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Foreword

Congressional interest in work-related disease and injury led to the passage of the
Occupational Safety and Health Act in 1970. The Occupational Safety and Health Admin-
istration and the National Institute for Occupational Safety and Health were created
to administer that Act, which stated an ambitious goal: “to assure so far as possible
every working man and woman in the Nation safe and healthful working conditions. ”

This report responds to a request from the Chairman of the House Committee on
Energy and Commerce and a supporting letter from the Chairman of the Senate Com-
mittee on Labor and Human Resources. In this report, OTA examines three main topics:
identification of occupational hazards, including the available data on injuries and ill-
nesses; development of control technologies for reducing or eliminating workplace haz-
ards; and the incentives and imperatives that influence decisions to control hazards.

Workers, employers, health and safety professionals, and government officials have
all contributed to progress in this field. But improvements can still be made. More con-
certed effort and better use of existing methods would enhance hazard identification.
Further research could improve health and safety control technologies and contribute
to their incorporation in U.S. workplaces. Employers’ decisions to control hazards might
be fostered by changing the incentives and imperatives that affect those decisions.

In preparing this report, OTA staff drew upon the expertise of members of the assess-
ment advisory panel and contractors, as well as other experts in the field of occupa-
tional health and safety. Contractors’ reports are available from the National Techni-
cal Information Service. In some cases, contractors’ opinions and viewpoints differ from
those in this report. Drafts of the final report were reviewed by the advisory panel,
chaired by Dr. Morton Corn; executive branch agencies, congressional staff, and other
knowledgeable individuals and groups. We are grateful for their assistance. Key OTA
staff involved in this assessment were Michael Gough, Karl Kronebusch, Hellen Gel-
band, Gwenn Sewell, and Beth Bergman. Denny Dobbin worked on this report while
on detail from the National Institute for Occupational Safety and Health.

JOHN H. GIBBONS

Director
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Summary and Options

Occupational hazards are not spread evenly:
Some workplaces, such as banks and offices, have
few hazards; manufacturing is more dangerous;
and mining and construction are comparatively
the most hazardous, Certain hazards—some chem-
icals and forms of radiation—are concentrated in
particular places of work; others—powerful ma-
chines and fast-moving machinery—are found
predominantly in manufacturing and construc-
tion. Each uncontrolled hazard is an opportunity
for preventing illness or injury.

The exact numbers of workplace-related deaths
and injuries are disputed, but OTA estimates that
there are about 6,000 deaths annually—about 25
per working day—due to injuries. Depending on
how injuries are counted, between 2.5 million and
11.3 million nonfatal occupational injuries occur
each year. Each working day there are about
10,000 injuries that result in lost work time and
about 45,000 that result in restricted activity or
require medical attention. There is so little agree-
ment about the number of workplace-related ill-
nesses that OTA does not take a position on the
controversy about the “correct” number. Most
deaths and injuries occur one at a time or in small
numbers in the Nation’s more than 4.5 million
workplaces.

OTA finds that controls for health and safety
are often developed for specific workplaces and
not disseminated to others. This results in duplica-
tion of effort as employers faced with the same
or similar problems are unaware of successful con-
trols and thus do their own research and devel-
opment. As well as being economically inefficient,
the unshared knowledge about controls may con-
tribute to injuries and deaths.

Occupational hazards accompanied the indus-
trial development of the Nation. In the 19th cen-
tury, for instance, advances in manufacturing and
transportation exposed workers to new hazards,
including boilers, train couplings, and powered
saws, Scaldings, burns, missing fingers, hands,
and arms, and other injuries were the unplanned
consequences of work.

Because the relationship between these hazards
and injuries is usually immediate and direct, rec-
ognition of the hazards is relatively straightfor-
ward. The connection between occupational haz-
ards and illness is more difficult to pin down.
Although a number of skin and respiratory dis-
eases and some kinds of poisoning caused by
metals are definitely associated with work,
deciding whether other illnesses stem from
workplace exposures is difficult.

This century has seen some examination of the
role of the workplace in injury, illness, and death.
Motor vehicles used in work are involved in thou-
sands of accidents, resulting in many injuries and
deaths. Construction remains a relatively danger-
ous trade: Powerful earth-moving and erection
machines, high scaffolding, and falling objects are
hazards continually faced by construction work-
ers. Painful and sometimes incapacitating re-
petitive-motion disorders are associated with
assembly-line work. Chronic diseases, respiratory
conditions, and cancers have been linked with ex-
posures to hazards in a variety of workplaces.

The control of workplace health and safety
hazards can be divided into three steps. hazard
identification, development of controls, and the
decision to control, The first two steps are largely
technical and require specialists. The third step
involves generalists, managers, and employers,
and may actually occur before hazards are fully
identified and controls are developed.

The control of illnesses and injuries is not the
sole purview of any particular sector of society.
Employers and employers’ associations, workers
and trade unions, universities, and the Federal and
State governments have initiated research directed
at identifying and controlling hazards, and all
have participated in decisions to control dangers
that have been identified. Federal involvement has
increased over the years, and in 1970 Congress
mandated a direct Federal role in all aspects of
occupational safety and health, including the set-
ting of mandatory nationwide standards for safe
and healthful workplaces.
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The Chairman of the House Committee on
Energy and Commerce requested that the Office
of Technology Assessment undertake a study of
technologies to control occupational illnesses and
injuries. Both his letter and a supporting letter
from the Chairman of the Senate Committee on
Labor and Human Resources, called for a broad-
based study. In addition to requesting examina-
tion of the general subject of control technologies,
the chairmen asked for evaluation of the avail-
able data and systems for collecting data about
work-related deaths, injuries, and illnesses; anal-
ysis of incentives and imperatives that influence
the decision to control hazards; and a discussion
of the opportunities for bettering occupational
health and safety as the country enters a period
of reindustrialization. Because of the many roles
given to Federal agencies by the Occupational
Safety and Health (OSH) Act, the activities of the
Federal Government are important to understand-
ing developments and problems in designing, de-
veloping, and disseminating control technologies,
in collecting and analyzing data concerning oc-
cupational health and safety, and in providing
incentives and imperatives for the adoption of
controls.

The report is organized in five parts:

* This chapter summarizes the findings of the
report and presents the options for improving

FINDINGS

Occupationally Associated Deaths,
Injuries, and llinesses

Currently available data are sufficiently ac-
curate and comprehensive to describe the approx-
imate number of occupational injuries and deaths
due to such injuries, although these data are still
limited and, in particular, offer little guidance for
prevention. Data about occupational illnesses are
far less accurate and comprehensive.

Deaths

The National Safety Council (NSC, a private
organization) and the U.S. Bureau of Labor Sta-
tistics (BLS) of the Department of Labor compile

occupational health and safety that have been
developed during this assessment.

* Chapters 2, 3, and 4 describe the data avail-
able on workplace deaths, injuries, and ill-
nesses and discuss methods for identifying
health and safety hazards.

* Chapters 5 through 10 consider various con-
trol technologies and current efforts to train
and educate employers, managers, employ-
ees, and health and safety professionals.

* Chapters 11 through 16 discuss the factors
that are involved in the decision to control
hazards. They review the activities of Fed-
eral agencies, the role of economic analysis
in decisionmaking, the influence of various
incentives and imperatives on decisionmak-
ing, and the opportunities for installing con-
trols during a period of reindustrialization.

* Chapter 17 looks at opportunities for pre-
venting occupational injury and illness in the
future.

(The contractors’ reports and OTA working
papers prepared for this assessment are available
through the National Technical Information Serv-
ice of the U.S. Department of Commerce. )

data about occupationally related deaths. The
most reliable estimates are derived from the BLS
Annual Survey, although the survey data do not
include the Nation’s entire work force. OTAs ad-
justment of the BLS figures yields an estimate of
about 6,000 deaths annually from occupational
injuries, or about 25 deaths each working day.
Occupational fatalities usually occur as isolated
events that kill only one or, at most, a few work-
ers and attract little publicity.

Currently collected data can be used to iden-
tify the most hazardous industries and the types
of accidents that most commonly result in death.
The most dangerous industry is mining, which
had 44 fatalities per 100,000 full-time workers in
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1982. It was followed by the construction, agri-
culture, and transportation industries (29, 28, and
22 fatalities per 100,000 workers, respectively).
Falling below the all-industry average of 7.4 per
100,000 are manufacturing, wholesale and retail
trade, and the service industries, all of which had
about 4 fatalities per 100,000 workers. The fi-
nance, insurance, and real estate industries had
the lowest rate of about 2 fatalities per 100,000
workers.

BLS data show that about half of the fatal oc-
cupational injuries involve motor vehicles, off-
the-road industrial vehicles, and falls. Comple-
menting those findings, an examination of every
on-the-job fatality in the State of Maryland dur-
ing 1 year found that transportation vehicles, non-
road vehicles, and gunshots were the leading
causes of fatal injuries. Truck drivers were the
most frequent victims of transportation vehicle
accidents; most gunshot deaths occurred during
holdups.

Injuries

The OSH Act requires employers to keep rec-
ords of: 1) injuries that caused 1 day or more’s
absence from work or “restricted activity” at
work, and 2) injuries that required medical atten-
tion but caused less than a day of missed work.
BLS estimates that in 1983 there were 2.1 million
“lost-workday” injuries and 2.6 million “ medical
treatment” injuries in the private sector, which
covers about three-fourths of the work force. In-
juries to Federal, State, and local government em-
ployees may add another 0.4 million lost work-
day injuries and 0.5 million medical treatment
cases. Adding those numbers, there were approx-
imately 5.6 million occupationally related injuries.
The National Center for Health Statistics (NCHS),
which uses different definitions for injuries and
prepares estimates for the entire work force, esti-
mates a total of 11.3 million occupationally re-
lated injuries in 1981.

BLS and NCHS have separately estimated that
workplace-related injuries lead to the loss of, re-
spectively, 36.4 million and 60 million to 70 mil-
lion days of work annually. Projections from
NCHS data are that workers spend about 44 mil-
lion days in bed because of disability and have
over 200 million days of restricted activity. The

NSC has estimated that for 1980 the total costs
of work injuries amounted to $30.2 billion.

The leading types of disabling, nonfatal injuries
are overexertions (largely injuries to the back),
which occur in many industries. Injuries in man-
ufacturing and construction often involve mov-
ing machinery and falls.

IlInesses

Three factors generally contribute to incomplete
recording of occupational illnesses: 1 ) many oc-
cupational diseases are indistinguishable from
nonoccupational illnesses, 2) the occupational
causes of diseases are often not recognized by
employers and employees, and 3) diseases with
long latencies often occur after employment or ex-
posure has ceased. Thus the BLS Annual Survey
estimate of 106,000 such illnesses in 1983 consists
mostly of diseases, such as acute dermatitis, that
are easily diagnosed and readily connected with
workplace exposures. Serious diseases—respira-
tory and necrologic disorders and cancers—are
not generally captured in the BLS records of
workplace-related illnesses.

Arguments about the number of occupationally
related diseases may obscure the important fact
that occupational illness is preventable. For in-
stance, a decade-long debate about the number
of occupational cancers has been resolved to most
people's satisfaction, and it is generally accepted
that occupational cancers represent something like
5 percent (20,000 annual deaths) or less of all can-
cer deaths. The more important considerations are
that workers in some industries have borne and
still bear a disproportionate amount of risk and
that, once causes of occupational disease are iden-
tified, controls can be adopted to reduce risks.

Some Caveats on Awvailable Data

Accurate data are necessary to know the mag-
nitude of the workplace health and safety prob-
lem, to target prevention programs, and to assess
the progress in controlling illnesses and injuries.
Many factors other than control programs, how-
ever, can influence the number of illnesses and
injuries. For instance, it has been known for some
time that injury rates fall during periods of high
unemployment because younger, less skilled work-
ers are laid off first and there is more time for
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maintenance of plant and machinery. OTA finds
that the slowdown in business activity between
1980 and 1983 was the most important factor in
the decrease in injury rates during that period.
Moreover, national injury rates are related to the
level of business activity, going up as business ex-
pands, down as it contracts. The Occupational
Safety and Health Administration (OSHA), on
the other hand, points to these declines as a meas-
ure of the success of its new programs that empha-
size a cooperative approach between the agency
and employers.

Over the last decade the identification and con-
trol of health hazards, especially of substances sus-
pected of causing cancer, has received much at-
tention. Yet the available data about workplace
diseases, even if accurate, would not yet reveal
any effects from a recent reduction in exposures
to carcinogens, Given the long time between ex-
posure to cancer-causing substances and devel-
opment of the disease, years or decades may pass
before cancer rates are affected. An even greater
problem in relying on figures in this area, how-
ever, is the inaccuracy of occupational illness
data. In 1981, only 234 occupational cancers were
reported to workers’ compensation systems in 29
States, which contain about half the Nation’s
work force. That number can be compared to the
4,000 to 12,000 cancers that are estimated to oc-
cur from asbestos exposure alone.

Identification of Occupational Hazards

Health

Toxicology, occupational medicine, and epi-
demiology provide the means for identifying the
chemical, physical, or biological causes of occupa-
tional illnesses. Identifying an association or pos-
sible association between an exposure and disease
often ignites a dispute. Employers, who have in-
vestments to protect and are perhaps reluctant to
accept the idea that employees have been harmed,
will require more evidence than workers seeking
an explanation for disease among them. It is clear
from these controversies that the results of toxico-
logic texts often lead to further study rather than
efforts to control a hazard; that physicians’ reports
of associations, depending on the disease and ex-
posure, may or may not be accepted as convinc-

ing; and that epidemiologic evidence linking ex-
posures and disease is most convincing.

The traditional role of toxicology has been to
provide information about the mechanisms of dis-
ease causation. Especially since the late 1960s,
however, toxicology has been used to investigate
chemicals in an attempt to predict their effectsin
humans. The bulk of the effort has been directed
toward identifying chemical carcinogens, but
some attention is now being directed toward
necrologic and reproductive health hazards.

Physicians, both those who specialize in oc-
cupational medicine and those in private practice,
have identified many health hazards. As an ex-
ample, reports of asbestos-associated lung can-
cer cases in the 1930s were an early clue about
that occupational hazard. More recently, a phy-
sician noticed an excess of liver cancers in vinyl
chloride workers. His observation led to a very
successful effort to reduce exposures to that sub-
stance. Importantly, physicians speak to work-
ers, and it is workers who are often the first to
be aware of hazards.

Epidemiology, the systematic investigation of
possible associations between exposures and dis-
eases, has confirmed important suspicions about
work-related illnesses. The now universally ac-
knowledged case against asbestos, for example,
rests on epidemiologic studies. Positive epidemio-
logic results showing that an exposure is associ-
ated with a disease are the most convincing evi-
dence of a substances toxic effect. Unfortunately,
the power of epidemiology to detect small risks
is limited, and evidence obtained from toxicology
that a substance is toxic can often be neither con-
firmed nor denied by epidemiologic studies.

The National Institute for Occupational Safety
and Health (NIOSH) conducts various epidemio-
logic investigations and also makes Health Haz-
ard Evaluations (HHESs), short-term studies con-
ducted in response to private and public sector
employee or employer requests. HHEs are de-
signed to “determine the toxic effects of chemical,
biological, or physical agents . . . in the work-
place through medical, epidemiologic, and indus-
trial hygiene investigations.” HHEs, which be-
come public reports, have identified and verified
the workplace origins of some illnesses.
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Information that could be useful for generat-
ing and examining hypotheses about relations be-
tween exposures and health effects is currently col-
lected by some industries, but it is not clear that
the data are often analyzed and the conclusions
used to decide upon controls. Even data collected
by the Federal Government are not used as much
as they could be. Useful data are collected by dif-
ferent agencies, but concerns about individual
privacy have restricted linking data from different
sources. Although several committees of govern-
ment scientists have explored ways to remove the
restrictions, little has been done.

Safety

The idea that “ unsafe workers’ are a major con-
tributor to injuries has hampered efforts in injury
prevention. In the 1920s, a researcher concluded
that nearly 90 percent of injuries were due to
workers’ “unsafe acts” and 10 percent to “unsafe
conditions. ” Although this ratio of “unsafe acts”
to “unsafe conditions” is often referred to, it is
not supported by other research. Unfortunately,
efforts are still made to separate injury causes into
“unsafe acts” and “unsafe conditions, ” while
neglecting the often complex interactions between
workers and machines that can lead to injuries.
Additional efforts to apply epidemiologic tech-
niques to injury analysis should be encouraged.

Technologies to Control Hazards

A generalized model of occupational injury and
illness is derived from the public health model of
infectious disease transmission. The model has
three parts: sources of hazard, transmission of the
hazard, and workers. Methods for controlling
workplace illnesses and injuries are intuitively
simple. Health and safety professionals generally
follow a “hierarchy of controls” approach that is
related to this general model:

* first, containing the hazard—whether it is a
substance or some physical, electrical, or me-
chanical energy —at its source;

e second, interfering with transmission of the
hazard to the worker; and

® third, providing the worker with protective
clothing and equipment.

The first two types of controls, controlling at the
source and controlling transmission, are com-
monly called “engineering controls. ”

Controlling Health Hazards

Control at the source can be accomplished by
design or modification of process or equipment
or by substitution of less hazardous materials.
This approach offers the greatest opportunist y for
prevention, especially when incorporated in the
initial installation of equipment into a plant. For
example, redesigned dry-cleaning equipment elim-
inates the need for someone to transfer chemically
treated clothes from one machine to another and
thus prevents worker exposure to that particular
chemical. Similarly, the wvery successful control
of vinyl chloride exposures involved process
changes that reduced the number of times work-
ers’ had to clean reaction vessels, thus lowering
exposures during maintenance operations. An il-
lustration of control by substitution is the use of
steel shot instead of sand in abrasive blasting oper-
ations. This eliminates worker exposure to silica
dust, which can lead to silicosis.

Ventilation is the method most often used to
control transmission of health hazards. Local ex-
haust ventilation uses an air stream to remove
contaminants from work areas. Familiar examples
of this include laboratory fume hoods and the
local exhausts above many kitchen ranges. Simi-
lar devices are installed for many types of work-
place hazards. General dilution ventilation re-
duces worker exposure by supplying “fresh” air
to the workplace and usually involves the heat-
ing/air-conditioning systems of a plant. These sys-
tems can be modified to increase the amount of
airflow and thus dilute airborne hazards. Recent
changes in building ventilation aimed at con-
serving energy use air recirculation techniques.
If not done properly, some of these altered sys-
tems may increase worker exposures.

Other ways to control transmission include iso-
lating the source and preventing toxic materials
from becoming airborne. Worker exposures to as-
bestos and cotton textile dust were reduced by
enclosing dusty carding machines. More gener-
ally, automating processes and locating equipment



8 Preventing lllness and Injury in the Workplace

in rooms or buildings away from workers reduces
exposures. A common technique for preventing
dust from becoming airborne is to spray water
on the material.

Finally, control at the worker may include ad-
ministrative procedures, work practices, and the
use of personal protective equipment. Adminis-
trative procedures include worker rotation among
jobs to reduce the number of people exposed full-
time, as well as the scheduling of jobs and proc-
esses that generate hazards at times when few
workers are present. Work practices are simply
job procedures and methods that are designed to
reduce hazards. Personal protective equipment,
such as hard hats and respirators, are described
in more detail below.

Controlling Injury Hazards

Workplace injuries generally involve transfers
of energy, and thus controlling them could be ap-
proached as a task of preventing the transmission
of energy. For example, mechanical energy can
be transmitted to stationary workers by falling
objects, such as bricks on a construction site. Con-
trols could involve securing the bricks so they do
not fall, setting up overhead barriers to prevent
any falling bricks from striking workers, and
issuing hard hats to the workers.

However, the terminology, analytical methods,
and procedures of safety professionals have usu-
ally differed from those used in controlling health
hazards. Safety engineers have tended to use
codes, standards, and models of “good practice”
that are oriented around particular topics: fire pre-
vention, electrical safety, machinery design, plant
layout, etc.

Recommended “good practice” often involves
common sense and the personal experience of
safety engineers, with relatively little scientific
analysis, systematic data collection, epidemiol-
ogy, or experimental research. In addition, as
mentioned, the view that many or most injuries
are due to so-called unsafe acts has interfered with
the incorporation of injury controls into the de-
sign of plant and equipment.

Nevertheless, injury prevention can be incor-
porated into the design of workplaces. Controls
can be introduced to prevent electrical shocks,

falling objects, the collapse of buildings and
trenchs, and workers falling or being crushed by
machinery and equipment.

Manufacturing involves the application of
energy to materials to shape them into usable
products. Woodworking, hot metalworking, and
cold metalworking are three processes with sig-
nificant hazards. A number of traditional control
techniques are available to reduce these hazards.
These include the installation of guards to pre-
vent hands and fingers from getting caught in ma-
chinery and material from flying out and strik-
ing workers. Machinery and processes can also
be redesigned to minimize the need for workers
to place their arms or legs near moving machin-
ery parts. Interlocks and two-hand controls are
available to prevent machine operation when
guards have been removed or when a worker’s
hands are inside the machine. Finally, personal
protective equipment, such as face shields and
goggles, are available to reduce the risk of injury
from flying objects.

Fires and explosions cause deaths and injuries
as well as large economic losses. For both those
reasons, efforts to prevent them have resulted in
careful attention to good plant design, control of
the ignition sources of fires, installation of warn-
ing alarms and systems to extinguish fires at early
stages, and plans for quick evacuation of burn-
ing buildings.

Finally, employers often set up formal injury
prevention programs. Because management has
the primary responsibility for prevention of work-
related injury and illness, a successful program
must start with a strong commitment from man-
agement. The stronger the commitment at the top,
the greater the likelihood of success. Typical man-
agement efforts to prevent work-related injury in-
clude establishing company policies, incorporat-
ing injury prevention into plant design, carefully
investigating reported injuries to identify hazards,
keeping accurate and comprehensive records,
placing workers in appropriate jobs, and conduct-
ing safet training for workers and supervisors.

Personal Protective Equipment

Hard hats, safety shoes, and protective eyewear
are examples of personal protective equipment.
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In many cases, especially construction, there are
no practical engineering substitutes for such de-
vices. Respirators and hearing protectors guard
against hazardous dusts, fumes, vapors, and loud
noises.

Obviously, personal protective devices must be
worn to be effective, and their successful use re-
quires both that equipment and instruction be
made available and that use be properly super-
vised. There is evidence that safety equipment,
such as hard hats and safety toe shoes, is worn
when required by employers. Because of the clear
connection between those devices and injury pre-
vention, it is reasonably easy to argue that safety
equipment will provide immediate benefits. On
the other hand, the value of wearing a respirator
to protect against a disease that may not mani-
fest itself for several years or a few decades may
not be as immediately clear. In addition, most
respirators and hearing protectors are uncomfor-
table and hamper communication, and respirators
make breathing more labored. Finally, there is a
body of engineering knowledge that can be ap-
plied to reducing or eliminating the need to use
respirators and hearing protectors.

Unlike engineering controls that are often tai-
lored to a particular workplace, personal protec-
tive equipment is manufactured and sold for use
at many diverse sites. Some Federal regulations
require the use of personal protective equipment.
There are, however, no Federal standards for its
performance (with the exception of respirators);
instead, the Government relies on manufacturers
to produce and sell equipment that meets stand-
ards adopted by voluntary standards organiza-
tions, The American National Standards Institute
(ANSI) is the source of most such standards.

In the mid-1970s, NIOSH purchased samples
of personal protective equipment and tested them
against ANSI standards. Many items failed. For
instance, the lenses on 11 of 24 models of a type
of protective eyewear splintered or shattered when
subjected to the ANSI test for impact resistance;
only 4 of 19 models of hard hats passed all the
ANSI-specified tests. These results are especially
discouraging because the employer who purchases
the equipment and the workers who depend on
it must rely on the manufacturer to produce a
good product.

The standards, often not met, are themselves
limited. Plastic lenses are tested for resistance to
penetration, whereas glass lenses are not; NIOSH
commented that it would expect most glass lenses
to fail the test if it were required. Similarly, hard
hats are tested for resistance only to vertical im-
pacts. No tests are required for off-center impacts.

The only type of personal protective equipment
that is tested and certified by the Federal Gov-
ernment is respirators. NIOSH certifies respirators
using laboratory test methods that, in some cases,
were developed years ago. Efforts to update the
certification requirements have progressed slowly
and may take years to complete.

The few tests carried out in the workplace under
conditions of normal use show that respirators
often do not provide the level of protection ex-
pected from the laboratory measurements. The
poorer performance may be due to inappropriate
use or maintenance or overestimation of perform-
ance based on laboratory tests.

The Environmental Protection Agency (EPA)
formerly required that hearing protectors be rated
for effectiveness. The effectiveness of probably
all hearing protectors is overrated because of sys-
tematic errors in tests conducted to comply with
the EPA requirements.

Hierarchy of Controls

Using engineering solutions to control hazards
at their source or in the pathway of transmission
ismore reliable and less burdensome to the worker
than personal protective equipment, Once in-
stalled, these controls work day after day with
minimum routine intervention beyond mainte-
nance and monitoring.

In keeping with the tenets of professional orga-
nizations such as the American Industrial Hygiene
Association and the American Conference of
Governmental Industrial Hygienists (ACGIH),
OSHA had permitted use of personal protective
equipment only when engineering controls were
not feasible, not capable of reducing exposures
to the required levels, or in the process of being
designed and installed. This approach has been
criticized by some employers who argue that they
should be able to substitute personal protective
equipment more freely for other types of controls.
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In 1983, OSHA announced its intention to re-
consider its policy of relying first on engineering
controls for airborne health hazards. In a more
specific action, OSHA in 1984 proposed a reduc-
tion in permissible exposure to asbestos. The
agency proposes to allow the use of respirators
to attain the new standard. If this regulation be-
comes final, it will almost certainly provide an
argument for primary reliance on respirators in
meeting other standards. Such a change must con-
sider the poor results attained with those devices.
OTA'’s analysis of the literature indicates that
respirators provide the protection that is claimed
for them only in workplaces that provide scru-
pulous supervision of maintenance and use. Those
conditions are rare. To turn away from the hierar-
chy of control without careful verification of the
levels of protection afforded by personal protec-
tive devices is likely to increase exposures to
health hazards.

Training and Education

OTA finds that programs to educate workers
and health and safety professionals have rarely
been evaluated, and that evaluation is necessary
to know about their effect. Although not sup-
ported by evaluation, there appears to be general
agreement that they succeed. Evaluation is diffi-
cult because of the difficulty in determining what
causes changes in illness and injury rates. Never-
theless, such efforts should be encouraged.

NIOSH funds Educational Resource Centers
(ERCs). The centers are to educate occupational
health and safety professionals, to offer continu-
ing education programs, to conduct research, and
to provide regional consultation services. They
are required to provide interdisciplinary educa-
tion with contributions from occupational medi-
cine and nursing, industrial hygiene, and safety
engineering. These requirements set ERCs apart
from other health and safety professional educa-
tion programs.

In 1981, with $12,1 million funding, the ERCs
graduated over 780 professionals from degree pro-
grams and trained over 12,000 professionals in
continuing education programs. Since then the
President’s budget has proposed cutting the ERC
funding to zero, and Congress partially restored

funding to $5.8 million in both fiscal year 1982
and 1983. Decreases in Federal funding will prob-
ably result in fewer degree and training programs.

Large companies with successful programs em-
phasize that commitment to control of work-
related injury and illness must begin with top
management. Despite that widely held opinion,
little attention is given to injury and illness pre-
vention in the education of business administra-
tion students. One attempt at building manager
awareness, the NIOSH and OSHA Project Minerva,
is sponsoring a series of meetings for business edu-
cation teachers to introduce them to the concepts
of occupational health and safety and to find ways
of bringing those concepts into their courses.

The Nation’s engineering schools annually train
nearly 400,000 students. The accrediting organiza-
tion for engineering schools requires, in theory,
that engineering design courses consider health
and safety. These courses, in which students learn
the fundamentals of designing plants and proc-
esses, would appear to be especially appropriate
for learning about the control of hazards. The
topic apparently receives little attention, however.
At one major engineering school, for example,
most faculty interviewed agreed that safety was
important, but few hours were devoted to teach-
ing it,

The engineering curriculum, which prepares
students for a professional license at the bac-
calaureate level, is acknowledged as one of the
most course-laden programs at a university. Al-
though adding instruction in health and safety is
attractive, it is difficult to fit this instruction into
the existing engineering curriculum.

Educating physicians about occupational medi-
cine falls into two categories. general education
about occupational disease and injury, and spe-
cialized training for practitioners of occupational
medicine. Improvements can be made in both
areas. |t is generally accepted that physicians in
general practice fail to recognize the impact of oc-
cupational factors on the health of their patients.
This poor recognition stems from an orientation
toward occupational health that is minimal at best
and often nonexistent in U.S. medical schools. To
accommodate classes on occupational medicine
in the crowded medical curriculum would require
that other subjects be dropped, a difficult task.
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Postgraduate, specialty training in occupational
medicine has traditionally been subsumed under
preventive medicine, centered in schools of pub-
lic health, and sometimes criticized for providing
too little clinical experience. The criticism is be-
ing muted by the requirement of clinical experi-
ence for board certification of physicians in oc-
cupational medicine.

Dissemination of Health and
Safety Information

Much information about hazards and controls
is available from NIOSH, OSHA, health and
safety professionals’ associations, and the trade
literature. The volume and unorganized state of
this information impede its use. As a start in mak-
ing information more accessible, NIOSH and the
National Library of Medicine have established
computerized data systems that provide useful in-
formation for evaluating workplace hazards.

OSHA has a consultation program that is de-
signed to provide assistance in hazard identifica-
tion and control to employers, especially those
who run small businesses. 1t is a potentially val-
uable tool for the dissemination of information
and may be a way to improve job conditions that
is less adversarial than the enforcement of regu-
lations through inspections. In fiscal year 1983,
OSHA funded consultations in more than 30,000
workplaces.

To date, OSHA has not evaluated the effects
of the consultation program on injuries and ex-
posures. Although OSHA urges that employers
share the consultants’ information with employ-
ees, this step is not required, and it is probable
that workers are sometimes not informed. Some
observers have expressed concern that funding for
consultative visits diverts resources from OSHA
inspection activities.

Letting workers know about occupational
hazards is now facilitated and required by State
and local “right-to-know” laws and the recently
issued OSHA rule concerning the labeling of con-
tainers of hazardous chemical substances. Such
information is valuable not only to workers but
also to owners and managers who purchase chem-
icals for their businesses and to doctors and other
health professionals,

Incentives and Imperatives That Influence
the Decision to Control Hazards

Increased knowledge of hazards and improved
controls provide the means for protecting health
and safety, but a decision to adopt the controls
is necessary for them to have any impact at all.
In fact, the first and most important act in work-
place health and safety may be the decision to con-
trol hazards. At least seven factors may motivate
the decision to control:

* employers’ enlightened self-interest,

+ information on hazards and controls,

¢ financial and tax incentives,

+ workers’ compensation and insurance,

+ tort liability,

* employees’ rights and collective bargaining,
and

* regulation.

The first six factors can be viewed as incentives;
the last, regulation, is an imperative. OTA finds
that while each of these may motivate a decision
to control, the influence of all the incentives and
the imperative is limited.

Employers’ Enlightened Self-Interest

An important motivating factor behind volun-
tary employer actions concerning health and safe-
ty is enlightened self-interest and concern for other
humans, Reinforcing such voluntary efforts are
reductions in the costs of absenteeism, workers’
compensation, or medical care when the decision
to control hazards results in fewer injuries and ill-
nesses.

OSHA has recently instituted several programs
to encourage voluntary hazard control. In sev-
eral States, employers are exempt from programed
inspections if they receive an OSHA consultation
and thereafter correct all serious hazards. OSHA'’s
Voluntary Protection Program also encourages
voluntary actions.

Some employers also participate in cooperative
efforts to develop voluntary standards that draw
upon the collective information and expertise of
companies in a particular industry, trade associa-
tion, or standard-setting organization. Voluntary
standards are an important source of information
for employers, workers, and Government agen-
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cies, and they may move all companies that agree
to them to a common performance level.

However, voluntary standards are also criti-
cized for being insufficiently protective. Suggested
remedies include having additional input from la-
bor unions and the public when standards are
drafted. Yet unions and public interest organiza-
tions frequently lack the staff and other resources
to participate in voluntary standard-setting. Fur-
thermore, they often do not want to participate
because of a history of industry domination and
the unenforceable nature of voluntary standards

The pressures of the competitive marketplace
substantially limit the ability of individual
employers to improve employee health and safety
through voluntary actions. If a company devotes
its resources to improving workplace conditions
but its competitors do not, the firm can find itself
at a disadvantage.

Information on Hazards and Controls

Timely and accurate data are necessary for
making decisions, and both Government and pri-
vate organizations provide information about
hazards and controls. Although necessary, infor-
mation alone may have little influence on deci-
sions to control.

Financial and Tax Incentives

Reducing the costs of purchasing needed equip-
ment and technology can encourage employers
to improve health and safety. Four kinds of tax
and assistance programs might be useful for oc-
cupational health and safety: investment tax
credits, accelerated depreciation allowances, di-
rect subsidies, and Government loan programs.
Funds from a Government loan program for small
businesses have been used for occupational health
and safety investments, but that program was
abolished in 1981. The other three mechanisms
have been used to encourage investments in equip-
ment for environmental protection, but not for
health and safety controls.

Workers’ Compensation and Insurance

The primary goal of workers’ compensation
programs isto pay injured workers’ medical ex-
penses and to compensate for lost wages. Preven-

tion of injuries and illnesses is a secondary goal.
Although workers’ compensation programs have
probably had a positive effect on injury experi-
ence, empirical evidence for this has been diffi-
cult to gather.

Four factors limit the incentives that workers
compensation can provide for control of hazards.
First, all insurance schemes spread losses; there-
fore, the insurance function of workers’ compen-
sation means that employers who cause injuries
do not bear their full costs, unless they are self-
insured or pay premiums that are directly tied to
their injury and illness experience. Second, ben-
efit levels represent less than the full social costs
of injuries and illnesses. Third, some injuries and
most illnesses are not compensated because a
claim is never filed, or they are inadequately com-
pensated because the claim is delayed or denied.
To the extent that these factors reduce the frac-
tion of the costs of injuries and illnesses that are
borne by employers, they reduce incentives for
prevention. Changes in the system that lead to
a greater proportion of the costs of illnesses and
injuries being paid by employers would enhance
the prevention incentives of workers’ compen-
sation,

Tort Liability

The last decade has seen spectacular growth in
the number of cases in which workers sued firms
that manufactured machinery and other products
purchased by employers for workers’ use, Such
suits are generally filed against “third parties, ”
manufacturers and suppliers, because workers’
compensation programs bar suits against employers.

Tort liability has received special attention be-
cause of the number of third-party lawsuits
against suppliers of asbestos. If the number of
third-party suits increases, and if they are success-
ful for hazards other than asbestos, they may be-
come an important incentive for prevention. Even
so, the number of cases may be limited because
it is difficult to produce the degree of proof re-
quired by courts in cases of occupational disease.

Employees’ Rights and Collective Bargaining

The OSH Act created opportunities for worker
participation in health and safety activities. The
act provided that workers can:
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* request OSHA inspections,

* participate in the conduct of an OSHA in-
spection,

+ participate in any of the stages of a pro-
ceeding before the Occupational Safety and
Health Review Commission,

+ contest the “reasonableness” of the abatement
date set by OSHA,

+ participate in standards development and the
issuance of variances, and

* request a Health Hazard Evaluation from
NIOSH.

In addition, the act established a mechanism to
protect employees from job discrimination for
having exercised any of these rights. This provi-
sion prevents discrimination against employees
who refuse work that presents an imminent dan-
ger of injury, although it probably does not ex-
tend to employees who refuse work that the
worker thinks presents a health hazard.

Collective bargaining is particularly useful for
establishment-specific implementation of controls
and for monitoring employer actions. It is severely
limited because only about 20 percent of the work
force is unionized and because not all unions have
sufficient staff expertise in industrial hygiene, in-
jury prevention, or occupational medicine. More-
over, health and safety provisions must compete
with other bargaining issues for attention and re-
sources. Some people object to collective bargain-
ing for injury and illness prevention because they
believe that health and safety on the job ought
to be an employee right, not subject to nego-
tiation.

At least 82 percent of union contracts contain
at least one clause related to health and safety
according to data collected by the Bureau of Na-
tional Affairs, Unions can encourage members’
participation in health and safety activities, par-
ticipate in worker education in hazard recogni-
tion, provide or have access to technical exper-
tise, and establish mechanisms for dispute
resolution between employer and union,

OSHA Regulation

Mandatory Federal regulations are an impera-
tive for the adoption of controls. Labor represent-
atives insist on mandatory standards and em-

ployer representatives, especially health and safety
professionals, accept the need for them. Most of
the standards set by OSHA, however, have been
criticized by nearly all parties, but for different
reasons. Labor groups judge the standards as in-
sufficient to protect health. Business groups see
them as nit-picking, excessively stringent, unnec-
essary, inflexible, and too costly. The criticisms
from both sides in part reflect fundamental dif-
ferences concerning the desirable level and type
of Federal intervention in this area.

OSHA'’s Standard-setting Criteria.—Since 1981,
OSHA has used four criteria for decisions on
health standards. First, it determines if the haz-
ard in question poses a “significant risk” and war-
rants regulatory intervention. Second, the agency
determines whether regulatory action can reduce
the risk. If so, OSHA develops a standard to re-
duce the risk “to the extent feasible, ” considering
both technological and economic feasibility. Final-
ly, OSHA analyzes the cost effectiveness of vari-
ous options to determine which will achieve its
chosen goal most efficiently.

All OSHA regulatory actions are now reviewed
by the Office of Management and Budget (OMB)
under Executive Order 12291, which, to the ex-
tent permitted by law, requires regulatory agen-
cies to demonstrate that their proposed and final
regulations pass a cost-benefit test. Generally
speaking, the results of the OMB review and
agency responses have not been made public,
making it difficult to determine if OSHA decisions
have been altered by OMB’s cost-benefit review.

OSHA'’s Record of Standard Setting.—There
is dissatisfaction about the length of time OSHA
takes to develop, propose, and promulgate new
standards or revisions of existing standards. In its
first 13 years, through December 1984, OSHA
issued only 11 new or revised health standards
concerning 24 specific chemical substances and
one standard covering exposure to noise. Stand-
ards for two of the substances and noise were
overturned by the courts. Twenty-six new or re-
vised safety standards were completed. In addi-
tion, broader regulations concerning employee ac-
cess to records, a “generic” policy concerning the
regulation of carcinogens (under which no sub-
stance has been regulated), and the labeling stand-
ard were issued.
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In part because of the slowness of OSHA stand-
ard writing, many OSHA standards seriously lag
behind recommendations and voluntary standards
issued by professional societies and voluntary
standards organizations.

Most current OSHA health standards are based
on the exposure limits published by the Ameri-
can Conference of Governmental Industrial Hy-
gienists in 1968, and most safety standards rely
on American National Sandards Institute pub-
lications of the 1960s. Those standards were
adopted in 1971 under a section of the OSH Act
which gave OSHA authority to adopt established
Federal standards and national consensus stand-
ards. ACGIH annually updates its limits, in-
cluding standards for additional chemicals, and
often recommends stricter exposure limits. OSHA
often does not follow suit.

OTA finds that ACGIH exposure limits and
NIOSH recommendations, overall, are stricter
than the OSHA standards. In addition, the 1968
ACGIH list covered nearly 400 substances. The
current ACGIH list covers over 600 substances,
but OSHA'’S list—with a handful of additions—
remains essentially the same as ACGIH’s 1968 list.
A mechanism for timely and efficient OSHA con-
sideration of new ACGIH exposure limits and
NIOSH recommendations might prevent OSHA
from lagging behind professional recommen-
dations.

OSHA Inspection and Enforcement—A regu-
latory strategy will succeed only if the agency’s
enforcement efforts have adequate resources. For
most establishments the probability of a routine
OSHA inspection is very low (there are about
160,000 inspections annually in a total of 4,600,000
workplaces). Most inspections take place in man-
ufacturing or construction. But even in those in-
dustries, on average, a plant or site will be in-
spected only rarely. For example, the typical
manufacturing establishment can expect to be in-
spected once every 6 years. In addition, even if
an employer is found not to be in compliance, the
fines issued by OSHA are small, especially when
compared with the costs of many types of con-
trols. For example, the average proposed penalty
for employer violations that threaten “death or
serious physical harm” is less than $200,

The current administration has implemented a
number of changes in inspection and enforcement.
A new type of inspection examines only the em-
ployer-maintained injury records if the firm’s
injury rate is below the national average for man-
ufacturing. In addition, the number and percent-
age of inspections with “serious” and “willful”
violations has fallen, and the total dollar amount
of proposed penalties has been reduced substan-
tially.

Other new OSHA policies encourage area di-
rectors and employers to “settle” citations by re-
ducing or eliminating penalties in return for an
employer’s promise to abate the hazard and to
comply with OSHA regulations. These changes
may decrease the contentiousness of some OSHA
proceedings. On the other hand, they may have
further reduced an already weak regulatory effort.

OSHA'’s Effects.—The impact OSHA can have
on injury rates is constrained by the small size of
the OSHA regulatory effort, which can inspect
less than 4 percent of the Nation’s workplaces
annually. Most evaluations have searched for
OSHA'’s effects on total injury rates, which could
be masking the success of the agency in prevent-
ing certain specific types of injuries as well as pos-
sible differences in the effectiveness of each area
office of OSHA and of the 25 jurisdictions oper-
ating “State programs. ”

The research results are mixed. Several re-
searchers have found favorable, but generally
small, changes, implying that OSHA activities
have reduced injury rates. Other researchers have
not found any significant correlation between
OSHA activity and workplace injuries.

Currently, OSHA points to decreasing injury
rates for 1980 through 1983 as evidence that the
agency’s new regulatory approaches are paying
off. However, changes at OSHA could not fully
account for the declines, for they were not insti-
tuted until 1981, more than a year after the drop
in rates began. Moreover, as indicated earlier, the
economic recession, including increased unem-
ployment and a shift away from “smokestack in-
dustries, ” is the most important factor behind this
decline.
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There is some evidence that several OSHA reg-
ulations have had a positive effect on exposures
to health hazards. The best known case is vinyl
chloride. Exposures declined dramatically after the
issuance of a more stringent OSHA standard.
Substantial declines have taken place in asbestos
exposure levels, perhaps due to OSHA efforts, but
more likely due to fears of tort liability suits.

A study commissioned for this assessment
found substantial decreases in lead levels in
workplace air and even more marked reductions
in lead levels in employees’ blood in the years since
OSHA'’s new lead standard was promulgated.
Another study commissioned by OTA found sub-
stantial decreases in exposures to cotton dust fol-
lowing the introduction of a new agency stand-
ard. The number of workers exposed to levels
above the new, tighter exposure limit for cotton
dust has been halved in the short time since the
standard came into effect. Several textile mills ap-
pear to be in complete compliance, while others
expect to be in the near future.

