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PREFACE

This Syllabus presents in summary form
the material covered in a two-week
training course for industrial hygiene
engineers and chemists, offered by the
Division of Occupational Health of the
Public Health Service. It includes lec-
ture outlines, problems, and reference
materials. Laboratory exercises will be
published separately. First published
in 1958, and reprinted in 1961 with
minor corrections, the Syllabus has been
extensively revised for this second

edition.

Originally designed to supplement in-
struction offered in the training
course, the Syllabus has also been made
available to industrial hygienists not
attending the course and has been widely
used as a guide and reference in the
work situation.

The course upon which the Syllabus 1is
based does not attempt to cover the
entire field of industrial hygiene. It
is designed to instruct engineers and
chemists new to the field in the basic

iii

procedures and techniques of industrial
hygiene, and to give more experienced
professionals an opportunity to review
these fundamentals and to exchange
experiences and information.

Industrial hygiene has been defined as
"the science and art of recognizing,
evaluating, and controlling occupational
health hazards." This volume is devoted
primarily, therefore, to the fundamental
principles and methods employed in this
recognition, evaluation, and control.
In addition, however, it includes brief
discussions of clinical, toxicological,
physiological, and dermatological
aspects of occupational health. Many
excellent reference sources, including
those in the "Selected List of General
Reference Sources,'" are provided on
these and other facets of occupational
health.

The planning and editing of this edition
were done by Dr. Charles H. Powell and
Andrew D. Hosey.

Cincinnati, Ohio

May 1965
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INTRODUCTION

Development and Practice
of Industrial Hygiene

The health hazards associated with cer-
tainoccupations were probably recognized
even before the dawn of history.
Throughout antiquity, however, little
interest was shown in protecting worker
health, perhaps because the dangerous
trades were usually restricted to slave
labor. Hippocrates, in the fourth cen-
tury B.C., recognized the toxic proper-
ties of lead and recorded a series of
attacks of lead colic in a miner. Pliny
the Elder, a Roman scholar of the first
century A.D., referred to the hazards
of handling sulfur and zinc and also
described a protective mask, made from
a bladder, which was used by workers in
dusty trades. About 100 years later,
Galen accurately described the pathology
of lead poisoning.

In 1473, Ulrich Ellenbog produced the
first publication on the subject -- a
pamphlet on occupational diseases and
injuries among gold miners. He also
wrote about the toxic action of carbon
monoxide, mercury, lead, and nitric
acid. What is more, he offered instruc-
tion in hygiene and other preventive
measures. In 1556, the German scholar,
Agricola, described the diseases of
miners and prescribed preventive
measures.

The first comprehensive book on occupa-
tional medicine was published in 1700
in Italy by the "father of industrial
medicine," Bernardino Ramazzini. His
"De Morbis Artificum Diatriba" (The
Diseases of Workmen) contained accurate
descriptions of the occupational dis-
eases of most of the workers of his time.
He was perhaps the first person to
describe accurately the pathology of
silicosis. Unfortunately, his suggested
"cautions' were to be largely ignored
for several centuries.

Charles D. Yaffe
Andrew D. Hosey

Prepared by:
Revised by:

In England, Charles Thackrah (1795-1833)
devoted his life to the study and
prevention of occupational hazards
accompanying industrialization, and his
influence was felt in both medical and
political spheres. The first article
on occupational disease to appear in
America (in 1837) relied heavily upon
Thackrah as an authority.

In early 20th century America, Dr. Alice
Hamilton observed industrial conditions
at first hand and startled mine owners,
factory managers, and State officials
with evidence of illness correlated
with toxic exposures. She presented
concrete proposals for elimination of
unhealthful conditions and exercised
tremendous influence on both industrial
leaders and lawmakers.

Legislation and Compensation

The mechanization which accompanied the
Industrial Revolution brought new
hazards and intensified old ones. More
importantly, the number of industrial
workers increased markedly in this
period. The resultant increase in in-
juries eventually brought legislation,
such as the Factory Acts of Great
Britain. The Health and Morals of
Apprentices Act was passed in 1802, and
the Child Labor Laws in 1833. In 1901,
a law protecting the health of workers
was passed.

Prior to the adoption of the compensa-
tion principle workers injured on the
job had to sue their employers to collect
damages, and could not collect if it
could be proved that the injury was due
to the ordinary risks of the job, or to
the negligence of a fellow worker, or
if the worker by his own negligence
contributed to the injuty.

Switzerland in 1881, and Germany in
1884, led the way in the passage of
compensation laws. Within 25 years every
major European country had such legis-
lation. The United States lagged in

A-1-1



this respect. In 1908 the Federal gov-
ernment passed a compensation act for
certain civil employees and in 1911 the
first State compensation laws were
passed. Others quickly followed, 42
having such legislation by 1920, and
all States by 1948.

Workmen’s compensation laws were an im-
portant factor in the development of
industrial hygiene in the United States.
The original compensation laws covered
only compensation for accidental injury,
occupational diseases being included
only insofar as they could be classi-
fied as accidents. Today, in most
States, there is also some coverage for
occupational diseases.

State and Local Programs

Industrial hygiene activities by
official agencies, insurance companies
and industrial plants were stimulated
considerably as occupational diseases
became compensable. Investigations into
health conditions in industry were begun
by State and Federal agencies around
1913 and 1914. During the next twenty
years, however, scarcely half-dozen in-
dustrial hygiene divisions wereput into
operation in State agencies. The passage
of the Social Security Act in 1935 pro-
vided funds with which to establish
State programs, and twenty-three pro-
grams were started between 1936 and
1939. World War II served as a further
stimulus, 31 State, local and territo-
rial units being formed during the 1940-
1946 period. The importance of main-
taining the health of industrial man-
power received recognition and resulted
in acceptance of industrial hygiene as
a public health function. Today there
are occupational health programs in 41
States, Puerto Rico, the District of
Columbia, and at least 38 local health
departments. In NewYork, Massachusetts,
Illinois, and Washington, the programs
are located in labor departments. The

other State programs are in the health
departments.

Federal Programs

The U. S. Public Health Service and the
U. S. Bureau of Mines were the first
Federal agencies to investigate the
diseases of workmen. Exploratory studies
in the mining and steel industries were
conducted by the Public Health Service
in 1910. The Bureau of Mines, created
by an Act of Congress the same year,
has maintained an active interest in
health problems associated with mining
operations.

In 1912, an Act signed by President Taft
gave the Public Health Service its first
statutory authority to study occupa-
tional diseases, and a study was made
of health problems in the garment in-
dustry. Prompted by the high incidence
of tuberculosis among garment workers,
this study was one of the earliest
attempts to correlate medical findings
with the industrial environment.

In 1914, the Public Health Service estab-
lished its Office of Industrial Hygiene
and Sanitation and began its first in-
vestigation of silicosis in the mining
industry. This was a cooperative study
by the Public Health Service and the
Bureau of Mines, and it continued until
1923. It was the first of a series of
investigations in the dusty trades
lasting through 1939. A distinctive
feature of the 1914-1923 investigation
was its introduction of the epidemiologic
approach to the study of occupational
diseases. In the years that followed, the
Public Health Service studied health
hazards in many trades and industries
and proposed control measureswhich were

gradually appliedto the work environment.

Today, the Division of Occupational
Health, with headquarters in Washington,
D.C., conducts extensive research and
training at its facility in Cincinnati
and continues epidemiological investi -
gations of occupational disease on a
nation-wide scale. 1Its field office in
Salt Lake City provides consultant serv-
ice to the western part of the United
States and oversees the Division’s
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long-term study of uranium miners. The
Appalachian Coal Miners’ Research Unit
is located in Beckley, West Virginia.

In 1933, the Tennessee Valley Authority
established what is believed to be the
first employee health service in a
Federal agency.

The three armed services and the Atomic
Energy Commission began occupational
health programs about 1940. Sixty Naval
officers were sent to Harvard and
Columbia in 1941 for accelerated train-
ing in industrial hygiene, initiating
the preventive phase of the Navy’s pro-
gram. Public Law 658, enacted in 1946,
authorized health service programs for
Federal civilian employees. As a re-
sult, in 1946, programs were inaugurated
at naval shore installations, the Army
established its Environmental Health
Laboratory at the Army Chemical Center,
Maryland, and the Air Force expanded
its activities. In the early 1950's, an
occupational health program was estab-
lished for the Strategic Air Command at
Omaha, Nebraska. Today, a majority of
Federal employees have access to health
services.

Magnitude of the Problem

Despite the rapid growth of industrial
hygiene in the last thirty years, it is
unfortunately true that, even today,
fewer than one-third of the total work
force in the United States receives any
industrial hygiene services except those
provided by official agencies. Private
programs are found primarily in large
manufacturing establishments and are
estimated at fewer than 500. Very few
plants with less than 500 employees have
their own industrial hygiene personnel.
And yet, most American workers are em-
ployed in these smaller establishments.

In manufacturing, for example, there
were 16.5 million workers in 1960, of
whom 9.9 million, or over 60 percent,
were in factories having fewer than 500
employees. Only 2,232 manufacturing
establi shments employ more than 500

workers each,

whereas nearly 130,000
plants are in the '"under 500 employees"
group.

About 50 million Americans are engaged
in non-manufacturing employment, such
as transportation, trade, and agricul-

ture. Many of these are exposed to
occupational hazards as serious as
those in manufacturing but only a small
percentage are covered by on-the-job
medical or hygiene services. There are
9 million agricultural workers in the
United States, for example, and many of
these may be exposed to potential
health damage from pesticides.

Official agencies attempt to provide
the most necessary occupational health
services to the millions of workers who
are not otherwise covered. However,
there are only about 738 State and local
occupational healthpersonnel (Directory
of Governmental Occupational Health
Personnel, U. S. Department of Health,
Education, and Welfare, Public Health
Service, Division of Occupational
Health, 1965). The need for more indus-
trial physicians, hygienists, chemists,
nurses, and other specialists is evident.

In 1962, it was estimated that, to pro-
vide adequate services for all workers,
industry would need 1,970 full-time and
3,500 part-time physicians; 5,600 full-
time and 590 part-time nurses; and 1,220
industrial hygienists. State and local
agencies would need 335 in the three
categories, and Federal agencies, 235.
By 1975, these needs will have increased
in proportion to the growth of our em-
ployed population. (An Analysis of the
Professional Manpower Need and Demand
in the United States for the Various
Disciplines of Occupational Health -
1962 and Projected to 1975. Department
of Health, Education, and Welfare,
Public Health Service, Division of Occu-
pational Health, 1962, unpublished).

Nature of Programs

Virtually all industrial hygiene pro-
grams in private industry appraise the
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working environment for air contami -
nants. Evaluations of heat and humidity,
noise, radiant heat, illumination, ion-
izing radiation and ultraviolet radia-
tion are also regular functions of most
of these units. More than half of them
deal with air-borne waste, analyze
biological specimens, make clinical
tests, and test the efficiency of air
cleaners. They also make detailed
recommendations for control of unsatis-
factory conditions, including process
ventilation, general ventilation and
make-up air. Approximately 60% of the
units were under the administrative
supervision of the medical director and
about 10% under directors of personnel
or industrial relations, while the
others reported directly to various
other officials including the company
president.

Occupational Health programs of State
and local agencies embrace a wide range
of functions. A typical State agency
offers the following services:

1. Engineering, laboratory, medical,
and nursing consultation on
industrial health problems.

2. Investigation of occupational dis-
ease cases reported by physicians.

3. Assistance in planning or expand-
ing plant medical and nursing
services.

4. Surveys and detailed studies of
work places for conditions or
processes harmful to health.

5. Laboratory analysis of envirommen-
tal and biological samples and
development of methods.

6. Examination of plans prepared by
industry for the control of
hazards.

7. Provision of educational and in-
formational material on indus-
trial health subjects.

The Division of Occupational Health,
U. S. Public Health, performs the
following functions:

1. Study of health hazards on the
site and in the laboratory.

2. Provision of technical and con-
sultative assistance to State
and local health departments.

3. Encouragement of preventive health
services for employees.

4. Provision of educational and in-
formational material on indus-
trial health subjects.

5. Specialized training of State,
local and industrial health
personnel.

A-1-4
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SELECTED LIST OF GENERAL REFERENCE SOURCES

Introduction

The following is a list of the scien-
tific periodicals and reference texts
used by the industrial hygienist. The
list of literature sources presented is
necessarily selective but is intended
to include those journals and texts of
greatest usefulness to the workers in
this field.

It is essential that the value of the
several abstracting journals be recog-
nized. The Industrial Hygiene Digest is
an excellent source of current informa-
tion on toxicology, pharmacology, der-
matology, engineering, and analytical
chemistry. Chemical Abstracts and
Analytical Abstracts are indispensable
to the chemist who is in need of new
methods or special modifications of
existing procedures. Chemical Abstracts,
Vol. 56 beginning, January 1962 hasbeen
revised and a new sectionadded on "Tox-
icology, Air Pollution and Industrial
Hygiene" which make this journal even
more valuable to the industrial hygien-
ist. Public Health EngineeringAbstracts

has sections devoted to occupational
health and air pollution.

In the group of journals which publish
full technical papers, Analytical Chem-
istry, the Analyst, and the American
Industrial Hygiene Association Journal
are indispensable to the chemist. Noise
Control, Journal of the Air Pollution
Control Association, Illuminating Engi-
neering, and Air Conditioning, Heating
and Ventilating will be of considerable
use in addition to those journals men-
tioned above.

