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In Memoriam

William H. Piispanen

One of several industrial hygienists who responded and 
provided support to the recovery efforts at Ground Zero 

at the World Trade Center. Thank you, Willie.

All proceeds from this book will be donated to the Families 
of Freedom Scholarship Fund, which provides funding for 

additional education for families and children whose parents 
were either killed or disabled from the 9/11 event.
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Preface
Over the past century, the discipline of industrial hygiene has focused on protect-
ing employees from hazards in the work environment. Since the passage of the 
Williams–Steiger Act of 1970, the industrial hygienist has played a key role in the 
prevention of injuries and illnesses in the workplace. Anticipating, recognizing, and 
controlling hazards is the favored approach used by industrial hygienists in protect-
ing the worker from hazards in the workplace. Consequently, the industrial hygien-
ist must have the knowledge and skills to analyze and understand risks, along with 
understanding how to effectively mitigate and control hazards. In many cases, haz-
ards in the workplace exhibit more than one risk factor.

The hazard identification and control process is based on effectively understand-
ing the inner relationship between the three process elements of hazard identifica-
tion, analysis, and control. Physical hazards are the most commonly encountered 
hazards in the workplace; however, chemical, biological, or radiological hazards may 
also be present, either singularly or in combination with other hazards.

Traditional industrial hygiene has been focused on collecting and analyzing 
data in order to identify and characterize a variety of workplace hazards. Although 
today’s industrial hygienist is taught various methods and techniques on how to rec-
ognize and manage occupational hazards, it is generally a knowledge and skill-based 
approach to hazard recognition and control that is used to help render workplaces 
free of hazards. Each workplace and situation is unique, and the industrial hygien-
ist must develop and adapt scientifically-based methods to understand and control 
hazards. However, when industrial hygienists work in the field, and as they inter-
act with the workers, they must understand how to communicate effectively with 
workers and management when gathering, evaluating, and communicating sampling 
and monitoring results, and conclusions. Both the industrial hygiene program and 
the implementation of the program in the field should be evaluated and improved 
where feasible, to ensure compliance to the most current requirements, standards, 
and safety practices, and to ensure improvement is in alignment with a risk-based 
philosophy and approach. Often, goals and steps needed to complete improvement 
initiatives are written into a continuous improvement plan for industrial hygiene. The 
value of such improvements can be realized and equated into additional methods and 
avenues for risk reduction.

Industrial hygiene is not an exact science, and is influenced by people, profes-
sional judgment, science, and mathematics; it is a profession driven by both art and 
science. Often, the industrial hygiene discipline is viewed as a specialized function, 
and the industrial hygienist is frequently viewed as a consultant, although he or she 
is an integral functioning part of the team. The practicing industrial hygienist is 
tasked with assisting management in achieving a reduction in workplace injuries 
and illnesses in a corporate environment that is increasingly looking for more cost-
effective and efficient methods of conducting business. At times, these efficiencies 
may target a reduction in the amount of labor needed to perform a job, less expen-
sive materials to use in their manufacturing processes, and more efficient methods 



xiv Preface

to manufacture a product. The industrial hygienist is faced with trying to assist in 
the achievement of these increased performance goals, with traditional industrial 
hygiene practices and principles that may or may not result in an increase in worker 
protection, and a decrease in health risks posed by workplace hazards.

Since promulgation of occupational health regulation the industrial hygiene pro-
fession has significantly grown, and is expected to continue to grow as workplaces 
continue to evolve in the production and usage of hazardous materials, consistent 
with a shift in public opinion regarding the acceptance of the health risk from activi-
ties performed at work and at home. As time progresses, industries are being regu-
lated to not only minimize the health impacts to the workforce, but also decrease the 
likelihood of impacting the environment.

Society has become more educated on the impacts to human health and environ-
ment, and there has been a noticeable decrease in the acceptance of this risk by 
workers and the public. Corporations and institutions are faced with managing the 
impacts, both financially and from a public perception perspective, resulting from 
this decreased acceptance of workplace injuries and illnesses. In particular, a vast 
amount of information on safety and health is readily available on the Internet, which 
can add additional pressures and further complicate the way companies and institu-
tions communicate how they are effectively managing safety in the workplace. The 
accepted standard of performance for industrial hygiene has grown beyond compli-
ance, and now also focuses on improving existing processes and creating a work-
place free of injury and illness.

A revised approach to industrial hygiene is needed that is focused, and tailored, 
on risk reduction to realize an increased level of worker protection. The industrial 
hygienist will continue to evolve, and must grow using a risk-based approach in order 
to better perform his or her job and improve the protection of the worker. This book 
focuses on the implementation of industrial hygiene, using a risk-based approach, in 
an operational environment. Key elements of this book include

•	 Balancing the art and science in industrial hygiene
•	 The industrial hygiene professional
•	 Risk-based industrial hygiene
•	 Recognizing, evaluating, and controlling workplace hazards
•	 Medical monitoring for workers
•	 Emergency response
•	 Training
•	 Evaluating the industrial hygiene program
•	 Continuous improvement

The approaches and methods described in this book are designed to assist the 
industrial hygienist in managing workplace risks, including risks associated with 
anticipation, recognition, evaluation, and hazard control processes. A focus on risk 
reduction or prevention will move a company closer to the goal of an injury-free 
workplace, while improving methods and techniques used by the industrial hygienist 
for implementing an effective worker protection program.
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1

1 Occupational Safety and 
Health in the Workplace

1.1 � INTRODUCTION

Long before there were safety and health and industrial hygiene professionals, 
with varying degrees and certifications, the field of occupational safety and health 
existed. Most safety professionals recognize that one of the earliest forms of leg-
islation associated with the safety profession was the Massachusetts Factory Act 
of 1877. The Massachusetts Factory Act created an inspection process for factory 
equipment, such as machinery, elevators, and workplace fire exits. Over the next cen-
tury, additional programs and legislation were introduced to improve environmental 
and health conditions in the workplace.

In 1913, Congress created the Department of Labor, with a focus on promoting 
the health and welfare of workers, improving workplace conditions, and ensuring 
workplace benefits. In 1935, the Social Security Act was enacted, which allowed the 
funding of state health departments and industrial health programs. The culmina-
tion of these efforts resulted in President Nixon approving the Williams–Steiger Act 
of 1970, often referred to as the Occupational Safety and Health Act, which was 
intended to ensure that workers had safe and healthy working conditions.

The U.S. Congress determined that personal injuries and illnesses, originating 
from workplace conditions, imposed a substantial burden on, and a hindrance to, 
interstate commerce (across states). This burden was viewed in terms of lost produc-
tion, wage loss, medical expenses, and disability compensation payments. Congress 
declared its purpose and policy, through the exercise of its powers, to regulate com-
merce among the several states and with foreign nations, and to provide, for the 
general welfare of every working man and woman in the nation, safe and health-
ful working conditions and to preserve our human resources. This was a profound 
piece of legislation because the governing body of the United States recognized that 
harming their people, in the course of doing business, was not acceptable and could 
ultimately lead to damaging the fundamental statehood of the country. As a result, 
Congress directed the focus of the Occupational Safety and Health Act to:

•	 Encourage employers and employees in their efforts to reduce the number of 
occupational safety and health hazards at their places of employment, and 
to stimulate employers and employees to institute new and perfect existing 
programs for providing safe and healthful working conditions

•	 Provide that employers and employees have separate but dependent respon-
sibilities and rights with respect to achieving safe and healthful working 
conditions
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•	 Authorize the secretary of labor to set mandatory occupational safety and 
health standards applicable to businesses affecting interstate commerce, 
and to create an Occupational Safety and Health Review Commission for 
carrying out adjudicatory functions under the act

•	 Build on advances already made through employer and employee initiatives 
to provide safe and healthful working conditions

•	 Provide for research in the field of occupational safety and health, including 
psychological factors involved, and the development of innovative methods, 
techniques, and approaches for dealing with occupational safety and health 
problems

•	 Explore ways to discover latent diseases, establishing causal connections 
between diseases and work in environmental conditions, and conducting 
other research related to health problems, in recognition of the fact that 
occupational health standards present problems often different from those 
involved in occupational safety

•	 Provide medical criteria that would ensure, in so far as practicable, that no 
employee will suffer diminished health, functional capacity, or life expec-
tancy as a result of his work experience

•	 Provide for training programs to increase the number and competence of 
personnel engaged in the field of occupational safety and health

•	 Provide for the development and promulgation of occupational safety and 
health standards

•	 Provide an effective enforcement program that would include a prohibition 
against giving advance notice of any inspection, and sanctions for any indi-
vidual violating this prohibition

•	 Encourage the states to assume the fullest responsibility for the admin-
istration and enforcement of their occupational safety and health laws by 
providing grants to the states to assist in
	 -	 Identifying their needs and responsibilities in the area of occupa-

tional safety and health
	 -	 Developing plans in accordance with the provisions of this act
	 -	 Improving the administration and enforcement of state occupational 

safety and health laws
	 -	 Conducting experimental and demonstration projects in connection 

therewith
•	 Provide for appropriate reporting procedures with respect to occupational 

safety and health that would help achieve the objectives of the act and accu-
rately describe the nature of the occupational safety and health problem

•	 Encourage joint labor management efforts to reduce injuries and disease 
arising out of employment

Over the past four decades, the Occupational Safety and Health Administration 
(OSHA), individual state agencies, industries and academics, and every workplace 
have seen a significant decrease in the number of work-related fatalities. Worker 
fatalities have decreased from approximately 38 worker deaths per day to about 13 
worker deaths per day in 2015 (OSHA 2017). The occupational safety and health 



3Occupational Safety and Health in the Workplace

professional may or may not be an industrial hygienist, but the industrial hygiene 
discipline has traditionally been viewed as a specialized subset of the safety and 
health profession. The profession is typically focused on implementing those goals 
of the Occupational Safety and Health Act that involve determining the relationship 
between diseases and work in environmental conditions; implementing processes 
and procedures for identifying, analyzing, and controlling workplace hazards; moni-
toring to ensure compliance with regulatory standards; and promoting the perfor-
mance of work in a safe and compliant manner.

Since the passage of the Occupational Safety and Health Act, the industrial 
hygiene profession has significantly grown, and is expected to continue to grow, 
consistent with a shift in public opinion regarding the acceptance of health risk from 
activities performed at work and at home. As society has become more educated 
on the impacts of industry on human health and the environment, there has been 
a decrease in the acceptance of this risk by workers and the public. The accepted 
standard of performance has grown beyond compliance, but now also focuses on 
improving existing processes and creating a workplace free of injury and illness. 
No matter what the industry, the workforce has greater access to information related 
to health risks from chemicals and other hazards associated with the work environ-
ment. In addition, more industries are being regulated to not only minimize the 
health impacts to the workforce, but also decrease the likelihood of impacting the 
environment. As we progress into the twenty-first century, decreasing risks to human 
health and the environment is projected to continue to grow and evolve, and the role 
of the industrial hygienist must also evolve to address the growing needs of society, 
companies, industries, and the workforce.

1.2 � MULTIPLE FACETS OF THE SAFETY 
AND HEALTH PROFESSIONAL

Human beings have a need to feel safe in all aspects of their life. Maslow’s hierarchy 
of needs actually identifies safety as a fundamental need of human life (Maslow 
1954). Maslow’s theory consists of five needs, or stages, which motivate humans to 
perform work and improve their life. Simply stated, the most basic needs must be 
met before humans will be motivated to achieve the next level of improvement to 
their physical and mental being. Each need, or stage, must be met before a person can 
progress to the next stage. Figure 1.1 is a depiction of Maslow’s theory.

Safety needs

• Breathing,
   eating, sleeping

Physiological
needs

• Safety of body,
   employment,
   property, work
   environment

• Friendship,
   family,
   intimacy, work
   relationships

Love and sense of 
belonging

• Self-esteem,
   self-confidence,
   respect

Esteem
• Morality,
   creativity,
   accaptance of
   facts

Self-actualization

FIGURE 1.1  Maslow’s hierarchy of needs process.
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The first tier of the hierarchy addresses the most basic need of people, and workers, 
which is physical well-being. A person cannot or will not move forward, or be driven 
to move forward, in achieving goals and objectives and improving their mental state if 
fundamental needs, such as food, water, and sleep, are not met. A human being may not 
be able to work on a consistent basis if his or her psychological and physiological needs 
are not met. One needs to look no further than the recent disaster in Flint, Michigan 
(Genesee County Board of Commisioners 2015), and the inadvertent cause of lead con-
tamination in residential water. The ability for people to achieve the most fundamental 
step of Maslow’s hierarchy of needs was impacted; consequently, residents must live, 
for many years, with ramifications that their most basic need as a human being was 
taken from their lives and families. It will be very difficult for residents, and their fami-
lies, to move forward and feel safe when drinking water from their home.

The need for humans to feel safe was recognized in the writings of Maslow in 
1954. In order for workers to progress through the hierarchy of needs and become 
all that they can become, the safety needs, the second step in the process, must be 
fulfilled. Therefore, workplace safety is an integral component of a leader’s ability 
to motivate and influence workers. Workplace safety enhances the ability for work-
ers to become active, productive, and contributing team members that are capable of 
solving problems and complete work tasks.

Once their physiological needs are met, the second tier of the hierarchy of needs 
focuses on people’s safety and the security of their surroundings, whether it is to pre-
serve meeting the first hierarchy of need or to improve their life. Not only is safety 
recognized as being important to the well-being of the human, but it is also impor-
tant in other aspects of a human’s life. For example, without achieving a safe work 
environment, workers cannot become motivated to develop a sense of belonging, as 
part of a team, without the fundamental premise of a safe work environment. The 
industrial hygiene professional is one facet of a company or institution that assists 
in achieving and maintaining a safe work environment that meets the needs of, and 
protects the worker.

Over the past four decades, the role of the industrial hygiene professional has 
evolved. Below are some examples of the roles and responsibilities of the industrial 
hygienist in today’s modern work environment.

•	 Worker advocate. The industrial hygiene professional must have a good 
relationship with the workforce and be a good listener; he or she is the first 
line of defense for a worker to communicate improvements or problems in 
performing a work task.

•	 Company advocate. The industrial hygiene professional is employed by the 
company as part of the company’s responsibility for providing a workplace 
free from hazards. The industrial hygiene professional always bears that 
responsibility, and is certainly viewed as an expert or doer, for ensuring that 
conditions in the workplace are free from hazards.

•	 Advocate for compliance with regulatory, contract, and company require-
ments. The industrial hygiene professional has the primary responsibility 
for monitoring and ensuring that companies and industries are compliant 
with regulatory limits for nonradiological hazards.
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•	 Facilitator and sponsor for safe work activities. Often, the industrial hygiene 
professional works to facilitate communications between management and 
the workforce with respect to safety initiatives and concerns.

A good industrial hygienist establishes company goals and standards that not only 
comply with regulatory requirements, but also surpass those standards to promote a 
robust and improved safety program. The industrial hygienist is in a position to be 
a leader in the promotion of improving standards for workers, for the company, and 
across the industry. It is also worth noting that as the need for industrial hygienist 
professionals grow, so too does the professional liability associated with the position.

Within the past 10 years, a trend has started to emerge with respect to the 
level of accountability and liability associated with the position. For many years, 
the industrial hygiene profession was thought of as another work position that did 
not require additional training or skills—as opposed to those recognized as being 
required for engineers, operations and maintenance (skill-based specialties) lead-
ers, or the performance of research and development activities. Since the passage 
of the Occupational Safety and Health Act; Resource, Conservation, and Recovery 
Act (RCRA); and Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA), the liability of the industrial hygiene position has signif-
icantly increased. Safety and health practices associated with standard industrial 
hazards are generally associated with a well-defined source and waste stream that 
may not be adequate to protect workers who are performing remediation work which 
often lacks well defined contaminants and contamination. Because many of these 
waste sites originated when safety and health requirements did not require a full 
understanding of hazards the worker could be exposed to, they present challenges 
to the industrial hygiene professional because of the need to protect workers from 
the additive and synergistic health effects from multiple contaminants. It is up to the 
industrial hygiene professional to clearly understand the professional risk, as well as 
human health risks, posed by work activities and the overall work environment. As 
such, the skill set of the industrial hygienist must address this growing need for a 
technically defensible, risk-based approach to industrial hygiene.

1.3 � INDUSTRIAL HYGIENE PROGRAM TENETS

There are a number of industrial hygiene books that have been written that discuss 
how to perform and implement industrial hygiene work activities. However, what is 
often not communicated, and often misunderstood, is the purpose and focus of why 
these activities are being performed. As an industrial hygiene professional, the job 
activities will vary depending on the company or industry, but fundamentally, there 
are common tenets, or beliefs, held by the industrial hygiene professional. Table 1.1 
lists a few of these tenets that are common across all companies and industries. 
Several of them are discussed in further detail throughout this book. These tenets 
are based on attributes needed to meet and exceed the intent of the Occupational 
Safety and Health Act. Additionally, these tenets further support the original mission 
of the Department of Labor and Congress, with a focus on promoting the health and 
welfare of workers—which was recognized as one of the most valuable resources of 
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a company or business, along with interstate commerce. The industrial hygienist is 
integral to achieving a reduction in the link between poor workplace conditions and 
occupational diseases and illnesses, as demonstrated over the past 200 years.

Table 1.1 lists only a few tenets that are integral to an industrial hygienist, but 
several of them are integral to establishing and building relationships with the work-
force and building a safety and health program that is focused on the prevention of 
injuries and illnesses versus being reactive to safety incidents.

1.4 � APPLICATION AND IMPLEMENTATION OF INDUSTRIAL 
HYGIENE PROGRAM ELEMENTS

There are any number of ways an industrial hygiene program can be established; 
however, all industrial hygiene programs include processes, policies, and procedures 
that establish and implement the industrial hygiene program elements. Figure 1.2 
depicts common elements of an industrial hygiene program. A general summary of 
each of these elements is presented below.

The industrial hygiene function may be organized as a subset of the overall safety 
and health program, or could be managed as its own organization or group depend-
ing on the level of risk posed by work activities to the worker (e.g., if the company 
mission deals with chemicals or other toxicological hazards, then additional organi-
zational focus on diseases or illnesses may be needed in managing work activities).

TABLE 1.1
Example Industrial Hygiene Program Tenets

Perform work with integrity and in a 
quality manner.

Ensure that workers are aware of 
hazards posed when performing 
work.

Trust, and the establishment of trust, is 
a key attribute in the performance of 
the safety and health and industrial 
hygiene discipline.

Facilitate to ensure that joint 
ownership of the safety program 
between management and the 
workforce exists.

Verification and validation of 
compliance with state and federal 
regulations is required to ensure that 
work is being compliantly conducted.

Promote workplace and job 
satisfaction working as a team.

Strive to improve working conditions to 
minimize health risks posed to 
workers.

Work products are produced on 
schedule and under budget.

Build and implement a program that is 
protective of the workforce.

Workplace injuries and illnesses are 
reduced.
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1.4.1 � Program Management and Administration

This functional element establishes and manages policies, plans, and procedures that 
have been developed to define the strategy, approach, and documentation used to 
implement the industrial hygiene program. The organizational structure and budget 
are managed within this functional element, along with ensuring the identification 
of all applicable regulations and the adequate flow-down of requirements, the defini-
tion of work to be performed by industrial hygienists, any schedules needed to better 
manage work activities, and mechanisms that verify the submittal of all regulatory 
required reports, such as the OSHA 300 log.

This functional element is key in the implementation of the industrial hygiene 
program because foundational processes and procedures, which define criteria by 
which the industrial hygienists manage and perform work, such as the exposure 
assessment process, hearing conversation program, and emergency response proto-
cols, are established. The approach, integration, and management of risk will also 
be defined and integrated across all industrial hygiene program elements based on 
policies and procedures established.

1.4.2 � Hazard Identification and Control Process

This functional element encompasses all work activities necessary to identify and 
control hazards associated with routine and nonroutine work (e.g., responding to an 
equipment breakdown). Evaluation of work scope and work steps, implementation 
of the exposure assessment process, identification and application of hazard con-
trols, and documentation of the hazard evaluation process are performed within this 
functional element. Also included is the application of the hazard control hierarchy, 
which includes product or equipment substitution, engineering controls, administra-
tive controls, and personal protective equipment. It is worth noting that the hazard 
identification and control process is not just limited to work being conducted in the 
context of producing a product, but also includes design review activities (referred 
to as safety through design). The hazard identification and control process defines 

Program management and administration

Hazard identification and control process

Occupational health management

Instrumentation and calibration

Data management, records, and reporting

Training and qualification

Continuous improvement

Industrial
hygiene
program
elements

FIGURE 1.2  Common industrial hygiene program elements.
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a large part of the industrial hygiene discipline because processes and procedures 
associated with the hazard identification and control process can be used to signifi-
cantly reduce the health risk posed by a work activity or toxicity of contaminants. 
Included in this functional element is the implementation of processes that define the 
methods by which industrial hygienists will evaluate and determine the health risk 
associated with the work and necessary controls to mitigate the hazards, along with 
how to perform the collection of sampling and monitoring information. Ultimately, 
the health risk posed by conditions that remain after applying the hazard identifica-
tion and control process will then be considered by workers when they are deter-
mining whether to accept the risk with performing the job as defined, or provide 
feedback as to alternative methods for work performance. The workers ultimately 
determining whether they are willing to accept the health risk posed by the work 
activity drives the need, up front, for the industrial hygienist to integrate the worker 
into the hazard identification and control process.

1.4.3 �O ccupational Health Management

This functional element includes the management of medical and surveillance 
programs, health wellness programs, and workers who are restricted from per-
forming work based on physical evaluation by the occupational health medi-
cal provider. The scheduling and monitoring of information received from the 
occupation health medical provider, along with management of the occupational 
medical provider contract, is also included within this functional element. The 
industrial hygienist is expected to work with and coordinate exchange of all types 
of occupational medical information with the occupational health medical pro-
vider; the industrial hygienist is the company’s primary representative in ensuring 
that workplace conditions, such as air and surface concentrations of contaminants, 
are communicated to the medical provider in determining whether a workplace 
injury or illness has occurred. This information is also frequently provided to the 
workers’ compensation group. It is the occupational health medical provider who 
is key to the industrial hygienist in establishing the health risk and link between 
occupational exposure and physiological responses and illnesses. This functional 
element is one that is expected to continue to grow and evolve over the next decade 
because of technological advances in medicine and the ease by which the general 
working population has access to occupational disease information through the 
internet.

1.4.4 �I nstrumentation and Calibration

This functional element focuses on the establishment of an instrumentation pro-
gram, which could include direct-reading instruments, sampling pumps, and sta-
tionary monitoring devices. Included within this element are the standards used for 
calibration and maintenance, and the periodicity for performing equipment checks, 
along with ensuring that quality assurance requirements are being met, which may 
be imposed on the industrial hygiene function if performing work in a high-hazard 
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work environment (e.g., nuclear or chemical weapons programs). A key aspect of the 
instrumentation and calibration program is understanding quality assurance require-
ments that may be invoked because of the industry in which the program is imple-
mented. For example, an instrumentation and calibration program may be required 
to meet elements of the Nuclear Quality Assurance requirements if it is implemented 
in a company or industry that has adopted the Nuclear Quality Assurance-1 standard.

1.4.5 �D ata Management, Records, and Reporting

This functional element, although it fundamentally seems to be simple, includes all 
the data management, record keeping, and reporting of information to individuals, 
the company, and regulatory bodies. Data collection associated with sampling and 
monitoring, along with information related to ensuring compliance with regulatory 
requirements, is managed within this element. The amount of labor needed to per-
form adequate analysis of data has exponentially increased with today’s use of com-
puters, whether the data management is associated with website maintenance (since 
most companies have their own safety and health or industrial hygiene web page) 
or instrumentation that continuously transmits via Bluetooth, and the ability to be 
able to organize, evaluate, and use this information has become an issue with many 
companies because the labor needed to perform such tasks is not usually planned 
as part of work. In particular, if the company routinely performs sample collection, 
or the operational mission uses industrial hygiene monitors for process monitoring 
purposes, the amount of time and money needed to organize, evaluate, and develop 
conclusions continues to increase because of the cost in labor needed to process the 
information. The need to plan and allocate additional time and resources to analyze 
and determine how data can be effectively utilized by companies is quickly becom-
ing an emergent issue within the industrial hygiene profession.

1.4.6 �T raining and Qualification

The industrial hygiene functional element for training and qualification may be orga-
nized by two types of training: (1) training received as a professional and (2) training 
provided by the industrial hygienist to others in need of specialized training (e.g., 
confined space, fall protection, and electrical safety). Training received as an indus-
trial hygienist may include the following:

•	 Basic training received as a new hire. Most companies have some type 
of mandatory training required as part of the hiring onboarding process. 
Generally, this training may consist of company policies and procedures 
related to human resource topics, security, safety and health policies, and 
return to work.

•	 Job-specific training.
•	 Training received by the industrial hygienist as part of the industrial hygiene 

qualification and continuing education process. If training is provided as 
part of a qualification process, as an industrial hygienist, the training may 
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be organized as company-defined industrial hygiene professional, company-​
defined industrial hygiene supervisor, or company-defined industrial hygiene 
qualified subject matter expert (e.g., instrumentation).

In many companies, the industrial hygienist teaches general safety and health 
classes, along with classes that may be skill specific, and industrial hygiene topics 
such as confined space or respiratory protection. Health risks to the worker, associ-
ated with the topic that is being instructed, should be effectively communicated to 
further emphasize the importance of correctly performing the work activity.

1.4.7 �C ontinuous Improvement

Industrial hygienists should always seek to improve both the performance and the 
quality of their work. Continuous improvement can be demonstrated across all 
industrial hygiene functional elements. In particular, improvements in the hazard 
identification and control process can lead to a reduction in the number of unsafe 
work practices. Continuous improvement can occur on both an individual perfor-
mance basis and across the company. Many companies have safety initiatives that 
are tailored to focus on reducing injuries associated with a specific work function, 
for example, safe driving campaigns. In addition, companies will also sponsor safety 
campaigns that may focus on improving behaviors across all work functions and 
groups. Continuous improvement within the industrial hygiene discipline often refers 
to improving the performance of work activities related to the industrial hygiene 
functional element or a subelement (i.e., exposure assessment process).

1.5 � INDUSTRIAL HYGIENE KEY FOCUS 
AREA AND RISK REDUCTION

There are a number of focus areas within the industrial hygiene program, elements 
that are key to the industrial hygiene professional, for reducing health risk to the 
workers and financial risk to the company. These focus areas include:

•	 Understanding the application of the art and science of industrial hygiene 
and how risk may be reduced when evaluating industrial hygiene information

•	 Understanding and targeting risk reduction in the development and matu-
rity of the industrial hygiene professional

•	 Incorporating techniques and methods for reducing risks associated with 
the management of instruments and calibration processes

•	 Applying risk reduction techniques and methods in the implementation of 
recognizing, evaluating, and controlling hazards in the workplace

•	 Incorporating risk reduction recognition in the development and implemen-
tation of training

•	 Understanding and incorporating risk reduction practices when responding 
to emergency situations
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•	 Recognizing risk reduction opportunities when evaluating the occupational 
safety and health programs

•	 Recognizing and incorporating risk reduction practices in the development 
and implementation of a continuous improvement program for the safety 
and health and industrial hygiene programs

•	 Incorporating lessons learned from enforcement actions that can be used to 
reduce company and worker health risks

Consideration of these key aspects by industrial hygiene professionals in the 
development and implementation of their program can result in reducing both health 
risks to the worker and financial risks to the company.

QUESTIONS TO PONDER FOR LEARNING

	 1.	Summarize the purpose of the Williams–Steiger Act of 1970.
	 2.	What is the relevance of the Williams–Steiger Act in today’s society?
	 3.	Describe the role of Maslow’s hierarchy of needs as it pertains to the safety 

needs of workers.
	 4.	Describe and explain the industrial hygiene program tenets and their impor-

tance to the implementation of an effective program.
	 5.	List and discuss the elements of an industrial hygiene program. Are some 

elements more important than others?
	 6.	What aspects of an industrial hygiene program can risk reduction tech-

niques be applied to?
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2 Art and Science 
of Industrial Hygiene

2.1 � INTRODUCTION

The industrial hygiene professional’s primary focus is to protect workers from rou-
tine and unique hazards in the workplace. Hazards in the workplace generally fall 
into one of the following categories:

•	 Physical hazards
•	 Chemical hazards
•	 Biological hazards
•	 Radiological hazards

Today’s industrial hygienist is taught various methods and techniques on how to 
recognize and manage occupational hazards; it is generally a knowledge and skill-
based approach to hazard recognition and control. Each workplace and situation 
is unique, and the industrial hygienist must develop and adapt scientifically based 
methods to understand and control hazards. However, when industrial hygienists 
work in the field, and as they interact with the workers, they must understand how to 
communicate with workers, which includes gathering, evaluating, and communicat-
ing sampling and monitoring results and conclusions. Because industrial hygiene is 
not an exact science, and is influenced by people, professional judgment, and math-
ematics, it is a profession driven by both art and science. Whether the industrial 
hygienist is interacting with workers, presenting a summary of operational condi-
tions to management, or evaluating data, industrial hygiene professionals must learn 
to balance the application of both art and science into their job. It is the art and 
science of applying industrial hygiene principles and practices, preventing injuries 
and illnesses, and the success achieved when working with workers and management 
that truly makes an industrial hygiene professional successful.

2.2 � ART OF INDUSTRIAL HYGIENE

The art of industrial hygiene pertains to the application of professional judgment to 
everyday work activities and decisions that provide answers to questions such as:

•	 Do I understand how a defined manufacturing process works?
•	 Am I familiar with hazards associated with a particular type of process?
•	 Will the control I selected to mitigate the hazard be accepted by the worker?
•	 Who should I monitor and why?
•	 What process should I be monitoring and why?
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•	 What are the monitoring results telling me, and how do they relate to work 
that is being performed?

•	 Where should I monitor, is it representative, and will it fulfill the data need?
•	 How do I effectively communicate to the worker the monitoring results?
•	 Do the monitoring results thoroughly support conclusions regarding an occu-

pational injury and illness?
•	 How do I execute work activities when supporting emergency response?

Above are just a few example questions in which industrial hygienists must use 
professional judgment in their daily decision-making process. The art of industrial 
hygiene takes into account:

•	 Professional judgment of the individual professional
•	 Conservative decision making, including incorporation of safety factors, as 

needed, based on potential risk and cognitive reasoning
•	 Previous work experience
•	 Feedback and guidance from other professionals
•	 All aspects of training, such as education, on-the-job training, certification, 

and company performance expectations

Mathematics supports the definition and data for conclusions, but how the informa-
tion is evaluated and applied can be largely through professional judgment.

Both a person’s experience and personal relationship skills contribute to how industrial 
hygiene methods and techniques are applied and accepted by others in the workplace. 
Because the industrial hygienist incorporates art, essentially professional judgment, into 
execution of the profession, how the information is generated and communicated con-
tributes to the ability of the industrial hygienist to be able to make the worker feel pro-
tected, along with effectively protecting the worker. The art and science of industrial 
hygiene is recognized and incorporated into all tasks performed by the industrial hygien-
ist; however, it is essentially primarily dominant in the following:

•	 Hazard recognition and control
•	 Monitoring strategy
•	 Occupational health program
•	 People management

2.2.1 �A rt of Hazard Recognition and Control

Hazard recognition pertains to the cognitive awareness of a person to recognize condi-
tions or situations in the workplace that could cause, or result in, a worker injury or 
illness. Controlling those recognized hazards, and thus the prevention of an injury 
or illness to the worker, is essentially the application of hazard controls. Chapters 4 
through 6 of this book focus on methods and techniques for recognizing, evaluating, 
and controlling the exposure of hazards to the worker. This section focuses on how an 
industrial hygienist’s education, professional experience, training, and personal rela-
tionship skills, the “art” of the discipline, can be applied in the hazard recognition and 
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control process, but also in the management of the overall industrial hygiene program, 
and when interfacing and building a relationship with the workforce and management.

The industrial hygienist uses a variety of methods and techniques in the recogni-
tion and control of hazards in the workplace. Most companies have defined processes 
by which materials, equipment, or services are produced. The industrial hygienist is 
required to understand the mechanics of these processes, and in many cases, he or 
she has been trained to identify, evaluate, and control many of these industrial and 
traditional workplace hazards. However, there are situations where a hazard may not 
be easily recognized or controlled, or the worker does not perceive that the hazard 
has been recognized and/or controlled. In addition, the worker or, as is more often the 
case, a change in the work activity or task may create a hazard that did not exist when 
the work process was originally established. For example, a chemical manufacturer 
may be required to substitute one of its chemical products, used in its manufacturing 
process, for one that is less toxic. As part of this required change, the company will 
need to modify its manufacturing process to adapt to a variation in chemical formula 
and will require an additional piece of equipment. Review of the new manufacturing 
process, by the industrial hygienist, may identify a new exposure hazard while workers 
are performing their job assignment, which could result in an increased health risk.

It is the job of the industrial hygienist to review and evaluate a process, and listen 
to the workers when defining and controlling hazards. The hazard may be relevant 
to a process that includes multiple pieces of equipment, not just one; but rather col-
lectively, the process creates a hazard. In such situations, industrial hygiene profes-
sionals may use their experience and personal relationship skills in identifying and 
controlling the hazard.

For example, a chemical treatment plant may have specific equipment that is 
designed to remove individual toxic properties of a chemical from the waste stream, 
and the hazards associated with each treatment unit may be recognized and con-
trolled; however, the synergistic effects of several chemicals together, and their com-
bined toxicological properties, were not recognized and controlled. Maybe previous 
experience in a wastewater treatment plant resulted in recognizing the hazards of a 
treatment process with multiple treatment processes and equipment. Control of haz-
ards to the workers required a routine monitoring frequency and feedback from the 
workers of whether the hazards have been controlled, based on not only monitoring 
data, but also verbal feedback.

The industrial hygiene professional should also review and consider incidents and 
lessons that have been learned from a particular workplace or industry and apply 
those lessons in the implementation of a hazard recognition and control program. 
There are many examples and lessons that can be learned from similar operations 
and companies that the industrial hygienist may use in improving the recognition, 
evaluation, and control of workplace hazards.

The Occupational Safety and Health Administration (OSHA) routinely issues a 
number of publications that highlight management techniques for many different types 
of hazards. Another excellent resource for understanding causes of chemical accidents 
is the U.S. Chemical Safety Board, which is empowered by Congress to investigate 
chemical accidents with the purpose of understanding what caused the accident and 
how a similar accident can be prevented in the future. The U.S. Chemical Safety Board 
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website (http://www.csb.gov) contains a wealth of information on various industries 
and how process information can be learned from and applied to other industries.

Along with understanding manufacturing processes, the industrial hygienist must 
also rely on intuition when recognizing and controlling hazards. Intuition is the inher-
ent ability to recognize and understand something without conscious understanding 
or reasoning. Intuition is instinctive and is a part of human nature. In many cases, 
an industrial hygienist may not readily recognize the hazard, but will act to create 
a protective action because he or she may believe a hazard could be created. It is a 
proactive response versus a reactive response. In many cases, the use of intuition can 
prevent an accident or hazard from occurring.

2.2.2 �A rt of an Occupational Exposure Monitoring Strategy

Once a hazard is recognized, the industrial hygienist must evaluate and determine the 
method and technique to be used to measure the degree of potential harm the hazard 
poses to the worker. The determination as to whether a hazard exists may or may not be 
obvious, but the industrial hygienist will make a decision based on professional judg-
ment as to whether it exists. Depending on the type of hazard, exposure monitoring is 
used to collect and analyze data in determining the degree to which the hazard needs to 
be controlled. Within the United States, most industrial hygienists use a standardized 
approach to monitoring, such as defined in A Strategy for Assessing and Managing 
Occupational Exposures (Mulhausen and Damiano 1998). The approach recom-
mended by the American Industrial Hygiene Association (AIHA) is a systematic, 
defined process whereby characterization of the workplace is conducted, an exposure 
evaluation is performed, and results of the evaluation are used to determine whether 
the exposure is acceptable or unacceptable, or more information is needed to make an 
informed decision on the hazard posed by a particular operational process. At each 
step of the systematic approach, the industrial hygienist must make professional judg-
ment decisions that will influence implementation of the exposure monitoring strategy.

An exposure monitoring strategy is a defined process for identifying, evaluat-
ing, and determining who, what, where, and when to perform monitoring in the 
workplace. Chapter 4 presents a more detailed discussion on an exposure monitoring 
strategy; however, it should be understood that it is not an exact science; rather, a 
defined exposure assessment strategy is a combination of art and science.

The identification of similar exposure groups (SEGs) and sampling and monitor-
ing locations uses professional judgment, from evaluation of data and other factors, 
in the decision-making process. The decision as to what constitutes representative 
sampling and the periodicity of the sampling and monitoring evolution incorpo-
rate professional judgment. Finally, analysis of the data and the determination as 
to whether an exposure has caused an injury or illness at times have some level of 
professional judgment built into the decision-making process.

2.2.3 �A rt of the Occupational Health Program

One of the responsibilities of an industrial hygienist is to provide input and feed-
back into an occupational health program. The identification and control of hazards, 

http://www.csb.gov
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the analysis of exposure data, and the determination of ongoing protective actions 
and monitoring needed to fully understand and protect the worker from physical, 
chemical, biological, and radiological hazards are essentially the job of the industrial 
hygienist. How that information is communicated and incorporated into an occupa-
tional health program is partly dependent on actions of the industrial hygienist.

An occupational health program is both preventative and diagnostic based on 
health risks. Typical elements of an occupational health program include

•	 Preemployment physical, which is supported by a baseline job task analysis
•	 Wellness program
•	 Routine medical monitoring and physicals
•	 Injury and illness response
•	 Postemployment physical, which defines and summarizes occupational 

exposures that have occurred over a worker’s employment period

The industrial hygienist, to some degree, contributes to the entire spectrum of 
the occupational health program. The industrial hygienist works closely with the 
occupational health provider in communicating and understanding the functions and 
potential hazards associated with a particular job to further understand health risks. 
Because industrial hygienists are generally located at the job site, they become the 
eyes and ears of the medical profession in determining the overall impact that a pro-
cess or industry can have on a worker.

As the routine medical monitoring program is implemented, the occupational 
health provider will interface and work with the industrial hygienist in understand-
ing the following:

•	 What hazards and potential exposures could potentially increase a worker’s 
health risk?

•	 Is there a connection between a physical condition and an exposure?
•	 Does the worker perceive and communicate that he or she is being protected 

in the workplace?

