised
to the next highest 0.1 mg.

In the event the operator fails to submit an optional sample
frame, the standard is based on the MSHA sample alone.
If the first optional sample is sent in, but not the second,
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the sample with the highest quartz percentage—be it MSHA's
or the operator’s—is used to set the standard.

Entities on a Reduced Respirable Dust Standard

When an MSHA sample is collected from an entity already
on a reduced respirable dust standard, the percentage of
quartz in the MSHA sample is compared to the quartz value
that was used to set the standard currently in place. If the
two values differ by 2% or less, they are averaged and the
standard adjusted accordingly. If the difference exceeds
+2%, the operator is notified of the option to collect a sam-
ple from the entity in question. The same procedures used
for entities on a normal dust standard are then followed.

Whenever a second optional sample is requested, submit-
ted, and utilized, the preestablished quartz value is no longer
used; only the three most recent samples (MSHA’s plus two
operator samples) are used to determine the average percen-
tage of quartz and the applicable standard.

Automatic Reevaluations

Once an entity is placed on a reduced respirable dust stan-
dard, approximately every six months the Information System
Center’s computer, in Denver, CO, selects the first valid
operator bimonthly sample taken on that entity. The entity,
however, must be in compliance, and the sample must have
sufficient weight for quartz analysis. If no valid sample can
be found, the computer continues searching the incoming
bimonthly samples until it finds one. This sample is re-
trieved and analyzed for quartz.

If the percentage of quartz in this sample is within +2% of
the quartz value used to set the current standard, the two
values are averaged and the standard adjusted accordingly.
If the difference exceeds 2%, the operator is notified of the
option to collect another sample; the three values are then
averaged to determine the standard. Should the operator not
submit an optional sample with sufficient dust for analysis,
the previously established standard stays in effect until the
pext automatic reevaluation or until an MSHA sample is sub-
mitted for quartz analysis.

Once a dust standard has been established, the operator is
notified about whether bimonthly sampling will be required,
the date of the first sampling cycle, and the applicable dust
standard for the entity.

PROGRAM STATUS

As of the end of FY 1987 (Sept. 30, 1987), 7418 MSHA,
1349 operator optional and 455 operator 6-month samples
have been analyzed for respirable quartz dust. Thirty-three
percent of the MSHA, 36% of the operator optional, and
31% of the 6-month samples were found to contain more
than 5 percent quartz. Roof bolter and surface highwall drill
operators continue to have the highest quartz exposure. Over
23% of the roof bolter and 55% of the highwall drill samples
that were submitted for analysis contained more than 10 per-
cent quartz. Some 22% of the highwall drill samples had
more than 20 percent quartz.

Of the entities given the opportunity to submit the first op-
tional sample, only 42% elected to do so. The data appear
to suggest that the operator’s decision may be influenced,



in part, by the amount of quartz found in the MSHA sam-
ple. This is most apparent when the MSHA sample contains
less than 8 percent quartz, a level below which an operator,
if given the option, is less likely to participate in the pro-
gram. The data also show that, when submitted, 33% of the
samples where found to contain insufficient weight for
analysis and, therefore, had to be voided. As a result, the
majority of the reduced dust standards established during this
period were solely based on the quartz content of the MSHA
samples.

Some 1740 separate entities were required to comply with
more stringent standards during part of the period. An addi-
tional 304 established entities already on a reduced standard
continued to operate under such standards as a result of bian-
mual regvaluations. Of the 2044 entities, 42% were roof
bolters. At the end of FY 1987, there were 1526 or 12%
more established entities (in producing status) on a reduced
standard than in FY 1985, before the current program took
effect. However, the number of standards at or below 1.0
mg/m? declined by 18%, while the mean of the reduced
standards remained relatively unchanged at 1.2 mg/m3
(Table II}.

Table T

Number and (Pct) of Producing Entities
on Reduced Standard

Fiscal Range of Reduced Standards., mg/m? Avg

Year 1.8-1.5 1.4-1.1 1.0-0.7 0.6-0.1

1985 227 218 199 90 1.1
(31) {30} {27) 12)

1987 304 180 186 50 1.2
(42) 25 {26) (7)

According to the quartz data, over 70% of the time the
MSHA samples contained more quartz than operator first-
optional samples for the same entity. And only in 31% of
the instances, the quartz content of first-optional samples was
within +2% of the MSHA value (Table II). This is con-
siderably lower than the 58% found in an earlier study which
looked only at operator samples.4

In 74% of the biannual reevaluations, the quartz content of
the 6-month sample was lower than the previous quartz
percentage used to set the standard. The difference in %
quartz between the previous value and the 6-month sample
exceeded 5 percent 38% of the time. As shown in Table IV,
only 25% of the 6-month samples were found to contain
percentage of quartz that was within +2% of the previous
quartz value.

Finally, to determine the level of impact, if any, of operator
participation in the program, a comparison was made of the
percentage quartz in the MSHA sample and the final quartz
value used to set the allowable dust standard. These show
(Table V) that 77% of final quartz values were within +2%
of the MSHA value. Specifically, 56% of the time the two
values were found to be equal, 31% of the time the MSHA
quartz vatlue was greater, and 13% of the time it was less
than the value used to set the standard. This appears to sug-
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gest that selective operator participation can influence the
final outcome of the dust standard-setting process.

Table II1

Cumulative Distribution of Differences in % Quartz:
MSHA®* vs. Operator 1st Optional Samples

Diff.(+) % Quartz Cumulative % < Stated Diff.

5
17
i1
41
53

Rl =O

62
>5 100

* T1% of the time MSHA samples ccntained
more quartz.

Table IV

Cumulative Distribution of Differences in % Quartz:
Previous Value* vs. 6-Month Samples

Diff.(+) % Quartz Cumulative % < Stated Diff.

0 7
1 17
2 25
3 38
4 a7
5 56
»S 100

* 74% of the time Previous quartz value
exceeds the 6-mo. value.

Table V

Cumulative Distribution of Differences in % Quartz:
MSHA* vs. Final Value Used to Set Std.

Diff.{+} % Quartz Cumulative % ¢ Stated Diff.

56
73
77
82
87
90
b33 100

Uhods W b= O

* MSHA % guarti: vs. Final % value
(=) 568 of the time
{») 31% of the time
(<) 13% of the time

SUMMARY

Since early 1970, exposure to airborne quartz dust has been
controlled by reducing the allowable dust standard when coal
mine dust contains more than 5 percent,

The rise in the number of reduced standards, especially on
roof bolters, and operator concerns about the use of a single
MSHA sample to adjust the standard has led to the develop-
ment and implementation on December 1, 1985, of a fully
computerized, revised quartz enforcement program. The pro-
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gram not only speeds up the dust standard-setting process
to control exposure to quartz dust, but enables coal mine

operators to be actively involved in this important process.

During the first 22 months of the program’s operation, only
42% of the coal mining operations elected to participate in
the standard-setting process. As a result, the reduced stan-
dards on the majority of the 2044 separate entities, that were
found to contain more than 5 percent quartz during this
period, were established based on the quartz content of the
MSHA sample only.

When operator samples were submitted, over 70% of the
time MSHA samples contained more quartz, and only 31%
of the samples had a quartz content that was within +2%
of the MSHA value. In 74% of the biannual reevaluations,
the quartz content of the 6-month sample was lower than the
previous quartz percentage used to set the standard.

A comparison of the percentage quartz in the MSHA sam-
ple and the final quartz value used to set the allowabie stan-
dard, revealed that in 56% of the instances the values are

equal, in 31% the inspector quartz value was greater, and

in 13% the inspector quartz value was less. This appears to
suggest that the final outcome of the standard-setting pro-
cess may be influenced by selective operator participation.

Through more frequent monitoring of exposure to airborne
quartz dust, the current quartz enforcement program has had
a positive impact on enhancing the level of health protection
of U.S. coal miners.
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RESPIRABLE DUST CONTROL RESEARCH PROGRAM
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ABSTRACT

Since it was established in 1910, the Bureau of Mines, U.S. Department of the Interior, has been concerned
with the problems of dust in mines. Early research focused on the explosion hazard of coal dust. Following
the passage of the Federal Coal Mine Health and Safety Act of 1969 (amended by the Federal Mine Safety
and Health Act of 1977) research has also focused on controlling the respirable-sized coal dust that con-
tributes to lung diseases. Research accomplishments, along with the cooperation of the mining industry,
have provided the technology and procedures that have resulted in mines in the United States being among
the least dusty operations in the world.

The Bureau’s dust control research has experienced three major thrusts since 1969. From 1969 to 1976,
emphasis was on developing technology to comply with the newly enacted Federal dust standard of 2.0
mg/m3. With the increasing trend in extracting coal by longwall methods, emphasis from 1976 to 1983
was on controlling the dust in these operations. Since 1983 emphasis has been on technology to reduce
the silica dust component of the respirable-sized dust. Current Federal standards are based on the amount
of silica dust found in the mine air. The standard becomes more stringent (less than 2.0 mg/m®) when silica
is present in the mine atmosphere.

No Paper provided.
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ABSTRACT

The use of scrubber systems for respirable dust control in continuous mining sections has been found to
be a relatively effective approach over the last few years. However, with the implementation of more stringent
dust standards due to quartz, the efficacy of some of these systems has been found to be less than optimal.
In response, the Bureau of Mines has undertaken ficld studies to characterize quartz dust, and to determine
the effectiveness of scrubber systems on quartz dust.

One underground evaluation for quariz dust suppression involved the doubling of scrubber panel to capture
the quartz particles entrained in the ventilation system. The second evaluation consisted of modifying the
mining sequence to include a curtain at the end of a blowing tube. Results of these tests indicate that the
median diameter of quartz dust is likely to be smaller than that of coal dust. Results also indicate that quartz
dust can be suppressed as effectively as coal dust by the doubling of the scrubber panel. A modified mining
sequence will help to reduce the operator’s exposure to quartz dust. Modified control techniques such as

these will be required in mine sections where more stringent dust standards are in effect.

INTRODUCTION

One of the important methods of dust suppression in coal
mine sections using blowing face ventilation is the use of
machine-mounted scrubbers. They are usually of the flood-
ed bed type, with a capacity of 5,000 to 7,000 cfm, and utilize
6 to 8 gpm of water. Differences exist in the number and
location of nozzles upwind of the scrubber panel. The dust
reduction efficiency at the machine operator location also
varies, and for any scrubber system, depends on face air
quantity blowing towards the machine. The operator ex-
posure to dust also depends on whether a tube or a brattice
is used to deliver the air to the face. Most scrubber systems
do an adequate job of suppressing the dust, so that most of
the coal mines using them are in compliance with the
2-mg/m? standard for respirable dust exposure. However,
some continuous miner sections with scrubber systems are
on more stringent quartz standards. It is, therefore, necessary
to identify the reasons for the high quartz levels at the
machine eperator location, and to develop techniques that
are more effective on respirable quartz dust.

To achieve the objective of quartz dust control, a knowledge
of the source and character of respirable quartz in mine dust
is necessary. Taylor et al.! indicate that the major source
of quartz dust is the continuous miner mining the roof, floor,
or middleman (a rockband in the middle of the coal seam).
Laboratory testing by Conoco? indicates that approximate-
ly 65 pct of the respirable dust from a sandstone block (cut
by bits on a shaping machine) was less than 2 pm in size.
Stobbe et al.3 have investigated dust from the return of a
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continuous miner face for size fractions. The results indicate
that about 40 pct of respirable quartz dust is between 1 and
3 um in size.

This paper deals with the nature of quartz dust and explains
the methods to suppress it in sections using machine-mounted
scrubbers. Quartz size and percentage evaluation was car-
ried out in a mine with a rockband near the top of the coal
seam. Evaluation for dust suppression took place in a mine
that utilized two panels, instead of one, to capture the quartz
particles in the scrubber system. The second evaluation for
dust suppression was completed in a mine that used a
modified mining sequence with a curtain at the end of the
blowing tube.

EVALUATION OF CONTINUOUS MINER DUST
FOR SIZE AND QUARTZ PERCENTAGE

Experimental Procedure

The procedure consisted of collecting respirable dust samples
using a 10-mm nylon cyclone and a 2-lpm Dupont* pump
‘l‘hesamplcswereoollectedﬁ'omthefaceretumofaoon-
tinuous miner in a three-entry section in Virginia. The sam-
pling location selected was approximately 40 ft from the face,
in the dust cloud raised by the continuous miner while cut-
ting the coal seam and roof rock. An impaction device and
filter cassette sampled the same dust cloud at the same loca-
tion for a different size fraction. Figure 1 shows the impac-
tion device and cassette filter arrangement.

*Reference 1o specific products does not imply endorsement by the Bureau
of Mines.




Figure 1. Collection of dust sample through an impactor.

Analysis Results

The analytical method used to determine quartz content was
the standard P-7 method approved by MSHA for these types
of samples. Table I shows results of quartz analysis for the
two sets of samples. The size distribution of the samples was
determined by a Coulter Counter. Table II shows results of
particle analysis, and Figure 2 compares the impactor and
cyclone results graphically. It can be seen that the median
particle size for the regular respirable sample was 2.25 pm,
while that for the impactor was 3.17 pm. This means that,
in general, the impactor sample consisted of larger size par-
ticles than the cyclone sample. However, the quartz percen-
tage in the regular cyclone sample was almost twice that of
the impactor sample. This indicates that there is more quartz
dust in the smaller size fraction (cyclone sample) of the dust
in the face return of the continnous miner. It can also be in-
terpreted that the quartz dust, in general, is finer than coal
dust.

CONTROL OF QUARTZ DUST AT
A CONTINUOUS MINER SECTION IN MINE A

The first underground test was carried out in a coal mine
section in Ilinois. Two Joy 14 CM continnous miners with
flooded bed scrubbers were operating in a 6.5-ft-high coal
seam. Electric shuttle cars hauled away approximately 1,200
tons of coal every shift. The entries were 16 ft wide, and
a 20-ft cut was usually taken. Face airflow was 8,000 cfm
through a blowing cuntain. The scrubber airflow was approx-
imately 5,000 cfm, and the miner was equipped with a con-
ventional water spray system. Twenty hollow-cone nozzles,
each discharging about 0.7 gpm at 100 psi, were being
used. No wetting agent was in use at the mine. Figure 3
shows the ventilation layout and sampling points for scrub-
ber evaluation. '
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Figure 2. Results of particle sizé analysis for cyclone and
impactor samples.

Experimental Procedure

Filter samples were primarily taken to identify the fraction
of quartz in the samples, while the light-scattering in-
struments were used to determine where in the mining cycle
dust was being generated. Filter samples were collected
using MSA filter holders and compliance-type cassette filters.
A 10-mm nylon cyclone sized dust into the respirable range,
and air was sampled at a rate of 2 lpm using a flow-controlled
Dupont pump. Filters were pre- and post-weighed at
Bruceton, PA. Filter samples were collected in packages of
three or four, and results were averaged to minimize sam-
pling errors. Filter packages were located as follows:

1. Intake: Located in the last open crosscut and hung from
a roof bolt to a distance of 12 to 18 in. from roof.
2. Return: Located in the immediate return of the entry be-
ing mined, approximately 80 fi from the face. This was
hung 6 to 18 in. from the roof, such that it was represen-
tative of face return.

3. Hinge point: Located less than 24 in. from the right rear
side of the scrubber inlet, on top of the miner frame.
It was protectied by a steel enclosure to prevent it from
being damaged by falling coal or rock.

4. Operator: Located in the cab, 12 to 18 in. to the left side,
and about the same height as the operator’s head.

All filter samples were taken only during a portion of the
shift and do not represent full-shift samples.

Sampling procedure for scrubber efficiency consisted of
drawing air into cans, as shown in Figure 4. One isokinetic
probe was introduced into the airstream to sample the dirty
air in the intake duct, and another probe to sample clean air
coming out of the scrubber fan. The velocity of the air, in
inlet and discharge of duct, was measured using a pitot tube.
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Table 1
Results of Quartz Analysis

Sample| Sample

|Dust weight|Quartz weight|Quartz

No. | type | micrograms| micrograms | pct
l.....|Cyclone | 1,220 I 85 I 6.9
2.....|Cyclone | 1,305 | 102 | 7.8
3.....|Cyclone | 2,773 | 187 | 6.7
4.....|Impactor|] 2,586 | 72 | 2.8
5.....|Impactor] 3,006 | 120 { 4.0

Table 11

Results of Subsieve Particle Size Analysis on Dust Samples

Size in |[Cumulative vol pct > indicated size
micrometers| Impactor Cyclone
0.79...... N 100.0 100.0
1.00.......1 95.9 | 95.8
1.26.......1 90.3 | 88.6
1.59.......1 83.3 I 78.6
2.00.......1 74.1 | 63.5
2.52.......} 62.8 [ 43.8
3.17..... | 50.8 | 25.5
4,00.......1 39.8 { 14.2
5.04.......1 28.7 H 8.8
6.35.......1 B.5 ] 5.9
8.00.......| 9.3 | 4.2
10.08......1 4.5 | 2.8
12.70......1 1.5 | 2.0
16.00......] .0 | 1.2

To determine the efficiency of a double panel, a second single
pane! was placed next to the existing one. No cutting or
welding was necessary to install the second panel,

Results of Testing

To determine the total efficiency of the system from the face
area to the face return, dust concentrations and quartz percen-
tages were determined, as shown in Table III. There was
a reduction in total respirable dust of about 40 pct between
the face area and face return. However, there was only a
15-pct reduction in the quartz fraction of respirable dust, with
the result that the percentage of quartz dust in the sample
increased. In other words, the water sprays and dust collec-
tion system on the continuous miner selectively suppressed
the coal dust in preference to the quartz dust. Isokinetic
sampling to determine the efficiency of the scrubber (single
filter panel) showed that there was a total reduction of 50
pct in respirable dust when the downstream sample was com-
pared to the upstream sample. However, there was virtually
no reduction in quartz dust, indicating that the scrubber let
the quartz dust through. Table IV shows the results.

When the double filter was used, the collection efficiency
was found to be 72 pct for all respirable dust. The same col-
lection efficiency was found for quartz dust also. This in-
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dicates that the double filter scrubber panel was equally ef-
ficient on coal and quartz dust. Table V shows the results.

Discussion of Filter Performance

The flooded-bed panel has the advantage of a constant dust
collection efficiency and pressure drop during service because
dust particles are continuously flushed away from the clean-
ing elements. It operates very well at about 4 gpm of water
and 2,000 fpm face velocity. Normally, there are 20 double
layers of stainless steel mesh. Pressure drop is about 4 to
5 in. W.G. across the panel. Pressure drop in the ducting
is7to0 8 in. W.G.

An important requircment for using a flooded bed scrubber
panel is that it must be, at all times, wetted with evenly
distributed water sprays. Although some mines use just one
spray nozzle upwind of the panel to wash out the dust, a
minimum of two nozzles is necessary to cover the entire sur-
face area of the panel. The spray patterns should preferably
be of solid cone type, and each nozzle should discharge about
1.3 gpm of water. Increasing the water flow rate will increase
dust collection efficiency marginally, but will overload the
scrubber fan and mist eliminator. The fan may begin to stall,
and performance will deteriorate rapidly.
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Once during each shift the panels should also be removed, water droplets carried with the airstream and is very effi-
washed down with water, and allowed to dry out over a warm cient at about 2,000 fpm velocity. Some dust particles are
place. The dried-out dust particles can be vacuumed, and also knocked down, making it a second scrubber. The mist
the filter put back in service. A few spare panels should be eliminator should be cleaned once a week for optimum
available at all times. The mist eliminator acts as a trap for performance.

Scrubber sampling locations Srubberfopa::I bbe
) prays r ru r
Scrubber Mist panel ~Scrubber
fan sliminator intakes
‘_" = i Top
L ‘ | |1 sprays
Bottom
Cab sprays

PP A Spl'ay pressure = i75 pSi
Airflow = 3"000 t3/m Seam height =6.5 ft

PLAN VIEW

Mist eliminator Ducting for <Jop sprays
Tail Fan scrubber Head

— O Coal

-

Floor
Bottom sprays

Figure 3. Face ventilation layout and scrubber sampling locations.

Table II
Behavior of Quartz Dust in Face Area

[Time, [Dust mass, |Dust conc.,[Quartz [Quartz,
Location min mg mg/m3 mass, ug| pct
Face intake..| 311 0.21 0.3 82 12.3
| 311 | 22 | .35 |
311 .23 .36 .
Face return..| 311 1.26 2.03 219 15.7
| 311 | 1.32 | 2.12 | |
311 1.40 2.24
Face area 321 2.44 3.80 274 11.0
left hinge..| 322 | 2.51 | 3.91 |
321 2.45 3.81
Face area 319 1.58 2.47 183 11.6
right hinge.| 319 1.88 | 2.95 | |
319 | 1.74 | 2.73 ] ]

89




Exposure Monitoring and Control—Coal Mines I

Table IV
Scrubber Efficiency Results—Single Filter Panel

{Time, |Dust mass,|Dust conc.,|Quartz mass, [Quartz,
Location min mg mg/m3 ug {composite)] pct
Intake can...] 51 0.832 8.16

| 51 | .861 8.44 |

51 1.121 10.99 288 10.2

Return can...| 51 .263 2.58

| 51| 809 | 7.93 | |

| 51 | 7 .314 | 3.08 | 275 | 19.9

Table V

Scrubber Efficiency Results—Double Filter Panel

[Time, [Dust mass, [Dust conc.,|{Quartz mass, {Quartz,
Location min mg mg/m3 ug (composite)] pct
Intake can...| 103 | 0.672 3.26
| 103 .836 | 4.06 | |
103 977 4.74 311 12.5
Return can...} 102 .205 1.00
| 102 .283 | 1.39 | |
| 102 .226 | 1.11 | 87 | 12.2
- —-—— Filters
To Dupont E st
gravimetric i
pumps putling 1 |
2 L./min ' :

} AT t
0l Dust pulled
| ﬁn , thrc{:xugh
' Tygon tubing
t

t

- Isokinetic
~Mist eliminator [~ ) probe
Scrubber panel-={1. o Dcil'i':)'

Scrubber
fan

Figure 4. Sampling diagram to determine scrubber efficiency.



CONTROL OF QUARTZ DUST AT A CONTINUOUS
MINER SECTION IN MINE B

The second underground test was carried out in a mine in
Utah. One Joy 12CM continuous miner, equipped with a
flooded-bed scrubber, was operating in an 8.5-ft-high coal
seam. Diesel ram cars hauled away the coal, as shown in
Figure 5. The entries were 18 ft wide, and a 20-ft cut was
usually taken. Face airflow of 7,500 cfm was through a blow-
ing tube with a diffuser. The scrubber airflow was about
5,000 cfin, and the airflow in the last open crosscut was
12,000 cfm. One point that should be made here is that the
air in the last open crosscut did not go towards the face, but
weat directly to the face return. The face was totally sup-
plied by the blowing tube, and this air quantity ranged from
6,000 to 10,000 c¢fm, depending on the length of the tube
from the fans located far away from the face. Water spray
pressure was approximately 145 psi, and scrubber nozzles
operated at 60 psi. A jet pump pumped the slurry from the
scrubber discharge on to the coal conveyor. The water
pressure at the jet pump was also 60 psi. The mine did not
use any wetting agent in the water supply. Section intake had
an airflow of 43,500 cfm.

Sampling Procedure

This was similar to the one conducted at Mine A where filter
samples were primarily taken to identify the fraction of quartz
in the samples, while the light scattering instruments, called
Real-time Aerosol Monitors, were used to determine short-
term fluctuations in dust concentrations. The Real-time

1
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Aerosol Monitors (RAM-1's) are manufactured by Monitor-
ing Instruments for the Environment, Inc., at Bedford, MA.
The RAM-'s were connected to DL 331 data loggers
(Metrosonic Co., Rochester, NY), which stored the data
signal from the RAM 1 at 10-s intervals. At the end of each
day, data were transferred from the logger to a personal com-
puter and stored on floppy discs for further analysis. All data
were time-synchronized with digital watches, and voice tape
recorders were used to record mining activities in detail.

Air quantity was determined from velocity measurements
taken with a vane anemometer. The collapsible tubing had
a diameter of 24 in. when operating. The end of the tubing
was initially set at a distance of 15 ft from the face and was
not advanced along with mining. Water pressure for the
sprays was measured on a gauge located in the operator’s cab.

Procedure for Testing

Preliminary tests with the scrubber indicated that the scrub-
ber fan was operating under a significant pressure drop and
would not handle any increased resistance through the scrub-
ber circuit. If any additional resistance is added, acrodynamic
stall will occur. The addition of a second panel will not,
therefore, improve the dust concentration at the operator loca-
tion because of increased resistance to airflow and greatly
decreased capture efficiency.

A modified cutting sequence, in which the operator would
sump at about 6 in. from the floor and shear upwards,

Return
qQir
®
Scrubber exhaust
(~ —
Ram car LT i
® .
Blovgmg Setback l
l tubing distance
Intgke LEGEND
air

e Dust sampling point

Figure 5. Mining plan with blowing ventilation tube.
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was adopted. This eliminated the grinding of the sandstone
floor, which was the main source of high quartz levels. Visual
inspection of the dust cloud indicated that the dust capture
efficiency of the scrubber system was much greater during
the box cut. During the box cut, the mining machine
prevented the main airflow from reaching the face by block-
ing the entry. The scrubber inlets, being located near the dust
source, were thus able to vacuum a highly concentrated dust
cloud before it was diluted by the main airstream.

Daring the slab cut, however, the large open volume created
by the box cut provided an outlet for the dust to disperse
and significantly reduced the dust capture efficiency. To
eliminate this effect, a curtain was hung to the right side of
the machine from the last set of roof bolts when the machine
was taking a slab cut. The curtain isolated the dust source
from the main airflow and let the scrubber inlets operate ef-

fectively on the dust cloud. The curtain layout is shown in

Figure 6.

Return Intake

Figure 6. Curtain layout for mining during a slab cut.

Results of Testing

The respirable dust concentrations with and without the
modified cutting sequence (together with curtain) are shown
in Figure 7. There is a reduction of approximately 50 pct
in respirable dust concentrations at the operator location and
in the face return. Quartz percentages were also determined
to see if there is any reduction at the operator’s position.
Figure 8 shows that there was a reduction of 60 pct in the
quartz content due to the modified operation.
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Figure 7. Respirable dust concentrations with and without
modified cutting sequence.
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Figure 8. Quartz percentage with and without modified cut-
ting sequence.



CONCLUSIONS

1. The quartz percentage for samples collected by a 10-mm
nylon cyclone (median diameter 2.25 pum) was higher
than for samples collected by an impactor with a cutoff
of 3.7 um. This leads us to believe that the median
diameterforthequamdustissmaﬂerﬂlanthatofcoal
dust. This will affect the planning for dust control
technology in coal mines.

2. The results of underground testing show that a machine-
mounted scrubber system can be used to reduce the
respirable dust, as well as its quartz content, by
doubling the scrubber panel.

Exposure Monitoring and Control—Coal Mines IT

3. Research indicates that a modified cutting sequence will
reduce the operator’s exposure to quartz dust.
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INTRODUCTION

In 1970 a mandatory respirable dust standard of 3.0 mg/m?
was established for underground Coal mines under the
Federal Coal Minc Health and Safety Act of 1969. This stan-
dard was lowered in 1972 to 2.0 mg/m®. Mandatory dust
standards for surface work areas of underground coal mines
and surface mines also became effective in 1972. These
regulations were continued under the Federal Mine Safety
and Health Act of 1977,5 which amended the 1969 act and
merged coal and noncoal regulations into one law. In the
1969 act, *‘concentration of respirable dust’’ was defined
as a measurement made with a Mining Research Establish-
ment (MRE, Casella 113A) instrument or such equivalent
concentration measured with another device. The 1977 act
changed the definition of *‘concentration of respirable dust”’
10 be the *“average concentration of respirable dust measured
with a device approved by the Secretary and the Secretary
of HEW."* The device approved for measuring respirable
dust uses a Dorr-Oliver 10-mm naylon cyclone to remove the
nonrespirable fraction of dust sampled. Measurements made
with this device are converted to equivalent MRE concen-
trations by multiplying by a constant factor of 1.38.3 A
more rigorous standard is used if the sample contains more
than 5 pet quartz. Specific regulations detailing the collec-
tion of respirable dust samples by mine operators are found
in the Code of Federal Regulations, Title 30.5

Since 1970 more than 6.5 million respirable dust samples
have been collected by coal mine operators and Mine Safety
and Health Administration (MSHA) inspectors to determine
compliance with the 2.0 mg/m? standard, or with the more
rigorous standard due to the presence of excessive levels of
quartz. Each year MSHA provides the Bureau with copies
of these records to update the Mine Inspection Data Analysis
System (MIDAS). MIDAS is a computerized, industrial
hygiene data base developed by the Bureau with the assistance
of MSHA to statistically analyze environmental compliance
data collected by MSHA inspectors and coal mine opera-
tors.”® These analyses provide information that is used to
determine trends in exposure, to prioritize problem areas re-
quiring special emphasis, and to evaluate the impact of pro-
posed standards. Data are stored on the Bureau’s mainframe
computer in Denver, Colorado, but portions of the data bage
may be analyzed on personal computers. MIDAS

94

is available, on-line, via the Bureau's telecommunications
network to Bureau, MSHA, and Nationa! Institute of Oc-
cupational Safety and Health personnel involved in mining
research.

Each record of coal mine respirable dust exposure stored in
MIDAS contains coded information which identifies the state,
mine, type of mine, sample date, occupation code, tons of
coal mined, dust concentration, and other information. These
records are edited, sorted, stored, and statistically analyzed
using software developed by the Bureau.

It was previously reported?® that the highest mean concen-
trations of respirable coal dust reported by MSHA inspec-
tors were measured in coal mine sections with longwalls.
These sections also had the greatest percentage of samples
exceeding the 2.0-mg/m® standard (35 pct). Many more
samples were collected at mines using continuous rippers,
with 11 pct of the samples exceeding the Federal standard.
However, a single sample exceeding the 2.0-mg/m® stan-
dard does not place a mine section out of compliance with
the Federal standard. A mine is only out of compliance if
the arithmetic average of five operator respirable dust
samples collected over consecutive normal production shifts
exceeds the standard, or if the average of two or more MSHA
inspector samples exceeds statistically determined levels.