Measuring OSHA'’s impact is difficult. To detect
the impact of a small Federal program on some-
thing as large as the Nation’s entire work force
might be asking too much, Regarding workplace-
related illnesses, even if the data were reliable, it
is too early to expect that OSHA regulations
would have much impact on occupational disease.
On the positive side, however, OSHA standards
for vinyl chloride, cotton dust, and lead have
clearly reduced workplace exposures. Further-
more, increased productivity accompanied com-
pliance with both the vinyl chloride and cotton
dust regulations.

Reindustrialization and Workplace
Health and Safety

Over the years, the process of industrial change
and renewal has led to improvements in occupa-

tional health and safety. Although quantitative
estimates are lacking, to some extent the reported
declines in injury rates dating from early in this
century may be due to the installation of mod-
ern, safer plants and equipment. A second factor
may be general shifts in employment away from
industries and operations with greater hazards.
Similarly, in some particular cases, exposures to
health hazards have declined because of increased
mechanization, but it is not clear whether ex-
posures to health hazards overall have decreased,
remained the same, or increased.

Thus, through the process of industrial change
health and safety can improve without anyone’s
explicitly “intending” it. In addition, some changes
in the workplace have taken place because of
employers’ desires to minimize the threat of fire
and explosion or to reduce the downtime of plant
or equipment. Some changes that lower the threat
of property damage or “down time” also reduce
exposures to toxic agents or the risk of injury.

If this country is entering a period of reindus-
trialization, many opportunities will be available
to improve health and safety. As new plants are
built, employers may take advantage of oppor-
tunities to install controls as part of initial con-
struction, when they can be put in at lowest cost.
If the Government provides economic incentives
or financial assistance to firms as they modern-
ize, it can consider methods to encourage the in-
stallation of controls. Some of the incentives
already mentioned—including tax breaks and di-
rect financial subsidies, as well as possibly tim-
ing new OSHA regulations to coincide with in-
dustrywide changes—might be useful during a
period of reindustrialization.
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OPTIONS FOR CONTROLLING WORKPLACE HAZARDS

Data and Hazard Identification

Increasing the Usefulness of
Current Data Systems

Identifying workplace health and safety hazards
is the first step in reducing occupational morbid-
ity and mortality. Certain changes in Federal data
collection efforts can make epidemiologic investi-
gations.

Mortality Surveys.--One nationwide study of
death certificates to examine associations between
industry and occupation and mortality was done
in the 1950s. Since then, epidemiologists in the
States of Washington and Rhode Island have con-
ducted statewide studies. These are valuable not
only for identifying high risks associated with
some types of work but also for indicating occupa-
tions and industries that do not present high risks.
Yet statewide mortality analyses cannot be rep-
resentative of the Nation as a whole and lack the
statistical power that would be present in an anal-
ysis of data for the whole country. Nationwide
mortality analyses would provide important leads
for further study to pin down associations be-
tween work and various causes of death, as well
as valuable information about hazards in occupa-
tions that are scattered across the country, e.g.,
carpenters or butchers.

Currently, NIOSH and the National Center for
Health Statistics provide instruction and assist-
ance to a few States that are conducting mortal-
ity surveys. A collaborative effort between NCHS
and NIOSH would probably best accomplish the
task of carrying out nationwide mortality surveys.

Option 1: Congress could provide funds and per-
sonnel for an NCHSNIOSH collaborative ef-
fort to produce accurate coding of industry and
occupation information on death certificates.
That information could then be used to pro-
duce mortality analyses for occupations and in-
dustries either in:

* the few Sates that are establishing mortal-
ity surveys or
. nationally.

The National Death Index. -Information on
death certificates is essential to any epidemiologic
study investigating causes of death. When sup-
plied with someone’s name and date of birth or
Social Security number, the National Death In-
dex (NDI), a service of the NCHS, can tell epi-
demiologists whether that person has died and
where the death certificate is located. Until NDI
was established, epidemiologists had to contact
every department of vital statistics to locate the
death certificate. Quite simply, the NDI reduces
the number of such inquiries from more than so
to 1, although each certificate must still be ob-
tained from the office of vital statistics that holds
it.

The NDI would be more useful if it supplied
all the information encoded upon death certifi-
cates. Were it to be modified to do that, epide-
miologists could obtain all vital information for
mortality studies from a single inquiry. The ben-
efits of such a change would be to speed up studies
and reduce their costs. Such a change would in-
crease the work load at NCHS associated with the
NDI and require some system whereby State de-
partments of vital statistics could still receive rev-
enue for supplying information.

Option 2: The National Death Index could be
modified so that all information collected on
death certificates can be made available fromiit.

Addresses From Internal Revenue Service
Records.—Epidemiologic studies frequently re-
quire investigators to interview subjects of the
study or their families. One impediment to such
efforts is the difficulty of locating people. Inter-
nal Revenue Service (IRS) records are a reason-
ably complete source of recent addresses, but only
NIOSH and some other Federal agency scientists
and persons working on contract to NIOSH can
obtain addresses from IRS.

There is some confusion about who can use this
“NIOSH window” and clarifications about this
are needed. In addition, it may be desirable to
allow a wider spectrum of researchers to obtain
addresses from IRS. Any expansion of the win-
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dow would require safeguards so that addresses
received this way are used only for epidemiologic
studies.

Option 3: Congress could direct the Federal agen-
cies to define clearly who can obtain IRS-held
addresses and create procedures to allow a
wider spectrum of researchers to obtain ad-
dresses from the IRS for use in locating persons
for epidemiologic studies.

Linking Federal Data Systems to Facilitate Epi-
demiologic Studies. -The records systems of the
Census Bureau, Social Security Administration,
Veterans’ Administration, OSHA, and NIOSH
could be linked together to provide information
about medical conditions, work history and ex-
posures, and the current address in a single file.
Such a link could improve epidemiologic studies;
but it increases also the possibility of invasion of
a person’s privacy. The option suggested here is
intentionally vague because of the delicate bal-
ance between improving our capacity to under-
stand disease and protecting citizens’ privacy.

Although epidemiologists are convinced of the
value of linking together data systems, few efforts
to do so have been approved. “On Occupational
Cancer Estimation, ” the recent report of the De-
partment of Health and Human Services’ Com-
mittee to Coordinate Environmental and Related
Programs, suggests some options for linking data
systems.

Option 4: Congress could encourage considera-
tion of various proposals to link together Fed-
eral data systems for use in epidemiology.

Injury Investigation

OSHA investigates 1,500 to 2,000 accidents in-
volving fatalities or five or more hospitalizations
each year. Unfortunately, little attention has been
paid to using the collected information to prevent
future accidents, and for many years it had only
gathered dust in OSHA'’s files. The agency has
conducted some limited analyses of these inves-
tigations, has initiated a small effort to distrib-
ute summaries of construction accidents to labor
unions, trade associations, and other organiza-
tions, and is developing a new data system to pro-
vide information collected during accident inves-
tigations. Complementing these activities, NIOSH

has begun detailed investigations of a small num-
ber of fatal injuries. In addition, the BLS has ob-
tained information on some types of nonfatal
injuries through questionnaires completed by in-
jured workers.

Option 5: Congress might direct OSHA, N1OSH,
and BLS to devote additional resources to in-
vestigating fatal and nonfatal injuries, with the
objective of developing information useful for
preventive efforts.

BLS Annual Survey

The BLS Annual Survey, which collects infor-
mation from employer-maintained logs of injuries
and illnesses, is the best source of information
about occupational fatalities and nonfatal injuries.
Since 1981, employer-maintained injury records
and the results of the BLS Annual Survey have
been used to grant exemptions from OSHA in-
spections. Because of this reliance on the data,
assessing the reliability of the responses would be
prudent.

In the early 1970s, BLS conducted onsite evalu-
ations of a sample of employer responses to the
Annual Survey to verify their accuracy. This
“Quality Assurance Program” has not been
repeated since 1976.

Option 6: Congress could direct OSHA and BLS
to conduct a new “ Quality Assurance Program’
to determine the accuracy of employer-main-
tained injury records.

Toxicology

The Federal Government, especially through
the National Toxicology Program and the Na-
tional Center for Toxicological Research, is sup-
porting large-scale efforts to improve toxicology
so that results will be more predictive of human
effects and more readily accepted in the setting
of standards. The Toxic Substances Control Act
mandates the submission to EPA of information
about “substantial risks” to human health that are
identified by companies. This section of the stat-
ute and the act’s requirement that companies no-
tify EPA of available toxicologic information
before new chemicals are introduced into com-
merce are important in protecting workers’ health.
This assessment suggests no particular options re-
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garding toxicology, but it draws attention to the
importance of those programs.

Improved Control Technologies
NIOSH-Supported Research on Controls

Provided with sufficient resources, NIOSH,
through vigorous grant and contract programs,
could encourage the application of the techniques
of engineering, epidemiology, ergonomics (hu-
man-factors engineering), industrial hygiene, and
other disciplines to the development of innovative
hazard control methods. Increasing NOSH’S re-
search in control technologies even five- or ten-
fold need not require a proportional increase in
NIOSH staff. Most of the research could be done
in private sector and university laboratories.

Increased research and development of control
technologies would enable the Federal Govern-
ment to provide new information to improve
safety and health. It might also improve cooper-
ation between the Federal Government and occu-
pational health and safety professionals in the pri-
vate sector. Research in control technologies
represented only 12.8 percent or about $7.4 mil-
lion of the NIOSH budget in fiscal year 1983.
Three general research areas could benefit from
additional funding: engineering controls, personal
protective equipment, and new production tech-
niques.

Workplaces built some years ago with little at-
tention to occupational health and safety often
incorporated few injury and illness controls when
they were constructed. Instead, controls—if they
are used at all—are added later as retrofits. Addi-
tional work is needed to develop general principles
for designing controls into plant and equipment
in order to increase effectiveness and minimize
interference with production. Another goal could
be improved control at reduced cost. Lower costs
might reduce employer and manufacturer resistance
to the installation of controls and the burdens of
regulatory standard setting and enforcement.

Research on personal protective equipment
should develop reliable and comfortable devices
and methods to assess efficacy in “real-world”
conditions. Research on respirators is particularly
needed, but investigations of other kinds of per-
sonal protective equipment are also important.

A third priority area for research in worker
health and safety is new technologies. The haz-
ard potential of new processes, procedures, equip
ment, and techniques needs to be evaluated, and
attention paid to the development of controls.
Early attention to hazards will provide health ben-
efits to workers; moreover, lower costs are asso-
ciated with building hazard control into the tech-
nologies at first rather than having to retrofit later.

Option 7: Congress could expand support of
NIOSH research and demonstrations in control
technologies, using both NIOSH staff and re-
sources as well as grants, cooperative agree-
ments, and contracts. This expanded research
and demonstration effort could be directed at
four different areas:

. fundamental engineering research, directed
at finding generalizable principles for health
and safety controls;

+ applied research and demonstration projects
concerning improved engineering control
techniques;

e research in improved personal protective
equipment;

o efforts to track emerging industries and new
plants, evaluate hazards, and offer advice to
firms engaged in new technologies,

Private Sector Research

Much research, especially that oriented towards
the development of controls for particular installa-
tions, is conducted by employers, equipment man-
ufacturers, and the insurance industry. Their ef-
forts have produced successful solutions for many
occupational health and safety problems, To the
extent that they have the appropriate expertise,
employers and manufacturers should be eligible
for NIOSH research grants and contracts.

Certification and Regulation of
Personal Protective Equipment

All types of personal protective equipment pose
similar questions: What kinds of tests for effec-
tiveness should be required? When should the tests
be done—before or after marketing? Who should
conduct the tests? How should test results be used?

Option 8: N1OSH could be given resources to
establish procedures to test and certify some or
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all types of personal protective equipment; the

agency might:

Option 8A: establish a program of premarket
testing that includes, at a minimum, appro-
priate laboratory evaluation of personal pro-
tective equipment, and, as soon as possible,
testing and certification to reflect real work-
place situations;

Option 8B: conduct postmarked surveillance to
collect reports of equipment failure and de-
fects, and to investigate those reports; or

Option 8C: explore alternative arrangements
for both premarket testing and postmarked
surveillance of persona! protective equipment.

These arrangements could include different
combinations of self-testing and certification by
manufacturers, testing and certification by in-
dependent parties, “spot-check” testing by
NIOSH, and full-scale testing by NIOSH.

Although employers and employees rely on ef-
fectiveness labeling to select equipment, those
figures often overstate actual effectiveness. For ex-
ample, OSHA instructs its compliance officers to
assume that hearing protectors provide only so
percent of the laboratory-measured protection.

Option 9: Congress could provide OSHA and
NIOSH with resources to develop, collect, and
disseminate information on “ real-world” effec-
tiveness of currently available personal protec-
tive equipment.

Education, Training, and
Information Dissemination

The Federal Government provides in-house
training to its own and other employees and grant
support for various education and training pro-
grams. One example of an in-house activity is the
OSHA Training Institute, which provides con-
tinuing education to Federal and State OSHA staff
(principally inspectors) and, to a limited extent,
to individuals from the private sector. Grant-sup-
ported activities are split: OSHA has concentrated
on employee and employer training, whereas
NIOSH has general responsibility for the educa-
tion of professionals.

Workers and Supervisors

Since 1978, the OSHA New Directions Program
has awarded grants to labor unions, trade asso-
ciations, universities, and nonprofit institutions
for developing and conducting training and edu-
cation programs. The focus has been worker train-
ing, although a number of New Directions grant-
ees have also trained supervisors and produced
educational materials useful to supervisors, man-
agers, and workers.

The New Directions Program, although not so
well evaluated as it could be, is seen as a success
by many health and safety professionals. Cur-
rently the grants that were supported by transfer
of money from the National Cancer Institute to
OSHA are being evaluated, and other assessments
could be encouraged. The characteristics of good
and poor projects should be publicized and the
funding level of the New Directions Program,
which has been decreased, could be reconsidered.
Aiding local or industry-centered organizations
to find solutions to local problems provides a di-
rect approach to health and safety problems,

Option 10: Congress might increase Federal sup-
port for occupational health and safety educa-
tion and training, possibly through the New
Directions Program, by:

* involving unions, workers organizations,
and trade and educational associations in
education and training through the provision
of grants to develop informational and
educational materials and to hire professional
health and safety staff;

+ supporting education of supervisors and
managers in occupational health and safety
through programs directed at providing
educational materials to employees.

The Federal Mine Safety and Health Act of 1977
requires mine operators to provide certain speci-
fied amounts of safety training to workers. Some
OSHA standards require employers to provide
worker training concerning specific hazards, but
there are no requirements for instruction or train-
ing in most occupations. However, in the absence
of any requirement, some employers provide
health and safety training. Furthermore, some col-



20 .Preventing lliness and Injury in the Workplace

lective bargaining agreements specify that all
workers receive some training and that advanced
instruction be provided to worker members of
health and safety committees.

Option 11: Employers might be required to pro-
vide a certain minimum level of health and
safety training to their entire work force.

Health and Safety Professionals

NIOSH training grants to universities support
two activities: academic programs that train in-
dividuals in a single specialty, and Educational
Resource Centers, which provide complete pro-
grams. Many health and safety experts believe
that these funds have been well spent, increasing
the number of graduated professionals and en-
hancing the abilities of professionals through con-
tinuing education. On the other hand, there has
been only limited evaluation of these programs
or the actual impact that the increased number
of professionals has had on worker health and
safety.

Funding for these programs has been reduced
in recent years and the current administration has
proposed complete elimination of the ERCs. Cut-
backs in Federal funding in this area are likely to
reduce the number of trained professionals.

Option 12: Congress could continue to fund train-
ing of occupational health and safety specialists,
including the Educational Resource Centers,
through the NIOSH training grants program.

Engineers, Physicians, and Managers

The disciplines of engineering and medicine
have a marked impact on occupational health and
safety even though most practitioners in these
disciplines are not specialists in workplace health
and safety. Neither general-practice physicians
nor engineers receive significant instruction about
occupational hazards and controls. For physi-
cians, the prime need is training to recognize the
impact of occupational exposures on health. Engi-
neers need to understand the nature of occupa-
tional hazards and to learn the fundamental design
techniques useful for prevention of work-related
illness and injury. In addition, managers play an
important continuing role in decisionmaking
about health and safety.

Some starts have been made (and some aban-
doned) to extend information about safety and
health to physicians, engineers, and business
administration educators and students. The De-
partment of Health and Human Services sup-
ported some efforts to educate physicians in envi-
ronmental and occupational health in several
medical schools in the late 1970s, but funds are
no longer available. NIOSH has sponsored a series
of workshops on the topic of engineering educa-
tion concerning health and safety,

Option 13: Congress could provide support for
and encourage:
* introducing occupational medicine in medi-
cal school course work;
* introducing or expanding occupational safety
and health into engineering school curricula;
* introducing or expanding classes about oc-
cupational health and safety in business
administration courses,
For example, grants through NIOSH or the Na-
tional Science Foundation might be used to de-
velop training modules for integration into ex-
isting courses.

Expanded Information Services

The OSHA consultation program, which was
instituted to provide health and safety evaluations
to businesses, especially small firms, is a relatively
popular program. One possibility is to expand the
program to provide consultation to a greater num-
ber of employers as well as to employees and
unions. This would require funding, as well as the
creation of procedures for providing these services.

Option 14: Congress could expand the OSHA
consultation program by:

+ providing increased funding for OSHA con-
sultation;

+ directing OSHA to explore methods to en-
courage employers to share this information
with employees and their representatives;

+ expanding the consultation program to pro-
vide this service to employees and unions.

Insurance Industry Research

Representatives of insurance companies visit
more plants than OSHA is able to inspect, and
many employers, especially small firms that lack
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full-time health and safety personnel, rely on the
advice of their insurers’ loss-control specialists.
The establishment of an institute similar to the
Insurance Institute for Highway Safety might fa-
cilitate the dissemination of industry-collected in-
formation on occupational health and safety. No
option is proposed because there would be no Fed-
eral role in such an institute,

Computerized Information Systems

There are many useful collections of data. For
instance, NIOSH produces and collects informa-
tion about toxicity, assessment of control tech-
nologies, and product testing; OSHA collects in-
formation about hazards and controls during
inspections, consultations, and courses. Combin-
ing information from some or all of these sources
would produce a data system for use by designers,
engineers, workers, employers, and health and
safety specialists. Users could be charged for serv-
ices to defray expenses and possibly to make the
service self-supporting.

Option 15: The Federal Government could pro-
vide grant or contract money to apply com
puter technology to the collection and dissem-
ination of occupational health and safety
information.

Incentives and Imperatives
Voluntary Implementation of Controls

Voluntary employer efforts to improve health
and safety are very important. OSHA has initi-
ated a program to encourage such efforts, and
NIOSH has often persuaded employers to con-
trol hazards that are not currently subject to
OSHA regulations. Attempts to encourage “vol-
untary protection” must be kept in balance, how-
ever, with the standard-setting and enforcement
required by the OSH Act.

Option 16: Congress could direct OSHA and
NIOSH to increase the attention devoted to en-
couraging voluntary efforts and to publicize the
firms that have exemplar programs in health
and safety,

Workers’ Compensation Programs and
Tort Liability

Workers’ compensation programs, adminis-
tered by the States, have been credited with con-
tributing to the prevention of injuries and illnesses.
There is reason to believe that this may be true
for occupational injuries, although data to sup-
port this conclusion are limited. For illnesses, data
are even more sparse, and the programs offer
fewer incentives for prevention of illness than for
injuries.

Most potential lawsuits by employees against
their employers for occupational injuries and ill-
nesses are barred by the statutes that created the
State workers’ compensation systems. It has been
suggested that this prohibition be eliminated in
some circumstances, but this would involve ma-
jor changes in workers’ compensation laws.

Congress is considering legislation to provide
compensation for the victims of asbestos-related
disease. This proposal is a response to perceived
problems in both the workers’ compensation and
tort liability systems.

Prevention should be considered in any changes
in compensation. In general, a compensation sys-
tem should be designed to encourage prevention.
If Federal revenues are used to supplement oc-
cupational disease compensation funds, the Fed-
eral contribution might be accompanied by a re-
guirement that companies take concrete steps to
prevent future cases of disease—a suggestion that
is admittedly hard to implement, Since OSHA
would almost certainly already be regulating any
hazard important enough to require a Federal con-
tribution to compensation, it is not clear what ad-
ditional requirements might be imposed on com-
panies that benefit from compensation legislation.
But it is also important to consider carefully any
changes in either compensation or tort liability
to guard against changes that might weaken in-
centives for prevention.

Labor-Management Committees

Labor-management health and safety commit-
tees exist in many U.S. workplaces, in both union
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and nonunion shops. They offer an avenue for
sharing and conveying information about hazards
and controls. OSHA currently supports the for-
mation of joint committees in companies that
participate in the OSHA Voluntary Protection
Programs.

Option 17: Congress could encourage the forma-
tion of labor-management committees by:

+ directing that OSHA expand its Voluntary
Protection Program;

+ increasing OSHA funding for training, con-
sultation, and other technical assistance to
workplaces with labor-management com-
mittees.

The Role of OSHA

Updating OSHA Regulations

It is well known that OSHA lags behind pro-
fessional health and safety organizations and con-
sensus standards in responding to new informa-
tion about health hazards. The agency upgrades
its regulations through the same time-consuming
rulemaking procedure it uses to promulgate new
regulations, and changes are often opposed.

OSHA considers NIOSH recommendations
about exposure limits, but has taken few regula-
tory actions based on NIOSH criteria documents.
Requiring an OSHA response to NIOSH recom-
mendations would ensure that the regulatory
agency considered the research agency’s findings,
but making it mandatory for OSHA to regulate
on the basis of NIOSH recommendations might
not be useful. The Mine Safety and Health Ad-
ministration (MSHA) is currently required to re-
spond to certain NIOSH recommendations. How-
ever, NIOSH has sent no such recommendations
to MSHA, perhaps because of the direct tie be-
tween recommendation and regulation.

Option 18: Congress might direct OSHA to de-
velop methods to respond to changes in na-
tional consensus standards and other profes-
sional recommendations.

Option 19: Congress might require OSHA to con-
sider NIOSH recommendations for new or
more stringent controls within a fixed period
of time—say, 2 or 3 years. At the end of that
time, OSHA could adopt, modify, or decide

against adopting the recommendations, but it
would have to respond or be subject to suit.

Without changing the current system of stand-
ard setting, OSHA inspectors could provide in-
formation to both employers and workers con-
cerning professional recommendations. Although
it would not be legally binding, employers might
take actions based on this information.

Option 20: OSHA inspectors could be directed
to provide information (to employers and em-
ployees) on current NIOSH recommendations,
professional organizations recommended ex-
posure limits (such as ACGIH’s, which are up-
dated annually), and voluntary standards
whenever these recommendations and stand-
ards would affect the hazards found in particu-
lar workplaces,

Standard Setting

Despite the fact that it did not succeed, a re-
cent effort to negotiate a standard for benzene
should provide much valuable information about
the feasibility of using negotiations in standard
setting.

Option 21: Congress might encourage OSHA to
study possible procedures for negotiation dur-
ing standards development and implementa-
tion. These procedures will have to assure the
adequate representation of all affected parties.

In the setting of health standards, OSHA has
generally moved substance-by-substance, Each
proposed health standard can be, and most have
been, opposed. OSHA has made three attempts
to establish “generic standards. ” The agency pro-
mulgated a “cancer policy” in 1980 that defined
what data would be necessary and sufficient to
make a decision about a substance being a car-
cinogen and the nature of the standard that would
then be issued. The “access to records regulation, ”
a generic standard applying to all employer-held
health and safety records, guaranteed workers the
right to inspect records and required that employ-
ers retain them. The recently promulgated label-
ing, or “hazard communication” standard also has
generic aspects.

Generic standards offer greater efficiency in that
matters of a general nature can be settled once
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rather than being renewed for every specific case.
There are, however, difficulties in issuing broad
regulations that are to apply in many situations.
Moreover, there is no guarantee that generic
standards will be used. For example, no carcino-
gens have been regulated under the agency’s “can-
cer policy. ”

Possible areas for generic standards include ex-
posure monitoring and employee training. It may
also be possible to issue standards that deal with
groups of, rather than single, substances.

Option 22: OSHA could be encouraged to issue
generic standards to supplement substance or
hazard-specific rules.

OSHA Enforcement Activity

No other OSHA activity stirs up so much emo-
tional fervor as its inspection and enforcement
activities. Many businesses object to inspections
as being nit-picking and unrelated to employee
health and safety, Employees and unions, on the
other hand, believe that inspections are essential
to worker protection and are concerned that
OSHA devotes insufficient resources to them and
that inspectors are not vigorous enough in enforc-
ing legal requirements.

Whatever the number of inspections, some vio-
lations are found and punished by fines, In most
cases, the fines levied by OSHA are less than the
costs of controlling hazards. One possibility
would be to increase fines to levels equal to the
actual costs of implementing controls. Or fines
might be based on a calculation of the amount
necessary to have a deterrent effect.

In some cases, fines equal to the costs of con-
trol would exceed the maximum levels established
in the OSH Act. Therefore, the law may have to
be changed to allow higher penalties. Of course,
higher penalties will raise the number of contested
OSHA actions and the general level of contro-
versy in this field.

Option 23: Congress could consider what the
appropriate level of OSHA enforcement activ-
ity should be; it could then either:

. continue the current levels of personnel and
funding for inspection activity and the new
policies concerning inspection targeting and
citation settlement; or

+ increase the number of inspectors, and the
level of fines, and change the targeting and
settlement policies to increase incentives for
compliance.

Other Federal Actions Affecting Hazard Control

Various tax and financial assistance programs—
investment tax credits, accelerated depreciation,
government loan programs, and direct subsidi-
es—might encourage employers to install control
technologies. However, all these programs have
disadvantages. First, they would reduce Federal
tax revenues or increase budget outlays. Second,
depending on their design, tax-based incentives
can be relatively inefficient mechanisms because
firms that would have installed controls, even in
the absence of the program, would now receive
a tax subsidy, Third, there will be difficulties in
dividing the purchase price of equipment between
features that are health and safety controls and
those that are part of the equipment for purely
productive reasons.

Option 24: Congress might enact a tax and finan-
cial assistance program to assist businesses in
improving occupational safety and health.

As the United States considers its economic and
industrial policies, it is unclear what balance is
to be struck between updating old-line industries
and focusing on new industries. In the future, the
Federal Government may play an active role in
the “reindustrialization” or “deindustrialization”
of America.

If explicit Federal policies are created, they may
include discussions and agreements among inter-
ested businesses, unions, communities, and
others, as well as Federal loans and financial
assistance. Information could be developed con-
cerning the health, safety, investment, and pro-
ductivity needs of various industries. One possi-
bility would be to provide financial assistance for
health and safety, as well as for productivity in-
vestments.

The general disadvantages of these approaches
include the concern that health and safety will
“take second place” to the push for productivity.
In addition, many object to any Federal role in
coordinating or financing industrial investments.
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Option 25: If the United States makes available
funds or tax incentives for the building or re-
building of industry:

+ controls for health and safety hazards could
be eligible for the same funds or tax breaks
as other construction costs,

+ companies receiving reindustrialization as-
sistance might be required to design health
and safety into their new plant and equipment,
either to meet existing standards or to achieve
lower exposure levels or safer processes.

It has been suggested that regulatory require-
ments have diverted resources from “productive”
uses and contributed to economic slowdowns.
However, in at least two cases (standards concern-
ing vinyl chloride and cotton dust), new produc-
tion processes were developed that both benefited
worker health and improved productivity. Fitting
regulatory activities to productivity concerns can
be achieved in two ways: either delaying regula-
tory requirements until they coincide with planned
modernization or using health and safety regula-
tions to “spur” productivity improvements.

Option 26: Congress could direct OSHA to:

. delay the required use of engineering con-
trols, so that the installation of these controls
coincides with modernization of an industry;

. use health and safety regulations to en-
courage plant and equipment moder nization.

Creation of an Occupational Safety and
Health Fund

OTA is aware of concern about recent large
swings in occupational safety and health policy.
Two areas—education and training programs,
and research on workplace controls—have had
funding reduced in the past few years. The crea-
tion of an Occupational Safety and Health Fund
might provide more stable and enhanced funding.

Recent U.S. research concerning the use of
“washed cotton” to control the hazards of cotton
dust also provides a model for cooperative re-
search. This project was funded by Government
and industry, with oversight and direction pro-
vided by a group of labor, management, and
Government officials. Jointly administered re-

search efforts and training programs have also
emerged from collective bargaining.

A fund could be established with or without
a Government contribution. For example, inter-
ested citizens, employers, workers, foundations,
and other groups could make voluntary contri-
butions. Or Congress could create a fund. If it
becomes a Federal activity, financing could be
through a payroll tax on employers or, although
this would be more difficult, through a tax or sur-
charge based on workers’ compensation premiums
(with some adjustments for the presence of health
hazards in various industries). For example, a 0.1
percent employer tax on the total U.S. payroll of
$1.6 trillion (in 1982) would result in annual
revenues of about $1.6 billion; a 0.01 percent tax
would produce $160 million. A 1.0 percent sur-
charge on workers’ compensation premiums
(about $25 billion in 1980) would produce annual
revenues of $250 million. Another possibility
would be to allocate fines collected for violations
of OSHA standards to this fund. This would pro-
duce less money; in 1983, OH-IA’S proposed fines
totaled $6.4 million.

Several different administrative arrangements
for such a fund are available, Congress could fol-
low the model of the Work Environment Fund of
Sweden by creating a tripartite board of employ-
ers, employees, and Government representatives,
or it could delegate administrative responsibilities
to NIOSH, since this would be a research and in-
formation dissemination activity. The fund and
its research and training projects could exist
alongside existing projects and arrangements at
OSHA and NIOSH, or Congress could consoli-
date existing research and training activities (in-
cluding NIOSH extramural research grants and
training grants, OSHA New Directions grants and
OSHA-funded consultations) under one umbrella
group.

Although such a fund would enhance the com-
mitment to research and training, there are dis-
advantages to consider—primarily that this rep-
resents a new venture, with all the problems that
such undertakings incur. Moreover, a new tax or
surcharge, even though of modest size, runs against
the desire embodied in recent legislation to reduce
business taxes.
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Option 27: Congress could create an Occupational
Safety and Health Fund to finance research in
control technology, training and education, and
information  dissemination.

The Needs of Small Businesses
Loans for Compliance With OSHA Standards

Small businesses are often disproportionately
burdened by investments required for health and
safety protection. Congress recognized this when
it passed the OSH Act by also amending the Small
Business Act to allow the Small Business Admin-
istration (SBA) to make loans for OSHA com-
pliance. Between 1971 and 1981, when Congress
eliminated authorization for this program, SBA
processed 261 such loans. Now may be a good
time to study this program to learn what effect
these loans had and why so few were processed.
Following such a study, Congress could consider
reauthorizing the loan program.

Option 28: Congress might direct OSHA and/or
SBA to study the results of SBA loans made
for compliance with OSHA standards.

Shared Resources

It is inefficient and impractical to require each
small business to provide a full range of health
and safety services. Instead, organizations and
programs to serve the needs of a number of small
businesses in a given area or industrial specialty
might be cost effective. Initial funding could come
from OSHA or NIOSH, with the hope that these
programs would ultimately be self-supporting.

The most difficult part of this option is to de-
sign a method to sustain the program after the
startup period. Even though shared programs
should cost less than if a company were to pur-
chase the services entirely on its own, some small
businesses might find the price beyond their
means. It is unclear how to aid those companies.

Option 29: Congress might direct NIOSH and
OSHA to encourage the development of shared
programs to provide industrial hygiene, safety
engineering, medical surveillance, and worker
health and safety training for small businesses,

Changed Regulatory Approaches

Providing protection against occupational in-
juries and illnesses in small business establishments
presents its own set of problems. It may be cost
effective to treat occupational health and safety
in such firms in a fashion similar to current regu-
lation of consumer products—by regulating ma-
chines and products that small businesses
purchase.

Of course, many products purchased by small
businesses are also used in larger businesses,
whose employees would also benefit from such
regulation. An important limitation of this ap-
proach is that some occupational hazards are cre-
ated in the improper installation, use, and main-
tenance of machines and products. This
regulatory approach would have only limited im-
pact on those hazards.

Option 30: Congress could take actions to im-
prove the safety of products used by small busi-
ness. This might include:

* directing NIOSH to conduct tests of prod-
ucts used by small businesses and to publish
the results in a form easily available to such
establishments;

. encouraging OSHA, Consumer Product
Safety Commission, and EPA regulatory ac-
tions concerning the products used by small
businesses.

Establishment of Occupational Medicine Clinics

In the United States, most occupational medi-
cine is practiced in the workplace by physicians
employed by industry, especially by large com-
panies.

Changes are apparent, however, as small-and
medium-sized companies are making choices be-
tween contracting with hospital-based clinics for
medical care or maintaining a company medical
department. The clinics may grow to fill current
voids—servicing industries, regions, and employ-
ers where such services are unavailable or defi-
cient. Clinics might, because of a larger patient
load and a staff that consequently sees more pa-
tients, be able to provide more-knowledgeable
care and improved physician training.
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The staff of these clinics emphasize that they
will provide advice about prevention as well as
medical care. The combination of staff physicians,
industrial hygienists, and engineers could provide
a critical mass for a great deal of important activ-
ity in hazard identification and control.

Programs concerned with occupational medi-
cine and prevention should consider and study the
choices. They may alter industrial medical care
and responsibilities of industry and labor, as well
as the relationships between such clinics and the
private practice of medicine.

Assessing Health and Safety Programs

A key final component in improving occupa-
tional health and safety is evaluating which pro-
grams to identify hazards, develop control tech-
nologies, disseminate information, and implement
controls work and which programs can be im-
proved. Assessing or evaluating efforts in occupa-
tional safety is difficult because of the many fac-
tors that influence injury rates over time. Some
of these may also stymie the evaluation of occupa-
tional health activities; more importantly, because
of latent periods and difficulties in recognition,

it is hard to measure improvements in occupa-
tional health.

Congress in the last few years has already in-
dicated a desire for more systematic assessment
of Government activities. The Regulatory Flex-
ibility Act of 1980, for example, requires that reg-
ulatory agencies, including OSHA, review over
a 10-year period all regulations that have a sig-
nificant impact on small businesses.

This principle of reviewing and analyzing ex-
isting programs might be extended to nonregula-
tory programs. For example, the OSHA New
Directions grants program, and the NIOSH train-
ing grants programs could be assessed. In addi-
tion, periodic assessment could be specified when
new programs are established. The principal dis-
advantage of such a requirement would be the
diversion of resources from other important areas,
such as hazard identification and research on con-
trol techniques.

Option 31: Congress could require periodic assess-
ment of all occupational safety and health pro-
grams and provide funds to conduct such
assessments.
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Data on Occupation;
Injuries and llinesses

In this chapter, OTA presents a summary of
the available statistical information concerning the
number and distribution of occupational injuries
and illnesses. In general, currently available data
describe, with reasonable accuracy, the total num-

SOURCES OF INFORMATION

Prior to the passage of the Occupational Safety
and Health (OSH) Act in 1970, occupational in-
jury data collection efforts were limited. One
source was a series of surveys by the Bureau of
Labor Statistics (BLS). This information was
limited by its dependence on voluntary reports
from employers, by the particular standard most
commonly used for recording occupational in-
juries, and by incomplete industry coverage by
the BLS surveys. One study of data from 1967
and 1968 indicated substantial underreporting of
injuries by employers (186), In addition, some
limited data were available from the National
Safety Council (NSC), state workers’ compensa-
tion agencies, and employer records. In the OSH
Act, Congress called for the creation of a new,
mandatory system of data collection.

The system created by the Occupational Safety
and Health Administration (OSHA) and BLS re-
quires employees to keep records using a speci-
fied format. In addition, BLS conducts annual sur-
veys of a sample of employers. These survey
results are used to compute injury and, to a
limited extent, illness rates by industry, as well
as estimates of the total numbers of fatalities, lost-
workday cases, and cases without lost worktime
but that involved medical treatment.

The BLS Annual Surveys (604,606-608) are the
best source of statistical information concernin,
work-related injuries. The published data are
based on large survey samples, and, within the

ber of occupational injuries in U.S. workplaces.
For occupational illnesses, however, the data are
extremely limited. (A fuller discussion of these
topics is found in Working Paper #l of this
report. )

limitations of the survey methods, appear to be
reliable. These estimates, however, are subject to
several limitations:

. they are available only since 1972,

. depending on the type of case, they cover
only two-thirds to three-fourths of the U.S.
work force,

. they are based on a survey that is adminis-
tered only once a year, and

. they provide very little detail concerning the
nature and causes of occupational injuries.

A possible fifth limitation is that these estimates
are ultimately based on employer records of in-
juries and illnesses. (The extent of this possible
bias is discussed below and in Working Paper #l. )

Nothing can now be done about the first limita-
tion. The second and third could be improved,
but these would involve changes in methods and
perhaps require greater resources. To address the
fourth limitation, BLS has initiated two additional
data collection efforts. Since 1976, the Bureau has
compiled information provided by 26 to 36 state
workers’ compensation agencies, in a data base
known as the Supplementary Data System (SDS)
(397). And since 1978, BLS has conducted a series
of surveys of injured workers concerning specific
types of occupational injuries, published as Work
Injur Reports (599-601,603,605).

Two other Federal systems provide injury data.
The National Health Interview Survey (NHIS) of

29
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the National Center for Health Statistics (NCHS)
collects information during household interviews.
A system recently developed by the National
Institute for Occupational Safety and Health
(NIOSH) uses information from hospital emergen-

OCCUPATIONAL INJURIES

Fatal Injuries

As discussed in Working Paper #l, for the last
five years, data from the BLS Annual Surveys in-
dicate that between 3,000 and 5,000 occupational
fatalities occurred each year in private sector
establishments with 11 or more employees. About
1,000 deaths occur in private sector establishments
with fewer than 11 employees. The NSC figures
range between 11,000 and 13,500 for the entire
workforce. Applying a variety of assumptions to
data derived from death certificates yields a range
of estimates from 5,500 to 11,000 for the entire
workforce for 1977. OSHA inspection data sug-
gest that at least 4,500 occupational fatalities
occurred in the private sector workforce in fiscal
year 1982.

The Annual Surveys conducted by BLS are the
best source of statistical information on occupa-
tional injuries. They use a large survey sample that
is capable of directly measuring the occurrence
of injuries. However, because this sample covers
only private sector employment (the self-em-
ployed and public sector employees are excluded),

cy room admissions to produce information on
occupational injuries. Finally, OSHA has pub-
lished analyses of several different types of fatal
injuries using information collected during acci-
dent investigations.

an adjustment must be made to generate an esti-
mate for the entire workforce.

OTA used two similar methods, both based on
the BLS data, to develop its estimate of the num-
ber of occupational fatalities due to injuries. The
first estimate uses the five-year average of the
number of fatalities in establishments with 11 or
more employees. For 1979 to 1983, this equals
about 4,180. Approximately 11 percent of these
are due to heart attacks. Subtracting these yields
a total of 3,720 deaths due to injury (see table 2-
1). To this should be added the five-year average
from the BLS Annual Survey of deaths in estab-
lishments with fewer than 11 employees. For 1979
to 1983, after adjusting for heart attacks, this was
930. Thus, the total from the BLS Annual Sur-
vey is 4,650.

To this should be added the deaths among the
self-employed and public employees. Applying
the death rates for private sector workers, ad-
justed for heart attacks, to these workers yields
a five-year average of 1,640. Adding this to the
4,650 generated directly by the Annual Survey
yields a total of about 6,300 deaths.

Table 2-1.—Annual Occupational Fatalities From Injuries,
Summary of Estimates

Average
annual Source of
Universe Years total estimate or data
All employment . ......................... 1979-83 12,200 NSC
Allemployment .. ........................ 1979-83 6,000 OTA*®
Private sector workplaces
with 11 + employees . .............ou.. 1979-83 3,720 BLS
Private sector workplaces
with 1-10 employees . .. ................. 1979-83 930° BLS

aFstimate is based on BLS and OSHA data and I8 described in the text
b4, 180 minus 11 percent of deaths reported a8 heart attacks (480).
€1,040 minus 11 percent of deaths reported asheart attacks. (110).

NOTE: Because of differing methods and definitions, some of these estimates are, strictly speaking, not directly comparable

with each other.
SOURCE: Oftice of Technology Assessment.
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Alternatively, the BLS figures for establish-
ments with 11 or more employees for each indi-
vidual year can be adjusted by applying the
private-sector death rate (for injuries in establish-
ments with 11 or more employees) to the work-
ers excluded completely (self-employed and public
employees) or for which annual estimates are not
available (small, private sector establishments).
Using this method, the total ranges from 7,265
in 1979 to 4,600 in 1983, with an average of 6,180
deaths per year.

Rounding either of these estimates to the nearest
thousand yields OTA’s estimate that about 6,000
deaths due to occupational injuries occur each
year. The National Safety Council average of
12,200 is considerably higher. It is difficult if not
impossible, to reconcile the estimates from the BLS
and the NSC. The published data from state vital
statistics are insufficient to do so (see Working
Paper #l). Moreover, the NSC estimates have
been criticized in the past for including duplicate
reports and deaths from previous years and for
not being based on the results of a probability sur-
vey. Instead they are developed using the results
of special studies in combination with a variety
of statistics from several sources. These methods
may not generate reliable estimates, either for a
particular year or over time.

OTA'’s estimate of 6,000 injury deaths per year
translates into about 25 occupation] fatalities
each working day. Rarely, however, does this
daily toll occur at the same time, in the same
workplace. Usually, occupational deaths occur
one or two at a time in widely scattered work-
places. Because of this, occupational fatalities only
rarely receive significant publicity.

Motor vehicles (30 to 40 percent), off-the-road
industrial vehicles (10 percent), and falls (10 per-
cent) are associated with over half of the fatal oc-
cupational injuries. In addition, occupational fa-
talities are unevenly spread among industries.
Table 2-2 presents fatality rates for the major in-
dustry divisions in the private sector. Mining,
with a fatality rate of 44.3 per 100,000 full-time
workers, is the most hazardous industry. Con-
struction; agriculture, forestry, and fishing; and
the transportation and public utility industries also
present above-average risks of deaths due to in-

Table 2.2.—Occupational Fatality Rates®
By Industry for 1982

Industry division Rate’
MiNING . ... 443
Construction .. ... 28.7
Agriculture, forestry, and fishing . .. ........ 28.4
Transportation and public utilities . . ........ 219
Average of private sector .,................ 7.4
Manufacturing . . .. ... ... .. . . . 4.5
Wholesale and retail trade . . . . ... .......... 3.8
SEIVICES. . . ot 35
Finance, insurance, and real estate . . . ... ... 25

8For establishments WIth 11or more employees Includes fatal injuries and

rennrted  deaths due to illness.
Fatalities per 100,000 full-time workers

SOURCE: (608)

jury. Manufacturing has a death rate below the
average for the private sector, although it has a
nonfatal injury rate substantially above the aver-
age. Wholesale and retail trade; services; and fi-
nance, insurance, and real estate are safer indus-
tries, with fatality rates between 2.5 and 3.8
deaths per 100,000 workers.

