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PREFACE

The first edition of this book was written as a response to the need
for a comprehensive introductory-level text covering the major facets
of occupational safety and health. The fourth edition of this book was
written with the same objectives as previous editions:

* It should be easily comprehensible by those who lack experience or
prior exposure to concepts in occupational safety and health, indus-
trial hygiene, or occupational medicine

* It should be on a writing level easily understood by a majority of
the population, yet be useful as a text for college courses

* It should cover the major topics of concern to safety and health
professionals and students to provide both with a philosophical
base

The fourth edition incorporates material from the first three and con-
tains necessary updates.

The chapter on behavior-based safety has been rewritten by Dr.
Earl Blair, CSP, a professor at Indiana University. Dr. Burton Ogle,
CSP, CIH, an associate professor at Western Carolina University, has
rewritten the chapter on industrial hygiene. Dr. Celeste Winterberger
of Research Triangle Park in North Carolina was a heavy contributor
to the first edition and her legacy continues in this one. Bill Walker of
Builders Mutual of Raleigh, North Carolina, aided in the revision of
the chapter on construction safety. The rest of the chapters have mate-
rial added as needed. As the title implies, Fundamentals of Occupa-
tional Safety and Health covers the basics for the professional’s need
to understand before accepting responsibility for promoting an envi-
ronment conducive to reducing hazards and protecting lives. Unlike
books exploring only the engineering aspects of the subject, this text
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attempts to balance the management of safety with the relevant sci-
ence and the practical aspects of regulatory compliance.

This edition was revised without the assistance of Dr. James P
Kobn, who passed away in 1999. He was a friend, a professional, and
an innovator in the fields of safety and safety education. All who
knew him miss his comradeship and willingness to share knowledge
and enthusiasm.

Special thanks go to my wife Kathy for all of her help and inspira-
tion. She is a true friend.

Mark Allen Friend, Ed.D., CSP, Professor
Chair, Department of Applied Aviation Sciences
Embry-Riddle Aeronautical University
Daytona Beach, Florida
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Chapter 1

INTRODUCTION TO OCCUPATIONAL
SAFETY AND HEALTH

Chapter Objectives

After completing this chapter, you will be able to

* Explain the importance of occupational safety and health

* Identify key historical figures that have contributed to the profes-
sion
* Define terminology used in occupational safety and health

* List job titles of individuals performing occupational safety and
health activities

* Identify roles and responsibilities of safety and health professionals

Case Study

As a 22-year-old construction worker with 11 months” experience
on the job, Bob had finally made it. Since graduating high school, Bob
had tried a lot of things, but they just never seemed right for him. He
attended a community college for one year and then dropped out.
There was too much theory that didn’t relate to how he saw the world.
Bob tried a number of jobs, but minimum-wage salaries forced him to
live at home with his parents. His parents were good people, but he
was ready to move on with his life. With this new job, everything was
turning out great. Bob was bringing home a good paycheck. He had
just moved into a new apartment, which he shared with his high school
buddy Tim, and he was going the next day to sign the papers for a
brand-new pickup truck.

Bob never made it to the dealership to sign those papers. Maybe

1
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he was distracted thinking about that “killer”” pickup that he was about
to purchase. Perhaps he never realized how dangerous it actually was
to work on that scaffolding. After all, it was only 20 feet off the ground
and it looked safe. Bob had worked on wet scaffolding before, and
although it was wet from the rains the previous night, nothing had ever
happened to make him concerned about working at those heights.
Bob’s world changed when he fell those few feet to the ground. His
fall put him in a wheelchair, paralyzed from the waist down.

Occupational Safety and Health

Occupational safety and health is concerned with preserving and pro-
tecting human and facility resources in the workplace. Practitioners
in the field try to prevent needless deaths and injuries to workers like
Bob. It involves more than first aid activities and is far-reaching in
both scope and practice. Occupational safety and health involves
helping people by preventing them from being injured or becoming
ill due to hazards in their workplaces. Demonstrating concern for
Bob by ensuring he was trained in hazard recognition and correctly
performing his job are jobs of the safety professional.

Occupational safety and health is also a field wherein profession-
als attempt to prevent catastrophic losses. When they conduct prein-
spections, safety professionals may prevent explosions or fires that
could destroy entire buildings. Occupational safety and health is also
the management function in an organization concerned with improv-
ing its quality and efficiency. Safety professionals consider the way
products are moved from place to place and are concerned with
reducing lifting injury exposures, while minimizing product move-
ment. They attempt to eliminate property and facility damage, waste,
and costs that lessen an organization’s ability to operate profitably.

In practice, occupational safety and health includes moral and
economic issues. There is also a legal compulsion for companies to
promote occupational safety and health. The United States govern-
ment and governments worldwide require protection of employees
from hazards that may result in injury, illness, or death. Under the
Occupational Safety and Health Act of 1970, commonly known as the
OSHAct, every employer in the United States is required to provide a
safe and healthful workplace.



Introduction to Occupational Safety and Health / 3

For some employers the responsibility to protect human life is
not as important as other goals. A company may focus on productiv-
ity and profits to the exclusion of safety and health. Its managers may
view illnesses and injuries as a routine part of the job. In reality the
amount of production required to cover costs associated with acci-
dents in the workplace can be substantial and may far outweigh the
expense of providing a safe and healthful working environment. The
role of the safety professional requires him or her to monitor work-
place conditions and advise management on the importance of mak-
ing critical corrections for moral, legal, and economic reasons. The
effective safety professional will convince management that providing
a safe and healthy working environment is the right thing to do.

Importance of Occupational Safety and Health

Economically, morally, and legally, occupational safety and health
has become an important issue. Companies are attempting to remain
profitable in an ever more competitive global economy. For these
companies, addressing safety, health, and environmental issues may
mean more than good business practice. For many companies, strong
safety, health, and environmental programs may actually mean sur-
vival.

In recent years there have been over 5,000 annual on-the-job fatal-
ities in this country alone. According to the Bureau of Labor Statistics
there are approximately five injury and illness cases per year for every
one hundred workers, or approximately four million total per year.
The costs associated with these losses number in the billions of dol-
lars. The staggering numbers of people involved in these accidents are
areal concern. Behind the numbers are real people—mothers, fathers,
sisters, brothers, spouses, sons, or daughters. They are people like
Bob whose lives may never be the same again.

The Occupational Safety and Health Administration (OSHA),
the federal agency responsible for workplace safety and health,
attempts to address the safety and health concerns faced by Ameri-
cans. OSHA may not only levy fines, but may also seek criminal
prosecution of business owners and managers who willfully neglect
the safety and health of their employees. Employers may also find
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themselves the target of civil suits leveled by the victims and survivors
of workplace accidents. Employers with poor safety and health
records must also deal with rising medical insurance costs as well as
unfavorable workers’ compensation premiums. Unfortunately, many
employers have not had to bear the full cost of injuring and killing
members of their workforces. Workers, uninformed and unaware of
their legal rights, have been forced to shoulder the costs of the busi-
ness not operating safely. The regulations and mechanisms for
enforcement are in place in the United States, but the agencies are
understaffed and the employees are underinformed. Continued
reduction of accidents in the United States will require an increase
in initiative on the parts of all parties involved, including employers,
employees, and federal and state governments. An understanding of
the issues of today will be enhanced by a review of the past.

Early Historical Examination of Occupational
Safety and Health

Ancient Greek and Roman Physicians

Concern for occupational safety and health is not a recent issue.
Many of today’s health and safety concerns were first observed over
2,000 years ago. An early account is associated with the Code of
Hammurabi that dates back to approximately 2100 BC. It was pri-
marily concerned with personal injury and losses and it prescribed a
schedule of punishments and payments for wrongdoers in an attempt
to recompense victims of the listed violations.

Greek and Roman physicians, practicing between 400 BC and 300
AD, expressed concern for the health of individuals exposed to the
metals commonly used during this period. These included Hippocra-
tes, the Father of Medicine, and Pliny the Elder, a Roman physician
and scientist, both discussed in chapter 6.

Galen, a Roman physician who lived during the second century,
wrote about occupational diseases and the dangers of acid mists to
copper miners. He was also concerned with the mining, tanning, and
chemical occupations, noting several diseases contracted by individu-
als working in those professions.
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The European Renaissance and the Industrial
Revolution

Prior to the Renaissance, little information is available on Euro-
pean injury, illness, and property damage prevention activities.
Reports of medieval scribes suffering lead poisoning while perform-
ing the common practice of tipping their quills with their tongues
between dips into metallic ink solutions were repeatedly noted prior
to the 15th century. Unfortunately, little else was recorded regarding
safety and health during that period. During the European Renais-
sance physicians and chemists began noticing the relationship
between occupational activities and worker health and safety.

Ulrich Ellenborg, for example, recognized, identified, and
reported on “the poisonous and noxious vapors and fumes of met-
als.” In 1437, he recognized that the vapors of some metals, including
lead and mercury, were dangerous and described the symptoms of
industrial poisoning from these sources. He also became aware of
asbestos and lung diseases among miners.

Bernardo Ramazzini, an Italian physician, circa 1700 published
De morbis artificum diatriba or The Diseases of Workers, considered
the first treatise on occupational disease. Considered by some to be
the Father of Occupational Medicine and by others as the Father of
Industrial Hygiene, he recommended physicians ask their patients,
“What is your trade?”” He urged students to learn the nature of occu-
pational diseases in shops, mills, mines, or wherever men toil.

In 1666, fire swept through London, England, and raged for sev-
eral days. At that time, London was a city of half-timbered, pitch-
covered medieval buildings that ignited at the touch of a spark. From
an inn on Pudding Lane the fire spread into Thames Street, where
riverfront warehouses were bursting with oil, tallow, and other com-
bustible goods. The customary recourse during a fire of such magni-
tude was to demolish every building in the path of the flames in order
to deprive the fire of fuel, but the city’s mayor hesitated, fearing the
high cost of rebuilding. With no building codes at the time, houses
were frequently built to the edge of the street. Second and subsequent
stories were often cantilevered, with the top floors nearly touching
houses across the street. Early examples of building and fire codes
resulted from this disaster.
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During the period between 1760 and 1840, history witnessed dra-
matic advances in technology. Dr. Percival Pott (circa 1775) identified
the first form of cancer. He observed scrotal cancer in chimney
sweeps and determined its relationship to soot and coal tar exposure.
This finding initiated numerous regulations called the Chimney
Sweep Acts that were promulgated between 1788 and 1875. About this
time, several industrialists also became concerned with the welfare of
their workers. Sir Robert Peel, a mill owner, made the English Parlia-
ment aware of the deplorable working conditions often existing in the
mills. He reported that orphan labor was frequently used to perform
demanding tasks in less than sanitary conditions. His study of these
deplorable conditions revealed that the mean life expectancy of the
working class, under these terrible conditions, was only 22 years,
while the mean age of the wealthier class was 44 years.

With advancing technology and the Industrial Revolution came
an increase in safety and health hazards. The innovations of mechani-
cal textile machinery, foundry furnaces, steam engines, and numerous
other inventions created a new and more dangerous workplace envi-
ronment. Factories and other workplaces were mazes of moving belts,
pulleys, and gears. Human senses were assaulted with fumes, toxic
vapors, noise, and heat. The health and safety problem was com-
pounded by the introduction of increasing numbers of women and
children into the workforce. Long workdays, unsanitary conditions,
and demanding physical labor increased the likelihood of injury and
illness for this new workforce.

At the dawn of the Industrial Revolution in England Charles
Thackrah became concerned with occupational safety and health and
studied the effects of arts, trades, life habits, civic status, and profes-
sions upon health and longevity. By employing basic principles of
occupational medicine, he became the first physician in the English-
speaking world to establish the practice of industrial medicine. His
writings also led to a raised public awareness of the plight of many of
the new working class. In 1842, Edwin Chadwick, a British lawyer
and sanitarian, described the deplorable conditions of factory work-
ers in his “Report into the Sanitary Conditions of the Labouring Pop-
ulation of Great Britain.” He reported that life expectancy was much
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lower in towns than in the countryside and attributed his findings to
air pollution.

In the United States, the Industrial Revolution began in the early
19th century as factories and mills in New England sprang to life. In
Lowell, Massachusetts, young women and girls, as young as six to ten
years of age, worked long hours, often from five in the morning until
seven in the evening. Their work required their hands to be placed
very close to the [in-running] gears of spinning machines. Many were
injured or maimed in the moving gears and pulleys of the textile
machinery. Their fingers were cut off or mangled with such frequency
that machine-guarding laws were eventually passed. Fatalities in the
mining and steel industries were as common as those in the textile
industry. In 1877, Massachusetts passed a law requiring safeguards on
hazardous machinery that tied liability to actions of employers.

Exposure to toxic metals such as mercury and lead has been an
occupational health problem for hundreds of years. Technological
advances introduced new and unique hazards, typically overlooked
by untrained observers, which were recognized only after numerous
cases were reported. Dramatic changes in technology and workplace
design, along with other technological advancements, have not neces-
sarily resulted in healthier or safer workplaces. Workers today may be
exposed to as many workplace hazards as were their ancestors in years
past. Factory machinery with unguarded gears mangling fingers and
hands has been replaced by electronic office equipment causing wrist
and arm injuries. Workers still face chemical and toxic hazards, as evi-
denced by industrial disasters such as those at Three Mile Island and
Union Carbide Institute in West Virginia. The complexity of current
safety and health conditions mirrors the complexities associated with
modern workplace technology. Practitioners in this profession must
develop the broad range of knowledge and skills necessary to ensure
the protection of people and company resources. This knowledge
base must include a well-grounded understanding of the terms and
concepts used in the profession. In addition, occupational safety and
health professionals must possess the skills required to effectively
perform their roles and responsibilities in the safety, health, and envi-
ronmental arenas.
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Terms and Concepts in the Safety Profession

Safety professionals are concerned with people and company
resources. They have the knowledge and skills that are often acquired
through formal education and/or experience in the safety field. Many
safety professionals are certified after successfully completing the
requirements for the designations “Certified Safety Professional”
(CSP), “Certified Industrial Hygienist” (CIH), or others related to
occupational safety and health. In order to achieve these designations,
safety professionals must have a number of years of experience in the
field and must also undergo a rigorous examination process for each.

Safety professionals attempt to achieve their loss prevention goals
through the systematic application of principles taken from a variety
of disciplines, including engineering, education, psychology, physiol-
ogy, industrial hygiene, health physics, and management. Safety pro-
fessionals are concerned with the elimination or control of hazards
that may result in injury, illness, and property damage. They will
often use techniques referred to as loss prevention and loss control to
accomplish that goal.

Loss prevention describes a program designed to identify and cor-
rect potential accident problems before they result in financial loss or
injury. Loss control, on the other hand, is a program designed to mini-
mize incident-based financial losses. An example of the difference
between loss prevention and loss control can be seen in the various
activities associated with a fire protection and prevention program.

In a fire prevention program, employees can be trained to inspect
their areas and remove combustible materials like oily rags or card-
board. These inspection activities would be an example of loss preven-
tion. A fire protection program, on the other hand, might include
employee training in the use of fire extinguishers. Employees would
then possess the skills necessary to fight a fire. The fire might ignite,
but, following training, employees would be prepared to extinguish it
and thus minimize the damage. Fire extinguisher training is an exam-
ple of a loss control technique.

Loss prevention and loss control techniques are important to the
safety professional who attempts to recognize, evaluate, and control
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bazards in the workplace. This is part of the process referred to as
“safety management.” Safety management encompasses the respon-
sibilities of planning, organizing, leading, and controlling activities
necessary to achieve an organization’s loss prevention and loss con-
trol goals. Continuing the fire example, the safety professional might
wish to establish a safety management program to address this dan-
ger. Safety professionals would determine the problems that exist
at their facility. They would then establish the details of the fire-
training program with goals and objectives of what is to be accom-
plished (planning). Next, they would determine the trainers and
materials necessary to implement the program by establishing a
schedule to ensure all activities are accomplished (organizing). Safety
professionals must then ensure that the required resources are avail-
able and that the people involved in this project coordinate their
efforts when required (leading). Finally, the professionals monitor
and evaluate the progress of the project (controlling). A more detailed
examination of the management of the safety function will be pre-
sented in chapter 10.

One of the most important terms used in the safety and bealth
profession is “‘safety.” It is probably the most misinterpreted term by
individuals outside of the safety profession. For the layperson, safety
means not getting injured. “Safety,” to the professional, implies refer-
erence to the likelihood or risk that a loss event will occur. It can be
defined as “operating within an acceptable or low probability of risk
associated with conditions or activities having the potential to cause
harm to people, equipment, facilities or the enterprise.”

There are several different types of occupational health and safety
losses safety professionals attempt to eliminate or control. Typical
worker-related health and safety losses include injuries, illnesses, and
fatalities. Workplace losses can include damaged equipment, damaged
raw materials or finished products, damaged or destroyed facilities,
downtime, service/production interruption, or loss of reputation.

Risk can be defined as the measure of the probability and severity
of a loss event taking place. A hazard is a workplace condition or
worker action that can result in injury, illness, or other organizational
loss. As revealed in these definitions, determining occupational risk
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requires an examination of both the probability of an event occurring
and the potential severity of the end result.

The evaluation of risks in the workplace starts with the identifi-
cation of the types of hazards existing at the facility. Establishing a
process to ensure hazards are identified is the primary goal of a pro-
gressive organization with a strong safety management program. The
organization eliminates or reduces the risks associated with those
hazards to the lowest achievable and reasonable level. Nothing is risk
free. Safety professionals identify the tasks and activities having the
greatest inherent risk. They then attempt to systematically eliminate
or reduce the level of risk as much as feasibly possible given time,
personnel, and budget restraints. A detailed discussion about risk
assessment will be presented in chapter 5, “Accident Causation and
Investigation: Theory and Application.”

While many consider accidents to be events occurring beyond an
individual’s control, safety professionals look at accidents in a more
systematic and determined manner. Accidents are unplanned events,
often resulting in injuries or damage, that often interrupt routine
operations. They are nearly always preceded by unsafe acts of
employees, hazardous conditions in the workplace, or both. When
appropriate action is taken, most accidents can be eliminated.

Job Titles of Individuals Performing
Occupational Safety and Health Activities

There are many titles given to individuals who perform occupational
safety and health activities. The following list describes just a few of
those titles:

Industrial Hygienist: Although basically trained in engineering, phys-
ics, chemistry, or biology, this individual has acquired through study
and experience knowledge of the effects on health of chemical and
physical agents under various levels of exposure. The industrial
hygienist is involved in the monitoring and analytical methods
required to detect the extent of exposure and the engineering and
other methods used for hazard control.
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Risk Manager: The risk manager in an organization is typically
responsible for insurance programs and other activities that minimize
losses resulting from fire, accidents, and other natural and man-made
losses.

Safety Professional: An individual who, by virtue of their specialized
knowledge and skill and/or educational accomplishments, has
achieved professional status in the safety field. They may also have
earned the status of CSP from the Board of Certified Safety Profes-
sionals.

Safety Engineer: An individual who, through education, licensing,
and/or experience, devotes most or all of their employment time to
the application of scientific principles and methods for the control
and modification of the workplace and other environments to achieve
optimum protection for both people and property.

Safety Manager: The individual responsible for establishing and
maintaining the safety organization and its activities in an enterprise.
Typically, the safety manager administers the safety program and
manages subordinates, including the fire prevention coordinator,
industrial hygienist, safety specialists, and security personnel.

The Safety and Health Professional’s Role and
Responsibility

The specific roles and responsibilities of safety professionals depend
upon the jobs in which they are employed or the types of hazards
present where they work. Research (Kohn, Timmons, and Besesi,
1991) examining the roles and responsibilities of safety professionals
identified the following activities as those most frequently per-
formed:

Accident Investigation: determining the facts and causes related to an
accident based on witness interviews and site inspections.

Work with Emergency Response Teams: organizing, training, and
coordinating skilled employees to react to emergencies such as fires,
accidents, or other disasters.
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Environmental Protection: recognizing, evaluating, and controlling
hazards that can lead to undesirable releases of harmful substances
into air, water, or the soil.

Ergonomic Analysis and Modification: designing or modifying the
workplace based on an understanding of human physiological/psy-
chological characteristics, abilities, and limitations.

Fire Protection: eliminating or minimizing fire hazards by inspection,
layout of facilities, and design of fire suppression systems.

Hazard Recognition: identifying conditions or actions that may cause
injury, illness, or property damage.

Hazardous Materials Management: ensuring dangerous chemicals and
other products are stored and used in such a manner as to prevent
accidents, fires, and the exposure of people to these substances.

Health Hazard Control: recognizing, evaluating, and controlling haz-
ards that can create undesirable health effects, including noise, chemi-
cal exposures, radiation, or biological hazards.

Inspection/Audit: evaluating/assessing safety and health risks associ-
ated with equipment, materials, processes, or activities.

Recordkeeping: maintaining safety and health information to meet
government requirements, as well as provide data for problem solving
and decision making.

Regulatory Compliance: ensuring all mandatory safety and health
standards are satisfied.

Training: providing employees with the knowledge and skills neces-
sary to recognize hazards and perform their jobs safely and effec-
tively.

While this list provides examples of specific activities performed by
the safety professional, the American Society of Safety Engineers
(ASSE) has published a document titled “Scope and Functions of the
Professional Safety Position.” This ASSE publication presents a
broad picture of the safety professional’s roles and responsibilities
(see figure 1-1).
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Figure 1-1. ASSE Scope and Functions of the Professional Safety Position.

Scope and Functions of the Professional Safety Position
American Society of Safety Engineers

To perform their professional functions, safety professionals must
have education, training and experience in a common body of knowl-
edge. Safety professionals need to have a fundamental knowledge of
physics, chemistry, biology, physiology, statistics, mathematics, com-
puter science, engineering mechanics, industrial processes, business,
communication, and psychology. Professional safety studies include
industrial hygiene and toxicology; design of engineering hazard con-
trols; fire protection; ergonomics; system and process safety; safety
and health program management; accident investigation and analysis;
product safety; construction safety; education and training methods;
measurement of safety performance; human behavior; environmental
safety and health; and safety, health, and environmental laws, regula-
tions, and standards. Many safety professionals have backgrounds or
advanced study in other disciplines, such as management and business
administration, engineering, education, physical and social sciences,
and other fields. Others have advanced study in safety. This extends
their expertise beyond the basics of the safety profession.

Because safety is an element in all human endeavors, safety pro-
fessionals perform their functions in a variety of contexts in both public
and private sectors, often employing specialized knowledge and skills.
Typical settings are manufacturing, insurance, risk management, gov-
ernment, education, consulting, construction, health care, engineering
and design, waste management, petroleum, facilitates management,
retail, transportation, and utilities. Within these contexts, safety profes-
sionals must adapt their functions to fit the mission, operations, and
climate of their employer.

Not only must safety professionals acquire the knowledge and skill
to perform their functions effectively in their employment context, but
also through continuing education and training they stay current with
new technologies; changes in laws and regulations, and changes in the
workforce, workplace, and world business, political, and social climate.

(continued next page)
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Figure 1-1 (continued)

As part of their positions, safety professionals must plan for and
manage resources and funds related to their functions. They may be
responsible for supervising a diverse staff of professionals.

By acquiring the knowledge and skills of the profession, developing
the mind-set and wisdom to act responsibly in the employment context,
and keeping up with changes that affect the safety profession, the
safety professional is able to perform required safety professional
functions with confidence, competence, and respected authority.

Functions of the Professional Safety Position

The major areas relating to the protection of people, property, and
the environment are:

A. Anticipate, identify, and evaluate hazardous conditions and practices.

1. Developing methods for

a. anticipating and predicting hazards from experience, histori-
cal data, and other information sources.

b. identifying and recognizing hazards in existing or future sys-
tems, equipment, products, software, facilities, processes,
operations, and procedures during their expected life.

c. evaluating and assessing the probability and severity of loss
events and accidents which may result from actual or poten-
tial hazards.

2. Applying these methods and conducting hazard analyses and
interpreting results.

3. Reviewing, with the assistance of specialists where needed,
entire systems, processes, and operations for failure modes;
causes and effects of the entire system, process, or operation;
and any subsystems or components due to

a. system, subsystem, or component failures.

b. human error.
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c. incomplete or faulty decision making, judgments, or adminis-
trative actions.

d. weaknesses in proposed or existing policies, directives,
objectives, or practices.

4. Reviewing, compiling, analyzing, and interpreting data from acci-
dent and loss event reports, and other sources regarding injuries,
illnesses, property damage, environmental effects, or public
impacts to

a. identify causes, trends, and relationship.

b. ensure completeness, accuracy and validity, or required infor-
mation.

c. evaluate the effectiveness of classification schemes and data
collection methods.

d. initiate investigations.

5. Providing advice and counsel about compliance with safety,
health, and environmental laws, codes, regulations, and stan-
dards.

6. Conducting research studies of existing or potential safety and
health problems and issues.

1. Determining the need for surveys and appraisals that help iden-
tify conditions or practices affecting safety and health, including
those which require the services of specialists, such as physi-
cians, health physicists, industrial hygienists, fire protection
engineers, design and process engineers, ergonomists, risk man-
agers, environmental professionals, psychologists, and others.

8. Assessing environments, tasks, and other elements to ensure
that physiological and psychological capabilities, capacities, and
limits of humans are not exceeded.

B. Develop hazard control designs, methods, procedures, and programs.

1. Formulating and prescribing engineering or administrative con-
trols, preferably before exposures, accidents, and loss events
occur to

(continued next page)
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Figure 1-1 (continued)

a. eliminate hazards and causes of exposures, accidents, and
loss event.

b. reduce the probability or severity of injuries, illnesses, losses,
or environmental damage from potential exposures, acci-
dents, and loss events when hazards cannot be eliminated.

2. Developing methods which integrate safety performance into the
goals, operations, and productivity of organizations and their
management and into systems, processes, and operations or
their components.

3. Developing safety, health, and environmental policies, proce-
dures, codes, and standards for integration into operational policies
of organizations, unit operations, purchasing, and contracting.

4. Consulting with and advising individuals and participating on
teams

a. engaged in planning, design, development, and installation or
implementation of systems or programs involving hazard con-
trols.

b. engaged in planning, design, development, fabrication, test-
ing, packaging, and distribution of products or services re-
garding safety requirements and application of safety principles
that will maximize product safety.

5. Advising and assisting human resources specialists when apply-
ing hazard analysis results or dealing with the capabilities and
limitations of personnel.

6. Staying current with technological developments, laws, regula-
tions, standards, codes, products, methods, and practices related
to hazard controls.

C. Implement, administer, and advise others on hazard controls and
hazard control programs

1. Preparing reports that communicate valid and comprehensive
recommendations for hazard controls which are based on analy-
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sis and interpretation of accident, exposure, loss event, and
other data.

2. Using written and graphic materials, presentations, and other
communication media to recommend hazard controls and hazard
control policies, procedures, and programs to decision-making
personnel.

3. Directing or assisting in planning and developing educational and
training materials or courses. Conducting or assisting with
courses related to designs, policies, procedures, and programs
involving hazard recognition and control.

4. Advising others about hazards, hazard controls, relative risk, and
related safety matters when they are communicating with the
media, community, and public.

5. Managing and implementing hazard controls and hazard control
programs that are within the duties of the individual's profes-
sional safety position.

. Measure, audit, and evaluate the effectiveness of hazard controls
and hazard control programs.

1. Establishing and implementing techniques, which involve risk
analysis, cost, cost-benefit analysis, work sampling, loss rate,
and similar methodologies; for periodic and systematic evalua-
tion of hazard control and hazard control program effectiveness.

2. Developing methods to evaluate the costs and effectiveness of
hazard controls and programs and measure the contribution of
components of systems, organizations, processes, and opera-
tions toward the overall effectiveness.

3. Providing results of evaluation assessments, including recom-
mended adjustments and changes to hazard controls or hazard
control programs, to individuals or organizations responsible for
their management and implementation.

4. Directing, developing, or helping to develop management account-
ability and audit programs which assess safety performance of
entire systems, organizations, processes, and operations or their
components and involve both deterrents and incentives.
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Conclusion

The current occupational safety and health profession has its roots in
the beginnings of industrial society. Concerns regarding the protec-
tion of human health, safety, and property form the basis for the pro-
fession. The following chapters of this textbook will address, in
greater detail, the basic knowledge and skills critical for the successful
implementation of a sound occupational safety management program.

Questions

1. Why does it make good business sense to have a good safety pro-
gram? List four reasons.

2. Do you think most working individuals are concerned with occu-
pational safety and health issues? Why?

3. Why is it useful to study historical occupational safety and health
events?

4. What is your definition of the term safety? How does it differ from
the professional definition of this term?

5. What potential losses can result from safety and health hazards in
the workplace?

6. What are some of the responsibilities of safety professionals?
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Chapter 2

SAFETY LEGISLATION

Chapter Objectives

After completing this chapter, you will be able to

* Explain the history of safety and health legislation

¢ Understand the Occupational Safety and Health Act of 1970
* Identify the origins of OSHA standards

* Know the specific requirements of the Act

* Understand the OSHA inspections and resultant actions

Case Study

When his machine shop was inspected, Eric Smith was shocked.
With only five employees, Eric thought he was exempt from OSHA
inspections. He was even more surprised to learn that one of his
employees had complained. After a careful investigation, Eric learned
the name of the complainant and nearly fired him. Eric’s attorney
informed him that retaliatory action against an employee for exercising
his rights under OSHA regulations is illegal.

Legislative History

The history of occupational safety and health has been dominated by
legislation. Governments have observed problems and have attempted
to solve those problems through the enactment of laws. In this coun-
try, the regulations culminated with the passage of the Occupational
Safety and Health Act in 1970.

The eye-for-an-eye principle dominated early attempts to legis-

21
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late safety. The government effort to encourage safer workplaces first
revolved around punishing the wrongdoer. This concept pervaded
Babylonian law over 4,000 years ago and was a forerunner to the
famous Code of Hammurabi, which was written in 2100 BC, during
the 30th year of his reign. The code required shipbuilders to repair
defects of construction and damage caused by those defects for one
year following delivery. Ship captains were required to replace goods
lost at sea and to pay a fine equal to half the value of any lost ships
that were refloated. If someone other than the master injured a slave,
the master received compensation for the loss. Carelessness and
neglect were considered unacceptable for skilled workers and pro-
fessionals. Losses caused by errors on the part of these early profes-
sionals were punished using the eye-for-an-eye concept that is also
found in the Old Testament. A physician whose mistakes led to the
loss of a citizen’s life could find his hands cut off, or a builder could
have his own child killed if his shoddy work led to the loss of anoth-
er’s child.

From the time of Hammurabi and his contemporaries, little is
known about attempts to legislate safety until after the Dark Ages.
Early industrial plants were little more than a series of traps consisting
of open machinery and unguarded moving equipment capable of
maiming or killing a worker in seconds. The British developed their
laws out of concern for children (Grimaldi and Simonds, 1989). In
the United States the 1800s brought about a number of tragedies that
met with little government response. As media coverage became
widespread and information became more accessible through books,
newspapers, and magazines, American citizens began to expect and
demand their government provide protection from employers. This
reactive pattern continued as concern for occupational safety and
health grew. When public outcries about disasters and outrageous
actions of employers became strong enough to overcome the influ-
ence exerted by employers on early legislatures, laws were enacted to
protect the workers. Much of the early legislation was reactive; laws
were enacted in response to specific tragedies. The following is a
review of significant events in the development of safety and health in
the 1900s:
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In 1903, a fire roared through Chicago’s lroquois Theater, killing
602 people. The fire engulfed the stage almost immediately. As the
audience panicked, flames swept across the perimeter of the audito-
rium and finally to the seats themselves. Fire exits were few and poorly
marked. The iron pillars became red hot and eventually melted.

In Monongah, a sleepy West Virginia town in the hills of Appala-
chia, 362 coal miners were killed in 1907. Nearly every family in the
town was affected by the disaster but little was done for the survivors.

The Pittsburgh Survey (1907-1908) was a 12-month study in Alle-
gheny County, Pennsylvania, sponsored by the Russell Sage Founda-
tion. It was found that there were 526 occupational fatalities in one
year. Survivors and the workers themselves were forced to carry the
cost of losses. When the breadwinners were gone, there was no fur-
ther compensation of any kind. Employer incentives to reduce safety
and health risks for workers were called for.

In 1910, the U.S. Bureau of Mines was created by the Department
of the Interior to investigate the causes of mine accidents, study health
hazards, and find means for taking corrective action.

A fire gutted a new structure in the Triangle Shirtwaist Factory in
New York City. This 1911 tragedy killed 145 workers, whose escape was
prevented due to the employer’s locking of the exits against theft.

In 1911, Wisconsin passed the first successful workers’ compensa-
tion plan in the United States.

The first National Safety Congress convened in 1912. It led to the
formation of the National Safety Council in 1913.

The Safety to Life Committee, formed by the National Fire Protec-
tion Association in 1913, eventually led to the development of the Life
Safety Code.

In 1935, Roosevelt's New Deal included the passage of legislation
that mandated a 40-hour workweek.

The Walsh-Healey Public Contracts Act of 1936 banned hazardous

(continued next page)
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(continued from previous page)

work done under federal contracts larger than $10,000. This act was a
forerunner of the Occupational Safety and Health Act.

In 1968, 78 coal miners were killed in Farmington, West Virginia,
when an explosion ripped through the Consolidated Coal Company
Mine. Only a few miles from the infamous Monongabh site, this disaster
devastated the whole community. A town, a state, and a nation were
outraged and called for federal intervention into the conditions killing
citizens in the workplace.

The Coal Mine Health and Safety Act of 1969 was passed 720 in
the U.S. Senate, establishing the Mine Enforcement Safety Administra-
tion (MESA), later known as the Mine Safety and Health Administration
(MSHA). MSHA governs safety within the coal mines as 0SHA does for
general industry and construction (discussed below).

In 1970, the Williams-Steiger (Occupational Safety and Health) Act
was passed, establishing the Occupational Safety and Health Adminis-
tration (OSHA). Prior to the establishment of OSHA, the responsibility
for occupational safety and health rested primarily with state govern-
ments.

Occupational Safety and Health Act

Although more than 90 million Americans were working then, until
1970 no uniform and comprehensive provisions existed for their pro-
tection against workplace safety and health hazards. In 1970, Con-
gress considered annual figures such as these:

* Job-related accidents accounted for more than 14,000 worker deaths

* Nearly 2.2 million workers were disabled

* Ten times as many person-days were lost from job-related disabili-
ties

+ Estimated new cases of occupational diseases totaled 300,000

The Occupational Safety and Health Act (OSHAct) of 1970 was

<

passed by Congress . . . to assure so far as possible every working
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man and woman in the Nation safe and healthful working conditions
and to preserve our human resources” (United States Department of
Labor [U.S. DOL], 1995). Under the Act, the Occupational Safety
and Health Administration (OSHA) was created within the Depart-
ment of Labor to:

* Encourage employers and employees to reduce workplace hazards
and to implement new or improve existing safety and health pro-
grams

¢ Provide for research in occupational safety and health to develop
innovative ways of dealing with occupational safety and health
problems

* Establish separate but dependent responsibilities and rights for
employers and employees for the achievement of better safety and
health conditions (U.S. DOL, 1991). Maintain a reporting and
recordkeeping system to monitor job-related injuries and illnesses

* Establish training programs to increase the number and competence
of occupational safety and health personnel

* Develop mandatory job safety and health standards and enforce
them effectively

¢ Provide for the development, analysis, evaluation, and approval of
state occupational safety and health programs (OSHA Training
Institute [OSHATT], 1994, chap. 1)

Who Is Covered?

In general, the coverage of the Act extends to all employers and their
employees in the 50 states, the District of Columbia, Puerto Rico,
and all other territories under federal government jurisdiction. Cover-
age is provided either directly by federal OSHA or through an
OSHA-approved state program. As defined by the Act, an employer
is any “person engaged in a business affecting commerce who has
employees, but does not include the United States or any State or
political subdivision of a State” (U.S. DOL, 1995, p. 3).
The following are not covered under the Act:
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* Self-employed persons

* Farms at which only immediate members of the farm employer’s
family are employed

« Workplaces already protected by other federal agencies under other
federal statutes (US DOL, 1995)

Under the Act, federal agency heads are also responsible for pro-
viding safe and healthful working conditions for their employees. The
Act requires agencies to comply with standards consistent with those
OSHA issues for private sector employers. OSHA conducts federal
workplace inspections in response to employees’ reports of hazards
and as part of a special program identifying federal workplaces with
higher-than-average rates of injuries and illnesses (OSHATTI, 1994,
chap. 1).

OSHA cannot fine another federal agency for failure to comply
with OSHA standards, and it does not have authority to protect fed-
eral employee whistleblowers. Federal employee whistleblowers are
protected under the Whistleblower Protection Act of 1989 (OSHATT,
1994, chap. 1).

OSHA provisions do not apply to state or local government
employees. The Act requires states desiring approval to maintain their
own programs to provide safety and health coverage for their own
state and local government workers that is at least as effective as their
programs for private employees. State plans may also cover only pub-
lic sector employees. Unfortunately for state and municipal employ-
ees in states not having their own programs, unless the state has
provided otherwise, no governmental protection exists for the
employees. For example, Florida has no state plan of its own. Florida
employees are covered by Federal OSHA but Florida state, county,
and municipal employees have no coverage by the Occupational
Safety and Health Administration. Since no other provisions have
been made for the employees, they effectively have no coverage.

Although OSHA applies to federal government employees, and
requires federal agencies to provide safe and healthful places of
employment, OSHA does not have the authority to fine another fed-
eral government agency. Compliance issues raised at a lower organi-
zational level are raised to a higher level until resolved.
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Only employers of 11 or more individuals are required to main-
tain records of occupational injuries and illnesses. OSHA record-
keeping is not required for certain retail trades and some service
industries. Even though employers of ten or fewer employees are
exempt from recordkeeping, they must still comply with the other
OSHA standards, including the requirement to display the OSHA
poster.

OSHA Standards

OSHA standards fall into four categories: General Industry, Mari-
time, Construction, and Agriculture. The standards are available in
the following volumes:

Volume I General Industry Standards and Interpretations
(includes Agriculture)

Volume I Maritime Standards

Volume III  Construction Standards

Volume IV Other Regulations and Procedures
Volume V. Field Operations Manual

Volume VI OSHA Technical Manual

These are available from the Superintendent of Documents, U.S. Gov-
ernment Printing Office, Washington, DC 20402 and commercial
publishers. Because some states adopt and enforce their own stan-
dards, copies of those may be obtained from the individual states.

Origin of OSHA Standards

Initially, the OSHA standards were taken from three sources: consen-
sus standards, proprietary standards, and federal laws in effect when
the Act became law (OSHATT, 1994, chap. 2).

Consensus standards are developed by industrywide, standard-
developing organizations discussed and substantially agreed on
through consensus by industry. OSHA has incorporated standards of
the two primary standards groups, the American National Standards
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Institute (ANSI) and the National Fire Protection Association
(NFPA). For example, ANSI Standard B56.1-1969, Standard for
Powered Industrial Trucks, covers the safety requirements relating to
the elements of design, operation, and maintenance of powered indus-
trial trucks.

Proprietary standards are prepared by professional experts within
specific industries, professional societies, and associations. These
standards are determined by membership vote, as opposed to consen-
sus. An example of these would be the Compressed Gas Association’s
Pamphlet P-1, Safe Handling of Compressed Gases. This proprietary
standard covers requirements for the handling, storage, and use of
compressed gas cylinders (OSHATTI, 1994, chap. 2).

Some preexisting federal laws are also enforced by OSHA,
including the Federal Supply Contracts Act (Walsh Healey) and the
Contract Work Hours and Safety Standards Act (Construction Safety
Act). Standards issued under these acts are now enforced in all indus-
tries where they apply (OSHATTI, 1994, chap. 2).

When the OSHAct was first passed, much criticism stemmed
from the fact that the legislation was a hodgepodge of rules of thumb
and guidelines never intended to be made into laws. Since the passage
of the Act, many of the trivial regulations have been changed or elimi-
nated in an attempt to make it a more reasonable standard for work-
place performance.

Horizontal and Vertical Standards

Standards are referred to as being either horizontal or vertical in
their application. Most standards are horizontal or general in that
they apply to any employer. Standards relating to fire protection
or first aid are examples of horizontal standards (OSHATI, 1994,
chap. 2).

Some standards are relevant only to a particular industry, and are
called vertical or particular standards. Examples are standards that
apply to the longshoring or construction industry.

Finding the OSHA Act

The Occupational Safety and Health Act appears in the Code of Fed-
eral Regulations (CFR) 29. It is divided into the subparts noted in
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Appendixes A and B. Each subpart addresses a different major topical
area. These areas include such items as Subpart D, Walking-Working
Surfaces. This subpart appears in 1910.21-1910.32. Subpart E, Means
of Egress, follows in 1910.35-1910.70. Each subpart is further broken
down so that when one looks under Subpart E, one will find the sub-
section 1910.37, Means of Egress, general. The reader can turn to that
section to see an explanation of means of egress and find that it is
broken down even further. References to specific standards are typi-
cally found as follows:

29 CFR 1910.110(b)(13)(11)(b)(7)(ii1) indicates that the specific
standard in question appears in:

* Title 29
* Code of Federal Regulations (CFR)
* Part 1910

* Section 110

Subsections appear first as lowercase letters, numbers, and Roman
numerals. Subsections of subsections appear as italicized, lowercase
letters, numbers, and Roman numerals (OSHATI, 1994, chap. 2).
Most universities and many public libraries carry copies of the
Code of Federal Regulations. They are also available from the Super-
intendent of Documents in Washington and from Government Insti-
tutes, Inc. OSHA standards are also available online at
www.osha.gov. This site also contains other useful information,
including standards interpretations, downloadable OSHA posters,
recordkeeping instructions, and compliance assistance.

Specific Requirements of the Act

Employers are responsible for knowing the standards applicable to
their establishments. When an OSHA inspection is performed, the
assumption made is that the employer is aware of the law and has
already attempted to comply with it. Any violations are subject to
corrective legal action, typically consisting of fines. Employees must
also comply with all rules and regulations that are applicable to their
own actions and conduct. It is the employer’s responsibility to ensure
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employee compliance. For cases involving criminal intent, OSHA
may turn the files over to the Department of Justice for prosecution.

Where OSHA does not have specific standards, employers are
responsible for following the Act’s general duty clause (Section
5[a](1]). The general duty clause requires that every working person
be provided with a safe and healthful workplace. It specifically states:
“Each employer shall furnish to each of his employees employment
and a place of employment which is free from recognized hazards
that are causing or are likely to cause death or serious physical harm
to his employees™ (U.S. DOL, 2006). A “recognized hazard” is one
that is detectable by the senses or instrumentation, of which there
is common knowledge, that is discoverable under usual inspection
practices, or of which the employer has knowledge. Incidentally, if
the employer has knowledge, an inspector will consider the hazard to
be a willful violation, which carries an increased penalty.

The general duty clause extends OSHA’s authority beyond the
specific requirements of the standards when a recognized workplace
hazard exists or potentially exists. It is often used when no specific
standard applies to a recognized hazard in the workplace. The general
duty clause has been used as the basis for numerous OSHA citations.
Millions of dollars are collected as a result of these citations. Few
other sections of the OSHA standards (Parts 1910 and 1926) cost
more in penalties for OSHA violations than Section 5(a)(1). OSHA
may also use the general duty clause when a standard exists, but it is
clear that the hazards involved warrant additional precautions beyond
what the current safety standards require.

Employer Responsibilities and Rights

Aside from providing a workplace free from recognized hazards
likely to cause death or serious physical harm, the employer bas other
responsibilities. An employer must:

» Examine workplace conditions to make sure they comply with
applicable standards

e Minimize or reduce hazards
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* Use color codes, posters, labels, or signs when needed to warn
employees of potential hazards

* Provide training required by OSHA standards
Keep OSHA-required records

* Provide access to employee medical records and exposure records
to employees or their authorized representatives

Employers have the right to seek advice and off-site consultation
as needed by writing, calling, or visiting the nearest OSHA office
(OSHATI, 1994, chap. 2).

When an inspection visit occurs, the employer must:

* Be advised by the compliance officer of the reason for the inspec-
tion
 Accompany the compliance officer on the inspection

* Be assured of the confidentiality of any trade secrets observed by
an OSHA compliance officer during an inspection

Although OSHA does not cite employees for violations of their
responsibilities, each worker is required to comply with all applicable
occupational safety and health standards. Employees also have the
right to ask for safety and health on the job without fear of punish-
ment. If employees are discriminated against for exercising their
rights under the Act, OSHA may take the employer to court with no
expense to the employees.

Inspections

To enforce its standards, OSHA is authorized under the Act to con-
duct workplace inspections. Every establishment covered by the Act
is subject to inspection by OSHA compliance safety and health offi-
cers who are chosen for their knowledge and experience in the occu-
pational safety and health field. Compliance officers are vigorously
trained in OSHA standards and in the recognition of safety and
health hazards. Inspections occur as a result of the following priori-
ties established by OSHA:



32 / Chapter 2

Imminent danger situations are inspected first. Where there is
reasonable certainty that an employee is exposed to a hazard likely to
cause death or immediate serious physical harm, OSHA will try to
respond as soon as possible. OSHA may become alerted to adverse
conditions by a complaint or other means. Inspectors may see a story
on the evening news or may even be driving by a job site where they
see an imminent danger situation.

Catastrophes and fatal accidents are investigated after imminent
danger situations. If three or more employees are hospitalized or if an
employee is killed, OSHA must be notified within eight hours.

Employee complaints, alleging violation of standards or unsafe or
unhealthy working conditions, are investigated after catastrophes and
fatal accidents. The employee has the right to remain anonymous to
his employer.

Programmed high-hazard inspections are given the next priority.
These are aimed at specific high-hazard industries, occupations, or
health substances. Selection is based on factors such as death, injury,
and illness incidence rates and employee exposure to hazardous sub-
stances.

Follow-up inspections are given last priority. These are used to
determine if previously cited violations have been corrected
(OSHATT, 1994, chap. 1).

Inspection Process

Under the Act, “upon presenting appropriate credentials to the
owner, operator or agent in charge” (US DOL, 1991), an OSHA
compliance officer is authorized to:

* Enter without delay and at reasonable times any factory, plant,
establishment, construction site or other areas, workplace, or envi-
ronment where work is performed by an employee of an employer;
and to

* Inspect and investigate during regular working hours, and at other
reasonable times, and within reasonable limits, and in a reasonable
manner, any such place of employment and all pertinent conditions,
structures, machines, apparatus, devices, equipment, and materials
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therein, and to question privately any such employer, owner, opera-
tor, agent, or employee (U.S. DOL, 1991)

Inspections are generally conducted without advance notice. In fact,
alerting an employer in advance of an OSHA inspection can bring a
criminal fine of up to $1,000 and/or a six-month jail term. If an
employer refuses to admit an OSHA compliance officer, or if an
employer attempts to interfere with the inspection, the Act permits
appropriate legal action. Typically a compliance officer refused
entrance to a workplace or access to any part of it returns with a
warrant and conducts the inspection as planned. Workplaces with a
history of refusing OSHA access can expect the OSHA compliance
officer to initiate the inspection with a warrant in hand.

Once credentials are presented, the compliance officer will
explain in an opening conference why the inspection is being per-
formed, the scope of the inspection, and the standards that apply. An
authorized employee representative is given the opportunity to attend
and to accompany the compliance officer on the inspection.

Following the conference, the compliance officer usually pro-
ceeds to inspect the OSHA records, including the OSHA 300 log.
The inspector may also request copies of other required records such
as the hazard communication or lockout/tagout programs.

An inspection tour then takes place. The officer may talk to
employees in private about safety and health conditions, as well as
practices in their workplace. An employer’s representative should
accompany the officer and keep a careful record of everything
inspected. Any comments made by the inspector should be recorded.
Split samples should be requested anytime samples are taken. Copies
of any photographs taken should be requested. The compliance offi-
cer may inspect the premises before reviewing records if he or she
desires to do so.

A closing conference occurs near the end of the visit. During this
time, the employer or an employer’s representative should ask ques-
tions in order to clearly understand any violations recorded by the
compliance officer. The employees’ representative may be present
during this conference. No penalties will be assigned at this time.
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Citations and Penalties

After the compliance officer reports findings, the area director deter-
mines what citations, if any, will be issued, and what penalties, if any,
will be proposed. Citations inform the employer and employees of
the regulations and standards alleged to have been violated and of the
proposed length of time set for their abatement. The employer
receives the citations and notices of proposed penalties by certified
mail within six months of the inspection. The employer must post a
copy of each citation at or near the place a violation occurred for
three days or until the violation is abated, whichever is longer.
OSHA may issue any of four types of citations:

1. Citations for willful violations are issued when the employer dis-
obeys, with an intentional disregard of, or plain indifference to,
the requirements of the OSHAct and regulations. These can be
assessed if the employer was aware that a hazardous condition
existed and made no reasonable effort to eliminate the condition.
The employer need not be guilty of malicious intent to be consid-
ered in willful violation. Under OSHA’s penalty structure, the
maximum penalty for a willful violation is now $70,000. The mini-
mum penalty is $5,000. Criminal charges can be brought against
an employer if an employee fatality is caused by such negligence.
In criminal cases the evidence is turned over to the Department of
Justice for disposition. This rarely occurs.

2. Citations for serious violations are issued when there is a substan-
tial probability that death or serious physical harm could result
and that the employer knew or should have known of the hazard.
Violations of the general duty clause are considered serious. The
maximum penalty is now $7,000.