There are times when this information is not readily available or the scientific 
data may not support a clear link between exposure and a medical condition. The 
industrial hygienist often uses his or her experience, knowledge, and other profes-
sional judgment as a means to assist in a medical prognosis or improve an existing 
occupational health program. Areas in which the industrial hygienist works with the 
occupational health provider include

•	 Providing process information or conducting work area tours with the occu-
pational health provider to assist him or her in better understanding the 
work location and potential hazards and controls

•	 Assisting the occupational health provider in understanding work restric-
tions or limiting personnel who are sensitized to a particular chemical or 
exposure scenario
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•	 Communicating environmental and hazardous conditions in case of an 
emergency

•	 Understanding health impacts to a particular set of workers and determin-
ing whether there is a common exposure mechanism

There are many times in which the industrial hygienist will work with the occupa-
tional health provider in identifying and improving potential workplace conditions, 
but how the two separate professions interact and share information is crucial to 
working as a team to protect the worker.

2.2.4 �A rt of People Management

Probably the most important aspect of the industrial hygiene profession is the skill 
of an industrial hygienist to listen and work with people. The ability of an industrial 
hygienist to be perceived as actively protecting someone is the foundation by which 
credibility and trust are built with the workforce. If the purpose of the industrial 
hygienist is to aid in the protection of people from workplace hazards, and ultimately 
reduce potential health risks, then he or she must be able to effectively convey what 
actions are being taken, the methods by which the actions are being implemented, 
and the results and subsequent health impacts of the actions in a manner that is 
understood by the workers. In particular, the experience and personal skills of the 
industrial hygienist significantly influence whether a worker believes and trusts the 
industrial hygienist and the workplace monitoring data.

There are many companies that have excellent industrial hygiene programs, but 
whether the workers believe their company truly is committed to safe workplace and 
that the industrial hygienist is truly interested in their well-being, is dependent on 
the outcome of his or her decision-making demonstrated through daily interactions. 
Often, the most successful industrial hygiene programs include building a great 
relationship with the workforce, and the workforce often depends on the industrial 
hygienist to ensure their safety. Below are key items for the industrial hygienist to 
consider in improving their people skills, aka people management.

2.2.4.1 � Solicit Feedback from the Workforce
More often than not, the workers have a good understanding of workplace hazards if 
they have previously performed that work, or have heard from other workers what are 
the most hazardous work practices and equipment. The workers themselves possess 
a vast amount of knowledge, whether it is knowledge- or skill-based; consequently, 
information received from the workers should always be incorporated into an indus-
trial hygiene program.

2.2.4.2 � Team with the Workforce in Preventing Hazards
One person can develop a great plan, but collectively, if more than one person’s per-
sonality, experience, and knowledge are combined, an even greater plan will be devel-
oped. The workers generally have an understanding of how the work is to be conducted 
and can provide feedback as to how to perform work in a more protective manner. 
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The most productive and safe work evolutions are those that incorporate not just sci-
ence, engineering, and mechanics, but also feedback and employee engagement.

2.2.4.3 � Provide Positive Feedback
Most people come to work wanting to do a good job, and everyone wants to be rec-
ognized for their contribution. Respect for the industrial hygienist will improve and 
grow if the workforce understands that their work and contributions are important to 
the overall mission of the company and protecting their fellow worker. The industrial 
hygienist has a great opportunity to promote a healthy working environment because 
of the interconnected relationship that he or she has with the workforce.

2.2.4.4 � Be Respectful and Trusting
It is human nature to not readily trust someone; however, if respect and trust are 
extended to you, then you are more likely to receive respect and trust. Industrial 
hygienists must always be aware that they are looked upon as being in a position of 
authority because they represent the company, and work closely with management 
in implementation of the safety and health program. They also serve the people and 
possess the skills and ability to understand whether a worker may have received an 
occupational injury or illness. It is the responsibility of industrial hygienists to con-
duct their business in a manner that promotes respect and trust.

2.3 � SCIENCE OF INDUSTRIAL HYGIENE

The science of industrial hygiene pertains to the application of scientific practices 
and principles in execution of an industrial hygiene program. The foundation of an 
industrial hygiene program is based on mathematics and the interpretation and appli-
cation of the data. Science and math are critical in determining whether a worker is 
working in a hazardous environment, and whether the worker has been exposed to 
a hazardous substance or condition. Math and science are important in determining 
what concentrations a worker is exposed to, along with formulas to apply when iden-
tifying the most appropriate hazard control method. The application of ventilation 
as a primary hazard control method is a great example of when science is used to 
determine the required capture velocity for controlling particulates in an airstream.

The exposure assessment process itself is a mathematically-driven process that 
requires the use of math and science in determining the best approach for managing 
hazardous work environments and identifying occupational injury and illness. The 
exposure assessment process was developed as a scientific approach with defined 
sequential steps, uses statistics in the sampling and data analysis process to deter-
mine a level of protectedness of the worker to workplace hazards, and is fundamental 
in the correlation of occupational injuries and illnesses. Data that is gathered through 
a scientifically-based approach assists the occupational health provider in under-
standing and determining acute and chronic symptoms of an occupational exposure. 
Although communicating with and managing people is primarily a professional 
judgment process, assisting people in understanding known health effects caused by 
exposure to a specific concentration level involves the use of math and science.
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2.3.1 �S cience of Hazard Recognition and Control

The science of hazard recognition and control pertains to the application of math and 
science, by the industrial hygienist, to the identification and management of hazards. 
The profession of industrial hygiene is dramatically changing in the twenty-first cen-
tury through use of the Internet and the workforce possessing a greater understand-
ing of hazards in the workplace.

Today’s workers, and the general public, are more aware than those 20 or even 
10 years ago. If they are concerned about the health effects of a particular chemical, 
they merely have to search the Internet for a plethora of information. Because of 
the greater availability of information, workers and the general public have a lower 
tolerance for occupational injuries and illnesses. Society today believes that a com-
pany has a greater responsibility for ensuring its workers are not being harmed in 
the workplace. Consequently, workers are more apt to question whether a particular 
work evolution or chemical will result in an occupational injury or illness. There 
exists a lower level of acceptability of exposure, and lawsuits are being seen more 
frequently, as people are more educated into what hazards may be present in their 
particular workplace.

The preferred time for implementing an industrial hygiene program starts at the 
beginning, during the design of a manufacturing process or building. If hazard rec-
ognition and control practices are initiated during the design phase, then protection 
of the worker is inherent to implementation of the manufacturing process, referred 
to as safety through design.

When implementing hazard recognition and control practices during the design 
phase, the industrial hygienist works with engineers in understanding what func-
tion the process or equipment will perform, what operational evolutions will be 
performed, and how the maintenance will be conducted. The industrial hygienist, 
through working with the design team, can then incorporate engineering controls 
into the system design before the equipment or process is installed, thereby realizing 
a reduction in the risk posed.

The industrial hygienist is involved in the review of potential manufacturing 
equipment to recognize what hazards might originate from the equipment itself, but 
also from any chemicals that may be introduced as a part of the manufacturing pro-
cess. A good example is noise that may be produced when a large motor is procured. 
By being involved in the selection of the equipment, the industrial hygienist can 
ensure that additional insulation is added to the equipment to reduce the amount of 
noise being generated while the machine is operating.

Another example is the procurement of a piece of equipment that requires the 
addition of ammonia into the process. Product substitution may be an alternative, or 
the equipment could be located away from workers. Additional real-time monitor-
ing may be needed and installed, along with a secondary barrier should there be an 
ammonia release. Incorporating industrial hygiene into the design of a system is the 
preferred method for incorporating safety into the workplace; however, most indus-
trial hygienists do not have the opportunity to be involved in the design of equipment 
or a process. The industrial hygienist must identify and recognize hazards in a manu-
facturing facility that uses established equipment. The industrial hygienist did not 
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have the opportunity to provide input into the purchasing of the equipment; rather, 
the industrial hygienist inherited working conditions, including existing manufactur-
ing and processing equipment, and associated hazards. For most industrial hygien-
ists, the hazard recognition and control process is initiated by understanding how 
the equipment or process operates and performs, and then applying that knowledge 
in recognizing potential occupational exposures. Example applications of when the 
hazard recognition and control process is influenced by science include

•	 Particulates are not being adequately removed from a laboratory hood.
•	 Personnel are injured from a poorly designed control panel on an effluent 

treatment system.
•	 Excess smoke and chemicals are being emitted from a process stack to the 

ground.
•	 Radiation is being emitted from a calibration detector used in a process 

system.

There are countless situations that the industrial hygienist will encounter in per-
forming his or her work, but when recognizing and controlling hazards, the indus-
trial hygienist will rely on both math and science in determining the appropriate 
method for protecting the worker.

2.3.2 �S cience of an Occupational Exposure Monitoring Strategy

An occupational exposure monitoring strategy is driven by both art and science. The 
application of math and scientific principles is required when both performing moni-
toring and analyzing the data. An occupational exposure monitoring strategy includes, 
at a minimum,

•	 A statistically representative population for monitoring
•	 Calibration of monitoring instrumentation
•	 Collection of monitoring data
•	 Analysis of the monitoring data into computational data that can be used in 

evaluating exposure

Although the evaluation and communication of monitoring results uses largely pro-
fessional judgment, the gathering and conversion of monitoring data into useful expo-
sure data is primarily scientifically-based. Statistics are incorporated into an established 
exposure assessment monitoring strategy as a tool to be used to scientifically prove that 
the population sampled is representative of the larger worker population.

Computer modeling of contaminants can also be useful in understanding how con-
taminants behave in a particulate versus vapor form. That information can be useful in 
the recognition and control of a hazard, as well as in performing exposure assessments. 
By understanding how the contaminant will behave—both the baseline monitoring 
and the continuous personal and area monitoring—the industrial hygienist can better 
depict what conditions the worker may be subjected to and any potential health risk.
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Analysis of the data is based on both professional judgment and science. Compiling 
the data, applying mathematical concepts, and then evaluating the final data results 
against regulatory and acceptable limits are among the primary jobs of the indus-
trial hygienist. The information is then communicated to the occupational health 
provider, management, and the workforce.

2.3.3 �S cience of the Occupational Health Program

Science is involved in an occupational health program through the application of 
data and a clear, scientifically-based conclusion that exposure to a particular contam-
inant or workplace condition is the cause of an injury or illness. Workplace monitor-
ing and the recognition that a hazard is present and occurs over time also involve 
the use of science. Although most industrial hygienists perform baseline monitoring, 
depending on the hazard and activity of the workers, the monitoring frequency may 
be routine and occupational exposure data is collected over time. It is important that 
the scientific data is accurately documented and communicated.

The data that is transmitted and used as part of a worker’s occupational work his-
tory is required to be accurate and complete. There are a number of regulatory require-
ments associated with industrial hygiene and occupational health programs that support 
the need for the determination of a workplace injury and illness; this need is driven by the 
accuracy and completeness of the data. For example, a worker is employed by a foundry 
that produces steel parts. The occupational history of work exposure to hazardous con-
ditions may demonstrate that the worker was not exposed to sounds in levels above the 
occupational exposure limits; however, the worker may have significant hearing loss, 
associated with the work activities, and there is insufficient data collected in the work-
place to negate that his hearing loss was not from the workplace.

It is important to the industrial hygienist that workplace evaluations be conducted 
at a frequency that ensures protection of the worker from hazards, but also that the 
information is transmitted to the occupational health provider and workers that rep-
resents that particular work evolution. Not only is science important in supporting 
an occupational health program to protect the worker in today’s workplace, but also 
it will be relied on for future litigation and must be sufficient and robust enough to 
withstand scrutiny over time.

2.3.4 �S cience of People Management

The science of people management pertains to the ability to demonstrate a clear 
connection between workers being exposed to a hazard using scientific information, 
a potential occupational injury or illness, and the understanding of the workers that 
they were or were not exposed to hazards that may have caused an injury or illness. 
Management of people is usually not scientifically related. The actions of people, 
unlike math, are not an exact science and require the industrial hygienist to effec-
tively communicate and understand their perspective. However, there is a science to 
dealing with people for the industrial hygienist; working conditions and monitoring 
data associated with work performed must be defensible and credible when commu-
nicating and interfacing with the worker. It is the role of the industrial hygienist to 
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ensure that the workers understand that the data collected is protective of their work 
activities and reliable and defensible.

Since the emergence of computers and the Internet, workers have become more 
educated and have been questioning the protectiveness of workplace air concentra-
tions or exposure to chemicals; they are more sophisticated in their understanding 
of what constitutes “representative” sampling. The workers are more cognizant of 
the regulatory limits that are traditionally defined as “acceptable” exposure. This is 
largely due to the ease with which people can readily look up health hazard informa-
tion associated with a particular chemical or industry. In today’s society, workers can 
be at work, be told they will be working with a new chemical, and then go home and 
research the health effects and precautions associated with that chemical. They can 
also easily research whether workplace illnesses are associated with that chemical. 
To expand that thought, not only is the information available for how that chemical 
is managed in the United States, but also everyone has the ability to understand how 
chemicals and other hazards are managed worldwide. There are several industries in 
which class action lawsuits have originated and target historical exposures to hazards 
such as asbestos or beryllium. Because of the large amount of hazard and exposure 
information available on the Internet, society and the workforce are continuing to 
increase their level of expectations of protectiveness, and thus are less accepting of 
an increase in health risks. Today’s industrial hygienist must practice scientific tech-
niques for hazard identification and control and data collection practices. Not only 
is it the right thing to do for the industrial hygienist, but also the depth to which the 
worker will trust the industrial hygienist is dependent on his or her ability to com-
municate the math and science associated with the profession.

QUESTIONS TO PONDER FOR LEARNING

	 1.	Discuss the art and science of industrial hygiene.
	 2.	List and provide examples of typical workplace hazard categories.
	 3.	Define professional judgment and discuss when and how it is used in the field 

of industrial hygiene.
	 4.	Explain the process and value of having an exposure monitoring strategy.
	 5.	What are the typical elements of an occupational health program?
	 6.	List and discuss actions that an industrial hygienist can engage in to improve 

his or her people management skills.
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3 Industrial Hygiene 
Professional

3.1 � INTRODUCTION

The Occupational Safety and Health Administration (OSHA) mandates that a safe 
workplace be provided to all workers regardless of industry, product line, or loca-
tion of the company. Thus, employers have the responsibility to ensure that workers 
are safe while at work, and that their business practices do not negatively impact the 
environment. To aid in helping maintain a safe work environment, many companies 
hire industrial hygiene professionals that have the knowledge to serve as facilitators 
in achieving compliance with the OSHA mandate, as well as other applicable regula-
tions and standards. These professionals are skilled in the anticipation, recognition, 
evaluation, prevention, and control of environmental factors or stresses that can arise 
in or develop as a result of conducting tasks in the workplace, and in understanding 
the link, if there is one, between exposure to hazards in the workplace and occupa-
tional illnesses and injuries. These stressors and environmental conditions have the 
potential to cause sickness, impaired health, and significant discomfort for workers, 
and even death.

A professional industrial hygienist is an individual possessing, at a minimum, a bach-
elor’s degree in engineering or a closely related biological or physical science discipline 
from an accredited college or university, coupled with discipline-specific training. In 
earlier years, many of the industrial hygienists were trained on the job and did not nec-
essarily possess higher education. The educational requirement, as well as the knowl-
edge expectations for these professionals, has increased over the years. The types of 
job hazards these professionals are actively engaged in preventing or resolving include:

•	 Air contaminants. Common contaminants include dust, fumes, fibers, mists, 
aerosols, and solid particles.

•	 Chemical hazards. Common hazards are traditionally from solids, liquids, 
gases, mist, dust, vapors, and fumes.

•	 Biological hazards. Common hazardous sources include bacteria, fungus, 
and viruses.

•	 Physical hazards. Common hazards are from ionizing and nonionizing radia-
tion, vibration, noise, and temperature extremes.

•	 Ergonomic hazards. Common hazards can result from lifting, pushing, hold-
ing, walking, reaching, and gripping.

The industrial hygiene professional has the skills to enable and facilitate safe work 
in various environments through the use of science, engineering, and technology. 
The field of industrial hygiene is considered both a science and an art because not 
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only is it necessary to use knowledge in the area of science, but also it is oftentimes 
necessary to use professional judgment coupled with past experiences.

Industrial hygiene professionals are engaged in evaluating a broad spectrum of 
work environments. OSHA recognizes the field of industrial hygiene and the indus-
trial hygienist as integral parts of facilitating a safe work environment and a healthy 
work culture. Workplaces are safer as a result of the industrial hygiene professionals 
applying the principles of industrial hygiene.

3.2 � ROLE OF THE INDUSTRIAL HYGIENE PROFESSIONAL

The fundamental job responsibility of an industrial hygienist is to aid in the goal 
of worker protection and to reduce human health risks. This goal not only includes 
the workers, but also their families and the community. Over the years, the indus-
trial hygienist has been viewed as a consultant in the implementation of the safety 
and health program. He or she has been viewed as a specialist, and only needed 
when requiring additional skills in the management of the occupational health medi-
cal program, or when controlling exposures to toxic air and surface contaminants. 
Companies that manage their safety and health program in such a fashion are now 
finding themselves in increased financial and regulatory peril because the industrial 
hygienist was not recognized as an essential contributor to program development and 
implementation. In fact, it is the safety and health professionals who are rather lim-
ited in their knowledge of hazard recognition and control because their profession 
primarily focuses on hazards associated with manufacturing—physical hazards, not 
chemical, biological, or radiological hazards.

The industrial hygiene professionals play a critical role in ensuring that federal, state, 
and local laws and regulations are included in a company’s policies and procedures, 
while management is responsible for ensuring that they are followed. Because of the 
knowledge and skills that are required, an industrial hygienist can be viewed as a com-
bination scientist and engineer that works to ensure the safety and health of employees 
while in the workplace. Typical roles of an industrial hygienist typically include

•	 Developing procedures and outlining regulations that support workplace 
safety

•	 Evaluating the workplace for potential hazards
•	 Recommending improvement measures to eliminate or reduce workplace 

hazards
•	 Evaluating and investigating workplace injuries and illnesses
•	 Training and educating employees about job-related hazards
•	 Participating in process and facility design
•	 Participating in scientific research advancing the field
•	 Collaborating with occupational health professionals 

3.3 � CORPORATE PROGRAMMATIC SUPPORT ROLE

Nearly all companies have developed a corporate position on how the safety and health 
of the workforce is valued and supported. It is commonly recognized that safety and 
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health programs and policies will not be successfully implemented without senior 
management support. In order for a safety and health philosophy and program to prog-
ress and be viewed as an integral part of the corporate program, the management team 
must lead and demonstrate their support by

•	 Providing the financial support needed for
•	 Staffing necessary to support the program
•	 Training of subject matter experts (SMEs) and workers
•	 Technology and needed resources

•	 Demonstrating safety leadership in the way they conduct business
•	 Facilitating a learning culture so that workers and supervisors are able to 

learn from mistakes

3.4 � EDUCATING THE INDUSTRIAL HYGIENE PROFESSIONAL

There are several colleges and universities that have degree programs to develop 
industrial hygiene professionals, although in recent years many of the programs have 
changed or are no longer in existence. Furthermore, some of the curricula offered 
by these universities are not very comprehensive and may not meet the needs of 
employers as they seek to fill their professional positions. The American Industrial 
Hygiene Association (AIHA) publishes on its website (https://www.aiha.org) a list 
of colleges and universities that offer degrees that are accredited by ABET in the 
discipline of industrial hygiene. ABET is a nonprofit organization that accredits col-
leges and university programs in the area of science, engineering, and technology. 
This accreditation provides some assurance to employers that a college or university 
program meets the quality standards that were established by the profession, and the 
program has the curriculum to prepare the student to be successful in the discipline. 
Many employers are seeking to hire candidates from ABET-accredited universities 
or colleges. The list provided is a great start in identifying programs designed to 
develop industrial hygienists.

3.4.1 �C ollege and University Curricula

Colleges and universities play a critical role in educating students that will someday 
take on roles as safety and health professionals. It is even more challenging for these 
institutions to develop and support curricula that are suitable in educating future 
industrial hygienists. Industrial hygiene is a niche field, and many institutions over 
the years have changed their programs to suit a wider range of professionals in the 
environment safety and health (ES&H) field. This change was necessary for some 
institutions because the industrial hygiene field of study could not sustain the neces-
sary student enrollment for these institutions to justify maintaining the program.

A good college curriculum has a good balance of science, math, technology, and 
on-the-job training (internships). Some of the critical courses that should be a part 
of a curriculum seeking to educate and prepare students to be successful industrial 
hygienists include specialized courses, such as the ones listed in Tables 3.1 through 
3.5. To fully round out a successful course of study, the addition of soft skill courses 

https://www.aiha.org
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will further help develop and propel the student into the workplace. Some of these 
classes should include, at a minimum, the courses listed in Table 3.5. Elements of a 
good progressive college program are shown in Figure 3.1. Therefore, when select-
ing a college or university that is expected to provide the knowledge needed, one 
must ensure that the educational institution has a curriculum that will truly prepare the 
professional for success. There are many programs advertised that are not considered 
comprehensive and will not provide the breadth and depth of knowledge needed and, 
subsequently, may not be considered credible by some or many employers. In such 

TABLE 3.1
Key Industrial Hygiene Courses: Technical Knowledge

Course Knowledge Objective

Industrial hygiene Build theoretical and practical knowledge in the area of 
industrial hygiene

Toxicology Aid in the understanding of the adverse effects of 
chemicals on humans and the impact of chemical, 
biological, and physical agents on the body

Epidemiology General knowledge of this field can be used to help plan 
and develop strategies to prevent workplace illnesses 
and manage workers who may have been exposed or 
developed disease

Research methods Expose students to the various research methods that can 
be used when evaluating issues needing novel solutions

Occupational safety and 
health

Provide a general yet comprehensive overview of the 
field of occupational health

Safety and health 
management

Introduce students to leadership concepts

Industrial hygiene 
internship

Too often students will spend their time studying hard 
and focusing on graduating, and not taking the time to 
gain experience in the field through internships; 
internships provide students with a look into what a 
typical day working in the field looks like; they also 
provide a means to gain experience that can be used as 
work experience on a resume when seeking 
employment upon completing their course work

Ventilation systems and 
engineering controls

These systems are key in controlling exposures to fumes 
and vapors that can be present as a result of operating 
parameters
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TABLE 3.2
Key Industrial Hygiene Courses: Mathematic Reasoning

Course Knowledge Objective

Industrial hygiene 
calculations

Provide the skills and knowledge needed to complete 
complex calculations to quantify exposures

Statistics for engineers Provide the skills and knowledge needed to calculate 
and interpret data to demonstrate exposure potential 
and potential risks

TABLE 3.3
Key Industrial Hygiene Courses: Monitoring and Analytical Method

Course Knowledge Objective

Sampling and analysis Personal monitoring data collection and interpretation 
to quantify exposures or the lack thereof

Industrial hygiene 
laboratory

Exposure to the various analytical methods and 
provide skills needed to select, direct, and interpret 
laboratory analysis data

Industrial hygiene 
equipment and 
instrumentation

Provide knowledge needed to select, calibrate, and 
utilize sampling equipment to collect personal air 
monitoring data

TABLE 3.4
Key Industrial Hygiene Courses: Hazard Recognition and Analysis

Course Knowledge Objective

Environmental health risk 
assessment

Exposure and knowledge of the risk assessment 
and decision-making process

Industrial hygiene control 
methods

Exposure to methods used to control hazards and 
reduce potential exposures
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cases, the graduates will become frustrated because they are unable to land a job in the 
profession which they believed they had prepared for during their university studies.

3.5 � RETENTION OF THE INDUSTRIAL HYGIENE PROFESSIONAL

Retention of workers is a continuous challenge for many companies as they continue 
to manufacture products and discover novel technologies and ways of conducting 
business. Worker retention is also more challenging during times when the economy 
is flourishing and providing options for workers. There are several actions that can 
be helpful in retaining industrial hygiene professionals. Some of these are listed 
below.

•	 Provide financial compensation
•	 Provide advancement opportunities
•	 Support training and certification
•	 Provide opportunities to rotate assignment at least every 3–5 years

TABLE 3.5
Key Industrial Hygiene Courses: Soft Skills

Course Knowledge Objective

Communication
	 -	Verbal
	 -	Nonverbal
	 -	Technical 

writing

Industrial hygiene professionals are successful when they 
possess good communication skills that will provide them 
the ability to communicate challenging and sometimes 
unpleasant information to management and workers

Presentation Provide insight into how to deliver an effective presentation 
that is clear and can be understood by the audience receiving 
the information

Dealing with 
conflict

Insight into how to handle effective communication with 
employees and leadership

College
curriculum

Corporate
partnership

Work
experience

•  Math  
•  Science
•  Soft skills
•  Technical
     specialized
     courses

•  Curriculum
    development
•  Internships
•  Special project
    opportunities
•  Mentorinship

•  Internships
•  Shadowing
•  Special research
    projects with
    external
    institutions

FIGURE 3.1  Elements of a good progressive college program.
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•	 Implement practices that will provide workers a sense of ownership and 
belonging

•	 Recognize workers for the work they do and establish a positive work 
environment

•	 Support career aspirations
•	 Treat everyone fairly
•	 Ask for and listen to their opinions

The three top predictors of employee retention for an industrial hygiene profes-
sional are shown in Figure 3.2. These elements are critical and deserve close moni-
toring by management. If these elements are not internalized and facilitated through 
programs and policies and internalized by these professionals, one can certainly 
expect turnover to occur at a potentially modest to high rate.

3.6 � INDUSTRIAL HYGIENE CERTIFICATION

Certification is a natural progression for many professionals who have a desire to 
achieve an increased level of pay and/or career advancement. Not all profession-
als will seek to become certified; however, for those who become certified, they 
generally have additional opportunities available to them. Certification signals to 
an employer that an individual meets the highest level of academic and professional 
standards for their profession. For many professionals, certification is a step that is 
taken within 3–5 years of completing their college degree and having spent time 
working in their career field. Employees that receive support, and even sponsorship, 
from their leadership team to obtain and maintain their certifications may elect to 
remain with the company because not all leadership teams and companies value 
certification for professionals.

Employee
retention

and
engagement

Meaningful
assignments

Professional
development

Competitive
pay and
benefits

FIGURE 3.2  Industrial hygiene retention and engagement predictor.
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Generally, employers are seeking professionals that will seek certification as 
soon as they have obtained the necessary years of experience needed to sit for 
the exam. Many companies value certification and will tend to invest in assisting 
the professional in achieving it. Some employers will send the industrial hygiene 
professional to training, allow time to study during the workday, or even pay for 
exam fees.

Once certification has been achieved, the big question is, how do you maintain 
certification? This can be challenging because of the associated expense that can be 
imposed on professionals, especially if they are not supported by the organization 
that employs them. Many managers or companies will support certification main-
tenance and the associated costs as long as they can see the value to the company. 
Therefore, it is important that professionals who are certified display a high level of 
professionalism, and represent competency in the field. In addition, those industrial 
hygiene professionals who become certified are also employed when the resolution of 
issues is significant (increased regulatory and financial liability) and are frequently 
sought when companies and institutions face legal issues (the industrial hygienist can 
act as an expert witness).

3.7 � CONTINUING EDUCATION AND PROFESSIONAL 
DEVELOPMENT

Technology and industry practices are constantly changing, and workers need con-
tinuing education or professional development to adapt to changes in the regulatory 
and work environment and retain their proficiency. Continuing education is a must to 
ensure that professionals are kept abreast of the changes in regulatory requirements 
and technology that are pertinent to their field.

Many professions require continuing education to demonstrate compliance with 
laws and regulations or maintain licenses and certification. Continuing education is 
a practical way for professionals to keep abreast of the changes in their fields and 
increase their education and value. Many employers have a program in place to assist 
workers in continuing their education and keeping current with the changes in their 
respective field or profession.

3.8 � JOB ROTATION

Job rotation is an important philosophy to consider when evaluating the job satis-
faction and retention of industrial hygiene professionals. Some professionals tend 
to select a career and stick with it, and at times the same position, until they decide 
to retire. Most people, however, will at some point seek variety in the work they 
perform daily—not to say that the industrial hygiene professional daily roles are the 
same from day to day. The typical day for these professionals can range from one 
end of the spectrum to the other. However, an industrial hygiene professional that is 
responsible for one project or process will likely become bored and eventually seek 
the opportunity to gain knowledge and experience in other projects, processes, or 
aspects of the field. Thus, developing a retention strategy that includes job rotation is 
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a must if there is an expectation that the professional will chose to have some level 
of longevity with a company. An example of how job rotation can be structured is 
found in Figure 3.3.

Figure 3.3 represents an example of the type of creativity that management must 
engage in to retain and develop their industrial hygiene professionals, recognizing 
that some professionals may have the ability to advance sooner than others. In addi-
tion, some professionals may have a passion for being engaged in specific types of 
tasks only and may not be interested in a leadership role.

3.9 � ORGANIZATIONAL STRUCTURE

An organizational structure can dictate how tasks are allocated and performed, 
delineate lines and flow of communication, and define authority and responsibilities 
to facilitate achievement of the organization’s goals. It also determines the manner 
by which leadership and employees are structurally organized throughout the com-
pany and the means by which policies are developed and implemented.

Many companies stress the value of a flat organizational structure. An organization 
with a flat structure has few, and at times no, levels of supervision between the man-
agement and the staff-level employees. In a hierarchical structure, every employee, 
with the exception of the president, is a subordinate to someone else within the orga-
nization. However, the value gained through a flat structure must be weighed when 
considering retention of workers, since a flat organizational structure typically does 
not offer as much advancement opportunities for workers. In some cases, a hierarchi-
cal structure may be more beneficial. With either structure, there are advantages and 
disadvantages that must be considered. Some of these are listed below.

3.9.1 �F lat Organizational Structure

The advantages of a flat organizational structure is that it

•	 Increases the employee responsibility level within the organization
•	 Improves communication between employees and management
•	 Allows the decision-making process to become easier because there are 

fewer levels of management
•	 Reduces the overhead cost for an organization by eliminating the salaries 

of middle management

Years 12
general 

assignment

Years 24
subject
matter
expert

Years 46
project
support

Years 68
special

projects

Years 810
IH project

management
Department

manager

FIGURE 3.3  Industrial hygiene (IH) professional job rotation: example.
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The disadvantages of a flat organizational structure is that it

•	 Tends to produce a staff of generalists
•	 Tends to limit the long-term growth of an organization when the effort to 

maintain the structure exceeds the needs of the organization
•	 Has less upward mobility for professionals
•	 Makes it difficult for larger organizations to adapt to the structure without 

dividing the company into smaller business units

3.9.2 � Hierarchical Organizational Structure

The advantages of a hierarchical organizational structure is that it

•	 Promote developing employees as specialists; therefore, they can become 
experts in their field

•	 Has more opportunities for workers to advance
•	 Has opportunities for promotion, motivating workers to perform their jobs well
•	 Has clear authority and levels of responsibility

The disadvantages of a hierarchical organizational structure is that it

•	 Increases the organization’s cost due to salaries for multiple layers of 
management

•	 Tends to have communication that is disjointed, stovepiped, and less effective
•	 Promotes the development of employees as specialists
•	 Increases bureaucracy, which can hinder decisions and organizational and 

personal growth

When designing the organizational structure, it is absolutely necessary to keep in 
mind the following:

•	 Clear lines of responsibility and authority
•	 Adequate span of control
•	 Employee development and career advancement
•	 Clear lines of communication

An example of an organizational structure designed with providing career growth 
for the industrial hygiene professional in mind is shown in Figure 3.3. The structure in 
Figure 3.3 represents an example for a large company with a large staff. The structure 
can be modified and adapted for a small organization as well. The point is that when 
designing the organizational structure, retention and advancement opportunities must 
be a factor, along with all other factors that render an organization successful.

The structure of an organization, along with the style of the leadership team, can 
serve as a positive facilitator of employee engagement and retention. The critical 
elements that are important predictors of employee engagement and retention are 
shown in Figure 3.4. In order for industrial hygienists to be successful in their roles, 
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they must be engaged in business processes having knowledge of where employees 
may be potentially injured.

Time and time again, we hear from others that “knowledge is power.” This cer-
tainly is true for industrial hygienists since knowledge in business processes, hazard 
recognition, and mitigation is key in ensuring that work is done safely. This knowl-
edge makes the industrial hygienist a valuable resource that must be retained.

3.10 � INDUSTRIAL HYGIENIST AS A GENERALIST

There are times when some industrial hygiene professionals can become bored and 
lose passion for the discipline because the work performed is so specialized. Because 
of this specialization, these professionals find themselves focusing on the same types 
of concepts and issues day after day. Therefore, it is incumbent upon managers to 
provide opportunities for these processionals to gain additional knowledge and skills 
that can be used to continue to challenge them, as well as serve the workers, orga-
nization, and company. The term generalist is used to define an industrial hygienist 
that has skills in other areas of ES&H and can perform some functions in other 
ES&H disciplines. One good concept to consider is training these professionals in 
others aspects of ES&H. An example of what that growth opportunity can look like 
is shown in Figure 3.5.

The ES&H generalist concept has been gaining traction in recent years as a means 
for companies to hire an individual capable of performing a wide array of ES&H func-
tions. Not only is this concept providing a way to diversify professional skills, but also 
it can save a company from investing additional funds for workers that are so special-
ized to the point that it would have to hire several professional to fulfill all its ES&H 

Industrial hygiene
manager

Administrative
support

Program manager Laboratory
managerProject manager

Project A

Project B

Chemical Biological Instrumentation

Analytical
laboratorySMEs SMEs

FIGURE 3.4  Industrial hygiene organizational structure for career growth.
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functions. The generalist concept allows the industrial hygienist to be an SME in the 
field of industrial hygiene while having enough knowledge in other areas of ES&H that 
could afford him or her the opportunity to perform other tasks, thus expanding his or 
her knowledge base. Learning and performing other ES&H tasks can provide the chal-
lenge needed to keep the professional interested in continuing to work for a company.

3.11 � LEGAL AND ETHICAL ASPECTS OF INDUSTRIAL HYGIENE

The ethical business dealings of professionals and companies have and continue to 
receive focus across the globe. This is partly because of all the reports and discussions 
by many on the unethical decisions and actions of company leaders and professionals. 
With most professions, there are legal considerations that must be taken into account 
while making decisions and carrying out their daily functions. The industrial hygiene 
profession is no different in that there are a plethora of decisions that touch on the legality 
and ethical handling of issues in support of personnel protection. These considerations, 
both legal and ethical, must be applied daily to the decision-making process. Because 
the work of industrial hygienists is mostly driven by regulations, such as by OSHA and 
the EPA, they must be knowledgeable in many regulatory requirements and vigilant in 
their interpretations of these regulations. If regulations are interpreted incorrectly, there 
is a risk of noncompliance, injury to personnel, or lost reputation of the industrial hygiene 
professional. The ethical conduct of these professionals can make the difference between 
whether the information and advice they provide is believed or dismissed.

The American Board of Industrial Hygiene (ABIH) sets the standard and expecta-
tions of the ethical performance of industrial hygiene professionals, especially those 
professionals that are certified by the board. In fact, the board began requiring ethics 
training in 2010 for all applications and certified industrial hygienists who are seeking 
recertification. Comprehensive ethics training may include training in the areas of

•	 Acceptable workplace behavior
•	 Conflicts of interest in performing job responsibilities

Generalist

SME

Industrial
hygiene

Industrial
hygiene

ES and H
training

Industrial
safety

Radiation
protection

Environmental

FIGURE 3.5  ES&H generalist concept.
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•	 What constitutes appropriate workplace behaviors and ways to handle adverse 
behaviors

•	 Ways to handle disagreement in professional opinions

Professionals demonstrate their ethical beliefs through their actions and reactions 
during their job performance and dealing with others. Key components and ways in 
which these beliefs may be demonstrated include the characteristics listed in Figure 
3.6 and defined below.

3.11.1 � Professionalism

Demonstrating professionalism involves and encompasses every action of individu-
als, from the way they dress, to the way they present themselves to others, to the way 
they treat others. Professionalism is at the core of a strong work ethic.

3.11.2 �A ccountability

Accountability is demonstrated through taking personal responsibility for your actions 
and outcomes while avoiding making excuses when things do not go as planned. 
Mistakes are used as teachable moments to prevent reoccurrence. Leaders also 
expect employees to meet the same high standards, and support those who accept 
responsibility and do not blame others when mistakes are made.

3.11.3 � Humility

Humility acknowledges everyone’s contributions, and freely shares credit for accom-
plishments. Individuals possessing it frequently show gratitude to colleagues who 
work hard, and appreciation for their support and contributions. Every person is 
viewed as a valuable contributor to mission success.

Humility

Accountability

Professionalism
Ethical

behavior
components

Trustworthiness

Reliability

FIGURE 3.6  Ethical considerations for an industrial hygienist.
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3.11.4 �R eliability

Reliability is demonstrated through keeping promises and being consistent in 
responses to and treatment of others. It means having the respect and trust of others.

3.11.5 �T rustworthiness

In order to be viewed as ethical, there is a need to be viewed as trustworthy. Your word 
or actions are genuine and can be trusted and believed.

3.12 � REGULATORY REQUIREMENTS AND ENFORCEABILITY

Worker safety and health is an important task that can be a challenge for corporate 
leaders. This challenge, if not attended to properly by company leaders with the 
appropriate level of knowledge of requirements, can lead to catastrophic events that 
can negatively impact the workers and company. Fortunately, they can hire safety 
and health professionals to help in understanding the regulatory requirements and 
design programs to ensure compliance to all of the applicable regulations. Safety 
and health requirements are enforceable and legally binding. Many corporate repre-
sentatives have been fined and some jailed as a result of failing to comply with these 
regulations and protect their workers. The industrial hygiene professional is key in the 
plight of assisting companies in the ethical enforcement of these rules and regulations.

3.13 � INDUSTRIAL HYGIENIST AS AN EXPERT WITNESS

The role of an industrial hygienist is more expansive and important than one may 
think. Not only are these professionals key in developing programs that are designed 
to minimize the potential for employee injury, but also they may be the individuals 
serving as an expert witness in a court of law. In order to function well as an expert 
witness, the professional must be of sound ethical character and viewed as such, 
and he or she must possess technical knowledge and experience in the entire field of 
industrial hygiene. In order to be effective as an expert witness, the professional must 
have credibility in decision making and the ability to communicate technical infor-
mation to technical and nontechnical individuals. Generally, the role of an expert 
witness is not discussed during the educational process for industrial hygiene profes-
sionals. This is considered a gap in the training for these professionals and must be 
addressed. Educational institutions are advised to consider including ethics training, 
along with boardsmanship and protocol for serving as an expert witness.

QUESTIONS TO PONDER FOR LEARNING

Choosing a career is a big decision for high school graduates. Once individuals decide 
the career that they would like to pursue, they must begin the process of preparing 
themselves to take on the role and responsibilities of the position, and then secure a 
job in their profession of choice. The same is true when selecting the discipline of 
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industrial hygiene. In preparing for and excelling in a career as an industrial hygien-
ist, the following questions should be considered and explored, at a minimum.

	 1.	When given the choice to take classes to complete your industrial hygiene pro-
gram of study early or taking on a summer internship, which do you believe 
would be the best choice? Why?