MSHA inspectors and coal mine operators regularly sample
miners or areas known to have high dust exposure, but mine
operators collect many more samples. In underground mines,
certain occupations are referred to as designated occupation
{(DO) and are sampled bimonthly by coal mine operators and
annually by MSHA inspectors. Examples of DO’s include
the continuous miner operator and the longwall shearer
operator,

The objective of this paper is to summarize the recent trends
in respirable dust levels in sections using longwalls or con-
tinuous ripper miners. The analysis includes the large amount
of compliance data collected by coal mine operators and
MSHA inspectors. Recent data will be compared to data
reported for FY 78 to determine the changes that have oc-
curred in dust levels and coal production. Data from mines
using both methods of mining will also be compared. In ad-
dition, operator data will be compared to inspector data to
determine if different trends exist.



Continuous Mining

Continuous mining is a system that allows coal to be ripped
from a seam and loaded in the same operation. It was
developed in the 1940’s to replace the conventional mining
cycle of undercutting, drilling, shooting, and loading. Con-
tinuous rippers are commonly found in room-and-pillar
mines. In these mines, multiple entries are cut parallel to
the main haulage lane and reached by cross tunnels, resulting
in a checkerboard of alternating rooms and pillars. Pillars
are left to support the mine roof; as mining is extended to
greater depths, larger pillars must be left behind. This results
in reduced mining efficiency.!

Longwall Mining

Longwall mining is the most recently introduced mechanized
method of mining. Coal is cut by either a shear or a plow
from a coal face that is typically 350 to 600 ft in width and
1,000 to 6,000 ft in length. Cut coal drops onto a chain con-
veyor that lies along the bottom of the face and is hauled
to one end. Here it is transferred to the stage loader, which
loads it onto a conveyor belt. The roof is supported by
hydraulic roof supports which extend support over the
walkway, thus creating space for mining to take place. As
the coal is cut, the roof supports move forward to cover the
newly exposed face, allowing the unsupported roof to fall
behind and eliminating the need for permanent roof supports
or pillars. Longwall sections are generally developed by con-
tinuous ripper miners,* and most longwalls operating in the
United States are retreat operations using three or more en-
tries on either side of the longwall panel.2 Though fairly
new to the United States, longwall mining has been used in
Europe for many years, because mines there have reached
greater depths, making it safer and more efficient to use
longwall roof-support methods.

RESULTS OF ANALYSIS

From FY 83 through FY 87, mine operators collected
260,370 respirable coal dust samples on continuous miner
operators. These samples had a mean dust concentration of
1.0 mg/m?, with 12.2 pct of the samples exceeding the stan-
dard. This compares to 12,622 samples collected on longwall
operators on the tailgate side, which had a mean concentra-
tion of 2.0 mg/m?, with 36.8 pet of the samples exceeding
the standard.

FY 87 MSHA data show that more than 65 pct of the mine
sections in the United States use continucus ripper machines
(about 1,750 sections). This mining method typically pro-
duces between 300 and 400 tons of coal per shift (Figure
1). Ripper sections have had a small increase in production
since FY 78. Table I shows the trends in FY respirable coal
dust mean concentrations for continnous ripper operators.
The 0.4-mg/m? reduction in mean dust concentration from
FY 78 to FY 87 is statistically significant and is accompanied
by 11.8 pet fewer samples exceeding the 2.0-mg/m’ stan-
dard. In FY 87, 439 ripper sections were cited for non-
compliance once, and 120 were cited two or more times.

There were about 128 longwall sections operating in the
United States in FY 87. This is approximately a 30-pet in-
crease in the number of longwalls since 1978. However, only
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about 85 to 90 longwalls are in operational status at any given
time. Most of these sections use longwall shearers, primari-
Iy of the double drum type. Since FY 78, longwall operators
have experienced increases in median production from 500
tons/shift to 2,200 tons/shift, as shown in Figure 1. At the
same time, respirable dust levels have also changed, as
evidenced by Table II, which shows the trends in respirable
coal dust mean concentration for tailgate side shearer
operators. The 0.5-mg/m?3 reduction in mean dust concen-
tration from FY 78 to FY 87 is statistically significant and
is accompanied by 13.0 pct fewer samples exceeding the
2.0-mg/m? standard. In FY 87, 58 longwall sections were
cited for noncompliance once, and 31 were cited two or more
times.

Table I

Respirable Coal Dust Trends for
Continuous Ripper Operators!

Concentration, mg/m?

FY N Pct of| AM ASD
N >2.0 .

78 [ 78,765 | 23.5 | 1.4 | 1.5
83 | 56,742 | 13.5 1.1 1.3
84 | 60,273 | 12.8 1.1 1.3
85 | 49,716 | 11.6 1.0 1.1
86 | 48,996 | 11.3 1.0 1.1
87 | 44,643 | 11.7 1.0 1.1
FY fiscal year. N number of samples.

AM arithmetic mean. .
ASD arithmetic standard deviation.
Ipata collected by coal mine operators

Table I

Respirable Coal Dust Trends
for Longwall Operators, Tailgate Side!

Concentration, mg/m°
FY N Pct of | AM ASD
_ N>2.0 |
78 2,747 51.6 2.5 1 1.9
83 2,392 33.7 2.0 | 2.0
84 2,782 37.1 2.1 { 2.0
85 2,234 36.5 2.0 1 1.6
86 2,668 38.0 2.0 1.5
87 | 2,546 38.6 2.0 { 1.5
FY fiscal year. N number of samples.

AM arithmetic mean.
ASD arithmetic standard deviation.
1pata collected by coal mine operators
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Mines With Both Longwall and Ripper Sections

Respirable coal dust concentrations may be compared at
mines having both longwall and ripper sections. The com-
parison was made by selecting the 10 mines with the greatest
number of operator coal dust samples for the continuous
miner and longwall operator on the tailgate side covering
the period FY 83 through FY 87. These mines are identified
as mines A through J in Table I, which summarizes the
respirable coal dust concentrations. One mine is in Virginia,
two mines each in Alabama, Ohio, and Pennsylvania, and
the remaining three mines are in West Virginia.

The mine average respirable coal dust concentrations for the
continuous miner and longwall operator samples in Table
IIT are 1.2 and 2.1 mg/m3, respectively. These means ap-
proximate the overall means for the two occupations over
the same time period, which were 1.0 and 2.0 mg/m?,
respectively. Mines C, D, E, and J had the highest mean
respirable coal dust concentrations for both the continuons
miner operator and the longwall operator on the tailgate side.
Mine H had the highest median longwall production (2,230
tons/shift) and the second lowest mean longwall operator dust
concentration (1.4 mg/m’).

Comparison of Mine Operator

and MSHA Inspector Data

Figures 2 through 4 compare data collected by mine operators
to data collected by MSHA inspectors on continuous miner
operators and longwall operators on the tailgate side. The
arithmetic mean (Figure 2), the percent of samples <0.2
mg/m’ (Figure 3), and the percent of samples >2.0 mg/m?
(Figure 4) are used because these measures cover a wide
range of exposure. The only measure of the three to show
a remarkable trend is the percent of samples <0.2 mg/m?
(Figure 3), which clearly shows that operators are more likely
to submit a sample with a low dust concentration. Approx-
imately 27.4 pct of the operator samples collected on con-
tinuous miner operators had concentrations <0.2 mg/m3,
compared to approximately 16.1 pct of the MSHA samples.
The trend is also apparent for samples collected on the tailgate
side longwall operator, where 6.6 pct of the operator samples
and only 1.5 pct of the inspector samples are <0.2 mg/m>.
Possible explanations for this difference are that operators
collect five samples over consecutive work shifts during
which operating conditions may change and affect dust levels,
and since operators sample far more frequently, there is a
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Figure 1. Underground median production as reported by mine operators for longwall shearers and continuotis miners.
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Figure 2. Arithmetic mean concentration for operator and inspector samples collected on continuous miner and
tailgate side longwall operators.

Table III

Respirable Coal Dust Concentration, mg/m? at
Mines Using Continuous Rippers and Longwalls!

Hine ContTnuous miner | Longwall operator
operator tailgate side
N AM ASD N AM ASD
A 970 | 1.0 | 1I.D 464 | 2.1 1.8
B 1,222 { 1.0 { 0.7 371 | 2.0 | 1.5
C 1,437 { 1.8 | 1.8 566 | 2.7 | 2.1
D 1,172 { 1.7 { 1.7 573 | 2.5 | 1.8
E 870 | 1.3 ] 1.1 201 t 2.6 | 1.7
F 1,369 | 0.5 | 0.7 165 1.8 1 1.3
G 517 | 1.0 | 0.7 139 | 1.4 | 1.3
H 681 (1.1 1.1 289 | 1.4} 1,2
I 966 | 0.9 | 0.9 338 | 1.3 1.0
J 902 { 1. 1.7 173 | 3.1} 2.9

N number of samples. AM ar

thmetic mean.

ASD arithmetic standard deviation.
1pata collected by coal mine operators.

greater chance of collecting samples with low dust concen-
trations. In addition, MSHA results could be higher because
no prior anncuncement of arrival is given to the mine
operator; thus, these samples may be indicative of truer day-
to-day conditions.

SUMMARY

Over the past 5 years, operators of longwall shearer sections
reported increases in median production from 1,200 to 2,200
tons/shift. This increase in production was accompanied by
a continuing problem with respirable dust despite the signifi-
cant decrease in mean dust levels that has occurred since FY
78. A number of longwall sections still experience difficul-
ty in maintaining continuous compliance with the Federal
standard. Longwall sections have arithmetic mean respirable
dust concentraticns that are more than double the concen-
trations reported by continuous ripper sections (2.0 mg/m?
vs. 1.0 mg/m?). In FY 87, 45 pct (58) of the longwall sec-
tions were found to be in noncompliance once, and an addi-
tional 24 pct (31) were cited two or more times. Thus, 69
pet of the longwall sections in operation during FY 87 ex-
perienced compliance problems. It is evident from these data
that dust problems continue to plague longwall mining opera-
tions as longwall production continues to rise. If more high-
producing longwalls are to be brought on-line to realize the
full potential of this mining method, additional effective dust
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Figure 3. Percent of samples < 0.2 mg/m? for operator and inspector samples collected
on the continuous miner and tailgate operator.
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Figure 4. Percent of samples >2.0 mg/m? for operator and inspector samples collected
on the continuous miner and tailgate side longwall operator.

control measures must be put into place and main-
tained to more consistently control dust levels on a continnous
basis.
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NEUMOCONIOSIS DE LOS MINEROS DEL CARBON:
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INTRODUCCION

A pesar de los indudables avances que, a nivel europeo, se
estan obteniendo en la lucha contra la *“Neumoconiosis de
los Mineros del Carbon™ y que sin duda son consecuencia
de 1a disminucion de los niveles de polvo al aplicar eficaces
sistemas de prevencion tecnica en las minas, existen casos,
como es el de 1a mineria del carbon en Espana, donde las
peculiaridades muy especiales de sus yacimientos,
generalmente formados por capas muy estrechas, con
numerosas intercalaciones de roca y alto porcentaje de si-
lice libre y explotadas manualmente, dificultan enormemente
la eliminacion del polvo, lo que se traduce en una mayor
incidencia de Ia Neumoconiosis de los Mineros del Carbon,
comparada con otros paises de la Comunidad Europea, a
pesar de los grandes esfuerzos que se hacen para disminuir
dicha enfermedad profesional.

Precisamente, entre las acciones planificadas a largo plazo
paraoombanrlaNeumooomostsdelos Mineros del Carbon,
figura un proyecto de investigacion Epldcnuologlco
Longitdinal, consistente en controlar la aparicion y
e:volucmndelaenfermedadenuncolechvoch 000 miperos
de 1a empresa nacional Hulleras del Norte, S.A. (HUNOSA),
relamonandoamvczaqnellospammeﬂ‘osdctxpomed;co
con los niveles y caracteristicas mineralogicas del polvo que,
individualmente, los mineros inhalan durante su vida laboral.
El proyecto se plantea a lo largo de la vida del colectivo
estudiado, lo cual incluye el seguimiento medico de aquellos
trabajadores que, por alguna causa (accidente, jubilacion,
etc.) abandonan 1a actividad minera.

OBJETIVO

El objetivo del proyecto es doble. Por una parte, y-en base
a 1a correlaccion enfermedad-niveles de polvo, se pretende
llegar a conocer la verdadera peligrosidad del polvo exlsmme
en nuestras minas (generalmente con altos contenidos de si-
lice libre), y asi poder fijar unos limites de riesgo que esten
muy en consonancia con la realidad. Por otra parte, los
reconocimientos medicos, a los que, como se¢ indica mas
adelante, se someten los trabajadores estudiados, permiten
valorar periodicamente *‘el estado de salud’’ de los mineros
del carbon en relacion con otros colectivos profesionales.
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METODOLOGIA

El proyecto, realizado por un equipo medico-tecnico pertene-
ciente al Instituto Naclonal de Silicosis y a HUNOSA, com-
cnzosutrabajoenel ano 1.983, se!cccxonandoyreoonoc:en-
do medicamente a un colective de unos 3.000 mineros que
habian iniciado su actividad laboral en la mina, entre los
anos 1.972 a 1.980, sin que anteriormente hubieran estado
sometidos a ningun riesgo en relacion con la Neumoconiosis
de los Mineros del Carbon. Posteriormente, cada 4 anos se
repiten los reconocimientos medicos, a la vez que, men-
sualmente, se les asigna a cada uno de los mineros
estudiados—!os indices de polvo relativos a los mg/m® y %
de silice libre.

Simultaneamente, desde el Instituto Nacional de Silicosis y
de analoga manera, se estudia un grupo control formado por
trabajadores no mineros, pertenecientes a la industria del
transporte, con quien s¢ comparan los resultados obtenidos
en el proyecto de los mineros del carbon.

El estudio se realiza en dos etapas o escalones.

El primer escalon incluye a todo el personal seleccionado.
Los reconocimien tos tienen lugar en los Dispensarios
Medicos situados en la propia mina, con revisiones period-
icas cada 4 anos. Se realizan por un medico y un asistente
tecnico sanitario, puestos por la empresa exclusivamente para
este estudio. Asi mismo, existe un ingeniero de minas que
dirige el control pulvigeno de los distintos puestos de trabajo.
A todo trabajador en el primer escalon se le realiza una en-
cuesta cubriendo un protocolo, una exploracion clinica,
radiografia de torax, electrocardiograma, espirometria, toma
de tension arterial y analisis de sangre y orina. Si presentan
alguna anormalidad pasan al segundo escalon, donde se les
haccntodaslaspruebasnecesanaspara]legaraundmg
nostico. Una vez obtenidos todos los datos, se le envia in-
forme al trabajador comunicando los resultados y si presen-
ta alguna enfermedad se le aplica tratamiento o se le orienta
hacia un servicio 0. Posteriormente, ¢l medico
coordinador del Instituto Nacional de Silicosis envia los datos
obtenidos al Servicio de Estadistica (Tabla I).

Cuando los parametros obtenidos en el primer escalon no
son normales pasan a un segundo escalon, bien sea en el



Tabla I
PRIMER ESCALON

SIN I LABORAL ANTERIOR

PRIMER ESCALON

l

DISPERSARIO DE MUNOSA
{L Hédieo y 1 A.T.5.)

Instituto Nacional de Silicosis o en los propios laboratorios
de las minas. En el primer caso, un medico coordina el paso
de los trabajadores por los distintos Servicios del Instituto,
al objeto de estudiar las diferentes patologias. Asi, en el Ser-
vicio de Medicina Preventiva, Diagnostico y Valoracion se
controla 1a hipertension arterial, Neumoconiosis simple y
Neumoconiosis complicada (Tabla IIT). En el Servicio de
Neumologia se estudian el carcinoma pulmonar, efusion
pleural, artritis reumatoide, esclerodemia o tuberculosis
pulmonar (Tabla IV). En Cardiologia: el cor pulmonale y
la cardiopatia isquemica (Tabla V). Finalmente en el Ser-
vicio de Fisiologia Respiratoria la obstruccion cronjca al flujo
o el sindrome restrictivo (Tabla VI).

Tabla II
SEGUNDO ESCALON

SERVICIO FISIOLOGIA RESPIRATORIA
= SERVICIQ DE CARDIOLOGIA

_INSTITUTO NACIOMAL DE SILICOSIS / - SERVICIO OE RATGS X

{1 Médico Coortinador y L Secre | - SERVICIC DE MEDICTHA PREVENTIVA,

tarial. DIAG. Y VALORACION DE NELMOCONIOSIS
SERVICIO DE NEUMOLOGIA

=LARORATORIO DE HUNOSA

Tabla III

PATOLOGIA A ESTUDIAR EN EL
SEGUNDO ESCALON

- SERVICIQ DE MEDICINA PREVENTIVA, DIAGNOSTICO ¥ VALORACTON
DE LAS MEAMOCONTIOSIS.

- HIPERTERSION ARTERIAL
- NEUMOCONIOSLS SIMPLE

- NEIMOCONIOSLIS COMPLICADA
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Tabla IV

PATOLOGIA A ESTUDIAR EN EL
SEGUNDO ESCALON

- SERVICIO DE NEUMOLOGIA DEL INSTITUTO NACIONAL DE SILICOSTS

-~ CARCTINOMA PULMONAR
- EFUSION PLEURAL
~ ARTRITIS REUMATOIDE

~ ESCLERODEMIA
- TUBERCULOSIS PULMONAR

Tabla V

PATOLOGIA A ESTUDIAR EN EL
SEGUNDO ESCALON

- SERVICIO DE CARDIOLOGIA DEL INSTITUTC NACIONAL DE SILICOSIS

- COR PULMONALE

= CARDYOPATIA ISQUEMECA

Tabla VI

PATOLOGIA A ESTUDIAR EN EL
SEGUNDO ESCALON

- SERVICIO DE FISTOLOGIA RESPIRATORIA DEL INSIITUTO MACTOMAL DE SIIICOSIS
- OBSTRUCCION CRONICA AL FLUJO
- SINDROME RESTRICTIVO

En los Laboratorios de ta mina se realizan las pruebas anali-
ticas pertientes para confirmar el diagnostico de diabetes
mellitus, intolerancia a la glucosa o hiperlipidemias (Tabla
vI).

Las placas radiograficas son leidas por tres lectores segun
los criterios de la ILO del 80.

El seguimiento previsto para el colectivo estudiado pretende
que, a io largo del proyecto, no se “‘pierda’ mas del 5%
de los componentes de partida.

En cuanto al segundo escalon, al tratarse aqui de estudios
especificos que se realizan en el Instituto Nacional de
Silicosis, se cuenta para ello con toda la estructura medico-
tenica de este Centro de Investigacion.

DESCRICCION DE LA PARTE TECNICA

La parte tenica es controlada y supervisada por el Depart-
amento Tecnico de Instituto Nacional de Silicosis.

El control del polvo se realiza de la siguiente manera: En
cada pozo se muestrean mensualmente los puestos de traba-
jo donde prestan sus servicios los trabajadores del colectivo
estudiado. Este control de polvo es realizado por los Ser-
vicios de toma de muestra existentes en los pozos, de acuerdo
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con las normas establecidas por el Departamento Tecnico
del Instituto Nacional de Silicosis.

Los aparatos utilizados para el control pulvigeno son los
gravimetricos de larga duracion que seleccionan el polvo de
acuerdo con la curva definida de Johannesburge y cuyo
resultado se especifica en miligramos de polvo respirable por
metro cubico de aire, en cuanto a la silice libre 2 toma de
muestra se realiza utilizando el inyector de aire comprimido
de uso habitual. (Tabla VII).

Tabla VII

PATOLOGIA A ESTUDIAR EN EL
SEGUNDO ESCALON

~ LABORATORIO DE HUNOSA
- DIABETES MELLITUS
-~ INTOLERANCIA A LA GLUCOSA

- HIPERLIPEMIAS

Table VI
DESCRICCION DE LA PARTE TECNICA

AMALISIS

MUESTRAS

TRATAMIENT .
MEMBRANA

DEPARTAMERTD TEONICO

—
I.M.5. -LABCRATORIO

M DIFRACCION R.X.
- ESPECTROMETRIA I.R.

=& GRAVIVETRIA
- ANALISIS QUIMICD MUESTRAS
PARA
- (RANULOMETRIA AHALISTS
e FRACCION RESPIRAGLE
WUESTRA

5T m—
l CORRECTA
ELADORACION DE

RESULTADOS
NIVELES DE POLVO

—
-
%

FOZOS TOMA DE MUESTRAS

L
I SEGUN NORMAS T CONTROL
DEL I.N. S.

CENTRO ESTADISTICA
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Tabla IX
PARAMETROS PARAMETROS RESULTAIOS
PRIMER. ESCALON SEGINDO ESCALON NIVELES DE FOLYD

NS

SERVICIO DE ESTADISTICA

ANALISIS DE MUESTRAS

El analisis de muestras en realizado en los laboratorios del
Departamento Tecnico de! Instituto Nacional de Silicosis,
donde se realiza la preparacion previa de las membranas antes
deenviarlas a 1a mina, asi como todo el tratamiento posterior
a la toma de muestras.

El analisis de silice libre y de todos los componentes
minerales, se realiza utilizando *‘preferentemente’” los
metodos de difraccion de rayos X y espectrometria de
infrarrojos.

SERVICIO DE ESTADISTICA

Al Servicio de Estadistica, adscrito al Departamento Tecnico

del Instituto Nacional de Silicosis, afluyen todos los datos
medicos y tecnicos, siendo analizados y tratados
estadisticamente.

ESTADO ACTUAL DEL PROYECTO

Hasta la fecha se han realizado dos ciclos de reconocimien-
tos medicos (el inicial, al ingreso en la mina, y el primero
de los periodicos que se les va a efectuar, def que se llevan
reconocidos hasta la fecha unos 2.400 trabajadores del total
de los 3.000), asi como la valoracion continua de las
caracteristicas mineralogicas y de los niveles de polvo
(mg/m® y % de Si0,) existente en los distintos puestos de
trabajo, pudiendo decir que, practicamente, se siguen con-
trolando el total de los componentes del colectivo inicialmente
selecionado.

BENEFICIOS SOCIALES DEL PROYECTO

El cumplimentar los objetivos que persigue el proyecto va
a imponer conocer la peligrosidad real del polvo que se pro-
duce en neustras minas, pudiendo entonces planificar una
prevencion del mismo acorde con ¢l riesgo que dicho polvo
conlleva y que, indudablemente, va a suponer una
disminucion de la Neumoconiosis de los Mineros del Car-
bon, Ia cual, ademas de las graves consecuencias que supone
para los mineros que la padecen, desde el punto de vista ex-
clusivamente de las indemnizaciones economicas y refirien
donos a la region de Asturias donde se realiza el proyecto
presentado, alcanza un coste de unos 10.000 millones de
pesetas anuales.

Por otra parte, ¢l segundo objetivo referente al conocimien-
to de! estado de salud de los mineros va a suponer, sin duda,
la necesidad de realizar ciertos cambios de los habitos en
el comportamiento del colectivo estudiado que repercutiran
muy favorablemente en la calidad de vida de los mineros del
carbon.
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DUST EXPOSURE AND COALMINERS’ RESPIRATORY HEALTH

MICHAEL JACOBSEN, Ph.D.

Deputy Director, Institute of Occupational Medicine
8 Roxburgh Place, Edinburgh, Scotland EH8 95U

During the last 20 years my colleagues and I have been
publishing a series of reports describing the relationships be-
tween dust exposure and coalminers’ respiratory health,
Those reports were from the British Coal Board’s Pneumo-
coniosis Field Research—probably the most comprehensive
long-term epidemiological study of an industrial population
ever undertaken. It began 35 years ago in the late 1960’s.
It provided interim estimates of risks of coalworkers” simple
pneumoconiosis for different levels of dust exposure, and
this information was used by the British authorities, and by
our colleagues here in the USA as basis for fixing dust ex-
posure limits in coal mines. Soon afterwards, the same data
were used to show that exposure to coal mine dust also in-
creased risks of having symptoms of chronic bronchitis and
of suffering some reduction in breathing capacity, as mea-
sured by the forced expiratory volume.

Many other studies were completed subsequently, as the field
research continued at 10 of the original 24 mines that had
been selected originally, in 1953. They refined, elaborated,
and eventually verified the reliability of the CWSP risk
estimates that were first produced in the late 60’s and early
70’s; explored the effects of exposure to dust on coal miners’
mortality; described how exposure to respirable dust in-
creased miners’ chances of having pathological determined
emphysema, and more recently, showed how exposure to
respirable dust was related quantitatively to risks of develop-
ing not only coal workers’ simple pneumoconiosis, but also
the more serious disabling, and often fatal condition, PMF—
progressive massive fibrosis of the lung.

This afternoon I will describe results from some further
analyses of some of the accumulated material which were
aimed at expressing the long-term working-life risks of
pneumoconiosis, and of other effects of dust exposure on
respiratory health, on a common baseline: the different mean
concentrations of respirable dust to which a miner might be
exposed during his working life under different scenarios of
exposure limits and his responses to them.

First, however, I need to remind you of the essence of the
strategy used in the research which generated the informa-
tion in the medical data; radiographic signs of pneumo-
coniosis, respiratory symptoms and lung function levels,
were obtained at medical surveys at each of the 24 mines,
representing, in each case, an approximate 10-year period
of observation during the calendar years 1953 through 1968.
Two further medical surveys, generating a further decade

of observations were completed during 1978 at 10 of the
mines that were still open.

The exposures to dust for each individual miner who worked
at the pits during the 25-year period, were calculated by keep-
ing careful records throughout about precisely where each
man was working during each of the tens of thousands of
shifts that he attended. The average concentrations for such
“‘occupational groups’’ were multiplied by the number of
shifts each worked in them; and those products of concen-
trations {n mg/m?) and shifts (converted into hours) were to
give estimates of each individual’s exposure to dust. Ex-
posures experienced before the research measurements began
were estimated, from data acquired by interviews with each
man about where, how long, and what kind of work he had
been doing and the results from the dust sampling. Thus,
each man’s cumulative exposures to respirable dust, for the
whole of his preceding working life was calculated, the units
being products of concentrations of dust and time. The
various disease risk estimates were therefore expressed as
functions of exposures measured in those units,

If we assume that a miner starts exposure at 20 years of age,
and continues working underground for 35 years, with 1630
working hours per year, then those exposures can be ex-
pressed as mean of concentrations of dusts. So we may ask
from the data: What risks of discase may be expected at age
(20 + 35) = 55 for different mean concentrations of
respirable dust?

The pneumoconiosis risk estimates were calculated from the
most comprehensive set of data, describing more than 5,000
to approximately 5-year man intervals of exposure during
the whole 25-year period. This study involved more than
30,000 miners from all 24 mines.

The results from a study were first described briefly here
in Pinsburgh 5 years ago. Risks of pneumoconiosis were
higher, for any given level of exposure at pits with greater
carbon content in the coal. This is illustrated for category
1, simple pneumoconiosis, for higher categories, 2 or 3, and
also for PMF.

Don’t be misled by the apparently widening gap between the
two lines in this series of graphs—this is due to the chang-
ing scale on the vertical axes of the graphs. The effect of
the higher (91b) carbon content is about 2 to 3 additional
percentage concentration, and about § additional percentage
probability units at 7 mg/m?.
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Note, however, that the PMF risk, at the end of a 35-year
exposure period increases steadily and smoothly with the
mean concentration of dust experienced. This is a reflection
of two important factors:

First, a small, but statistically highly significant in-
crease in PMF risks among man with no simple pneumo-
coniosis (i.e., category 0);

Second, a very much more substantizl increase in risks
for that small minority of miners who develop even
category 1 simple pneumoconiosis--and increase very
clearly with increasing exposure.

The very dramatic increase in PMF risks after they develop
simple pneumoconiosis is fllustrated, which shows what hap-
pens if a man develops category 1, or even category 2, dur-
ing the first 10 years of his 35-yw exposure. At low (2
mg/m?) concentrations, there is an approximate ten-fold in-
crease in the risk if a man has category 1 already at the age
of 35, and a 20-fold increase if he progresses during those
first ten years to category 2. These results demonstrate
dramatically reduction in developing PMF by reducing dust
levels. This will effectively eliminate, or at least reduce, the
higher risks associated with the early presence of simple
pneumaconiosis, and will also protect the majority of miners,
with no pneumoconiosis, from the small but finite, PMF risks
at higher concentrations.

Risks of ending the 35-year exposure periods with respiratory
symptoms are taken from a study of a sample of miners from
10 of the mines, who all attended the first four of the medical
surveys. The sample was selected to provide an approximate
uniform distribution of exposures to dust and to maximize
the statistical precision of estimates of exposure-response
relationships.

At hypothetical zero dust Jevels, cigarette smokers in this
population stood a more than 3-fold higher chance than life-
long non-smokers of reporting chronic cough and sputum
production. The just over 7% probability at zero exposure
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for non-smokers reflects the effects of all other causes of
chronic bronchitis. Nevertheless, the risk more than doubles,
at about 18 %, for non-smokers who are consistently exposed
to high (i.e., 7 mg/m3) concentrations of dust.

A similar picture is found when considering breathlessness,
that is men who acknowledge that they are breathless when
they walk at their own pace on level ground: an approximate
three-fold increase for cigarette smokers (as compared with
non-smokers) at low dust concentrations, and also an approx-
imate three-fold increase in the risk for non-smokers who
are exposed to concentrations of dust as high as 7 mg/m®.

Do these dust-related increases in bronchitic symptom risks
imply corresponding increases in lung function impairments?
A recent re-analysis of data first published in 1973, shows
that they do.

If the dust-associated decrements in FEV,, small or
average, are expressed as risks of having an FEV, less than
80% of that expected in non-smoking miners with no ex-
posure to dust, then the risk of having this deficiency in-
creases steadily with increasing exposure, both among
cigarette smokers and non-smokers; and what is more, at
approximately the same rates. Note again, that the risk for
a non-smoker who has been exposed to high (7 mg/m?) con-
centrations of dust, is comparable to that attributable to
cigarette smoking in the absence of dust exposure.

