
INTRODUCTION TO INDUSTRIAL HYGIENE 

Industrial hygiene has most often been described as the art and science devoted to the recognition, 

evaluation, and control of workplace health hazards. In addition to these three tenets, it has been 

suggested that we add a fourth, anticipation. We must be careful here to avoid ‘‘expecting the 

expected.’’ Emphasis on the anticipation of workplace hazards may result in overlooking the 

unexpected health hazard. A well-trained, well-prepared IH is equipped to deal with virtually any 

situation that arises. 

Learning objectives 

By the end of this lesson you should be able to: 

Define terms and acronyms associated with industrial hygiene 

 Identify the classes of occupational hazards 

 Describe basic toxic effects and routes of entry 

 Identify various agencies and organizations providing support to industrial hygiene 

 Differentiate between occupational and paraoccupational exposures 

 Characterize the roles and responsibilities of the industrial hygienist 

 Identify the various disciplines that form the foundations of industrial hygiene 

 Understand the primary approaches to protecting workers in their work environment 

 Describe the primary controls employed by industrial hygienists to control workplace 

exposures 

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

 Understand the concepts of equipment calibration and accurate laboratory analysis 

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

 

Learning resources  

Laptop/phone/Laptop 

Notebook  

Internet  

Best library USA  

 

Faculty-created Online Learning Activities  

Module  



 

Learning Activities  

Complete the module  

Present any given assignments in the required formats.(I.E PDF,PNG,DOC,PPT) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INTRODUCTION TO INDUSTRIAL HYGIENE 

What Is Industrial Hygiene? 

Industrial hygiene has most often been described as the art and science devoted to the recognition, 

evaluation, and control of workplace health hazards. In addition to these three tenets, it has been 

suggested that we add a fourth, anticipation. We must be careful here to avoid ‘‘expecting the 

expected.’’ Emphasis on the anticipation of workplace hazards may result in overlooking the 

unexpected health hazard. A well-trained, well-prepared IH is equipped to deal with virtually any 

situation that arises. 

What Do We Mean by the ‘‘Art’’ of Industrial Hygiene? 

‘‘Art’’ implies that industrial hygiene cannot be practiced by simply following a recipe. With each 

unique workplace setting and each new day, an IH must reinvent himself or herself. An IH does 

not simply report the measurements and levels of workplace hazards, but also interprets those 

results. Often, industrial hygiene measurements lie within ‘‘gray’’ areas; that is, they are neither 

safe, nor unsafe. An IH must make professional recommendations based upon a preponderance of 

the quantitative data gathered as well as intangible threads of information gathered by observation. 

Experience, preparation, and study of the associated sciences will help enable the IH to become a 

competent practitioner of the craft. 

 



What about the Science of Industrial Hygiene? 

Industrial hygiene is steeped in a variety of sciences, including engineering, epidemiology (the 

study of the distribution of disease within a population), physics, statistics, biology, microbiology, 

chemistry, anatomy, physiology, and toxicology. Knowledge of the applied sciences, such as 

public and environmental health, computer applications, geographic information systems, and 

industrial psychology, is essential to the IH who wishes to practice comprehensive industrial 

hygiene. 

 

What Are the Health Hazards that the IH Is Charged with Recognizing, Evaluating, and 

Controlling? 

In theory, the IH is responsible for chemical, biological, physical, and radioactive health hazards 

within the work environment. In practice, no one individual can be an expert in all of these areas. 

Control of workplace health hazards has become so complex that in workplaces where most or all 

of these hazards are present, the management of these hazards is assigned to a team of occupational 

health professionals. Such a team might include an occupational physician, occupational nurse, 

safety professional, health physicist (radiation protection), and others. Workplaces with high-risk 

microbiological exposures may also employ biological safety professionals. 

Industrial hygiene requires the cunning of a detective, the discipline of a scientist, and the 

persuasion of a TV evangelist. The IH must uncover the secrets of the often invisible hazardous 

agents. 

What are they?  

Where do they originate?  

How much is present? 