3. Citations for other than serious violations are issued when a situa-
tion would affect safety or health but there is a small probability
of the hazard resulting in death or serious physical harm. There is
often no penalty assessed, but the hazard must still be corrected.
If there is a high probability of the hazard resulting in an injury or
illness, then the maximum penalty is $1,000. The OSHA regional
administrators have the authority to impose a penalty of up to
$7,000 if the circumstances warrant.
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Regulatory citations are issued for:

No OSHA poster: $1,000
No OSHA 300 Log: $1,000
Failure to post citations: $3,000

Failure to report within eight hours a fatality or accident which hos-
pitalizes three or more employees: $5,000

Repeat violation citations are issued when the original violation
has been abated, but upon reinspection, another violation of the
previously cited section of a standard is noted. They may be inad-
vertent, but if they are found to be willful, both a willful and a
repeat citation may be issued. For a first repeat violation, penalties
assessed are multiplied by a factor of 2 for employers with less
than 251 employees and by 5 for larger employers. The multiplier
goes to 5 for a second repeat offense for small employers and 10
for large. OSHA regional administrators have the authority to use
a multiplication factor of up to 10 for small employers in order to
achieve the necessary deterrent effect. Failure to abate within the
prescribed period can result in a penalty for each day of the viola-
tion beyond the abatement date.

It is important to note that the Act also authorizes criminal penal-

ties for certain violations, but as previously mentioned, OSHA rarely
pursues this course of action. Penalties may be reduced for employers
with less than 251 employees, good-faith efforts, or a good safety
record in the last three years. Penalties for employers governed by
state programs may differ.

In 1992, a chemical reactor operated by Arcadian Corporation
failed. OSHA issued a citation alleging that Arcadian’s operation and
maintenance of the reactor violated the General Duty Clause. It also

(continued next page)
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(continued from previous page)

proposed 87 penalties of $50,000 each, one for each exposed employee,
for a total penalty of $4,350,000.

In using the number of exposed employees as a multiplier, OSHA
was following its so-called egregious policy, which instructs enforce-
ment offices that, for violations that are not merely “willful” but “egre-
gious” (a term nowhere used in the Occupational Safety and Health
Act). Under the egregious approach, a penalty will be proposed as to
each exposed employee. 0SHA claimed that this was lawful under the
General Duty Clause, which states that an employer must furnish safe
employment to “each” employee.

Arcadian, represented by McDermott, Will, and Emory’'s O0SHA
Practice Group, moved to restrict OSHA to only one proposed penalty
on the ground that per-employee penalties are illegal. It argued that
various provisions of the 0SHAct make clear that a violation is a viola-
tive “condition.” An administrative law judge agreed, and the full Com-
mission upheld his decision. 0SHA appealed to the Fifth Circuit, whose
decision was widely anticipated. Four amici curiae filed briefs, includ-
ing the U.S. Chamber of Commerce in support of Arcadian and the AFL-
CI0 in support of OSHA.

The Fifth Circuit unanimously upheld the Commission’s decision,
holding that OSHA could not multiply penalties by the number of
exposed employees under the General Duty Clause. The court held that
violations of the General Duty Clause are based on the hazardous con-
dition, not the number of employees affected.

The court agreed with Arcadian that the term “each” signifies only
“that an employer’s duty extends to all employees, regardless of their
individual susceptibilities (i.e., age or pregnancy).”

(McDermott, Will, and Emory: 0SHA Update, June, 1997,

www.mwe.com/news/osha0797.htm#arcadian.)

Appeals Process

Within 15 working days of the receipt of the citation, an employer
may submit a written objection to OSHA. Once an inspection takes
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place, those assigned to receive the citation in the mail for a company
need to watch for and turn over any correspondence from OSHA.
Companies ignoring the 15-day deadline, or for some other reason
failing to meet it, will find they have also missed their right to appeal.
Within the 15-day period the employer may contest a citation, a pen-
alty, and/or an abatement date. An OSHA area director has the
authority to make adjustments based on objections. If no agreement
can be reached with the director, the objection may be forwarded to
the Occupational Safety and Health Review Commission, which
operates independently of OSHA. Appeals beyond the Commission
go through the appeals courts.

OSHA-Approved State Programs

The Act encourages states to develop and operate, under OSHA guid-
ance, state job safety and health plans. Once a state plan is approved,
OSHA funds up to 50 percent of the operating costs of the program.
State plans are required to provide standards and enforcement pro-
grams, as well as voluntary compliance activities at least as effective as
the federal program. They must also provide coverage for state and
local government employees. In addition, OSHA permits states to
develop plans limited to public sector coverage (state and local gov-
ernment). In such cases, private sector employment remains under
federal jurisdiction.

Standards Development

Once OSHA has developed plans to propose, amend, or delete a stan-
dard, it publishes its intentions in the Federal Register as a notice of
proposed rulemaking, or often as an earlier advance notice of pro-
posed rulemaking (U.S. DOL, 1991). The advance notice is to solicit
information for use in drafting a proposal. A notice of proposed
rulemaking will include the terms of the new rule and provide a spe-
cific time (at least 30 days from the date of publication, usually 60
days or more) for the public to respond.

Interested parties who submit written arguments and pertinent
evidence may request a public hearing on the proposal when none has
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been announced in the notice. When such a hearing is requested,
OSHA will schedule one, and will publish, in advance, the time and
location in the Federal Register.

After the close of the comment period and public hearing, if one
is heard, OSHA must publish in the Federal Register the full, final
text of any standard amended or adopted and the date it becomes
effective, along with an explanation of the standard and the reasons
for implementing it. OSHA may also publish a determination that no
standard or amendment needs to be issued.

Other Considerations

Since the inception of OSHA, the construction industry has been
underrepresented. According to one OSHA administrator, construc-
tion has always been an afterthought at OSHA. Much of what has
been legislated in construction has been after the fact. Once rules were
passed for general industry, the question was asked, “Now what do
we do with construction?” In recent years, this policy has begun to
change. Construction is a hazardous industry and OSHA has recog-
nized those hazards. Construction standards appear in 29 CFR 1926.
OSHA has programs giving a high priority to inspection of certain
hazards. Refer to chapter 16 on construction safety for more informa-
tion on focused inspections.

NIOSH and OSHRC

The OSHAct also created the National Institute of Occupational
Safety and Health (NIOSH) and the Occupational Safety and Health
Review Commission (OSHRC). NIOSH operates within the Depart-
ment of Health and Human Services (HHS) under the Centers for
Disease Control (CDC) to develop occupational safety and health
standards for recommendation to the Secretary of Labor and the Sec-
retary of HHS, and to fulfill the research and training functions of
the Secretary of HHS. It is headquartered in Washington, DC, but
carries out many of its functions at its facilities in Cincinnati, Ohio,
and Morgantown, West Virginia. It also works through contracts with
more than 15 Education and Research Centers and over 40 Training
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Project Grantees around the country. These institutions provide
research, education, and training in safety and industrial hygiene on
behalf of NIOSH.

The Occupational Safety and Health Review Commission is an
independent and autonomous quasi-judicial board charged with hear-
ing cases on appeal from OSHA. The president, with the advice and
consent of the Senate, appoints its three members. It meets periodi-
cally to review cases on appeal. Once the commission hears a case, if
either party is dissatisfied, it may appeal through the federal appeals
court system.

Future Trends

The agricultural industry has not fared as well as other industries.
Although agricultural problems are comparable to those in the con-
struction or mining industries, they have not had much attention from
OSHA. Many agricultural operations are small, family-owned busi-
nesses that manage to escape OSHAs attention. If no employees out-
side the family work in the operation, it is automatically exempt.
However, many farmers are unaware of the regulations permitting
reporting of incidents and illnesses, so their operations go largely
unnoticed. As a result of better recordkeeping and farmers who are
becoming more aware of the steps they can take to reduce workplace
incidents, OSHA will undoubtedly play a more important role in the
agricultural industry.

As the workplace continues to become more complex and OSHA
finds that higher numbers of workers are killed or injured in different
ways than in the past, the emphasis may shift. Homicide is a primary
cause of death for younger workers and for females. In recent years
NIOSH has carefully studied homicide in the workplace and has pro-
duced a number of publications responding to the problem. Fast food
merchandisers, taxi and delivery services, and nighttime retailers may
be in line for future inspections as workplace homicide continues to
become more of a concern for OSHA. An issue left largely untouched
by OSHA has been that of highway accidents. Employers continue
to lose more employees due to vehicular incidents than any other
reason.
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Although there has been discussion on changing the way OSHA
enforces compliance through regulations, companies will continue to
be required to comply with applicable standards and codes. Focused
inspections keying in on a few critical areas may be used to trigger
deeper inspections or permit the compliance officer to get in and get
out quickly if no problems are found. Related rates such as those
reported for workers’ compensation may also be used to target high-
hazard companies and industries.

Conclusion

The Occupational Safety and Health Act was the culmination of cen-
turies of governmental response to occupational safety and health
problems. Since 1970, a number of additional regulations designed to
protect workers have been passed, and these will be addressed in other
chapters. As was noted above, incident rates and numbers of fatalities
have dramatically declined since 1970 and this decline appears to be a
result of legislation. It is important to recognize, however, that con-
formance to legislation is not enough to create a safe and healthful
working environment. It merely creates a baseline for companies that
might otherwise have no safety and health program at all. Generally,
compliance requirements have encouraged a safer and healthier work-
place and helped assist otherwise unsafe companies toward preserving
the health and safety of their workers.

Questions

1. Can safety and health be legislated? What are the limitations of
safety legislation? Where would we be without it?

2. How do you think the future of safety legislation would be
affected by another major occupational disaster of the magnitude
of a Monongah mine disaster? Do you think passage of new safety
and health legislation is still of a reactive nature?

3. Although safety and health fines have gone up significantly in
recent years, do you think it matters how high they are when the
likelihood of being inspected is so low? Discuss this with people
in industry and note their opinions.
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Chapter 3

WORKERS’ COMPENSATION AND
RECORDKEEPING

Chapter Objectives

After completing this chapter, you will be able to

« Explain the concept of workers’ compensation

* Describe the evolution of workers’ compensation

¢ Describe the different types of workers’ compensation claims
* Explain the basis for workers’ compensation rates

* Identify the basic recordkeeping requirements

Case Study

Joe Derek often takes work home with him to complete some of
the details that he is unable to finish at the office. Although his
employer has never encouraged him to work at home, he is aware of
the practice and thankful that the work gets done. One evening on the
way home from work, Joe is injured in an automobile accident. His
employer is surprised when Joe files for and is awarded workers’ com-

pensation.

Early Workers’ Compensation Laws

Early efforts to compensate victims of workplace accidents date back
to the Code of Hammurabi. In modern times, efforts have been made
to force employers to pay for injuries suffered by employees on the
job. Modern efforts can be traced to Prussia, where in 1838, legisla-
tion was passed permitting railroad workers to collect damages for

43
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injuries they suffered on the job. In 1884, Otto von Bismarck enacted
the first workers’ compensation law for all German workers. Wiscon-
sin passed the first successful workers’ compensation law in the
United States in 1911.

The workers” compensation laws are designed to compensate vic-
tims of workplace accidents by forcing the employer to pay the work-
ers money for injuries and time lost. Workers’ compensation is
considered “no-fault” insurance. No fault is admitted on the part of
either the employer or the employee when a claim is made. Prior to
passage of these laws, the only recourse a worker had was to sue the
employer under civil law, a form of common law. Common law is a
body of unwritten laws based on judicial decisions of the past, as
opposed to statutory law that is prepared and enacted by legislative
bodies. In early common law suits, employers successfully utilized
the following defenses:

* Assumption of risk. Employees accept risks associated with the job
and by doing so, forfeit any right to collect compensation for
1njuries.

* Contributory negligence. Since the employees contributed to their
own injuries, regardless of how little, they are not permitted to
recover compensation.

* Fellow-servant rule. The employer is not at fault because the acci-
dent was the fault of another employee or other employees.

These three common law defenses were eliminated after workers’
compensation laws were enacted by each state. Employers accepted
this legislation because in order to collect compensation, employees
had to waive their rights to sue. Employees accepted the legislation
because it eliminated the requirement to sue the employer in order
to collect compensation. By 1948, every state had passed workers’
compensation legislation. When those laws were passed they were
referred to as “workmen’s compensation” laws. Today, they are
referred to as “workers’ compensation” laws.

Prior to the passage of the workers’ compensation laws, the full
cost of production was not borne by the employer, but instead was
passed on to the employee. Rather than engineer a solution to a sim-
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ple problem, such as providing a guard on an open sawblade, the
employer permitted the employee to run the risk of being injured. It
was cheaper to replace the employee than guard the machines.

Most states prohibit the suing of businesses complying with the
Act except for deliberate assaults and conditions so flagrantly unsafe
as to make injury virtually certain. This has generally worked as a
win/win situation. In some states, however, employees who have col-
lected workers” compensation benefits have been successtully follow-
ing up with lawsuits against the employer by using loopholes in the
laws. Following a successful suit, the employee simply repays the
workers’ compensation fund for benefits received. This relatively
recent practice is a result of sympathetic juries who often perceive
employers and their insurance companies as bottomless sources of
cash. Lawyers sometimes engage employees on a no-fee basis where
legal expenses are only paid if the suit is successful. This is an attrac-
tive proposition for some employees since there are no upfront
expenses and they may profit substantially if the suit is successful.
This relationship violates the spirit of the workers’ compensation leg-
islation but is a result of one of the inherent flaws in some state regu-
lations.

Modern Workers’ Compensation Laws

When a worker is injured and stands to collect benefits, that worker
must first typically undergo a waiting period, usually lasting from
three to fourteen days. Benefits may or may not be paid retroactively
to the first day of lost work and wages. Once the benefits begin, they
are limited to two-thirds of the worker’s wages or capped at a given
dollar amount per month depending on the state. Benefits extend for
alimited period of time and amount to a maximum amount of money.
Because employees off work for a period of time often suffer a
decrease in their standard of living, litigation may appear to be an
attractive option. If workers were permitted to receive benefits equal
to their wages, however, there would be a strong incentive not to
return to work. Even at two-thirds wages, some employees may
malinger in order to continue to receive benefits without working.
Injuries are categorized in one of the following ways:
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¢ Partial: when the employee can still work but is unable to perform
all duties of the job due to the injury, as is often the case with a
broken finger or a severed toe.

* Total: when the employee is unable to work or perform substantial
duties on the job, as is often the case with a severe back injury or
blindness.

* Temporary: when the employee is expected to fully recover, as is
the case with a broken limb or a sprain.

* Permanent: when the employee will suffer the effects of the injury
for life, as is the case with a severed limb, blindness, or permanent
hearing loss.

Specific cases are categorized as temporary partial, temporary
total, permanent partial, or permanent total. Other categories of ben-
efits include retraining incentive benefits for employees who may have
specific injuries. These benefits are paid for a limited period of time
to aid the injured in pursuing additional education or training. Voca-
tional rehabilitation services may be offered to employees who are
eligible for permanent total disability benefits and actively participate
in a vocational rehabilitation program. Survivors of employees killed
in industrial accidents may be entitled to their benefits as well.

Even businesses with only a few employees are required to carry
workers’ compensation insurance. Some states require companies to
provide benefits even for one part-time employee. A large company
having the appropriate financial resources to cover the anticipated
losses of self-insurance is one of the few exceptions to the require-
ment of purchasing workers’ compensation insurance from an outside
carrier.

Who is covered by workers’ compensation? The following is an
example of the coverage that exists in one state:

* Every person, including a minor, whether lawfully or unlawfully
employed, in the service of an employer

* Every executive officer of a corporation

* Every person in the service of the state, county, or city
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* Every person who is a member of a volunteer ambulance service,
fire department, or police department

 Every person who is a regularly enrolled volunteer member or
trainee of the civil defense corps

* Every person who is an active member of the National Guard

* Every person performing service in the course of the trade, busi-
ness, profession, or occupation of an employer at the time of injury

* Every person regularly selling or distributing newspapers on the
street or to customers at their homes or places of business

» Owner(s) of a business, whether or not employing any other person
to perform a service for hire

Exemptions

The following employees are typically exempt from the coverage of
workers’ compensation:

+ Any person employed as a domestic servant in a private home

* Any person employed for not exceeding 20 consecutive workdays
in or about the private home of the employer

* Any person performing services in return for aid or sustenance
only, received from any religious or charitable organization

 Any person employed in agriculture

« Any person participating as a driver or passenger in a voluntary
vanpool or carpool program while that person is on the way to or
from his place of employment

* Any person who would otherwise be covered but elects not to be
covered

If an employee is injured during a work assignment outside the state
where he is employed, he is still eligible to collect benefits. In some
states, benefits are reduced if the employee is not using the safety
equipment required by the employer at the time of the injury.
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Premium Calculation

Rates employers pay were historically based on the annual payroll in
a given Standard Industrial Classification (SIC) code. SIC codes are
the classifications used by the federal government for businesses.
Companies are categorized by major industry in divisions, such as
Agriculture, Forestry, and Fishing; Mining; Construction; Manufac-
turing; or Transportation. Within those divisions are major groups. In
Division D (Manufacturing), for example, there is Major Group 25,
“Furniture and Fixtures”; Industry number 2511, “Wood Household
Furniture, Except Upholstered”; Industry number 2512, “Wood
Household Furniture, Upholstered”; and so forth. States still use a
similar method of categorizing employers. Workers’ compensation
premiums, or the amounts paid for the insurance, are expressed in
dollars per $100 of payroll for companies in a given four-digit cate-
gory or classification. Industries or companies in classifications that
are considered to be higher risk because of higher numbers of injuries
or deaths pay more than those in lower classifications or categories.
The rates are published in a manual and are calculated as follows:

Payroll
100 X Rate (based on the SIC code)

Manual Premium =

Experience Modification

In addition to the classification rate, companies are assigned an
experience modification factor or mod based upon the claims activity
of their specific business. It begins at one and then changes either
upward or downward as the claims activity of the business changes.
It is possible for the experience modification to change yearly, but it
typically takes into account the past three years. The standard pre-
mium incorporates the mod and is calculated as follows:

Standard Premium = Manual Premium X Experience Modification Factor

Retrospective Rating

If the mod rate is significantly higher than the manual rating, a
company may request the premium be paid on a retrospective rating
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basis. Companies with strongly improving safety and health pro-
grams sometimes request this rating. The insurer will charge its actual
costs for claims plus an appropriate amount for overhead.

Self-Insured

Employers may be self-insured if they are able to furnish to the work-
ers’ compensation board satisfactory proof of their fiscal ability to
directly pay the compensation and if they deposit an acceptable secur-
ity, indemnity, or bond (Champa, 1982). Self-insurance is no insur-
ance. Companies simply pay the claims themselves.

Regardless of the program employers use to cover their workers’
compensation insurance, they ultimately pay the cost for that insur-
ance in addition to overhead. Workers’ compensation is a cost of
doing business that can be lowered through the administration of
effective safety and health programs.

Recordkeeping

Case Study

Jamie Smith is discouraged by the recordkeeping requirements of
the company. She keeps forms for OSHA and an additional form
for workers’ compensation requirements. When a compliance officer
arrives for a routine inspection, she is surprised to learn that she does
not have to keep all the forms. She is also surprised to learn a form
must be posted during the months of February through April. She
has not posted the form in the past, but now assumes she should after
the comment made by the compliance officer. The biggest surprise
arrives three months later when the company receives a citation
because the appropriate company official did not sign the form.

Background

Before the Occupational Safety and Health Act of 1970, there was
no centralized and systematic method for monitoring occupational
safety and health problems. Statistics on job injuries and illnesses were
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collected by some states and by some private organizations. National
figures were based on less-than-reliable projections. With the passage
of OSHA came the first basis for consistent nationwide procedures,
a vital requirement for gauging problems and solving them.

Accurate injury and illness records are essential in providing
information for the safety and health program. Injury and illness
recording is a requirement under law (29 CFR 1904). The informa-
tion maintained on forms OSHA 300, 300a, and 301 can be used to
the advantage of the safety professional to:

* Reveal which operations are most hazardous
* Determine weaknesses in the safety and health program

* Judge the effectiveness of the program by comparing it with past
records or records of other similar plans

* Aid in accident analysis and investigation

* Identify the causes of occupational diseases by relating them to par-
ticular exposures, or processes, or both

* Satisfy legal and insurance requirements

Accurate records can be used to analyze illnesses and injuries so prob-
lem areas can be identified and corrected (NIOSH, 1979, p. 20).

Who Must Keep Records

Employers with 11 or more employees are subject to OSHA
recordkeeping requirements as stated by 29 CFR 1904. They must
maintain a record of occupational injuries and illnesses as they occur.
Employers with ten or fewer employees are exempt from keeping
such records unless selected by the Bureau of Labor Statistics (BLS)
to participate in the Annual Survey of Occupational Injuries and Ill-
nesses. Certain low-hazard industries are also exempt. They are, how-
ever, subject to the rest of the OSHA regulations applicable to their
industry and jobs, and must post the OSHA poster. The purpose of
keeping records is to permit the BLS survey material to be compiled,
to help define high-hazard industries, and to inform employees of the
status of their employer’s record (www.OSHA.gov).
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Forms
OSHA 300, 300A, and 301 Forms

Employers are required by the rule to keep injury and illness
records on three forms (see figures 3-1, 3-2, and 3-3):

1. the OSHA 300 Log of Work-Related Injuries and Illnesses

2. the annual OSHA 300A Summary of Work-Related Injuries and
Illnesses

3. the OSHA 301 Injury and Illness Incident Report.

Employers are required to keep separate 300 Logs for each estab-
lishment expected to be in operation for one year or longer. They
must use these or equivalent forms for recordable injuries and ill-
nesses.

Employers are permitted to use an insurance form or any form
that keeps equivalent information instead of the OSHA 301 Incident
Report. If their insurance form does not have all the information
found on OSHA 301, they may add it as needed.

Recordable Occupational Injuries and llinesses

The employer must enter each recordable injury or illness on the
OSHA 300 Log and 301 Incident Report within seven (7) calendar
days of receiving information that a recordable injury or illness has
occurred.

For recordkeeping purposes, an injury or illness is an abnormal
condition or disorder. Injuries include cases such as, but not limited
to, a cut, fracture, sprain, or amputation. Illnesses include both acute
and chronic illnesses, such as, but not limited to, a skin disease, respi-
ratory disorder, or poisoning. Injuries and illnesses are recordable
only if they are new, work-related cases that meet one or more of the
Part 1904 recording criteria. The distinction between injury and ill-
ness is no longer a factor for determining which cases are recordable.

Any work-related injuries and illnesses that result in one or more
of the following must be recorded:

* Death

* Days away from work
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* Restricted work

¢ Transfer to another job

* Medical treatment beyond first aid
* Loss of consciousness

* Diagnosis of a significant injury or illness

First Aid Cases

If a case is only considered to be first aid, it does not have to
be recorded. For recordkeeping purposes “‘first aid” means only the
following treatments (any treatment not included in this list is not

considered first aid for recordkeeping purposes):

* Using a nonprescription medication at nonprescription strength
 Administering tetanus immunizations
¢ Cleaning, flushing, or soaking wounds on the surface of the skin

* Using wound coverings such as bandages, Band-Aids, gauze pads,
etc., or using butterfly bandages or Steri-Strips

* Using hot or cold therapy

* Using any nonrigid means of support, such as elastic bandages,
wraps, nonrigid back belts, etc.

 Using temporary immobilization devices while transporting an
accident victim

* Drilling of a fingernail or toenail to relieve pressure, or draining
fluid from a blister

* Using eye patches

* Removing foreign bodies from the eye using only irrigation or a
cotton swab

* Removing splinters or foreign material from areas other than the
eye by irrigation, tweezers, cotton swabs, or other simple means

* Using finger guards
* Using massages

* Drinking fluids for relief of heat stress.
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For recordkeeping purposes medical treatment does 7ot include visits
to a physician or other licensed health care professional solely for
observation or counseling; diagnostic procedures such as X rays and
blood tests, including the administration of prescription medications
used solely for diagnostic purposes (e.g., eyedrops to dilate pupils);
or any treatment contained on the list of first aid treatments.
(www.OSHA.gov)

Fatalities

If an on-the-job accident occurs, resulting in the death of an
employee or the hospitalization of three or more employees, all
employers are required to report the accident in detail to the nearest
OSHA office within eight hours (29 CFR 1904.8). The employer
must file a report by telephone or in person to the OSHA area office
or state plan office. A motor vehicle accident occurring on a public
highway, not in a construction zone, does not need to be reported.

Privacy Concern Cases

The rule requires the employer to protect the privacy of the
injured or ill employee. The employer must not enter an employee’s
name on the OSHA 300 Log when recording a privacy concern case.
The employer must keep a separate, confidential list of the case num-
bers and employee names, and provide it to the government on
request. If the work-related injury or illness involves an intimate body
part or the reproductive system,; resulted from a sexual assault; results
in mental illness; leads to HIV infection, hepatitis, or tuberculosis;
results from needlestick and sharps injuries contaminated with
another person’s blood or other potentially infectious material; or
other illnesses, not injuries, if the employee independently and volun-
tarily requests that his or her name not be entered on the OSHA 300
Log, it is considered a privacy concern case.

Posting Annual Summary Requirements

After the end of the year, employers must review the log to verify
its accuracy, summarize the 300 Log information on the 300A sum-
mary form, and certify the summary. A company executive must sign
the certification. The information must then be posted from February
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1 to April 30. The employer must keep the records for five years fol-
lowing the calendar year covered. If the business is sold, records must
be transferred to the new owner.

An other-than-serious citation will normally be issued if an
employer fails to post the OSHA 300A Summary by February or
fails to certify the Summary or keep it posted for three months (until
May). The unadjusted penalty for this violation is $1,000. A citation
won’t be issued if the Summary would have reflected no injuries or
illnesses anyway.

A copy of the OSHA forms can be obtained from the U.S.
Department of Labor or the state department of labor—OSH Divi-
sion. They are also available online at www.osha.gov.

In summary, OSHA places special importance on posting and
recordkeeping. The compliance officer will inspect records the
employer is required to keep, and ensure that a copy of OSHA No.
300A is or has been posted and that the OSHA workplace poster is
prominently displayed.

Conclusion

Employers need to be careful in the application of laws in particular
states. Although the types of awards vary, employers are subject to
workers’ compensation liability any time an employee is injured in
the course of work. This could occur in a number of ways. In the case
of an employee taking work home from the office, that employee is
subjecting the employer to a possible claim while en route, as well as
while working at home. Employees required to travel in the course of
their jobs may also be covered by workers” compensation even during
their off-hours.

Managers should make every effort to ensure the safety of their
employees at all times. When things go wrong, they must be prepared
to track injuries and illnesses. These records must be kept in a timely
manner and include all required information.

Questions

1. What is the value of records to the employer and to OSHA?
Recordkeeping requirements by OSHA are heavily emphasized.
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Prior to walking around in an inspection, the compliance officer
will first look at records.

2. Is workers’ compensation beneficial to the employer? Although it
costs the employer money, why is it desirable from the employer’s
perspective?

3. How do complete company records provide protection to the
employer? If the law didn’t require them, should the employer still
keep detailed occupational safety and health records?
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Chapter 4

SAFETY-RELATED BUSINESS LAWS

Chapter Objectives

After completing this chapter, you will be able to

* Understand the important legal terminology related to civil law
* Identify the different types of torts

* Understand product liability and associated risks

 Understand product safety and the Product Safety Act

* Identify the types of warranties

° Understand contracts

Case Study

Larry Wilson’s son was badly burned in a motorcycle accident.
Larry decided to sue the manufacturer to see if he could be compen-
sated for uninsured medical bills, pain and suffering on his son’s behalf,
and future expected care costs. The company settled out of court for
$750,000 before the case ever went to trial. In a criminal case, where an
individual violates a law, a party is presumed innocent until proven
guilty. In a product liability case, like this one, a party wins or loses
based on the preponderance of evidence. Guilt is not necessarily
involved. The party with the most convincing argument wins. It is not
unusual for a case of this nature to be settled before trial if parties are
willing and can reach an agreement on terms. Additional legal expenses
can then be saved. However, each is gambling that the company or
individual will be financially better off with a settlement. Incidentally,
this case was to be tried before a jury, as many such cases are.

The really interesting and ironic parts of this case were the circum-
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stances surrounding the accident. Wilson had purchased the motorcycle
from a neighbor for $15 earlier that day. He wheeled the motorcycle
over to his house, pushed it into the basement, and closed the door.
The next time he thought about the motorcycle was when he heard
shouts coming from the basement, where he found his son lying on
the floor, engulfed in flames.

A subsequent investigation by the defendant’s attorneys found the
motorcycle gas tank had no cap when Wilson bought it; yet he stored
it next to the water heater. He took no steps to warn his son, nor did
he give the boy permission to play with the motorcycle. When his son
tried to kick start the motorcycle, he dropped it. Defense attorneys
speculated that gas spilled and was ignited by the nearby water heater.
The boy was pinned by the weight of the cycle and suffered burns as a
result. Additionally, no doors had been opened to permit the exhaust
from the motorcycle to leave the house had it, in fact, started.

Many involved in the case, including the motorcycle manufactur-
er’s legal counsel, believed that the manufacturer had no liability.
Should anyone have been sued, it should have been the neighbor who
sold the motorcycle without a gas cap. Before the case reached trial,
however, the manufacturer decided to settle. The company managers
and defense attorneys believed that once the case went to trial, a jury
might award a large cash settlement to the Wilson family. Even though
preponderance of evidence may not have favored the Wilsons, juries
are often sympathetic to the plights of injured people regardless of
fault. They may perceive that manufacturers have unlimited funds and
the injured people who are suing have few financial resources. There-
fore, the manufacturer settled the case before it went to trial.

Important Terminology

Criminal law is addressed in the courts through prosecution, and the
penalty suffered is either a fine or imprisonment. Civil law is
addressed in the courts through litigation, and penalties include mon-
etary damages. For example, John Smith is driving the company
truck. When he hits the brakes, they fail to operate properly and the
truck runs off the road and into a ravine. As a result of the accident,
John suffers severe back pain and is unable to work for several
months. John perceives the benefits he receives are insufficient to
compensate him for the inconvenience, pain, and suffering he has
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undergone. Under civil law, John contacts a local attorney, and after
discussing the accident with her, decides to sue. John is seeking recov-
ery beyond the workers’ compensation benefits.

After meeting with his counsel, John sues his employer, as owner
of the truck; the dealership where the truck was last serviced; the
manufacturer of the truck; and the owner of the land where the truck
went off the road. John is the plaintiff and each of the parties being
sued is a defendant. His lawyer has advised John to follow the deep
pockets theory and to sue everyone who might have money in the
case. As in the Wilsons’ case, John will only go after individuals who
are most likely to have the money to pay. After depositions are given
by each of the parties in the suit, the landowner is removed from the
list because John’s legal counsel does not believe this party shared
fault. Aside from the small piece of property, the landowner has few
assets and the defense counsel believes it is in the plaintiff’s best inter-
est to excuse him from the suit. The policy of some companies is to
never settle out of court if they do not absolutely believe they are at
fault. Their perception is that settlements encourage additional law-
suits. Other companies settle when possible to avoid the legal
expenses associated with a long court case, as well as the adverse pub-
licity often accompanying a trial.

Lawsuits, like the ones mentioned above, are typically initiated
following a tort. A tort is an act, or absence of an act, that causes a
person to be injured, a reputation to be marred, or property to be
damaged. A lawsuit differs from a criminal case in that the purpose
of a lawsuit is to obtain compensation for damage suffered. A crimi-
nal case seeks to punish the wrongdoer without compensation. A tort
may give rise to a criminal action or a lawsuit.

Today, any accident resulting in death, injury, or property dam-
age can bring about a lawsuit, criminal prosecution, or both. Anyone
can sue another party anytime for practically any reason. Lawsuits
range from the justified to the ridiculous. Most are a result of some-
one who perceives he has been wronged and seeks compensation.

From a safety perspective, one of the major concerns is liability.
Liability is either voluntarily assumed, as by contract, or imposed, as
is the case following a lawsuit. Liability resulting from torts is of the
latter type. It is important to understand tort law because managers
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can sometimes unwittingly find themselves on the losing end of a law-
suit. Activities that can act as catalysts for lawsuits and that are diffi-
cult, if not impossible, to defend include the following:

* Intentional torts occur when the defendants intended for their
actions to cause the consequences of their act; they are knowingly
committed. Examples of intentional torts are assault, battery, false
imprisonment, and defamation. They are defined below.

—Assault occurs when words or actions cause another person to
fear personal harm or offensive contact. If one employee threat-
ens to hit another employee with a shovel, the first employee may
be guilty of assault. If a person is made to feel apprehensive or
afraid that he will be hurt or offensively contacted, then the other
party may be guilty of assault. A key element of apprehension is
the knowledge that the assault occurred. If a worker shakes his
fist at another worker or threatens another worker in such a way
that the other worker is unaware of the motions, then no assault
has occurred.

—Battery is harmful or offensive bodily contact. If an employee
hits another employee or even grabs the other employee by the
shirt collar, the offending employee may be guilty of battery. The
act may have caused little or no injury, but if it offends a reason-
able person, then it may be considered battery.

—False imprisonment occurs when a person is restrained within a
fixed area against their will. If, however, the restrained individual
has a means of exit available, then no false imprisonment has
occurred. For example, merchants who restrain suspected shop-
lifters might be sued for false imprisonment. If, however, the mer-
chant merely stands between the shoplifter and the door to
discuss the issue, and the shoplifter has another means of exit, no
imprisonment has occurred.

—Defamation is the act of injuring another individual’s reputation
by disgracing or diminishing that person in the eyes of others.
Defamation can occur through libel when the communication is
written or broadcast through media such as radio or television. It
can also occur through slander where the communication is spo-
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ken. Defamation is grounds for a lawsuit. The best defense
against a defamation suit is the truth, but employees should be
warned about the consequences of defamation lawsuits. A nega-
tive reference letter or an adverse report about someone given by
telephone may trigger a defamation suit.

All of the above are examples of intentional torts. In order to
successfully sue someone for an intentional tort, the plaintff has to
present a preponderance of evidence as opposed to proving the defen-
dant guilty, as a prosecutor tries to do in a criminal case. In an inten-
tional tort lawsuit, the verdict is awarded to the individual who
presents enough evidence to convince the judge or jury he should
receive the verdict in his favor.

Individuals need to also be aware of unintentional torts when par-
ties are sued due to their unintentional actions. Typically, the parties
being sued are negligent. Negligence involves creating an unreason-
able risk of harm, as opposed to intentional torts that deal with con-
duct likely to cause harm. The failure to exercise reasonable care
under these circumstances can lead to a negligence suit.

“Reasonable care” is a relative term dependent on the circum-
stances and the party involved. The legal standard for reasonable care
is the reasonable person who always acts prudently under the circum-
stances and is never careless or negligent. If the party happens to be a
professional, the standard is raised. For example, a person who is
qualified to work in a profession or trade requiring special skills is
expected to act in a manner consistent with that of a prudent and
careful surgeon, carpenter, accountant, or safety professional. The
skill level and expectations are higher for a professional than they are
for the nonprofessional in a given area.

If standards of performance exist, the professional should be
aware of those standards and make every effort to comply with them.
For example, accountants have certain standards that are maintained
and published by the Financial Accounting Standards Board. Safety
professionals have standards published by the Board of Certified
Safety Professionals. When accountants, safety practitioners, or other
professionals remain ignorant of the standards of their trades or
choose to ignore those standards, they are increasing their risk of
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being sued and of being unsuccessful in the defense of a suit. Profes-
sionals are held to a higher standard of performance by the courts.

Even though a plaintiff can successfully present a case for negli-
gence and a preponderance of evidence, the defendant may not receive
a favorable award because of a successful defense. Successful defenses
that have prevented awards include contributory negligence, compar-
ative negligence, and assumption of risk.

Contributory negligence occurs when the plaintiff helped cause
or actually contributed to the loss. If an employee mops the floor in
an area where pedestrians have the option to go around but choose
not to, and a person slips, falls, and is injured on the wet floor, the
person who fell contributed to the accident through negligence and
may be denied an award.

In some states, the defendant and the plaintiff may simply share
the above award. In a comparative negligence award the amount is
apportioned based on the percentage of fault. Therefore, in a compar-
ative negligence defense, if the defendant is found to be 40 percent at
fault and the plaintiff 60 percent at fault, and the award is for
$100,000, the actual cash paid by the defendant is $60,000. If the
plaintiff’s share of fault is found to be greater than 50 percent, then
the plaintiff can receive no award.

Assumption of risk occurs when the injured party knowingly
accepts the risk involved in the action that leads to injury(s). For
example, a delivery person chooses to deliver a package by walking
up ice-covered steps, falls and is injured, and takes legal action against
the owner of the steps. The defendant’s argument could be that the
delivery person could see the steps were icy, yet chose to deliver the
package, and therefore assumed the risk of falling.

Role of the Safety Professional

The safety professional should be aware of the various pitfalls open to
management and other employees relative to rules of doing business.
Employees unaware of the consequences of their actions may engage
in activities detrimental to the well-being of the organization. In a
lawsuit, even in situations where no dollar amount is awarded to a
plaintiff, the company may have to expend large amounts of money
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in defending itself against lawsuits. The safety professional should
look for exposures to litigation due to torts and help the company
avoid those exposures through advice to and education of managers
and other employees.

Product Liability

Within the last few decades, litigation costs surrounding product
safety have evolved, with some lawsuits reaching the million- or bil-
lion-dollar award level in damages. According to Seiden, products
should “prevent and/or mitigate personal injury and illness under
reasonably foreseeable conditions of service, including reasonably
foreseeable use and misuse” (1984, p. 15). Much of the litigation
evolved from the consumer movement of the late 1960s and early
1970s. One result of this movement was the passage of the Product
Safety Act.

Product Safety Act

The Product Safety Act was officially enacted on October 27,
1972, with four main purposes:

* To protect the public against unreasonable risks of injury associated
with consumer products

* To assist consumers in evaluating the comparative safety of con-
sumer products

* To develop uniform safety standards for consumer products and to
minimize conflicting state and local regulations

* To promote research and investigation into the causes and preven-
tion of product-related deaths, illnesses, and injuries (Bureau Of
National Affairs [BNA], 1973, app. 3)

This Act is administered by the Consumer Product Safety Commis-
sion, which promulgates consumer product safety standards. These
standards are “reasonably necessary to prevent or reduce an unrea-
sonable risk of injury associated with such product” (BNA, 1973,
app. 7). The text of the Product Safety Act states two categories of
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requirements for product safety: As to performance, composition,
contents, design, construction, finish, or packaging of a consumer
product,

¢ That a consumer product be marked with or accompanied by clear
and adequate warnings and instructions,

* Or requirements respecting the form of warnings and instructions
(Colangelo and Thornton, 1981, p. 1).

Companies manufacturing products and not considering the
above requirements place themselves at increased risk for product lia-
bility. Product liability ““describes an action, such as a lawsuit, in
which an injured party (the plaintiff) seeks to recover damages for
personal injury or loss of property from a seller or manufacturer (the
defendant) when it is alleged that the injuries or economic loss
resulted from a defective product” (Colangelo and Thornton, 1981).
Manufacturers, in turn, can effectively minimize product liability by
developing products with safeguards against predictable types of
defects, deficiencies, abuse, or misuse. However, there are many
unforeseeable factors that can hamper achievement of this goal. For
example, injuries to consumers using (or misusing) products can facil-
itate product liability litigation, thus increasing the manufacturer’s
responsibility for producing a safe product and the cost of that prod-
uct to consumers.

Theories of Product Liability

There are four important theories that form the basis of product
liability and provide a fundamental understanding of product liabil-
ity litigation:

1. Strict liability is the concept that a manufacturer of a product is
liable for injuries received due to product defects, without the
necessity for a plaintiff to show negligence or fault (Hammer,
1972). In some instances, a party may be liable for damages caused
even though there was no negligence or intentional tort. Some
activities, even though they are desirable and often necessary, are
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so inherently dangerous they are a risk to others regardless of how
carefully they are conducted. In such cases, the purveyor of the
activity is held to the concept of strict liability or liability without
fault. An example of strict liability is when a company stores
explosives or even flammable liquids in large quantities, or emits
noxious fumes. Once it is determined damages are linked to the
activity, the manufacturer will generally be held liable regardless
of the circumstances.

2. Negligence is the failure of the manufacturer to exercise reasonable
care. In addition, it also includes the responsibility to carry out a
legal duty so injury or property damage does not occur to another
(Hammer, 1972).

3. Breach of express warranty occurs when the product does not
meet the claims made by the manufacturer and, as a result, damage
or injury occurs to another (Colangelo and Thornton, 1981).
When a company gives a statement of performance concerning a
product, this statement becomes part of the product. If the product
fails to live up to the standards outlined by this statement, then
the product breaches the express warranty. This warranty may be
written, oral, or simply in the form of a demonstration. The
assumption made by the buyer, and justifiably so, is that the prod-
uct purchased will perform as well as was shown in the demonstra-
tion.

4. Breach of implied warranty occurs when a product fails to fulfill
the purpose for which it was intended. An implied warranty is a
warranty implied by the law rather than specifically made by the
seller. The basis for this rests primarily on definitions found in the
Uniform Commercial Code. In essence, the seller may be held lia-
ble if the seller makes an improper recommendation regarding use
of the product (Colangelo and Thornton, 1981). Even though no
particular warranties are expressed, products are purchased for a
particular purpose. When a product fails to fulfill that purpose, it
is in violation of the implied warranty. If, for example, a consumer
buys a balloon and the balloon will not hold air, it is in violation
of the implied warranty. The assumption made by the purchaser is

that all balloons hold air.
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Manufacturers or sellers are not liable for all injuries that may result
from a product. This would be the concept of absolute liability. How-
ever, these four basic theories clearly establish the product responsi-
bilities of the manufacturer or seller in most states (Brauer, 1990).

Liabilities extend to the final user of the product, regardless of
how many times it changes hands. The liability extends to wholesal-
ers, retailers, and to the final user and is known as vertical privity.
Vertical privity refers to parties up and down the distribution chain.
Horizontal privity refers to users on a given level of the chain. Injured
bystanders are protected under the concept of horizontal privity.

Lawsuits

In a product liability lawsuit, the plaintiff must present certain
evidence to support the claim. With the exception of express warranty
cases, the plaintiff must prove (Brauer, 1990):

¢ The product was defective
» The defect existed at the time it left the defendant’s hands

* The defect caused the injury or harm and was proximate to the
injury

In reference to the four theories of product liability, each has its own
requirements for evidence presentation (Brauer, 1990):

* Strict Liability. No other evidence is required to establish a case

* Negligence. The plaintiff must show the defendant was negligent in
some duty toward the plaintiff

* Express Warranty and Implied Warranty. The plaintiff must show a
product failed to meet the implied or express warranty or misrepre-
sented claims for the product.

The manufacturers or sellers, on the other hand, have a number of
defenses at their disposal for the four theories (Brauer, 1990). They
may try to show that although the product is dangerous, the danger
itself is not a defect. According to Brauer, the defendant could try to
show the plaintiff “altered the product or unreasonably misused it,
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or the product itself did not cause the injury.” The defendant might
also claim that “the product met the accepted standards of the gov-
ernment, industry, or self-imposed standards related to the product,
to the claimed defects, and to the use of the product.”

There are risks manufacturers or sellers face when they put a
product on the market. There are, hbowever, a number of ways liabil-
ity can be minimized:

¢ Defend the manufacturer in design, manufacturing, packaging, and
the marketplace

* Assemble a team for product design review to thoroughly analyze
the product for hazards and acceptable controls (Brauer, 1990)

» Remove unreasonable dangers from products and environments;
prevent defects from reaching the marketplace; account for the use
and misuse of the product; and consider hazards, potential injury,
compliance with standards, and claims for products

* Ensure warnings identify remaining hazards and provide instruc-
tions necessary for user protection

At every step in the product’s life cycle, beginning with product con-
ception, the safety professional should have input. (See chapter 9 for
additional information.) Safety should not be an afterthought in the
design and manufacture of products if liability is to be minimized.
Safety must be built into each and every product leaving the facility.

Contracts

A contract is a legally enforceable promise. It may be expressed,
implied-in-fact, or quasi-contractual. Contracts can be made in a
number of ways. Express contracts are made when a person engages
in an oral or written commitment to another to enter into a binding
relationship. Implied-in-fact contracts occur when parties indicate
through their actions, rather than words, that they intend to agree.
Quasi contracts occur when one party would be enriched unjustly if
permitted to enjoy something received from another party. Usually
Party A provides work or services to Party B even though an actual
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contract did not exist. Party B may have to make reasonable restitu-
tion to Party A for the services performed.

In order for a contract to be valid, four conditions must be pres-
ent. First, there must be an agreement; this requires an offer. An offer
states, in reasonably certain terms, what is promised and what each
party will do. The courts consider the intention of the offering party.
For example, if the person is joking, asking for details, or simply
negotiating, an offer may not take place. On the other hand, a pro-
posal may be an offer even though all of the terms have not been
specified.

Once an offer has been extended, acceptance may be made by the
other party, or the other party may make a counteroffer. In any case,
in order for the contract to come into existence, there must be an
agreement to the terms of the offer and then acceptance. If the offer
specifies it must be accepted in a particular way in terms of time or
means, unless the terms are adhered to, there is no contract.

Typically, there is no enforcement of the contract unless there is
consideration. Consideration is exchanged in terms of goods, ser-
vices, or restraint from doing something. Both parties must be
obliged to provide something, but the value provided by each party
does not have to be equal. Sometimes a promise is exchanged for a
small sum, but if fraud or improper conduct is evidenced, the contract
is unenforceable.

All parties to the contract must have the legal capacity to enter
into the contract. They must be of legal age, sober, and of sound
mind. If, for example, a party enters into a contract with a minor (one
who is typically under the age of 18), the contract may be void. There
are exceptions to the above conditions, but these are generally upheld.
If the contract has an illegal intent or calls for some action that vio-
lates public policy, then it is typically void.

Enforcement of contracts occurs under civil law. When one party
fails to live up to his or her part of the contract, the other party may
attempt to enforce the terms of the contract by bringing a lawsuit.
The courts may require an award of money or may force a party in
the contract to perform the promise specified. This remedy, known
as specific performance, may be necessary when a monetary remedy
would be insufficient to compensate for the unique requirements of
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the contract. For instance, if a specific piece of real estate or a rare
object of art is involved, the court may require that particular prop-
erty to be delivered.

Certain points of law are sometimes pitfalls. For example, insur-
ance contracts and some leases are considered contracts of adbesion.
These documents are often offered to the purchaser or lessee. Because
greater power rests with the author of the document, ambiguities and
language subject to interpretation will typically be construed against
the writer. In such cases, the contract writer is considered to be the
expert, so interpretations will tend to favor the weaker party, such as
the insured or the lessee.

Exculpatory or hold harmless clauses are sometimes written to
limit or eliminate liability in certain contracts. For example, when a
company hires a contractor to perform work in its business, the con-
tractor may require the company to first sign an exculpatory agree-
ment stating the contractor will not be responsible for any damages
the contractor causes. Clauses in contracts similar to this do not pro-
vide much protection for contractors or others whose intentional acts
or negligence causes injury or damage. Companies still use them,
hoping to deter another party from actually suing.

Safety professionals should be aware of the parol evidence rule,
which states that the written contract supersedes any oral promises.
When the written terms are agreed upon, they will govern the con-
tract. For example, a salesperson’s promises, if not included in the
contract, will usually not be enforced. It is, therefore, worthwhile to
review all written contracts based on a sales pitch. Insurance con-
tracts, leases, and service or maintenance contracts are typical of the
types of documents that might differ from the buyer’s expectations.

Insurance

Companies can build safety into a product every step of the way.
No unusual warranties may be given, and the salespeople may do an
excellent and thorough job of explaining the product features. Buyers
can even sign an exculpatory clause. However, even with the best
products and the best of intentions, companies will still be sued.
Sometimes, the only thing that stands between them and potential
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bankruptcy is insurance. Insurance companies not only pay up to
specified amounts when lawsuits are lost, but also provide defense
attorneys for the defendant. It is sometimes less expensive to defend
against a lawsuit than to simply pay up. Insurance is often the best
protection against spurious lawsuits.

Conclusion

Safety practitioners need to be aware of the basic legal environment
surrounding the workplace. Although they often depend on legal
counsel for specific advice, an awareness of the laws likely to affect
the profits of the company is critical. Knowledge of potential pitfalls
and methods to avoid those traps can only help to increase company
profitability.

The concepts discussed in this chapter are complex and hold
many exceptions and potential problems for manufacturers and con-
sumers. Complete details are beyond the scope of this text. Addi-
tional research or legal consultation is recommended for answers to
specific problems or questions.

Questions

1. Is the job of the safety manager one that requires concern for con-
tracts, liability, and insurance, or should the safety practitioner
simply be concerned with “safety?”

2. Do you think that there should be a cap on the amounts of jury
awards that may be given beyond actual losses? Why or why not?
Who pays for these awards?

3. How does a concern for torts become a part of the safety prac-
titioner’s concerns? Are you aware of situations where an
employee or an agent of a company has committed a tort against
another and the company was held financially responsible? Who
pays in this case?

4. Do you ever use exculpatory or hold harmless clauses in your
work? Are you ever asked to sign them when you rent, purchase,
or use property? What are the circumstances when you are likely
to see them?
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Chapter 5

ACCIDENT CAUSATION AND
INVESTIGATION: THEORY AND
APPLICATION

Chapter Objectives

After completing this chapter, you will be able to

* Explain the benefits of understanding accident causation theory

¢ Define the terminology associated with accident causation theory
* Identify the activities involved in risk assessment

» Compare and contrast the various accident causation theories

* Explain the purpose of accident investigation

* List the activities involved in accident investigation

Introduction

Safety and health professionals are responsible for aiding manage-
ment in anticipating, identifying, evaluating, and controlling hazards
in the workplace. Responsibilities include advising the management
team of the risks the facility faces. The professional then calls upon
management to eliminate the hazards associated with those risks
before losses occur. Knowledge of accident causation theories permits
the professional to more thoroughly recognize and communicate
information regarding organizational safety problems.