FEV; 65% of that predicted, also shows the relationship
with exposure; and again, the effect attributable to smok-
ing, at zero exposures, is similar in magnitude to that
associated with a high, 7 mg/m?®, exposure over 35 years in
non-smokers.
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CORRELATIONS BETWEEN RADIOLOGY, RESPIRATORY SYMPTOMS AND
SPIROMETRY IN ACTIVE UNDERGROUND COAL MINERS IN BRAZIL"

EDUARDO ALGRANTL* MSc « Albino Jose de Souza Filhot

*FUNDACENTRO, Sao Paulo, SP, Brazil
$Hospital Sao Jose, Criciuma, Santa Catarina, Brazil

INTRODUCTION

In Santa Catarina’s coal district, with around 200,000 in-
habitants, there are about 2,000 cases of pneumoconiosis,
most of which are from underground coal mining.

It is suspected that the coal mining industry, the main local
economic activity, is responsible not only for pneumoconiosis
but also for airway chronic irritation-resulting pathologies.
Pneumoconiosis is caused directly by occupational dust ex-
posure and the other related pathologies are caused by a
number of factors, especially dust exposure,!? cigarette
smoking and occupational and environmental exposure to
80;,'* which is high due to the existence of underground
diesel exhaust machines and of large open coal depots and
rejects. Brazilian coal is rich in sulphur.

Some previous papers related to coalworkers pneumoconiosis
{CWP) in Brazil have already been published. They focus
on clinical and radiological aspects of the cases'> and the oc-
currence of progressive massive fibrosis.! We lack infor-
mation, i.e., epidemiological data which address questions
about the occurrence, not only of pneumoconiosis, but also
about the prevalence of respiratory symptoms and functional
impairment of the exposed population.

Dust exposure conditions in Brazilian coal mining are dif-
ferent from those where classical works on CWP were per-
formed. The Brazilian coal has plenty of ashes, i.e.; just 60%
of mined material is coal. Many environmental measurements
show high quartz concentrations, often above 10%17 which
makes us suppose that the CWP in Brazilian mines has a
distinct clinical and evolutive behavior from the classical
CWP. Probably the same happens in relation to respiratory
symptoms and lung function impairment.

This is the first prospective epidemiological study about the
respiratory compromise in active Brazilian underground
coalworkers.

METHODS

During 1984, six underground mines in Santa Catarina’s coal
district were investigated. They employed 2,134 miners,
which corresponded to a third of the underground miners
in the region. One of the mines was manual, 3 were

a by grant from the Brazilian Ministry of Labour (SSMT/MTh/No
014/83).

semimechanized and 2 were mechanized. A random sample
of 50% of the miners (within each job description} was
selected from the 6 mines’ records. A summary of the sam-
ple is presented in Table I. Sickness absence, vacation and
refusal were the reasons for the absence of workers. In these
cases there was no replacement.

The 956 miners were submitied to a questionnaire on
respiratory symptoms adapted from a questionnaire on
Chronic Bronchitis (MRC, UK, 1976) by 6 trained profes-
sionals, and a spirometry with a dry-wedge spirometer
(Vitalograph, Vitalograph Limited, Buckingham, UK).

A minimum of 3 curves were obtained for each miner. For
analysis, only spirometries having a maximum difference of
100 ml for the FEV, between the 2 best curves were ac-
cepted.! FEV,, FVC and the ratio of FEV/FVC were
calculated. The values were transformed to BTPS.

The companies were responsible for the radiographs, which
were considered valid until 1 year before the interview. Each
radiograph was read independently by 3 experienced readers,
according to the 1980 ILO International Classification.” The
profusion of small opacities was given by the median of the
3 readings.

The exposure index used was the number of years spent
underground (number of years of exposure, NYE) in one
or more jobs described individually. Approximately one third
of the miners referred having had more than one job. The
smoking habits were calculated in pack-years (PY), and the
nutritional status by the formula weight/height? (Quetelet
Index).

The correlations between two variables were analysed
throngh contingency tables. The correlations between NYE,
PY and functional respiratory parameters were obtained
through loglinear® and multiple linear regression models.
The correlation of multiple variables and the occurrence of
pneumocoeniosis was initially analysed through a multiple
linear regression model, where the relative importance of
the independent variablés was deduced. Due to the existence
of dichotomous variables a probit regression analysis was
also performed* to predict the probability of occurrence of
the dependent variable (in this case, pneumoconiosis).
Throughout this study *“‘p’” values were considered signifi-
cant below the 5% level.

105



Epidemioclogy—Coal I

RESULTS

The mean age of the 956 miners was 30.7 £+ 5.7 (21-50).

The mean number of years of exposure (NYE) was 5.8 +
4.5 (0-26).

Only 816 radiographs were obtained from which 108 were
considered inappropriate for reading (quality 4). The
prevalence of pneumoconiosis was 5.6% (40 cases with pro-
fusion 1/0 or above). The NYE of miners with
preumoconiosis was 8.4 + 4.7. Eighty cases (11.3%) were
read as profusion 0/1 and the remaining 588, 0/0.

The presence of respiratory symptoms is presented in Table
II. Cough and/or phlegm were only considered positive if
they were present for at least 3 months. Breathlessness was
considered positive if it occurred at heavy efforts.

Table IIT shows the lung function tests mean values for 768
miners. The remaining 188 (20%) had their spirometries in-
validated because of technical defects. Both groups had a
similar mean age and mean height but miners with accepted
spirometries, had the mean NYE significantly lower
(p <0.01).

The distribution of the observed/predicted FVC and FEV,
values was similar: 41.3% of the miners presented FEV,
lower than 80% and 39.8% FVC lower than 80%, while
8.7% presented FEV, lower than 60% and 7.5% FVC
lower than 60%. Only 9.8% of the miners presented the ratio
FEV/FVC lower than 70%.

Out of the 956 miners, 580 (60.7%) were smokers, 128
(13.4%) ex-smokers and 248 (25.9%) non-smokers. The

Table 1
Sampling of Underground Miners

SIZE OF THE MO OF MIRERS 3
MINE METHOD™ NQ OF MINERS SAMPLE ATTENDING ATTENDING
1 SH 191 93 73 78
2 Me 250 128 122 95
3 Me 595 306 260 85
4 SM 598 299 274 92
5 M 267 135 130 96
6 Ma 233 102 97 95
TOTAL 2134 1063 956 90
* SM = Semi Mechanized
Me = Mechanized
Ma = Manual
Table I

Cough, Phlegm and Breathlessness in Underground Miners

COUGH {Z) PHLEGM {1) BREATHLESSNESS(X)
Yes 331 (34,7) 337 (39,5) 291 (30,4)
No 625 (65,3) 619 (60,5) 665 (69,6)
TOTAL 956 (100} 956 (100) 956 (100)
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smokers’ pack-years mean (PY) was 10.1 + 8.4 and the ex-
smokers’ 11.2 + 9.9.

Table HI
Mean Values of Lung Function Tests in 768 Miners

TEST MEAN % SD
FEV, (1) 3.73 ¥ 0.64
Fve (1) 4,59 ¥ 0.73
FEV,/FVC (%) 81.2 -2 9.00
FEV, 0/P (%) 95.5 I 30.30

Fvgc 0/p (%) 102.0 I 35.00

Table IV shows the isolated correlations between NYE, PY,
lung function tests and respiratory symptoms. Both NYE and
PY presented a significant correlation with the presence of
cough, phlegm and breathlessness. Regarding lung function
tests, only a significant negative correlation was found be-
tween NYE and FEV,/FVC.

The influence of smoking and the number of years of ex-
posure were studied in relation to lung function tests in
loglinear and multiple linear regression models, the latter
with FEV,, FVC and FEV,/FVC as dependent variables.
The results are presented in Tables V and VL. (The results
of the loglinear model which comprises FEV,, PY, and
NYE were omitted for being similar to the results obtained
through the model with FVC, PY and NYE).

Loglinear models indicated that in the analysis between NYE,
PY and FVC, and NYE, PY and FEV,, the structure that
better explains both relationships contains a significant
association between NYE and PY. The iterations between
NYE, PY and FEV,/FVC had low *‘p’* values, thus were
not analysed. The multiple linear regression analysis showed
that the effect of NYE was more relevant in relation to
FEV; and FVC but PY is more relevant in relation to
FEV,/FVC.

Finally, the behavior of respiratory symptoms, functional
parameters and NYE and PY were analysed in relation to
the presence of pneumoconiosis. In the first analysis a multi-
ple linear regression model was fitted with profusion of smatl
opacities as the dependent variable. The results are shown
in Table VII. NYE and breathlessness were significantly
associated with the presence of pneumoconiosis. FVC was
not considered as an independent variable in the above-
mentioned table. PY was neglected due to its minimum con-
tribution in the eguation.
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The mutltiple linear regression model is not the most suitable
for analyzing variables with dichotomous values such as
cough, phlegm and breathlessness. For a better understand-
ing of the relationships we applied the probit regression
technique, assuming for the dependent variable (profusion)
a dichotomous value (0 = category 0, 1 = category 1 or
above). The respiratory symptoms such as cough, phlegm
and breathlessness assumed the values 0 = absentand 1 =
present). The FVC and FEV, are expressed in centiliters.
The results are presented in Tables VIII to X.

The probit regression analysis confirms the significance of
NYE and breathlessness in relation to the prediction of
poeumoconiosis and in addition it shows a significant cor-
relation with FEV,/FVC (positive} and FEV, (negative).
The distribution of the predicted values among the subjects
shows that there is a good chance of classifying an individual
correctly given known variables.

DISCUSSION

The radiological evaluation was affected since the industries
were in charge of the examinations. Consequently 140
radiographs were not sent and 108/816 were considered in-
adequate for classification. The prevalence of 5.6% of
pneumoconiosis is not high. However, the mean NYE of
cases is very low. The CWP prevalence in underground
United States miners in the late 70’s was just below 5%, but
the mean exposure time was much higher than the 8.4 years
here observed.!?

The quartz concentrations exceeded 10% in more than one
third of the samples of respirable dust in the investigated
mines. In three fourths of the samples the TLV of quartz
was exceeded.!” These quartz concentrations are likely to
affect the estimates of pneumoconiosis prevalence in
underground coal mining when compared to countries where
there are lower quartz concentrations.®

Approximately 1/3 of the miners complained of cough,
phlegm and breathlessness. This figure seems to be excessive,
nevertheless, there are not comparative data available from
a control population. The environmental levels of SO, are
high in the regicen due to the existence of large open coal
depots.

A third of the miners, having valid lung function tests,
presented the FEV, and the FVC below 80%. Miners with
rejected lung function tests for analysis (20% of the sample)
have shown a NYE mean significantly higher than the miners
with valid tests. This may probably have underestimated the
functional effects resulting from dust exposure. Both NYE
and PY correlated significantly with the presence of cough,
phlegm and breathlessness.

The analysis of the NYE and PY influence over the func-
tional parameters showed that only NYE associated
significantly with the drop in FEV,/FVC. When the effects
of these two factors were analysed in a multiple linear regres-
sion model, NYE proved to be more important in relation
to the decline in FEV, and FVC, while PY proved to be
more important in relation to the decline in FEV,/FVC.
This latter is, comparatively, a better isolated test for bron-
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X2 Values for Contingency Tables. Number of Years of Exposure (NYE)

Table IV

or Pack Years (PY) and Lung Function Tests of Respiratory Symptoms

NYE (DF) PY (DF)

FEV, 6.02 (4) 2.2 (4)
FYC 1.7 (8) 3.3 (4)
FEV,/FVC 9.5+ (4) 5.5 (a)
COUGH 21.2%*+ (2) 20.2+++(2)
PHLEGM 11.6** (2} 6.15% (2)
BRETHLESSNESS 50.8%** (2) 13.9%+»(2)
*pg 0.05

**ng 0.01

wetp g 0.001
OF = Degrees of Freedom

Table V
Observed Adjusted Values for the Log Linear Model PY.FVC, PY.NYE (Probability = 0.6876)*

PY
F¥C NYE NS 10 10 ES TOTAL
0- 5 9 7.3) 8(11.9) 2( 2.5) 0( 0.5) 19
< 0.60 5 - 15 2 4.1) 8¢ 4.8) 3¢ 2.3) i( 0.5) 14
15 - 1{ 0.5) 1( 0.3) 0{ 0.2) 0( 0.0) 1
0- 5 32(82.2) 62(61.5) 33(28.7) 1( 1.0) 138
0.60 - 0.60 5 - 15 24(23.8) 25(25.1)  23(26.7) 1( 1.0) 73
15 - 3( 3.0) ¢ 1.5) 2( 2.6) 0( 0.0) 6
13 it it 2 i sttt -ttt i ittt ittt ittt i ittt ittt it it ittt it ittt it
0- 5 136(76.5)  136(132.7) 54(57.9) 5( b.5) 270
> 0.80 5-15 B5(83.1) 51(55.1) 57(53.9) 4¢ 4.5) 157
15 - 5( 5.5) 3¢ 3.2) 6( 5.2) o( 0.0) 14
TOTAL 206 285 180 12 693

% 3 and t values were significant only to 2 levels of FVC and to all levels of the
table PY x NYE.
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Table V1
Coefficients, Standard Error (SE) and F Value of the Multiple Linear Regressions

DEPENDENT INDEPENDENT
VARIABLE VARIABLES COEFFICIENT SE F
CONSTANT 368.6514 _
FEV, NYE -2.0007 0.5122 15.26%
PY -0.4581 0.2671 2.94
CONSTANT hi5.9138
FVC NYE -1.9781 0.5903 11.23%
PY -0.2002 0.3078 0.42
CONSTANT 82.6080
FEV,/FVC PY -0.1457 0.0399 13318
NYE =0.0898 0.0766 1.37
*pc 0.005
Table VII

Coefficients, Standard Error (SE) and F Value of the Multiple
Linear Regression, Dependent Variable: Profusion

COEFFICIENT SE F
Constant 0.2664

NYE 0.1396 0.0385 13.13*
BREATHLESSNESS 0.1957 0.0723 7.32*
COUGH 0.0807 0.0749 1.16
FEV, -0.0003 0.0003 1.10
QUETELET INDEX 0.0640 0.0764 0.70
PHLEGN 0.0417 0.0712 0.34
FEV,/FVC 0.0013 0.0032 0.16

*p < 0.005
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Table VIII
Probit Regression Coefficients. Dependent Variable: Profusion (0 or 1)

COEFFICIENT SE T P
CONSTANT -9.4601 4.9535 -1.9098 0.0562
NYE ¢.0582 0.0183 3.1835 0.0015*
BREATHLESSNESS 0.5627 0.1809 3.1109 0.0019*
FEV1IFVC 0.1235 0.0595 2.0762 0.0379*
FEV, -0.0265 0.0129 -2.0532 g.0401~
F¥C 0.0192 0.0105 1.8247 0.0680
QUETELET INDEX -0.0492 0.0301 -1.6348 0.1029
COUGH -0.1141 0.1965 -0.5809 0.5614
PHLEGH 0.0374 0.1915 0.1953 0.8452
PY -0.0007 0.100 -0.0074 0.9407

chial obstruction. The loglinear model showed that the in-
teraction cigarette smoking-years of exposure was signifi-
cant for the structure of the relationships with FEV, and
FVC.

Table IX
Change in Probability Evaluated at P = 0.056

P = 0.056
NYE 0.0066
BREATHLESSNESS 0.0639
FEVilFVC 0.0140
FEV, -0.0030
FyC 0.0022
QUETELET INDEX +0.0056
COUGH -0.0130
PHLEGM 0.0042
PY -0.0001
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The contribution of dust exposure on lung function was at
first minimized in the literature, due to the complexity of
the analysis of all respiratory hazard factors related to coal
mining.!! Recent and reliable data clarified these points,
showing the relationship between dust exposure in coal mines
and respiratory symptoms.*-® Data analysis on the relation-
ship between dust exposure and cigarette smoking was ad-
dressed by Elmes.2 In British coal industry, cigarette smok-
ing is today the main cause for determining miners” func-
tional deterioration, although both factors have their contribu-
tion. A more recent paper on these relationships in British
coa! workers showed that the combined effect of dust ex-
posure and cigarefte smoking appears to be additive, and
there are no definite proofs, that smoking is more important
than dust exposure.©

Although there are no routine dust sampling in Brazilian coal
mines that permit us to derive cumulative indices of exposure,
it can be supposed that dust exposure hazards in Brazilian
coal mines are pot comparable to British, American and Ger-
man findings due to qualitative differences in respirable
quariz. In fact, the loglinear analysis indicates an important
effect of the association between cigarette smoking and dust
exposure on the determination either of FEV, or FVC.
Since miners with rejected lung function tests presented a
mean NYE significantly higher than the analyzed group, the
effect of dust exposure on the lung function parameters is
likely to be underestimated. We believe that only the
longitudinal follow-up of these miners will clear up the con-
fused correlations of these variables.



Table X
Predicted Probabilities (in Intervals of 0.1) by Observed Value (0 or 1)

Epidemiology—Coal T

PREDICTED

0-.09 .1-.19 .2-.29 .3-.39 .4-,49 .5-.59 .6-.6% .7-.79 .8-.89 .9-1.0

OBSERVED
0 568 78 19 3 0 0 0 0 0 0
1 21 14 2 3 0 0 Q 0 0 0
The multiple linear regressiorn model showed that NYE 2. Elmes, P.C.: Relative Importance of Cigarette Smoking in Occupational

followed by breathlessness are the most significant factors
related to pneumoconiosis. Multiple linear regression models
are not suitable in the presence of dichotomous variables due
to its difficulties in estimating probabilities restricted to the
interval 0.1. In addition, the multiple linear regression
assumes that the effect of the independent variables is con-
stant along the whole variation of the predicted dependent
variable. The probit regression analysis seems to be more
appropriate in these circumstances and yields estimated coef-
ficients which are asymptotically unbiased, efficient and
consistent.

The results of the probit anatysis were similar to those of
the multiple regression analysis including the FEV,/FVC
and FEV, as significant variables. This analysis
demonstrates that for each year of exposure a 0.6% effect
is added to the observed probability of pneumoconiosis
(5.6%). Cough, phlegm and smoking had no relation with
the presence of pneumoconiosis. In British coal miners,
smoking does not affect the risk of developing CWP.

These data indicate a probable excess of respiratory symp-
toms in Brazilian coal miners. Cough, phlegm and breath-
lessness were significantly related to both dust exposure and
smoking. The association of dust exposure and smoking
showed a significant effect in relation to the FEV, and
FVC. Although the dust exposure effect was underestimated,
we are not able to conclude which one of these variables was
more responsible for lung function deterioration. The most
determinant factor, as far as pneumoconiosis is concerned
was the dust exposure; individuals with pneumoconiosis
tended to have breathlessness and a low FEV,. This group
of miners will be followed up in 1989.
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15 YEAR LONGITUDINAL STUDIES OF FEV, LOSS AND MUCUS HYPERSECRETION
DEVELOPMENT IN COAL WORKERS IN NEW SOUTH WALES, AUSTRALIA

J. LEIGH, MB, BS, MA, MSc.,Ph.D.

National Institute of Occupational Health and Safety, Australia

Recent longitudinal studies from the United Kingdom? and
the United States! have shown that coal mine workers suf-
fer a decline in FEV; which is a function of age, height,
smoking habit and respirable dust exposure. Although each
of these studies has been criticized for bias due to the restric-
tion of the study to current workers who had been examined
and re-examined after an 11 year interval'® it has been
shown that those workers who leave the coal mining industry
do not differ greatly in their response to dust exposure, thus
suggesting that any such bias is small.11

Previous cross-sectional studies in New South Wales have
shown clear positive associations between chronic mucus
hypersecretion and age, smoking, relative dust exposure and
alcohol consumption and similar, but less clear, associations
between airways obstruction (loss of FEV)) and the above
factors.® Comparison of multiple regression analyses of the
entire workforce examined in 1971-74 and 1977-80 showed
that the negative regression relationship of FEV, with
relative dust exposure (years worked at face) was statistically
significant at the 5% level only in the earlier study, which
would have included more men who had worked in a period
of poorer dust control (i.e., before about 1955).7 To con-
firm these findings and to enable more direct inferences as
to the relative aetiological significance of dust exposure,
smoking and alcohol on chronic mucus hypersecretion and
airways obstruction, two complementary longitudina! studies
based on the entire NSW workforce were carried out. In the
first study, methodology was deliberately chosen to be com-
parable with the U.K. and U.S. studies mentioned above.
In the second study a somewhat different methodology was
used to provide further information about the actizal time
course of changes in both airway obstruction and chronic
mncus hypersecretion, as a function of age, smoking, relative
dust exposure and alcohol consumption.

STUDY 1

Methods

In New South Wales, all mineworkers are examined in
regional medical bureaus, by occupational physicians, every
2-3 years. At each examination, a full smoking and alcohol
consumption history are obtained. Standing height without
shoes and FEV, (better of two satisfactory efforts,
Vitalograph Spirometer ATPS 20°C) are measured. Data are
recorded in a standardized fashion and maintained in a
computer-based records system.®
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All workers who had been examined in the period 30 June
1970-30 June 1973 and in the period 30 June 1983-30 June
1986 and at least once in the intervening period were included
in the study. From the computer-based records system, the
following data were extracted:

1. Age at latest examination (years).

2. Height at latest examination (cm).

3. Tobacco smoked per week (gm/wk)

3.1. at initial examination (previous smoking amount)
3.2. mean of all examinations, including initial examina-
tion (concurrent smoking amount).

4. Alcohol consumed per week (gm/wk) (mean of all
examinations).

5. Dust exposure index at initial examination (6 X years
worked underground at face + 1 X years worked
underground not at face prior to initial examination).
The ratio 6:1 corresponds to the ratio of mean full shift
gravimetric exposures in the two sites.

6. Dust exposure index between examinations (6 X years
worked underground at face + 1 X years worked
underground not at face between examinations).
(Concurrent dust exposure).

7. Standardized change in FEV,, (AFEV,, L)

(FEV, (1970-73) — FEV, (1983-86)) x 15
(actual years between)

The sample comprised 2,807 men. This
24.5% of the men who were examined between 1970-73
and had complete data for all variables.

Results

Means and standard deviations of all variables are shown
in Table 1. The multiple regression of AFEV, on variables
1-6 was calculated. The results are shown in Table 1.

It can be scen from Table I that AFEV, has significant
(P<0.05) positive regression coefficients on age, previous
dust exposure, previous smoking amount and alcohol con-
sumption but not on height, concurrent smoking amount or
concurrent dust exposure.

Table Il shows some significant correlations among the in-
dependent variables, but with the exception of age/previous
exposure {r = 0.38), they are low (<0.19). A high age/ex-
posure correlation is a consistent feanire of all epidemio-
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Table I
Means and Regression Coefficients

y variable

AFEVy = (FEVy 1970-73 - FEVq 1983-86) X 15 (litres)

(@ctual years beTtween)

x variables

Age at last examination
(year)

Height at last examination
{centimetres)

Dust exposure index
(concurrent)

Dust Exposure index
{previous)

Tobacco gm/wk
{concurrent)

*Tobacco gm/wk
(previous)

Alcohol gm/wk
Constant

R=20.14
n = 2807

* Included in a separate analysis.

Mean (SD)
0.81(0.81)
b P
0.75 X 10°2 <0.001  45.5(8.9)
0.72 X 10°3 NS 173(19)
-0.24 X 104 NS 43.9(39.5)
0.14 X 10°2 <0.001  21.3(35.8)
0.83 X 1074 NS 49 .4(106)
0.33 X 103 <0.01 57.2(130)
0.18 X 10-3 <0.05 171(168)
0.24

Other regression coefficients

remained stable to 2 decimal places.

logical studies in a relatively stable workforce. The two
variables, however, were retained in the multiple regression
as separate variables of independent patho physiological in-
terest. Mean loss of FEV, in 15 years was 0.81L (SD
0.81L). Mean FEV; in 1970-73 was 3.77L; mean FEV, in
1983-86 was 2.96L. It is interesting to note that the cross-
sectional regression coefficient for age was —0.038 L/yr giv-
ing an estimated loss in 15 years of 0.6L.7

Discussion

The mean loss of FEV, of 0.81L in 15 years is in good
agreement with the U.K. and the U.S. studies®! which
found mean FEV) losses in 11 years of 0.5L, 0.48L respec-

tively. Mean FEV, loss in a ‘‘normal’’ population is about
0.3L in 11 years.?

The cohort in the present study was slightly younger than
inthe U.X. and U_S. studies (mean age at final examination
45 compared to 50 (U.K.) and 49 (11.8.)).

Loss of FEV,,was related to previous dust exposure and
previous smoking amoynt. Mean smoking amount reduced
significantly in the 15 year period (57.2 gm/wk in 1970-73;
49.4 gm/wk (average of all examinations including 1970-73).
The proportion of smokers in 1970-73 was 55% while in
1983-87 it was 43%.
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Table 11
Correlation Coefficients
Dust Dust
Age Helght (Concurrent) (Previous) Smoking$ Alcohol
Age 1.00
Height -0.07 1.00
Dust 0.10+ -0.02 1.00
(concurrent)
Dust 0.38* -0.03 0.19* 1.00
(previous)
Smoking§ -0.02 0.02 0.00 0.02 1.00
0.02 0.00 0.00 0.03 1.00
Alcohol 0.11* 0.03 0.03 0.10% 0.12% 1.00
* P<0.0001

§ upper figure is smoking (concurrent)

lower figure is smoking (previous)

The lack of relationship of loss of FEV, to concurrent
smoking is thus not as surprising as it would seem at first
glance. Men already affected by obstructive lung disease con-
tinued to lose FEV, even though their smoking habit was
reduced.

The lack of relationship of loss of FEV, to concurrent dust
exposure is also not surprising. Most of the obstructive lung
disease due to dust would have developed in the men ex-
posed to the higher dust concentrations obtained prior to
1955. 'These men would have continued to deteriorate whilst
those exposed to concurrent dust concentration would not
be so severely affected.

This finding is consistent with previous cross sectional studies
on the New South Wales workforce” and with the U.K.
longitudinal study.? The finding of a lack of association of
loss of FEV, with height is difficult to explain. Both the
U.K. and U.S. studies showed a strong positive relationship
between FEV,loss and height, which would be expected if
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smoking and dust exposure caused a proportional detriment
in lung function in men of different heights. As Morgan
notes, there is nothing to suggest that height itself renders
an individual more or less likely to emphysema or chronic
bronchitis.!?

A possible explanation of the finding in the present study
is the inclusion in the study group of taller men who work
in open cut mines. Underground and face workers tend to
be self selected for smaller stature because of low roof con-
ditions in some mines. These are the workers exposed to the
highest dust levels. This effect would oppose the normal pro-
portional loss effect and thus lead to a non-significant regres-
sion coefficient. Neither the U.K. nor U.S. study included
open-cut workers.

It is possible to make rough estimates of the relative effects
of previous smoking and previous dust exposure on FEV,
loss. The respective regression coefficients are 0.33 x 1073
L. gm~! wk, and 0.14 X 10~2 L. unit of dust exposure
index—! Thus the effect of having smoked 140 gm/wk (20



cigarettes/day) prior to 1970 is a loss of 46.2 mL in 15 years
whereas the effect of having worked continuously at the face
for 10 years prior to 1970 (assuming the average man aged
30 in 1970 would have started work at 20) would be a loss
of 84 mL. This analysis is a little misleading as it does not
take into account either the variance of the dependent and
independent variables or the correlation of previcus dust ex-
posure with age. An alternative examination of the relative
effects can be made by comparing the standardized regres-
sion coefficients for previous smoking (0.056) and previous
dust exposure (0.062), suggesting a roughly equal effect.

STUDY 2
Methods

The study cohort comprised all workers who had been ex-
amined and had complete data at each of the successive 5
year intervals from 1970. The examination nearest in time
to 30 June 1970, 1975, 1980, 1985 was taken as the reference
examination for each interval. This study cohert comprised
847 men. At each examination, FEV,, smoking and alcohol
data were obtained as above. In addition, the presence or
absence of chronic mucus hypersecretion was ascertained by
a modified MRC respiratory symptom questionnaire.® The
cohort was subclassified into four age cohorts (aged 16-25(1)
(130 men), 26-35(2) (214 men), 36-45(3) (269 men),
46-55(4) (234 men} in 1970. In each 5 year interval these
cohorts were further subclassified by relative dust exposure,
smoking amount and alcohol consumption as follows:

Relative Dust Exposure

High: Majority of 5 year period working underground
at face.

Medium: Majority of 5 year period working underground
not at face.

Low: Majority of 5 year period working in surface.

Smoking Amount

Non-Smoker

Ex-Smoker

1-84 gm/wk tobacco (Low)
>84 gm/wk tobacco (High)
Alcohol Consumption

High: >300 gm/wk (High)
Low: <300 gm/wk (Low)

The dependent variables were chronic mucus hypersecretion
(% affected) and mean FEV,/ht2.3

Results

Figures 1-6 show the development of chronic mucus
hypersecretion and airways obstruction with time for each
age subcohort, as a function of relative dust exposure, smok-
ing amount and alcohol consumption.

There is a clear relationship between chronic mucus
hypersecretion and both dust exposure and smoking amount
in all age subcohorts. In cohorts 1, 3, 4 the same relation-
ship is apparent for alcohol consumption. There is a pro-
gressive increase of chronic mucus hypersecretion with time.

Airway obstruction also shows a progressive increase with
time in all subcohorts. There is a strong relationship with
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smoking amount and a weaker relationship with dust ex-
posure and alcohol consumption. It should be noted that the
“*sub-subcohorts’ at any time may include different in-
dividuals, as smoking habit, drinking habit and work site may
change between examinations. For this reason we were
uncertain as to how best to statistically analyse the data. As
statistical analysis of longitudinal data of this type is still in
a developmental phase we decided to merely present for
visual inspection the time course of means and propertions
by sub-subcohort.

However, the results of studies 1 and 2, taken together, clear-
ly show that concurrent dust exposure, concurrent smoking
and alcohol consumption are associated with increased mucus
hypersecretion and that dust exposure and smoking before
1970 are associated with the development of airways
obstruction.

These findings and alsc consistent with pathological studies
demonstrating dust induced bronchitis* and emphysema’ in
coal workers. Alcohol consumption has been shown to reduce
mucociliary clearance!? and the adverse effects of smoking
are universally accepted. There thus exists a clear patho
physiological basis for the findings.

Conclusion

Longitudinal studies of the entire New South Wales work-
ing coal industry workforce show a clear association between
past dust exposure, smoking and alcohol consumption and
the development of chronic mucus hypersecretion and air-
ways obstruction.