What harm might they cause? 

 How can I control or eliminate them? 

Industrial hygiene investigations must be performed with scientific method. Procedures must be 

reproducible, accurate, and precise. In order to be effective, an IH must sell the recommendations. 

The IH must convince the worker that recommended work practices and controls are absolutely 

necessary to a safe and healthful workplace. The IH must convince the administration that hazard 

control expenses are worth every dime. 

History of Industrial Hygiene 



While industrial hygiene is a relatively young profession, the historical references to occupational 

medicine and toxicology date back to early civilization. Diseases resulting from exposure to 

hazardous substances have existed as long as people have interacted with their environment. Below 

is a brief introduction to a select group of distinguished historical characters who made an 

immeasurable contribution to industrial hygiene. 

Hippocrates (470–410 BC), a Greek physician, is best known as the Father of Medicine. He 

believed in the natural healing process of rest, a good diet, fresh air, and cleanliness. Hippocrates 

wrote of the plight of miners exposed to lead and other work-related contaminants. Hippocrates 

developed a treatise of medical ideology that modern physicians acknowledge prior to beginning 

their practice. This is better known as the Hippocratic Oath. 

Pliny the Elder (23 AD–79 AD) was a Roman senator, writer, and scientist. In his writings, he 

described the dangers to workers exposed to zinc and sulfur.He is believed to be the first to 

recommend respiratory protection when he suggested that miners cover their mouth and nose with 

an animal bladder when working in the mines. Pliny, a scientist to the end, lost his life trying to 

investigate the eruption of Mount Vesuvius. 

Georgius Agricola (1494–1555), a.k.a. Georg Bauer, a Saxon physician, is best known as the 

Father of Geology. Agricola’s most famous work—De Re Metallica (‘‘On the Nature of 

Metals’’)—describes illnesses experienced by miners, the need for ventilation (an advanced 

industrial hygiene control measure), and ergonomic issues related to mining. This book was so 

respected that it remained the standard text on mining for two centuries. President Herbert Hoover 

(formally educated as a geological engineer) and his wife, L. H. Hoover, translated many of 

Agricola’s works into English. 

Paracelsus (1493–1591), a Swiss physician and chemist, is best known as the Father of 

Toxicology. Along with many of his predecessors, he wrote of the toxicity related to mining. In his 

work On the Miners’ Sickness and Other Diseases of Miners, he established the important concepts 

of acute and chronic toxicity. Unique to Paracelsus was his claim that all substances were 

poisons—the dose differentiates a poison from a remedy. This concept is the basis for the Dose-

Response relationship. 

Bernardino Ramazzini (1633–1714), an Italian physician, is best known as the Father of 

Occupational Medicine. His most famous work, De Morbis Artificum (‘‘Diseases of Workers’’), 

urged all physicians to ask their patients, ‘‘Of what trade are you?’’ This simple question became 



a powerful tool to help establish the previously often overlooked relationship between occupation 

and illness. 

Percival Pott (1713–1788), a London surgeon, is best known for being the first to establish the 

relationship between an occupation (chimney sweep), a toxin (polyaromatic hydrocarbons [PAH] 

from soot), and malignancy (testicular cancer). Pott was a brilliant physician whose discoveries 

and theories are in a large part still accepted and utilized today. 

Alice Hamilton (1869–1970). This petite American physician was a true hero in the field of 

industrial medicine. She was the first woman to be named to the Harvard Medical School staff; 

her writings included Industrial Poisons in the United States (1925), Industrial Toxicology (1934), 

and Exploring the Dangerous Trades (1943). Dr. Hamilton was a pioneer who performed much of 

her own field research. When she sought to better understand the hazards associated with lead, she 

introduced herself to lead workers, went to their modest homes, interviewed their family members, 

and observed them firsthand performing their dirty, dangerous jobs. 