Employees with little safety and health experience might walk
near a punch press leaking lubricating oil on a shop floor and recog-
nize a slipping hazard. For the more experienced professional several
questions are raised:
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What is the lubricant?
e Is it a fire hazard?
 Is it a health hazard?

* How do the operators clean the spillage?

* Is the solvent used for cleanup a health hazard?

¢ Are hazard communication programs, training, and personal pro-
tective equipment required to use these products?

 Should less hazardous lubricants and solvents be considered as sub-
stitutes? Is the punch press guarded?

* Are there repetitive motion or other ergonomic hazards associated
with the operation of the press?

It is possible to greatly expand the list of questions one might
ask, given the few signals provided in this simple scenario. The more
information and experience available, the more safety and health haz-
ards are likely to be anticipated and recognized.

There are many theories associated with the causes of accidents,
ranging from simple to complex. Some focus on employees and how
their action or lack thereof contributes to accidents. Others focus on
management and its responsibilities for preventing conditions leading
to accidents. Theories are not facts; they are tools predicting relation-
ships that may exist in the future.

Accidents are not events happening by chance; they have specific
causes. Nor are they random events; they are usually predictable and
preventable. By applying one or more theories, the professional is
more likely to predict accidents and initiate activities preventing their
occurrence or recurrence. Accidents represent failures in the system
or management problems in the organization. Management controls
all the variables surrounding accidents. It creates the work environ-
ment. It advertises for, hires, places, trains, and supervises workers.
Management can reward for work it wants done and punish when
procedures are violated. If the worker makes a fatal error, both
OSHA and the courts will likely hold management responsible. Pub-
lic opinion rarely favors management in accident situations.
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In an accident investigation, management may blame the worker.
This is referred to as the pilot error syndrome; in other words, the
pilot is blamed because he is dead, injured, or considered a weak
scapegoat and cannot defend himself. It is important to emphasize the
safety professional is looking not for a place to assign blame, but for
errors in the system. These errors can then be addressed so problems
and accidents will be prevented in the future. Anytime the profes-
sional fails to find the error in the system, causing or permitting the
incident to occur, the investigation stops short. Once the worker or
pilot is blamed, management and the management system are off the
hook; therefore, there is no reason to continue to search for why the
accident occurred.

Anytime the accident investigator seeks to place blame, employ-
ees run for cover. Stories will be concocted and the truth may not be
found. A safety professional in a major company was investigating
a helicopter accident following a crash involving a pilot and a few
employees on a surveillance mission of the plant property. Although
no one was injured, the copter was a total loss and the investigation
yielded no causes to be addressed. All aboard agreed the crash was
due to wind shear. Some months later, the investigator found himself
with one of those onboard and questioned him further regarding the
incident with a promise of no reprisals. After encouragement, the
employee revealed that during the flight, the pilot yelled, “Watch
this!” He proceeded to chase a deer through the woods with the cop-
ter. With his attention focused on the animal he failed to notice the
clearing where he was flying become narrower; nor did he see the
rotor clip some trees until it was too late to avoid damage. Once on
the ground, the pilot coached the other employees to agree on a story
to tell the safety investigator. With this new information the company
established a new policy regarding flying altitudes, and the likelihood
of the problem resurfacing was reduced. The investigator was true to
his word and pursued no disciplinary action. To do so would likely
have slowed the flow of information in future accident investigations.
Even in this case of flagrant employee disregard of safety, manage-
ment accepted responsibility for the problem and initiated appro-
priate action.
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The Concepts of Risk, Incidents, and Accidents

“Accident” refers to a loss-producing, unintended event. “Incident”
is an unintended event possibly not causing a loss. For example, a
truck with a flat tire pulls off the side of the road into tall grass, bor-
dering a hill. The driver does not realize the grass is disguising a slope;
he doesn’t check the ground before driving onto it and the truck rolls
down the hill. If no slope were present—only solid ground next to
the road—the truck would not roll down the hill. In either case, if the
driver never checks the slope, it is simply a matter of chance as to
whether or not a loss occurs. If no loss occurs, it could be described
as an “incident.” Incidents include so-called near misses and other
accident-type events not resulting in loss. If the truck rolls down the
hill, causing injury, death, or property damage, the event is now
described as an “accident.” Whether or not an incident is also an acci-
dent, accumulating data about such events is worthwhile. The
response to either should be the same in terms of active intervention
with engineering or administrative controls, or the establishment of
other controls.

As defined in chapter 1, “risk” describes both the probability and
severity of a loss event. Probability refers to the likelihood of the
occurrence of an event. When used as part of a risk assessment tool in
system safety, probabilities can be categorized as frequent, probable,
occasional, remote, and improbable (Roland and Moriarity, 1990). By
studying safety-related data, it is possible to determine statistical
trends for a variety of factors, such as the types of accidents (e.g., falls
to the same level, being struck by a falling object, or overexertion
injuries) or location where injuries are taking place (e.g., warehouse,
assembly, paint shop). Using the data on the frequency of occurrence
of these events, it is possible to classify injuries, property damage, or
other loss factors in terms of one of the probability categories.

Risk = Probability X Severity

Probability and frequency of loss events are only half of the risk
picture. The severity of the loss event must also be considered.
“Severity” refers to the magnitude of the loss in a given period of
time. When used as part of the risk assessment tool in system safety,
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the severity of a particular condition is classified in one of four cate-
gories:

1. Catastrophic
2. Critical

3. Marginal

4. Negligible

These four categories correspond to death or loss of a system, severe
injury or major damage, minor injury or system damage, and no
injury or system damage respectively (Roland and Moriarity, 1990).
When viewed on a severity continuum, near misses, scratches not
requiring first aid, or brief assembly line stoppage might be consid-
ered negligible reactions to an incident. At the opposite end of the
severity continuum, multiple fatalities or an explosion that destroys
an entire building represent catastrophic loss events.

All companies face risk and the resultant potential losses on a
daily basis. They willingly accept risk—even welcome it—with the
hopes of gaining financial return. All new marketing and business
ventures are examples of businesses taking risks. These are considered
speculative loss exposures because they offer the opportunities for
gain and loss. Exposures offering potential for loss with no opportu-
nity for gain are referred to as pure loss exposures. Examples of pure
loss exposures include those to theft, fire, or accident.

Determining exposures a company faces is a formidable task, but
it must be undertaken. Companies may choose to bring in an outside
consultant or depend on the advice of a representative such as a loss
control expert from their insurance company. This person will review
activities, procedures, and processes to determine where exposures
occur. Once exposures are identified, the company selects the critical
exposures and prioritizes them in order of importance. Even large
corporations have limited resources and must make decisions as to
where to commit their resources. While controlling losses may seem
to the safety manager like the most important way to utilize
resources, the marketing director may feel that a new product intro-
duction should take precedence. The safety function competes with
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every other entity in the enterprise for resources, so it is important
for the safety manager to clearly understand what needs are to be
addressed, why, how much addressing the needs will cost, and the
projected return on investment. The effects of investments in safety
are measured by management against the expected return on invest-
ment as well as the return on investment of other potential ventures.

Establishing priorities allows the safety professional to determine
problems to attack first and where to spend the allocated safety bud-
get. Non—first aid injuries occurring with great frequency may appear,
at first glance, to be events not ranking very high on the safety profes-
sional’s things-to-do list. On the other hand, occasional confined-
space entry fatalities are usually of great concern because employee
deaths often result. Multiplying the probability of loss from a fire or
any event in a given year’s time and the likely amount to be lost from
such a fire or event (severity) gives the safety practitioner a relative
gauge as to where to place resources for controlling losses.

By considering both probability and severity, the risk assessment
provides the safety practitioner with a much sounder perspective for
judging the significance of hazards. Once the risk assessment is per-
formed, it is possible to determine the types of controls that most
effectively eliminate the hazards (see figure 5-1).

Figure 5-1. An illustration of the balance between risks and hazards in the
workplace and controls necessary to minimize their efforts.

Risk
Hazards
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There are a number of control techniques available for treating
loss exposures. These can be broken into two categories: loss control
techniques and financing techniques. Loss control techniques include
the approaches mentioned in chapter 6, “Introduction to Industrial
Hygiene.” A company may choose engineering or administrative
controls or personal protective equipment to deal with losses. Engi-
neering controls include building a ventilation system to reduce
explosive vapor levels, whereas administrative controls might limit
exposures to toxic materials. Issuing personal protective equipment
(PPE) such as respirators is the last line of defense against hazards in
the workplace. Refer to chapter 6 for a detailed examination of these
three types of control methods.

A company might try to avoid the loss altogether. If a company
is in the business of producing football helmets, it may choose not to
market the product due to the potential liability it would face if a
wearer of one of its helmets was injured. Instead, it may choose to
produce novelty lamps that look like football helmets to limit its lia-
bility exposure.

Sometimes a company can reduce exposure by substitution.
Instead of using a strong acid as a solvent to remove excess glue from
a finished product, a company could use citric acid for removing glue
to reduce the likelihood of a worker being injured.

Occasionally, the company may choose to transfer the liability to
another party, rather than run the risk of loss itself. If removing glue
could not be accomplished safely in the plant, the company may
choose to have the product shipped to a contractor who would
remove the glue in the contractor’s plant. If the contractor’s workers
are overcome by vapors from the solvent, then the contractor would
typically hold the liability.

Another form of risk transfer is insurance. Insurance is designed
to permit the company to shift the financial consequences of the risk
to an insurance company. By paying the insurance company’s premi-
ums, the organization can expect specified benefits in the event of a
loss. The insurance company enters into similar relationships with a
number of other companies by selling them insurance policies too.
With large numbers of insureds, it can more accurately estimate its
own losses. When an insured company turns in a claim, the insurer is
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able to pay because it receives enough money from similar insureds
not having losses to cover the cost of claims and still make a profit.

Some companies simply retain their loss exposures without deal-
ing with them. This may be a result of ignorance or choice. When
companies choose to retain their own exposures, they may ignore
them, or attempt to reduce them using one of the methods already
mentioned; or they may, in fact, self-insure. Ignoring the risks may
make the owners more confident, but dealing with the risks will make
them more prepared for loss. Self-insurance is simply no insurance;
the company retains the loss exposure. It should only be undertaken
by companies with the financial resources necessary to absorb poten-
tial losses.

All of the above assume the accident will occur. The safety prac-
titioner can use accident causation models to pinpoint hazards in the
occupational environment. Systematic, proactive hazard identifica-
tion will assist the practitioner in establishing loss control strategies
and determining the cost-benefits of the controls to be implemented.

The following review briefly examines some of the most popular
accident causation theories. The bibliography found at the end of this
chapter provides the student with resources to examine this area in
greater detail. The intent is to provide examples of accident causation
theories representative of past and current thinking. The bottom line
benefit is to provide the tools necessary to seek out and eliminate the
causes of accidents.

Accident Causation Theories?
Single Factor Theory

The Single Factor Theory states there is a single and relatively sim-
ple cause for all accidents. A good example of this theory would be
in determining the cause of worker hand lacerations. Because utility
knives are used in the operation, knowing something about the cause
of these accidents does not necessarily stop the problem. Other con-
tributing factors such as the product or the work methods, as well as
corresponding corrective actions, are overlooked when a single factor
is considered the only cause. This theory is virtually useless for acci-
dent and loss prevention.
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Domino Theories

There are several domino theories of accident causation. While
each domino theory presents a different explanation for the cause of
accidents, they all have one thing in common. All domino theories are
divided into three phases:

1. Precontact phase: refers to those events or conditions that lead up
to the accident

2. Contact phase: refers to the phase during which the individual,
machinery, or facility comes into contact with the energy forms or
forces beyond their physical capability to manage

3. Postcontact phase: refers to the results of the accident or energy
exposure. Physical injury, illness, production downtime, damage
to equipment and/or facility, and loss of reputation are just some
of the possible results that can occur during the postcontact phase
of the domino theory.

Domino theories represent accidents as predictable chronological
sequences of events or causal factors. Each causal factor builds on and
affects the others. If allowed to exist without any form of interven-
tion, these hazards will interact to produce the accident. In domino
games, where the pieces are lined up and the first one is knocked over,
the first domino sets into motion a chain reaction of events resulting
in the toppling of the remaining dominos. In just that same way, acci-
dents, according to the domino theories, will result if the sequence of
precontact phase causes is not interrupted.

Heinrich’s Domino Theory

H. W. Heinrich developed the original domino theory of accident
causation in the late 1920s. Although written decades ago, his work in
accident causation is still the basis for several contemporary theories.

According to Heinrich’s early theory, the following five factors
influence all accidents and are represented by individual dominos:

1. Negative character traits leading a person to behave in an unsafe
manner can be inherited or acquired as a result of the social envi-
ronment
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2. Negative character traits are why individuals behave in an unsafe
manner and why hazardous conditions exist

3. Unsafe acts committed by individuals and mechanical or physical
hazards are the direct causes of accidents

4. Falls and the impact of moving objects typically cause accidents
resulting in injury

5. Typical injuries resulting from accidents include lacerations and
fractures

The two key points in Heinrich’s domino theory are that (1) injuries
are caused by the action of preceding factors, and (2) removal of the
events leading up to the incident, especially employee unsafe acts or
hazardous workplace conditions, prevents accidents and injuries.
Heinrich believed that unsafe acts caused more accidents than unsafe
conditions. Therefore, his philosophy of accident prevention focused
on eliminating unsafe acts and the people-related factors that lead to
injuries (Brauer, 1990).

Bird and Loftus’ Domino Theory

Bird and Loftus (1976) updated the domino sequence to reflect
the management’s relationship with the causes and effects of all inci-
dents. Bird and Loftus’ theory uses five dominos that represent the
following events involved in all incidents:

1. Lack of Control—Management. Control in this instance refers to
the functions of a manager: planning, organizing, leading, and con-
trolling. Purchasing substandard equipment or tools, not provid-
ing adequate training, or failing to install adequate engineering
controls are just a few examples represented by this domino.

2. Basic Cause(s)—Origin(s). The basic causes are frequently classi-
fied into two groups: (1) personal factors such as lack of knowl-
edge or skill, improper motivation, and/or physical or mental
problems, and (2) job factors including inadequate work standards,
inadequate design or maintenance, normal tool or equipment wear
and tear, and/or abnormal tool usage such as lifting more weight
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Figure 5-2. An illustration of Heinrich’s Domino Theory of Accident
Causation.
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than the rated capacity of an overhead crane. These basic causes
explain why people engage in substandard practices.

3. Immediate Causes(s)—Symptoms. The primary symptoms of all
incidents are unsafe acts and unsafe conditions. “When the basic
causes of incidents that could downgrade a business operation
exist, they provide the opportunity for the occurrence of substan-
dard practices and conditions (sometimes called errors) that could
cause this domino to fall and lead directly to loss” (Bird and Lof-
tus, 1976, p. 44).

4. Incident—Contact. “‘An undesired event that could or does make
contact with a source of energy above the threshold limit of body
or structure” (Bird and Loftus, 1976). The categories of contact
incident events are often represented by the 11 accident types. The
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Figure 5-3. An illustration of Bird and Loftus’ Theory of Accident Causation.
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11 accident types include struck-by, struck-against, contact-by,
contact-with, caught-in, caught-on, caught-between, foot-level-
fall, fall-to-below, overexertion, and exposure (ANSI Z 16.2).

5. People-Property-Loss. Loss refers to the adverse results of the acci-
dent. It is often evaluated in terms of property damage, as well as
the effects upon humans, such as injuries and the working environ-
ment. The central point in this theory is that management is
responsible for the safety and health of the employees. Like Hein-
rich’s theory, the Bird and Loftus domino theory emphasizes that
contact incidents can be avoided if unsafe acts and conditions are
prevented. Using the first three dominos to identify conditions
permitting incidents to occur, and then ensuring the appropriate
management activities are performed, can eliminate accidents and
related losses according to this theory.

Marcum’s Domino Theory

According to C. E. Marcum’s 1978 Seven Domino Sequence of
Misactsidents, a misactsident is an identifiable sequence of misacts
associated with inadequate task preparation leading to substandard
performance and miscompensated risks. The misactsident permits
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individuals and facilities to come in contact with harmful agents,
energy forms, forces, or substances in ways that initiate adverse reac-
tions sufficiently extensive so that unwarranted losses are sustained
and resultant costs incurred.

Like the Bird and Loftus theory of accident causation, Marcum’s
theory focuses on management responsibility for protecting
employee safety as well as preventing the downgrading of an organi-
zation. Downgrading of an organization includes incurring losses to
equipment and facilities and to intangible assets of the organization
such as reputation or corporate goodwill. This theory attempts to
examine management accident response protocols to ensure that sus-
tained losses and the subsequent incurred costs were minimized. Mar-
cum keeps these two postcontact-phase components separate to
permit closer monitoring of the two variables during accident analysis
activities. Throughout this theory, Marcum focuses on the human
element of misacts. This includes misacts of employees who fail to
recognize or appreciate risks in the workplace, as well as misacts of
organization management who permit risks to go unrecognized,
unappreciated, and/or uncorrected.

Marcum uses the term misactsidents to emphasize the determinis-
tic aspects of his accident causation theory. Accidents, Marcum

Figure 5-4. An illustration of Marcum’s Theory of Accident Causation.
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believes, are considered by most as events occurring by chance. There
is no control over them. They may even be considered acts of God.
Marcum emphasizes that accidents have specific causes and can be
controlled—that safety can and must be managed.

Multiple Causation Accident Theories
Multiple Factors Theory

Manuele (1997a) believes the domino theories are too simplistic.
He proposes the term unsafe act also be eliminated. He suggests the
chief culprits in accident causation are less-than-adequate safety poli-
cies, standards, and procedures; and inadequate implementation
accountability systems. Manuele attempts to pull different causation
theories together into one working theory. His approach also incor-
porates some of the following ideas.

Grose’s multiple factors theory uses four Ms to represent factors
causing an accident: machine, media, man, and management (Brauer,
1990). Machine refers to tools, equipment, or vehicles contributing to
the cause of an accident. Media includes the environmental conditions
surrounding an accident, such as the weather conditions or walking
surfaces. Man deals with the people and human factors contributing
to the incident. Management also incorporates the other three Ms,
looking at the methods used to select equipment, train personnel, or
ensure a relatively hazard-free environment.

The multiple factors theory examines characteristics of each of
the four Ms:

1. Machinery: Examination of machinery characteristics includes the
design, shape, size, or specific type of energy used to operate the
equipment

2. Man: Characteristics of man are psychological state; gender; age;
physiological variables (including height, weight, or condition);
and cognitive attributes (such as memory, recall, or knowledge

level)

3. Media: Snow or water on a roadway, temperature of a building,
and outdoor temperature can be characteristics of media
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4. Management: Characteristics of management could include safety
rules, organizational structure, or policy and procedures

Multiple factors theories attempt to identify specific workplace
characteristics that reveal underlying, and often hidden, causes of an
accident by pointing to existing hazardous conditions. When viewed
as a whole, the characteristics can direct the investigator’s attention to
the specific causes of an accident.

Systems Theory of Causation

One variation of the Multiple Causation Theory is R. ]. Firenzie’s
Theory of Accident Causation. Firenzie’s theory is based on interac-
tion among three components: person, machine, and environment.
Human variables of information, decisions, and perception of risks
combine with machine hazards and environmental factors affecting
the likelihood of an accident.

For example, as a person operates a noisy bulldozer on a hot day,
other activities must take place for the operator to safely and effec-
tively perform the job. The person consciously or unconsciously will
collect information, weigh risks, and make decisions as to how to per-
form the task. How close should the bulldozer get to the 20-foot-
high spoil bank or the electrical power lines? How fast should it be
moving? The operator, based on knowledge and experience, makes
countless decisions—all of which affect the probability of an accident.

Psychological/Behavioral Accident Causation
Theories

Goals Freedom Alertness Theory

Dr. Willard Kerr’s theory of accident causation regards an acci-
dent as a low-quality work behavior. He considers it to be similar to
production waste during manufacturing, except that the scrap hap-
pens to be human. Raising the level of quality and safety involves
raising the level of worker awareness. According to Kerr, alertness can
only be obtained within a positive organizational culture and psycho-
logical climate. The more positive the workplace climate, the greater
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the alertness and work quality is. As alertness decreases, the probabil-
ity of an accident rises.

Motivation Reward Satisfaction Model

This theory of accident causation builds on Dr. Willard Kerr’s
Goals Freedom Alertness Theory and Herzberg’s Hygienic Manage-
ment Theory. Stated simply, the “freedom to set reasonably attain-
able goals is typically accompanied by higher-quality work
performance” (Heinrich, Petersen, and Roos, 1980, p. 44). If an acci-
dent occurs, it is due to a lull in alertness. Safety performance depends
on degree of motivation and capability to work; factors affecting these
variables will either promote or prevent accidents.

According to Petersen, rewards strongly affect performance. They
originate from a variety of sources and can be physical and/or psy-
chological. Money or praise is not considered to be the primary moti-
vation factor. Rewards, including doing a good job, learning new
skills, expanding personal knowledge, and participating on a success-
ful team, are some of the numerous intrinsic reinforcements associ-
ated with enriched jobs. If employees see the rewards from their work
as equitable, they are more likely to be motivated and, in turn, pro-
duce positive safety results.

Human Factors Theory

The Human Factors Theory is based on the concept that accidents
are the result of human error. Factors that cause human error are:

* Owerload: Overload occurs when a person is burdened with exces-
sive tasks or responsibilities. For example, the employee not only
must perform his or her job, but must also handle excessive noise,
stress, personal problems, and unclear instructions.

* Inappropriate activities: “Inappropriate activities” is another term
for human error. When individuals undertake a task without proper
training, they are acting inappropriately.

* Inappropriate response: ‘‘Inappropriate response’” occurs, for
example, when an employee detects a hazardous condition but does
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not correct it, or removes a safeguard from a machine to increase
productivity.

Overload, inappropriate activities, and inappropriate responses are all
human factors causing human error and, ultimately, accidents.

Energy-Related Accident Causation Theories

Energy Release Theory

Accidents result when energy, out of control, puts more stress on
a person or property than tolerable without damage. Controlling the
energy involved or changing the structures that energy could damage
can prevent accidents. William Johnson expanded Haddon’s 10 strate-
gies to 12 when they are applied to the accident investigation strategy
referred to as Management Oversight and Risk Tree (MORT). Jobn-
son’s barriers to accident-causing energy include:

 Limit the Energy. Example: Limit the amount of flammable or
combustible materials that are stored on the shop floor. Use low-
voltage equipment

* Substitute a safer energy form. Example: Use nonasbestos brake
pads or select nonflammable or nontoxic solvents

* Prevent the build-up. Example: Utilize fuses, circuit breakers, and
gas detectors

* Prevent the release of the energy. Example: Attach toe boards on
scaffolds to prevent tools from striking people or objects below

* Provide for slow release. Example: Utilize safety-release valves

* Channel the release away; separate it in time or space. Example:
Ground electrical appliances

* Place a barrier on the energy source. Example: Place machine guards
or utilize acoustic enclosures

* Place a barrier between the energy source and the persons or objects
to be protected. Example: Use rails on elevated surfaces; use fire
doors
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* Place a barrier on the persons or objects to be protected. Example:
Require personal protective equipment (PPE) and respirators

* Raise the injury or damage threshold. Example: Acclimatize to a
hot or cold work environment

Ameliorate the effects. Example: Incorporate administrative con-
trols such as job rotation to reduce the duration of exposure to loud
noise

* Rebabilitate. Example: Treat injured employees or repair damaged
objects

Haddon and Johnson focus on energy as the source of the hazard.
Identifying energy sources and preventing or minimizing exposures
can prevent accidents.

Incident Investigation

Incidents include near misses and accidents. Accidents result in loss.
Near misses result in no loss. The purpose of any incident investiga-
tion is to determine cause(s). As already mentioned, the circumstances
differentiating a near miss from a loss-producing incident or accident
may be merely a matter of chance; therefore, all incidents can be con-
sidered candidates for investigation, since correcting the contributing
circumstances may help prevent future incidents.

Incident investigation is concerned with fact-finding, not fault-
finding. During the accident investigation, it is important to find out
answers to the questions who, what, where, when, why, and how.

Who questions include:

e Who are the victims?
» Who are the witnesses?

* Who has any information that will help determine the actual causes
of the incident?

What questions include:
« What events led up to the accident?

* What were victims and witnesses doing prior to and during the inci-
dent?
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What did individuals notice that may have a bearing on the inci-
dent?

« What were the backgrounds and experiences of all the parties
involved?

When questions include:

When did the incident occur?

* When did you notice important elements associated with the inci-
dent?

* When did you become concerned that a problem existed?
Where questions include:

* Where were victims and witnesses prior to and during the incident?

» Where were equipment and/or machinery?

* Where were the PPE or the locks and tags for energy sources?
Why questions include:

* Why, in your opinion, did the incident take place?

* Why were particular methods used to perform a task?

* Why were these conditions existing at the time of the incident?
How questions include:

» How did the incident take place?

* How did the victims and witnesses react in given situations?

» How did you first learn of the incident?

When an investigation team arrives at the scene, key elements of per-
sonnel, tools/equipment, raw materials or finished product, and
structure and environment must be searched for possible clues. Sys-
tematically consider each as a source of clues and pull those clues
together to find likely causes.

Preplanning and preparation are of vital importance. Know roles
and responsibilities of each investigator and prepare for prompt
arrival at the accident scene so evidence does not disappear or witness
recollections are not lost. Ensure all tools and equipment necessary
to conduct the investigation are organized and available at all times.
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Utilize a checklist to confirm all appropriate individuals are con-
tacted—from the plant manager or corporate CEO to OSHA and
EPA officials. Periodic mock drills ensure effective responses to emer-
gencies by highlighting weaknesses. An enterprise was checking its
building evacuation plan for the first time and ran a mock drill. When
the occupants filled the stairwells, the weight forced the door frames
at the base of the stairs onto the doors so they would not open. Had
this happened in an emergency, all occupants would have been
trapped inside the building. In addition, effective decisions regarding
response are more likely to be made during practice than in the heat
and scrutiny of a critical investigation. Publicity, time constraints, and
political pressures inhibit effective decision making. These factors are
less intense and less likely to exist during practice. Standard operating
procedures should be developed during mock investigations. The fol-
lowing is a brief protocol of some of the steps that can be followed at
a facility to prepare for accident investigations.

When an accident occurs:

1. Notify the following individuals immediately (list important individu-
als here).

2. Secure the scene to prevent additional accidents; bring in acci-
dent-trained technical personnel to determine:

» Damage to and hazard from power, gas, and fluids distribution
systems

* The structural integrity of the building and equipment

* The best way to remove or make harmless explosives and/or haz-
ardous materials

Caution: make sure the positions of switches, equipment, and
materials are recorded before they are moved or removed.

3. Evaluate the condition of any injured personnel; determine:
« What is the degree of injury?
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* What must be done immediately to save life?

» What should be done to relieve suffering until the injured individ-
ual can be removed to a medical facility?

« What can be done to remove all danger of increased injury?

Caution: move an injured person only if there is danger of further
injury.
4. ldentify the elements at the accident scene:

* People involved
[] injured
[] principals
[ ] witnesses

 Equipment involved
[]inuse
[] standby
[] secured or standing
[ ] materials involved
[]inuse
[] ready for use
[] stored in area

* Environmental factors
[ ] weather
[] lighting
[] heat
[] noise

 Any additional contributing factors

+ Keep detailed notes for reference

5. Secure the accident scene:

« Barricade the area to prevent removal or defacement of possible

evidence

* Isolate potential witnesses
6. Collect and preserve the evidence:
* Make drawings of the area

(continued next page)
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(continued from previous page)

* Pick up, store, and label evidence

« If evidence cannot be removed from the scene or it is too large
to bag, take pictures or make drawings, making sure to note the
location on the drawing of the area

» Make notes of any observations regarding the accident scene
1. Develop witness questions:

* Form open-ended questions based on initial observations and
evidence collected

* Include control questions to ensure the accuracy of the statisti-
cal data and to permit later evaluation of witness reliability

8. Interview the witnesses:
* Interview each witness separately
* Find a suitable location
» Be prepared to take notes on and/or record the interview
« Take short notes as a memory device

« If a recording device is used, ask for permission to record before
the interview begins

« Watch for witness cues during the interview

+ Take into account personality types:
[] introvert
[] extrovert
[] suspicious
[] prejudiced
[] other personality traits

+ Notice any nonverbal messages:
[] body language
[] voice changes

« Establish initial communication.

« Assure the individual that the purpose of the interview is for acci-
dent prevention, not assigning blame
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* Note whether the witness was:
[] the injured party
[] an eyewitness
[] an “ear witness”

« Take an initial statement

» Have the witness describe the incident in his or her own terms

* Avoid interrupting the witness during the statement

* Expand the interview for detail

* Ask the developed open-ended questions

» Space the control questions throughout this portion of the inter-
view

* Close the interview

« Ask the witness for his suggestions on how the accident could
have been prevented

Thank the witness for his or her time

Evaluate the witness statements

 Develop a witness analysis matrix based on the control questions
Place the control question numbers on the horizontal axis

* Put the witness statements on the vertical axis

Place an X in those columns where the witness has accurately
answered the control question

» Check credibility of individual testimony based on control ques-
tions

* High witness credibility is based on the number of accurate
responses to the control questions

Caution: just because a witness gives inaccurate answers to the
control questions, it does not totally invalidate his or her testi-
mony.

9. If necessary, conduct follow-up witness interviews:

* Let the witness know there is a gap or deficiency in a critical
area of the investigation.

(continued next page)
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(continued from previous page)

 Allow the individual to reconsider or reexamine his or her obser-
vations

Caution: be sure to remain nonjudgmental.

10. Synthesize the information gathered from the witnesses inter-
viewed and evidence collected to determine the accident cause

11. Use the data gathered from the accident to perform an accident
trend analysis

12. Make changes to operating procedures, equipment, and/or training
based on the accident trend analysis

Caution: some interviewers prefer to use audio and/or video
equipment to record witness interviews. Interviews may include
witness speculations, hearsay, and unfounded conclusions on
the part of biased or uninformed individuals. Recordings of those
interviews may later be subpoenaed during litigation or criminal
hearings. When only notes are taken, speculations can be omit-
ted and signatures can be affixed to statements limited to facts.

Conclusion

Several accident causation models have been presented in this review.
The theories focus on people variables, management aspects, and
physical characteristics of hazards. The benefit of understanding acci-
dent causation is in recognizing how hazards in the workplace result
in losses. Eliminating hazards before they result in losses is the proac-
tive responsibility of everyone in an organization. Professionals rec-
ognize it is not always possible to identify and eliminate all hazards.
Accidents may still occur in spite of a proactive safety program. It is
at that point where an effective accident investigation program is of
vital importance for the collection of critical data.
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Questions

1. What are some of the benefits associated with understanding acci-
dent causation theory? Explain your answer.

2. What are the advantages of considering accidents as management
problems?

3. What are the two factors associated with risk? Explain how these
two factors impact on the selection of accident controls.

4. Is it important to conduct accident investigations? Why?

5. What are the six key questions that should be asked during acci-
dent investigations? Explain the importance of these six questions
to the health and safety professional.
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Chapter Objectives

After completing this chapter, students will be able to

* Define terms and acronyms associated with industrial hygiene
* Identify the classes of occupational hazards
* Describe basic toxic effects and routes of entry

* Identify various agencies and organizations providing support to
industrial hygiene

* Differentiate between occupational and paraoccupational exposures

* Characterize the roles and responsibilities of the industrial hy-
gienist

* Identify the various disciplines that form the foundations of indus-

trial hygiene

 Understand the primary approaches to protecting workers in their
work environment

¢ Describe the primary controls employed by industrial hygienists to
control workplace exposures

* Explain the various types of sampling that may be conducted by the
industrial hygienist

¢ Understand the concepts of equipment calibration and accurate lab-
oratory analysis

101
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* Identify how industrial hygiene fits into an overall occupational
safety and health program.

Case Study

A manufacturing firm recently began a new process of cleaning
using xylene. Xylene was chosen because it was less hazardous than
the previous solvent (a potential human carcinogen). Employees have
been complaining that the xylene has an annoying, sweet odor and has
caused dry skin on their hands, eye and throat irritation, and head-
aches. Xylene is used intermittently to clean out machines and tools,
approximately one half gallon per cleaning. Operators manually spray
the xylene, and then wipe down equipment and tools. They always
wear safety glasses and occasionally wear leather gloves when handling
sharp objects, along with hearing protection if they will be in the area
for more than a few minutes, since the background noise level is typi-
cally 85-90 decibels. The industrial hygienist (IH) from their insurance
carrier has been asked to evaluate this use of xylene.

Upon arrival, the IH reviews the Material Safety Data Sheet
(MSDS) for xylene with the supervisor and employees who are using
it. During review, the employees are surprised to find that xylene is
very flammable, and decide that spraying the xylene should be discon-
tinued. In addition, they need to ensure there is no ignition or static
discharge source present when the xylene is in use. To determine how
much xylene employees are exposed to, the IH conducts air monitor-
ing in the employee breathing zone while they are using the xylene.
During the sampling, the IH notes that the odor threshold is about 1
ppm. This is much lower than the regulatory limits; however, the odor
threshold should never be used to determine if chemical concentrations
are safe. The only way to determine the actual concentration is to take
air samples; personal samples for employees are taken both in the short
term (15 minutes) using a direct reading instrument and over the entire
day (8 hours) using a charcoal tube connected to a sampling pump. The
short-term sample is above the ACGIH Short-Term Exposure Limit;
the long-term sample is below both the ACGIH TLV-TWA and
OSHA PEL limits.

The IH also discusses other hazards of xylene use with manage-
ment and employees. Xylene can be absorbed through intact skin;
therefore the air monitoring results represent only one route of expo-
sure. The actual employee exposure to xylene was likely much higher
since employees did not wear the appropriate chemically resistant
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gloves and absorbed some xylene through their skin. Xylene has also
been shown to act synergistically with noise exposure, causing more
hearing loss than if the employee was exposed to noise alone.

Based on these observations, the IH leaves the company with the
following recommendations:

1. Find a less hazardous cleaning solvent for this operation to substi-
tute for the xylene.

2. If a less hazardous solvent cannot be found, use the hierarchy of
controls to limit employee exposure.

a. Can the operation be automated or enclosed to reduce
employee exposure?

b. Can local exhaust ventilation be used to remove the chemical
and prevent employee exposure?

c. Can a smaller amount of the chemical be used to clean? Can the
xylene just be used for a final cleaning?

3. Until a less hazardous solvent can be found, employees must:

a. Wear goggles, and a chemically resistant apron and gloves to
prevent skin exposure and absorption of xylene. Leather gloves
should never be worn when working with solvents.

b. Ensure that all ignition and static discharge sources are con-
trolled.

c. Utilize local exhaust ventilation on equipment to remove xylene
vapors whenever possible.

d. If exhaust ventilation cannot be used, employer must institute a
respiratory protection program. Respiratory protection must
be worn during the cleaning operation if a less hazardous prod-
uct or local exhaust ventilation is not used.

4. Employees using xylene must wear hearing protection due to the
synergistic effect of noise and solvent.

What Is Industrial Hygiene?

Industrial hygiene has most often been described as the art and sci-
ence devoted to the recognition, evaluation, and control of workplace
health hazards. In addition to these three tenets, it has been suggested
that we add a fourth, anticipation. We must be careful here to avoid
“expecting the expected.” Emphasis on the anticipation of workplace
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hazards may result in overlooking the unexpected health hazard. A
well-trained, well-prepared IH is equipped to deal with virtually any
situation that arises. We will take a closer look at recognition, evalua-
tion, and control later in this chapter.

What Do We Mean by the “Art” of Industrial
Hygiene?

“Art” implies that industrial hygiene cannot be practiced by sim-
ply following a recipe. With each unique workplace setting and each
new day, an IH must reinvent himself or herself. An IH does not
simply report the measurements and levels of workplace hazards, but
also interprets those results. Often, industrial hygiene measurements
lie within “gray” areas; that is, they are neither safe, nor unsafe. An
IH must make professional recommendations based upon a prepon-
derance of the quantitative data gathered as well as intangible threads
of information gathered by observation. Experience, preparation, and

Figure 6-1. Tenets of industrial hygiene.

’ Industrial Hyyizne
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study of the associated sciences will help enable the IH to become a
competent practitioner of the craft.

What about the Science of Industrial Hygiene?

Industrial hygiene is steeped in a variety of sciences, including
engineering, epidemiology (the study of the distribution of disease
within a population), physics, statistics, biology, microbiology,
chemistry, anatomy, physiology, and toxicology. Knowledge of the
applied sciences, such as public and environmental health, computer
applications, geographic information systems, and industrial psychol-
ogy, is essential to the IH who wishes to practice comprehensive
industrial hygiene.

What Are the Health Hazards that the |H |Is Charged
with Recognizing, Evaluating, and Controlling?

In theory, the TH is responsible for chemical, biological, physical,
and radioactive health hazards within the work environment. In
practice, no one individual can be an expert in all of these areas. Con-
trol of workplace health hazards has become so complex that in
workplaces where most or all of these hazards are present, the man-
agement of these hazards is assigned to a team of occupational health
professionals. Such a team might include an occupational physician,
occupational nurse, safety professional, health physicist (radiation
protection), and others. Workplaces with high-risk microbiological
exposures may also employ biological safety professionals.

Industrial hygiene requires the cunning of a detective, the disci-
pline of a scientist, and the persuasion of a TV evangelist. The ITH
must uncover the secrets of the often invisible hazardous agents.
What are they? Where do they originate? How much is present?
What harm might they cause? How can I control or eliminate them?
Industrial hygiene investigations must be performed with scientific
method. Procedures must be reproducible, accurate, and precise. In
order to be effective, an IH must sell the recommendations. The IH
must convince the worker that recommended work practices and con-
trols are absolutely necessary to a safe and healthful workplace. The
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IH must convince the administration that hazard control expenses are
worth every dime.

History of Industrial Hygiene

While industrial hygiene is a relatively young profession, the histori-
cal references to occupational medicine and toxicology date back to
early civilization. Diseases resulting from exposure to hazardous sub-
stances have existed as long as people have interacted with their
environment. Below is a brief introduction to a select group of distin-
guished historical characters who made an immeasurable contribution
to industrial hygiene.

Hippocrates (470-410 BC), a Greek physician, is best known as the
Father of Medicine. He believed in the natural healing process of rest,
a good diet, fresh air, and cleanliness. Hippocrates wrote of the plight
of miners exposed to lead and other work-related contaminants. Hip-
pocrates developed a treatise of medical ideology that modern physi-
cians acknowledge prior to beginning their practice. This is better
known as the Hippocratic Oath.

Pliny the Elder (23 AD-79 AD) was a Roman senator, writer, and
scientist. In his writings, he described the dangers to workers exposed
to zinc and sulfur. He is believed to be the first to recommend respira-
tory protection when he suggested that miners cover their mouth and
nose with an animal bladder when working in the mines. Pliny, a sci-
entist to the end, lost his life trying to investigate the eruption of
Mount Vesuvius.

Georgius Agricola (1494-1555), a.k.a. Georg Bauer, a Saxon physi-
cian, is best known as the Father of Geology. Agricola’s most famous
work—De Re Metallica (“On the Nature of Metals’’)—describes ill-
nesses experienced by miners, the need for ventilation (an advanced
industrial hygiene control measure), and ergonomic issues related to
mining. This book was so respected that it remained the standard text
on mining for two centuries. President Herbert Hoover (formally
educated as a geological engineer) and his wife, L. H. Hoover, trans-
lated many of Agricola’s works into English.
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Paracelsus (1493-1591), a Swiss physician and chemist, is best known
as the Father of Toxicology. Along with many of his predecessors, he
wrote of the toxicity related to mining. In his work On the Miners’
Sickness and Other Diseases of Miners, he established the important
concepts of acute and chronic toxicity. Unique to Paracelsus was his
claim that all substances were poisons—the dose differentiates a poi-
son from a remedy. This concept is the basis for the Dose-Response
relationship.

Bernardino Ramazzini (1633-1714), an Italian physician, is best
known as the Father of Occupational Medicine. His most famous
work, De Morbis Artificum (“Diseases of Workers™), urged all physi-
cians to ask their patients, “Of what trade are you?” This simple
question became a powerful tool to help establish the previously often
overlooked relationship between occupation and illness.

Percival Pott (1713-1788), a London surgeon, is best known for
being the first to establish the relationship between an occupation
(chimney sweep), a toxin (polyaromatic hydrocarbons [PAH] from
soot), and malignancy (testicular cancer). Pott was a brilliant physi-
cian whose discoveries and theories are in a large part still accepted
and utilized today.

Alice Hamilton (1869-1970). This petite American physician was a
true hero in the field of industrial medicine. She was the first woman
to be named to the Harvard Medical School staff; her writings
included Industrial Poisons in the United States (1925), Industrial
Toxicology (1934), and Exploring the Dangerous Trades (1943). Dr.
Hamilton was a pioneer who performed much of her own field
research. When she sought to better understand the hazards associ-
ated with lead, she introduced herself to leadworkers, went to their
modest homes, interviewed their family members, and observed them
firsthand performing their dirty, dangerous jobs.

Toxicology

Toxicology is known simply as the science of poisons. We know from
Paracelsus that all substances are toxic—it is the dose that makes the
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Figure 6-2. The dose-response relationship.
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poison. Further, we know that for all noncarcinogenic substances
there is some level below which there is no adverse effect. This level
is known as the threshold level or no observed adverse effect level
(NOAEL or NOEL). As we increase that level or dose, within any
population there will be some measurable response to that dose. We
refer to this relationship as dose-response. Within any given popula-
tion there will be sensitive and tolerant individuals. Those sensitive
individuals will typically respond to much lower doses than the
majority of the population, while the tolerant individuals must receive
a greater dose than the majority of the population in order to elicit a
response. If the response that is being studied is mortality, then the
dose that elicits death in exactly one-half of the studied population is
called the lethal dose-50 (LD;,).

Routes of Entry

In order for any substance to cause injury to an individual, it must
first be taken up by the body. Knowing the way in which substances
are taken up is critical in order to understand and prevent toxicity.
The body may be exposed to toxic substances through any one or a
combination of four routes:
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* ingestion—taken into the body orally

* inhalation—taken into the body through the lungs

* absorption—taken into the body through dermal absorption
* injection—taken into the body through broken skin

Occupationally, inhalation is the most common route of entry by
toxic substances. It is fairly common for substances to have more than
one route of entry, and some may cause injury through all four
routes.

Acute and Chronic Exposures

When an individual receives a relatively large dose over a single
(or brief) time period, we refer to this type of exposure as acute. An

Figure 6-3. Routes of entry for toxic substances.
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example of an acute exposure is when a child accidentally ingests a
household chemical. When an individual receives a relatively low
dose over a long time period (perbaps over a lifetime), we call this
type of exposure chronic. An example of a chronic exposure is asbes-
tos exposure—most harm from asbestos fibers takes decades to mani-
fest. Seldom do chronic and acute exposures to the same toxin have
much in common. Often the symptoms vary and the health effects
are quite dissimilar. For example, passive cigarette smoke may cause
an individual to cough and experience symptoms of eye and upper
respiratory irritation. Over a lifetime, a person regularly exposed to
secondhand cigarette smoke may experience cardiovascular disease,
respiratory disease, and even cancer. Often we are tempted to examine
acute symptoms to predict chronic exposures; however, we see from
this example that the acute symptoms from passive cigarette smoke
provide us with no information that would help predict chronic out-
comes.

No matter which mode of entry a toxin takes, the health effects
can be either local or systemic, depending upon the physical and
chemical characteristics of the substance. Local effects are the tissue
reactions of the body areas that come in direct contact with the con-
taminant. Systemic effects, on the other hand, occur in the target sites
of the body, which are not the initial contact locations, but which,
because of their affinity for that particular substance, readily absorb
it. This reaction may occur far away from the point of initial contact.
If an employee were working with sulfuric acid and inhaled sufficient
quantities of it, irritation of the upper respiratory system would be
likely (irritation of the nose, bronchi, trachea, etc.). Inhalation of
heavy metals, such as lead, would have systemic effects (lead does not
have a substantial impact upon the respiratory system, which in this
case is the site of contact). However, the primary dangers from lead
are to the central nervous system, the blood, and the kidneys.

Chemical Interactions

When two or more substances are taken into the body, there are
three possible interactions that may take place:
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» Antagonism
* Additive

* Synergism

From toxicological studies, we know and can predict the amount of
injury caused by many individual substances. When we combine
these substances, and the effects are as predicted, we call this additive.
We express this as 1 + 1 = 2. When we combine two or more sub-
stances and a lower overall effect is observed, that 1s, their combined
effect is less than the sum of their individual effects, we call this antag-
onism. This is expressed as 1 + 1 < 2. When we combine two or more
substances and the overall effect is greater than the predicted effects,
that is, their combined effect is greater than the sum of their individual
effects, we call this synergism. This may be expressed as 1 + 1 > 2.

Classification of Toxic Materials

There are numerous ways to classify toxic materials. In general,
toxic materials are categorized according to their physical or chemical
characteristics or the physiological organs that they target. The fol-

Figure 6-4. Interactions of two or more toxic substances.
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lowing groups of toxic materials are representative of the common
methods used to classify toxic substances.

Physical Classification: This method of classification attempts to
examine toxic agents according to the form in which they exist in the
occupational environment. These classifications include solids, lig-
uids, gases, and vapors.

Chemical Classification: This method of classification uses the chem-
ical structure, nature, and composition that a substance possesses.
Examples of chemical classifications include aliphatic compounds,
aromatics, acids, alcohols, ketones, esters, and ethers.

Physiological Classification: This extensive method of classification
uses potential human injury as a means of categorizing certain agents.
Below are several physiological classifications.

Irritants: Chemicals that are not corrosive, but that cause a reversible
inflammatory effect on living tissue by chemical action at the site of
contact.

Asphyxiants: Substances that prevent the body from taking in or uti-
lizing oxygen, resulting in deprivation and suffocation. Simple
asphyxiants are those agents that displace oxygen in an atmosphere,
resulting in what is called an “oxygen-deficient” atmosphere. We typ-
ically consider an oxygen-deficient atmosphere as one containing less
than 19.5 percent oxygen by volume (our normal ambient atmosphere
contains about 21 percent oxygen). Methane, carbon dioxide, argon,
nitrogen, and hydrogen are examples of gases that can displace oxy-
gen and reduce its concentration below the level necessary to support
life. Chemical asphyxiants are substances that prevent the uptake, use,
and/or transportation of oxygen by the body. Gases such as carbon
monoxide, hydrogen cyanide, and hydrogen sulfide are examples of
chemical asphyxiants.

Nepbhbrotoxins: Agents that produce kidney damage. Examples of
these agents include heavy metals (such as cadmium, chromium, lead,
and mercury), halogenated hydrocarbons (such as bromobenzene and
carbon tetrachloride), antineoplastic drugs such as cisplatin, and
others.
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Neurotoxins: Agents that produce damage to the central and/or
peripheral nervous system. Examples of neurotoxins include carbon
monoxide, lead, methyl mercury, cyanide, alcohols, and others.

Hepatotoxins: Agents that produce liver damage, such as liver necro-
sis, fatty liver, cirrhosis, and carcinogenesis. Examples of hepatotox-
ins include carbon tetrachloride, aflatoxins, phosphorus, ethanol,
bromobenzene, and nitrosamines.

Respiratory Toxins: Agents that irritate or damage the pulmonary sys-
tem. These agents may cause coughing, chest tightness, and shortness
of breath or no immediate (acute) symptoms at all. Examples of respi-
ratory agents include asbestos, silica, sulfur dioxide, ozone, oxides of
nitrogen, chlorine, phosgene, and many others.

Reproductive Toxins: Agents that affect the reproductive capabilities,
causing, for example, chromosomal damage (mutations) and effects
on fetuses (teratogenesis). Reproductive toxins may affect both
females and males. Examples of these agents include lead and DBCP,
which can lead to birth defects or sterility.

Hematopoietic Agents: Chemical agents that act on the blood to
decrease the hemoglobin function or to deprive the body tissues of
oxygen. Symptoms affecting the body include cyanosis and the loss
of consciousness. Chemicals that cause effects such as these include
carbon monoxide and cyanides.

Cutaneous Hazards: Substances that cause skin injuries, such as defat-
ting, rashes, or irritations. Examples of cutaneous hazards include
ketones and chlorinated compounds.

Eye Hazards: Substances that injure the eye or otherwise reduce visual
capacity. Examples include organic solvents, alkalis, acids, infrared
and ultraviolet radiation, physical hazards, and others.

Carcinogens: Substances that result in uncontrolled cell growth.
Examples of carcinogens are cigarette smoke, benzene, carbon tetra-
chloride, ultraviolet radiation, asbestos, and others.

Mutagens: Substances that cause cell injury that results in chromo-
somal damage. Examples of mutagens are X rays and benzo(a)pyrene.

Teratogens: Substances that lead to a birth defect. Examples of terato-
gens are cigarette smoke, alcohol, thalidomide, and others.
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Toxicity versus Risk

Risk is simply the probability that harm will occur. Risk can be
expressed as a rate of harm (or injury) per total number of exposures.
Another interesting relationship is with hazard and exposure. We
often express this relationship as follows:

RISK = HAZARD X EXPOSURE

Toxicity is the ability of a substance to cause harm or adversely
affect an organism. When we fail to examine the actual risk of a sub-
stance or activity, humans tend to let emotion take over and cloud
their perception of risk. For example, most of us believe that perform-
ing in a rodeo or hang gliding is a risky activity. Nevertheless, the
actual risk of serious injury from these activities is much lower than
it is for motorcycle riding or cigarette smoking. When a substance has
been labeled by the scientific community as hazardous or carcino-
genic, such as saccharin, the public perception is that contact with
these substances should be eliminated. We must remember—all sub-
stances are toxic; it is the dose that makes the poison.