We have not followed up exworkers but evidence from other
studies suggests that this does not cause significant bias.

Any such bias is likely to be in the direction of a *‘healthy
worker effect’” whereby the least affected remain at work.
Hence these studies are likely to have underestimated the ef-
fects of dust exposure on lung function in coal workers.
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Figure 1. Development of chronic mucus hypersecretion by age and time related to relative dust exposure.
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Figure 6. Development of airway obstnuction by age and time related to alcohol history.
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PROGRESSIVE MASSIVE FIBROSIS DEVELOPING ON A BACKGROUND OF
MINIMAL SIMPLE COAL WORKERS’' PNEUMOCONIOSIS

T.K. HODOUS, M.D. * M.D. Attfield, Ph.D.
National Institute for Occupational Safety and Health
Division of Respiratory Disease Studies
Morgantown, WV, USA

ABSTRACT

Recent British data suggest that the majority of progressive massive fibrosis (PMF) cases in coal miners
develop on a background of category 0 or 1 simple pneumoconiosis. To evaluate this in American
coal miners, data from the NIOSH National Coal Study (NSCWP) and Coal Workers” X-ray Surveillance
Program (CWXSP) were examined. All available 5-year film pairs on individual miners which showed PMF
on the later, but not on the earlier film were studied (n=136 pairs). Readings were cither the median of
3 “B” rcaders (NSCWP) or a single *‘B”’ reader (CWXSP). All films on each miner were reviewed in
a side-by-side format with dates known by an unblinded **B*’ reader. Only 69 of the 136 cases were thought
to be true incident cases of PMF. Of the 67 excluded cases, 26 were thought to have PMF on all films,
and 11 were considered to be borderline but negative cases. Eighteen others were given other diagnoses
for mass-like lesions on the chest x-ray. In the 69 confirmed cases, the prevalence of category 0, 1, 2,
and 3 simple CWP on the earlier films was 14%, 43%, 33%, and 9%, respectively. These values for the
PMF films were 1%, 43%, 38%, and 17%. The primary simple CWP opacity on the PMF films was: p-9%,
q-20%, and r-65%. The high prevalence of **r’* epacities and the rapid disease progression observed in
some cases suggest that free silica over-exposure may have played an important role in PMF in this popula-
tion. The results also seem to corroborate recent British data. Although further evaluation is needed, these

data re-emphasize the importance of strict dust control.

INTRODUCTION

Recent British data suggest that the majority of progressive
massive fibrosis (PMF) cases in coal miners develop in
miners whose chest x-ray approximately 5 years previously
showed category 0 or 1 simple (presumedly coal workers’)
pneumoconiosis.®? This frequent development of PMF on
a background of minimal simple coal workers’ pneumo-
coniosis (CWP) is surprising since previous research in-
dicates that the attack rate of PMF is near zero in those with
minimal pneumoconijosis, rising rapidly in miners with the
higher stages of simple CWP.3# This newly described
phenomenon is presumedly related at least in part to the very
high prevalence of miners with minimal simple CWP in the
lower dust-exposed present-day workforce. Thus the low at-
tack rates in miners with minimal simple CWP multiplied
by the very large number of miners at risk yield a substan-
tia! fraction of the total new PMF cases. However, Hurley
and Jacobsen® have suggested from more recent data that
the attack rate of PMF in working coal miners with category
1 simple pneumoconiosis may be 3 to 4 times higher than
previously reported.

The existence of this phenomenon has not been clearly
documented in the North American literature. Furthermore,
some have questioned the reliability of the radiographic
diagnosis of PMF in the absence of a background of category
2 or 3 simple pneumoconiosis and especially in miners with
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category 0 simple CWP.® This issue is obviously an impor-
tant one, relating to the pathogenesis of PMF and to the ef-
fectiveness of medical surveillance as a2 method of preven-
tion of PMF.

In order to evaluate this phenomenon in American coal
miners, data from the National Institute for Occupational
Safety and Heafth (NIOSH) National Study of Coal Workers®
Pneumoconiosis (NSCWP), and Coal Workers’ X-Ray
Surveillance Program (CWXSP) were evaluated.

METHODS

Selected posterior-anterior (PA) chest x-rays from the
NSCWP and CWXSP were examined. The NSCWP is a
research program involving selected coal mines and miners
across the country. The CWXSP is a surveillance program
covering all U.S. underground coal miners. Both data bases
have had four *‘rounds’* or groupings of x-rays of U.S. coal
miners taken at approximately 5-year intervals. The overall
time interval ranged from 1969 to 1988. From these two files,
all available film pairs in adjacent rounds on individual
miners which were interpreted as showing PMF on the later,
but not on the earlier film were studied (n=136 pairs).
Although the NSCWP and CWXSP files contain films of over
1300 miners with PMF, the great majority of these cases have
only one x-ray on file, or PMF on all available x-rays. These
two programs to date have a total of 194 cases of PMF at-



tacks. Excluded from the present study were 58 cases: 37
had PMF attacks over 3 or 4 rounds (i.e., not over adjaoent
rounds); 6 had PMF attacks documented by 1 x-ray in each
program;, 2 represented disagreement between programs; and
13 had films which were involved with other studies or not
located during the time of the re-readings. These x-ray
readings were based on the ILO classification current at the
time of the x-ray. They were the original i ions done
at the time, and were based on either the median of 3 NIOSH
“B’’ readings (NSCWP) or a single “‘B"’ reader reading
(CWXSP).” One additional stipulation for the NSCWP
cases was that the earlier film could not be read as showing
PMF by any reader.

All 136 x-ray pairs, along with any additional x-rays available
on the 136 miners, were then reviewed in a side-by-side for-
mat with dates known by a single *‘B”’ reader. This reader
(the first author) knew the purpose of the study, the fact that
the x-ray sets were thought to represent incident cases of
PMF, and the source of the films. However he was unaware
of prior actual ILO readings, and miner tenure and job title.
The 1980 ILO classification® and standard films were util-
ized in these readings. In addition to the usually recorded
ILO classification data, the location, number, and calcifica-
tion of PMF lesions were noted.
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RESULTS

One hundred fifieen of the 136 cases came from the CWXSP,
and the remaining 21 came from the NSCWP. For 54 miners
(40%), PA films were available from either 3 or 4 rounds.
In review, only 69 of the 136 cases were thought to be true
incident cases of PMF. The reviewer’s interpretation of the
67 non-incident cases of PMF is summarized in Table I.
Twenty-six of the cases were thought to have PMF on both
films, and 11 were considered to be borderline (showing

ax’’—coalescence of small opacities) but negative cases.
Eighteen others were given other diagnoses for mass-like le-
sions on the chest x-ray. Most were considered granulomata,
either multiple or calcified solitary nodules. In 10 of these
18 cases, the abnormality was in fact present on both films.
It should be noted that in 6 cases, the program readings
reported a regression in PMF in 2 later film. As the data
in Table I suggests, there seemed to be better agreement be-
tween the reviewer and the NSCWP compared to the
CWXSP.

In 69 film pairs, the later film was thought to show a new
abnormality consistent with PMF. These decisions were
made regardless of the background of simple CWP. The new
lesions regarded as PMF (Table IT) were unilateral in 35

Table I
Reviewer Interpretation of Non-Incident Cases of PMF*

av terpretation NSCWP++ CWXSP+ TOTAL
A. PMF on both films 2 24 26 { 39%)
B. Not PMF
1. Ax 3 8 11 { 16%)
2. No spparent
PMF lesions 0 12 12 ( 18%)
3. Other diagnosis
likely
a. Granuloma 0 12 12 ( 18%)
b. Other 1 S 6 « %)
Total . 6 61 67 (100%)
Total cases in Study 21 115 136

*  Values are numbers of films (%)

++ NSCWP = National Study of Coal Workers' Pneumoconiosis
+ CWXSP = Coal Workers®' X-Ray Surveillance Program
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Table I
Descriptive Aspects of Incident PMF Cases
(@ = 69)

—Detajl
Category A 61
Unilateral K}
Mid or Lower

Lung Zones 6
Calcified 0

Numbers of Cases (%)

(88%)
(51%)

{ %)

( o%)

cases, category A in 61 cases, and cakified in no case. Subse-
quent films were available in 13 cases, and of these 8 showed
progression to a higher PMF stage, and 6 showed progres-
sion of simple pneumoconiosis.

‘The prevalence of category 0, 1, 2, and 3 simple
pneumoconiosis in the earlier (non-PMF) films in the 69
cases was 14%, 43%, 33%, and 9%, respectively (Table III).
Three of the category 0 films were classified as negative
(category 0/0) and seven were classified 0/1. The distribu-
tion in category 1 was: 1/0—8 films; 1/1—12 films, and

1/2—10 films. The prevalence of category 0, 1, 2, and 3’

simple pneumoconiosis for the PMF films was 1%, 43%,
38%, and 17%, respectively. The one category 1 film was
classified as 0/1.

In 9 cases, there was a progression of simple pneumoconiosis
between the non-PMF and PMF films of 3 to 6 minor pro-
fusion categories. In 6 of these, “‘r’’ type small opacities
predominated.

In the 67 reviewed cases which were not thought to
demonstrate attacks of PMF, there was a higher prevalence
of category 0 simple pneumoconiosis. The prevalence of
category 0, 1, 2, and 3 simple pneumoconiosis in the earlier
films was 42%, 36%, 18%, and 4%, respectively. These
values for the later films were 34%, 39%, 24%, and 3%.

The type (size and shape) of small opacity in the incident
PMF cases is shown in Table IV. Rounded opacities
predominated, and of those, the “‘r** lesions were most com-
mon, occurring as the primary opacity in 69% of the PMF
films.

DISCUSSION

Ihmsuldyhasrenewedasmallgroupofpresumedmcldent
cases of PMF in coal miners, primarily to determine the
background of simple CWP present on the PMF x-ray and
on a film taken approximately 5 years earlier. With the aid
of side-by-side reading and using a single reader, almost half
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of the cases were not thought to be true PMF incident cases.
There are several possible explanations for these rather sur-
prising results. Obviously the review interpretations could
be incorrect, and because of the largely unblinded nature of
the reading trial, this may indeed explain at least part of the
discrepancy. However, the side-by-side technique should
reduce reading errors caused by variable film technique and
quality.® It seems likely therefore, that the results can also
be explained in part by the variability in detecting PMF on
single films among different readers at different times.
Although intuitively one might consider the accurate detec-
tion of large opacities (PMF) to be easily achieved, other
research indicates this is not the case.519:11 In addition, in
at least some cases the disagreement was not in detecting
the (often obvious) large opacity per se, but rather in inter-
preting the large opacity as being ‘‘consistent with
pneumoconiosis.””® These findings have several practical
unplications regarding x-ray reading format that are being
further evaluated.

The high prevalence of category 0 and 1 simple CWP on
the 69 incident PMF x-rays, and on films taken approximate-
ly 5 years earlier (Table III), seems to corroborate recent
British reports.!? However, one must hasten to point out
that none of the PMF cases have been confirmed
pathologically. Thus other diagnoses including tumor and
tuberculosis are possible. Especially in cases with no
background of simple CWP, many would argue that ascrib-
ing a large opacity to PMF is going beyond the ILO General
Insuucuonstorecordappeamnceslhatnngbtbedueto
preumoconiosis.® The NIOSH Study Syllabus, prepared by
the American College of Radiology, for example, illustrates
a lung mass as a carcinoma, stating, *‘Do not confuse this
with a large opacity of pneumoconiosis. There is not a
background of small opacities.””’? In 13 cases, the
availability of subsequent films made the former alternative
somewhat less likely however. On the other hand, the
presence of a background of simple pneumoconiosis does
not guarantee that a large lesion is PMF. Unfortunately,
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Table IT

Major Profusion Category of Simple Pneumnoconiosis in
Incident PMF Cases* (n = 69)

Major Profusion Category Earlier
of le Pneumoconiosis (non-PM¥F) Film PMP Pilm
0 10 ( 14%) 1 ( 1%)
1 30 ( 43%) 30 ( A3%)
2 23 ( 33%) 26 ( 38%)
3 6 « %) 12 C17%)
Total 69 (100%) 69 (100%)

* vValues are numbers of films (%)

Table IV

Type (Size and Shape) of Small Opacities in
Incident PMF Cases* (n = 69)

Earljer (non-PMF) film* PMF Film
Type of Predominant Secondary Predominant Secondary
Small Opacity Opacity Opacity Opacity Opacity

P 9 (14%) - 3 ( 5% 6 ( 9I%) S (™)
q 19 ( 29%) 24 -( 36%) 18 ( 20%) 25 ( 3%
r 37 ( 56%) 36 ( 55%) 45 ( 65%) 35 ( 51W)
s 3 ( 5% 1 ( 1%)
t 1 ( 1%) 3 ( %)
u

Total 66 (100%) 66 (100%) 69  (100%) 69 (100%)

% Values are number of films (%).
+ Three filns were category 0/0.
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especially when unilateral as occurred in 50% of cases in
this study (Table II), the lesions of PMF are not very
characteristic; Parkes has noted the variability of the presen-
tation of PMF.13

To confirm a diagnosis of PMF with greater certainty, one
would need clinical information including longitudinal
radiological follow-up, and in many cases pathological
specimens. However, the British data!”® is strengthened by
the finding of increased attack rates of PMF with increasing
simple pneumoconiosis category, starting with category 0.
One would not expect mass lesions of other etiologies to
follow such a pattern. Unfortunately, the data in this pres-
ent study is too limited for such an analysis.

Another assumption that needs to be considered is that the
small opacities on the chest x-ray represent pneumoconiosis,
and specifically CWP. The: rapid progression of these lesions
in several cases, as well as the high prevalence of “‘r”’
opacities suggest that free silica may be the important
etiological agent in at least a part of this population. Further
evaluation to determine job titles and dust exposure data in
this cohort in continuing. It seems safe to conclude however,
based on the more “‘classic’” cases of PMF developing on
a background ofcategory 2 or 3 simple poeumoconiosis, that
strict dust control remains an important issue.

It must be emphasized, however, that this is a very restricted
study population. The design also excluded 37 new PMF
cases which occurred over non-consecutive rounds of the
NSCWP or CWXSP. In addition, it is possible that miners
who knew they already had the higher categories of simple
pacumoconiosis may have acted differently than miners who
knew they had either no or minimal discase. More of the
former group, for example may have left the industry, or
refused further x-rays for various reasons. Thus the cohort
selection was biased towards rapidly developing PMF cases,
and perhaps towards PMF cases in those with minimal
pneumoconiosis 5 years previously. Furthermore, the
prevalences of simple pneumoconiosis found here should not
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be considered representative of all miners developing PMF,
because of the selection factors and study design features
discussed above.

While interesting observations on film reading technique,
medical surveillance, PMF in coal miners, and dust control
can be made from this small study, one must emphasize the
preliminary nature of the findings. Further research is clearly
needed before conclusive answers will be available.
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INTRODUCTION

Quantitative estimates of exposure in epidemiology greatly
improve a study’s ability to detect low level effects,
distinguish between competing effects of etiological agents
and perhaps most importantly, establish exposure-response
relationships that can serve as the basis for public health in-
tervention. However, the usefulness of exposure estimates
depends on their accuracy and precision. Systematic bias in
exposure measures will result in biased estimates of the ex-
posure respense relationship while random errors in measure-
ment or misclassification will bias the observed association
toward the null.!

The usefulness of accurate exposure data has been ex-
emplified by research on the health effects of respirable coal
mine dust by the British Pneumoconiosis Field Research
(PFR) started in 1952.2 The PFR studies get much of their
strength from the concurrent measurement of health status
and coal dust exposure over many years. The studies have
been able to define the separate effects of dust exposure and
confounding exposures® and to quantitatively define
exposure-response relationships.43:6

Untif recently, detailed exposure-response studies have not
been possible in the United States. With the advent of the
Federal Coal Mine Health and Safety Act of 1969, the Na-
ticnal Study of Coal Workers Pneumoconiosis (NSCWP) was
initiated. The study was set up as a series of rounds of health
data collection. Miners for the first round of the study were
selected from a group of 31 mines. In the second and third
rounds, miners from additional mines were added to the
group. The cohort for the fourth round of the study, con-
cluded this year, includes a subset of younger miners who
participated in the first two rounds.

The usefulness of the NSCWP studies for defining the ex-
posure response relationship has been limited. Dust exposure
estimates for the NSCWP were originaily intended to be
made using measurements taken on each individual miner
by the Mine Safety and Health Administration (MSHA) com-
pliance program.” However, the first two rounds were
unable to use this data because only a few years of exposure
data had been collected at the time. Instead, these analyses

relied on years worked or years underground as a surrogate
for exposure.®? The third round of the NSCWP made
limited use of exposure data in the analysis of pulmonary
function changes.!?

The exposurc data collected for the MSHA compliance
monitoring program have produced one of the largest ex-
posure data sets in existence. It now contains about 18 years
worth of personal exposure monitoring from all T1.S.
underground coal mines. Used appropriately, these data may
provide a very substantial basis for precise exposure estimates
for the NSCWP.

The overall purpose of our study is to combine measurements
of miners’ lung function with existing historical
measurements of exposure in order to develop a quantitative
exposure-response relationship. The current report is limited
to anatysis of the exposure data. Descriptive analyses of the
data will first be undertaken and potential sources of bias
explored. An exposure matrix will be designed with mine,
occupation and year as the three dimensions. The final
estimates of the mean exposure level in each cell of the mine,
occupation and year matrix will be made with a regression
model. The mean exposures will then be merged with the
work histories of the miners in the study cohort in order to
estimate cumulative exposure for each participant. These
cumulative exposures will then be used to estimate the
exposure-response relationships for pulmonary function and
radiographic indices.

- COLLECTION OF EXPOSURE DATA

The exposure data comes from the MSHA coal mine health
compliance program. The law enacted in 1969 requires coal
mine operators to maintain respirable dust levels below
specified levels. To ensure compliance with the standard,
operators are required to periodically conduct air sampling
and MSHA compliance inspectors visit each coal mine
several times each year and collect additional samples.!!

The protocols for air monitoring have changed over time.
Operators were originally required to sample miners in highly
exposed occupations, termed High Risk, or Designated Oc-
cupations, repeatedly and all other miners from two to four
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times each year. In 1980 these requirements were altered
to reduce the operators’ sampling burden. Occupations with
low expected exposures were dropped from the personal
monitoring requirement and area samples were employed
instead.

MSHA inspector sampling follows a similar pattern although
the number of samples is much lower. Inspectors sample each

of the Designated Occupations although they exercise discre-
tion in deciding which other occupations or miners to sample.
All samples used here are full shift personal samples col-
lected with a 10 mm nylon cyclone-filter assembly. Results
are determined gravimetrically by MSHA. The specified
sampling flow rate is 2 liters per minute and a correction
factor is applied to the result to make it comparable to the
British MRE sampler upon which the federal exposure stan-
dard is based. The data provide an internally consistent
measure of respirable coal mine dust and are therefore ap-
propriate for investigation of chronic respiratory effects.

DATA SET DESCRIPTION

The exposure data used for this study was collected by
MSHA and files containing the data were obtained from two
sources. NIOSH provided data tapes which contain all ex-
posure data for underground coal mines from 1970-1979.
There is a total of 3,226,602 samples contained in the NIOSH
data set.

The data covering 1979-1987 was obtained from the Bureau
of Mines (BOM). The BOM supplied data tapes of all
underground coal mine samples for the years 1979-1987,
totalling 1,519,892, A breakdown by year and sample source
is given in Table I. Note that the number of operator
generated samples is significantly reduced after 1980 when
the revised sampling protocols were adopted.

The information contained in both data sets include (a) date
of sample, (b) MSHA mine number, {c) occupation code (d)
concentration, and (¢} social security number, along with
various information about the type of sample, type of mine,
sampling time, etc.

POTENTIAL LIMITATIONS OF
THE EXPOSURE DATA

Several potential problems with the use of the data for
epidemiologic analysis may be identified. Although the
overall number of samples is very large, about 4.7 million,
they are not equally distributed between mines, occupations
and years. Most samples are taken in the High Risk, or
Designated Occupations. Thus, in many cells of the mine,
year and occupation matrix, there is no data at all.

The fact that the exposure data is based on a regulatory com-
pliance program suggests that the way in which the samples
are taken may lead to bias, MSHA compliance sampling con-
tinues for up to five days, depending on the results of the
earlier samples. These sampling rules may lead to more
sampling of jobs with higher exposures. In addition, it has
been suggested!2 that adjustments in the work process or
engineering controls could be made which would reduce ex-
posures on subsequent days of a compliance inspection. Thus,
use of an average of all inspector data, without respect to
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the day it was taken, might lead to a biased estimate of
exposure.

Table I

Number of Underground Coal Mine Dust Samples in
Bureau of Mines Data Set 1979-1987

YEAR OPERATOR INSPECTOR TOTAL
1979 417912 23546 (5.3) 441,458
1980 269,092 19642 (6.8) 288,734
1981 56,862 20845 (344) 86,707
1982 39,755 271342 (40.8) 67,097
1983 118,692 26523 (18.3) 145215
1984 109.929 26,686 (19.5) 136,615
1985 98,927 26882 (21.4) 125,809
1986 93,479 24767 (21.0) 118,246
1987 85,886 24,125 (21.9) 110011
Total 1,290,534 290358 (15.1) 1519892

For non-Designated Occupations, both inspector and operator
sampling may concentrate on particular jobs with a history
of high exposure. Thus, the data is likely to be weighted
toward high exposures.

It has also been suggested!>-14 that operator data deviates
from the lognormal distribution which one would generally
expect in exposure data. They show that operator data has
a large number of low exposure samples, yielding lower
mean exposure levels than inspector data.

METHODOLOGY

The overall analytic strategy is to (a) choose a sample of
mines, (b} conduct descriptive analyses, (c) assess bias, (d)
reduce the number of categories for analysis, (¢) specify the
best model for prediction of mean exposures and (f) calculate
estimates of exposure,

First, a sample of mines will be chosen. All members of the
round four cohort originally worked in one of 36 mines but
most have also worked in other mines. Since the 36 mines
constitute a substantial propoertion of the total time spent in
mining, it is reasonable to use these mines as a sample with
which initial exploratory analyses and development of our
final analytic strategy will be done. Using this model, the
actual exposure estimation will then be done for all mines
in the cohort members’ occupational histories.

Second, descriptive analyses will include distributions of the
nmumber of data points and means within each mine, year and
occupation category. The degree to which the data conforms
to the expected lognormal distribution will then be assessed.
In order to avoid analyzing the distribution as a combina-
tion of heterogeneous distributions, the data will first be log-
transformed and then standardized (subtract mean, divide by
standard deviation) within each three-way matrix cell. The
data will then be analyzed as a single distribution, or stratified
on pertinent categories such as occupation. The log-
transformed data will be examined for skewness and kur-
tosis and histograms will be generated to visually assess
normality.



Third, we will examine the issues of potential bias to deter-
mine the best use of the data. Since we do not have any stan-
dard by which to measure bias in different parts of the data,
we must analyze the data internally, and use the informa-
tion we have to select the most reliable data and estimate
the magnitude of the potential bias.

Potential sources of bias will be examined to see if they make
a substantial difference in the exposure estimates. For in-
stance, the means of inspector versus operator samples will
be compared and samples from the first day of a compliance
inspection will be compared to subsequent days. If substan-
tial differences are observed, we will consider adjusting the
data to account for the bias. If adjustments are not possible,
we will use the data which most closely reflect representative
exposure conditions. The magnitude of the potential bias will
be estimated and reported with the final results.

Fourth, we will explore reducing the number of cells in the
mine, year, occupation matrix by examining the differences
between mines and by attempting to collapse the number of
occupational categories. These reductions will help both in
simplifying the final analytic model adopted and by group-
ing data across similar categories in which data may be very
sparse.

The difference between mines will be assessed first. If no
substantial difference can be observed, we will remove the
mine effect from the dimensions of the matrix. If differences
do exist, the effect of individual mines or mine groups will
necessarily be included in subsequent analyses.

Second, we will reduce the number of occupations from the
197 MSHA codes to a smaller number of homogeneous ex-
posure categories. Means for each occupation will be
calculated and rank ordered. Grouping of occupations will
then be done to identify occupations with mean exposures
within, for example, 0.2 mg/m>. Analysis of variance will
then be conducted within each group, controlling for mine
and year, to assess the validity and effectiveness of the
grouping.

Finally, after the potential biases are examined, the final most
valid data is selected and the categories for analysis are de-
fined, a regression model will be developed to estimate means
and variances of exposure in a mine, exposure category and
year matrix. This part of the analysis will be conducted on
a larger data set incorporating all mines which appear in the
work histories of the NSCWP cohort.

The analysis will be done in a two stage process. First the
effect of year for each occupation group and mine will be
estimated. Then these *‘offsets’’ can be used in the regres-
sion model to estimate the exposure category and mine ef-
fects. The mode] will generally be of the form:

m x
Ci=3+zﬁmkmi+zﬂxkxi+Yi+ei

where C; is the sample result, B, and B, are the estimated
regression coefficients for each exposure category and mine,
respectively, k; and k,, are the dummy variable indicators
for exposure category and mine respectively and Y; are the
offsets calculated for each year within individual mine and
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exposure categories. The parameter estimates will then be
used to calculate the mean and standard deviation of exposure
in each category of the matrix.

PRELIMINARY ANALYSIS OF
TWO SAMPLE MINES

Two of the original NSCWP study mines were chosen for
this preliminary analysis. Table II shows the number of
samples in each of the two mines by source of collection.
Only a small percentage of the overall data is collected by

inspectors.

Table 11

Number of Underground Coal Mine Dust Samples in
Bureau of Mines Data Set 1979-1987

INSPECTOR (%) OPERATOR (%) TOTAL °

Mine 1 285 .0 13018 (979 13303
Mine 2 913 . 21269 (9590 22,182
Total 1198 (3.5 24287 (96.5) 35,501

Figure 1 shows the number of samples collected in each mine
by year. It is evident that the overall number of personal
samples was greatly reduced after 1980.

Only some of the occupations have had substantial monitor-
ing of exposure. Out of the 197 possible occupation codes,
samples were actually taken in only 76 and 108 of the
categories in the two mines, respectively. Thus, many of the
occupation codes had no data in them at all although some
of these occupations may not exist in these two mines.

Figure 2A and B shows an example of the exposure data
distribution, in this case for all years in one mine and a single,
highly monitored ion, continuous miner operator. The
untransformed data (Figure 2A) is highly skewed, while the
log-transformed values (Figure 2B) are much closer to nor-
mal, with a skewness coefficient of —0.43. There appears
to be an over representation of sample values of 0.1 mg/m3.
These low values occur mainly in the operator collected data
and may represent some bias.

Finzlly, Figure 3 shows the arithmetic mean concentration
of respirable dust based on both operator and inspector data
for continuous miner operator in the two mines. Although
there is a visually observed downward trend, the year to year
variability in the means is also apparent.

CONCLUSION

The data collected by the MSHA coal mine compliance pro-
gram forms a very substantial basis for relatively precise ex-
posure estimates for the fourth and subsequent rounds of the
NIOSH National Study of Coal Workers Pneumoconiosis.
These estimates should greatly enhance the power of the
NSCWP to detect any possible effects of the relatively low
dust exposure levels present after enactment of the MSHA
law. The estimates will also help establish the exposure-
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continuous miner operator, 1970-1986. (Geometric mean = 0.95, geometric standard
(Arithmetic mean = 1.6 mg/m3, skewness = deviation = 3.1, skewness = —0.43, kurtosis
1.8, kurtosis = 3.8.) = —0.48.)
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Figure 3. Arithmetic mean exposures by year for continuous miner operator in two selected mines.

response relationship and separate the effect of dust from
other confounding exposures.

By grouping similar occupations into exposure categories,
and by using regression modelling techniques, the problem
of data sparseness will be substantially limited. Although
there may be some bias in the data, the magnitude of the
error is unlikely to greatly affect the observed exposure-
response relationship.

In addition to enhancing the analysis of the current NSCWP
studies, development of quantitative exposure estimates
across the mining industry will also substantially help future
research into various parameters of coal mine dust induced
disease.
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INTRODUCTION

There is a discussion in the Federal Republic of Germany that the
average level of respirable dust in the underground coal mine at-
mosphere has © be reduced for minimizing the risk of coalworkers’
pocumocomioses (CWP). Now it was offered a level of 2 mg/m®,
a vahe having been in force in the U.S. since Decernber 1972.!
To determine an adequte level, extensive studics accarding to the
problem of CWP caused by respirable coal mine dust in dependence
an various stratigraphic horizons have been started. This relation be-
tween coal rank and frequency of CWP—sometimes de-
scribed as a geographical or “‘mine effect’”—was often mentioned
m&mmmym’mmﬂmzh&mmdnm

not been investigated o the same extent. Therefore it seems ©
be expedient © study the data collected by the physicians carrying
out regular medical sirveys of all miners in Germeamy 0 estimate
the risk of developing pneumoconiotic abnormalities in chest radio-
graphs in relation o tme underground.

MATERIAL

The itality of miners who left the mine as workers in 1980 (group
1) or 1985 (group 2) sook part in this Jongitudinal study. Group
1 and group 2 were pocked to form a third shudy group (group
3). The study avoids further selection bias since all miners who
turned off were included in the Ivestigation. Table I gives infor-
mation on the study groups. The mumber of the retired gives
workers in the whole study group (group 3) amounts to 952 per-
sons. 548 miners keft in 1980, 404 tmed off in 1985.

Table I

Information on Study Groups: — group 1: all miners who retired as workers
in 1980; group 2: all miners who retired as workers in 1985;

group 3: group 1 and group 2 pocled

The miners enter the stody with the beginning of their time
underground. Time of investigation ends with the last medical
survey. In Table I camulative observation time and mean time of
observation per person by study group are presenied. Observation
time includes time underground and subsequent time on surface.
In the whole study group (group 3) 41 miners were examined in
mextical surveys after they finished work underground. They con-
tribte 403 years of observation time during their subsequent time
on surface 10 the total cumulative observation time of 7556 years.
663 miners turned off with an indivickal time underground less
then five years. Their contribution to tal cumulative observation
time of the whole sty group amounts o 539 years. Therefore
the average observation time per person who tumed off with an
individual time wnderground less than five years was just (.81 years.
The subgroup of miners who worked at least five years underground
{(group 3b) comprises 289 persons and covers 92.9% of the total
ammulative observation time (group 3a). On average every mmner
of this subgroup is observed for 24.3 years.