The following reference sources are
classified, for convenience, into two
general groups, namely: (1) journals and
other periodicals; and (2) textbooks and
other references. The latter group is
further subdivided into sections of par-
ticular interest to the different pro-
fessional disciplines, i.e., chemistry,
engineering, medicine, and toxicology.
All references are listedalphabetically
according to title to provide a more
useful bibliography.

Journals and Other Periodicals

Air Conditioning, Heating and Ventila-
ting. (Vol. 1, 1904), The Industrial
Press, 93 Worth Street, New York 3,
New York.

Archives of Dermatology (Vol. 73, 1956
to present); formerly Archives of Derma-
tology and Syphilology (Vol. 1, 1918 -
Vol. 72, 1955). American Medical Asso-
ciation, Chicago, Illinois.

Archives of Environmental Health (Vol.
1, July 1960), formerly A.M.A. Archives
of Industrial Health (Vol. 11, 1955 to
1960); formerly Archives of Industrial

Compiled by: Lial Brewer
Updated by: Andrew D. Hosey

Hygiene and Occupational Medicine (Vol.
1, 1950-Vol. 10, 1954); formerly Jour-
nal of Industrial Hygiene and Toxicology
(Vol. 20, 1938-Vol. 31, 1949); and
formerly Journal of Industrial Hygiene
Vol. 1, 1919-Vol. 19, 1937). American
Medical Association, Chicago, Illinois.

American Industrial Hygiene Association
Journal (Vol. 19, 1958 todate); former-
ly A.I.H.A. Quarterly (Vol. 1, 1940 to
Vol. 18, 1957). American Industrial
Hygiene Association, 14125 Prevost,
Detroit, Michigan.

American Journal of Public Health and
the Nation’s Health (Vol. 1, 1911).
American Public Health Association,
Inc., 883 Broadway, Albany 1, New York.
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Analyst (Vol. 1, 1876). W. Heffer and
Sons, Ltd., Cambridge, England.

Analytical Abstracts. W. Heffer and
Sons, Ltd., Cambridge, England.

Analytical Chemistry (Vol. 20, 1948 to
present); formerly Industrial and Engi-
neering Chemistry, Analytical Edition
(Vol. 1, 1929 - Vol. 19, 1947). Ameri-
can Chemical Society, Washington, D.C.

Analytica Chimica Acta. Elsevier Pub-
lishing Company, Amsterdam.

Applied Science and Technology Index
(1958 to present); formerly Industrial
Arts Index (until 1957). H. W. Wilson
Company, New York, published monthly -
Cumulative Indexes - monthly, quarterly,
and annually.

Applied Spectroscopy (Vol. 1, 1946);
formerly Society for Applied Spectros-
copy Bulletin. Society for Applied
Spectroscopy, New York.

Bulletin of Hygiene (Vol. 1, 1926).
Bureau of Hygiene and Tropical Dis-
eases, Keppel Street, Gower Street,
London W.C.I.

Chemical Abstracts (Vol. 1, 1907).
American Chemical Society, Washington,
D. C.

Chemical Engineering (Vol. 1, 1902 to
present); formerly Chemical and Metal -
lurgical Engineering (July 1918 - July

1946). Published by McGraw-Hill
Publishing Company, Inc., Albany,
New York.

Clinical Chemistry (Vol. 1, 1955). The
American Association of Clinical Chem-
ists, Inc., 3110 Elm Avenue, Baltimore
4, Maryland.

Current List of Medical Literature (Vol.
1, 1941). National Library of Medicine;
formerly Armed Forces Medical Library.
U. S. Department of Health, Education,
and Welfare, Public Health Service,
Washington 25, D. C.

Heating, Piping and Air Conditioning
(Vol. 1, 1929). Keeney Publishing Com-
pany, 6 North Michigan Avenue, Chicago,
Illinois.

Illuminating Engineering (Vol. 1,1906).
Journal of Illuminating Engineering
Society, 346 East 47th Street, New York
17, New York.

Industrial and Engineering Chemistry
(Vol. 41, 1949 to present); formerly
Industrial and Engineering Chemistry,
Industrial Edition (Vol. 1, 1909 - Vol.
40, 1948). American Chemical Society,
Washington 6, D. C.

Industrial Hygiene Digest (Vol. 1,
1937). Industrial Hygiene Foundation,
Mellon Institute, 4400 Fifth Avenue,
Pittsburgh 13, Pennsylvania.

Industrial Hygiene Review (Vol. 1, Dec.
1958). Issued May and December; former-
ly Monthly Review (Vol. 1, 1922 - Vol.
36, 1957). Division of Industrial
Hygiene, New York State Department of
Labor, New York.

Journal of the Air Pollution Control
Association (Vol. 1, 1952); formerly
Air Repair. Air Pollution Control Asso-
ciation, Mellon Institute, 4400 Fifth
Avenue, Pittsburgh 13, Pennsylvania.

Journal of the Association of Official
Agricultural Chemists (Vol. 1, 1915).
The Association of Official Agricultural
Chemists, Inc., 414 Water Street,
Baltimore 7, Maryland.

Journal of Investigative Dermatology
(Vol. 1, 1938 - Vol. 5, 1942 - Vol. 6,
1945 to present). The Society for
Investigative Dermatology, Inc.,
Williams and Wilkins Company, Baltimore,
Maryland.

Journal of Laboratory and Clinical
Medicine (Vol. 1, 1915). Central
Society for Clinical Research. Pub-
lished by the C. V. Mosby Company, 3207
Washington Boulevard, St. Louis,
Missouri.
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Noise Control (Vol. 1,No. 1, Jan.1955).
Acoustical Society of America,Lancaster,
Pennsylvania. (Noise Control, Subscrip-
tion Department, 57 East 55th Street,
New York 22, New York).

Nuclear Science Abstracts (Vol. 1,
1948). U. S. Atomic Energy Commission,
Oak Ridge, Tennessee. (Superintendent
of Documents, Washington, D. C.).

Occupational Health Review (Vol. 1,
1949); formerly Industrial Health
Review. Occupational Health Division,
Department of National Health and Wel-
fare, Canada, Ottawa, Ontario.

Occupational Safety and Health (Vol. 1,
1950). International Labour Office,
Geneva.

Public Health Reports (Vol. 1, 1878).
Public Health Service, Washington,D.C.

Review of Scientific Instruments (Vol.
1, 1930). American Institute of Physics,
published Prince and Lemon Streets,
Lancaster, Pennsylvania.

Science (Vol. 1, 1894). American Asso-
ciation for the Advancement of Science,
Lancaster, Pennsylvania, published
1515 Massachusetts Avenue, Washington 5,
D.C.

Textbooks and Other References

Air Pollution Handbook. Edited by Ma-
gill, P.L., F.R. Holden, and C. Ackley.
McGraw-Hill Book Company, New York,1956.

Air Sampling Instruments Manual. Amer-
ican Ccnference of Governmental Indus-
trial Hygienists, 1014 Broadway,
Cincinnati, Ohio, 2nd Ed., 1962.

American Standard Safety Code for Ven-
tilation and Operation of Open Surface
Tanks. Z9.1 - 1951, American Standards
Association, 10 East 40th Street,
New York 16, New York.

American Standard SafetyCode for Design,
Construction and Ventilation of Spray
Finishing Operations. Z29.3 - 1963,
American Standards Association, 10 East
40th Street, New York 16, New York.

American Standard Safety Code on Funda-
mentals Governing the Design and Opera-
tion of Local Exhaust Systems. Z9.2 -
1960, American Standards Association,
10 East 40th Street, New York 16, New

York.

Chemical Engineers’ Handbook. Perry,
J. H., Editor-in-Chief. McGraw-Hill
Book Company, 3rd Edition, New York,

1950.

Encyclopedia of Chemical Technology (15
Volumes, 1947 - 1956, Supplement No. 1,

1957, Supplement No. 2, 1960). Edited
by Kirk, R. E. and D. F. Othmer. Inter-
science Publishers, Inc., New York, New

York.

Encyclopedia of Instrumentation for
Industrial Hygiene. Edited by Yaffe,
C. D., D. H. Byers, and A. D. Hosey,
University of Michigan, Institute of
Industrial Health, Ann Arbor, 1956.

Engineering Manual for Control of In-
Plant Environment inFoundries. American
Foundrymen’s Society,Inc., Des Plaines,
Illinois, 1956.

Foundry Air Pollution Control Manual.
American Foundrymen's Society, Inc.,
Des Plaines, Illinois, 1956.

Handbook of Acoustic Noise Control,
Volumes I and II. Technical Report 52-
204, Wright Air Development Center, Air
Research and Development Command,
U.S.A.F., Wright-Patterson Air Force
Base, Ohio, 1953. (Report available as
PB 111, 274) Office of Technical Serv-
ices, U. S. Department of Commerce,
Washington 25, D.C.

Handbook on Air Cleaning Particulate
Removal. Friedlander, S. K., L. Silver-
man, P. Drinker, and M. W. First, U. S.
Atomic Energy Commission, Washington,
D.C., September 1952.
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Handbook of Air Conditioning. Edited by
Strock, C., and W. B. Foxhall, Indus-
trial Press, 93 Worth Street, New York,
1959.

Handbook of Chemical Microscopy. Chamot,
E. M. and C. W. Mason, Vols. I, 3rd
Edition 1958, and II, 2nd Edition 1940.
John Wiley and Sons, Inc., New York.

Handbook of Chemistry. Compiled and
edited by Lange, N. A., McGraw-Hill
Book Company, Inc., 10th Edition, New
York, 1961.

Handbook of Chemistry and Physics.
Hodgman, M. S., Editor-in-Chief. Chem-
ical Rubber Publishing Company, 44th
Edition, 1963.

Handbook of Dangerous Materials. Sax,
N. I. Reinhold Publishing Corp., New
York, 2nd Edition, 1963.

Handbook of Noise Control. Edited by
Harris, C. M., McGraw-Hill Book Company,
Inc., New York, 1962.

Handbook of Noise Measurement. Peter-
son, A. P. G. and E. E. Gross, ]Jr.,
General Radio Company, West Concord,
Massachusetts, S5th Edition, 1963.

Handbook of Solvents. Scheflan, L. and
M. B. Jacobs, D. Van Nostrand Company,
New York, 1953

Heating, Ventilating, andAir Condition-
ing Guide. American Society of Heating
and Air Conditioning Engineers, Inc.,
New York, published annually.

Industrial Ventilation - A Manual of
Recommended Practice. American Confer-
ence of Governmental Industrial Hygien-
ists, Committee on Industrial Ventila-
tion, P. 0. Box 453, 8th Edition,
Lansing, Michigan, 1964.

Lighting Handbook. The Standard Light-
ing Guide. Illuminating Engineering
Society, 3rd Edition, 1860 Broadway,
New York, New York, 1959.

Respiratory Protective Devices Manual.
Prepared by Joint AIHA-ACGIH Committee,
Braun-Brumfield, Inc., Ann Arbor,
Michigan, 1963.

Standards, Definitions, Terms, and Test
Codes for Centrifugal, Axial, and Pro-
peller Fans, N.A.F.M. Air Moving and
Conditioning Association, Inc., 2nd
Edition, Bulletin 110, 2159 Guardian
Building, Detroit 26, Michigan, 1952.

Trade Names Index. American Conference
of Governmental Industrial Hygienists
(A. D. Hosey, Secretary-Treasurer, 1014
Broadway, Cincinnati 2, Ohio, 1955, and
Supplement 1959, revision in progress.
Available only to official governmental
agencies and members of ACGIH).

Chemical

Analytical Absorption Spectroscopy.
Edited by Mellon, M. G., John Wiley and
Sons, Inc., New York, 1950.

Analytical Chemistry. Treadwell, F. P.
and W. T. Hall, Vol. I, Qualitative
Analysis; Vol. II, Quantitative Analy-
sis, John Wiley and Sons, Inc., 9th
Edition, New York, 1937.

Analytical Chemistry of Industrial Poi-
sons, Hazards and Solvents. Jacobs, M.
B., Interscience Publishers, Inc.,
(John Wiley and Sons) 2nd Edition, New
York, 1949.

Applied Inorganic Analysis, Hillebrand,
W. F., G. E. F. Lundell, H. A. Bright,
and J. I. Hoffman, John Wiley and Sons,
Inc., 2nd Edition, New York, 1953.

Chemical Analysis of Industrial Sol-
vents. Jacobs, M. B., and L. Scheflan,
Interscience Publishers, Inc., (John
Wiley and Sons) New York, 1953.

Chemical Methods in Industrial Hygiene.
Goldman, F. H., and M. B. Jacobs,
Interscience Publishers, Inc., (John
Wiley and Sons) New York, 1953.
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Chemistry of Industrial Toxicology.
Elkins, H. B., John Wiley and Sons,
Inc., 2nd Edition, New York, 1959.

Colorimetric Determination of Traces of
Metals. Sandell, E. B., Interscience
Publishers, Inc., (John Wiley and Sons)
3rd Edition, revised and enlarged,
New York, 1959.

Colorimetric Methods of Analysis. Snell,
F. D., and C. T. Snell, D. Van Nostrand
Company, Inc., 3rd Edition, New York,
Vol. I, 1948; Vol. II, 1949; Vol. IIA,
1959; Vol. III, 1953; Vol. IIIA, 1961;
Vol. IV, 1954.