Precautionary Principle

When a toxin is perceived to be so dangerous that it raises signifi-
cant threats of harm to the environment or human health, precau-
tionary measures should be taken even if some cause-and-effect
relationships are not fully established scientifically—this is the con-
sensus definition of the precautionary principle. This is perhaps the
only situation where an IH will look to safety first and science sec-
ond. An example of the application of the precautionary principle is
with nanotechnology. Nanotechnology deals with particles that are
less than one-ten thousandth of the size of the human hair. The exist-
ing health and safety information on nanoparticles is limited. Prudent
practices with nanotechnology assume that vigorous protective mea-
sures are necessary for safe handling. Science may later tell us that our
current practices were overkill, but we would rather accept the trouble
and expense of excessive protection than find out that our precautions
were too meager.
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Figure 6-5. The practice of industrial hygiene.

RECOGNITION

EVALUATION CONTROL

Industrial Hygiene Practice

As we discussed earlier, the tenets of industrial hygiene are the recog-
nition, evaluation, and control of workplace health hazards. The goal
of the TH is to provide a safe and healthful work environment for all
workers.

Recognition

The initial tenet, recognition, requires the IH to perform what is
known as a “walk-through” survey or inspection. This includes but
is not limited to the following: visual reconnaissance of all areas of
the workplace; taking pictures; preparing drawings; interviewing
employees; review of company safety policies, previous inspection
reports, injury logs, and medical records; and other measures. By
thoroughly examining the workplace and observing work practices
and hazard controls, the IH will be able to recognize visible hazards
and/or identify areas that need additional monitoring for contami-
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nants that cannot be evaluated visually. Inspections may be initiated
as a result of a complaint or general inspection schedule, or to deter-
mine if existing or new contaminant controls are effective. Review of
standard operating procedures and company policies, along with a
walk-through inspection, can elucidate whether safety policies are
just a piece of paper or an actual day-to-day practice in the field.

IHs categorize occupational bealth hazards into four categories,
referred to as environmental stressors: chemical, physical, biological,
and ergonomic.

1. Chemical stressors include substances such as solvents, acids, caus-
tics, and alcohols.

2. Pbysical stressors include ionizing radiation (alpha, beta, gamma,
neutron, X-ray radiation), nonionizing radiation (infrared, ultravi-
olet, visible light, radio frequency, microwave, and laser radiation),
noise, and temperature.

Figure 6-6. Four categories of occupational health hazards.
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3. Biological stressors include hazards such as bacteria, viruses, mold,
fungus, and insect-related contaminants.

4. Ergonomic stressors are the human psychological and physiologi-
cal injuries or illnesses associated with repetitive and cumulative
trauma, fatigue, and exertion.

Knowledge of work processes and an awareness of environmental
stressors allow safety and health professionals to anticipate and rec-
ognize potential health hazards. Questions that should be answered
during preliminary investigations and inspections might include:

* What environmental stressors are present in the facility?
* Where are the points of origin of those environmental stressors?

e What are the forms that those environmental stressors take? Are
they dusts, vapors, gases, mists?

* What are the work processes at the facility?
* Have these work processes changed in any way?

* What are the raw materials and intermediate and finished products
that are involved in the work process? Do they pose health risks?

» What physical and mental tasks are required? Do these tasks require
frequent repetitive motions or excessive forces for long durations?

* What control methods are currently being used?

Once these basic questions are answered, the safety and health profes-
sional must then evaluate the potential health hazards by determining
the concentration and duration of exposure to the contaminant or
stressor. The potential mode of entry or exposure of the stressor must
be determined. Based upon the physical and chemical properties of
the stressor, the probability of contact, absorption, inhalation, or
ingestion must also be addressed. Then, the rate of generation of the
contaminant must be determined. The industrial hygienist must
determine if, based upon the nature, toxicity, concentration, and
duration of exposure, a significant health risk exists, thus creating the
potential for causing injury or illness.
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Evaluation

The majority of industrial hygiene evaluation is based upon ana-
lytical measurement of workplace hazards, and the most commonly
monitored hazards are airborne chemical hazards. A variety of meth-
ods are utilized to conduct IH sampling, including bulk, intermittent,
or continuous sampling; sampling across media, requiring subsequent
laboratory analysis or direct reading (real time) monitoring; and qual-
itative or quantitative measurements. Prior to evaluation, the IH must
understand the manner in which the potential contaminant appears in
the workplace.

Contaminants can take a wide variety of forms. The following
are some of the key terms associated with contaminant forms:

* Dusts: Solid particulates generated by crushing, grinding, chipping,
or abrasion. Examples of dusts include coal, wood, and sand.

* Fumes: Solid particulates (usually metals) generated by condensa-
tion from a gaseous state. An example of a fume is welding emis-
sions.

* Aerosols: Liquid droplets or solid particulate dispersed in air. An
example of an aerosol is overspray from spray painting.

* Mists: Suspended liquid droplets generated by the condensation
from gas to liquid state.

* Gases: Substances which are in the gaseous state at normal tempera-
ture and pressure (NTP). Examples: oxygen, nitrogen, and carbon
dioxide.

* Vapors: Gaseous phases of a material which is ordinarily a solid or
liquid at room temperature. Examples: gasoline, toluene, xylene,
and benzene.

For many substances, including dusts, fumes, and mists, measurement
is typically expressed in terms of weight of the substance captured on
the sampling media per unit volume of air sampled. This is usually
represented in milligrams per cubic meter of air sampled. The volume
of air sampled is determined by the flow rate of air volume passing
through the sampling media over a fixed period of time. Fiber density
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is measured as the ratio of fibers to the volume of air sampled, typi-
cally in cubic centimeters. Fibers such as asbestos, cotton, or fiber-
glass are collected on the surface of the sampling media as a unit
volume of air crosses the media surface. Fibers are typically counted
via light or electron microscopy.

While particulates are primarily sampled to determine toxic
effects upon workers, explosivity may also be of concern. Dusts such
as grain may explode when concentrations are sufficiently elevated
and an ignition source is present. When monitoring is done to evalu-
ate explosive hazards in the occupational environment, dust-to-air
concentrations, as well as particle size and sources of ignition, must
be determined.

Gas and vapor toxicity is measured in units of concentration that
compare the volume of the contaminant to the volume of air sampled.
This volume-to-volume ratio is stated in parts per million or ppm.
The percentage of a gas or vapor is used as the unit of measure when
monitoring for flammable or oxygen content in the ambient atmo-
sphere. This percentage represents the ratio of the gas or vapor of
concern to the total volume of the air sampled.

During the evaluation phase, the IH may collect the sample on a
sampling media. The IH seeks to measure the amount of the contami-
nant present in the ambient atmosphere, such as volume of gas, weight
of dust, or number of fibers. The volume of air sampled may also be
readily determined. This is established by pre- and postcalibrating the
sampling equipment used to establish the volume of air crossing
the sample collection media during fixed units of time. Once again,
the volume of air sampled is the product of the volume of air passing
across the media during a given interval of time. The quantitative
amount of the substance collected is then divided by the volume of
air sampled and expressed in terms of ppm, percentage, mg/M?, or
fibers per cc, depending upon the specific substance being monitored.

Once the concentration of the contaminant in the employees’
work area has been established, the health and safety professional or
IH compares the results to established criteria. Established criteria
have been set by three groups: OSHA, NIOSH, and the American
Conference of Governmental Industrial Hygienists (ACGIH). As
previously discussed in earlier chapters, OSHA requirements are



120 / Chapter 6

mandatory standards. This means that professionals must ensure that
employee exposures fall below the specified limits or risk citations
and penalties for failing to comply with these standards. NIOSH pro-
vides recommended exposure levels; these are voluntary guidelines.
The ACGIH standards are also voluntary; however, they are reviewed
annually by panels of recognized experts. Companies are not
required to comply with the ACGIH standards, which tend to be
more conservative (lower recommended concentrations). The OSHA
health chemical hazard standards are referred to as Permissible Expo-
sure Limits (PELs). The NIOSH recommendations are referred to as
Recommended Exposure Levels or RELs. The ACGIH standards are
referred to as Threshold Limit Values (TLVs). TLVs are reviewed and
published annually in the publication Threshold Limit Values and
Biological Exposure Indices. TLVs are based on the best available
information from industrial experience, human exposures, experi-
mental animal studies, and when possible all three. They are based
upon science and not typically influenced by congressional politics.
Many OSHA PELs have not been changed since their inception in
1970, despite advances in our understanding of workplace health haz-
ards. Since PELs are law, they must pass through Congress, and are
subject to both politics and lobbyists, thus limiting their timelines and
effectiveness in promoting a safe workplace.
There are three categories of TLVs:

1) Threshold limit value—time-weighted average (TLV—TWA): The
time-weighted average concentration for a normal 8-hour workday
and a 40-hour work week, to which nearly all workers may be repeat-
edly exposed day after day, without adverse effects.

2) Threshold limit value—short-term exposure limit (TLV—STEL):
The concentration to which workers can be exposed continuously for
a short period of time without suffering 1) irritation, 2) chronic or
irreversible tissue damage, or 3) narcosis of sufficient degree to
increase the likelihood of accidental injury, impaired self-rescue, or
materially reduced work efficiency, provided the TLV—TWA is not
exceeded. The STEL is equal to a 15-minute TWA exposure, which
should not be exceeded at any time during a workday even if the 8-
hour TWA is within the TLV. There should be at least 60 minutes
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between successive exposures for a maximum of four exposures/day
or work shift.

3) Threshold limit value—ceiling (TLV—C): The concentration
which should not be exceeded, even instantaneously.

OSHA'’s PELs are typically expressed in terms of time-weighted
averages or ceilings using the same definition and parameters as
ACGIH’s TLVs (the first PELs were the 1968 TLVs). OSHA permissi-
ble exposure limits are published in the tables found in Subpart Z of
29 CFR 1910. While health and safety professionals know that the
OSHA PELs must be met to avoid citations, progressive companies
attempt to meet the more conservative ACGIH standards. By meet-
ing the TLV recommendations for maximum worker exposure to con-
taminants, health risks are reduced and there is a greater margin of
compliance in the event that health hazard control methods are com-
promised.

Control

Controls can be defined as processes, procedures, or method
changes that correct existing health problems and prevent or mini-
mize the risk of health hazards in the workplace. Engineering controls
are the method of choice because of their ability to isolate or eliminate
health hazards. By eliminating health hazards at the point of origin,
the occupational health and safety professional eliminates the release
of the contaminant into the workplace environment, ultimately pre-
venting (or greatly reducing) employee exposure. Examples of engi-
neering controls include the use of ventilation systems to reduce the
concentration of contaminants or enclosing and shielding hot work
areas. Effective exhaust ventilation removes the hazard “at the
source,” before it can reach the worker’s breathing zone. Enclosures
place a barrier between the employee and the health hazard point of
origin. In both examples, the employee is separated, and thus pro-
tected, from the health hazard in the workplace environment.

When it is impossible to implement engineering controls or when
fabrication and construction of engineering controls will take time,



122 / Chapter 6

Figure 6-7. Controls of health hazards in the workplace.
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administrative controls and personal protective equipment options
may be required. Administrative controls are those health hazard
control methods that are employee oriented or process management
oriented. In other words, they are the control methods that the man-
agement of a facility has influence over through manufacturing
method or employee work assignment activities. Job rotation, moving
employees from one workstation or task to another at regularly
assigned intervals, is one example of an administrative control. For
example, if noise is the workplace health hazard of concern, it may be
possible to rotate the employee to a less noisy area during portions
of the shift. In this example, the overall exposure to the noise hazard
is reduced, thus reducing the employees’ risk of hearing loss. Other
administrative control options include substituting less toxic materi-
als in the manufacturing and work processing, and establishing train-
ing programs that make the employee aware of the existing health
hazard. The use of citric acid-based solvents in place of a cancer-
causing agent like carbon tetrachloride or the use of enamel-based
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paint in place of lead-based paint would be an example of the admin-
istrative control method referred to as substitution.

Personal protective equipment (PPE) is the third category of
health hazard control available to the IH or occupational health and
safety professional. It is considered the last line of defense because
the barrier separating the employee from the health hazard must be
worn correctly and consistently. If the employee does not wear the
PPE or it fails, they will be at greater risk for illness or injury. It is an
unfortunate fact that for many occupational safety and health pro-
grams, PPE is the symbol of the safety program rather than a last
resort.

The main reason why administrative controls and PPE are not
considered the preferred methods for protecting worker health is that
the health hazards still exist in the workplace and can present a risk.
In many instances, both administrative controls and PPE can be cir-
cumvented. Employees, for example, may use the wrong respirator
for a particular hazard. This mistake will result in the employee inhal-
ing toxic vapors or dusts, thus increasing their risk of occupational
disease.

Conclusion

Occupational health hazards have assumed a significant position for
the occupational safety and health professional. With increasing num-
bers of new chemical products being produced and new manufactur-
ing methods being used, the IH and occupational safety and health
professional must remain vigilant. Employee health and well-being
are dependent upon the IH’s ability to recognize, evaluate, and con-
trol environmental stressors. It is a very complex and demanding area
of occupational safety and health, but the rewards more than out-
weigh the demands.

Questions

1. What are some of the responsibilities of an TH?
2. Why is industrial hygiene an art and a science? Provide an exam-
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ple that requires both art and science to solve a workplace health
hazard.

3. Are all substances toxic? Can you explain why a substance may
or may not be toxic?

4. What are the routes of entry for substances to be taken up by the
body? Provide an example of each type. Which route is the most
common occupational route of entry?

5. Differentiate between the terms acute and chronic using the
appropriate dose level and time period.

6. Why should an IH consider both local and systemic effects of
substances?

7. Differentiate between the additive, antagonistic, and synergistic
effects of substances in the body.

8. What are the three classification methods of toxic materials?

9. Discuss the influence of emotion when characterizing toxicity
and risk.

10. What is the difference between PELs and TLVs? Explain why
knowledge of these exposure measurements is important.

11. What are three categories of health hazard controls? Provide two
workplace examples for each category.

12. What type of health hazard control should be instituted first?
Why is personal protective equipment a last resort for controlling
exposure?
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Chapter 7

ERGONOMICS AND SAFETY MANAGEMENT

Chapter Objectives

After completing this chapter, you will be able to

* Define ergonomic terminology
* List and describe the components of the Operator-Machine System

* Explain the role of anthropometrics when solving ergonomic prob-
lems

* Explain the role of biomechanics when solving ergonomic problems
* List the categories of workstations

* Identify when selected types of workstations should be considered
the design of choice

Case Study

Employees at a small facility were experiencing a high frequency
of back injuries while manufacturing and finishing air compressor
tanks. The management of the plant was at a loss as to what to do about
rising workers” compensation premiums. Faced with the prospect of
losing compensation insurance coverage, it contacted a Certified Pro-
fessional Ergonomist (CPE) to conduct an analysis of the workplace.

The consultant first reviewed various safety and health records,
including OSHA 300 and 300A forms, nurse’s logs, turnover records,
and workers’ compensation claims. Health interviews were then con-
ducted. Following basic ergonomic assessment protocol, workplace
layouts and critical design measurements were recorded. The consul-
tant videotaped various work locations in the plant where the majority
of ergonomic problems were reported. Using the videotapes, the con-
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sultant analyzed each job observed by breaking it down into major
behavioral steps. Each step was further analyzed for:

* Body motion
* Activity frequency and duration
* Pace issues

* Lifting-related risk factors

Lifting tasks were studied and compared to NIOSH lifting guidelines.
Weight of the objects being lifted, distance the objects were held away
from the body, and location of the objects at the beginning and end of
the lifts were some of the measurements taken. Individual risk factors
were studied along with environmental stressors such as temperature,
lighting, and noise due to their influence on human performance.

All analyses pointed to two locations where manual material han-
dling was contributing to a back injury epidemic. Most injuries
occurred during storage activities in the warehouse and paint shop
where tanks were loaded onto an overhead hook conveyor system.

The consultant, working with management and the company
safety committee, developed several strategies for reducing the fre-
quency of back injuries. Placing the tank storage pallets on scissor lifts,
reducing bending and lifting activities, and using a portable jib for lift-
ing were suggested for the paint shop. In the warehouse, placing the
finished product at floor level instead of on shelves and eliminating
full-arm-extended reaching and lifting postures reduced risk factors.
Through implementation of these strategies, the company saw
improved productivity and employee morale at the two locations and
a 63 percent reduction in the frequency of back injuries.

Introduction to Ergonomics

In recent years ergonomics has caught the attention of management
due to its significance as a health and safety issue—in terms of medical
costs, employee days lost from work, and human suffering. Opera-
tions requiring lifting, movement of parts or other materials, repeti-
tive motion, unusual postures, or stationary positions are all likely to
cause sprains, strains, and musculoskeletal problems. Many can be
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minimized with relatively simple and inexpensive interventions. Some
require intervention on a higher level, such as workstation or plant
redesign, to reduce the amount of material handling required.

Definition of the Term “Ergonomics”

“Ergonomics” is based on two Greek words: ergos, meaning
work, and nomos, meaning the study of or the principles of. In other
words, ergonomics refers to the study of work. Ergonomics is the
discipline examining the capabilities and limitations of people. There
are several fields of study contributing to the discipline. Through
their application, information about human characteristics and their
connection with workplace tools, materials, or facilities is compiled.
Ergonomics applies this information to the design of working and
living environments.

Ergonomics Is Multidisciplinary

Ergonomics involves knowledge of sociology, psychology,
anthropology, anatomy, physiology, chemistry, physics, mechanics,
statistics, industrial engineering, biomechanics, and anthropometry.
Principles and practices are applied to the industrial environment
through activities associated with human factors engineering, indus-
trial engineering, occupational layout and design, product design,
safety engineering, occupational medicine, or industrial hygiene.

Ergonomics Objective

The primary objective of ergonomics is the improvement of
human health, safety, and performance through the application of
sound people and workplace principles. The goal is to help produc-
tion managers improve productivity and efficiency. Ergonomic ser-
vices should not be viewed as add-on activities.

Ergonomists can best serve as part of a team including engineers,
managers, medical personnel, or even line workers. The ergonomics
team will systematically analyze job requirements from a worker
capability and limitation perspective, analyze workplace layout and
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design, and recommend improvement of the production process. Ide-
ally, these activities are performed proactively by integrating them
into both the safety and production processes. The goal is to eliminate
problems before they occur.

Applying Ergonomics: An Overview

Effectively pinpointing ergonomic hazards depends on the triad
of recognition, evaluation, and control. Recognition of ergonomic
bazards usually involves the search for symptoms. Physiological
stresses and muscular strains, psychological stresses, and general
complaints or discomfort are typical of ergonomic problems. Exces-
sive movement of the product on the production floor can also be an
indicator. The professional asks why a product is moved before pack-
ing or why it goes from point A to point B before inspection. Any-
time a product is handled, value should be added, or handling is
occurring for no reason. Through review of records, preliminary
observation of the workplace, and interviews with key personnel,
safety practitioners determine where employees are exposed to
potential ergonomic hazards. If ergonomic exposures are a problem,
it is necessary to initiate evaluation activities.

Evaluation implies the collection of information to help deter-
mine the extent and location of the problem. Review of written
records, including OSHA 300 Logs, first aid or nurses’ logs, and
workers’ compensation forms, should be considered the starting
point in the evaluation process. If there are significant numbers of
ergonomic injuries and illnesses, more detailed evaluation activities
are performed. Indicators include back injuries, carpal tunnel syn-
drome, tendinitis, tenosynovitis, and muscle strains or sprains. Writ-
ten records should contain the name of the individual involved in the
incident, the job title, and the job location at the facility. Follow-up
activities are initiated for jobs or locations where the greatest fre-
quency of incidents or the most severe ones occur. Detailed field sur-
veys such as personnel interviews, supervisor interviews, workplace
observations, and employee health surveys are typical follow-up eval-
uation activities to provide insight into the extent of the ergonomic
problem.
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The evaluation process includes job or task analysis activities. Fre-
quently, tasks are videotaped to permit a detailed evaluation of key
ergonomic risk factors. Videotaped jobs are broken down into dis-
crete behavioral steps so each step is monitored and frequency mea-
sures recorded.

Factors studied during each step of the job include:

* Frequency of potentially harmful motions

* Length of time the task is performed

* Pace employees maintain during the shift

* Internal muscle forces employees exert to perform tasks

* External forces exerted on employees, such as from the weight of
objects carried

With job-related data in hand, control measures are determined. The
preferred intervention is the adoption of engineering controls, such as
the design and utilization of ergonomically correct workstation and
workplace layouts. If engineering controls are not feasible, adminis-
trative controls are considered. These include job rotation or requir-
ing employees to perform several different jobs during a shift to
reduce repetition in a task. Another option is to require “two-man
lifts” when a product exceeds a certain weight. As a last resort, per-
sonal protective equipment (PPE) can be used. It is especially helpful
when protection of a body part, such as the hands through the use of
gloves, is needed. Care must be given not to mask a problem or trans-
fer it to another body part. A splint on the wrist may alleviate carpal
tunnel but, in turn, generate or aggravate a condition in the shoulder.

Applying Ergonomics: In Detail

Operator-Machine Systems

Once potential ergonomic problems have been recognized and
superficially evaluated for specific jobs or locations, the operator-
machine system is used to categorize major conditions contributing
to ergonomic problems. Operator-machine system analysis examines
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factors associated with the people; equipment/machinery, including
layout of the workplace; and environment. The approach directs the
evaluator toward an understanding of the cause of and potential solu-
tions for ergonomic problems by studying the interaction of the
operator with the machine. Consideration is given to the quality of
interaction based on expectations of machine operation, actual
machine operation, and output as well as other factors related to the
environment. It provides safety professionals with a systematic pro-
cedure to study the three categories of causes resulting in ergonomic
hazards in the occupational setting: people, machines, and environ-
ment.

People Variables

The people or operator variables associated with a system are com-
posed of the human factors contributing to the ergonomic problem.
These include physiological dimensions, capabilities, and limitations;
psychological capabilities and limitations; and psychosocial factors.
One or more of these conditions has the potential to cause injuries or
illnesses in the workplace. Examination of mental and pbysical job
demands is done to determine whether job demands exceed human
capabilities. Knowledge of human physiological dimensions (anthro-
pometry) and movement (biomechanics) is a critical component. The
actions of employees while performing their tasks are compared to
movement categories, based on anthropometric and biomechanical
classifications. Types of movements, whether they are performed
properly and efficiently, and their frequency are noted. A quantitative
evaluation of motions, forces, or other contributing factors can then
be performed.

Anthropometry

Antbropometry is the measurement and collection of the physical
dimensions of the human body. It is used to improve the human fit
in the workplace or to determine problems existing between facilities
or equipment and the employees using them.
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There are two types of anthropometric dimensions useful for the
study of human physiology and its effect on workplace layout and
design:

1. Structural or static anthropometry: The body measurements and
dimensions of subjects in fixed, standardized positions are referred
to as “structural” or “static”’ anthropometrics. Common struc-
tural anthropometric measurements include stature (height), sit-
ting height, body depth, body breadth, eye height sitting or
standing, knuckle height, elbow height, elbow to fist length, and

arm reach.

2. Functional or dynamic anthropometry: Functional or dynamic
anthropometry refers to the body measurements and dimensions
taken during physical activities. Frequently used functional mea-
surements include crawling height, crawling length, kneeling
height, overhead reach, bent torso height, and range of movement
for upper-body extremities.

Anthropometric measurements help designers determine furniture or
workplace layout requirements based on typical human body sizes.
Prior to the utilization of ergonomics and anthropometrics, many
machines and workplaces were designed for the so-called average
employee. Unfortunately, average statistical measurements represent
less than 1 percent of the normal distribution of body measures. For
example, if a standing workplace were designed for an average Ameri-
can male (5'8"), it would not fit 99 percent of the American popula-
tion.

The evolution of automobile interiors illustrates the value added
by the application of ergonomics. Years ago, seats could be adjusted
forward and backward to accommodate the leg length and pedal reach
requirements of the driver. Height, pedal, and steering wheel adjust-
ments were not typically available. Cars were designed for the average
person in the population, causing short individuals to look through
the steering wheel and tall individuals to strike their heads against
the roof. Today, ergonomists use anthropometric measurements to
include at least 90 percent of the population. Most workplace designs
attempt to achieve this goal by including people dimensions between
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the 5th and 95th percentiles. This can usually only be accomplished
by providing adjustable devices, as they have done in automobiles by
providing multidirectional power seats, moveable pedals, and adjust-
able seat backs and head rests.

Percentile statistics are used extensively in anthropometrics to
represent the number of people with measurements less than or equal
to the dimensions of interest. If a man has an anthropometric mea-
surement that places him in the 95th percentile, his measurement is as
large as or larger than 95 percent of the population. In considering
the height (stature) of an American population of 50 percent males
and 50 percent females, the 5th percentile of this population com-
prises those of a height of 60%s inches while the 95th percentile
includes individuals of a height of 72 inches. If someone is six feet (72
inches) tall, he or she is in the 95th percentile. This indicates the per-
son is as tall as or taller than 95 percent of the entire population.
Ninety percent of this male/female population could then be accom-
modated for height if the workplace is designed to be adjustable for
people between these two measurements of 60%/5 and 72 inches. As the
size of the average American increases, these measurements increase
accordingly.

Taking anthropometric measures and adjusting the workstation
may help eliminate ergonomic problems. An example is in trying to
eliminate back injuries associated with lifting boxes onto a shelf.
According to the recommendations associated with the NIOSH lift-
ing equation, knuckle beight standing at the start of a lift produces
the least amount of stress upon a worker’s back. In addition, if one
can minimize the destination (height of the shelf) where the box has
to be placed, this will also reduce back stress. Thus, back muscle stress
could be greatly reduced if the boxes could be removed from a scis-
sors pallet at knuckle height and stored at knuckle height.

This requires taking employee measurements or referring to
anthropometric data for knuckle height standing. Anthropometric
charts state that male and female employees have knuckle heights
ranging from 25%10 inches (at the 5th percentile) to 31%10 inches (at
the 95th percentile). The solution to this ergonomic problem is
adjustability! Using an adjustable scissors pallet and providing a plat-
form for shorter employees can meet the height requirement.
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Biomechanics

Mechanics is the science of motion and force. Biomechanics is the
human equivalent of this concept. It is the study of the mechanical
operation of the human body, or the science of motion and force in
living organisms. In biomechanics, the function of the body compo-
nents is monitored and job requirements are modified to lower inter-
nal and external stresses. The musculoskeletal system provides the
foundation data for the study of biomechanics. As in anthropomet-
rics, there are two types of biomechanical measurements:

1. Dynamics: the study of moving bodies

2. Statics: the study of bodies remaining at rest (equilibrium) as a
result of forces acting upon them

The two measures provide the ability to determine how moving body
components contribute to ergonomic injuries. Factors, such as exten-
sion and force applied by the arm and leg muscles while pushing a
hand truck, can be calculated using biomechanics. The load on a hand
truck, friction coefficient of the walking surface, and other external
forces affecting employee performance can also be determined. The
measurement of primary concern is force, especially as it relates to
loads and stresses on the body. In biomechanics there are two catego-
ries of force creating motion of biological matter or movements like
walking or lifting:

1. Load: the external forces upon a structure or organism

2. Stresses: the internal forces generated in the structure as a result of
loading

In human bodies, all movement is possible due to the application of
load and stress to biological levers. The field of biomechanics, which
teaches about joints, bones, and muscles, provides safety profession-
als with an understanding of how the musculoskeletal levers of the
body are designed to work. This awareness can be applied to identify
and eliminate unnatural movements resulting in ergonomic problems.
Evaluation activities such as monitoring frequency and duration of
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movement or examining postures and positions can be initiated to
determine the level of ergonomic risk. Internal and external forces
should also be evaluated as a part of a job or task analysis.

Twisting and other unnatural movements or postures observed
during a task analysis are warning signals. They will eventually result
in ergonomic injuries. Ease of work activity or biomechanical advan-
tage is only possible when the weight is held and moved using natural
posture and body position.

Classification of Body Movement, Postures,
and Positions

The level of ergonomic risk can effectively be determined by perform-
ing ergonomic task analyses. This requires the breakdown of an
activity into discrete behavioral steps. Once the steps have been
sequentially developed, each can be logically broken down into the
movements observed. Steps are recorded and used for calculating rep-
etition rates and duration. Ergonomic problems may correlate with
frequency and duration of biomechanical motions.

There are two different systems used to classify and evaluate body
movements:

1. Physiological classification systems examine the way body parts
move.

2. Operational classification systems group body movements by the
particular work activity being performed

Physiological Categories of Movement

Listings of body movements are used to classify the biomechanical
movement of the individuals performing a task. The following is a
cursory list of physiological movements with a brief description of
each term (Kroemer, Kroemer, and Kroemer-Elbert, 1990). See fig-
ures 7-1, 7-2, 7-3, and 7-4 for clarification of the movements repre-
sented.



Figure 7-1. An example of arm abduction and adduction.
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Figure 7-2. Examples of wrist flexion and extension.
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Figure 7-3. An example of hand neutral plane and deviation positions.
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Figure 7-4. An example of wrist supination and pronation.
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Abduction/Adduction

Abduction: The movement of a body part away from the center
plane of the body. Lifting the arm outward away from the body is an
example of abduction.

Adduction: The opposite of abduction. This is the movement of
the body part toward the center plane of the body. Lowering the arm
toward the body is an example of adduction.

Circumduction

Circumduction: Rotary movements which circumscribe an arc.
Swinging the arm in a circle is an example of circumduction.

Flexion/Extension

Flexion: The movement of a joint that decreases the angle between
the bones. Bending the arm at the elbow such that the hand moves
closer to the upper arm region is one example.

Extension: The opposite of flexion. The movement of a joint that
increases the angle between the bones. Straightening the arm is an
example of extension.

Neutral Plane/Deviation

Neutral Plane: The normal and low-stress position of segmental
physiological components. Maintaining the hand, wrist, and forearm
at a 180-degree angle or in a straight and linear plane or dropping the
hand, wrist, forearm, elbow, and upper arm at one’s side is an example
of neutral planes.

Deviation: The movement or position of a body part away from
the neutral plane. Bending the wrist with the hand bent toward the
thumb is referred to as radial deviation. Bending the wrist with the
hand bent toward the small finger is referred to as ulnar deviation.

Rotation

Rotation: A movement in which a body part turns on its longitu-
dinal axis. The turning of the head or arm is an example of rotation.
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Supination/Pronation

Supination: The turning of the forearm or wrist such that the
hand rotates and the palm is facing upward.

Pronation: The opposite of supination. The turning of the fore-
arm or wrist such that the hand rotates and the palm is facing down-
ward.

Operational Categories of Movement

Operational classification of movement refers to the task being
performed by the operator at the time of the job observation. The
following is a list of the terms used to represent the operational classi-
fication of movements:

* Positioning: Moving an object and corresponding extremity from
one position to another. An example of positioning would be reach-
ing for a bolt stored in a bin to the right of an employee.

* Continuous movement: A single movement involving muscle con-
trol to adjust or guide a machine or other piece of equipment. An
example of continuous movement would be the steering of a fork-

lift.

* Manipulative movement: The handling or assembling of parts. This
movement classification is usually limited to hand or finger move-
ment. An example of manipulative movement would be the assem-
bly of component parts.

* Repetitive movements: The same movements recurring repetitively.
Hammering or using a screwdriver would be examples of repetitive
movements.

* Sequential movements: A series of separate movements joined in a
specific order to complete a given task. Reaching for a tool with the
right hand, grasping a component in the left hand, moving the two
hands toward one another, and adjusting the component using the
tool are examples of sequential movements.

* Static movements: Maintaining the position of a body member in
order to hold something in place. Though movement may not be
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involved, the muscles are required to maintain the steady position
of the object. Holding a board or plasterboard in place on the ceiling
of a room while screwing it into position is an example of static
loading of muscle groups or static movement.

Additional Characteristics of the People
Variable

The people component of the operator-machine system also consid-
ers psychological factors affecting worker performance. Psychology is
the science studying human behavior. From an ergonomic perspec-
tive, psychological factors such as memory, attention, fatigue, bore-
dom, job satisfaction, future ambiguity, expectation, and stress
contribute to a wide variety of potential ergonomic problems. Psy-
chology incorporates such behavior as employee expectations for
machines. They expect up to equal on and down to equal off. Forward
on a lever is faster or abead and backwards is slower or reverse.

The people component of the operator-machine system also
incorporates physiology, the branch of the biological sciences con-
cerned with the function and processes of the human body. Physio-
logical capabilities and limitations include the structure, strength, and
movement of anatomical components. Physiology also includes the
study of the human body at the cellular level. Neurological activity
associated with light stimulating the retina when a warning signal
flashes is an example. It can also include such complex phenomena as
gross motor functioning when studying how various muscle groups
of the body tense and relax to provide movement and balance while
lifting and carrying an object.

Cumulative Trauma Disorders

Cumulative trauma disorders (CTDs), also referred to as repeti-
tive-motion injuries, result from excessive use of the hand, wrist, or
forearm. As with overexertion injuries, the frequency and costs of
CTDs are growing to epidemic proportions. Some of the most com-
mon cumulative trauma disorders are carpal tunnel syndrome, cubital
tunnel syndrome, tendinitis, and tenosynovitis.
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Carpal Tunnel Syndrome

Carpal tunnel syndrome is a common wrist injury caused by
compression of the median nerve in the carpal tunnel. The carpal tun-
nel is an opening in the wrist surrounded by the bones of the wrist
and the transverse carpal ligament. The sensation in the thumb, index,
and middle fingers is generated by the median nerve. When the wrist
is forced to flex, extend, or deviate toward the ulnar (small finger) or
radial (thumb) position, the ligament compresses the median nerve.
In effect, these motions pinch this nerve as it passes through the car-
pal tunnel. Symptoms include tingling, pain, or numbness in the
thumb and first three fingers.

The level of repetitive motion tolerated without undue risk of
injury varies widely depending on age, sex, and other health factors.
While no specific limits have been established to avoid CTD symp-
toms, factors increasing risk include repetition of motion, work-rest
cycles, force, and duration of the task.

Carpal tunnel syndrome has been found increasingly among data
entry clerks, cashiers, and individuals who perform keypunch tasks
due to the static, restricted posture and high-speed finger movements.

Cubital Tunnel Syndrome

Cubital Tunnel Syndrome is compression of the ulnar nerve in the
elbow, thought to be caused by resting the elbow on a hard surface or
sharp edge. Symptoms include tingling in the ring finger and little
finger.

Tendonitis

Tendonitis, the most frequently diagnosed CTD, results from
inflammation of tendons due to excessive use. Common symptoms
are burning sensations, pain, and swelling at various sites in the hand,
wrist, or arm. Tendinitis is common for workers required to extend
their arms overhead during assembly activities.

Tenosynovitis

Tenosynovitis is soft tissue trauma and injury to tendons or ten-
don sheaths, frequently occurring in the wrists and ankles where ten-
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dons cross tight ligaments. The tendon sheath swells, making it more
difficult for the tendon to move back and forth inside. It often results
from the overworking of muscles or the wrenching and/or stretching
of tendons. Common forms of tenosynovitis are de Quervain’s dis-
ease and trigger finger (Parker and Imbus, 1992). These disorders are
commonly found in employees whose jobs include buffing/grinding
and packing because of repetitive wrist motions, vibration, and pro-
longed flexing of shoulders. Tenosynovitis is often associated with
ulnar deviation during rotational movements such as using a screw-
driver.

CTD Symptoms

Symptoms of repetitive motion disorders bhave been described as
appearing in three stages (Chatterjee, 1978).

Stage 1: Victims may experience aches and tiredness; at this time, the
disorder is fully reversible and may even subside after peri-
ods of rest.

Stage 2: There is the addition of swelling and pain. The symptoms do
not dissipate overnight; they usually last for several months
and result in a reduction in job performance.

Stage 3: Victims may experience constant pain even while performing
light duties. This condition can last for months or years.

The key to an effective ergonomics program is to identify prob-
lems before they begin. Safety professionals should look for potential
CTD problems during task analysis activities by using physiological
motion categories that focus attention on awkward (unnatural) pos-
tures and frequent repetitions of motions.

Psychosocial factors, the third element of the people component
of the operator-machine system, refers to an individual’s behavior in
a group environment. The term “psychosocial” is derived from the
phrase “social psychology.” The ergonomist is interested in attitude
formation, attitude change, leadership styles, power and influence,
conflict, occupational stress, organizational structure, employee
motivation, and organizational reward systems. All can influence



146 / Chapter 7

employee performance in the social context of an organization. For
example, a glass plant manufacturing bottles for soft drinks was con-
cerned about workers not paying enough attention during the final
inspection. Three employees were placed on each side of the assembly
line and were assigned to watch the bottles for imperfections. Man-
agement was concerned boredom would cause them to talk among
themselves and provide a distraction from their job. It built isolation
booths around each worker so communication among them was
impossible. Although this eliminated the problem of talking, it
increased boredom to the point where increased efficiency became
questionable.

Psychological, physiological, and psychosocial elements can
occur either in isolation or in combination with one another, as they
do in shift work. “Shift work” refers to work performed during non-
traditional employment hours of a day. It is “any regularly taken
employment outside the day working window, defined arbitrarily as
the hours between 7:00 AM and 6:00 PM” (Monk and Folkard, 1992).
It can refer to working on a fixed shift where individuals maintain the
same schedule, like a cat eye shift. “Cat eye shift” is a phrase used in
coal mining where miners typically work a fixed schedule from 11:00
p.m. to 7:00 a.m. Shift work also refers to rotating shifts where
employee schedules are changed on a regular basis. An example of a
rotating shift is when employees work midnight to 8:00 a.m., for one
week, 8:00 a.m. to 4:00 p.m. the next week, and 4:00 p.m. to midnight
the third week. Nontraditional hours may lead to ergonomic prob-
lems.

Physiological hazards and strain are created when the body
attempts to fight its natural circadian rhythm. “Circadian rhythms”
are the body’s attempt to conform to the 24-hour day in terms of
metabolism, physiology, and psychology. Susceptibility to fatigue
increases when people have work schedules conflicting with this
rhythm. Physiological strain is manifested by an increased number of
cardiovascular and gastrointestinal problems for individuals required
to perform shift work (Rutenfranz, Colquhoun, and Knauth, 1977).

Psychological factors associated with shift work include the stress
and depression accompanying unusual work schedules. Individuals
performing shift work are less effective in terms of cognitive abilities
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and attentiveness on the job. Safety records for shift workers are
worse than those for day-shift employees (DeVries-Griever and Meij-
man, 1987), possibly due to the strains on interpersonal relationships.
The psychological problem becomes a psychosocial one when shift
workers do not have the opportunity to interact with spouses or
friends for long periods of time, creating a void in their social support
system. This loss of emotional support can result in marital difficul-
ties and elevated frequencies of divorce. The resulting stress, in turn,
manifests itself as a workplace safety or ergonomic problem.

Machine Variables

Machines or equipment includes a variety of variables that must be
evaluated. Examples are as follows:

Machines:

* the position of the displays and controls associated with the opera-
tion and monitoring of machinery

« distance of part storage bins from the worker

« distance of the conveyor systems from the worker area
* table height of the work surface

Tools:

* shape and size of handle for correct fit

* vibration translation to hands or other parts of the body
* correct use of tool

Offices:

* design and layout of computer components

¢ back support of a chair

* height of keyboard surface

* position of the monitor

* layout of aisles and walkways

A worker operating a bucket lift may find himself using different
controls than he did with the last bucket he used. A simple layout
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includes a vertical stick he pushes back and forth if he wants the
bucket to move backward and forward. He also has a horizontal stick
he moves up and down if he wants the bucket to move in either of
those directions. He deals with a dilemma when, unfamiliar with the
operation of this particular bucket, he is faced with a series of levers,
all in a row, with the labels and instructions worn away over the years.
Although the worker may practice in a wide-open space, the possibil-
ity exists that he’ll forget how each lever works in the middle of his
work. A wrong move could send the bucket into a high-voltage wire
or through a window. When the accident occurs, it is often attributed
to operator error, when, in fact, it is also a result of poor equipment
design and an improper interface between the person and the
machine.

Machines or jobs requiring large numbers of repetitions can also
be problematic. Task requirements should be modified if any of the
following factors are observed:

* Tasks requiring over 2,000 manipulations per hour
* Manual task work cycles that are 30 seconds or less in duration

* Repetitive tasks whose duration exceeds half of the worker’s shift.

Problems may be exacerbated when excessive force must be applied
or frequent use of stressful postures is necessary. Studies indicate that
arthritis; diabetes; poor renal, thyroid, or cardiac function; hyperten-
sion; pregnancy; and fractures within the carpal tunnel increase the
chances of an employee experiencing CTD symptoms (Parker and
Imbus, 1992).

Environmental Variables

Environmental variables include temperature, lighting, noise, vibra-
tion, humidity, and air contamination—any of which can result in
elevated ergonomic risks. Fatigue often accompanies high tempera-
tures and levels of humidity, ultimately reducing the worker’s mental
capability to focus on a task. Health concerns such as heat stress, heat
exhaustion, and heatstroke are additional dangers. Lighting or work-
place illumination is another risk factor. Computer glare on a monitor
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in an office environment can cause eye fatigue and eyestrain prob-
lems. Insufficient illumination in a warehouse can result in slipping
and tripping incidents. Excessive illumination or glare can result in
operator errors while using heavy equipment outdoors.

Workplace Layout and Design

Once the task analysis has been performed and ergonomic problems
have been observed, a determination is made as to how to eliminate
the hazards. One method to achieve this goal is by examining how
the work area is laid out and redesigning the workplace to eliminate
the problems. Knowledge of workstations will help the safety profes-
sional in this process.

Interventions—Workstations

Ergonomists recommend seated workstations when:

+ All tools, equipment, or components required to perform the tasks
are easily reached from the seated position

* The primary tasks require fine manipulative hand movements or
1nspection activities

* Frequent overhead reaches are not required
* The force exertion requirements to perform the task are minimal
* Less than ten pounds of lifting force is required

* There is adequate leg space available (adapted from Eastman Kodak,
1983).

Workspace design specifications include: a minimum of 20 inches in
width, 26 inches in depth to allow for adequate leg clearance, a mini-
mum of 4-inch clearance from the edge of the workstation, and an
approximate ideal work area of 10 by 10 inches where activities are
performed. Seated workstations are recommended for detailed visual
tasks, for precision assembly work, or for typing and writing tasks.
Standing workstations are typically recommended when:
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* The operator is required to move around a given area to perform
the given task

* Extended and frequent reaches are required to perform the intended
tasks

* Substantial downward forces or lifting heavy objects, typically
weighing more than ten pounds, is required

* There is limited leg clearance below the workstation surface
(adapted from Eastman Kodak, 1983)

Standing workstations are for precision and detailed work and heavier
work activities. Because of anthropometric differences in male and
female workers, the ideal working height for tasks will vary, but
anthropometric charts can help determine measurements. Generating
the maximum force in the upper body extremities requires employees
to keep elbows close to normal elbow heights or slightly below elbow
height while standing. When employees stand in a normal, relaxed
position and then bend their elbows at a 90-degree angle, the mea-
surement between the elbow height and the floor will furnish the
elbow-height standing position. This measurement is the ideal height
for light-work-related activities while standing. Elbow standing
height is reduced 4 to 12 inches for heavier work requirements or
raised 4 to 8 inches for more detailed work activities.
The combination workstation is recommended when:

* Several tasks requiring mobility are performed

* Reaching overhead or at levels below seated positions is required—
especially when forward or side position reaches must be accom-
plished at a variety of levels above the work surface (adapted from
Eastman Kodak, 1983)

Grandjean (1988) recommends seven guidelines for workplace
layout and design:

1. Avoid any kind of bent or unnatural posture. (Bending the trunk
or the head sideways is more harmful than bending forward.)

2. Avoid keeping an arm outstretched either forward or sideways.
(Such postures lead to rapid fatigue and reduce precision.)
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3. Work sitting down as much as possible. (Combination work-
stations are strongly recommended.)

4. Use arm movements in opposition to each other or symmetrically.
(Moving one arm by itself sets up static loads on the trunk muscles.
Symmetrical movements facilitate control.)

5. Maintain working fields (the object or table surface) at an optimal
height and distance for the eyes of the operator.

6. Arrange handgrips, controls, tools, and materials around the sta-
tion to facilitate the use of bent elbows close to the body.

7. Raise arms where necessary by using padded supports under the
elbows, forearms, or hands.

Interventions—Manual Material Handling

Manual material handling is a common activity in most occupa-
tional environments. Workers handle raw materials, tools, finished
materials, containers, and packing materials on a daily basis. Moving
objects, regardless of weight, can result in arm, back, and leg strain.
The costs of injuries due to material handling are enormous—from
both medical treatment and workers’ compensation. Losses from
these injuries are compounded when the days absent from work are
factored in.

NIOSH lifting guidelines (NIOSH Publication No. 94-110, 1994)
identify certain motions increasing the risk of back injuries. They
include combinations of bending, twisting or turning, standing, and
sudden position changes. Bending and twisting/turning are particu-
larly troublesome. Lifting is hazardous due to the effects of leverage
exerted on the spine during the movement. The force from the weight
of the object is multiplied by a factor of as much as ten or more
depending on the distance of the object from the body. Twenty-four
bones, or vertebrae, compose the spine. A fluid-filled disc with a
fibrous outer layer is located between each pair of vertebrae to serve
as a shock absorber preventing the rubbing and abrasion of the verte-
brae. Disc rupture and herniation are injuries that are often cumula-
tive in nature. A variety of factors, including age and repeated poor
lifting practices, are prime culprits resulting in damaged discs (Mital,
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Nicholson, and Ayoub, 1993). Sometimes a back pain is attributed to
a lift or sudden motion, but the underlying cause is the poor state of
the back due to weakened muscles or previous injuries. It can be
caused by the fluid in a disc pushing through the fibrous layer, apply-
ing pressure on the nerves in the spinal cord. Although only about 5
percent of back injuries are attributed to disc damage, it is often more
serious and longer lasting than other forms of back injuries.

To avoid back injuries, employees must know proper lifting tech-
niques. Traditionally, employees have been taught to use a bent knee/
straight back technique with the object between the knees. However,
this can only be performed if the object fits between the knees.
Research indicates the legs may not always be strong enough to lift
heavy objects using this technique, causing awkward and stressful
postures (Garg and Herrin, 1979). There is no single lifting technique
that applies to all situations; the goal for safety professionals is to
eliminate manual material handling whenever possible. Engineering
controls like cranes and conveyors to eliminate lifting and carrying
activities are ideal. If engineering controls are not feasible, administra-
tive controls such as requiring assistance from coworkers for objects
of a certain weight can be implemented.

Some additional considerations:

* Use engineering methods to automate lifting and moving

* Ensure the weight of the object is as close to the body as possible
when employees lift manually

* Eliminate bending and twisting motions when lifting

* Require lifting aids, whether mechanical ones or coworkers, when
exceeding NIOSH-recommended weight limits.

Interventions—Video Display Terminal
Workstation Design

As workers spend more time on computers, there is an increasing
frequency of ergonomic injuries and illnesses. Poor workstation
design is often the cause of both physiological and psychological
problems (Danko, 1990). The layout and design must be geared to
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human capabilities and limitations in order to avoid physical discom-
forts, fatigue, mental stress, or injury to the worker (DeChiara and
Zelnik, 1991). Computer workstations should be of great concern to
safety professionals in both the layout of new facilities and improve-
ment of existing office and other occupational settings.

Several individuals of varying body size, weight, shape, age, phys-
ical condition, attitude, aptitude, or mental ability may use work-
stations; therefore, adjustability is necessary. The work environment
should incorporate anthropometric designs to enable all workers to
function within their capabilities and perform their job tasks opti-
mally and comfortably (Braganza, 1994). Anthropometric data sup-
ply a standard guide of measurements, both static and dynamic, to
provide an optimal dimensional layout of the workstation (Woodson
and Conover, 1964).

Otbher critical factors in the workplace design or redesign process
are illumination, equipment and control display arrangements, warn-
ing signals, visual displays, control devices, traffic spaces, and storage
requirements (Woodson, 1981). The nature of the task will determine
the type of workstation layout appropriate for the setting: seated for
data entry and telecommunication jobs; standing for assembly and
machine control jobs; and combination for technical positions and
computer design work. A combination workstation often meets the
needs of tasks performed in both office and manufacturing environ-
ments (Grandjean, 1988). The key is having equipment and furnish-
ings easily adjustable to ensure proper fit and conformance to
anthropometric requirements. Seated workstations should have easily
adjustable chairs, work surfaces, equipment, and footrests (Eastman
Kodak, 1983).

A good chair is probably one of the most important workstation
investments. When a chair is properly adjusted with feet firmly on the
ground, the hips and knees will assume a horizontal plane position at
a 90-degree angle and the pan of the seat will measure 15 to 20 inches
from the floor. In the correct working position, workers’ arms should
dangle by their sides, and then be raised to a horizontal plane position
at right angles to their bodies. When the body is assuming its neutral
position, stress is relieved from the shoulders and back area, resulting
in a decrease in fatigue and tension (Grandjean, 1988).
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To ensure that a chair bas as many ergonomic comfort and safety
qualities as possible, it should bave the following features:

» adjustable backrest and seat (to fit different body sizes)
* good lumbar support (lower back)

« five legs (for better stability)

* wheels (for mobility)

* reclining seat backs and adjustable seat pans (to control the pressure

on the back and thighs)

* armrests and footrests (if necessary to the situation) (Barnes, 1994)

Numbness, pain, and fatigue may still occur due to reduced blood
circulation if an individual has been seated for an extended amount of
time. Therefore, the furniture or equipment being used should have
rounded edges to prevent discomfort (Braganza, 1994). In addition,
frequent breaks and stretch activities should be incorporated into the
employee’s daily activities. Breaks do not necessarily imply coffee
breaks. Changing activities can meet the needs of an employee. Filing
information while standing constitutes a break from computer data
entry activities and will also provide therapeutic benefits.