As a whole 5261 full size posterior anterior chest radiographs oorn-
prising 5.5 radiographs on average per person are taken into ac-
court. 3187 radiographs are concerned with those working at least
5 years underpround at an average value of 11.0 radiographs per
person (Tahle 1). First valuation of the radiographs wook place during
medical survey, a further one by a second physician (“side-by-side
method'?) at sole kinowledge of underground time, both according
© ILO-cassification of 1980,% supplemented by the “supplying set
of standard films © ILO 80 of Hauptverband der gewerblichen
Benufgenossenschiafien €.V.” Fimal vaheation was detenmined by joint
examination, party with a thind physician in case of disagreement.
For seven cases the first radiograph was valued >/0. These per-
sons were kept in the sindy and the grading lincarly intes-
polated. The results on hand show neither jumps nor
regressions.

According to the stress-strain-model both parameters st
be defined as precisely as possible. The stram part is ex-
actly determined by a great munber of double-examined
radiographs with respect o categorization. Stress is pardy

described rather precisely in the references with informa-

tion about dust quantity, concentration, influence and reten-

tion time. Further on exposure periods are referred

10.28911 The data of this sudy do not give exact infor-
mation on dust quantities (respirable dust concentration) and

actual mmnber of shifts. In the information of underground

Nember Camulative Mean time of Number of |

of abstreation sbeerration chest of chast

perens e per parson i h & "

Iy i " .
woup 1 a 43 rsT L 8] 1 40
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years these variables are implied, if not precisely defined.
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The study was designed as a cobort study. In a classical design of
a prospective study the study groups are defined as cohorts fixed
in respect to calendar time or age.® This design was not practica-
ble with regard to cur data basis. The forming of a fixed cohort re-
quires a survey of all employees of ane or two years between 1950
and 1955 in onder to answer the questions about the development
of pneumoconioses. Complete data from this period were not avai-
able. Therefore the study groups were formed as dynamic cohorts
in tespect to calendar time and age.!2 Admissibility criterion was
retirement in a fixed calendar year (1980 or 1985). No firther
selection was made. All retiring workers have had no symptoms
and preliminary stress at the beginning of the study.

The two turning-off groups (1980/1985) are showing differences in
regard to calendar time and age. Figure 1 informs about time at
risk in dependence on age. Time is dlassified into intervals of two
years according o the mean interval of medical survey. The curves
do not only distinguish in the maximum but also in the distribu-
tion. The curves reflect the dynamic of the cohort in respect to
age. In Figure 2 the time at risk is also displayed but in dependence
on calendar time. The ‘three elephants’ show a break at the same
tme in 1973, the period of the “oil crises’ (additional employ-
ment). Here as well, the curves show the effect of the dynarnic
cohort in respect to calendar time. The differences between group
1 and group 2 are not examined in this study further on.

The study groups are transformed into cohorts fixed in respect to
observation time.!2 The miners enter with the beginning of their
work underground. In the main study terminus is the last medical
Prevalences and incidence densities™ of all categories of CWP
are computed for each study group and for each two-year inter-
val of time underground. Intervals are closed on the left side and
open on the right. Confidence intervals for the prevalence pro-
portions (binomial distribution) are determined.> The median
(with upper 95% confidence limit”™) and the 95th centile of
coalworkers’ simple pneumoconiotic (CWSP) are computed in
relation to time underground. Calculation of cumulative observa-
tion time, candidate time," and rates are done by PERSON-
YEARS 1.2, a FORTRAN program for cohort study analysis.4
For estirnation of risk associated with varying time: underground
cummulative incidences are computed using the density method.12
In most figures time underground is limited to a period of 0 to
32 years to present reliable data only.

RESULYS

Prevalence of CWSP

Figure 3 shows the relation between prevalence proportions of
category /1 or more, 1/0 or more and 1/1 or more CWSP and
time underground for the whole study group (group 3). In the in-
terval of 28 to 30 years underground the prevalence of CWSP >
1/1 is 15.5%. The 95% confidence interval for this value spans
from 9.7% to 22.7% and is based on the data of 129 persons. The
curves are ranked systematically with abnormality level and increase
progressively with time underground ignoring smaller fluctuations.
Figure 4 shows the median with its upper 95% confidence Limit
and the 95th centile of CWSP (prevalent cases) for the whole
group (study group 3) in relation to time underground. The me-
dian is O/0 for the whole time period presented and never
statistically different from 0/0 on the 5% level during the sotal
time of ohservation. The upper confidence limit of the median
is (/0 for the period from O to 30 years underground. In the last
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presented interval from 30 to 32 years underground the upper
confidence limit reaches (/1. The 95th centile of CWSP is 0/0
i the period from 0 to 14 years underground and changes pro-
fusion category after that point every 3.5 years on the average.
The .95 fractile reaches profusion category 2/1 in the interval from
28 10 30 years underground.

Incidence of CWSP

Cumulative observation time and candidate time for profusion
categories of CWSP in relation to time underground are presented
in Figure 5. The curves refer to all miners in the whole group
(study group 3) who worked underground for at least 5 years.
Therefore the curves are censored at the left. The ommitted values
are: 1020 years (673 years) of cumulative observation time i
the interval from O to 2 years (2 0 4 years) underground. The
top curve shows the decline of cumulative observation time due
o Joss of cases m respect to time underground. The lower curves
(top down) represent candidate time for profusion category 1/1,
1/0 and O/1 of CWSP respectively. The curves rank inverse with
abnormality level. The top curve showing cumulative observa-
tion time is equivalent to the curve of candidate time for profu-
sion category 3/+ because no incidence of 3/+ happened dur-
ing time underground. Candidate time as proportion of cumulative
observation time decreases monotonously for the three presented
categories of CWSP in the interval from 0 to 32 years
underground. Moreover the decline of relative candidate time is
ranked with category of CWSP.

Figure 6 presents the incidence density (number of incident cases
per 100,000 years of candidate time) of CWSP category /1, 170,
1/1 and 2/2 respectively related to time underground. The data
concern the whole group (study group 3). Alkhough there is a
lot of fluctuation mcreasing trends of incidence densities of CWSP
are shown generally. The rate of profusion category 2/2 amounts
to 500/(100,000 years) after about 30 years mining underground.
For assessment of risk cumulative incidences are given in Figure

7 for the whole group (study group 3). The risk of developing
category 0/1, 1/0, 1/1, or 2/2 (starting category 0/0) increases
with time underground. Moreover the incline of the curves is in-
creasing with time underground in general. The curves rank dlearly
with CWSP category. The risk of developing category 2/2 after
28 to 30 years working underground amounts to 2.7%. The
cumnlative incidence of CWSP category 1/1 is 16.6% for the
interval from 28 to 30 years underground. The prevalence pro-
portion of category > 1/1 for the same interval of time

was found to be 15.5% (95% confidence interval
spans from 9.6% to 22.7%). Similar relations between curnulative
other categories of CWSP. Therefore the estimation of risk given
by the cumulative incidences seem to be reliable.
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DISCUSSION
Prevalence of CWSP
The prevalence proportions found in cur study agree with results
given in reports of British and American studies in gencral.
Hurley et al.® found a prevalence for category > 2/1 CWSP
of 1.2% (1.3% respectively) in an investigation of 465 (456)
British miners who worked 25 (30) years underground. From
the study’s data corresponding prevalences of 1.8% (5.4%) are
yielded. For a comparison of the results it is necessary to take
into account that the selection procedure used in sampling the
British study group ‘‘may have led to a preferential inclusion
of healthier man.”* Antfield et al.! determined a prevalence pro-
portion of 3.0% (1.4%) for category CWSP > 1/1 (CWSP >
2/1 respectively) after about 20 years underground in an in-
vestigation of a not systeratically sampled group of 1252 U.S.
miners.

10

Recent German studies on prevalence of CWP performed by
Ulmer et al.7.4252627.30 presented results not corre-
sponding to those of this study. Ulmer et al. described the
development of CWP in terms of ““averaged categories™ in rela-
tion to age taken as an indirect measure of time underground.
They reported an “*averaged category®” of 172 or 2/1 CWSP
after about 30 years mining underground. The median of CWSP
in this study is (V0 after 30 years wnderground and is significantly
less than 0/1. Whether these differences may be due to selec-
tion bias or e.g., “‘mine effects” is still under discussion.
Ophoff!” in a suxdy based on 218 selected German miners re-



ported an *‘averaged category” of about 0/1 after 20 years
underground. Reisner et al. 18192t glso performed several studies
more than ten years ago. The authors!® presented a prevalence of
about 9% for CWSP > 2/1 after 20 years underground. It is,
however, very difficult to compare these results with the find-
ings of this shady, because the chest radiographs were not classified
according to the [LO-standdard, while Reisner et al. tried to over-
come this problem by a translation from the former classification
into ILO-standards, a procedure which leaves a lot of uncertainty.

Incidence of CWP

The risk of British coal miners to develop CWSP was described
by Jacobsen et al.%!!”® The given estimates of risk vary substan-
tially due o a *“‘mine effect.”” For a mean dust concentration be-
tween 2.5 and 4.5 mg/m? the average risk of developing CWSP
= (/1 in ten years working underground was found to be in the
range of 2 to 10%. Attfield et al.! studied U.S. coal miners. An
estimate of risk of developing category 0/1 or more in about fen
years of 1.9% was found here. The mean dust concentration was
reported as 2.5 mg/m or less. Our assessment of risk by cumar-
lative incidences agree with the findings in this study. For the
whole study group (group 3) a cumulative incidence for developing
category V1 after 10 years underground of 1.9% was computed.
Reisner et al.'® calculated estimates of risk of developing CWSP
> /O (“translated” category, cf. 3.1) in 35 years underground of
5 t0 50%. The variation is due 0 a “mine effect.” The

ing cumulative incidence found in our study is 27% (group 3).
In our study we observed just one case of progressive massive
fibrosis (PMF): one miner developed a large opacity of type A
during time underground. Large opacities of type B or C did not
ocour. The one incident case correspords to an incidence density
of 14/(100,000 a). Hurley et al.® described a mean rate of PMF
in British miners of 180/(100,000 a). The rate was 0 in one mine.

Implications
results comparable to those of other authors. The portion of miners
working more than 30 years underground is too small to estimate
exact risk of development of CWP yet. Therefore a study is
planned about all miners having worked more than 20 years
selected from the totality of miners who tumned off
in 1973, 1974, 1975, 1976, 1977, 1980, and 1985. Morcover,
calendar time will be taken into account as a covariable. In the
future, analysis will be extended to the development of shape-
size. Later the aspect of stress shall be determined more precise-
Iy to estimate the risk in relation to the respirable dust concentra-
tion in order %o attribute to the discussion on dust level. We hope
1o estimate the risk of CWP by using this method more adequately
and by this help to minimize that risk in the fitture.
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THE PREVALENCE OF COAL WORKERS’ PNEUMOCONIOSIS
IN A NEW COAL FIELD IN LUBLIN/POLAND

WT. GLMER®* ¢ J.A. Hanzlik * J.J. Tomaszewski * W. Barud » 8. Ostrowski
Department of Internal Medicine and Department of Biochemistry

Academy for Medicine, Lublin/Poland and

*University Hospital *‘Bergmannsheil Bochum™/FRG

ABSTRACT

In cooperation between Lublin/Poland and Bochum/FRG, 1130 coal miners were examined by X-rays and
a complete lung function investigation including challenge test. The prevalences of X-ray changes and of
lung function disturbances are in the same order in both centres. Smoking habits of miners have a clear
influence on lung function. X-ray changes show in Lublin, too, a linear relationship between ILO-classification
and exposure time.

No Paper provided.
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AN ANALYSIS OF THE EFFECTS OF SMOKING AND
OCCUPATIONAL EXPOSURE ON SPIROMETRY AND
ARTERIAL BLOOD GASES IN BITUMINOUS

COAL MINERS IN SOUTHERN WEST VIRGINIA

L. CANDER* » D.L. Rasmussent * N. Obuchowski} * H. Rockette}
*Department of Medicine, Hahnemann Medical College, Philadelphia, PA, USA

tSouthern West Virginia Clinic, Beckley, WV, USA

$Graduate School of Public Health, University of Pittsburgh, PA, USA

INTRODUCTION

In evaluating the presence of pulmonary disability in coal
miners, the Federal Black Lung Program utilizes primarily
spirometry andl arterial blood gas analysis for objective
assessment of the degree of pulmonary insufficiency in a
given individual. Emphasis is placed upon the measurement
of the forced expiratory volume in one second (FEV,) to
assess the degree of bronchial obstruction and the arterial
oxygen tension at rest and during exercise to assess the effi-
ciency of alveolar gas exchange. Presently utilized disabili-
ty standards for the FEV, and the arterial oxygen tension
in the Federal Black Lung Program were established and pro-
mulgated in 1980.!

The effects of the inhalation of coal mine dust on lung func-
tion, particularly the oxygenating function, have been con-
troversial. In fact, the need for arterial blood gas
measurements in determining the presence of pulmonary
disability in the coal mining population has been questioned
in a recent study.Z Because our experience with the resutts
of pulmonary function tests and arterial blood gas studies
performed both at rest and during exercise indicated the im-
portance of arterial blood gas measurements in the disabili-
ty evaluation of coal miners, a formal analysis of data we
had collected over the past few years was undertaken. The
results of that analysis constitute the basis of this report.

METHODS

Both spirometry and arterial blood gas studies were obtained
on a cohort of 2725 active miners or ex-miners who were
evaluated for disability. With few exceptions the men studied
were or had been actively employed as miners in the
bituminous coal mines in southern West Virginia. Data col-
lected on each applicant included age, height, weight, smok-
ing history and the number of years employed in mining.
For the purpose of this analysis, only the years spent in
underground mining were utilized. A minimum of three
forced vital capacity tracings were obtained on each subject
utilizing a Stead-Wells spirometer. The FEV; measurements
were obtained from the forced vital capacity tracings. At least
two of the FEV values had to agree within 5% for the study
to be acceptable. The largest FEV, was reported. For the
arterial blood gas study an arterial catheter was inserted

usually in the radial artery, occasionally in the brachial
artery. Following insertion of the arterial line the subject was
permitted to rest in the sitting position for 15 to 20 minutes
before a sample of arterial blood was drawn and analyzed
immediately for oxygen tension, carbon dioxide tension and
pH. Each subject was then exercised on a treadmill for a
period of 6 minutes to ensure the achievement of a steady
state, The intensity of exercise was increased in increment-
al steps until the subject was either too fatigued to continue
or an oxygen consumption of about 25cc/Kg/minute was
achieved which is the oxygen consumption observed in men
undergoing moderately heavy manual labor. Subjects were
provided rest periods of approx:mately 30 minutes between
incremental increases in exercise. Expired gas was collected
to permit the calculation of oxygen consumption and arterial
blood samples were obtained during the sixth minute of ex-
ercise and analyzed immediately. In the earliest studies the
arterial blood samples were analyzed in one blood gas
analyzer. In subsequent studies which represented the ma-
jority, each arterial sample was analyzed simultaneously in
either two or three different blood gas anatyzers. All of the
blood gas analyzers were calibrated immediately before and
after each sample was analyzed. Agreement within 3 mm Hg
was required for arterial oxygen tension values and within
2 mm Hg for arterial carbon dioxide tension values for the
measurements to be acceptable. The average values for the
blood gas tensions so measured was reported. The disabili-
ty standard for the FEV; was 60% of the age, sex and
height corrected predicted normal value. For the arterial ox-
ygen tension the disability standard was 60 mm Hg at nor-
mal carbon dioxide tension or the oxygen tension adjusted
for decreasing carbon dioxide tension.

RESULTS

Table I indicates that 732 or about 27% of the cohort of 2725
met the presently utilized disability standards of the Federal
Black Lung Program. Slightly less than 5% were disabled
by the FEV, standard alone while almost 18% were disabl-
ed by the arterial blood gas standard. Mean age, mean
number of pack years of cigarette smoking and mean number
of years of underground mining were similar in the four
groups analyzed.
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All of the subjects disabled by arterial blood gas criteria alone
had FEV values above 60% of the predicted normal. Con-
sidering any FEV, value equal to or above 80% of predicted
normal to be in the normal range, values in the 60-79% range
then indicate mild bronchial obstruction. Table II indicates
that two-thirds of those disabled by the arterial blood gas
standard alone had FEV, values within the normal range,
indicating the absence of physiologically significant bron-
chial obstruction.

Table INl indicates that about 14% of the subjects who had
pever smoked met disability standards. The majority of those
who met disability standards were disabled as the result of
arterial blood gas abnormality. Almost 26% of ex-smokers
met disability/standards, the majority on the basis of arterial

blood gases alone. Approximately 34 % of the subjects who
were smokers at the time of the study met disability stan-
dards. As in the case of the never smokers and ex-smokers,
the majority of smokers met disability standards as the result
of arterial blood gas abnormality.

If we combine ex-smokers and smokers into a single group
of those who were actively exposed to cigarette smoke, the
percentage of those disabled is about 30%. This figure is
approximately twice the percentage of disabled who had
never smoked.

Table IV indicates a direct relationship between the percen-
tage of those disabled by arterial blood gas alone and the
number of years spent underground. On the other hand note

Table I

Frequency of Disability by Mean Age, Mean Years Underground,
Mean Years of Smoking and Type of Pulmonary Insufficiency

Disabled Non-Disabled
Spirometry KBG Both

Only Only
Number of 128 486 118 1993
Subjects (4.72) (17.8%) (4.3%) (73.1%)
Mean Age 53.4 54.4 55.1 52.2
Mean Years 23.4 27.2  24.5 23.8
Underground
Mean Pack 21.4 23.5 25.2 19.3
Years

Table I

FEV, in Those Disabled by ABG Criteria Only

Percentage of Observed

FEV1 to Predicted
60-792
s 80X
Total

138

Disabled

Non-Disbled

160 (32.92) 399 (20.0%)

326 (67.1%) 1594 (80.0%)

486 1993
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Table III
Frequency of Disability by Smoking Status and Type of Pulmonary Insufficiency

Disabled Non-Disabled Iotal
Spirometry ABG Both
Only Only
Never 21 66 7 564 658
Smokers
Ex-Smokers - 41 141 k1.} 627 847
Smokers 66 279 73 802 1220
Total 128 486 118 1993 2725
Table IV
Frequency of Disability by Duration of Underground Mining and
Type of Pulmonary Insufficiency
Disabled Non-Disabled Total
Years Spirometry ABG Both
Under- Only Only
ground
1-9 i8 28 15 186 247
(7.3%) (11.3%) (6.1%) (75.3%)
10-19 32 89 20 557 698
(4.6%) (12.7%) (2.8%) (79.8%)
20-30 37 168 43 665 913
(4%) (18%) (5%) (73%)
31+ 41 201 40 585 867
(5%) {23%) (5%) (67%)
Total 128 486 118 1993 2725
(4.7%) (17.8%) (4.3%) (73.1%)
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the relative constancy of the percentage of those disabled by
spirometry alone despite the increasing number of years spent
underground.

Using the height-weight ratio as an indicator of the presence
of obesity, the data did not reveal an increase in prevalance
of obese subjects meeting disability standards by arterial
blood gas criteria. In fact the data suggest that those in-
dividuals with disabling arterial blood gas values tended to
be leaner than those without disabling values. Also of in-
terest is the fact that slightly more than one-fourth of the 604
subjects who met arterial blood gas disability standards did
so at rest only. The remainder of the 604 subjects met arterial
blood gas disability standards at rest and exercise or during
exercise only. These two latter observations will be presented
and discussed in a subsequent publication.

DISCUSSION

There is general agreement that the inhalation of coal mine
dust in susceptible individuals produces a disease process
which has its origins in the small airways® and produces the
characteristic pathologic lesion known as the coal macule.*
In a relatively small percentage of those afflicted the disease
process goes on to progressive massive fibrosis which may
distort the lung airways. Since the 80-90% of the total air-
way resistance in man resides in the large airways and since
the FEV, is determined pnmanly by an increase in airflow
resistance in the large airways, it is not surprising that a
dxseaseprowssaﬂ'ecungpnmarﬂylhesma]lmrwayswﬂlnm
usually produce a significant decrease in the FEV, in the
majority of those affected. Thus the fact that about 3% of
those subjects who never smoked were disabled by
spirometry alone is not an unexpected finding. It is also in-
teresting to note that only slightly in excess of 5% of those
who smoked were disabled by spirometry alone. Published
studies document separate effects of cigarette smoking and
the inhalation of coal mine dust on decrements in FEV,.56.7

On the other hand recent studies have demonstrated the fact
that in coal miners abnormalities of alveolar gas exchange
consisting of an increased alveolar-arterial gradient for ox-
ygen as well as decreases in arterial oxygen tension occur
both at rest as well as during exercise without significant
decrement in the pulmonary diffusing capacity.® Using
radioactive isotopes and sophisticated computer technology
Susskind and his group have demonstrated the presence of
regional uneven distribution of alveolar ventilation to
pulmonary capillary blood flow in nonsmoking bituminous
coal miners sufficient to explain an observed increase in
alveolar-arterial oxygen gradient and decrease in oxygen ten-
sion. In that study 19 of the 20 coal miners studied had im-
paired gas exchange for oxygen while only 4 of the cohort
had minimal airway obstruction.? Thus the explanation for
impaired gas exchange appears to reside primarily in the
presence of uneven alveolar ventilation-pulmonary capillary
blood flow relationships which is the most common cause
of arterial desaturation in diseases diffusely affecting the
small airways.

It must be noted that our data were obtained on miners and
ex-miners who were applying for disability and thus repre-
sent a cohort of subjects of poor pulmonary health. Our data
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are not representative of the universe of coal miners. Yet
it is instructive to note the similarity of findings in Schiff-
man’s analysis of anthracite miners in Pennsylvania who had
applied for disability benefits.!® Furthermore, studies in
asymptomatic coal miners have demenstrated impairment in
alveolar gas exchange for oxygen, both at rest and during
exercise, though quantitatively less marked than those noted
in our study.811.12

CONCLUSIONS

1. The inhalation of coal mine dust produces significant ef-
fects on lung function and arterial blood gases in the
absence of cigarette smoking.

2. The major functional pulmonary problem produced by
the inhalation of coal mine dust appears to be impair-
ment of the oxygenating function of the lung. Published
studies suggest that this problem is caused by an increase
in regional inhomogeneity of the alveolar ventilation
pulmonary capillary blood flow relationships with result-
ant increase in the size of the physiologic shunt which
causes a decrease in arterial oxygen tension.

3. Of lesser frequency, but nonetheless present, was a
significant increase in the airway resistance as measured
by a decrease in the FEV, as the result of the inhala-
tion of coal mine dust.

4. The vse of arterial blood gas studies is a justified and
important component of disability evaluation among
many of those applying for benefits under the Federal
Black Lung Program.
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INTRODUCTION

The year 1969 was a landmark time for underground coal
miners in the United States, for it was in that year that the
Federal Coal Mine Health and Safety Act was passed.! This
enacted three provisions of benefit to miners: a low dust ex-
posure limit; an x-ray surveillance and job transfer program;
and a requirement that research be carried out on the health
of coal miners, on dust reduction techniques, and on safety
in mines.

Of these three provisions, that involving research activities
into the health of miners was satisfied through the creation
of a research project known as ‘The National Coal Study’
(now known as the Nationmal Study of Coalworkers’
Pneumoconiosis (NSCWP)), currently administered by the
National Institute for Occupational Safety and Health.

This project was begun in August 1969 with medical surveys
at 31 nationally distributed mines. The minres were chosen
to represent different coal seams and mining methods. Other
criteria for selection were a working force of at least 100
miners, expected continued coal production for at least
another 10 years, and preferably some earlier dust measure-
ments. Of the 31 mines, 17 had been environmentaily sam-
pled in a study by the Bureau of Mines.2?

The medical surveys were undertaken through use of mobile
examination units which went from mine to mine. At each
mine the complete workforce was examined by being given
a postero-anterior and lateral chest x-ray, by undertaking
spirometry, and by answering questions on chest symptoms
using a slightly modified version of the British Medical
Research Council's symptoms questionnaire.* In addition,
working and smoking histories were ascertained, and
demographic information and height and weight determined.
The participation rate at this initial round of surveys (Round
1) was excellent, at 91%.

Two further rounds of surveys were completed subsequent
to Round 1. The second round began about three years after
Round 1, the methods being virtually the same. Owing to
the closure of mines in the period between these rounds, and
in order to improve representation, nine additional mines
were brought into the study for this round. Round 3 began
in 1977, the procedures being again virtually identical to
those of the previous two rounds.

Figure 1 shows some information graphically on the timing
of the surveys. It also shows the permitted exposure limits
in force during this time, and the general trend in dust levels
based on the survey reported by Jacobson,® and from data
collected by the Mine Safety and Health Administration.’

The data collected in the three completed rounds have led
to the publication of many findings and results on lung disease
in U.S. coal miners. It has been shown that CWP prevalence
follows a trend with the rank of coal, with tenure in mining,
and with job.5 In addition, indices of lung function and chest
symptoms have been shown to be correlated with job and
with tenure underground.’-® More recently results have been
published on longitudinal change in ventilatory function,®
and on incidence and progression of CWP.1° Many other
reports have been published.

The remainder of this paper is concerned with the rationale
for the fourth round, and a description of its design and
methods. This is followed by a description of the status of
the selected cohort and an examination of selection bias.

NEED FOR A FOURTH ROUND

A further round of examinations in the NSCWP was deemed
necessary for the following reasons:

1. The period of follow-up between rounds 1 and 3 was
too short for proper evaluation of the effectiveness of
the dust control limit set by the 1969 Act.

2. Participation in Rounds 2 and 3 at 75% and 52% was
much lower than the 91% attained at Round 1, leading
to uncertainty in the later findings.

3. Rounds 1-3 were concerned only with miners employed
at time of examination. The omission of ex-miners may
have led to bias in the reported results.

STRATEGY FOR THE FOURTH ROUND

Continuation of the NSCWP along the lines of the previous
three rounds was thought inadvisable for these reasons:

a. Mine based surveys were starting to prove inadequate

as a mechanism for follow-up of miners. The closure

of mines and the-movement of miners between mines

and to other jobs meant that members of the study

examined in the early rounds were no longer at the

same mines, ardl therefore being lost to the study.
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Figure 1. Dust limits, dust exposure trends, and NSCWP surveys, 1967-89.

b. Mine based surveys were inappropriate for examina-
tion of ex-miners.

c. Experience during the third round had shown that the
lIack of interest in the study by miners was exacer-
bated by mine based medical surveys.

d. Most importantly, the aims of the NSCWP had
evolved from research into the relationship between
dust characteristics and indices of respiratory health
into an evaluation of the effectiveness of the 2
mg/m?> dust standard. This change in emphasis called
for a change in the nature of the design of the study.

For the above reasons it was decided that the fourth round
would not be based on mine visits but would rather center
around the location and examination of a cohort defined by
initial attendance at either Round 1 or Round 2. The intent
of this exercise was to measture changes in health over the
intervening period. These changes could then be compared
to those expected to occur under 2 mg/m> based on current
knowledge on dust exposure and disease.

FOURTH ROUND PLANNING

The fourth round follow-up cohort was formed from two
subsets of miners who attended either Round 1 or Round 2
initially. The selection criterion that miners had to be young
enough at these rounds for them to have been able to work
a further 15 or so years up to the fourth Round was imposed.
This led to 3719 miners remaining out of the 9081 Round
1 miners and 3677 out of the 9343 Round 2 miners, making
a total of 7396 miners for follow-up.
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Without the age criterion the cohort would have consisted
of mainly older coal miners, most of whom would have
retired before the 4th round. As this investigation was in-
tended to be a study of those potentially able to work the
inter-survey period between the first two rounds and round
4. those older than 45 at Round 1, and 48 at Round 2 were
excluded from the cohort.

Figure 2 shows the geographical distribution of the cohort
of interest. This, of course, follows the distribution of mines
originally selected for the study, which itself reflected the
general pattern of employment in the various coal fields.

Table I shows some basic statistics on the cohort by round
(see Appendix for brief details of the data and methods). The
miners of Round 2 were slightly younger and less experi-
enced because many of them had just started work as a result
of the hiring boom that took place in coal mining in the ear-
ly 1970s. In other respects the groups were very similar.

DATA COLLECTION METHODS

Two methods of data collection were used. In cases where
it was established that a sufficiently large cluster of the cohort
miners were working at a particular mine, a survey was held
at that mine. Three such mine surveys were held, the number
being few because most of the study mines had been shut
down or were inactive during the data collection period.

In order to improve participation NIOSH staff spent exten-
sive amounts of time talking to the miners at those mines.
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Figure 2. Geographic location of miners.
Table I
Details of Selected Cohort: Information from Round 1 and 2
Round 1 Round 2
Number 3719 3677
Age (yr) i3 30
Tenure UG (yr) 7 5
% Smokers 61 59
% Obstructed 20 19
% CWP Cat 1+ 5 2
% CWP Cat 2+ 1 0
% Cough 22 19
% Dyspnea 9 13

Notes: all percentages rounded for simplicity of presentation.

Zero

percentages may actually be less than 0.5%.

In addition, participation was encouraged by the presenta-
tion of special stickers, ball hats, and belt buckles.

The remainder of the data collection was undertaken using
so-called ‘community surveys.’ In these, suitable
geographical clusters of the cohort were identified and ex-
amined, the mobile testing unit being set up at a convenient
location, often a hospital, clinic, union building or shop-
ping mall.

Twenty community surveys have been completed to date.
The procedure at each was similar and was as follows. Cur-
rent information on addresses was obtained from the Inter-
nal Revenue Service. These addresses were then examined

and suitable clusters identified. Such clusters had to include
a reasonable number of miners (150-350) yet not be too ex-
tensive (a radius of about 30 miles or less).

Once an area was identified and defined, a suitable location
for the mobile examination unit was found. Aitention then
turned to locating a person who would make telephone con-
tact with the miners and arrange appointments. Meetings
were also held with local union officials and others to in-
form them of the study and to enlist their support.

After a suitable location was established notification letters
were sent to all miners. These included a letter of support
from the head office of the United Mine Workers of America
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(UMWA) and usually another from the local UMWA District
President. Once the letters had been sent the telephone per-
son began calling the miners and setting up appointments.