Identification of Pure Organic Com-
pounds. Huntress, E. H., and S. P.
Mulliken, John Wiley and Sons, Inc.,
Vols. I - IV, New York, 1941.

Infrared Spectra of Complex Molecules.
Bellamy, L. J., John Wiley and Sons,
Inc., New York, 1958.

Instrumental Analysis. Harley, J. H.,
and S. E. Wiberley, John Wiley andSons,
Inc., New York, 1958.

Instrumental Methods of Analysis.
Williard, H. H., and L. L. Merritt, 2nd
Edition, D. Van Nostrand Company, Inc.,
New York, 1951.

New Instrumental Methods in Electro-
chemistry. Delahay, P., Interscience
Publishers, Inc., (John Wiley and Sons)
New York, 1954.

Optical Properties of Organic Com-
pounds. Winchell, A.M., Academic Press,
New York, New York, 2nd Edition, 1954.

Organic Analysis. Edited by Mitchell,
Jr., J., I.M. Kolthoff, E.S. Proskauer,
and A. Weissberger, Interscience Press,
Inc., New York, Vol. 1, 1953; Vol. II,
1954; Vol. III, 1956; Vol. IV, 1960.

Organic Analytical Reagents. Welcher,
F. J., D. Van Nostrand Company, Inc.,
Vols. I - IV, New York, 1948.

Organic Solvents: Physical Constants
and Methods of Purification. Weiss-
berger, A., and E. Proskauer, J. A.
Riddick and E. E. Toops. John Wiley and
Sons, Inc., 2nd Edition, 1955.

OQutlines of Methods of Chemical Analy-
sis. Lundell, G. E. F., and J. I. Hoff-
man, John Wiley and Sons, Inc., New
York, 1938. '

Polarography. Kolthoff, I. M., and
J. J. Lingane, Interscience Publishers,
Inc., (John Wiley andSons) 2nd Edition,
New York, 1952.

Polarographic Techniques. Meites, L.,
Interscience Publishers, Inc., (John
Wiley and Sons) New York, 1955.

Qualitative Analysis by Spot Tests.
Feigl, F. (translated by Oesper, R.E.),
Elsevier Publishing Company, Inc., 3rd
Edition, New York, 1946.

Scott's Standard Methods of Chemical
Analysis. Furman, N. H., Editor, D. Van
Nostrand Company, Inc., 6th Edition,
Vols. I and II, New York, 1963.

Source Book of Industrial Solvents.
Mellan, I., Reinhold Publishing Corp.,
New York, 3 Vols., 1957.

Spot Tests inInorganic Analysis. Feigl,
F. (translated by Qesper, R. E.), Else-
vier Publishing Company, New York, 6th
Edition, 1960.

Spot Tests in Organic Analysis. Feigl,
F. (translated by Oesper, R. E.), Else-
vier Publishing Company, Inc., New
York, 1956.

Standard Methods for the Examination of
Water and Waste Water. American Public
Health Association, 11th Edition, New
York, 1960.

Statistical Methods for Chemists.
Youden, W. J., John Wiley and Sons,
New York, 1951.
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Systematic Identification of Organic
Compounds: A Laboratory Manual. Shriner,
R. L., R. C. Fuson, and D. Y. Curtin,
John Wiley and Sons, Inc., 4th Edition,
New York, 1956.

Vapor Pressure of Organic Compounds.
Jordan, T. E., Interscience Publishers,
Inc., (John Wiley and Sons) New York,
1954.

Engineering

Absorption and Extraction. Sherwood,
T. K., and R. L. Pigford, McGraw-Hill
Book Company, Inc., 2nd Edition, New
York, 1952.

Acoustic Measurements. Beranek, L. L.,
John Wiley and Sons, New York, 1949.

Acoustics. Beranek, L. L., McGraw-Hill
Book Company, Inc., New York, 1954.

Design of Industrial Exhaust Systems.
Alden, J. L., The Industrial Press, 3rd
Edition, New York, 1963.

Design of Injectors for Low Pressure
Air Flow. McElroy, G. D., Technical
Paper 678, U. S. Bureau of Mines, 1945.

Exhaust Hoods. Dalla Valle, J. M., The
Industrial Press, New York, 1946.

Fan Engineering. Madison, R. P., Edi-
tor, Buffalo Forge Company, 5th Edition,
Buffalo, New York, 1948.

Industrial Deafness. Sataloff, J.,
McGraw-Hill Book Company, Inc., New
York, 1957.

Industrial Dust. Drinker, P., and T. F.
Hatch, McGraw-Hill Book Company, Inc.,
2nd Edition, New York, 1954.

Industrial Environment and Its Control.
Dalla Valle, J. M., Pitman Publishing
Corp., New York, 1948.

Industrial Health Engineering. Brandt,
A. D., John Wiley and Sons, Inc., New
York, 1947.

Inhaled Particles and Vapors. Davies,
C. N., Pergamon Press, New York, 1961.

Measurement of Air Flow. Ower, E.,
Chapman and Hall, 3rd Edition, London,
1949.

Noise Reduction. Beranek, L. L., Mc-
Graw-Hill Book Company, Inc., New York,
1960.

Noise Symposium. University of Michigan
Press, Ann Arbor, Michigan, 1952.

Particle Size: Measurement, Interpreta-
tion, and Application. Irani, R. R.,
and C. F. Callis, John Wiley and Sons,
New York, 1963.

Plant and Process Ventilation. Hameon,
W. C. L., The Industrial Press, New
York, 2nd Edition, 1963.

Principles of Chemical Engineering.
Walker, W. H., W. K. Lewis, W. H. Mc-
Adams, and E. R. Gilliland, McGraw-Hill
Book Company, Inc., 3rd Edition, New
York, 1937.

Review of Literature on Dusts. U. S.
Department of Interior, Bureau of Mines
Bulletin No. 478, 1950.

The Science of Seeing. Luckiesh, M.,
D. Van Nostrand Company, Inc., New York,
1937.

Thermal Standards in Industry. American
Public Health Association Yearbook,
1949-1950.
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Medical

Legal Medicine: Pathology and Toxicology.
Gonzales, T. A., M. Vance, M. Halpern,
and C. J. Umberger, Appleton-Century-
Crofts, 2nd Edition, New York, 1954.

Modern Occupational Medicine. Fleming,
A. J., C. A. D’Alonzo, and J. A. Zapp,
Lea, Philadelphia, Pennsylvania, 2nd
Edition, 1960.

Occupational and Related Dermatoses.
Birmingham, D. J., and P. C. Campbell,
Jr., Public Health Service Publication
No. 364, Public Health Bibliography
Series No. 12, U. S. Department of
Health, Education, and Welfare, 1954.

Occupational Diseases of the Skin.
Schwartz, L., L. Tulipan, and D. J.
Birmingham, Lea and Febiger, 3rd

Edition, Philadelphia, Pennsylvania,
1957.

Occupational Diseases and Industrial
Medicine. Johnstone, R. T., and S. E.
Miller, W. B. Saunders Company, Phila-
dekogia, Pennsylvania, 1960.

Pathologic Physiology: Mechanism of
Disease, Sodeman, W. A., W. B. Saunders
Company, Philadelphia, Pennsylvania,
1954.

Pharmacology in Medicine. Edited by
Drill, V. A., McGraw-Hill Book Company,
Inc., 2nd Edition, New York, 1958.

The Diseases of Occupations. Hunter,
D., Little, Boston, Massachusetts, 3rd
Edition, 1963.

Toxicology

Clinical Toxicology of Commercial Prod-
ucts. Gleason, M. N., R. E. Gosselin,
and H. C. Hodge, Williams and Wilkins
Company, Baltimore, 1957, Supplement,

1960.

Halogenated Hydrocarbons: Toxicity and
Potential Dangers. Von Oettingen, W.F.,
Public Health Service Publication
No. 414, Washington, 1955.

Industrial Hygiene and Toxicology.
Patty, F. A., Editor, Interscience Pub-
lishers, Inc., (John Wiley and Sons)
New York, Vol. 1, 2nd Edition, 1958,
Vol. II, 2nd Edition, 1963.

Industrial Toxicology. Fairhall, L. T.,
Williams and Wilkins Company, 2nd
Edition, Baltimore, 1957.

Industrial Toxicology. Hamilton, A.,
and H. L. Hardy, Paul B. Hoeber, Inc.,
New York, 1949.

Manual of Pharmacology and Its Applica-

tions to Therapeutics and Toxicology.
Sollmann, T., W. B. Saunders Company,
8th Edition, Philadelphia and London,

1957.

Noxious Gases and the Principles of
Respiration Influencing Their Action.
Henderson, Y., and H. W. Haggard, Rein-
hold Publishing Corp., 2nd Edition, New
York, 1943.

Poisoning. Guide to Clinical Diagnosis
and Treatment. Von Qettingen, W. F.,
W. B. Saunders Company, 2nd Edition,
Philadelphia and London, 1958.

Toxicity of Industrial Metals. Browning,
E., Butterworths, London, 1961.

Toxicity of Industrial Organic Solvents.
Browning, E., Chemical Publishing Com-
pany, New York, 1953.

Toxicology Mechanisms and Analytical
Methods, Vols. I and II, Academic

Press, New York, 1960.
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REVIEW OF MATHEMATICS

I. Exponents

A. General Laws of Exponents

A number raised to a power is an
exponential number. In the exponen-
tial x™, x is the base, n is the power.
The exponent indicates the number of
times the base is used as a factor.
For example,

4 _ 2 .
X' = X.X.X.X; X = X.X;

xt = x; X% = Vx
1. Addition and Subtraction:

Direct combination by addition
and subtraction is limited to the
coefficients of terms having the
same base and power.

axn + bxn =

ax” - bx" -

(a t+ b)x"
(a - b)x"
2. Multiplication:

The product of two or more ex-
ponential numbers of the same base
is that base raised to the power
which is the sum of the powers of
the individual factors.

(axM)(bx™)(cxP) = abex" MP
x?.x% = (x.x) 3 (X.%-X) = X

102.10% = 102%° = 10°

S

3. Division:

The quotient of two exponential
numbers of the same base is that
base raised to the power which is
the power of the dividend minus
the power of the divisor.

ax" _a g X _ s-3 _ 2

Note: A negative exponent denotes
division. Since:
'm:_l_.
X m
X

Prepared by: Howard L. Kusnetz and
David Quong
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4. Powers:

An exponential number raised to
a power is the base raised to the
power which is the product of the
first and second exponents.

(axn)m = aMynm
5. Zero Power:

Any base except zero raised to
the zero power equals 1.

x = 1(x + 0); ax® = a(x = 0);
50 =1; 10° = 1.
B. Powers of Ten

Extremely large or small numbers
are conveniently expressed as exponen-
tial numbers using the base 10. The
general laws of exponents apply.

1,000,000 = 10°;  0.000,001 = 10~°
Since 10° = 1,000 Then 6,000 = 6x10°
Since 10° = 100 Then 600 = 6x102
Since 10! = 10 Then 60 = 6x10?
Since 10~ '= 0.1 Then 0.6 = 6x10°*

II. Significant Figures

Measurements often result in what
are called approximate numbers in con-
trast to discrete counts.

For example: The dimensions of a table
are reported as 29.6" by 50.2". This
implies that the measurement is to the
nearest tenth of an inch and that the
table is less than 50.25" and more than
50.15" in length. One can show the same
thing for the width, using the symbolic
notation:

29.55" < width < 29.65"

If, on the other hand, one knows the
degree of precision of the measurement
(say + 0.03" or + 0.08") we may write

50.2 + .03 or 50.2 *+ .08

to indicate the degree of accuracy of
the measurement of the length.



In reporting results, the number of
significant digits that can be recorded
is determined by the precision of the
instruments used.

Rules:

1. In any approximate number, the sig-
nificant digits include the digit that
determines the degree of precision of
the number and all digits to the left
of it, except for zeros used to place
the decimal.

2. All digits from 1 to 9 are signifi-
cant.

3. All zeros that are between signifi-
cant digits are significant.

4. Final zeros of decimal numbers are
significant. For example:

No. of

Number Significant Digits
0.0702 3
0.07020 4
70.20 4

7,002 4

One case where it is difficult todeter-
mine the number of significant digits:
Example: 7000 - in general, it is con-
sidered to have only one significant
digit. It is better to use scientific
notation.

Standard of scientific notation: Write
the number as a number between 1 and 10,
in which only the significant digits
are shown, multiplied by an exponential
number to the base 10. For example:

A. Addition and Subtraction

The result must not have more dec-
imal places than the number with the
fewest decimal places. For example:

21.262 should be 21.3
23.74 should be 23.7
139.6 should be 139.6
184.602 should be 184.6

This can also be written as:

21.262 t+ 0.0005
23.75 £ 0.005
139.6 + 0.05

184.612 + 0.0555

B. Multiplication and Division

The result must not have more sig-
nificant places than are possessed by
the number with the fewest significant

digits. For example:
(50.20)(29.6) = 1485.92
= 1490
= 1.49 x 10°

III. Logarithms

Logarithms are exponents. The loga-
rithm of any number is the power to
which a selected base must be raised to
produce the number. The laws of expo-
nents apply to logarithms.