	 2.	What can employers do to provide the industrial hygienist with an opportu-
nity to function in other roles, as opposed to having the professional remain 
in the same position and with the same project for an extended period of 
time, which may include his or her entire career?

	 3.	Why should industrial hygienists seek to diversify their skills when the oppor
tunity arises?

	 4.	Outline what is believed to be a comprehensive preparation strategy that 
should render an individual a highly skilled industrial hygienist.

	 5.	What role can a company and the leadership team play in ensuring that the 
professional has access to continuing training and development opportuni-
ties once hired?

	 6.	Describe the role of an industrial hygienist in the work environment.
	 7.	Describe the attributes of a good college curriculum.
	 8.	List and describe key industrial hygiene courses that are designed to pre-

pare the professional for career success.
	 9.	List and discuss the top three predictors of employee retention and engagement.
	 10.	Discuss the importance and role of certification and continuing education in 

ensuring that the industrial hygiene professional is current in the profession.
	 11.	Summarize the legal aspects of industrial hygiene.
	 12.	List and discuss the components of ethical behavior that should be exhib-

ited by the industrial hygiene professional.
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4 Strategies for Exposure 
Monitoring and 
Instrumentation

4.1 � INTRODUCTION

Every day workers are exposed to workplace hazards that need to be quantified and 
understood. One of the primary responsibilities of the industrial hygienist is to iden-
tify, evaluate, and determine worker exposures to physical, chemical, biological, and 
radiological contaminants. The need to determine worker exposure applies across 
all work activities, whether a secretary is working on her computer in her office or a 
mechanic is performing preventive maintenance on a piece of equipment. The poten-
tial exposure to hazardous contaminants is required to be evaluated and documented. 
Listed below are just a few reasons why exposure monitoring should be performed.

•	 Occupational safety and health regulations require exposure monitoring to 
be performed, and compliance to applicable standards must be demonstrated.

•	 Engineering controls should be verified.
•	 Workers’ compensation costs can be reduced.
•	 Workers have a right to understand what health risks they are exposed to 

when performing their job functions.
•	 Companies have a responsibility to understand health hazards and risks cre-

ated in the manufacturing of their product.
•	 The selection of personal protective equipment can be determined and tech-

nically justified.
•	 Workers can be assured that the workplace is safe.
•	 The containment or removal of contamination can be demonstrated.

The exposure assessment process is the primary method used by the industrial 
hygienist to evaluate, quantify, and protect workers from environmental and work-
place contaminants that cause acute and chronic health problems. The American 
Industrial Hygiene Association (AIHA) has established a well-defined exposure 
assessment strategy that is used today by most industrial hygienists. Figure 4.1 is a 
simplified diagram of an exposure assessment model that includes

•	 Define workplace characterization and monitoring strategy
•	 Data collection
•	 Determination of data acceptability and evaluation
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•	 Documentation and communication of characterization data
•	 Reassessment of sampling needs

The exposure assessment (monitoring) process is both qualitative and quantita-
tive. Industrial hygienists must rely on both their experience in making decisions 
regarding hazards posed by contaminants and data analysis and statistics in deter-
mining and assigning worker exposure. The industrial hygienist must also recognize, 
to be effective and efficient, that the exposure assessment process is iterative; work-
place conditions and hazards can frequently change, along with the manner in which 
work can be performed. In addition, depending on the industry, labor resources can 
also vary depending on the job function. Fundamental to appropriate implemen-
tation of the exposure assessment strategy by the industrial hygienist is the com-
pleteness of characterization information to comprehensively address health risks 
posed by contaminants, that the correct sampling methods and instrumentation were 
appropriately used, and that the entire spectrum of contaminants of concern and 
hazards has been evaluated and mitigated. The ability to effectively communicate 
this information is extremely critical for the industrial hygienist to build trust and 
credibility among the workforce.

4.2 � REGULATORY ASPECTS OF INDUSTRIAL 
HYGIENE MONITORING

There are many federal and state regulations, which have been or are in the process 
of being promulgated, that dictate the type of monitoring necessary to demonstrate 

Reassessing
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monitoring strategy

Data collection
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and
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Documentation and
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characterization data

FIGURE 4.1  Example exposure assessment model.
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compliance and protect workers from overexposure. As the public awareness of and 
education in the adverse health impacts of exposure to contaminants increase, so 
too must the knowledge and communication skills of the industrial hygienist to be 
proactive in being compliant with all applicable regulations. Many of these regula-
tions require employers to assess activities of the work environment and provide 
documentation of monitoring results. The exposure assessment process is required 
for those activities that are likely to cause exposure to employees or visitors to haz-
ardous substances, such as solids, liquids, vapors, gases, mists, and radiological and 
biological agents. Some regulations have specific requirements for the type of expo-
sure assessment and time frame when monitoring is expected to be performed in 
order to demonstrate compliance.

When evaluating a work environment, industrial hygienists should ensure that 
they are aware of all regulatory drivers associated with the contaminants of concern 
and associated industry and health risks. For example, the industrial hygienist who 
works in the environmental remediation field must be cognizant of not only safety 
and health regulations that pertain to performing specific work scopes, such as 
asbestos, lead, and mercury monitoring, but also safety and health regulations per-
taining to a hazardous waste operations and emergency response (29 CFR 1910.120). 
Noncompliance to a regulatory requirement can be costly to both employers and 
employees, and the associated costs can go far beyond the obvious financial aspects. 
Additional costs include

•	 Increased worker compensation insurance rates and potential overexpo-
sures to workers (resulting in an increased health risk)

•	 Lack of trust by employees
•	 Lack of trust from the public and stakeholders
•	 Increased regulatory inspections and oversight

4.3 � QUANTITATIVE AND QUALITATIVE 
EXPOSURE AND RISK ASSESSMENT

There are two accepted means to conduct workplace characterization. The two 
methods refer to a quantitative and qualitative assessment. Both methods are needed 
to ensure accuracy of the data, proper quantification of risk, and development of 
risk mitigation measures. The preference should be to conduct exposure or risk 
assessments using a quantitative approach or a combination of the two; however, 
whatever risk assessment approach is chosen, the logic behind the selection must 
be documented in case there are legal questions in the future regarding a potential 
overexposure to a contaminant. Below are some considerations associated with both 
approaches.

4.3.1 � Quantitative Exposure and Risk Assessment

The quantitative approach uses measurements such as exposure monitoring data, 
ventilation or air dispersion data, process monitoring data, and area monitoring 
data to identify contaminants and concentrations of concern. Typical data that is 
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used as part of the quantitative approach is shown in Figure 4.2. Often, the use of 
quantitative methods is challenging since many times the necessary data is not 
available to complete the assessments, or if available, it may only be available for 
some of the contaminants, which may pose a health risk to the worker (e.g., mix-
ture rule).

During the early years of, and prior to, the existence of the Occupational Safety 
and Health Administration (OSHA), workplace monitoring through data collection 
was not commonly completed. In later years, it became more common to collect 
workplace data, such as personal or area monitoring data, to characterize the work 
environment and actual worker exposure to various workplace constituents. In addi-
tion, today’s industrial hygienist is also using process monitoring data, collectively 
with other sampling and monitoring data, to gain a complete picture of occupational 
health risks to the worker. With the passing and development of the OSHA regula-
tions, data collection became more prevalent, since in many cases the regulations 
required collection of workplace data. In the future, occupational safety and health 
regulations, related to health risks posed in the workplace, are anticipated to increase 
because of a growing public desire to live a healthier, longer life, in a controlled and 
responsible manner. Many practicing industrial hygienists believe that more sam-
pling and monitoring data will be needed to minimize future liability and worker 
compensation settlements.

4.3.2 � Qualitative Exposure and Risk Assessment

When conducting exposure or risk assessments, there are times when data cannot be 
obtained to quantify concentrations of contaminants. Therefore, the need arises to 
conduct a risk assessment using qualitative data only. A qualitative risk assessment is 
based on the use of information, such as process-based, observed workplace condi-
tions, and professional judgment of the industrial hygienist. Figure 4.3 lists common 
information that is used in conducting a comprehensive qualitative assessment.

Quantitative
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ventilation air
exchange

Occupational
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Personal
monitoring

data

Area
monitoring
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FIGURE 4.2  Components of quantitative assessment.
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If the industrial hygienist uses a qualitative approach to characterizing and monitor-
ing exposures, then conservative decision making must be applied (i.e., safety factors) 
to take into account uncertainties in the risk identification and evaluation process.

4.4 � PROCESS FLOW OF EXPOSURE ASSESSMENT

The industrial hygienist may use either a quantitative or qualitative approach, or a 
combination of both, to implement the exposure assessment process; however, the 
industrial hygienist generally performs at least nine steps to fully implement an 
exposure assessment process. Figure 4.4 depicts the nine basic steps of the expo-
sure assessment process model. In order for the exposure assessment process to be 
deemed valuable and effective, a well-thought-out process must be designed and 
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FIGURE 4.3  Components of qualitative risk assessment.
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implemented. Attributes of a well-designed exposure assessment and monitoring 
process must include some key elements, such as

	 1.	Developing an exposure monitoring strategy complementary to the con-
stituent being monitored.

	 2.	Ensuring the selection of an analytical method that is acceptable by an 
independent, credible organization (e.g., the American Society for Testing 
and Materials [ASTM] and the National Institute for Occupational Safety 
and Health [NIOSH]).

	 3.	Developing, implementing, and documenting quality control procedures.
	 4.	Developing monitoring plan. The monitoring plan is used to determine 

which SEGs require data to determine and quantify exposures. The main 
objectives of a monitoring plan are to quantify exposures and monitor if the 
controls in place are controlling exposures.

	 5.	Conducting monitoring. When conducting exposure monitoring, it is 
important that the strategy be implemented as written using the appropriate 
sampling media and placing the monitoring equipment in the best location 
and position to represent actual exposures to workers.

	 6.	 Identifying similar exposure groups (SEGs). A SEG is a group of employ-
ees that have the same or similar exposure to the same chemical agents 
due to the tasks they perform. Considerations must be given to the tasks, 
process, procedures and practices used in preforming the tasks, chemicals 
and materials used, and time it takes to perform the task.

	 7.	Assessing and characterizing exposures. This step may be considered one 
of the most important in the process. To determine exposures, some funda-
mental questions must be explored. Some of these are listed below.

	 a.	 What are the chemical, physical, and biological substances in the work 
environment?

	 b.	 What are the potential health effects associated with overexposure? 
Also, keep in mind that some chemicals may create synergistic or com-
pounding effects when exposures are combined.

	 c.	 What is the occupational exposure limit (OEL) for each chemical?
	 d.	 Where in the process is exposure a potential and from what source?
	 e.	 Are there any controls in place?
	 f.	 Are the controls effective?
	 h.	 What controls are needed to increase effectiveness and reduce or elimi-

nate exposures?
	 8.	Documenting results. Recording the results is an important attribute of the 

exposure assessment process to facilitate effective communication of find-
ings so that workers and supervisors can adequately understand the expo-
sure profile.

	 9.	Communicating results. Communication of exposures or lack thereof must 
be done with care and sensitivity

	 10.	Developing controls. Controls are developed based on the exposure assess-
ment results. Controls should take into account each potential route of 
exposure (inhalation, ingestion, and absorption).
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	 11.	Developing and implementing a plan and making a schedule to reevalu-
ate. The exposure assessment process should be repeated to verify that the 
control methods instituted improve exposure potential and to ensure that 
exposures to workers are well below the OEL.

These key elements are discussed in further detail as the exposure monitoring pro-
cess model is elaborated in the following text.

4.4.1 �D efining the Scope of Work

Defining the scope of work, to be performed by workers, appears on the surface to 
be an easy task. For example, if the work to be performed consists of changing out a 
hose on a tank pump, some people would define the scope of work in generic terms: 
identify the hose to replace, make sure you have the parts in the warehouse, change 
the hose, and then dispose of all waste generated as part of the job. Although work-
ers can perform the work, there are a number of steps that must be performed, in a 
certain sequence, in order to appropriately identify the hazards associated with each 
work step. It is up to the industrial hygienist and workers to understand all steps to 
be performed, and the hazards associated with each step.

Often, companies will use a collaborative effort, between subject matter experts 
and workers who have knowledge of the task to define the work steps. The hazard 
identification piece must factor in all the resources needed to accomplish the work, 
along with understanding hazards that could impact each worker. Once the work scope 
has been identified, then similar work groups can be developed and/or assigned.

4.4.2 �D eveloping a Monitoring Plan

Fundamental to the exposure assessment process is the collection of characterization 
data that will be used in assessing a worker’s exposure to and health risk from workplace 
hazards. Questions that are directly relevant to the characterization process include

•	 What are the work processes being performed in the manufacturing or exe-
cution of the company business?

•	 Have these processes been in place for a long time, or have improvements 
to the process been executed?

•	 What personnel are assigned to each task associated with performing work?
•	 What physical, chemical, biological, or radiological hazards are associated 

with the work processes?
•	 Have procedures been established that document the process for perform-

ing workplace characterizations, including understanding the limitations of 
the equipment being used to monitor such exposures?

To gain an understanding of what characterization data is available, the industrial 
hygienist should review historical data, along with collecting any additional data that 
could supplement any data gaps. Historical characterization data can be found from a 
number of resources. Table 4.1 contains an example of documents the industrial hygienist 
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should consider when collecting characterization data. Please note that this list should 
be tailored to the type of manufacturing or business operations being performed and is 
used in both a qualitative or quantitative approach to monitoring. Review of the records 
should not only identify the data generated, but also consider the instrumentation used 
for collecting the data, along with confirming the calibration of the instrumentation. 
The industrial hygienist should understand whether the data was collected over a speci-
fied time period (i.e., every 5 minutes or over an 8-hour time frame), was associated 
with area or personal monitoring, and if there were any process changes that occurred 
since the data was collected. If relevant, environmental conditions occurring at the time 
of collecting the data can also be useful. In addition, the industrial hygienist needs to 
understand the physical properties associated with the contaminant, such as whether the 
contaminant behaves as a solid, liquid, vapor, or gas. Most companies have an ongoing 
workplace monitoring program, so the industrial hygienist should also evaluate current 
data collection processes, which would include understanding sampling practices and 
procedures, data collection methods, and current instrumentation calibration practices. 
Current sampling and monitoring data, along with historical data, will form the basis 
of characterization data that will be used in the exposure assessment process. As input 
into the development of an exposure assessment strategy for workers, it is important 
for the industrial hygienist to understand the health risks posed by the exposure being 
monitored and controlled. The traditional data characterization and exposure assess-
ment model used by industrial hygiene is generally based on toxicological studies for 
carcinogenic and noncarcinogenic contaminants. Characterization data is collected, 

TABLE 4.1
Example Resource Documents 
for Characterization Data

Employee sampling of database records

Historical work planning documents

Operational work packages

Operational process monitoring reports

Operational rounds and routines reports

Maintenance work packages

Chemical inventories and monitoring (if available)

Environmental permits and regulatory reports

Post–job review reports

Worker injury reports

Workers’ compensation records

Employee job task analysis reports

Historical regulatory actions
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evaluated, and applied in the exposure assessment and hazard control process in the 
same manner; however, depending on the contaminants, the exposure model applied 
can vary depending on whether the contaminant exhibits an acute and/or chronic health 
hazard. For example, one carcinogen, radiation, applies the linear no-threshold (LNT) 
model in the hazard analysis and control process.

The characterization and monitoring plan is usually driven by one of two purposes:

•	 To identify baseline contaminants of concern related to worker exposure
•	 The ongoing monitoring needed to address either changing environmental 

conditions of changing contaminants (e.g., changing chemical products in 
the workplace), or because the work steps of personnel performing work 
have changed

The characterization and monitoring plan generally addresses the following:

•	 Work location
•	 Work activity
•	 Potential contaminants of concern (contaminants identified through histori-

cal and current operational research)
•	 Sampling type (personal or area)
•	 Sampling frequency (continuous, 4 or 8 hours, or every shift)
•	 Sampling instrument (sorbent tube or personal sampling pump)

Figure 4.5 is an example of a typical characterization and monitoring plan.

4.4.3 �I mplementing the Characterization and Monitoring Plan

Once the scope of work has been identified, and a characterization and monitoring 
plan has been developed, it is up to the industrial hygienist to implement the plan. 
There are two primary methods used to collect samples:

•	 Data that result from collecting samples on a media that is analyzed by an 
accredited laboratory. These samples may be obtained by means such as a gas 
sampling bag, filter, sorbent tube, or wipe method. The results of these types 
of samples are not available at the time the sample is collected, and the lag 
time between sampling and receiving the data can range from hours to days.

•	 Collection of data using a direct reading instrument. In such cases, the data 
is available at the time the sample is taken, with no delay.

Collecting air samples to be analyzed for a particular constituent can oftentimes 
present some challenges if the appropriate laboratory analysis method is not selected 
and the sample is not collected with the desired analytical method in mind. When 
selecting an analytical method for a sample collected, the following should be con-
sidered, at a minimum.

A complete list of sampling and analysis procedures for a host of chemicals can 
be found at the OSHA website at www.osha.gov/dts/sltc/methods/inorganic/id160​

http://www.osha.gov
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/id160.html or the NIOSH manual for analytical methods at http://www.cdc.gov​
/niosh/docs/2003-154/default.html.

When preparing to collect samples to quantify exposures, it is pertinent that the 
sample analytical method be known, along with understanding what is the minimum 
sample mass need, as well as the sample collection packaging and storage methods.

4.4.4 �S imilar Exposure Groups

The term similar exposure groups refers to grouping or organizing employees into 
monitoring groups based on similar work assignments and similar contaminant 
exposure profiles. Often, the groups are organized by the similarity in the types 
of work performed, frequency with which they are performed, material and equip-
ment being used, and amount of anticipated exposure to a particular contaminant. 

Process Description: Remove legacy asbestos insulationfriable

Process Location: Building 572, Room 158

Sampling type personal or area: Both personal and area samples are to be collected.

•     Area samples must be located at the entrance to the containment and at the exhaust
       of the air moving equipment.
•     Personal samples must be located in the breathing zone of each worker.
•     Conduct five area clearance samples at the completion of the job using forced air
       distribution.

• SEG 1: Asbestos maintenance mechanic, asbestos inspector
• SEG 2: Asbestos laborers, industrial hygienist

Sampling collection:

•     Recommended sampling rate: 0.55.0 L/min
•     Recommended air volumes:     Minimum: 25 L       Maximum: 2400 L
•     Sampling media:  25 mm diameter cassette containing a mixed-cellulose ester filter
       equipped with an electrically conductive 50 mm extension cowl

Laboratory analytical method:  Transmission electron microscopy (TEM)NIOSH Method
7402
• Sensitivity of the method
• Accuracy of the method
• Analysis time
• Cost
• Availability of equipment

SEGs:

FIGURE 4.5  Sampling plan for asbestos.

http://www.osha.gov
http://www.cdc.gov
http://www.cdc.gov
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Table 4.2 provides an example of four SEGs. The number of SEGs that are identified 
for a specific task or project is dependent on

	 1.	The number of tasks being performed and the differing types and levels of 
exposure

	 2.	The potential for the employee to be exposed to contaminant concentrations 
that may cause acute and/or chronic health impacts

	 3.	The industry and expected level of documentation needed to provide an 
adequate level of protectiveness

In some industries, such as the government, there are special laws, such as the 
Energy Employees Occupational Illness Compensation Program (EEOICP), that 
provide additional compensation above the traditional workers’ compensation costs 
to employees who can prove that an acute or chronic illness was caused by a poten-
tial exposure to chemicals and radiation. When the identification of SEGs has been 

TABLE 4.2
Similar Exposure Group Example

SEG 
Category Job Title Work Responsibility

1 Pipe fitter Configure and install pipes, support hangers, and 
hydraulic cylinders; cut, weld, and thread pipes in 
the shop and on the job; remove water from flooded 
areas, such as manholes and other confined spaces

2 Housekeeping Remove trash and clean containers; sweep, scrub, 
mop, and polish floors; clean carpets, rugs, and 
draperies with a vacuum cleaner; dust furniture and 
clean all fixtures; wash windows

3 Mechanical 
engineer 

Design and implement safe and reliable processes and 
systems; develop and test theoretical designs and 
applications; monitor and evaluate the performance of 
processes and systems; serve as subject matter expert 
on all plant mechanical systems and equipment

4 Chemist Analyze compounds to determine chemical and 
physical properties, composition, structure, 
relationships, and reactions, utilizing 
chromatography, spectroscopy, and 
spectrophotometry techniques to develop standards 
and prepare solutions and reagents for testing
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completed, it is necessary to evaluate the data collected to determine adequacy of the 
strategy to reduce risk resulting from performing work.

4.4.5 �E valuating Data and Characterizing Exposures

Evaluating data and understanding and characterizing exposures resulting from con-
ducting employee exposure monitoring is key in assessing and reducing the risk of 
exposure to various chemical and biological constituents. Items to consider when 
evaluating the data should include

•	 Exposed population
•	 Task being performed
•	 Toxicity and health risk (e.g., carcinogen vs. noncarcinogen)
•	 Potential sensitization of worker population (e.g., latex gloves)
•	 Exposure time
•	 Additive and synergistic effects of contaminants

4.4.5.1 � Application of Linear No-Threshold versus Linear Threshold Models
Chemicals (both organic and inorganic) and other contaminants (i.e., biological and 
radiological) have been studied and modeled over the years to determine toxicologi-
cal properties, including whether a contaminant will pose an acute or chronic health 
hazard. Generally, this information can be found in the NIOSH pocket guide or other 
industrial hygiene information resources. An example of an acute health hazard 
would be exposure to ammonia. Although the chemical is classified as an irritant, and 
can be caustic if overexposed to large quantities, it is predominantly managed as an 
acute hazard. Conversely, exposure to beryllium may be considered an acute health 
hazard because it causes sensitization, but it is also considered a chronic health hazard 
because medically any exposure to beryllium can potentially cause sensitization and 
accumulate over time in the body and lead to chronic beryllium disease. Radiation 
is also known to cause acute health effects if one is exposed to a large dose, but pre-
dominantly, radiation and radioactivity are controlled as chronic health hazards.

Ionizing radiation is a Group 1 carcinogen as defined by the International Agency for 
Research on Cancer (IARC). By definition, Group 1 carcinogens are contaminants that 
have shown sufficient evidence of carcinogenicity in humans. In addition to ionizing 
radiation, other examples of Group 1 carcinogens include asbestos, benzene, cadmium, 
and polychlorinated biphenyls (PCBs). Predominantly, the exposure model applied to 
ionizing radiation, and still in existence today for many carcinogens, is the LNT model.

The fundamental principle of the LNT model is based on the premise that any level 
of exposure to radiation causes some level of harm. Even though the level of harm may 
be small and minute, over time the effect is cumulative and exposure to radiation should 
be kept as low as reasonably achievable (ALARA). This exposure model and theory 
was largely adopted and gained momentum in 1956 by the U.S. National Academy of 
Sciences Committee on Biological Effects of Atomic Radiation (BEAR I) in 1956.

The radiation hormesis model provides that exposure of the human body to 
low levels of ionizing radiation is beneficial and protects the human body against 
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deleterious effects of high levels of radiation. The LNT model, on the other hand, 
provides that radiation is always considered harmful, there is no safety threshold, 
and biological damage caused by ionizing radiation (essentially the cancer risk) 
is directly proportional to the amount of radiation exposure to the human body 
(response linearity). Chronic health impacts from exposure to ionizing radiation are 
directly proportional to dose. Over the years, there has been debate about whether 
low levels of radiation can cause positive health benefits. The LNT model is still the 
most recognized exposure model in health physics, and is the basis of regulatory 
requirements. Conversely, the linear threshold (LT) model is widely used in indus-
trial hygiene and the exposure assessment process for noncarcinogen contaminants.

The LT exposure model is postulated based on the premise that there is a thresh-
old, for a particular contaminant, that acute and chronic health impacts can be man-
aged against to prevent employee harm. Industrial hygienists most commonly apply 
the LT model in the workplace based on evaluating characterization and monitor-
ing results against a regulatory value to determine whether the workplace hazard is 
acceptable. It is up to the industrial hygienist to determine which exposure model 
will be applied when evaluating characterization and monitoring data; however, 
whatever exposure model is applied must be defensible. Results of that analysis will 
then be used to support any future occupational illness claims, and to support future 
work planning efforts. When determining the exposure model to apply when evalu-
ating data, the industrial hygienist should consider the following:

•	 Cancer and some disease exposure monitoring is driven by compliance 
monitoring because of the liability of acute or chronic diseases.

•	 Contaminants that follow a LNT model for risk apply the ALARA principle 
and are compliance monitoring driven.

•	 The LT model and comprehensive exposure assessments characterize all 
exposure for all workers for all days.

•	 Reliance on personal protective equipment versus data collection, and man-
aging hazards by engineering and administrative controls.

4.4.5.2 � Occupational Exposure and Administrative Control Limits
OELs have been set for many chemicals by several organizations. Some of those 
agencies are highlighted in this section. Although there are several agencies that 
set OELs for various chemical constituents, the permissible exposure limits set by 
OSHA are the only OELs that are widely considered legally enforceable. However, 
other limits can be enforceable if they are included as a contractual requirement 
or if the OEL has been written in the company’s procedures or business plan. The 
AIHA recognizes that in the absence of regulatory or contractual OELs, the indus-
trial hygienist may establish “working OELs” to differentiate promulgated and non-
promulgated OELs. Working OELs are established in the absence of formal OELs, 
or they may be established in the presence of a formal OEL when there is significant 
uncertainty about the adequacy of an established or formal OEL.(Mulhausen and Damiano, 1998) 
The OEL agencies that are commonly used in comparing exposures in the United 
States are shown in Table 4.3.
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Often, the OELs published by the primary agencies are the same, and in some 
instances, they can be quite different depending on how often the agencies revise 
their exposure limits. It is important before beginning a sampling campaign to con-
sider the various OELs and determine the OEL that is applicable to the exposure 
and enforcement profile of your company. Some companies have adopted the posi-
tion that the most restrictive OEL should be used to further ensure that workers are 
protected from adverse impacts of hazards in the workplace and health risks are 
reduced. This philosophy is not the norm because it can introduce additional costs to 
the implementation of a safety and health program.

The two most widely used OELs are published by OSHA and the American 
Conference for Government Industrial Hygienist. A comparison of the OELs pub-
lished by agencies is listed in Table 4.4 for some chemicals that are frequently found 
in the workplace. The table is populated with some OELs to make the point that 
OELs published by different agencies may very well be the same, but they may also 
be different. The decision must be made as to which exposure limit is applicable to 
the company exposure profile.

4.4.6 �D evelop Controls

Specific controls should be developed and implemented to reduce or eliminate haz-
ards that have been identified by the industrial hygienist, worker, or management. 
Implementation of controls takes into consideration the hazards and potential expo-
sure risks. Workplace hazard controls take on many forms, such as implementing 
engineering measures, substituting chemicals, changing the process or work prac-
tices, or even relocating the worker.

Further detail on the development and application of hazard controls is discussed in 
Chapter 6; however, whichever method is selected, the control method must be effective 

TABLE 4.3
Occupational Exposure Agencies

OEL Agency OEL

Occupational Safety and Health Administration 
(OSHA)

Permissible exposure limit 
(PEL)

American Conference for Government Industrial 
Hygienist (ACGIH)

Threshold limit value (TLV)

American Conference for Government Industrial 
Hygienist (ACGIH)

Biological exposure indices 
(BEIs)

National Institute for Occupational Safety and 
Health (NIOSH) 

Recommended exposure 
limit (REL)

California (State) Occupational Safety and Health 
Administration (CalOSHA)

Cal (state-dependent)/OSHA/
PEL
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in risk reduction and exposure mitigation. When developing hazard controls, the fol-
lowing should be kept in the forefront of the decision-making and selection process?

•	 The hazard control must be selected based on the traditional hierarchy of 
controls, as required by OSHA: product substitution, engineering controls, 
administrative controls, and personal protective equipment.

•	 Select controls that are valid and tested. Do not select controls that are 
based on hypothetical or old data, assumptions, and unproven theories 
unless another layer of protection is added.

•	 Ensure that the controls selected do not introduce additional hazards into 
the work space, for example, using ventilation to control vapors that intro-
duces a high noise level into the work environment.

•	 Educate workers on the control methods and the purpose of implementation.

4.4.7 �D ocument Results

The documentation of analytical results includes not only thoroughly document-
ing the methods applied to collect and summarize the data, but also validating the 

TABLE 4.4
Comparison of OEL

Chemical OSHA (PEL) ACGIH (TLV) NIOSH (REL)

Ammonia TWA 50 ppm TWA 25 ppm TWA 25 ppm

Arsenic TWA 0.5 mg/m3 TWA 0.01 mg/m3 None

Chlorine C 1 ppm TWA 0.5 ppm C 0.5 ppm

Chromium TWA 0.5 mg/m3 TWA 0.5 mg/m3 TWA 0.5 mg/m3

Fluorine TWA 0.1 ppm TWA 1 ppm TWA 0.1 ppm

Iron (oxide dust 
and fume)

TWA 10 mg/m3 TWA 5 mg/m3 TWA 5 mg/m3

Lead TWA 0.050 mg/m3 TWA 0.05 mg/m3 TWA 0.050 mg/m3

Silica TWA 20 mppcf 
(80 mg/m3/%SiO2)

TWA 0.025 mg/
m3

TWA 6 mg/m3

Sulfuric acid TWA 1 mg/m3 TWA 0.02 mg/m3 TWA 1 mg/m3

Toluene TWA 200 (C), 300, 
and 500 ppm

TWA 20 ppm TWA 100 ppm

Xylene TWA 100 ppm TWA 100 ppm TWA 100 ppm

Note:	C, ceiling value; TWA, time-weighted average; mppcf, million particles per 
cubic foot.
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data. The data handling process is shown in Figure 4.6. Before reporting data, thor-
ough validation of the data is required. Reporting data that has not been validated 
is risky since there is always the possibility of data error, which can result from 
improper collection methods, error in the laboratory analysis method, or error in the 
annotated results. Such errors can lead to incorrect reporting of potential exposures 
to workers, as well as loss of trust from workers if errors are later revealed.

4.4.7.1 � Peer Review and Validation
The peer review process is integral to scholarly writings and is used extensively in 
the research arena. This form of fact checking also has applicability in other areas 
and can provide credibility and validity to the result of an assessment, as well as the 
process used to determine decisions. Peer review is designed to prevent the publish-
ing of inaccurate findings, unacceptable interpretations, and personal assumptions 
and views. It relies on colleagues having knowledge in the area in which they have 
been asked to provide a review, and making an informed decision about whether the 
assessment and the results represent a comprehensive assessment. Peer review is a 
great way to scrutinize and validate important attributes, such as

•	 Assumptions
•	 Calculations
•	 Interpretations
•	 Methodology used during the process
•	 Acceptance criteria for risk

Using peer review to validate risk assessments is a great way to add credibility to the 
results when presented to others. It also demonstrates that the decision is being viewed as 
solid and defensible by those involved in the conclusion and the decision-making process.

Once the workplace exposure monitoring campaign has been completed and sam-
ples have been analyzed, the results should be compared with the OELs.

These results may shed light on

•	 Whether employees are exposed to workplace airborne hazards
•	 Whether the current methods of control are providing adequate protection
•	 Whether improvements are needed in the control methods being used

An example of a typical exposure monitoring reporting form is shown in Figure 4.7.

FeedbackData
reporting

Data
validation

• Work group
   supervisor
• Worker

• Lab
   supervisor
• IH
   professional

• Supervisor
• Worker

FIGURE 4.6  Example data handling process. IH, industrial hygiene.



57Strategies for Exposure Monitoring and Instrumentation

4.4.8 �C ommunicate Data Results

Communicating exposure-related information to workers and management is just as crit-
ical as collecting and analyzing the exposure data. It is recognized that most industrial 
hygiene professionals are skilled in collecting, analyzing, and interpreting the data; how-
ever, many are lacking in the skills of effective communication. In such cases, this pres-
ents a challenge for the industrial hygienist when communicating exposure data to the 
workers, especially when the data indicates that an exposure has occurred. The industrial 
hygienist has more than one method that can be used to communicate information. It is 
important to be able to ascertain when each type of communication will be appropriate 
for the various situations encountered. Communication of data can occur in person, via 
e-mail, or through formal documented means. When communication does not take place 
in an open and honest manner with clarity, a lack of trust and credibility often results.

Name:____________________________   Location: ____________________________

Contaminant:   ______________________________    

Results:  ________________________________   OEL:  ________________________

Signature: _______________________________

Results reviewed and validated by: __________________________________________

Summary of task monitored:

Summary of results:

Sample collected by:

FIGURE 4.7  Example personal monitoring exposure result.
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4.4.9 �D evelop a Reevaluation Plan

Conducting an exposure assessment or a risk characterization is not a one-time event 
or activity. The mistake that some industrial hygienists make is to conduct an ini-
tial evaluation and fail to perform a reevaluation and validate workplace conditions 
periodically. A typical reevaluation plan is designed with the same elements that 
one would expect in an initial assessment strategy, with the exception of the inclu-
sion of all data and information obtained since the last assessment or evaluation 
was performed. The reevaluation plan may be driven by the need to gather initial 
data to validate the hazard’s baseline, or to verify that environmental and workplace 
conditions have not changed since the last hazard assessment. In addition, a reevalu-
ation plan should be considered to validate and make additional improvements to 
the existing monitoring strategy. There are a number of reasons why the industrial 
hygienist would need to perform a reevaluation; however, the important point to 
remember is that reevaluation is vital in the process to continue to analyze, mitigate, 
and reduce overall health risks.

4.5 � OCCUPATIONAL SAFETY AND HEALTH CHARACTERIZATION 
AND MONITORING EQUIPMENT

Exposure monitoring equipment is a critical and essential element in the process 
to characterize exposures. Monitoring equipment is used to help characterize and 
evaluate work areas where there is a potential for a hazardous environment to exist. 
Environmental conditions can be monitored in a variety of ways. When collecting 
samples to quantify worker exposures, the following equipment are generally used.

•	 Diffusion detector tubes
•	 Vapor monitoring badges
•	 Personal air sampling pumps

If the desire is to sample specific areas, then consideration should be given to the 
use of the following equipment as an option to collect data:

•	 Detector tubes
•	 Sampling pumps
•	 Handheld electronic monitors
•	 Fixed wall-mounted electronic monitors

When implementing the sampling strategy plan, careful consideration must be 
given to the type of equipment needed to collect the data. A brief summary of the 
utility of each type of sampling equipment is discussed further below.

4.5.1 �D iffusion Detector Tubes

Gas diffusion detector tubes are easy to use when sampling for gases and vapors. 
They also offer a low-cost method when collecting a large number of samples. These 
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tubes are accurate enough to provide an indication of the contaminant concentration 
in the workplace. A detector tube is a graduated glass tube filled with a chemical 
reagent that will produce a color change when exposed to the gas in question. It is 
used with a hand pump that will draw a sample into the tube.

There are two main types of pumps available to use in this system: a piston pump 
or a bellows pump. The piston-style pump requires the user to pull a piston to pull 
air through the tube. With the bellows style, the user squeezes the bellows, and upon 
release, air is pulled through the tube as the bellows opens. The tubes generally are 
sealed at both ends and ready to use when the tips are broken off. Gas detector tubes 
are available for hundreds of compounds and have been used for many years. A 
major advantage in using this system is that it allows for sampling of an area quickly, 
with minimal expense. Although the cost associated with the use of these tubes is 
low and these tubes are easy to use, there are some disadvantages of using them, 
such as

•	 The potential for chemical cross-sensitivity and interference with other 
chemicals

•	 Detector tubes are not the most accurate method for collecting air samples 
and quantifying exposures. The accuracy assigned to these tubes falls in the 
area of approximately ±20%.

•	 Detector tubes have a shelf life, and many of them have to be stored in 
refrigerated environments. Many of the tubes are temperature sensitive.

•	 Many of these tubes require that multiple pump strokes be taken to achieve 
the desired sensitivity.

•	 Errors can occur from failure to complete the necessary amount of pump 
strokes or from not allowing the time needed for each sample to work its 
way through the tubes prior to activating another pump stroke.

•	 Some chemicals can interfere with the tube and give false-positive readings.

To effectively use these tubes, the following steps are necessary:

•	 One end is broken off and the tube is placed in a tube holder. If the tube has 
a clip, it can be hung on the worker’s lapel, near the breathing zone, to get 
an accurate reading of the worker’s exposure. Be cautious, as the end of the 
glass tube has been broken and if not cut smoothly, the worker may sustain 
cuts by coming into contact with the tube end, which can cause injury.

•	 To ensure that the accurate exposure level is calculated, record the sampling 
start time on the writing area of the tube. The indicated area has a cali-
brated scale. This is where the reaction with the sample gas or vapor takes 
place, causing a discoloration that can be read on the scale.

•	 At the end of the work shift, remove the tube from the worker and record 
the removal time.

Exposure can be determined by observing the discoloration and recording the 
parts per million (ppm) value from the scale. The time-weighted average is obtained 
by dividing the scale value by the total amount of time sampled (in hours).
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4.5.2 �V apor Monitor Badges

Vapor monitor badges work through the concept of diffusion and are an excellent 
option that can be used to monitor a worker’s breathing zone to determine expo-
sures. These badges are typically used to determine an 8-hour time-weighted aver-
age or a 15-minute short-term exposure limit. The exposure results obtained from 
vapor monitor badges are more accurate that those obtained from diffusion tubes. 
However, these badges have several disadvantages, which include

•	 They must be sent to a laboratory for analysis.
•	 The results are not immediately available.
•	 These badges are only available for a limited number of chemicals.
•	 They are oftentimes more expensive than diffusion tubes.

Vapor monitor badges are available for compounds such as formaldehyde, organic 
vapors, ethylene oxide, mercury, and nitrous oxide. These badges are lightweight and 
clip onto the worker’s collar. In order to correctly calculate and report exposures at 
the end of the work shift, the following information must be collected:

•	 Exposure time
•	 Temperature
•	 Relative humidity
•	 Date exposed
•	 Employee identification data
•	 Vapor monitor badge number

Vapor monitor badges are frequently used as a monitoring option because they 
are easy to use; all that is needed is to have the worker wear the badge and submit 
it to the laboratory to be analyzed. Vapor monitor badges are usually analyzed by a 
laboratory by desorbing the vapors trapped on the badge. The desorbed vapor is then 
run through a gas chromatograph to determine the contaminant level.

4.5.3 � Personal Air Sampling Pumps

Personal air sampling pumps are a little more difficult to use than vapor monitor 
badges and detector tubes. However, the results are generally more accurate than 
those of other methods and allow for the sampling of many more different types of 
chemicals. On the other hand, there are some distinct disadvantages of using sam-
pling pumps, which include

•	 They require familiarization and knowledge of laboratory collection meth-
ods, such as NIOSH sampling methods.