Contact with miners was difficult in many cases owing to
unlisted telephone numbers and lack of telephones. Letters
were sent where telephone contact proved impossible
although the reply rate was low. Whenever possible personal
contact was made by visits to the house by the telephone per-
son or by members of the examination team at the time of
survey.

Ont of the 7396 cohort members, 4712 were selected for ex-
amination in the three mine and twenty community surveys
held to date. Additional community surveys are planned in
onder to complete data collection, although it is not expected
that al! of the cohort will be selected for examination as many
are located too remotely or too sparsely to justify a survey
in their area. The completed surveys have been held
throughout all but one of the states in which the original mines
were located, and as a result the 4712 selected miners are
distributed by state in roughly the same proportion to the
cohort state distribution (Figure 3).

STATUS OF SELECTED SAMPLE

Figure 4 shows the breakdown of the 4712 selected cohort
members according to status at time of examination (final
status). The groups are denoted as follows: 1. Examined;
2. No contact; 3. Moved; 4. Refused; 5. No-shows (had ap-
pointments but did not attend); 6. Deceased; 7. Valid reasons
for non-attendance; and 8. Probable excuse.

NO SHOW

REFUSED

PARTICIPATED

The no contact group consisted of those with whom telephone
contact was not made, and who did not return letters. In many
cases the person could not be reached when a personal visit
was made also. Such people may have left the area, become
reclusive, been out of the area or worked away from home,
or may have died; certainly, exact determination of the reason
was impossible. The crude participation rate was 60%, while
if those who had died, moved or had valid reasons for non-
attendance were excluded, the rate rose to 68%. If the no
contacts are also excluded the rate was 74%.

STUDY OF PARTICIPATION BIAS

{SING EARLIER DATA

Since there is the potential for bias, in that the healthy may
choose to be tested while the unfit be unable to or refuse
(perhaps through fear of loss of health benefits), an examina-
tion of bias was made. This was done in two ways. Firstly,
bias was measured indirectly by tabulating data from the in-
itial rounds of the study according to status at round 4 (see
Appendix for brief details of the data). The second approach
is described in the next section of this report.

Table II shows data from the Round 1 part of the cohort
tabulated according to the first five of the final status groups
described earlier (the valid reasons and excuses groups, be-
ing small, were omitted, while the deceased group is not rele-
vant to discussions of bias). The table shows that age dif-
fered little between the five groups, while smokers were more
frequent in all of the non-examined groups. The refusal group
was noteworthy for having the most reports and findings of
ill health as well as having the longest tenure. The movers

REST
NO CONTACT

DECEASED
. MOVED

Figure 3. Distribution of complete cohort, and of those selected for examination to date, by state.
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Number
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Figure 4. Distribution of final status of selected group.

% Obstructed
% CWP Cat 1+
% CWP Cat 2+

% Cough
% Dyspnea

Exam—
ined

1549

i3

7

58
20

5
1

20

7

Table IT
Medical Information at Round 1 by Final Status at Round 4

No

contact

125
32
8
62
17
3

1
23
10

IL REST

Moved Re- Ho
fused show

166 206 186
30 32 31
5 9 7
71 66 67
18 24 20
2 8 6

1 1 1
20 26 21
8 9 9

Note: all percentages rounded for simplicity of presentation.

percentages may actually be less than 0.5%.

other small non-participating groups omitted (n=173).

group had the most smokers but generally had the fewest

signs of health problems.

Table HI shows the data for the Round 2 part of the cohort,
In general the results paralle! those seen in Table II. Again
the age range between the groups is small, and the exam-

the longest tenure, greatest

Deceased, unknown status, and two

ined group had the fewest smokers. The refusal group had

percentage obstructed, most CWP
and high levels of symptoms, as they did in Table II. Similar-
ly, movers were younger, had large numbers of smokers,
yet tended to have fewest signs of lung disease. There was
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more evidence of lung problems in the no contacts in this
Round 2 part of the cohort.

Overall, the results from both portions of the cohort indicate
the following. The refusals appeared to have had more ex-
posure to coal dust, smoked more, and had more disease.
This excess of disease is balanced in part by the deficit seen
in the movers. No-shows in general had about as much ab-

normality as those examined, while the findings were mixed
for the no contacts.

In general, there is evidence of bias, but it does not appear
severe. This observation is confirmed by the results of Table
1V, which shows the data by round for the examined group
compared to that for those not examined, and for all of the
cohort excepting deceased miners. It shows that only minor

Table I
Medical Information at Round 2 by Final Status at Round 4

Exam- ¥No Moved Re- No

ined contact fused show
Bumber 1357 19/ 170 203 288
Age (yr) 30 31 28 33 29
Tenure UG (yr) S / 4 8 5
% Smokers 1 69 69 60 59
% Obstructed 18 21 18 23 15
% CWP Cat 1+ 2 5 . ) 2
% CWP Cat 2+ 4] 0 o 1 0
% Cough 16 25 16 23 21
% Dyspnea 11 19 13 16 13

Note: all percentages rounded for simplicity of presentation.
percentages may actually be less than 0.5%.

Zero

Deceased, unknown status, and two
other small non-participating groups omitted (n=185)
Table IV
Examination of Bias for Round 1 and Round 2 Cohorts
Round 1 cohort Round 2 cohort

Examined Examined

Yes No ALl Yes ¥No All
Number 1549 801 2350 1357 990 2347
Age (yr) 33 32 i3 30 30 30
Tenure UG (yr) H 7 7 5 6 5
% Smokers 58 &6 61 56 63 59
% QCbstructed 20 20 20 18 18 18
% CWP Cat 1+ 5 5 5 2 1 2
% CWP Cat 2+ 1 1l 1 0 0 0
% Cough 20 23 21 16 21 18
% Dyspnea ] 9 8 11 15 12

Notes: all percentages rounded for simplicity of presentation.
percentages may actually be less than 0.5%.

exclude deceased miners.
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differences existed between those tested and those not tested,
the biggest discrepancies occurring for smoking (7-8% dif-
ference) and for cough (3-5% difference) and dyspnea 2-4%
difference). When the data for the examined group are com-
pared to those for all living miners the differences are trivial,
indicating that the examined group may be reasonably
representative of the whole.

ANALYSIS OF BIAS
USING COMPENSATION DATA

The above approach is not particularly satisfactory, since
there was a 10-15 year inter-round period during which lung
disease could develop. The second approach used more cur-
rent data from the U.S. Department of Labor (DOL) on Black
Lung compensation. To do this, a file of information on
name, Social Security number and final status was sent to
the DOL. This was matched with the DOL records and a
table created showing the percentage in each final status
category that had been granted benefits. (While a more
powerful analysis would have used DOL medical data in an
approach similar to that used in Tables I and III, no formal
agreement existed at the time this was written that would have
permitted the necessary exchange of data.)

The history of DOL compensation is complicated and much
too lengthy for description here in detail. However, two
broad periods of time between 1970 and 1988 can be iden-
tified during which the regulations were less and more restric-
tive respectively, viz. pre- and post-1980. Award of com-
pensation was contingent on either ventilation tests or x-ray
results during each period, but the criteria were made much
more strict after 1980. In addition the rebuttable presump-
tion that lung disease was the result of coal mining was
repealed at that time. The result of this tightening was to
reduce the approval rate from a high of 46% to 5% (section
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435 claims under the 1977 amendments compared to-sec-
tion 718 claims, post 1981 amendment—figures from DOL
staff). Since the criteria for these two time periods are so
distinctly different the results have been subdivided
accordingly.

Table V shows the percentages of miners in each of the final
status groups (both rounds combined) who were awarded
benefits based on the less and more restrictive criteria respec-
tively, and overall. They show that those examined had the
lowest percentage in receipt of benefits, while refusals had
the most, followed by the no-contacts, movers and no-shows.
This pattern is evident both in those awarded benefits under
the less and under the more restrictive criteria, although the
differences under the latter criteria are much less .
The overall percentage of miners awarded benefits was 4.9%
(excluding deceased miners), compared to the 2.9% seen in
those examined, indicating the possibility of bias. Based on
the more restrictive criteria, these percentages are 0.9%
overall, and 0.8% in the examined group, suggesting the
absence of severe bias.

CONCLUSIONS

Data collection is continuing in order to fill some of the ma-
jor gaps in miner selection noted earlier and to increase the
number of examined cases in the round 4 cohort. At this point
in time about 65% of the combined round I and 2 cohorts
have been selected for examination. Of those 4805 miners,
60% have been examined. On the basis of earlier data, the
examined group appears to be in slightly better health than
those alive at time of survey who did not attend. Certain
subgroups of the nonparticipants, specifically those who
refused, tended to have, and to report, distinctly more signs
of ill health. This excess is balanced to some extent by the
apparent better health of those who moved. The data from

Table ¥

Percentage of Miners Receiving DOL Black Lung Benefits Awarded Under
Different Regulations by Final Status at Round 4

Exam- No Moved Re- No
ined contact fused show
Kumber 2906 322 336 409 474
Benefits approved
under less restric- 1.9 4 5.7 9.3 3.6
tive regulations
Benefits approved
under more restric- 0.8 0.6 0.3 1.5 1.1
tive regulations
total approved
benefits 2.6 9.0 6.0 10.8 4.6
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the DOL on black Jung benefits confirm that bias may be
present, but its actual extent is hard to judge in the absence
of medical information.
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APPENDIX ON DATA AND METHODS

Symptoms

The questions used were identical for both rounds 1 and 2. Presence of cough was indicated by positive replies to questions
1 or 2, plus a positive reply to question 3, where the three questions are:

1. Do you usually cough first thing in the morning (on getting up*) in the winter?
2. Do you usually cough during the day (or at night*) in the winter?

3. Do you cough like this on most days (or nights*) for as much as three months each year?
*For those who work at night.

Dyspnea was defined on the basis of positive answers to the following two questions:

4. Are you troubled by shortness of breath when hurrying on level ground or walking up a slight hill?
5. Do you get short of breath walking with other people of your awn age on level ground?

Spirometry

The FEV, and FVC data for round 1 were based on the maximum of three blows after two practice blows. In round 2 the
maximum was taken from at least five blows after two preliminary blows. In both rounds the same type of rolling seal spirometer
was used and the methods were similar. A person was classified as obstructed if his FEV,/FVC ratio was less than 0.7 at
all three rounds.

Radiology

CWP was defined in both rounds using small combined opacities. In round 1 the profusion of combined opacities was de-
rived from the maximum of the small rounded and small irregular profusions. In round 2 the recorded profision of small
combined opacities was used, if available; if not, the maximum of the rounded and irregular scores was used, as for round
1. The classification used for these two rounds was the ILO 1971 version.!!

While the readings quoted for round 2 were derived from the median of three readings, those from round 1 was taken from

the reader who noted the least amount of abnormality of three readers, since it has been shown subsequently that his inter-
pretations were much more compatible with abnormality levels reported by others before, during and after round 1.
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PROGRESSION OF COAL WORKERS
PNEUMOCONIOSIS (CWP) IN A COAL MINE

DR. J.K. SINHA

Head, Environmental Pellution and Occupational Health Division
Central Mining Research Station (CSIR), Dhanbad, Bihar, India. Pin—826 001

ABSTRACT

The paper relates to the chest X-ray exarninations of 125 underground coal mine workers. It was a new
mine. The miners were freshly recruited from village areas. They were chest X-rayed at entry level and
then after 6 years and again after 10 years of working. The first two surveys used MMR 70mm X 70mm,
200 mA at 100 kV and the third used 300mm X 380mm, 15mA at 85kV. The average respirable airborne
dust concentrations at working places as measured by gravimetric dust sampler and label personal sampler
were 23.9 and 34.9 mg/m® respectively. 1959 ILO Pneumoconiosis Classification was used.

The X-ray results indicated that all the workers were free from CWP at entry level. After 6 years of work,
the attack rate of CWP for Z, P and Q categories were 38, 1 and 1 respectively. After another 10 years
of work, 15 workers developed CWP of category P-1 and above (12%), P being 10, Q-4, R-1 and Z-1.
Thus, the CWP rate of attack in 16 years of underground work were: P—(8%), Q—(3.2%), and R—(0.8%)
and the ratio of P:Q:R in 16 years were: 10:4:1. Boom type Road Header cutter-loader coal cutting machines
were used at the coal faces.

No Paper provided.
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A RATIONALE FOR ASSESSING EXPOSURE-DOSE-RESPONSE
RELATIONSHIPS FOR OCCUPATIONAL DUST-RELATED LUNG DISEASE

J.H. VINCENT ¢ D. Mark ¢ A.D. Jones * K. Donaldson

Institute of Occupational Medicine, 8 Roxburgh Place
Edinburgh EH8 95U, UK

INTRODUCTION

The complex chain of processes linking occupational ex-
posure to airborne particles with the occurrence of related
lung disease is summarized in Figure 1. Epidemiology is
usually concerned with relating the two ends since it is the
disease on the one hand which is the ‘problem’ and exposure
at the other which can be monitored and controlled.
However, it has long been held that, by a proper understand-
ing of the intermediate processes and its incorporation into
the epidemiological framework, substantial further advances
will be made possible in epidemiology and risk assessment.
From multidisciplinary studies carried out worldwide into
(a) the physical nature of the acrodynamic transport of air-
borne particles in the respiratory tract and their deposition
in the lung, (b) the kinetics of their redistribution, clearance
and storage, (c) the cellular and pathological responses to
the presence of particles in the lung, and (d) epidemiology
itself, such understanding is now available. The task now
is to bring together and apply the knowledge which has been
acquired.

This paper reviews the factors to be considered, including
not only the level of initial challenge (i.e., involving con-
siderations of the intensity of exposure, rate of deposition
in the lung) but also the time-dependent history of exposure
(involving considerations of sampling strategy), chemical
composition and indices of biological response. The ultimate
objective is a dosimetric approach to the problem. What is
presented here is a hypothesis upon which such an approach
can be built.

THE CONCEPT OF ‘DOSE’

The concept of ‘dose’ is a fundamental issue. In the first in-
stance, it involves the mass rate of deposition in the
respiratory tract. The usual approach to this is to assume a
conventionalized deposition fraction of the airborne par-
ticulate and to measure exposure in terms of that fraction.
For the alveolar fraction, a number of quantitative defini-
tions have been widely used, notably that recommended by
the British Medical Research Council.! In risk assessment,
however, it is worth noting that such an approach does not
allow for possible differences in deposition for workers
engaged in different levels of physical activity (where
breathing parameters might vary). Some of our estimates for
underground mineworkers in different occupational groups
(based on previous measurements of breathing patterns for

similar groups of workers and on published lung deposition
data) suggest that such effects could lead to differences in
alveolar deposition by as much as x2, as compared with ex-
posure measured according to a conventionalized deposition
fraction. This suggests in turn that, at least in some
epidemiological research, a more flexible approach to dust
sampling may be desirable using instraments capable of pro-
viding a wider range of information (including particle size
distribution and composition). Instruments suitable for this
purpose, including dust ‘spectrometers’, are now available.
Some have been the subjects of recent comparative studies
carried out in several European laboratories, as reported
elsewhere at this Conference by Vincent.

As far as “dose’ is concerned, however, the relationship be-
tween exposure and the rate of mass deposition in the lung
is just the first stage in the process. The next step is to con-
sider what happens afier material has been deposited. In order
to express dose in the context of potentially-hazardous in-
haled particulate material, a usefu! starting point is the ap-
proach which is widely used for dealing with the dosimetry
of inhaled radioactive particles.? Thus the bazard-related
dose received by lung tissue is equivalent to the integral over
time of the amount of particulate material present combined
with some modifying ‘harmfulness’ (or ‘damage’) function.
The latter describes the rate at which the intrinsic property
associated with the hazard is transmitted from the material
to the tissue and how it changes with the time during which
the material is in contact.

In setting out to construct a quantitative dosimetric model,
consider first the exposure history. This may be expressed
as E,, reflecting the mass deposited in the lung during the
N% day since exposure began. From this, cumulative ex-
posure (C) at the n day is

N

CN) = F Ep M

n=1

which is the form widely employed in epidemiclogical studies
{where E, is usually obtained in terms of the measured con-
centration of an appropriate dust fraction, time weighted over
the working shift).
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Figure 1. Processes linking exposure, dose and response- associated with health effects due to
mineral dusts in the deep lung.
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Next consider the time-dependent retention of particulate
material in the lung. The function Ry, describes the propor-
tion remaining of a particular ‘packet’ of material at the m®
day after it has been deposited. The distinction is drawn be-
tween n (which refers to the overall time elapsed since ex-
posure began) and m (which refers to the time elapsed since
a particular packet of material has been deposited in the lung).
The value of R, (between 0 and 1) is determined by the
kinetics of redistribution, ciearance and storage of the
deposited particles. By combining E, and R, the ac-
cumulated mass (M) after N days have elapsed may be shown
to be

N

M(N) = 3 Ej Rn-psl @

n=i

We now introduce the damage function G,,, which defines
the rate per unit mass at which harmfulness is being transmit-
ted to the tissue at the m*® day after is has been deposited.
It may thus be regarded as a hazard-related ‘fingerprint’ for
the material in question. The transferred property which is
responsible for initiating the cell damage may be physical,
mineralogical or biochemical.

We now have the three essential elements for constructing
a dosimetric model. Hypothetical examples are given in
Figure 2. These may be combined as follows:

Day Dose received

1 E1R1G

2 E{R9Gy + EjRyGq

3 E1R3G3 + EjR;Gy + E3RyGy

and so on. The cumulative dose of harmfulness is equivalent
to the sum of all the contributions indicated. Thus at the Ntb
day, we have

N N-n+1
H(N) - Z En { 2 Ry Gy } 6))
=1 m=1

In relation to the epidemiology of dust-related lung disease,
it is suggested that Equation (3) should replace Equation (1)
and other simplistic forms of dose assessment.

PRACTICAL CONSIDERATIONS

Practical implementation of the proposed rationale involves
quantitative description of the three key elements; E, R
and G.
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The first of these is derived from measurements of dust con-
centration in a way such that the life-time dust exposures of
individual workers may be described. This is a complex task.
In the first place, it involves choosing a sampling instrument
that provides a measurement of the airborme concentration
of a dust fraction relevant to the disease in question. In the
case of pneumoconiosis, this is the respirable fraction
(although there may still be some debate about the particular
quantitative criterion by which this should be defined). In
turn, there are many instruments available which can pro-
vide the required information. In choosing the instrument,
considerations of how best to make the measurement rele-
vant to the true exposure of the individual worker raises ques-
tions of personal versus static (fixed point) sampling which
have been discussed elsewhere.? Both types provide the
time-weighted shift average of the exposure concentration.
The frequency of sampling and its relevance to the assess-
ment of long-term exposure are a matter of sampling strategy,
involving considerations of the ‘smoothing’ that takes place
in the body after particles have been deposited (which, in
turn, is dependent on R).# Furthermore, since the exposure
history, if it is to be useful, must reflect the life-time ex-
perience of the individual worker, and since he {or she) may
move around the workplace from time to time, a record of
time worked in particular occupations is an important ingre-
dient towards construction of exposure history. Finally, since
it is likely that epidemiology will be desirable for workers
for whom exposure records in the early years are either non-
existent or imperfect, it may be necessary in many cases to
retrospectively estimate exposure histories on the basis of
intelligent extrapolations backwards, taking into account
more recent measurements and engineering histories of the
industries in question 3.6

As far as R is concerned, substantial progress in understand-
ing has been made in recent years, mostly based on inhala-
tion studies with animals.”#? Therefore we now have phar-
macokinetic models which are applicable to various toxic and
non-toxic, fibrous and nor-fibrous materials over wide ranges
of exposure level. It is, however, important te note, that such
models are relevant strictly only to the animals in question,
and need to be validated with respect to humans. Data ob-
tained during epidemiological research in the British coal in-
dustry, in particular information from autopsy studies on the
lung burdens of mineworkers for whom exposure histories
are known, are at present being examined in order to ex-
plore the feasibility of establishing such a link.

Although the third quantity, G, is just as important in rela-
tion to dose, it is still more difficult to quantify. In the case
of radioactive particulate matter (the starting point for the
dosimetric hypothesis), the harmful property which is
transferred between the particulate matter and the lung tissue
is relatively easy to identify (e.g., ionizing radiation of a well-
defined type). For mineral dusts, however, like those en-
countered in many industrial workplaces, the nature of the
property is not known. Quartz is one example where,
although there are well-known health hazards associated with
inhaling respirable particles, somewhat inconsistent
epidemiological findings have emerged, especially when
other materials are present. As a result, attempts to deter-
mine the basic nature of the harmfulness of quartz have not
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yet provided definitive answers. European research, involv-
ing several laboratories, is presently in progress to address
this question, as described elsewhere at this Conference by
Robock.

In setting out to quantify G, mineralogical assessment alone
does not provide all that is required. Neither (necessarily)
does toxicity evaluation based on in vitro cell viability tests.
In our own Institute, we are at present exploring how pro-
gress might be achieved by direct reference ta the cellular re-
sponse in the lung itself.'° Bronchoalveolar lavage studies in
rats exposed to dusts known to produce contrasting health

effects (relatively-innocuous titanium dioxide and highly toxic
quartz, for example) have been carried out. These have in-
volved measurements of responses reflecting lung injury
(e.g., leukocyte recruitment). Some of the results are par-
ticularly relevant in the present context—although the con-
clusions are preliminary at this stage. Some examples are
shown in Figure 3, where the dusts were delivered into the
lungs of the rats by inhalation and the leukocyte recruitment
assessed subsequently (in terms of neutrophil counts). For
the titanium dioxide, the results suggest a biological response
is provoked which falls after the cessation of exposure. This
in turn suggests that the intrinsic ‘harmfulness’ of the ma-
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Figure 2. Hypothetical examples to iltustrate the quantitative nature of exposure (E), retention (R) and damage

function (G).
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Figure 3. Typical results of cell-lavage study, showing neutrophil response during exposure- and post-
exposure for quartz and titanium dioxide inhaled by rats at 50 mg/m® (respirable). The results

shown are means for four rats.

terial is not persistent but rather the damage function, G,
decays with time. Throughout, its magnitude is relatively
small. In contrast, the biological response to the inhaled
quartz is much greater in magnitude and is much more per-
sistent. That is, G is high upon arrival in the luag, and—
unlike titanjum dioxide—does not decline, even post-
exposure. From these findings, the dosimetric implications
are clearly consistent with what is known about the con-
trasting hazards associated with inhaling each of these two
materials. Further work is now needed to place such ideas
on a more quantitative footing, and to extend them to other,
more-realistic mineral dusts.

CONCLUDING REMARKS

In the preceding, we have discussed the main ingredients of
a dosimetric model for assessing the risk associated with in-
haling airborne particles. The rationale for its development
is summarised in Figure 4. At this stage, it is no more than
an initial hypothesis. Before it can be proposed as a work-
ing model, it i3 necessary, (a) to establish the validity of phar-
macokinetic models, derived originally from the results of
animal inhalation studies, for describing retention in humans,
and (b} to establish the validity of (and extend) the biological
assays aimed at quantifying G for dusts relevant to work-
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Figure 4. Summary of the rationale for the development of a dosimetric model.

place exposures. Some such studies are in progress. Having
once established the working hypothesis, the next step is to
validate it with respect to epidemiology for working popula-
tions whose exposure and occupationa! histories are suffi-
ciently well-known. From this scenario, it may therefore be
assumed that the emergence of an actual working dosimetric
model is still some years away.

The broad benefits of the dosimetric approach to epidemi-
ology have already been mentioned. Notably, as far as
epidemiology is concerned, it is anticipated that improved
sensitivity (and specificity) and reduced variability in explain-
ing the relationships between the environment and health will
be achieved. In turn, improved standards setting, more
representative dust sampling strategies, and more effective
control procedures (through appropriate worker deployment
strategies, technical measures, etc.) will be made possible.
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SIGNIFICANCE OF THE FIBRE SIZE OF ERIONITE

J.C. WAGNER

MRC External Staff Team on Occupational Lung Diseases
Llandough Hospital, Penarth, South Glamorgan, South Wales CF6 1XW

ABSTRACT

At the VIth International Conference at Bochum we demonstrated that by treating rats with erionite from
Oregon, we were able to produce 100% mesotheliomas by both pleural implantation and by inhalation;
the only fibre to produce these results under experimental conditions. In contrast to this we failed to pro-
duce any tumours with a non fibrous synthetic form of this material. Our colleagues who had studied the
Oregon material, in *in vitro® tests to detect genotoxicity, stated that it was the only dust which they had
examined which gives reproducible positive results. We were able to produce two samples from the Oregon
erionite of fibrous dusts; one of which contains fibres all of which were less than 5.0 microns in length
and, the other containing fibres greater than 5.0 microns to test whether specific sized erionite fibres would
produce tumours. Following intrapleural inoculation of the large fibres mesotheliomas occurred in 94%
of the rats in contrast to none in those receiving the shorter fibre. In the inhalation study 60% of the animals
exposed to longer fibres developed tamours but none of those exposed to the shorter material. A detailed
study including the size of the two original preparations and of the fibres recovered from animals receiving
both treatments has been undertaken. The significance of these studies will be discussed and the relevance
to the biological findings contrasted.

See Table of Contents, Part I, for Paper.
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EXPERIMENTAL STUDIES IN RATS ON THE EFFECTS OF ASBESTOS
INHALATION COUPLED WITH THE INHALATION OF TITANIUM DIOXIDE

J.M.G. DAVIS, MA., ScD. * A.D. JONES « IMELDA PARKER

Institute of Occupational Medicine, 8 Roxburgh Place
Edinburgh EH8 95U

INTRODUCTION

Many inhalation studies in experimental animals have been
undertaken to examine the pathogenicity of mineral
fibres.’:2.5 So far, however, work has concentrated on the
effects of pure dust clouds in spite of the fact that, in the
industrial environment, fibres are inhaled at the same time
as isometric dust particles of many types. To examine the
effects of other dusts inhaled with mineral fibres, we com-
menced a study in which amosite (a long fibre preparation)
and chrysotile (UICC *A’) asbestos were administered to rats
over the same time period as titanium dioxide, an innocuous
particulate dust, or quartz, a highly toxic material.

MATERIAL AND METHODS

Groups of 48 rats of the AF/HAN strain were treated with
one of the asbestos varieties at a dose level of 10 mg/m? of
respirable dust with either titanium dioxide at 10 mg/m? or
quartz at 2 mg/m?. The inhalation period was one year and
subsequently most of the animals were allowed to live out
their full life span. Groups of four rats were killed at the
end of the dusting period and similar groups six months later.
From these animals the left lung was ashed to determine the
content of retained dust, while the right was processed for
histology. All lung tissue was serially sectioned with sec-
tions examined at multiple levels throughout the organ. Sec-
tions were also examined routinely from all major organs
and all areas of pathological change detected macroscopically
at autopsy. Sections were stained with haematoxylin and
eosin, Van Gieson’s method for collagen or Gordon and
Sweet’s method for reticulin. The area of lung tissue occupied
by pulmonary interstitial fibrosis was measured using an
automatic image analyser (Graphic Information Systems
Ltd., GDS1). For the determination of retained asbestos, half
of the left lung was ashed at low temperature in nascent oxy-
gen and infrared analysis undertaken of a potassium bromide
disc containing the dust residue. For titanium dioxide the rest
of the lung tissue was analysed by atomic absorption follow-
ing muffle ashing. Comparisons of levels of interstitial
fibrosis and the retained asbestos content of lung tissue were
undertaken using conventional analysis of variance tech-
niques. Differences in the number of pulmonary tumours
found in the experimental groups were examined using the
Pearson chisquare statistic. The studies involving titanium
dioxide and asbestos and quartz and asbestos were not under-
taken synchronously. At present only the data from studies

with titanium dioxide are complete and these are presented
in this paper.
RESULTS

At the end of the dusting period, histological examination
of lung tissue revealed large amounts of both asbestos and
titanjum dioxide intermingled within pulmonary macrophages
and in deposits of fibrosing granulation tissue in the region
of the terminal and respiratory bronchioles which are the
characteristic early signs of lung pathology in rats exposed
to asbestos (Figure 1). These lesions consisted mainly of
macrophages, giant cells and fibroblasts with reticulin and
collagen fibres found in increasing density as the smdy pro-
gressed. Giant cells were particularly noticeable in animals
treated with asbestos and titanium dioxide with the
phagocytosed titanium dioxide particles packed in the
peripheral regions of cytoplasm along with the multiple
nuclei. Short asbestos fibres were also found in this peripheral
area but longer fibres transfixed the clear central regions of
cytoplasm. As the rats aged, pulmonary fibrosis extended
in some lung areas to involve the alveolar walls in the paren-
chyma between the terminal bronchioles. The first sign of
this alveclar interstitial fibrosis is a rounding up of Type Il
epithelial cells which then progressively increase in number
as the interstitial space is thickened with fibrous deposits until
the airspaces may become lined completely by cuboidal
epithelium. In some areas the fibrotic thickening of septa
predominates but, in others, epithelial change is more pro-
nounced leading to a pattern of adenomatosis. In the most
advanced stages of this condition, some remodeling of the
lung architecture occurs with thick walled airspaces no longer
corresponding to the original alveoli. The process is probably
equivalent to the development of honeycombing in human
lungs. The area of lung tissue involved in this type of ad-
vanced ‘fibrosis’ in those animals surviving to within two
months of the end of the study (age 34 months or more) is
illustrated in Table I with comparable figures from recent
studies using the same chrysotile or amosite samples on their
own.2* The inhalation of titanium dioxide as well as
asbestos did not increase the amount of fibrosis produced.

With the production of pulmonary tumours, however, a
marked difference was found between those animals inhal-
ing asbestos only and those inhaling asbestos and titanium
dioxide (Table II). For this comparison, two studies using
UICC chrysotile ‘A’ were available.2# In the two studies
with UICC chrysotile alone, the number of pulmonary
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F:gure 1. An area of ﬁbrosmg granulation time formed in the walls of respiratory bronchioles in a rat aﬁer
12 months inhalation of amosite and titanium dioxide. Fibres and particles of titanium dioxide
(which appear black) are mingled together in phagocytic cells both free in the alveolar spaces
and in the solid tissue of the lesion. Two foreign body giant cells are present with dust packed
in the peripheral regions of the cytoplasm but with relatively clear centres.
Magnification x 400.