A. Common Logarithms (Briggsian)

Common logarithms use the base 10

No. of and are identified by the notation
Number Significant Digits "log”. The common logarithm of a num-
ber consists of a characteristic,
5,320,000 = 5.32x10° 3 which locates the decimal point in
= 5.320x10° 4 the number, and a mantissa, which
= 5.3200x10° 5 defines the numerical arrangement of
0.00000532 = 5.32x107° 3 the number.
Number Common Logarithmic Form
(Anti-log) Exponential Form Characteristic Mantissa Complete Log
0.0005 5x 107* -4 0.7 3.7
0.05 5 x 1072 -2 0.7 2.7
5.0 5 x 10° 0 0.7 0.7
500.0 5 x 10° 2 0.7 2.7
50000.0 5 x 10* 4 0.7 4.7
A bar over a characteristic indicates a or 6.7-10 or -3.3. The form -3.3 does

negative characteristic and a positive
mantissa. The log may be written 4.7

not contain a characteristic and
mantissa.

A-3-2
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B. Natural Logarithms (Naperian)

Natural logarithms use the base e
(approximate numerical value 2.718)
and are identified by the notation In
or log,. The characteristics of natu-

...............................................................................

Number Exponential

(Anti-1n) Form
0.0005 5x 10"
5.0 5 x 107

50,000.0 5x 10

...............................................................................

C. Logarithmic Conversions

Conversions between the common and
natural systems may be accomplished.

log N = 0.4343 In N
In N = 2.3026 log N

IV. Exponential Equations

An exponential equation contains a
variable in the exponent. A number of
ventilation and dilution equations are
of this type.

A. Development

An exponential equation of the type
which defines simple dilution venti-
lation in a space in whichcontaminant
is not being generated is developed
as follows: The rate of change of y
with respect to x is directly related
to the magnitude of the variable y.

X

%I%%
1

= | -adx (when x = 0, y = ¥o)
0

>
O

y X
hx{] = -a%
Yo 0

Iny - lny, = —ax

y
— = -ax
lny

-ax

"
o

An exponential equation

&I

- -ax
Yy = ¥,©
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ral logs are not necessarily integers;
therefore, the number to the left of
the decimal point in a ln does not
indicate the location of the decimal
point in the anti-logarithm.

...............................................................................

Natural Logarithmic Form

In5+1n10"* =1.6 - 9.2 = 7.6
In5+ In1 =1.6-0 = 1.6
In5+ In10* =1.6 + 9.2 = 10.8
B. Solution

Exponential equations may be solved
directly with a log-log slide rule or
through the use of logarithms and the
laws of exponents.

V. Graphical Presentation

An equation is a statement of equal-

ity; a graph is its pictorial represen-
tation.

A. Arithmetic (Cartesian) Coordinates

Arithmetic graphs have linear
scales. An equation of two variables
may be depicted in a graph having a
vertical (y) axisand a horizontal (x)
axis. The vertical (y) value for any
point on a graphical curve is called
the ordinate, the corresponding hori-
zontal (x) value, the abscissa.

A linear, or first degree, equation
may be expressed as: y = mx + b

dependent variable (ordinate)
independent variable (abscissa)
slope of the plotted equation

y intercept; the value of y when
x =0

B. Logarithmic Coordinates

o8 X<
woonom

An exponential equation may be
plotted on arithmetic coordinates as
a curved line. Transposed to loga-
rithmic form, however, it will plot
as a straight line:

y = yoe 3




Transposed:

log y = -ax log e + log y,
or Iny = -ax + In y,
which have the formy = mx + b
Thus, logarithmic coordinates on the
y axis and linear coordinates on the
X axis (semi-log paper) will permit
the original equation, y = y.,e 2%

"

o
to be plotted directly as a straight
line. An equation of the form yx" - k,
when transposed to logarithmic form,
shows both variables y and x as loga-
rithms. It may be plotted directly as
a straight line when both the y and
the x axes have logarithmic scales.

VI. Dimensional Analysis

An analysis of dimensions can be use-
ful in:
(1) converting units
(2) checking equations for missing terms
(3) deriving equations and solving for
unknown quantities.

A. Basic Dimensions

All physical units can be reduced
to three basic dimensions: mass;
length; and time. Reducing all units
to these basic dimensions simplifies
the solution of problems of dimen-
sional analysis.

B. Terms Peculiar to
Industrial Hygiene

1. The concentration of gases and
vapors 1s usually expressed as
parts per million parts of air =
ppm.

parts
million parts (of air)

. . 3
liter _ centimeters

10° liters 10° centimeters®

3 3
_ feet _ meters

10° feet® 10° meters®

This 1s similar to
- parts
100 parts

%
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2. The concentration of fumes,
mists, and some dusts, and of
gases and vapors on occasion, is
expressed as

milligrams per cubic meter(mg/M°)
_ mg of material

M®> of air

3. The concentration of mineral
dusts is usually expressed as mil-
lions of particles per cubic foot
of air

_ millions of particles
cu. ft. of air

C. Examples:

1. Reduce pressure (force/area) to
the basic units of mass, length,
and time (M, L, and T)

p = F_Ma _M V_ML M

A L* LT LT LT?
2. Convert 212 particles/cc. to
mppcf concentration,

C =(212 particles)[lOOOcc) 28.3 liters)

cc liter cu. feet
6,000,000 particles
= f
cu. feet (ppet)
- 6.0 million particles _ 6.0 mppef

cu. feet

3. Given: the concentration of Hg
in ppm, convert to mg/M°

ppm = parts _ 1 liter
million 10° liters air
conc. - 1 liter X

10° liters air

[ gram-mole grams 10° liters
22.4 liters gram-mole m°

[N

grams _ mg
10°m°  M°

|
K
|
|
|
I
N |
i
I
I
I
I



|

r =

L

A}
l?

Ly Ly | g

4. Derive an equation for the prep-
aration of a known concentration
of a liquid given the following:

VT = Chamber volume in liters

MW = Molecular weight of a sub-
stance

T = Absolute temperature

P = Pressure in mm Hg

p = Density (gramsper milliliter,
ml)

v = Volume of material to be used
(in ml)

C = Concentration (ppm)

Note: At standard temperature and
pressure, one gram-mole of any com-
pound in the gaseous state occu-
pies 22.4 liters. One gram-mole is
the amount of material in grams
equal to the molecular weight of
the material.

(v ml)(p gm) 22.4 liters/gram-mole T 760
ml MW grams/ gram-mole

273 P eparts

C(ppm) =
Vr (Liter

MW | |273]| P
V1

o )

s)

x 10°
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REVIEW OF ANALYTICAL CHEMISTRY

Introduction and Background

In every branch of analytical chemistry,
the methods to be used for a given ele-
ment or compound are at least partially
dependent upon the nature of the sample
and its mode of collection. This is
perhaps even more true in industrial
hygiene since thedifficulties inobtain-
ing an ideal sample from the chemist’s
point of view may be enormous. To begin
with the toxic materials of interest are
quite dilute in the air being sampled.
A concentration of 0.1% by volume inair
would be very high. Added to this dif-
ficulty is the lack of efficient col-
lecting systems for sampling large
volumes of air for gases and vapors in
a short period of time. Most of the
absorption devices of convenient size
operate at a flow rate of only a few
liters per minute and if the operation
being sampled is of short duration and
the material being sampled is at a very
low concentration, the engineer will not
be able to collect very much material

for an analysis.

A second complication is that the in-
dustrial hygienist is not always sure
what type of an analysis he wants from
the chemist. It may be that a particu-
lar industrial operation is using one
chemical while the toxic hazard is being
caused by some other chemical from
another location. Or, a number of poorly
identified mixtures of compounds may be
in use and only an educated guess canbe
made as to the hazard involved. Incases
such as these it is important for the
chemist to understand industrial proc-
esses so that he can answer the indus-
trial hygienist’s basic question "What
toxic materials may be present and in
what concentration?"

Several other factors relating to the
purpose of an industrial hygiene survey

Prepared by: Richard E. Kupel and
Jeremiah R. Lynch

also bear on the method used by the in-
dustrial hygiene chemist. Frequently,
samples are taken by plant industrial
hygiene personnel as part of a continu-
ing monitoring program or for the pur-
pose of evaluatingan engineeringcontrol
method. Here it is desired to detect a
relative trend or change from previous
conditions. On the other hand, some
samples are taken by regulatoryagencies
for the purpose of determining campliance
with a code or standard. The analysis
of these samples must be accomplishedby
recognized methods of demonstrated
accuracy and freedom from artifacts.
Thus, it is important that the industrial
hygiene chemist be familiar with the
sampling problems of the industrial
hygienist, and with the use to which he
intends to put the results of the
analyses.

The function of the chemistry laboratory
in occupational health is to exercise
the needed analytical control over the
chemical determinations performed on the
samples of environmental and clinical
studies. It can be shown that theappli-
cation of critically tested laboratory
methods of analysis to field samples
will provide the sensitivity, specific-
ity, and the numerous other citedadvan-
tages essential for an accurate evalua-
tion of the environment. As stated
previously, one of the ultimate objec-
tives of the environmental study is the
recommendation of effective control
measures. Once established, the effec-
tiveness of the equipment installed or
of the modifications introduced intothe
processing operations to minimize expo-
sure of the worker to hazardous substances
is evaluated periodically. The plant
physician usually conducts regularly
scheduled physical examinations of the
worker. Part of the examination may in-
clude the procurement of a blood orurine
specimen for chemical analysis toobtain
a quantitative estimation of the work-
man’s current level of absorption of a
toxic substance. The engineer continues
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to conduct evaluations of the performance
of control equipment by making air flow
measurements, collecting samples of the
atmosphere for chemical analysis, and by
observing operations, old and new, in the
working area involved. The repetitive
services by the separate disciplines
constitute the practice of a sound
occupational health program. If this
teamwork approach is to function con-
structively in the preservation of the
health of the workers, then it is funda-
mental that each discipline must provide
the most reliable and efficient instru-
ments and procedures for its segment of
these professional activities.

Analytical methods used by thechemistry
laboratory to analyze industrial hygiene
samples can be divided into two main
classes - Chemical and Physical Methods.

Chemical Methods

Colorimetric. Those reactions where a
color is developed and is indicative of
the presence of the element and itscon-
centration areclassified as colorimetric
methods. The Dithizone extractionmethod
is one of the most widely used today.
Specific elements can be extracted
depending on the pH of the solution.
Examples include lead in blood and
urine, and copper and zinc in tissue
samples( ).

Ion Exchange. This technique concen-
trates or separates elements one from
another depending on the strength and
type of eluting agent. A column of the
appropriate type and length is loaded
with the mixture of elements and the
element of interest is eluted using a
solution of the correct type and strength.
The eluting solution can be evaporated
to further concentrate the element if
necessary. Mercury in urine, fluorine
in urine, and fluorine in impinger sam-
ples are examples of this technique(z).

Gravimetric Methods. These methods de-
pend upon the formation of a precipitate
or a residue which can be weighed. One

example is the analysis of dust samples
for free silica.

Volumetric Methods. Quantitative analy-
ses are performed by the use of definite
volumes of standard solutions of re-
agents such as the determination of
acid gases in air, which are titrated
with a basic reagent.

Physical Methods

Emission Spectroscopy. This is an in-
strumental methodutilizing the formation
of spectra byexciting the element, under
study, by various means causing charac-
teristic radiation to be formed which
can be dispersed by a grating or aprism
and photographed. Each metallic or
metal-like element has its own charac-
teristic spectra that can be identified
under most any conditions. The sensi-
tivity of this method for most elements
is in the part per million range.
Examples of its use include elemental
analysis of body tissues, dust and basic
materials for contaminants(3).

Infrared Spectroscopy. This method is
used to identify organic and inorganic
materials by the characteristic spectra
obtained by exposing the sample to in-
frared radiation and measuring the amount
of radiation absorbed. Each functional
group of an organic moleculewill absorb
in a specific region of the infrared
spectrum allowing the operator to iden-

tify the compounds by the bands thus
formed. The identification of rubbers,

plastics, organic solvents,oils, organic
vapors, and beryllium oxalate in berxl-
lium oxide are typical applications( ).

Ultraviolet Spectroscopy. This tech-
nique is used to analyze aromatic hydro-
carbons. Each aromatic hydrocarbon has
its owncharacteristic absorptionpattern
in the ultraviolet region of the elec-
tromagnetic spectrum that will identify
it from other similar hydrocarbons.
Materials that absorb in the same wave-
length region will have an additive
effect to the overall spectrum. This can
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be used in the quantitative analysis of
mixtures of aromatic hydrocarbons. Ben-
zene and toluene vapors in air can be
separated and identified with such an
instrument.

Polarographic Analysis. A polarograph
produces a continuous visible record of
the current-voltage curve which ischar-
acteristic of a solution undergoing
electrolysis between a dropping mercury
electrode and a reference electrode. A
polarographic analysis may be made of a
substance if that substance is electro-
reducible or electro-oxidizable within
the range of the electrode, if it is in
true solution and is stable for the
duration of the measurement. For example,
determinations can be made for lead,
cadmium, zinc, vanadium, iron, thallium,
halides, sulfur dioxide, cystine and
many other substances.

Mass Spectroscopy. The mass spectro-
meter is an instrument used to analyze
gases, liquids and solids. Analysis is
accomplished by ionizing the materials
by passing them through an electron beam.
Positive ions thus formed are projected
down the analyzer tube by means of an
electron gun. These ions are separated
by means of an electromagnetic or elec-
trostatic field or by the timenecessary
for them to travel from the ion gun to
the collector. The output of the ion
multiplier is fed into a recorder or an
oscilloscope. Each compound has its own
individual ionization pattern which is
used to identify the compound and is
used also to quantitate this procedure.
Examples of use include carbon monoxide
in air, gaseous impurities in high
purity gases, identification of hydro-
carbons, and identification of the
effluent of a gas chromatograph.