The work surface area, configuration, and height are additional
ergonomic concerns safety professionals should not neglect (Bra-
ganza, 1994). Pencils, paper, and other frequently used materials
should be located near the body in a range of reach from 16 to 18
inches. Arm movements should also be made in a symmetrical or
opposing action while the elbows are slightly bent to prevent unnatu-
ral twisting or stretching of the body. Moving one arm by itself can
cause static loads on the trunk muscles, whereas, symmetrical move-
ments allow for added control (Panero and Zelnick, 1979). Standard
anthropometric data suggest that most desks are 30 inches high—too
high for an ergonomically correct computer workstation. Depending
on the height of the individual, the adjustability of the work surface
should be optimally between 23 and 28'/2 inches high. This satisfies
the seating requirements of 90 percent of seated adults (Barnes, 1994).

Thigh and knee clearance is another key consideration in design-
ing a workstation (Barnes, 1994). A full range of movement and suf-
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ficient clearance for the thighs are necessary while one is sitting.
Without sufficient clearance, an employee might twist the torso in
order to get closer to the workstation. This twisting could cause
injury. The minimum thigh clearance (measured from beneath the
work surface to the floor) is 20%s inches (Braganza, 1994). If this
clearance is not available, a standing workstation might be the layout
of choice.

Anthropometric measurements should also be used to determine
the proper angle and height of the monitor to reduce fatigue and eye-
strain. The top of the monitor should be aligned with the standard
sight line, and the center of the screen should be 15 degrees below eye
level (DeChiara and Zelnik, 1991). The screen should be tilted back 0
to 7 degrees to eliminate glare, and should be located between 18 and
28 inches from the eyes for ease in focusing (Grandjean, 1988). In
addition, document holders should be placed at the same height and
plane as the screen to decrease neck and eye fatigue (Barnes, 1994).
The monitor, documents, and keyboard should be positioned to best
suit the task being performed, reducing twisting and bending while
one is using the equipment (Grandjean, 1988).

Purchasing ergonomically adjustable furniture will not necessar-
ily eliminate ergonomic problems. Employees must be instructed as
to how to adjust workstations to meet their specific needs. For ergo-
nomic programs to be effective, employees must also know how to
ergonomically lay out and design their workstations, as well as adjust
their furniture to eliminate stresses. Training is an important part of
all ergonomics programs.

Conclusion

Ergonomics has become an increasingly important part of the safety
professional’s job responsibilities. With an effective implementation
plan, ergonomic activities can make a significant difference in the
loss-control effectiveness of the organization. Through workplace
layout and task analysis activities, the safety professional may identify
many ergonomic hazards. Consideration is given to the operator-
machine systems, anthropometry, and biomechanics during walk-
through inspections.
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For some complex ergonomic hazards, organizational ergonomic
factors must also be considered. Some of these hazards may be associ-
ated with factors such as shift work schedules or product flow prob-
lems. Work-rest cycles may also be an issue. Depending on the nature
of the work activities, psychological factors such as fatigue and bore-
dom are other issues that can impact worker productivity and effi-
ciency. No matter what the ergonomic problem might be, it is
important for safety practitioners to use the operator-equipment sys-
tem. This will ensure that all of the variables affecting ergonomic per-
formance will be examined.

In 2002, industry-specific guidelines were announced for nursing
homes, and their use is expected to spread to the health care industry
in general. Management practices, worksite analysis, and control
methods are addressed in an attempt to provide solutions for reduc-
ing ergonomic-related injuries and illnesses in nursing homes.
Although these guidelines were not planned for enforcement pur-
poses, certain features may be enforced under the general duty clause.
Ergonomic tools for baggage handling, beverage delivery, computer
workstations, grocery warehousing, hospitals, poultry processing,
and sewing can be found on the OSHA website at www.osha.gov.

Questions

1. What are the components of the operator-machine system? Pro-
vide an example of a work activity using this system.

2. How can the use of the industrial hygiene triad be applied to ergo-
nomic problems?

3. How can videotaping jobs be useful in the evaluation of ergonomic
problems?

4. How can anthropometrics and biomechanics be used to solve
ergonomic problems?

5. How does anthropometrics use statistical measurements and
methods?

6. What are the costs associated with material handling and repetitive
motion injuries? Why are these two types of ergonomic problems
of concern to the safety professional?
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Chapter 8

FIRE PREVENTION AND PROTECTION

Chapter Objectives

After completing this chapter, you will be able to

* List the components of the fire tetrahedron
* Define key fire terms
¢ Identify the classes of fires and extinguishers

* Explain the purpose of the NFPA and prominent safety-related
regulations

* Identify placards and labels

* List the components of the fire program

Case Study

The Imperial Food Products plant, located in Hamlet, North Car-
olina, was owned and operated by Emmet J. Roe. Its 30,000 square-
foot, one-story, brick-and-cinder-block facility had no windows but
had nine exits, including loading docks. The 200 employees were pre-
dominantly female. Chicken breasts were cooked, frozen, and pack-
aged for resale to restaurant chains and frozen food companies. The
facility did not have a buildingwide sprinkler system at the time of the
fire, but a carbon dioxide fire extinguishing system had been installed
in the cooking area following a fire in the early 1980s. It was not
known if the system was operational at the time of the fire (Rives and
Mather, 1991, p. 1A).

The incident began when an overhead hydraulic line ruptured and
sprayed flammable hydraulic fluid on the floor in the frying area. Nat-
ural gas burners, used to heat the large chicken fryers, ignited the
vapors of the fluid and caused a fire killing 25 workers and injuring an

159
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additional 49 employees (Hughes, 1991, p. 8]). As employees tried to
exit the burning building, they found the fire exit doors locked. Man-
agement had locked several exits to prevent employees from stealing
chickens. One door was kicked down as employees fled from the fire
and suffocating smoke. A fire investigator later found a door marked
“Fire Exit—Do Not Block” padlocked. Some employees could not
find a way out and tried to hide in the freezer; most of them died by
suffocation. It was later learned the employees had never received any
type of fire evacuation training (Hughes, 1991, p. 8).

The Imperial Food Products plant opened its doors ten years prior
to the fire. Over those ten years, the plant never had an inspection by
the state, local, or federal inspectors. The town of Hamlet was not
required to make inspections, although it was up to the municipality
to enforce fire regulations. Ironically, every day the plant was in opera-
tion, there was a federal inspector on site to make sure the chicken
processed was acceptable for consumption. Locking a fire door is a
violation of North Carolina’s fire code, a misdemeanor in this case.
The state fire code requires all municipalities to have a fire inspector,
even though a minimum number of inspections is not specified. Under
the occupational safety regulations, a locked exit door constitutes a
serious violation and because management locked fire exits knowingly,
it would have been a willful violation (Diamond, 1991, p. 7A).

OSHA'’s General Industry Standards contains the Means of

Egress regulations for evacuating workplaces during emergencies. The

rule requires “a continuous and unobstructed way of exit travel from

any point in a building” (Occupational Safety and Health Adminis-
tration [OSHA], 2003, p. 33). In 1980, OSHA added requirements
for employee emergency plans and fire prevention plans to the Means
of Egress regulations.

Employers must:

Develop emergency plans
Create evacuation routes
Install alarm systems

Create regular emergency response training programs

For the first time, victims of work-related injuries and deaths could
seek prosecution for willful violations causing bodily injuries (Dia-
mond, 1991, p. 1A).
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Emmett Roe, the owner of Imperial Food Products, was sen-
tenced to 19 years and 11 months in jail as part of a plea bargain that
let his son Brad, the plant’s operations manager, stay out of prison.
The sentence was for illegally locking plant doors and not having a
sprinkler system, leading to the death of the 25 workers.

The irony of the fire is in the reminiscence of the infamous Trian-
gle Shirtwaist Fire that occurred in New York City in 1911. There
were 146 workers killed and another 70 seriously injured when fire
broke out in a fireproof building where garments were manufactured.
Some exits were only 20 inches wide and the employer locked others
to prevent theft. Workers were eventually able to break through a
door to reach a fire escape, but it soon collapsed.

Fire Tetrahedron

Four components are necessary to sustain combustion:

1. Fuel
2. Heat
3. Oxygen

4. A chemical reaction

A fire will not burn without the presence of all four. Fuels include
numerous materials, both liquid and solid, but all must be in a vapor
state before they can burn. Once vaporized, they mix with oxygen to
form a combustible mixture capable of burning when exposed to heat.
During the burning process, a chemical reaction among the compo-
nents of fuel, oxygen, and heat causes the chemical components to
change form and release other gases. The following example will illus-
trate this process.

An owner of a boat sales and repair shop inspected a boat his
assistant was repairing in the shop. During the inspection, he smelled
gasoline vapors, so, before opening several doors to air out the place,
he instructed his assistant not to activate a grinder. As the owner
turned to enter the showroom, he heard the grinder and spun around
to see about a dozen fires burning throughout the repair shop. Both
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men escaped with minor burns, but the boat was destroyed and the
shop suffered extensive damage. The assistant assumed there were not
enough vapors to cause a fire. He may not have considered the electri-
cal grinder might spark when activated, and ignite those vapors. Had
the vapors not reached the lower flammable limit, they would not
have ignited.

The lower flammable limit, also known as the lower explosive
limit, is the lowest concentration of gas or vapor (percentage volume
in air) that burns or explodes if an ignition source is present. The
upper flammable limit or upper explosive limit is the highest concen-
tration of a gas or vapor that burns or explodes if an ignition source
is present. A mixture can have too little of the concentration (and be
too lean) or too much of the concentration (and be too rich) to burn.
In the case of the boat repair shop, the concentration was between the
limits, so it ignited. Incidentally, the closer the mixture gets to the
limits, the less complete the combustion. The optimal mixture for
complete combustion is near the midpoint between the limits.

Gasoline is hazardous because it has a low flash point, the tem-
perature at which a substance gives off enough vapors to form an
ignitable mixture, causing the substance to burn or explode. The
source of ignition might be a flame, hot object, spark from a tool, or
static electricity. Although it is possible for the mixture to exceed the
upper flammable limit where it becomes too rich to burn, any mixture
above 10 percent of its lower flammable limit should be considered a
hazard and treated accordingly. Fuel, oxygen, and an ignition source
combined to cause an explosion when the assistant activated the
grinder.

Vapor density becomes a key issue in determining where a vapor
might be found in the atmosphere. If the vapor has a low density
(below 1.0), it will float in the air. Therefore, ignition of such a fire
might occur anywhere in a room or at a point above the source of the
vapors. If the vapor has a high density (above 1.0), it will tend to
move downward. Vapors released from a gasoline spill will often float
downhill. An ignition source below the gasoline may ignite it and
cause the fire to spread from the point of ignition to the source of the
spill. Police often evacuate a wide area surrounding a gasoline spill on
the highway because a nearby car could become a source of ignition
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Figure 8-1. Flammability relative to the oxygen/fuel mixture.
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and cause the remaining contents of the tank to burn, explode, or
both.

A liquid having a flash point at or above 100 degrees (Fahrenheit)
is combustible. 1f the liquid ignites at a temperature below 100
degrees (Fahrenheit), it is referred to as flammable. The National Fire
Protection Association (NFPA) subcategorizes the categories of com-
bustible and flammable. Knowing these subcategories can be useful
in determining how to protect some properties.

Categories of Fires and Extinguishers

Fires are categorized according to types of materials involved:

* Class A fires involve ordinary combustible materials such as paper,
wood, cloth, and some rubber and plastic materials.



Figure 8-2. Example of fire extinguishers found in the occupational
environment. (A) 150-pound wheel fire extinguisher for protection of
facilities where larger fires could occur. (B) Handheld fire extinguishers.
(Photographs provided by and reprinted with the permission of Ansul, Inc., Marinette, Wisconsin.)
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* Class B fires involve flammable or combustible liquids, flammable
gases, greases and similar materials, and some rubber and plastic
materials.

* Class C fires involve energized electrical equipment where safety
requires the use of electrically nonconductive extinguishing media.

* Class D fires involve combustible metals such as magnesium, tita-
nium, zirconium, sodium, lithium, and potassium.

Fire extinguishing agents are categorized by the types of fires they
extinguish; that is, Class A, Class B, Class C, or Class D extinguishers
are used on corresponding types of fires. Some extinguishers can be
used on different classes of fires; therefore, Class A-B and Class A-
B-C extinguishers are available.

Each type can be recognized as follows. An extinguisher for Class
A fires may be rated as 1-A, 2-A, 3-A, 4-A, 6-A, 10-A, 20-A, 30-A,
or 40-A. A 4-A extinguisher will extinguish about twice as much fire
as a 2-A extinguisher. Class B extinguishers are rated similarly. Class
C extinguishers are tested only for electrical conductivity; however,
no extinguisher gets a Class C rating without a Class A and/or Class
B rating. Class D extinguishers are tested on metal fires. The agent
used depends on the metal for which the extinguisher was designed.
The extinguisher faceplate will indicate the effectiveness of the unit
on specific metals. Fire extinguishers are distributed in the workplace
so that the travel distance for Class A extinguishers is 75 feet or less.
Class B and D extinguishers require travel distances of 50 feet or less.
Class C travel distances are based on the appropriate pattern for
Classes A or B. Extinguishers shall be mounted and located so they
are readily accessible. They require a monthly visual check and an
annual maintenance check in addition to any applicable hydrostatic
testing.

A good example of a typical heavy-duty fire extinguisher can be
found in figure 8-2. Employees who use this type of extinguisher are
typically members of an onsite fire brigade.

National Fire Protection Association

The NFPA was founded in 1896 to design sprinkler systems and
develop techniques for their installation and maintenance. Since then,
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the organization has evolved to become the preeminent fire preven-
tion group in the United States. Its goal is to safeguard people and
their environment from destructive fires through the use of scientific
and engineering techniques and education. The NFPA’s activities
involve development, publication, and dissemination of codes and
consensus standards (Ferry, 1990).

The NFPA’s Fire Protection Handbook was first published in
1896 and is now in a current edition consisting of thousands of pages.
It has become increasingly large because of the expansion of the body
of knowledge and the complexity of industries that have evolved. The
NFPA also publishes other literature, including the Life Safety Code
Handbook, Automatic Sprinkler Systems Handbook, Recommended
Practices for Responding to Hazardous Materials Incidents, and the
National Electrical Code Handbook. It publishes the Industrial Fire
Hazards Handbook, which is not specifically a code handbook, but is
used as a fire-protection guide for industry. This book focuses on
fire hazards and control methods associated with major industries and
their processes.

Standards and Codes

Since the inception of the association, standards and codes have
become more than simple standardization, installation, and mainte-
nance guides for sprinkler systems. There are currently hundreds of
codes covering a large range of fire-related topics, with numerous
NFPA committees developing standards and codes through a demo-
cratic process. All are published in the National Fire Codes or can be
requested individually in pamphlet form. Some of the most widely
used include NFPA 70, National Electric Code; NFPA 101, Life
Safety Code; NFPA 30, Flammable and Combustible Liquids Code;
NFPA 13, Automatic Sprinkler Standard; NFPA 58, Liguefied Petro-
leum Gases Standard; and NFPA 99, Health Care Facilities Standard.

NFPA 70

The purpose of NFPA 70 is to provide a guide for the practical
safeguarding of persons and property from hazards arising from the
use of electricity. It covers installation of electrical conductors within
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or on public or private structures, the installation of conductors that
connect to the supply of electricity, the installation of other outside
conductors on the premises, and the installations of optical fiber cable
(NEPA, 1988).

NFPA 101

NFPA 101 was designed to establish minimum requirements for
life safety in buildings and structures. Life Safery Code addresses a
wide range of topics from fire and similar emergencies: construction,
protection, and occupancy features necessary to minimize the dan-
gers from fire, smoke, fumes, or panic. It identifies minimum criteria
for design of egress facilities permitting prompt escape of occupants
from buildings, or where possible, into safe areas within the building.
The Life Safery Code also recognizes that fixed locations occupied as
buildings such as vehicles, vessels, or other mobile structures shall be
treated as buildings. NFPA 101 is published using mandatory lan-
guage that may be adopted in a given jurisdiction. Usually the state
fire marshal determines who has authority for enforcement (NFPA,
2002).

NFPA 30

The Flammable and Combustible Liquids Code, NFPA 30, was
developed with the intent of reducing hazards to a degree consistent
with reasonable public safety. It does not seek to eliminate all hazards
associated with the use of flammable and combustible liquids because
the goal was not to interfere with public convenience. The code sets
requirements for the safe storage and use of a great variety of flam-
mables and liquids commonly available. It establishes requirements
for the safe storage and use of liquids having unusual burning charac-
teristics or subject to self-ignition (NFPA, 2002). An approved
storage cabinet for keeping small containers of flammable and com-
bustible liquids is shown in figure 8-3. Approved containers are
shown in figure 8-4.

NFPA 13

NFPA 13 covers installation of sprinklers by providing minimum
requirements for the design and installation of automatic sprinklers,
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including the character and adequacy of water supplies. In addition,
it covers selection of sprinklers, piping, valves, and all materials and

accessories and specifies which buildings require sprinkler systems
(NEPA, 2002).

NFPA 58

NEFPA 58 pertains to storage and handling of liquefied petroleum
gases. It applies to the highway transportation of and the design, con-
struction, installation, and operation of liquefied petroleum gas
(LPG) systems. It addresses issues such as location of LPG storage
tanks, safety analysis, and overfilling protection devices (NFPA,
2002).

NFPA 99

The Health Care Facilities Standard, NFPA 99, created criteria to
minimize the hazards of fire, explosion, and electricity in health care
facilities. It specifically addresses electrical system wiring, storage,
and use of flammable and combustible liquids in laboratories, emer-

gency and disaster management, oxygen storage, alarms, and design
considerations (NFPA, 2002).

Educational Materials

In addition to developing codes and standards, the NFPA also
produces an abundance of educational materials for all age groups and
levels of competence. The aids range from fire safety materials for
children to fire ground tactics for professional firefighters. These
materials come in filmstrips, pamphlets, slides, movies, videos, post-
ers, and books. There are educational materials for training the gen-
eral employee population and the plant fire brigade and for employee
off-the-job fire safety education (Ashford, 1977). The NFPA website
at www.NFPA.org gives insight into the offerings.

NFPA 704

NFPA 704 is a system of marking storage containers to communi-
cate the hazards associated with the contents of the container. It uti-
lizes a diamond-shaped symbol broken into four quadrants at the top,



Figure 8-3. (A) and (B) Flammable liquid storage cabinets with examples of
different types of safety containers.
(Photographs courtesy of Justrite Mfg. Co. L.L.C., Des Plaines, lllinois.)
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Figure 8-4. Example of flammable liquid safety can with illustrated safety

features.
(Photograph courtesy of Justrite Mfg. Co. L.L.C., Des Plaines, lllinais.)
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bottom, left, and right of the diamond. The top portion is shaded red
and represents the flammability hazard. Health hazards are indicated
in the blue portion. Yellow represents the corrosivity hazard. The
bottom portion is white; any special hazards will appear here. For
example, a Wwith a line drawn through it means the chemical is water
reactive. A radioactive, poison, or other symbol might also appear
here. In the top three blocks, the extent of each hazard is represented
with a numbering system of O to 4. Zero represents a minimal hazard,
while four represents the greatest hazard. These are demonstrated in
figure 8-5.
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Figure 8-5. Sample of NFPA 704 label for storage containers of hazardous
materials.

FLAMMABILITY
/

HEALTH
™

4 - Severe

3 - Serigus

2 - Moderate
1 - Slight

0- Minimal

N

REACTIMITY

OXY - Oxidizer
ACID - Acid

ALK - Alkali

GDR - Corrosive

W - Use No Water

SPEGIFIC HAZARD

DOT Marking System

The Department of Transportation (DOT) Hazardous Materials Reg-
ulations specify the requirements for placarding and labeling of haz-
ardous materials shipped within the United States. These labels are
approximately 4 inches by 4 inches; placards are approximately 10%/4
inches by 10%: inches. Labels are attached directly to the container or
on tags or cards attached to the containers. Placards are placed on
both ends and each side of freight containers, cargo tanks, and porta-
ble tank containers. DOT utilizes United Nations Hazard Class num-
bers appearing on the bottom of the label or placard, as well as a four-
digit hazard-class identification number (see figure 8-6). This number
can be cross-referenced in the DOT Emergency Response Guidebook



Figure 8-6. Shipping papers and example of placard and panel with ID

number.
(Courtesy of Emergency Response Guide, U.S. Department of Transportation.)

SHIPPING DOCUMENTS (PAPERS)*

The shipping document provides vital information when responding to a
hazardous materials/dangerous goods*™ incident. The shipping document
contains information needed to identify the materials involved. Use this infor-
mation to initiate protective actions for your own safety and the safety of the
public. The shipping document contains the proper shipping name (see blue-
bordered pages). the hazard class or division of the material(s), IDY number
(see yellow-hordered pages), and, where appropriate, the Packing Group. In
addition, there must be information avaifable that describes the hazards of
the material which can be used in the mitigation of an incident. The informa-
tion must be entered on or be with the shipping document. This requirement
may be satisfied by attaching a guide from the ERG2000 to the shipping doc-
ument, or by having the entire guidebook available for ready reference.
Shipping documents are required for most dangerous goods in transporta-
tion. Shipping decuments are kept in

+ the cab of the motor vehicle,

® the possession of the train crew member,

* a holder on the bridge of a vessel, or

* an aircraft pilot’s possession.

EMERGENCY CONTACT EXAMPLE OF EMERGENCY
1-D00-000- 0000 | RESPONSE TELEPHONE NUMEER

NO. & TYPE DESCRIPTION OF | OR DIVISION NO. QUANTITY
OF PACKAGES ARTICLES . . .

1 TANK TRUCK 1SOPROPANOL 3 _UNIZI? TT

3.000 LITERS

EXAMPLE OF PLACARD AND PANEL WITH 1D NUMBER

The 4-digit |10 Number may be shown on the diamond-shaped placard or on
an adjacent orange panel displayed on the ends and sides of a cargo tank,
vehicle or rail car.

A Numbered or A Placard O N
‘ Placard and an | FLAMMABLE
Orange Panel

* For the purposes of this book. the terms shipping document/shipping paper are synonymous.
** For the purposes of this book, the terms hazardous matenals/dangerous goods are synonymous.
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to identify the material and to learn about protective measures to be
taken to either avoid or respond to a spill or leak (see figure 8-7).

OSHA Regulations

OSHA deals with fire protection from an employee safety stand-
point, and many of the points covered in the OSHA standard are
solid management practices for property safety as well. Subpart E,
Means of Egress, is taken from NFPA 101-1970, the Life Safety Code.
The emphasis of this subpart is on protecting the employee once a
fire has started. It informs the employer what to do to protect work-
ers during the fire by addressing egress methods, automatic sprinkler
systems, fire alarms, emergency action plans, and fire prevention
plans.

Means of egress refers to a continuous and unobstructed way of
exit travel from any point in a building or structure to a public way.
Safe exit travel consists of three separate and distinct parts:

1. The way of exit access (such as an aisle or hallway)
2. The exit (such as a doorway)

3. The way of exit discharge (such as a sidewalk outside the building)
In addition, it should be noted that:

+ Exits cannot be disguised or obstructed by mirrors, decorations, or
other objects.

¢ They should be marked by readily visible signs.

 Any door, stairway, or other passage possibly confused with an exit
should be marked “Not an Exit” or identified as “Linen Closet,”
“Basement,” and so on, so employees can find the way out of the

building.

The Life Safety Code of the NFPA specifies the numbers and
types of different occupancies and the sprinklers and alarms appro-
priate for each. Sprinklers and alarms are not required in all instances.

Subpart L of the OSHA regulations addresses fire protection. It
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contains requirements for fire brigades, all portable and fixed-fire
suppression equipment, fire detection systems, and fire and employee
alarm systems.

Safety practitioners have the responsibility to ensure management
is aware of how to be in compliance with all applicable fire laws and
how to protect workers from fire bazards. This implies instructing
employees on how to prevent fires and helping ensure workers are
protected if a fire begins. Typical approaches to the fire problem
include good housekeeping. Conditions should be monitored relative
to neatness and cleanliness because fires may result from conditions
such as a stack of oily or greasy rags being left in a pile or an open
container. As the rags decompose, they become hot and sometimes
ignite through a process known as spontaneous combustion. Other
materials such as damp hay, grass, or paper products exposed to
dampness or combustible liquids can undergo the same process. The
fire begins spontaneously with no apparent outside ignition source.
Oily rags should be kept in approved safety cans as shown in figure
8-8 to avoid contacts with ignition sources and incidents involving
spontaneous combustion. In crowded facilities aisles and doorways
are convenient drop points for tools, bicycles, and boxes because
shelves and appropriate areas are remote or full. Employees may
block means of egress by using these empty spaces as storage areas.
These hazardous conditions must be monitored and management
advised to take corrective action.

Ensuring fire alarm and suppression systems are in good working
order is not only a regulatory requirement, but also a requirement of
insurance company contracts. The loss-control representative from
the insurance company often provides services to aid in ensuring all
fire prevention and protection systems are in good working order.
Both he and the safety professional check alarm systems and other
methods of alerting workers in the event of a fire or other emergency.
Alarm systems typically consist of mechanical or electronic devices
such as bells or sirens located throughout the plant. Smaller busi-
nesses, when permitted by the regulations, may depend solely on
someone yelling, “Fire.” Suppression systems such as fire extinguish-
ers, sprinklers, or standpipes are also inspected.

Sprinklers are the devices, often located on the ceiling, that release



Figure 8-8. Example of oily waste safety can.
(Photograph courtesy of Justrite Mfg. Co. L.L.C., Des Plaines, lllinois.)
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water when a fire occurs. Typically, the melting of a fusible link by a
hot fire activates the sprinkler head. As each link is activated water is
released from it and only it. A dry sprinkler system is used in freezing
conditions, so the water is only released into the pipes when a remote
sensor opens a valve. Water will rush to all the sprinkler heads and be
released through those with melted links. In a deluge system, all sprin-
kler heads are open so water will be released through all heads. Prop-
erly installed and maintained sprinkler systems are nearly 100 percent
effective in protecting building occupants from fire.

Standpipes include the piping and hoses located throughout
buildings accessible during a fire. Some standpipes are dry, meaning
no water is in the pipes until it is pumped in during the emergency.
In a tall office building, for example, the hoses and pipes in the system
may be for use by the fire department. When firefighters arrive at the
scene, they do not want to take the time to drag hoses to the top
floors. A dry standpipe system permits them to connect to a water
supply at the base of the building and activate the standpipe system
on the top floors. Until they connect their water supply, however, no
water is available. These systems often employ large-diameter hoses
too unwieldy for untrained persons.

Wet standpipes are typically designed for use by properly trained
occupants to protect the people and contents of the building. These
systems have a constant supply of water and are smaller in diameter
for occupants’ use. The loss-control representative of the insurance
company attempts to ensure, through the insurance contract, all sup-
pression systems are operating at all times or standby substitute
arrangements are in place during periods of shutdown for mainte-
nance and repair.

Some companies depend on fire brigades, consisting of employees
trained to respond to fire emergencies. Incipient fire brigades may
have been taught to use only fire extinguishers for response to incipi-
ent or small, early-stage fires. Structural fire brigades may have been
prepared to a level comparable to that of members of a municipal
fire department for response to large, structural fires. Structural fire
brigades may maintain equipment, including fire trucks and turnout
gear, like that found at the fire department. Unless employees have
appropriate training and equipment, it is recommended to instruct
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them to immediately evacuate and sound an alarm when a fire occurs.
Even an incipient fire can present a threat to the lives of employees
when untrained personnel attempt to extinguish it. For liability and
insurance purposes, many companies are reluctant to assume the risk
of utilizing an in-house fire brigade as a defense for fires on their
properties.

Fire Case History

This account was submitted by Greg Roberts, a master’s degree stu-
dent, who had worked for a department store chain.

While safety manager, I received a call from Waldorf, Maryland,
notifying me a store had been partially destroyed by fire. The details
were at best sketchy, so I boarded our corporate plane immediately
to survey the damage and report on the cause.

The store was of a typical design with a 54,000-square-foot inte-
rior and an additional 5,000-square-foot garden shop attached out-
side. It met all building codes in Maryland for fire protection and
was less than one year old.

When I arrived, the store manager and the inspector in charge
of the investigation met me. What we discovered was the fire began
in the garden shop and spread via the cantilever roof to the inside
structure. However, the fuel source was a surprise.

As many large retailers do, the buying department purchases
boxcar loads of merchandise. The merchandise is then segregated
and shipped in large quantities to each store. During the summer
months, the store stocked and sold a great deal of peat moss, cow
manure, and 10-10-10 fertilizer.

During shipping, unloading, or storage, the plastic bags con-
taining the peat moss were damaged, allowing rain water to accumu-
late inside them while in our parking lot. The peat moss, usually in
40-pound bags with 40 to 50 bags per pallet, was located in the park-
ing lot until it was needed in the garden shop area. When the
restocking took place, an entire pallet (40 to 50 bags) was retrieved
from the parking lot and placed under the cantilever roof for cus-
tomer convenience.

The bags were protected from rain after being placed under the
roofline, but they were not protected from direct sunlight during
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the afternoon. This allowed the sun to heat the material and, as a
result, ignite the peat moss, or as described by the inspector, allowed
spontaneous combustion to occur. We had never experienced an
event like this, and, fortunately, no one was injured. The vast major-
ity of the merchandise was destroyed by the sprinkler system as the
valves were chained in the open position, locked, and blocked by the
last shipment of merchandise that was unloaded. These violations
prevented the fire department from reaching the shutoff valve and,
as a result, the sprinklers operated well after the fire was extin-
guished.

We learned a great deal from our misfortune in Waldorf, Mary-
land. We were able to establish a storage policy mandating all spon-
taneously combustible material storage away from the building in
the parking lot or inside to reduce exposure to the elements. Addi-
tionally, we reinforced our policy regarding locked and blocked
sprinkler valve shutoff and took disciplinary action against the store
manager in Waldorf for these violations (personal communication,
March 29, 1995).

Managing the Fire Program

All in-plant and out-of-plant systems are carefully evaluated to
ensure plant and emergency response personnel are notified in a
timely manner. If fire disables the alarm system, backup systems
should be available and employees should know to utilize them. An
effective fire plan incorporates as many of the emergency systems into
the daily plant operations as possible in order to ensure they are in
operational order and personnel are aware of how to use them.

Management commitment is critical to the success of the fire pro-
gram and can be measured in terms of the resources and time that
management makes available to the program. There should be clear
lines of authority leading from manager of the organization to per-
sonnel responsible for ensuring a successful fire program.

Since fire equipment is spread throughout the plant, it may be
impractical to have supervisors handle inspections in their respective
sections and report to the safety department. A better approach is to
work with a member of the maintenance or engineering staff to han-
dle these responsibilities. It is generally good practice to involve as



180 / Chapter 8

many personnel in the fire program as possible to encourage aware-
ness and support.

Written Program

29 CFR 1910.38 requires companies to have an emergency action plan
in writing covering the following elements:

* Procedures for emergency escape

* Procedures to be followed by employees who remain to operate the
plant

* Procedures to account for all evacuees
* Procedures for rescue and medical personnel
* Protocols for alarm systems

* Procedures for training

A written fire prevention plan is also required and should contain
the following elements:

* A list of major workplace fire hazards and their proper handling
and storage procedures, potential ignition sources and their control
procedures, and equipment or systems which can control a fire
involving them

¢ The names or job titles of personnel responsible for maintenance of
equipment and systems installed to prevent or control ignitions or
fires

¢ The names or regular job titles of the personnel responsible for con-
trol of fuel-source hazards

Training is critical. Employees need awareness of the alarm sys-
tems and appropriate response to an alarm. Where the possibility
exists for different types of disasters, employees need awareness of
the different types of alarms. For example, a continuous bell may
indicate an evacuation of the building, as with a fire. An intermittent
bell may indicate employees should seek appropriate shelter in the
building, as with a tornado.
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Employees should also be trained in how and when to use fire
extinguishers. Employees are to use extinguishers only if they have
been properly trained; to do otherwise would be a violation of OSHA
regulations. This is so that employees do not attempt to fight fires
beyond their capabilities or the capabilities of the available equip-
ment. If training is not mandated for employees, they have no alterna-
tive but to evacuate when a fire occurs.

Conclusion

Although most safety practitioners are not required to know the mi-
nute details of fire safety, it is imperative they have an awareness of
the terminology surrounding fire to effectively communicate with
building inspectors, fire marshals, OSHA regulators, fire equipment
vendors and maintenance personnel, and insurance representatives.
They must also maintain an awareness of the conditions leading to
fires and work to help eliminate them throughout the facility. An
effective fire program requires constant vigilance and an ongoing
partnership with key representatives from industry, government, and
the insurance companies. Relationships should be cultivated with as
many of them as possible to maintain an effective fire prevention and
protection program.

Questions

1. What is the NFPA? Contact the NFPA and request a catalog of its
products. The NFPA can be reached at (617) 770-3500, or you can
write to them at One Batterymarch Park, Quincy, MA 02269.
Explain what products are available from the NFPA and how these
products would be of help to you in industrial safety.

2. Can you find any reference to NFPA in the OSHA Standards?
Where? How are you affected by the NFPA and ANSI standards?
How are they the same or different from laws?

3. Why do you think NFPA evolved as it did? Are the issues tackled
by the NFPA issues that the federal government should be
addressing? Explain your answer.
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Chapter 9

SYSTEM SAFETY
Celeste A. Winterberger, Ph.D.

Chapter Objectives

After completing this chapter, you will be able to:

¢ Describe the different elements that compose system safety
* Explain the development of system safety into a discipline
* Describe the importance of system safety today

* Identify the elements of the system life cycle

* Explain how a system safety program is managed

* List the different tools and techniques in the analysis of system
safety

Case Study

It was a cold January morning in Florida. During the night, icicles
had formed on most of the structures at the launch pad for the space
shuttle Challenger. As the astronauts left for their spacecraft that
morning, they all gave the “thumbs-up” signal, including Christa
McAuliffe, the first teacher to go into space. Everyone in NASA was
excited about this launch because it was further proof of how safe and
routine spaceflight had become. The countdown proceeded, the rock-
ets fired, and Challenger lifted from the pad. Seventy-four seconds
after launch, the euphoria vanished. As the two solid-rocket boosters
careened away from the cloud that was supposed to contain the space-
craft, flight controllers received no more data. Challenger had
exploded, and the seven individuals on board were killed.

The ten-member presidential committee that investigated the acci-

183
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dent found that cold temperatures had caused the O-rings in the solid-
rocket boosters to become less effective. These O-rings were made of
a rubberlike caulking material and were used to prevent the hot gases
from escaping the joints of the boosters. The cold caused the O-rings
to shrink and become less elastic, so when Challenger throttled up to
110 percent of rated engine output, hot gases escaped. These gases
acted like a blowtorch and caused the external tank, filled with hydro-
gen, to explode. In addition, the committee found that during the
assembly of the solid-rocket booster, the O-ring at that critical joint
had been pinched, which further diminished its effectiveness.

The committee cited problems with NASA management and qual-
ity-control procedures. It took over two years of procedural and mate-
rial redesign before the shuttle was allowed to fly. In August 1995, the
shuttle fleet was once again grounded when hot gases were found to be
escaping from the O-rings.

Definitions

To understand system safety, one must know the fundamentals that
go into defining the discipline. A system can be defined as a group of
interconnected elements united to form a single entity. Systems may
include something as simple as a toaster or as complex as a chemical
refinery. Perhaps the most important thing about systems is that they
can sometimes be and often are further defined into subsystems,
assemblies, subassemblies, and components (see figure 9-1). If the
subsystems contain interdependent entities, they then also can be
defined as systems. For example, a car brake can be defined as either
a stand-alone system or a subsystem of an automobile.

“Safety” can be defined as making something free from the likeli-
hood of harm. Roland and Moriarty (1990, p. 7) state that safety in a
system is “a quality of a system that allows the system to function
under predetermined conditions with an acceptable minimum of acci-
dental loss.”

A bazard is anything that can possibly cause danger or harm to
equipment, personnel, property, or the environment. It is a circum-
stance that has the potential, under the right conditions, to become a
loss.

Risk involves the probability that an incident will occur or the
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Figure 9-1. Block diagram showing the different parts of a car engine
(system).

| Engine |

- (system) -
Carburetor Accelerator Spark Plugs
(subsystem) (subsystem) (subsystem)
Fuel Pump Distributor
(subsystem) {subsystem)
Fuel Tank Starter
{subsystem} (subsystem)

Ignition Switch Battery
(subsystem) {subsystem)
Fuel Fire

chance of occurrence. The batting average of a baseball player can be
described by a pitcher as the risk that the batter will get a hit. If some-
one has a batting average of .200, it means that if the pitcher throws
ten pitches it would be likely that the batter would hit two fair. Obvi-
ously, the higher the risk (including probability and cost of loss), the
more important it becomes to find and mitigate the hazard. In the
case of the Challenger accident, the risk was high because failure of
the O-rings would likely cause death if it occurred.
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An “accident” is a dynamic occurrence caused by the activation
of a hazard and consists of a number of interrelated events resulting
in a loss. It can cause the injury or death of individuals, as well as
property damage to equipment and hardware. A related term that is
sometimes used to refer to accidents but is actually a different kind of
event is an incident. An “incident” is also an unplanned event but
may or may not have an adverse effect. An incident may simply be an
occurrence with no losses. These are sometimes referred to as “near
misses.”

System safety can be defined as “an optimum degree of safety,
established within the constraints of operational effectiveness, time,
and cost . . . achievable throughout all phases of the system life cycle”
(Malasky, 1982, p. 17). The system-safety concept deals with the
before-the-fact identification of hazards as opposed to the after-the-
fact approach used for years. Consider the Challenger example; the
accident occurred and the problem was found and resolved. Using the
system-safety approach would have meant that information concern-
ing the performance of the O-ring material was gathered prior to
design and testing and was also gathered throughout implementation.
There may have been a number of solutions to this problem. Even if
no other material was found, procedures might have been in place
to cancel the launch if temperatures dropped below a certain level.
Assembly procedures might have been modified so misalignment of
the solid-rocket sections and the potential pinching of the O-ring
would have been minimized.

History of System Safety

One of the first mentions of the concept of system safety appeared in
the technical paper “Engineering for Safety” presented at the Insti-
tute for Aeronautical Sciences in 1947. It stressed that safety should
be designed into airplanes, and it continued by stating that safety
groups should be an important part of the organization.

It wasn’t until the early 1960s and the development of ballistic
missile systems that the system-safety concept gained a more formal
acceptance. Contractors were given the responsibility for safety,
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replacing the practice of shared responsibility by each individual
involved in the process. The first system-safety requirements were
published by the Air Force in 1962. This was modified in 1963 into
the Air Force specification MIL-S-38130. In 1966, the Department of
Defense adopted these specifications as MIL-S-381308A. MIL-STD-
882 System Safety Program for Systems and Associated Subsystems
and Equipment; Requirements for, developed in 1982, contained the
specifications for the system-safety program required by all military
contractors.

NASA also implemented a system-safety program patterned after
the Air Force standards. These programs were instrumental to the
successful completion of many NASA projects, including the Apollo
moon missions.

The private sector has begun to develop system-safety programs
because of the successes of the military and NASA. Leading the way
are the nuclear power, refining, and chemical industries. The adoption
of system safety in those industries manufacturing consumer prod-
ucts has generated returns in terms of more effective products, fewer
accidents, and longer product life.

Importance of System Safety Today

As society becomes more technically advanced, its tools become more
and more sophisticated. In some cases, the machine has advanced fur-
ther than the human capacity to control it. Jet fighters are good exam-
ples. These machines are capable of performing in g-forces that
incapacitate most humans. Safety professionals need to be aware of
the limits of human performance, as well as the fallibility of the indi-
vidual in a mechanized system.

Product liability is also a major concern for many companies. The
McDonald’s coffee award is a good example. In this case, a woman
placed a cup of McDonald’s coffee between her legs in a car. The
coffee spilled and the woman was severely burned. McDonald’s was
found liable for the injuries, even though McDonald’s cups contain a
warning stating the contents are hot.
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Table 9-1. System Life Cycle.

Phase Safety Control Point Resuit

Concept Concept design review Establish design for general
evolution

Definition Preliminary design review | Establish general design for
specific development

Development | Critical design review Approve specific design for
production

Production Final acceptance review Approve product for release
in deployment

Deployment Audit of operation and Control of safety operation

maintenance and maintenance

System Life Cycle

The system life cycle consists of six phases: concept, definition, devel-
opment, production, deployment, and disposition. At the end of each
phase, a safety review is conducted. A decision is then made whether
to continue the project or place it on hold, pending further examina-
tion.

During the concept phase, historical data and technical forecasts
are developed as a base for a system hazard analysis. A Preliminary
Hazard Analysis (PHA) is conducted during this phase. At the gross
level, a Risk Analysis (RA) is performed to ascertain the need for
hazard control and to develop system-safety criteria. Safety manage-
ment will be doing the initial work on the System Safety Program
Plan (SSPP). Three basic questions must be answered by the time the
concept phase is completed:

* “Have the hazards associated with the design concept been discov-
ered and evaluated to establish hazard controls?
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* Have risk analyses been initiated to establish the means for hazard
control?

* Are initial safety design requirements established for the concept so
that the next phase of system definition can be initiated?”’ (Roland
and Moriarty, 1990, p. 23).

The definition phase is used to verify the preliminary design and
product engineering. Reports presented at design review meetings
typically discuss the technological risks, costs, human engineering,
operational and maintenance suitability, and safety aspects. In addi-
tion subsystems, assemblies, and subassemblies of the system are
defined at this time. The PHA is updated and a Subsystem Hazard
Analysis (SSHA) is initiated so it can later be integrated into the Sys-
tem Hazard Analysis (SHA). Safety analysis techniques are used dur-
ing this phase to identify safety equipment, specification of safety
design requirements, initial development of safety test plans and
requirements, and prototype testing to verify the type of design
selected.

Environmental impact, integrated logistics support, producible
engineering, and operational use studies are done during the develop-
ment phase. The SSHA and safety design criteria are also completed
during this phase. Interfaces with other engineering disciplines within
the organization are fostered. Using the data collected, a go/no-go
decision can be made before production begins.

The production phase of the system life cycle involves close moni-
toring by the safety department. In addition, the quality-control
department becomes important because of its focus on inspection and
testing of the new product. Training begins during this phase. Updat-
ing of the analyses started during the definition and development
phases continues. Finally, all the information collected during this
phase is compiled into the System Safety Engineering Report (SSER).
The SSER identifies and documents the hazards of the final product
or system.

When the system becomes operational, it is in the deployment
phase. Data continues to be collected and training is conducted. If
any problems occur, individuals responsible for system safety must
be available to follow up and decide on possible solutions. The system
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safety group in the organization also reviews any design changes
made on the system or product.

A sixth phase of the system life cycle, the disposition or termina-
tion phase, is the time that a product or system is removed from ser-
vice. In certain cases, the removal of a product may in itself create a
hazardous situation. A good example is asbestos removal from a
building or light transformer replacement due to PCBs. Safety profes-
sionals monitor these situations so both the worker and the public are
protected.

Management of System Safety

<

Malasky (1982, p. 31) defines ““system safety management” as: ““. . .
that element of program management which ensures the accomplish-
ment of the system safety tasks, including identification of system
safety requirements; planning, organizing, and controlling those
efforts which are directed toward achieving the safety goals; coordi-
nating with other (system) program elements; and analyzing, review-
ing, and evaluating the program to ensure effective and timely
realization of the system safety objectives.”

Using this definition, a block diagram can be drawn to illustrate
the system safety function (see figure 9-2).

Figure 9-2. System safety functions.
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Organizational Location

The system safety organization should have a position within the
company where wide access to all areas of design, maintenance, and
operation occurs. It can exist at many different levels, depending on
the size of the organization. In large companies, the system-safety
role may be found at all functional levels of the organization. In fact,
MIL-STD-882B requires that all vendors submit a system-safety plan
along with their proposals for federal contracts. Sometimes system-
safety councils are used to reinforce corporate polices throughout the
different levels of the company. Smaller companies may include the
system safety work as part of each functional department. For exam-
ple, the design department should have an individual whose responsi-
bility is to perform product or system safety analyses during the
development phase of the system life cycle. However, it is up to each
company to decide on which levels system safety should reside. The
bottom line is to ensure that all risks have been determined and those
that are unacceptable have been eliminated.

Organizational Interfaces

System safety analysis is not performed in isolation. Input is nec-
essary from nearly all functional disciplines within the organization.
During the concept and definition phases, system safety primarily
interfaces with the design group. Interfaces with engineering are
important during the development phase. Quality assurance, training
and development, industrial safety, and manufacturing engineering
are important interfaces developed during the production phase.
Interfaces with maintenance and product-support disciplines are
important during the deployment phase. The termination phase finds
system safety interfacing with industrial safety, industrial hygiene,
and product support.

Implementation Difficulties

Malasky (1982) discusses some of the difficulties sometimes
encountered during implementation. Problem formulation is cited as
one issue. This may be caused by the conflicting demands of the vari-
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ous functional departments during the design optimization process
or because of inadvertent minimization of potential hazards. For
example, during the design process for the Ford Pinto, a fuel filter
problem was discovered. Management decided the cost of delay
would be much higher than the cost of any lawsuits resulting from
the hazard and went forward with production. In the long run the
cost to alleviate the hazard turned out to be much less than the costs
of the lawsuits and loss of consumer confidence.

Organizational interfaces may pose other problems. When man-
agement does not take responsibility for decision making in the pro-
cess, functional and system safety groups may be at odds with each
other. Management perception is another difficulty. System-safety
concepts are more abstract than those in many other disciplines.
Therefore, it is important for the safety professional to structure the
program so its impact is clear.

Elements of a System-Safety Program
Plan (SSPP)

According to MIL-STD-882B (Department of Defense, 1984) the
SSPP must specify the four elements of an effective system-safety
program:

* A planned approach for task accomplishment
* Qualified people to accomplish the tasks
* Authority to implement the tasks through all levels of management

* Appropriate resources for manning and funding to ensure that tasks
are completed.

To accomplish these objectives, the SSPP should describe:

* The safety organization

* System safety program milestones

* General system safety requirements and criteria
* Hazard analysis techniques and formats

* System safety data
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* Safety verification

* Audit programs

* Training requirements

* Mishap and hazardous malfunction analysis and reporting

* System safety interfaces.

For more detailed information regarding the specifics for each of
these areas, the safety professional may refer to the standard.

Tools and Techniques

In item four of the SSPP, a company must identify the types of tech-
niques used in analyzing and evaluating system hazards. The follow-
ing section will discuss some of the tools commonly used by the
safety practitioner.

Preliminary Hazard Analysis

A PHA is the initial effort in identifying hazards which singly or
in combination could cause an accident or undesired event. PHA is a
system-safety analysis tool used to identify hazard sources, condi-
tions, and potential accidents (Roland and Moriarty, 1990). At the
same time, PHA establishes the initial design and procedural safety
requirements to eliminate or control these identified hazardous con-
ditions. A PHA is performed in the early stages of the conceptual
cycle of system development. It can be performed by engineers, con-
tractors, production line supervisors, or safety professionals. Man-
agement must always first look at any risk involved in the operation
of the system.

After identifying hazards and their resultant adverse effects, the
analyst will rate each according to the Hazard Classification class,
which could be one of four categories:

* Class I—Catastrophic: A condition(s) that will cause equipment
loss and/or death or multiple injuries to personnel

* Class II—Critical: A condition(s) that will cause severe injury to
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personnel and major damage to equipment, or will result in a hazard
requiring immediate corrective action

* Class III—Marginal: A condition(s) that may cause minor injury to
personnel and minor damage to equipment

* Class IV—Negligible: A condition(s) that will not result in injury
to personnel, and will not result in any equipment damage.

Roland and Moriarty (1990) show how to develop a Hazard Assess-
ment Matrix to determine a Hazard Risk Index using frequency of
occurrence and hazard category (see figure 9-3).

Subsystem Hazard Analysis

A subsystem hazard analysis is performed to identify hazards in
the component systems within a larger system. For example, in the

Figure 9-3. Hazard Assessment Matrix.
(Adapted from Roland and Moriarty [1990]).
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Challenger accident, the solid-rocket boosters could be considered a
subsystem. When the hot gases broke through the O-ring, a compo-
nent of the subsystem, a total system breakdown began as a cascade
effect that ultimately destroyed the orbiter. This analysis should be
started no later than the definition phase in the system life cycle and
continue until the beginning of the system production phase. Analy-
sis techniques include Fault Hazard Analysis (FHA) and Fault Tree
Analysis (FTA), discussed in more detail in the next section (Roland
and Moriarty, 1990).

Hazard Analysis Techniques

The role of the safety professional is to anticipate, identify, and
evaluate hazards; give advice on the avoidance, elimination, or control
of hazards; and attain a state for which the risks are judged to be
acceptable. To achieve this, they adopt a system-safety concept that
includes:

* an understanding of the hazards
* an understanding of the risks
« an identification of the hazards and risks within their system

+ an understanding of unwanted releases of energy and unwanted
releases of hazardous materials being the causal factors for hazard-
related incidents, and

+ a knowledge of the principles and techniques used to control hazards
and reduce their associated risks to an acceptable level (Manuele,
1993).