Nonfatal Injuries

Table 2-3 summarizes the estimates of the num-
bers of occupational injuries. These estimates vary
partly because of differences in the definitions of
injuries, the population universes, and methods
of estimation.

NSC defines a disabling injury as one that in-
volves one or more days away from work, some
form of permanent impairment, or death. For BLS
and OSHA, a lost-workday injury is one that in-
volves the employee either not working at all for
one or more days beyond the day of the injury
or reporting to work and being assigned to a
“lighter duty” job (restricted work activity).

Combining the BLS estimate of lost-workday
injuries (2.1 million in both 1982 and 1983) in the
private sector with the estimates for Federal, State,
and local employees (0.1 and 0.3 million) yields
a total of 2.5 million lost-workday injuries. This
compares to the NSC estimate of 1.9 million “dis-
abling” injuries. Using the total of 2.5 million in-
juries, it appears that each working day results
in about 10,000 injuries that are serious enough
to lead to loss of worktime.
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Table 2-3.—Annual Nonfatal Occupational Injuries,
Summary of Estimates

Source of

Estimate estimate
Definition Universe Year (millions) or data
Lost-workday cases . ................. .. All private sector workplaces 1983 2.1 BLS
Lost-workday cases . ................... U.S. Government—civilian and personnel 1982 0.1 OSHA
Lost-workday cases . ................... State and local government 1982 0.3 SDS*®
“Disabling” ............. .. ... ... ... All employment 1983 1.9 NSC
Total “recordable” .. .................. . All private sector workplaces 1983 4.7 BLS
Total “recordable” .. .................. . U.S. Government—civilian and personnel 1982 0.2 OSHA
Total “recordable” . ................... . State and local government 1982 0.7 SDS*®
Medically attended or activity restricted . .All employment 1981 11.3 NHIS
Treated in emergency rooms . ........... All employment 1982 3.2 NIOSH

8¢ stimate Is based on data from SDS and Annual Survey and Is described in Working Paper #1.
NOTE: Because of differing methods and definitions, some of these estimates are, strictly speaking, not directly comparable with each other

SOURCE' Office of Technology Assessment

The BLS/OSHA definition of “recordable” in-
jury includes all lost-workday injuries plus all
those that involve medical treatment beyond first
aid. The National Health Interview Survey in-
cludes all injuries that are “medically attended”
(which may involve only a consultation with a
doctor) or cause “restricted activity,” whether or
not that also involves lost worktime. Data devel-
oped by NIOSH through the National Electronic
Injury Surveillance System (NEISS) include all
cases treated in hospital emergency rooms.

These various sources again yield differing esti-
mates. The sum of BLS data and the Federal,
State, and local government estimates is 5.7 mil-
lion recordable cases in 1982. The number of pri-
vate sector injuries went down slightly in 1983,
Assuming that the number of public sector injuries
stayed the same (0.9 million), the sum of the BLS
and public sector estimates would be 5.6 million
in 1983. The NHIS estimates 11.3 million cases.
This translates into a range of between 22,000 and
45,000 injuries each working day. And the NIOSH
estimate of the number of emergency room cases,
based on the NIESS data, is 3.2 million cases or
about 12,000 cases per day.

The largest difference in these figures is between
the combined BLS and public sector estimate (5.6
million cases) and the National Health Interview
Survey (11.3 million). Most of this difference re-
mains even when data from the same year are
used. The 1981 BLS and public sector estimate is
a total of about 6 million cases.

The NHIS includes self-employed persons, but
it is unlikely that approximately 8.7 million self-
employed workers can account for the remain-
ing 5.3 million injuries. It could be that the slightly
different definitions of the BLS Annual Survey
and the NHIS contribute to this discrepancy. It
is also possible that employees and their families
are reporting to the NHIS injuries that are not
recorded by employers. A number of reasons
could account for employers not recording an in-
jury: an employee may not have reported it to
the employer; the employer judged the injury to
be a “’first aid only” case that is not required to
be recorded; or the employer’s records are not ac-
curate and comprehensive.

The NEISS estimate of emergency room cases
could be consistent with either the BLS estimate
or the NHIS figure. The 3.2 million emergency
room cases (in 1982) would constitute about 55
percent of the 5.7 million cases in the private and
public sectors from (the 1982) BLS and govern-
ment reports or about 30 percent of the 11.3 mil-
lion cases estimated by the NHIS. The figure of
30 percent is roughly consistent with a special
study of data from 1975, which estimated that
about 36 percent of all injuries occurring “at job
or business” were medically attended at emer-
gency rooms (388).

Table 2-4 summarizes various estimates of the
amount of time lost due to nonfatal occupational
injuries, including lost worktime, bed disability,
and restrictions on daily activity. The BLS esti-
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Table 2-4.—Days Lost Annually From Occupational Injuries,
Summary of Estimates

Source of
Estimate estimate
Definition Universe Year (millions) or data
Lost workdays. . . . .. .. ... .. ... .. .. All private sector workplaces 1983 36.4 BLS
Lost workdays. . . . . . .. ... U.S. Government—civilian and personnel 1982 1,2 OSHA
Lost workdays. ., . . ... ... All employment 1981 60-70’ OTA
Bed disability days. . . . ... .. ... ... .. All employment 1981 44.0 NHIS
Restricted activity days . . ............. All employment 1981 214.9 NHIS

30TA estimate 1s based on data from NHIS and is described in Wbmn/gﬁl;a;;r #

NOTE Because of ditfering methods and definitions, some of these estimates are, strictly speaking, not directly comparable with each other

SOURCE Off Ice of Technology Assessment

mate of days away from work and of restricted
work activity (“light duty”) equals 36.4 million
days—the equivalent of over 140,000 people
working full-time for a year. Time lost by Fed-
eral civilian employees adds about 1.2 million
days to this total. No estimates for State and local
employees or for the self-employed are directly
available.

A higher total of about 60-70 million “’lost
workdays” can be indirectly estimated using the
results of a special NCHS analysis of injuries. Part
of the reason for the higher figure is that this esti-
mate should cover the entire work force. In
addition, the varying definitions and survey meth-
ods between the BLS and the NHIS may contrib-
ute to the difference. The NHIS also provides data
on bed disability (44 million days) and of days
of restricted daily activity (close to 215 million
days).

The BLS figures imply that about 1 in 13 U.S.
workers suffered an occupational injury in 1982.
Nearly half of these were serious enough to re-
sult in the employee missing one or more days
of work beyond the day of the injury, On aver-
age each lost-workday injury results in 17 days
lost from work. The NSC has estimated that the
direct and indirect costs of work injuries totaled
$30.2 billion in 1980 (324),

Trends in Injury Rates

It is probable that occupational injury rates
have fallen since the turn of this century. The data
published by the NSC support this, but these data
may not be accurate or reliable. In particular, re-
cent trends in the NSC data are inconsistent with

data collected from other sources. However, ac-
counts of working conditions earlier in this cen-
tury reveal many instances of job hazards that are
considered appalling by today’s standards. Many
of these have been improved, and injury rates
have fallen. (Of course, this decline in injury rates
may not apply to occupational illness rates. )

Trends over the last two decades have not been
constant from year to year and measures of dif-
ferent types of injuries sometimes go in different
directions. During the 1960s, the BLS surveys of
manufacturing showed rising injury rates. The
BLS Annual Surveys from the 1970s show a rela-
tively large drop in non-lost-workday injuries
from 1972 to 1975, and then a continuing decline
from 1975 to 1983. The BLS lost-workday case
rate rose during most of the 1970s, falling only
between 1974 and 1975 and for the three years
after 1979 (fig. 2-1). The BLS total case rate, which
combines the non-lost-workday and lost-workday
cases, shows a slight rise from 1972 to 1973, and
then a decline from 1973 to 1975. This rate then
began a slight rising trend until its peak in 1979.
By 1982, the total case rate had declined to 7.7
per 100 workers. This decline continued in 1983,
when the total case rate was 7.6 per 100 work-
ers. This is the lowest level reported since 1972,
when these data were first collected. Fatality rates
calculated from the BLS estimates show a general
decline through the 1970s. Injury rates calculated
from the National Health Interview Study show
no readily apparent trend from 1962 to 1981, pos-
sibly because of the relatively larger sampling
error for this survey.

Injury and fatality rates are affected by a num-
ber of factors. These include the effects of the busi-
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Figure 2.1.- Occupational Injury Rates, 1972.83
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ness cycle, various changes in the administration
of workers’ compensation, the practice of occupa-
tional medicine, ‘and other socioeconomic factors.
In addition, OSHA and NIOSH and other safety
and health programs may have contributed to
changes in rates. But the effects of OSHA activi-
ties, in particular, may be difficult to discern in
national injury trends because of the low prob-
abilities of OSHA inspections, the relatively low
penalties for violations of standards, and the pos-
sibility of differential effects on various types of
hazards. There may also be variations in the ef-
fectiveness among the 24 separate State programs
and Federal OSHA operations, which cannot be
detected using national data.

Injury Rate Trends, the Business Cycle, and
OSHA Policies

The lack of any dramatic improvements in in-
jury rates during the 1970s has been cited to sup-
port the belief that OSHA has been ineffective.
More recently, it has been claimed that the recent
declines in the injury rates resulted from the cur-
rent administration’s “cooperative, non-adversary

approach to job safety and health” (643,644,650).

Although it is possible that some of the decline
can be explained by these changes, several other
features must also be considered.

First, as figure 2-1 shows, the decline in injury
rates started in 1980—before the changes in
OSHA policies that were instituted in 1981. More-
over, the installation of controls, changes in em-
ployee training, etc., often take place over sev-
eral years. Thus it is possible that the observed
changes from 1979 to 1983 represent the effects
of some combination of the policies of the “old”
and the ““new” OSHA. Second, the new policy
that targets inspections on the basis of injury
records may influence employer recordkeeping
toward undercounting. Independent verification
of employer injury records is necessary to assess
the possible impact on changes in employer rec-
ordkeeping. Third, as mentioned above, a num-
ber of factors besides the effectiveness of OSHA
can influence injury-rate trends.

Foremost among the factors influencing injury
statistics is the business cycle. Since the 1930s re-
searchers have noted that, other things being
equal, increased business activity leads to higher
injury rates while decreased activity lowers rates.
The general explanation for this phenomenon is
that as business picks up, employers hire more
young and inexperienced workers. Both younger
workers and inexperienced workers of all ages
tend to have higher injury rates than older, more
experienced workers. Moreover, as production ex-
pands, businesses open new plants and bring new
machinery on-line. For both of these cases there
may be a period of adjustment as management
and workers learn how to use the machinery safe-
ly. In addition, during a business upturn there will
be increases in the pace of production, increases
in the amount of overtime worked, less down
time, and less time devoted to repair and main-
tenance, all of which lead to increases in accidents.
During business downturns, all of these elements
are reversed-younger and less experienced work-
ers are laid off while older and more experienced
employees are retained, plant operations slow
down, and more effort is devoted to repair and
maintenance (254,444).

OTA has compared injury rates with several
measures of the business cycle. Figure 2-2 shows
data for the BLS total recordable injury rate and
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Figure 2.2.—Injury Rates and Unemployment—
Private Sector: 1972.83
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the unemployment rate for 1972 to 1983. The total
recordable injury rate declined from 1973 to 1975
and again from 1979 to 1982, simultaneously with
rising unemployment rates. In addition, the ris-
ing injury rates from 1975 to 1979 coincided with
declining unemployment rates. From 1982 to
1983, the total injury rate and unemployment
went down slightly, while the lost workday rate
stayed the same.

In figure 2-3, these two variables have been
plotted against each other, with the unemploy-
ment rate on the horizontal (or x-axis) and the
injury rate on the vertical (or y-axis). Examina-
tion of this figure reveals an apparent inverse rela-
tionship between injury rates and unemployment.
That is, as unemployment rises in a recession, in-
jury rates decline.

Another possible measure of the business cy-
cle is to examine the level of employment, as op-
posed to the unemployment rate. This must be
done carefully because in the last few years, the
changes in the level of employment have not been
the same in all industries. In fact, from 1979 to
1982, employment in the more hazardous manu-
facturing and construction industries declined,
while employment in the other major private sec-
tor industry groups has stayed the same or in-
creased. Figures 2-4 and 2-5 show the relationship
between employment and lost-workday injury

Figure 2-3.— Injury Rates and Unemployment-
Private Sector: 1972-83
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rates in construction and manufacturing alone.
Again there appears to be a close relationship. As
employment rises, so do injury rates.

OSHA has suggested to OTA that the recent
injury rate declines are not the result of the cur-
rent recession because “BLS has estimated that
only 16 percent of the decline in injury rates in
1982 can be attributed to a disproportionate drop
in hours worked in high-risk industries” (34). BLS,
however, noted that the procedure they used for
this calculation, “does not take into account . . .
other factors which may also affect the rate, but
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Figure 2.5. -Lost. Workday Rate and Employment—
Manufacturing: 1972-83
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which have not been measured, such as the dem-
ographic composition of the workforce, worker
education, improved safety measures, the role of
State and Federal agency compliance programs,
technological change, etc” (607).

But the “demographic composition of the work-
force” and “technological change” are two
variables that are particularly affected by the busi-
ness cycle. In addition, the amount of overtime
worked, the pace of production, and the rate of
new hires are affected by the business cycle. The
BLS procedure for calculating the effects of the
decline in hours worked may not fully capture the
effects of these other variables on injury rates.

Additional analysis using variables that directly
measure the new hire rate, the number of over-
time hours, the rate of production, and capacity
utilization in specific industries may clarify this
relationship further. (Examination of the influence
of new hires is, however, made more difficult be-
cause BLS no longer publishes statistics on labor
turnover, which included the new hire rate. ) But
at present, it appears that the effect of the recent
recession, especially in construction and manu-
facturing, is the most important factor behind the
injury rate declines from 1979 to 1983. In addi-
tion, it appears that national injury rates since
1972 have been largely related to the level of busi-
ness activity.

When the OSH Act was enacted in 1970, Con-
gress placed the legal responsibility for prevent-
ing occupational injuries and illnesses with
employers and created several agencies, including
NIOSH and OSHA, to conduct research and ad-
minister regulations. Employees, of course, also
have a personal stake in preventing disease and
injury in the workplace. Some detailed studies on
the effectiveness of OSHA in improving the ef-
forts of employers and employees have found a
favorable but small impact, while other studies
have not found any effect (see ch, 13 for a sum-
mary). Even the favorable effects detected in sev-
eral studies may not be large enough to be dis-
cerned in national injury statistics, while shifts in
the nature of the injury rate-business cycle rela-
tionship may be difficult to detect. However, it
is clear that if any improvements have been made
they have not been large.

Accuracy of Occupation Injury Estimates

Questions raised about the accuracy of esti-
mates based on employer-maintained injury
records have intensified with the current admin-
istration’s inspection targeting system. OTA has
conducted a limited comparison of data from the
BLS Annual Survey and from the BLS Supplemen-
tary Data System (SDS) to see if they are con-
sistent. Data were available only for years hefore
the implementation of the new inspection target-
ing system and the conclusions of this analysis,
therefore, apply just to that period.

Some States participating in the SDS report
only lost-workday cases while others report all
cases involving either lost workdays or medical
treatment. OTA found that for States reporting
only lost-workday cases to the SDS, the numbers
of cases were not consistently higher or lower
from either SDS or the Annual Survey, after ad-
justing for the minimum waiting periods (as
defined by State workers’ compensation). Al-
though there were some differences between these
two data sources, these differences were not con-
sistent from one State to the next. In States that
report all cases involving either lost workdays or
medical treatment to the SDS, consistently more
cases were reported to the SDS than would be ex-
pected from the Annual Survey data.
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In another analysis, OTA compared BLS An-
nual Survey injury rates with rates calculated from
the estimates of the NHIS. This analysis compared
information derived from employer records (BLS)
with that from workers and their families (NHIS).
This comparison showed that, in recent years,
overall injury rates based on the NHIS are about
one-third higher than those from the BLS Annual
Survey.

Differences among the various sources could
arise from different methodologies and, as such,

OCCUPATIONAL ILLNESSES

There is substantially less quantitative informa-
tion on occupational illnesses than on injuries. Al-
though employers are required to include occupa-
tional illnesses in their records, it is well accepted
that employer records and the BLS Annual Sur-
vey estimates, which are based on employer
records, underestimate the magnitude of the oc-
cupational disease problem. This isbecause many
occupational diseases are indistinguishable from
non-occupational diseases, because they often be-
come manifest only after a latent period, and be-
cause of a general lack of recognition of the oc-
cupational causes of many diseases. For 1983, the
BLS Annual Survey estimate is about 106,000 oc-
cupational illnesses, but that is almost certainly
an underestimate.

The most commonly quoted estimates are that
up to 100,000 deaths due to illness and 390,000
illness cases occur each year as a result of work-
place conditions. Although the estimate of 390,000
cases was cited during the Congressional debates
about the Occupational Safety and Health Act,
OTA has not been able to determine the exact
methods for deriving this estimate.

The estimate of 100,000 deaths was derived first
by a crude technique using the results of three epi-
demiologic studies and later by an analysis of in-
formation in a 1951 British death registry. As a
result, the 100, 000-deaths figure can only be con-
sidered an estimate, but it is unclear to what ex-
tent the figure is biased. Peter Barth and Allen
Hunt (46) have reported other estimates that range

may not be worrisome. Or it could be that em-
ployers do not report certain types of injuries to
the BLS Annual Survey even though they do sub-
mit reports to workers’ compensation. As dis-
cussed above, the differences between the BLS An-
nual Survey and the NHIS may also stem from
employers labeling some injuries as cases involv-
ing only first-aid treatment, even though employ-
ees and other family members consider them seri-
ous enough to report to the NHIS.

from 10,000 deaths to 210,000 deaths. More ac-
curate estimates are difficult because of a general
lack of information on both historical and cur-
rent worker exposures, incomplete knowledge of
the deleterious effects of workplace exposures, and
the general problems of assigning single “causes”
to diseases created by multiple factors.

Although it is well accepted that employer
records understate the magnitude of the occupa-
tional illness problem, it is very difficult to quan-
tify the extent of this understatement. One pilot
study, conducted by David Discher and colleagues
(143), explored the usefulness of medical exami-
nations and industrial hygiene surveys for iden-
tifying the extent of occupational illness in sev-
eral industries. The researchers administered
medical exams to workers in four industries, con-
ducted industrial hygiene surveys, and classified
a total of 451 medical conditions among the sur-
veyed workers as probably linked to occupational
exposures. Eighty-nine percent of these 451 con-
ditions were not noted in either the workers’ com-
pensation claims or the employers’ logs. Although
this percentage of non-reporting may not be appli-
cable to all workplaces, this study did reveal a
large number of cases that were not being recog-
nized by employers and were thus not recorded.

It is also interesting to note that the BLS Sup-
plementary Data System reported only 234 work-
ers’ compensation cases for all cancers in 1980.
This can be compared to the range of estimates
for occupational cancer caused by asbestos alone,
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which is between 4,000 and 12,000 cases annually.
Even if the SDS total is adjusted for all the states
that do not currently report to the SDS, there ap-
pears to be substantial underreporting of cancer
cases to workers’ compensation programs.

The absence of an accurate accounting of the
occupational disease toll highlights the need for
accurate and comprehensive information on em-
ployee exposures, both to provide a basis for more
accurate disease estimates and to measure the ef-
fectiveness of current occupational health efforts.

CONCLUSION

OTA estimates that about 6,000 U.S. workers
die each year from occupational injuries, or about
25 each working day. In addition, each working
day there are at least 10,000 injuries that result
in lost worktime, and about 45,000 that result in
restricted activity or that require medical atten-
tion. Estimates of the number of nonfatal injuries
vary partly because of differences in the defini-
tions of injuries, the population universes, and
methods of estimation. Some discrepancies may
also be due to differences in how employers and
employees interpret the severity of an injury.

Injury and fatality rates are affected by a num-
ber of factors. These include the effects of the busi-
ness cycle, and various changes in the adminis-
tration of workers’ compensation, the practice of
occupational medicine, and other socioeconomic
factors, as well as the possible effectiveness of
OSHA in reducing injury frequency and severity.

The NIOSH National Occupational Hazard Sur-
vey (564,565,566) and National Occupational Ex-
posure Survey can provide information on the
number of employees potentially exposed to haz-
ardous substances, but they do not provide any
information on the level of exposure and only
limited information on the duration of exposure.
Although it may be possible to use the data col-
lected by OSHA during inspections to develop
estimates of worker exposures, such analysis de-
pends on further research.

OTA finds that the effect of the recent reces-
sion, especially in construction and manufactur-
ing, is the most important factor behind the in-
jury rate declines from 1979 to 1983, In addition,
it appears that most of the changes in national
injury rates since 1972 are associated with changes
in business activity.

Compared with occupational injuries, there is
substantially less quantitative information on oc-
cupational illnesses, Although employers are re-
quired to include occupational illnesses in their
records, it is well accepted that employer records
underestimate the magnitude of the occupational
disease problem. However, it is difficult to quan-
tify the extent of this understatement.
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Health Hazard

3.

ldentification

Since work occupies a central place in most
lives, it is not surprising that it is related to many
afflictions, nor that in one form or another it con-
tributes to diseases of every system of the body.

Some diseases are relatively easily linked to
workplace conditions, either because the diseases
themselves are distinct or relatively rare, or be-
cause the particular workplace conditions differ
greatly from ordinary conditions of daily life.
Other diseases are associated with either the work-
place or other activities, or with both; pinning
down causes and preventive strategies of those
diseases is more complicated.

Occupational diseases have been recognized for
centuries, although definitions of disease and ill
health have changed over time. Society—Iless will-
ing to accept adverse effects of any kind and
knowing that much disease is preventable—no
longer believes poor health to be a necessary con-
comitant of work.

While attention often focuses on new hazards,
and in identifying and preventing more subtle,
previously unnoticed effects, professionals in oc-
cupational safety and health also continue to deal
with many cases of well-known occupational dis-
eases. The still-frequent occurrence of many of
these older diseases represents a failure to use
already available knowledge.

Health hazards include those identified as pres-
ent in the workplace, those present but uniden-
tified, and new hazards, not yet introduced there.
The identified hazards include exposures to phys-
ical agents such as radiation and noise, and ex-
posures to some substances, including chemicals,
metals, minerals, and vegetable dusts. Present,
unidentified hazards may be many or few. Con-
tinued observation of workers and testing of sub-
stances are necessary to determine what exposures
are hazardous. Testing of new substances should
reduce the number of hazards introduced un-
knowingly into the workplace.

Traditionally, physicians and groups of work-
ers have been the sources of information leading
to the association of particular hazards with dis-
ease. “Factory fever” (typhus), “mad hatters” (vic-
tims of mercury poisoning), and “wrist drop” (lead
poisoning) were related to workplace exposures
through observation. Recent years have seen in-
creasing importance being given to epidemiology—
the study of the distribution of diseases—and
toxicology— the study of the dangerous proper-
ties of substances—in identifying workplace
hazards.

Case reports from doctors, workers, and em-
ployers can be valuable sources of information
on hazards and serve to generate hypotheses for
larger studies. But inadequacies in the training of
physicians, both those who practice occupational
medicine and those in general practice, limit iden-
tification hazards through case reports.

Epidemiology relies on observations or sugges-
tions of possible associations between exposures
or behaviors and disease for hypothesis genera-
tion. It has limitations in the kinds and magni-
tudes of effects it can detect, but it can provide
the most convincing evidence of associations be-
tween exposures and behaviors and health. The
strengths of epidemiology still remain to be ex-
ploited, and much remains to be learned about
diseases and syndromes that are widespread in the
population.

Toxicology can garner useful information about
the possible effects of substances, but large tox-
icologic studies are expensive, require years to
complete, and produce information that is some-
times difficult to apply to human exposures. Mak-
ing risk assessments from animal data involves
both technical problems and assumptions. Al-
though continued attention to toxicology and risk
assessment may reduce technical controversies,
the assumptions about the predictive value of
various tests are likely to remain in dispute.

4
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Epidemiology and toxicology have not been the
panacea for solving workplace health problems
that some envisioned. The limitations of both
argue for a continuing role for occupational medi-
cine in hazard recognition as well as treating
workers. That role can be enhanced during the
education of physicians.

Computerized information about workplace ex-
posures and workers’ health forms the basis for sur-
veillance systems that aim to identify health hazards.

OCCUPATIONAL DISEASE

Some diseases are always or nearly always
caused by conditions at work. These diseases rep-
resent relatively easy cases for health and safety
professionals because they can be readily linked
to particular working conditions. In general, iden-
tification of workplace hazards is facilitated by:

. conditions at work that differ greatly from
the normal conditions of daily life, and

. the presence of distinctive or very rare dis-
eases in these exposed workers.

Examples from the early part of this century are
the occurrence of “phossy jaw” among phosphor-
us match workers, the diseases of radium dial
painters, and “wrist drop” caused by lead poison-
ing among adult workers. More recently, meso-
thelioma and liver angiosarcoma both occur so
rarely in the nonexposed population that when
cases were observed among asbestos and vinyl
chloride workers, respectively, questions of oc-
cupational causation were immediately raised and
relatively quickly answered.

But relationships between work and diseases are
not always so clear-cut. In fact, it is probably
more frequent that working conditions directly
cause or contribute to diseases that are also related

Occupational health surveillance is the source of
both great promise and great controversy. It can be
used to identify the causes of occupational illness,
setting the stage for preventing further illness. But
there are practical difficulties in implementing sys-
tems that will be statistically useful, concerns about
company liabilities after discovering a possible rela-
tionship, and concerns that efforts will be made to
substitute surveillance activities for preventive ef-
forts and installation of appropriate controls.

to other human activities. In other words, work-
place exposures c ause workers to suffer an in-
creased incidence of disease, even though these
diseases also regu arly occur in the general pop-
ulation.

For example, most lung cancer occurs in smok-
ers, and it is accepted that there is a causal rela-
tionship between cigarettes and lung cancer. Some
substances encountered in the workplace are also
known lung carcinogens because they increase the
occurrence of lung cancer in nonsmokers as well
as in smokers. In addition, smoking and other car-
cinogens may also act together to cause cancer.
However, deciding which exposure(s) caused lung
cancer in a particular smoking worker is a diffi-
cult task.

Hazards that increase the incidence of common
diseases can be best identified using the techniques
of epidemiology. But even after studies have
shown a link between exposures and increased dis-
ease incidence for a group of workers, it often re-
mains impossible to determine, for any individ-
ual worker, that his or her disease was caused by
occupational exposures.

MAJOR CLASSES OF OCCUPATIONAL DISEASES

Occupational diseases have been recognized as
such for centuries. References to almost all classes
and types of diseases appear in the works of

Ramazzini, the 18th-century physician often called
the father of occupational medicine. Since then,
the definition of disease in general has changed,
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as has the perception of work-relatedness. Society
is less willing to accept adverse effects of any kind.
Because so much disease is known to be pre-
ventable, poor health is no longer taken as a con-
comitant of certain occupations. Our increasing
ability to detect subtle effects allows us to broaden
our efforts in prevention.

There is something seductive about new risks,
and a tendency to focus on new hazards. Al-
though in one sense occupational health is deal-
ing with new and ever-subtler effects, the old dis-
eases are still around, in greater numbers than is
generally perceived. In 1979, an estimated 84,000
active workers suffered from acute byssinosis and
at least 35,000 employed or retired workers were
disabled from cotton dust-related disease. In 1978,
an estimated 59,000 workers were thought to suf-
fer from silicosis. Even as new and perhaps scien-
tifically and medically more intriguing conditions
become issues in occupational health, the old
problems require continued vigilance.

To guide its research priorities, the National In-
stitute for Occupational Safety and Health (NIOSH)
has developed a list of 10 groups of occupational
diseases (table 3-1). Although termed the “Ten

Leading” work-related diseases, the list includes
nearly all categories of health effects that have
ever been linked to workplace conditions.

Six of the categories of diseases listed by NIOSH
are discussed in this chapter. Traumatic injuries
are the subject of the next chapter, and noise-
induced hearing loss is discussed in chapter 8. The
reader is referred to the recent textbooks by Levy
and Wegman (269) and Rem, et al. (396), for de-
tails of disease and hazard identification.

Respiratory Disorders

The lungs and other parts of the respiratory
tract come in contact with all manner of airborne
materials in the workplace. Gases, vapors, fumes,
fibers, and particles all may be inhaled, Of all
health effects, occupationally related cancers of
the respiratory tract receive the greatest attention,
but they are not the only serious respiratory con-
ditions associated with the workplace, and cer-
tainly not the most widespread. Other responses
of the respiratory system may be acute irritation,
immunologic or allergic reactions, or chronic
changes in the tissues that line the respiratory

Table 3.1.—The Ten Leading Work-Related Diseases and Injuries:
United States, 1982°

Type of disorder/inju”~

Exam Dies

| Occupational lung diseases

2 Musculosketal injuries

3, Occupational cancers (other than lung)

4, Amputations, fractures, eye loss,
lacerations, and traumatic deaths

5. Cardiovascular diseases

6 Disorders of reproduction

7, Neurotoxic disorders

8, Notse-induced loss of hearing
9. Dermatologic conditions

10, Psychologic disorders

asbestos is, byssinosis, silicosis, coal
workers’ pneumoconiosis, lung cancer,
occupational asthma

disorders of the back, trunk, upper
extremity, neck, lower extremity;
traumatically induced Raynaud’s
phenomenon

leukemia, mesothelioma; cancers of the
bladder, nose, and liver

hypertension, coronary artery disease,
acute myocardial infarction

infertility, spontaneous abortion,
teratogenesis

peripheral neuropathy, toxic encephalitis,
psychoses, extreme personality changes
(exposure-related)

dermatosis, burns (scaldings), chemical
burns, contusions (abrasions)

neuroses, personality disorders,
alcoholism, drug dependency

‘The conditions | isted u rider each category are tobeviewed as selected examples, not comprehensive defin It lons of the category

SOURCE (563)
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tract. Some conditions that begin as acute prob-
lems progress to chronic states, perhaps the best
known being byssinosis—-or “brown lung” disease.

NIOSH has made formal recommendations for
maximum exposure levels to 60 substances, based
on their effects on the respiratory system. That
number is greater than the substances cited for
any other organ system.

Chronic Conditions

The most serious conditions are pneumoco-
nioses, chronic conditions occurring generally
after years of exposure to very fine dusts. The
tissue reacts by thickening, producing a condition
called “pulmonary fibrosis. ” The best known
pneumoconioses are asbestosis, silicosis, and coal
workers’ pneumoconiosis (“black lung”), but simi-
lar conditions may be produced by a number of
different materials, such as talc and kaolin.
Pneumoconioses are characterized by coughing
and shortness of breath, which grow worse over
time, followed in the later stages by signs of heart
failure and eventually ending in death.

Chronic bronchitis can be caused by a number
of occupational hazards but, as the commonest
chronic response of the respiratory tract, is also
brought on by nonoccupational causes. It may
also be multicausal, as many diseases are, with
nonoccupational factors (particularly cigarette
smoking) interacting with occupational exposures
to cause disease.

Emphysema is another chronic condition in re-
sponse to many different stimuli. Though there
are undoubtedly cases of occupational origin, few
convincing, direct correlations between workplace
exposures and this disease are known.

Beryllium disease (berylliosis) is an example of
granuloma formation in response to foreign
bodies in the lungs. Granulomas form when body
cells responding to an “inciting agent” become sur-
rounded by bundles of collagen (a type of con-
nective tissue).

Acute Conditions

Inflammations and irritations of the tissues lin-
ing the respiratory tract occur in response to many
inhaled substances. The upper respiratory tract—

the nose, throat, and larynx-is the most frequent
site of irritation, It is susceptible to highly solu-
ble irritants, such as ammonia, hydrogen chloride,
and hydrogen fluoride-gases commonly encoun-
tered in industry.

Irritants that are less soluble tend to travel far-
ther down the respiratory tract before they are
absorbed entirely, causing irritation in the mid-
dle as well as the upper respiratory tract. Chlo-
rine, fluorine, and sulfur dioxide, all commonly
used chemicals, have such properties, The major
effect on the lungs is bronchoconstriction.

Irritants of low volubility may cause only mi-
nor upper respiratory tract problems, but their
delayed reaction deep in the lungs, which may oc-
cur as much as a day later, can be very serious.
Ozone, oxides of nitrogen, and phosgene—again,
commonly encountered in workplaces—are the
most important hazards in this class.

Asthma and “hypersensitivity pneumonitis” are
two manifestations of immunologic or allergic
type reactions. Bronchial asthma, a condition
affecting perhaps 4 percent of the U.S. popula-
tion, is also prevalent among certain occupational
groups. Asthma is a generalized obstruction of the
airways in an allergic type of response to some
substance. Causes can be of bacterial or animal
(e.g., animal dander, small insects, bee toxin) or
plant (e.g., flour, grain dust, fungi, cotton, flax,
tea fluff, wood dusts) or chemical (e.g., formal-
dehyde, certain pesticides, some metals, some
acids) origin. Often the condition develops only
after a period of sensitization, and for some
agents, very high percentages of those exposed be-
come sensitized. It has been reported that nearly
all workers in power plants along the Mississippi
River become sensitized to river flies (396).

The causes of hypersensitivity pneumonitis in-
clude a variety of organic materials, commonl,
fungi or bacteria. Beginning with coughing, but
without the wheezing associated with asthma,
these disorders can become chronic and disabl-
ing. Such conditions as “farmer’s lung, ” “mush-
room picker’s lung, “ “cheese washer’s lung, ” and
“paprika splitter’s lung” fall into this category.

Byssinosis deserves particular recognition. (For
further discussion of this disease, see ch. 5.)
Though it has been known in some sense as a dis-
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ease associated with cotton and other textile fibers
for hundreds of years, it was ignored as an occu-
pational disease in this country until fairly
recently. The disease begins with tightness in the
chest and a decrease in lung capacity upon ex-
posure. The condition is most severe on Monday
mornings. Over a period of years, chronic ob-
structive lung disease may develop, partially or
totally disabling the worker. The earlier stages of
the disease are thought to be reversible, but the
later stages are not. The exact etiologic agent of
byssinosis is not known, but various chemicals
and organic substances have been suggested.

Musculoskeletal Disorders

Low back pain is responsible for more lost
work-time than any other medical condition ex-
cept upper respiratory tract ailments. In terms of
treatment and workers’ compensation, low back
pain is the costliest occupational ailment. More
than half of all workers will experience low back
pain of some kind sometime in their working lives,
but the percentage of those cases associated with
the workplace is unclear.

Low back pain may develop progressively and
insidiously, or it may come on with immediacy.
Pain may be dull and aching, with fatigue and
stiffness, or sharp and crippling. Surprisingly lit-
tle is known about the physiologic and physical
causes underlying back pain. Circumstantial evi-
dence implicates intervertebral discs in many
cases. (Discs are cartilaginous structures separat-
ing the vertebrae of the spine. ) In extreme cases,
a disc may rupture, but physical signs that would
explain the pain are usually absent. Episodes of
pain, which last usually from a few days to a few
weeks, generally resolve with rest. Months or
years may pass without another attack.

Muscles, tendons, ligaments, and bones can
also be damaged by traumatic events or by re-
peated strains over a long period. Although mus-
cle pulls and tears have been recognized for years,
the “repetitive motion disorders"—those caused
b,repeated, often forceful motions, mainly of
parts of the arm—have come to attention more
recently (see “Carpal Tunnel Syndrome, ” ch. 7),
Much assembly-line work and food processing,
for example, is characterized by repetitive,

strenuous, awkward tasks. The prevalence of
repetitive motion disorders is unknown, but more
and more industries are recognizing that they have
such problems.

Cancer

Table 3-2 is a list of recognized occupational
cancer hazards. In most cases, there is convinc-
ing or very strong evidence that the listed sub-
stances have caused cancer in humans. Inspection
of the table shows that many of these substances
cause common cancers, for instance, of the lung
and skin. Except for a few specific and infrequent
cancers, there is no way to tell, from examining
a cancer patient, what agent(s), exposure(s), or
behavior(s) caused the tumor.

The most detailed information about an occu-
pational cancer hazard involves asbestos. The un-
folding of that story illustrates the time necessary
for association to be accepted and some contro-
versies about occupational illness. Individual case
studies and reviews of case series relating expo-
sures to asbestos with cancer began to appear in
the literature in the 1930s (161). According to
Selikoff (430), however, the establishment of an
association between occupational exposure to as-
bestos and lung cancer depended on a classic study
by Doll in 1955 (147).

Although asbestos was positively identified as
a cause of lung cancer in the 1950s, and exposure
to it was known to be widespread, no published
estimate of its impact on nationwide mortality
was available until 1978, when two estimates were
made. Selikoff (555) estimated that the annual
number of asbestos-related cancer deaths was
about 50,000. His estimate elicited little public at-
tention.

The other 1978 estimate (555), entitled “Esti-
mates of the Fraction of Cancer in the United
States Related to Occupational Factors, ” was pre-
pared by the National Cancer Institute, the Na-
tional Institute for Environmental Health Sciences,
and NIOSH. Ten employees of those institutions
were listed as contributors to the “estimates pa-
per, ” which was placed in an Occupational Safety
and Health Administration (OSHA) hearing rec-
ord about that agency’s proposed generic cancer
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Table 3=2.—Some Occupational Cancer Hazards

Agent Cancer site or type Type of workers exposed

Acrylonitrile . . ............ Lung, colon Manufacturers of apparel, carpeting, blankets, draperies,
synthetic furs and wigs

4-aminobiphenyl . .......... Bladder Chemical workers

Arsenic and certain arsenic
compounds .............

Asbestos . ................

Auramine and the
manufacture of
auramine . ..............

Benzene.............. e

Benzidine. . ...............
Beryllium and certain
beryllium compounds . . ..

Bis(chloromethy [l)ether
(BCME) . ............o...

Cadmium and certain
cadmium compounds . . . .

Carbon tetrachloride . . .. ...
Chloromethyl methyl ether
(CMME) . ...t

Chromium and certain
chromium compounds. . ..

Coal tar pitch volatiles . . . ..

Coke oven emissions . .. ...
Dimethyl sulphate . .. ......
Epichlorohydrin . .. ... ... -
Ethylene oxide ... .........

Hematite and underground
hematite mining .. .......
Isopropyl oils and the
manufacture of isopropyl
oils........ ...
Mustardgas . .............
2-naphthyiamine . ..........

Nickel (certain compounds)
and nickel refining . ... ...

Polychlorinated biphenyls
(PCBS) ...

Lung, skin, scrotum,
lymphatic system,
hemangiosarcoma of the
liver

Lung, larynx, Gl tract,
pleural and peritoneal
mesothelioma

Bladder

Leukemia

Bladder, pancreas

Lung

Lung

Lung, prostate

Liver

Lung

Lung, nasal sinuses

Lung, scrotum

Lung, kidney, prostate
Lung

Lung, leukemia
Leukemia, stomach

Paranasal sinuses
Respiratory tract
Bladder, pancreas

Nasal cavity, lung, larynx

Melanoma

Workers in the metallurgical industries, sheep-dip workers,
pesticide production workers, copper smelter workers,
vineyard workers, insecticide makers and sprayers,
tanners, miners (gold miners)

Asbestos factory workers, textile workers, rubber-tire
manufacturing industry workers, miners, insulation
workers, shipyard workers

Dyestuffs manufacturers, rubber workers, textile dyers, paint
manufacturers

Rubber-tire manufacturing industry workers, painters, shoe
manufacturing workers, rubber cement workers, glue and
varnish workers, distillers, shoemakers, plastics workers,
chemical workers

Dyeworkers, chemical workers

Beryllium workers, electronics workers, missile parts
producers

Workers in plants producing anion-exchange resins
(chemical workers)

Cadmium production workers, metallurgical workers,
electroplating industry workers, chemical workers, jewelry
workers, nuclear workers, pigment workers, battery
workers

Plastic workers, dry cleaners

Chemical workers, workers in plants producing ion-
exchange resin

Chromate-producing industry workers, acetylene and aniline
workers, bleachers, glass, pottery, pigment, and linoleum
workers

Steel industry workers, aluminum potroom workers, foundry
workers

Steel industry workers, coke plant workers

Chemical workers, drug makers, dyemakers

Chemical workers

Hospital workers, research lab workers, beekeepers,
fumigators

Miners

isopropy! oil workers

Production workers

Dyeworkers, rubber-tire manufacturing industry workers,
chemical workers, manufacturers of coal gas, nickel
refiners, copper smelters, electrolysis workers

Nickel refiners

PCBS workers
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Table 3-2.—continued

Agent

Cancer site or type

Type of workers exposed

Radiation, ionizing . .. ......

Radiation, ultraviolet . . . . ...
Soots, tars, mineral oils . . . .
Thorium dioxide . . . ........

Vinyl chloride . . ...........

Agent(s) not identified . . . . .

Skin, pancreas, brain,

stomach, breast, salivary

glands, thyroid, Gl tract,
bronchus, lymphoid
tissue, leukemia,
multiple myeloma

Skin

Skin, lung, bladder, GlI
tract

Liver, kidney, larynx,
leukemia

Liver, brain, lung,
hematolymphopoietic
system, breast

Pancreas

Stomach

Brain, stomach

Hematolymphopoietic
system

Bladder

Eye, kidney, lung

Leukemia, brain

Colon, brain

Esophagus, stomach, lung

Uranium miners, radiologists, radiographers, luminous dial
painters

Farmers, sailors, arc welders
Construction workers, roofers, chimney sweeps, machinists

Chemical workers, steelworkers, ceramic makers,
incandescent lamp makers, nuclear reactor workers, gas
mantle makers, metal refiners, vacuum tube makers

Plastics factory workers, vinyl chloride polymerization plant
workers

Chemists

Coal miners
Petrochemical industry
Rubber industry workers

Printing pressmen
Chemical workers
Farmers

Pattern and model makers
Oil refinerv workers

SOURCE (542)

Photo credit OSHA, Office of Inforrnation and Consumer Affalrs

Shipbuilding operations present a variety of both safety and health hazards. During World War 11,
many workers were exposed to asbestos in naval shipyards



48 « preventing lliness and Injury in the WOI’kp|8.C€

policy (the “estimates paper” is available as an ap
pendix in Peto and Schneiderman (371)).