Gas Chromatography. This method involves
the separation of organic mixtures by
passing them over a column of specific
qualities that will enable the components
to be heldup for varying periods of time
before they are detected and recorded.
The instrument consists of a column,
containing a solid and a liquid support,

a carrier gas, a detector anda recorder.
This technique is useful primarily in
separating materials with similar chem-
ical properties that heretofore couldbe
separated only by fractional distilla-
tion. Examples include the analysis of
chlorinated hydrocarbons, and the iden-
tification and analysis of solvents,
plastics, gases and waxes(®),

X-ray Diffraction. Characteristic spec-
tra are formedwhen a monochromatic X-ray
beam impinges upon a sample of crystal-
line form. These diffracted X-rays are
monitored using an appropriate detector
and the spectra recorded. The spectra
thus formed can be used to identify the
material being analyzed. The combined
form of the material is readilydiscern-
ible from this spectra. This instrument
can be used to determine the percentage
of free silica in dust samples; for the
analysis of human lung for free silica;
and for identification of the combined
form of a material(®).

X-ray Fluorescence. This technique in-
volves bombarding the sample with an
X-ray beam and allowing the resulting
X-ray to be refracted from a crystal
thus separating the radiation into its
component parts. All elements above
atomic number 11 can be analyzed by this
technique. X-ray fluorescence techniques
can be used for solution analysis for
impurities; identification of metals;
and analysis of tissue samples for
metallic impurities(7 .

Electron Microprobe. This technique in-
volves focusing an electron beam to as
small a diameter aspossible - about one
micron indiameter. The sample is placed
under the beam and primary X-rays are
formed. X-rays are refracted with a prop-
er crystal and detected on an appropri-
ate detector. X-rays thus formed are
characteristic of the element present
under the electron beam. This technique
allows one to analyze small inclusions,
small areas, grain boundaries, spots on
lung specimens and it can be used for
other biological applications. Examples
include the determination of diffusion
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boundaries in metals; calcium deposits
across a repaired fracture in bone; and
metallic impurities in tissues.

Activation Analysis. This technique in-
volves irradiating a sample with a
thermal neutron source and monitoring
the induced radiation with aninstrument
capable of detecting and analyzing the
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GENERAL PRINCIPLES IN EVALUATING THE OCCUPATIONAL ENVIRONMENT

Introduction

Information in the literature on this
subject is scant; consequently, most
industrial hygienists have to acquire
knowledge in this field by practical
experience. It is hoped that the follow-
ing discussion will materially assist
those engineers and chemists who are
relatively new in this field. Further,
these general principles will serve as
a review for those individuals who may
not have been active in the field of
occupational health for several years.

Purposes for Sampling

There are at least four reasons for in-
dustrial hygienists employed by industry
to conduct environmental surveys and
studies: (1) to determine levels of ex-
posure among workmen to various atmos -
pheric contaminants and physical agents;
(2) to determine the effectiveness of
control measures, such as local exhaust
ventilation; (3) to investigate com-
plaints; and (4) for research purposes,
for example, to determine the chemical
composition and physical characteristics
of dusts, fumes, vapors, gases and
mists.

In addition to the reasons cited above,
industrial hygienists employed by some
official agencies may conduct surveys
for the following reasons: (1) todeter-
mine compliance withregulations; (2) to
check control measures installed as a
result of recommendations; (3) toinves-
tigate health problems on an industry-
wide basis, such as uranium, phosphate
and diatomaceous earth operations; and
(4) for consultation with plant manage-
ment or labor unions concerningspecific
health problems.

Prepared by: Andrew D. Hosey and
Howard L. Kusnetz

Recognition of Hazards

Before any attempt is made to evaluate
an occupational environment the indus-
trial hygienist must be aware that cer-
tain health hazards may exist and he
must be able to recognize these hazard-
ous conditions. Subsequent discussions
in this volume and some of the topics
included in this section will cover the
subject of recognition. How then, does
one become aware that potentially haz-
ardous situations exist in the work
environment? There are several sources
of such information. Among these are:
(1) complaints from workers, safety or
labor inspectors, and unions; (2) com-
panies may request assistance because
certain illnesses or skin diseases have
occurred; (3) technical journals are an
important source of information since
many articles will discuss problems
encountered by other investigators
especially with some of the newer chem-
icals or physical agents; (4) popular
magazines and newspapers often contain
references to persons injured by toxic
substances; and (5) reports of unpub-
lished investigations made by private
or governmental agencies.

The first step in evaluating the occu-
pational environment is to become famil-
iar with the particular operations in
the plant or other establishment to be
surveyed. Investigations should be made
regarding what hazardous materials may
be in use, how they are used, how many
workers are exposed, and what control
measures are used to protect them.
Process flow sheets and technical books
that describe the-particular operations
involved should be obtained andstudied.
This gives not only a good description
of the general operations involved but
also serves as an excellent source for
the terminology used in that particular
industry. Another source of such infor-
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mation can be found usually in reports
of previous surveys made by a govern-
mental agency or private industry.

Preliminary Survey

The next step in evaluating the occupa-
tional environment is to conduct a pre-
liminary survey. Ordinarily much time
and effort can be saved by following
this procedure because an experienced
person, familiar with many types of
industrial operations and the use of
chemical and physical agents, can by
visual inspection and the use of his
perceptive senses, eliminate those oper-
ations which are clearly non-hazardous.

The preliminary survey should include
areas such as: (1) general sanitation,
(2) raw materials, products and by-
products, (3) sources of air contami-
nants, (4) physical agents, and (5)
control measures in use. The importance
of taking adequate notes during a sur-
vey or study cannot be over-emphasized.

General Sanitation. One of the best
guides on this subject is the ASAStand-
ard Minimum Requirements for Sanitation
in Places of Employment.(l) It contains
definitions, general requirements on
housekeeping, waste disposal, rodent,
insect and vermin control, and specific
topics on ventilation, water supply,
toiletr and washing facilities and many
others. All of the items should be
checked to determine if the requirements
are met. Most State health departments
have adopted this ASA standard, while
some States have adopted more rigid re-
quirements. ASA standards are revised
periodically.

Raw Materials, Products and By-Products.
The variety of substances capable of
producing occupational diseases in-
creases steadily. New products are con-
stantly being introduced which require
the use of new raw materials or new
combinations of older substances. The
introduction of epoxy resins just a few
years ago and their increasing use 1s
only one of many examples that could be

cited. Therefore, it is of utmost im-
portance to obtain a list of all chemi-
cals used, and to determine the nature
of the products and by-products. To
accomplish this often requires a bit of
detective work on the surveyor’s part.
In most instances the desired informa-
tion can be obtained from thepurchasing
agent or laboratory, but in others it
means reading labels on drums of solvent
or containers of rawmaterial. Ofttimes,
labels do not give complete information,
thus requiring further investigation.

After the list is obtained it is then
necessary to determine which of the
materials are toxic and to what degree.
Information of this nature can be found
in the latest texts on toxicology, in
scientific journals, and by correspond-
ence with toxicologists, technical
information centers, and manufacturers.
Many companies publish lists of toxic
materials used in their plants. This
information is usually passed along to
supervisors and foremen.

Before any new substance is used in a
manufacturing process, or before a new
product is placed on the market, its
toxicologic properties should be inves-
tigated so that adequate safeguards can
be inaugurated. Many companies do this
voluntarily and some (manufacturers of
food additives and certain cosmetics)
are required to do so by law.

In addition to the above, the industrial
hygienist should be aware and learn
about the potential health hazards in-
volved in newprocesses. Recent examples
include the introduction of the plasma
jet torch for high temperaturedeposition
of materials, like ceramics, onto metal
or other surfaces; a new process where-
by pure nickel patterns are produced
from wood, metal, or plastic models
based on the thermal decomposition of
nickel carbonyl - an extremely toxic
substance; and the use of CCl, in an
inert carrier of nitrogen for refining
the grain of aluminum-magnesium alloys.
In addition to the toxic properties of
CCl,, phosgene is formed when this mix-
ture is introduced into themolten metal.
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Source of Air Contaminants. During the
preliminary survey many potentially
hazardous operations can be detected by
visual observations. The most dusty
operations can be spotted at this time
although this does not necessarily mean
they are the most hazardous. It must be
remembered that the dust particles which
cannot be seen by the unaided eye are
the most hazardous since they are of
respirable size. Dust concentrations
must reach extremely high levels before
they are readily visible in the air.
The absence of a visible dust clouddoes
not mean that a dust-free atmosphere
exists. Those operations which generate
fume, such as occurs in welding, can be
spotted visually.

The presence of many vapors and gases
can be detected by the sense of smell.
Trained observers are able to estimate
rather closely the concentration of var-
ious gases and solvent vapors present
in the workroom air. For many substances
the odor threshold concentration is
greater than the generally permissible
safe exposure levels. For example, if
the odor of carbon tetrachloride vapor
is present even in barely perceptible
amounts it is generally too much for
continuous exposure. A word of caution
should be interjected here. Certain
gases and vapors, such as hydrogen sul-
fide and carbon tetrachloride produce
olifactory fatigue especially if these
are present in high concentrations.
Thus, concentrations of some gases and
vapors may be present in concentrations
considerably in excess of the TLV but
may not be detected by their odor.

Physical Agents. Sources of radiant
heat, abnormal temperatures and humidity,
excessive noise, improper or inadequate
illumination, ultraviolet radiations,
microwaves, lasers, x- and gamma rays,
and other ionizing and non-ionizing
radiations, should be noted. Without
the aid of special instruments it is
possible only to note the presence of
these potential hazards. However, one
can obtain much valuable information
during the preliminary survey by observ-

ing the manner in which these are
generated, the number of people in-
volved, and control measures in use.

Control Measures inUse. The preliminary
survey would not be complete unless the
types of control measures in use and
their effectiveness are noted. The con-
trols include local exhaust and general
ventilation, respiratory protective
devices, other personnel protective
measures, shielding from radiant or
ultraviolet energy, and other items
which are discussed in Section C-1 on
controls. General guides to effective-
ness could include the presence or
absence of dust on floors and ledges;
holes in ductwork, fans not operating;
or the manner in which personal pro-
tective measures are treated by the
worker.

Evaluation of Environmental Exposures

General Considerations in Sampling

The evaluation of environmental expo-
sures requires a teamwork approach
by personnel who represent several
professional disciplines. No single
professional group can solve the
various facets of the many types of
problems presented by occupational
disease entities. The longer his
association in the field, the more
convinced the industrial hygienist
becomes of this fact.

In conducting field studies there is an
overlapping area for engineers, chem-
ists, physicians, and other specialists
in this field. While the engineer
ordinarily collects atmospheric samples
in the field for subsequent chemical
analysis; in many cases, however, the
chemist must go into the field to
assist with the collection of samples
and to advise on the chemical aspects
of the particular problem under study.

The nature of the substanceor condition
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involved will usually have been deter-
mined during the preliminary survey.
Thus, the next problem is to determine
the intensity of exposure and to dothis
one must collect samples of the air or
use direct reading instruments. Every
effort should be made to obtain samples
that represent the worker’s exposure or
the condition to beevaluated. It should
be pointed out also that an industrial
hygienist can obtain any result hewants
depending upon the choice of sampling
locations and techniques. To decidewhat
samples are representative the indus-
trial hygienist must be able to answer
these five basic questions:
(1) Where to sample
(2) Whom to sample
(3) How long to sample - duration
(4) How many samples are needed
(5) Over what period of time - day,
night, summer, or winter.

Considering each of these questions

separately:

(1) Samples are usually collected or
instrument readings are obtained in
these general areas:

(a) at the worker’s breathing zone;
(b) in the general room air; and
(c) at the operation itself.

The choice of sampling location is dic-
tated by the type of information or
evaluation desired and may include one
or more of the above three locations.
In general, the purposes for sampling
are to determine a worker's or group of
worker's exposure so that an average
weighted exposure can be calculated.
This will be covered in more detail
later. In order to make this calcula-
tion, it is necessary to collect samples
at the worker's breathing zone and also
in the area adjacent to the particular
operation, or general room air. On the
other hand, if the purpose is to define
a potential hazard, check compliance
with regulations, or obtain data for
control purposes, samples wouldnormally
be collected in the vicinity of the
operation itself. 1In some instances it

is necessary to collect samples of the
general room air to define certain

exposures.
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(2) Whom to sample is closely related
to the discussion above on where to
sample. In general, samples are
collected in the vicinity of:

(a) workers directly exposed;

(b) breathing zones of nearby
workers; or

(c) workers remote from the exposure
but who complain. Again, this
depends on the type of informa-
tion desired.

(3) No matter who collects atmospheric
samples for analyses, whether engi-
neer, chemist, or technician, it is
essential that the sample contain
sufficient material for an accurate
analysis. The volume of air to be
sampled or the duration of sampling
is based on the following consider-
ations:

(a) sensitivity of the analytical
procedure;

(b) the Threshold Limit Value (TLV)
of the particular contaminant;
and

(c) the estimated airconcentration.

Thus, the volume of sample needed may
vary from a few liters, where the esti-
mated concentration is high, to several
cubic meters where low concentrations
are expected. Knowing the sensitivity
of the analytical procedure, the TLV,
and the sampling rate of the particular
instrument in use, the chemist or engi-
neer can determine the minimum time
necessary for an adequate sample.