•	 The type of collection media used is specific to the laboratory analysis method.
•	 They are bulkier and more cumbersome than other sampling methods.
•	 Because of the bulky construction, workers are not always willing to wear 

the pumps for an entire work shift.
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The air sampling pump assembly and sampling train consists of the following:

•	 A pump that pulls a constant amount of air through a charcoal tube or a 
filter cassette

•	 A tube to connect the pump to the charcoal tube or filter cassette
•	 A clip or method for attaching the collection media near the worker breath-

ing zone

These pumps require calibration before each use and must have the flow rate set to 
the appropriate level based on the chemical constituent being monitored. The worker 
is expected to wear the pump with the collection media attached for the entire work 
shift or until the task or exposure period ends for the workday. Once the work shift is 
finished, the charcoal tube or filter cassette is then sent to the laboratory for analysis.

4.5.4 � Handheld Electronic Monitors

Handheld monitors can range from simple single-gas monitors to somewhat complex 
four-gas monitors with data logging capability. These monitors have distinct advan-
tages and disadvantages, which are listed below.

Disadvantages include

•	 Handheld electronic monitors can experience interference that can alter the 
reading from gases that are similar in components.

•	 The operator must have adequate knowledge to be able to interpret the data 
obtained and must also be familiar with the calibration and limitations of 
the device.

•	 In comparison with other types of monitors, they are often more expensive.

Advantages include

•	 The readout is instantaneous and in real time.
•	 There is no waiting for a lab to analyze the results.
•	 The result displayed is the concentration at that moment in time.
•	 Many handheld meters have a visible and/or audible alarm to alert the user 

if the concentration is above a safe level.

4.5.5 �F ixed Air Monitors

Fixed air monitors are similar to handheld monitors, except that they are mounted 
in a specified area and do not require an operator on location. Fixed monitors use 
sensors similar to those of handheld monitors and often do not have a wide range of 
chemicals that they can detect. These monitors are convenient because they operate 
at all times and often have audible and/or visual alarms to alert workers of dangerous 
environments. Fixed monitors have advantages and disadvantages similar to those 
of handheld monitors.
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4.6 � CASE STUDY: “I SMELL SOMETHING”

Oftentimes an industrial hygienist will be informed by a worker that she was work-
ing in an area and “smelled something” unusual and unrecognizable. Generally, she 
will also state that she has no idea what the source of the smell is. It such cases, the 
industrial hygienist would collect as much information from the worker as possible 
and proceed to investigate the claim.

In this case, you as, the industrial hygienist, conducted a thorough interview of 
the worker and documented her account of what she believed had occurred in the 
workplace. She further stated that the smell was noticed intermittently and generally 
did not persist for long periods of time. You visited the work area and conducted a 
visual walk-through survey. During the walk-through, you did not notice any unusual 
odor. Therefore, you concluded that the work area was safe and no further action was 
needed. The workers reentered the work area and proceeded to work. After about 
2  hours, the initial worker once again noticed the presence of the noxious odor, 
exited the workplace, and contacted her supervisor.

The supervisor contacted you once again and insisted that a thorough hazard review 
of the project be conducted. You solicited assistance from colleagues and your man-
ager in conducting a full-blown review of the project, with assistance from workers 
and their supervisor. The team discovered that at certain stages in the process, a short 
burst of ammonia was being emitted into collected samples that revealed that the level 
of ammonia being emitted well exceeded the OEL for ammonia. The sampling results 
were communicated to the work group supervisor and the work group, and appropriate 
controls were put in place to control the potential overexposure. In addition, informa-
tion was provided to the medical provider to determine if additional medical testing 
was needed and if the worker should be included in a medical surveillance program.

4.6.1 � “I Smell Something”: Lessons Learned

Some of the lessons that can be gleaned from the case study are listed below.

	 1.	At the initial notification by the worker of an unusual odor being detected, you 
should have completed a thorough investigation that included activities such as

	 a.	 Requesting the supervisor to remove workers from the work area until 
a hazard evaluation could be completed

	 b.	 Identifying what task was being performed when the odor was noticed
	 c.	 Determining what chemicals were used in the process and conducting 

a full-shift monitoring campaign to determine if any of the chemicals 
were used in quantities that could be harmful to workers, or that the 
industrial process, which required the use of chemicals, had been thor-
oughly evaluated and hazards identified.

	 2.	You did not initially perform an adequate hazard analysis before sending 
the workers back to work.

	 3.	Oftentimes in order to get to the root of an issue, a team of people that 
includes the workers is necessary because the workers are generally the 
most knowledgeable in the tasks they perform daily.
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4.7 � CASE STUDY: “I HAVE BEEN SICK FOR THE PAST 6 MONTHS”

Although industrial hygienists are focused on the prevention of injuries and ill-
nesses, they cannot be in the workplace all the time. There are situations where 
workers may present themselves as possibly having an illness that could be related 
to exposure to contaminants at work. For example, a worker approaches you, the 
industrial hygienist, and states that he has not felt well for the past several months. 
This worker has approached you on more than one occasion, and the last time the 
worker discussed his health, he claimed that he had been diagnosed with emphysema 
but has never smoked. The company you are both employed by is related to the coal 
mining industry.

As an industrial hygienist, you have routinely monitored the worker’s breathing 
zone and not identified any overexposures to coal and coal waste products; however, 
there have been recent changes to the handling of waste products generated from the 
processing facility. As an industrial hygienist, you start to wonder if, in fact, there 
could be a connection between work activities and potential overexposure of workers 
to toxic contaminants.

You proceed to investigate the worker’s daily tasks and patterns of performing 
work. Additional monitoring data is collected, and additional analytical tests are 
performed by the laboratory. Also, you interview other workers performing those 
same tasks, along with engineers who were involved in the recent changes in waste 
handling. Upon further review, you discover that because of the recent change in 
waste management practices, workers could be potentially exposed to levels above 
OELs, and you also find that there are additional workers associated with perform-
ing that task that have been exhibiting similar health symptoms. After confirmation 
of these results, you request that waste management practices be placed on hold until 
further review is conducted, along with implementing a medical restriction for those 
workers who appear to be potentially overexposed to toxic contaminants. In addi-
tion, you request a consultation with a toxicologist to further understand the impact 
of exposure to multiple toxic contaminants.

4.7.1 � “I Have Been Sick for the Past 6 Months”: Lessons Learned

Some of the lessons that can be gleaned from the case study are listed below.

	 1.	At the initial notification by the worker, who suspects his work environment 
may be causing his illness, you should have completed a thorough investi-
gation that included activities such as

	 a.	 Being responsive to the questions based on the experience of the worker 
and your understanding of changing conditions

	 b.	 Evaluating historical monitoring data, locations of collection, and prox-
imity of work tasks being conducted

	 c.	 Determining what by-products were generated in the process and con-
ducting a full-shift monitoring campaign to determine if any waste by-
products could be harmful to workers
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	 2.	Employees may not believe you had thoroughly investigated the health con-
cerns about their safety.

	 3.	You may not have thoroughly understood the process changes associated 
with the change in management of waste and the potential to generate an 
additional chemical hazard.

It is important that industrial hygienists respect and treat the workforce as equals 
in the workplace because oftentimes the workers are generally the most knowledge-
able in the tasks that they perform on a daily basis.

QUESTIONS TO PONDER FOR LEARNING

	 1.	What are the potential company and professional liability costs associated 
with regulatory noncompliance and realized health impacts?

	 2.	What is the difference between a quantitative and qualitative risk assess-
ment, and how are they used in the reduction of health risks in the workplace?

	 3.	Why is it necessary to implement a robust monitoring and sampling plan? 
What are the factors that should be considered when developing a plan?

	 4.	What are some typical documents used when conducting a quantitative 
assessment?

	 5.	How has the relationship between the industrial hygienist and the workers 
evolved?

	 6.	What additional actions could the industrial hygienist have taken to reduce 
the overall health risks associated with the work process?

	 7.	What actions can the industrial hygienist take, in the future, to fully evalu-
ate all contaminants to which the worker was exposed?

	 8.	List reasons why exposure monitoring should be performed.
	 9.	What are the limitations of using vapor monitoring badges?
	 10.	Explain the advantages and disadvantages of handheld electronic monitors.
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5 Risk-Based Industrial 
Hygiene

5.1 � INTRODUCTION

Today risk is a topic of great importance across the globe because it often translates 
into dollars and cents. Many world leaders are attempting to address their level of 
risk tolerance and seeking ways to minimize the risk their company is subjected to in 
the face of being challenged with many life-altering events and increased regulatory 
oversight and associated fines.

Risk is not an easy topic to discuss or concept to define, since a diversity of factors 
are involved in defining and quantifying risk; these factors are both situational and 
people dependent. Defining allowable risk is even more complicated when the health 
and well-being of people are involved. In addition, risk can take on different mean-
ings depending on the context in which it is being used. For example, financial risk is 
defined in general terms as the probability that the return on investment will be lower 
than expected; in the workplace, risk can be defined in terms of the consequence and 
probability of a hazardous event or activity; and in the food industry, risk is generally 
defined as the possibility that a certain food hazard will have a negative impact on 
people or the environment.

As leaders across the globe make an attempt to define the level of risk that they 
are willing to consider as appropriate for their business and workers, they are also 
having to take into consideration the many regulatory requirements that have been 
passed to guide some of these risk levels and decisions. Seeking to define and mini-
mize risks, when it can be a matter of life or death for individuals and workers, is not 
an easy task. A good example of the power of risk acceptance, outside of the work 
environment, is driving by a serious car accident. Some drivers immediately stop 
and will become involved in initial rescue efforts, such as dragging a person out of 
a burning car. Other drivers will not stop but may make notifications to authorities, 
while others may just stop their car and observe response actions being performed 
by other drivers. There are different factors that drive risk acceptance, and the field 
of industrial hygiene is focused on mitigation of both acute and chronic health risks. 
The industrial hygienist seeks to define and minimize risks, to the lowest level pos-
sible, to ensure that people are able to work on a daily basis, without being exposed 
to conditions that will cause workplace illnesses or injuries.

5.2 � IMPORTANCE OF RISK ASSESSMENTS AND A RISK-BASED 
APPROACH TO HAZARD MANAGEMENT

The primary goal of evaluating and determining health risks, and ultimately a risk 
assessment, is to remove hazards and reduce the level of risk by eliminating the risk 
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or adding control measures to help create a safer workplace. Risk assessments are 
an integral part of a good occupational health and safety management program and 
are most effective when conducted in the design phase of a project. A robust risk 
assessment process can

•	 Create awareness of hazards and the potential associated risks
•	 Prioritize hazards and the controls needed
•	 Identify the population that may be at risk
•	 Determine if existing controls are adequate
•	 Reduce workplace incidents
•	 Reduce cost by taking on a proactive approach to incident reduction
•	 Create awareness and train employees
•	 Instill trust and credibility in the industrial hygiene and safety and health 

programs.

Companies that have taken and continue to take advantage of ensuring that risk 
assessments are an integral part of their hazard assessment and control program 
have seen the value from both monetary and cultural aspects. Risk assessments have 
proven to be of value from a worker protection perspective; are financially beneficial, 
such as providing an approach to minimize the company from overinvesting and the 
costs associated with recovery from incidents; and increase the trust and acceptance 
of risk by workers.

5.3 � IDENTIFYING AND CONTROLLING WORKPLACE RISKS

Conducting risk assessments is the cornerstone of a comprehensive industrial hygiene 
program. Risk assessments to the industrial hygienist are the equivalent of an engine 
to a car; without a thorough understanding of risk, working conditions in our society 
cannot improve. Minimizing workplace risks is a vital part of the ability to control 
and manage workplace hazards and to protect workers from those hazards.

Corporate leaders, as well as institutions and small business owners, must under-
stand that in order to manage the health and safety of workers, health risks must 
be controlled in every aspect of the business. In order to develop and implement a 
comprehensive and effective risk strategy, a review and analysis of all work activities 
conducted within the course of conducting business that can be potentially harmful 
to workers must occur, including a true evaluation of the company’s internal work 
environment culture. Approaching the risk assessment process with comprehensive-
ness in mind and actions will enhance the effectiveness of the outcome. Important 
steps to include in this approach are shown in Figure 5.1. These steps are an ongoing 
part of the risk assessment process.

Comprehensively, the risk assessment process should include

•	 Identifying cumulative hazards posed to the worker
•	 Determining the generation and origination of the hazards
•	 Evaluating risks posed by the hazards, from both individual risks posed and 

cumulative risks that can result in an overall higher risk profile
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•	 Identifying and mitigating total risk
•	 Documenting risk resolution and residual risk to the worker

When identifying whether a correlation exists between an exposure and an asso-
ciated health risk, one must not lose sight of two important factors that can impact 
the accuracy of the risk decision: variability and uncertainty.

Variability is connected with the range of exposure potential, such as the impact 
of an exposure from one person to another impacted by factors such as preexisting 
conditions, genetic factors, or enhanced sensitivities; uncertainty refers to the inabil-
ity to ensure 100% accuracy, sometimes due to the lack of data or run time. Risk to 
a worker is generally determined to be acceptable only when the risk is understood, 
mitigated, or determined to pose little to no potential health hazard.

5.4 � ADDRESSING INDUSTRIAL HYGIENE RISKS 
IN THE WORKPLACE

Assessing industrial hygiene risks in the workplace is multifaceted and takes on many 
forms. It is not always feasible to determine these risks using one process or system or 
reviewing one type of documentation. Risk assessments that are explicitly designed 
to ensure worker safety and health are dynamic and an ongoing process. In addition, 
these types of risk identification processes integrate concepts in the areas of science, 
engineering, math, and professional judgment, along with the work experience of the 
industrial hygienist.

Developing and implementing a risk management program can be especially 
challenging for the industrial hygienist when there is little or no data available or lack 
of support from leadership. Leadership sets the stage for what is viewed as valuable 

1. Identify
hazards

Risk
assessment
elements

2.
Determine

hazard
generation

3. Evaluate
risk

4.
Determine
mitigation

5.
Document
issue and
resolution

FIGURE 5.1  Basic risk assessment elements.
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to the organization. Admittedly, some leaders may at times favor productivity and 
may be willing to accept a higher level of risk to achieve these increased productiv-
ity levels. At times, productivity may be impacted when there is a high-risk activity 
being performed primarily because of hazard controls that are in place, or the task 
may need to be performed at a slower pace to protect workers from injury. Because 
of the possibility of these challenges, it is important that the industrial hygiene func-
tion report to a senior manager to ensure that management support and resource 
needs are met as needed.

5.4.1 �I ndustrial Hygiene Risk Assessment

Risk assessments are performed daily by an industrial hygienist to facilitate the safe 
performance of work. The resulting decisions are generally not determined in a vac-
uum because of the importance of the decisions, as they are directly connected to 
protecting the health, safety, and well-being of a worker. When evaluating risk and 
incorporating risk into the industrial hygiene work process, industrial hygienists will 
generally conduct risk assessment by two approaches. As depicted in Figure  5.2, 
these approaches are known as quantitative and qualitative risk assessments. Of the 
two, quantitative assessments are generally preferred since the decision is made using 
data that represents the activity, process, or work environment. However, together 
the two concepts form the fundamental basis for a comprehensive risk assessment 
approach, which is most protective of human health and life.

As discussed in Chapter 4, both risk assessment components can be conducted 
simultaneously or in sequential order. When conducting both analyses, do not be 
surprised if you have to review some of the same types of information or processes 
to fully complete each of the assessments and ensure that all risks have been ranked, 
accounted for, and mitigated. In addition, the industrial hygienist can use a risk table 
or register to compile and keep track of each risk. An example of a risk register is 
shown in Table 5.1. Each hazard on the risk registry should be evaluated to determine 

Comprehensive
industrial hygiene risk

approach

Qualitative
risk

assessment

Quantitative
risk

assessment

FIGURE 5.2  Industrial hygiene risk assessment approach.
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TABLE 5.1
Example Risk Register

Task Hazard Activity Risk Control

Conducting 
chemical 
inventory

Transporting 
chemical from 
storage to the 
process area

Lifting chemical 
containers

•	 Keep containers 
tightly sealed

•	 Ensure that 
chemicals are 
labeled and 
identifiable

•	 Transport 
compatible 
chemicals 
together

•	 Use a lifting jack 
or forklift for 
large, bulky loads

Welding Fumes generated 
during welding

Body movement 
and positioning

Welding metals •	 Use local exhaust 
ventilation to 
remove fumes 
and prevent 
buildup

•	 Wear welder 
protective 
equipment

•	 Have a trained 
worker 
performing the 
function of fire 
watch

Data entry Entering data into 
a computer 

Ergonomic-
related strains 
resulting from 
repetitive 
motions

•	 Ensure that 
workstation is 
ergonomically 
friendly

•	 Take frequent 
breaks

(Continued)
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the risk level. Below are some information sources that can be used to help deter-
mine the risk level.

•	 Safety data sheets (SDSs) for the chemical or product
•	 Manufacturer documentation
•	 Regulatory standards and requirements
•	 Previous injury, accident, and near-miss reports
•	 Previous assessment results
•	 Past worker experiences

5.5 � RISK RANKING

Once the hazards and subsequent risk have been identified, it is pertinent that each 
hazard and associated risk be ranked and cataloged. The ranking process will ulti-
mately shed light on whether the hazard can be acceptable and work can continue 
without implementing any mitigating controls, or whether the work must be paused 
or suspended until controls are decided on and implemented. There are various 
risk-ranking tools available to assist in completing the process. It is important that 
the right process be used to achieve a ranking result that is protective of property, 
worker health, and the environment. Risk rating is dependent on the likelihood of 
an event occurring, the severity of the event, and the injury potential to workers. 
Tables 5.2 and 5.3 represent risk quantification tools that can be used in quantifying 
risks. When quantifying and ranking risk, a simple formula is often used. Below is 
an example of a simple risk equation:

	 Risk (R) Likelihood (L) Severity (S) R L S= × = ×( ) 	

TABLE 5.1 (CONTINUED)
Example Risk Register

Task Hazard Activity Risk Control

Housekeeping General 
housekeeping 
tasks

Lifting and 
movement of 
equipment and 
materials

Repetitive motion 
and awkward 
posture

•	 Ensure that 
workers are 
trained in proper 
lifting techniques

•	 Limit lifting to 
50 lb

•	 Avoid coming 
into contact with 
cleaning 
chemicals; 
wear gloves
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5.6 � RISK COMMUNICATION

Communicating risks, in particular health risks posed from the performance of work 
activities and processes, is just as important as defining and mitigating the impact of 
the risk. In addition to having basic knowledge of and understanding the impact of 
the risk, the industrial hygienist should couple the information with good communi-
cation skills so that the communicator can gain acceptance of the risk from and the 
respect of the workforce. Therefore, the trust and credibility of the person delivering 
the message are paramount. If the person responsible for delivering the message is 
not viewed as trustworthy and sincere, the message will be questioned and may even 
fall on deaf ears.

Risk communication must be a balanced approach. The principles listed in Figure 5.3 
are important to developing and delivering the risk message and gaining acceptance 
for the message.

	 1.	Know the risk. Knowing the risk provides insight into key attributes and 
the appropriate means needed to deliver a message that can be believed and 
trusted by the listeners.

TABLE 5.2
Example Risk Quantification Tool

Likelihood Severity OSHA

Highly unlikely Minimal injury First aid

Unlikely Slight injury First aid

Likely Serious injury Recordable

Highly likely Major or catastrophic injury Recordable

TABLE 5.3
Example Risk Quantification Tool

Risk Band Control

Minimal (1–3) Review existing measures (may be able to maintain current 
measures). Note: Even if the risk is low, every attempt should be 
made to lower the risk because the health and safety of the 
worker are at stake.

Low (4–6) Review control measures (may need to tweak or add additional 
controls that are minimal).

Medium (7–9) Review and improve control measures.

High (10–12) Review and improve control measures. Discontinue work.
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	 2.	Know the mitigating factors. Mitigation factors are actions taken to remove 
or control the risk to prevent harm to people, the environment, or equip-
ment. Knowledge of mitigation factors can aid in communicating that the 
risk is under control and not expected to produce harm to the workers.

	 3.	Know the audience. Knowledge of the audience provides insight into the 
way the communication should be constructed and delivered.

	 4.	Know the purpose of the communication. The purpose of the communica-
tion is instrumental in shaping the tone and content of the message to be 
delivered. The tone and content of a message ultimately determine how it 
will be received by others.

	 5.	Know the sensitivities. Often, there are some workers that are sensitive to a 
particular issue or circumstance. When communicating risk or issues that 
can create stress, care must be given to the delivery.

	 6.	Know the political ramifications. Most communication related to risk and 
human health has some type of political ramifications, which can include 
loss of trust by workers and the public and potentially the fear of continuing 
to work for the company.

5.7 � RISK ACCEPTANCE

Often, companies, and industrial hygienists, do not recognize that risk acceptance 
is a fundamental concept when developing and implementing an industrial hygiene 
program. The industrial hygienist can define and determine, either quantitatively or 
qualitatively, the level of health risk exhibited by a work task or work process; how-
ever, what is often misunderstood is that acceptance of the risk by the worker is both 
a personal and individual decision, not a company decision. The industrial hygienist, 
and company management, can communicate the risk of the job or work activity to 
workers, but the decision to either accept or not accept the risk is up to the workers; 
they will either choose to accept the risk, request to be transferred to a different job 
in the company, or decide to leave the company for other employment.

Know the risk

Know the mitigating factors

Know your audience

Know the purpose of the communication

Know the sensitivities

Know the potential ramifications

FIGURE 5.3  Risk communication principles.
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The industrial hygienist needs to understand the risk acceptance process of the 
company, and the worker, in order to be effective in performing his or her profes-
sion. Worker engagement and partnership are among the most effective and power-
ful methods in achieving acceptance of risk by the worker; however, in order for 
the method to be effective, the company must recognize, acknowledge, and actively 
conduct business in a manner that is reflective of the worker being the final decision 
maker in the risk acceptance process. Acceptance of risk, and in particular accep-
tance of increased risk, is an iterative process that must be managed in a respectful 
manner, which does not happen overnight. The culture of the work environment is 
highly influential in the acceptance of risk by the worker, and workers are intuitively 
aware of managers and supervisors who are not genuine and do not display personal 
character attributes such as integrity and trust. In particular, it is of great importance 
that managers and supervisors understand that they may be in charge of managing 
work activities, but it is the individual worker who has a personal responsibility to 
ensure that his or her safety and well-being are not being compromised in order for 
the company to profit. If properly trained, the industrial hygienist can be a conduit 
to drive and achieve greater risk acceptance and improve the overall culture of the 
work environment.

QUESTIONS TO PONDER FOR LEARNING

	 1.	What role does the industrial hygienist play in the risk assessment and miti-
gation process?

	 2.	How should an industrial hygienist approach the risk assessment process?
	 3.	What are the elements of the risk assessment process?
	 4.	What two factors can impact the accuracy of a risk decision?
	 5.	Name the information sources that can be used to aid in the determination 

of risk levels.
	 6.	Explain the importance of peer reviews when making risk-based decisions.
	 7.	What role does trust play in making risk-based decisions?
	 8.	 Identify and discuss methods to achieve risk acceptance by the worker.
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6 Recognizing, Evaluating, 
and Controlling 
Workplace Hazards

6.1 � INTRODUCTION

Health and safety hazards exist in every workplace. History has shown that workers 
are injured in every workplace, regardless of the business type and types of activities 
being performed. Some hazards in the workplace are easily identified and corrected, 
while others are difficult to identify and control, creating extremely dangerous con-
ditions that could be a threat to life or long-term health. The best way to protect 
against the hazards that are inherently present in the workplace is to know how to 
recognize and control them to protect workers from being negatively impacted in the 
workplace.

The industrial hygienist is one of the primary professionals involved with the work-
force in the identification and recognition of hazards in the workplace. Traditional 
industrial hygiene training focuses on chemical and biological hazards; however, 
depending on the size of the company or institution by which the industrial hygien-
ist is employed, the recognition of workplace hazards may go beyond the traditional 
industrial hygiene field because the job may also include functioning as a safety 
manager or engineer, environmental manager, or operations specialist. Recognizing 
or identifying hazards is one of three steps used to protect the worker from hazards 
in the workplace. Along with identifying the hazards, the industrial hygienist must 
analyze them to determine their health risk to an employee, along with understand-
ing how to control the hazards.

Some hazards may exhibit more than one risk factor. For example, exposure to 
noise may not only cause hearing damage, but also interrupt or completely impact 
and stop communication between workers, and may be distracting, which can lead 
to an accident and potentially an injury. Another example to consider is the use of 
metal uranium; not only is it linked to cancer, but also the chemical is a health risk 
to the kidneys. Without understanding the health or workplace risks associated with 
the work to be performed, methods used to analyze and control the hazard, and 
essentially risk to the workers, may not be effective. Figure 6.1 shows the relation-
ship between the hazard identification process and the overall work control process.

Physical hazards are the most commonly encountered hazards in the workplace 
and refer to material or equipment that, if left unmitigated, has the potential to harm 
a person depending on the work task or environmental conditions. Common exam-
ples include slick floors, uneven walking surfaces, a fall from heights, motorized 
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vehicle accidents, and exposure to a blade or sharp object (unguarded). Physical haz-
ards also include energized material and equipment.

Chemical hazards refer to the ability of chemicals or agents to cause physical 
harm to people, such as burns or cancer. Chemical hazards may include organic, 
inorganic, or metal compounds, and harm may be caused by either dermal con-
tact or ingesting or inhaling the chemical. Common examples of chemical hazards 
in the workplace includes asbestos, lead, beryllium, ammonia, nitrates, and carbon 
tetrachloride.

Biological hazards refer to the ability of biological pathogens to be transmitted 
through dermal contact or inhalation. Common examples of biological hazards 
include viruses, bacteria, fungi, blood, and human feces. Biological hazards are 
gaining increasing importance in today’s workplace because of a heightened aware-
ness among the general public and employees of the long-term health risks posed by 
biological hazards.

Radiological hazards may include both ionizing and nonionizing radiation, which 
can be harmful to humans through general exposure, inhalation, and ingestion. 
Common examples of radiological hazards include microwaves, diagnostic x-rays, 
and work processes that use or generate radiological contaminants or nondestructive 
magnetic examination techniques that use radiation.

An effective hazard identification and control process is based on thoroughly 
understanding the inner relationship between the three process elements of the haz-
ard identification, analysis, and control process. In conjunction with the worker, the 
industrial hygienist will identify the hazard and then determine methods by which to 
analyze and control the hazard. When the hazard is controlled and/or removed, the 
industrial hygienist must understand how the risk posed by the hazard was reduced 
and what level of risk remains to the exposed worker from other hazards. At each 
step of the process, information is gathered and continuously used to improve con-
trolling the hazard and reduce the level of risk posed to the worker. In order for the 
process to be effective, the workers must also understand how they are being pro-
tected, and the reduction of health risk should be effectively communicated. Since 
it is recognized that hazards exist in every work location, below are some tools the 
industrial hygienist can use to improvement the hazard recognition process. Figure 
6.2 depicts a summary of common tools used for recognizing workplace hazards.

Depending on the work function performed, workplace hazards may include haz-
ards that are stationary in the work environment, or are introduced by the work being 
performed. The practice of hazard recognition is a fundamental work process that 

Hazard
analysis

Hazard
identification

Hazard
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Work control
process

FIGURE 6.1  Hazard identification and work control process relationship.
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must be performed on a daily basis, and depending on the work function performed, 
the workplace hazards will vary. An underlying premise for all the hazard recogni-
tion mechanisms is worker feedback.

Employers have the responsibility to ensure that workers are protected against 
workplace hazards. In addition, workers have the right to be informed of the poten-
tial hazards in the workplace and can refuse to perform work as a result of the haz-
ards involved. If an employee refuses to perform a task because performing the work 
is believed to be hazardous, employers have no legal recourse and are not legally sup-
ported if retaliation occurs. Employers that provide safe working conditions for their 
employees are on the road to having a successful and prosperous business. Workers 
are very supportive of employers that are concerned about their well-being.

Many employers provide hazard recognition training to workers at various stages 
of their employment. Hazard recognition training should be considered when

•	 An employee is onboarded with the company. New employees are generally 
receptive and eager to learn about the company and its value, as well as the 
workplace culture.

•	 An employee is reassigned to a new job within the company.
•	 An employee is asked to complete a new task.
•	 An employee is asked to perform a task that is of high risk and consequence 

that has not been performed in recent times.

Recognizing that not all hazards in the workplace will cause injuries, it is incum-
bent upon the employer to make every effort to mitigate hazards and ensure that 
workers are protected when performing work. An integral part of ensuring worker 
safety is to have a process in place that is effective in identifying and mitigating 
hazards before work begins. The hazard identification and mitigation process is not 
a one-person task or responsibility. It requires support and input from supervision, 
workers, and subject matter experts.

Chemical
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Historical known
hazards and

program/process
assessments

Hazard
recognition

Worker
feedback and

regulatory
incidents

Injury/illness
logs and
trending

FIGURE 6.2  Hazard identification tools.
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6.2 � HISTORICAL CHEMICAL AND INDUSTRIAL HAZARDS

There are many types of hazards that can be found in a workplace. The types of haz-
ards are based primarily on the type of business the company is engaged in; however, 
there are some common hazards that are germane to every workplace. An example 
of some common workplace hazards is listed in Table 6.1.

In addition, hazards can also be generated from poor work practices and other human 
behaviors. Poor work practices can create workplace hazards that can prove to be life 
changing for workers. These life-changing events can cause injuries and illness in the 
workplace that may be difficult or, in some cases, impossible to recover from. Examples of 
poor work practices and human behaviors that can contribute to unsafe work practices are

•	 Using unsafe or defective tools
•	 Using tools or equipment in ways for which they were not intended
•	 Operating equipment or vehicles at unsafe speeds
•	 Using improper lifting techniques
•	 Removing or disabling a protective guard or safety device from equipment 

or tools
•	 Failing to wear protective equipment

TABLE 6.1
Common Workplace Hazards

Hazard Description

Chemical Exposures to chemicals, such as cleaning products and solvents, 
while performing preparation tasks, such as chemical mixing or 
fueling stations

Physical Tripping hazards, excessive noise, damaged electrical cords, 
unguarded machinery and rotating devices, vibrations, and 
working at heights (ladders and scaffolding)

Biological Exposure potential arises when working with infectious people, 
animals, or plants; typical exposures are from blood and other body 
fluids, bacteria or viruses, insect bites, and animal or bird droppings

Ergonomic Occur when the task being performed facilitates placing the body 
into a position of strain; examples include poor lighting, 
improperly designed or adjusted workstations, repetitive 
movement, and frequent lifting

General 
safety

Some of these hazards result from poor housekeeping, while 
others can result from workers tripping while walking with no 
apparent hazardous conditions in play

Psychological Can result from personal or workplace stress 
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•	 Standing or working under suspended loads
•	 Working on or utilizing equipment for which training has not been completed
•	 Poor housekeeping
•	 Performing tasks that have not been evaluated and released to be worked 

(scope creep)
•	 Inadequate bounded scopes
•	 Lack of worker focus on tasks and the associated hazards
•	 A renegade attitude by workers and supervision

The health effects of exposures to chemicals and toxic materials in the workplace, 
and the associated physiological and emotional impacts, have been well documented 
over the years for many industries. Since the beginning of the industrial age, the haz-
ards associated with particular industries or professions have been recognized and 
mitigated. In particular, health risks associated with direct exposure to chemicals 
have become an increasingly recognized workplace hazard in today’s work environ-
ment. No matter what the industry or business, chemicals are used every day, and 
while workers understand that they are required to handle chemicals in perform-
ing their job, health risks posed by these chemicals are becoming less accepted, by 
the workforce and the public, as they become more aware of how these hazardous 
chemicals can impact their health.

If the company is located in an older building, or works with asbestos or lead, 
then the industrial hygienist should be aware of how these, and other historically 
hazardous contaminants, interact with the body. For example, friable, crushed asbes-
tos has been known to cause a lung disease, asbestosis, when inhaled; fibers settle in 
the lower part of the lung and cause scarring, making it difficult for people to breathe 
and obtain needed oxygen. Lead is another example of a contaminant that is histori-
cally known to cause serious health impacts. Lead affects many organs and body 
functions to some degree when inhaled or ingested; however, it is most recognized to 
be a neurological and bone hazard.

Through the use of the Internet, today’s workforce is much more aware of the health 
risks posed by chemicals that are used by them every day in performing their job. One 
of the best resources for workers and the public to reference in understanding how 
chemicals can impact them, within their own residential area, is the U.S. Chemical 
Safety Board ([CSB], U.S. Chen Safety Board 2017) website: http://www​.csb.gov.

The CSB is an independent federal agency empowered to investigate chemical 
accidents that occur across the United States. The focus of the CSB is on indus-
trial accidents, ranging from petroleum accidents, such as the Deepwater Horizon 
accident that killed 11 people, to explosions in fertilizer plants across the United 
States. The CSB does not issue fines, but rather works with other regulatory agen-
cies, such as the Occupational Safety and Health Administration (OSHA) and the 
Environmental Protection Agency (EPA), in understanding what caused an indus-
trial accident and how it can be prevented in the future. In 2002, the CSB’s first haz-
ard investigation on reactive chemicals included a review of more than 150 serious 
accidents involving uncontrolled chemical reactions in industry. This investigation 
led to new recommendations to OSHA and EPA for regulatory changes. A second 
hazard investigation on combustible dusts is currently in progress that is expected to 

http://www.csb.gov
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impact how OSHA regulates industries that generate and mitigate combustible dusts 
and provides better hazard control for worker.

The challenge for the modern industrial hygienist is to recognize that workers are 
more educated and aware of the hazards, and the industrial hygienist must work with the 
workforce in collectively identifying and managing the hazards. For example, ammonia 
has long been recognized as a hazardous chemical, but it is easily recognized by smell, 
before its hazardous properties can cause harm to the human body. Although workers 
may accept the smell of the chemical at lower concentrations, they may become con-
cerned that over time breathing that concentration may cause chronic (long-term) health 
effects. Also, some workers may be sensitive to the chemical and may exhibit acute 
(short-term) health effects that the industrial hygienist will have to address.

The industrial hygienist is challenged with adequately communicating the rec-
ognition of the chemical hazard, along with communicating how the hazard will be 
adequately mitigated and the health risks to the worker minimized. In addition to the 
hazards of asbestos and lead, other common occupational illnesses associated with 
chemicals, and other physical and biological hazards, are listed in Table 6.2. The table 
represents a short list of well-known workplace illnesses; however, there are many more 
that are present in the workplace depending on the chemicals and physiological and 
biological contaminants being used in the manufacturing or industrial work process.

TABLE 6.2
Example Workplace Illnesses

Contaminant Symptoms and Illness

Beryllium Skin sensitization; berylliosis; health impacts to the liver, 
kidneys, and heart; neurological disorders; lymphatic 
system problems

Silica Lung diseases, such as bronchitis, emphysema, and chronic 
obstructive pulmonary disease; kidney and immune system 
diseases

Ammonia Irritation to skin and eyes, shortness of breath, headaches, 
bronchitis, seizures

Carbon tetrachloride Headaches, dizziness, liver and kidney damage, 
neurological disorders

Benzene Headaches, dizziness, skin irritation, liver and kidney 
damage

Acetone Headaches, dizziness, disorders with cognitive thinking, 
neurological disorders

Chlorinated 
hydrocarbons

Headaches, dizziness, disorders with cognitive thinking, 
neurological disorders, liver and kidney damage
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The industrial hygienist should be intimately familiar with the work equipment, 
processes, and chemicals that are introduced and used in the work environment. 
Therefore, the industrial hygienist must understand what chemicals and toxic mate-
rials are being used, in what form they are being used, and any historical incidents 
that have occurred in the work environment. Feedback from workers, along with 
historical information regarding toxicological information in the general industry, is 
useful in determining whether the hazard posed from the chemical or toxic material 
is understood and recognized not just by management, but also by the workers. In 
most industries, the chemicals and toxic materials used in a process have been identi-
fied and are in some form being managed. Additionally, there are known industrial 
hazards that have been established based on the industrial process. For example, 
not only is the industrial hygienist concerned with the toxicological effects from 
a particular chemical used, but also other hazards, such as physical and biological 
hazards, must be recognized, and the risk posed by these hazards must be factored 
into worker protection and controls.

6.3 � WORKPLACE HAZARD INVENTORIES

In the quest to better protect workers, it is a good idea for an Industrial Hygienist to 
complete and make available to every worker a facility and health hazard inventory. 
These inventories should contain pertinent information on the types of processes, 
along with the known hazards, and the control methods that were used to mitigate or 
provide the means for workers to protect themselves from being injured. Generation 
of a facility and health hazard inventory is a good tool for the industrial hygienist 
because not all information associated with hazards recognition is contained within 
one inventory or program location. These inventories can be key in planning work 
in particular for routine work, determining priorities for monitoring and process 
change evaluations.

6.3.1 �T ask Hazard Inventory

A comprehensive task hazard inventory is a must to provide the needed information 
on hazards and protective measures that can be used in planning and implementing 
work safely in the pursuit of reducing health risk. A comprehensive inventory con-
tains all known tasks and is updated each time a new task is developed. However, 
used alone this type of inventory does not provide a complete picture of risk and the 
types of potential hazards faced by workers. An example of a task hazard inventory 
is provided in Table 6.3.

6.3.2 �F acility Hazard Inventory

A facility hazard inventory consists of the physical, chemical, biological, and ergo-
nomic factors that are inherent in the work environment that can cause injury or illness 
to a worker when in that environment performing work. These hazards are a constant 
in the work environment and therefore must be taken into consideration each time 
one enters that work area. These hazards must be factored into the work planning and 
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control process when planning work. Table 6.4 shows a typical facility hazard inven-
tory and can be very useful in documenting non-job specific hazards and associated 
health risks. This inventory is typically in the format shown or in a database format.

6.4 � INJURY AND ILLNESS LOGS AND INSPECTION TRENDING

Injury and illness logs and trending generated from routine inspections can be used 
by the industrial hygienist for researching and understanding hazards that may be 
associated with the workplace. Under 29 CFR 1904, companies are required to report 
workplace injuries or illnesses that occurred as a result of work being performed at 
their job sites. The reporting must be on an annual basis and posted in the workplace. 
The industrial hygienist may or may not be involved in managing the injury and ill-
ness reporting process, but either way, the injury and illness logs can serve as a good 
resource in understanding the company’s highest-risk work.