Had the paper been only deposited in the hear-
ing record it might have passed largely unnoticed.
Its findings, however, were widely publicized
when then-Secretary of Health, Education, and
Welfare Joseph Califano cited them in a speech.
Based on the “estimates paper, ” he stated that
workplace exposures caused at least 20 percent
of all cancer in this country-with exposure to
asbestos alone responsible for 13 to 18 percent.
These projections were controversial as soon as
they were publicized, and they attracted many
critics. They also resulted in a spate of articles pre-
senting other estimates of the cancer risk associ-
ated with occupational exposure to asbestos.

The subsequent papers can be divided into two
general groups. One group used methods similar
to the “estimates paper” to project numbers of can-
cer deaths based on estimates of workers exposed,
exposure rates, and mortality observed among in-
sulation workers highly exposed to asbestos. A
second type of paper measured the number of
deaths from mesotheliomas, which are closely
associated with asbestos exposure, and then
multiplied that number by some factor to estimate
all asbestos-caused cancer deaths.

Methods similar to those employed in the 1978
paper generated three estimates of total asbestos
cancer mortality. Those estimates, lower than the
13 percent figure in the “estimates paper, ” were
1 percent (162), 2 percent (216) and 3 percent
(331). The different numbers reflect the authors’
different estimates about the numbers of heavily
exposed workers—estimates that can be criticized
because they were not made on the basis of ac-
tual measurements. As that sort of information
does not exist, however, documented assumptions
are the best that can be provided.

In the case of asbestos, scientists interested in
extrapolating from study-generated data to esti-
mates of national cancer mortality are aided by
the fact that asbestos causes asbestosis and meso-
theliomas. Both those diseases are reasonably rare
and reasonably diagnostic for asbestos exposure.
Although both are subject to undercounting that
limits the accuracy of estimates based on them,
the estimates from them are congruent with those

based on the method used originally in the “esti-
mates paper. ” Calculations based on numbers of
mesotheliomas and asbestosis produced estimates
of between 1 and 2 percent of all cancer deaths
being due to asbestos (148,212,294,370).

The consistency of the projections that asbestos
causes between 1 and 3 percent of current cancer
deaths (190) has a pronounced effect on estimates
of total occupationally related cancers. Most, but
not all, participants at an international conference
about occupational cancer agreed that workplace
exposures cause less than 5 percent (20,000 an-
nual deaths) of U.S. cancer mortality (371).

Although this number is not as frightening as
saying asbestos causes 13 percent of cancer and
that workplace exposures cause at least 20 per-
cent, and perhaps twice that figure, it is still a large
number of deaths. Furthermore, as representatives
from all sides—academe, labor, and manage-
ment—agree, those cancers are preventable.

The amount of cancer that is associated with
workplace exposures is a significant part of the
current debate about the relative importance of
various factors in cancer causation (see (18), the
exchange of facts and opinions in ‘letters” Science
224:659 et seq., especially (154) and (19)).

Reproductive Disorders

The possibility that people’s occupations are
leading to problems for an unborn generation is
frightening. It is increasingly a concern among
workers, and attention to reproductive disorders
on the part of scientists is intensifying. Few facts
are available to either support or quell the fears
that a great many reproductive hazards are pres-
ent in the workplace. Relatively few instances of
harm are known when compared with the known
effects of workplace hazards on workers them-
selves.

Initial concerns about reproductive health fo-
cused almost exclusively on women. Exposure to
the high levels of lead common at the beginning
of this century were known to cause menstrual
disorders, sterility, miscarriages, and stillbirths.

Much more recently, concern has been extended
to males. One episode provided the catalyst. In
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the late 1970s, a number of men working in the
manufacture of dibromochloropropane (DBCP),
a pesticide, were unable to father children, In-
vestigation revealed severely depressed sperm pro-
duction.

Damage can occur in males and females in a
number of ways. In men, successful reproduction
depends on proper functioning of the prostate, on
libido, and on erection and ejaculation. The pro-
duction and viability of sperm can be affected by
damage to the sperm-producing cells or to the
sperm as they develop.

In women, damage can occur in the reproduc-
tive cells, the oviducts, the endometrium, or to
ovarian function. During fetal development in the
uterus, humans are most vulnerable to environ-
mental insults. Death, irreversible structural
changes (teratogenesis), and growth retardation
are the main classes of effects. More difficult to
measure or prove are subtle deficits in intellec-
tual capacity and functioning.

The effects of lead have been mentioned. At
least one form of another heavy metal, mercury,
is a known teratogen. Certain pesticides—DBCP
and Kepone for instance-affect sperm produc-
tion. lonizing radiation has a variety of effects,
particularly on fetuses—causing growth retarda-
tion, for instance, or microcephaly, or having
latent effects, such as leukemias that develop dur-
ing childhood. A few organic solvents and phar-
maceuticals also are known to affect reproduc-
tive health. In all, relatively little is known about
the extent of workplace-induced reproductive
damage, but efforts to find out more are under
way. A current OTA assessment scheduled for
completion in 1985, “Reproductive Health Haz-
ards in the Workplace, ” addresses this issue.

Necrologic Disorders

A wide variety of metals and organic com-
pounds act on the nervous system to cause phys-
ical and behavioral problems. Since many bodily
functions require the participation of nerves,
nerve impairment affects not only sensory abili-
ties, but motor (muscular) ability as well as the
functioning of organs.

Lead is the best-known neurotoxin in the work-
place. More than a million American workers are
exposed currently. Mercury, manganese, and
other metals, as well as organic solvents and
organophosphate insecticides, also pose neuro-
toxic risks. Table 3-3 lists some known neurotox-
ins and their effects.

Neurotoxins can damage the myelin sheath sur-
rounding the nerve fiber or the nerve cell itself.
Toxins can also interfere with the production and
functioning of “neurotransmitters,” chemicals pro-
duced in the body that are necessary for proper
functioning of the nerves. ’some necrologic im-
pairment is reversible, but damaged nerve cells
have limited capacity for regeneration and repair.

Neurotoxins affect the parts of the nervous sys-
tem to different degrees. The most commonly
affected are peripheral nerves-those of the ex-
tremities. Hands and feet are often the first
symptomatic zones, and numbness and tingling
the first signs. Weakness in the hands and feet fol-
lows, and then difficulty walking and an inability
to grasp heavy objects. Other symptoms include
impaired vibratory sense, loss of touch percep-
tion, and tremors of the hand and other parts of
the body.

A host of behavioral changes can also result
from necrologic insults: Slow response time, im-
paired hand-eye coordination, irritability, lack of
concentration, continual emotional instability,
and impairment of recent memory area few such
signs. (Lewis Carroll’s “Mad Hatter” may have
been a victim of the necrologic effects of mercury
used in making felt hats. )

Most neurotoxins act through common path-
ways, though some have more specific effects:
Carbon disulfide, for instance, acts at all levels
on the central nervous system, but also causes
conditions as extreme as acute psychosis.

Skin Disorders

The skin, the largest organ of the body, pro-
vides the first line of defense between workers and
their environment. Because it is readily observable,
recognition of a problem is relatively easy. For
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Table 3-3.—Neurologic Effects of Occupational Toxins

Peripheral Effects

Effect Toxin Comments
Motor neuropathy .. .............. Lead Primarily wrist extensors; wrist drop and ankle drop rare
Mixed sensorimotor neuropathy . . .. Acrylamide Ataxia common; desquamation of hands and soles;
sweating of palms
Arsenic Distal parethesias earliest symptom; painful limbs,

Carbon disulfide

Carbon monoxide
DDT
N-hexane and methyl

n-butyl ketone (MBK)

especially in calves; hyperpathia of feet; weakness
prominent in legs

Peripheral neuropathy rather mild; CNS effects more
important

Seen only after severe intoxication

Only seen with ingestions

Distal paresthesia and motor weakness; weight loss,
fatigue, and muscle cramps common

Mercury Predominantly distal sensory involvement
Other Manifestatlons
Manifestation Agent Manifestation Agent
Ataxicgait,............. Acrylamide Increased intracranial
Chlordane pressure.............. Lead
Chlordecone (Kepone) Organotin compounds
DDT Myoclonus .. ............ Benzene hexachloride
N-hexane Mercury
Manganese Nystagmus . ............. Mercury
Mercury (especially with Opsoclonus .. ........... Chlordecone (Kepone)
methyl mercury) Paraplegia. ... ........... Organotin compounds
Methyl n-butyl ketone (MBK) Parkinsonism ............ Carbon disulfide
Methyl chloride Carbon monoxide
Toluene Manganese
Bladder neuropathy. . . ... . Dimethylaminopro pionit ri te Seizures . ............... Lead
(DMAPN) Organic mercurial
Constricted visual fields .. Mercury Organochlorine insecticides
Cranial neuropathy . ... .. Carbon disulfide Organotin compounds
Trichloroethylene Tremor.................. Carbon disulfide
Headache ............... Lead Chlordecone (Kepone)
Nickel DDT
Impaired visual acuity ... , N-hexane Manganese
Mercury Mercury
Methanol

NOTE: This table Includes most, but not all, of the neurotoxic substances associated with tisted conditions.

SOURCE: (39a)

both these reasons, skin disorders account for
nearly half of all reported occupationally related
illnesses in the United States. NIOSH has recom-
mended maximum exposure levels for about 40
agents based on their effects on the skin (see table
3-4).

Chemical, physical, and biological agents, me-
chanical factors, and plant and wood substances
are known to cause occupationally related skin
disorders (see table 3-5). There is probably no in-
dustry without some potential for exposure to one
or more of these agents. The industries with the
highest risk for skin disorders are listed in table
3-6. Although caused by a large number of agents,

both biological and chemical, skin diseases are
manifested in a relatively limited number of clin-
ical symptoms: contact dermatitis, infection, pilo-
sebaceous follicle abnormalities, pigment dis-
orders, and cancers.

Contact dermatitis accounts for 90 percent of
all occupational skin disorders. The most com-
mon manifestations of contact dermatitis are red-
ness and swelling, and vesiculation (e.g., a poison
ivy rash) in more severe cases. Contact dermatitis
may be an allergic reaction or simply due to an
irritant.

Bacterial, fungal, and viral infections may be
contracted from customers or clients by such pro-
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Table 3-4.—Substances for Which
NIOSH Has Recommended Exposure
Limits to Prevent Skin Disorders

Acrylamide
Alkanes:
Pentane
Hexane
Heptane
Octane
Arsenic, inorganic compounds
Benzoyl peroxide
Benzyl chloride
Carbon black
Chromium (Vi)
Coal tar products
Cresol
Epichlorohydrin
Ethylene dibromide
Fibrous glass (dust)
Glycidyl ethers:
Allylglycidyl ether (AGE)
n-Butyl glycidyl ether (BGE)
Di-2-,3-epoxypropy! ether (DGE)
Isopropyl glycidyl ether (IGE)
Phenyl glycidyl ether (PGE)
Hydrazines:
Hydrazine
1,1-dimethyl hydrazine
Phenyl hydrazine
Methyl hydrazine
Hydrogen fluoride
Hydroquinone
Nickel, inorganic and compounds
Phenol
Polychlorinated biphenyls:
Chlorodiphenyl (42°/0)
Chlorodiphenyl (54°/0)
Refined petroleum solvent
Thiols:
Butyl mercaptan (1-butanethiol)
Methyl mercaptan (1-methanethiol)
Ethyl mercaptan (1-ethanethiol)
Tin, organic compounds
Tungsten:
insoluble compounds
soluble compounds
Vanadium
SOURCE Adapted from (128a)

fessionals as barbers and hairdressers and by hos-
pital workers. Staphylococcus and streptococcus
bacteria may cause a range of skin conditions
from superficial to those of deep skin layers. More
serious bacterial infections, such as anthrax in
sheep handlers and animal hide workers, are
rarer.

Fungal infections often arise in moist, warm
environments. Ringworm and Candida albicans
infections are common examples. Candida infec-

Table 3-5.—Workpiace Agents That
induce Skin Disorders

Chemical agents

Rhus oleoresin (poison ivy and oak)
Acids

Alkalis

Solvents

oils

Soaps and detergents

Plastics

Resins

Paraphenylenediamine

Chromates

Acrylates

Nickel compounds

Rubber chemicals

Petroleum products not used as solvents
Glass dust

Plant and Wood Substances
Pink rot celery
Citrus fruit

Physical Agents

lonizing and nonionizing radiation
Wind

Sunlight

Temperature extremes

Humidity

Biological Agents

Bacteria

Viruses

Fungi

Ectoparasites (mites, ticks, fleas, etc.)
Biting animals

Mechanical factors

Pressure

Friction

Vibration

SOURCE: (23a).

tion is common in workers, such as dishwashers,
who are frequently exposed to water, because
moist conditions favor the fungus’ growth. Viral
infections are acquired by contact with other peo-
ple and are a particular hazard for workers ex-
posed intimately to other individuals in the course
of their work, such as health care workers.

Pilosebaceous follicle abnormalities, generally
acne-like lesions, occur after exposures to heavy
oils and certain chemicals, particularly chlorinated
aromatic hydrocarbons. The example currently
most discussed is chloracne after exposure to
chlorinated dioxins, either in the manufacturing
process, or, most dramatically, after industrial ac-
cidents involving the generation and release of
large amounts of the chemical. Chloracne may
persist for 10 yearn or more after exposure ceases.
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Table 3-6.—industries at Highest Risk for Occupational Skin Diseases

Annual reported

incidence rate Target population Incidence of lost
(per 1,000 (rounded to workdays per

Industry workers) X nearest 1 ,000) x Severity  “Xx Duratiorf = industry per year
Poultry dressing plants 16,4 89,800 030 10.0 4,405
Meat packing plants 72 164,300 0.31 4,3 1,561
Fabricated rubber products 55 103,200 0.22 11,5 1,424
Leather tanning and finishing 21,2 22,900 0.34 8.3 1,392
Ophthalmic goods 8.5 38,000 0.52 8.3 1,390
Plating and polishing 8.3 61,400 0.28 9.0 1,270
Frozen fruits and vegetables 72 43,200 0.31 12,1 1,153
Internal combustion engines 55 75,700 027 8.8 999
Canned and cured seafoods 5.6 19,700 0,36 23,7 934
Carburetors, pistons, rings, valves 70 29,400 024 17.9 895
Chemical preparations 8.3 36,700 0.23 12.3 855
Boat building and repairing 11.1 48,000 0.22 7,4 854

3Severity 1s d€TIN€d by number of lost-workday cases divided by total number of cases in that industry
Durationis the number ot lost workdays per lost workday case

SOURCE (23a)

Pigment disorders occur when melanin produc-
tion is either increased or decreased through ex-
posures to chemicals or from a traumatic event—a
burn, for instance. Loss of pigment may be re-

KNOWN AND UNKNOWN HEALTH

Health hazards are agents that can cause dis-
ease in people exposed to them. In terms of oc-
cupational health, there are three kinds:

* identified hazards known to be present in the
workplace;

* hazards that are present in the workplace but
that have not been identified as causes of dis-
ease; and

* new substances or processes not yet introduced
into the workplace, that will be hazardous to
human health.

This section reviews the findings that led to
some associations being made between particu-
lar diseases and workplace hazards, as well as the
methods currently employed to identify hazards.

Identified Hazards

Diseases associated with mining and metal-
working have been recognized for many years,
to some extent because of the antiquity of those
trades. Some industrial chemicals are known to

versible or not, depending on the causative agent
and on the severity of the insult. Other changes
in skin color are due to staining of various layers
by such substances as heavy metals.

HAZARDS

cause a variety of diseases, and energy from all
parts of the electromagnetic spectrum is a hazard
under particular circumstances. As the following
examples show, associations between agents and
diseases have been made by people from all sec-
tors of society based on laboratory information
as well as observations of human illness.

Physical Agents

Sources of ionizing radiation are increasingly
common in the workplace. X-ray apparatus and
radioisotopes are widely used, and nuclear power-
plants and scientific research also involve poten-
tial exposures to ionizing radiation. Very high
doses of radiation can kill workers within a few
days, but of greater concern, because the events
are more likely, is low-level exposures, which may
last for several years and may cause cancer. The
deleterious effects of radiation were discovered
from observations of disease among early work-
ers in the field and confirmed by analyses of the
survivors of Nagasaki and Hiroshima.
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Nonionizing radiations include ultraviolet, in-
frared, microwave, and laser. All present hazards
for workers’ eyes, and there is continued interest
in and study about other effects from microwave
radiation. Ultraviolet and infrared radiation as
well as intense visible light are generated in weld-
ing, and welders’ goggles and helmets are designed
to protect against such hazards.

Also in the category of physical agents is noise,
which, especially if it is loud and continuous,
causes progressive hearing loss. The impact of oc-
cupational noise is difficult to separate from the
effects of aging, but many studies have shown
workplace noise is a hazard to hearing. (See ch.
8 for a discussion of the role of personal protec-
tive equipment in preventing hearing loss. )

Vibration, often experienced as a result of the
use of handtools, causes a number of musculo-
skeletal disorders (see ch. 7).

Heat, cold, and pressure encountered in under-
water work are also hazards. These have been
associated with particular jobs for a very long
time, and many of their effects are visible during
or soon after exposure.

Metals

Hunter (218) divides hazardous metals into
three groups. Those known since ancient times,
such as lead and mercury, were long ago associ-
ated with disease. According to Hamilton (1922,
guoted in 218), the first legislation directed against
an occupational hazard was drafted in 1665 in
Idria, now part of Yugoslavia. The workday for
cinnebar (mercury ore) miners was restricted to
6 hours as a preventive measure to reduce the
occurrence of tremors. Mercury continues to
cause concern today as an environmental con-
taminant, and it is especially dangerous in the
organic (methylmercury) form.

Hunter’s second group, the “other metals, ” are
arsenic, phosphorus, and zinc. He points out that
the grouping is arbitrary in that arsenic is a
metalloid and phosphorus a nonmetal. These
three elements have been in common industrial
use for a few centuries, and all have caused ill-
ness and death. The recognition of phosphorus
as the cause of “phossy jaw” among matchmakers
(see box A) led to the substitution of a safe form

Box A.—"‘Phossy Jaw”

Phossy jaw was a disease that resulted from
inhaling yellow or white phosphorus fumes that
penetrated any defective tooth and Killed cells
in the jaw and surrounding tissues. Invasion of
the dead areas by germs from the mouth led to
suppurating infection, swelling, and intense pain.
Death could result from blood poisoning; surgi-
cal treatment, which often included removal of
the jaw, was incapacitating and disfiguring. The
disease was first diagnosed in workers in Euro-
pean match factories in the middle of the 19th
century.

Up through 1908, there was no recognition of
phossy jaw as an occupational health problem
in the United States. A Bureau of Labor study
that year of the wages of women and children
in the match industry revealed 150 cases of
phossy jaw. Two years later, the Bureau issued
“Phosphorus Poisoning in the Match Industry in
the United States.”

One of the surest forms of controlling expo-
sures to hazardous substances is to substitute a
less hazardous chemical. Phossy jaw was con-
quered by substituting a different form of phos-
phorus for the “white phosphorus” commonly
used in matches. The Diamond Match Co.,
which held the American patent for the safe form
(sesquisulphide), waived its patent rights and
made the safe substitute available to the entire
industry (199). In 1912, Congress passed the
“Esch Act,” which levied a tax on white phos-
phorus matches, driving them from the market.

of phosphorus in matches. These three metals still
occupy important places in industry and in agri-
cultural products.

The third group of metals are those recently in-
troduced into commerce, including some impor-
tant in advanced metallurgic technologies and the
nuclear industry. Toxic effects are definitely asso-
ciated with some—beryllium, cadmium, chro-
mium, manganese, nickel, osmium, platinum, ra-
dium, ruthenium, selenium, tellurium, thallium,
thorium, uranium, and vanadium. In some meas-
ure, because these substances were introduced into
the workplace when industrial hygiene measures
were more common, exposure to many of them
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has been well controlled (218). Also important to
controlling exposures to some of these metals is
their great expense; uncontrolled losses through
spills or into the atmosphere as vapors, fumes,
or dusts entail financial losses as well as health
hazards.

Many metals are worked in industry with no
reported toxic effects. Cesium, cerium, colum-
bium, gallium, germanium, hafnium, iridium,
lanthanum, molybdenum, rhenium, rhodium,
rubidium, strontium, tantalum, titanium, tung-
sten, and zirconium, for example, have not been
associated with illness in workers (218). Exposures
to many such metals are controlled by standard
industrial hygiene practices, and the fact that some
of these metals are very expensive also encourages
reduced exposures.

Hunter (218) is a good source of historical in-
formation about the uses and effects of the various
metals and about British approaches to control-
ling exposures. Rem, et al. (396), discusses clini-
cal symptoms and treatments as well as U.S. ap-
proaches to control, and Levy and Wegman (269)
provide a lively introduction to the occupational
health and industrial hygiene problems associated
with the metals, with less emphasis on clinical
detail than Rem. Tyrer and Lee (483) summarize
information about acute and chronic health ef-
fects of the metals and list recommended and reg-
ulatory limits to exposure.

Dusts and Fibers

The hazards of mineral dusts have been known
since mining began. Both silica dust and coal dust
cause lung diseases. The widespread use of silica
as an abrasive for “sand blasting” and other
polishing results in many thousands of American
workers being exposed to mineral dusts that are
associated with lung diseases. In addition, cotton
dust and asbestos are important as causes of bys-
sinosis and asbestosis, respectively.

Chemicals

Because of the explosion of organic chemistry
(chemistry that involves carbon) in the last 100
years, thousands of new chemical substances have
been introduced into the workplace. Currently
there are more than 55,000 chemicals listed in the

Environmental Protection Agency’s (EPA) inven-
tory of Chemical Substances, which is a compila-
tion of chemicals in commerce. About 100 new
chemicals are introduced to commerce each month
(547a). Many of these substances—pesticides of
various kinds and drugs-are designed to alter
normal biological functions, and it is no surprise
that some have been found to cause cancer and
other diseases, and that these substances are of
special concern (542).

Some of the now-known hazards, such as vinyl
chloride monomer, have been discovered as a re-
sult of workers who have become sick. (See ch.
5 for a fuller discussion. ) Several years before an
alert physician noted an excess of rare liver tumors
in vinyl chloride workers, the results of an ani-
mal test of the same chemical were announced at
a scientific meeting. The animal tests also showed
the chemical to be a liver carcinogen. It can be
argued that had the animal results been taken seri-
ously, exposure to vinyl chloride would have been
reduced sooner. As it happened, the existence of
the animal studies may have been a factor in the
rapid regulatory process that led to significant re-
ductions in vinyl chloride exposures.

Acrylonitrile is a commonly used plastic that,
like vinyl chloride, presents little hazard after it
is polymerized. However, animal studies showed
that acrylonitrile monomers are carcinogenic, and
a follow-on epidemiologic study showed an ex-
cess of cancer among acrylonitrile production
workers. Regulations restricting exposures to the
substance were drafted by OSHA; unlike most
other OSHA health regulations, the final stand-
ard for acrylonitrile was not challenged in court.
There must have been a number of reasons for
that success, and included in them were probably
the congruence between the results of the animal
and human studies and the fact that the methods
developed to control vinyl chloride exposures
were directly applicable to the control of acrylo-
nitrile.

Methods for Detection of Present,
Unidentified Hazards

Epidemiology, toxicology, and occupational
medicine provide the means for identifying the
causes of occupational illnesses. In the traditional,
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idealized view of the process, physicians gener-
ate hypotheses about possible associations be-
tween workplace exposures and subsequent dis-
ease. Hypotheses are tested in epidemiologic
studies so that the associations can be character-
ized in statements of statistical probability.

The traditional role of toxicology has been to
provide information about the mechanisms of dis-
ease causation, the end results of which are
detected by physicians and studied by epidemiol-
ogists. Toxicology today is generally thought of
in different terms. Since the late 1960s and par-
ticularly through the 1970s, toxicology has been
seen as a way to identify chemical hazards before
their effects appear in humans. The most visible
toxicologic activities are the testing of chemicals
for carcinogenic properties in laboratory animals,
mainly rats and mice (542). The Federal Govern-
ment, through the National Toxicology Program,
spent $31.6 million in 1983 on bioassays for that
purpose.

There is also a certain amount of research now
going on in development of short-term tests (so
named because they require significantly less than
the 2 to 5 years for an animal bioassay) as even-
tual replacements for and supplements to bioassays,

One of the most powerful methods of identify-
ing associations between workplaces and diseases
is through workers themselves. For instance, the
pesticide dibromochloropropane was identified as
a cause of male sterility by workers talking to each
other. A possible relationship between office work
involving video display terminals and fetal mal-
formations that is now being actively investigated
similarly derives from workers’ observations. In
many cases, workers’ comments to their physi-
cians lead to epidemiologic and toxicologic in-
vestigations and to medical surveys to decide
whether a suspected association is real.

Toxicology

Toxicology is the testing of chemicals in ani-
mals, plants, or lower forms of life to detect
biological effects. In addition to questioning what
kinds of effects are produced and under what ex-
posure conditions, toxicologists also investigate
the mechanisms by which substances cause dam-
age. That information is especially important in
efforts to predict the likely toxic effects of sub-

stances that have not yet been tested. Toxicology
can be subdivided in a number of ways. Here,
testing for acute toxicities is discussed first, fol-
lowed by a section on methods for investigating
chronic toxicities—carcinogenesis, mutagenesis,
and teratogenesis.

Acute Toxicity Testing. —Chemical burns and
immediate difficulty in breathing as a result of in-
halation of a substance are examples of acute toxic
effects. Animal testing of chemicals for toxicity
has produced a voluminous data set.

Increasing concern about animal welfare is
causing reconsideration of animal testing meth-
ods. For instance, one of the most venerable acute
toxicity tests is the LD, test. Designed in the
1920s, the test involves the use of 50 to 100 ani-
mals to decide what amount of substance will
cause the death of 50 percent of the animals. This
method is coming under increased attack, how-
ever, as being imprecise and causing more ani-
mal suffering than is necessary. OTA is studying
the use of alternatives to animals in research and
testing. The report from that project, expected in
1985, will discuss the pros and cons of various
animal tests and alternatives to animal tests.

NIOSH’s 1980 Registry of Toxic Effects of
Chemical Substances lists 45,156 substances. In-
cluded for most of the substances is the LD, esti-
mate of the amount that will kill half of a popula-
tion of test animals. In addition, information
about the toxic effects of the substance on ani-
mal skin and eyes is also commonly reported.

Dosages of ingested or injected substances nec-
essary to cause effects in animals are expressed
as the weight of the substance administered
divided by the animal’s body weight, i.e., milli-
grams of substance/bod, weight in grams or
kilograms. When the substance is inhaled, the
dangerous concentrations are expressed as parts
per million in air or as the weight of the substance
per cubic meter of air. These values provide data
for making estimates of the biological effects of
the substance in humans. Almost always, safety
factors of 10 or 100 are used in setting acceptable
limits for workers. That is, if 100 parts per mil-
lion of a substance causes breathing difficulties
in animals, a prudent policy would be to limit
worker exposures to 10 or 1 part per million.
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Chronic Toxicity Testing.—Structural activity
relationship (SAR) analysis, chronic animal bio-
assays, and short-term tests are the main tools of
toxicology (see table 3-7) as it relates to car-
cinogens, and, in general, chronic health hazard
identification (542,547a). Finding a toxic effect in
humans is far more convincing evidence about the
seriousness of a hazard than detecting a toxic ef-
fect in animals, which, in turn, is more convinc-
ing than results from short-term tests. The weakest
evidence is that derived from projections from
structural activity relationships. Although the
Federal effort devoted to chronic toxicities-muta-
genicity and teratogenicity as well as carcino-
genicity—is largely directed toward identifying
carcinogens, there are some minor stirrings of ef-
fort to broaden beyond cancer (595).

Carcinogenicity has received the lion’s share of
OSHA'’s attention to health hazards. Of the fewer
than two dozen chemicals regulated through new,
permanent OSHA standards, all but two—Iead
and cotton dust—have been carcinogens.

Extrapolation problems—that is, how knowl-
edge of effects in animals are projected to make
predictions for people and how exposure levels
in test animals are related to human exposure
levels-bedevil the use of animal test data. OTA
(542) has already discussed those problems and
various approaches to reconciling them.

1) Structural activity relationship analysis, SAR
uses known information about the properties of
a substance to gain insight into the possible and
probable effects of the substance on human be-
ings. It is a new and still uncertain technique. Sub-
stances whose molecular structures resemble those
of known toxic substances come under greater sus-
picion than those whose structures do not. No
firm conclusions can be made based on these anal-
yses except in the rare cases where all previously
known members of an entire class of chemicals
are known to be hazardous. In general, positive
results are taken to indicate a need for further
testing,

SAR has found most use in making estimates
of the toxicity of “new” chemicals, when no test
data are available. However, even there the scien-
tific underpinnings of SAR are considered by some
to be very weak, and the conclusions based on
it are hotly argued (547a).

2) Short-term tests. Short-term tests encompass
a large collection of methods for measuring tox-
icity in lower life forms-viruses, bacteria, and
lower plants and animals, such as fruit flies-in
cultured cells, or, in a few cases, in specific organ
systems of laboratory rodents (542). Since their
introduction about 15 years ago, they have been
characterized as holding great promise for tox-
icology. A cynic might say that they always will.

Table 3-7.—General Classification of Tests Available to Determine Properties Related to Carcinogenicity

Method System Time required

Basis for test

conclusion, if result
lesult is positive

Structural activity
relationship(SAR)
analysis ‘Paper chemistry” Days

Basic laboratory tests Weeks

Short-term tests Bacteria, yeast, cultured Generally few weeks

cells, intact animals (range 1 day to 8

months)
Bioassay Intact animals (rats, 2 to 5 years
mice)
Epidemiology Humans Months to lifetimes

Chemicals with like

Chemical interaction with Chemical causes

Chemicals that cause

Chemicals that cause

Structure resembles
(positive) or does not
resemble (negative)
structure of known
carcinogen

Chemical may be
hazardous; that
determination requires
further testing

structures interact
similarly with DNA

Chemical isa potential
DNA can be measured carcinogen

m biological systems

(positive) or does not
cause (negative) a
response known to be
caused by carcinogens
Chemical causes
(positive) or does not
cause (negative) that species and as a
Increased incidence of  potential human
tumors carcinogen
Chemicalisassociated ~ Chemicalis recognized
(positive) or is not as a human
associated (negative) carcinogen
with an increased
incidence of cancer

Chemicalis recognized
tumors m  animals as a carcinogen in
may cause tumors in

humans

cancer can be
detected m studies of
human populations

SOURCE Adapted from (542)
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Running counter to that lack of enthusiasm, re-
cent spectacular advances in molecular biology
suggest that short-term tests will grow in impor-
tance. As more and more insight into the molecu-
lar basis of carcinogenesis accumulates, along with
rapid advances in methods to manipulate DNA
and other cellular components (542,548), im-
proved short-term tests should follow. The limita-
tions and uncertainties of testing substances in
whole-animal bioassays are built into the method
itself. No such limits bound potential short-term
tests for discerning interactions between chemi-
cal and cellular components. Of course, it will
always be possible to argue that the short-term
test system is not sufficiently parallel to human
biology to serve as a guide to human risk esti-
mation.

The critical issue for development of short-term
tests is defining their current and ultimate value
in policymaking. The first step is to find out how
well the results of a test represent the “truth,” a
process referred to as validation. Truth is usually
relative, and in the case of the carcinogenic po-
tential of chemicals, the convenient measuring
stick for truth is the bioassay, with its attendant
limitations (542). The acceptability of bioassay
results as a guide to making decisions about health
hazards appears, sometimes at least, to be tied to
the financial interest or disinterest of individuals
and organizations in the substances identified as
carcinogens.

There is little hope that a single short-term test
will ever suffice as a reliable predictor of toxicity
in human beings, and hope is pinned on the de-
velopment of a battery of tests. Years of discus-
sion and argument will undoubtedly precede the
acceptance by scientists and regulators of any set
of tests. And even then, a “generally accepted”
test battery will be challenged in specifics, much
as evidence from bioassays currently is.

The development of reliable short-term tests
may actually enhance the value of bioassays,
which will always find a place in toxicologic
testing. Short-term tests can increase the knowl-
edge base for deciding which chemicals should be
tested in animals, and can shed light on the prob-
able mechanisms of action of each chemical.

3) Bioassays. The bioassay is the mainstay of
toxicology today. For some questions, answers
involving the biology of whole animals are essen-
tial. The technique involves exposing a popula-
tion of laboratory animals, usually rats and mice,
to a suspect toxic agent. After an appropriate
time, about 2 years for carcinogenicity, the dis-
ease incidence in the the treated population is
compared with the disease incidence in a popula-
tion of untreated controls. The premise underlying
the mammoth effort in bioassays is that evidence
of disease in animals is applicable to predictions
for people; in fact, substances known to be car-
cinogens in humans also cause cancer in animals.

An entire branch of risk assessment has grown
up around the quantitative predictions of effects
in human beings based on animal evidence, In the
combination of bioassay and risk assessment has
lain the hope of perfectly protecting workers and
the public from chemical carcinogenesis before ef-
fects appear. On general principles, this appeal-
ingly simple system may still hold promise for set-
ting and defending regulatory goals, but its
systematic failure to guide regulatory efforts in
specific instances has led to disillusionment.

The technical problems encountered in conduct-
ing bioassays--including questions about high
doses, and the impossibility of knowing which ex-
trapolation model is most appropriate—plague
risk assessment. Equally or more important are
the assumptions involved. For instance, appar-
ently endless arguments have gone on about
whether liver tumors in mice mean anything in
terms of human risk; the argument has not been
settled by experimentation but is silenced by con-
vention (542).

Formaldehyde is a case in point. There is gen-
eral agreement that formaldehyde is an animal
carcinogen. The bioassay was carried out by in-
dustry’s own toxicology laboratory. But in the
final analysis, industry objected to regulating for-
maldehyde on the basis of the bioassay, and as-
sessments produced by different organizations
varied in the amounts of human risk they pre-
dicted.
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Epidemiology

The importance accorded epidemiology reflects
a trend toward more systematic, scientific study
of disease. The desire to base conclusions about
causality on something more than individual ob-
servation and intuition-the two most valuable
tools of the clinician—calls for describing asso-
ciations quantitatively, both in terms of strength
of association and in terms of the probability that
the association is not simply one of chance. Care-
ful epidemiologic investigations have confirmed
important suspicions about work-related illnesses.
The now universally acknowledged case against
asbestos is built on epidemiologic studies.

The strengths of epidemiology still remain to
be exploited. A great deal needs to be learned
about diseases and syndromes that are widespread
in the population. Certain chronic conditions
(cancers in particular) and heart disease are known
to be associated with various occupations. The
means exists, through the Surveillance, Epidemi-
ology, and End Results Program of the National
Cancer Institute (542,683), to enter about one-
tenth of all U.S. cancer cases on tumor registries
as they are diagnosed. This system provides the
ability to set up large case-control studies with
relative ease. (See box B.)

Cohort studies of large industrial populations—
which can be assembled by corporations and/or
unions and facilitated by workplace surveillance
systems that have been installed by many com-
panies to track and store various sorts of data—
also yield valuable information. (These surveil-
lance systems are discussed further in the “Oc-
cupational Medicine” section. )

Government Records. —AnN important and frus-
trating feature of epidemiology in the United
States is the difficulty of locating and tracking
people. In a cohort study, it is critical that the
maximum number of cohort members be located.
If the cohort contains workers employed at a par-
ticular site s, 10, or 20 years ago, many will have
moved. In a case-control study, members of ei-
ther population may be identified through hos-
pital records, and the recorded addresses may no
longer be current. In either type of study, the
epidemiologist often needs to locate people for in-
terview and examination.

There are standard methods for locating peo-
ple in this mobile society. Asking at places of em-
ployment and using telephone and city directories
are common. Mail sent to the last known address
frequently reaches the person. In difficult cases,
the epidemiologists can hire private detectives or
credit bureaus to locate persons. The so-called
NIOSH-window facilitates some occupational epi-
demiology studies. Investigators who are allowed
to use it can supply a name and some other iden-
tifying information (such as the Social Security
number) to the Internal Revenue Service, and the
agency provides the person’s current address.
Members of the OTA Advisory Panel for this as-
sessment reported that there is some confusion
about who can and cannot use the NIOSH win-
dow and under what conditions.

The Federal Government collects information
about places of employment and about what
hazards or substances are present in them. Such
records have obvious usefulness for epidemiology,
providing a quick method for identifying persons
who may have been exposed to a substance. How-
ever, all the record systems have flaws that re-
strict their usefulness (542,557). The recommen-
dations made by the Committee to Coordinate
Environmental and Related Programs (CCERP)
of the Department of Health and Human Serv-
ices provide an excellent grounding for questions
about the current systems and suggestions for
changes.

The National Death Index (NDI) can tell epi-
demiologists that a person is dead and which State
(or other) department of vital statistics holds the
death certificate. This speeds up the retrieval of
information for studies, but the NDI does not ac-
tually provide information on the cause of death
and underlying causes.

Section 8(e) of the Toxic Substances Control
Act (TSCA) requires that manufacturers report
to EPA on chemical substances that pose signifi-
cant risks to human health or the environment.
Some companies voluntarily report these results
to NIOSH and OSHA. In practice, this reporting
requirement means that an employer that carries
out a short-term test, a bioassay, or an epidemi-
ologic study that shows a health risk must report
it to the EPA. EPA prepares a report on each 8(e)
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Box B.—Epidemiology
Cohort Studies ‘

A cohort study starts with a group of people—a cohort, congidered fme of the disease under study
and whose exposure to a risk factor is known. Usually the risk factor is an expdsure to a suspect toxic
substance or a personal attribute or behavior. The group is then studied over time and the health status
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it looks forward from exposure to the possible development of the disease characteristic. Cohort studies
can be either concurrent or nonconcurrent in design. Concurrent ones count only cases of disease or
other outcomes that occur after the start of the study. Nonconcurrent cohort studies also count any
cases or other outcomes for which there are records.

Case-Control Studies

In a case-control study, persons with the disease under study (cases) are compared with individuals
without the disease (controls) with respect to risk factors that are judged relevant. Some authors label
this study design “retrospective” because the presence or absence of the predisposing risk factor is deter-
mined for a time in the past. However, in some cases the presence of the factor and the disease are ascer-
tained simultaneously.

The choice of appropriate controls is rarely without problems. Often, for practical reasons, con-
trols are chosen from hospital records. But they may not be representative of the general population,
and they therefore may introduct “selection bias” (2$2).

General Considerations

In case-control and cohort studies, the groups selected should be comparable in all characteristics
except the factor under investigation. In case-control studies, the groups should resemble each other ex-
cept for the presence of the disease; in cohort studies, the study and comparison groups should be simi-
lar except for exposure to the suspect factor. Since this rarely is possible in practice, comparability be-
tween groups can be improved by either matching individual cases and controls (in case-control studies)
or by standard statistical adjustment procedures (in either case-control or cohort studies). Demographic
variables such as age, sex, race, or socioeconomic status are most commonly used for adjustment or
matching.

There are advantages and disadvantages in both types of study (see table 3-8). Case-control studies
tend to be less expensive to conduct, require relatively fewer individuals, and often have been especially

Table 3-8.-Advantages and Disadvantages of Case-Control and Cohort Studies

Type of study Advantages

Case-control .. ... .. Relatively inexpensive

Disadvantages

Complete information about past exposures
often unavailable

Smaller number of subjects
Relatively quick results

Suitable for rare diseaes

Biased recall

Problems of selecting control group and
matching variables

Only relative risk is yielded

Cohort............

Lack of bias in ascertainment of risk
factor status

incidence rates as well as relative risk are
yieided

Associations with other diseases as by-
product can be discovered

Possible bias in ascertainment of disease
Large numbers of subjects required

Long follow-up period

Problem of attrition

Changes over time in criteria and methods

Very costly

Difficulties in assigning people to correct
cohort

SOURCE: (542).
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notification and circulates it within the Agency
and to other Federal agencies, including OSHA
and NIOSH. In addition, periodically the reports
received over a period of time are bound together
for distribution to libraries. The 8(e) activities,
therefore, provide a way to disseminate health
hazard information rapidly.

Occupational Medicine

The field of occupational medicine has gone
through a series of changes during this century.
Not long ago, the clinician not only tended the
sick but also filled a number of other roles, in-
vestigating possible disease relationships and
fostering changes in the workplace. To a certain
extent, the role of the occupational physician was
altered by the rise of epidemiology and toxicology
as separate professions.

Epidemiology and toxicology have not been the
panacea for solving workplace health problems
that some envisioned. Toxicology is limited to
testing under conditions that cannot mimic com-
plex human exposures and behaviors. Epidemiol-
ogy cannot begin until it finds subjects for study,
and it relies on outside input—in particular, clin-
ical observations of possible associations between
exposures or behaviors and disease—for hypoth-
esis generation. It has limitations in the kinds and
magnitudes of effects it can detect. The limitations
of both toxicology and epidemiology argue for
a continuing role for occupational medicine in
hazard recognition as well as in treating workers.

Better use of physicians’ experience and insights
will depend on education. There are two catego-
ries: general education of physicians about oc-
cupational disease and injury, and specialized
education and training for practitioners of occu-
pational medicine. An orientation toward occupa-
tional health is minimal at best, in most U.S. med-

ical schools. Levy (269a) reports that only 50
percent of U.S. medical schools provided some
class time to occupational health during the 1977-
78 academic year. This has risen to 66 percent in
the 1982-83 academic year. However, the median
number of required class hours devoted to occupa-
tional health remained at 4 hours. Postgraduate,
specialty training in this country has traditionally
been subsumed under preventive medicine, and
centered in schools of public health. Recently in-
creased emphasis has been placed on clinical ex-
perience in medical schools. The location of the
specialty courses is less important than making
sure the programs are well-taught and attractive
and that they provide clinical experience. The
NIOSH-supported Educational Resource Centers
(discussed in ch. 10) provide postgraduate edu-
cation for physicians.

In the United States, the occupational medical
services are usually provided by physicians who
are directly employed by or under contract to
employers. Large companies frequently have on-
site medical departments, staffed by physicians
and nurses. Medium-sized companies might have
the full-time services of an occupational health
nurse, and possibly, the part-time services of a
local physician. Small companies have only rarely
provided occupational medical services.

An alternative organizational model is found
in occupational medicine clinics, which have been
growing in the last few years. These clinics are
usually associated with a hospital or university
and provide examinations and treatment to work-
ers. Clinics might, because of a larger patient load
and a staff that consequently sees more patients,
be able to to provide more knowledgeable care,
as well as improved physician training. In some
cases, the clinics’ staffs include not only doctors
and nurses, but also industrial hygienists and
safety engineers. The combination of staff from
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different disciplines can provide a critical mass for
a great deal of important activity in hazard iden-
tification and control.