There is at least one other considera-
tion in determining the duration of
sampling. It should represent some iden-
tifiable period of time - usually a com-
plete cycle of an operation indetermin-
ing an operator's exposure. Another
technique is to sample on a regular
schedule, for example, so many minutes
out of each hour. This latter procedure
usually requires more samples than
cyclic-type sampling and is more or less
substituting a statistical approach for
observation and judgment.

(4) The number of samples collected
depends to a great extent upon the
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purpose of sampling. For example,
two samples may determine the effi-
cacy of control methods - one while
the control method is in operation
and the other while it is off. On
the other hand, several dozen sam-
ples my be necessary to accurately
define an average daily exposure
for a worker who performs a number
of tasks. For any given task the
number of samples depends to some
degree upon the concentration. If
the concentration is high, a single
sample may suffice; if it is near
the TLV, a minimum of 3 to 5 sam-
ples may be necessary to indicate
exposures for a specific task or
cycle of operation.

In a field study of silicosis among
metal miners the practice was tocollect
a 10 minute sample for dust counts out
of each 30 minutes of work time for each
type of job. Furthermore, if there were
50 different working places for the same
type of operation, 20 percent, or 10 of
these, would be sampled. Dust count data
were tabulated from about 300 impinger
samples collected in a single mine rep-
resenting some 15 jobs. Concentrations
from the first 150 samples were essen-
tially the same as the average of all
300 samples. This type of approach was
used at the beginning of the study for
research purposes. It soon became evi-
dent, however, that this technique
resulted in the collection of too many
samples and it caused unnecessary work
on the part of persons counting these
samples.

The above situation brings up a point
that should be emphasized. There are no
set rules regarding the duration of
sampling or the number of samples to be
collected. These decisions can be
reached only after much experience in
this field.

(5) The last question - over what period
of time should samples becollected,
again depends on the type of infor -
mation desired and the particular
operations under study. If, for

example, an operation continues for
more than one shift, samples should
be collected during each shift.
Air-borne concentrations of toxic
materials or exposure to physical
agents may be different for each
shift. Furthermore, and thisapplies
especially in plants located in
areas where large temperature vari-
ations occur during different
seasons of the year, samples should
be collected during summer and
winter months. Under these condi -
tians there isgenerally more natural
ventilation in summer than inwinter,
which tends to dilute air-borne
contaminants.

Types of Field Sampling Instruments

Sampling instruments used in the field

of industrial hygiene are generally

classified according to type as follows:

(1) direct reading;

(2) those which remove the contaminant
from a measured quantity of air; and

(3) those which collect a known volume
of air.

Most of the sampling equipment used by
industrial hygienists is found under
type 2 but in recent years more direct
reading instruments have beem made com-
mercially available. Detailed discus-
sions on direct reading instruments
appear elsewhere in this volume. Appara-
tus in type 3 includes the use of
various types of evacuated flasks for
collecting known volumes of contaminated
air for subsequent analysis. This tech-
nique is not used as often now as in
past years.

The choice of a particular sampling

instrument depends upon a number of

factors. Among these are:

(1) portability and ease of use;

(2) efficiency of the instrument or
method;

(3) reliability of the equipment under
various conditions of field use;

(4) type of analysis or information
desired;

(5) availability; and

B-1-5



(6) personal choice based upon past
experience and the other factors.

No single, universal air sampling in-
strument is available today and it is
doubtful if such an instrument will
ever be developed. In fact, the present
trend is the development of a greater
number of specialized instruments,
particularly the newer '"squeeze-bulb”

types.

Grab orContinuous Samples. A discussion
on air sampling techniques would not be
complete unless this topic ismentioned.
It has been the subject of much concern
for many years. A grab sample is col-
lected in a relatively short period of
time, usually from a fraction of a min-
ute to 3 or 4 minutes. Ordinarily, grab
samples indicate either minimum or
maximum exposures. Continuous samples,
collected from about 5 minutes to hours
or days, give information regarding
average exposures only. Thus, there is
a definite need for both types of
samples. Much useful information can be
obtained during a preliminary survey,
for example, by the useof a colorimetric
"squeeze-bulb" detector where a number
of samples can be obtained to indicate
the range of atmospheric carbonmonoxide
concentrations. It must be emphasized
that these are grab sampling devices
and, further, they must be calibrated.

Since industrial hygienists are normally
interested in determining a worker's
daily average exposure to atmospheric
contaminants, continuous sampling tech-
niques are necessary. Many industrial
plants use continuous sampling and
recording instruments for gases and
vapors such as carbon monoxide, sulfur
dioxide, chlorinated hydrocarbons and
methyl alcohol.

Comparison of Results with Standards

The next step in evaluating the occupa-
tional environment is to compare results
of air sample analyses or data from
direct reading instruments with stand-
ards. The American Conference of Govern-
mental Industrial Hygienists’ committee

on threshold limit values publishes
annually a list <f TLV's. This list in-
cludes values for the maximum average
atmospheric concentration of vapors,
gases, mists, fumes and dusts to which
workers may be exposed for an 8-hour
working day without injury to health.
These values should be used as guides

only in the control of health hazards

because they represent only conditions
under which it is felt that workers may
be repeatedly exposed, day after day,
without adverse effect on their health.
These values are reviewed annually for
changes, revisions or additions as
further information becomes available.

Standards for temperature and humidity
are found in the ASHRAE Guide, Belding
and Hatch’s heat stress index, and chap-
ter 3 of the Navy Manual of Preventive
Medicine. Those for noise, illumination,
and sanitation are found in standard
references. Those for ionizingradiation
may be found in various publications of
the Atomic EnergyCommission andNational
Bureau of Standards. Many States and
local governmental agencies have adopted
rules, regulations or codes patterned
after the above standards. These should
be consulted before reaching a decision
regarding the recommendation of protec-
tive or control measures.

Interpretation of Results

This is the final step in evaluating
the environment. A great deal of common
sense and sound judgment must be used
in interpreting the results of anenvir-
onmental study. Before an investigator
claims that an individual or group of
workers is exposed to a hazard injurious
to health, he must have the following
facts:

(1) nature of the substance or physical
condition involved,

(2) intensity of exposure,

(3) duration of exposure, and

(4) the susceptibility of the person
exposed.

These considerations cannot be over-
emphasized!
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Items (1) and (2) above will have been
obtained during the preliminary and/or
environmental study. In order to deter-
mine the duration of exposure for an
individual a detailed job description
must be obtained. This information is
usually available from the plant per-
sonnel office or foremen, but it should
be checked by the Investigator during
the study. From this information and
results of the environmental survey, a
weighted daily 8-hour exposure can be
calculated. This assumes that a suffi-
cient number of air samples have been
collected or readings obtained with
direct reading instruments under various
plant operating conditions to give a
true picture of the exposure.

Calculation of Weighted Exposure. The
following formula is used for this cal-
culation: (hours x conc. task A) +

(hours x conc. task B) + etc. + 8 hours

(Note: In general, the hours spent by
a worker at various tasks should be
determined to the nearest 30 minute
intervals. There are, of course, excep-
tions if a worker has an exposure to a
high concentration for short- 10 to 20
minutes - periods of time).

Assume that a study was completed in a
plant where triple superphosphate fer-
tilizer was made. Assume further that
it is necessary to calculate the average
daily weighted exposure of the 'cone
mixer'" operator. His duties were essen-
tially as follows:

(1) spend 4 hours per day regulating
the flow of phosphate rock dust and
phosphoric acid, which are mixed
together in the "cone mixer'" (task
A);

(2) spend 2 hours per day on the floor
below the cone mixer to insure the
proper flow of the mixture on the
"curing belt" (task B); and

(3) spend 2 hours per day in a control
room located some distance from the
"cone mixer" (task C).

This individual was exposed to fluorides
in the form of phosphate rock dust and
hydrofluoric acid, which is released

when phosphoric acid reacts with phos-
phate rock dust. In order to evaluate
his exposure 3 samples were collected
at different times of the day and on 3
different days. Thus, 9 samples were
analyzed for fluorides and HF and were

used to evaluate his exposure. The re-
sults were as follows:
mg /m3 ppm of
Task of Dust as F HF
A 10 1
B 2 6
C 0.5 1

Weighted exposures were calculated for
both types of fluoride as follows:

(4x10)+(2z2)+(2x0-5) = 5.63 mg/m3F
(4x1)*(2x6)*(2x1) = 5 25 ppm HF
8

The TLV (1964) for F in the form of
dust is 2.5 mg/m3 and for HF it is 3.0
ppm. Thus, this worker’s exposure to
fluoride in phosphate rock dust is above
the TLV but his exposure to HF is well
below the 3.0 ppm.

A word of caution is indicated at this
point regarding interpretation of these
results. TLV’s as indicated earlier are
to be used as guides only in thecontrol
of health hazards and should not be re-
garded as fine lines between safe and
dangerous concentrations. Some TLV's
are based on various criteria of toxic
effects while others are based onmarked
discomfort. Therefore, before an indus-
trial hygienist recommends the instal-
lation of costly control measures, based
on the results obtained during a survey,
he should first recommend that the
worker be given clinical tests todeter-
mine if exposure to fluorides and HF,
for example, are injurious to hishealth.
He should also ascertain the degree of
toxicity of these compounds and their
reactions within the body. If it is
found that exposures to toxic substances
are producing early symptoms of bodily
injury then, and only then, should
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control measures be instituted. Natu-
rally, this statement applies to
border-line situations when the toxicity
and the TLV of the particular compound
or compounds is considered. When these
factors are evaluated and where expo-
sures are considerably above the TLV,
even for short duration, some type of
protection must be provided for the
worker. As indicated earlier, this is
where sound judgment on the part of the
investigator is necessary in the final
evaluation and control of the environ-
ment.

Summary

The conduct of environmental surveys
and studies is but one phase in the
over-all picture in determining occupa-
tional health hazards. They are valu-
able only if all environmental factors
relating to workers’ potential exposures
are included. In evaluating workers’
exposures to toxic dusts, fumes, gases,

tion of weighted exposures.

Choice of sampling instruments will
probably be a compromise between several
desirable characteristics. Among these
are high efficiency, portability, reli-
ability and availability. Personal
preferences, as a result of experience,
will also determine the choice of
instruments.

Adequate notes taken during environmen-
tal studies are a must - one cannot
rely upon one’s memory after a study is
completed to provide the detailed
information necessary for the prepara-
tion of a report.

Finally, sound judgment should be
exercised both during the actual survey
and in preparing the report. Exper-
ience, conversation with others in the
field, and a thorough knowledge of the
particular operations studied will aid
in developing these qualities so impor-

vapors and mists, a sufficient number tant in the field of occupational
of samples should be collected for the health.
proper duration to enable the calcula-
Reference
1. American Standard Minimum Require-

ments for Sanitation in Places of

Employment. ASA Z4.1 Code. American

Standards Association, Inc., New

York 17, New York, 1955.
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SAMPLING FOR PARTICULATES

Introduction

The sampling and analysis of air for
particulates in work places isnot a new
problem. Probably the oldest published
statement regarding the harmfulness of
exposure to dust is one by Pliny(l) as
far back as 75 A.D. An early review of
literature on the subject was published
by Cunningham in 1873.( Since that
time there have been several other
reviews(3- in most cases the in-
struments described have become obsolete
because of the higher efficiency,
greater facility of operation, newer
collection techniques, or other advan-
tages of modernapparatus. The intensity
and frequency of analyzing air in work-
places has progressively increased in
recent years and as industry has ‘devel-
oped new processes, introduced new
chemicals, and utilized new or different
materials the need for new anddifferent
sampling methods has also developed.

Classification of Particulates

The term aerosol, comparable to hydrosol,
refers to any system of liquid droplets
or solid particles dispersed in air, of
fine enough particle size, and conse-
quent low settling velocity, to possess
considerable stability as anaerial sus-
pension. While all particulate matter
does not have to be suspended to be
harmful, those of pulmonary concern do
exist as aerosols. Harmful materials
may enter the body by ingestion with
food or by absorption through the skin,
but in many industries their most im-
portant mode of entry is by inhalation.
As a substance may enter therespiratory
tract in the form of solid particles or
liquid droplets, particulate materials
are quite often classified according to
their nature or origin as follows:

Prepared by: Glen W. Sutton

1. Liquids. Liquid particles are usu-
ally classified into a single
group such as mists but they may
be further subdivided into two
groups depending on their parti-
cle size. Then the larger parti-
cles are mists while the smaller
particles are fogs. Liquid par-
ticles are normally produced by
such processes as condensation,
atomization or by entrainment of
liquid by gases.

2. Solids. 1In the solid group are
three categonies known as dusts,
fumes and smokes. They are all
particulate matter and the dis-
tinction between them is based
on their particle size and method

of evolution.

a. Dusts. Dusts are formed from
solid organic or inorganic
materials by reducing their
size through some mechanical
process such as crushing,
drilling or grinding. Parti-
cles thus created vary insize
from the visible to the sub-
microscopic but with their
composition being the same as
the material from which they
were formed.

b, Fumes. Fumes are formed by
processes such as combustion,
sublimation or condensation
and the term is generally
applied to the metal oxides
of zinc, magnesium, iron, lead
and others. Solid organic
materials such as waxes may
form fumes by the samemethods.

c. Smokes. Smokes result from the
combustion of materials that
are organic in origin.