A bazard analysis is used to identify any dangers that might be pres-
ent in a proposed operation, the types and degrees of accidents that
might result from the hazards, and the measures that can be taken to
avoid or minimize accidents or their consequences (Hammer, 1989).
The SHA is primarily performed during the definition and devel-
opment phases of the system life cycle (Roland and Moriarty, 1990).
However, it should be continuously implemented throughout the life
cycle of a system, project, program, and activity to identify and con-
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trol hazards. The purpose of performing an analysis during the early

stages of the life cycle is to reduce costs. If the analysis is done after

the system is in operation, the system may need to be redesigned and

consequently withdrawn from service. In addition, if the system is
close to the end of its life cycle, it might not be cost-effective to
change it (Brauer, 1990).

A hazard analysis should contain the following information:

Descriptive information

—System mode

—Subsystem mode of subsystem of hazard origin
—Hazard description

—Hazard effects

—Likelihood or relative likelihood of each hazard

Causation events of each hazard

—Identification of events precisely as to subsystem mode, system
mode, and environmental constraints

Subsystem interface problems of special significance

—Identification of subsystem involved

—Identification of system and subsystem modes

System risk evaluation

—Severity listing of each hazard

—Likelihood of each hazard

(If a full quantitative evaluation is conducted, a risk evaluation should

be presented for each hazard)

Risk summary

—Listing risks of each hazard and for the system as a function of
system modes

—A logical evaluation of acceptability of system risks

—Recommendations as to system risk control
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This analysis can and must begin as soon as the idea for a new system
or operation is conceived (Roland and Moriarty, 1990).

Technic of Operations Review (TOR)

In 1987, D. A. Weaver developed the Technic of Operations
Review (TOR) (Ferry, 1988). It was designed to uncover management
oversights and omissions instead of hardware or operator problems.
The four steps of a TOR analysis are state, trace, eliminate, and seek.

During the state portion of the analysis, detailed information
about the hazard is gathered. If the hazard is discovered as the result
of an accident, a summary of the mishap report is reviewed.

The trace portion uses a sheet displaying possible operational
errors under eight categories:

* Training includes all errors related to inadequate preparation of the
employee.

* Responsibility considers errors in the organizational requirements
which may have contributed to the hazard.

* Decision and direction looks at the lack of or inadequacy in the
decision-making process which causes errors in the performance of
the product or employee.

* Supervision refers to errors due to problems with the direction of
employee work.

» Work groups problems can be traced to the interpersonal relation-
ships within the group.
* Control deals with errors related to inadequate safety precautions.

* Personal traits can be traced to the individual’s personality and how
it affects the individual’s job performance.

* Management can be traced to poor managerial control.

Under each category is a list of numbered operational errors in that
group. (A complete copy of the TOR analysis materials can be
obtained from The FPE Group, 3687 Mt. Diablo Road, Lafayette,
CA 94549, who are the sole distributors of this analysis instrument.)
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To begin the analysis, a single number or prime error under one of
the eight categories is chosen. Using the Challenger mishap, the prime
number may be under category five, control: number 61, unsafe con-
dition. Each subcategory number on the TOR sheet then points to
other possible factors that may have contributed to the hazard or mis-
hap. Possible factors that could have contributed in the Challenger
accident include:

65. Deficient inspection, report, or maintenance (main category: con-
trol).

36. Failure to investigate and to apply the lessons of similar mishaps
(main category: decision and direction).

43. Unsafe act; failure to correct before the accident occurred (main
category: supervision).

86. Accountability; failure to develop appraisal and measurement of
key goals and objectives (main category: management).

These factors are then discussed by the group. Those found to have
contributed to the accident can be further broken down until all the
causative factors have been identified.

When the trace portion of the analysis is finished, the “eliminate”
step begins. Sometimes the trace step can identify a large number of
contributing factors, a number often overwhelming to the group eval-
uating the hazard. Therefore, the eliminate step is used to discuss
each contributing factor and evaluate its merit to the process.

The final step, “seek,” looks for possible actions that need to be
taken to correct the problem. These solutions should then be imple-
mented.

Technique for Human Error Rate Prediction
(THERP)

Swain and Rook developed Technique for Human Error Rate Pre-
diction (THERP) in 1961 to quantify human error rates due to prob-
lems of equipment unreliability, operational procedures, and any
other system characteristic that could influence human behavior
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(Malasky, 1982). THERP is an iterative process consisting of five
steps executed in any order:

* Determine system failure modes to be evaluated.

* Identify the significant human operations required and their rela-
tionship(s) to system operation and system output.

* Estimate error rates for each human operation or group of opera-
tions that are pertinent to the evaluation.

* Determine the effect of human error on the system and its outputs.

* Modify system inputs or the character of the system itself to reduce
the failure rate (Malasky, 1982, p. 257).

THERRP is usually modeled using a probability tree. Each branch rep-
resents a task analysis showing the flow of task behaviors and other
associations. A probability is assigned based on the event’s occur-
rence or nonoccurrence.

Failure Mode and Effects Analysis (FMEA)

A Failure Mode and Effects Analysis (FMEA) is a sequential anal-
ysis and evaluation of the kinds of failures that could happen and
their likely effects, expressed in terms of maximum potential loss. The
technique is used as a predictive model and forms part of an overall
risk assessment study. This analysis is described completely in the
MIL-STD-1629A. The FMEA is most useful in system hazard analy-
sis for highlighting critical components (Ridley, 1994).

In this method of analysis, the constituent major assemblies of
the product to be analyzed are listed. Next, each assembly is bro-
ken into subassemblies and components. Each component is then
studied to determine how it could malfunction and cause down-
stream effects. Effects might result on other components, and then
on higher-level subassemblies, assemblies, and the entire product.
Failure rates for each item are determined and listed. The calcula-
tions are used to determine how long a piece of hardware is
expected to operate for a specific length of time. It is the best and
principal means of determining where components and designs
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must be improved to increase the operational life of a product. In
addition, it is used to analyze how frequently and when parts must
be replaced if a failure, possibly related to safety, must be avoided
(Hammer, 1989).

The FMEA is limited to determination of all causes and effects,
hazardous or not. Furthermore, the FMEA does very little to analyze
problems arising from operator errors or hazardous characteristics of
equipment created by bad design or adverse environments. However,
the FMEA is excellent for determining optimum points for improv-
ing and controlling product quality (Hammer, 1989). (An example of
an FMEA for a bicycle can be found in figure 9-4.)

Fault Hazard Analysis

A FHA is an inductive method for finding dangers that result
from single-fault events (Roland and Moriarty, 1990). It identifies
hazards during the design phase. The investigator takes a detailed
look at the proposal system to determine hazard modes, causes of
hazards, and the adverse effects associated with the hazards.

Figure 9-4. Basic FTA symbology.

An event, usually a
malfunction, described
in functional terms

D AND pate
Primary fault. An event
with no further development
Q OR gate

Secondary fault. An event
with no further development.
Normally expected to happen.
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Fault Tree Analysis (FTA)

The most widely used analytical technique, FTA, is a symbolic
logic diagram graphically depicting the cause-and-effect relationships
of a system (Ferry, 1988).

The hierarchy of fault tree events can be classified as follows:

1. Head event (top event): The event at the top of the tree that is to
be analyzed

2. Primary event: The main malfunction of the component

3. Secondary event: The effect that is caused on another component,
device, or outside condition

4. Basic event: “An event that occurs at the element level and refers

Figure 9-5. A simple FTA.

Light failed

Bult burned
out

Power failure

Power
comany
failure

Internal circuit
breaker
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to the smallest subdivision of the analysis of the system” (Ferry,
1988, p. 153)

Using this basic hierarchy, an FTA is conducted using three steps.
The first is the determination of the head event. Once the head event
is set, primary and secondary events can be determined. The final step
is the resolution of the relationship between the casual events and the
head event using the terms AND and OR.

An example of a simple FTA may help explain how AND and
OR logic is used to define relationships. If an analysis is done on
the failure of an electric light bulb, the following fault tree can be
developed.

The tree shows two OR gates. After the light fails, there are two
possible alternatives. Either the bulb will burn out or there is a power
failure. If there is a power failure, there are two possible outcomes:
either the power has failed to come into the building or an internal
circuit breaker has failed.

On the other hand, if there is an AND gate, both outcomes must
occur for the event to happen. If an AND gate was placed after the
power failure, both a power company failure and an internal circuit
failure must happen for the event to take place.

There are limitations to this type of analysis. A specific knowl-
edge of the design, construction, and the use of the product is neces-
sary for successful completion of the FTA. In addition, FTA logic
assumes that all events are either successes or failures. Many times
such a concrete decision is not possible.

Job Safety Analysis (JSA)

Reasons for Conducting a JSA

Job Safety Analysis (JSA) is an analytical tool that can improve a
company’s overall performance by identifying and correcting unde-
sirable events that could result in accidents, illnesses, injuries, and
reduced quality and production. It is an employer/employee partici-
pation program in which job activities are observed; divided into indi-
vidual steps; discussed; and recorded with the intent to identify,
eliminate, or control undesirable events.
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JSA effectively accomplishes this goal because it operates at a very
basic level. It reviews each job and breaks it down into an orderly
series of smaller tasks. After these tasks have been determined, the
same routine of observation, discussion, and recording is repeated,
this time focusing on events which could have a negative impact on
each step in the task. Once potential undesirable events are recog-
nized, the process is repeated for a third time and corrective actions
are identified.

Conducting a JSA can be a valuable learning experience for both
new and experienced employees. Not only does it help them under-
stand their jobs better, but it also familiarizes them with potential
hazards and involves them in developing accident prevention proce-
dures. Workers are more likely to follow procedures if they have a
voice in planning. Finally, the JSA process causes employees to think
about safety and how it relates to their jobs.

Who Should Conduct JSAs?

The responsibility for the development of a JSA lies with first-
line supervision. These individuals have firsthand knowledge of the
process, its potential hazards, and the need for instituting corrective
actions at each step. This also provides the interaction with hourly
employees necessary to complete the JSA. Initially, first-line supervi-
sors must receive training in hazard recognition and procedures nec-
essary to perform a JSA. This training will give them the knowledge
necessary to explain the JSA to employees, what it is expected to
accomplish, how it is conducted, and what their part will be in the
program.

A well-organized and maintained JSA program can have a very
beneficial effect on accident prevention, improved production, and
product quality. Responsibility for this program, as with any other
program, must start at the top and be conveyed to all employees.

Procedures and Various Methods Used to
Perform JSAs

A JSA is a procedure used to review job methods and uncover
hazards that
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* may have been overlooked in the layout of the plant or building and
in the design of the machinery, equipment, tools, workstations, and
processes

* may have developed after production started, or

* may have resulted from changes in work procedures or personnel.
The principal benefits of a JSA include

* giving individual training in safe, efficient procedures
+ making employee safety contracts

* instructing the new person on the job

* preparing for planned safety observation

* giving prejob instruction on irregular jobs

* reviewing job procedures after accidents occur, and

* studying jobs for work-methods improvements

A JSA can be performed using three basic steps, but a careful selection
of the job to be analyzed is an important preliminary step.

Various Methods for Performing JSAs

There are three basic methods for conducting JSAs. The direct
observation method uses observational interviews to determine the
job steps and hazards encountered. A second way to perform a JSA is
using the discussion method. This method is typically used for jobs
or tasks that are performed infrequently. It involves pulling together
individuals who have done the job and letting them brainstorm
regarding the steps and hazards. The third way to perform a JSA is
called the recall-and-check method. This method is typically used
when a process is ongoing and people can’t get together. Everyone
participating in this process writes down ideas about the steps and
hazards involved in the job. Information from these individuals is
compiled and a composite list is sent to each participant. Each person
can then revise the list until consensus is achieved.

The following list gives the three basic approaches used to deter-
mine how to perform a specific JSA.
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* By a specific machine or piece of equipment (for example: lathe)
* By a specific type of job (for example: machining)

* By a specific occupation (for example: machinist)

Selecting the Job

A job is a sequence of separate steps or activities that together
accomplish a work goal. Jobs suitable for a JSA are those a line super-
visor chooses; jobs are not selected at random. Those with a poor
work accident history or high associated costs are analyzed first to
yield the quickest possible results.

In selecting jobs to be analyzed and establishing the order of anal-
ysis, top supervision is guided by the following factors:

« Frequency of accidents. A job repeatedly producing accidents is a
candidate for a JSA. The greater the number of accidents associated
with the job, the greater its priority claim for a JSA.

* Rate of disabling injuries. Every job having a history of disabling
injuries should have a JSA performed. Subsequent injuries prove
that preventive action taken prior to their occurrence has not been
successful.

* Severity potential. Some jobs may not have a history of accidents
but have the potential for causing severe injuries. The more severe
the injury, the higher the priority for a JSA.

* New jobs. Changed equipment or processes obviously have no his-
tory of accidents, but the accident potential may not be understood.

A JSA should be conducted for each new job. Analysis should not
be delayed until an accident or near miss occurs.

After the job has been selected, the three basic steps in conducting
a JSA are

* Breaking the job down into its component steps
* Identifying the hazards and potential accidents

* Developing solutions
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1. Breaking the job down into its component steps. Before the search

for hazards can be started, a job should be broken down into a
sequence of steps, each describing what is to be done. There are
two common errors to avoid in this process:

a. making the job breakdown too detailed so that an unnecessar-
ily large number of steps results, and

b. making the job breakdown so general that the basic steps are
not recorded.

To perform a job breakdown, use the following steps (see figure

9-6).

Select the right worker to observe. Select an experienced, capable,
and cooperative person who is willing to share ideas.

Observe the employee performing the job.

Completely describe each step. Each step should tell what is done,
not how it is done.

Number the job steps consecutively.

Watch the operator perform the job a number of times until you are
sure that all the steps have been noted.

Check the list of steps with the person observed to obtain agree-
ment on how the job is performed and the sequence of the steps.

2. Identifying bazards and potential accidents. The purpose of a J[SA

is to identify all hazards, both those produced by the environment
and those connected with the job procedure. Each step must be
made safer and more efficient.

Close observation and knowledge of the particular job are
required for the JSA to be effective. The job observation should
be repeated until all hazards and potential accidents have been

identified.

3. Developing solutions. The final step in a JSA is to develop a safe

job procedure to prevent the occurrence of accidents. The princi-
pal types of solutions are as follows:

* find a new way of doing the job



Figure 9-6. Job Safety Analysis Worksheet.

Job Name JSA Number
Employee Name Area/Supervisor
Employee Title Last Analysis Date
Analysis By Analysis Date
Job Steps Potential Hazards | Necessary Safety | Required Safety

Procedures Equipment
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* change the physical conditions that create the hazards
* change the work procedure and/or

* reduce the frequency of the job

Completing the JSA

After the worksheet is complete, the data compiled is transferred
to the actual JSA form. Once it is entered and verified, obtain signa-
ture approval for the JSA from an upper-level manager.

Once the JSA is completed, it is discussed with employees per-
forming the job. Any necessary safety procedures or equipment
required to perform the job is reviewed with employees. In addition,
a copy of the JSA is available for employees to use when they perform
the job—particularly for jobs not done on a regular basis. No job is
static; JSAs are reviewed on a regular basis and any necessary changes
are made.

Effectively Using a JSA in Loss Prevention

The major benefits of a JSA come after its completion. Supervi-
sors can learn more about the jobs they supervise and can use JSAs
for training new employees. JSAs provide a list of steps needed to
perform the job and identify the procedures and equipment needed
to do it safely. Employees can use JSAs for improved safety knowl-
edge and as reviews before performing unfamiliar jobs. Supervisors
occasionally observe employees as they perform the jobs for which
the analysis was developed. If any procedural deviations are observed,
the supervisor alerts the employee and reviews the job operation.

JSAs should be reevaluated following any accident. If the accident
is a result of an employee failing to follow JSA procedures, the fact is
discussed with everyone doing the job. It can be made clear the acci-
dent would not have occurred had the JSA procedures been followed.
If the JSA is revised following an accident, these revisions are brought
to the employees’ attention. (See figure 9-6 for a sample JSA work-
sheet.)
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An Example

Performing JSAs is a complex process. To better understand the
importance of this analysis tool, figure 9-7 shows a completed JSA
for hydraulic line replacement. Please note accident categories
described in the potential hazards section. These potential hazards
will aid in determining what safety measures and personal protective
equipment are necessary for a given job.

Accident Investigation

Accident investigation techniques are discussed in chapter 5. How-
ever, it is important to note that the accident investigation is a form
of system safety analysis. During the deployment phase, accidents
may occur and the findings of the investigation may result in a rede-
sign, retrofit, and/or recall of the product or system.

Accident Types

The following discussion of accident types assists in determining
the potential hazards for the job safety analysis.

1. Struck-by. A person is forcefully struck by an object.
2. Struck-against. A person forcefully strikes an object.

3. Contact-by. Contact by a substance or material that is by its very
nature harmful and causes injury.

4. Contact-with. A person comes in contact with a harmful mate-
rial.

5. Caught-on. A person or part of the person’s clothing or equip-
ment is caught on an object that is either moving or stationary.

6. Caught-in. A person or part of the person is trapped, stuck, or
otherwise caught in an opening or enclosure.

7. Caught-between. A person is crushed, pinched, or caught be-
tween either a moving object and a stationary object or between
two moving objects.



Figure 9-7. JSA for a hydraulic line replacement.

2} Lock-out the system
for tha hydraulic
hose.

3) Bleed off system
pressure if needed.

4) Remove the fitting
on end of hose.

5] Repeat step #4 on
the other hose end,

Foot-Level Fali:
Qil, water, or trash on floor.

Caught in:
You may become entangled
in the machinery.

Foot-Lovel Fall:
The floor is slippery from
hydraulic fuel.

Contact By:

Hydraulic fluid will icritate
and damage the eyes and
skin.

Contact with:

Tools may slip and cause
you to hurt your hands.

See Step #3.

Avoid wet, aily spots. Pick up

or step over trash or bunks. If
your shoes/hoots get slippery,
clean them.

Al workers must place their
Lock-out Tag on all system
breakers.

Walk around spilled fluid if
possible. tUse Oif Ori to soak
up spills.

Loasen the fitting to bleed off
any remaining pressure in the
hose. Kesp the hose away
from your face and others,
Wear safely glasses. Use the
right size tool on the coupling.
Kaep tools ¢lean from oil and
grease,

See Step #4.

JSA #1430 1asK name: HYDRAULIC LINES-CHANGING paGe: 1 OF 3
JOB TITLE: HYDRARULIC LINE AREA: MAINTENANCE
MILL: REVISION DATE: 08/15/94 wr(TTen gy: JOE HAMMERSMITH
INTERVIEWS wiTH: ED SMITH APPROVED BY: DAVID JONES
1934 REVIEWED BY: 1985 AEVIEWED BY: 1986 AEVIEWED BY: 1997 REVIEWED BY:
1983 REVIEWED BY; 1999 REYIEWED BY; 2000 REVIEWED BY: 2001 REVIEWED BY:
TASK STEPS POTENTIAL HAZARDS | SAFETY PROCEDURE SAFETY
T0 FOLLOW EQUIPMENT
1} Put on all required Contact By: When going anywhere in the Hard hat
safety equipment, Forklifts/Blind Corners mill, afways walk to one side Safety glasses
then report to job of pathways. Loak before Steel-toad hoots
location. rounding corners. Hearing
Protection
Gloves

Lock-out tags

Lock-out tags

0il Bri

Safety glasses

See Stap #4




JSA #1430 a5k Name: HYDRAULIC LINES-CHANGING pace: 2 OF 3
TASK STEPS POTENTIAL HAZARDS | SAFETY PROCEDURE SAFETY
TO FOLLOW EQUIPMENT
6) Cutanewhosethe | ContactBy: Keep your hands away from
same sizg as the old | Your hand may getcutby | the saw blade while itis
hose. the saw. turning.
Contact By: Wear safaty glasses. Hold the Safety glassas
Flying sparks and debris hase with ane hand while
can hurt you. cutting it.
7) Press the hose end Caught in: Move hand away fromthe ram | Hard hat
and the Coupling Your hand ¢an be ¢crushed | and hose, then start the press. Safety glasses
Press. if the press starts. Steel-toed boots
Earplugs
Lock-out tags
B8} Lower the pressing Caughtin: Make sure the press is off See Step #7.
collar onto the Your hand can be crushed | prior to inserting the hose
coupling. if the press starts, and coupling.
9} Repeat Step #7 and See Step #7. See Stap #7. Lock-out tags
Stap #8 for the other
hose end,
10) Install the new hose | Caught In: Make sure that the system is
onto the machinery. | You may become entangled| Locked-out and properly
in the machinery. tagged,
Contact By: Make sure thare are no burrs
Any sharp edges of the on the couplings. If so, grind

coupling will cut your
hands.

Contact With:
Tools may slip and cause
you to hurt your hands.

them off.

Use the right tool size on the
coupling. Kaep tools clean from
oil and grease.

(continued next page)




Figure 9-7. JSA for a hydraulic line replacement. (continued)

Various hazards in the mill.

and moving machinery/vehicles,

JBA #1430 1a5% NamE: HYDRAULIC LINES-CHANGING eace 30F 3
TASK STEPS POTENTIAL HAZARDS | SAFETY PROCEDURE SAFETY
TO FOLLOW EQUIPMENT
11) Remove all Lockout | Caught In: Make sure all workers and tools
Tags from the system| Anyone still working on are clear of the machinery. Do
hreakers the hose may become not remove angther parson’s
entangled in the Lock-out Tag
machingry.
12) Check for any Contact By: Stand away from hose while Safety glasses
hydraulic oil leaks. | Hydraulic fluid will irritate | system pressure increases.
and damage the eyes and | Wear safety glasses,
skin,
Foot-Level Fail: Walk around spifled fluid i 0itDr
The floor is slippery from possible. Use 0il Dri to seak up
hydraulic fluid. spills,
13) Tighten any leaky See Step #10. See Step £10. See Step #10
couplings.
14} Return equipmentto | Contact By: Carry all tools with a firm grip. If | Steel-toed boots
tha golf cart. Oropping tools may hurt necessary, make several trips to
your feet, carry all tools. Wear steel-toed
boots.
Contact With: Be alert for low-hanging items Steel-toed boots
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. Foot-level-fall. A person slips, trips, and/or falls to the surface the

person is standing or walking on.

. Fall-to-below. A person slips, trips, and/or falls to a level below

the one the person was walking or standing on.

Ovwerexertion. The person performs a task beyond his physical
capabilities, resulting in sprain or strain injuries.

Exposure. Employee injury results from her close proximity to
harmful environmental conditions in the workplace.

Conclusion

System safety is an important part of the product life cycle. Allowing
the individual employee to find the problems associated with work is

no longer acceptable. A proactive approach is necessary because of

increased product-liability litigation and increased employee aware-
ness of process-safety concerns. Therefore, the safety professional
must make every effort to understand the concepts of system safety.

Questions

1.

What steps make up the product life cycle? Include examples of
the activities that occur during each step.

What is the importance of the system safety function to an organi-
zation?

. What are the differences between system safety and industrial

safety?
Can you develop a fault tree for a simple system? Make sure to

include both AND and OR gates.

. Using the hazard assessment matrix, what is the level of risk for

the following activities?

* Getting hit by a vehicle while walking across a busy street

 Having a grease fire in the kitchen

* Being involved in a plane crash.
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6. Can you perform a job hazard analysis of a simple system using
established criteria?
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Chapter 10

MANAGING THE SAFETY FUNCTION

Chapter Objectives

After completing this chapter, you will be able to

* Explain the functions of management and how they relate to safety
* Identify the purposes of the line and staff parts of the organization
* Differentiate between audits and inspections

* Identify the role of safety in the staffing process

* Explain the OSHA guidelines for safety management

Case Study

Bob Renee was hired fresh out of college by a small company to
handle safety. Because Bob had a degree in occupational safety, the
owners believed he would be in a position to handle the safety function
for a small facility. Bob felt confident he understood the technical
aspects of safety; he even had a handle on management. What he really
did not understand, however, was how it all fit together. As a result,
Bob left after a few months because he “needed more direction from
his superiors.”

Safety, like many other management activities, consists of
planning, organizing, controlling, directing, and possibly staffing.
Although some may argue that once the organization is staffed, this
function may cease, in most companies, staffing is an ongoing prob-
lem and its importance is paramount to the success of the enterprise.

Planning

“A job well planned is a job well done.” “A job well planned is a job
half finished.” These axioms have been repeated for decades, and they

215
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hold some truth. Planning is essential to the ongoing success of any
enterprise and certainly to the components of the enterprise, includ-
ing safety. A well-planned operation involves a series of deliberate
steps. First, the safety practitioner must forecast the needs of the
safety department for the coming year. This involves reviewing the
records of successes and failures as well as all the resources used in the
past. It also means anticipating the obstacles that may be encountered
during the coming planning period. Most companies tend to operate
on a one- to five-year cycle, with planning for budgets occurring each
year. This forecasting of coming needs or predicting when they will
occur is a result of looking at the past and studying the future. There
are a number of texts that can guide the reader as to how to forecast.

Once forecasts are made, the practitioner must anticipate
resources needed to meet those needs and make requests accordingly.
A proposed safety standard coming into effect may require unusual
demands, as will the planning or start-up of a new facility. This is
part of a proactive as opposed to a reactive approach to safety. The
practitioner does not wait for incidents to occur, but rather antici-
pates and plans to deal with problems beforeband.

Established plans often become standards by which the prac-
titioner can judge the performance of the safety program. They
should evolve from the mission and the objectives of the organization.
This can occur by carefully reviewing organizational goals with top
management and writing safety objectives to complement or aid the
organizational goals. Once safety objectives are written and methods
by which those objectives can be accomplished are laid out, budgets
and timetables are formulated. A careful review of the documents
associated with the planning tools is made with management, and
agreement is sought. Once this occurs, the organization of resources
to accomplish the objectives can begin.

Management supports safety efforts to the extent these efforts
support those of the organization. Resources necessary to accomplish
the task will be allocated on a basis relative to how well the accom-
plishment of the task helps the organization achieve its goals. Of
course, personalities, personal ambitions, and politics can interfere in
the process. It is critical for the efforts of the safety department to be
tied to those of the organization.
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Organizing

Unlike most management activities, safety usually operates from a
purely staff position. The implications of this pervade safety and
affect the way it operates in the organization. 7o understand the man-
agement of safety, an understanding of line and staff positions is
essential.

Line positions are charged with carrying out the major function
or functions of the organization. In an army, the line fights; in a pro-
duction operation, the line does the producing; in a sales organiza-
tion, the line sells. First-line supervisors, plant managers, and even
company presidents are considered line officers within an organiza-
tion. Staff positions, on the other hand, are charged with supporting
or helping the line positions. Typically, staff positions have no real
authority over line activities; staff members only assist and advise the
line officers. Any authority staff positions possess beyond that of
assisting or advising is only a result of a line manager giving that
authority. In some organizations, staff members are given authority
over certain functions and any activities that relate to those functions.
If a safety member in such an organization recognizes a problem in
safety, he or she could be given authority to correct that problem.
Even in organizations where no functional authority is given, some
members of line management may perceive the authority exists any-
way. This could be particularly true of lower-ranking members in line
positions who perceive that staff members have authority over them
when, in fact, they do not.

Safety managers, safety engineers, safety professionals, and safety
technicians are nearly always considered staff personnel and nearly
always operate from a staff position. A safety manager’s job is to mon-
itor safety, compare what they find against existing standards, and
advise line management as to any corrective actions that need to be
taken from a safety standpoint. Their ideal position within the organi-
zation is reporting to the chief executive officer, but typically, the
safety practitioner reports to personnel or human resources depart-
ments. The rationale for reporting to the top is obvious. No person
within the organization is exempt from safety. If however, safety is
subordinate to personnel, human resources, or some position other



218 / Chapter 10

than the chief executive officer, the opportunities for abuse and the
potential for conflict of interest are high. Proper monitoring and
appropriate advising of the enterprise cannot take place from the mid-
dle of the organizational hierarchy.

The full-time safety practitioner monitors safety and advises man-
agement on what changes are needed and why. To do otherwise inter-
feres with the job of the line manager. If a conflict occurs between
the safety practitioner and the production manager, the production
manager’s orders will take precedence. Exceptions to this rule some-
times occur when the staff person is given functional authority or
authority over the safety function. He or she has authority over all
matters as they relate to safety and can overrule the line manager if
his orders contradict those of the safety practitioner relative to safety.
Of course, the safety practitioner may also have line authority over
any personnel that work for and report to him or her, such as an
industrial hygienist, an occupational nurse, or a safety assistant.

Generally, the safety practitioner is in a better position to posi-
tively influence the organization if a purely advisory role is main-
tained. It permits him or her to help line managers perform a better
job by becoming part of their team and also helps avoid conflicts. This
approach squarely places the responsibility for safety on the shoul-
ders of line management. If an unsafe condition occurs, the line man-
ager cannot reasonably state that he is unaware of the condition. It’s
his job to be aware of unsafe conditions and have them corrected.

All members of the organization must buy into safety to establish
a safety culture. This only happens with support and continual input
from top management. The safety practitioner does not lead the
safety effort but rather acts as a member of the different safety teams
throughout the enterprise. Teams may be in the form of safety com-
mittees, individual crews, or work cells. It is the safety practitioner’s
responsibility to help those teams help themselves relative to safety.
The safety professional acts as a resource or guide in helping the team
establish itself. Management of safety becomes a responsibility of the
leader of the work group and the individual members.

Carl Wagner is supervisor of an eight-member production group.
The group’s job is to produce a high-quality, pearl-like finish on
metal furniture. Carl’s responsibilities are to ensure quality produc-
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Figure 10-1. Typical organizational chart.
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tion occurs safely. When the plant safety manager observes one of
Carl’s workers not using the prescribed personal protective equip-
ment, she addresses the problem with Carl. If Carl is not around, the
safety manager discusses the problem with the worker. It’s actually
Carl’s job to see to it the employees in his crew work safely. If Carl
learns the employee is not wearing personal protective equipment
because it is uncomfortable, then he discusses the issue with the safety
manager. The safety manager’s job is to aid Carl and help him resolve
the employee’s problem. Because of this relationship, Carl considers
the safety manager not a threat, but a resource he can call on to help
him and his crew to do a better job.

On Monday morning, Carl approaches Janet Reeves, the safety
manager, and complains that the new respiratory equipment is too
hot, and his employees do not like to wear it while working with
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lubricants. If Carl believes the safety equipment is simply a nuisance
hindering his employees and tries to obstruct the safe-practice meth-
ods used in the plant, it is Janet’s job to convince Carl the equipment
is necessary to the safety of his workers and help him convince his
employees.

Janet discusses the problem with Carl, and they decide to take
time during the next “tool box talk” to discuss it with employees.
Before going into the meeting, Janet makes Carl aware that OSHA
requires respiratory equipment for this operation and working with-
out it may cause employees to develop respiratory problems. After a
long discussion, Carl decides to lead the talk himself and to ask his
employees if they understand the consequences of not wearing the
equipment. After a little verbal sparring, the employees reluctantly
agree when they realize the importance of wearing the equipment.

Janet also suggests it is possible to shorten the time employees
wear the respirators. After some discussion, all agree that two
employees should perform any job demanding more than thirty min-
utes. After one employee wears the respirator for thirty minutes, he
can switch off to permit another employee to finish. No employee
will have to wear a respirator for more than thirty minutes at a time.
All agree this is a workable idea and they decide to give it a try.

If Carl is unable or unwilling to comply with his safety responsi-
bilities, Janet is in a position to discuss the matter with Carl’s boss,
his boss’s boss, or even the chief executive officer of the company.
With top management support of the safety effort, Carl’s perfor-
mance is measured on how well he supervises safe production. If he
is unable or unwilling to try to produce safely, then his performance
ratings will suffer. Therefore, he is penalized for failing to follow
other procedures regarding production or any other critical activity
within the company. Not only is Carl held responsible for safe pro-
duction, but also his direct manager and every other manager in the
line production operation. They are held responsible and account-

able.
Controlling

Controlling occurs through a number of subfunctions. It involves
looking at what is happening in the organization by monitoring or
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comparing the results of the observations to established standards,
and taking appropriate corrective actions. This occurs through
inspections, audits, records reviews, interviews with employees and
supervisors, and a careful watch on what is happening in the organi-
zation. The results of monitoring are compared to results from previ-
ous years, existing safety regulations, and published or internally
developed standards. Any deficiencies are noted and plans are made
for correction. Before drastic changes occur, management approval
and support are sought. Once this happens, it is up to line manage-
ment to make any and all appropriate corrections. Of course, manage-
ment will only make corrections when it perceives they are
appropriate and beneficial. This perception is frequently based on line
management’s understanding of the need to make corrections and the
consequences of not making corrections.

The safety practitioner often finds that being a persuasive sales-
person is as important as knowing what to do and what to sell. The
safety practitioner soon learns requests for change typically cost
money, time, or other resources. In addition, these requests are com-
peting with those from production, marketing, and other branches
of the organization whose managers believe they can best utilize the
company’s resources.

It becomes apparent that requests by the safety function for com-
pany resources are competing with every other worthy cause within
the organization. If money is spent on safety, it may not be available
for raises for personnel, a new dental benefits plan, research on a
breakthrough for a promising new drug, or a marketing effort that
could reap millions. The management team will consider the safety
request, weigh it against those from the rest of the organization, and
respond accordingly.

If the safety professional is unable to make a convincing case for
project resources, then the project won’t happen. Management sup-
port for safety is a result of its perception of how well safety supports
the organization. If the safety department is well aligned with the mis-
sion of the organization and the safety professional can build a strong
case, usually in terms of the cost benefit to the organization, safety
will be supported. However, if management does not perceive that
safety supports the organization or believes that it does not provide
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an adequate return, it will not support it. To reiterate, the role of the
safety professional is to monitor what is occurring in the organization
relative to safety, compare findings to existing standards, and advise
on necessary changes.

Allegedly, the major tool used by professionals to monitor the
state of safety in the organization has been the audit. Audit is a term
loosely used by professional and semiprofessional safety prac-
titioners. It can mean anything from a cursory inspection of hand
tools by shop personnel to a complete review of the safety program
by the safety staff and numerous collaborating personnel. In reality,
the audit is a tool that permits the assignment of a quantitative or
numerical value to some aspect of the safety program. It is used to
determine where that program is relative to where it ought to be. As
many as a dozen or more audits might be done on an annual basis in
any company. An example will illustrate this point.

Suzy Harris is the safety manager for Atlantic Widgets. She has
developed nine safety programs in the following areas:

Hazard Recognition and Control

Fire Prevention and Protection

Industrial Hygiene Monitoring and Control
Ergonomics

Waste Prevention and Minimization
Security

Manpower Training and Development

Environmental Operations and Emergency Response

A S B A e

Technical Standards and Legislative Compliance

Suzy remains open to new ideas for safety programs and plans to
initiate more as time permits. Each of the above programs is reviewed
annually in a different month by other plant managers and members
of the safety committee. Suzy always tries to bring in at least one
outside person to get fresh insight into what she is doing.

In January, she audits the Fire Prevention and Protection pro-
gram. During the audit, Suzy attempts to determine whether the
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company is in a state of readiness for any fire eventuality. She does so
by evaluating the systems that are in place to ensure continuity of an
effective program through interviews, observations, and a thorough
records review.

Suzy and two members of her team interview Steve English, the
plant manager, and ask him, “How are your supervisors specifically
evaluated, for purposes of promotion or salary increases in the per-
formance of their jobs, relative to fire prevention and protection?”
She will assign a subjective rating to the following table based upon
her evaluation of Steve’s response:

All plant supervisory personnel are evaluated on their performance in the area of
fire prevention and protection for purposes of promotion and salary increass.

No evaluation Evaluation occurs | An effactive An effective
exists. butthereis alink | evaluation occurs; | evaluation ocours
to salary there is a marginal |and appropriate
promotion. impact on salary |impact on salary
and promotion. and promotion.
1 2 3 4

Suzy continues with similar questions developed to measure the
program. She may have developed these questions with the help of
others in the plant, or she may have purchased an audit instrument
from a firm specializing in safety consulting. After assigning scores to
all of the questions, Suzy totals the scores and makes a determination,
based on a predetermined scale, as to the strength or weakness of the
fire prevention and protection program.

As a side benefit, Suzy is also in a position to make recommenda-
tions based on her findings as to what changes need to be made to
strengthen the program. These can be prioritized by what the cost of
not making the changes might be. The following paragraph provides
an example.

Suzy learns through her audit the only protection for an infre-
quently used warehouse is provided by fire extinguishers. The con-
tents of the warehouse are considered to be museum pieces and the
owners are reluctant to part with them. Suzy makes a determination



224 / Chapter 10

of the probability of a fire occurring in the warechouse in any given
year. She can do this based on the past record of a large company or
by estimates provided by her insurance company. The calculations
indicate that a fire would likely occur only once in every 200 years
with projected losses expected to run about $400,000. This amount
assumes that the nearby fire department would be able to extinguish
the fire with only 50 percent losses.

Next, Suzy uses the expected value technique and multiplies the
probability of the loss occurring in a given year, 1/200 or .005 times
the expected loss of $400,000, to estimate the expected value of a loss
at $2,000. This value approximates how much the company might be
willing to invest in protecting the building from a fire in a given year.
Two thousand dollars would be the break-even point in a given year.
In other words, the company could only expect to save $2,000 in a
given year by protecting the warehouse from fire.

How much would Suzy be willing to invest to save that money?
It depends on a number of factors but primarily on how much return
Suzy or the company can expect to get on its investments elsewhere.
Suzy may decide that there are higher priorities for safety when she
determines other findings through using this mathematical process.
Even if she decides that this is a high priority, she must still convince
management that it’s the best investment it can make with the avail-
able funds. Whether she makes that recommendation depends on the
return management normally receives on its investments. If manage-
ment expects a 15 percent return in a given year, then Suzy will use
the 15 percent figure as her standard of performance. She won’t make
a recommendation that will not result in at least a 15 percent expected
return. If Suzy finds that she can come up with a relatively inexpen-
sive system, she will make the recommendation based on her compar-
ison to the standard.

After Suzy has been at the facility for a while, plant personnel
begin to understand the expectations management has for them
regarding safety. Suzy finds it is necessary to perform the audit only
once per year. Obviously, this is not frequently enough to monitor
the overall fire program. Suzy has taught the supervisors to use their
own employees to make periodic fire inspections. Inspections involve
the monthly check of pressurized extinguishers, as well as a compari-
son of other safety features in the plant to given standards. The differ-
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Safety Audit Steps

1. Determine the area to be audited.

2. Develop or acquire an audit instrument based on the needs of the
company. Be aware that no generic audit purchased or acquired
from an outside firm will exactly fit the needs of the company.

3. Set up a pre-audit conference with all collaborating personnel. Dis-
cuss the purpose and scope of the audit.

4. Perform the audit, based on a predetermined evaluation system. Use
interviews, observations, and records reviews.

5. Compare the audit results to the standards of performance estab-
lished by the organization and the safety department.

6. Report to management based on the existing standards and vari-
ances from them. Suggest corrective actions and completion dates.
Strong rationales must be prepared for any changes to which man-
agement might object. Changes must be tied to the organizational
mission and objectives.

7. Follow-up to ensure changes agreed on have been made.

8. Suggest corrective actions and negotiate completion dates with
management.

ence between audits and inspections is that in inspections, no
quantitative evaluations are made. Suzy simply asks, “Is this done
or not?”” The inspection determines adherence to the operating stan-
dards. Audits are used to find out if inspections are taking place, as
well as the effectiveness of those and other safety tools.

Suzy also makes periodic inspections simply to ascertain supervi-
sors are doing their jobs and ensure compliance with the key safety
standards of the organization. The supervisors realize Suzy’s inspec-
tions will affect their own future in the company because she reports
to management on the supervisors’ compliance with internal safety
standards. Unsatisfactory findings are considered to be adverse per-
formance reports for the supervisors and their superiors. Positive
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reports are considered along with other performance variables in pro-
motion and salary increases. This is not the only measure of safety
that management depends on, but it is one factor in the determination
of a given supervisor’s or manager’s future in the company.

One of the keys in the whole process is to take corrective action
based on the findings. It sounds so obvious, yet audits and inspections
are performed regularly with recommendations reported to manage-
ment, many of which are never acted on. Typically, following a major
disaster that results in loss of lives and property, workers stand
around saying they knew it was coming. “We tried to tell manage-
ment, but no one listened.” Often the problems were identified in the
regular audit or inspection procedure, recommendations were made,
but no corrective actions took place. The safety practitioner must suc-
cessfully sell management on the necessary course of action.

Directing

The safety practitioner does not actively direct or lead in the organi-
zation, unless he has a staff or allocated resources. This job belongs
primarily to line management. Ideally, the safety practitioner is given
adequate resources, including a safety budget, to help line manage-
ment accomplish its objectives. A typical safety budget would be 2 to
3 percent of sales volume.

One day, Carl Wagner approaches Suzy Harris with a safety
problem. He believes his employees would be safer if they have hard
hats to wear when they are working in “the yard.” The cost of sup-
plying the hard hats for the whole crew is $600. Suzy believes this is
a worthwhile project and agrees to pay for the hard hats. The fact that
Suzy has control of a budget puts her in the enviable position of hav-
ing managers come to her to request not only her verbal input, but
also financial input. Safety personnel operating from a staff position
will only be successful with support, including financial support,
from line management.

Staffing

Staffing is an issue organizations should embrace. The opportunity to
hire productive, creative people is also conducive to the growth and
advancement of the whole organization. In addition, the safety prac-
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titioner should be aware the process contains pitfalls. The Civil Rights
Act and the Americans with Disabilities Act (ADA) have require-
ments prohibiting discrimination against protected populations. If a
job requires strength and endurance, the safety practitioner should
ensure the company has a clear, written job description. Applicants
are only hired contingent on their ability to meet all predetermined
physical requirements. A careful review of all affirmative action regu-
lations is necessary to ensure company screening procedures are in
compliance with the acts. Well-meaning companies have found them-
selves subject to lawsuits from state human rights commissions
because they were unaware their hiring practices discriminated against
protected populations. Specific guidelines should be obtained from
the appropriate state human rights commission.

Communications

The ability to communicate effectively is critical to the success of
safety practitioners. They must be able to speak in terms that manage-
ment understands. This requires knowledge of accounting, econom-
ics, and modern production and quality theory. Strong human
relations skills and related language ability are important to any suc-
cessful safety effort. The safety practitioner will be working with top
management and frontline workers. An effective safety professional
needs to have the personality and ability to relate to both groups.

The typical safety practitioner spends significant time in front of
groups, often in training activities. Public speaking skills can be useful
in these situations. Thoughts need to be well organized and the pre-
sentation should always be polished. This requires preparation and
practice. Safety professionals who are not properly prepared in public
speaking may join professional groups or may take courses to help
them prepare. In any case, they must learn to effectively communicate
in a variety of situations and with a variety of groups.

Evaluation of the System

Since the safety practitioner is operating from a staff position, any
success 1s a result of his ability to enlist the support of line personnel.
This comes about as a result of being well integrated into the organi-
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zational structure and culture, and is also a result of being able to
enlist the support and cooperation of the line managers. Obviously,
to accomplish this, two things are needed. First, top management
must have already endorsed safety as being important to the organi-
zation, and it must have already given safety an appropriate level of
support. This occurs because management perceives that safety is a
worthwhile and contributing entity within the organization and that
its activities are cost-effective. Management will provide support for
safety to the level and degree it perceives it is getting a reasonable
return from its investment.

Support comes not only in terms of resources, but also in terms
of commitment to holding all members of the management team
responsible and accountable for safety within their own operations.
Each and every manager is responsible, not just for production, but
for safe production. The manager’s performance is measured relative
to how well he performs in a manner leading to safe production.
Within the organization, the results of this measurement are used in
evaluating the manager for promotion and salary.

Second, the safety manager must be perceived as an integral part
of the management team. Line managers can call on the safety man-
ager for advice and help in making their own operations safer. The
safety manager’s guidance will help them to create and maintain a safe
workplace for their employees. Line managers can make proposals
and compete for the safety staff’s time and budget to help them; but,
ultimately, the responsibility and accountability for safety rest on
their shoulders. Implementing the safety program is difficult because
the line manager must believe the safety staff can help him accomplish
his objectives. The safety manager and his staff become ex officio
members of his team. When he meets with his staff to discuss safety
problems, he may request that a member of the safety staff participate
in those sessions.

A serious mistake members of some organizations make is believ-
ing they can have two separate systems for evaluating production and
safety. This occurs when no measurement for safety is built into the
normal evaluation system and a safety incentive program is initiated
to reward safe performance. The line manager is rewarded in terms of
salary and position for having an exemplary production record. At
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the same time, he is punished by not receiving the perks associated
with having no incidents or no lost-time accidents or whatever else
the quota of the month is. The mixed signals do little to encourage
safe production, but, instead, give the manager incentive to cover up
any information he perceives will inhibit him from receiving the
reward or bonus associated with the safety program.

OSHA Guidelines

On January 29, 1989, OSHA published voluntary safety and health
guidelines for general industry. OSHA concluded that effective man-
agement of worker safety and health protection is a decisive factor
in reducing the extent and the severity of work-related injuries and
illnesses. Effective management addresses all work-related hazards,
including those potential hazards that could result from a change in
worksite condition or practices. It addresses hazards whether or not
they are regulated by government standards.

In general, OSHA advises employers to maintain a program pro-
viding a systematic approach to recognize and protect employees
from workplace hazards. This requires the following:

1. Management commitment and employee involvement are comple-
mentary. Management should value worker safety and health and
commit to its visible pursuit as it would to other organizational
goals. A means should be established to encourage workers to
develop and/or express their own commitment. This requires
clearly stating and communicating safety and health policies and
holding managers, supervisors, and employees accountable for
meeting their safety responsibilities.

2. Worksite analysis involves examining the workplace for existing
and potential hazards. Comprehensive baseline and periodic safety
and health surveys should be conducted. Job hazard analysis, acci-
dent, and near-miss investigations should also be held. Workers
should be able to report unsafe conditions without fear of reprisal.
Trends of illness and injury should be studied over time to identify
patterns and prevent problems from recurring.

3. Once bazards or potential bazards are recognized, they should be
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controlled, prevented, and/or eliminated. This requires engineer-
ing controls where appropriate, administrative controls, or per-
sonal protective equipment where necessary. Emergency plans,
complete with drills and training, should be evaluated. Medical
programs should be established.

4. Training should address the safety and bealth responsibilities of all
personnel. Managers, supervisors, and workers should understand
their responsibilities and the reasons behind them. This training
should be reinforced through performance feedback and enforce-
ment of safe work practices.

Conclusion

Because the safety practitioner is operating from a staff position, any
success is a result of bis ability to enlist the support of line personnel.
This comes about as a result of being well integrated into the organi-
zational structure and culture and as a result of being able to enlist
the support and cooperation of the line management. Two things are
needed. First, top management must have already blessed safety as
being important to the organization, and it must have already given
safety an appropriate level of support. This blessing occurs because
management perceives that safety is a worthwhile and contributing
entity within the organization and its activities are of cost benefit.
Management will provide support for safety to the level and degree it
perceives a return from the same.

Support comes not only in terms of resources, but also in terms
of commitment to holding all members of the management team
responsible and accountable for safety within their own operations.
Each and every manager is responsible, not just for production, but
for safe production. The manager’s performance is measured relative
to how well he performs in a manner leading to safe production, and
the results of this measurement are used in evaluating the manager for
promotion and salary within the organization.

Second, the safety manager must be perceived as an integral part
of the management team. Line managers should be able to call on the
safety manager for advice and help in making their own operations
safer. The safety manager’s guidance will help them create and main-
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tain a safe workplace for their employees. Line managers can make

proposals for and compete for the safety staff’s time and budget to

help them; however, the responsibility and accountability for safety

rest on their shoulders. Implementation difficulties arise from the fact

that the line manager must have reason to believe the safety staff can

help him accomplish his own objectives. The safety manager and his
staff become ex officio members of the line manager’s team. When
the line manager meets his staff to discuss safety problems, he may
request a member of the safety staff’s participation in those sessions.

Questions

1.

Do you think safety practitioners should ever be given more than
simple staff advisory authority? Why or why not? Do safety prac-
titioners run the risk of assuming others’ safety responsibilities
when they do?

If there is a conflict between safety goals and production goals,
which should take precedence and why? Ask the same question
while playing roles of different individuals in the organization,
such as different types of managers. Also assume roles of interested
parties outside the organization, such as stockholders, bankers
lending to the company, and government officials.

. What steps should management take to ensure employee involve-

ment? Should any of these steps be legal requirements?

How do safety practices today compare with those of several de-
cades ago? Talk to some old-timers in industry and ask them if
they are aware of any safety cover-ups that occurred in their indus-
try. Discuss your responses.

. What are the opinions of younger and older working adults about

safety on the job, OSHA, and other safety-related issues? Do an
informal survey. If a difference of opinion exists between the two
groups, why do you suppose that is? As a manager, how would
you approach each group to get its involvement?

Bibliography

Department of Labor. Federal Register, 29 CRF Part 1910.






Chapter 11

PSYCHOLOGY AND SAFETY: THE HUMAN
ELEMENT IN LOSS PREVENTION

Chapter Objectives

After completing this chapter, you will be able to

Define the terminology associated with the study of psychology
Explain the concepts associated with motivation and safety

Differentiate between behavioral and goal-directed theories of
motivation

Explain the principles associated with behavior modification and
safety

Describe the importance of establishing a positive safety culture
Identify the pitfalls inherent in safety incentive programs

Describe the benefits of employee empowerment and job enrich-
ment

Case Studies

An electrical maintenance supervisor with 15 years of experience
ordered his assistant to deenergize a machine they were about to ser-
vice. Before the assistant could “cut the power,” the supervisor
reached into the back of the unit, made contact with bare leads, and
was electrocuted. The supervisor had been an outstanding employee
with no record of accidents or related lost workdays, but he had vio-
lated several company safety policies while performing this task. An
electrician with his years of experience should never have made the
mistakes he made. The results of the accident investigation revealed the

233
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supervisor was having marital problems. In addition his spouse had
indicated just days before the incident that the victim had shown her
the location of his life insurance policies.