These clinics also provide advantages to em-
ployers, especially small to medium-sized com-
panies, that previously were not able to provide
occupational medical services to their workers.
In the words of the director of an occupational
health department at one hospital:

The larger corporations will undoubtedly con-
tinue to have in-plant occupational health serv-
ices. But medium and smaller companies will be
forced to make an economic decision on whether
it is more advantageous to do it themselves or
farm the occupational health service to others
(Daniel Conrad, quoted in 338a).

Some hospitals are apparently establishing these
clinics in order to develop new sources of reve-
nue. The staff of these clinics expect to be able
to conduct some research, as well as to provide
advice about prevention and medical care to em-
ployees (338a).

Medical Surveillance Systems. —Computerized
information systems have made it possible to store
massive amounts of data. Information about ex-
posures in the workplace and the health records
of workers can form the basis for surveillance sys-
tems that aim to identify health hazards. Surveil-
lance is defined as the *collection, collation, and
analysis of data and its dissemination to those
who need to know” (474). Public health surveil-
lance techniques were developed in the last cen-
tury to identify foci of pestilential diseases such
as cholera, smallpox, plague, and yellow fever,
so that appropriate control measures could be in-
stituted. In the workplace, the value of surveil-
lance is to alert workers and employers to unusual
patterns of morbidity or mortality.

Concerns today center on chronic rather than
acute diseases; the technical problems of linking
cause and effect are heightened by the remoteness
of disease from exposure. Computerized informa-
tion systems in industry, including their use for
medical and exposure records, have enabled mas-
sive amounts of information to be stored and cor-
relations to be produced.

In the occupational setting, the necessary com-
ponents of surveillance are:

+ exposure information of some type;

* records of health outcomes, which may in-
clude causes of death; and

* background information about characteris-
tics of each individual that might influence
susceptibility to disease.

Variations in epidemiologic surveillance sys-
tems have to do mainly with the quantity and type
of data in each category. “Exposure” can be quite
basic: for instance, knowing the plant within a
company, or the department within a plant, in
which a worker is employed, and updating it per-
haps yearly. At the more comprehensive end of
the spectrum, exposure might contain continuous
records of personal and area monitors measuring
chemicals and other agents in the industrial envi-
ronment.

Health outcomes may be ascertained from in-
dustrial health and accident insurance reports,
which record only the most serious events, These
can be supplemented by information gathered in
preemployment examinations and nonroutine
visits to physicians, as an intermediate approach.
At the extreme, to the above information could
be added the results of periodic medical screen-
ing for many diseases or other abnormalities. Ba-
sically, the simpler systems are considered passive,
using data collected for other purposes (person-
nel records, insurance data); systems can be pro-
gressively more active in seeking data expressly
for health surveillance (312).

Routine analyses of data collected in surveil-
lance systems are seldom sufficiently rigorous to
evaluate possible instances of occupational dis-
ease. Their broad, sweeping monitoring of health
events is more of a hypothesis-generating device.
It provides the means to make epidemiologic
studies as targeted and as timely as possible.

A sign of growing interest and activity in oc-
cupational health surveillance, and medical infor-
mation systems in general, was a meeting of the
American Occupational Medical Association’s
Medical Information Systems Committee in 1981.
Papers presented at that meeting, which described
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19 such systems, were published as a supplement
in the October 1982 issue of the Journal of Oc-
cupational Medicine (238).

In the same issue of that journal, computer soft-
ware companies advertised their ready-made pro-
grams for instituting surveillance systems. The
literature packets behind those systems, which ap-
peared to be directed at smaller companies, de-
scribe convenient ways to classify and store large
amounts of information about workplace expo-
sures and employee health, What is missing, at
least in the prospecti, are discussions about the
ultimate value and potential contribution of such
information to detecting problems in the work-
place. Although the systems may facilitate rec-
ord keeping that already goes on, they may fail
to have a serious impact on safety and health, as
they are promoted to do.

Occupational health surveillance remains a
source of both great promise and great con-
troversy. If it could be used just to identify the
causes of occupational illness, setting the stage for
preventing further illness, there would be little to
say against the idea. As a purely scientific con-
cept, it is unassailable. In practice, from the point
of view of companies, the collection and particu-
larly the analysis of data about exposures and
health outcomes raises legal issues of responsibility
and liability. From the employees’ point of view,
there is a fear that surveillance will be adopted
as an alternative to installation of controls.

There is anecdotal evidence that some com-
panies that had maintained surveillance systems
have now dismantled them. Although the same
data may still be collected for administrative rea-
sons, they are not being assembled in a form for
analysis of possible relationships between expo-
sures and disease. This step may at least in part
stem from the unknown consequences of finding
the suggestion of a health problem—for instance,
a slight excess of some particular cancer. Further
study would certainly be necessary to confirm the
association, yet the liability associated with even
suspecting that a problem exists cannot be known
at this time.

Some employers are concerned that discover-
ing a possible association may make them liable
in tort actions. In addition, section 8(e) of TSCA

requires reporting of such findings, making them
public and available to potential litigants. On the
other hand, some companies expect that acting
responsibly will provide some defense against tort
action. The problem of deciding how to use suspi-
cions that may be generated by routine match-
ing of health and surveillance information is a
very real one.

A second policy issue in this field concerns the
proliferation of data collection systems for health
and exposure information that are accompanying
the microcomputer age. There appears to be little
thought given to the ultimate value of these sys-
tems in improving workplace safety and health.
Certainly for small companies, the targets of much
advertising, the number of workers will be too
small ever to detect all but the most obvious ex-
cesses of disease. There may be scope for using
computer networks to pool data, but these activ-
ities bring their own problems. (See ch. 10. )

Another pertinent issue is the substitution of
surveillance for prevention, particularly preven-
tion in the form of controls on workplace ex-
posures. Union officials and many health profes-
sionals fear that the creation of surveillance
systems will lead to the impression that “some-
thing is being done” to improve health, resulting
in less emphasis on controls and paralyzing ac-
tion against hazards until large numbers of peo-
ple become sick or die.

New Hazards

In some measure, “familiarity breeds contempt”-
even when the subject is hazards-and there may
be a human tendency to fear new hazards more
than old ones. The emphasis placed on identify-
ing and understanding “new” hazards grows
partly from that psychology and partly from the
realization that it is easier to control hazards
before they become established in commerce and
economically important.

Epidemiologic studies and occupational medi-
cine are of no value in learning whether a new
agent is hazardous before people are exposed to
it. The introduction of a new substance or proc-
ess into the workplace that is subsequently shown
to be a hazard must be regarded as a failure of
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preventive health measures. Analysis of the chem-
ical structure of a new substance can be used to
estimate what toxic properties are associated with
it, but many people consider that technique to be
unreliable. Toxicologic techniques can be used to
learn about the hazards of new substances, but
the associated costs place some restrictions on
their use.

Toxicology costs money, and manufacturers
will not spend great sums on testing a newly de-
veloped chemical before they know there is a mar-
ket for it. Some manufacturers argued during the
debate when the Toxic Substances Control Act
was passed that they did enough toxicologic
testing to be assured that new chemicals would
not pose unreasonable risks. TSCA set up two
programs to gather information about new
chemicals.

The Premanufacture Notification Program

The Toxic Substances Control Act requires that
manufacturers prepare a Premanufacture Notice
(PMN) and submit it to EPA at least 90 days
before starting manufacture of a chemical sub-
stance for use in commerce. The PMN is to con-
tain any information available to the manufac-
turer about the toxicity of the chemical, Some
PMNSs contain many items of information bear-
ing on the properties of the new chemical, while
others contain none or only a few, and there are
disputes about how useful the reporting has been
to date (547a).

It is clear from EPA’s experience with the PMN
program that a common plain for potentially haz-
ardous exposures to newly introduced substances
is in their manufacture. EPA has used formal and
informal regulatory procedures to reduce occupa-

SUMMARY

Preventing workplace-related disease requires
that associations between activities and exposures
and diseases be identified. The known health
hazards-extremes of heat and cold, radiation of
various kinds, noise, and some dusts, fumes, and

tional exposures to chemicals described on PMNs
(547a), and it has established informal communi-
cations with OSHA and NIOSH staff about con-
trols. For instance, EPA has required the use of
respirators in the manufacture of some new chem-
icals described on PMNSs. According to EPA offi-
cials, the Agency consulted with NIOSH about
appropriate respirators.

The PMN program provides an important op-
portunity to identify hazards before they become
established in the workplace. Although EPA reg-
ulated pesticides under a licensing law before
TSCA, its regulatory concern about other chem-
icals was restricted to those that became pollut-
ants. Under the PMN program, it has authority
to regulate chemical substances before they get
into the workplace.

Significant New Uses

TSCA anticipated that the uses of a chemical
described on the PMN might not be associated
with an unreasonable risk, but that a different use,
called a “significant new use, ” might. TSCA
directs EPA to write a significant new use order
about new chemicals that fall into this category.
In practice, EPA has restricted some chemicals to
particular uses and required submission of more
data about the chemical before it could be more
widely used. One example of this process concerns
a surfactant for cleaning. Concerned about pos-
sible dermatologic effects, EPA did not object to
its use by professional cleaners, because those
workers could be instructed in the proper use.
However, if the surfactant is considered for use
in consumer products-a significant new use—
more information must be provided to EPA.

vapors from manufactured and naturally occur-
ring substances—illustrate the diversity of ex-
posures. In addition to identified hazards, present
but so-far-unidentified hazards are also a concern.
Finally, increasing attention is being focused on
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assessing the possible hazards of new substances
and processes before they are introduced into the
workplace.

Some health hazards that have been known for
centuries were obvious because of the particular
nature of the diseases; for instance, lead poison-
ing symptoms were sufficiently distinctive to make
the association between exposure to lead and dis-
ease apparent. Three disciplines—occupational
medicine, epidemiology, and toxicology—have
been important in describing associations. All
three are currently used in investigations of cur-
rent exposures that may be hazardous. Toxicology
is especially important to learning about “new, ”
possibly hazardous substances before they are
introduced into the workplace.

Some of the most successful efforts at preven-
tion, such as the marked reductions in exposure
to vinyl chloride, began with a physician noting
an unusual cluster of diseases. The importance of
this source of information draws attention to med-
ical school teaching about the role of work in
health and disease. Unless medical students learn
the value of taking an occupational history as part
of the medical examination, associations may be
missed. Occupational physicians, familiar with
working conditions and exposures and often inter-
acting with industrial hygienists and safety engi-
neers, can be especially important in hazard iden-
tification. Workers’ own observations and
complaints, brought to the physician, are often
the first indication of a hazard.

Epidemiology is important less in initial iden-
tification of hazards than in providing evidence
for or against an association. In making decisions
about which hazards are “real, ” positive
epidemiologic studies are the most convincing evi-
dence, but there are often protracted arguments
about the appropriateness of study methods and
the conclusions drawn. Companies, trade asso-
ciations, unions, and government agencies all
commission epidemiologic studies and comment
on studies done by others. Government records,
which contain information about vital statistics

and locations, are especially useful in epidemi-
ologic studies.

Toxicology provides information about the po-
tential hazards of substances by testing them in
animals or other systems. With the passage of the
Toxic Substances Control Act, which requires that
companies notify the Environmental Protection
Agency of their intention to manufacture new
chemicals, the government is in a position to ob-
tain information about chemicals before they enter
commerce. Although there are conflicts about
how much information EPA needs to protect
human health, it is clear that workplace exposures
are being identified as concerns in the case of some
new chemicals. Toxicology plays the central role
in identifying hazards from new chemicals.

TSCA also requires that companies notify EPA
about substances present in commerce that are
substantial risks, and the Agency then dissemi-
nates that information. All three disciplines—
occupational medicine, epidemiology, and toxi-
cology—have contributed to the identification of
substantial risks. The NIOSH Health Hazard Eval-
uation program investigates possible associations
between exposures and illness at the request of
employers or employees or on its own initiative
(see ch. 10). It, too, relies on all three disciplines.

Hazard identification is not a smooth path;
arguments and conflicts abound. Evidence that
convinces some people leaves others unmoved.
The methods that were used in the past, improved
by better training and techniques, continue to be
of value today. More attention during the edu-
cation of physicians and other medical personnel
to the influence of work on health, better use of
Federal records, where appropriate, to facilitate
epidemiology, and continual research to make
toxicology more predictive all offer opportunities
to improve hazard identification. However, as is
made clear in other parts of this assessment, haz-
ard identification alone is not sufficient. Making
a decision to control a hazard requires that the
hazard be identified, but identification, by itself,
is not sufficient for control.
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Safety Hazard Identification;

Many safety hazards are obvious: a punch press
ram that descends every five seconds, a wet floor,
an unstable ladder. This is true at least for the
causes of acute injuries, though it is not neces-
sarily true for cumulative injuries. In either case,
what is often unclear is the complex of events
through which the potential of the hazard is real-
ized and an injury occurs. During this century the
theory of the cause of injuries has evolved, and
is still evolving, from attributing most injuries to
“unsafe acts” of workers, to identifying conditions
that increase the probability of an injury occur-
ring. Under the first approach, the preventive
remedy is to install perfect workers in jobs. Under
the second—by identifying all possible contrib-
uting factors—preventive strategies can be ap-
plied, or at least considered, in different ways.

The causes of work-related injuries can be ex-
amined at two levels. The “macro” approach uses
aggregate statistics, such as those produced in the
Bureau of Labor Statistics’ Annual Survey, to ex-
amine the distribution of various types of injuries
according to several variables: industry, occupa-
tion, size of establishment, sex of worker, and
others (see ch. 2, Working Paper #l). These dis-
tributions provide general clues to injury causes.
The “’micro” level identifies specific injury causes.

An epidemiological approach analyzes sets of sim-
ilar injury-related incidents to find common cir-
cumstances contributing to their cause. At the
most specific level, individual injury-related in-
cidents are examined to determine cause; several
methods have been developed at this level.

The nearly 4,100 work-related fatalities (includ-
ing heart attacks) that occurred in private sector
workplaces with 11 or more employees during
1982 were not evenly distributed over all indus-
tries (see table 4-1). Mining, accounting for 2 per-
cent of employment, had 11 percent of the fatali-
ties, Construction, 5 percent of employment,
accounted for 18 percent of reported on-the-job
deaths. The wholesale and retail trades represent
25 percent of employment, but recorded only 12
percent of the fatalities. Finance, insurance, and
real estate, along with the service industries, ac-
counted for 31 percent of employment, but only
12 percent of fatalities.

A further breakdown reveals the injuries that
resulted in death by industry categories, both by
the distribution of causes within an industry cat-
egory (see table 4-2), and by the distribution of
each cause across all categories (see table 4-3).
Overall, motor vehicle accidents account for 27

Table 4.1.-On-the-Job Fatalities by Industry Division, in Private-Sector Units with
11 Employees or More, 1982

Annual average

employment Fatalities

Industry division Number Percent Number Percent
Private sector (total) . . . ........ 62,629,000 100 4,090 100
Agriculture, forestry,

andfishing................. 729,000 1 180 4
Mning............. .. 1,070,000 2 440 11
Construction . .. ............... 2,898,000 5 720 18
Manufacturing. . . . ............. 18,267,000 29 770 19
Transportation and

public utilities. . . ............ 4,629,000 7 970 24
Wholesale and retail trade . . . . . . 15,603,000 25 490 12
Finance, insurance, and

real estate . . . . ... ... .. 4,252,000 7 100 2
Services . ... ... 15,181,000 24 420 10

NOTE Because of rounding, components may not add to totals

SOURCE (608)

67
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Table 4-2.—Causes of On-the-Job Fatalities in Private-Sector Units with 11 Employees or More, by
Industry Division, with Distribution by Industry, 1981 and 1982 :

T
> .
=4 = ° g
2 S| s g | 8| 2 33
£€ | B¢ 2 5 3 | o8 | £%
2z 1§ g S 55 | 28 | sa 2
o | 82| 23| % S| g | 82| 82| ¢
b g | 52 | £2 g 2| 83 | 2% | 8o | 2
Cause 2 <8 | =3 3 = = a ze 5 &
Total—all causes . . . .oy o . ... ... 100 100 100 100 100 100 100 100 100
Over-the-road motor vehicles . .. ......, ... 27 1 26 15 20 52 20 35 29
Falls . . ... . 12 12 9 31 10 6 5 9 10
Heart attacks . . . .................... 10 6 8 8 10 6 12 23 16
Industrial vehicles or equipment . .. ........ 10 27 21 17 9 3 4 0 9
Nonaccidental injuries . . .. ............ . 7 3 <1 <1 2 2 30 8 15
Struck by objects other than vehicles
orequipment . .. ... ... e 6 ! 9 5 8 3 12 0 2
Electrocutions . . . ... ........ ... . e 6 16 4 1 5 6 1 0 5
Caught in, under, or between objects other
than vehicles or equipment. .. ........... 6 1 3 4 5 9 8 17 2
Aircraft crashes. . . . . .. ... ... 4 2 5 1 3 6 1 7 7
Fires ., ... 3 8 7 1 6 2 <1 1 <1
Plant machinery operation ... . . ... ...... 3 1 1 2 10 <t 1 0 <1
EXPlOSIONS . .. oot 2 0 2 2 4 2 1 0 1
Gasinhalations.......................... 2 1 3 1 4 1 1 0 1
ANOther .. ... 3 4 3 3 4 2 3 <1 3

Ayt is impossible 1o estimate yaar-to-year changes precisely because at the industry division level sampling errors are large Therefore, the results are for both Years

rather than a comparison between them. . . )
bCause is defined as the object or event associated with the fatality.

CExcludes coal metal, and nonmetal mining, and railroads for which data are not available

‘Excludes railroads
NOTE: Because of rounding, percentages may not  add ta 100

SOURCE (608)

Table 4-3.—Causes of On-the-Job Fatalities in Private-Sector Units with 11 Employees or More, by
industry Division, with Distribution by Cause, 1981 and 1982" ’
= %] = -
3 S ® § g
2 o Sy = s
=] c 2 o c o fa: ]
- ] o g ge S 28
ez ° e = 5 8= [ cg
EN- i & g 3 55 F &5 2
o 5 9 [= 3 = 5 2 O & ] 3 3
s | g3 | EE | 2| 2 | £5 | 28| &% | ¢
Cause® b 2 & =3 8 g E a ég IE ] &
Over-the-road motor vehicles . . ... ....... 100 3 6 10 18 37 1 4 il
Falls . . . e e 100 4 4 47 20 8 6 2 8
Heart attacks. ..., . . woy ooy o o . o ..o 100 3 5 16 24 1 18 7 16
Industrial vehicles or equipment . . ... ... ... 100 12 14 32 23 5 6 0 9
Nonaccidental injuries . . . . . . . .. ey e 100 2 <1 <1 6 5 63 3 20
Struck by objects other than
vehicles or equipment .,,,. . ... ... ... .. 100 <l 10 16 33 8 31 0 3
Electrocutions . . . . . . . .. P 100 12 4 34 21 18 3 0 8
Caught in, under, or between objects other
than vehicles or equipment. . . . . . . . 100 ! 4 12 21 30 20 9 3
Aircraft crashes. . . ... ... ... ... " 100 2 9 6 22 32 6 5 19
FINES v iy e e e e e e 100 12 15 8 46 14 1 2 2
Plant machinery operations ..., . . . . ,.. 100 1 2 11 78 2 7 0 <1
EXPIOSIONS . . (o ooy e 100 0 5 14 47 20 8 0 6
Gas inhalations . ... ......... e 100 2 9 10 48 14 12 0 5
T P 100 6 5 18 33 13 16 1 8

a)¢ is Impossible to estimate year-to.year changes precisely because at the industry division level sampling errors are large Therefore, the results are for both Years
rather than a comparison between them

bGause Is defined as the object or event associated withthe fatatity

CExcludes coatmatal, and nonmetal mining, and railroads for which data are not available

‘Excludes railroads

NOTE Because of rounding, percentages may not add to 100.

SOURCE (608)



percent of fatalities, but in transportation and
public utilities the figure is 52 percent. In construc-
tion, falls were responsible for a greater propor-
tion of deaths (31 percent) than were over-the-
road motor vehicles (15 percent), although indus-
trial vehicles and equipment were associated with
17 percent of deaths.

Nearly half of all fatalities (47 percent) resulting
from falls occurred in the construction industry
(see table 4-3). Most fire- and explosion-related
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deaths in the work force (46 percent) and deaths
from plant machinery (78 percent) occur in man-
ufacturing. Additional sources of aggregate injury
statistics are described in Working Paper #l.

Aggregate statistics can guide injury prevention
by highlighting general hazard categories in spe-
cific industries. Immediate or underlying condi-
tions related to an individual injury can only be
determined through case study.

Basic THeEories oF INJURY CAUSATION

Traditional Approach—Unsafe
Conditions or Unsafe Acts

In the 1920s, Heinrich proposed a theory of in-
jury causation that many safety professionals have
followed ever since. Simplified, the theory states
a domino sequence:

< Injuries are caused by accidents.

= Accidents are caused by unsafe acts of per-
sons or by exposure to unsafe mechanical
conditions.

< Unsafe acts and conditions are caused by
faults of persons.

« Faults of persons are created by the environ-
ment or acquired through inheritance.

Using this approach, Heinrich analyzed 12,000
cases of injury from insurance claim records plus
63,000 cases from the records of plant owners,
for a total of 75,000 cases. Seventy-three percent
of the injuries were classified as due to “unsafe
acts” by workers. Heinrich noted that 25 percent
of the cases examined would, according to the
usual methods employed at the time, have been
charged to defective or dangerous physical or me-
chanical conditions. However, he concluded that
many cases in this group of 25 percent were caused
either wholly or chiefly by worker failure, and
only partly by physical or mechanical conditions.
He decided to classify as “unsafe conditions” only
those cases that were wholly caused by physical
or mechanical failure. The injuries not wholly due
to physical or mechanical failure (15 percent) were
grouped with the 73 percent of cases that involved

only “’unsafe acts. ” Thus he produced a well-
known and often cited figure that 88 percent of
injuries are due to “unsafe acts” by workers (380).
Heinrich attributed only 10 percent of injuries to
unsafe conditions and considered the remaining
2 percent of injuries to be unpreventable (207).

Critique of Traditional Approach

Arndt (24) has noted that, although there has
been little research published to support Heinrich’s
theory of injury causation, Heinrich’s ratio of 88
percent unsafe acts to 10 percent unsafe condi-
tions is commonly cited. In fact, the published re-
search on this topic uniformly refutes Heinrich’s
theory.

Heinrich himself pointed out two other studies.
The first, by the National Safety Council (NSC),
concluded that unsafe acts contributed to 87 per-
cent of the cases examined, while mechanical
causes contributed to 78 percent. The total of 165
percent is due to NSC’s considering multiple
causes of accidents. An analysis in 1940 by the
State of Pennsylvania showed that an “equal num-
ber” of injuries resulted from unsafe acts and me-
chanical causes. Heinrich recognizes the discrep-
ancy, which he attributed largely to the fact that
the NSC and Pennsylvania studies allowed both
an unsafe act and an unsafe condition to contrib-
ute to a single injury. Heinrich’s methodology did
not permit such multiple assignment of cause
(207),
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Table 4-4 presents a summary of other research
aimed at apportioning injury causes between un-
safe acts and unsafe conditions. Heinrich’s study
is the only one to attribute more than 35 percent
of injuries primarily to unsafe acts by workers.
The other research has generally categorized most
injuries as resulting from a combination of un-
safe acts and unsafe conditions.

Arndt (24) examined nearly 1,000 injuries asso-
ciated with mechanical punch presses. He devel-
oped eight mutually exclusive categories to de-
scribe the circumstances of the injury. These
included operator timing errors, inadvertent trip-
ping of the press, other operator errors, tripping
of the press by a second person, and machine
malfunctions. He found that 53 percent of the in-
juries resulted from something other than machine
malfunctions. All of that 53 percent would be at-
tributed to “unsafe acts” in a dichotomous sys-
tem, like Heinrich’s, for recording causes of ac-
cidents. The machine malfunctions, including
broken parts and accidental recycling of the press,
which would generally be labeled “unsafe condi-
tions, ” amounted to 18 percent of cases. Arndt
was unable to classify 29 percent of the cases be-
cause of a lack of information.

Thus, under the traditional breakdown between
unsafe acts and unsafe conditions, about three
times as many injuries in Arndt’s study would be
classified as due to unsafe acts rather than unsafe
conditions. But Arndt observes that a very large
number of those classified as “unsafe acts” oc-
curred on presses activated by a foot pedal, by
a one-hand control, or automatically. These

presses allow operators to insert their hands in-
side the “point of operation” of the press. It is not
surprising, then, that someday someone places a
hand or arm inside such a press to adjust the piece
being worked on or to clear a jam, and then is
unable to remove it quickly enough. For exam-
ple, if a press operator produces 5,000 pieces a
day, then the operator’s hands are placed in front
of the press ram every 5 seconds, which means
about 25,000 times per week or 1.2 million times
a year (24). It may be only a matter of time before
an operator commits an “error” and loses a fin-
ger in the press.

There are, however, machine designs that can
reduce and nearly eliminate this particular haz-
ard. Machines can be designed to operate with
two-handed controls, so that the operator must
have both hands on the controls. In Arndt’s anal-
ysis, 60 to 70 percent of the injuries from presses
activated by foot pedals, by one-handed controls,
or automatically were related to “unsafe acts, ” and
only 10 to 20 percent related to “unsafe condi-
tions. ” For presses with two-handed controls, the
fraction due to “unsafe acts” was only 35 percent.
“Unsafe conditions” were cited in about 54 per-
cent of these cases. Arndt’s paper does not pre-
sent any information on the injury rates associ-
ated with the various kinds of presses because data
on the total numbers of each control type are not
available. But it is clear that the design of the press
has a dramatic affect on the number and percent-
age of cases attributed to “unsafe acts. ”

The traditional partition between unsafe acts
and unsafe conditions unfortunately often draws

Table 4-4.—Estimated Percentages of Accidents Due to
Unsafe Acts versus Unsafe Conditions

Percent due to Percent due to Percer{f due to ‘Percént ’

Study unsafe acts unsafe conditions combination unknown
Fumniss . . ... . . . . .. ~ — 16 84- -
Pennsylvania Department of

Labor.................... 2 3 95 -
National Safety Council. . . . . . 19 18 63 -
Mintzand Blum . ............ 21 - 79 -
Hagglund . .............. 26 58 2 13
Hagglund ®. . ............... 35 54 4 7
Henrich®. .................. 88 10 — —

3Investigations of reported fatalities.
Random sample of accident reports
CHenric h classified 2 percent as ‘unpreventable *

SOURCES (30,37,207,316)
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attention away from the job or equipment rede-
signs that can remove or minimize hazards. In the
1959 edition of his textbook, Heinrich himself cau-
tioned safety professionals not to neglect work-
place conditions. He expressed confidence that
safety professionals would not “ignore the very
first common-sense step. . . of safeguarding [the]
mechanical environment” (quoted in 462).

The catchall category of “unsafe act” or “human
error” has greatly restricted advances in injury re-
search and the application of control techniques
in workplaces (380). The label “unsafe act” has,
unfortunately, often led to a failure to recognize
how the design of workplace equipment can min-
imize the occurence of “unsafe acts” or reduce the
probability and severity of human injury.

The seriousness of this limitation is clear from
one commonly used system for recording infor-
mation about injuries. The American National
Standards Institute (ANSI) Standard Z16.2,
Method of Recording Basic Facts Relating to the
Nature and Occurrence of Work Injuries, used
widely for employer injury investigation and rec-
ordkeeping. ANSI itself sees inadequacies in its
method, as the text of Z16.2 indicates:

It is recognized that the occurrence of an injury
frequently is the culmination of a sequence of
related events, and that a variety of conditions
or circumstances may contribute to the occurrence
of a single accident. A record of all these items
unquestionably would be useful to the accident
preventionist.

Any attempt to include all subsidiary or related
facts about each accident in the statistical record,
however, would complicate the procedure to the

point of impracticability. The procedure, there-
fore, provides for recording of one pertinent fact
about each accident in each of the specific cate-
gories or classifications. To insure uniformity in
the selection of items to be recorded in each cate-
gory, the items are specifically defined in terms
which eliminate any necessity for decision as to
the relative importance of multiple items falling
in the same category (emphasis added).

Instead of collecting information on all the cir-
cumstances leading to the accident, the ANSI
Standard Z16 allows “only one pertinent fact” to
be recorded concerning the nature of the injury,
the source of the injury, the type of accident, the
hazardous condition present, and any unsafe act.
This standard facilitates the administration of in-
jury data collection because of its simplicity, but
it is inadequate for research on causation. Unfor-
tunately, the most common entry under this sys-
tem is simply to attribute the injury to “worker
error.”

According to Purswell and Stephens (380), at-
tributing responsibility for accidents to human er-
ror, with no significant information as to why the
error was committed, is not limited to the ANSI
system. It is found in other workplace-injury data
collection systems as well as those for collecting
data on non-workplace injuries. For example, re-
searchers in the field of highway safety have noted
that there is no place on standard police forms
to record many items that relate to features of the
vehicle or the road that contributed to the injury.
For the most part, these forms are oriented around
recording information on the driver (41).

OTHER MODELS OF INJURY CAUSATION

Purswell and Stephens (380) describe a num-
ber of other models of injury causation and in-
vestigation. These include behavioral models,
management models, epidemiological models, and
ergonomic or human factors models.

Behavioral Models

The underlying concept of behavioral models
is that of the “accident proneness” of individuals.

Some safety specialists believe that a dispropor-
tionate number of injuries are incurred by a hand-
ful of individuals who are especially prone to ac-
cidents. Accident proneness has been, at one time
or another, ascribed to recent immigrants to the
United States, to certain ethnic/racial groups, or
to certain personality traits (380). Thus efforts
were made to identify these workers and either
fire them or not hire them in the first place. Later
researchers have been unable to find similar traits
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that will reliably predict which workers will be
injured. Unfortunately, the belief that there are
“injury-prone” workers is still commonly held.
According to a Bureau of National Affairs (78)
report, 65 percent of the businesses surveyed
stated that their safety programs attempted to
identify “accident-prone” individuals.

Other behavioral models have considered mo-
tivational factors, the rewards of working safely,
and the level of satisfaction received from work-
ing safely (368). It has been observed that many
workers perceive little positive reward for
working safely.

Management Models

Bird (58) revised Heinrich’s domino theory to
emphasize management’s responsibility for injury
causation. His revised domino theory is:

* Injuries are caused by accidents.

» For each accident there are immediate causes
that are symptomatic of problems in the
overall system.

* There are basic causes in the overall manage-
ment of the system that produce the imme-
diate causes of the accident.

+ The lack of management control permits the
basic causes of accidents to exist in the
system.

Bird’s approach therefore shifted the emphasis
from the worker as the cause of injuries to the
management system in which the worker exists.

Zabetakis (684) of the Mine Safety and Health
Administration Academy added the idea that in-
juries are due to an unplanned release or flow of
energy, again following the approach of the domi-
no theory. Energy release is considered in the
general sense—mechanical, electrical, chemical,
thermal, or ionizing radiation. Since unwanted
energy flow is a fundamental source of injuries,
Zabetakis claimed, a system maybe evaluated and
improved by studying:

® the sources of energy existing in a system,

® the means available to reduce the energy
levels,

® the means of controlling the flow of the
energy, and

® the methods available for absorbing the

energy should loss of control or improper
flow occur.

The next major outgrowth of the domino the-
ory was based on the idea that multiple factors
can combine in a random manner to produce ac-
cidents and injuries. Such causation models focus
not only on unsafe acts of the injured person, but
also on unsafe acts of coworkers and unsafe con-
ditions that existed at the time. Attention is
ultimately drawn to failures in management sys-
tems that permit the multiple factors to converge
and produce an injury.

One of the best known management-oriented
approaches to accident causation is called the
Management Oversight and Risk Tree (MORT),
developed by Johnson (235) for use in the analy-
sis of complex systems related to atomic energy.
It could also be called a systems model (discussed
later in this section). MORT employs a large sche-
matic to inductively trace events of a work-related
injury back in time, to identify the sequence of
unwanted energy flow, and to evaluate the ade-
quacy of barriers to unwanted energy transfer to
persons or equipment. Along the route, hazards
arising from specific accident circumstances, from
risks acknowledged or assumed by management,
and from general management systems and pol-
icy weaknesses are identified.

Still, several difficulties exist in adopting MORT
to general injury investigation or applying it to
most industrial workplaces. Its use as an indus-
trial injury investigation procedure is limited by
its complexity. The method is more suitable for
investigating large-scale incidents, especially sit-
uations holding the potential for public disaster,
such as nuclear powerplants. While it is an excel-
lent approach for these situations, in its present
form it is much less useful for explaining most
work-related injuries. But it may be useful as a
blueprint for the optimal allocation of resources
for building a safety program (380).

Epidemiologic Models

Epidemiology has been described as the search
for causal association between diseases or other
biologic processes and specific environmental ex-
periences or exposures. The epidemiologic model
applied to injury research seeks to explain the
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occurrence of injuries within the system of host
(injured victim), agent (means of injury), and the
environment (physical, psychological, and social
factors related to the event).

Using such a model, it should be possible to
identify features common to a set of injuries or
accidents, and either identify causes directly or
find clues to causation. This approach has advan-
tages over investigating each incident separately,
Looking at a group of off-the-road industrial vehi-
cle accidents, for instance, it might become appar-
ent that one company’s products are involved in
a disproportionate number of incidents (40).

Gordon (187) and McFarland (295) were two
early proponents of epidemiologic models of in-
jury causation. Haddon (197) was successful in
implementing an epidemiologic approach to trans-
portation accidents while directing the National
Highway Traffic Safety Administration. Baker
and her coworkers (40) have successfully used epi-
demiologic techniques to describe work-related
deaths in Maryland.

The epidemiologic method requires the collec-
tion and study of far more information about the
host, the environment, and their interactions than
the behavioral and management models do. This
approach, which recognizes the interactive nature
of the injury process, is a significant advance over
earlier models. In fact, it has provided a frame-
work for the application of many systems ap-
proaches that incorporate human operator vari-
ables, environmental factors, and task demands.
The National Institute for Occupational Safety
and Health is currently conducting two epidemio-
logic studies to evaluate the role of personal,
managerial, and work environment factors in the
etiologies of fall-from-ladder accidents and ac-
cidents that result in fatal injuries. Both are case-
comparison studies that should produce a scien-
tific assessment of these causal factors.

Systems Models

The emergence of systems engineering as a dis-
cipline in the 1960s gave rise to many new applica-
tions of systems theory, including systems safety.
The various models that have been used include
“failure mode and effects analysis” and “criticality
analysis.” Both these are largely oriented towards

assessing the reliability of hardware and equip-
ment. Another systems model, “fault tree analy-
sis,“ involves building a logical “tree” of events
that can lead to undesirable outcomes. The ana- .
lyst examines component failures, which can in-
clude both hardware and human errors, and at-
tempts to learn what might cause these failures
and what effects on system safety they might
have.

The systems-safety models have been applied
most extensively in military and aerospace en-
deavors with the focus on potential failure points
in system hardware. Few quantitative data exist
about human error rates, so including the human
component of this system is frequently precluded.

Ergonomic/Human Factors Models

The injury causation models developed by
human-factors engineers or ergonomists attempt
to provide insights into the problems of “unsafe
acts” or human error that are lacking in other in-
jury causation models.

Ergonomists generally analyze the interactions
between workers and their machines for the
sources of injury causation. The limits of human
beings to perform consistently and without errors
are important issues to the ergonomists. Rather
than viewing operators’ errors as merely “unsafe
acts” that can only be addressed through train-
ing and motivation, the ergonomic approach
looks to see if various features of the machine or
the design of the work might themselves be in-
ducing worker errors. These features can include
the presentation of information to workers
through displays, the design of machine controls,
and the relationships between displays and con-
trols. In addition, ergonomists analyze the phys-
ical capacities of workers, such as lifting or
reaching ability, to determine whether the task
places undue stress on specified parts of the body
or leads to excessive fatigue.

Because of the importance of this discipline for
the prevention of both acute trauma and cumu-
lative trauma, as well as its potential usefulness
in the field of general workplace and equipment
design, ergonomics is discussed in greater detail
in chapter 7.
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CRITIQUE OF INJURY CAUSATION THEORIES AND MODELS

The inherent simplicity of Heinrich’s domino
theory and its historical availability no doubt ac-
count for its widespread acceptance. A minimum
amount of training is required to understand its
application and it does provide an answer to the
guestion of “cause,” even if it is a superficial one.
Since most injuries are classified as resulting from
“unsafe acts, “ it unfortunately allows more fun-
damental features of workplace design that lead
to injuries to be ignored.

Behavioral models initially contributed to our
understanding of the human component of injury
causation, although approaches based on study-
ing “accident proneness” have contributed little
or no useful information for prevention. It is un-
fortunate that many firms still expend resources
trying to identify “accident-prone” individuals,
rather than pinpointing features of workplace de-
sign that lead to injuries.

The adaptations of Heinrich’s theory that place
the responsibility for unsafe acts and unsafe con-
ditions on the management system of the enter-
prise represent a major step forward in prevent-
ing occupational injuries, The causal explanations
are still too simplistic, although these approaches
do provide a limited ability to predict the occur-
rence of hazards in the workplace.

The chain-of-events or multiple events models
(MORT is an example) recognize that many fac-
tors influence injury causation and thus represent
progress over single-event models. However, the
current models do not have a sufficiently simple
organizing structure to make them useful across
a wide range of industries.

The epidemiologic model has value as an orga-
nizing framework for the systematic study of the
factors related to various types of injuries. It is
limited in that, in general, it cannot adequately
explain why injuries happen or how corrective
measures can be identified and applied.

The systems models have been developed pri-
marily to evaluate system, subsystem, and com-
ponent failures. The primary focus has been on
nonhuman or hardware failures. Although the po-
tential exists for incorporating human error rates
into these analyses, the data to do so are currently
very limited.

The human factors/ergonomics models focus
on the human/machine interface and thus pro-
vide a much-needed emphasis on understanding
the interaction of worker and machine in order
to achieve a safe working environment. The thrust
of the practice of ergonomics is designing the work
tusk, rather than merely installing machinery and
letting the worker find a way to adapt. Thus in-
jury prevention can bean integral part of job de-
sign. The principal shortcoming of this model is
the absence of any analysis of hardware failures
beyond the human/machine interface. However,
compared with the injuries that occur at that in-
terface, hardware failures are relatively rare.

Purswell and Stephens (380) conclude that no
single model provides a wholly satisfactory ap-
proach to explaining the various facets of injury
causation. They suggest that, for the present, the
epidemiologic model is useful for identifying ma-
jor categories of causal factors in the workplace,
and that these major categories should be stud-
ied in-depth using the human factors/ergonomics
model.

The quest for causal models should not be the
sole object of research on injury prevention. What
is even more important is the design of interven-
tions to eliminate or reduce the injury hazards
faced by workers. In fact, one distinguished re-
searcher has concluded that the search for causal
models for injuries may ultimately be fruitless.
Singleton has recently stated that “there can never
be a theory which will predict an accident and
even accident rates are subject to too many
variables for prediction to be meaningful. ” But
he adds:

It does not follow that we must abandon hope
of controlling accidents. The same problem oc-
curs in other complex practical situations. The
physician, for example, is often faced with a pa-
tient with a disease which he cannot readily iden-
tify. . . However, this does not mean that nothing
can be done, The physician has certain general
principles; the temperature must not be allowed
to get too high, the body must not get dehydrated
and so on. He can take action on the basis of these
principles without waiting to identify the cause
of the symptoms. Similarly in accident preven-
tion we can take action to increase safety with-
out waiting for a theory of accident causation
(442).
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Technologies for Controlling

Work-Related lliness

This chapter describes the principles and tech-
nologies for controlling workplace health haz-
ards—toxic substances and harmful physical
agents found in the workplace. For clarity and
since the control principles are similar for both
toxic substances and harmful physical agents, dis-
cussion focuses on control of the former. Empha-
sis is given to technologies proven to be the most
effective for protecting workers’ health—those
that prevent hazard generation or that prevent
worker contact with the hazard. Three case stud-
ies commissioned by OTA illustrate these prin-
ciples and technologies as applied in controlling
work-related exposure to cotton dust, silica, and
lead. In addition, the extent of the use of control
technologies in United States workplaces is dis-
cussed.

Health hazards, as defined by public health sci-
ence, cause disease by an agent (hazard source)
transmitted through the environment by a vec-
tor (transmission of hazard) to a host or a recep-
tor (worker) who is affected. This model includes
workplace hazards to which workers are exposed
(see fig. 5-1). For workplace hazards, the source-
the point at which the hazard is generated—may
be a gas, a liquid, or a solid if it is a substance,
or a form of energy if it is a physical agent. Trans-
mission or dispersion of the toxic substance or
harmful physical agent is generally through work-
place air or by direct contact. The worker at risk
may receive (absorb) the hazard through inges-
tion, the skin, or by inhalation (see fig. 5-2).

A control technology system can include hazard
control at any or all of these three points—source,
transmission, or worker. Hazard controls applied
at the source, such as isolation of a process, or
in the transmission or dispersion path, such as
local exhaust ventilation, are generally called
“engineering controls. ” Those worn by the work-

Figure 5-1 .—Generalized Occupational Exposure

Source Workplace —a=q  Worker
Generation Transfer Exposure
—Gas — Respiratory
— Liquid — Dermal
—Solid — Ingestion
— Energy

er, such as protective clothing or a respirator, are
generally called “personal protective equipment.*

A hierarchy of control methods is commonly
used. The first choice is control at the source,
which can be done by design or modification of
a process or equipment or by substitution of less
hazardous materials. If the source is unalterable
through design or substitution, the next choice is
to control or contain the dispersion of the con-
taminant by isolation of the source, preventing
the toxic substance from becoming airborne, or
by removing the contaminant through local ex-
haust or general dilution ventilation. Finally, con-
trol at the worker may include administrative con-
trols, personal protective equipment, and work
practices. (Personal protective equipment is dis-
cussed in ch. 8, and the hierarchy of controls is
discussed in ch. 9.)

7



78 . Preventing lliness and Injury in the Workplace

Figure 5-2.—Generalized Model for Control of Workplace Hazards
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CONTROL SYSTEMS

There have been many attempts to define con-
trol technology. Brandt (71) described it as a sys-
tem designed to control contaminant emission and
dispersion along the pathway to the worker.
Bloomfield (61) cited ventilation to reduce levels
of airborne contaminants as the primary means
of engineering control. The International Labour
Office (229) includes several techniques in con-
trol technology: ventilation; process changes; sub-
stitution of process, equipment, or material; isola-
tion of stored material, equipment, process, and
workers; and education of management, engi-
neers, supervisors, and workers. Caplan (96)
defined engineering controls for industrial hygiene
purposes as “installation of equipment, or other
physical facilities, including if necessary selection
and arrangement of process equipment, that sig-
nificantly reduces personal exposure to occupa-
tional hazards.” Smith (450) defined control tech-
nology as substituting less dangerous substances,
equipment, or processes; limiting releases or pre-
venting buildup of environmental contamination;

Photo credit: NIOSH

This electrostatic precipitator is used to remove oil
mists from the atmosphere of a machine shop

limiting contacts between worker and toxic mate-
rials by personal protective equipment; and in-
troducing administrative changes.
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For this assessment, a hazard control system in-
cludes:

1. control at the emission source by substitu-
tion of materials, change of process or equip-
ment, or other engineering means,

2. control of the transmission or dispersion of
the contaminant by isolation, enclosure, ven-
tilation, or other engineering means, and

3. control at the worker by personal protective
equipment, work practices, administrative
control, training, or other means.