Table 1
The Percentage of Lung Parenchyma Occupied by Pulmonary Interstitial Fibrosis

CHRYSOTILE CHRYSOTILE PLUS AMOSITE AMOSITE PLUS
TITANIOM DIOXIDE TITANIUM DIOXIDE

12.2% 12.9% 11.0% 9.5%
(1.5-24.3) (3.8-26.1) (0.4-34.6) (0.7-20.7)

Figures are means of all animals surviving until within two months of the end of the
study. Group sizes varied from 12 - 18 months.
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Table I
Pulmonary Tumours

TUMOUR TYPE CHRYSOTILE CHRYSOTILE PLUS AMOSITE AMOSITE PLUS
TITANIIM DIOXIDE TITANIUM DIOX]IDE
1 2

Adenoma 7 6 4 3 1
Adenocarcinoma 6 4 12 3 8
Squamous

carcinoma 2 4 3 4 3
Mixed/

undifferentiated 5 1 5
Pleural

mesothelioma 2 2 2
Peritoneal

mesothel ioma 1
TOTAL 15 14 26 14 19
No. of animals 40 37 41 40 40

tumours produced was almost identical, indicating a good DISCUSSION

degree of reproducability in the animal model. The inhala-
tion of titanium dioxide as well as chrysotile resulted in ap-
proximately twice the number of pulmonary tumours. With
amosite and titanium dioxide, tumour production was approx-
imately 50% higher than with amosite alone. For the ex-
periments with chrysotile asbestos, the figures for all
pulmonary tumours were significantly different (P <0.02)
and even more significant if only malignant tumours were
considered (P <0.004). For amosite the difference did not
reach statistical significance with the group sizes used (P
>0.10).

Figures for the lung dust content of animals six months after
the end of the dusting are illustrated in Table III. The
presence of titanium dioxide, a particulate dust normally con-
sidered to be innocuous is associated with double the amount
of chrysotile as normally retained at the same timepoint
following this asbestos dose on its own. For animals treated
with amosite and titanium dioxide, the retained amosite dose
was 60% more than with amosite alone. Even with very small
groups of only four rats, the differences in chrysotile reten-
tion were significant (P <0.05). With the amosite ex-
periments once again the differences were not large enough
to reach significance (P >0.10).

The results of studies with titanium dioxide and asbestos in-
dicate that the inhalation of a particulate dust normally con-
sidered to be innocuous may increase the carcinogenicity of
both amosite and chrysotile. Lung dust analysis suggests that
this may result from increased retention of asbestos with the
increase in pulmonary tumours very closely matching the in-
crease in lung dust content. Whether or not this finding in-
dicates an increased hazard for asbestos workers exposed to
mixed dusts in the industrial environment needs careful con-
sideration. Studies examining the buildup of amosite and
titanium dioxide in the lungs of rats over a one year exposure
period followed by a short clearance period of 38 days have
been reported.® In this study no reduction of amosite
clearance was found compared to similar studies with amosite
alone. However, dose levels were different from those in
the present study (2.5 mg/m? for amosite and 15 mg/m? of
titanium dioxide) and the clearance period was short cover-
ing time when much dust is known to be in macrophages
free in the alveoli. The six month period covered by the pres-
ent paper is a time when dust is being incorporated into solid
lesions in the lung patenchyma. The increased retention
reported for amosite (2s well as chrysotile) may reflect an
increase in this process.

161



Animal Models—Pneumoconiosis I

Table III

Lung Asbestos Burdens Six Months After the End of Dust Exposure

CHRYSOTILE CHRYSOTILE PLUS AMOSITE AMOSITE PLUS TITANIUM DIOXIDE
TITANIUM DIOXIDE
315 (49) 710 (71) 3080 (370) 4980 (499)

Figures are in microgrammes and are the means of groups of four animals. Stan-

dard deviations in brackets.

A continuing debate about asbestos-related pulmonary car-
cinomas concerns the question of whether or not these
tumours occur in the absence of pulmonary fibrosis.! In the
present study, levels of fibrosis were found not to increase
with an increase in lung tumours when asbestos was ad-
ministered with titanium dioxide. However, the principal
does appear to apply since all the animals developing
pulmonary tumours did have quite large amounts of
pulmonary fibrosis as well. It may be that while fibrosis is
an essential precursor of tumour development, the area of
fibrosis is not the most important factor. The amount of dust
retained in any area of fibrosis and the cellularity of the le-
sions may be much more important. In addition, the method
of measuring advanced interstitial fibrosis that we have
adopted involves ignoring, in animals with tumours, those
areas of lung occupied by the umour itself and estimating
fibrosis as a percentage of the remainder. Thus a tumour may
‘arise in a large area of fibrosis but overgrow this and
eliminate it. The percentage of fibrosis in the remaining lung
tissue may be relatively small.
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THE ROLE OF FIBER LENGTH IN CROCIDOLITE
ASBESTOS TOXICITY IN VITRO AND IN VIVO

LEE A. GOODGLICK » Agnes B. Kane

Department of Pathology and Laboratory Medicine, Brown University

INTRODUCTION

Inhalation of asbestos fibers during occupational exposures
is associated with the development of pleural plaques and
effusions, diffuse interstitial fibrosis, and an increased in-
cidence of cancer including bronchogenic carcinoma and
malignant mesothelioma. The geometry and dimensions of
asbestos fibers are important factors in the pathogenesis of
these diseases. Short fibers or spherical mineral particles
which reach the alveoli are rapidly cleared from the lungs.
Long, straight fibers characteristic of amphibole asbestos are
translocated to the pleural and peritoneal linings. In contrast,
curly serpentine fibers are trapped in the upper respiratory
tract or at tracheobronchial bifurcations. Serpentine fibers
also fragment and are gradually cleared, while unmodified
amphiboles persist in the lungs.!

These differences in deposition, translocation, and clearance
may account for the different pathogenicity of short and long
asbestos fibers after inhalation. Altemnatively, long fibers may
have intrinsically different effects on potential target cells
in the lung than short fibers. Support for this alternate
mechanism is based on numerous in vitro models of ashestos
toxicity and transformation. In many of these in vitro models,
long fibers are more biologically active than short fibers or
spherical particles as monitored by acute cell lysis, disrup-
tion of the cytoskeleton, inhibition of cell proliferation,
stimulation of various enzyme activities, and transformation
in vitro.*?

We have re-examined the importance of fiber length using
two models of crocidolite asbestos toxicity in vitro and in
vivo. Acute toxicity of long or short fibers was demonstrated
in primary cuitures of thioglycollate-elicited mouse peritoneal
macrophages in vitro. In contrast, after direct intraperitoneal
injection of crocidolite asbestos fibers, long fibers were more
toxic than short fibers. This differential toxicity in vivo is
due to more effective lymphatic clearance of short fibers from
the peritoneal lining. However, if lymphatic clearance was
prevented, short fibers were toxic, as well as carcinogenic,
in this in vivo model.

MATERIALS AND METHODS

Preparation and Characterization of Asbestos Fibers
Crocidolite asbestos which was prepared and characterized
according to the Union Internationale Contre Le Cancer
(UICC) was used to prepare samples enriched in short and
long fibers as described previously. !¢

In Vitro Toxicity Protocol and

Assay for H,O. Release

Thioglycollate-elicited mouse peritoneal macrophages were
plated onto 12-mm glass coverslips (2.5-5 X 10%cells per
coverslip) and exposed to various doses of short or long
crocidolite fibers for up to 24 hours. Viability was deter-
mined using fluorescein diacetate (FDA). Superoxide
dismutase (SOD) and catalase were prepared as reported;
final concentrations are given in the table legends.
Deferoxamine-coated fibers were prepared as described.!!
For assay of H,0, release, elicited macrophages (10° cells
per 35-mm well) were exposed to various doses of short or
long crocidolite fibers for up to 6 hours. H,0,-mediated ox-
idation of phenol red was assayed as previously described.!!

In Vivo Injury

Male C57B1/6 mice were injected intraperitoneally with
mixed crocidolite (200 pg), short crocidolite (120 pg), or
phosphate buffered saline (PBS) using the procedure of
Moalli et al.!® These doses of short and mixed crocidolite
contained an equal number of fibers. Mice were sacrificed
after 3 days. Peritoneal lavage fluid was used to measure
lactate dehydrogenase (LDH) activity. The diaphragm was
dissected and stained with trypan blue as described previous-
ly.”® In some experiments, mice were injected in-
traperitoneally with agarose blue A spherical beads. Two
days later, 120 pg of short crocidolite fibers were injected
intraperitoneally. Mice were sacrificed 3 days later.

NBT Reduction In Vive

Mice were injected with 1.5 m! thioglycollate (4% w/v), 200
ng of titanium dioxide, 200 ug of crocidolite asbestos alone,
or 200 pg of crocidolite asbestos which had been presoaked
in 10 mM deferoxamine and then rinsed as described above.
Mice were sacrificed 3 days later following a 15 minute ex-
posure to 0.3 mg/mi nitroblue tetrazolium (NBT). Fixed
diaphragms were dissected and viewed under a dissecting
stereomicroscope (2-80 x). Reduced NBT formed a blue
precipitate (formazan).

Induction of Mesotheliomas

Mzle C57B1/6 mice were injected intraperitoneally with
crocidolite asbestos. Two series of experiments were con-
ducted: in Series A, 20 mice were injected weekly with either
200 pg/ml of long crocidolite or 200 pg/ml of mixed
crocidolite fibers (40 mice total). In Series B, 15 mice were
injected weekly with either 120 pg/ml of short crocidolite
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or 480 pg/ml of long crocidolite fibers (30 mice total). The
doses of long and short crocidolite used in Series B contained
the same pumber of fibers as 200 pg/ml of mixed crocidolite.
At the intervals indicated, complete autopsies were performed
on all mice.

RESULTS

Preparation and Characterization of
Long and Short Fibers

Native UICC crocidolite asbestos was used for separation
of long fibers and short fibers by repeated centrifugations,
The number of fibers per mg of each fiber sample was deter-
mined by transmission electron microscopy and is shown in
Table I. Greater than 60% of the long fiber preparation is
longer than 2.0 um, while 90% of the short fiber prepara-
tion is shorter than 2.0 pm. The doses used in these in vitro
and in vivo experiments were adjusted to contain an equal
number of native, long, or short fibers. The doses listed in
Table I correspond to 2.8-5.6 x 10° fibers/108 cells in the
in vitro experiments and approximately 5.7 x 10°
fibers/106 resident peritoneal macrophages in the in vivo ex-
periments. For the in vitro experiments, the dose was kept
constant with respect to cell number and surface area of the
culture dish. The LDy, corresponds to approximately 25 pug
of native crocidolite asbestos fibers/cm; 2 complete time and
dose response curves were publisbed previously.!! In the in
vivo experiments to produce mesotheliomas, approximate-
ly 40 weekly injections of 200 pug of mative crocidolite
asbestos fibers were used. The total dose delivered to each
mouse over this time period is approximately 2 x 10%
fibers. This dose is comparable to human occupational ex-
posures to asbestos fibers estimated at 101°—10"! fibers dur-
ing a lifetime.12 In contrast, previously reported models to
induce mesotheliomas in rodents use a single dose of fibers
ranging from 10-25 mg injected intrapleurally or
intraperitoneally.!-13-17 -

In Vitro Toxicity of Long and Short Fibers

Long or short fiber preparations of crocidolite asbestos
caused a dose-dependent decrcase in viability of
thioglycollate-elicited mouse peritoneal macrophages. As
shown in Table II, equal numbers of long and short fibers
killed 20-30% of the cells after six hours. After 24 hours,
only 7.0 £ 0.2% of the cells exposed to shost fibers were
viable, while 6.4 + 1.5% of the cells exposed to long fibers
remained viable. At earlier time points, there is a lag in short
fiber toxicity most likely due to the delayed time in settling
onto the cultured cells.

Toxicity of Long and Short Fibers Depends on
Release of Reactive Oxygen Metabolites

Previous studies have shown that acute asbestos toxicity in
a variety of in vitro models is mediated by reactive oxygen
metabolites. 111819 While phagocytosis of any particle trig-
gers the release of superoxide anion and H;O,, the toxicity
of asbestos fibers is postulated to depend on the iron-catalyzed
generation of the hydroxyl radical. We tested whether a
similar oxidant-dependent mechanism is responsible for acute
toxicity of long and short crocidolite asbestos fibers in our
in vitro model system.

We tested whether long and short fiber preparations
stimulated the release of HyO, from elicited mouse
peritoneal macrophages in vitro, As shown in Table II, equal
numbers of long and short fibers produced similar release
of H,0, after six hours of exposure. Both long and short
fiber preparations also stimulated the production of superox-
ide anion as shown by the reduction of NBT.

Acute toxicity of mative crocidolite asbestos fibers to
macrophages is prevented by exogenous superoxide
dismutase and catalase which detoxify superoxide anion and
H,0,, respectively, or by coating fibers with deferoxamine

Table I
Characteristics of Crocidolite Asbestos Fiber Preparations

Sample # of Fibers % of Fibers In Vitro Dose In Vivo Dose
per mg x 10° 2 2.0 um long (ng) (1g)
Mixed (native)
fibers 2.93 23.6 S50 200
Long fibers 1.22 60.3 120 480
Short fibers 4.64 30 120

Short and long asbestos fibers were separated from native crocidolite
asbestos by differential centrifugation as described in Materials and

Methods.
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Table I

Viability and Release of H;O, by Elicited Mouse Peritoneal Macrophages
Exposed to Short or Long Crocidolite Asbestos Fibers for Six Hours In Vitro

Sample Viability nmoles H,0,/10% cells
Control (untreated) 100 £ 23,24 0

Long fibers 19.0 + 7.5 25.7 9.8
Shoxrt fibers 31.3 + 5.8 23.6 % 4.8

2 Mean * SD.

Thioglycollate-elicited mouse peritoneal macrophages (2.5-5.0 x 104 cells
per 12-mm glass coverslip) were exposed to egqual numbers of short (30 Lg)
or long (120 pg) crocidolite asbestos fibers. After six hours, viability
was determined by the ability to hydrolyze and retain fluorescein diacetate

as described in Materials and Methods.
10¢ cells per 35-mm multiwell were exposed to equal numbers of short (180

Ug) or long (720 pg) crocidolite asbestos fibers.
of H202 was measured as described in Materials and Methods.

For determination of H,0, release;

After six hours, release
No Hzoz was

detected when 0.5 mg/ml catalase was included in the reaction mixture.

which prevents the iron-catalyzed formation of the hydroxyl
radical.!! As shown in Table INI, exogenous superoxide
dismutase or catalase decreased the toxicity of long or short
fibers. Deferoxamine-coated long or short fibers were also
less toxic in this in vitro model.

In Vivo Toxicity of Crocidolite Asbestos Fibers
We have previously characterized the acute mesothelial reac-
tions to a single intraperitoneal injection of 200 pg of
crocidotite asbestos fibers in mice. The morphological reac-
tions to asbestos fibers were studied by scanning electron
microscopy of the diaphragm. Between 1-3 days after in-
jection of asbestos fibers, mesothelial cells become swollen,
develop blebs, and detach from the surface of the
diaphragm.i® Macrophages phagocytizing asbestos fibers
also show morphologic evidence of injury. Three days after
injection of mative crocidolite asbestos fibers, there was in-
creased trypan blue staining of the diaphragm and increased
LDH activity recovered in the peritoneal lavage fluid (Table
IV). A single intraperitoneal injection of PBS, thioglycollate
broth, or titanium dioxide or silica particles did not injure
the peritoneal lining.

Reactive Oxygen Metabolites are Released from
Macrophages Exposed to Asbestos Fibers In Vivo

A single injection of crocidolite asbestos fibers has been
shown to stimulate an inflammatory response characterized
by accumulation of macrophages on the mesothelial sur-
face.1° Nitroblue tetrazolium (NBT) was used to detect pro-

duction of reactive oxygen metabolites in situ. Three days
after injection of native crocidolite asbestos fibers, mice were
injected intraperitoneally with NBT and sacrificed 15 minutes
later. Blue formazan precipitates were found at sites of
asbestos fiber deposition on the surface of the diaphragm.
This localized staining was completely inhibited by SOD.
A nondegradable particle, titanium dioxide, or a soluble in-
flammatory agent, thioglycollate broth, did not cause reduc-
tion of NBT at the mesothelial lining. Peritoneal macrophages
collected by lavage three days after a single injection of 200
ug of native crocidolite asbestos fibers showed spontaneous
release of H,O, when assayed in vitro (39.2 £ 2.8 nmoles
H,0,/106 cells/hour). Neither macrophages collected three
days after injection of PBS or thioglycollate broth nor resi-
dent peritoneal macrophages released any detectable H,O,
when assayed in vitro,

Exogenous Scavenging Enzymes or
Deferoxamine Reduces Crocidolite-Induced
Injury In Vivo

We next investigated whether the enzymes SOD and catalase
decreased crocidolite-induced injury in vivo. SOD and
catalase conjugated to polyethylene glycol (PEG) were used
to prolong their stability in vivo. Both PEG-catalase and
PEG-SOD significantly decreased the number of trypan blue-
positive cells on diaphragms exposed to crocidolite (Table
IV). Treatment of crocidolite-injected mice with PEG-SOD
or PEG-catalase also reduced LDH activity compared to
crocidolite alone (Table IV). It is unlikely that the protection
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afforded by PEG-SOD and PEG-catalase was due to the
nonspecific adsorption of proteins onto crocidolite fibers. In-
activated PEG-catalase did not prevent crocidolite-induced
injury and PEG-conjugated bovine serum albumin did not
protect cells from crocidolite-induced damage.

We tested whether the iron chelator, deferoxamine, could
decrease crocidolite-induced injury in vive. Mice were in-
Jjected intraperitoneally with deferoxamine-coated crocidolite
and then sacrificed after 3 days. Deferoxamine significanty
decreased the number of trypan blue stained cells on the
diaphragm compared to crocidolite alone (Table IV) and pro-
duced a dose-dependent decrease in recovered LDH activity.

In Vivo Toxicity of Long and Short Fibers

We next compared the acute toxicity of short, long, and
mixed crocidolite in vivo. In contrast to mixed or long
crocidolite fibers, a single intraperitoneal injection of 200 ug
of short crocidolite fibers results in only a mild inflammatory
response and little cellular injury. Longer fibers, on the other
hand, are trapped on the surface of the diaphragm at the
lymphatic stomata. We tested whether short crocidolite

would be acutely cytotoxic in vivo i fibers were not cleared
from the peritoneal cavity. To obstruct stomata, mice were
injected intraperitoneally with Amicon agarose blue A beads
(50-150 pm in diameter) and 2 days later injected with
120 pg of short crocidolite fibers. Recovered LDH activity
was the same when mice were injected with short crocidolite
fibers plus agarose beads or when mice were injected with
mixed crocidolite fibers (Table V). Agarose beads alone did
not increase recovered LDH activity. Similarly, trypan blue
staining on the surface of the diaphragm was similar after
injection of mixed crocidolite alone or short crocidolite fibers
plus agarose beads.

Carcinogenicity of Long and Short Fibers

Crocidolite asbestos fibers are not only toxic to mesothelial
cells in vitro and in vivo, but are also carcinogenic. On the
basis of our previous observation that short fibers can in-
jure the mesothelial lining if lymphatic clearance is
obstructed, we tested whether repeated exposures to short
fibers would obstruct lymphatic clearance and produce
mesotheliomas. Mice were injected weekly with equal
numbers of native, long, or short crocidolite asbestos fiber

Table I

Protection Against Toxicity Caused by Long or Short Crocidolite
Asbestos Fibers by Superoxide Dismutase or Catalase

Sample Viability
Control (untreated) 100 + 9.8 2
Long fibers 3.3 £ 0.5
Long fibers + catalase 61.6 + 14.2 P
Long fibers + SOD 74.2 + 3.5 ¢
Short fibers 38.8 + 8.1
Short fibers + catalase 97.6 * 9,1 ¢
Short fibers + SOD 94.2 4.9 b
Mean * SD.

anuUrme

P< 0.01 as compared to long or short fibers alone.
P< 0.001 as compared to long fibers alone.
P<0.002 as compared to short fibers alone.

Thioglycollate-elicited mouse peritoneal macrophages were exposed to
equal numbers of long (120 pg) or short (30 jpg) crocidolite asbestos

fibers for six hours.

420 ung/ml) or catalase

Where indicated, superoxide dismutase (S50D;
{50 pg/ml)
determined as described in Materials and Methods.

was added. Viability was

Cultures treated

with SOD or catalase alone showed no loss of viability.
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Table IV

Trypan Blue Staining and LDH Activity in Peritoneal Lavage Fluid Three Days after
Intraperitoneal Injection of Native Crocidolite Asbestos Fibers
Alone or with Exogenous Scavengers

Treatment Number of Trypan Blue LDH activity
Stained cells per 0.5 cm? {Units/ml)

Control (PBS) 73 * 24 2 44.0 + 13.0 2
Crocidolite asbestos 798 + 3105 b 154.0 + 13.0 ®
Crocidolite + PEG-SOD 247 49 ¢© 90.3 + 7.5 ¢
Crocidolite + PEG-catalase 349 * a6 4 66.7 £ 6.5 ¢
Crocidolite + deferoxamine 381 # 14 d 83.0 £ 6.0 °©

4 Mean t SEM of triplicate mice.

b pe 0.001 compared to control (PBS).

€ P< 0.002 compared to crocidolite alone,

d

P< 0,02 compared teo crocidolite alone.

Mice were injected with 1.0 ml of PBS or 200 png of native crocidolite
agbestos fibers. Where indicated, mice also received an injection of 500
units of PEG-SOD or daily injections of 500 units of PEG-catalase as
described in Materials and Methods. Finally, mice were injected with 200
MBg of crocidolite asbestos fibers which had been prescaked in 10 mM
deferoxamine, then rinsed as described in Materials and Methods.
Peritoneal lavage fluid was collected three days later and assayed for
lactate dehydrogenase (LDH) activity. The dissected diaphragms were
stained with trypan blue and counted as described in Materials and Methods.
Three mice were used in each treatment group. Injection of PEG-SOD or
PEG-catalase did not significantly increase the extent of trypan blue

staining as compared to controls.

preparations. After 22-60 weekly injections, animals were
sacrificed as they developed ascites or evidence of intestinal
obstruction. After injection of native crocidolite asbestos
fibers, 37.5% of the mice developed mesotheliomas. In com-
parison, 23.5% of mice injected with long fibers and 50.0%
of mice injected with short fibers had mesotheliomas.

DISCUSSION

In this report, we present evidence that both long and short
crocidolite asbestos fibers are toxic to thioglycollate-elicited
mouse peritoneal macrophages in vitro. Both fiber prepara-
tions stimulated release of H,0, from these cells. As shown
in previous investigations, reactive oxygen metabolites
mediate acute asbestos toxicity.!!-18:1? Long and shert fiber
preparations of crocidolite asbestos also killed macrophages
via a similar, oxidant-dependent mechanism. As with native

crocidolite asbestos fibers, catalase, superoxide dismutase,
or deferoxamine decreased the toxicity of long or short fibers.

Numerous in vitro studies have reported that long asbestos
fibers are more biologically active than short asbestos
fibers.3® The differences between these previously pub-
lished studies and the data reported here reflect different ex-
perimental protocols and different definitions of acute tox-
icity. In these experiments, we exposed primary cultures of
elicited mouse peritoneal macrophages to equal numbers of
fibers in the absence of serum. Toxicity, as defined by
hydrolysis and retention of fluorscein diacetate, was
monitored up to 24 hours. Similar results were obtained
using erythrosin B staining or trypan blue uptake. Under
these conditions, similar to peritoneal macrophages in vivo,
these cells do not proliferate. Finally, we obtained our short
fiber preparation by centrifugation, not by milling which
alters the surface properties of asbestos fibers.2?
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Table V
In Vivo Injury Caused by Intraperitoneal Injection of Mixed or Short
Crocidolite Asbestos Fibers Alone or with Arparose Beads

Treatment Extent of Trypan LDR Activity
Blue Staining (units/ml)
Control (PBS) - 44.0 * 13,0 2
Control (beads) - 59.0 + 4.9
Short fibers + 93.5 + 18.8°P
Short fibers + beads +++ 168.0 * 30.0 ©
Mixed fibers +++ 164.0 £ 32.0 ©

4 Mean * SEM of triplicate mice.

b p< 0,02 compared to control (PBS).

€ P< 0.05 compared to short fibers alcne.

Mice were injected intraperitoneally with 1.0 ml of PBS,
or 200 Mg of mixed
two days
mice were injected intraperitconeally with
. agarose beads as described in Materials and Methods.

crocidolite asbestos fibers,
asbestos fibers.
crocidolite asbesatos fibers,

mice were sacrificed.

Where indicated,

120 pg of short
(native) crocidolite
before injection of short

After 3 days, the

Peritoneal lavage fluid was collected and assayed

for LDH activity and the diaphragms stained with trypan blue as described

in Materials and Methods.

Fiber dimensions are also an important factor in the chronic
reactions to asbestos fibers. In animal models, long fibers
are more inflammatory and fibrogenic than short fibers.!
More effective clearance of short fibers from the lungs may
be responsible for these different reactions to long and short
fibers. However, even with direct implantation of fibers in-
to the pleural or peritoneal cavity, long fibers induce
moﬁlehomsmmveﬂ'wﬁvelydmnshonﬁbcrsorsphcrical
mineral particles.3-14 In previous studies, we confirmed that
dlrectmnapentonwlmjecuonoflongﬁbersproducedm'e
mesothelial cell injury in vivo than injection of short fibers
or spherical mineral particles. Long fibers are not as readi-
ly cleared through lymphatic stomata at the peritoneal lin-
ing, while short fibers and spherical mineral particles ac-
cumulate in regional lymph nodes. ' In this report, we pre-
sent evidence that short fibers are also cytotoxic in vivo and
carcinogenic if lymphatic clearance is obstructed or saturated.

It is not known whether occupational exposure to massive
doses of short rated. It is not known whether occupational
exposure to massive doses of short fibers or other particulates
may also saturate pulmonary lymphatic clearance
mechanisms and increase the risk of developing
mesotheliomas.
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DOSE-RESPONSE RELATIONSHIPS IN PNEUMOCONIOSIS

Y. HAMMAD e+ H. Abdel-Kader *» B. Bozelka ¢ J. Lefonte * C. Reynolds
Tulane School of Medicine, Pulmonary Diseases Section, New Orleans, LA, USA

ABSTRACT

In pneumoconiosis epidemiology, dose-response relationships (DR) are determined to quantify the dose leading
to a certain effect. Current standards are based on DR that do not consider dust elimination or dust residence
time. This is a serious deficiency, especially for chronic diseases with long latent periods where significant
exposures are those occurring early in work history. DR should 1) consider the fact that tissue reaction
progresses after termination of exposure, 2) give more weight to the contribution of dust inhaled during
early exposure than that inhaled later, 3) differentiate heavy exposure over a short time from a longer but
less intense exposure, and 4) account for pulmonary clearance. A rat model of silicosis was utilized to relate
exposure to the disease process. Rats were exposed, in 3 groups, to a total dose of 24 mg/m? * months.
The 1st was exposed to 4 mg/m? for 6 mo., the 2nd to 2 mg/m? for 12 mo., and the 3rd to 5 mg/m® for
3 mo. followed by 1 mg/m® for 9 mo. Rats were sacrificed 3, 6, 12 and 24 mo. from the onset of ex-
posure. Response parameters used in the model were dry and wet lung weights, hydroxyproline and histology.
Without exception, all response parameters showed better correlation with models that take into considera-
tion residence time and pulmonary clearance. The conventional model of calculating DR resulted in poor
correlations.

No Paper provided.
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THE EFFECT OF SINGLE AND MULTIPLE DOSES OF
COAL DUST ON THE BRONCHO-ALVEOLAR FREE CELLS
AND ALVEOLAR FLUID PROTEASE INHIBITORS

J. KLEINERMAN » M.PC. Ip

Cleveland Metro. Genera! Hospital at Case Western Reserve University
Cleveland, OH, USA

ABSTRACT

It is well known that a period of many years of continuous coal dust exposure is required before the pulmonary
lesions of coal workers pneumoconiosis appear. The purpose of this study is to compare the population
of free cells and anti-proteases in the alveolar space following single and multiple intratracheal instillations
of coal dusts. Bituminous coal dust processed to concentrate particles 20 i or less in diameter were instilled
intratracheally into hamsters. Broncho-alveolar lavage was performed 3 and 90 days foliowing the introduction
of the coal. Aﬁeramngledoseof4mgofcmldustmmcreasembothalvwhrmacrophagesmdneu&ophﬂs
was observed. The elastolytic activity of the culture fluid in which the macrophages were sustained was
increased. The total concentration of the anti proteases in the alveolar fluid, both a1 protease inhibitor (ex1Pl)
and o2 Macroglobulin (02M) were not significantly different from control values. Multiple coal dust in-
stillations were performed at 5-7 day intervals over 4-5 weeks. At 3 and 90 days after the Sth instillation
the alveclar fluid neutrophils and macrophages were increased as compared with controls. The total elastolytic
activity of the leukocytes was greater at day 3 than day 90. However the alPl and o2M concentrations
in the alveolar fluid were also increased as compared to controls at both 3 and 90 days following the last
dust instillation. These data indicate a simultaneous increase in the elastolytic burden and in the protease
inhibitor activity of the alveolar fluid. Emphysema is not present by histologic study suggesting that no
significant imbalance between proteolytic and anti-proteolytic forces occurred as a result of the coal dust
treatments. These studies demonstrate that both the number of alveolar free cells and the anti-proteases
in the alveolar environment may be modulated by the coal dust burden and by time. Supported by NIOSH
Grant #OHO1717.

No Paper provided.
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MINERAL FIBRE IN THE LUNGS OF WORKERS FROM

A BRITISH ASBESTOS TEXTILE PLANT

FREDERICK DAVID POOLEY, Ph.D.,, MIMM, MAIME, CEng ¢ Ravi Mitha, BSc.
School of Engineering, Newport Road, University of Wales College of Cardiff

P.0. Box 917, Cardiff CF2 1XH, United Kingdom

INTRODUCTION

The material examined in this study consisted of random
specimens of lung parenchyma which had originally been
collected at autopsy for histopathological examination. The
specimens of fixed tissue were embedded in paraffin wax
blocks and represented samples obtained from individuals
previously employed at a British asbestos textile plant who
died between the years 1964 and 1975.