A small Midwestern manufacturing facility reported 23 of their
75 employees had experienced back injuries. A job satisfaction survey
indicated very low employee morale and workers who did not trust
management. The survey results also indicated management was only
concerned with profits and production, not employee safety.

A company with a terrible safety record started a safety bingo pro-
gram. Every week a department did not report a recordable accident,
members of the department could randomly select bingo stickers.
Stickers were attached to a card submitted for prizes when a column,
row, or diagonal was completed. Safety performance was excellent
until the awareness program ended. Injuries increased and production
decreased following the termination of the incentive program.

Introduction

It is difficult to be effective in safety without an understanding of
human motivation, capabilities, and limitations. Human error may
result in as many as 85 to 95 percent of all accidents. There is little
doubt people contribute to the hazards resulting in injury or illness.

Traditional approaches to the study of motivation are examined
in this chapter to assist safety professionals in recognizing some of
the factors that contribute to worker behavior. Information presented
also exposes the safety professional to various psychological concepts
and theories. The intent is to provide useful strategies for correcting
or eliminating adverse psychological safety factors from both the
worker and employer perspective.

Basic Terminology

Psychology is the study of bebavior, encompassing clinical, develop-
mental, educational, experimental, industrial, social, and physiologi-
cal psychology.

Attitudes are enduring reactions toward people, places, or objects,
based on our beliefs and emotional feelings. For example, if a person
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is taught to believe tall people are complainers, when a tall person
hurts his back, the reaction is likely to be, “That tall person is exag-
gerating his injury; he is not really hurt. There was no problem with
the job; he should have been able to lift the 180-pound load. If he
really wants to work, he has to accept all of the responsibilities of the
job.”” Notice how this attitude influences the way the injury scenario
is viewed. The question of bias is especially important when safety
professionals are concerned with hazard identification, incident trend
analysis, and accident investigation. Individual attitudes may guide
attention and effort in the wrong direction.

Job satisfaction is the specific attitude and emotional feeling that
individuals have about their jobs. When workers enjoy what they do,
they are said to be receiving satisfaction from the job and this, in turn,
may influence employee morale.

Morale is the meeting of individuals’ needs and the extent to
which employees recognize this meeting of needs comes from jobs.
Some researchers believe if morale is low, employee motivation will
also be low.

Motivation is the inner drive, impulse, or need that creates a per-
sonal incentive toward behavior.

Motivation

Motivation is an individual’s tendency toward action in a given situa-
tion. In other words, people cannot and do not motivate others. It is
the individual who acts or behaves in a given situation. Environmental
conditions can be established to increase the likelihood of action and
performance, but it is up to the individual to respond. How an indi-
vidual actually responds depends upon personal experiences coming
together to form attitudes.

The Goal-Directed and the Behavioral Schools of study represent
two of the most popular views of motivation. In the Goal-Directed
School of Motivation, the inner drives of individuals are examined to
explain why human behavior takes place. Examples of goal-directed
theories include the Needs-Hierarchy Theory, the Need-Achieve-
ment Theory, and the Motivational Hygiene Theory. Examples of
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behavioral theories are Pavlovian theory and Operant Conditioning
theory.

Goal-Directed School
Maslow’s Needs-Hierarchy Theory

The goal-directed study of motivation states that people have var-
ious types of needs. Depending on the specific theory of interest,
these needs can be physiological (the need for food, clothing, or shel-
ter) or psychological (the need for love, recognition, and affiliation
with others). Needs help individuals to establish goals guiding behav-
ior to gain rewards and to satisfy needs (see figure 11-1: the model
first developed by Deci that pictorially describes the relationship
between needs and behavior).

Dr. Abraham Maslow’s Needs-Hierarchy Theory is based on the
goal-directed model of motivation (see figure 11-2 for a pictorial rep-
resentation of Maslow’s model of motivation). According to Mas-
low’s theory of motivation, people have basic needs—hunger, thirst,
and desire for warmth—that must be satisfied before more advanced
needs become motivating influences. It is only after these basic physi-
ological needs are satisfied that individuals seek safety and security,
the need to be protected and preserved in terms of health and well-
being. Living in a location free from turmoil and conflict is an
example.

Once the safety and security needs are satisfied, individuals seek
to establish close friendships and loving relationships with others.
With this social support system in place, they strive to satisfy needs
associated with self-esteem and esteem by others. Esteem refers to the

Figure 11-1. Goal-directed model of motivation based on the research
of Deci.

Needs msp Established Goals msp Behavior msp Rewards
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Figure 11-2. Maslow's Needs-Hierarchy model of motivation.

Self-Actualization

/ Self-Esteem \
/ Social \
/ Safety/Security \
/ Physiological Needs \

individual’s sense of personal worth. Self-respect, dignity, indepen-
dence, and confidence are some of the attributes individuals are trying
to achieve at this level.

Maslow theorized that the individual, having satisfied all the
lower levels of needs, now has the potential for self-actualization, a
concern for the well-being of others or the state of society. Examples
of self-actualized individuals include Eleanor Roosevelt and Mother
Teresa.

There is little evidence to justify the accuracy of this theory in
explaining human motivation; Maslow’s work is based on post hoc
studies of selected individuals. Researchers have found, however, that
certain needs must be satisfied before individuals can or will pursue
other needs. Any of Maslow’s needs could serve as motivators for
individuals, depending on their psychological state.
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People or employees are motivated by unsatisfied needs only.
Once needs are met in a given category and the future appears to hold
the same, individuals will move to a higher level of need. In the
United States, most employees in an industrial or construction setting
have their basic needs met through wages and benefits. Unmet needs
are going to likely be of a psychological rather than of a physiological
nature. Motivation toward safety should likely focus on something
other than meeting physical needs.

McClelland’s Need-Achievement Theory

A goal-directed theory that has acquired significant attention due
to tangible research supporting its premise is McClelland’s Need-
Achievement Theory.

According to McClelland, there are three essential motives that
drive human bebavior:

1. Achievement
2. Affiliation

3. Power

Achievement is the accomplishment of tasks and activities. Indi-
viduals having a high need for achievement are very comfortable
working alone. They tend to be very creative and can develop unique
solutions to the challenges presented them.

Those with a need for affiliation seek the company of others and
find satisfaction in close relationships. They may gain satisfaction
from knowing or meeting famous people. The enjoyment of being a
part of a certain work crew and talking with coworkers may satisfy
this need. Pride associated with the wearing of team or company
clothing is an example of outward display of affiliation.

The need for power is probably the most misinterpreted of
McClelland’s three needs. Power, in this context, does not necessarily
mean insidious and tyrannical control over people but rather the abil-
ity to positively influence others. Managers often have high power
and achievement profiles. They have a need to get tasks accomplished
through the use of and influence over subordinates in the organiza-
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tion. According to this theory, many teachers and trainers have a high
need for power. They gain satisfaction from students’ successes and
accomplishments.

While some individuals may have a predisposition toward one of
the three needs, it is more likely they will possess two or all three of
them. Frequently, we attempt to influence the behavior of others by
using rewards that seem important to us. It is possible to influence
the behavior of others only when you know what is important to
them. By considering all three of McClelland’s motives and analyzing
individuals to determine what needs each has, it becomes theoretically
possible to structure rewards in such a way that individuals’ needs are
met through higher safety performance.

Herzberg’'s Motivation Hygiene Theory

Frederick Herzberg, in his Motivation Hygiene Theory, states that
employee motivation depends on the characteristics of the job
referred to as intrinsic job factors. When Herzberg performed his
study, he asked workers what about their job motivated them. The
responses included achievement, activity, authority, creativity,
importance, independence, interest, knowledge, personal growth and
development, promotion opportunity, recognition, responsibility,
service to others, utilization, and variety. He learned that some of the
factors not directly related to the job, such as a clean work environ-
ment, had no effect on motivation. These external factors can be
addressed, and although the workplace may be clean or hygienic—
having nothing to make the worker dissatisfied—it does nothing to
satisfy or motivate the worker. A few of the less-obvious intrinsic job
factors or motivators deserve exploration.

Activity refers to a steady and physically acceptable level of
performance. Physical and mental workloads are balanced and rea-
sonable. When workloads become either excessive or minimal, occu-
pational stress resulting from fatigue or boredom can become a safety
problem.

Authority refers to the amount of power inherent in a job to
influence or control the work activities of others. Here again, occupa-
tional stress is often overlooked. When individuals have extensive
responsibilities but little control over the accomplishment of tasks,
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stress may result. Job satisfaction is closely tied to the appropriate
balance of responsibility (accountability for performance, decisions,
and outcomes) and authority.

Creativity reflects the opportunity for individuals to apply inven-
tiveness, resourcefulness, and personal talents to the work situation.
Many individuals enjoy the process of developing new and innovative
solutions to problems in the workplace. Jobs that tap into an individu-
al’s creativity often seem more enjoyable because they tend to be less
routine.

Importance refers to the perceived value of the work performed.
When employees believe they make a difference in the organization,
job satisfaction increases. When coupled with interest, the chance to
perform activities compatible with the individual’s personal prefer-
ences, importance makes employee motivation tend to soar. Employ-
ers may also affect employee motivation by offering opportunities for
promotion, recognition, paths for advancement, and appreciation for
strong performance. Intrinsic job factors are only motivational if the
individual considers them as such. Not everyone desires advancement
or promotion, so they may not be motivating to an individual who
desires to remain a member of a crew or team.

The more intrinsic job factors there are, the greater the job satis-
faction. Job satisfaction describes the positive feeling workers have
about their jobs. It implies employees are meeting their needs through
their work. Several studies indicate a negative correlation between job
satisfaction and accidents; that is, the greater the job satisfaction of
employees, the fewer the accidents. If the intrinsic job factors are
removed, the worker is no longer motivated to perform. Factors not
intrinsic to the job, external factors, are more related to the environ-
ment and are not considered motivators. A dirty workplace would
be external. A clean environment might be pleasing, but it does not
contribute to motivation. By making a dirty workplace clean we make
it less undesirable but we do not make the worker more motivated.
We can remove all of the undesirable external factors and will still not
motivate the worker; all we have is a clean or hygienic work environ-
ment.

From a safety application perspective, truly effective motivators
are relatively inexpensive since they have to do with the job itself.
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Enhancing the job, by making it more interesting or by empowering
the worker to make more decisions, provides a more efficient work
environment and tends to be motivational.

Behavioral School

The Behavioral School examines environmental factors influenc-
ing human performance. Two of the most widely known behavioral
theories are the Pavlovian, also known as the Classical Conditioning
Theory, and Operant Conditioning or the Skinnerian theory.

Pavlov

Pavlovian conditioning explains bebavior as reflexive in nature.
The traditional example is of dogs salivating when a stimulus, a bell,
is paired with the presentation of food. After repeated pairings, Ivan
Pavlov found the conditioned or learned stimulus produces the same
response as the unconditioned or natural stimulus. An example of this
type of motivation is the fear and anxiety people feel when they enter
a location where they have been injured. The location becomes a con-
ditioned stimulus or cue producing the natural emotional response.

People involved in serious automobile accidents often experience
anxiety when they attempt to drive again. One industrial example is
the near-fatal shock of an electrician at a high-voltage substation.
When he returned to work after a six-month absence, the employee
could not pass through the gates of the power substation without
experiencing debilitating anxiety. The power substation became his
conditioned stimulus associated with severe and intense pain.

Skinner

B. E. Skinner proposed operant conditioning, a process in which
the frequency of occurrence of bebavior is modified by the conse-
quences of the bebavior; that is, the consequences of people’s actions
will determine future actions. The external consequences, referred to
as the environment or environmental stimuli, may increase, decrease,
or have little effect on behavior. When the likelihood of a response
increases following the presentation of an event or stimulus, the pro-
cess is referred to as positive reinforcement. Praise, recognition, and
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financial rewards are just a few possible examples of positive rein-
forcers. By definition, a stimulus is not a positive reinforcer unless it
increases the likelihood of the behavior reoccurring in the future.
When the likelihood of a response decreases following the presen-
tation of an event or stimulus, the process is referred to as punish-
ment. Figure 11-3 shows the relationship between the presentation
and removal of environmental events and their effect on behavior.
When workers associate safety with pleasant results or positive rein-
forcement, their safe behavior is likely to continue. When safe behav-
ior is associated with unpleasantness, it is likely to discontinue. If a
worker equates PPE (personal protective equipment) with discom-
fort, he is less likely to wear it. If, on the other hand, he associates it
with being able to spend more quality time with his family, being in
line for a raise, or positive feedback from someone he respects, he is
likely to utilize it. Supervisor praise for employee compliance with a
company safety hard hat policy is an environmental stimulus consid-
ered positive reinforcement if it increases the likelithood of the
employee wearing the hard hat in the future. If the supervisor is dis-
liked and he has no authority to discipline the employee, his praise
may be seen as negative reinforcement and it could even decrease the
likelihood of employee use. If employees are suspended every time
they are observed performing unsafe behaviors and, over time, the
unsafe behaviors decrease in frequency, this process would be consid-
ered punishment. If an employee only wears safety gear when the

Figure 11-3. Operant Conditioning model of environmental processes and
their effect on behavior.

Stimulus

Behavior Presentation Removal

[ ] Positive Reinforcement | Negative Reinforcemant
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Psychology and Safety: The Human Element in Loss Prevention / 243

supervisor is in his work area, this behavior would be considered
avoidance, being maintained by negative reinforcement.

Extinction is the removal of a positive stimulus, reducing the like-
lihood of a behavior recurring in the future. Incentive programs are
often used to improve safe performance. Frequently, when incentive
programs are eliminated, safe performance will decline. Behaviorists
could explain the reduction in desired safe performance a result of
the process of extinction. Before providing substantial safety awards,
prizes for safety competitions, or other expensive incentives, one
must consider how long the company is prepared to maintain them.
How much is the company willing to spend? What happens when the
incentives are discontinued? Once rewards are given, employees view
them as entitlements. Remove the entitlements and the company can
face significant anger and disappointment from its workers.

The Rational Employee: Applying Motivation
Theories

Employees are rational; they always do the rational thing—in their
own minds. They have specific reasons for behaving the way they do.
The challenge is to determine the factors supporting undesirable per-
formance and develop strategies to modify behavior.

There are several possible factors leading to undesirable safety
performance, including employee background, peer influence, and
company environment. Although no two employees will necessarily
respond in a like manner to the same stimulus, motivational theories
attempt to apply what has been learned about a few to the whole
population. What works for one won’t necessarily work for another,
because each person has different needs; therefore, it is important to
understand each employee and his or her needs.

Suppose a new employee must work near a vat of acid. The
employee has been trained in recognizing hazards in the workplace
but still does not wear PPE. Is it irrational not to wear eye protection
near acid? Most people would probably say “Yes!” This undesirable
behavior seems to be irrational, but is it? If coworkers heckle the new
employee for talking about safety and wearing PPE, is the worker
being irrational for not wearing it? The new employee may have a
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strong need for affiliation and may choose to follow the norms estab-
lished. This scenario can also be examined from the perspective of
the Operant Conditioning Theory. Coworker verbal abuse might be
considered as a punishing stimulus. If the new employee is punished
every time he is observed wearing eye protection, he is likely to
choose not to wear it.

The safety professional must also look at the organizational envi-
ronment maintaining poor performance. In the above safety scenario,
the new employee will compare the importance of the social rein-
forcer of going along with what the crew wants with the likelihood
of punishment from the employer. The selection of the social rein-
forcer is especially likely if inconsistent enforcement prevails or if the
discipline is only a slap on the wrist. Resulting employee behavior of
choosing not to wear eye protection is far more rational to the
employee than working safely.

Organizational Environment and the
Safety Culture

From a behavioral perspective, organizational actions are just as
important as organizational directives. In a Fortune 500 company, for
example, senior management decided it was good for employee rela-
tions to emphasize safety. Safety slogans were visibly posted through-
out company facilities and weekly tool box safety meetings were
mandated for company work crews. Safety messages were included in
all employee payroll envelopes. The company spent freely to promote
safety awareness.

During programmed maintenance shutdowns at this same com-
pany, however, employees were instructed to get equipment running
again quickly. Employees were informed that approximately $1 mil-
lion was lost every day this particular plant was not operating. The
underlying message to the employees was to get production moving
no matter what the cost. Several mechanics and utility workers were
seriously injured during the maintenance shutdown because employ-
ees took shortcuts and failed to use the correct tools and procedures
to perform many of the tasks. This example is not unique. An organi-
zation’s actions and the types of statistics it measures clearly commu-
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nicate what is important. Several authors have pointed out that when
safety performance is measured in terms of injury statistics, there is a
tendency for employees not to report incidents. A company may look
good on paper at the same time fat/cats (fatalities and catastrophic
accidents) are lurking in the corner.

Another example would be responding to the fears associated
with OSHA inspections and citations or to pressure from an insur-
ance company to fix hazards or reduce costs. Short-term, Band-Aid
approaches will not build a safety culture supported by employees.
Workers recognize when budgets are provided for quick fixes and
behave accordingly. Company motives are more transparent to
employees than some managers believe.

The term safety culture has been mentioned in several recent arti-
cles, but what does it really mean? It has several possible definitions,
but the most appropriate one is this: education, training, balance of
intellect, and judgment. When considered from a safety management
perspective, establishing a safety culture should be viewed as nurtur-
ing and cultivating an organizational system that values low risk in
guiding all its actions.

In his best-seller, The Seven Habits of Highly Effective People, Ste-
phen Covey discusses the relationship among paradigm, values, princi-
ples, and success. As Covey points out, a paradigm is a model or frame
of reference. It is used to understand what is happening at any given
point in time, as well as where we want to go. Organizations need a
culture or paradigm to help them interpret events. They also need a
culture with clearly specified goals of what the organization wishes
to achieve. An organizational paradigm and a clear conceptualization
of values, principles, and goals are the foundations of a culture that
will promote the right actions to achieve excellence and success.

A wvalue system is a set of convictions a person holds about a spe-
cific mode of conduct and the relative importance of those convic-
tions. Value systems and principles serve the same purpose for
organizations. Success depends on what is important to the organiza-
tion. What an organization considers important is dependent upon
what corporate management considers important. For both individu-
als and organizations, these are values.

An example of the influence of organizational paradigms, values,
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and safety cultures on management decision making was observed
when a textile manufacturer was constructing a new facility. Upper-
level management, including the safety and operations managers,
agreed that every contractor would have to comply with all company
health and safety rules during the project. In all of the written con-
tracts, this was clearly noted. If the textile manufacturer observed a
violation, the employee of the subcontractor would be temporarily
removed from the job site. A repeat violation meant termination of
the subcontractor’s contract.

Six months into the two-year project, one of the major subcon-
tractors responsible for multistory steel-beam erection had employ-
ees working over 30 feet in the air without fall protection. After the
second observation of this violation, the plant safety manager ordered
the workers down, informed the contractor of the repeat violation,
and initiated the process to terminate the contract. The contractor was
removed from the project and replaced by a firm that accomplished all
the goals initially established by the textile manufacturer. The plant
manager in this scenario did not compromise. As a result, the project
was completed on time with only one OSHA-recordable injury.

The other extreme occurred when a large plant, operating in a
corporate environment renowned for safety, had a worker injured on
the job and sent to the hospital. That night the plant manager phoned
the attending physician and requested the injured employee be placed
in an ambulance the next day, brought to the plant property so he
could be counted at work, and returned to the hospital right away.
The manager’s financial incentive for not having a worker out due to
injury was so strong, he was willing to put the worker at risk to have
an unblemished record.

Values influence bebavior. They impact the way people work, the
way people treat others, or the way people react to figures of author-
ity. This paradigm also holds true for organizational cultures. Values
are not part of the paradigm or guidelines that magically appear over-
night. For most people their parents, brothers and sisters, sports
heroes, teachers, friends, and religious leaders are just a few of the
many individuals who influence their values. For organizations, it is
primarily managers’ values that mold the organizational values and
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establish, whether consciously or unconsciously, the safety culture
and how it defines success.

It is critical for the safety professional to work within the organi-
zation and its management to establish the safety paradigm and safety
culture. The safety professional must cultivate the knowledge of those
in influential positions, taking advantage of every opportunity to edu-
cate management on the benefits of a safety culture. Gathering neces-
sary data, knowing the regulations, and presenting positive examples
of what other organizations are doing are part of the job of safety.
Sometimes actions must be taken because they are the right things to
do. Proper actions will be possible only if the organization has clearly
established safety values and principles in place. The safety profes-
sional’s goal must be to assist in the development of those values and
principles.

Incentives versus Inherent Reinforcement

The premise behind the use of incentives is that employees require
added encouragement to work safely. Many incentive programs use
statistical measures such as recordable accidents on the OSHA 300
Log or days without a lost-time accident to determine the winners.
Awards have taken a variety of forms. They can be anything from
baseball caps, T-shirts, or jackets to automobiles and trucks.

It is an unfortunate fact that incentive programs frequently create
more problems than they solve. Research repeatedly demonstrates
incentive programs improve safety numbers while they are in place,
but once the incentive program ends, performance returns to previous
levels at best; in some instances safety performance is much worse.
Employees may view incentive programs as an entitlement and come
to expect them as bonuses. According to the operant conditioning
theory of motivation, extinction occurs when a reinforcer is removed
and behavior terminates. Employees will sometimes sandbag reports
of accidents and injuries until the end of the incentive program, at
which time the incident is reported as if it has just happened.

Incentive programs create unhealthy competition when individu-
als, crews, departments, or plants undermine the activities of their
competitors to gain the awards. At one company, the department
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with the cleanest work area during the previous month was rewarded
with a steak dinner. Trash dumping in competing departments caused
the incentive program to backfire.

Incentive programs based on statistics may produce the unwanted
side effect of inaccurate recordkeeping. At another company,
employees had worked over eleven months without a lost-time acci-
dent, presumably because of a new safety award program initiated
earlier that year. Word circulated around the facility that the company
CEO planned to fly to the facility and present the award for going
one year without a recordable accident. Approximately two weeks
before the big day an employee slipped while using a prybar. The
prybar struck him in the face, shattering his safety glasses. While the
employee avoided a serious eye injury, he received a facial laceration
requiring stitches. Under normal circumstances he would have been
sent home after a visit to the emergency room, but supervisors and
coworkers pressured the employee to return to work.

The incentive program motivated the employee to return to work;
however, the message sent was that it is OK to have an accident if a
lost-time workday is avoided.

Positive reinforcement by management may not be positive to the
participants of the incentive program. Coal miners at one facility had
the opportunity to be in a drawing for a new pickup truck if they
went one year without a recordable injury. When asked why the
incentive program failed, interviewed miners reported they received
workers” compensation benefits matching approximately 70 percent
of their normal salary. In addition, their homes, cars, boats, and other
loans were automatically paid for by the loan insurance that went into
effect when they could not work as a result of an injury. A positive
reinforcer increases the likelihood of behavior. Winning a pickup
truck was not a reinforcer; sustaining an injury and collecting benefits
was a reinforcer.

Incentive programs are sometimes used in place of effective safety
programs and positive safety cultures. Safety incentive programs are
not magic. They may have a negative effect on safety efforts.

Employee Empowerment and Job Enrichment

With the current emphasis on safety culture and Total Quality Man-
agement (TQM), progressive companies are recognizing the value of
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employee-driven safety programs. Terms like “employee empower-
ment” and “job enrichment” reflect the importance of intrinsic job
factors for the promotion of safety.

Employees of today are generally not receptive to authoritarian
styles of management. As discussed in the motivational hygiene sec-
tion of this chapter, intrinsic job factors that are inherently reinforc-
ing are more likely to motivate employees. Some authors view all
external rewards as punishers. This is understandable based on the
discussion of incentive programs. Incentive programs are extrinsic
reinforcers ““artificially” incorporated into the organization to
increase the likelihood of desired performance. Once the artificial
reinforcer is removed, natural behavioral activities return to the work
environment.

Intrinsic reinforcements are those positive aspects of our behavior
and environment that are self-perpetuating. Watching television is an
example. It is entertaining, relaxing, enjoyable, and has intrinsic rein-
forcement. Intrinsic reinforcers can exist in all activities. In an organi-
zation, job enrichment and empowerment refer to the incorporation
of intrinsic job factors into the work. Job enrichment involves adding
more tasks to the job to make it more interesting and enjoyable. For
example, an employee who formerly called upon someone else to
maintain his equipment is taught how to maintain it and given time to
do so when the equipment needs maintenance. Taking time off from
routine tasks to perform this needed function may make the job more
interesting and more enjoyable to the employee, thereby enriching it.
Some individuals desire jobs with responsibility and authority. Dele-
gating the role of decision making to an employee by giving him more
autonomy over the decisions governing his workday may make him
feel his job is more interesting and important. Both of these are exam-
ples of permitting the employee to participate in the organization by
giving him more autonomy over his job and future. The employee
participates in the success of his job and that of the organization. By
sharing responsibility for success, including success in safety, everyone
becomes a player with a vested interest.

Conclusion

This chapter included a brief discussion of the theories of motivation
and examined the importance of the organizational environment and
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the safety culture, along with the strengths and weaknesses of incen-
tive programs. Job enrichment and employee empowerment were dis-
cussed as methods to increase employee buy-in to the safety process.
References at the end of this chapter can assist the safety professional
in learning more about psychology and safety.

Questions

1. How does job satisfaction influence an individual’s safety? What
role does worker attitude play in accident prevention?

2. Why is knowledge of worker motivation important to a safety
professional?

3. How are goal-directed theories different from the behavioral theo-
ries of motivation?

4. How can the motivational hygiene theory of motivation be used
to improve a safety program?

5. What is meant by the term safety culture? How do you establish a
positive safety culture?

6. How can positive reinforcement and punishment be used in a
behavior modification—oriented safety program? Give examples.
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Chapter 12

IMPROVING SAFETY PERFORMANCE WITH

BEHAVIOR-BASED SAFETY
Earl Blair, Ed.D., CSP

Chapter Objectives

After completing this chapter, you will be able to

¢ Define related behavioral safety terminology

* Explain how to implement behavioral safety processes

¢ Describe techniques and benefits of safety coaching

* Identify best measures to track behavioral safety performance
* Discuss success factors for improving safety performance

* Explain how to use behavioral approaches for continuous improve-
ment

Introduction

Behavior-based safety is commonly called behavioral safety. Behav-
ioral safety is not an alternative to traditional safety programs; it is
one component of a comprehensive effort.

When organizations demonstrate a thorough understanding and
proper application of behavioral safety, safety performance is typi-
cally enhanced. Behavioral safety is not meant to replace other safety
initiatives, but rather to enhance and complement them.

There are a wide variety of theories and techniques under the
name of behavior-based safety. Many of these approaches are not
based on sound research or experience. On the other hand, this is not
intended to imply there is only one correct way to implement and
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proceed with behavioral safety programs. Once basic behavioral prin-
ciples and techniques are understood, flexibility is recommended. The
behavioral process should be customized for each organization and
site. This chapter presents basic principles, proven strategies, and
practical implementation steps that have worked well for many orga-
nizations.

A common distinction is to view behavioral safety as a process
rather than a program. This is not to belittle or diminish the impor-
tance of programs. Rather, a process approach provides certain desir-

able benefits:

1. It encourages everyone to recognize the daily importance of
safety.

2. Tt views safety performance as a long-term process—a process that
can be continuously improved.

McSween observes that an organization may initiate a series of
programs under the umbrella of an ongoing safety process (1995, p.
34). Krause emphasizes that continuous improvement is a factor that
distinguishes a genuine process from a program (1997, p. 73). Ulu-
mately, the purpose of behavioral safety is not simply to improve
individual behaviors, but to positively impact the overall safety cul-
ture and related safety systems. As these goals are accomplished,
safety performance will continually improve.

Misconceptions about Behavioral Safety

There are a number of misconceptions about behavioral safety that
can impede progress. The following is a brief list of common miscon-
ceptions about bebavioral safety followed by the author’s comments:

* Bebavioral safety fails to address system causes of injuries. Many
organizations can demonstrate that behavioral safety actually pro-
vides an excellent tool for addressing system causes of injuries. An
organization is not using behavioral safety to its potential if system
improvements do not result from the behavioral effort. We will dis-
cuss this further later in the chapter.
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* Bebavioral safety is used to blame employees. Behavioral experts
agree that if behavioral safety is used to blame employees it will not
work. Blaming employees is the opposite to a proper approach to
behavioral safety. Proper applications of behavioral safety generally
include a “blame-free” or “no-fault” understanding as part of the
process itself.

* Bebavioral interventions are the least effective intervention. Behav-
ioral interventions are not the first intervention priority. Elimina-
tion of hazards, substitution of less hazardous materials, and
engineering solutions are all higher-priority interventions than
behavioral effort. However, these higher-level solutions are not
always possible or fully effective (nor “foolproof”). Once the
appropriate engineering safety interventions have been imple-
mented, behavioral initiatives are often the most effective supple-
mental interventions that are capable of dramatically improving
safety performance. As an example, think of engineering solutions
for automobiles, combined with behavioral interventions targeting
sober driving. The engineering solutions and behavioral solutions
work in concert; neither engineering nor behavioral efforts work
effectively alone, but rather both kinds of interventions supplement
and complement the other.

* Bebavioral safety allows management to abdicate responsibility for
safety. Management’s behavior is without a doubt the most impor-
tant behavior in behavioral safety. Unfortunately, there are some
behavioral implementations that target specifically hourly employ-
ees’ behavior and don’t address the behavior of management and
professional staff. This kind of implementation results in a number
of negative consequences, including lack of effort and apathy on the
part of members of management, reduced morale and interest in
safety on the part of hourly workers, and most likely, poor safety
performance. Everyone’s behavior is important to safety perfor-
mance; appropriate safety-related behaviors should be defined,
measured, and reinforced for managers and all levels of employees.

* Behavioral safety is a magic bullet. There is no magic bullet.
Improving safety performance requires a thorough understanding
of related areas of psychology, leadership, and culture. Addition-
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ally, there must be a strong commitment to safety, effective imple-
mentation, and a willingness to work both smart and hard.

For additional review of behavioral safety misconceptions, see
Blair’s “Behavior-Based Safety: Myths, Magic and Reality’ (1999, p.
25).

Basic Definitions and Terminology

At-risk Bebavior: Actions increasing the potential consequence of
injury or illness. The term was coined by Deborah Pivaronas as a way
of describing critical, safety-related behaviors without the associated
negative connotation (Krause, 1997, p. 10). The term is more neutral
and less evaluative than unsafe bebavior.

Attitudes: Enduring reactions toward people, places, or objects
based on beliefs and emotional feelings. Attitudes include thoughts,
feelings, and predispositions, and are difficult to change.

Bebavior-based Safety: The use of applied behavior analysis
methods to achieve continuous improvement in safety performance
(Krause, 1997, p. 3). See additional definitions in this chapter.

Culture: Involves the things people do and say in an organization,
and why they say or do those things. Organizational cultures develop
over time and consist of traditions, beliefs, values, and the way things
are done in the organization. The culture consists of the internal
atmosphere or climate and commonly includes subcultures and
countercultures.

Intervention: An action taken in an effort to correct or improve a
practice or process. In safety, an intervention usually involves an
attempt to eliminate or reduce a hazard or risk.

Motivation: An inner drive, impulse, or need that creates a per-
sonal incentive toward behavior. An individual’s tendency toward
action 1n a given situation.

Process: A number of steps/actions taken in order to accomplish
a goal (McSween, 1995, p. 45).

Psychology: The study of human behavior. The New Merriam-
Webster Dictionary defines psychology as “The science of mind and
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behavior” and “The mental and behavioral characteristics of an indi-
vidual or group” (p. 587).

Values: Deep-seated beliefs that influence behavior. Core values
are commitments individuals hold without compromise.

Principles and Strategies of Behavioral Safety

Behavioral approaches are based on years of research in the field of
Applied Behavior Analysis. Geller (2001, p. 21) notes, “Behaviorism
has effectively solved environmental, safety, and health problems in
organizations and communities; first, define the problem in terms of
relevant observable behavior, then design and implement an interven-
tion process to decrease behaviors causing the problem and/or
increase behaviors that can alleviate the problem. The behavior-based
approach is reflected in research and scholarship. . . .”

Applied behavior analysis methods are useful to achieve continu-
ous improvement in safety. Krause (1997, p. 3) explains, “These
methods include identifying and operationally defining critical
safety-related behaviors, observing to gather data on the frequency of
those behaviors, providing feedback, and using the gathered data for
continuous improvement.”

Research in behavioral safety was conducted in the United States
in the 1970s and 1980s with documented (and often dramatic) reduc-
tions in injuries (Komaki, Barwick, and Scott, 1978; Sulzer-Azeroff
and de Santamaria, 1980). Despite these successful studies, behavioral
safety did not catch on and become common in the United States
until the 1990s, when it became largely mainstream practice in many
organizations.

Common Problems with Safety Efforts

McSween notes four common problems that seriously binder safety

efforts:

1. Severe Consequences for Reporting Injuries.
There cannot be any pressure to hide injuries and incidents in
successful safety efforts. It is important for organizations to learn
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from their incidents and prevent additional or more serious injuries.
Reasons for underreporting include (1) the organization responding
to reporting with punishment and (2) peer pressure when incentive
programs are based on injury outcomes.

2. Safety Awards Not Related to Bebavior.

Safety award programs typically do not reinforce safe behavior
on the job. As noted above, awards and incentives tend to influence
employees not to report injuries. Many organizations base their
awards on outcome measures (injury statistics) rather than process
measures—people’s compliance with safety procedures on the job

(McSween, 1995, p. 15).

3. Dependence on Management or Staff for Planning and Decision
Making.

Many companies expect managers to enforce safety rules and pro-
cedures. Consequently, employees tend to rely on managers to ensure
safe behavior rather than look out for each other. Employees are not
adequately challenged to improve safety, and many of them tend to
look to someone else for primary responsibility for their safety.

4. Reliance on Punishment to Reduce Risky Bebavior.

Many safety programs are based primarily on punishment. Pun-
ishment is reactive and focuses on unsafe acts rather than emphasizing
safe behavior. McSween notes there are numerous additional prob-
lems with punishment that are not readily apparent. For example:

* Punishment is effective only in the presence of the punisher
* Punishment tends to teach the wrong lesson (i.e., don’t get caught)
* Punishment damages relationships and curtails involvement

* Punishment is difficult to maintain (1995, p. 17)
Cooper adds two important points:

* The effectiveness of punishment depends on its consistency. It only
works if given immediately and every time an unsafe behavior
occurs.
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* Punishment serves more to suppress existing behavior than to
encourage new behavior patterns. This . . . can cause anxiety and
resentment that surface negatively in other areas of work activity
(1998, p. 271).

The point about punishment is not that it is never appropriate,
but that it must be balanced. Punishment should be considered a last
resort, not a first response.

Unfortunately, overcoming these four common problems does
not ensure effective safety efforts. Solving these problems is a step in
the right direction and helps establish a solid foundation to build on.

A Process Focusing on Improving Safety
Behavior

A brief definition of behavioral safety was provided under the Defi-
nitions and Terminology section. More detailed definitions describe
activities involved in the behavioral safety process:

According to Petersen,

Behavior-based safety is, in fact, one of the primary answers to
future improvement, but only if and when it does the following:
* Defines the behaviors needed at each level of the organization
from bottom to top

* Ensures that each person clearly understands the required
behaviors
* Measures whether the behaviors are, in fact, there

* Rewards (reinforces) the behaviors on a regular basis

Behavior-based safety systems that are real management sys-
tems do not turn safety over to any one level of the organization. It
is great to get worker involvement—in fact, it is crucial. But to elimi-
nate and isolate management from the process is dangerous to both
sides. Management has the legal accountability for safety. (2001, p.
38)

Krause’s definitions state:

With so many different initiatives being referred to as “behavior-
based safety” it is important to discuss criteria for the definition of
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the activity . . . the most effective way to approach BBS is as an
integrated, interdisciplinary activity, drawing not only from applied
behavior analysis, but from quality management, organization
development, and safety and risk management. The four key activi-
ties are 1) identify critical behaviors; 2) gather data on those behav-
iors; 3) provide ongoing, two-way feedback, and 4) remove barriers
to safe behavior. Although this list may seem familiar, the fourth
activity is the least understood and the most important for long-
term success. Companies must understand the significance of using
data gathered during observations to continuously improve the
facility and the work process. (2002, p. 27)

The long-term goal of the behavioral safety process is to establish
a strong and lasting safety culture. Erickson states, “It is the organiza-
tion itself, through its culture, that determines the level of safety per-
formance that will be achieved. There is overwhelming scientific
evidence supporting this statement” (2001, p. 142). She continues by
advising safety professionals that no matter how advanced their
knowledge and skills are for building a strong safety program, they
cannot, by themselves, effectively provide a safe and healthful work-
ing environment.

Manuele confirms the notion that behaviors are determined by
the culture. He states, “An organization’s culture consists of the val-
ues, beliefs, legends, rituals, mission, goals and performance measures,
and the sense of responsibility to the employees, customers and com-
munity, all of which are translated into a system of expected behav-
tor” (1997, p. 18). He further believes, “a company must have
established—as part of its culture—that employees are expected to,
and have responsibility to, report risky behavioral situations to man-
agement. Furthermore, management must have established through
its actions, that such references will receive proper consideration. If
this is not the case, the behavioral problem is principally one of cul-
ture, for which action at the first-line level of employment will have
limited success™ (1998, p. 33).

Behavior Sampling for Proactive Measures

Obviously, it is unrealistic to think that every behavior or even a
majority of behaviors can be observed. Organizations simply do not
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have the resources to observe all behaviors. The strategy then is to
observe a sample of behaviors. The behaviors that are observed are
the ones that have been identified as critical to safety performance.

One of the main purposes of behavioral observation is regular
sampling of the safety process (Krause, 1997, p. 195). Selectively sam-
pling safety-related behaviors is a powerful tool. First, conduct of
critical behaviors is a predictor of future safety performance. In this
respect, behavior sampling is a leading indicator, rather than a lagging
indicator such as injury rates. Trends can be analyzed and an organi-
zation can know precisely what needs to be addressed to be proactive.
Second, behavior sampling focuses primarily on the safety process,
not outcomes. By specifically focusing on key process activities the
outcomes can be improved.

Employee-Driven Processes and Partial
Empowerment

Anotber strategy used in most bebavioral safety processes is the
employee-driven or bottom-up approach. This does not mean that
management abdicates responsibility and fails to be actively and visi-
bly committed to and involved in the safety effort. Rather, employees
(including management) drive the behavioral safety process, with sup-
port and resources provided by management. This is contrary to
many traditional approaches to safety that are driven from the top
down, or from outside influences such as OSHA. Safety scholars
believe in the employee-driven process strongly enough to write
books about it: Krause wrote Employee-Driven Systems for Safe
Behavior, Petersen recently wrote a book titled Authentic Involve-
ment, and Geller wrote The Participation Factor: How to Increase
Involvement in Occupational Safery.

Krause presents the following formula in Employee-Driven Sys-
tems for Safe Behavior: “Employee Involvement + Scientific Method
= Continuous Improvement.” Furthermore, he states that the proper
use of methods to manage safety hinges on two factors:

1. scientific measurement and management of all levels of employee
workplace behaviors
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2. the involvement of all employees in this ongoing feedback and
problem-solving process

Petersen discusses the concept of limited empowerment versus
total empowerment. Limited empowerment suggests we live within
some ground rules. We all play with the same rules that make the
game fair and safe. Most football rules are, in fact, safety rules, and
most teams find them easy to follow. Limited empowerment means
management establishes some ground rules for everyone to follow
(Petersen, 2001, p. 63). Employees are empowered within this frame-
work to participate in decision making for improving safety perfor-
mance.

Implementing Behavioral Approaches

How to Implement Behavioral
Safety—Common Steps

Cooper recommends a nine-step implementation process (1998).
The following is an abbreviated adaptation of the recommended
steps, plus the important step of solving system problems and pursuing
continuous improvement:

1. Seek/gain workforce buy-in to the behavioral process prior to
implementation. Conduct briefings and educational awareness
sessions so everyone is informed and knows what behavioral
safety entails as well as its potential benefits.

2. Select a project team or steering team to implement and run the
system.

3. Identify the critical safety behaviors that should be addressed.
This may be accomplished similar to the way priorities are chosen
for Job Hazard Analysis: review the past three years’ injury
records to determine behaviors and system factors contributing
to injuries.

4. Develop specific behavioral checklists that cover the critical
behaviors identified.
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5. Train personnel from each workgroup how to conduct behavioral
observations and how to provide feedback to others.

6. Establish a baseline of safe behavior by monitoring behavior for
four to six weeks. Determine the average safe behavior levels dur-
ing this baseline period.

7. Ask each workgroup to set a safety improvement target, using
their baseline average as the starting point for comparison.

8. Monitor progress on a daily basis and provide detailed feedback
to each workgroup on a weekly basis.

9. Review performance trends to identify barriers to improvement
(Cooper, 1998).

10. Concentrate on continuous improvement of the system and
behavior at all levels by solving any problems in the management
system that encourage risky behavior or create/allow hazards to
exist.

Organizations may be unsuccessful in implementing behavioral
safety if they omit recommended steps. For example, if an organiza-
tion fails to gain personnel buy-in (step #1), there will likely be a
high level of resistance and possibly widespread efforts to defeat the
process. If organizations omit step #10, they will not realize the full
benefit that behavioral safety approaches can provide. Applying all
these steps increases the probability of a successful behavioral effort
as well as the sustainability of the process.

How to Conduct a Safety Assessment

Assessments are commonly conducted prior to the implementa-
tion of behavioral safety processes. Assessments may be conducted
internally, or one of numerous safety consultants who perform safety
assessments may be hired for this purpose. The purpose of safety
assessments is to determine an organization’s current level of safety
performance and provide recommendations for improvement.

McSween (1995, 64-82) notes that making an assessment is some-
what analogous to completing a puzzle and recommends the follow-
ing steps to conducting an assessment:
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Step 1. Review the organization’s safety data, including injury sta-
tistics and actual accident reports. Determine if the organization is
above or below industry average. Identify groups of workers with the
highest and lowest incidence rates.

Step 2. Conduct interviews with people from a diagonal slice of
the organization. The interviewer should get very precise answers to
questions such as how often area safety meetings are held, whether
leadership regularly talks to employees about safety, and whether
safety data is graphed and reviewed. McSween notes, “Constructing a
well-designed survey requires experience or training in survey con-
struction” (1995, p. 74).

Step 3. Observe safety meetings, safety audits, and safety practices
in work areas. The observer should ask himself or herself if meetings
are well run and if employees participate in meetings, and watch for
safe and unsafe work practices.

Step 4. Analyze information and develop an improvement plan.
McSween (1995, p. 79) recommends that ideal areas for pilot testing
recommendations are those areas that are representative of the organi-
zation and have high incidence rates and management personnel will-
ing to support the behavioral process.

Step 5. Make a final report and presentation. This is essentially a
sales presentation, as one of the main purposes of assessment is to
create management support. Stress the realistic benefits of systematic
implementation prior to discussing the details of your recommenda-
tions.

For additional details about this five-step assessment process
(such as recommended survey questions and an outline for your
assessment report), refer to McSween’s book The Values-Based Safety
Process: Improving Your Safety Culture with a Behavioral Approach
(1995).

An alternative assessment approach for determining organiza-
tional readiness is suggested by Cooper. This approach is based on a
Praxis Six Cell Analysis Model that allows companies to conduct their
readiness assessment at minimal cost.

The Praxis Six Cell Analysis Model is based on a performance
equation:

Motivation X Ability = Performance
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The Praxis Model asks six questions at three organizational levels
as follows:

To Individuals:
1. Am I happy to behave safely?
2. Do I know how to behave safely?

To Workgroups:

1. How will others respond if I behave safely?
2. Will others provide the help, authority, information, and resources
I need to behave safely?

To the Workgroups from an Organizational Perspective:

1. What rewards will we get for behaving safely?
2. Do our structures, systems, and environment facilitate or block us
from behaving safely?

Truthful and positive responses to all six questions suggest readi-
ness for a behavioral safety approach. If one or more of the questions
is answered negatively, it is in the organization’s interest to address
the issues involved prior to implementation of a behavioral approach.
For additional details, including how to use the readiness survey, visit
www.behavioral-safety.com.

Developing an Inventory of Critical
Safety-Related Behaviors

Behavioral safety involves measuring safety-related behaviors.
Krause notes that the behavioral inventory is how we measure behav-
ioral safety performance. Benefits of using a Critical Safety Bebavior
inventory for continuous safety improvement include:

* Problem solving driven by data accumulated is accurate instead of
superstitious.

» Performance feedback based on these data is true, rather than false
feedback that impairs people’s judgment about the causes of acci-
dents.

* Safety training and incident analysis based on the behavioral inven-
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tory are useful for new employees and veterans alike (adapted from
Krause, 1995, pp. 112-113).

What Are Critical Behaviors and Why Develop
an Inventory of Critical Behaviors?

Critical behaviors are those actions that contribute to good safety
performance or, conversely, that lead to injuries. Krause observes, “In
most accidents at-risk behavior is the final common pathway. Each
facility, characterized by particular production processes, products,
and workforce, has a characteristic cluster of these final common
pathways that are responsible for a highly significant percentage of its
safety incidents” (1995, p. 113).

The challenge is to (1) identify the specific safety-related behav-
iors for a particular site, (2) establish an inventory of operational
definitions for these behaviors, and (3) prepare a checklist based on
these critical behaviors for observers to use. Developing this critical
bebavior inventory serves the following purposes:

* Directs the steering team where to focus its efforts for maximum
impact

 Writes operational definitions that provide detailed descriptions of
the safe way to perform critical behaviors

» Establishes the criteria for behavioral observations and checklists

* Provides an upstream measurement for safety performance

How Can We Identify Critical Behaviors?

Krause (1997, p. 180) suggests four ways to identify critical
bebaviors at a site:

1. Make a behavioral analysis of incidence reports
2. Interview workers
3. Observe workers while they work

4. Review work rules, job safety analyses, and procedure manuals

These four approaches are rather self-explanatory, but the reader
interested in learning more detail is referred to The Behavior-Based
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Safery Process: Managing Involvement for an Injury-free Culture
(Krause, 1997). Ultimately each site should develop their own inven-
tory of critical behaviors, and the list is usually not that long—
perhaps 15 to 25 behaviors that are genuinely crucial to safety
performance. Earnest advises that the list be kept to five or ten critical
behaviors (1994, p. 3).

It is worth noting again that developing job-specific behaviors is
very similar to performing a job safety analysis (JSA) or job hazard
analysis (JHA). JHAs and JSAs, however, are not normally written as
operational definitions of behavior. It is suggested that organizations
upgrade their JSAs to behavioral standards (Krause, 1997, p. 185).

Steps of the Observation Process

There is no one best way to perform observations—techniques
and methods depend on the organization and the existing safety cul-
ture. It is recommended each site tailor the observation process to its
particular needs. If a site benchmarks to another site, the suggested
strategy is to use the benchmark sites’ approach as a guide but
develop specific procedures to accommodate the process locally.

The following steps are provided as a broad guide for observa-
tions:

1. Select specific bebaviors to observe as derived from the Critical
Bebavior Inventory. The strategy for this step is to pinpoint safe
practices (McSween, 1995, p. 106). These behaviors should be very
clear and specific so that everyone trained in the observation pro-
cess can agree on the safe way to perform a task. If the organiza-
tion has developed a critical behavior inventory, and established
operational definitions as part of the inventory, then critical safe
practices have already been identified.

2. Develop bebavioral checklists for particular jobs and departments.
When checklists are developed, they are not cast in stone. First
draft checklists, then revise and improve them as necessary to aid
the observation process. In general, checklists should be developed
for each area. Keep the list of checklists as small as practical. A
good practice is to keep the checklists short and manageable—
ensure checklists focus on the critical behaviors. Don’t forget to
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include management and leadership levels in the mix for critical
behavior checklists.

3. Develop specific procedures for the observation process. Deter-

mine who will observe and who will be observed, when observa-
tions will take place, and how long observations should take and
other details of the process. In general, it is recommended that
behavioral observations be conducted at least once per shift (Ear-
nest, 1994, p. 4). Various organizations follow different schedules
depending on the size of the workforce and the level of risks exist-
ing at the site. A problem with infrequent sampling is that it is not
as effective. Some organizations conduct weekly, daily, or various
other schedules of observations.

4. Determine procedures for data processing and feedback. Who will

collect the data? Who will analyze the data? How will the data be
shared with workgroups and the site as a whole? How often will
the data be shared? What will be the criteria for the data to be
tracked and shared?

Steps for Continuous Improvement

Establish a system to continuously improve the observation pro-

cess. Items to consider for inclusion in this system:

Perform trial runs and fine-tune the observation checklist and pro-
cess (McSween, 1995, p. 134).

Conduct a management review of the process to encourage manage-
ment input.

Analyze data to identify areas for follow-up. Examples include
trend analysis and Pareto charts to determine priorities.

Follow-up on targeted items. This is an opportunity for problem
solving so that the same problems do not occur over and over.

Organizations may use continuous improvement tools, such as

Geller’s DO IT process. This tool presents bebavioral safety as a con-
tinuous four-step process as follows:

D: Define the critical target behavior(s) to increase or decrease.
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O: Observe the target behaviors during a preintervention baseline
period to set behavior-change goals.