The controls in No, 1 and No. 2 are commonly
called “engineering controls. ”

Training workers, supervisors, managers, engi-
neers, and other concerned persons about a haz-
ard and its control underlies the effectiveness of
control solutions. Hazard-free operation requires
rigorous maintenance of controls, and good
housekeeping is essential to control secondary
sources of contamination. Work practices (e.g.,
instructions that liquids should be poured away
from the worker) and administrative procedures
(e.g., that workers spend limited time in the pres-
ence of hazards) are also important parts of a con-
trol system. Table 5-1 is a compilation of hazard
control principles and includes examples of con-
trol measures.

One tenet of effective hazard control is that a
system should be designed in a way that the con-
trols are automated or inherent in the operation
of the system. Thus, hazard controls should func-
tion even in the absence of continuous worker and
manager attention. For instance, enclosing a proc-
ess to prevent emission of toxic substances to
workplace air is a more reliable, and likely less
expensive, control than respirators, where effec-
tiveness is difficult to measure, protective fit is
difficult to achieve. Although systematic design
will consider a variety of control methods and
combinations, engineering solutions are preferred
because they depend less on routine human in-
volvement for effectiveness. For example, ground-
ing home electrical appliances provides greater
protection against electrical shock than instruc-
tions to remember not to simultaneously touch
an ungrounded appliance and a metal surface.

T WL TS s A R i W a8 Y

Photo credif: OSHA, Office of Informatlon and Consumer Affairs

Engineering controls include the enclosure of

operations and using remote controls. This photo

illustrates equipment designed to handle very toxic
radioactive materials

Because of the continuing need for human in-
tervention and attention in the use of personal
protective equipment, practicing industrial hy-
gienists employed by business, government, and
unions have long recognized that such equipment
should be turned to only after other means of pro-
tection have been exhausted (see ch. 9). Occupa-
tional Safety and Health Administration (OSHA)
standards require the use of engineering and work
practice controls except for the time period nec-
essary to install such controls, when engineering
and work practice controls are infeasible (in-
cluding many repair and maintenance activities),
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Table 5=1 .—Principles of Controlling the
Occupational Environment

Point of application of
the control measure

At or near the hazard

Control measure

Substitution of
nonhazardous or less
hazardous material

Process modification

Equipment modification

Isolation of the source

Local exhaust ventilation

Work practices
(housekeeping)

To the general workplace
environment . .......... General dilution ventilation

Local room air cleaning
device

Work practices
(housekeeping)

Work practices
(housekeeping)
Isolation of workers
Personal protective

equipment

At or near the worker . . . ..

Adjuncts to the above
controls .. ............. Process monitoring
systems

Workplace monitoring
systems

Education of workers and
management

Surveillance and
maintenance of controls

Effective process-people
interaction and feedback

SOURCE (576)

when they are insufficient, and in emergencies (see
ch. 9). For instance, engineering solutions to re-
duce airborne lead concentrations to the OSHA
standard are difficult to apply in lead smelters,
and OSHA allows respirator programs while the
solutions are engineered.

Of course, the nature of some jobs requires reli-
ance on personal protective equipment. For in-
stance, firefighters depend on self-contained
breathing apparatus when fighting fires.

Control at the Source

Control at the source can be achieved by de-
sign of new or modification of existing processes
or equipment, or by the substitution of less haz-
ardous materials-all done, preferably, before the
process or equipment is installed and operated.

The industrial hygiene literature repeatedly points
to source control as the most effective means of
preventing work-related illness.

Designing Controls

Designing equipment to eliminate contact be-
tween hazard and worker is the most effective way
to control exposure (71). The control of vinyl
chloride monomer (VCM) provides an example
of successful design eliminating a health hazard
(see also box N in ch. 12). In the 1960s, before
VCM was recognized as a carcinogen, it was iden-
tified as a cause of acro-osteolysis (bone deteriora-
tion, especially in the finger tips). This finding led
the American Conference of Governmental Indus-
trial Hygienists (ACGIH) to revise the Threshold
Limit Value (TLV) exposure limit from 500 parts
per million (ppm) to 200 ppm in 1970 (5).

Revision of the exposure limit meant that the
firms that followed ACGIH recommendations had
to find ways to reduce worker exposure. Analy-
sis by design engineers identified two methods by
which the high exposures associated with clean-
ing the VC reactor vessel could be reduced: elim-
ination of reactor fouling or mechanical or chem-
ical removal of the polymer buildup. Hydraulic
reactor cleaning technology was adopted that re-
duced the frequency of worker cleaning from once
per several reactor charges (loading the reactor)
to once per 25 to 30 charges and thereby reduced
worker exposure (256).

When VCM exposure was recognized in 1974
as strongly related to angiosarcoma of the liver
(a rare and deadly cancer) by health professionals,
OSHA mandated a permissible exposure limit of
1 ppm. Feasible engineering and work practice
controls were required to reduce exposure below
this level (617).

Again, industrial hygiene analysis determined
that exposure to gases during reactor cleaning was
a major problem. Re-investigation led the design
engineers back to earlier considerations, of either
eliminating the fouling or finding an automated
cleaning method. But this time the design criterion
was to reduce drastically exposure from over 200
ppm down to 1 ppm, and mechanical cleaning
alone was found to be inadequate. However,
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spraying a simple coating solution on interior re-
actor walls before mixing each batch prevented
polymer buildup, Automating and enclosing the
reactor cleaning process by installing a permanent-
ly mounted nozzle inside the reactor (see fig. s-
3) very effectively contained the VCM gases and
greatly reduced worker exposure (256).

Commercial use of this design demonstrated
that the new reaction vessels needed cleaning only
once every 500+ polymerization batches, greatly
improving the productivity of the process. The
developer, B.F. Goodrich, now uses the innova-
tive process in its vinyl chloride monomer plants
both here and abroad and also licenses it world-
wide to other chemical manufacturers. Table 5-2
shows the benefits of this control technology
(256).

This example illustrates the advantages of ap-
plying engineering controls to the prevention of
work-related illness. Engineers sought solutions
to a recognized health problem by first consider-
ing methods that would eliminate exposure such
as by automating cleaning or by preventing build-
up of materials that require removal. This exam-
ple also shows that production costs can be re-
duced and productivity increased, as Brandt
postulated some 35 years ago in his book on oc-
cupational health engineering (71).

Health hazards can also be eliminated or con-
trolled by changing an industrial process. For ex-
ample, the National Institute for Occupational
Safety and Health (NIOSH) recently conducted
a study of dry cleaning machine operators exposed
to perchloroethylene, a widely used solvent,
known to cause contact dermatitis, central ner-
vous system depression, liver damage, and anes-
thetic death. NIOSH investigators found higher
exposure levels of perchloroethylene vapors in
processes involving separate washing and drying
machines than in processes that combined these
two steps in one machine. The two-step process
requires manual transfer of clothes, resulting in
unnecessary worker exposure, which is avoided
in the combined process.

Substitution

Substitution of a less toxic agent for a more
toxic one is an important means of control, but
care must be taken that the substitute does not

Figure 5-3.-Vinyl Chloride Reactor System
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Table 5-2.—Benefits of New Technologies for
Controlling Worker  Exposure to
Vinyl Chloride Monomer (VCM)

Reduction in worker exposure to VCM.

Reduction in VCM emissions to the atmosphere.

Closed reactor operation—entry only for normal
maintenance.

Savings in labor.

Reduction in reactor downtime due to cleaning and, as a
result, increase in productivity.

Polymer buildup lost as scrap is eliminated.

Reduction of rupture disc changes due to polymer
buildup.

Constant and maximum process side heat transfer
coefficient in the reactor.

SOURCE: (25S).

itself harbor toxic properties. For example, asbes-
tos, an excellent insulator, is found widely in
buildings, ships, and other places requiring ther-
mal insulation. However, as its toxic properties,
especially its carcinogenicity, were recognized,
other materials were considered as a replacement.
Several materials are suitable, depending on the
application and the temperature range to be in-
sulated. These include insulating concrete, ver-
miculite, fiberglass, and rockwool. While none
of these is yet known to cause cancer, precautions
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should be taken to control exposure to these
materials during installation (80).

Silica dust, which can cause lung disease, is one
of the oldest known occupational health hazards,
and its control well illustrates the principle of sub-
stitution (see case study, later in this chapter).
Silica dust is a problem in “sand blasting, ” in
cleaning and polishing moldings and metals, and
in mining and quarrying, where it is generated by
explosives and mining machinery.

In foundries, silica dust is generated during
cleaning, during chipping and grinding of castings
because some sand from the cores and molds re-
mains on the castings, and during abrasive clean-
ing, which generates airborne silica dust. If
abrasive cleaning is performed by sand blasting,
silica dust may be generated from both the blast
sand and the mold and core sand.

The most direct method of eliminating silica
dust is to make substitutions for silica-containing
material. A number of silica-sand substitutes are
available for abrasive blasting, including metallic
shot and grit, garnet, nut shells, cereal husks, and
sawdust, and have been widely used in abrasive
blasting operations and to some extent in found-
ries (560).

In some cases, silica dust can be eliminated by
substitution of a nonabrasive process—by clean-
ing castings by the salt bath process, acid pickl-
ing, or ultrasonic cleaning. Water jetting and la-
ser cutting to remove excess metal from castings
have been considered as alternatives to chipping
and grinding (435).

Controlling Dispersion

If a source cannot be altered through design or
substitution, the next choice is to control or con-
tain the dispersion of the contaminant. This may
be done by isolating the source, preventing the
toxic material from becoming airborne, or by ven-
tilation.

Isolation

Isolation of a process involves the placement
of a barrier between the process and the worker.
In dusty operations for example, there are three
basic means of isolation: enclosure of an opera-

tion (to prevent dust, fumes, or vapors from
escaping into occupied areas); automation,
through the use of unattended machines; and dis-
tance, to place operations away from workers.

Isolation by enclosure has been used effectively
to reduce silica exposure in foundries (359,569,
577). Abrasive blasting operations maybe located
in enclosed, ventilated booths. Enclosure is also
used to reduce worker exposure in the asbestos
textile industry. Card machines, among the dusti-
est parts of the asbestos textile manufacture proc-
ess, can be completely enclosed and asbestos dust
filtered from the air exhausted (80). Enclosure has
been applied successfully in containing contamina-
tion from radioisotopes since the beginning of the
nuclear industry. A variation is to protect work-
ers from physical and chemical hazards by locat-
ing their work stations in ventilated control
booths.

Many jobs with risk of exposure to toxic sub-
stances can be automated. For instance shakeout
(@ method for removing foundry sand from molds
or parts) in a foundry can be done by ventilated
machines rather than by hand. Automobiles may
be spray painted or welded by automated ma-
chines to remove workers from exposure to spray
paint and solvent and welding fumes, respectively.

Finally, explosive or extremely toxic materials
can be stored in remote and inaccessible areas and
hazard-generating operations may be removed
from areas where workers are concentrated.
Open-air sand blasting can be done at a distance
from other work sites to reduce the number of
workers at potential risk. Persistently leaky
pumps and piping for the transport of toxic sub-
stances can be isolated by placing them in areas
remote from workers.

Wetting

Wetting dust to prevent it from becoming air-
borne is used to reduce worker exposure. Spray-
ing is a primary means of dust control in mining,
but it is considered to be inadequate alone and
is usually used in conjunction with ventilation
(230,394). Substitution of wet processing and
spraying for dry operations has been widel used
to control silica dust. In foundries, adding mois-
ture to sand has been found to reduce dust con-
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centrations substantially (435,569). By contrast,
wet processing in the manufacture of portland ce-
ment appeared to have no effect on respirable dust
levels (419).

Local Exhaust Ventilation

Local exhaust ventilation is one of the most
commonly used engineering controls. It aims to
protect the worker by capturing generated gases,
vapors, fumes, or particles in an exhaust air
stream and discharging them away from work-
ers. Examples are laboratory fume and kitchen-
range hoods, both of which use fans to exhaust
contaminated air, Industrial operations are often
placed in hoods to obtain maximum contaminant
control with minimal exhaust air volume.

For example, local exhaust can be applied in
aluminum reduction operations to reduce worker
exposure to carcinogenic particulate, in spray
paint booths to control paint mist and solvent
vapors, in garages to control carbon monoxide
from auto exhaust, and in foundries to control
silica exposure from abrasive blasting and grinding.

NIOSH is currently investigating “push-pull”
ventilation. Generally, local exhaust ventilation
depends on “pulling” air away from the opera-
tion and exhausting it at some distance from the
worker, If the emission source is over two feet
from the exhaust, a great quantity of room air
must be pulled into the exhaust, significantly re-

This hood in a secondary lead smelter illustrates the
use of local exhaust ventilation

ducing control effectiveness. Furthermore, energy
costs are increased to heat the air that replaces
the exhausted air.

Using a jet of air “upwind” from the exhaust
pushs the emissions toward the exhaust. This is
commonly referred to as push-pull ventilation.
NIOSH showed that push-pull ventilation con-
trolled emissions from chrome plating tanks with
just 25 percent of the exhaust needed if only pull
was used. The system thus controlled emissions
and reduced energy costs (582).

A successful local exhaust ventilation sys-
tem.—As already indicated, controlling exposures
is best done by considering design of the health
hazard control at the time a process is established
and carefully monitoring performance of the sys-
tem. Anderson (20) describes the effective design
of a control system in a large electronics plant.

The process begins when a manufacturing engi-
neer asks to add or change a chemical process.
The request is submitted to the facilities engineer-
ing department and an engineer is assigned re-
sponsibility for installing the equipment to satisfy
process, safety, health, and other requirements.
Part of the facilities engineer’s responsibility is to
review the need for local exhaust ventilation with
the industrial hygienist, who is responsible for pro-
viding health protection information including de-
tails about hood design and air volume require-
ments. The preliminary design is then reviewed
by the environmental engineering department to
determine the need for air cleaning devices and
emission permits. After the process design is
completed, it is given a final review by the indus-
trial hygiene, environmental engineering, safety,
maintenance, and manufacturing engineering de-
partments.

Installation is supervised by a coordinator who
ensures that contract specifications are followed,
Changes must be approved by the facilities engi-
neer. The contract coordinator informs the facil-
ities engineer when the job is done and puts a
warning tag on each completed hood.

Before the hood can be used it must be adjusted
to meet design specifications by the facilities engi-
neer and the maintenance ventilation technician,
who enters information about the system in a data
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base for scheduling preventive maintenance and
who also tags the hood to indicate that this has
been done. After this the hood is inspected by the
industrial hygienist, who reviews its use with the
workers and ensures that the proper chemical
identification labels are placed at each station.

Hood effectiveness is measured periodically and
data entered into a computer. Each week the com-
puter system generates a card for each hood per-
forming below specified levels for review by the
industrial hygienist. If the hood is in need of at-
tention, the card is forwarded to building main-
tenance. If that department is unable to fix the
hood, the facilities engineering department treats
the failure as a unique project, and then follows
the same procedure that is used in designing a new
hood,

If a hood is found to be dangerously deficient
by the ventilation technician, it is tagged “Do Not
Operate” and immediately reported to the depart-
ment manager, facilities engineering department,
and industrial hygiene department.

The main features of this well-thought-out sys-
tem for designing and managing controls are:

. coordination among all concerned parties,

. integration of occupational health concerns
at the beginning and throughout the design
process,
integration of occupational health concerns
following installation, and

. execution of a well-planned preventive main-
tenance program.

The company has found that this approach
greatly lowers costs by reducing the need to
retrofit processes. Before this method was
adopted, newly installed exhaust systems fre-
guently failed because of improper design or in-
stallation. Post-installation approval guarantees
all concerned parties that the system works from
the start as it was designed. A well-planned,
computer-based, preventive maintenance pro-
gram assures continued effectiveness.

General Dilution Ventilation

While local exhaust systems are applied at a
particular point to remove contaminants at rela-
tively high rates, general dilution ventilation is

the gradual introduction and mixing of fresh air
with, and exhausting of, workplace air. Con-
tinuous air exchange in buildings reduces non-
taminants that resist other control means while
contributing to maintenance of a comfortable en-
vironment. General dilution ventilation is defined
as “the process of supplying or removing air by
natural or mechanical means, to or from any
space” (71). The air circulation systems found in
most buildings are examples of general dilution
ventilation.

This technique requires careful planning, and
it can fail if inadequate consideration is paid to
contaminant generation rates. Furthermore, pro-
vision must by made for adequate fresh “makeup”
or “replacement” air, for heating or cooling the
makeup air, and for avoiding contamination of
makeup air.

Recent interest in energy conservation has
added new considerations. Increased building in-
sulation has greatly reduced the flow of air from
“leaks,” which requires more makeup air. Chap-
ter 16 describes particular problems among office
workers in new “tighter” buildings, Office work-
ers report health effects from microorganisms,
organic chemicals, asbestos, tobacco smoke, and
other sources in buildings with inadequate ven-
tilation (25).

Control by general ventilation is aided by
removing sources, such as smoking, and by clean-
ing air. Since most building ventilation systems
now recirculate air, cleaning the air becomes espe-
cially important. This is a relatively new prob-
lem; before energy conservation was given em-
phasis, accepted engineering practice was to
completely exchange building air to avoid con-
tamination buildup. Now, building air is often
cleaned and then recirculated to reduce energy
cost. Systems are available for cleaning both gas
and particulate, but care must be taken to ensure
that the system is reliable and the cleaning com-
plete (563).

Neither local nor general ventilation acts to pre-
vent generation of hazards; it can only capture
or dilute contaminated air and take it to another
location. The air may still have to be cleaned
before discharge to the ambient environment, to
meet Environmental Protection Agency or other
ambient-air standards (6,562,563).



Control at the Worker

Control at the worker may include certain work
practices, personal protective equipment, and
administrative procedures. (Personal protective
equipment is discussed in ch. 8.} For example,
work practices important in preventing genera-
tion of airborne silica dust include using vacuum
instead of compressed air cleaning, keeping
enclosed operations tightly closed. and housekeep-
ing to reduce dust accumulation.

Other administrative procedures include rota-
tion of workers in hazardous areas so that no one
person is exposed full-time, and scheduling pro-
cedures such as cleaning or maintenance to take
place on weekends or at other times when few
workers are present.

An underlying factor in the success of admin-
istrative controls is the adoption and entorcement
of exposure control policies. Company policies
directed at control of chronic health hazards are
often enforced less vigorously than are policies
that require workers to wear hard hats or that pro-
hibit tobacco smoking where flammable substances
are used. This is probably because it is easier to
relate cause and etfect to an immediate explosion
ignited by a burning cigarette than it is to relate
severe respiratory problems to 10 years spent in
a job with high exposure to a health hazard (2101,

integration of Health Hazard Controls
into Workplace Management

Workplace decisionmakers-—including manag-
ers, supervisors, workers, engineers, architects,

CASE STUDY:
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equipment manutfacturers, and installers—all con-
tribute to eftective disease prevention. For in-
stance, Peterson (369) points out that engineers
should know the concepts of hazard control and

that they should

. open their eyes to the consequences of deci-
sions they may make in their protessional capac-
ity Undergraduate engineers tand most graduate
engineers tor that matter) simply are not aware
that it is pertectly possible to write noise speci-
tications for much equipment: that carbon tetra-
chloride and benzene have excellent, much less
hazardous, substitutes; that L1 tueled lift trucks
generate much less carbon monoxide than do
gasoline-powered litt trucks, that electric lift
trucks are available and entirely suitable for most
litt-truck tasks: or when and where to install fire
doors.

Effective control programs need supervisors
who are trained in hazard recognition and know
about control systems. They must be responsible
tor maintenance of controls as part of the proc-
ess and process equipment, and must understand
the consequence ot its failure (154,369).

Peterson (369) points out the direct benefits of
workers being informed about and involved in
controlling the hazards of their work. Since they
are directly knowledgeable about the materials,
equipment, and processes with which they are
working, workers often spot health exposure
problems in early stages and may have the best
ideas about how to eliminate or control the haz-
ard. (The need tor training is discussed in greater
detail in ch. 10.)

CONTROLLING WORKER EXPOSURE TO COTTON DUST

Byssinosis

In many cases . . . the disease induced has ap-
AAAAAA Y BN VIS Y U GUURNUIS S I B
pedrea tooIne oo airer rrom ordindry cnronig
bronchitis. In the commencement ot the com
plaint, the patient sutfers a distressing pulmonary
irritation . . . . Entrance into the atmosphere of

a mill immediately occasions a short, dry cough

which harasses him considerably in the day, but
ceases immediately after he leaves the mill and in-
spires an atmaosphere free from foreign molecules.
These symptoms become generally more severe,
the cough is at length very trequent during the
day, and continuous . . ., disturbing the sleep,
and exhausting the strength of the patient. . . .

he seeks medical aid (Kay (241). Quoted in 124).
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The quote was made in reference to a respira-
tory disease suffered by workers in English tex-
tile mills 150 years ago. That disease—byssinosis,
or “brown lung’’—was recognized in this country
much later than in Europe. The reasons for the
late recognition are complex. Many occupational
health authorities suggest ignorance or refusal to
recognize particular respiratory diseases that were
common to mill workers to spare employers the
costs of installing controls. In addition, social con-
ditions inhibited workers from making their com-
plaints known and prevented actions on those
complaints. Also, local and State Governments
were reluctant to act because they feared the loss
of textile industry jobs as a result of requiring pre-
vention of work-related injury and illness. Finally,
a lack of scientific studies showing an association
between cotton dust and illness in the United
States contributed to the tardy recognition of the
disease and inhibited action to prevent it until
OSHA came into being (124).

The OSHA Cotton Dust Standard

Although the exact disease-causing agent with-
in cotton dust has eluded identification, it is
known that the dusts from the early stages of
processing are more hazardous than those from
later stages. Opening cotton bales and sorting,
picking, and blending raw cotton present greater
risks than do weaving and finishing.

In 1964, the American Conference of Govern-
mental Industrial Hygienists considered the evi-
dence for establishing a recommended limit for
cotton dust exposures. Two years later, the Con-
ference agreed on a Threshold Limit Value of
1,000 micrograms/m3 as the maximum exposure
that was consistent with maintaining workers’
health. In 1969, the Secretary of Labor incor-
porated ACGIH’s recommended TLV into Fed-
eral standards for employers with Government
contracts (see ch. 11 for a discussion of the Walsh-
Healey Act).

The Occupational Safety and Health Act of
1970 required that the newly established OSHA
adopt the Walsh-Healey Act standards and apply
them to all the Nation’s workplaces. Thus, the cot-
ton dust standard of 1,000 micrograms/m’was

adopted as a startup standard by OSHA in 1971
(see Ch. 12).

In 1974, ACGIH revised its TLV downward to
200 micrograms/m’(the method of measurement
changed also, and the “new” 200 micrograms/m’
is not directly comparable to the ‘ old” 1,000
micrograms/m?°). That same year, the Director of
NIOSH recommended that exposure to cotton
dust should be reduced to the lowest feasible level,
and that it should in no case exceed 200 micro-
grams/m’.

In 1976 OSHA proposed a 200 micrograms/m’
standard. The final standard, issued in 1978, set
three different exposure limits—200 micrograms/m’
for cotton yarn manufacturing, 750 micrograms/
m’for “slashing and weaving” operations, and 500
micrograms/m *for exposures in other operations.
This standard was contested by the textile indus-
try through legal suits. While the Supreme Court
upheld the standard for the textile industry in
1981, in the same year the current administration
moved to reconsider it. This action is pending.
Table 5-3 shows how the suggested and recom-
mended levels for cotton dust came downward
after the substance was regulated as a health haz-
ard in the United States.

Changes in Cotton Dust Levels

Table 5-4 presents North Carolina Department
of Labor measurements of the percentage of tex-
tile plant departments that were in compliance
with the OSHA cotton dust standard i n 1981. As
can be seen, just two years after promulgation of
the new standard and during the period the stand-
ard was being challenged in the courts, over half
the departments complied with the standard.
Some problems remain, as higher frequencies of
noncompliance were found in the early stages of
the process-opening, picking, carding, drawing,
and combing. In these stages, workers are exposed
to the more hazardous dusts associated with un-
processed cotton. overall, however, the cotton
industry is coming into compliance with the new
standard.

The industry trade association, the American
Textile Manufacturers Institute, estimates that
about 75 percent of the industry was in compli-



ancewithin two years of the standard being in-
troduced. Some plants that have been completely
modernized are in full compliance (413).

In 1981, the U.S. textile industry purchased $1.6
billion worth of new machinery. About 70 per-
cent of those purchases were for the purposes of
modernization to increase productivity (413) in
the face of increased foreign competition and, to
some extent, to comply with the OSHA stand-
ard for reduced cotton dust levels.

Ruttenberg (413) concludes that it is impossi-
ble to decide the relative importance of increas-
ing productivity and compliance with OSHA reg-
ulations in the modernization of the American
textile industry’, but that both have made a con-
tribution.

The U.S. Occupational Safety and Health
Administration dust regulations have had a dra-
matic effect on . . . processing equipment design

Ch. 5—Technologies for Controlling Work-Relat
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The spinning of cotton fibers into yarn and weaving

yarn into fabric are two of the operations regulated by

the OSHA cotton dust standard. In recent years, the

textile industry has invested heavily in modernized

equipment in order to comply with the standard and
to improve productivity

and purchasing. Machine suppliers modified
equipment to comply with OSHA regulations and
this equipment has been accepted on a worldwide
basis as well as in the USA. The dust controls
have also contributed to much better operating
results. . . (U.S. Department of Commerce (551).
Quoted in 413).
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Table 5-3.-Suggested and Recommended Levels for Cotton Dust Exposure

Level®

Organization Year (micrograms/m’)
American Conference of Governmental

industrial Hygienists (ACGIH) . . ... .. 1964 1,000 tentative recommendation
ACGIH recommendation . . ........... 1968 1,000 formal
Secretary of Labor ... ............... 1968 1,000 Walsh-Healey Act standard
Occupational Safety and Health Admin-

istration (OSHA). . ................. 1971 1,000 OSHA standard
British Occupational Hygiene

Society . ... . 1972 500 recommended standard for

Britain

ACGIH recommendation . .. .......... 1974 00 formal
National Institute for Occupational

Safety and Health (NIOSH) . .. ... ... 1974 200 recommendation
OSHA . ... 1976 200" proposed standard
OSHA . oot 1978 200 final standard

8The levels from 1964 through 1972 were based on techniques that measured the concentration of total dust in the workplace
atmosphere. From 1974 on, the levels are based on the use of the vertical etutriator —a device that measures the Quantity
of small, respirable dust particles. Levels based on the these two methods are not directly comparable

he 200 limit is for yard manufacturing, 750 for slashing and weaving, and S0Q for all other processes The limit goes up

as the cotton dust becomes cleaner
SOURCE Adapted from (413).

Table 5-4.—Cotton Dust Measurements Before Promulgation of the
OSHA Cotton Dust Standard and Percentage of Companies
Claiming Compliance with the Standard in North Carolina

Companies claiming

Range of measurements Limit under compliance in

before OSHA standard OSHA standard North Carolina
Area of plant (micrograms/m°) (micrograms/m?) (percent)
Opening.............. 300-3,000 200 53
Picking. .............. 700-1,700 200 61
Carding.............. 300-1,800 200 52
Drawing .............. 400-800 200 63
Combing ............. NA 200 61
Roving ............... NA 200 81
Spinning ., , . ......... 200-300 200 83
Winding . ............. 1,200 200 76
Twisting. . ............ 1,200 200 80
Slashing.............. NA 750 100
Weaving . ............. 400-1,000 750 96
Knitting , . ............ NA 500 100
Waste Processing . . . .. NA 500 85
Other................ NA 500 97

SOURCE: (413).

Tougher government regulations on workers’
health have, unexpectedly, given the [U. S.] indus-
try a leg up. Tighter dust-control rules for cotton
plants caused firms to throw out tonnes of old in-
efficient machinery and to replace it with the latest
available from the world’s leading textile machin-
ery firms. (The Economist (160). Quoted in 413).

Costs of Compliance with the
Cotton Dust Standard

OSHA contracted for an economic analysis of
the expected costs of compliance with the cotton
dust standard, and the contractor assumed that
compliance would be accomplished by “add-on”
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ventilation equipment. However, the availability
of newer production equipment, which increased
productivity and reduced cotton dust exposures,
resulted in much lower costs than those estimated
at the time the standard was considered. As table
s-5 indicates, the initial 1974 estimates of capital

Table 5-5.—Estimated and Realized Costs of
Compliance with the OSHA Cotton Dust Standard

Millions of
1982 dollars
Preregulatory estimates
OSHA contractor, 1974 . . . ... ........ 1,941
Revised OSHA contractor, 1974 . . . .. .. 1,388
ATMI“contractor, 1977 . . ... ... ...... 875
OSHA, 1978 ... ... ... 970
Postregulatory estimate
OSHA contractor, 1982 . . ... ......... 245
aamerican Textile Manufacturers Institute
SOURCE (413)

costs for compliance were nearly $2 billion (in
1982 dollars). At the time of promulgation in
1978, OSHA estimated costs of just under $1 bil-
lion (in 1982 dollars). Thus, while cost estimates
plummeted more than 50 percent by the time the
standard was issued, the reduced estimate was still
almost four times higher than the actual costs re-
ported in 1982 in a poststandard contract report.

Although most of the more productive, less
dusty machinery now in use in U.S. textile mills
was available in the mid-1970s, its potential use
was ignored in the early estimates of compliance
costs. Even if purchase of new technology had
been anticipated, it would have been difficult to
assign the proper fraction of its costs to dust con-
trol. In the event, new technologies greatly re-
duced the costs.

CONTROLLING WORKER EXPOSURE TO SILICA DUST

Silica is a major component of the earth’s crust;
it is the sand covering the beaches, the sand
sprinkled on icy winter streets, the grit in the dust
on windy days—it is everywhere. It is also widely
used in industry. Over 402 million tons of silica-
containing sand were produced in the United
States in 1980. Of this total, nearly 300 million
tons were used for glassmaking, as molding sand
in foundries, and as industrial abrasives. Since it
is ubiquitous, silica is frequently found as an un-
wanted constituent of ores mined for other minerals.
In those cases, it must be removed and discarded.

Silicosis is a disabling lung disease resulting
from the inhalation, deposition, and retention in
the lungs of respirable crystalline silica dust. Acute
silicosis can occur within six months following ex-
posure to extremely high silica dust concentra-
tions. Silicosis victims appear to suffer more
episodes of chest illness than workers without the
disease. The mortality for nonmalignant respira-
tory disease is significantly higher among work-
ers receiving compensation benefits for silicosis
than in the general population. A complication
of silicosis, progressive massive fibrosis, results
in significant impairment in lung function and

may result in respiratory failure and secondary
heart disease. Tuberculosis and other pulmonary
infections may complicate acute or chronic sili-
cosis and significantly shorten life expectancy.
Hickey, et al. (210) discuss these silica-related
health problems and reported associations be-
tween worker exposure to silica dust and an in-
creased risk of lung cancer.

Since diagnostic procedures do not detect
silicosis at a reversible stage, and since medical
treatment will not alter the course of the disease
after it is found, emphasis on exposure control
is imperative. Yet, even though the cause of the
disease has been well understood and technologies
for controlling exposure have been available for
decades, silicosis continues to occur in the United
States at an alarming rate. A minimum of 59,000
cases of silicosis may be expected based on knowl-
edge about current exposure levels and numbers
of exposed workers at risk in 1980 in U.S. indus-
try (210).

Hickey, et al. (210) estimate that there are 1.3
million production workers with potential expo-
sure to silica dust—40 percent of whom are in
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workplaces lacking exposure control. Historically
the most severe exposures to silica have occurred
in granite and stone working, foundries, mining,
and abrasive blasting. Workers producing and
using silica flour (silica ground so fine that it ap-
pears to be refined grain flour) have recently been
recognized to be at high risk for silicosis, because
of the extremely fine size of the particles produced.

Regulatory Activities for
Silicosis Control

The current OSHA standard for silica is based
on an equation that limits the total amount of free
silica to 100 micrograms per cubic meter. This
standard was adopted as a start-up standard in
1971 (see ch. 11). Evaluation of the silica stand-
ard shows that it may be inadequate at its pres-
ent level. In 1974, NIOSH recommended limiting
silica exposure to 50 micrograms per cubic me-
ter—half the current level. The studies on which
NIOSH based its recommendation used pulmo-
nary function performance as the measure of
health effect—a more sensitive indicator of
silicosis than X-ray methods.

In certain circumstances, such as in abrasive
blasting where alternatives to silica are available,
substitution may be the most appropriate method
of control. The United Kingdom banned the use
of silica sand for abrasive blasting in 1948, and
NIOSH has recommended a similar prohibition
in this country (560). Sweden banned silica as an
abrasive in manual abrasive blasting in 1981 (210).
A California standard requires that prior to use,
not more than 1 percent, by weight, of abrasive
sand must pass a No. 70 U.S. standard sieve (0.3
mm). After use, the sand must have no more than
1.8 percent of its weight as particles 5 micrometers
or less in diameter (211). These restrictions on size
reduce the number of respirable particles.

In 1978, OSHA conducted a technological fea-
sibility assessment and economic impact analy-
sis for a specific standard addressing use of silica
sand in abrasive blasting (211). The study con-
sidered three alternatives: banning use of silica
sand in abrasive blasting, setting minimum cri-
teria on size and hardness of blasting sand, and
controlling exposure through work practices. To
date no revised standard has been issued.

However, due to the serious silicosis problem,
OSHA has made a special effort to enforce the
existing silica standard. In 1972, silica was one
of five major health hazards selected for special
enforcement efforts in the ‘Target Health Hazard
Program” (414). Silica was again given priority
in the 1975 National Emphasis Program, as one
of the major worker health hazards in foundries
(339). In both cases OSHA industrial hygienists
focused health inspections on plants where silica
was likely to be found.

Control Technologies:
Engineering Methods

Silicosis is an entirely preventable disease. Ex-
posure occurs whenever materials containing crys-
talline-free silica are processed and dust is gener-
ated. Processes include abrasion (sand blasting,
grinding, milling, etc. ) that creates dusts of par-
ticularly small particle size (less than 5 microme-
ters in diameter). These dusts are too small to be
easily seen as a “cloud.” Too small to settle, they
remain airborne and “respirable”—-that is, they
may readily pass through the upper respiratory
passages and be deposited in the alveolar spaces
of the lung (the small air sacs deep in the lung
where gas is exchanged with the blood).

The most direct method of eliminating silica
dust is to substitute less hazardous materials for
the silica-containing material. This control has
been widely used in abrasive blasting operations
and to some extent in foundries. Silica-sand sub-
stitutes include metallic shot and grit, garnet, nut
shells, cereal husks, and sawdust. Olivine (mag-
nesium iron silicate) has been used for mold mak-
ing in foundries to reduce silica dust exposure, but
it is not clear how effective this method will be
(210).

Process change may also be used to control
silica dust exposure. For instance, water may be
added to foundry molding sand or sprayed on at
the point of dust generation in granite sawing and
processing of portland cement. In some situations,
dust-producing abrasive processes may be re-
placed by other types of cleaning such as salt
baths, acid pickling, or ultrasonic cleaning. Water
jetting and laser cutting for removal of excess
metal from castings have been considered as alter-
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substitutes that are suitable for replacing silica.
Also, for those situations where engineering con-
trol maybe infeasible, further improvement in res-
pirator effectiveness is necessary. Medical proce-
dures for detection of the early stages of silicosis

CASE STUDY:

should be refined to provide a better way of
worker protection. Information about the toxicity
of silica and technologies for controlling exposure
could be provided to workers and employers using
it.

CONTROLLING WORKER EXPOSURE TO LEAD

Early efforts against industrial lead intoxication
in this country were championed by Alice Hamil-
ton. Her autobiography, Exploring the Dangerous
Trades (199), presents many examples of terrible
exposures that were corrected when managers and
owners were convinced that lead was causing the
“colic, “ “lead fits, ” and blindness that occurred
in lead workers. Until they were convinced, own-
ers and managers preferred to believe that the ill-
nesses resulted from bad personal habits—drink-
ing, smoking, or the consumption of coffee.

Some firms refused to act voluntarily, and
states began passing “lead laws” in the 1910s that
set limits on occupational exposures. These early
efforts were the forerunners of the revised OSHA
lead standard, which was issued in 1978.

The current standard regulates exposure to lead
in over 40 different industries. With only few ex-
ceptions, most industries comply with the sO
micrograms/m’permissible exposure limit for
workplace air concentration. The exceptions in-
clude primary and secondary lead smelting and
lead-acid battery manufacture, where controls are
most difficult and economic conditions have been
unfavorable. (Primary smelters purify lead from
lead concentrate, which is lead ore enriched by
milling. Secondary smelters recover lead from
discarded lead-containing products—in particu-
lar, worn-out batteries. Battery plants make lead-
acid batteries. ) Although the standard was con-
tested by both union and management and it is
impossible to be certain of the future of these in-
dustries or of the burdens placed on them by the
standard, it is clear that workers’ health has been

improved as measured by reduced lead levels in
their blood.

Some Features of the OSHA
Lead Standard

The lead standard sets limits on ambient con-
centrations of the metal in workplace air, requires
engineering controls and work practices to reach
those limits, and requires that workers be in-
formed about lead, its effects, and the methods
used to protect against them. Two features—
Medical Removal Protection (MRP) and the ex-
tended time periods granted to selected industries
before engineering controls are required—dis-
tinguish the lead standard from other OSHA
health standards.

MRP requires employers to measure workers’
blood lead levels regularly. If the measured
concentration of lead in the blood exceeds certain
limits, the worker must be removed from lead ex-
posure until the level drops to an acceptable value.
For up to 18 months, the employer must main-
tain the worker’s wages and seniority status even
if the person cannot perform his or her regular
job.

OSHA requires that air lead levels be reduced
to an effective concentration of 50 micrograms/m°*.
Since reported exposures have ranged above 2,000
micrograms/m?®, reaching the regulatory limit
poses many problems for employers. The regu-
lation gives companies 3 to 10 years to attain the
so micrograms/m’limit through engineering con-
trols; in the meantime, employers can require the
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natives to chipping and grinding in foundries.
Vacuum cleaning may be substituted for dusty
compressed air cleaning and screw conveyors used
instead of dust-producing pneumatic conveyors.
However, care must be taken to assure that such
treatment, while suppressing visible dust, also
controls the smaller, more hazardous, respirable
silica dust particles.

Where silica remains in use and worker expo-
sure is possible, local exhaust ventilation may be
used to capture and carry dust away. Environ-
mental Protection Agency or other ambient-air
standard regulations may require that ventilated
air be cleaned before discharge to the outside.

Control Technologies: Personal
Protection and Administrative Controls

Respiratory protection and face, eye, and body
protection against physical injury are also re-
quired by OSHA in specific regulations for abra-
sive blasting. NIOSH has specified the respirator
types required for protection from various air con-
centrations of silica, but these often prove to be
inadequate in practice (210). Employer-provided
and -maintained protective clothing and facilities
for changing at work plus training about personal
hygiene prevent exposed workers from exposing
family members to silica dust when taking work
clothing home.

NIOSH (and others) recommend: administra-
tive measures that help reduce risk of silicosis;
training managers and workers about the hazards
of silica dust; the effective use of personal pro-
tection equipment; and work practices that pre-
vent the generation of silica dust, Dust-reducing
practices include vacuum cleaning, regular main-
tenance of dust-producing and dust-controlling
systems, and good housekeeping. Dusty work
may be scheduled or located to reduce the num-
ber of workers at risk. However, Hickey, et al.
(210) report that company dust-control policies
are often unenforced.

Strategies for Silica Dust Control

One might ask why a well-recognized, entirely
preventable, work-related illness, for which the
etiology is understood and for which engineering

and other controls are available, remains a prob-
lem. Hickey, et al. (210) note some possible
reasons:

* the current OSHA standard is inadequate
and based on outdated information,

* compliance with the inadequate standard is
insufficiently monitored,

+ accurately measuring silica concentrations in
respirable dust samples is difficult and costly,
and

+ there is too much reliance on after-the-fact
control methods that control the dust after
it is generated rather than on methods that
eliminate silica dust.

An underlying reason for failure of worker pro-
tection against silicosis is the cost of controlling
eXposures.

To attack this problem, Hickey, et al. (210) sug-
gest promulgating a protective standard based on
the latest medical knowledge and streamlining en-
forcement by developing an accurate, inexpensive,
and rapid measurement method. These initial
steps will provide the basis for developing more
effective technology to prevent generation of silica
dust. Greater emphasis should be placed on pre-
venting generation than on refinement of meas-
ures for control after the dust is generated. Re-
search should be conducted to find nontoxic

Photo credit OSHA, Office of Information and Consumer Affairs

Abrasive blasting workers are frequently exposed to
high levels of silica dust



Ch. 5—Technologies for Controlling Work-Related Illness . 93

use of respirators to reduce workers’ exposures
to airborne lead.

Control Methods: Engineering
and Respirators

Table 5-6 lists categories of control measures
that can be employed to reduce lead exposures.
In general, major changes in processes will be in-
troduced only when a plant is rebuilt for other
reasons. (An example of the costs involved in sub-
stituting a new process in primary smelters com-
pared with adding on controls is presented inch.
16.) Add-on controls, in particular better ventila-
tion, are probably the most common form of engi-
neering controls, although far simpler controls—
such as covering stockpiles and putting tops on
reaction vessels—are an important part of engi-
neering controls.

A number of process innovations are being
made in the secondary smelting industry and in

Table 5-6.—Measures To Reduce Air Lead and
Blood Lead Levels

A. Measures that affect air lead levels in the plant
1. Changes in production processes (direct smelting
processes, more automated battery production
lines)
2. Add-on controls (ventilation systems)
3. Changes in operating practice (keeping floors
cleaner)
4. Greater or lesser use of lead-emitting equipment
B. Measures that do not affect air lead levels but limit
times workers spend in lead-contaminated at-
mospheres
1. Isolation booths with filtered air supply
2. Changes in work practices to limit time in high
lead areas
c. Measures that do not affect air lead levels but limit
workers’ lead absorption
1. Respirators
2. Showers, changing clothes before and after enter-
ing work areas
3. Business cycle factors: layoffs, overtime
D. Measures that do not necessarily affect exposure of
the work force as a whole but affect the distribution
of exposures among the work force
1. Monitoring of workers and removing those with
biological indicators of exposure to areas with
lower lead contamination
2. Rotation of workers
3. Firing of highly exposed workers
E. External measures that impact on lead exposure
1. Changes of lead level in out-of-plant environment
2. Changes of lead content in food and water

SOURCE (164)

battery manufacture that reduce worker exposure
to lead. A major source of lead exposure here has
been the breaking open of old lead storage bat-
teries. Goble, et al. (184) mention two new proc-
esses that significantly reduce the liberation of lead
in that process. In addition, technological changes
recently introduced in the manufacture of new
lead storage batteries reduce worker exposure
while increasing productivity.