For example, a review of the workplace logs may indicate that over the past 8 
years, two workers have been diagnosed with hearing loss. Research into the two 
individuals’ working conditions shows that both at one time worked on the same 
assembly line. Although sound-level measurements indicate that noise levels were 
below regulatory exposure limits, there is some equipment in the work location that 
at short intervals generates noise levels above the regulatory requirements. Further 
investigation by the industrial hygienist may be needed to ensure that workers are not 
performing tasks that would expose them to the elevated noise levels for extended 
periods of time. Another example is that three workers have been diagnosed with 

TABLE 6.3
Task Hazard Inventory

Task Hazard Control PPE

Welding Fire Fire extinguisher 
training for workers

Fire extinguisher 
inspected and available

Fire warden available 
while welding

Welder PPE: Include 
welder shield, gloves, 
and apron

Fire warden PPE: Include 
safety glasses, hearing 
protection (if needed), 
safe distance away from 
work, and welder screen

Lifting 
containers 
and supplies

Sprains and 
strains

Training (ergonomic, 
proper lifting 
techniques)

Gloves and back brace

Chemical 
addition

Exposure to 
chemicals

Local ventilation
Personal monitoring

Chemical gloves, goggles 
(face shield), and apron
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skin dermatitis and skin sensitivity, and all three workers perform jobs in the same 
work location. The industrial hygienist should investigate the work location and 
determine whether the workers performed the same task, were located for a period 
of time within the same work location, or used a common work location or change 
area. In both examples, as with every workplace incident or injury, it is critical to 
receive feedback from the workers as to whether they all share something in com-
mon or whether they can provide additional information that will assist the indus-
trial hygienist in recognizing an unknown hazard. Whether the industrial hygienist 
researches the formal incident and illness logs or informal documentation of each 
incident, information can generally be gathered that pertains to the following:

•	 Name of injured employee
•	 Work activities the employee was performing within 24 hours of the onset 

of the injury or illness
•	 Description of injury or illness
•	 Formal diagnosis of the injury or illness and worker feedback on how the 

work evolution progressed
•	 Feedback from the employee as to what he or she believes caused the injury 

or illness

TABLE 6.4
Example Facility Hazard Inventory

Facility Location Hazard Control PPE

Chemical 
processing

Second floor 
chemical 
addition 
station area 
access

Access 
stairway 
steep and 
slick after 
cleaning

Stairway 
posted with a 
sign stating 
the condition

Wear rubber sole 
shoes or safety 
shoes

Hold stairway 
railing when 
ascending and 
descending

Chemical 
processing

Tank 
receiving

Skin contact 
and 
inhalation 
of fumes

Local exhaust 
ventilation

Face shields, 
goggles, apron, 
and gloves; 
respiratory 
protection if 
required

All areas All areas Walking on 
uneven 
surfaces

Brief workers; 
pay attention 
and wear 
appropriate 
shoes 

None
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All companies have some form of information that is related to workplace injuries 
and illnesses, which is useful to the industrial hygienist in understanding and recog-
nizing hazards in the workplace. In addition, company self-performed inspections or 
self-assessments are routinely conducted to verify workplace conditions and provide 
a record of conditions, as observed, in the workplace at the time of the inspection. 
Depending on the industry, a self-assessment program can be very limited and look 
for those workplace conditions that only identify noncompliances with regulatory 
requirements, or the self-assessment programs can be formal and in depth and drive 
safety performance to not only address conditions that are regulatory noncompli-
ances, but also reinforce safe work behaviors. Typically, self-assessment programs 
address all topics of OSHA regulations and may include additional criteria that are 
important to the business and corporation. Trending of information generated from 
self-assessments can be useful in providing feedback to management and employees 
as to how existing processes and workplace conditions can be modified to promote 
safe work conditions.

Many companies have hazard identification checklists that are used in the hazard 
recognition process. Most of the checklists are focused on identifying all hazards 
posed to the worker and not just chemical or toxic materials. A checklist can be 
useful in stimulating thought from management and workers in recognizing hazards 
that either may not be obvious to them or they take for granted as being understood 
and recognized because they are common hazards. It is often the common hazards 
that pose the most significant risk to workers. Table 6.5 is an example checklist that 
can be used in the hazard recognition process. The checklist is generic to a general 
hazard recognition process, but can be modified to focus on those hazards most often 
found in the industrial hygiene profession. Because Table 6.5 is a generic checklist, 
hazard recognition checklists should be tailored to the company and the hazards 
posed by the industry or work process.

6.5 � CHEMICAL INVENTORIES: USE, STORAGE, 
AND DISPOSAL RECORDS

Both OSHA and the EPA require hazardous chemicals to be inventoried and man-
aged to be protective of human health and the environment. Specifically, the Hazard 
Communication Standard, promulgated in 1983 and amended in 1987, requires haz-
ardous properties of the chemical or compound to be readily identified on the con-
tainer or package. The information has to be readily available to the workers for their 
use, and training on the hazardous properties of the chemical is required. All chemi-
cals used in the workplace must be managed, and information communicated not 
only to the workers but also to local and state communities because of requirements 
associated with the Superfund Amendments and Reauthorization Act (SARA) Title 
III. SARA Title III, also known as the Emergency Planning and Community Right-
to-Know Act (EPCRA) which was promulgated in 1986 following the accidental 
release of methylisocyanate in Bhopal, India, in 1984. As a result of the chemical 
release, more than 2000 people were injured and chemical management regulations 
were promulgated that would require companies to inventory and provide chemical 



85Recognizing, Evaluating, and Controlling Workplace Hazards

TABLE 6.5
Example Checklist for the Hazard Recognition Process

Date:	 Walk-through location:____________________________________ 

Person completing hazard recognition checklist:________________________________

Yes No Comments

Chemical Hazards
	 1.	What work is performed in the work location 

that may use chemicals?
	 2.	Are health hazards of the chemicals readily 

known, and is information available to the 
workers?

	 3.	Have there been any workplace incidents or 
illnesses identified for the chemicals used?

	 4.	Do workers know and understand the health 
hazards associated with the chemicals being 
used?

	 5.	Do workers understand how to control and 
manage exposure to the chemicals they use?

Fire Hazards
	 1.	Are flammable products used in the work 

location?
	 2.	Are the flammable materials properly stored?
	 3.	Do workers understand the hazardous properties 

of the flammable material?
	 4.	What emergency measures are in place to 

manage a fire? 
	 5.	Are the right type of fire extinguisher available?
	 6.	Are fire extinguishing and suppression systems 

routinely inspected?
	 7.	Do workers understand how to respond to a fire?

Physical and Biological Hazards
	 1.	What are the physical and biological hazards of 

the work location?
	 2.	What are the physical and biological hazards 

recognized by the workers?
	 3.	Is noise generated as part of the work process?

(Continued)
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manufacturing and storage information to local emergency response personnel and 
county and state government agencies. Specifically, under EPCRA companies are 
required to:

•	 Provide material safety data sheets (MSDSs) for all chemicals used and 
stored at a facility

•	 Submit a toxic chemical release inventory form for all chemicals used above 
the applicable threshold quantities

•	 Notify regulatory agencies of releases greater than the reportable quantities 
(as defined in the regulation)

Chemical inventories, along with use, storage, and disposal records, can provide 
a piece of the puzzle for the industrial hygienist to use in understanding what health 
hazards may be posed when employees are performing work. A typical chemical 
inventory list contains the following information:

•	 Chemical name
•	 Chemical Abstract Services number
•	 Trade name
•	 Hazard class
•	 Manufacturer
•	 Quantity

TABLE 6.5 (CONTINUED)
Example Checklist for the Hazard Recognition Process

Date:	 Walk-through location:______________________________________

Person completing hazard recognition checklist:_________________________________

Yes No Comments
	 4.	Are biological hazards, such as blood-borne 

pathogens, or unique biological hazards, such as 
bodily fluids or communicable diseases, 
present? (often associated with research and 
development activities)

	 5.	Do workers review work conditions prior to 
initiating work to ensure that any physical 
hazards have been identified?

	 6.	Do management and workers recognize that 
changes to their work tasks may trigger a need 
to review and confirm that no new hazards have 
been introduced into the work environment?
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Based on the information available, the industrial hygienist can then research 
and identify health hazard properties of the chemicals, as well as understand how 
the chemicals are used, to quantify health risk to the workers from exposure to the 
chemicals.

If more than one chemical is used in a work process, the industrial hygienist must 
also understand the additive and possible synergistic health effects that can be posed 
by more than one chemical. The use of more than one chemical by the employee can 
increase and further magnify the health risks posed by the chemicals and may drive 
additional administrative controls (such as lower acceptable occupational exposure 
limits) to be fully protective of the worker.

Storage of chemicals can also pose health risks to the workers. As workers per-
form their assigned tasks and increase the amount of time spent in a chemical storage 
area, there is an increased probability that they may be more frequently in contact 
with chemicals (and therefore potentially have an increased health risk) than those 
employees that just work with them. Documentation associated with the disposal 
of chemicals can also provide useful information to the industrial hygienist of what 
chemicals may be present as part of the manufacturing process.

The hazardous waste manifest and shipping information provide information 
associated with chemical properties and appropriate response protocol. The indus-
trial hygienist can gain very useful information pertaining to the hazard identifica-
tion and mitigation process when reviewing shipping information associated with 
the disposal of chemicals. State and federal government agencies will not allow 
anything to be shipped without specific information being identified, such as the 
chemical name and physical and health hazard properties. In addition, hazardous or 
chemical waste that is shipped for final disposal will not be accepted at the receiving 
facility without ensuring that the waste is compatible with the waste currently being 
stored and disposed of, and that the waste meets specific acceptance criteria, which 
can include toxicological considerations.

6.6 � REGULATORY INSPECTIONS AND VIOLATIONS

All companies will undergo some form of regulatory inspections. Regulatory 
inspections can be either planned or unplanned. Planned regulatory inspections 
are generally driven by regulatory agency criteria, such as number of employees, 
type of work being performed, or past performance and issues. Planned regula-
tory inspections may or may not be conducted by the same inspector each time, 
and usually include some level of follow-up after the identification of an issue or 
hazard that may be noncompliant. The industrial hygienist needs to understand 
what areas or operations have been inspected, along with the inspection results 
over the past 5 years (at a minimum), how the inspection results were managed, 
and whether the hazard still exists in the workplace. If a noncompliant condition 
was cited, the noncompliance must be conspicuously posted and effectively com-
municated to the workforce. Because of regulatory liability, it is important that the 
industrial hygienist or safety professional review inspection results with the work-
force, and it is recommended that workers be involved in the resolution process. 
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Unplanned inspections are generally driven by either historical or poor safety per-
formance or complaints from the workforce.

When responding to an unplanned inspection, it is important for one per-
son to be designated the primary point of contact for the inspector, and that the 
company communicates when someone will be performing inspections on work 
being performed. The industrial hygienist should communicate how the work is 
performed, how hazards associated with the work are identified, and the process 
used to manage or mitigate the hazard. Historical inspection results, whether 
resulting from a planned or unplanned regulatory inspection, can often provide 
clues to the hazard identification process, and can be useful to the industrial 
hygienist.

6.7 � HAZARD CONTROL AND WORK EXECUTION

The industrial hygienist plays a major role in controlling hazards for the safe execu-
tion of work. Not only is the control of hazards an effective method for reducing the 
probability and severity of a health risk, but it is also regulatory driven by federal, 
state, and local agencies. As such, it is important that the industrial hygienist has a 
keen understanding of the model most commonly applied in defining the hierarchy 
of hazard controls. The most commonly recognized model for applying such a hier-
archy is depicted in Figure 6.3.

Use of this model has proven to be an effective method to achieve a reduction 
in health risk and to protect the health and well-being of workers. In addition, by 
applying a hierarchy of hazard controls, both the behavior of workers and the overall 

Personal protective equipment

Work practices and administrative
controls

Engineering controls

Substitution

Elimination

FIGURE 6.3  Hierarchy of hazard controls model.
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environment in which work is performed are improved and result in a greater accep-
tance of risk. Using the hierarchy of control model, the first method for hazard con-
trol should begin with an attempt to eliminate the hazard, and the method that should 
be considered last is the use of personal protective equipment (PPE).

6.7.1 � Hazard Elimination

The most effective method to control a hazard is to completely remove it from a work 
or manufacturing process. Elimination of the hazard may mean that the entire pro-
cess is revised to change the operating parameters to reduce the interface between 
the process or machines and the worker, for example, changing a process to remove 
the requirement to use a known carcinogen. This method is most easily applied in the 
design of a system before equipment is purchased and installed.

6.7.2 � Product Substitution

Product substitution provides an opportunity to replace a highly hazardous substance 
with a less hazardous one, or a hazardous substance with a nonhazardous one. In 
the former case, a hazard may still exist and further hazard control methods may be 
needed.

6.7.3 �E ngineering Controls

Engineering controls involve designing and adding physical safety features and bar-
riers to the process or equipment to eliminate or reduce exposure of the worker to 
hazards. Examples of engineering control include adding a wet scrubber to a process 
to reduce dust emissions, adding ventilation to eliminate or reduce the release of 
fumes from a chemical process, or adding a guard to a table saw to prevent worker 
contact with the blade during operation.

6.7.4 �W ork Practices and Administrative Controls

Work practices and administrative controls involve establishing policies, procedures, 
and work practices to minimize the exposure of the worker to health risks. These 
controls may include scheduling jobs in such a way as to limit exposure, posting 
hazard signs, restricting access, and providing training.

6.7.5 � Personal Protective Equipment

PPE should be the last method considered when attempting to reduce a worker’s 
exposure to a contaminant. This method should only be used when all other methods 
are impractical, or in conjunction with other more effective hazard control methods. 
When selecting PPE, ensure that the right PPE is selected based on the hazard, as no 
single type of PPE can protect against all workplace hazards.
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6.8 � INTEGRATION OF HAZARD RECOGNITION 
AND CONTROLS AND WORK CONTROL PROCESSES

The work planning process is at the core of completing work and ensuring that the 
work is performed on schedule and safely, and results in the quality desired. Planning 
work from beginning to end, and integrating the hazard recognition and control pro-
cess, is key for company success and requires a concentrated effort to ensure that 
each aspect of the job is reviewed and analyzed, and health hazards and associated 
risks are mitigated when discovered. There are four important stages that are criti-
cal in the work control process: planning, approving or authorizing, execution, and 
closeout. Figure 6.4 depicts a guide for planning and controlling the flow of work.

6.8.1 � Planning Work

A work plan is the first stage of the process used to control the manner in which work 
is performed. This plan provides a comprehensive account of how a specific task will 
be accomplished. The work planning process includes.

•	 The ability to develop and bound the scope of the work
•	 Performing a comprehensive analysis of work tasks or steps
•	 Identifying and mitigating hazards associated with each work task or step

A properly documented and bounded work scope is important in the hazard anal-
ysis process. Often, hazards are missed during the evaluation process because the 
scope is not bounded properly, allowing the potential for scope creep to manifest 
itself. Scope creep refers to the process of allowing a project or task to grow beyond 
the intended purpose, scope, or size. Planning activities that can assist the industrial 
hygienist in the work planning process include

•	 Developing a clear scope. Figure 6.5 identifies three attributes to consider 
when defining the work scope.

•	 Ensuring that hazards are evaluated and mitigated. Figure 6.6 identifies 
three attributes that should be considered when evaluating and mitigating 
hazards.

•	 Involving the worker in the scope development and hazard analysis process.
•	 Engaging the appropriate subject matter experts.
•	 Reviewing the scope to ensure that it is appropriately bounded.

•Perform workPlan Approve Execute
•Develop scope
•Hazard
  identification,
  evaluation, and
  control

•Review
•Reevaluate
•Concurrence

•Monitor

•Feedback
•Lesson learned
•Record
  archiving
•Continuous
  improvement

Closeout

FIGURE 6.4  Work planning and control guidance.
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6.8.2 �A uthorizing Work

The project manager or responsible individual must be confident that work is ready 
to proceed safely before approving work to begin. This is one of the greatest respon-
sibilities that has been entrusted to project managers and supervisors, since they 
are responsible for facilitating a safe work environment for workers. Before approv-
ing work, there must be a concentrated effort to ensure that all parties involved 
are in agreement that the project or task is ready to be worked. This includes 
considerations of

Develop
scope

Determine
activities

Bound
activities

Evaluate

FIGURE 6.5  Development of project scope.

Hazard
evaluation

and
mitigation

Mitigate
hazard

Analyze
hazard

Review
bound

activities

FIGURE 6.6  Hazard evaluation and mitigation.
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•	 Ensuring the scope is appropriately bounded. This is a good time to review 
and reevaluate the scope.

•	 Hazards being identified, analyzed, and mitigated.
•	 Tools and resources being available to complete the job safely.

Once the project manager and supervisor are comfortable that all project 
parameters have been considered and the right measures are in place, then final 
consent can be given to begin work. In addition, it may be necessary to receive 
consent from

•	 Subject matter experts
•	 Supervisors
•	 Project management
•	 Workers (final worker consent is generally given at a tailgate or prejob 

meeting before work can begin)

6.8.3 �W ork Execution

Work should be executed as planned using the approved scope of work. Supervisors 
and workers must avoid the temptation to include other task in the process that 
have not been evaluated and approved. It is important to have the scope clearly 
defined to keep this from happening. Before beginning the work, workers must be 
briefed on the following to ensure that work quality and safety are at the forefront 
of work.

•	 Scope of the work
•	 Potential hazards and mitigating controls
•	 Protective equipment that will be required for the job
•	 The right of workers to pause work when they believe safety is of concern 

or the project is not being implemented as planned

Workers must also be empowered to call a work pause when things are not going 
as planned, when there is a potential hazard that has not been mitigated, or if they are 
unsure how to carry out a particular step. Supervisors and management must monitor 
the work to ensure that it is being performed as planned and safely. Figure 6.7 identi-
fies the workflow process the industrial hygienist uses when performing or support-
ing the execution of work scope.

6.8.4 � Project Closeout

During a project closeout, it is time to evaluate how the project performed and to 
learn from project successes and failures. Figure 6.8 depicts attributes the indus-
trial hygienist should consider when supporting project closeout activities. It is also 
a good time to determine what can be done better in the future to improve work 
implementation and quality and reduce health risks to the worker. As an industrial 
hygienist, you should reflect on how health hazards were identified, the methods and 
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approaches for evaluating those health risks, and how hazard controls were applied 
to identify improved methods for reducing those health risks. Incorporating the 
worker into this self-reflective process is not only beneficial to industrial hygienists 
in improving their skills and the reduction of health risks, but also empowering to 
the workers because they are a part of building a better safety and health program.

6.9 � MANAGEMENT BY WALK-AROUND

The focus of management by walk-around should be on observing work behav-
iors and reinforcing management expectations of having a safe work environment. 
Management spending time in the field or on the shop floor is a great way to become 
aware of potential workplace hazards, as well as build trust and relationships with 

Feedback

Lesson
learned

Continuous
improvement

Record
archival

Closeout

FIGURE 6.8  Project closeout.

Execute
work

Monitor
work

Perform
work

FIGURE 6.7  Work execution process.
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the workers. Workers will open up to and share information with managers that they 
believe are concerned with their well-being and the way the business operates. There 
are three key elements that make this style of management successful: preparation, 
communication, and persistence to connect. Figure 6.9 depicts these key elements.

6.9.1 � Preparation

It is necessary that the manager prepare to engage in meaningful and insightful con-
versations and interactions with workers as he or she is walking through the work 
area. It may be necessary for managers to familiarize themselves with the types of 
projects and tasks that workers are performing before interacting with them. Workers 
are generally always happy to discuss their contribution to the company, and are even 
more excited to discuss their jobs when the leader shows that he or she has some level 
of familiarization with the tasks and business. In addition, it would be helpful if the 
leader has some familiarization with the workers and their performance.

6.9.2 �C ommunication

Communication with workers must be approached openly, honestly, and with sincer-
ity. Workers will know when a manager is not being forthright and sincere. Therefore, 
when management and professionals are walking around, there should also be sensi-
tivity regarding how to focus on identifying and correcting unsafe behaviors.

6.9.3 � Persistence to Connect

It is entirely possible that during initial walk-arounds, employees will be reluctant to 
speak with the manager. In such cases, that manager must be prepared to find an area 
of interest that will spark interest and energize the worker into engaging in meaning-
ful dialogue. It may take several trips to the work area to spark communication from 
some workers. Some workers will need to see consistency in actions from leaders 
before opening up and offering ideas and suggestions.

Prepare

Communicate

Persistence
to connect

FIGURE 6.9  Management by walk-around paradigm.
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6.10 � SAFETY THROUGH DESIGN: DESIGNING HAZARDS 
OUT OF THE PROCESS

The most effective and efficient method to mitigate workplace hazards, and associ-
ated health risks, is safety through design during the conceptual phase of a project 
or task. Safety through design is a concept gaining importance that refers to the inte-
gration of hazard identification and control methods in the design of processes and 
systems. Safety through design also refers to the incorporation of risk assessment 
methods early in the design process to eliminate or minimize the risks of injury to 
workers. Figure 6.10 depicts items to be considered, by the industrial hygienist, when 
performing reviews or involved in the overall design process. An effective design 
strategy should encompass all design activities, including facilities, hardware, sys-
tems, equipment, processes, and products.

In order to evaluate and manage safety and health risks during the design phase, 
management, subject matter experts, and engineers should consider the following:

•	 Physical design of a product, process, or system
•	 Workplace layout, with a focus on eliminating or reducing potential hazards
•	 Factoring controls in the design process to eliminate hazards that may 

occur during operation or processing
•	 Designing work, workstations, and processes to eliminate or minimize the 

risks to workers

Many of the environment, health, and safety regulations have several require-
ments that may be more effectively addressed through the design stage of a process. 

Safety
through
design Chemical

hazards

Environment
considerations

Physical
hazards

Ergonomic
hazards

Ergonomic: Design workstations, equipment,
tools, and processes to fit and reduce stress on
workers, for example, ergonomically
designed workstations, lifting devices to avoid 
manual lifting, and equipment layout to avoid 
overreaching and performing tasks 
repetitively.

Physical: Designing to remove potential physical
hazards to workers should focus on the proximity of
the employee to the work and associated haxards.
Considerations should include remote operations of
equipment, enclosure of equipment and process
where feasible, and that moving parts are guarded.

Environmental considerations: Determine early the
applicability of environmental regulations and the
type and amount of air emissions that will be
emitted by the process. Develop ways to reduce
pollution, reduce waste, and conserve energy.

Chemical: As much as feasible, eliminate direct
contact with the chemical and the frequency of
chemical handling. Consider substitution of 
hazardous chemicals with less hazardous ones. Use
of ventilation systems to reduce exposure.

FIGURE 6.10  Safety through design considerations.
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Some regulatory requirements that can be effectively designed in the design stage 
include provisions for hazards such as the following:

•	 Noise
•	 Confined space
•	 Hazardous chemicals
•	 Stack discharges

Ensuring that workstations, work processes, and systems are designed to reduce or 
eliminate the risk to workers is an important part of a worker health and safety man-
agement system and management’s commitment to their workers.

Waiting to address process hazards at the completion of the project can be a costly 
and less effective way to address safety and health issues, and at times, it may be too 
late to eliminate or minimize hazards. At such points, oftentimes workers are asked 
to wear PPE that can at times present additional hazards or stress on the worker when 
performing work tasks.

6.11 � EMPLOYEE ENGAGEMENT AND INVOLVEMENT

One of the primary mechanisms for identifying, evaluating, and controlling work-
place hazards is feedback from the workers. The workers are the industrial hygien-
ist’s eyes and ears in the work environment and are most familiar with the work that 
is planned to be performed. There are many reasons for the importance and useful-
ness of worker feedback, but some of the most familiar reasons are listed below.

•	 The workers are the people who generally have more knowledge on task 
performance. Depending on the type of business, turnover rates (length of 
time a person stays on the job before leaving for another job) are gener-
ally lower for workers than management. Consequently, they may be most 
familiar with workplace conditions and when a hazard exists.

•	 The workers may have been involved in the planning of the work. Whether 
the work is routine or nonroutine, workplace regulations (OSHA) require a 
hazard identification and analysis to be performed as part of the job plan-
ning process. The job planning process generally will review work steps to 
be performed, and as each step is identified, hazards associated with the 
work step will be identified.

•	 Most workers want to do the right thing—people have an innate sense of 
wanting to accomplish work in an honest manner. As an industrial hygien-
ist, you will find that most people are genuine and want to work together 
with the company to build a positive, prideful workplace.

•	 Workers tend to trust fellow workers more than company personnel. 
Relationships are built over time among fellow workers because they spend 
a significant amount of time with each other. In many cases, work crews 
become like a family. Therefore, when workers identify hazards, they may 
be more readily accepted and managed by fellow workers.
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Identifying a hazard may not always be viewed as a positive behavior trait by 
some within the company, so the industrial hygienist should recognize that the rais-
ing of an issue or identification of a hazard should be encouraged. In addition, a good 
industrial hygienist should work on building a relationship with the workforce in 
order to increase trust, communication, and the ability to work together in improv-
ing workplace conditions. It should also be noted that most inspection and regula-
tory personnel will interview workers when performing an evaluation or inspection; 
therefore, it is prudent for the industrial hygienist to have a good relationship with 
the worker to ensure that information is being communicated on a daily basis so that 
the company may have an opportunity to address an issue prior to it being commu-
nicated outside the company.

Most would agree that a key element in providing a safe workplace begins with 
employees that are actively engaged in work and the work environment. When 
employees are engaged in hazard evaluation and mitigation, they are invested in 
ensuring that the project and the associated tasks are performed within the desired 
quality and safety envelope. Some of the benefits of employee engagement include

•	 A willingness to work to make the company successful
•	 A higher level of trust
•	 Innovative thinking
•	 A commitment to the safety culture of the company

Employees that are engaged in their workplace are a known asset in their abil-
ity and willingness to seek out hazards and work with leadership in evaluating and 
mitigating those hazards. To ensure that employees are equipped to assist effectively 
with hazard recognition and mitigation, it is incumbent upon management to ensure 
that the appropriate training is provided. Training employees on the process of haz-
ard recognition is extremely important. Workers are close to the work that takes 
place in an organization and company. Hazard recognition training for workers is 
discussed in more detail in Chapter 8.

QUESTIONS TO PONDER FOR LEARNING

	 1.	Discuss the importance of relationship building for the industrial hygienist.
	 2.	Name and discuss some benefits of employee engagement.
	 3.	What are some of the chemical and physical hazards an industrial hygienist 

must mitigate in the workplace?
	 4.	Why is it important for an industrial hygienist to be proficient in the recog-

nition, evaluation, and control of workplace hazards?
	 5.	What are some tools industrial hygienists can use to guide them in the iden-

tification of workplace hazards?
	 6.	Discuss the right of an employee to refuse to perform a task that he or she 

believes to be unsafe and the actions employers can take to address the 
situation.

	 7.	When should hazard recognition training be administered?
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	 8.	Discuss some poor work practices and human behaviors that can facilitate 
and contribute to unsafe work practices and resultant increased health risks.

	 9.	How can a hazard identification checklist aid the industrial hygienist in 
recognizing hazards that are present in the workplace?

	 10.	What is a common model used for identifying hazard controls, and how 
should the industrial hygienist implement the model in the decision-making 
process?

	 11.	List and discuss the stages of the work planning process.
	 12.	What is the role of an industrial hygienist in the work planning and control 

process?
	 13.	Define scope creep. Discuss how it can introduce hazards that were not 

anticipated and mitigated.
	 14.	Describe the safety by design process. How important is this concept in 

controlling hazards in the workplace and ultimately reducing health risks?
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7 Medical Monitoring 
and Surveillance 
of the Worker

7.1 � INTRODUCTION

Medical monitoring and surveillance of the worker encompasses both the medical 
techniques and the methods used to evaluate workers exposed to physical, biological, 
chemical, and radiological hazards, along with a specified frequency and program that 
validates that the workplace environment does not cause harm to workers. A medi-
cal monitoring and surveillance program is an essential element of an overall worker 
injury and illness protection and prevention program. Most companies and institutions 
have and maintain a medical monitoring program for their workforce. The benefits of 
a medical monitoring and surveillance program include, but are not limited to,

•	 Ensuring that personnel are capable and able to perform a job prior to being 
hired

•	 Reducing the cost of health insurance provided by the company
•	 Reducing workers’ compensation costs covered by the company
•	 Confirming to employees that the work they are performing does not impact 

their personal health
•	 Providing employees with access to wellness and injury illness prevention 

information
•	 Confirming to a company or institution that its hazard controls are success-

ful and are not causing additional harm to the employees
•	 Complying with regulations that require the workplace to have a medical 

monitoring and surveillance program

The industrial hygienist is a key player in the effective implementation of a medi-
cal monitoring and surveillance program. Defining the type of hazards the worker is 
exposed to and locations of the hazards, anticipating and preventing negative health 
effects due to exposure to the hazards and contaminants, and preventing an increased 
health risk to the worker are just some of the reasons why the industrial hygienist is 
key to ensuring that health risks to workers are minimized.

A medical monitoring and surveillance program should be tailored to the hazards 
and contaminants to which the worker may be exposed. Occupational health medical 
providers are not usually educated in workplace hazards because their primary means of 
evaluating patients is by symptoms and body functions. They may or may not have ever 
visited the work location of their patients, and many times their services are contracted, 
with little information provided to the medical provider so they he or she can better 
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understand the work environment and the potential for causation of an injury or illness. 
It is the responsibility of the industrial hygienist to work with the medical provider to 
ensure that a good communication mechanism exists to bridge the informational gap so 
that the medical provider can make the best determination on whether an injury or illness 
was caused by the workplace, because of actions taken by the worker while performing 
his or her job. The occupational health medical provider also has access to a worker’s 
personal medical history and will use that information in determining “causation.”

Much of the information used by the industrial hygienist when interfacing with the 
occupational health medical provider is related to regulatory requirements. There are 
common regulatory requirements associated with medical monitoring that are cross-
cutting and applicable to all industries, such as requirements associated with asbestos, 
lead, chromium, noise, and heat stress. There are also regulatory requirements associ-
ated with medical monitoring that are specific to the type of profession, such as nuclear 
operations and remediation, hazardous waste site cleanup, and chemical demilitariza-
tion. It is the responsibility of industrial hygienists to investigate what medical moni-
toring requirements are applicable to the work they are professionally supporting and 
incorporate those requirements into the company’s occupational safety and medical pro-
grams. Additionally, information generated as part of the medical monitoring and sur-
veillance program may be used to support workers’ compensation claims. The industrial 
hygienist is the primary person relied on for managing and providing exposure informa-
tion, such as air monitoring and sampling, surface sampling of particulates, and general 
exposure information that may be needed to process a workers’ compensation claim.

When a worker is injured, or has exhibited symptoms that could be attributed to 
an occupational illness, it is the industrial hygienist that is relied on to provide work-
place monitoring information that can either support or refute the claim. Workers’ 
compensation programs are administrated by each state, so depending on where 
the company, industry, or institution is located, the type of information needed to 
support the program needs to be understood by the industrial hygienist. All of these 
factors must be considered by industrial hygienists when they are establishing and 
managing their workplace medical monitoring and surveillance programs.

7.2 � MEDICAL MONITORING AND SURVEILLANCE PROGRAM

Almost every regulatory body that exists in the United States, and worldwide, requires 
some form of medical monitoring for workplaces that fall under its jurisdiction. The 
number of requirements that may apply depends largely on the work environment and 
hazards that are formed in the course of performing work. For example, the Occupational 
Safety and Health Administration (OSHA) requires a worker who is exposed to inorganic 
arsenic at levels greater than 5 μg/m3 more than 30 days per year to be annually exam-
ined. Another example is that an employee who performs work at a hazardous waste site 
is required to obtain a medical exam annually or when there is a significant change in 
a work assignment (being introduced to a new regulated contaminant or hazard).

It is the role of the industrial hygienist to be familiar with the work activities, work-
place hazards, and medical monitoring requirements associated with the work being 
performed. Depending on the size of the company, the medical monitoring and sur-
veillance program may be managed within the human resources department (as with 



101Medical Monitoring and Surveillance of the Worker

smaller companies), within the safety and health group (midsize groups), or by depart-
ments that employ the workers (for larger companies). The smaller the company, the 
more involved the industrial hygienist may be with the occupational health provider.

There are essentially six elements of a medical monitoring and surveillance program:

	 1.	Establishment of company protocols related to the medical monitoring and 
surveillance program

	 2.	Scheduling and tracking of medical physicals
	 3.	Performance of the medical physical, whether it be a routine visit or emergency
	 4.	Notification of results, whether from the occupational health provider or work

place sampling and monitoring
	 5.	Analysis of occupational health data and sampling and monitoring results
	 6.	Records management

Industrial hygienists are involved with each of the elements, to some extent. The 
degree of their involvement varies depending on whether the program element is 
directly related to the hazard analysis and control process. Those elements of the 
program that implement administrative mechanisms, such as scheduling and track-
ing of physicals, and records management, require less involvement of the industrial 
hygienist; however, those programs that are integral to the diagnosis of an injury or 
illness typically require an increased level of involvement because of the realization 
of a health risk. Table 7.1 depicts each of these elements and the role the industrial 
hygienist plays in implementation of an effective program.

TABLE 7.1
Elements of a Medical Monitoring and Surveillance Program

Medical Monitoring 
and Surveillance 
Program Elements Industrial Hygiene Involvement
Establishment of 
company protocols

•	 Development of policies and procedures related to 
preemployment, daily work and emergencies, fitness 
for duty, and postemployment physicals

Scheduling and 
tracking of physicals

•	 Identification of required medical tests—driven by 
regulations and company policy

•	 Generally implemented via commercially available 
software

Performance of 
medical physical

•	 Identification of contaminants the worker is exposed 
to

•	 Determination of frequency of performing workplace 
tasks

•	 Identification of workplace environmental conditions
(Continued)
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7.3 � ESTABLISHMENT OF COMPANY POLICIES, 
PROTOCOLS, AND PROCEDURES

The foundation of a medical surveillance and monitoring program is based on 
company policies, protocols, and procedures. Almost every company or institu-
tion has an established policy that forms the basis of protocols and procedures 
to be followed when executing the program. In addition, the company policies 
establish the commitment of the company or institution to protect the worker. 
The policy will vary depending on the hazards to be encountered. For example, 
if the company or institution is focused on biomedical research and development, 
then the policy would be focused on the work categories that would be potentially 
exposed to the hazard and identification of the biological agents. An appropriate 
medical surveillance and monitoring policy generally includes the following cri-
teria or expectations:

•	 A written program that depicts the commitment by the company to ensure 
a safe work environment

•	 Establishment of a program that identifies and mitigates hazards
•	 Training to be provided to employees to ensure that they are knowledge-

able of the hazards to be encountered and associated health risks, as well as 
controls to mitigate injury or illness

•	 Expectation of workers to report all injuries and illnesses
•	 Commitment to provide treatment if an injury or illness should occur

TABLE 7.1 (CONTINUED)
Elements of a Medical Monitoring and Surveillance Program

Medical Monitoring 
and Surveillance 
Program Elements Industrial Hygiene Involvement
Notification of test 
results

•	 Communication of an injury or illness diagnosis to 
management and outside stakeholders (if required)

•	 Primary interface with the occupational health medical 
provider

Analysis of 
occupational health 
data

•	 Evaluate occupational health data (generically), along 
with workplace sampling and monitoring data

Records management •	 Documentation associated with any notification of a 
potential injury or illness of a worker; may include 
restrictions and documentation of management to 
minimize further injury
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•	 Additional services the company will provide should an injury or illness 
occur (e.g., counseling or insurance assistance)

•	 Commitment to work with the union, as part of the medical monitoring and 
surveillance program, if applicable

Upon issuance of a company policy, the company or institution should develop pro-
tocols and procedures for implementing the surveillance program. Company protocols 
identify criteria associated with the surveillance program, and procedures integrate spe-
cific protocols to be followed. Many large corporations establish medical response and 
surveillance protocols that are integrated into procedures used by different organizations 
within the company to implement the medical monitoring and surveillance program.

7.4 � SCHEDULING AND TRACKING OF PHYSICALS

The scheduling and tracking of employee physicals is generally not a responsibility of 
the industrial hygienist. However, depending on the size of the company, the industrial 
hygienist may be responsible for providing safety and health services, along with keep-
ing track of all workers and their required physicals. At a minimum, the industrial 
hygienist should understand and review the scheduling and tracking mechanism used 
to ensure that the company is meeting regulatory requirements associated with worker 
qualification and confirm that appropriate scheduling and tracking of physicals is 
occurring. The frequency with which the physicals must occur is dependent on the spe-
cific contaminant the employee is exposed to and, in some cases, the concentration of 
the exposure. For example, the occupational health standard for inorganic lead dictates 
that a medical surveillance program must be made available to all employees exposed 
to lead above an action level of 30 μg/m3 time-weighted average for more than 30 days 
each year. Under this program, the blood lead level of all employees who are exposed 
to lead above the action level is to be evaluated at least every 6 months. This fre-
quency is increased to every 2 months for employees whose blood lead level is between 
40 μg/100 g and the level requiring employee medical removal. For employees who are 
removed from exposure to lead due to an elevated blood level, their blood lead level 
must be monitored monthly; therefore, even if an employee is no longer performing the 
job that caused the exposure, he or she may still need to be in a medical surveillance 
program until such time his or her blood levels decrease to acceptable values. It is also 
worthy to note that OSHA requires a worker to be placed into a medical removal pro-
tection program if his or her blood lead levels are substantially elevated or otherwise 
at risk of sustaining material health impairment from continued substantial exposure 
to lead. The industrial hygienist should be familiar with all job categories within the 
company or institution and understand the different mechanisms through which an 
employee could be exposed to physical, chemical, or biological contaminants, and the 
medical requirements associated with those job categories.

Some companies use an employee work assignment analysis to assist in identi-
fying essential job functions and the associated physical or chemical hazards. An 
employee work assignment analysis can be generated when an employee is hired to 
document anticipated environmental and workplace conditions to be encountered, 



104 Industrial Hygiene

and it is provided to the occupational health medical provider as a background 
document for the establishment of a medical surveillance program for a worker. 
The employee work assignment analysis can also be used to initially assign a 
worker to a similar exposure group (SEG), which the industrial hygienist uses to 
identify and manage hazards in the workplace. An example employee work assign-
ment analysis form is provided in Table 7.2. The form is very useful in providing 
a vehicle to communicate with the occupational health medical provider about 
anticipated exposures and related medical surveillance programs, such as hearing 
conservation, asbestos work, lead work, and confined spaces. The form is also use-
ful in managing compliance with the Americans with Disabilities Act (ADA) and 
fitness-for-duty issues.

TABLE 7.2
Example Employee Work Assignment Analysis Form

Employee Work Assignment Analysis
Page 1

Date: 01/01/2017
Employee name: Joe Smith
Job title: Industrial hygienist
Assigned manager: Candy Cane

Work Assignment Assigned SEG

•	 Daily office work with computers 1

•	 Perform industrial hygiene 
instrumentation daily checks and 
calibration

1

•	 Perform sampling and monitoring 
in the field

3

•	 Attend meetings 1

•	 Respond to emergencies in the field 4

Physical Job Activities
Average time spent sitting/day? <4 hours/day

Average time spent walking and 
standing/day?

<4 hours/day

How often is climbing involved in the 
job?

<1 hour/day

Average time on computer/day? <4 hours/day

Average time spent operating a motor 
vehicle/day?