I: Intervene to change target behavior(s) in the desired directions.

T: Test the impact of the intervention by continuing to observe and
record the target behavior(s) during the intervention program
(Geller, 2001, p. 131).

In addition to or in place of DO IT, organizations are encouraged
to use their existing continuous improvement systems, such as Dem-
ing’s Plan, Do, Study, Act—PDSA, to improve their behavioral safety
process (Deming, 1986). This helps to integrate the behavioral safety
process into the management system and culture. Two important
related points to keep in mind:

* Behavioral safety is about integrating behavioral management into
the management of safety in your company.

* Behavioral safety is a process to improve behaviors at all levels, not
just a sequence of activities, meetings, and observations (Pounds
1997, p. 7).

Safety Coaching

Geller defines coaching as “essentially a process of one-on-one
observation and feedback” (2001, p. 239). One-on-one coaching is
a high-level intervention and involves imparting both direction and
motivation. Behavioral safety coaching today commonly involves
peer-to-peer coaching, although supervisor-to-worker coaching is
not uncommon.

Sports teams need good coaches to perform at their best. Simi-
larly, workgroups and organizations need good coaches to meet the
objective of improving behavior and reducing injuries.

In sports, athletic coaches normally have a higher status than their
players. In the workplace, safety coaches are more similar to Player-
Coaches: they are at the same level as their coworkers whom they
observe and provide feedback to. An employee does not become an
expert or superior just because he or she functions as a safety coach.
It is normally a peer-to-peer process.
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The long-term effectiveness of behavioral observations is contin-
gent on appropriate feedback or coaching following an observation.
Feedback is a powerful way to influence future behaviors.

Steps in the Coaching Process

Sarkus reveals “Seven Cs” for coaching in his book The Safety
Coach. The book is divided into three sections illustrating (1) the
power of reinforcement, (2) the power of relationships, and (3) the
power of information.

The Power of Reinforcement. Positive feedback tends to reinforce
safe behavior. This feedback should be confirming, or socially
rewarding, between coaches and coworkers. Sarkus notes that con-
firming feedback should be immediate, frequent, and favorable to be
most effective (2001, p. 32). Sarkus recommends consistently con-
firming in favor of correcting to help coworkers become more com-
mitted to safety and less fixated on mere compliance.

Correcting feedback may be needed when employees are working
at risk. Sarkus suggests starting by asking questions to determine if
there are obstacles to working safely. Correcting feedback must be
delivered in a constructive manner, or it may be perceived as punish-
ment. The safety coach should skillfully open the door for safer per-
formance by asking questions, encouraging two-way conversation,
and redirecting behavior as appropriate.

There are usually many more opportunities for confirming feed-
back than for correcting feedback. In either case the feedback should
be very specific. Vague feedback, such as “Good job” or “Be more
careful,” has no place in safety coaching.

The Power of Relationships. Good coaches build positive rela-
tionships. Sarkus discusses four Cs that help safety coaches develop
their relationships:

* Caring: Caring leaders develop a sense of community where people
support each other. Caring is a foundation that provides meaning
to the actions safety coaches take to prevent injuries.

* Collaborating: Collaborating means involving workers in mean-
ingful ways to improve safety. Survival in today’s competitive soci-



Improving Safety Performance with Behavior-Based Safety / 271

ety, much less great safety performance, requires collaborating
employees.

¢ Coaching: Coaching is about modeling the way and setting a great
example. Great coaches set high standards, and they have a strong
desire to bring out the best in others.

* Conciliating: To conciliate means to resolve disputes or conflicts so
that relationships can be repaired. Some tips Sarkus gives for concil-
iating include focusing on the issue, listening up, and sticking to the
facts (2001, p. 90).

The Power of Information. The final “C” Sarkus discusses is clar-
ifying. Safety coaches and leaders influence behavior by clarifying
safety values. Values in particular, and feedback in general, may be
imparted through one-to-one communication or in group settings.

How to Provide Meaningful Feedback

Safety coaches observe and then give feedback. Feedback must be
meaningful and meet certain criteria to be effective. The following
are characteristics of meaningful feedback, whether the feedback is
confirming, constructive, or a combination of the two:

* Feedback should be specific. Vague feedback is essentially useless,
and potentially counterproductive or harmful.

* Feedback should be immediate or quick. In general, the sooner
feedback is provided, the more effective it is. Sports coaches have a
good opportunity to help players improve by providing immediate
feedback during practice and games.

* Individual feedback should be given privately. There may be occa-
sional exceptions to this, but the outcome or intent of feedback,
even if inadvertent, should not embarrass others.

* Coaches should listen actively. Allow your coworker to finish what
he/she says without interrupting. Maintain eye contact and ask
open-ended questions to clarify the meaning of statements. As
Covey (1989) advises, “Seek first to understand, then to be under-
stood.”
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Common Performance Metrics for
Behavioral Safety

Most organizations measure safety performance based on injuries
and injury rates. Measuring behaviors adds another dimension—
upstream or leading metrics—to the existing trailing metrics of injur-
ies. Probably the most common behavioral measure is percent safe, a
measurement of the critical behavior inventory calculating the per-
centage of safe behaviors from the total behaviors observed (or sam-
pled). Although the percent safe measure is unlikely to be absolutely
accurate, it’s usually close enough to give a good idea of actual behav-
1015,

Safe behavior results should be tracked, graphed, and posted regu-
larly for everyone to see. There are at least two benefits expected from
posting safe bebavior percentages:

1. Posting provides everyone with knowledge of results. No one
knows what the percent safe behavior is in various areas without
behavioral sampling, tracking, and posting. This awareness of risky
behavior and trends is a beginning step toward improvement.

2. Tracking and posting safe behavior scores can be motivational. If
behavior scores are tracked on a regular basis, everyone can see if
performance is improving, remaining steady, or declining. People
recognize they have an opportunity to contribute to the safety
process.

It should be noted that percent safe should not be overly empha-
sized as there can be a temptation to falsify the numbers.
Other bebavioral measures include, but are not limited to,

* Recording the number of behavioral observations performed over a
period of time. Organizations may choose to establish goals for the
number of behavioral observations to conduct per week or per
month. Too much emphasis should not be placed on the number of
observations conducted, as the quality may suffer in order to pro-
duce a large quantity of observations.

* Another positive measure is the percentage of employees participat-
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ing in the behavioral process over a period of time. Each site can
establish its own criteria for participation.

* Other behavior/activity measures include participation in safety
meetings, submission of safety suggestions that are implemented,
number of near-hit reports over a period of time, number of JSAs
performed or updated, and number of safety corrections made from
Work Orders or similar avenues.

As noted earlier, these measures add a proactive dimension to tra-
ditional safety measures, which tend to be based on injuries, failures,
and mistakes. These behavioral measures are all positive and measure
what an organization and individuals achieve and accomplish, rather
than their failures.

Potential Barriers to Successful
Implementation of Behavioral Safety

Although the concepts and principles of behavioral safety are sim-
ple and straightforward, implementation issues can be difficult to
handle and complex to understand. It only takes one persistent prob-
lem to undermine a behavioral safety effort. The following list gives
common examples of problems that may be encountered:

* Failing to adequately plan and train prior to implementation.
Employees must know what to observe and how to effectively
intervene (Petersen, 2001, p. 53).

« Failing to provide planned, ongoing feedback to measure the effec-
tiveness of the behavioral approach.

¢ Treating behavioral safety as a separate program rather than integra-
ting it Into existing management systems.

* Overemphasizing results (injury measurements). In numbers-
oriented companies, when the results are not achieved the tendency
is to find someone to blame (McSween, 1998, p. 47).

* Looking at behavior only without looking at the cause of the behav-
ior. There is a void in the worker-focused model of behavioral safety
when evidence of root-causal analysis of behavior is missing.
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Manuele stresses that “analysis be performed to identify root-causal
factors of at-risk behavior. It should also be made clear that, for
systemic causal factors, engineering and work method revisions
must be the first considerations” (Manuele, 1998, p. 37).

* Overemphasizing the process (clarifying requirements, standardiz-
ing procedures, and establishing measures for key steps). Many of
the problems in organizations are not in a particular process but in
relationships between employees and managers. In many cases the
cause of problems is managerial practices that destroy interpersonal
relationships, creating distrust and discouraging employees from
bringing safety matters to the attention of management. Most cur-
rent problem-solving tools are useful for addressing process issues,
but they are often inadequate for addressing behavioral issues
(McSween, 1998, p. 48).

« Failing to get workforce buy-in. This may come about because the
management team, without consultation, has imposed the system
on the workforce (Cooper, 1999).

* Failing to target behaviors leading to injuries with observation
checklists, and not defining critical behaviors with sufficient preci-
sion.

« Failing to enlist workforce participation in developing behavioral
checklists, and targeting the behaviors not acceptable to the work-
force.

« Using observation checklists to focus on unsafe conditions instead
of risky behaviors. Behavioral safety should not be used as an audit
of unsafe conditions, although sometimes behaviors lead to unsafe
conditions.

* Trying to convey an optimistic picture of safety in their area in the
use of percent safe scores that do not reflect the reality of the work-
place.

* Punishing for failure to behave safely as indicated on the behavioral
checklist. Punishment will undo everything the behavioral safety
system tries to accomplish.

* Inadequately dealing with problems in safety improvement target-
setting meetings. Common problems include insufficient prepara-
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tion, insufficient time to discuss the issues, inconvenient meeting
times (everyone cannot attend), and one or two individuals hijack-
ing the sessions to air their grievances concerning what management
has traditionally done or not done about safety.

* Performing observations at the same time every day. Observation
sampling should be performed at random times throughout the
week so it is unpredictable.

* Failing to institute a standardized procedure for people to hand in
their completed observation checklists. This may result in the data
for feedback becoming lost or mislaid.

* Having no computerized means to calculate and analyze the obser-
vation scores. It is cumbersome to process the data by hand and the
quality of feedback suffers.

* Failing to conduct regular weekly feedback sessions. People are
busy and stretched for time. The resulting perception is that man-
agement does not value the behavioral safety process, creating lack
of buy-in.

« Failure to obtain ongoing management support. Managers do not
see themselves as part of the problem and conclude they do not have
anything to offer (Cooper, 1999).

The last twelve bullets above are adapted from an article by
Sulzer-Azeroff and Lischeid (1999) and may be viewed in more detail
on Professor Cooper’s website at www.behavioral-safety.com.
Behavioral safety efforts must anticipate and overcome these barriers
to succeed. The next section gives advice on specific success factors.

Success Factors for Behavioral Safety

For a successful behavioral safety effort, numerous factors must
work together in harmony. Ultimately, the key to safety success lies
with management. The following are essential features of the bebav-
ioral safety process:

* Management must be visibly committed to the process. Examples
of support include allowing people time to conduct observations,
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encouraging everyone to behave safely, setting a safe example per-
sonally, facilitating target-setting and feedback sessions, providing
needed resources for the effort, and being willing and able to handle
any barriers that arise. Krause notes, “The ability of leadership to
demonstrate its willingness to address issues is probably the single
most important (success) factor” (Krause, 1998, p. 41).

¢ There must be a significant level of workforce participation in and
understanding of the behavioral safety process. Workers must be
partially empowered in meaningful ways. They must clearly under-
stand specifics of the behavioral process, such as how observation
data will be used, what their own role in the process is, and how
strongly management is committed to the process. Workers must
possess a strong technical knowledge of how behavioral safety
works. “Profound knowledge drives success, not buzzwords”
(Hansen, 2001, p. 114).

* Selection, training, and guidance of the Implementation Team are
predictors of success (Krause, 1998, p. 41).

* Data must be collected and used for decision making and for con-
tinuous improvement. The collection, analysis, and publication of
data are integral components of the process. All employees need to
be aware of the progress or lack of progress in safe behaviors.

* The process must be well planned in advance. It is better to make
sound decisions at the outset rather than to be blindsided by unex-
pected crises once the process has begun. Behavioral safety initia-
tives are major undertakings requiring thorough planning and
understanding prior to their beginning.

¢ Training and communication must be adequate for all levels to teach
the necessary skills to identify critical behaviors, conduct observa-
tions, provide feedback, and perform problem-solving activities.

* All levels of personnel must be involved in the process.

¢ The behavioral process must be designed to meet the specific needs
and peculiar circumstances of the organization. “One size does not
fitall . ..” (Hansen, 2001).

* The basic premise and key objective of a behavioral safety initiative
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must be clearly established. “It’s about process improvement . . .
not finding and fixing careless employees” (Hansen, 2001, p. 114).

A high level of trust is ordinarily a prerequisite to successful imple-
mentation.

Leadership must address the safety issues (hazards) existing in the
environment and risks that occur in working situations. Leadership
must deal with management system inadequacies.

Safety management systems must be aligned with behavioral safety
principles. When there is a lack of alignment the likelihood of suc-
cess is reduced.

There must be an emphasis on long-term continuous improvement
of behaviors and performance rather than short-term gains.

There must be systematic procedures for structured problem solv-
ing and resolution/follow-up for process improvement.

Safety champions must be carefully selected and groomed. Individ-
uals with leadership skills, even if not in positions of authority,
should be considered for roles as safety champions. These individu-
als are enthusiastic about safety, well respected by their peers, con-
sidered team players, and carry considerable influence by their
words and actions. Safety champions are needed at every level of an
organization.

The superior approach is to focus on positive achievements rather
than lack of failures. Emphasis should be placed on safe rather than
unsafe and achievements should be celebrated. Failures should be
viewed as temporary obstacles or challenges that will be overcome
during the long-term process of continuous improvement.

Recognition for safe behavior and safety-related accomplishments
should be integrated into the daily work culture. Safe behaviors may
cease if individuals are not recognized and encouraged to continue
working safely. Peer recognition and feedback are powerful tools to
improve safety performance.

Patience and persistence are required. Organizations must allow
time for trust to evolve and allow the process to work. “Behavior
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change in an organization is a long-term process that needs continu-
ing investment over time” (Hansen, 2001, p. 115).

* Finally, as noted under “Barriers to Successful Implementation,”
there must be a systematic analysis of why behaviors occur. This
requires looking for root causes in the system and in the culture.
This is a leadership issue—leadership is responsible for establishing
the safety culture. Pounds explains how this is ultimately a leader-
ship issue: “A culture is, at its core, the sum total of those behaviors
that leadership rewards and punishes . . . consequently, the behav-
iors and results that a front-line supervisor rewards or punishes
(values) reflect the behaviors, results and values demonstrated by
the top of the organizational hierarchy. For the behaviors, changing
a culture, therefore, means systematically determining the behaviors
that are wanted by an organization, then systematically rewarding
those behaviors when they occur” (1997, 13).

Conclusion

Experience and research verify the potency of behavioral safety.
According to McSween, research findings demonstrate the value of
behavioral safety:

The only empirical approach to improving safety that has proven
to be effective is a behavioral safety process. Behavioral safety is the
only approach that has routinely produced significant reductions in
incidents in well-designed research studies. The approach involves
employees using a systematically developed checklist as the basis for

feedback on critical safety practices observed in work areas (1998, p.
49).

Questions

1. Why should people view safety as a process rather than a program?

2. Describe some ways to get employees to develop ownership in
workplace safety.

3. What is involved in effective safety coaching?

4. Discuss the use of specific behavioral metrics in safety. Why
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should behavioral measures be considered in addition to tradi-
tional measures?

5. What barriers do you think are the greatest impediment to behav-
ioral safety success? How would you propose to overcome these
barriers?

6. List and explain five critical success factors for behavioral safety.

References

Blair, E. H. 1999. Behavior-based safety: Myths, magic and reality. Profes-
sional Safety, 44 (8), 28-32.

Cooper, M. D. 1998. Improving Safety Culture: A Practical Guide. Chiches-
ter, UK: John Wiley & Sons.

Covey, S. R. 1989. The Seven Habits of Highly Effective People. New York:
Simon & Schuster.

Covey, S. R. 1990. Principle-Centered Leadership. New York: Simon &
Schuster.

Deming, W. E. 1986. Out of the Crisis. Cambridge: Massachusetts Institute
of Technology, Center for Advanced Engineering Study.

Earnest, R. E. 1994. What counts in safety? Insights into Management.
National Safety Management Society, 2-6.

Erickson, J. 2001. Proceedings of the ASSE Safety Management Symposium.
Orlando, FL: American Society of Safety Engineers, 108—113.

Geller, E. S. 2001. The Psychology of Safety Handbook. Boca Raton, FL:
Lewis Publishers.

Hansen, L. H. 2001. Behavioral safety—Does it work? “Yes and K(No)w”
. . . the difference. Behavioral Safety Symposium: The Next Step. Des
Plaines, IL: American Society of Safety Engineers.

Komaki, J., Barwick, K. D., and Scott, L. R. 1978. A behavioral approach to
occupational safety: pinpointing and reinforcing safe performance in a
food manufacturing plant. Journal of Applied Psychology, 63(4): 434—445.

Krause, T. R. 1995. Employee-Driven Systems for Safe Behavior: Integrating
Behavioral and Statistical Methodologies. New York: Van Nostrand Rein-
hold.

Krause, T. R. 1997. The Behavior-Based Safety Process: Managing Involve-
ment for an Injury-free Culture. New York: Van Nostrand Reinhold.



280 / Chapter 12

Krause, T. R. 1998. The challenge of behavior-based safety. In Proceedings
of Light Up Safety in the New Millennium: A Behavioral Safety Sympo-
sium. Des Plaines, IL: American Society of Safety Engineers, 26—42.

Krause, T. R. 2002. “Cross-functional improvement: Behavior-based Safety
as a Tool for Organizational Success.” Professional Safety, 47(8), 27-33.

Manuele, E A. 1997. On the Practice of Safety, 2nd ed. New York: John
Wiley & Sons.

Manuele, E A. 1998. Perspectives on behavioral safety: Observations of
ASSE’s behavioral safety symposium. Professional Safety, 43(8), 32-37.
McSween, T. 1995. The Values-Based Safety Process. New York: Van Nos-

trand Reinhold.

McSween, T. 1998. Culture: A behavioral perspective. In Proceedings of Light
Up Safety in the New Millennium: A Behavioral Safety Symposium. Des
Plaines, IL: American Society of Safety Engineers, 43-49.

Petersen, D. 2001. Authentic Involvement. National Safety Council: NSC
Press.

Pounds, J. 1997. Behavioral safety and future trends for change management.
Performance Management Magazine, 16(1).

Pounds, J. 1996. High-risk safety: The six biggest mistakes in implementing
behavior-based safety. Performance Management Magazine, 15(4).

Sarkus, D. J. 2001. The Safety Coach: Unleash the 7 C’s for World Class
Safety Performance. Donora, PA: Championship Publishing.

Sulzer-Azaroff, B. and de Santamaria, C. M. 1980. Industrial safety hazard
reduction through performance feedback. Journal of Applied Behaviour
Analysis, 13(2), 287-295.

Sulzer-Azaroff, B. and Fellner, D. 1984. Searching for performance targets in
the behavioral analysis of occupational health and safety: An assessment
strategy Journal of Organizational Behaviouwr Management, 6(2), 53—65.

Sulzer-Azeroff, B. and Lischeid, W. E. 1999. Assessing the quality of behav-
ioral safety initiatives. Professional Safery, 44(4), 31-36.



Chapter 13

WORKPLACE VIOLENCE
J. Brett Carruthers, CSP, and Mark A. Friend, Ed.D., CSP

Chapter Objectives

After completing this chapter, you will be able to

* Describe the extent of the workplace violence problem in the
United States

» Compare the frequency of workplace violence fatalities to other
causes of death on the job

* Identify the high-risk work environments experiencing workplace
violence

* List several occupations where workplace violence statistics indicate
a problem of concern for the safety professional

* List some of the factors that contribute to workplace violence
* Explain the importance of establishing a workplace violence preven-
tion program

¢ Describe some of the strategies that companies can use to prevent
or minimize the effects of workplace violence

Case Study

Jane Doe had walked to work on a January evening because she
could not afford to own a car. Minimal skills and education left her
vulnerable in a number of ways. Jane worked as a clerk in a combina-
tion gas station—convenience store. At approximately 1:30 a.m., an
unknown assailant walked into the store, ostensibly to make a pur-
chase, but in reality to rob the store. Maybe Jane knew the assailant, or

281



282 / Chapter 13

possibly he was afraid that she would recognize him later. In either
case, before he left, Jane was dead, the victim of multiple stab wounds
to the chest and neck. A few hundred dollars were missing from the
cash drawer. Jane’s body was discovered when the next customer came
in for a purchase; her assailant has yet to be found.

Introduction

Robbery and criminal acts are the primary motives for homicide at
work, accounting for 60 percent of these deaths (Chavez, 1999).
Approximately half of all homicide victims work in retail establish-
ments such as grocery stores, restaurants, bars, and small gas stations.
These traditional nighttime retailers are the most vulnerable (Toscano
and Windau, 1994).

Managers and small business owners who have done little or
nothing in the past to protect their property and, more importantly,
their employees from robbery find themselves being attacked on all
fronts. Not only are they more vulnerable to losses from criminal
activity, but they will also find themselves increasingly subject to liti-
gation and Occupational Safety and Health Administration (OSHA)
penalties. OSHA has developed several different guidelines and rec-
ommendations to reduce worker exposure to violence, but it has not
yet initiated rulemaking. These various guidelines are available at
OSHA'’s website www.osha.gov. The guidelines developed are being
enforced via the Occupational Safety and Health Act’s general duty
clause.

Nighttime Retailing

The reasons for establishing operating guidelines are obvious and are
based on the dangers faced by employees of nighttime retail opera-
tions. Employees like Jane can and must be protected. Here’s how it
can be done.

As in any other area of safety, a written plan outlining policies
designed to deal with the anticipated problem is written. The plan
includes procedures for cash management, handling customers, and
generally minimizing the likelihood of robbery. More importantly,
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employees are trained, educated, and drilled on the steps to take
should a robbery occur.

Planning includes acquiring and installing certain basic equip-
ment. Many nighttime retailers, particularly convenience stores and
gas stations, benefit from the following:

* Installing security camera(s) capable of recording robberies or crim-
inal activities. This acts not only as a deterrent, but also as a means
to prevent a perpetrator from returning to the establishment or
other operations if apprehended. As a complement to the camera(s),
height markers displaying measurements from the floor are placed
adjacent to the entrance. The camera and the clerk can use these to
help identify assailants.

* Installing a drop safe or other cash management device to limit the
amount of accessible cash. Conspicuous notices stating the cash reg-
ister contains small amounts of money, such as $50 or less, are
placed near the entrances and cash registers. Employees are care-
fully instructed in cash management procedures—particularly to
keep cash on hand low (OSHA National News Release, USDL 98-
179, April 28, 1998).

* When feasible, installing a silent or personal alarm system to notify
police or private security forces when a crime is in progress (OSHA
National News Release, USDL 98-179, April 28, 1998). Prompt
notification and response by law enforcement may save a life.

* Ensuring the store and parking lot are well illuminated during all
operating hours. Limit the number of access doors that are open.
Install mirrors to observe areas not observable from the checkout
area. Avoid permitting employees to exit into poorly lit, unmoni-
tored areas or isolated spots such as garbage areas and outdoor
freezers. Employees might be assaulted leaving the premises and the
assailant may use the door as a means of entrance (OSHA National
News Release, USDL 98-179, April 28, 1998).

* Having at least two employees working at night to help protect each
other. Many times a clerk is the victim of two would-be shoppers.
One will distract the clerk while the other pulls a weapon, attacks,
and disables the victim. If a second employee is not an economically
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feasible alternative, then protective enclosures for the lone attendant
are a must (OSHA National News Release, USDL 98-179, April 28,
1998).

In Florida, where the state statutes require one of the two alterna-
tives, storeowners are turning to companies such as Pro Tec of Green-
ville, North Carolina, to help protect employees (Florida Department
of Legal Affairs, Division of Victim Services, 1993, p. 13). All monies
and the worker stay behind an open counter during the day and early
evening. After traffic thins out and the store becomes more vulnera-
ble, a laminated Plexiglas shield made of Lexan is dropped into place
from overhead. With plate steel behind the counter and a clear shield
between the employee and would-be assailant above the counter, a
high level of protection is afforded against robbery and violence. In
some cases, the unit is placed at the door of the store, with a transpar-
ent turnstile permitting the employee to pass goods to and receive
money from customers. If the owner believes this will inhibit the sale
of merchandise from the store, then the enclosure can be placed
around the employee inside the store.

Shields convert the nighttime retail establishment into a veritable
fortress in short order. They can stop the penetration of clubs, knives,
and small-caliber firearms. Under the Florida Law, the enclosure
must meet Underwriters Laboratory Standard UL 752 for Medium-
Power Small Arms, Bullet-Resisting Equipment; or the American
Society for Testing and Materials Standard D3935 (Classification
PC110 B 3 0800700) (Florida Department of Legal Affairs, Division
of Victim Services, 1993, p. 1567).

The Gas Mart where Jane was killed had advertising signs plas-
tered all over the windows. Automobile and pedestrian traffic were
unable to see into the store or to observe any crime in progress, per-
mitting the murderer to commit his crime in relative privacy. His only
concern was that a random shopper might enter the store before he
left. Most convenience stores have large expanses of windows, and if
they do not, they should. These windows should be kept open to the
street with signage removed. A would-be thief is more likely to avoid
a well-lit, windowed store because a crime in progress can be more
easily spotted by a passerby or police patrol in the area.
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Jane was wearing street clothes when the crime in her store took
place. All store personnel should wear distinctive smocks or uni-
forms. Many stores engage in this practice for image purposes, but it
is also a sound safety practice. In the event the police are summoned
to a crime in progress, it will be easier for them to distinguish the
perpetrator from the victim(s).

In spite of the above precautions, if a robbery does occur, store
personnel should be instructed to fully cooperate with the robber.
The silent alarm should be activated only if it can be done so dis-
creetly. Employees are instructed to speak only in direct response to
the perpetrator’s questions and not to volunteer additional informa-
tion. They should be as observant as possible and attempt to avoid
confrontation (Butterworth, 1993).

Once the robber leaves the store, employees should immediately
lock the doors and call the police. They should ask any witnesses to
stay until police arrive and to not discuss the incident until that time.
Everyone should avoid touching any surfaces the perpetrator may
have touched (Butterworth, 1993).

Anticipating and preparing for events such as robbery should be
an important part of any employer’s plans—especially for nighttime
retailers. The costs of formalizing and executing these plans is mini-
mal compared to the potential saving of the lives and well-being of
employees. Although legislation has not forced action in every state,
it is forthcoming. Relatively inexpensive steps to protect the establish-
ment’s business investment and employees against robbery and asso-
ciated violence can save in terms of criminal losses and litigation.

Workplace Epidemic of Violence

Dennis Johnson, clinical psychologist and president of Behavior Ana-
lysts & Consultants, a management firm base that closely tracks
workplace violence, stated, “Workplace violence is the new poison of
corporate America. It is not just a reflection of a violent society, but
of that violent society interacting with workplace dynamics that have
significantly changed from 10 or 15 years ago” (Dunkel, 1994, p. 40).
Since that time, the numbers have increased, especially when terrorist
actions are considered forms of workplace violence.
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Background

Although job-related homicides have dropped in recent years,
homicide remains a leading cause of job-related deaths, with many
violent crimes committed while the victim is working or on duty. The
motive behind many of these homicides is disputes among coworkers,
customers, or domestic partners. These statistics summarize the vast-
ness of the workplace violence epidemic:

* There are now nearly two million violent victimizations per year in
the workplace.

* Occupational homicide has been a leading cause of death by injury
in the workplace for women.

e One in four U.S. workers will be attacked, threatened, or harassed
during their work career.

High-Risk Workplaces

All workplaces are vulnerable to violence: family-owned busi-
nesses, government, major corporations, manufacturers, the military,
nonprofit, private, and public organizations, and retail, service, and
other small businesses. Among U.S. workplaces, retail trades have
some of the highest number of occupational homicides. Parking lots
and garages on work premises account for a large percentage of vio-
lent crime locations.

High-Risk Occupations

The occupation with the highest rate of occupational homicide
has been taxicab drivers/chauffeurs. “Taxi drivers are 60 times more
likely than other workers to be murdered on the job” according to
then Secretary of Labor Alexis Herman (OSHA National News
Release, May 9, 2000). Other high-risk occupations include law
enforcement officers, hotel clerks, and gas station workers. Although
law enforcement officers are more likely to suffer the effects of work-
place violence, taxi drivers are more likely to die on the job. Refer to
table 13-2 for further details (Warchol, 1998).
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Tahle 13-1. Violent crimes at wark or while on duty.

Location where victimization occurred  Percent of victimization occuring at location
Restaurant, bar, or nightclub 13
Dffice, factory, or warehouse 13
Qther commercial establishment 23
On school property : 9
Parking lot/garage n
On public property 2
Other 8

Cost to Business

Workplace violence has a staggering impact on the emotional and
fiscal health of an organization. Direct and indirect costs include
direct legal and medical costs, out-of-court settlements, death bene-
fits, employee assistance programs, security-related services and
products, business disruption, negative public and media relations,
diverted resources, emotional scarring, extended litigation, fear, lost
personnel, name/product tainting, facility repairs, turnover, and
wasted knee-jerk reaction costs.

Table 13-2. High-risk occupations.

Occupation Risk Rate Por 1,000
Police Officers 306
Private Security Guards 218
Taxi Drivers 184
Prison Guards 17
Bartenders 91
Mental Health Professionals 80
Gas Station Attendants L]
Convenience, Liquor Store Clerks 68
Junior High/Middle School Teachers 57
Bus Drivers 45
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One incident of workplace violence can decimate a smaller busi-
ness and ravage a larger one. A recent survey completed by the Work-
place Violence Research Institute indicates the estimates of the costs
generally associated with workplace violence are conservative at best.
The survey revealed the following:

« Workplace violence costs business over $13.5 billion per year in
medical costs.

* Lost wages and productivity, legal expenses, property damage, and
increased security costs add additional billions (Workplace Vio-
lence, 2002).

* A single incident of workplace violence loses 1,750,000 workdays
per year (Workplace Violence, 2002).

* Victims of workplace assault lost an average of five workdays.

+ Estimates of the cost of workplace violence run as high as $1 million
per incident.

* Rape/sexual assault of women is the number one source of security
liability claims. The average settlement award for these claims is well
into the hundreds of thousands of dollars, whereas the average ver-
dict award is in the millions.

Victimization of the American Workforce

Severity of Victimization

Approximately two million employees become victims of violent
crime while performing their jobs each year (Workplace Violence,
2002). The victims range from store clerks and taxi drivers to supervi-
sors and university professors.

The National Crime Victimization Survey, conducted from 1993
to 1999, bighlighted several key points:

* Men are more likely than women to experience a violent crime.
However, women were as likely as men to become victims of theft
while working.

* Over 30 percent of victims faced an armed aggressor.
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* It has been estimated that over half of all workplace victimizations
are not reported to the police (Bachman, 1994, p. 1).

When victims were questioned as to why they did not report attacks,
40 percent stated they believed the event was minor or a private mat-
ter. An additional 27 percent did not report the incident to the police
because they reported it internally to company representatives. These
representatives included security officers, human resource depart-
ment personnel, or their manager (Bachman, 1994).

Profile of Victims

The victims of workplace violence can be anybody, and no one is
immune. Examples of certain activities that tend to put workers at
risk are

+ Working with the public

* Handling money, valuables, or prescription drugs (e.g., cashiers,
pharmacists)

« Carrying out inspection or enforcement duties (e.g., government
employees)

* Providing service, care, advice, or education (e.g., health care staff,
teachers)

» Working with unstable or volatile persons (e.g., social services or
criminal justice system employees)

» Working in premises where alcohol is served (e.g., food and bever-
age staff)

* Working alone, in small numbers (e.g., store clerks, real estate
agents), or in isolated or low-traffic areas (e.g., washrooms, storage
areas, utility rooms)

+ Working in community-based settings (e.g., nurses, social workers,
and other home visitors)

* Having a mobile workplace (e.g., taxicab)

* Working during periods of intense organizational change (e.g.,
strikes, downsizing)
(http://www.ccohs.ca/oshanswers/psychosocial/violence.html)
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Formula for Failure

The Ingredients List

Fear and violence in the workplace can be ascribed to various
factors:

* Robbery—predominant motive in occupational homicides
* Technological innovations

* Prevalence of violence in society

* Diversity and change in the workplace

« Shifts of responsibility at home

* Job loss or demotion

Historically, researchers have attempted to profile perpetrators of
workplace violence. They have considered such characteristics as hav-
ing a fascination with guns. This could apply to hunters, military
officers, or members of police departments. Many of the other char-
acteristics are even less useful. Knowing someone is from a broken
home is no reason not to hire that individual or to use him or her in
a sensitive position. The same could be said about aggressiveness. On
one hand, a person with a history of violent behavior is more likely
to exhibit the same characteristics in the future. However, otherwise
docile employees can be pushed to the breaking point under high-
pressure conditions. Descriptions by neighbors of murderers from
their neighborhoods bear this out. “He was a likeable individual. He
pretty much kept to himself and didn’t bother anyone.”

Economic demands put considerable pressure on otherwise stable
employees. Displacement or wage loss through company relocation,
downsizing, or market changes creates extremely adverse conditions
for workers. Domestic disturbances and problems are being carried
into the workplace at an alarming rate. With schedules and demands
on American workers pushing them to the breaking point, some will
and do suffer breakdowns. For the typical wage earner with a mort-
gage, car payments, and other debts, even small changes in the
monthly paycheck can create considerable frustration and devasta-
tion.
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Baking the Ingredients

A highly stressed workplace is the most susceptible to violence.

The following factors add considerably to the problem:

* Management does not talk with or delegate control to employees.
» Employees are micromanaged by doting managers.

* Employee work is fast paced and performed in poor environmental
conditions.

* Overtime is frequent and mandatory.

* Employee benefits have recently been cut (Joyner and McDade,
1994, p. A8).

If workplace downsizing is coupled with a combination of any or
all of the above, an extremely stressful situation has been created. As
stress from the workplace and family builds, the displaced worker,
who may already be on the edge, becomes more desperate and iso-
lated. This combination can become lethal—making the time ripe for
acts of violence to occur.

Recognizing the Potential Aggressor

Aggressors can be anyone: clients (current and former), competitors,
criminals, current and former employees, current and former rela-
tionship partners, customers, drug addicts, gangs, or terrorists. Who-
ever the aggressor may be, there are usually numerous red flags
present.

Disgruntled Employee Red Flags

Employees exhibiting marked changes in their demeanor and per-
formance—for example, those who are normally quiet suddenly
becoming loud, boisterous, or disgruntled—may signal the beginning
of a volatile situation. During the satellite video conference on work-
place violence presented by the George Washington National Satellite
Network (1994), FBI Special Agent Eugene A. Rugala tendered the
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following list of red flags of human behavior that should be closely
monitored:

* History of exhibiting violent behavior

* Obsessing with weapons, and collecting and compulsively reading
gun magazines

* Carrying a concealed weapon

* Making direct or veiled threats

« Using intimidation or instilling fear in others

* Maintaining obsessive involvement with job

* Acting as a loner

« Exhibiting unwanted romantic interest in coworker
* Sexually harassing opposite gender coworkers

« Exhibiting paranoid behavior

« Exhibiting a lack of willingness to accept criticism
* Carrying a grudge

« Exhibiting recent family, financial, and/or personal problems
¢ Undue interest in publicized violent events

* Testing limits of acceptable behavior

* Suffering from stress in the workplace such as layoffs, reduction in
forces, and labor disputes

+ Showing extreme changes in behavior or stated beliefs (Rugala,
1994).

Special Agent Rugala emphasized one key point: “An employee
can manifest one or all of these traits and never act out violently!
This is where the importance of having solid employee/supervisor
relationship cannot be underscored!” (Rugala, 1994).

Employee Disenchantment

Employee disenchantment can be a major source of stress, and
through time, stress can build to the point of the person “snapping,”



Workplace Violence / 293

according to Special Agent Rugala. The following list highlights
causes of employee disenchantment:

+ Confusion

* Lack of trust

* Not being listened to

* No time to solve problems

« Office politics

 Someone solving problems for you

» Not knowing whether you are succeeding

* Indiscriminate application of rules

* Boss takes credit for others’ ideas and work
* Believing you cannot make a difference

* Meaningless job (Rugala, 1994).

The response to stress may be an act of violence, often exhibited as
revenge:

Revenge

Revenge comes in a variety of forms. Carefully plotted revenge
can destroy a company. The following are different types of revenge:

* Product tampering

* Rumormongering

* Theft of property

* Theft of secrets

* Stalking

* Kidnapping executives

o Threats

e Harassment
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The following are examples of revenge:

* The Tylenol tampering incident in the 1970s had a profound effect
on Johnson & Johnson, as well as every other manufacturer of con-
sumer medical products, and on how these products were sealed

and packaged.

* Encyclopedia Britannica experienced a serious product-tampering
incident when a discharged employee changed all references of
Allah to Jesus. Thousands of copies were printed before the change
was discovered.

* A terminated employee on his way out of the company’s headquar-
ters building lobby gouged several priceless Van Gogh paintings,
destroying them.

* A discharged telephone company employee tapped the telephones
of several prominent citizens in the community and then attempted
to extort money from them to keep the information he acquired
quiet.

« An employee of a fast-food restaurant who was fired changed the
slogan on the cash register receipt to a racial epithet, insulting
numerous customers.

These are only a few examples of thousands of acts of revenge
that take place in the workplace annually. A malicious employee
wanting to pay back the company because he was discharged can
cause significant damage to an organization’s image and reputation.

Violence

Unfortunately, some individuals resort to violent acts, including

e Intimidation
» Assault

* Rape
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* Robbery

* Property destruction

Proactive intervention is required on the part of the employer.

Defusing a Time Bomb: The Violent Employee

While there is no cure for workplace violence, there are proactive,
preventive steps that can be implemented to provide a realistic
approach to defusing workplace violence before it occurs:

1. Establish a clear nonharassment policy
2. Perform pre-employment screening

3. Establish a drug testing program
4

. Conduct employee and management training in stress manage-
ment and communications

w

Plan for crisis management
6. Establish proper security measures

7. Foster a working liaison with local law enforcement (Branch Wal-
ton, personal communication, June 23, 1994)

Nonharassment Policy

Senior management must make it crystal clear to its employees
that harassment and threats will not be tolerated. Garry Mathiason, a
San Francisco lawyer who specializes in workplace liability law,
stated, “If you have a policy or plan in place, then what is tolerated
and what is not become part of the culture” (Dunkel, 1994, p. 70).
This is especially important with verbal threats. Company policy
must be firm that verbal threats will not be tolerated. Mathiason goes
on to say, “If you doubt me (ask yourself) when was the last time
you made a joke going through an airport metal detector?”” (Dunkel,
1994, p. 70).
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Pre-Employment Screening

The significance of this tool cannot be understated. How involved
your organization gets with pre-employment screening will be a
function of the nature of your company’s business, its culture, and
the sensitivity of the position being filled.

Before any pre-employment screening is done, consult with your
organization’s legal counsel on the proposed pre-employment screen-
ing to be conducted. This is vitally important and can save your orga-
nization significant expense should a pre-employment screening tool
be considered to discriminate in your state (Lynn C. Outwater, per-
sonal communication, February 15, 1995).

Target Stores in Oakland, California, asked prospective security
guards to take the Rodgers Condensed CPIMMPI written prescreen
(a psychological screening tool). An attorney for the plaintiffs, in a
class-action lawsuit, hinted that a number of the questions on the
long-used exam were “extremely invasive on matters of sexuality,
religion, bodily functions, and the like” (Albrecht and Mantell, 1994,
p- 50). Under the settlement agreement, Target Stores paid $1.3 mil-
lion to 2,500 awardees and agreed to ban the test in its 113 California
stores.

What pre-employment screening tools should be used? The fol-
lowing are a minimum:

Work history verification
Military history verification
Credit history

Driving record check

M N e

Criminal history check

Before using any of the above screening tools, check with legal coun-
sel because all the above may not be legal in every state. Red flags are
unexplained gaps in employment of greater than 30 days; scant details
of disciplinary matters in military service; dire financial circum-
stances (high debt, home foreclosure, etc.) in the credit history; and
numerous accidents or traffic violations on the driving record. Obvi-
ously, one must evaluate these from a big-picture perspective; one
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negative report may not be too bad, but taken as part of the whole it
may be significant (Branch Walton, personal communication, Febru-
ary 15, 1995).

Drug Testing

As with the pre-employment screening, company legal counsel
and personnel experienced with Employee Assistance Programs and
workplace drug testing must be consulted before a drug-testing pro-
gram is started (Bruce Wilkinson, personal communication, January
9, 2003).

Drug testing is conducted in three ways: pre-placement, random,
and for-cause or reasonable suspicion. The total testing procedures
are typically handled by an outside firm to avoid casting any suspi-
cion on the process, including the selection of employees for random
testing. Employment offers are conditional upon negative results
from candidates’ drug tests.

Employee and Management Training

Employee and management training are critical to successfully
handling a potentially explosive situation. Areas include stress man-
agement, conflict resolution, negotiating, and interpersonal commu-
nications. The training must be tailored to the organization’s
philosophy and culture.

Training should be presented at two levels. First, it should be pre-
sented at the employee level to establish a baseline—a common foun-
dation. Second, it must be presented at supervisory and managerial
levels to establish a consistent manner in which various situations will
be handled. Additionally, the training should include role playing to
provide participants the opportunity to experience a variety of situa-
tions in a controlled learning atmosphere (Branch Walton, personal
communication, June 23, 1994).

Crisis Management Planning

Planning for an incident involving workplace violence should be
no different than planning for a fire or chemical spill. As a result of
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the terrorist events on September 11, 2001, in this post-9/11 world,
preplanning for an incident of workplace violence is mission critical.
Having a plan of action in place that is easily executable will provide
structure to an otherwise chaotic situation.

What should be in a crisis management plan for handling a work-
place violence incident? In their book Ticking Bombs: Defusing
Workplace Violence in the Workplace, Steve Albrecht and Michael
Mantell provide the following list:

* Telephone numbers of local law enforcement and emergency ser-
vices

* Notification of key company personnel (This list must include the
company’s legal counsel.)

* Procedure for protecting the scene of a workplace violence incident
for investigators

* Procedure for checking the integrity of your company’s data and
computer systems

* Arrangements and retainer contracts for on-scene employee coun-
seling immediately following a significant event (24-hour coverage)

¢ Training of senior site management in dealing with the media

* Designating an official company spokesperson and media relations
procedure

* Procedure for providing grief- and trauma-recovery time for vic-
tims and related witnesses, bystanders, and employees

* Procedure for company sanctions and/or punishment for the insti-
gators in lesser cases

* Arrangements with company Employee Assistance Program and
psychological counseling programs to help employees cope with
postincident stress management

¢ Procedure for handling family notification(s) of the victim(s) and
the company’s aid package

¢ Procedure for handling cleanup and scene restoration (1994, pp.
221-242)
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While the steps above deal specifically with handling an incident
of workplace violence, another important procedure that must be
developed is an effective termination procedure.

The termination procedure should include details on how to han-
dle the termination process and must include at a minimum

* Handling the individual’s personal effects
* Preventing facility and information system access

* Collecting company property (credit cards, keys, access cards, iden-
tification badges, proprietary information, etc.)

* Handling outstanding expense reports
* Handling severance, vacation pay, and other continued benefits

* Handling difficult employee terminations (Branch Walton, personal
communication, June 23, 1994).

The above steps are not all-inclusive and may not apply in all situa-
tions. They must be tailored to each company’s structure and unique-
ness.

Proper Security Measures

Sound security measures begin with the most basic and yet the
most difficult measure—controlling access to the facility. Each
entrance to a building should have some type of access control device.
These devices can be as simple as keyed entrances or as complex as
bar code or magnetic card readers or closed circuit cameras with
intercoms and buzzers. Diligent access control will be the most daun-
ting element an organization must overcome when implementing
revised security measures.

Another access control measure is controlling the visitor entrance
to the facility by having specific procedures for handling visitors. Vis-
itors are required to sign in at specified point(s) and must be accom-
panied by an authorized escort at all times. They are never to be given
the freedom to roam at will within a facility.

One final means of controlling access to a facility is to ensure
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that devices installed to control facility access are not compromised.
Compromising security includes purposefully leaving doors open or
revealing access codes, duplicating keys, and leaving fence gates
unlocked. Access control is only as good as management’s commit-
ment to facility security management.

Another basic security measure is to issue color photo identifica-
tion cards. The following information should be on the identification

badge:

* Employee’s name and signature
« Employee’s identification badge serial number

* The signature of the person authorized to authenticate and issue
identification badges

There are numerous other security measures that can be under-
taken. The key is to customize the measures necessary for your orga-
nization’s needs. Finally, whether your company takes a low-profile
approach (access control, identification badges) to security or a highly
visible approach (closed circuit television cameras, private security
officers), a facility’s security management program should be given
the same management attention as safety, operations, sales, and mar-
keting (Branch Walton, personal communication, June 23, 1995).

Liaison with Local Law Enforcement

During a crisis situation, it is helpful to know the key personnel
in the local law enforcement organization and their commitment to
assisting your organization. This is not the time to be exchanging ini-
tial introductions (Branch Walton, personal communication, June 23,
1995).

This plan does not guarantee workplace violence will not occur;
however, it will better prepare the organization should an event occur.

Conclusion

This chapter reviewed the occupational epidemic sweeping the United
States commonly referred to as “workplace violence.” It is a problem
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many safety professionals address in an attempt to reduce the risk of
serious injury to thousands of working men and women across
America. The workplace aggressor can be anyone from a disgruntled
employee to a psychologically disturbed competitor. Workplace vio-
lence can be as traumatic as a seriously deranged man shooting an ex-
boss and coworkers, as insidious as product tampering, or as horren-
dous as a terrorist attack. As with any other loss in the occupational
environment, the prevention of workplace violence requires a com-
prehensive approach that includes everything from pre-employment
screening to crisis management planning. No workplace is immune.
With workplace homicide being the number one cause of occupa-
tional death for women and the third leading cause of death for all
workers, safety professionals’ responsibilities include workplace
security.

Questions

1. What is workplace violence? How far-reaching is this problem in
the United States?

2. Why is knowledge of workplace violence important to a safety
professional?

3. What are some of the factors that contribute to workplace vio-
lence?

4. List and describe some of the red flags that could indicate a dis-
gruntled employee might become violent.

5. What are some of the acts of violence associated with workplace
violence?

6. List and briefly describe the components of a comprehensive
workplace violence program.
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Chapter 14

TERRORISM PREPAREDNESS

Chapter Objectives

After completing this chapter, you will be able to

* Understand the compelling reasons for preparing for terrorist
attack in business

* Identify some of the key historical events causing the United States
and its citizens to prepare for terrorism

 List critical areas of concern that need to be addressed in terrorism
preparation

* Understand the role of the safety and health professional in com-
pany terrorism planning activities

Case Study

Steve Smith is sitting at his desk on Monday morning when the
call comes through. A bomb has been placed in the pesticide plant
where he works. A quick mental review of chemicals stored on-site
brings to mind vessels of materials that have IDLHs (Immediately
Dangerous to Life and Health) as low as 1 part per million. Steve closes
his eyes for five seconds before dialing 911. His panicked voice has
more questions for the dispatcher than the dispatcher has answers.
Steve is quickly transferred to a police official with little knowledge of
pesticides or their potential for damage to the environment and the
surrounding community. Steve is searching for answers as to what to
do next but he is having trouble finding those answers.

Historic Information

February 26, 1993: An explosion roars through the underground
parking garage at the World Trade Center in New York City. Smoke

305



306 / Chapter 14

rises and begins filling corridors and some escape routes. Six people
are killed and over a thousand are injured, primarily due to the effects
of smoke inhalation. The device—made primarily of urea nitrate, a
fertilizer-based explosive—also included three large metal cylinders
of compressed hydrogen gas. All of this was placed inside a rental
truck and detonated by fuse. The explosion punched a hole approxi-
mately 150 feet in diameter and 50 feet deep. This was the first major
attack to bring the reality of terrorism home to all U.S. citizens.

April 19, 1995: An explosion rips through the Murrah Federal
Building in Oklahoma City, Oklahoma. It completely tears off the
north wall and leaves 168 dead, including 19 children. The terrorists
had purchased ammonium nitrate from a farm cooperative and nitro-
methane racing fuel at a racetrack for materials to construct the bomb.
It was rigged in a rental truck and parked in front of the building. A
detonation-delay mechanism allowed the bomber to escape prior to
the explosion. This was the most lethal terrorist attack to ever occur
in the United States.

September 11, 2001: Four commercial airplanes are hijacked on
the east coast. American Airlines Flight 11 out of Boston crashes into
the North Tower of the World Trade Center with 92 people on board.
United Airlines Flight 172, also out of Boston, crashes into the South
Tower of the World Trade Center with 65 passengers on board. Amer-
ican Airlines Flight 77 out of Washington Dulles crashes into the Pen-
tagon with 64 on board. Flight 93 out of Newark, New Jersey, crashes
into a rural western Pennsylvania field with 44 people on board. An
estimated additional 2,666 people on the ground die in the World
Trade Center and another 125 are dead in the Pentagon. Over 3,000
people die in one day as a result of terrorist attacks (U.S. Department
of State, 2002).

Overview

Nearly every American resident is touched, appalled, and angered by
the tragedies mentioned above. The common thread is terrorism. The
constant theme is increased violence, destruction of property, and
loss of life. Each attack has taken terrorism to a new level in terms of
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audacity, mayhem, cost, and human suffering. The problem of terror-
ism is a difficult one. The terrorist lives among us. He socializes,
works, and moves around with the same freedoms as nearly every
American citizen. Terrorists have access to as much information and
know as much about our vulnerabilities as near