The asbestos textile plant where the various individuals had
been employed had used chrysotile as its principal raw
material, this being imported from Canada and Africa.
Crocidolite was used between 1932 and 1969 and over this
period represented approximately 5% of the total amount of
asbestos processed.! No amosite was apparently used at any
time for production purposes.

When these tissue samples were originally collected the assay
of the specimens for their fibrous mineral content had not
been considered. They represented a unique collection of
biological materiat from individuals who for various lengths
of time were employed in a plant which has been extensively
studied for more than 30 years.

The plant has been the focus of several publications con-
cerned with relating the effects of exposure to asbestos on
health.'"7 However, these studies have not been able to
assess the effects of exposure to the various asbestos minerals
processed. The British Occupational Hygiene Society used
data from this factory in determining its hygiene standard'®
for chrysotile and the mesotheliomas occurring in this fac-
tory have been attributed to chrysotile exposure.!! Informa-
tion on the mortality of the workers at this plant has been
shown to be very different from that of an American textile
plant where crocidolite was not extensively used.®?
Mesothelioma, lung cancer and asbestosis have been canses
of death of the workers in the British plant but not in the
American operation where lung cancer and asbestosis cases
have been more prevalent. '

An examination of the limited working histories of the cases
revealed that three had originally been employed in an
asbestos fibre store some distance from the textile plant and
for a further six, no information regarding period of employ-
ment was available, Results from these eight cases are
therefore not reported here. The available information re-
garding the causes of death of the remaining 98 individuals

in

showed that 20 were due to a mesothelioma, 24 to asbestosis
and/or lung cancer and 54 were due to other causes.

The specimens have been examined to estimate fibre
loadings, the relative concentrations of the various fibre types
retained in the tissue and their physical characteristics. These
results are reported here and compared with similar data ob-
tained from 46 cases of exposure from an American asbestos
plant.

A fibrosis category for the 98 British textile plant cases was
also estimated from histopathological sections which had been
previously cut from the paraffin wax blocks examined in this
study. This information was used to compare fibrous grading
with asbestos fibre lung burdens.

METHODS

In each case the tissue specimen was first extracted from its
wax block in warm Xylene solution. When separated from
the Xylene each specimen was immediately washed in ethanol
to remove the wax-rich Xylene solution and dried at 80°C
to evaporate the ethanol. The weight of the dry tissue
specimen was then recorded. Tests with wet Jung tissue
specimens which had been prepared in wax and then subse-
quently extracted in the manner outlined have shown that
the dry weight of the tissue recovered was on average 15%
of the wet tissue weight. This value of dry tissue weight as
a percentage of wet weight corresponds closely to figures
obtained from wet lung tissue specimens dried to a constant
weight at 80°C.'*

The tissue specimens were placed in glass centrifiuge tubes
and digested with 5 m!s of SN KOH solution at a temperature
of 80°C in a heated block. The KOH digests were then
diluted with distilled water and centrifuged to the bottom of
their respective tubes and the diluted KOH solution decanted.
The residue was resuspended in distilled water and cen-
trifuged again to remove residual KOH. The washed pellet
was then dried in the centrifuge tube and the remaining
organic materia! removed by oxidation at 300°C in an oxy-
gen atmosphere. The ashed pellet was finally resuspended
in distilled water whose pH had previously been adjusted to
a value of 1.5 and filtered almost immediately onto 0.2 pm
pore size polycarbonate (Nuclepore) filters to produce an
even deposit. If the suspension was judged to be too con-
centrated aliquots of 50%-20% were taken. In this particular
study this problem was only encountered in a few instances



because of the small quantity of dried tissue available from
each wax block which varied from 1.3 mg to 85.7 mg.

The filtered tissue extract was prepared for examination in
a Philips EM 400T analytical electron microscope by the
direct transference technique.!® A layer of carbon was
deposited onto the dust deposit on the filter and portions cut
to the approximate size of gold specimen support grids. The
carbon-coated filter portions were deposited carbon upon the
grids and the filter material removed using a bath of
chloroform.

The mineral fibres in the preparations were examined at a
magnification of 20,000X, random areas being scanned to
determine their concentration per unit area of the filter
preparation. Each fibre when encountered was identified
using an energy dispersive X-ray analysis sytem attached to
the microscope. The quantity, length, diameter and identity
of all fibres (i.e., particles observed in random areas of the
grid with a 3:1 axial ratio) in the preparations were therefore
recorded. The preparation, counting techniques and iden-
tification procedure have been described in detail
elsewhere,12:13.14.15.16 The extent of fibrosis in the various
cases was estimated from microscopic examination of
histological sections and were graded on a scale of 04, 0
being normal, 1 minimal, 2 slight, 3 moderate and 4 severe.
This grading has been described in more detai! in a similar
study lr.;f asbestos-related deaths in the United Kingdom in
1977.
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RESULTS

The average results for the concentrations of asbestos and
other fibre types observed in the 98 cases examined are given
in Table I from which it can be seen that all the asbestos
mineral types were detected. The geometric mean values for
the cases are presented together with arithmetic means
because of the very wide range of fibre concentrations deter-
mined. Geometric mean values have also been employed as
a means of presentation of other datz in this paper. Chrysotile
fibres were the most numerous of the asbestos particles
observed but appreciable quantities of both crocidolite and
tremolite were present together with minor concentrations
of amosite and anthophyillite.

The combined size distributions of the major asbestos fibre
types extracted from the samples are given in Table II. It
can be seen from this table that the majority of the chrysotile
fibres observed were less than 5 microns in length and finer
than 0.25 microns in diareter. More crocidolite and tremolite
fibres were longer than 5 microns when compared with
chrysotile and a larger proportion of these fibres were greater
than 0.25 microns in diameter with tremolite on average the
larger of the fibre types. Some consideration must be given
to the size of fibres detected in tissue specimens when the
quantities of the various asbestos minerals are being as-
sessed as the number of concentrations of the individual
fibrous minerals do not equate directly to their mass con-
centrations because of size distribution differences. It is likely

Table 1

Mean Concentrations of Number and Mass of Various Fibre Types
Determined in 98 Cases from a British Asbestos Textile Plant

Fibre Concentrations 106 gram dry lung tissue

Mi 1
F;;::a 106 fibres/ 106 fibres/ Range of Fibre Mass
Type gram gram cogcs.detected ug/gram

A.M. G.M. 10° fibres/gram AM.
Chrysotile 175.4 89.4 1.5 - 1389.6 6.0
Crocidolite 79.8 10.1 ND - 2056.9 8.4
Amogite 4.9 0.2 ND - 153.3 4.2
Tremolite 21.8 2.4 ND - 203.7 8.5
Anthophyllite 0.5 0.02 ND - 15.2 0.2
Mullite 31.8 11.3 ND - 246.8 -
Rutile 6.2 0.2 ND - 411.3 -

1 Iron 4.1 0.7 ND - 25.2 -
Others 3.8 - ND - 29.7 -
Total 328.3 190.0 11.1 - 2508.4 -

ND - Not Detected
A.M. - . Arithmetic Mean
G.M. - Geometric Mean
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that the techniques used in the preparation of lung tissue
specimens do enhance the number concentration of chrysotile
fibres to a greater extent than amphibole fibres. This can be
related directly to the fibrilar structure of chrysotile and is
supported by the scarcity of fibre bundles observed in hung
preparations.

In Table ITI the fibre concentration data collected has been
presented on the basis of cause of death. This shows that
on average larger concentrations of amphibole asbestos were
detected in lung tissue where the cause of death was due to
asbestosis and/or lung cancer than either mesothelioma or
other causes of death. Crocidolite levels can be seen to be
similar for mesothelioma cases, ashestosis and lung cancer
cases, these levels being higher than the average for other
causes of death. Table IV presents the average lung fibre
burdens of chrysotile, amphibole and total asbestos on the
basis of fibrosis grading together with average years of serv-
ice for cases falling within each category. The chrysotile
levels were found to increase in step with the fibrosis grading
but the amphibole levels did not. It was also obscrved that
the fibrosis grading did not increase directly with the average
years of service. The average lung fibre burdens for the
significant asbestos minerals are compared on the basis of
years of service in Table V which show that the amphibole
mineral fibres tend to accumulate with years of service but
chrysotile levels are relatively static.

The average results for the concentration of fibres detected
in the lung tissue of 46 cases from an America textile plant
are presented in Table V1. When compared with the British
results in Table I, it can be seen that chrysotile and amphibole
levels are lower. The marked reduction in the amount of am-
phibole fibre in the American cases is due mzinly to the dif-
ference in the higher concentration of crocidolite observed
in the tissues from the British cases. The tremolite levels in
both groups of cases are similar. A greater range of all fibre
concentrations were also detected in the British cases when

The results from the British and American cases are com-
pared further in Table VII where size distribution data has
been used to calculate the average concentration of fibres
longer than 5 microns for each asbestos type. In Table VIII
this analysis has been extended further to compare the
averages of fibres longer than 5 microns and finer than 0.25
microns. From both tables the most significant difference
between the fibre concentrations is the greater proportion
of long and thin amphibole fibres in the British cases. The
major contributor to this difference being the sigrificant
amount of crocidolite occurring in the British cases.

DISCUSSION

In this study the asbestos mineral fibre detected in the lungs
from 98 individuals previously employed in a British asbestos

Table II
Combined Size Distributions of Major Asbestos Fibre Types
Observed in the Lungs of British Textile Plant Cases (%)

_ W Diameter Ranges Microns
Length —_— .
Ranges “Chrysotile- Crocidolite Tremolite/Actinolite
i Microns 0-0.25 0-0.25 0.25-0.5 >0.5 0-0.25 0.25-0.5 > 0.5
<5 91.8 88.0 l 1.5 - 73.6 12.0 3.1
5-10 " 4.9 8.3 | 0.7 0.2 5.5 1.8 | 1.1
10-20 2.3 0.9 { 0.3 - 1.0 0.5 i 0.6
> 20 1.0 0.1 : - - 0.6 - i -
Table Il
Geometric Mean Concentrations of Asbestos Fibres Detected in Lung Tissue and
Expressed on the Basis of Cause of Death
Fibre Concentrations loalgram of Dry Tissue
Number of Cause of
Cases Death Chrysotile| Crocidolite|Amosite |Tremolite Ex?:lgﬂ}bole
20 Mesothelioma 64.5 13.0 0.4 2.0 24.8
24 Asbestosis &)
Lung Cancer ) 100.4 14.3 0.1 8.9 47.5
54 | Other Causes 99.1 8.4 0.2 1.5 19.4
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Table IV
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Geometric Mean Asbestos Lung Fibre Burdens of Chrysotile, Amphibole and
Total Asbestos Fibre Counts with Years of Service Compared on the Basis of Fibrosis Grading

. 6 . .
Number Yearsof | Fibrosis Mean Fibre Levels 10 /gram of Dried Lung Tissue
of Cases| Service | Grading Chrysotile Total Amphibale Total Asbestos
16 20.6 Q 59.7 2.5 83.7
12 7.1 1 84.4 9.6 130.3
54 16.6 2 95.1 24 .4 153.2
16 20 3 103.9 107.2 240.4
Table V
Geometric Mean Lung Fibre Burdens of the Significant Asbestos Minerals
Compared on the Basis of Years of Service
. 6 . .
Number Years of Mean Fibre Levels 10 /gram of Dried Lung T1s§ue
of Cases :::;:ce JChrysotile Crocidolite| Amosite | Tremolite iiigﬁghéii
23 0-10 67.3 2.5 0.2 0.5 7.3
29 10-20 102.0 7.3 0.2 2.9 21.6
23 20.30 115.6 26.7 0.2 2.5 37.9
23 30-50 78.6 29.5 1.0 13.6 64 .4
Table VI
Mean Concentrations of Number and Mass of Various Fibre Types
Determined in 46 Cases from an American Asbestos Textile Plant
. . & . .
Mineral Fibre Concentrations 10 /gram Dried Lung Tissue
Fibre 106 fibres/ 10% fibres/ Range of Fibre Mass
Type ram A.M ram G.M concs.detected ug/gram
g - £ ™1 10° fibres/gram AM.
Chrysotile 58.1 29.3 1.6 - 319.7 1.9
Crocidolite 2.3 0.1 ND - 67.2 2.7
Amosite 1.8 0.1 ND - 16.8 3.8
Tremolite 15.8 2.2 ND - 95.8 17.1
Anthophyllite 0.2 0.03 ND - 2.7 0.01
Mullite 5.6 1.3 ND 43.6 -
Rutile 1.0 0.2 ND - 8.1 -
Iron 1.6 0.2 ND - 5.3 -
Others 0.3 0.02 - -
Total 86.7 47.4 2.1 - 319.7 -
ND - Not Detected
AM. - Arithmetic Mean
G.M. - Geometric Mean
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textile plant who died between the years 1964-75 was found
to consist of chrysotile in association with appreciable quan-
tities of amphibole fibre. On average the most prominent am-
phibole mineral detected was crocidolite with a lower con-
ceatration of tremolite and only minor quantities of other am-~
phibole fibre types. The quantity of asbestos was found to
accumulate an average with years of service, this accumula-
tion being more pronounced for the amphibole minerals than
chrysotile. This provides further proof of the selective reten-
tion of amphibole fibre which has been demonstrated in many
investigations of mixed fibre occupational exposures. There
was no clear relationship between years of exposure and
fibrosis grading indicating that exposures within a particular
industrial operation have varied significantly for various in-
dividuals. An increase of amphibole asbestos mineral con-
centrations in tissue with fibrosis ing is more pronounced
than corresponding chrysotile fibre levels. This would lend

further support to the hypothesis that the major cause of
asbestosis in Great Britain has been the result of the inhala-
tion and retention of amphibole asbestos mineral.'® The
average levels of amphibole fibre in tissue were found to be
larger in those cases where the cause of death was due to as-
bestosis and/or lung cancer when compared with either
mesothelioma cases or other causes of death. Chrysotile lev-
¢ls did not, however, vary significantly with cause of death;
these observations are similar to those reported elsewhere.®

Comparing fibre lung burdens of British textile plant workers
with those of an American plant have revealed that there are
some similiarities in the mineralogy of the asbestos dust re-
tained. Tremolite levels are similar although chrysatile con-
tents are on average higher in the British cases. The most

* significant difference between the two groups is the high level

of crocidolite fibre in the British cases. If these mineralogical

Table VIX
Comparison of the Geometric Mean Concentration of Asbestos Fiber Types and
Proportion Greater Than 5 Microns in Length Detected in the Lungs of
Cases from British and American Textile Plants

Number Concentrations 10°/gram of Dry Tissue
Fibre Type —

British Cases American Cases

Total > 5um in length]| Total > 5um in length
Chrysotile 89.4 7.5 29.3 3.2
Crocidolite 10.1 1.1 0.1 0.058
Amosite 0.2 0.05 0.1 0.049
Tremolite/Actinolite 2.4 0.3 2.2 0.34
Total Amphibole | 26.7 2.8 3.5 0.6
Table VIII

Comparison of the Geometric Mean Concentration of Asbestos Fibre Types and
Proportion Greater Than 5 Microns in Length and Less Than 0.25 Microns in Diameter
Detected in the Lungs of Cases from British and American Textile Plants

Number Concetnrations 10673ra.m of Dry Tissue

Fibre Type British Cases American Cases
Total| > 5um in length Total| > 5um in length
< 0.25um dismeter < 0.25um diameter

Chrysotile 89.4 7.5 29.3 3.2
Crocidolite 10.1 0.97 0.1 0.048
Amosite 0.2 0.02 0.1 0.023
Tremolite/Actinolite 2.4 0.2 2.2 0.1
Total Amphibole 24.7 2.1 3.5 0.2
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differences are compared with the information on mortality
of workers from both plants, it would appear that the
mesothelioma cases occurring in the British factory can only
be related to the more extensive use of crocidolite in their
manufacturing operations. This conclusion could only have
been obtained by a comparison of the mineralogy of the lung
contents of workers from the two textile plants.
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PATHOLOGICAL STUDIES OF ASBESTOTIC PLEURAL PLAQUES
—PRELIMINARY EXPLORATIONS OF HISTOGENESIS

WANG MINGGUI ¢ Zhao Jinduo * Zhang Lanying * Liu Jingde
Shenyang Research Institute of Industrial Hygiene and Occupational Diseases
Wang Bingsen Shanghai Research Institute of Industrial Hygiene and Occupational Diseases

Cheng Decheng, Chungging Medical University P.R. China

Pleural plaques were present in 33 of 55 autopsy cases of
asbestos workers. Their exposure periods to asbestos were
5-23 years (mean 18.1 years). Twelve of them employed
as miners, 21 millers. They were mainly exposed to
chrysotile.

Pleural plaque is local patchy thickening with sharp borders
from the surrounding normal pleura, yellow-white, harder
texture, The surface may be smooth, nodular or navel. No
adhesion between visceral and parietal pleura is a conspicuous
feature. Pleural plaques are often found on the parietal pleura,
particularly on bilateral, posterior and diaphragm pleura. In
a few cases they can be seen on visceral pleura or parietal
pericardium. Pleural plaques are not encountered at the apex
or the costophrenic angles. Plaques are wide variety of shapes
and sizes. In order to grade severity of plaques, the totzl area
of pleural plaques is surveyed and expressed as cm?. The
total area has been graded into 3 degrees according to less
than 100 cm?; and 100-300 cm?; and more than 300 cm?.
The degree 1, 2, and 3 were recognized in 11, 10, and 12
cases, respectively. To determine whether degrees of plaques
related to exposure periods to asbestos we divided 33 cases
into groups according to the interval of 10 years. There ap-
pears to be no significance to correlation between the degrees
of plaques and exposure periods to asbestos. A man with
degree 1 or less had been exposed to asbestos for more than
20) years. Conversely, degree 3 plaques can be seen in a case
of less than 10 year standing. The maximum area of plaques

was 916 cm? in the present reported cases. Degrees of
pleural plaques were not related to standings; it could be con-
ceivable that individual differences, especially, the dif-
ferences in the sensitivity to asbestos stimulation on pleura
play a role in the occurrence of the plaque.

We analyzed previously 15 lung tissues with plaques by the
bleach digestion technique and carried out asbestos body
counts, SEM-EDXA for core fibre elemental component of
the fibre. The results of asbestos body counts are given in
Table I. These results showed that the extent of the degree
of plaque was not also related to asbestos body counts in the
lung tissues.

Typical pleural plaques are made up of bundles of oollagen
fibres. They are arranged in basket-weave, or concentric cir-
cle, avascular and having few cellular elements. Sometimes,

amcsotbehaleellhnmgmnbeseenonlheplaquesurface
(Figure 1). Fibrocytic nuclei were found in collagenous fibre
bundle. The structure of thinner plaques was different from
this. They consist of the mesothelial lining on surface and
beneath loose connective tissue, fibroblasts and monocytes;
these changes can be also found on some portions of typical
plaques. We refer to the changes as an earlier stage of
plagques. On the other hand, a massive chronic inflamma-
tion cellular infiltration of lymphocytes and plasma cells and
vascularity were often found in deeper portions or periphery
of plaque (Figures 2,3). There are many polarizing particles

Table 1
Results of Asbestos Body Counts in 15 Cases with Various Degrees of Pleural Plaques
No. of Bodies T Test
Grades of Case per gram of SDI-g SEIG Compare with
plaque DUIDEr  gijed tissie grade0-I grade I
I 5 3.3 X 10°=95 x 10% 21,253 0.568 0.254
3 T=1.602
11 7 0-218 X 10 1.626 2,270 0.858  pyg oc
IIT 3 6.7 X 10°-114 X 10° 3,228 0.674 0.389  p5o-dl P>0.05
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in intercollagenous fibres, the deepest and beneath meso-
thelial lining in polarized light microscopy. Most of them
are needle-like, free, a few in dust-cells, A few fibres can
be found in deposits digested plaques and on sections of
plaques in sity in SEM. Their elemental compositions are

Lung Fiber Burden—Asbestos Pleural Pathology

mainly Si, Mg and a few Fe, similar to that of chrysotile,
while other fibre compositions are mainly Si and Ca. To
classify these fibres is difficult only according to EDXA. On
the basis of above-mentioned results, we regard initial for-
mation portion of plaque was beneath the mesothelial lin-

A ,n_.
Y ] S
S L s wE

Figure 2. A massive infiltration of chronic inflammation cells on periphery of the plaque. H.E. x 100.
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Figure 3. The plaque was clearly divided into 3 zones from
base to top: lymph-like cells and vascularity,
fresher connective tissue, and hyalinized collagen
fibres. The picture showed that development of
the plaque was from base of it. H.E. x 100.

ing. Earlier stage changes were dust-fibrous reaction then
typical plaque pictures occurred owing to increasing and
hyalinization of collagenous fibres. An important point to
note is similarity in histopathological pictures of pleural
plagues and chronic pleurisy (suppulative or tuberculous).
It is not easy to distinguish among them even in light
microscopy. But, there is a mesothelial cell lining on sur-
face of plaque; only for this reason, pleural plaques surface
was smooth. On the contrary, initial changes of chronic
pleurisy occurred in pleural cavity, mesothelial cells des-

qamate firstly, then adhesion of parietal and visceral pleura -

180

Figure 4. Asbestos fibre and its energy dispersive X-ray
spectra, elemental composition. The fibre seems
to be chrysotile.
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developed, and resulted in the cavity disappearing. It is true,
for Thomson noted the mesothelial cells play no part in
plaque formation,! but, because the mesothelial cell lining
had still remained it is possible to explain the peculiarity of
plaques; i.e., no adhesion, smooth. In addition, infiltration
of chronic inflammation cells in basic or peripheral portions
of plaques might play a role in development of plaques,
because there are general changes seen in chronic inflam-
mation fibrosis. Yet fibrocytic nuclei were most in base of
the plaque, and the fewer, the more surface. Therefore, por-
tion of plaque formation is beneath mesothelial cell lining,
origin of growth is the base of plaques. Of course, reforma-
tion of plaque can also occur beneath mesothelial lining of
typical plaque. We have found that infiltration of chronic
inflammation cell was sandwiched between collagenous

Lung Fiber Burden—Asbestos Pleural Pathology

fibres, and earlier changes were beneath mesothelial lining
of typical plaque.

The exact route by which the inhaled fibres reach the parietal
pleura is yet unknown. Three possible routes have been
drawn by Bignon.? 1) Asbestos fibres penetrated directly in-
to pleural cavity, 2) by lymph vessels, 3) by blood system.
Our cases have mainly been exposed to chrysotile, but the
fibres extracted from lung tissues belong to amphibole ac-
cording to EDXA results. These fibres were long and
straight. The penetration of amphibole is stronger than
chrysotile because the latter is curved. It is suggested the
first hypothesis seems impossible. It seems possible that in-
haled chrysotile fibres broke into thinner and shorter fibres
in lung tissue, then they were transported to pleura by lymph
vessels, and induced formation of pleural plaque. In view
of these reasons, we may understand the presence of
chrysotile fibres in pleural plaques (le Bouffan).? That is the
reason, why chrysotile was hardly found, and amphibole
easier seen in our deposits of digested lung tissues.

SUMMARY

In order to assess the severity of pleural plaques the degree
of the plaques has been reporied. It is adaptable for asbestos
workers that pleural plaques were graded inte 3 degrees by
the area interval of 100 cm? and 300 cm?, Because the
degree of plaques have no relation with asbestos standing,
individual differences might play a role in occurrence of
plaque. It has been observed that initial portion was beneath
mesothelial cell, and origin of growth was the base of
plaques. Some aspects, such as absence adhesion, smooth
surface, asbestos body counts in lung tissues were not con-
cerned with degrees of plaques and can be explained by the
findings. Studies seem to suggest that inhaled asbestos fibres
can be transferred from lung tissue to parietal pleura, but
exact routes have yet to be demonstrated.
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INTRODUCTION

Many new types of fibrous materials are being developed
for application in advanced technology and industry. A
mathematical model constructed for predicting the fibrosis-
inducing potential of airborne particles of such materials has
two parts. Data on fibre inhalation required by the first part,
which computes from the size distribution of the particles
the fraction that would achieve long-term pulmonary reten-
tion, were obtained from a uniquely suitable environment
in the asbestos mining industry.! The asbestos mining in-
dustry has also been the source of an index of fibrogenicity
for use in the second part of the model which estimates the
severity of fibrosis produced by the retained particles.?

Asbestosis, the interstitial pulmonary fibrosis induced by in-
haled asbestos dust, has long been recognized as a dose-
related disease. Epidemiologists and industrial hygienists
have mainty used fibre counting methods for estimating ex-
posures. Fibre counting has also been the method used in
inhalation studies. In inoculation and ‘in vitro® experiments
with materials such as the UICC standard reference samples,
doses have been measured by gravimetric means. Many
authors have suggested that fibrosis is a particle surface ef-
fect but no study appears to have been based on the measure-
ment of exposure in terms of particle surface area. Since
results of animal experiments are often at variance with
epidemiological findings, mainly because the methods for
dose evaluation differ, any data that are obtained require
epidemiological verification. Three recent studies have
therefore been based on human pulmonary material.

FIRST STUDY

Identification of the fibrosis-related fibre parameter proved
particularly elusive until use was made of a South African
report® that in the period 1959 to 1964 prevalence of ‘slight
asbestosis’ and “total asbestosis’ in asbestos miners had been
the same in North Western Cape Province, which produces
a small-diameter crocidolite, and in the Transvaal which
mines crocidolite and a closely related amosite, both of large
diameter. The first part of the mathematical model was ap-
plied to data on the size and concentration of airborne fibres
in South African asbestos mines* in order to determine
which concentration parameter of retained fibres (number,
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surface area or volume) would show equal asbestos dose in
the two regions with equality in asbestosis response. The rele-
vant parameter turned out to be the total surface area of re-
tained fibres per unit weight of tissue and fibrogenicity was
independent of amphibole type. Analogous evidence on the
Finnish anthophyllite mine at Paakkila supported these
findings.

SECOND STUDY

For this study to determine relationships between retained
amphibole fibres and fibrosis, tissue specimens were obtained
from post-mortem lungs of workers who had been employed
at one of four mining locations: Paakkila, NW Cape,
Transvaal and the Australian crocidolite mine at Wittenoom.
A sample, about 1.5 ml in volume, taken from each lung
specimen was sliced into three portions. The middle portion
wasusedtoprepamaparafﬁnsecuon, stained either by
haematoxylin and eosin or by a trichrome method. Figure
1 shows the continuous numerical scale of fibrosis® one of
us (TA) employed in a blind assessment of the scventy of
interstital fibrosis by scanning the paraffin section in a
microscope fitted with a x10 objective. Each successive field
was allotted a score between O and 8. The mean score for
about 50 fields examined was taken as the fibrosis for the
sample.

FIBROSIS SCOARE

O 1 2 3 4 5 6 7
il 1|_|i|

|
SLIGHT HDDEHATEI MARKED | SEVERE

Figure 1. Fibrosis Scale.

The other two portions of the sample were treated together
with potassium hydroxide for the extraction of mineral dust.

Evaluation of the dust by a method combining magnetic align-
ment of fibres with subsequent examination by light
scattering® gave fibre concentration in terms of fibre volume



per microgramme of dry tissue; data on fibre diameters and
lengths were used to calculate the concentration in terms of
fibre number and fibre surface area.

When surface area was used as the parameter of fibre quan-
tity, the fibre concentrations in specimens showing a given
degree of fibrosis were approximately equal:

Wittenoom = NW Cape = Transvaal = Paakkila.
This relationship confirmed the findings of the first study

that the severity of fibrosis was related to aggregated fibre
surface area and was independent of amphibole type.

When volume was used as the parameter, the fibre concen-
tration in specimens showing a given degree of fibrosis in-
creased progressively:

Wittenoom NW Cape Transvaal Paakkila.

Table I shows the large differences in fibre size in the four
mining areas that account for this relationship. For instance,
the average ratio of surface area to volume (which is inversely
proportional to fibre diameter) for Wittencom fibres is about
20 times that for Paakkila fibres; consequently, a given
degree of fibrosis was induced by a smaller volume of Wit-
tenoom fibres than Paakkila fibres. When number was used
as the parameter, the fibre concentrations in specimens show-
ing a given degree of fibrosis decreased progressively:
Wittenoom NW Cape Transvaal Paakkila.

Differences in fibre size also account for this relationship.
The surface area of the average Paakkila fibre is about 25
times that of the average Wittenoom fibre; consequently, a
given degree of fibrosis was induced by far fewer Paakkila
fibres than Wittenoom fibres.
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THIRD STUDY

The second study gave an intimation that chrysotile and
quartz had fibrogenicity similar to that of amphiboles. The
third study was designed to pursue this interesting lead and
attempt to quantify the fibrogenicity of asbestos and other
minerals. As tissue specimens with preponderance of a
specified mineral are difficult to find, the study examined
the feasibility of a method that would treat specimens as
sources of relationships somewhat akin to simultaneous equa-
tions and make multiple-mineral specimens an advantage.
Far more specimens were required than the number of equa-
tions needed in the algebraic analogy, to compensate for the
expected wide intra- and inter-subject variations in severity
of fibrosis such as had been observed in the second study.
Specimens ranging widely in particle concentration and
mineral type were cbtained from asbestos mines and fac-
tories, gold mines, a platinum mine, shipyards and other
workplaces. The compositional data presented in Figure 2
show that often the predominant mineral type in a specimen
was not the nominal work material.

Dust was extracted from specimens by removal of tissue by
either the potassium hydroxide method or low temperature
ashing. Scanning transmission electron microscopy was used
for identification and size analysis of individual mineral par-
ticles. Fibres were modelled as cylinders, the width of the
image seen in the electronmicrograph being taken as the fibre
diameter. Talc, kaolinite, chlorite, mica, clay and other flaky
particles were modelled as elliptical discs lying flat, 0.2 times
the length of the minor axis of a disc being recorded as its
thickness. Quartz particles were modelled as spheres, the
observed projected area diameter of a particle being taken

Table 1
Fibre Size Characteristics

PAAKKILA TRANSVAAL NW CAPE WITTENOOM
anthophyllite amosite crocidolite crocidolite
crocidolite
MEDIAN
DIAMETER 0.6 0.2 0.06 0.04
(pm)
RELATIV