<2 hours/day

(Continued)
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TABLE 7.2 (CONTINUED)
Example Employee Work Assignment Analysis Form

Amount of time spent handling 
material and equipment?

<1 hour/day

Are work activities performed in hot 
or cold environments?

Yes. The employee may perform 
industrial hygiene sampling and 
monitoring in both hot and cold 
environments for <10 hours/week.

Will the employee be required to lift 
objects greater than 10 lb?

No. General job duties will require the 
employee to lift calibration and 
instrumentation equipment, along with 
stretching when performing monitoring, 
but not expected to be >10 lb.

Are there repetitive activities the 
employee may be performing?

Yes. The employee will be doing 
computer work and programming 
industrial hygiene instruments.

Will the employee be required to kneel 
as part of his or her job functions?

Yes. The employee may be required to 
kneel when performing sampling and 
monitoring activities.

Will the employee be using tools that 
vibrate?

No. The employee will not be using 
vibrating tools.

Employee Work Assignment Analysis
Page 2

Date: 01/01/2017
Employee name: Joe Smith
Job title: Industrial hygienist
Assigned manager: Candy Cane

Required Work Qualifications

1. Wear a respirator wearer
2. Work with hazardous waste
3. Chemical management
4. Emergency response
5. Work with asbestos
6. Work with beryllium
7. Work with lead
8. Work with in a confined space

(Continued)
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7.5 � INTERFACING WITH MEDICAL PROFESSIONALS

It is the role of the industrial hygienist to frequently interface with the designated occupa-
tional health medical provider. The building of a close working relationship is extremely 
important because the occupational health medical provider can assist the company in 
managing the injury or illness, as well as decrease the amount of time required to return 
an employee back to work, and prevent reaggravation of an injury. In addition, returning 
the employee back to work sooner improves his or her mental health because every per-
son has an internal desire to do a good job, while positively contributing to supporting 
his or her family and the company. The industrial hygienist also plays a critical role in 
educating the occupational health medical provider on workplace hazards. The medical 
provider may not understand what tasks must be performed when a worker is employed 
by a company, and he or she most likely will not know what hazards the worker may be 
exposed to in the performance of his or her job. Some job categories may only expose 
the worker to hazards that present a low health risk, such as a secretary, while other jobs 
may expose workers to unknown hazards that pose more significant health risks, which 
are frequently encountered when performing work at hazardous waste sites.

In addition, the industrial hygienist is relied on to communicate any environmen-
tal conditions that are present in the workplace, such as heat, cold, physical terrain 

TABLE 7.2 (CONTINUED)
Example Employee Work Assignment Analysis Form

Potential Exposures to Contaminants

Contaminant Frequency of Exposure

Asbestos <40 hours/year

Lead <10 hours/year

Beryllium <10 hours/year

Noise <40 hours/year greater than 85 dB

Mercury <10 hours/year

Benzene <40 hours/year

Chromium (hexavalent) <40 hours/year

Chlorinated solvents <80 hours/year

Isocyanates <10 hours/year

Ammonia <10 hours/year

Nitrosodiethylamine <10 hours/year

Ionizing radiation <10 hours/year

Nonionizing radiation <40 hours/year

Printer toner <5 hours/year

Paints and solvents <10 hours/year
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limitations, and radon background levels, which could also influence how the occu-
pational health medical provider would approach implementation of a medical sur-
veillance and monitoring program. Depending on the occupational health medical 
provider, he or she may be interested in attending a tour of the facility to gain a better 
understanding of the work activities and associated medical health risks. The industrial 
hygienist will correlate the SEGs to the job categories; this information is then com-
municated to the occupational health medical provider for use in performing medical 
physicals. The industrial hygienist is also relied on by the occupational health medical 
provider, to assist him or her in understanding general management and health and 
safety terminology used by the company or institution. The industrial hygienist must 
understand the ability and effectiveness of the occupational medical provider to pre-
vent, diagnose, and treat occupational illnesses and diseases directly correlated to the 
quality of data and information provided by the industrial hygienist. Data must include 
the quantitative and qualitative aspects of evaluating workplace exposures.

Establishing a routine interface meeting with the occupational health medical pro-
vider is always a good idea in establishing and building the relationship. Suggested 
topics to be discussed in these meetings include

•	 Workplace injuries or illnesses that have occurred over the past month or 
6 months

•	 Any specific type of injury or illness that the occupational health provider 
is observing to occur at an increased frequency

•	 Recommendations of the occupational health provider for implementing 
additional actions in the workplace to prevent future injuries and illnesses

•	 Any medical or insurance information needed to support workers being eval-
uated by the occupational health provider

•	 Actions that both the industrial hygienist and the occupational health medi-
cal provider can implement to strengthen the medical surveillance and moni-
toring program

It is the role of the industrial hygienist to be the eyes and ears of the occupational 
health medical provider when implementing a medical surveillance and monitoring 
program.

7.6 � NOTIFICATION OF TEST RESULTS

Following the performance of the medical physical, the occupational health medical 
provider will notify the worker of the test results. The industrial hygienist provides sup-
port to the worker in helping him or her understand the correlation between his or her 
work activities and the results of the physical, particularly if the medical results are not 
favorable. The industrial hygienist, in conjunction with the occupational health medical 
provider, can help the worker understand the current health risk or impact, how to prevent 
further impact or injury at the workplace, and actions he or she can take to continue to 
minimize health impacts. It is at this time that the industrial hygienist may be involved in 
working with the occupational health medical provider, and others within the company, 
such as the worker’s supervisor and human resources, to remove or restrict the worker, 
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either temporarily or permanently, from performing work tasks that could aggravate 
or worsen the medical diagnosis. The occupational health medical provider may also 
require additional medical tests to be performed to confirm a diagnosis and causation, 
and these tests could be a one-time series or ongoing, such as withdrawing blood every 
2 months, as required in the lead medical surveillance and monitoring program.

7.7 � ANALYSIS OF OCCUPATIONAL HEALTH DATA

Medical health data received from the occupational health medical provider can be 
very useful to the industrial hygienist in preventing and responding to workplace 
injuries and illnesses. Many companies subcontract their occupational medical services, 
so industrial hygienists may need to compile the information themselves, which is 
another reason why it is smart to establish a good working relationship with the 
occupational health medical provider. Below are some examples of information that 
is useful to the industrial hygienist in understanding how hazards in the workplace 
manifest themselves into workplace injuries and illness.

•	 The types of injuries or illnesses that have occurred over the past 6 months, 
1 year, or 2 years

•	 Illnesses positively linked to work having been performed in the workplace
•	 Verbal feedback from workers as to what they believe caused their injury 

or illness

Based on information obtained from the medical surveillance and monitoring 
program, the industrial hygienist can evaluate existing program data, such as air 
monitoring results, surface smear results, and direct-reading instruments, to deter-
mine if hazard controls have been effective. Through evaluation of monitoring and 
sampling data, along with feedback from the occupational health provider and feed-
back based on medical examinations, the industrial hygienist can validate that no 
overexposure of workers to contaminants has occurred. For example, several work-
ers in a SEG have been identified as having elevated lead concentrations in their 
blood based on the results of their most recent medical physical. Review of the air 
sampling data, along with personal sampling results, indicates that when workers 
perform a specific task using a particular type of metal, increased air concentrations 
occur and may be the cause of elevated lead levels in the blood. Blood work results 
from medically evaluating the rest of the work crew, who are not assigned to a par-
ticular SEG, indicate that they do not exhibit elevated blood levels. Consequently, the 
industrial hygienist will work with engineering and the occupational health medical 
provider to minimize additional exposure to lead and the cumulative health effects 
exhibited by exposure to the contaminant.

7.8 � MEDICAL MONITORING RECORDS AND REPORTING

Medical records management may be driven by more than one regulation: those 
that regulate safety and health programs in the workplace, and medical standards 
that may apply to occupational health medical providers depending on the industry. 
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OSHA Publication 3110, published in 2001, provides a general overview of regula-
tory requirements that drive worker access to medical records. Personnel who have a 
right to access their relevant exposure and medical records include

•	 Current or former workers who have been or are currently being exposed to 
toxic substances or harmful physical agents

•	 Workers who have been assigned or transferred to perform work that involves 
toxic substances or harmful physical agents

•	 A legal representative of a deceased or legally incapacitated worker who has 
or may have been exposed to toxic substances or harmful physical agents

•	 Designated employee representatives under specific circumstances, with writ-
ten authorization

It is important to note that employers do not have to make all records available for 
review.

The industrial hygienist is often relied on to be the representative for the company 
when providing access and managing exposure and medical records. The industrial 
hygienist should be aware that under OSHA, employers have a responsibility to

•	 Preserve and maintain accurate medical and exposure records for each 
employee

•	 Inform workers of the existence, location, and availability of those medical 
and exposure records

•	 Give employees any informational material regarding exposure and medi-
cal records that OSHA makes available

•	 Ensure that records are available to employees, their designated representa-
tives, and OSHA, as required

If, for some reason, exposure records for an employee are not available that document 
the amount of a toxic substance or harmful physical agent, the company is required to 
provide records of other workers who performed similar job tasks or performed tasks 
in a similar work environment as the employee requesting the record. The company 
may also be required to provide exposure records that reasonably indicate the amount 
and nature of toxic contaminants at a particular workplace, or used in a specific work-
ing environment, in which the requesting employee may have performed work.

Records that contain physical specimens, such as blood and urine samples, are 
not considered medical records, along with records concerning health insurance 
claims, if they are

•	 Maintained separately from your medical program and its records
•	 Not accessible by employee name or other personal identifiable information

The industrial hygienist serves as the company’s representative between the medical 
community, the company, and the worker. As such, it is the responsibility of the industrial 
hygienist to facilitate the storage and maintenance of medical records, as required by the 
applicable regulations, and those associated with the company or institutional process.
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7.9 � CASE STUDY 1: CHROMIUM IV EXPOSURE

As an industrial hygienist, you are employed by an electroplating manufacturer that uses 
heavy metals in the production of tools. Several workers have approached you at differ-
ent times over the past year complaining about coughing and rashes that have appeared 
on their skin. At first, you believe there are some people with allergies associated with 
the different products that are used in the manufacturing business. As the industrial 
hygienist, you have observed work being performed and have not seen any tasks that 
would cause a potential overexposure. You did observe one employee not wearing 
gloves and quickly told the worker to leave the area and don his personal protective 
equipment, but you had not observed workers not wearing the required personal protec-
tive equipment per the normal work practice. In the past, the work crew were always 
wearing their respirators whenever you observed their work. One employee has just 
returned from his annual medical physical and brought medical paperwork stating that 
he has developed an allergic reaction on his skin—most likely caused from coming into 
contact with some type of metallic substance. Based on the medical information, you 
interview the employee to review the work tasks he has been performing since his last 
physical and inquire as to what he believes is causing the irritation. The employee states 
that the company recently introduced a new product into its manufacturing line, but 
they was not sure what chemical constituents were in the product. Based on feedback 
from the employee, you review information associated with the employee’s job duties 
with his supervisor. In addition, you review air sample results that have been taken over 
the past 6 months in the general area where the employee works, along with the results 
of any personal air sampling that had been performed on workers in the same SEG. 
You also ask the employee to describe how he performs his job tasks. After reviewing 
the air sample results, which appear normal, you also observe how the worker performs 
his job and review product literature and chemical material safety data sheets to gain 
an understanding of what the new chemicals or products could have introduced into the 
manufacturing process. You confer with the occupational health medical provider and 
request additional testing, including targeted blood tests. Based on the results of all the 
tests and information, both the occupational health medical provider and the industrial 
hygienist realize that the worker has been inadvertently overexposed to chromium IV. 
You then request a review of the manufacturing process being used to develop the new 
tool, and further evaluate the type of personal protective equipment being used, along 
with work restrictions and additional medical testing of other employees who are in the 
same SEG. Further testing by the occupational health medical provider resulted in iden-
tifying two additional workers who also may have been overexposed to chromium IV.

7.10 � CASE STUDY 2: BERYLLIUM EXPOSURE

As an industrial hygienist, you are employed in the chemical manufacturing business. 
The company you work for produces chemicals used in the fertilizer business, as well 
as manages chemical storage facilities. You have been working for the company for 
more than 6 years and have a good understanding of all the hazards associated with the 
business, to include the chemicals that are used as part of the manufacturing process. 
A worker comes to you with a concern regarding physical symptoms and difficulty 
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breathing and has developed pneumonia that has been difficult to treat. The worker asks 
for an evaluation of whether he may have been overexposed to some chemical that could 
be causing the pneumonia or some other problem in his lungs. The industrial hygienist 
reviews the work history of the employee and discovers that the worker also performs 
maintenance on several tanks used to store chemical waste, along with general mainte-
nance of the manufacturing facilities. You speak to his supervisor to find out what tasks 
the worker has been assigned and whether the supervisor has noticed anything unusual 
when assigning personnel. A review of the air sample data in the worker’s general work 
area does not reveal anything unusual. You also review the equipment the worker uses 
to perform his job and discover that he recently found some old tools and started using 
them. The tools are nonspark ones because of the chemicals used in the manufacturing 
process. Research into the tools shows that they had been stored in the back of the main-
tenance building for 30 years. As a precaution, you take a surface sample of the tools 
and also ask the occupational health medical provider to perform additional blood tests 
to determine whether the employee could have been exposed to some type of metallic 
contaminant. Results of the medical testing determine that the employee has devel-
oped a sensitization to beryllium. In addition, surface sampling of the tools identified 
extremely high levels of beryllium. As a result of the tests, you remove the contaminated 
tools from the workplace, place the worker on restriction from any other exposure to 
beryllium, and work with the occupational health medical provider on how to best treat 
a short-term overexposure to beryllium and invoke a longer-term medical surveillance 
program, related to management of workers potentially overexposed to beryllium. In 
addition, you communicate the situation to the rest of employees and emphasize that 
a worker may not realize that overexposures to chemicals can occur not just from the 
manufacturing process itself, but also from unintentionally working with material that 
was not thoroughly evaluated in the hazard identification and control process.

QUESTIONS TO PONDER FOR LEARNING

	 1.	 Identify and list some of the reasons why an industrial hygienist is a key 
player in implementing a medical monitoring and surveillance program?

	 2.	Describe the relationship between the industrial hygienist and the occupa-
tional health medical provider.

	 3.	 Identify and discuss the elements of a medical monitoring and surveillance 
program.

	 4.	Discuss the rights of employees to have access to their medical records.
	 5.	Review and discuss the actions of the industrial hygienist performed in inves-

tigating the potential exposure that occurred in Case Study 1.
	 6.	Review and discuss the actions of the industrial hygienist performed in 

investigating the potential exposure that occurred in Case Study 2.
	 7.	What additional actions should the industrial hygienist taken to identify and 

quantify the potential health risks in Case Study 1?
	 8.	What additional actions should the industrial hygienist taken to identify and 

quantify the potential health risks in Case Study 2?
	 9.	What are the health-related impacts of chromium IV and beryllium, and what 

controls could have been identified to prevent the possible overexposures?
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8 Workforce Training 
on Hazard Recognition 
and Control

8.1 � INTRODUCTION

Training can be a significant and effective way to ensure that employees are inte-
grated into the workplace. Training is also an important component in the overall 
risk reduction process. Providing training to workers to acclimate them to the work-
place culture, policies, and procedures, and to enable their ability to work safely is 
the responsibility of and a constant for employers. There are times when employees 
will receive training once, and there are other times when training is required at 
some frequency, for example, annually or each time a worker is reassigned to a new 
job. It is the responsibility of the employer to ensure that an adequate hazard recog-
nition and mitigation training program is in place and that employees are trained. 
Training is a condition of employment for most employees, and refusal to participate 
in learning activities and initiatives is not optional.

Training is crucial for organizational development and productivity. It is benefi-
cial to both employers and employees, regardless of the market in which they operate 
and compete. An employee will become more efficient and productive if he or she is 
knowledgeable of the task that he or she is performing. This knowledge of the task 
also translates into a worker’s ability to make decisions to work safely and look out 
for the safety of coworkers.

The industrial hygienist’s primary focus is on eliminating or reducing workplace 
hazards and the reduction of risk to physical, chemical, and biological stressors 
found in the workplace. These professionals typically gain extensive training in ways 
to make hazard recognition and mitigation decisions while completing their college 
education and through internships within the industry.

Providing the necessary training overall creates a knowledgeable staff of employ-
ees that can provide the flexibility to relieve one another as needed to work on teams 
or independently. Training can also build an employee’s confidence because he or 
she has a stronger and perhaps broader understanding of the company and his or her 
job responsibilities. This confidence can put a worker in a position to excel in perfor-
mance while remaining engaged in the business.

Employees can become injured if they are focused only on following the rules that 
have been put in place and not on the actions in implementing those rules. Employees 
have a better chance of working safely and injury-free if they possess the skills and 
knowledge needed to discern or anticipate and recognize workplace hazards and 
associated health risks. Providing hazard recognition training to all employees is the 
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best way to improve safety, and it personalizes safety for the workers to the point that 
they will become engaged and willing participants in their safety and the safety of 
coworkers. Despite the up-front and ongoing investment, training and development 
provide both the company and the individual employees with benefits that make the 
cost and time a valuable investment.

8.2 � WHY PROVIDE WORKPLACE TRAINING?

Training is generally used as an opportunity to refresh and expand the knowledge 
base of employees across all business sectors. However, many employers are of the 
opinion that training development opportunities are expensive primarily because 
employees often miss out on work time while attending training, which can cause 
delays in the completion of work activities, as well as the associated cost of training 
delivery.

There are many workplace hazards that require worker training to ensure that they 
are aware of the hazards involved, the associated health risks, and how to safely perform 
work. Table 8.1 provides a general list of well-recognized hazards in the workplace. 
Most of these hazards have specific hazard communication and training requirements 
stated by the Occupational Safety and Health Administration (OSHA) and other regu-
latory agencies. Therefore, training is important in addressing the following:

•	 Improvement of worker performance and productivity. An employee who 
receives the necessary training has confidence in his or her abilities and is 
better able to make decisions and perform his or her job responsibilities. 
Employees have the knowledge and skills to help them perform their work 
safely, reduce their exposure to health risks in the workplace, and properly 
implement policies and procedures.

TABLE 8.1
Some Well-Known Hazards

Asbestos Blood-borne 
pathogens

Electrical Fire

Noise Hazardous 
chemicals

Confined spaces Slips, trips, and falls

Ionizing 
radiation

Nonionizing 
radiation

Lead Carcinogens

Compressed 
gases

Vibrations Trenching Solvents

Chemicals Chemical solutions Carbon dioxide Carbon monoxide

Welding Working from 
heights

Illumination
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•	 Weaknesses in knowledge and skills. An effective training program sup-
ports the strengthening of skills that employees need to improve and per-
form their jobs efficiently with the required quality. A training program 
designed to develop workers will move employees to a higher level of per-
formance by providing them with similar skills and knowledge.

•	 Improvement and facilitation of consistency. A well-structured training and 
development program ensures that employees have consistent experience 
and knowledge in a specific topic or at a required skill level.

•	 Improvement of employee satisfaction and retention. Employees with 
access to training and development opportunities have an advantage over 
employees in other companies who are forced to seek out and fund train-
ing opportunities on their own. The investment in training demonstrates to 
employees that they are valued and is helpful in gaining support from work-
ers, and at times retaining them as engaged employers.

•	 Reduction of accidents and the health risks associated with the performance 
of work. Training reduces human errors, which can potentially occur when 
employees lack the knowledge and skills required for completing a par-
ticular task. When workers are appropriately trained, the chances of being 
involved in an on-the-job accident decrease and the employees will become 
more proficient in performing their job.

8.3 � DEVELOPING AN EFFECTIVE TRAINING STRATEGY

An effective training strategy is vital for companies to be able to impart knowledge 
to the workforce. Developing and implementing a strategy for training can provide a 
competitive advantage for a company. The training plan needs to be comprehensive 
and have the support of management. Critical steps to consider when developing a 
training strategy include

•	 Meeting with the leadership team to ensure that the training strategy being 
developed complements the company business strategy and supports the 
mission statement

•	 Ensuring that the training strategy is developed to identify and address 
training gaps, as well as being supportive of new training needed to develop 
knowledge and understanding of new policies, processes, or procedures

•	 Establishing learning objectives that will provide the desired training 
outcome

•	 Identifying and deploying a learning management system that will com-
plement the administration and tracking of training programs, to include 
course attendance and completion

•	 Once the strategy has been developed, reviewing the plan with the leadership 
team and discussing it with some workers to gain support its implementation

During development of the strategy, it is pertinent that the leadership team be 
engaged in the development of training material so that buy-in can be achieved, and 
the strategy can be implemented with ease. A training strategy lacking leadership 
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buy-in will not be effective and will not serve the needs of the company. It would also 
be helpful if input from the workers is solicited since the workers will be involved in 
the training program through course attendance.

8.4 � HAZARD RECOGNITION, EVALUATION, 
AND CONTROL TRAINING SIGNIFICANCE

Training employees on workplace hazards is the first step in protecting workers 
from them, ensuring compliance with regulatory requirements, and ultimately 
reducing health risks to the workers. In such a case, knowledge is truly a power-
ful tool to ensure worker safety. In fact, OSHA mandates that employees be made 
aware of workplace hazards, as well as the necessary means to protect themselves 
from them.

To demonstrate compliance and aid in risk mitigation, employees must be com-
petent enough to participate in the performance of four key risk management steps 
designed to enhance the feasibility of performing work safely. These steps are shown 
in Figure 8.1 and are further defined in Sections 8.4.1 through 8.4.4. An effective 
training program is designed to enhance employees’ ability to successfully navigate 
through these steps and participate in the planning and performance of work safely. 
Understanding these key steps is essential in reducing and controlling risk for work-
ers while performing their daily tasks, as well as risk to the company.

One of the best ways to develop and implement a training course geared toward 
dealing effectively with the four key risk management steps is to develop training 
that is based on evaluating an actual task or process that the workers are expected 
to perform, as well as including those that may not be applicable to their daily tasks. 
Walking through real-life processes or cases with trainees will guide them through 
the thought process and is likely to help them cultivate ways of anticipating issues 
before they arise, recognize hazards when they arise, evaluate hazards, and develop 
creative and effective solutions to mitigate hazards.

8.4.1 � Hazard Anticipation

The ability to anticipate hazards requires knowledge of the process or task, as well as 
the ability to draw on previous experiences and perhaps the professional judgment of the 
subject matter experts (SMEs) and workers involved in the process. Developing and 

Anticipate
hazards

Recognize
hazards

Evaluate
hazards

Control
hazards

FIGURE 8.1  Key risk management steps.
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implementing training that will assist employees in their ability to anticipate hazards 
involves drawing on their knowledge and skills, and their ability to see beyond what 
is obvious. Workers must be trained on ways to be inquisitive and look at what can 
potentially happen even if the task has been done the same way many times without 
incident. Inquisitiveness is important for the following reasons:

•	 It activates the mind. Inquisitive people tend to ask questions and search for 
answers, keeping their minds active.

•	 It opens the mind and allows the mind to be observant to new ideas. The 
mind begins to expect and anticipate new ideas.

•	 It opens up new possibilities and ways of doing things.

Since it is difficult to train one on how to demonstrate inquisitiveness, it is perti-
nent that the training includes a discussion of the tools that can enhance employee 
inquisitiveness and hazard anticipation. It is clear that hazard anticipation is most 
effective when everyone in the business environment is actively engaged in seeking 
out situations that can pose a hazard to workers. Table 8.2 lists the roles that a team 
can play in anticipating hazards for optimum results.

Below are ways to enhance one’s ability to become and remain inquisitive so that 
hazard anticipation can take place.

TABLE 8.2
Support Role in Hazard Anticipation

Support Role Contribution

Employees (SMEs, 
engineers, project 
managers, etc.)

Employees that have knowledge and experience in performing 
a task is key in helping anticipate what can potentially go 
wrong, based on their knowledge and hands-on experience.

Management Management is key in ensuring that workers have the appropriate 
training and skills to enable them to seek out hazards to prevent 
injury. Management must also set the stage and expectations for 
workers to freely identify hazards, with the expectations that 
management will respond positively. Employees must feel free 
to disclose the possibility of issues occurring before they occur 
to management; otherwise, some hazards that may arise will not 
be anticipated and dealt with in advance of occurring.

Industrial hygiene 
professional

These professionals, by nature, have been trained to anticipate 
hazards using inquisitiveness, knowledge gained through 
education, and professional judgment. They have been 
specifically trained in the hazard recognition and control 
process and risk mitigation techniques.
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•	 Ask questions. Asking questions creates opportunities for discovering new 
information. The most important question to ask when anticipating hazards 
is, what can go wrong? Questions that may be beneficial include
•	 Does this procedure optimize the performance of the task safely?
•	 What can happen during the performance of the task that may create 

a hazard?
•	 Can this task be performed differently to reduce risk to workers?

•	 Listen openly and without judgment. This allows for receptivity of conver-
sation and consumption of new information.

•	 Expect and be willing to embrace the unexpected.
•	 Be willing to let go of the old way of doing things if a newly discovered way 

provides better results.
•	 Be willing to expect and embrace change.

8.4.2 � Hazard Recognition and Identification

As one would expect, the most effective and comprehensive way to be able to iden-
tify hazards is having experience and knowledge in the industry and the projects 
performed by the company. The training developed to assist workers in their ability 
to identify hazards in the workplace should take advantage of the knowledge of the 
industry that the workers may already have. However, do not assume that they have 
all the knowledge needed to recognize hazards just because they are skilled in pre-
forming their daily work responsibilities. Hazard recognition training goals should 
include

•	 Providing an understanding of the project processes and the tasks that are 
being performed

•	 The types of hazards known in the workplace
•	 Knowledge of the various regulatory requirements outlining knowl-

edge requirements to perform work safely, to include the safe use of 
equipment

•	 The knowledge necessary for workers to be able to break work down into 
distinct tasks, so that each task can be evaluate and hazards identified

Hazard recognition training should address all categories of hazards, such as 
those listed below.

•	 Chemical: Gas, liquids, and vapors
•	 Physical: Mechanical, electrical, and work area (slips, trips, and falls)
•	 Biological: Mold, bacteria, and viruses
•	 Ergonomic: Lighting, repetitive motion, and awkward body positioning
•	 Other: Workload, distractions, conflicts, tools, use of personal protective 

equipment, and cold and hot environments

Table 8.3 lists the roles that a team can play in recognizing workplace hazards for 
optimum results.



119Workforce Training on Hazard Recognition and Control

8.4.3 �E valuate Hazards

Successful hazard evaluation methods require the knowledge and input of skilled 
participants involved in planning and performing the work. It is a team effort that 
renders the process successful and allows for diversity of thoughts and opinions that 
can lead to an appropriate mitigation solution that will be successful. Hazard evalu-
ation is at the core of every work planning process; it is a process that workers must 
be trained in, as well as having the capability to participate in during the initial plan-
ning stage. Too often, workers are left out of the planning process and are expected 
to complete work based on what others believe to be the right approach. Leaving 
workers out of the planning process is an accident waiting to happen. Table 8.4 shows 
the importance and contribution of various roles in the hazard evaluation process.

Training should be comprehensive and provide the skills for workers to effec-
tively use work breakdown concepts to be able to identify all tasks and the associated 
hazards. In addition, workers must be able to identify when performing a task can 
impact the hazard profile of another.

8.4.4 �C ontrolling Hazards

Once a hazard has been identified and understood, hazard mitigation is the next 
step; it is not always easy and may be costly. However, prior to placing workers 

TABLE 8.3
Support Role in Hazard Recognition

Support Role Contribution

Employees (SMEs, 
engineers, project 
managers, etc.)

Employees are generally the best set of eyes in recognizing 
hazards, since they are up close with the work, day in and 
day out. These individuals can add specific information 
gained from historical knowledge and experience that may 
not be easily detected during the hazard analysis process.

Management Management is responsible for ensuring that workers receive 
the appropriate training to enhance their safety. Training 
that provides employees with the skills and knowledge 
needed to assist with hazard recognition is a key attribute of 
keeping them safe while performing work.

Industrial hygiene 
professional

Hazard recognition is a large component of the job 
responsibility for industrial hygiene professionals. The 
training they receive is geared toward enhancing their 
ability to aid in the process. Their contribution is key to 
ensuring that the process is completed in totality with the 
highest level of accuracy possible.
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in harm’s way, mitigation is a necessity. Hazard mitigation oftentimes requires 
the insight and knowledge of a team that most likely would include management, 
the worker, and the safety and health professional. Hazard mitigation training 
must be industry specific, company specific, and task specific in order to be 
effective. It is not always feasible to completely remove the existence of a hazard 
during the performance of a task; therefore, it must be recognized during the 
evaluation process when the use of personal protective equipment and admin-
istrative measures must be implemented to control the risk of a hazard to the 
worker. Table 8.5 shows the contribution of various roles in the hazard mitiga-
tion process.

TABLE 8.4
Support Role in Hazard Evaluation

Support Role Contribution

Employees (SMEs, 
engineers, project 
managers, etc.)

Employees are engaged in frequently making decisions on 
hazard evaluation as they are performing their jobs. They 
are faced with making real-time decisions on whether to 
continue a task if an unsafe condition is introduced or 
discovered. Using their knowledge, employees make 
decisions on whether to continue a task when changes 
arise or pause work and contact management.

Management Management support is necessary in informing employees 
that their expectation is that hazards are evaluated and 
workers are important to the process, and that they should 
alert management when they feel that the process is not 
being performed or is not performed to the level that will 
facilitate safe performance of work. Management secures 
funding for industrial hygiene and worker training.

Industrial hygiene 
professional

Hazard evaluation is a key role that industrial hygienists are 
trained to perform. The industrial hygienist should have gained 
training during the process to become an industrial hygiene 
professional. However, there may be times when these 
professionals will require additional training or briefings on the 
operability of a process or task that will provide the knowledge 
needed to add value to the hazard mitigation process.
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Efforts to mitigate hazards can include the following:

•	 Substitution of chemicals
•	 Installation of engineering controls
•	 Process redesign
•	 Changing the sequence of steps when performing a task

During the hazard recognition and mitigation process, it is important for all minds 
to be on deck. This means that employees, supervisors, and the industrial hygien-
ist must be actively engaged in the process. Active engagement includes exhibiting 
the appropriate knowledge level, which enables participants to provide meaningful 
input.

TABLE 8.5
Support Role in Hazard Mitigation

Support Role Contribution

Employees (SMEs, 
engineers, project 
managers, etc.)

Employees can provide insight into means to mitigate 
hazards, as they are closer to activities and oftentimes have 
improvement measures that are already implemented at 
some level informally.

Management The leadership team with specific knowledge on how work 
is performed can add value to the mitigation process. 
They must be onboard with the solution, as many times 
the solution will impact productivity or require additional 
funding to implement. Also, they must be willing to pay 
for additional training for the industrial hygiene 
professional.

Industrial hygiene 
professional

Effective industrial hygiene professionals obtain knowledge 
through their training that will aid them in successfully 
working with employees and management in mitigating 
hazards. However, there may be times when these 
professionals will require additional training or briefings on 
the operability of a process or task that will provide the 
knowledge needed to add value to the hazard mitigation 
process.
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8.5 � TRAINER KNOWLEDGE AND QUALIFICATION

It is important that the person delivering the training be knowledgeable of the topic 
and have credibility to be viewed as an effective trainer. It is not feasible to select a 
person with no topical knowledge or experience and expect him or her to be viewed 
as being credible. Trainers must have some knowledge of the hazard recognition, 
evaluation, and mitigation processes. They should also be knowledgeable of tech-
niques that can be used to achieve results.

Trainers delivering training without knowledge of the subject are not likely to be 
effective. What makes a trainer effective?

•	 Preparation
•	 Knowledge and experience in the topic being taught
•	 Clear communication skills
•	 Ability to connect with the students
•	 Ability to capture and retain the attention of students
•	 Ability to make the training relevant to the trainees’ job and life outside of work
•	 Ability to engage students in the topic
•	 Ability to introduce stories that will complement the training and connect 

workers to the course topics

8.6 � TRAINING EFFECTIVENESS EVALUATION

There must be a process in place to ensure that the training that is being delivered 
to the workers and supervisors is effectiveness and meets the need of the business. 
Training should also be evaluated at some frequency to ensure that the strategy is in 
alignment with the training being offered. The most popular means used to evaluate 
training is Donald L. Kirkpatrick’s (1994) method for evaluating training programs. 
This model focuses on four aspects of training: reaction, learning, behavior, and 
results. Each of these stages is briefly described in Table 8.6. Whatever model or 
steps are used to evaluate the effectiveness of training, evaluating training quality is 
a must to ensure that objectives are being met.

8.7 � OTHER TRAINING METHODS AND TOOLS

There are other methods that can be used effectively as training tools that may not be 
widely thought of and used. These methods include

•	 Process or tool mock-up
•	 Peer-to-peer or on-the-job training
•	 Training at the job site
•	 Hazard identification checklists

Each of these tools has distinct benefits, as well as challenges. Therefore, choosing 
to use one over the other must be done with careful consideration.
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8.7.1 � Process or Tool Mock-Up

Mock-up training is generally instituted when the task to be performed is the first 
of its kind or the hazards are so great that it is incredibly important that all involved 
become extremely knowledgeable in how to carry out the task safely. This method 
is very costly and time-consuming because the exact conditions must be created and 
the task performed in the same manner during the mock-up as it will be during the 
actual performance. This method is effective because it

•	 Provides hands-on training for the worker
•	 Gives the worker the ability to learn the entire task in totality, perform 

the task in a simulated environment, and become proficient without being 
exposed to the hazards that are involved in the actual task

•	 Provides the worker with needed confidence to complete work
•	 Improves the worker’s ability to complete work safely through practice

8.7.2 � Peer-to-Peer Training

Peer-to-peer training is the process of training delivered to workers by their peers, 
with the peers having had the opportunity to perform the tasks that the new worker 
is expected to perform. These workers serve as a key contributor in assisting new 
employees in becoming acclimated with the hazard recognition and mitigation 

TABLE 8.6
Donald L. Kirkpatrick’s Four Steps for Evaluating Training Effectiveness

Stage Description

Reaction The result of this measurement sheds light on how the trainees feel 
about the course. Do they believe that the course achieved its 
objectives? Have they benefited from the course in terms of 
completing their jobs more safely?

Learning Determining whether the material delivered was absorbed and 
understood by the trainee. The important question to answer is 
whether the training actually delivered knowledge and this was 
understood by the trainees at the time.

Behavior Recognizing that it is not always easy to measure a change in behavior. 
However, it is beneficial to measure or determine whether the training is 
helpful in moving attendees to modify their behavior in a positive way.

Results Important aspects to include in the measurement of results include 
improvement in productivity and quality, reduction in accidents and 
injuries, and employee engagement.
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process through their experience and knowledge of the work that is being per-
formed, as well as the expectation of the leadership team. Careful attention must 
be paid to ensure that the training provided is in accordance with procedures, 
because if a task is performed inadequately by a peer trainer, the new worker will 
be improperly trained and will in turn incorrectly perform the task which can pres-
ent a hazard to the worker.

8.7.3 �T raining at the Job Site

Training at the job site involves dispatching a qualified trainer to the job site 
to train workers on processes and tasks in the environment in which work is to 
be performed. The advantages of conducting training in the work environment 
include

•	 The opportunity to evaluate hazards associated with the work, as well as 
any hazards that may be introduced by the work environment

•	 The opportunity to witness firsthand the types of distractions that may 
affect safe performance of work

Disadvantages of this method include

•	 Disruption of work going on in the work area
•	 A distraction to workers
•	 The potential creation of a hazard by having other untrained workers in the 

work area
•	 Loss of productivity

8.7.4 � Hazard Identification Checklist

Hazard identification checklists are widely used by many industries and busi-
nesses to identify workplace hazards. These checklists have been, and continue 
to be, used as a means to train and engage workers in the hazard identifica-
tion and resolution process. These checklists are a great way to train workers 
to be alert and focus on activities or situations that can cause workplace harm. 
These checklists can be written simplistically, in a way in which they are easily 
understood and used. An example of a hazard identification checklist is shown 
in Table 8.7.

8.8 � THE USE OF CASE STUDIES TO ENFORCE LEARNING

Earlier in this chapter, it was stated that a good way to deliver training is to use case 
studies and tell stories to connect the trainee with the topic. This case study presents 
a viable example to show the role of case studies or discussions of actual tasks and is 
important to the hazard training process.
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8.8.1 �C ase Study

Company AA has embarked on a project to install a gas pipeline to support the increas-
ing population in a large urban community. The project is being completed and dis-
cussed in eight steps representing eight distinctive tasks that must be evaluated and 

TABLE 8.7
Hazard Identification Checklist

Yes: No:
Date 

corrected:

Compressed Gas Cylinders

	 1.	Stored in racks or carts

	 2.	Tanks/cylinders inspected

	 3.	Clearly labeled as to the content

	 4.	Stored with the protective cap in place

	 5.	Secured in place to avoid tipping or falling

	 6.	Stored at least 20 ft away from flammables

	 7.	Cylinder valves closed when not in use and 
before moving

Hazardous Materials

	 1.	The inventory list and SDSs are available

	 2.	All hazardous material is properly labeled if 
transferred from the original container

	 3.	Containers are in good condition

	 4.	Employees were trained on the hazards of 
the chemical substances

	 5.	Hazardous substances are used in well-
ventilated areas

	 6.	Appropriate personal protective equipment 
is available to be used when handling 
chemicals

	 7.	Flammable chemical containers are stored in 
a flammable cabinet

	 8.	Flammable containers are closed when not 
in use
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hazards that must be mitigated. Table 8.8 presents an example of the thought process 
used to analyze the hazards associated with the case study work steps in Table 8.9.

QUESTIONS TO PONDER FOR LEARNING

	 1.	Describe the importance of an effective training program in facilitating a 
safe work environment.

	 2.	Discuss some workplace deficiencies that training can be used to address.
	 3.	What key steps are important when developing a training strategy?
	 4.	Discuss the effectiveness and value of an inquisitive workforce when haz-

ard recognition, control, and mitigation are goals.
	 5.	List and discuss goals of an effective hazard recognition training course.
	 6.	What role does management play in the hazard mitigation process and 

training?
	 7.	List and discuss the attributes of an effective trainer.
	 8.	What is a potential issue that may arise as a result of peer-to-peer training?

TABLE 8.9
Case Study Work Steps

Step 1: Site preparation. Trees and shrubbery must be removed, the ground must 
be leveled, and the surface soil must be separated from the subsoil. The subsoil 
will be returned after the area has been backfilled to support healthy plant 
growth.

Step 2: Trailers are used to transport pipes and supplies, and a special excavator is 
used at the work site.

Step 3: An excavator is used to dig the ditch where pipes will be placed. The 
depth and width of the ditch are solely dependent on the pipe size and the project 
specifications.