Table 5-6 includes personal protective equip-
ment as well as business cycle factors that influ-
ence the number of workers exposed. The role of
respirators in providing protection until engineer-
ing controls are installed is clearly recognized in
the OSHA standard. The standard does require
that ultimately compliance shall be achieved
through the use of feasible engineering controls.

Medical Removal Protection

The OSHA lead standard provides that when
the amount of lead in a worker’s blood exceeds
a trigger level, he or she is to be removed from
exposure or placed in an area of lower exposure
until the blood lead level drops (see table 5-7).
When the amount falls to a specified reinstatement
level, the worker can return to his or her regular
job.

When the OSHA standard was being consid-
ered, employers pointed at MRP as a source of
high costs. They argued that older, more experi-
enced workers who were paid a premium for their
knowledge would be removed to less skilled jobs,
causing losses in productivity. In addition, since
MRP requires that the worker’s wages be main-

Table 5-7.—Blood Lead Levels That Trigger
Medical Removal From and Return to
Lead-Contaminated Atmospheres

Blood lead levels®
(micrograms/100g blood) for

Date Removal Return
March 1979 . ... ... .. .. 80 60
March 1980 . . ....... .. 70 50
September 1981°. . . ~ . . 60 40
March 1983".......... 50 40

aworkers' blood levels are to be monitored quarterly except Workers with levels
greater than 40 micrograms/100g are to be monitored month
b'M,, firms have been ‘given extensions of the time fOr the 60140 and 50/40

mqoers
SOURCE (164)
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tained, experienced workers doing less skilled jobs
would still receive the pay associated with their
previous positions.

Table 5-8 summarizes three years’ data about
medical removal from companies seeking relief
from the lead standard. These data represent a
worst-case group and may not be representative
of the industry. In both the primary smelter and
the battery industries reported, the percentage of
workers on MRP transfer and the share of work-
time spent on transfer peaked in the second year.
The data for primary smelters is reasonably com-
plete, based on 5 of 7 smelters and about 2,120
workers each year, compared with a total of about
2,500 workers; it is less complete for the battery
industry, based on only 8 plants and about 1,300
workers in an industry that employs about 30,000
people. In the secondary smelting industry, the
percentage of workers on MRP and the propor-
tion of worktime on MRP transfer increased each
year. The data in this case are certainly incom-
plete, and the facilities reported may not be rep-
resentative of the entire industry; the data in table
5-8 are based on about 640 workers out of a total
of some 3,000 workersin the industry. If the data
are representative, the secondary smelters are en-
countering greater problems complying with the
OSHA standard.

Goble, et al. (184) compared the percentage of
total worktime on MRP transfer to projections of
transfers that had been made based on assump-
tions of so or 100 micrograms/m’air lead levels
in the industries. They found that the reported
percentages of transfer worktime agree reasonably

well with achievement of 100 micro~grams/m’air
lead levels, supporting the conclusion that effec-
tive air lead levels are between 50 and 100 micro-
grams/m’. Given that blood lead levels are related
to worker health, these changes are evidence that
lead-related diseases and disorders should be
declining.

The number of terminations of workers because
blood lead levels remained above the reinstate-
ment values even after removal to lower exposure
situations is apparently small. An examination of
the new-hire and termination rates before and
after imposition of the OSHA lead standard did
not show an increase. That observation is incon-
sistent with the idea that employers would ter-
minate “leaded-up” workers and replace them
with new hires.

Changes in Air Lead Levels

Although some data about air arid blood lead
levels are available, they are often unsuitable for
making precise estimates of levels, of high ex-
posure. For instance, although 67 percent of sec-
ondary smelter workers in 1977 were exposed to
greater than 200 micrograms/m*airborne lead,
neither the maximum exposure level nor the aver-
age exposures of the highly exposed workers in
this group were reported. Goble, et al. (184) made
a number of assumptions and then calculated ap-
proximate average air lead exposure levels in the
three industries in 1977-78 and in 1981-82 (see
table s-9). Air lead levels dropped by about one-
guarter in primary and secondary smelting and

Table 5-8.—Medical Removal Protection Transfers in a Sample of Lead Industry Plants

Average number per plant

Percent

Plants Lead exposed Workers on worktime

Industry Year In survey In industry workers MRP*transfer on MRP
1979 5 7 465 21 1.0
Primary lead smelting . . . . ... 1980 5 7 419 31 2.1
1981 5 7 492 18 13
1979 6 36 120 4 1.0
Secondary lead smelting. . . . . 1980 6 36 104 9 4.6
1981 6 36 96 11 6.9
1979 8 136 176 2 0.4
Battery manufacture. . . . .. ... 1980 8 136 140 8 1.9
1981 8 136 162 6 15

8MRP, Medical Removal Protection.
SOURCE: (1S4 from data available in 103).
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Table 5-9.— Reductions in Average Air Lead Levels,
1977-78 and 1981-82

Average air
lead levels

_(micrograms/m) _ percent

Industry 1977-78 1981-82 reduction
Primary lead smelting. . . . . 740 565 24
Secondary lead smelting . . 285 205 28
Battery manufacture . . . 160 80 50
Seven battery plants . . . . .. 160 90 50

SOURCE (184)

by half in battery plants. Confidence about the
validity of these estimates, especially for battery
plants, is increased by the access Goble, et al. had
to detailed, company-collected exposure data
from seven battery plants. The percentage reduc-
tion observed in those plants is the same as the
calculated reduction for the industry overall.

The data in table 5-9 show what are probably
minimal estimates of reductions in air lead levels
because of systematic errors in the calculations.
Clearly, however, levels are coming down. Equal-
ly clearly, there is some distance to go before the
eventual goal of 50 micrograms/m ‘is reached.
OSHA recognized that engineering control of air
lead levels would take time, up to 10 years in some
industries. The decreases shown in table s-9 were
achieved in less than 5 years and during the period
when the standard was still being challenged in
the courts.

Changes in Blood Lead Levels

Data on blood lead levels for the period before
promulgation of the lead standard are not so plen-
tiful as air lead data. The estimates shown in table
5-10 for 1977-78 are from information presented
in OSHA hearings. The data shown for 1981-82
are from measurements reported in a Charles

Table 5-10.—Average Blood Levels Before and After
Promulgation of the OSHA Lead Standard

Approximate average
blood lead levels
(micrograms/100g blood)

Industry 1977-78 1981-82 Difference
Primary lead smelting. . . .. 494 41.6 7.8
Secondary lead smelting . . 56.5 44.2 12.3
Battery manufacture . . .. .. 53.2 424 10.8
Seven battery plants . . . ... 53.0 38.3 14.7

SOURCE (184)

River Associates (103) report prepared for OSHA,
and those are probably more reliable.

A satisfying drop in blood lead levels was seen
in less than 5 years between 1977 and 1982. Not
shown on the table is the finding that the num-
ber of workers with blood lead levels greater than
80 micrograms/100g blood dropped from 1,553
(2 percent of 2,200 primary smelter workers plus
16 percent of 3,170 secondary smelter workers
plus 6 percent of 16,700 battery workers) to about
20 (0.1 percent of 2,470 primary smelter workers
plus 0.6 percent of 3,000 secondary smelter work-
ers and no battery workers).

Furthermore, the number of workers with
blood lead levels above 40 micrograms/100g
dropped from 17,217 to 6,738. This significant de-
crease is especially important because that is the
lowest action level required at any stage of MRP.
In other words, the almost 9,000 workers who
have moved from the over-40 to under-40 micro-
grams/100g category are now at a level that
means they would not have to be removed from
their current jobs even as the threshold level for
medical removal drops.

In 1978, OSHA had estimates prepared of the
blood lead levels to be expected if the statutory
limits for lead were set and realized at 50, 100,
or 200 micrograms/m’. The levels were expected
to fall as exposures decreased and workers elimi-
nated some of the lead accumulated during their
previous high exposures.

Measured blood lead levels two-and-a-half
years after the introduction of the standard were
consistent with projections made on the basis of
achieving a level near so micrograms/m’in the
battery industry and 100 micrograms/m’in the
other two industries (184). These measurements
are somewhat surprising because the air lead levels
in the industries are above so or 100 micro-
grams/m°’. Effective respirator programs and at-
tention to personal hygiene have probably con-
tributed to the lowering of blood lead levels.

Although no blood lead level has been estab-
lished below which symptoms are never found,
and there is no level at which symptoms will nec-
essarily occur, there is agreement that lower blood
lead levels are associated with lower risks (174).
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OSHA has established 40 micrograms/100g as an
action level; when the lead standard is fully im-
plemented, workers with blood levels above 50
micrograms/100g must be removed from lead ex-
posure until their blood lead levels drop below
40. The Centers for Disease Control (558) have
concentrated on 30 micrograms/100g as a level
at which concern should be raised.

costs

Capital expenditures for current controls run
at about $1,000 to $1,500 per worker each year.
To that must be added the expense of respirators,
clothing, and facilities for personal hygiene
(showers, changing rooms, etc.)-between $1,000
and $1,700 per worker per year. Monitoring and
medical surveillance cost about $500 per worker
annually, and the tranfer costs under MRP are
expected to run between $300 and $600 per work-
er yearly. Taken altogether, complying with the
lead standard is estimated by Goble, et al. to cost
between $2,800 and $4,300 per worker yearly.

In addition to the current costs, Goble, et al.
(184) project that future conventional industrial
hygiene controls will cost between $8,000 and
$9,000 per worker per year in secondary smelters
and battery plants. Future costs in primary smelt-
ers are expected to be lower, about $5,200.

Table 5-11 presents estimates of the engineer-
ing cost of reducing air lead levels to 50 or 150

Table 5-1 I.—Projected Industry-Wide Annual Costs of
Compliance With Air Lead Levels of
50 and 150 micrograms/m®

Millions of 1962 dollars

Industry 50 150
micrograms/m *micrograms/m *

Primary lead smelting . . 15.5 16.0
Secondary lead

smelting . .......... 24.5 26.4
Battery manufacture . . . 97.4 not done

SOURCE; (154).

micrograms/m’. The costs are quite close. One
reason is that (according to engineers employed
by Charles River Associates (184)) the best con-
ventional engineering controls will not reduce ex-
posure to 150 micrograms/m’. Another reason is
that isolation booths, if installed, could reduce ex-
posures to less than 50 micrograms/*for about
the same as it would cost to reach 150 micro-
grams/m’°.

Major process changes, although costing more
in capital expenditures, are expected to result in
operating savings. In general, the capital costs of
process change may be appropriate if a new plant
is to be built, but they outweigh the costs of add-
ons in an existing plant unless significant tax sav-
ings or credits accompany installation of the new
process.

Summary of Improvements

The data about workplace air lead and blood
lead levels show that both have decreased since
the issuance of the OSHA lead standard. While
the air lead levels have dropped about 25 percent
in primary and secondary smelters and about so
percent in battery plants, they still remain much
higher than 50 micrograms/m*that is the goal of
the standard. At the same time, however, blood
lead levels have dropped appreciably, and in gen-
eral are close to the levels predicted for reaching
air lead levels between 50and 100 micrograms/m’.
A number of factors—including decreases in lead
uptake from the environment in general, changes
in the methods for measuring lead, errors in the
model that is used to project blood leads based
on air leads, and greater-than-expected impacts
of respirator programs and hygiene practices—
have contributed to the apparent better realiza-
tion of reductions in blood levels than was pre-
dicted. Whatever combination of factors is respon-
sible, the falls in blood lead levels are gratifying
and bode well for better health among lead
workers.
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EXTENT OF CONTROL TECHNOLOGY USAGE IN THE UNITED STATES

The National Occupational Exposure Survey
(NOES) (see chs. 2 and 12) includes data that de-
scribe the extent of the usage of control technol-
ogies for the prevention of work-related illness.
NOES, conducted from 1980-82, estimates the ex-
tent of worker exposure to potentially hazardous
workplace agents. This survey was conducted as
a followup to a similar survey, the National Oc-
cupational Hazard Survey, conducted in 1972-74.

The sample of businesses in the NOES survey
consists of approximately 4,000 establishments in
67 metropolitan areas throughout the United
States. The sample represents all nonagricultural
businesses covered under the Occupational Safety
and Health Act. Data were collected onsite by
teams of engineers and industrial hygienists spe-
cially trained for the survey.

NOES was conceived for the purpose of record-
ing specific worker exposures to potential work-
place health hazards. Among the questions that
the survey attempted to answer were;

+ What occupational groups are exposed to
what types of potential health hazards in the
United States?

+ In what types of industries are these hazards
found?

« What control technologies are present to pre-
vent work-related disease in terms of plant
operation and occupational safety and health
practice?

+ What are the exposures by intensity, dura-
tion, type of control?

« What trade name products were present?

Both surveys included questions about demog-
raphy and occupational safety and health prac-
tice, followed by a walk-through survey of the
plant work area to inventory potential exposures.
A series of questions specifically aimed at the prac-
tice of using controls was asked in NOES.

With the control questions asked in NOES it
is possible to analyze the extent of engineering
control usage in the manufacturing sector of the
country. Areas include practices of material sub-
stitution, process change, and the management
of personal protective equipment programs. These
data are unique in that there are no other com-
prehensive assessments of work-related exposure
control practice. Control technology usage may
be classified by plant size and by industry, allow-
ing distributions to be done for comparison.

These data may be used to pinpoint patterns
of control technology use within and among in-
dustry groupings, giving insight about areas where
improvement is needed. This analysis may also
be used to assist in setting priorities for control
technology research.

Information About Controls and
Areas for Research

The vinyl chloride, industrial solvent, lead, cot-
ton dust, and silica examples show that control
technologies for workplace exposures can be engi-
neered once commitment to control is made.
Commitment, however, is often difficult to
achieve. For example, in the regulatory proceed-
ings concerning new health standards, arguments
are often raised about the harmful health effects
of existing exposure levels, and the costs and fea-
sibility of controls (see ch. 14 and box 12-1 in ch.
12). In addition, opposition to some governmental
regulation may result simply from employers’ con-
cern that an outside authority is telling them what
they must do to protect workers.

However, as shown by the vinyl chloride and
cotton dust examples, the installation of technol-
ogies to control workplace hazards can be accom-
panied by greater productivity. As seen in the case
of the ventilation control system in the electronics
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industry, there are advantages to planning, install-
ing, and maintaining control technologies in a sys-
tematic way. Anticipation of work-related health
problems very often reduces the cost of their
control.

Access to information about control technol-
ogies for workplace health and safety could be
improved. Perhaps the greatest current need is for
published information about controls in the occu-
pational safety and health literature. While there
are journals dedicated to toxicology and epidemi-
ology, there are none specific to industrial hygiene
engineering. Industrial hygiene journals infre-
guently and engineering technical journals only
rarely include articles about technologies for con-
trolling worker exposure to hazardous materials.
Yet it has been suggested that such information
should be part of every engineer’s training and
be readily available as reference material to the
practicing engineer (587).

Published information about specifics of work-
place control is sparse for several reasons. First,
and probably most significantly, companies that
develop controls simply do not take the time to
publish details since it is not their business. On
the other hand, it is likely that some consider the
information proprietary and keep it unpublished
for competitive reasons.

In some cases, such as for the control of expo-
sures to vinyl chloride, a few companies market
new technology for preventing work-related in-
jury and illness. This, however, appears to be in-
frequent and be limited to very large companies
such as B.F. Goodrich and Dupont. Probably
most companies that have found and use inno-
vative control technologies in their plants simply
have yet to explore workplace control technol-
ogies as a market.

University and government researchers have
published some practical information that can be
used by design engineers but the volume of this
material is limited. One widely used handbook
specific to ventilation is the ACGIH Ventilation
Manual that is published annually (6). Programs
such as the NIOSH Control Technology Assess-
ments have produced useful information for haz-
ard control in some specific and some generic
manufacturing processes (see ch. 12).

There is also a dearth of new approaches in this
area. For instance, First (173) pointed out that little
has been added to the theory of ventilation since
two Ph.D. theses done at Harvard in the 1930s.
The tendency has been to retrofit control solu-
tions after problems appear rather than to an-
ticipate them. Yet there is promise of new meth-
ods on the horizon.

Brief and colleagues (74), recognizing the limita-
tions of retrofit solutions in preventing work-
related injury and illness, have explored tech-
niques for designing new plants with new control
systems built in. They have found that in the past

retrofit control procedures were recommended
without being able to judge the effectiveness of
controls, until after installation and operation.
This retrofit approach is probably not as cost ef-
fective as designed-in controls, although cost ef-
fectiveness was rarely tested. In many cases ad-
ditional administrative and personal protective
programs were used to achieve desired worker
protection.

We have embarked on a new era involving
some major companies and government agencies
investigating the impact of engineering design on
the workplace environment. The objective is sim-
ple. It states that we will attempt to design into
our plants and operating facilities the necessary
engineered controls to meet occupational health
standards. Intuitively, we believe that it is more
cost-effective to install engineering controls in new
plant designs than to retrofit later. Equally as im-
portant is the practicality of having an environ-
mentally sound plant at the start, rather than one
which requires modifications later. Retrofitting .
controls may be difficult to implement due to
physical factors and the time to implement the
changes after the plant is running.

In this innovative approach, design is based on
selection of process equipment controls appropri-
ate to the process. The key is to determine emis-
sion rates of contaminants from each type of proc-
ess equipment used. These data may then be used
to build a near-field dispersion model (a mathe-
matical expression of the release and buildup of
contaminant in workers’ breathing zones) to cal-
culate collective concentrations to which work-
ers could be exposed. By trying various combina-
tions of equipment and controls in the model and
testing them against recommended health stand-
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ards, engineers can predict potential worker ex-
posure and thus design processes with optimum
worker protection and production. These in-
vestigators stress the need for interaction between
engineers and occupational safety and health pro-
fessionals at the design stage for this to succeed.

Thus, control technology for work-related ill-
ness prevention is possible but insufficiently ap-

SUMMARY

Workplace exposures to toxic substances can
be controlled at their source, during transmission,
and at the worker. Control at the source includes
changes in the design of a process and substitu-
tion of nontoxic or less toxic materials. Control-
ling the transmission of a toxic substance can be
done by isolating or enclosing hazard sources,
wetting toxic dusts to prevent dispersion, install-
ing local exhaust ventilation to capture and carry
toxic substances away, or reducing toxic concen-
tration through the use of general dilution ventila-
tion. Control at the worker includes the use of
personal protective equipment (see ch. 8), work
practices, and administrative procedures. Engi-
neering controls that can be designed into a work
process to control hazard sources and dispersion
of contaminants are preferred to other measures
that may provide less reliable protection. Train-
ing (see ch. 10) of supervisors and workers is re-
quired to make sure control programs are ef-
fective.

Three case studies prepared for this assessment
provide information on controls for health haz-
ards. Exposures to cotton dust cause a debilitating
respiratory disease known as byssinosis. In the
years following the issuance of a revised OSHA
health standard concerning cotton dust, the U.S.
textile industry has invested heavily in moderniz-
zing its operations. The new equipment has led to
improved productivity in this industry, as well
as reduced worker exposures.

plied, particularly in plant design stages. Technol-
ogies are available but information about specific
solutions is difficult to find because it is seldom
published. Retrofit is the dominant mode even
though there is recognition that solutions should
be designed into new processes.

Data about workplace air lead and blood lead
levels show that both have decreased since the is-
suance of the revised OSHA lead standard in
1978. The possible factors to explain the improve-
ments in blood lead levels include changes in ex-
posures to lead in the workplace air, the use of
medical removal protection, decreases in the
amount of lead absorbed from the environment,
changes in lead measuring methods, and improve-
ments in respirator programs and hygiene practices.

Silicosis—a disabling lung disease-is caused
by silica dust. Control measures include substi-
tution with safe abrasives, ventilation, wetting,
as well as the use of respirators, work practices,
maintenance of ventilation systems, and good
housekeeping practices.

A considerable amount of information about
how to design and implement control technology
for worker protection is available but is not widely
disseminated. Research on improved control tech-
nology design and implementation is also needed.
For example, little has been added to the basic
theory about ventilation since the 1930s. The Na-
tional Occupational Exposure Survey conducted
by NIOSH collected information which will give
estimates of the extent of worker exposure to po-
tential hazards and the current practice of con-
trol technology use. These data can potentially
assist in setting priorities for research on improved
controls.
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6.

Technologies for Controlling

Work-Related Injury

Injuries are caused by “abnormal energy trans-
fers or interferences with energy transfer” (198).
One analytical method breaks the injury-causing
event into three parts: 1) the source of hazard,
2) its transmission, 3) and the worker; this method
is patterned after the traditional public health
model of disease transmission (“‘agent,” “vector,”
and “host™).

Control technologies suggested by this ap-
proach consider: control at the source of energy,
control of transmission of energy, and control at
the worker. Although there are many similarities
between safety engineers’ approach to injury con-
trol and the public health approach, their ter-
minology and methods have usually been quite
different. Safety engineers have tended to use
codes, standards, and models of “good practice”
that are oriented around particular topics: fire pre-
vention, electrical safety, design of machinery,
plant layout, etc.

This chapter describes how designers and engi-
neers can plan sites, plant layout, and equipment
design in order to prevent work-related injury.
“Safe” design presents particular difficulties in the
construction industry where constantly changing
conditions create constantly changing workplace
hazards against which workers must be protected.
In manufacturing, the worksite is relatively more
stable but there is still a great deal of worker ex-
posure to hazardous releases of energy. Fire and
explosion prevention is an area that not only can
prevent human deaths and injuries, but also can
prevent very large economic losses. Probably for
that reason, fire and explosion prevention has re-
ceived a great deal of attention from the safety
profession.

Finally, this chapter discusses injury prevention
programs. Because management has the primary
responsibility for prevention of work-related in-
jury and illness, a successful injury prevention
program must start with a strong commitment

from management. The stronger the commitment
at the top, the greater the likelihood of success.
The success of one such program is illustrated by
a discussion of the injury prevention program of
one large company—Du Pont.

Workplace injuries can be prevented by proper
design of structures, machines, and operations (see
table 6-1). Proper design considers the stresses to
be placed on the building structure, the arrange-
ment of spaces for the work to be accomplished,
and specific safety requirements. For example,
falls on working surfaces, the single most com-
mon cause of workplace injuries (13.5 percent of
all nonfatal injuries), can be largely prevented by
designing proper walking and working surfaces.

Appropriate design, including safe construction
plans, can prevent work-related injuries as build-
ings go up and equipment is installed. Structure
collapse during concrete pouring may kill or in-
jure a number of workers at once. Such catastro-
phes get media attention whereas the bulk of
work-related injuries and fatalities that occur
singly do not. One disaster at Willow Island, WV,

Photo credit: Office of Technology Assessment

The rear of this construction site shows the use of
shoring to prevent the collapse of surrounding soil

103
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Table 6-1.-Princlples of Preventing Work-Related Injury

Injury-prevention
objective

Relevant

Examples control principle

1. To prevent the creation of the hazard.
2. To reduce the amount of hazard.
3. To prevent release of the hazard.

4. To modify the rate or spatial
distribution of release of the hazard.

5. To separate, in time or space, the
hazard and that which is to be
protected.

6. To separate the hazard from workers by
interposition of a material barrier.

7. To modify relevant basic qualities of the
hazard.

8, To make what is to be protected more
resistant to damage from the hazard.

9, To counter the damage already done.

resistant.

One-story buildings reducing need for ladders
Reducing speeds of vehicles.

Bolting or timbering mine roofs.

Brakes, shutoff valves, reactor control rods.

Walkways over or around hazards, evacuation.

Operator control booths.

Using breakaway roadside poles, making crib
slat spacing too narrow to strangle a child.

Making structures more fire- and earthquake-

Elimination, substitution
Process design

Enclosure
Ventilation

Isolation Administrative
controls

Isolation, Personal
protective equipment

Process design

Process design

Rescuing the shipwrecked, reattaching severed NA

limbs, extricating trapped miners.

10. To stabilize, repair, and rehabilitate the

object of the damage.
earthquakes.

Posttraumatic cosmetic surgery, physical NA
rehabilitation, rebuilding after fires and

SOURCE: (71,197).

in 1979 was found by the Occupational Safety and
Health Administration (OSHA) and National Bu-
reau of Standards investigators to be related to
concrete failure from improper pouring and from
insufficient allowance of curing time. The Na-
tional Institute for Occupational Safety and
Health (NIOSH) (584) is refining equations to pre-
dict more accurately concrete’s curing time as an
aid to preventing similar disasters.

In 1981, 11 workers were killed and 23 injured
in Cocoa Beach, FL, when a five-story building
collapsed during placement of a concrete roof
slab. Analysis of this catastrophe showed two fac-
tors caused the failure:

+ A design error: a check for punching shear
(the stress or force around holes cut in beams)
was omitted.

A construction error: supports for reinforc-
ing steel other than those-specified by the de-
sign were used and proved to be inadequate.

A failure at one column precipitated a progres-
sive failure of the slab, which, when it fell, caused
successive collapse of all lower floors (271). Trag-
ically, this disaster closely resembled a collapse
of similar construction in Jackson, Ml, in 1956.

Information about these and other failures is
now available in a data base maintained by the
University of Maryland’s Architecture and Engi-
neering Performance Information Center. This
computer compilation of analyses of design er-
rors enables designers and engineers to search for
and compare information on failures of similar
designs.

Checklists have been developed for engineers,
architects, and designers to guide their attention
to methods of reducing injury risks. An abbrevi-
ated example of such a list is given in table 6-2.

Codes and standards for building structure, for
steam, heating, and electrical systems, and for fire
and injury prevention are also used as design cri-
teria. The sources for these codes include the
American National Standards Institute, the Na-
tional Electrical Codes, the National Fire Protec-
tion Association (NFPA) Codes, OSHA regula-
tions, and recommendations made by NIOSH.

Site planning and plant layout for location of
buildings, facilities, and processes and other de-
sign practices can be done in ways to prevent
work-related injury. Table 6-3 provides examples
of injury control practices that are possible
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Table 6-2.—Prevention Checklist To Be Used Before

Starting a Production Plant

Section |—Boiler and machinery review
A. Boilers
B. Pressure vessels
C. Piping and valves
D. Machinery

Section n-Electrical safety review
Section lll—Fire protection review

Section IV—Personnel safety review
A. Project site location
B. Building and structures
C. Operating areas
D. Yard

Section V—Process safety review
A. Materials
B. Reactions
C. Equipment

Section Vi—Environment control audit
A. Atmospheric discharges
B. Liquid discharges
C. Solid discharges

Section VIl—Periodic plant loss prevention
review (manufacturing) to:
A. Keep operating personnel alerted to the hazards.
B. Determine whether operating procedures require
revision.

C. Carefully screen the operation for changes that may

have introduced new hazards, or changes that
should be made to reduce existing hazards.

D. Reevaluate property and business interruption loss

exposures.

E. Uncover potential hazards not previously recog-
nized, especially in the light of experience or new
information.

Photo credit: Department of Labor, Historical Office

Electrocutions account for about 6 percent of reported
work-related fatalities

through plant layout. The isolation of hazardous
materials and machinery, for instance, can be

achieved through building special rooms or build-
ings. Falls can be prevented by providing adequate

walkways and lighting. Again, specific codes are

areas.

available to guide designers and planners in these

Many vehicular-related injuries and fatalities

SOURCE (172)

Table 6-3.—Examples of Injury Control In Plant Layout

in and around factories maybe prevented through

Source of injury

Design solutions

Contact with moving machinery

Potentially explosive or inflammable processes
and substances

Crane loads striking worker
Building fire
Chemical burns

Falls from trestles

Falls in pits or bins
Falls on stairs and from ladders
Electrocution and electrical burns

Being caught in machinery during maintenance
Being caught in machinery during operation
Explosion related to broken light bulbs

Adequate space between and around machines

Remote siting; separate buildings to contain explosion or fire;
isolated storage areas

Site cranes away from work areas
Adequate space between buildings to prevent spread of fire

Use corrosive-resistant containers, remote siting, and special
handling procedures

Provide adequately wide walkways along trestles, and adequate
lighting

Provide grating screens and covers, and adequate lighting
Design stairs with non-slip tread; provide adequate lighting

Adequate grounding; wiring inaccessible to inadvertent insulation
wear

Interlocks and tag-out procedures to prevent inadvertent start-up
Adequate illumination

Special lamps and enclosures where physical conditions may shatter
ordinary bulbs

SOURCE (322)
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careful planning of transportation facilities, in-
cluding shipping and receiving departments, rail-
road sidings, parking lots, and roadways. Work-
site roadways and walkways can be laid out and
designed according to safe engineering practices
to prevent traffic-related injuries. Adequate an-
ticipation of traffic to, from, and during work and
landscape design to eliminate blind spots can also
reduce risk. Railings on stairs and walking inclines
prevent falls.

Shipping and receiving, whether by truck,
train, ship, or airplane, pose special potential for
work-related injury. Facilities can be designed to

reduce overexertion and back injury by provid-
ing working surfaces at correct height and allow-
ing room for mechanical lifting devices. Shipping
and receiving docks can be isolated to prevent
harm from mishap when loading or unloading in-
flammable, explosive, or extremely toxic sub-
stances and from falling objects.

Sensible plant layout, including consideration
of headroom, aisle width, and access for mainte-
nance can both lower injury risk and increase pro-
ductivity (322). Clearly, the risk of injury is re-
duced by designing work stations that are located
away from hazardous areas.

PREVENTING MOTOR VEHICLE= RELATED INJURIES AND FATALITIES

Analysis of injury statistics shows that motor
vehicle-related fatalities account for 30 to 40 per-
cent of work-related fatalities and are among the
5 leading causes of work-related injuries (see
Working Paper #l). While a good deal of public
attention is given to “defensive driving, ” speed
limits, collision protection through passive and
active restraints, and reducing the number of
drunk drivers, little of the industrial injury-pre-
vention literature relates to the occupational use
of motor vehicles (40).

An insurance company has prepared a hand-
book that describes both routine and particular

precautions. For example, braking systems on
earth-moving equipment, large trucks, and long
distance tractor-trailers should be maintained with
emphasis on safety rather than mere schedules.
Drivers should be properly trained to operate
equipment safely under different road and weath-
er conditions. Vehicles used for employee trans-
port should meet appropriate requirements for
both driver and passenger safety; for example,
proper emergency exits should be available to
allow escape.

PREVENTING CONSTRUCTION= RELATED INJURIES

The lost-workday rate from job-related injuries
is much higher in the construction sector than the
all-industry average. The constantly changing
conditions of construction sites create a variety
of workplace hazards against which workers must
be protected.

Specialized, often large, machines that come
and go to construction sites bring their own me-
chanical energy-related hazards. The “beep-beep-
beep” of backing earth-moving equipment alerts
workers on the ground; the cages around drivers’
seats protect against falling and swinging objects
and from being crushed if the machine tips over.

Seat belts or other restraining devices protect vehi-
cle operators from harm during collisions.

A frequently reported cause of injury is falls
from heights—31 percent of construction fatali-
ties. These may occur from inappropriate ladders,
improperly erected scaffolds, poorly designed
temporary stairs, or inadequately protected open-
ings in floors, elevator shafts, and roofs under
construction. Yet available equipment and pro-
cedures can protect against each of these hazards.
Manufactured ladders that meet codes and lad-
ders constructed on the job that meet minimum
requirements will reduce the number of falls. Rail-
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Earthmoving equipment is now built to include
protection from falling objects and accidental rollovers
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Falls from heights are a frequent source of fatal injuries
in the construction industry
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alive. This can be prevented by shoring trenches
or by sloping trench sides as they are dug to pre-
vent collapse.

Photo credit OSHA, Office of Information and Consumer Affairs

Scaffolding, railings, and blocked holes in floors

Improperly shored trenches can be a source of serious under construction are day-to-day steps taken to

injury whenlaying pipes and pipelines prevent injury. These temporary measures must

be put up, taken down, and supervised each day

ings that are sufficiently strong and high will pre- or as each floor in a new building is completed.

vent a worker from slipping through openings

inadvertently. Adequate scaffolds have been de-

scribed for particular construction tasks; bricklay-

ing and stonework require sturdier scaffolding
than light carpentry.

Construction workers depend on personal pro-
tective equipment—hard hats, gloves, and steel-
toed shoes-for immediate protection but consid-
eration of worksite layout to prevent workers
entering areas likely to be filled with flying ob-

Another source of injuries and fatalities is jects plays an important role in preventing con-
trenching. Collapsing trenches can bury workers struction-related injuries and death.
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Mechanical power presses are an important safety
hazard in many manufacturing plants

In all these cases, the persons responsible for
safety must be given authority to require that pre-
cautions be taken. The urgency to finish a job and
the false confidence that comes with “I’ve done
it a thousand times this way” lead both workers
and management to ignore hazards. These human
tendencies are among the reasons that involve-
ment of management from the top down is nec-
essary for injury control.

PREVENTING MANUFACTURING= RELATED INJURIES

Though the rates are not as high as the con-
struction industry, the manufacturing sector still
has injury and illness rates higher than the all-
industry average (see ch. 4 and Working Paper
#). It also offers many opportunities for injury
prevention because it is a relatively stable work
environment. Workers make products generally
using the same methods day after day, while man-
agement closely controls the entire operation.

Manufacturing involves applying energy to
wood, metals, or other materials to shape them
into usable products. Even handtools multiply
human muscle forces greatly; the cautionary in-
structions about hammers, screwdrivers, saws,
and snips delivered from parent to child or from
teacher to student often include gory descriptions
of injuries known first or second hand. Power
tools move faster, generate greater energy, and,
hence, involve a greater degree of hazard.

The following selected examples of dangerous
operations among the wide variety found in man-
ufacturing operations illustrate injuries that may

be related to manufacturing and provide a sum-
mary of control strategies.

Woodworking Processes

Table 6-4 lists woodworking processes, possi-
ble injuries, and preventive technologies. Devices
used to cut, shape, and join wood—including a
variety of power saws, planers, shapers, lathes,
and routers—are capable of causing serious in-
jury, especially to the hand or eye. Preventing
such injuries depends on design of special guards,
on work practice, and on personal protective
equipment. For instance, a guard would prevent
contact with a power saw, a lock would prevent
the saw from being turned on while maintenance
work is in progress, and gloves and goggles would
protect the worker’s hands and eyes from flying
chips.

Many items of equipment can be purchased
with built-in guards (322). There is general agree-
ment that built-in guards are less expensive, more
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effective, and less likely to interfere with produc-
tion than “bolt-ons.” Unfortunately, the extra
cost—coming at a time managers are spending
money on new machinery-may inhibit purchase
of the safer equipment.

Metalworking— Cutting, Welding,
and Cold Forming

The most casual sidewalk superintendent can
appreciate the hazards inherent in welding and
cutting metals. These involve high temperatures,
hot metal, and intense visible and ultraviolet light.
Table 6-5 shows a summary of the potential haz-
ards of each process and gives examples of the
types of control technologies that can be used to
prevent injury.

The hazards of welding and cutting are simi-
lar. Skin may be injured by infrared, visible, or
ultraviolet radiation or by fire, hot metal parts,
explosions, or electrical shock. Eye injury or burns
may result from flying sparks, hot metals, or the
immensely strong light emitted in the infrared, vis-
ible, and ultraviolet spectrum. Gases including
oxygen, acetylene, hydrogen, and others, usually
stored under pressure in special cylinders, may
explode, or injury may result from physical han-
dling of the cylinders. Shielding can protect ad-

Photo credit OSHA, Office of Information and Consumer Affairs jaCEnt WOI’kerS, and face masks can prOteCt the

Improper use of powered woodworking tools, such as Weld_er (32:2)' One type of WEIdmg__reSIStance

this saw, can lead to serious injuries, welding— is usually done by a special machine
including cuts and amputations that eliminates many sources of injury.

Table 6-4.—Technologies for Preventing Work-Related Injury From Woodworking Machinery

Process, Injury Examples of prevention

device, or tool potential technology available

Saws Cuts, amputation, eye damage, Kickback and hood guards, jigs®, operating methods, push
projectile  wounds, hearing loss sticks, maintenance goggles, hearing protectors

Jointers, planers Hand and finger cuts Swing guards, hold down clamps, maintenance

Shapers Hand and finger cuts, projectile Use of solid cutters instead of knives, maintenance, safety
wounds collars, brakes, operating methods, holding jigs®, goggles

Power-feed Hearing loss, projectile wounds Isolation, goggles, maintenance, hearing protectors

planers

Sanders Abrasions, projectile wounds Guards, goggles

Lathes Eye and projectile wounds Goggles, face shields

Routers Hand cuts Jigs“with handles

aJig—a device for mechanically holding a  piece of work in the correct position while working on It

SOURCE (322)
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Lack of attention to prevention can result
in equipment collapse

Cold forming involves applying great cutting
and punching forces to metal. The power of the
machines for turning, boring, milling, planing,
grinding, and power pressing is a obvious haz-
ard. Table 6-5 also includes a summary of the
types of injuries associated with these machines.
Cuts, eye injuries, injuries from being caught in
the machine, and foot injuries from dropping
heavy chucks (devices that hold the cutting tool
in place during machine work) are the main prob-
lems. Control technology ranges from careful de-
sign that considers safety to personal protective
equipment.

OSHA and NIOSH studied self-tripping power
presses that use presence-sensing devices such as
photoelectric detectors and light beams to prevent
hands from entering the presses. Use of these de-

Photo credit” OSHA, Off/cc of Information and Consumer Affairs

The hazards of welding include heat, flying sparks,
and fumes, as well as infrared, visible,
and ultraviolet radiation

vices to activate power presses could increase pro-
ductivity as compared with the use of two-handed
switch activators. Although photoelectric devices
for these purposes are ordinarily prohibited by
an OSHA regulation, a variance was granted to
one company to evaluate the relative degree of
injury control among workers using self-tripping
devices and those using two-handed switches. In-
vestigations found no significant difference in
observed injuries or stress as measured by heart
rate, blood pressure, and subjective responses to
a questionnaire among the two groups of work-
ers tested (588).

Although the photoelectric devices provide pro-
tection equal to traditional methods, and at the
same time increase productivity, NIOSH studies
have found other innovations less positive. For
instance, presence-sensing devices that halt ma-
chine operation when a worker’s hand interrupts
a radiofrequency field in the danger zone proved
inadequate for reliable injury prevention. These
studies have also shown that the current stand-
ards for two-handed activator switches for power
presses may be inadequate. Under some condi-
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Table 6-5.-Technologies for Preventing Work. Related injury From Metalworking Machinery

Process,
device, or tool

Injury or illness
potential

Examples of prevention
technology available

Welding and cutting

Metalworking machinery;
turning machines; boring
machines (drills, boring
mills); milling machines
(saws, gear cutters,

Shock trauma; eye injury; back injury from
handling heavy gas cylinders; cuts from
sharp edges on finished work; hearing loss

Eye injury (flying chips), scalping (hair
caught in machinery), foot injury from
dropped chucks; hand, finger, or limb
injury; skin irritation (cutting fluids),
electrical shock (EDM%)

Careful layout of equipment, process, and
job; arc and spark-shielding; proper
insulation of electrical cable; goggles;
welding hoods; welders’ helmets; gloves;
ultraviolet-energy-resistant clothing

Machine design, including shielding, proper
electrical insulation, local exhaust
ventilation for grinding wheel discharge and
for discharge gases from EDM'machines,
provision of emergency stop buttons

electrical discharge—
EDM); planing machines

Grinding machines

Power presses; hand- or
foot-operated presses;

metal shears; press brakes lacerations

Finger or hand amputation or injury; finger
punctures; fatigue; eye injury, foot injury;

Safe working practices, including keeping
tools sharp, never leaving machine
unattended, using handtools instead of
hands to work metal

Inspection of grinding wheels for integrity
and balance; good maintenance; shields to
prevent flying chips; use of personal
protective devices, including goggles,
hearing protectors, closely fitted clothing,
haircaps, safety shoes

Enclosure of the die during operation;
adjustable, fixed, or interlock press barrier
guards; point-of-operation safe-guarding with
movable barriers, two-handed tripping
devices, presence-sensing devices;
semiautomatic feed systems to avoid use of
hands; electrical controls such as interlocks,
emergency stop switches, and ground fault
protection; apparatus for transferring dies;
anti-repeat clutches and magnetic brakes to
prevent inadvertent triggering of power
press or shear; frequent machine inspection;
careful maintenance; special handtools for
feeding pieces into the machine

“Milling by electric arc
b Systems for Preventing inadvertant machine operation during maintenance

SOURCE (322)

tions workers could activate the power press and
have time to reach into the press before the press
ram completes its cycle (588).

Metalworking—Hot Working

Hot metal work is done primarily in foundries.
It is characterized by massive, often older, ma-
chinery. The size of the operations and the weight
and heat of the materials being worked result in
many injuries. The processes range from handling
raw material—ore concentrates, coal, coke—to
working with heating and shaping ovens and pro-

duction equipment, to non-destructive testing of
finished products. Injury risk is high to the eye,
head, foot, trunk, and limbs.

Injury prevention depends on proper design of
the job, good work practices, and personal pro-
tective equipment (table 6-6). Bums are prevented
by spark shielding, special clothing, and insula-
tion of electrical cables. Electric shock prevention
methods include shielding, guarding, good work
practices, proper electrical insulation, and main-
tenance. Eye protection is needed where sparks
and hot metal particles may fly. Fire and ultra-



112 « Preventing lliness and Injury in the Workplace

Photo credit: Department of Labor, Historical Offlce

This machine will not operate unless both of the
operator's hands are on the control switches. The
use of “two-handed controls” represents one
method of preventing injuries associated with
power presses and shears

violet-energy-resistant clothing is important for
worker protection. Gloves are needed to protect
hands from bums. Welders’ helmets are required
for electric-arc welding.

Preventive Maintenance

Careful attention to the plant, its operations,
and workers is necessary to maintain controls.
Table 6-7 shows a range of maintenance opera-
tions required to prevent injury in manufactur-
ing operations. Maintenance of everything from
foundations and footing to electric bulbs can pre-
vent injuries.