Since particulate matter, whether liquid
or solid, exhibits remarkably similar
behavior when air-borne, the physical
behavior of particles in inhaled air,
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and in the respiratory system should be
of much greater concern than the nature
or origin of the particulate material.
Hatch and Gross(12) state that it is of
greater interest to describe different
particulate materials in terms of their
characteristic shape, density and size
which in turn determine their settling
velocity and consequent relative sta-
bility as dispersed clouds.

Pulmonary Deposition andRetention

The physical forces operating to bring
about aerosol deposition within the
respiratory system vary with the size
of the aerosol particle and with the
velocity and time of transit of air in
the system. Experimental studies of the
extent of particle deposition in the
various parts of the respiratory system
as a function of particle size havebeen
performed by Brown, et al.(13) Landahl,
et al.( Altshuler, et al.(ls),
Dautrebande, et al.( 6), Van Wijk and
Patterson(l ), Wilson and LaMer(18
and others. Most of their data are
reasonably consistent, especially for
particle sizes above one micron.

The deposition of dusts are best under-
stood in the light of some knowledge of
the components and the functioning of
the human respiratory system. The nasal
passages and oral! opening through which
we breathe open into the trachea in
the throat which in turn leads to the
bronchi. Beginning with the trachea the
respiratory airways are composed of
progressively branching tubes of de-
creasing size and cross-sectional area.
The total cross-sectional areaincreases
with depth due to the increasing number
of these tubes, resulting in a decrease
in the velocity of the inflowing air
with depth. The branching of the tubes
distributes the air uniformly to the
many millions of minute alveoli, which
consistute the final gas exchangeunits.
Von Hayck(19 estimates the total re-
spiratory surface of the lungs at 30
square meters during expiration, and at
the most, at 100 square meters during
the deepest inspiration. He further

estimates that this area is distributed
between 300 and 400 million alveoli.

In order to evaluate potential hazards
with any degree of reliability the dep-
osition sites and the retention of the
material should be known. The initial
deposition of particles is a physical
process and can be studied in terms of
the laws governing the behavior of aer-
osols in moving air streams and still
air.

The three different forces which are of
major significance in affecting the re-
moval of particles from the inhaled air
and depositing them in the respiratory
tract are inertial, sedimentation and
diffusion. As a result of the action of
these forces, coarse particles are
trapped in the nose and a fraction of
the particles reaching thepulmonary air
spaces are deposited and the remainder
are exhaled. Hatch and Gross(12) have
summarized the differingcharacteristics
of dust trapping at various depths in
the system as follows:

1. Particles larger than 10 microns
are essentially all removed in
the nasal chamber and therefore
have little probability of pene-
trating to the lungs. Upper re-
spiratory efficiency drops off
as size decreases and becomes
essentially zero at about 1
micron.

2. The efficiency of particle removal
is high in the pulmonary air
spaces, being essentially 100%
down to a minimum at about %
micron. It then increases again
as the force of precipitation by
diffusion increases with further
reduction in size.

3. The percentage penetration of par-
ticles into the pulmonary air
spaces rises from essentially
zero at 10 microns to a maximum
at and below about 1 micron, where
it equals the fraction of tidal
air which reaches the lungs.
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4. The percentage of inhaled parti-
cles which penetrate to and are
deposited in the pulmonary air
spaces has a maximum value be-
tween 1 and 2 microns. Larger
particles are deposited in the
lungs in lesser degree because
they are trapped higher upin the
respiratory tract. Lung deposi-
tion of finer particles fallsoff
because the local efficiency of
removal decreases as size goes
down below 2 microns.

5. Below % micron the probability of
deposition in the pulmonary air
spaces rises in proportion to
the increase of the force of
precipitation by diffusion with
decreasing size.

6. The relative amount deposited and
the distribution of the collected
particles in the respiratory
system changes with breathing
frequency and tidal volume.
Upper respiratory trapping in-
creases as the rate of inspired
air flow goes up with faster
breathing frequency. The magni-
tude of deep lung deposition in-
creases with slow deep breathing
because of the larger fraction
of tidal air which reaches the
pulmonary spaces and the longer
transit time of air into and out
of the lungs.

In addition to differing collection
characteristics which determine the
initial site of deposition andthe frac-
tion deposited out of the inhaled air,
special clearance mechanisms act to re-
move foreign materials from the upper
respiratory tract and fromthe pulmonary
air spaces. These mechanisms operate
with varying degrees of efficiency and
speed against different materials and
at different sites. Particles are gen-
erally removed quickly from the upper
respiratory tract while the lung clear-
ance process may require days, weeks or
even months for substantial removal of
particles. The effectiveness of such a

clearance system is demonstrated by the
fact that large quantities of particu-
late matter do not accumulate in the
lungs over a lifetime of exposure.
McCrae(20 working with South African
gold miners discovered that the amount
of mineral dusts extracted from lungs
represented less than one percent of a
reasonable estimate of how much dust
had been inhaled.

Sampling

The reduction of exposures to dust re-
quires a means of assessing exposures.
Since the etiologies of the pneumoconi-
oses are not fully known it is not
possible to define all of the charac-
teristics of mineral dusts which con-
tribute to their toxicities or biologic
effects. All of the sampling methods
used in different parts of the world for
estimating exposures to dust are, there-
fore, empirical. None is an absolute
method yielding data from which the
hygienic significance of exposures can
be judged precisely.

Beadle(21) suggested that the objec-
tives of sampling are: (a) to provide a
basis whereby unsatisfactory or unsafe
conditions can be detected and their
sources identified, (b) to assist in
designing controls, (c) to provide a
chronicle of changes in operational
conditions, (d) to provide a basis for
correlating disease or injury with dust
exposure, (e) to verify and assess the
suppression of dust by equipment and
methods designed to do so, and finally,
(f) to document compliance with health
and safety regulations.

These could probably be summarized into
two broad objectives. One is that of
sampling for engineering surveillance,
testing, or control withthe other being
for health research or epidemiologic
purposes. Engineering applications of
sampling generally are for the purpose
of determining the sources of dustiness
and follow-ups to check the effective-
ness of control systems. A sampling
program for engineering purposes should
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be designed to yield the specific in-
formation desired. For example, one
might need only a few samplesbefore and
after a change to determine whether the
change had the desired effect.

Hygienic applications of sampling on the
other hand, may be directed at predict-
ing the health effects of an exposure
by comparing sampling results with
hygienic guides; determining compliance
with health codes or regulations; or
defining as precisely as possible envir-
onmental factors for comparison with
observed medical effects. Many samples
over a long period of time may be nec-
essary to adequately define a person’s
exposure. This latter type of sampling
may serve as the basis for the devel-
opment or refinement of the hygienic
guides.

It is obvious that before collecting
particulate samples one should be quite
clear as to the purpose for taking them
and also have some knowledge of the
physical characteristics of the material
or materials that are to be sampled.
The way a sample should be taken, the
way it should be assessed and the accu-
racy which should be achieved will all
be dependent upon the reason for taking
the sample. Also, the instrument or
method that should be utilized may be
dictated by the character of the par-
ticulate matter. Is the material a solid
or liquid? Is it soluble in or in some
way affected by the collecting medium?
Are the particles changed in any way in
either the collection or the evaluation
of the sample? Is gas, vapor, or an
organic dust present in an explosive
quantity? In brief, the instrument or
method should not change or alter the
particle in any way in the collection
or assessment process. Thus sampling
instruments and methods are individually
inadequate or inappropriate for all
situations. Conversely, each kind of
instrument may be preferred in a given
situation.

Among the variables whichshould be con-
sidered in the sampling procedure are

the rate of generation of respirable
dust, the direction of air motion with
respect to the dust source, the person
exposed, and the sampling location. The
choice of sampling location is largely
dependent upon these factors. As air
currents change, as workmen move from
place to place, individual exposures
may be quite different from the concen-
tration measured at a fixed location.
Therefore, in sampling for hygienic
purposes, it is often necessary to
collect the sample from the breathing
zone of the worker. This requires that
the sampling device be kept as close to
the workman as possible so that the air
which it captures is representative of
the air which he actually breathes.

In assessments of fluctuating dust
exposures the number, duration and
scheduling of samples is highly impor-
tant. In assessment of daily exposures,
the relative contribution of the dust
concentration determined for any par-
ticular portion or operation of a work
cycle is proportional to the fraction
of the total work cycle represented by
the operation. Each part of a work
cycle should be sampled. The "time
weighted average exposure'" is the math-
ematical summation of the products of
dust concentration and fractions of
time for each operation or activity.

Many samples over several days may be
necessary to make a time weighted expo-
sure for hygienic purposes. Frequently
the significance of exposure is judged
on the basis of too few samples of
too short duration. Ashford(22),
Hodkinson(23), and Tomlinson(24), and
others have dealth with various aspects
of this problem. Roach(25) proposed the
use of sampling times no more than 1/24
the biologic half time of a substance.
For mineral dusts with long half times
he suggests that samples be a full
working shift in duration. With many
instruments, samples of such duration
are not now practical.
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Sampling Instruments

Every conceivable method for collecting
particles from theair has beensuggested
including washing, settling, scrubbing,
filtration, impingement, Tyndall effect,
electrostatic precipitation, thermal
precipitation and recently, photometer
methods. Indeed, there are few princi-
ples of modern physics that have not
been applied to the problem of air sam-
pling in a never-ending search to find
an easier solution to the problem.

In this review only those instruments
which are used to collect samples or
air-borne particulates for analysis or
identification will be discussed. In
such a discussion it is better to deal
with instrument types rather than
specific instruments. In discussing the
performance characteristicsof a partic-
ular type it must be assumed that it is
operated at its maximum efficiency and
in accordance with the best operating
practices. The instruments have been
grouped into nine general categories
according to their physical basis of
operation. It is obvious that there may
be some overlapping of these categories.

Sedimentation

The amount of dust which settles from a
dusty atmosphere is not a good measure
of the concentration of the dust in the
air, since the air is constantly in
motion and the volume of air associated
with the settled dust is not known. A
sedimentation cell(?) thathas been used
is a modification of an instrument
described by owen.(3) A known volume of
dusty air trapped in a container is
permitted to remain undisturbed for a
period of time sufficiently long for
particles to settle on a slide. This
technique has many disadvantages. The
settling time is long, limiting the num-
ber of samples. It is a spot sampling
device and the air volume is limited.
Since dust particles are not perfect
spheres, deviations from Stokes’ law is
expected.

Filtration

The collection of samples of air-borne
dust by filtration is one of the most
common procedures used. Many different
filtering media have been used from
cloth to Gooch crucibles. The mass
efficiency of filters are generally
between 90-100%.(26) Size efficiencies
vary widely with many filters showing
appreciable genetration loss for certain
sizes. '

The use of Whatman extraction thimbles,
sometimes filled with loose packing to
reduce clogging, has been described many
times. (29, Discs of chemical grade
filter gaper mounted in suitable
holders(31+,32,33) and special pleated
filters(34) for high volume samples have
also been described

Tubes of volatile or soluble crystals
have been used as methods of dust
collection.(3+35) The efficiency of the
filter depends on factors such as
crystal size, depth of bed, etc. Dust
collected in this manner is adaptable
to chemical weight or particle size
analysis.

For high temperature sampling Alundum
and sintered glass filters are avail-
able.(35) There is less variation in
weight due to water absorption with
these than with filter paper. The
collected sample may be recovered by
brushing the inside of the thimble or
it may be treated chemically and dis-
solved in the filter.

Filters which show uniformly high
efficiencies, greater than 99%, for
mass and particles of all sizes are
limited to two types: (a) those thick
deep-bed types from which it is almost
impossible to recover the dust for
analytical purposes, or (b) those of a
high resistance membrane type, such as
the molecular filters.(36»

In addition to the high collection
efficiencies of the molecular filters
they have a high surface retention and
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can be subjected to a variety of pro-
cedures which facilitate the recovery
and analysis of the dust including par-
ticle size analysis. Methods utilizing
the light microscope are quite well
established(38) and electron microscoge
methods have been developed.(37'3 )
(See also Section B-5.)

Impactors

When a high velocity, dust-laden stream
of air strikes a flat surface at right
angles, the sudden change in direction
of air flow and momentum of the dust
particles results in the separation of
the dust from the air. The air passes
on, leaving the particles adhering to
the surface. Instrument performances,
based on this principle, have been

studied both experimentally and theo-
retically.(40’41’42)

Single and multiple stage impactors are
members of this group. Generally speak-
ing, these instruments are efficient
only for larger particles since the
momentum of the smaller particles is
not sufficient to cause them to impact
on the collecting plate.

Owens<43), May(44), and others have
described impaction instruments.

Impingers

The impinger(45’46) is an apparatus
through which air is sampled at high
velocity and impinged from a jet onto a
plate which is immersed in a liquid
medium. The dust particles are impinged
on the plate, thus losing their high
velocity, are wetted by the liquid, and
thus trapped. Any gases soluble in the
absorbent are collected also. The im-
pinger has an advantage over other sam-
pling instruments. It has been used as
the standard sampling instrument in the
United States and therefore comparisons
can be made with a vast amount of past
experience and studies.

The midget impinger is merely a smaller
version of the standard instrument.

Davies(40) compares the efficiency of
the impinger with that of other instru-
ments now in use.

A rather arbitrary distinction has been
drawn between impingement and impaction.
In impaction the particles are directed
against a dry surface (or coated with
an adhesive-like material) while in im-
pingement a liquid collecting medium is
used.