Step 4: Pipe bending will take place to accommodate curved locations and ditch 
elevations to conform to topography. This task is performed using a specialized 
machine designed to bend pipes with ease.

Step 5: Pipe welding and x-ray. During the project, pipes are welded to join them 
together into one continuous length. To ensure integrity, each weld is x-rayed.

Step 6: Coating of pipes to prevent rust. Pipes are coated at the job site using an 
epoxy and high-density polyethylene coating.

Step 7: Tractors are used to lower the pipes into the trench.

Step 8: Backfilling is carried out using a front-end loader.
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9 Industrial Hygiene and 
Emergency Response

9.1 � INTRODUCTION

The role of the industrial hygienist in responding to an emergency is gaining impor-
tance, both domestically and internationally, as emergencies are becoming more 
common at work and in our private life, within the Unites States and throughout the 
world. All one has to do is pick up a newspaper or connect to the Internet to under-
stand the types of threats our nation and the international community are facing. 
Historically, fire and medical departments have been considered the response orga-
nizations relied on when a disaster or accident occurs. They are still generally the 
first responders, but as the use and reliance on technology and information exchange 
has improved and increased over time, the roles of first responders have also become 
more specialized to improve the quality of the response provided, including the use 
of industrial hygienists when responding to emergencies.

One of the more significant emergency response efforts in the United States was 
associated with Hurricane Katrina. Hurricane Katrina impacted the Gulf Coast of the 
United States on August 29, 2005. At the time of striking the coast, the hurricane had 
been designated a Category 3, which means that devastating damage can occur (the 
worst rating is 5). Although the hurricane ranking system provided an indication as 
to the strength of the hurricane, what was not well understood was that the hurricane 
rating scale did not address the potential for other hurricane-related impacts (second-
ary impacts), such as storm surge, rainfall-induced floods, and tornadoes. In the case 
of Hurricane Katrina, the storm itself caused significant damage, but the aftermath of 
the storm was what really drove the massive damage—which is still being repaired 
today. A large part of the damage was caused by rain and flooding that occurred 
before and after the hurricane. In particular, the heavy rains overwhelmed levees and 
drainage canals in New Orleans and water flooded the city. Emergency response to 
Katrina included industrial hygienists who performed exposure monitoring and iden-
tified preventative hazard controls to decrease the spread of unhealthy air and water. 
Estimates vary, but a significant number of people died as a result of this disaster, and 
many thousands were displaced from their homes and continue to rebuild their lives.

An example of a recent workplace accident that occurred was at the chemical 
plant in La Porte, Texas, which was used to manufacture insecticides, herbicides, 
and other products. One of the raw materials used in the production of an insecticide 
was inadvertently released through a piping system that was thought to be closed. 
A total of 24,000 lb of methyl mercaptan was released and killed four people. As a 
result of the disaster, the company responsible for the La Porte facility has improved 
its gas monitoring system, integration of safety into the design process, and process 
and ventilation controls.
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Probably the most significant example of an emergency response effort in 
the United States was September 11, 2001 (9/11). Terrorists flew two planes into 
the World Trade Center (WTC) in New York City, another plane was flown into the 
Pentagon near Washington, DC, and an additional plane was crashed into a field in 
Pennsylvania. The attacks resulted in a massive loss of life and destruction of prop-
erty. As part of the response and recovery actions associated with 9/11, the industrial 
hygienist played a key role in understanding the risks posed to response personnel 
and the people affected by the disaster. Recovery of the devastation caused by the 9/11 
attacks will continue for years to come, along with efforts to minimize the ability for 
future terrorist attacks to occur, and also to improve response and recovery actions.

No matter the emergency response effort, emergency response actions will be 
approached in one of two ways: they will be either planned or unplanned. The dis-
tinction in the manner by which the response occurs is significant, and largely drives 
actions associated with the coordination and preparation by the responders.

9.2 � APPROACHES TO EMERGENCY RESPONSE

Planned emergency responses include the planning and preparation of identified 
emergency scenarios, the actions needed to mitigate an emergency, and the rou-
tine training of employees on the required response actions. Emergency response 
scenarios vary depending on the mission and function of the company and, in most 
cases, are clearly defined because of the daily operations of the company and the 
actions required by each person involved in response actions. In some cases, govern-
ment regulations, associated with certain industries, require emergency scenarios 
and response actions to be well defined, rehearsed, and successfully implemented.

During a planned emergency response, actions such as the number of resources 
needed to successfully mitigate the hazard caused by the emergency have been iden-
tified, and equipment needed to assist responders is frequently stored on site at the 
company or workplace. Coordination among the responders has been demonstrated, 
and communication mechanisms have been established to assist in the coordina-
tion of not only the emergency responders but also stakeholders that are concerned 
about the emergency being mitigated. In a planned emergency, the hazards have 
been previously identified and actions needed to control the hazards are understood 
and known. In particular, the behaviors and impacts of physical, chemical, and bio-
logical hazards are fully known and mitigated. Expectations for performance have 
been identified and evaluated, and emergency response actions have been targeted to 
achieve a successful outcome to a defined end point. With planned emergency sce-
narios, all responders, management, and governing agencies understand their roles 
and responsibilities, and communication mechanisms and expectations for perfor-
mance are well defined. In the case of the unplanned emergency scenarios, some 
information is known and some is not.

Unplanned emergency scenarios and responses are based on the premise that either 
the event was not conceived as being possible, or the magnitude of a planned emer-
gency response was larger than anticipated. In the case of 9/11, it was both. No one 
had planned, from an emergency response perspective, that a coordinated effort would 
occur with multiple planes being deliberately crashed into buildings or land; nor had 
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anyone planned to respond to the large number of people killed or injured. Prior to 
9/11, emergency responders had prepared to respond to a single event, but not multiple 
events with large casualties and injuries. As a result of 9/11, the world of emergency 
response has evolved, and continues to mature to handle new challenges that com-
panies and our country face in protecting workers and our people. Table 9.1 identi-
fies some of the more distinct differences between planned and unplanned actions by 
responders. Each of these actions must be considered and decisions made as part of 
response execution.

Whether the response actions are planned or unplanned, response to an emer-
gency is implemented in four basic steps: there is an initiating event, event notifica-
tion, event response, and event or site transition. As relevant to the discussion above, 
implementation of each of these steps can be planned or unplanned. Figure 9.1 depicts 
the four steps of an emergency and the associated response. How these steps prog-
ress, and the decision making associated with several of them, impacts the ability 
of the emergency response organization to effectively mitigate and protect person-
nel and the environment. These steps, impact the ability of the emergency response 
organization to effectively mitigate and protect personnel and the environment.

9.3 � INITIATING EVENT

An emergency always starts with an initiating event. Generally, there are two types 
of threats and disasters that require some type of emergency response:

•	 Initiating events that occur naturally
•	 Initiating events that are man-made

Naturally occurring disasters that require an emergency response include fires, 
hurricanes, flooding, earthquakes, and lightning strikes (to name just a few). 
Insurance companies refer to these types of disasters as “acts of God.” Generally, 
with emergencies that are initiated by nature, some level of emergency response has 
been planned, but what may vary is the magnitude of the event. In addition, when 
responding to natural disasters, more than one location may be impacted by the ini-
tiating event, which will drive an increase in the level of coordinated response and 
communication. For example, in the case of Katrina, the emergency response effort 
needed was more significant than originally envisioned or planned because of the 
level of devastation and the large number of people impacted. Although emergency 
response organizations may have prepared for the disaster to occur, the impact or 
secondary effects of the event and the response actions needed to mitigate these 
impacts were not as well planned because of the size of the response effort needed.

Man-made emergencies are quickly becoming a growing threat, and awareness 
of the impact of these disasters to people, animals, and the environment continues to 
grow. Man-made emergencies include traditional workplace accidents, as well as, in 
today’s environment, the increasingly emerging threat of terrorism. Over the years, 
society has become increasingly aware of the impact of man-made emergencies and 
has matured in its level of preparation when responding to such emergencies. Under 
the Superfund Amendments and Reauthorization Act (SARA) Title III, also known 



134 Industrial Hygiene

TABLE 9.1
Differences in Types of Emergency Response Actions

Planned Actions Unplanned Actions

Disaster scenarios are known. The disaster scenario itself, or the magnitude 
of the disaster, had not been considered and 
planned for.

Required notifications have been 
identified.

Required notifications, including the number 
and type of notifications, are not fully defined.

Roles and responsibilities are 
defined.

Roles and responsibilities are defined over 
time and initially are based on experience, 
knowledge, and training.

Resources have been defined and 
trained.

Resource identification and acquisition is 
based on availability. Resources include 
both traditionally thought of emergency 
response actions and volunteers.

Communication mechanisms have 
been defined and understood.

Communication is based on the equipment 
and means available.

Response actions are defined and 
successfully demonstrated.

Response actions are generally divided 
between rescue and recovery using available 
resources and funding.

Response equipment has been 
acquired and stored.

Equipment is gathered based on its 
availability and the focus of the initial 
response actions. Additional equipment is 
gathered as actions become planned.

Hazards and risks are known and 
understood.

Initial hazards are known but continue to 
emerge over time; new hazards can emerge 
over time.

Hazard controls are clearly defined 
and executed in sequence.

Hazard controls are based on initial hazards 
and added as hazards continue to be identified.

The end point has been previously 
established.

The end point of the response action changes 
depending on how the rescue effort proceeds. 
The end point may not be readily recognized if 
the disaster is significant.
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as the Emergency Planning and Community Right-to-Know Act (EPCRA), compa-
nies are required to provide state and local agencies information concerning poten-
tial chemical hazards present in their communities, to support emergency planning 
and response actions. Additionally, 29 CFR 1910.119, Process Safety Management 
of Highly Hazardous Chemicals, was promulgated to drive companies to plan, ana-
lyze, and control exposure to chemicals that can be harmful, and potentially fatal, to 
workers, the public, and the environment. These regulations were designed to protect 
workers, the public, and the environment from workplace accidents that occur and 
to assist in planning emergency response actions, such as the chemical release that 
occurred in 1984 in Bhopal, India. In recent years, acts of terrorism have become 
a predominant factor in emergency response planning to man-made emergencies. 
Because of 9/11, response actions have significantly matured and communication 
among federal and state agencies has improved.

9.4 � EVENT NOTIFICATION

Once an emergency has occurred, notification of the event to some authoritative entity 
is the start of the emergency response effort. Traditionally, event notification occurs 
via the telephone or pager. However, in the age of electronics, event notification can 
occur through the Internet or text. Event notification generally occurs to a primary 
notification recipient; a person is usually designated as the point of contact for initial 
notification of an emergency. Generally, the event notification process includes

•	 Notifying all affected personnel of an emergency, including corporate 
entities

•	 Performing an initial qualitative analysis of risks and conditions
•	 Evaluating personnel and logistics needs

In the case of a natural disaster, there is usually a warning that the event is going 
to occur, so the notification process can be communicated through normal channels, 
such as radio, television, or the Internet. The notification process can occur over time, 

Initiating event

Event notification

Event response

Event/site transition

FIGURE 9.1  Four steps of an emergency response.
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and there generally is preplanning associated with the response effort. In the case of a 
workplace accident, the notification process is implemented by a triggering event and 
the notification chain has typically been preestablished and documented in company 
procedures. However, in the case of a terrorist attack, there may be no notification 
process other than the event itself and communication of the subsequent events.

As part of the event notification process, the person notified usually performs an 
initial qualitative analysis. Of primary consideration is keeping the response team 
safe and uninjured. Items to consider when qualitatively evaluating information 
communicated as part of the initial event notification are listed below.

•	 Establishment of command and control. Because more than one per-
son will be responding to the event, it is important to establish the hier-
archy of authority and the person or persons who will ultimately be held 
responsible for leading the emergency response effort on the ground. In a 
planned response, the establishment of command and control is predeter-
mined; roles and responsibilities have been clearly defined. In the case of an 
unplanned emergency, it is important to define, early in the response effort, 
who will be making the decisions on how the response effort will be imple-
mented. Traditionally, the fire department, specifically the fire marshal, has 
served in this capacity because of their significant experience in dealing 
with emergencies on a daily basis.

•	 Determination of the primary hazard posed by the event and associated 
risks to response personnel. An analysis of the risks posed to response per-
sonnel is initially done to support planning for the on-site response. The pri-
mary hazard posed by an event or emergency is usually the most obvious. 
For naturally occurring emergencies, the primary hazard is typically the 
event itself, such as water, wind, or fire. In the case of workplace accidents, 
it is conditions in the workplace as initially observed, such as a physical or 
chemical hazard. For terrorist attacks, the initial analysis is based on physi-
cal conditions at the attack site and the believed cause of the event.

•	 Determination of secondary hazards caused by the event and associated 
risks to response personnel. Again, an analysis must be performed in order 
to better protect and prepare response personnel. For naturally occurring 
emergencies, secondary hazards may include destroyed property and roads, 
transportation and shelter, needed medical attention, and continued rescue 
of personnel. In the case of man-made emergencies, secondary hazards 
posed by the event may include lack of food and water, but also combustion 
products from isolated fires and physical, chemical, and biological hazards 
that may initially occur or occur over time. Often, for man-made disas-
ters, which are unplanned, there is limited information regarding secondary 
hazards other than what was readily observed.

•	 Status of personnel and the need to rescue people. Initial analysis of an 
emergency event should include understanding whether members of the 
general public or workers are in needed of being rescued. If people are in 
need of rescue, then priorities for stabilizing the event site and the type of 
personnel needed to respond to the emergency need to be broader than when 
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responding to the event itself, and the prioritization of response efforts may 
be driven by the need to save lives.

•	 Conditions at the event site. When determining who should respond to an 
emergency, site conditions at the event site need to be generally understood 
because they could influence the type of people needed to respond. For 
example, do you know if there is any property damage, and do you have a 
good place for establishing a centralized command and control? Is the event 
site itself safe? What tools or instruments should we take with us when 
responding? These questions are all related to understanding any barriers 
posed by the event site itself.

•	 Logistical needs. When initially notified of an event, a significant consid-
eration is how to keep response personnel safe. Maintaining the safety of 
response personnel is critical in order to rescue people, but also to stabilize 
the event site. Another consideration is the availability of electrical power, 
in particular, because of the dependence of society on the use of technology 
in our daily work activities. Having electrical power readily available is cru-
cial to effective communications, collection of data, responding to medical 
emergencies, keeping instrumentation running, and general use as part of 
the response effort. Additional logistical needs that should be considered 
include water and food for both rescued personnel and those responding; the 
disciplines of the personnel responding, such as medical, engineering, mili-
tary, and health and safety; equipment, such as medical supplies and moni-
toring instrumentation; needed transportation; and where to establish a base 
working location. When responding to an event, the location that is estab-
lished as a “base camp” should be safe and easily obtainable by personnel.

•	 Communication needs and the ability to effectively communicate. In today’s 
society, almost everyone relies on smart technology to enhance both their 
professional and personal life. The use of technology in communicating the 
occurrence of an event, warning others of the event, and responding to the 
event is extremely important. Because there may be times when the ability 
to communicate is impacted, in many cases in real time, the need to over-
communicate becomes critical. Through the use of technology, emergency 
response efforts can be monitored and observed as they are occurring, and 
the ability to communicate with response personnel, and the decision-making 
process that response personnel must perform, can be assisted and enhanced. 
Response personnel can directly communicate with personnel in command 
and control, and the decision-making process associated with emergency 
response efforts has been greatly improved through the use of technology. 
The ability to more effectively communicate helps to assist in improving 
emergency response efforts, but it can also influence perceptions on how 
the emergency response effort is progressing. Through the use of technol-
ogy, communications of events can influence whether the public believes the 
response agency is providing adequate resources and is responsible both mor-
ally and fiscally. It is important to note that the larger the emergency response 
effort, the greater the amount of communication that is needed to effectively 
manage both emergency response personnel and the public.
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•	 Special needs. Depending on the event, there may be special needs required 
for response personnel. For example, some regulations require medical 
physicals of response personnel. There may be special equipment or spe-
cial skills needed to respond to the emergency or contaminants of concern. 
Special equipment may be needed if responding to a biological, chemi-
cal, or radiological event. Depending on the emergency, response person-
nel should consider whether there is any specialized equipment needed or 
requirements that need to be addressed when responding to and stabilizing 
the event scene.

9.5 � EVENT RESPONSE

The event response itself pertains to actions needed, at the event scene, to rescue 
people and stabilize the emergency. On a daily basis, there are several factors that 
must be considered that influence actions taken by emergency responders. These fac-
tors include risk prioritization, resources and equipment, logistical support, and com-
munications. Figure 9.2 depicts these factors, and each is further described below.

9.6 � RISK PRIORITIZATION

Risk prioritization is a process used by personnel to identify and prioritize the man-
agement of personnel and resources. In the case of emergency response, risk prioriti-
zation relates to how hazards, discovered as part of the response effort, are managed 
and mitigated. The risk prioritization process uses a hierarchical approach and is 
independent of the size of the event. Risk prioritization takes into account risk level 
and time. The greater the need to mitigate the hazard, the sooner the mitigation must 

Risk
prioritization

Communications Event
response

Resources and
equipment

Logistical support

FIGURE 9.2  Event response factors.
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occur. Figure 9.3 depicts an example risk prioritization process as part of an emer-
gency response effort.

The risk prioritization process is used when responding to hazards identified, as 
part of event response actions, and takes into account not only the primary hazard, 
or cause of the event, but also secondary hazards that have resulted from the event. 
When the event notification occurs, there is an initial assessment performed to iden-
tify the scope of emergency response actions. Upon arriving at the event scene, a 
more detailed and in-depth assessment of the hazards is performed. An analysis 
of the event scene hazards should occur and may cause a reprioritization of man-
agement of the hazards. For example, a chemical accident may occur in the work-
place, but upon arriving at the scene, electrical or water hazards may also be present, 
which would be a more imminent threat than first envisioned as a part of the initial 
emergency response effort. The risk mitigation process is usually managed by the 
event response lead and should include feedback and input from the response team. 
Through application of a risk prioritization, resources can be focused and response 
to the event, especially emergencies that are large in terms of response effort needed, 
can be significantly improved, along with providing a safer environment for emer-
gency response personnel to work in.

9.7 � RESOURCES AND EQUIPMENT

When responding to an emergency, the primary focus is rescuing personnel and 
stabilizing the site, preventing additional damage to personnel and the environment. 

1. Identify
hazards

2. Identify
mitigating

actions

3. Relationship
of hazard to

planned
response
actions

4. Determine 
and prioritize

need to
mitigate

FIGURE 9.3  Risk prioritization process.
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The number and types of people and equipment needed to respond should be iden-
tified and planned as much as possible—whether as part of the initial response 
assessment or as time progresses. The initial assessment of the number and type 
of resources and equipment needed is based on preliminary information obtained 
as part of the event notification process. Once at the event scene, a person will get 
a better understanding of what types of resources and equipment are needed. The 
type of resources needed should relate to personnel needs, such as search and rescue, 
but should also take into account professional disciplines that may be needed for 
the response effort, such as engineers, industrial hygienists, and perhaps demolition 
experts (e.g., heavy equipment operators). In addition, if the event response is to 
occur for a long period of time, then the ability to transition leadership and response 
personnel also becomes a priority because resources are always finite. At a mini-
mum, a core group of response personnel should include a leader or incident com-
mander, a logistical point of contact, a hazard evaluation expert, medical personnel 
(if appropriate), and a communications person.

Equipment needs related to emergency response efforts typically increase over 
time. The shorter the length of time of the emergency, the less equipment that will 
be required as part of the response effort. An initial assessment of equipment needs 
is performed as part of the event notification process, but as response efforts con-
tinue, and more information is known about the event site environmental condi-
tions, the type of equipment needed may change. For example, initial responders 
to a fire would be responding to and putting out the fire; however, monitoring at the 
event location may be needed to ensure that air quality is not impacted. The ability 
to continue to have access to needed equipment and personnel becomes extremely 
important as the length of the response action increases.

9.8 � LOGISTICAL SUPPORT

Logistical support relates to the procurement and distribution of supplies and 
resources. If the response effort will be longer than a day or two, then the need to 
organize and establish processes for obtaining supplies, and the ability to distribute 
those supplies, becomes a growing concern and one that can cripple the continued 
response. Although this is a function that can be managed by the event response 
lead, it is generally delegated and one person is assigned responsibility to ensure 
that all resources, supplies, and pathways for delivery are unimpaired. As with any 
emergency response role, when designating a person to provide logistical support, 
that should be their sole job—to ensure that all needed supplies are obtained. The 
designated logistical support person will be managing the needs of not only response 
personnel in the field, but also those in the command center, as well as arranging for 
corporate and outside stakeholder meeting locations. This person also works closely 
with the communications specialist. Considerations when providing logistical sup-
port include

•	 Availability of electricity, restrooms, water, and food
•	 Establishment and maintenance of a command and control headquarters 

and secondary response stations
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•	 Establishment and sustainability of communication mechanisms, such as 
cell phones and radios, computers, and Internet services

•	 Transportation of response personnel
•	 Ability to refurbish needed equipment and supplies
•	 Personal protective equipment and ability to dispose of waste

This list is not all-inclusive, but serves only as an example of items to consider 
when providing logistical support. Considerations will vary depending on the emer-
gency, but the role of providing logistical support is critical to being able to sustain 
the response effort.

9.9 � EVENT RESPONSE COMMUNICATION

As the emergency progresses, the need to effectively communicate the status of the 
event, if there are any injuries, and the current state of the event location becomes an 
integral part of the response effort. The heart of communication pertains to manage-
ment of people and outside perceptions of how the response effort is progressing. 
There are three primary needs of communicating during an emergency:

•	 Communications within the response team itself
•	 Communications with stakeholders
•	 Communication with the public and media

Communications within the response team itself are generally focused on mak-
ing sure the response team is safe and managing their response actions as they are 
progressing. If communications are not well established, then it becomes more chal-
lenging to ensure that event responders are safe and the decisions being made, as part 
of the response action, are appropriate.

Historically communications with the response team were conducted by hard-
wired telephone and at intervals, such as every 30 minutes. In today’s electronic envi-
ronment, there are multiple means available to communicate between the response 
team and the event response lead. Many corporate and government entities have 
improved communications with the response team and now are able to communicate 
in real time as the response team is implementing protective actions. Tools that are 
useful in establishing effective communication with event responders include cell 
phones, computers, and portable cameras that the response team lead, along with 
other interested parties, can use as the emergency response is unfolding. There are 
also portable electronic devices available that can be set up, both at the event site and 
at the event response headquarters, whereby planning can be conducted and shared 
in real time among the response team members and the response team lead.

Communications with outside stakeholders are also needed to ensure that all 
affected parties are informed of the state of the emergency. Whether it is a federal or 
state agency, regulatory body, or corporate interest, all these stakeholders are want-
ing to understand the status of the event so that they may understand their liability 
and appropriately respond to public inquiries. In the case of the 9/11 event response, 
regulatory agencies were a part of the planning and mitigation of the event.
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Communication with the public and social media has become one of the most 
impactful needs when responding to an emergency event. The ability of the event 
response lead and stakeholders to effectively communicate with the public and social 
media is extremely influential in how the response effort is perceived and whether 
it is deemed successful. It is important to note that depending on the size of the 
event, the level of importance of communication with the public and social media 
grows exponentially. In particular, many people have smartphones and are continu-
ally linked to the Internet; therefore, social media has become a primary means of 
communication. If communications are not effective, this can result in an increase 
in the level of regulatory oversight and funding, and a negative perception regarding 
how a company treats its employees and cares for the community. Below are some 
recommendations, currently used by companies today, to improve communications.

•	 Designate two communication positions or specialists at the start of an 
emergency: a communications representative at the event scene and a com-
munications representative to communicate with outside stakeholders and 
regulators, the public, and social media.

•	 Establish clear roles and responsibilities of event response personnel regard-
ing communication with outside stakeholders and regulatory agencies.

•	 Establish a routine frequency by which communications are presented to 
the public and social media.

•	 Be proactive in communications; however, the communication should be 
structured and always have a purpose.

When responding to emergencies, it is recommended that a person be designated as a 
communications representative whose primary job is to coordinate communications 
to entities outside of the response team itself.

9.10 � EVENT OR SITE TRANSITION

Once the initial response effort has been completed, and the initiating event has been 
mitigated, the emergency response effort is transitioned to another individual who 
will be designated with returning the site back to preevent conditions. The event or 
site transition generally occurs after all personnel have been rescued or obtained 
medical attention, the initial hazard has been mitigated, any secondary hazards have 
been identified and are being successfully managed, and a long-term corporate entity 
has been brought in to manage any long-term site cleanup. In the case of natural 
disasters, there is generally a state or city government agency that takes control of 
areas that were struck. For man-made accidents, the transitional body that will pre-
side over long-term cleanup is generally a company, but it may also be a state or city 
agency (in the case of an act of terror).

When transitioning personnel from a recovery and response effort, a primary 
consideration is understanding the end state of when the site response and transition 
effort is complete. Defining the desired end state of the response action is extremely 
critical to ensure that the appropriate personnel are identified to support long-term 
stabilization activities, as well as understanding when deployed resources can be 
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reassigned. When transitioning personnel from the initial response personnel to 
a governing body that will oversee long-term cleanup and event stabilization, the 
ability to fund the effort starts to be a primary concern. Initial estimates of cleanup 
are generally not inclusive of all efforts needed to return an event site to its initial 
state. Depending on whether the public was harmed, special funds may need to be 
established to assist families in remediating their home. In the case of Hurricane 
Katrina, the government set up a special fund to assist families who did not have 
the ability to pay for the damage to their homes. Resources needed as part of site 
transition, management and accountability, funding, and logistical support are all 
considerations of site transition. In addition, the role of communications will be 
reduced; however, continuing to effectively communicate continues to be a high 
priority.

9.11 � LESSONS LEARNED FROM 9/11

Probably the most significant emergency response effort in the history of the United 
States was 9/11. The industrial hygienist played a role in this response effort, and 
the remainder of this chapter is written to capture lessons learned from an industrial 
hygienist who was a part of the response effort and was at Ground Zero within a 
week of the planes striking the WTC.

9.11.1 �E vent Notification

The event notification for 9/11 was through commercial television, the Internet, and 
radio. The initiating events continued for several hours. Companies that had person-
nel in the WTC were frantically trying to determine employee accountability—who 
was in the WTC on that fateful day. Simultaneously, as the event was unfolding 
companies became aware that they would be responding to provide assistance. 
Consequently, personnel and volunteers were quickly identified and dispatched to 
assist in the emergency response effort.

Initial response equipment was minimal due to the site being controlled by fed-
eral, state, and local agencies. Corporate and institutional responders were not sure 
what was going to be needed because the effort to rescue people was still a primary 
focus of the response effort, and information regarding an initial risk assessment of 
what hazards may exist at the event scene was minimal. Instrumentation tailored to 
the hazards, as they became known, was obtained after additional hazard informa-
tion became available, along with better respiratory protection. Federal, state, and 
local municipalities and corporations started identifying resource needs and funding 
mechanisms for the emergency response effort. Contracts were established among 
different stakeholders, including large construction companies, to assist in the recov-
ery and response effort.

Medical physicals were not required for response personnel, other than physicals 
required by environmental and occupational safety regulations. As time progressed 
a psychological exam was performed for all response personnel prior to working 
the emergency scene; this was recognized as a good practice because of the num-
ber of stress factors associated with the response effort. A medical representative 
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individually spoke with each response person to perform general psychological test-
ing and to prepare personnel for responding to the devastating event scene.

9.11.2 �E vent Response

Response personnel were not sure of the extent of hazards at the event scene; little 
information was initially available because of the time constraint to rescue people. 
Response personnel were not sure if there were hazards other than falling debris 
and building material. Specifically, response personnel did not know if the terrorists 
had intentionally brought chemical, biological, or radiological contaminants onto the 
planes that crashed.

The initial site visit was overwhelming. No one had ever envisioned the mag-
nitude of the devastation, both physically and emotionally, that they encountered 
when they first arrived at Ground Zero. Response personnel did not know what 
contaminants were present, other than the event scene had a pungent odor and 
small combustion fires were everywhere (fires and thermal releases). As time pro-
gressed, response personnel determined that exposure to asbestos was limited and 
by-products of combustion or subsequent chemical reactions became a significant 
hazard of concern.

Physical hazards at the site were unpredictable because of the ever-changing con-
ditions as part of the rescue and cleanup effort. The initial focus of the response 
effort was on physical hazards, addressing acute health hazards that may be present. 
As the presence of chemicals became known, industrial hygienists recognized that 
there would be chronic health hazards associated with the response effort. When 
investigating, response personnel realized that there were a significant number of 
chemicals that could be present, but might not have known which chemical was 
causing an odor. Most of the odor was coming from underground, originating from 
under the ground surface, and may have combined with other contaminants.

A risk prioritization process was used in the response to 9/11. New hazards were 
identified on a daily basis. Because of the size of the response effort, along with the 
limited number of resources available to assist in the response effort, new hazards 
were continuously arising and needed to be managed. A risk prioritization process 
was established and used daily to prioritize risks to the response team and to assist in 
site stabilization activities. Identified hazards were prioritized on a daily basis, dur-
ing a morning meeting, to determine the priority in which a response was needed: 
mitigation immediately needed, mitigation could occur the next day, or mitigation 
was needed within the week or month. Of primary concern was the need to keep the 
response team safe from harm when responding to the 9/11 event.

Response personnel were assigned to work on rotating shifts. Transportation had 
to be arranged to deliver personnel to the event scene on a rotational shift basis. 
Specialized disciplines were used as part of the response effort. Demolition experts, 
in addition to other traditional response personnel, became part of the response team 
because they understood hazards that were associated with demolishing a building 
and how to work more efficiently in areas that contain many physical hazards. The 
demolition experts provided experience in safe methods to remove large pieces of 
building debris.
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Physical and mental stamina was difficult. The event scene was a large area, and 
because of the significant number of people who were injured or deceased, focusing 
on the job became at times challenging, in particular if someone was looking for 
their loved one. About a month after the event occurred, golf carts were procured 
to assist traveling at the event scene; however, riding in the carts themselves also 
became a hazard because there were no formal roadways.

The primary role of the industrial hygienist was exposure and air monitoring. A 
large number of air monitoring tests were performed, which included a process for 
inventorying the samples and controlling and managing data. Because of the chang-
ing hazards and conditions, the industrial hygienist had to be flexible and adapt to 
taking samples under less than pristine conditions. Often, the industrial hygienist 
was asked to respond to the unknown situation or odor. A large number of samples 
were collected and required extensive data entry and management. The need to 
manage the information originating from the sample collection became challenging 
because it was difficult to correlate samples previously taken with new hazards that 
needed to be managed—the data set was extremely large. In hindsight, it was rec-
ognized that having one person for data management and analysis would have been 
useful to better understand and coordinate the overall hazard management process 
as part of the response effort. People were collecting a lot of data, and the resulting 
data was entered into a large data collection system, making it difficult for response 
personnel to understand and effectively manage the hazard management process.

9.11.3 �S ite Transition

The response and recovery effort for 9/11 went on for several months and years. 
Because of the magnitude of the emergency, defining an end point to perform site 
transition was challenging. This is often a major consideration that should be con-
sidered as early in the response effort as possible. All agencies and personnel who 
responded to the event have learned from the emergency. The true extent of health 
hazards posed to those who responded has evolved from acute to chronic health 
issues and will continue to impact all those associated with the response. It is of spe-
cial note and significance that this chapter is devoted to those who responded to and 
are continuing to assist in the recovery efforts associated with 9/11.

QUESTIONS TO PONDER FOR LEARNING

	 1.	What are the two types of threats or disasters that require some type of 
emergency response? How can the two types be distinguished?

	 2.	What role does the industrial hygienist play in emergency response?
	 3.	 Is it feasible to prepare for all types of emergencies? Explain and justify 

your response.
	 4.	List and explain factors important to an industrial hygienist when respond-

ing to an emergency.
	 5.	Discuss the importance of effective communications during emergencies.
	 6.	How have the past emergencies impacted emergency response efforts 

today?
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10 Evaluating the Industrial 
Hygiene Program

10.1 � INTRODUCTION

A successful industrial hygiene program is built on the fundamental principle that 
both the program and field execution are being implemented in accordance with 
processes and procedures that are in compliance with both company and regulatory 
requirements. As an industrial hygienist, you are frequently required to act as a safety 
representative in the workplace. Industrial hygienists may collect air samples in the 
morning, participate in a prejob during the midmorning, and observe workers from a 
safety perspective while work is being performed in the afternoon. Depending on the 
need of the moment, the workforce expects the industrial hygienist to be the safety 
person. Recognizing, evaluating, and mitigating hazards are the fundamental build-
ing blocks to protecting the worker, but to ensure that the industrial hygiene program 
is sound, established on an adequate technical basis, and supports risk reduction in 
the workplace, the programs must be evaluated to confirm that they are maintained 
and compliant with laws and regulations, and consistent with the company vision 
and guiding principles. One method to evaluate the industrial hygiene program is by 
conducting an assessment.

The term assessment is the act of evaluating and drawing conclusions about the 
state of a process, program, activity, or event: the act of evaluating something: an 
idea or opinion about something. Assessments can be conducted in many ways:

•	 Field walk-arounds
•	 Inspections
•	 Surveillance
•	 Independent evaluations
•	 Documented formal assessments

Depending on the needs of the company or client, assessments can be structured 
in a number of ways and implemented either formally or informally. There are many 
reasons why an industrial hygiene program should be evaluated. One of the most 
common drivers for evaluating an industrial hygiene program is to ensure that the 
company is compliant with worker safety and health laws and regulations. Listed 
below are a few examples of why a program or process should be assessed.

•	 To understand whether the program and field implementation is in com-
pliance with laws and regulations—minimizes regulatory, personal, and 
financial risk
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•	 At the beginning of managing the program
•	 Periodically to ensure it maintains compliance

•	 To fulfill the requirements of insurance companies that regular evaluations 
are conducted to ensure the adequacy of the program’s content

•	 To understand the level of regulatory, financial, and human health risk that 
exists or may have changed because of an event that occurs

•	 Upon receipt of an enforcement action, to identify areas that need to be 
improved to minimize future risk

•	 Based on complaints by workers, to understand and reduce human health 
and regulatory risk

Typically, assessments and other means for evaluating programs and processes 
address three fundamental areas:

•	 Compliance to requirements
•	 Performance of workers, processes, and programs
•	 Quality of executing and performing tasks or processes

The reason for performing an assessment may vary, but the workflow when con-
ducting an assessment is generally the same. Figure 10.1 depicts the general work-
flow of conducting an assessment. Each element of the workflow process is presented 
in this chapter, along with tools that are useful to the industrial hygienist in plan-
ning, conducting, and using assessment results to both further improve programs and 

Identify program,
process, or equipment

to assess

Identify key attributes
to assess

Develop assessment
plan and lines of

inquiry
Perform the assessment

Evaluate assessment
data

Document assessment
results

FIGURE 10.1  Workflow for conducting an assessment.
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processes used by a company and confirm that they ultimately support a reduction 
in the overall risk.

10.2 � IDENTIFYING THE PROGRAM AND PROCESS TO ASSESS

Assessments generally target a program or process that needs to be evaluated to 
determine if it is functioning as designed. The program or process may be at the 
company level, such as evaluating whether the program or process used in reporting 
safety statistics across the company or corporation is being performed in accordance 
with company procedures. Assessments may also be conducted at the facility level. 
The most common use of assessments is to evaluate worker or field performance at 
the activity level. A good example of this type of assessment is observing a work 
prejob and watching the work being performed in the field. No matter what the pro-
gram or process that is being assessed pertains to, the workflow for performing an 
assessment remains the same.

10.3 � IDENTIFYING KEY ATTRIBUTES TO ASSESS

Key attributes refer to those characteristics or traits of a program or process 
that make it unique or vital to ensuring that the program or process functions as 
designed. For example, as an industrial hygienist or safety professional, you may 
be asked to evaluate whether the company’s exposure assessment process is being 
implemented as intended. Key attributes that would be targeted for being assessed 
could include

•	 Evaluating whether an exposure assessment strategy has been documented 
and is being implemented

•	 Ensuring the adequacy of workplace data collection
•	 Establishing accurate exposure profiles and similar exposure groups
•	 Identifying and implementing hazard controls based on exposure profiles

Identification of the correct critical attributes is important because evaluation of 
the attributes will drive the focus and value of the assessment. The assessor should 
also consider who the customer is for the assessment; the customer may have specific 
feedback as to the attributes to be evaluated, or the worker may also provide feed-
back on specific attributes to assess.

10.4 � DEVELOPING THE ASSESSMENT PLAN 
AND LINES OF INQUIRY

Once the critical attributes of the assessment have been identified, then an assess-
ment plan and associated lines of inquiry are developed. The development of an 
assessment plan can be tailored to be either simple or quite formal and lengthy, and 
the extent to which the assessment plan is developed is dependent on the purpose 
of  the assessment and the needs of the company. If the assessment is to be used 
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within the industrial hygiene program group to evaluate the performance of a par-
ticular function, then it can be as simple as a checklist. If it will be used to support 
ongoing legal litigation or provide feedback to corporate on areas to improve across a 
company, then more elaborate criteria documents may be warranted. An example of 
a simple assessment plan is shown in Figure 10.2. A typical assessment plan should 
include the following:

•	 Assessment topic
•	 Person performing the assessment
•	 Assessment time frame
•	 Assessment methods
•	 Lines of inquiry to be used when conducting the assessment (which could 

consist of a ready-made checklist)
•	 Assessment results

Company X

Assessment plan

Assessment topic:

Person performing assessment:

Assessment timeframe:

Assessment methods:

Assessment lines-of-inquiry:

Implementation of the asbestos program

Susan B. Anthony

July 21, 2017August 6, 2017

Walk-through of the area.

Review of program documentation.

Interviewing two workers.

1.   Does the company maintain a list and location of asbestos contaminated material? Select
      several work locations to confirm that all required signs and postings are visible.

2.   Have workers been provided initial and continuing training as required?

3.   Are workers provided the appropriate PPE commensurate with program requirements?

4.   Are the results of sampling work evolutions below regulatory and company requirements?

5.   Is a written program in place, which is compliant with regulatory requirements, and requires 
      all appropriate monitoring?

6.   Are appropriate respirators used when required?

7.   Are employees who perform work with asbestos in a medical surveillance program?

8.   Do workers feel they are protected?

9.   What opportunities exist for improving program and field implementation?

10.   Does the company have an effective asbestos program?

FIGURE 10.2  Assessment plan template.
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If the assessment is being informally conducted, then a written plan is not neces-
sary; however, depending on how the information from the assessment will be used, 
it is always recommended to document the assessment methods and results in some 
manner for future reference, whether it be in a logbook or an informal database. The 
information can be used for communicating to management or workers that a work 
process has been evaluated and determined to either be adequate or need improve-
ment. As part of the assessment plan, the method of assessment will need to be 
defined. Assessment methods include the following:

•	 Reviewing program or process documentation
•	 Interviewing workers and management
•	 Observing work in the field

As an assessor, you will decide the best method for performing the assessment 
based on the topic and needs of the assessment. One or more assessment methods 
are generally used in any type of assessment. The assessment methods are used to 
implement the lines of inquiry.