Table 6-6.—Technologies for Preventing Work. Related Injury During Work with Hot Metal In Foundries

Process,
device, or tool

Injury potential

Examples of prevention
technology available

Handling of materials such
as sand, coke, and coal

Injury from electrical shock, heat, being
struck by or against, or being caught

Ladles equipped with automatic safety locks
or brakes; devices to warn when  ladles are

between; explosions, vibration, noise; injury being moved; appropriately guarded

to hand and foot, eye, trunk, limbs, or other
body parts; death from trauma or

asphyxiation
Cupolas, crucibles, ovens

Production equipment

conveyors for transport of sand and molds

Mechanical devices for charging cupolas;
blast gates to prevent injury from gas
explosion

Venting molds to prevent explosions; two-
hand controls for molding and core-blowing
machine operators; dust-tight sandblast
rooms; guards, two-handed tripping controls
for forging hammers, presses, and upsetters;
careful and frequent equipment inspection
Personal protective equipment, as required,
including hard hats, gloves, leather aprons,
steel-toed shoes, metatarsal guards, safety
glasses, goggles, flame-retardant clothing;
devices to prevent doors and other movable
parts from hitting workers; material-handling
devices to eliminate heavy lifting and
possible spills or splashes of solids and
liquids

SOURCE (322)
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Table 6-7.—Technologies for Preventing Work-Related Injury Through Maintenance of Structures

Process,
device, or tool

Injury or illness
potential

Examples of prevention
technology available

Foundations

Structural members, walls,
floors, roofs, and canopies

Stacks, tanks, and towers

Platforms and loading
docks

Sidewalks and driveways

Underground utility repair
and maintenance

Lighting systems

Stairs and exits

Grounds maintenance

Injuries and fatalities from building
collapse

Injuries and fatalities from plant building
collapse

Injuries and fatalities from structural
collapse; asphyxiation and acute poisoning
from tank gases; injuries from explosions
during tank cleaning or repair

Injuries from slips and falls

Injuries from slips, falls, or collision with
moving vehicles

Injuries and fatalities related to sewer gas
explosion; asphyxiation from oxygen
depletion; injuries or fatalities from
collapsed trenches; drowning or injury from
failure of underground pipelines

Cuts from broken bulbs; injury from electric
shock, fails, or poor illumination

Injuries from slips and falls; injuries from
crowding in emergency situations

Injury from grounds maintenance; cuts
from mower blades and snow throwers; eye
injury from frying objects; collapse from
quick-acting pesticides

Check for and repair settling footings and
columns, cracked foundations

Check for and repair settling walls, defective
columns, joists, beams, and girders; cracked
building materials such as steel, concrete,
wood; cracked walls and windows; sagging
or rotted roofs and ceilings; rotted, sagging,
cracked floors

Place railing around edges of platforms;
check structural integrity; use proper
procedures for maintenance work

Use metal protectors on edges of concrete
platforming; check surfaces for rotting,
holes, or other hazards

Repair damaged sidewalks and motorways;
install and maintain warning signs and
markings

Test for gases and oxygen deficiency before
attempting maintenance work in
underground tunnels and sewers; provide
contaminant-free ventilation during
maintenance work; slope trenches at angles
to prevent collapse

Provide proper equipment for disposal of
burned-out lamps; use properly designed
ladders and platforms; clean and replace
burned-out bulbs on a regular schedule

Install and maintain adequate handrails,
illumination, and walking surfaces on stairs;
keep passageways and stairs free for exit;
install unobstructed exit doors for fire and
emergencies

Maintain tools and equipment; provide
guards for belts, chains, and other moving
parts

SOURCE: (322)

FIRE AND EXPLOSION PREVENTION

Fire and explosions levy an enormous cost on
industry and continue to cause many deaths and
injuries among workers and the general public.
Of fire-related deaths, 75 percent are due to in-
halation of smoke and toxic gases and the other
25 percent to direct flame. Injury and death from
fires can be prevented by proper design and con-
struction of buildings, vigilant inspection, early
detection and warning, and appropriate control
methods.

Building designers play an important role in fire
prevention. Engineers and architects can antici-
pate fire problems in the design of buildings and
facilities and thereby protect workers and the pub-
lic from injury. A study of over 25,000 fires be-
tween 1968 to 1977 resulted in a listing of igni-
tion sources ranging from the most common—
electrical ignition and arson—to the least com-
mon—Ilightning (table 6-8). These findings point
to areas where controls are most needed and on
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The hazards of hot metalworking are found in steel mills and foundries

Table 6-8.—Common Ignition Sources of Industrial Fires

Frequency
Source (percent) Means of prevention
Electrical . . . ....... ... .. .. . . 22 Design and maintenance
Incendiarism (arson). . . .. ... ... 10 Security
SMOKING . . .. o 9 Supervision, substitution
Hotsurfaces............... ... ... ........ 9 Design and maintenance
Friction. .. ... .. 7 Design and maintenance
Overheated materials . . . .. ................. 7 Work practice and control
Cutting and welding . . . . ................... 7 Work practice
Burner flames . . ... ... ... . 6 Design and maintenance
Spontaneous ignition . . . ... ... 5 Housekeeping
Exposure (fire from adjacent property) . . . . . .. 4 Design
Combustion sparks . . . .. ... 3 Design
Miscellaneous . . ............. ... ... ... ... 3 Design and other
Mechanical sparks . . .. ....... . ... .. .. ... 2 Housekeeping
Molten substances . ... .................... 2 Work practice and maintenance
Staticsparks . . .. ... 2 Design (grounding)
Chemical action . . . ....................... 1 Work practice
Lightning . . ... o 1 Design (grounding)

a Removal of chemicals that cause cigarettes to burn for longer times would reduce the number Of cigarette-caused fires that
kil 3,000 Americans annually.

SOURCE: (322).
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An explosion at this oil refinery killed 3 workers and injured 14 others

which building codes and standards tend to con-
centrate for prevention.

Local building codes and OSHA standards,
generally based on National Fire Protection Asso-
ciation Codes, provide the minimum basis for fire-
safe construction design. The NFPA Life Safety
Code is an appropriate design guide for warning
and exit requirements.

Since electrically started fires are the most fre-
guent type, appropriate sections of the OSHA
standards and the National Electrical Code of the
NFPA are to be followed for proper installation
and maintenance of electrical equipment. Spark-
ing can occur when unwanted metal objects en-
ter machinery. Particular attention should be
given to preventing heat-generating short circuits
and arcs, two of the leading causes of electrical
fires. Temporary and makeshift wiring when ex-
isting electrical outlets are overextended to accom-
modate a growing office computer system, for ex-
ample, is one potential source of fire. Improperly
insulated portable electric tools and extension
cords should be avoided. Proper grounding is es-
sential for preventing electrical shock and fire-
causing arcing.

Smoking, friction, and open flame devices are
other sources of work-related fires that can be

controlled. Smoking should be prohibited in all
but approved areas to prevent fire. Friction from
improperly maintained machinery can cause fires.
These can occur in workplaces where organic dust
may accumulate, such as grain elevators, textile
mills, and woodworking mills. Open flame de-
vices used in industry are frequent causes of fire,
These include heating torches and welding and
cutting equipment. Many fires occur in plants
where housekeeping is lax. Accumulations of oily
rags, waste, and other combustible refuse can ig-
nite unless kept in air-tight noncombustible con-
tainers. Compliance with local ordinances con-
cerning incineration, sewage, and other means of
waste disposal provides a minimum of safety.

A designer, engineer, manager, or workerwho
knows the identity of combustible hazards can
choose the proper emergency equipment to deal
with fires. Table 6-9 is the fire classification de-
veloped by the National Fire Protection Associa-
tion that relates to the decal identifying most fire
extinguishers. Clearly, placing the appropriate ex-
tinguisher in the right place is necessary.

Giving early warning of fires, extinguishing a
fire at early stages, and quickly clearing buildings
are also obviously essential to prevent injury. De-
sign should include early warning and alarm sys-



116 .Preventing lliness and Injury in the Workplace

Table 6.9.—National Fire Protection Association Fire Classification

Class Description

Means of control

A.  Fires occurring in ordinary material such as
wood, paper, etc.

B. Fires that occur in the vapor-air mixture over
the surface of flammable liquids such as
gasoline, oil, etc.

c. Fires that occur in or near equipment using
electrical energy.

D. Fires that occur in combustible metals such as
magnesium, lithium, potassium, etc.

Cooling and quenching by water to reduce heat is
recommended. Special dry chemicals may be used to control
flame.

Since water tends to spread such fires, dry chemicals, carbon
dioxide, foam, or halogenated agents are preferred.

Non-conducting agents such as dry chemical or carbon dioxide
must be used to extinguish to prevent electric shock.

Since ordinary means of control such as water may increase
the intensity of such fires, special equipment and materials
are required to control this tvpe of fire.

SOURCE (322)

terns. Both manual and automatic fire extinguish-
ing systems should be strategically located to limit
fires in their early stages. Fire-safe stairwells, ade-
guate aisle space, and appropriate stairwell width
are essential for safe and rapid exit. Emergency
stairwell lighting should be provided.

The use of fire-resistant materials, the design
and construction of building frameworks, ventila-
tion systems, concealed spaces, storage areas, ex-
teriors, fuel sources, and building uses—all part
of the designer’s functions—make a difference.
Widespread use of masonry in the interiors of Eu-
ropean dwellings is thought to be a factor in their
superior fire record. Plastic interiors used in this
country, on the other hand, are the source of
deadly toxic gases during fires.

Explosions are a special preventive concern of
designers. Explosive atmospheres result from the
accumulation of organic dusts and from gases and
vapors. The U.S. Department of Agriculture lists
133 dusts by degree of explosibility (322). Dusts

produced from phenolic, urea, vinyl, and other
synthetic resins and powders used in the plastics
industry also explode under certain conditions.
The Explosion Venting Guide of the NFPA pro-
vides specifications for buildings where the risk
of explosion is high.

Explosion prevention can be accomplished by
inert gas systems that displace oxygen so that
gases and dusts are incombustible and by ade-
guate ventilation, proper process operation, and
vigilant maintenance. Gas lines and valves should
be inspected frequently for leaks.

Since three-fourths of fire-related deaths are
from toxic fumes and since industrial fires may
involve extremely toxic materials, it is important
for firefighters to be able to identify chemical and
material inventories in establishments under their
jurisdiction. Several municipalities and States
have developed systems for this. The OSHA haz-
ard communication (labeling) standard may also
be useful for this purpose.

INJURY CONTROL PROGRAMS IN INDUSTRY

Effective control of work-related injury depends
in part on how well a company is organized to
deal with it. Management has the primary respon-
sibility for prevention. Relevant programs include
training workers, supervisors, and managers to
recognize workplace hazards and take steps to
control them (see ch. 10).

Successful injury prevention must start with a
strong commitment from management. The

stronger the commitment at the top the greater
the likelihood of success. Typical management
programs for preventing work-related injury (and
illness) include:

. establishing clearly stated company policies
for prevention;

= avoiding work-related injury and illness by
planning ahead when designing new plant or
modifying existing processes;
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. analyzing each hazardous operation to de-
termine the steps required to do the job with-
out causing injury or illness;

. identifying hazards through workplace sur-
veys and investigating the factors surround-
ing an event that caused or nearly caused in-
juries or illnesses;

* maintaining accurate and complete records
of the causes of injuries and illnesses;

* training workers, supervisors, and managers
to identify hazards and prevent injury and
iliness that could result from them; and

+ placing and maintaining people in jobs suit-
able to their physical status.

THE DU PONT INJURY CONTROL PROGRAM

Perhaps the best source of information about
how to run an injury-control program is avail-
able from the successful companies. Determining
one best program is impossible, of course, for
hazards vary from industry to industry, plant to
plant, and department to department, making
comparisons of overall rates difficult. This sec-
tion focuses on the Du Pont Company not because
its program is best, but because it is good enough
that Du Pont sells it to other companies and much
information is available about it. Du Pont plants
have very low injury rates, which have dropped
dramatically since 1912, falling even more than
the all-industry average according to National
Safety Council data. A key to the company’s suc-
cess in preventing injuries at work is its commit-
ment in this area. Its program consists of four
main parts:

. establishing injury prevention as a top man-
agement objective;

. establishing injury prevention as a line-man-
agement responsibility;

. adopting an injury-control philosophy to
guide management action; and

. establishing an organization for injury
control.

Du Pent’s success in preventing injuries may
largely be attributed to strong commitment of top
management. The founder of the company was
personally committed to preventing injury among
his workers, often family or friends, who were
in the high-risk business of manufacturing gun-
powder.

Commitment to injury prevention still perme-
ates this Fortune 500 corporation from the top
down. For example, performance rating at all lev-

els of management is partly dependent on success
in preventing injury. Du Pont lists the following
as incentives for making injury control a manage-
ment objective:

. protect workers,

. improve profits,

. improve product quality,
improve productivity,

.inmprove employee-management relations,
and

. comply with OSHA regulations.

Du Pont finds that injury control increases prof-
its. Using National Safety Council statistics for
1976, Du Pont estimated the average cost of each
disabling injury to be $7,182. The company then
compared its estimated costs for 1977 (based on
their rate of 0.2 disabling injuries per million hours
worked) with the projected cost if the rate had
been at the all-industry level of 10.87. Table 6-
10 shows Du Pont’s estimated savings were greater
than $15 million, based on the all-industry injury
rate; a more representative comparison, however,
would be with large chemical companies, which
as a group have lower injury rates than the all-
industry average. Nevertheless, Du Pont’s own
comparisons were impressive enough to be fea-
tured in a Fortune article about savings from pre-
venting work-related injury (284).

Line-management emphasis on preventing in-
jury is another critical element of success. Respon-
sibility for preventing injury is as much a condi-
tion of employment in Du Pont as getting the job
done, High-level staff meetings often begin with
reports of job injuries, and any fatality has first
priority at any management meeting, including
the presidents.
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Table 6-10.-Du Pent Calculations of Cost Savings From Injury Control

Disabling injuries/million worker-hours. . .. ...
Disabling injuries/year .. ...................
Average cost/injury. ......... .. . . ...
Costlyear (total injuries) .. .................

Du Pont U.S.A. Totals if at all
actual (1977) industry rate (1976)
..... 0.20 10.87
..... 2,174
..... $7,182 $7,182
..... $287,280 $15,613,668

SOURCE: (156)

Five basic beliefs underlie Du Pont’s program:

« all personal injuries can be prevented,

+ managers and supervisors must personally
accept their responsibilities to prevent per-
sonal injuries,

- reasonable safeguards are possible for all con-
struction and operating exposures that may
result in injury,

+ efficiency and economy are enhanced when
personal injuries are prevented, and

+ all employees must be trained to understand
the advantages to them, as well as to the
company, of taking responsibility to prevent
personal injuries.

Du Pont’s Safety Training Observation Pro-
gram (STOP) uses programed self-study courses
to enhance injury prevention. It is one of more
than 200 vocational courses developed for indus-
trial craft skill training. The objective of STOP
is to train line managers to notice workplace con-
ditions that might lead to an injury or illness.

STOP presents seven broad categories that are
suggested for observation rather than having de-

SUMMARY

Perhaps because of the more obvious sources
of injury as compared to illness, safety engineer-
ing appears to be more pragmatic than industrial
hygiene. Engineers have, to some extent, directed
their attention to sources of hazard such as elec-
tricity, falls, and fires, and produced codes and
standards for good practice.

tailed checklists of hazardous working conditions.
The manager looks for injury potential associated
with procedures, tools, equipment, orderliness,
personal protective equipment, positions of peo-
ple, and actions of people. A training unit divided
into eight parts is used for instruction and includes
pocket-size cards to record workplace observa-
tions as practice between teaching units.

The administrator of the course is key to its ef-
fectiveness. To show management commitment
to the course and to motivate supervisors to be
equally committed, the administrator must be
highly placed in the management structure.

The desired outcome of the training, which
should take only 12 to 16 hours away from work,
is supervisors who are able to recognize hazard-
ous conditions, to assign responsibility for cor-
recting it, and to ensure the elimination of the
hazard. The success of the program has been
measured through reduced injury rates in firms
that have purchased and used the training pro-
gram from Du Pont.

These codes and guides to good practice appear
often to be based on the personal experience and
judgment of the practitioners who happen to write
safety textbooks or are members of the commit-
tees who write the codes. This field has relied on
experience and judgment instead of scientific anal-
ysis, systematic data collection, the application
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of epidemiologic techniques, and experimental re-
search. It is probably fair to say that up to the
present there has been little that might be called
a “science” of safety. In addition, as described in
chapter 4 on the identification of injury hazards,
the attempt to attribute most injuries to so-called
unsafe acts has often diverted attention away from
the design of plant and equipment that can pre-
vent “unsafe acts” or minimize the adverse con-
sequences of “unsafe acts. ” However, it is unclear
what differences a more theory-based rather than
the pragmatic approach would have made.

Several specific areas where injury control can
be applied were discussed in this chapter. A num-
ber of different methods and technologies are
available for preventing injuries related to motor
vehicles, construction activities, manufacturing
processes, and fire and explosion hazards. These

include the proper planning of plant sites and the
design of equipment, as well as the use of guards,
personal protective equipment, and appropriate
work practices. Adequate attention to preventive
maintenance, and the training of workers and
managers, also play roles in injury prevention.
Successful injury control programs start with a
strong commitment to injury prevention at all
levels of management.

Controls are known for many hazards. How-
ever, they are not always used because they were
not built into a plant, are not available at a par-
ticular worksite, or are pushed aside to get the
job done. All of these reasons for not using con-
trols emphasize the important role of management
in providing controls and seeing that they are
used.
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Ergonomics and Human Factors

Neither workers, nor machines, nor workplaces
exist apart from each other. To accomplish work,
all come together, and injuries and illnesses some-
times result from their interactions. The study of
these interactions is called “ergonomics,” or “human
factors engineering. ”

The term ergonomics was coined in the United
Kingdom after World War Il to describe a dis-
cipline created during the war. It had been noted
that “bombs and bullets often missed their mark,
planes crashed, friendly ships fired upon and
sunk, and whales were depth charged” (471). In
response to this situation, research on designing
military equipment to match more closely the ca-
pacities of the users began on both sides of the
Atlantic. Attention was thus devoted to the inter-
action between the human operators and their ma-
chines.

One name for this new discipline, ergonomics,
is derived from two Greek words, ergo, meaning
work, and nomos, meaning laws. Ergonomics is
the science devoted to understanding the laws or
principles that govern the design of work systems.
A British professional group—the Ergonomics Re-
search Society—was formed by the practitioners
of this new discipline. An organization with simi-
lar aims, the Human Factors Society, was founded
in the United States in 1957. The work of the
original members was termed “human factors
engineering, ” or engineering psychology. Whether
they are called human factors engineers or ergo-
nomists, the scientists who practice this discipline
draw on a number of other disciplines, including
medicine, physiology, psychology, sociology,
engineering, and physics.

Ergonomists are concerned with safety, effec-
tiveness, and efficiency wherever people are part
of a system (380). The discipline is “an applied
science concerned with the design of facilities,
equipment, tools, and tasks that are compatible
with the anatomical, physiological, biomechani-
cal, perceptual, and. behavioral characteristics of

humans” (250). The principle behind ergonomic
design is that the machine should fit the worker,
rather than forcing the worker to fit the machine.
To quote from one ergonomics guide (655):

Man’s physical limits for bending, stretching,
and/or compressing are such that the machine
must be made to adapt to the man rather than the
converse. Behavior characteristics are somewhat
more flexible. Man can adjust his sensory-motor
behavior to some degree, and . . . can utilize
alternate procedures and make up for certain
equipment inadequacies. However . . . as oper-
ator load increases due to task complexity, fatigue
may reduce operator reliability; system perform-
ance could degrade at a critical time . . . Work-
place layout should favor the man’s physical and
behavioral capability in all cases in which a likely
error in human performance could affect . . .
safety . ., The designer cannot assume that per-
sonnel selection and training will be a panacea for
improper workplace considerations.

Figure 7-1 is a schematic representation of a
human-machine system. The person processes in-
formation about the environment and acts on it
by using the machine’s controls. The important
features of the machine include the controls used
by the worker, the operations of the machine, and
the displays used to feed information back to the
worker. The task of the ergonomist is to analyze
how the worker obtains the information needed
to operate the machine, how that information is
processed to reach a decision concerning the
appropriate way to control the machine, and what
worker actions are appropriate to control the ma-
chine in a fashion that is safe and meets produc-
tion criteria (380).

Other considerations, especially improving the
productivity of workers, fit easily into the goals
of ergonomics. Opportunities exist for workplace
designs that simultaneously improve production
output and reduce the risks of injury. For instance,
C. G. Drury reported that new handtools in the
component-assembly department of a large com-
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puter company and changes in seating, lighting,
and workbenches led to improved production and
the elimination of repetitive motion injuries. The
costs of the redesign” were earned back 4.3times
within one year through increased productivity

Figure 7-1.—Schematic Representation of

and savings, and the number of rejected compo-
nents fell to half the previous level. The workers
involved expressed increased satisfaction with
their jobs (340).

a Human-Machine System
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Machine
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SOURCE (292)

CLASSIFICATIONS OF ERGONOMICS

Ergonomists usually subdivide the field into in-
formation ergonomics and physical ergonomics.
Information ergonomics is concerned with the col-
lection, display, sensing, and processing of infor-
mation. Physical ergonomics is concerned with
worker size, strength, capabilities for motion, and
working posture.

Ergonomists use a number of techniques that
include the evaluation of the transmission of in-
formation between the machine and the worker
(link analysis), discovery and evaluation of sys-

tem failures (critical incidence analysis), detailed
examination of the sequence of actions taken by
workers (task analysis), and analysis of situations
that may arise from unprogrammed events or hu-
man errors (contingency analysis) (380). Ergon-
omists also make extensive use of anthropometric
data concerning the physical dimensions and ca-
pabilities of the human population. In addition,
the techniques of biomechanical analysis are used
to measure expected physical stresses encountered
by parts of the body while performing; work tasks.
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Information Ergonomics

Information ergonomics is generally concerned
with what the worker senses in the workplace and
how that information is processed by the worker,
The two major sources of sensory information are
visual and auditory.

Visual displays in the workplace include me-
ter scales, control labels, warning signs, cathode-
ray tube (CRT) displays, and printed text. To this
list can be added video display terminals (VDTS),
which can be CRT displays, liquid crystal dis-
plays, or other technologies. Three factors impor-
tant to the operator must be considered in design-
ing a visual display: the size of the critical detail
in the display, its brightness, and the contrast of
the display against the background. There are a
number of techniques available to achieve these
goals in design and to evaluate existing equipment.
There are also many guidelines for special applica-
tions, including the special needs of groups such
as older workers (23).

Workers also receive information through
sound. These can include tones (bells, whistles,
beepers, etc. ) as well as speech. Designers and
ergonomists often face the question of whether
to provide information through visual or auditory
means. In general, if the message is simple, short,
or calls for immediate action, if the worker is
already overburdened with visual messages, or
if the workplace is too dark or too bright for
visual displays, an auditory presentation is rec-
ommended. If the message is complex, long, and
does not necessitate immediate action, or the
auditory system of the worker is already over-
burdened, or if the workplace is too noisy, a
visual display may be preferred (23).

Finally, information ergonomics is concerned
with the processing of information by the worker
and the design of the workplace, including the de-
sign of controls. Research that has measured the
abilities of humans to accurately process infor-
mation has shown that people often will not be
able to make quick, accurate responses in com-
plex or unexpected situations, Second, the studies
have also shown that “compatibility” in display-
control design is very important. Compatibility
refers to the relationships between stimuli and re-

sponses, and generally falls into three categories:
spatial (the compatibility of physical features or
spatial arrangement for displays and controls),
movement (the direction of movement of displays
and controls), and conceptual (the associations
people hold concerning the meaning of signals,
such as in the United States the association of the
color green with “go”) (292).

One example of an everyday problem in com-
patibility will perhaps clarify this notion. Figure
7-2 presents four possible arrangements of the
burners and burner-controls for a stove. For sev-
eral of these patterns, the relationships between
burners and controls can be difficult to learn and
hard to remember because the arrangements lack
spatial compatibility. To examine this, research-
ers in the 1950s setup an experiment in which they
told a group of subjects to turn on specific burners.
The subjects’ reaction times weremeasured and
the number of errors was noted. Design I, asso-

Figure 7-2.—Control Burner Arrangements of
Simulated Stove Used in Experiment About
Logical Arrangements

Number of errors in 1,200 trials:
arrangement

1 0
Il 76
116
v 129

SOURCE: (292)
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ciated with both the fewest errors (zero) and the The cherry-picker accident discussed in box C il-
best reaction time, was considered to be the most lustrates the importance of controls layout.
compatible (292).

Physical Ergonomics
Many workplaces have dozens of incompati- y g

ble control configurations, which often lead to Physical ergonomics, concerned with the worker
operator errors and subsequent serious injury (23). as a physical component of the work process,

Plcim Accident

‘of the cherry piCker The control knobs for moving the bucket
were identical. The painter, who did not use the equip-
‘}ury :diacent to a beam with which he had apparently

to the d:chotomous classification of accidents pro-

d have been reported as resulting from an unsafe act, i.e.,
as to produce his collision with the I-beam. (In fact,

ﬁe , Wa.nported under the workers’ compensatxon system.)

e m the lift?
h:vo ﬁmitntiom in his upper limb movemnt? What

whh ipper limb' 'vmtormnmh buthehad
. No protection was provided against inadvertent
‘pcrlmd‘ﬂ\etwocontrolkveuwmﬂdhave

\ tlon.rone of t!\e l\om of the sprayf‘
“,,fandmymvemmtandhadcaused the
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often uses the techniques and equipment of an-
thropometry and biomechanics. Anthropometry
is the measurement of the physical dimensions of
the human body, including both the structure of
the body in fixed positions and the extent of move-
ment possible, such as reach or lifting capacity.

Biomechanics is the study of the mechanical
operations of the human body. The muscles,
bones, and connective tissue can be analyzed as

a mechanical system using the fundamental laws
of Newtonian mechanics. The forces acting on the
muscles, bones, joints, and spine can be deter-
mined for the lifting of an object, for instance.
Through such analysis, it is possible to calculate
the size and direction of forces acting on the body.
These can be compared with expected human tol-
erances to judge whether the activity in question
will cause harm.

ERGONOMICS AND PREVENTION OF MUSCULOSKELETAL INJURIES

Ergonomic principles can be applied to prevent
both overt and cumulative traumas. An example
in the overt category is the risk of falling from
a ladder, which can be reduced by considering the
sizes and mobility of people when deciding how
far apart to place a ladder’s rungs (250). Cumu-
lative traumas are not the result of single events
or stresses; they stem from the repeated perform-
ance of certain tasks. Back problems are by far
the most common cumulative trauma injuries.
Evaluation and redesign of tasks to prevent back
injuries is discussed later in this chapter.

Repetitive motion disorders are a type of cumu-
lative trauma associated with repeated, often
forceful movements, usually involving the wrist
or elbow. Some 20 million workers on assembly
lines and in other jobs that require repetitive,
strain-producing motions are at increased risk of
developing such disorders. Redesigning work sta-
tions, equipment, and handtools can significantly
reduce the awkward, forceful movements com-
mon to many jobs on assembly lines, in food proc-
essing, in the garment industry, and in offices.
Carpal tunnel syndrome, one of this class of
disorders, illustrates the potential for prevention
offered by the integration of ergonomics, medi-
cal surveillance, and treatment.

Carpal Tunnel Syndrome

A wide variety of workers (see table 7-1), from
aircraft assemblers to upholsterers, are among
those at risk for carpal tunnel syndrome (CTS),
a progressively disabling and painful condition

Table 7.1.—Occupations and Activities Associated
With Carpal Tunnel Syndrome

Aircraft assembly
Automobile assembly
Buffing

Coke making
Electronic assembly
Fabric cutting/sewing
Fruit packing

Inspecting

Meat processing
Metal fabricating
Musicians
Packaging
Postal workers
Textile workers

Gardening Tire and rubber workers
Hay making Typing

Waitressing Upholstering
Housekeeping

SOURCE (60)

of the hand. Because the musculoskeletal strain
from repeatedly flexing the wrist or applying arm-
wrist-finger force does not cause observable in-
juries, it often takes months or years for workers
to detect damage.

The incidence and prevalence of CTS in the
work force is not known. The National Institute
for Occupational Safety and Health (567) reports
that 15 to 20 percent of workers employed in con-
struction, food preparation, clerical work, pro-
duction fabrication, and mining are at risk for
cumulative trauma disorders. The Bureau of La-
bor Statistics (603) reports 23,000 occupationally
related repetitive motion disorders in 1980, al-
though the number of CTS cases is not specified.

CTS is undoubtedly underreported in aggregate
statistics. Research in particular high-risk plants
provides some insight into the extent of the prob-
lem. In a study at an athletic products plant, 35,8
percent of workers had a compensable repetitive
trauma disorder. In some jobs within the plant,
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Photo credit: OSHA, Office of Information and Consumer Affairs

Work on an automobile assembly line can involve cramped working positions. A Volvo assembly plant in Kalmar,
Sweden, uses “tipper trolley s.” These trolleys hold the automobile bodies and can be tipped 90 degrees to allow
work on the underside of the car

the rate was as high as 44.1 percent, and carpal
tunnel syndrome occurred in 3.4 percent of the
workers (21,23). Many industries claim that the
incidence of CTS is increasing and is one of their
most disabling and costly medical problems (60).

Symptoms

The onset of symptoms of CTS is usually in-
sidious. Frequently, the first complaint is of at-
tacks of painful tingling in one or both hands at
night, sufficient to wake the sufferer after a few
hours of sleep. Accompanying this is a subjective
feeling of uselessness in the fingers, which are
sometimes described as feeling swollen. Yet little
or no swelling is apparent. As symptoms increase,
attacks of tingling may develop during the day,
but the associated pain in the arm is much less
common than at night. Patients may detect changes
in sensation and power to squeeze things but some
people suffer severe attacks of pain for many years
without developing abnormal neurological signs.
Ultimately, in advanced cases, the thenar muscle
at the base of the thumb atrophies, and strength
is lost.

Compression of the median nerve is the imme-
diate cause of CTS. The median nerve comes
down the arm, through the wrist, then branches
in the hand, supplying the thumb, forefinger, mid-
dle finger, and half the ring finger with nerves (fig.
7-3). The carpal tunnel itself, located in the wrist,

is formed by the concave arch of the carpal bones
and is roofed by the transverse carpal ligament
(fig. 7-4). These structures form a rigid compart-
ment through which nine finger tendons and the
median nerve must pass. Any compromise of this
unyielding space usually compresses the median
nerve.

Risk Factors

Repetitive motions, such as those required in
many jobs, is one of a number of risk factors for
CTS. It is probably the most readily controllable
cause, however. Certain diseases, acute trauma,
congenital defects, wrist size, pregnancy, oral con-
traceptive use, and gynecological surgery all may
contribute to the likelihood of developing CTS.
Overall, the incidence of CTS is higher in women
than in men, perhaps because of some of these
risk factors.

Occupational tasks responsible for the devel-
opment of CTS include physical exertions with
certain hand postures or against certain objects,
and exposures to vibration or cold temperatures.
Repeated and forceful up-and-down motions of
the wrist (flexion and extension) (fig. 7-5), cause
the finger tendons to rub on the structures form-
ing the carpal tunnel. This constant rubbing can
cause the tendons to swell (tenosynovitis), even-
tually putting pressure on the median nerve in-
side the carpal tunnel. The nerve itself is stretched
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Figure 7-3.—Major Nerves in the Arm and Hand

Radial nerve _____ Radial
Median nerve nerve
Median nerve
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SOURCE (60)
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Figure 7-4.--The Carpal Tunnel
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Figure 7-5.— Flexion and Extension of the Wrist

Bending the wrist causes the finger flexor tendons to rub on
adjacent surfaces of the carpal tunnel.

SOURCE' (50)

Flexor retinaculum
(transverse carpal ligament)

by repeated exertions, and compressed between
the walls of the carpal tunnel.

Forceful movements and the direction of the
movement are only two of the underlying causes
of tenosynovitis that can lead to CTS. The speed
of movements and incorrect posture while work-
ing also are important (275). Median nerve com-
pression also can be caused by tasks that require
a sustained or repeated stress over the base of the
palm (247). Examples include the use of screw-
drivers, scrapers, paint brushes, and buffers.

Although the mechanism is not yet understood,
low frequency vibration is a recognized risk fac-
tor for CTS (405). Vibration exposure may result
from air- or motor-powered drills, drivers, saws,
sanders, or buffers. Cannon (95) examined med-
ical records at an aircraft company and found a
strong association between CTS and use of vibrat-
ing tools.

Control of CTS

Control of CTS requires a two-pronged ap-
proach. The primary strategy to prevent cases is
the use of ergonomic principles to modify hand-
tools and to improve work-station design and
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work practices. Even a successful ergonomic pro-
gram will not prevent all cases of CTS, however.
The second important element, therefore, is a
medical surveillance program. This is particularly
important now when so little is known about the
individual factors that cause some people to de-
velop CTS. Thus far, no programs focusing on
the medical evaluation of CTS seem to exist (60).

Ways are needed to identify the earliest sign of
CTS, to evaluate progression of the disease, and
to examine the role of predisposing risk factors.
The purpose of such a medical surveillance pro-
gram is prevention of advanced disease by in-
stituting therapy at early stages.

Although medical surveillance for CTS is still
in very early stages, ergonomic interventions have
been remarkably successful where they have been
instituted. Armstrong (21) describes the steps in-
volved in developing appropriate controls. First,
plants and specific departments within plants in
which there is a documented high rate of CTS
should be identified. Then each job should be
systematically analyzed. Traditional time-and-
motion studies, in which each movement or act
is recorded, can be used. Each element of the job
can then be checked against factors known to be
associated with CTS development. These include
posture of the hand and wrist, strength, stress con-
centrations over the palm, vibration, cold tem-
perature, and the presence of gloves.

Armstrong presents a typical work task as an
example. Figure 7-6 shows a worker taking parts
out of a container and placing them on a con-
veyor. The six elements involved in this task are
reach, grasp, move, position, assemble, and re-
lease. Reaching into the container involves wrist
flexion and pinching, during which the worker’s
wrist is likely to rub on the edge of the box. The
forearm is also likely to rub on the edge of the
work bench while the part is positioned. The re-
designed work station should reduce stress on the
hand and wrist, and eliminate sharp edges. Good
and bad designs for the container and the work-
bench with jig in this hypothetical case are illus-
trated in figure 7-7.

Powered handtools can also be designed and
used to minimize stress. As illustrated in figure
7-8, good designs allow the work to be done with
little or no flexion or extension of the wrist.

Armstrong and his colleagues have investigated
cumulative trauma disorders in a poultry proc-
essing plant using the procedures described above.
They discovered that workers in the “thigh bon-
ing” section had the highest incidence of cumula-
tive trauma disorders of all departments. Thigh
boning involves grabbing the thigh with one hand
on a moving overhead conveyor, then making
four cuts with the other to separate the meat from
the bone. Each worker makes an estimated 15,120
cuts per shift. Ergonomic improvements to the
process recommended by Armstrong and col-
leagues include training workers in the “proper
work methods and knife maintenance to minimize
the time and, hence, the distance that must be
reached and force that must be exerted on the
thigh.” The work station could be modified to
minimize the distance to be reached. The work-
ers wear wire mesh gloves with rubber gloves
underneath, which increase the force necessary
to grasp the thigh and pull the meat away. Gloves
should fit well, and the addition of barbs on the
palm of the wire mesh glove might facilitate the
hand actions. A new knife handle design, to re-
duce the force required to hold the knife and make
the cuts—e.g., that pictured in figure 7-9—is sug-
gested (22). Such a design would also minimize
wrist flexion.

A high incidence of repetitive trauma disorders,
including carpal tunnel syndrome, in a telephone
assembly plant prompted management to consider
how to prevent future cases. McKenzie and col-
leagues (299) noted the highest rates in areas using
vibratory air screwdrivers, and in jobs requiring
repetitive grasping, squeezing, or clipping mo-
tions. Ergonomic changes recommended included
modifying the screwdrivers with sleeve guards and
changing work positions to minimize hand and
wrist stress. The changes were instituted with
almost immediate results: from 2.2 percent annual
incidence of repetitive trauma disorders in 1979
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Figure 7-6.-Job Analysis: Assembly Tasks

Job analysis

2. Grasp part

1. Reach for part
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4. Position part
5. Assemble part
6. Release part -

« Assembling parts on a moving conveyor can be described by a series of six elements,

SOURCE (21)

to 0.79in 1981. Lost and restricted workdays fell
from 5,471 in 1979to 1,111 in 1981, and further
reductions were expected in subsequent years.

Back Disorders

The Bureau of Labor Statistics completed a sur-
vey of workers who had incurred back injuries
while lifting, placing, carrying, holding, or lower-
ing objects (605). Of the 900workers included in
the tabulated results, more than 75 percent were
lifting at the time of the injury, Surprisingly, the
back injuries were concentrated in younger work-
ers; almost 75 percent occurred in 20- to 44-year-
olds. Both the weight and the bulkiness of the
lifted objects were often associated with injuries.

About half the injured workers had received some
instruction about proper lifting.

Manual lifting presents a risk of overexertion
injuries and cumulative damage to the soft tissues
around the spine. Overexertion injuries to the
back constitute the largest single category of
workers’ compensation claims, amounting to 25
to 30 percent of all disability cases Lower-back
injuries are often extremely painful and signifi-
cantly diminish the quality of life of the afflicted
workers. Many of these can be prevented by job
and equipment redesign.

The conventional wisdom about how to lift
something is to squat, pick up the object, and,
while keeping the back straight, lift straight up
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Figuro 7-7.—Good an:! Bad Designs for Corualnors and wOrkbenches
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Figure 7-8.—Good and Bad Designs for Powered Drivers
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SOURCE: (21)

with the legs. This procedure is thought to pre-
vent injury to the back. In many cases this pro-
cedure is justified, but there are many other situ-
ations where it is not.

Work-Load Evaluation

There are at least four basic sets of criteria for
determining acceptable work loads: biomechani-
cal, physiological, psychophysical, and epidemi-
ological (453). Biomechanical criteria are based
on pressures and stress exerted on the body, par-
ticularly on the spinal column. Limits of tolerance
have been developed by observing damage to
cadavers when pressure is applied. Physiological
criteria are primarily metabolic, e.g. oxygen con-
sumption and heart rate. The psychophysical

method incorporates workers’ perceptions and
sensations into the assessment of work load for
both static and dynamic strength. Epidemiologic
criteria are derived from aggregate data concern-
ing the incidence, severity, and distribution of low
back pain. These four approaches can be inte-
grated and guidelines established with input from
each. The National Institute for Occupational
Safety and Health has developed recommenda-
tions in this way.

Maximum acceptable work loads are often ex-
pressed in terms of the weight and frequency of
lifting. For instance, 75 percent of the industrial
male population can lift a 13-kilogram box of
fixed proportions every 5 seconds, and a 34-
kilogram box every 30 minutes without trigger-
ing or aggravating low-back injury symptoms.
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Figure 7-9.—A Knife Designed to Reduce Cumulative Trauma Disorders in Poultry Processing
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One possible knife handle with three blades for reduced wrist deviations. The handle is designed
to reduce the tendency for the knife to fall out of the hand in thigh boning.

SOURCE (22)

There is great practical significance to having
very specific work-load recommendations. They
can be used both for determining that a task is
unacceptable and as guidelines for redesigning the
task. Recognition of a problem often occurs only
after a number of compensation claims have been
awarded, triggering investigation. Insurance com-
panics have a direct incentive to cut down on

compensable back problems. For case histories of
task evaluation and redesign carried out by the
Liberty Mutual Insurance Co., see boxes D and
E. According to Snook (453), “most industrial
tasks with unacceptable work loads can be mod-
ified for less than the average cost of a single low
back compensation claim. ”

APPLYING ERGONoOMIcs To vbT DESIGN

The first reports from Europe concerning po-
tential adverse health effects associated with video
display terminals included accounts of many re-
ported musculoskeletal and visual problems. Early
U.S. studies of potential VDT hazards also con-

cluded that there were no known radiation
hazards and that the real hazards were ergonomic
problems: musculoskeletal problems, visual prob-
lems, and fatigue. Poor design of equipment or
poor job design may produce such problems.
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Bms ﬁ.—:-hpmnlu——'l‘ak Evaluation
. and Redesign

“This case history involves back injuries sus-
fained by employees of a drywall contractor.

& eight employees work on an average job
-by this contractor. They are required
lift and carry Sheetrock (96° x 4°)
‘wiere it is installed. There were five
the installation of control measures.

ve task was evaluated at several job sites.
»m obeetvation and weight measurements it
| diteemined the exposure could be reduced
throughi the use of carts to carry the drywall. For
ﬂdﬂl&\pmpmacanwufabﬁmwd which
Fwould Bold up t0 20 sheets, with 2 fixed and 2

Musculoskeletal problems among office work-
ers range from discomfort to pain and medical
disability. The back, neck, and shoulders are the
most frequent sites of problems. Table 7-2 sum-
marizes the results from several studies of VDT
workers. There is general agreement that muscu-
loskeletal problems are associated with poor
working positions, repetitive motions, and the
length of work time without a break.

Figure 7-io0illustrates risk factors contributing
to musculoskeletal problems associated with

Box E.—Ergonomics-Task Evaluation
and Redesign

This case history involves back injuries to
material handlers in the packing department of
a metal office equipment and desk accessory
manufacturer. The six female material handlers
are required to manually lift boxes of various
sizes and weights from a conveyor and stack
them on wooden pallets. There were six com-
pensable back injuriesreported between Feb-
ruary 1980 and September 1982, with a cost of
$131,415.

Boxed products are transported by belt con-
veyors to the position of the material handler,
where they are taken off the line and lowered
and/or lifted onto pallets. Due to the wide varie-
ty of Sire, shapes, and weights, the boxes
handled vary in weight from a pound to large
bulky boxes weighing 50 pounds. Full pallets are
taken by forklift to a warehouse.

- A task evaluation was completed. The product
bemg handled at the time of the evaluation
weighed 45 pounds, measured 5° x1°x2’, and
wulowaedammmumofslmclmorh&ed
mm&nmkwupaformedome 1.2

;Y Tt wa Wﬂmksd\anmper-
 cent of the female population could be expected
to performy this task without overexertion.

. The recommendation was to eliminate the
mama! hundllng task through the use of an

Source: (675}.

VDTs, including equipment design (VDTs, work
stations, and chairs) and job design (constrained
working positions, repetitive work, and inade-
quate rest breaks). Any of these can be changed.
The keyboards and screens of many early VDT
work stations were fixed relative to each other and
the height of the work station was not adjustable.



Ch. 7—Ergonomics and Human Factors . 137

Table 7-2.—Frequency of Reported Musculoskeletal Problems From Various Studies
of VDT Workers

Percent reporting frequent or daily problems®

Study/type of worker Neck-shoulder Back Arm-hand
Arndt, 1980:

Telephone operator’. ................ 8-17 15 12

Service assistant . .. .......