Centrifugal Separators

The centrifugal separator, as is the
impinger and impactor, is an inertial
separator. Small scale, high velocity
cyclones, have been ?rogosed asair sam-
pling instruments.(47,43,49) The Spiral
Sampler(50 and the Conifuge(51 are
other applications of the basic theory

of centrifugal separations.

The dust-laden air stream enters a cone
tangentially at the widest point and
spirals down to the vortex where it is
removed. The dust particles are col-
lected against the side by centrifugal
force plus the fact that the radical
acceleration is greater than the ter-
minal accelerator due to gravity.

In the spiral sampler the dust-laden
air stream is drawn through a channel
of decreasing width which is curved in
an Archimedes spiral. The particles are
deposited on the side in order of their
decreasing size.

Spray Techniques

The Venturi Scrubber(52) js a device
based on the introduction of a water
spray by a nozzle intoa Venturi through
which the dust-laden air passes at high
velocity. The dust and fume particles
are wetted by the water spray and the
droplets of water containing the dust
particles are collected by means of a
cyclone or other device. This effec-
tively extends the efficiency of the
cyclone separator to much smal ler par-
ticles. Samples collected by this means
are satisfactory for particle size,
chemical, or weight analysis.
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Electrostatic Precipitation

The electrostatic precipitator(53’54)
used for air sampling is a modification
of the Cottrell Precipitatnr.( 5) Elec-
trostatic dust samplers have three
general electrode configurations -
concentric, parallel and point toplane.

‘Basically, they consist of an electrode

which is maintained at either a positive
or negative potential of about 12,000 -
16,000 volts and a collectingelectrode.
A very intense electric field, causing
a corona discharge between the elec-
trodes, is produced. Dust particles
subjected to this discharge become
highly charged and are attracted to the
collecting electrode where they are
deposited.

The effect of this electric field is
such that even at relatively high air
flows an efficiency of nearly 100 per-
cent for all sizes of particles can be
expected. Many investigators have sug-
gested modifications and new designs
for both the high volta%egmwerpack and
the precipitator head. 56,57) Due to
its high efficiency(ss) and the large
sample which can be taken, this instru-
ment is widely used.

Factors which should not be overlooked
when using anelectrostatic precipitator
are the possibility of producing explo-
sions when certain gases and vapors are
present, and its production of ozone.

Thermal Precipitators

The thermal precipitator, developed in
England, is based on the principle that
a dust-free area exists around a hot
wire. (359, Certain instruments of
this general type are considered the
standard for particle size sampling.
For particles belowSmicrons aerodynamic
size there is evidence ofuniformly high
efficiency.(61’ Particles can be
deposited either directly onto cover
slips or directly onto electron micro-
scope grids. A very low flow rate is
maintained resulting in deposition of
particles in their air-borne state of

agglomeration. An instrument with an
oscillating stage orheating element(63)
has been developed to counteract the
tendency toward particle size delinea-
tion. Analyzing across the deposit in
the direction of air flow will obviate
this problem.

Thermal precipitation instruments, in-
cluding their power supply and air
movers, have been relatively large
units. There are now available compact
self-contained units, completely port-
able and capable of operating for eight
hours. (

Elutriators

Elutriators are quite similar to iner-
tial separators in theory bhut they
operate at normal gravitational condi-
tions.(05) Their design is characterized
as either '"vertical" or "horizontal."
If air moves with laminar flow along a
horizontal channel, the trajectory of
air-borne particles depends upon a com-
bination of forces. The particles of
greatest mass tend to cross streamlines
and settle quite promptly dueto gravity
while the smaller particles are kept
air-borne by the resistance forces of
the air for longer times and distances.

To minimize disturbance at the entrance,
insure laminar flow alongthe elutriator
channel, and avoid risk of redispersion
of deposited dust, certain rules of
elutriator design should be followed.
Hamilton and Walter(66) discussed the
important requirements in the construc-
tion of elutriators.

Although important requirements in the
construction of elutriators must be met
the design and operation of elutriators
is ordinarily simple. As thedistinction
between that which is keptair-borne and
that which settles can be altered above
approximately one micron the elutriator
can. serve as a selective dust sampler.

Respirable Dust Sampling

Sampling for atmospheric particulates
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presents problems which are quite
different from thoseencountered in sam-
pling for gases. Gases, when inhaled,
can penetrate all portions of the pul-
monary system while thesize and density
of particles influences the site in the
pulmonary system at which they will be
deposited. In the air passages the par-
ticles settle out as they would if pass-
ing through anelutriator. All particles
which settle rapidly are removed to-
gether with a large proportion of those
with a slightly slower settling rate,
and so on. The proportion reaching the
lungs increasing as the settling rate
decreases.

The effects produced by particles
trapped in the upper respiratory tract
may be quite different than those de-
posited deeper in the pulmonary system.
Therefore size selective sampling is
generating increased interest. The gen-
eral approach of .sampling for particu-
lates that can penetrate to, and be
deposited in the lungs has become known
as sampling for the "respirable frac-
tion" of the air-borne particulate. The
term "respirable fraction" has been
applied to the fraction of the dust
respired that reaches the lung, not the
fraction of the air-borne dust that is
literally respirable. Selective sam-
pling, a term that is also used, is less
descriptive as far as evaluation of a
hazard is concerned. Morrow ) points
out that when using the term "selective
sampling" to simulate deposition in the
respiratory tract, it should be clearly
stated whether the total respiratory
tract (TRT), upper respiratory tract
(URT), lower respiratory tract (LRT) or
some other subdivision is being simulated.

The appropriate size limits to define
the respirable fraction have been the
subject of a number of investiga-
tions. (13, In all cases the size of
a dust particle is defined by means of
its terminal falling velocity in air,
which is related to that of a spherical
particle of unit density.’

The result of the various investigations

into the size of respirable dust were
considered at an international confer-
ence held at Johannesburg(21) in 1959.
At that conference it wasconcluded that
in the light of the present available
evidence, the best single parameter to
measure in case of coal dust isthe mass
concentration of respirable dust, and
in the case of quartz dust, the surface
area of the respirable dust. The re-
spirable fraction was then defined by a
sampling efficiency curve which depends
on the falling velocity of the particles
and which passes through the following
points:

100% efficiency at 1 micron and below
50% efficiency at 5.microns
0% efficiency at 7 microns andabove

All sizesrefer to'"equivalent diameters"
which is. defined as the diameter of a
spherical particle of unit density hav-
ing the same falling velocity in air as
the particle in question.

There is no difficulty in adopting a
sampling program which follows these
recommendations. Long term sampling
instruments which sample only the re-
spirable fraction as defined by the
Johannesburg curve are available and
have been used for some years inBritain.

Work in developing such instruments
started as far back as 1942. Morrow(
reports that Professor J. H. Goddum at
Porton first used a selective sampler,
In the same year, Bedford and Warner(68)
recommended that the standard of permis-
sible dustiness be based onmass concen-
trations of coal dust due to particles
equal to, or less than, 5§ microns in
diameter. About 1948, Watson was exper-
imenting with vertical elutriation in
combination with a thermal grecipitator
and a gravimetric sampler.( 9) In South
Africa, Kitto and Beadle(70) were mod-
ifying their thermal precipitator with
a horizontal elutriator to discriminate
against larger particles. The Medical
Research Council psnels inGreat Britain
in the early 1950’s established the
following principles:
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1. Selective sampling should be
defined in terms of the terminal

velocity of particles, not on the
basis of their approximate size.

2. A sharp size selective cutoff was
not technically feasible nor de-
sirable.

3. A selection curve basedon the hor-
izontal elutriator designed by
Hamilton and Walton was adopted
as a working standard.

May and Druett(72) described their
pre-impinger in 1953. The same year
Watson 69% discussed the design of a
two stage sampling instrument which
would separate the larger from the
smaller garticles. The following year
Wright(7 ) described the design of the
Hexhlet elutriator as a selective sam-
pler. The Hexhlet selective sampler
collected all particles above 7 microns
equivalent diameter, 50% of the 5§
microns, and permitted the passage of
all particles below 1 micron. All of
the escaping particles were collected
by a filter thimble.

Dawes and co-workers(74) discussed in
1954 the general philosophy of selective
sampling and the design and performance
of a long-term selective sampler based
on a vertical elutriator as a single
stage sampler. Dusty air was pulled
through a horizontal mounted filter such
that the upward linear velocity of air
entering the filter was equivalent to
the settling velocity of a 6.25-micron
equivalent sphere. Particles exceeding
this equivalent size would fall at a
greater velocity and be eliminated.

Two other selective sampling instruments
were regorted in 1956 by Burdekin and
Dawes(75) and by Hamilton( using a
gravity settling stage followed by a
thermal precipitator.

In the United States selective sampling
efforts began in the early '50's.
Burnet and Hatch(77) described some of
the criteria for a respiratory sampler

designed to estimate radioactive parti-
cle hazards. Tests with the Aerotec
Tube Design 2 Cyclone(78)indicated that
it could collect a sample corresponding
to upper respiratory tract deposition
of Brown et al.

Selective samplers were investigated by
the Mine Safety Appliances Company in
1954(79) in which they reported on the
feasibility of collecting and classify-
ing radioactive dusts by thistechnique.

As a result of this early work, sampling
devices designed to reject particles
too large to penetrate to the deeper
portions of the lung, or to collect
these larger particles in a presampler,
with the respirable portion collected
separately for weighing or analysis
have been developed.

Samplers capable of operating contin-
uously during a shift, collecting a
sample of sufficient size for weighing
and analysis, and collecting a sample
based on the equivalent diameter of a
particle, are represented by three
groups of instruments as follows:

1. Cyclones. A familx of size selec-
tive samplers(8 ) has been de-
veloped by the Health and Safety
Laboratory, U. S. Atomic Energy
Commission, New York. These sam-
plers are used for measuring the
respirable and non-respirable
air-borne dust in theuranium and
beryllium industries. They range
in capacity fromless thana liter
per minute to 40 cubic feet per
minute. The non-respirable frac-
tion is first separated by means
of a cyclone and the respirable
fraction iscollected on a filter.
The cut-off differs from that
recommended by the Johannesburg
Conference and is as follows:

100% respirable at 2 microns
75% respirable at 2.5 microns
50% respirable at 3.5 microns
25% respirable at 5 microns

0% respirable at 10 microns
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The size of the particles are
given in equivalent diameters.

2. Hexhlet. This sampler was designed
" in accordance with the recommen-
dations of the Medical Research
Council of Great Britain and was
first described by Wright.(73)
The early instruments sampled at
100 liters per minute but this
was later reduced to 50 liters
per minute. The non-respirable
fraction is first separated by
means of a horizontal elutriator
and the respirable fraction col-
lected on a filter. The cut-off
is the same as that which was
later recommended at Johannesburg.

3. Conicycle. The Conicycle(81), also
developed by the MRC, is entirely
self-contained; power fordriving
its rotating head being supplied
by batteries, which can be re-
charged. The sampling rate is
10 liters per minute with some
having a lower rate of 8 liters
per minute,

The instrument is fitted with a
sampling head whichperforms four
functions: (a) it pumps air
through itself, (b) it rejects
particles above a predetermined
equivalent diameter, (c) it re-
tains particles entering thesam-
pler, and (d) it allows the finer
particles to pass through to an
extent inversely proportional to
their equivalent diameters.

In the current model of this in-
strument, the upper cut-off is
identical to that of the Hexhlet.

Aerosol Concentration

The concentration of air-borne partic-
ulate matter can be expressed in any
number of ways. It has been customary
in the United States to report mineral
dust concentrations in terms of numbers
of particles per unit of air volume.
Other parameters used are the mass, or

surface area per unit of air volume. By
fractioning the total sample into a
series of narrow size bands thematerial
in each fraction can be reported in
terms of any parameter.

The composition of the fine dust which
can reach the lungs is not necessarily
the same as that of the total air-borne
dust. The samples yielded by size
selective samplers, which simulate the
deposition characteristics of the lower
pulmonary system, will be of great
value in studies of dust composition.

Hatch and Gross(12) summarized the
problem very well when they stated
"there is no firm and final answer to
the question: how best to collect aero-
sol samples and how to express aerosol
concentration and composition. Indeed,
there is no one best procedure sincethe
nature of the relationship between the
inhaled aerosols and the disease risk,
which is mediated in large measure by
the behavior of the particles in the
respiratory system,differs so much from
one disease to another. It seems clear
that the relatively simple sampling
procedures and analytical methods which
were employed successfully in dealing
with the relatively gross hazards of the
past cannot be depended on to fully
meet the needs of the future."

Summary

The control of exposures to particu-
lates requires a means of assessing
concentrations. Methods which are used
are empirical and results yielded by
one method cannot be compared directly
with those yielded by another. Each
kind of instrument has the possibility
of being preferred in a given situation,
but no one instrument has all the fea-
tures that might be desired in an ideal
instrument.

Particulate matter should be described
in terms of its characteristic ranges
in particle shape, density and size
which determine its consequent relative
stability in the respiratory system
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rather than on the nature or origin of
this material.

Sampling may be undertaken for two dis-
tinct reasons; for control purposes
or for health studies. The objective
should be kept in mind while planning
and carrying out the study.

The respiratory system is selective in
the acceptance and deposition of par-
ticles, generally only the smaller
particles move with the air stream and
settle very slowly. As concentrations
vary withtime and location timeweighted
average exposures should be calculated
with the samples being representative
of the breathing zone.
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