The lines of inquiry are typically written in the assessment plan as a question, but 
could be in the form of a statement, and can be used with any assessment method 
(e.g., whether you are interviewing a worker in the field or reviewing documentation 
that is used to validate safety and health information communicated to the workforce). 
Lines of inquiry can originate from program and process procedures, and form the 
fundamental basis for performing the assessment. The reason for why the assessment 
is being performed will drive how the lines of inquiry are written. If the assessment is 
being conducted to determine whether the program or process is compliant with regu-
latory or contractual requirements, then the lines of inquiry will be developed from the 
requirements in the form of a question or a statement. For example, 29 CFR 1910.95(c) 
requires employers to administer a continuing, effective hearing conservation program 
whenever employee noise exposures equal or exceed an 8-hour time-weighted average 
(TWA) sound level of 85 dB on the A scale or, equivalently, a dose of 50%. A line of 
inquiry that can be used to evaluate this requirement may consist of, “Does the com-
pany require an employee to be in a hearing conservation program if the employee 
noise exposures equal or exceed an 8-hour time-weighted average (TWA) sound level 
of 85 dB on the A scale or, equivalently, a dose of 50%?” The method used to evaluate 
this line of inquiry could include review of exposure monitoring results to determine 
which employees would qualify to be in a hearing conservation program, and then 
evaluate whether the employees have been enrolled in such a program. The number of 
lines of inquiry developed will vary depending on whether the scope of the assessment 
is large or small. There is no defined number of lines of inquiry needed; however, the 
number of lines of inquiry should be sufficient to draw conclusions of the assessment 
that support whether the program or process is adequate or improvement is needed. 
Additional factors to consider when developing lines of inquiry include

•	 What information is being sought when reviewing documentation?
•	 What are the work practices that the workers will be following when per-

forming the task to be observed?
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•	 How will the information from the assessment be used, and are there other 
considerations, such as legal or personnel requirements, that should be 
incorporated into the lines of inquiry?

•	 How can one communicate the questions in such a manner that both 
the people being assessed and the personnel who will use the information 
understand?

10.5 � PERFORMING THE ASSESSMENT

Performing the assessment may seem relatively obvious; however, there are a num-
ber of items that should be considered when performing and implementing an assess-
ment activity. First and foremost is the need for the assessor to communicate the 
assessment prior to performing the activity. Most managers and employees are ner-
vous when someone comes to their work site and communicates that he or she will 
be performing an assessment. The natural tendency of people is to be concerned that 
they will do something wrong and get in trouble. It is important that the assessor 
communicate the following, preferably several days in advance:

•	 The purpose of the assessment
•	 How the assessment will be conducted
•	 That no blame or discipline will result from evaluating the work
•	 That the outcome of the assessment will be communicated to management 

and the employees
•	 That feedback as to how the assessment can be better performed will be 

solicited
•	 That any questions that may arise prior to the assessment being performed 

will be answered

Results of the assessment will be better accepted and appreciated if the asses-
sor effectively communicates the purpose and scope of the assessment, and enlists 
the support of management and the workforce prior to initiating the assessment. To 
assist the industrial hygiene professional, there are general rules to be considered 
when assessing.

•	 Try and put the workers who are being assessed at ease. Open the visit with 
a good explanation of how the assessment will be conducted, what scope 
will be assessed, and how the information will be used. Often, a joke or 
communicating that workers’ concerns are understood, prior to the assess-
ment being initiated, is a good idea. Workers are generally more acceptable 
of being “watched” or interviewed if they understand that they are also in 
control of what is happening.

•	 Make sure to communicate what your role is and that you are there to help. 
Communicating and helping the workers understand that everyone is on 
the same team, and that you yourself are a worker, assists in building trust.

•	 Communicate that assessments are a normal part of doing business. If the 
company or function does not understand how well they are performing 
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against requirements, then improvement cannot be achieved. This is also 
a good opportunity to receive feedback and tailor your lines of inquiry 
toward worker concerns or areas in which they would like to understand 
how the process or program is functioning.

•	 There is no blame when assessing. The assessor is not here “to get you”; 
they are here to help.

•	 Solicit trust and collect feedback from the workers, and incorporate that 
information into the lines of inquiry.

•	 When interviewing, find a location that is nonthreatening. If the work-
ers would like to bring someone with them as a witness, that should be 
embraced.

•	 Communication is key to a successful outcome. If anyone has any ques-
tions, they should be encouraged to raise them, and together the assessor 
and assessee can resolve them.

•	 The assessors should not outnumber the workers being assessed. Often, 
during interviews assessors will have two or three people interviewing 
one person. Such an environment can create apprehension and fear that 
the interviewee is being set up. In some cases, they may refuse to be inter-
viewed because they feel uncomfortable.

•	 When observing work, if an unsafe condition exists, then it should be com-
municated to the supervisor or worker performing the unsafe act. At times, 
it may be appropriate to stop the work. The assessor will lose credibility and 
trust if an issue related to an unsafe working condition is raised after the 
fact. The worker will then believe the assessor is “out to get them.”

•	 A good assessor looks for every opportunity to build trust and respect dur-
ing the assessment process. In particular, the industrial hygienist is con-
sidered a safety and health representative and, as such, is expected to have 
integrity and character. After all, the workers are putting their safety into 
the industrial hygienist’s hands.

As with every task the industrial hygienist performs, sufficient documentation and 
justification as to how the assessment was performed and the results are important. 
Because many tasks that an industrial hygienist performs support technical decisions, 
and possibly future litigation, thorough and adequate documentation is a necessity.

10.6 � DATA ANALYSIS

Once the field work is complete for the assessment, information and data generated from 
the assessment must be analyzed and conclusions drawn. Data from the assessment will 
vary depending on whether it is qualitative or quantitative; an industrial hygienist is 
required to have the skills to evaluate both types of data. Qualitative data is more often 
associated with program reviews. For example, is the industrial hygiene program or 
process conforming to the company procedure or regulatory requirements? Are per-
sonnel adequately performing, implementing, and reporting in accordance with com-
pany requirements? Quantitative data is more often associated with process reviews and 
mathematical data. For example, when reviewing hearing data, does it meet or exceed 
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the regulatory threshold for enrollment in a hearing conservation program? Are person-
nel appropriately enrolled in a medical monitoring program if sampling data indicates 
that workers are exposed to chemicals or contaminants above a certain threshold level? 
In many cases, both qualitative and quantitative data are evaluated as part of assessing 
industrial hygiene practices. Once the data has been generated, it must be organized, 
analyzed, related to the existing programs and processes, and stored. Figure 10.3 depicts 
the relationship of all these factors in the analysis of data.

10.6.1 �D ata Organization

The manner by which the data is organized is important because the data itself may 
be used in a number of ways. Listed below are some of the more common reasons 
why data must be organized, and they should be considered when organizing data 
generated from assessments.

•	 The data must be organized to support conclusions of the assessment. Every 
assessment has a purpose, and how the data is organized will support con-
clusions drawn to meet the need for why the assessment was conducted. 

Organization
and

management

Analysis
methodStorage

Relationship
to existing

programs and
processes

Data
analysis

FIGURE 10.3  Elements of data analysis.
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Whether the assessment was conducted to determine program compliance 
to regulations or to determine whether a program is being effectively exe-
cuted, how the data is organized should support and provide an answer to 
why the assessment was conducted.

•	 Conclusions of the assessment must be reproducible and credible. How the 
data is organized can either assist in achieving reproducibility and cred-
ibility, or hinder and draw criticism from others reviewing the assessment. 
Having the data organized in such a fashion that lends credibility to the 
assessment will be of significant importance to the industrial hygienist for 
future reference. There is nothing worse than an outside party reviewing 
assessment data and not being able to draw the same conclusions from the 
data. This is of particular importance if the assessment will be used, or pos-
sibly relied on, in regulatory litigation.

•	 The data must be organized in a logical fashion. If the industrial hygiene 
professional cannot show logic to how the data was organized, then cred-
ibility becomes an issue, and even if the data is accurate, the illogical man-
ner in which it is organized will not positively drive others to believe that 
it is valid.

10.6.2 �A nalysis Method

The method by which the data is analyzed is extremely important because it can drive 
the defensibility of conclusions drawn from the assessment. Data may be analyzed 
either qualitatively or quantitatively, and in both cases data is compared against cri-
teria and a cognitive analysis is performed. Qualitative analysis of the data is based 
on a cognitive comparison of the data against criteria that are typically nonnumeri-
cal. Criteria used for evaluating data are generally based on a statement or require-
ment. For example, 29 CFR 1910.120(b)(1)(i) requires that “employers shall develop 
and implement a written safety and health program for their employees involved in 
hazardous waste operations. The program shall be designed to identify, evaluate, and 
control safety and health hazards, and provide for emergency response for hazardous 
waste operations.”  Quantitative analysis of data is based on a cognitive comparison 
of the data against criteria that are numerical. Criteria used for evaluating data are 
numerical, and often analysis of the data uses statistics to verify or validate conclu-
sions. For example, 29 CFR 1910.95, Appendix F, states:

In determining whether a standard threshold shift has occurred, allowance may be 
made for the contribution of aging to the change in hearing level by adjusting the most 
recent audiogram. If the employer chooses to adjust the audiogram, the employer shall 
follow the procedure described below for each audiometric test frequency:

	 (i)	 Determine from Tables F-1 and F-2 the age correction values for the 
employee by:

	 (A)	 Finding the age at which the most recent audiogram was taken and 
recording the corresponding values of age corrections at 1000 Hz 
through 6000 Hz;
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	 (B)	 Finding the age at which the baseline audiogram was taken and record-
ing the corresponding values of age corrections at 1000 Hz through 
6000 Hz;

	 (ii)	 Subtract the values found in step (i)(B) from the value in step (i)(A).
	 (iii)	 The differences calculated in step (ii) represented that portion of the change 

in hearing that may be due to aging.

This book will not go into detail as to how statistics are used in the industrial 
hygiene process; however, what is important is that the industrial hygienist under-
stands how statistics can be used to strengthen the quality of the data and support 
data analysis conclusions. In most cases, the industrial hygienist will employ both 
qualitative and quantitative analysis in making a determination as to whether a 
regulation has been exceeded. Results from a personal lapel sampler may, at first 
glance, indicate that chemical concentrations were above regulatory limits; how-
ever, because the worker was not present in the workplace for 8 hours, further 
analysis determined that chemical concentrations did not exceed the worker pro-
tection value.

10.6.3 �R isk Management of Identified Hazards

A key consideration in the analysis of data is understanding the relationship between 
the identified condition and risk. The risk may be financial risk, health risk, per-
ceived risk, regulatory risk, or environmental risk. There are all types of risk associ-
ated with identified risk, and it is up to the industrial hygiene professional to identify, 
understand, and determine the best method for risk management associated with 
protecting workers. When conducting assessments, risk is generally identified dur-
ing the phase of comparison of the data to qualitative or quantitative criteria. Risk is 
also prioritized from greatest to least risk consequences. The identified risk can also 
be cumulative, meaning that as additional risk is identified, the overall consequences 
of risk increase. The acceptability of risk to the workers, company, and industry 
can also influence the analysis of data and formulated conclusions. Additionally, the 
cultural impact of accepting or reducing risks identified during assessments must be 
considered.

In the age of the Internet, society has become less accepting of risk, which 
to the industrial hygiene professional equates to increased performance in man-
aging and controlling hazards in the workplace. It is recommended that when 
evaluating data generated from assessments, the industrial hygienist has a good 
understanding of the risk threshold of the company, and regulatory agency, when 
controlling exposures and hazards to workers in the workplace. One such example 
is that the acceptability of the risk and hazard thresholds, for protecting work-
ers, when conducting remediation work under the Resource, Conservation, and 
Recovery Act (RCRA) is different from that under the Occupational Safety and 
Health Administration (OSHA). Under OSHA, there must be a proven harm, such 
as workplace injury or illness; however, under RCRA, there only needs to exist the 
potential for injury or illness before additional personal protective actions may be 
warranted.
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10.6.4 �R elationship of Data to Existing Programs and Processes

Data generated as a part of the industrial hygiene program almost always contributes, 
to some degree, to other functional elements of the overall industrial hygiene pro-
gram or processes, along with those programs and processes associated with other 
company functions. For example, data generated as part of a routine sampling pro-
gram may be used in the work control process, such as defining the level of engineer-
ing controls or personal protective equipment needed to safely perform work and 
adequately protect workers. The data may also be used in understanding whether the 
workplace conditions have changed over time, or determining whether daily work is 
being safely performed. Routine industrial hygiene data is also extremely valuable 
when issues occur in the workplace and validating personnel were, and have not 
been, acutely or chronically exposed to chemicals or particulates. It is important that 
the industrial hygiene professional understand where and how the data that is being 
generated, as part of routine sampling, can be used in other programs and processes 
that the company uses in everyday work.

10.6.5 �D ata Storage and Management

Data storage and management is not necessarily a topic that many industrial hygien-
ists consider; however, it is becoming increasingly important in the current tech-
nology age, along with society becoming less tolerant to work environments that 
can cause serious health effects. There are several regulations that require exposure 
records to be maintained for a specified period of time. The most common regula-
tion is 29 CFR 1910.1020(d)(1)(ii), which states that “each employee exposure record 
shall be preserved and maintained for at least 30 years.” Depending on the indus-
try or function of a company, there may be additional requirements associated with 
data retention and storage (such as records). When storing and managing industrial 
hygiene data, the industrial hygiene professional should consider the following:

•	 Data retrievability. Industrial hygiene data that is generated must be stored 
to enable retrievability for an indefinite amount of time. This can be chal-
lenging because most data generated in the twenty-first century is elec-
tronically generated and stored. Programs that are currently being used for 
storing and retrieving data may not be available in the future—and most 
likely will not be. So it is up to the industrial hygiene professional to moni-
tor and update data management software with some routine frequency. 
Even if the data is saved on a storage device, such as a memory drive, in 
5–10 years the memory drive may not be readily retrievable. It is recom-
mended that the industrial hygiene professional consult with computer pro-
fessionals when determining the best way to store and retrieve exposure and 
other industrial hygiene data.

•	 Quality management standards. Most companies are managed under some 
type of a quality assurance program. For many years, there has not been 
a good integration of quality assurance standards and industrial hygiene 
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data, or even the implementation of an industrial hygiene program. Unless 
an industrial hygiene program has established a quality assurance program 
that is as stringent as the company quality assurance requirements, it is very 
likely that all aspects of the industrial hygiene program may be regulated, 
to some extent, by quality assurance. Depending on the industry or com-
pany in which the industrial hygienist is employed, there may be quality 
assurance standards or criteria that must be complied with when storing 
and managing industrial hygiene data and records. It is a good idea that the 
industrial hygiene professional understand the quality standards that regu-
late his or her company or industry, and how those standards may apply to 
their program including data storage and management.

•	 Ease of accessibility. Many computer programs used by industrial hygiene 
professionals have some form of requirements or controls associated with 
accessing data. The industrial hygiene professional needs to understand any 
limitations or controls that may be present, such as read and/or write capabil-
ity, and whether there are security features that should be enabled when using 
and controlling accessibility to the data. Shortcuts can be created that can 
ease accessibility, and it is important to understand whether more than one 
person, at the same time, can access the data. This is extremely important 
because if more than one person cannot be using the data at the same time, 
then often data is not entered and saved in the program (when the indus-
trial hygienist thought it was saved). Also, security passwords are helpful to 
ensure that only those personnel authorized to use the data have access.

•	 Custodial responsibilities. All companies have some amount of employee 
turnover. It is common in today’s work environment for industrial hygiene 
professionals to transition, or progress, to another job with increased respon-
sibilities. Often, this progression does not happen within the same company 
long term. It is important that one person, typically a supervisor or manager, 
maintain custodial ownership over any databases associated with industrial 
hygiene exposure monitoring or data. The manager or supervisor may not 
always be the database administrator (that responsibility can be delegated), 
but overall custodial responsibility should reside with a person of authority, 
and one that is most likely to stay with the company. Many companies today 
use change management plans to manage key company processes, and stor-
age and management of industrial hygiene data, because of legal liabilities, 
should be designated a key process. As personnel transition to other jobs, 
either inside or outside the company, the change management plan is used 
to identify company risks and how to mitigate and manage them, such as 
maintaining custodial responsibility of the industrial hygiene data.

•	 Interfaces with occupational medical programs and providers. Industrial 
hygiene data is used in a variety of ways, one of which is that information 
is used in occupational medical programs to determine whether an injury 
or illness is work related. The interface between an industrial hygiene 
program and its designated occupational medical provider is important, 
because without the data the provider cannot make an appropriate medical 
determination. The industrial hygiene professional should understand the 
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electronic database interfaces between the two programs and/or companies 
and ensure that data is routinely and accurately transmitted to the occupa-
tional medical provider.

10.7 � DOCUMENT ASSESSMENT RESULTS

Once the data has been analyzed, conclusions are formulated and information is then 
documented in some form of an assessment report. It is always a good practice for 
the assessor to meet with the employees or management who were involved in the 
assessment, prior to formally documenting and issuing the assessment, to ensure that 
everyone understands the conclusions of the assessment. This meeting also provides 
employees and management an opportunity to give feedback on whether they agree 
with the conclusions, or if there is information that was overlooked by the assessor 
that might impact the assessment conclusions.

Documentation of the assessment can vary, from a small, one-page checklist with 
a summary at the end to a multipage report with conclusions and recommendations 
identified. The assessor must understand how the information from the assessment 
may be used, which will help determine the level and depth of how the assessment 
is documented. The understanding of risk associated with the information generated 
from the assessment should be included in the assessment report, and then commu-
nicated to all employees involved in the assessment. This is extremely important in 
building trust and respect with the workforce. A typical assessment report consists 
of the following:

•	 Assessment topic
•	 Assessor name and assessment time period
•	 Approach and methodology
•	 Assessment criteria
•	 Data results
•	 Conclusions and recommendations

The assessment report should also define how the assessment information will be 
used and how the assessment report itself will be managed. Many assessment reports 
recommend a path forward for resolving any issues identified during the assessment. 
Depending on the industry or company, there may also be quality assurance require-
ments that drive how the assessment is documented. The industrial hygienist should 
have a good understanding as to whether the company or industry has standards 
associated with documenting assessments.

QUESTIONS TO PONDER FOR LEARNING

	 1.	List some examples of why a program or process should be assessed.
	 2.	Describe the workflow process for conducting an assessment.
	 3.	What are the components of a typical assessment plan?
	 4.	When functioning as an assessor, what are some of the general rules that 

you must consider?
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	 5.	Discuss the elements of a data analysis and the input on the assessment 
process.

	 6.	Discuss the importance of conducting an assessment that is viewed as cred-
ible and reproducible.

	 7.	List some of the many ways that risk can be defined.
	 8.	What attributes of data storage must be considered when storing collected 

data that represents workplace hazards and exposure evaluations?
	 9.	What are the component contents of a typical assessment report?
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11 Continuous 
Improvement

11.1 � INTRODUCTION

The industrial hygiene profession is one that is focused on identifying and control-
ling workplace hazards, including physical hazards and associated health risks, and 
ensuring the safest work environment for the employee. Both the industrial hygiene 
program and implementation of the program in the field can always be improved—
and should be improved—to ensure compliance with the most current requirements, 
standards, and safety practices. The term continuous improvement means specific 
actions, or a series of actions, that the industrial hygienist or company executes to 
improve safety and health or industrial hygiene programs with respect to productiv-
ity, compliance, or actions to minimize health risks to employees. Often, activities 
and steps needed to complete those goals are written into a continuous improvement 
plan for industrial hygiene.

A continuous improvement program targets functional elements of the industrial 
hygiene program that have been identified as not being well implemented, or have 
been fully implemented, but a higher level of performance is desired. For example, 
over the past year several inspections have identified noncompliances in the hearing 
conservation program. Two employees were identified as performing work in an 
area where noise greater than 85 dB is present during the working day, but neither 
employee was enrolled in the company’s hearing conservation program. Another 
example could be that the industrial hygienists were developing exposure assess-
ments for each job-specific package; however, the documentation associated with 
the jobs did not justify the industrial hygiene analysis and calculations. In both 
examples, several actions could be taken to improve the overall industrial hygiene 
program and company performance in either the noise control program or the hazard 
identification and control program.	 Oftentimes, these plans are written to achieve a 
higher level of performance from a corporate perspective, or in response to a regula-
tory fine; however, it is always a good practice for the industrial hygienist to annually 
identify areas for improvement. It should also be recognized that there is no regula-
tion that requires an industrial hygienist to establish and implement a continuous 
improvement program; it is based on the commitment of the company, the safety and 
health organization, management, and workers to improve how they are performing 
work and striving to provide a safer work environment.

The ultimate goal of a continuous improvement program is to reduce overall risk 
to the company and its employees. The risk reduction could be legal, such as improv-
ing compliance to a specific regulation. The risk reduction could be financial, such 
as reducing the cost to implement the industrial safety and hygiene program because 
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of automated monitoring equipment. Or, the risk reduction could be to human health, 
such as designing a ventilation system to operate below 85 dB. Whatever the reason, 
a continuous improvement program should improve current functional operations, 
as well as improve the work environment culture and work conditions in the field.

As depicted in Figure 11.1, a continuous improvement program for industrial 
hygiene should utilize one or more of the following tools:

•	 Evaluation of the industrial hygiene program. Routine evaluation of the 
safety and health program, in which industrial hygiene is often included, 
provides a basis for determining at a specific point in time how well imple-
mentation of the program is being executed—an assessment of perfor-
mance. Chapter 10 provides additional details on how to effectively evaluate 
the program.

•	 Benchmarking. Benchmarking consists of comparing an industrial hygien-
ist’s program and processes with the programs and processes associated with 
companies that are recognized as strong performers. The goal in perform-
ing benchmarking is to raise expectations of existing program performance 
to a higher and better standard that will result in improving protection of 
the workforce. When performing benchmarking, the industrial hygienist 
identifies those companies or institutions that are recognized as the “gold 
standard” and evaluates his or her program against their recognized pro-
grams, identifying those areas of his or her program where improvements 
could be best realized. Because the majority of industrial hygienists are 
employed by a company or institution (not generally self-employed), the 
cost and time of implementing such an improvement must be considered 
and the actions must be beneficial to all parties (such as senior management 
and workers) involved in supporting the improvement plan.

•	 Management and professional presence in the field. Improving the perfor-
mance of industrial hygiene processes and procedures does not need to just 

Assessments Benchmarking Presence in
the field

Performance
metrics

Employee
engagement

and
involvement

Continuous improvement program

FIGURE 11.1  Continuous improvement program tools.
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be focused on the industrial hygiene or safety and health discipline; con-
tinuous improvement initiatives should also target cultural aspects of the 
safety program. One tool used in improving overall safety and health per-
formance is increasing the level of visibility of management, supervisors, 
and professionals in the field.

		  Depending on the culture of the company, often an effective industrial 
hygiene program is improved through increasing the level of trust that 
exists between union and nonunion workforces. Improving the relationship 
between management and the workforce will result in greater ownership of 
the industrial hygiene program by everyone in the company, because it has 
become personal to them. It is also of importance that scheduled manage-
ment visits be planned to further build a positive work environment and 
establish routine communication forums with the workforce.

•	 Performance metrics. Performance metrics are used to evaluate how well 
implementation in the field is meeting program and performance expecta-
tions. For example, the company may have a goal to evaluate compliance 
with two subparts of 29 CFR 1910 within a 12-month period. The per-
formance metric would establish a baseline of two evaluations per month, 
but because the company has had trouble keeping operations running due 
to maintenance issues, competing priorities, and scheduled personal vaca-
tion, only one evaluation was performed over a 6-month period. The per-
formance metric would indicate that either additional resources are needed 
to supplement adequate performance of the industrial hygiene function, or 
the priorities of work being performed need to be evaluated. It is important 
that the senior management of the company or institution accept and sup-
port the performance metrics, because they are generally the individuals in 
authority who can take actions to achieve and improve performance. They 
should also be driving improved performance of all their functions and 
organizations. In addition, educating the workforce on these performance 
metrics will also assist in achieving the goals.

•	 Employee engagement and involvement. Having the employees engaged 
and involved in improving safety performance has always been a crucial 
element of a successful industrial hygiene program. The workers often have 
the best ideas for how to address the hazard and improve safety perfor-
mance. Building employee engagement and involvement into the industrial 
hygiene program and field implementation starts with establishing and 
maintaining personal relationships with the workforce. Involving them in 
implementation of the industrial hygiene program also educates them and 
improves their understanding of the role of the industrial hygienist, and 
empowers them to self-police their work environment.

Some or all of these tools can be used when developing a continuous improvement 
plan. A continuous improvement plan incorporates all these tools, to some extent, 
as part of the implementation process. Figure 11.2 depicts how each of these func-
tional elements works to achieve continuous improvement in an industrial hygiene 
program.
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The industrial hygienist should develop a continuous improvement plan that is 
based on the continuous improvement process and use tools associated with continu-
ous improvement. The continuous improvement plan should be written for a speci-
fied time period and should identify not only programmatic benefits to be achieved, 
but also benefits to the company so that management can recognize the benefit of 
accepting and sponsoring the plan.

Generally, most companies review their operational performance on a monthly or 
frequent basis. This monthly review provides a good forum for the industrial hygiene 
manager or staff to summarize and present the continuous improvement plan for 
acceptance. Acceptance and sponsorship of the plan by management will not only be 
of financial benefit, but also gain organizational and company support for improve-
ment of the industrial hygiene or safety and health program. It should be noted that 
the continuous improvement process is not just limited to the industrial hygiene pro-
gram, but can be applied whenever improved performance is desired. In addition, a 
continuous improvement plan does not need to be lengthy; documentation of the plan 

Define a
performance

baseline

Establish
improvements goals

and objectives

Identify and
implement actions

to meet goals

Measure and
evaluate

performance

FIGURE 11.2  Elements of a continuous improvement program.



165Continuous Improvement

can be as simple as two pages. Of greatest importance is completing improvement 
actions, measuring progress, and realizing improved performance.

11.2 � DEFINING THE PERFORMANCE BASELINE

A continuous improvement plan begins with defining the current performance base-
line of the industrial hygiene program. This task includes establishing and defining 
how industrial hygiene processes and procedures are implemented in the field in 
comparison with a similar company whose program has been recognized for excel-
lence. When defining the performance baseline, it should be evaluated over a period 
of time to thoroughly understand how the work is truly conducted in the field. In 
addition, the evaluation should identify what tasks were performed, by whom, and 
the process or procedure steps that were performed.

Several continuous improvement tools can be used in defining the performance 
baseline. Assessment of the program is a fundamental tool and was described in 
greater detail in Chapter 10. Use of a series of assessments, coupled with bench-
marking those program attributes, where improved performance is desired, against 
programs considered the gold standard in industry, can become a powerful tool from 
which to understand the current basis and state of the industrial hygiene and worker 
protection programs. There are a number of resources for the industrial hygienist to 
use when identifying improvement initiatives. Many federal agencies have guidance 
on improvement programs, along with professional societies, and information can 
also be obtained through Internet searches. In addition, professional colleagues in 
similar industries can be a good resource for ideas.

When determining a performance baseline, it is important to remember that the 
baseline is not being established to criticize how the program or process is being imple-
mented, but rather to identify the level of performance that currently exists, so that 
improvement in performance can occur over time. Once the performance baseline has 
been established, goals and objectives can be identified to enable improvement to occur.

11.3 � DEVELOPMENT OF IMPROVEMENT GOALS AND OBJECTIVES

The purpose of developing improvement goals and objectives is to define a level 
of performance that the industrial hygiene strives to achieve. A goal simply repre-
sents the desired performance to be achieved. For example, a goal of the industrial 
hygiene program may be to have a highly skilled industrial hygiene organization. An 
objective defines a measurable end point by which to attain or accomplish a goal. 
Consistent with the example an objective of the industrial hygiene program would be 
to have half of the industrial hygiene professionals complete two continuing educa-
tion classes a year.

Both goals and objectives should be revisited on an annual basis, or whenever 
a management change has occurred. Figure 11.3 presents an example of goals and 
objectives that have been identified as part of an industrial hygiene continuous 
improvement plan.

There are no hard rules when developing goals and objectives; however, a gen-
eral rule of thumb is to define no more than four to six goals, and then one or two 
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objectives per goal. If there are too many goals and objectives, then they are not 
achievable because the industrial hygienist and company have limited resources 
(both people and funding) to complete the plan. Inherently, people want to do a good 
job at work and be successful; if there are too many actions to complete, in addition 
to routine job responsibilities, the staff can become overwhelmed and frustrated. In 
addition, implementation of goals and objectives is most successful when input from 
workers and management occurs because individuals have ownership and feel they 
have directly contributed to the success of the organization.

11.4 � IDENTIFY ACTIONS TO MEET GOALS AND OBJECTIVES

Once goals and objectives have been defined, actions needed to implement these goals 
and objectives must be identified, along with the required resources and funding. 

Industrial Hygiene Program Goals for Calendar Year 2018

1.    �e industrial hygiene staff is highly qualified and recognized for their expertise.

2.    State-of-the-art instrumentation is used in workplace monitoring.
3.    Risk-based decision making is central to providing a workplace free of hazards.
4.    Industrial hygiene staff are actively involved and participate in the work planning process.
5.    Workers are effectively trained in the identification and control of hazards.

6.    Management and workers own the safety and health program.

Industrial Hygiene Program Objective for Calendar Year 2018

1(a) Provide two continuing training classes each year to both Industrial Hygiene professionals and
        management, and one leadership class for the Industrial Hygiene Manager.

1(b) A development plan is written for each safety and health professional which contains personal 
       and professional goals.

2(a) Computers used in the Industrial Hygiene Department are upgraded and use the most current 
       data  analysis software.

2(b) A third of the instrumentation used in the Industrial Hygiene monitoring program is replaced.
3(a) A quantitative risk analysis process is defined and incorporated into existing procedures and 
       data analysis processes.

3(b) Industrial Hygiene risks have been identified, documented, and being actively managed.
4(a) An Industrial Hygienist is involved in the evaluation of all work planned.

5(a) All workers are trained on the work planning process.
5(b) �e Industrial Hygienist is included as part of the emergency response team.
5(c) �e process for responding to known emergencies has been identified and institutionalized.
6(a) An employee-owned safety committee is established and regularly meets.
6(b) Performance metrics have been developed  to monitor effectiveness of the employee-owned 
        safety committee.

FIGURE 11.3  Example goals and objectives of a continuous improvement plan.
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In addition, a realistic schedule for completion should also be identified. The actions 
for the continuous improvement plan should be integrated into daily operations so that 
improvement becomes a part of everyday business. For example, a goal may be to have 
an industrial hygiene staff that is highly qualified and recognized for its expertise. An 
example objective, defined to achieve this goal, could include providing two continuing 
training classes each year to each industrial hygienist and one leadership class for the 
industrial hygiene manager. Actions identified to achieve these objectives may include

•	 Identify personnel and classes to be funded.
•	 Develop a budget to obtain funding for the training classes.
•	 Provide the budget to management for approval.
•	 Submit approved documentation to the budget department for funds to be 

appropriated to pay for the classes.
•	 Register for classes.
•	 Confirm class registration and schedule training class in work resource 

schedule.

Figure 11.4 presents an example of improvement actions identified to meet speci-
fied goals and objectives. Actions associated with the improvement plan should be 
measurable, “statused,” and updated on a monthly basis. The status of the plan should 
be reviewed with staff, and feedback solicited, so that adjustments can be made to 
further assist in achieving goals and objectives within current company schedules. 

Industrial Hygiene Continuous Improvement Plan
Calendar Year 2018

Goal:   State-of-the-art instrumentation is used for workplace monitoring.

Objective:
1.    Computers used in the Industrial Hygiene Department are upgraded and use the most 
       current data analysis software.

1. Identify computers to be upgraded.
2. Research and identify desired data
    analysis software, associated cost,
    training required to operate system.
3. Identify minimum computer
    capabilities needed to run data
    analysis software (e.g., amount of
    memory needed).
4. Develop a cost estimate and submit
    to management for approval 
5. Upon receipt of money, place order
    to procure software. Include in
    procurement any training necessary
    from the manufacturer.
6. Schedule software installation and
    training classes.

Within one month

Within one month

Within one month

Within two months

Within three months

Within six months

Complete

Complete

Complete

Management approval
received

Ongoing; order will be placed
within week

On schedule

Action Due date Status

FIGURE 11.4  Example improvement actions identified to meet specified goals and objectives.
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In addition, management may wish to have one person be responsible for ensuring 
that routine reviews of the plan have been conducted.

11.5 � MEASUREMENT AND EVALUATION OF PERFORMANCE

Measuring and evaluating performance should be an inherent component of any 
industrial hygiene program. Continuous improvement cannot be realized if the plan 
for improving performance is not measured. Measuring and evaluating performance 
should utilize and integrate a number of continuous improvement tools, such as 
assessments, employee engagement and involvement, and management presence 
in the field. Several tools can be used together when implementing improvement 
actions. These tools can be used by themselves, in implementing actions, or they can 
be used for measuring and evaluating performance. For example, if an improvement 
action is to schedule biweekly employee-owned safety committee meetings, then a 
tool that can be used to measure performance could be a performance metric that 
identifies the goal of two meetings per month versus actual meetings scheduled. 
Another example is that improvement is desired in building the relationship between 
the industrial hygienist and workers; a performance metric could be developed that 
identifies the number of times per month the industrial hygienist attends worker pre-
job briefings. Measuring and understanding feedback from management, industrial 
hygiene, and worker interactions can prove to be invaluable because the end result of 
such interactions may result in an increased level of trust and relationship building.

Performance metrics are the primary means by which to measure improve-
ment. Figures 11.5 through 11.7 are examples of typical performance metrics used 
in a continuous improvement program to monitor implementation of a continuous 
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FIGURE 11.5  Example metric of management and worker attendance at employee-owned 
safety meetings.
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FIGURE 11.6  Example performance metric of industrial hygienist attendance at prejob 
meetings.
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improvement plan. It is important to note that the results obtained from reviewing 
performance measures should be communicated across the company, and not just 
within the industrial hygiene and safety and health groups, in order to strengthen 
the importance of the worker protection program. In addition, review of the metrics 
should be an occurrence that is scheduled as part of routine operations.

When reviewing the metrics or other means to evaluate the achievement of perfor-
mance improvements, the industrial hygienist needs to recognize those parts of the 
plan that have achieved the desired performance improvement, and those that have not. 
Sometimes improvements to the program may actually yield a negative consequence 
or not achieve the desired benefit at all. In addition, there may be hidden costs that were 
not originally considered, and implementing the improvement initiative may result in 
unplanned costs to the company. For those actions that do not achieve the desired ben-
efit, they can be either modified and carried into the next year for additional improve-
ment, or eliminated because of the lack of improvement. It is acceptable to not always 
achieve the desired improvement, because any level of improvement is positive.

Once implementation of the continuous improvement plan has been completed, 
a summary of the benefits achieved should be communicated to management and 
the workers, along with ideas for improvement initiatives for the next operational 
or calendar year. The continued acceptance and sponsorship of these initiatives by 
management and the workforce will be key in being able to implement future initia-
tives for continuous improvement. Without management and workforce sponsorship, 
the ability of the industrial hygienist to acquire the funding and resources needed 
to continue to implement a sound program will be impacted. Continuous improve-
ment of any program can only be achieved when management, professionals, and the 
workforce come together to own and manage the industrial hygiene program.

11.6 � CASE STUDY: TUNGSTEN TOOLS

Carl is an industrial hygienist who works for a company that manufactures tungsten 
tools. As part of the manufacturing process, tungsten is combined with several other 
hard metals, such as nickel and cobalt, and the metal manufacturing process can 
include mixing, grinding, or crushing of the hard metals. The health effects from 
tungsten include acute medical problems, such as skin allergies or skin burns, and 
chronic exposure to tungsten can cause lung scarring (pulmonary fibrosis) over time. 
The company uses containment and negative ventilation as the primary engineering 
controls to minimize exposure of workers to the metals.

Over the past 6 months, Carl has been evaluating the implementation of the 
exposure assessment process with respect to maintenance work being conducted in 
one of the manufacturing bays. Carl developed the assessment template depicted in 
Figure 11.8 to use over a 6-month period when performing evaluation of the exposure 
assessment process. Although he used the same assessment document in performing 
the evaluations, Carl enlisted another industrial hygienist in the company to assist in 
performing the assessments to provide an additional opinion on baseline performance.

Carl took the results from the multiple assessments and consolidated the informa-
tion into a spreadsheet to further evaluate the results and develop conclusions. Earlier 
in the year, Carl had attended a professional conference and was able to meet and 
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network with other industrial hygienists who work for tungsten tool manufactur-
ing facilities. In particular, there were two tungsten tool manufacturing companies, 
Companies A and B, that were known to have strong management sponsorship of 
their safety and health programs, and their people had been recognized for their effi-
cient and effective programs. Carl contacted both companies and was able to obtain 
copies of their exposure assessment processes.

Carl identified key attributes of the exposure assessment programs from the other 
companies and evaluated his programs and processes to identify where there were 
differences and determine which attributes were worth adopting at his company.

The results of the evaluation were documented, and several actions related to 
improving the exposure assessment process were identified and incorporated into a 
continuous improvement plan.

QUESTIONS TO PONDER FOR LEARNING

	 1.	Explain why an industrial hygienist would want to develop a continuous 
improvement program for his or her company.

	 2.	What are the tools an industrial hygienist can use in developing and imple-
menting an industrial hygiene continuous improvement program? Explain 
the significance of each.

	 3.	What are the elements and challenges of an industrial hygiene continuous 
improvement program?

	 4.	What benefit is there to the industrial hygienist in defining a performance 
baseline?

	 5.	How does the industrial hygienist develop performance goals and objec-
tives? Identify several goals and objectives.

	 6.	Define and describe how to measure and evaluate performance.
	 7.	Develop performance metrics related to an industrial hygiene continuous 

improvement plan.

Line of inquiry
1.  Does documentation associated with the work/job identify all
     contaminants the worker could be exposed to?

2.  What specific contaminants have been identified for the
      planned work?

3.  Has the Industrial Hygienist been involved in the planning of
     the work/job in terms of performing an analysis of previously
     identified air sampling data, representative of the work being
     conducted?

4.  Are the calculations, or modeling performed, valid and correct
     and support a protective work environment for the worker?

5.  Have engineering controls been identified to control potentia
     worker exposures?

6.  Is the exposure assessment documentation readily available for
     review and easily retrievable?

7.  Have the workers been informed of the hazards associated 
     with work being performed?

Company B Company C

FIGURE 11.8  Exposure assessment evaluation template.
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