Toxicology 

Toxicology is known simply as the science of poisons. We know from Paracelsus that all 

substances are toxic—it is the dose that makes the  

  

poison. Further, we know that for all noncarcinogenic substances there is some level below which 

there is no adverse effect. This level is known as the threshold level or no observed adverse effect 



level (NOAEL or NOEL). As we increase that level or dose, within any population there will be 

some measurable response to that dose. We refer to this relationship as dose-response. Within any 

given population there will be sensitive and tolerant individuals. Those sensitive individuals will 

typically respond to much lower doses than the majority of the population, while the tolerant 

individuals must receive a greater dose than the majority of the population in order to elicit a 

response. If the response that is being studied is mortality, then the dose that elicits death in exactly 

one-half of the studied population is called the lethal dose-50 (LD50). 

Routes of Entry 

In order for any substance to cause injury to an individual, it must first be taken up by the body. 

Knowing the way in which substances are taken up is critical in order to understand and prevent 

toxicity. The body may be exposed to toxic substances through any one or a 

combination of four routes: 

 ingestion—taken into the body orally 

 inhalation—taken into the body through the lungs 

 absorption—taken into the body through dermal absorption 

 injection—taken into the body through broken skin 

Occupationally, inhalation is the most common route of entry by toxic substances. It is fairly 

common for substances to have more than one route of entry, and some may cause injury through 

all four routes. 

Acute and Chronic Exposures 

When an individual receives a relatively large dose over a single (or brief) time period, we refer 

to this type of exposure as acute. An 



  

 

example of an acute exposure is when a child accidentally ingests a household chemical. When an 

individual receives a relatively low dose over a long time period (perhaps over a lifetime), we 

call this type of exposure chronic. An example of a chronic exposure is asbestos exposure—most 

harm from asbestos fibers takes decades to manifest. 

Seldom do chronic and acute exposures to the same toxin have much in common. Often the 

symptoms vary and the health effects are quite dissimilar. For example, passive cigarette smoke 

may cause an individual to cough and experience symptoms of eye and upper respiratory irritation. 

Over a lifetime, a person regularly exposed to secondhand cigarette smoke may experience 

cardiovascular disease, respiratory disease, and even cancer. Often we are tempted to examine 

acute symptoms to predict chronic exposures; however, we see from this example that the acute 



symptoms from passive cigarette smoke provide us with no information that would help predict 

chronic outcomes. 

No matter which mode of entry a toxin takes, the health effects can be either local or systemic, 

depending upon the physical and chemical characteristics of the substance. Local effects are the 

tissue reactions of the body areas that come in direct contact with the contaminant. Systemic 

effects, on the other hand, occur in the target sites of the body, which are not the initial contact 

locations, but which, because of their affinity for that particular substance, readily absorb it. This 

reaction may occur far away from the point of initial contact. If an employee were working with 

sulfuric acid and inhaled sufficient quantities of it, irritation of the upper respiratory system would 

be likely (irritation of the nose, bronchi, trachea, etc.). Inhalation of heavy metals, such as lead, 

would have systemic effects (lead does not have a substantial impact upon the respiratory system, 

which in this case is the site of contact). However, the primary dangers from lead are to the central 

nervous system, the blood, and the kidneys. 

Chemical Interactions 

When two or more substances are taken into the body, there are three possible interactions that 

may take place: 

 Antagonism 

 Additive 

  Synergism 

From toxicological studies, we know and can predict the amount of injury caused by many 

individual substances. When we combine these substances, and the effects are as predicted, we 

call this additive. We express this as 1 +1=2. When we combine two or more substances and a 

lower overall effect is observed, that is, their combined effect is less than the sum of their 

individual effects, we call this antagonism. 

This is expressed as1+1 ˂2.When we combine two or more substances and the overall effect is 

greater than the predicted effects, that is, their combined effect is greater than the sum of their 

individual effects, we call this synergism. This may be expressed as 1 +1 ˃2. 

Classification of Toxic Materials 

There are numerous ways to classify toxic materials. In general, toxic materials are categorized 

according to their physical or chemical characteristics or the physiological organs that they target. 



The following groups of toxic materials are representative of the common methods used to classify 

toxic substances. 

Physical Classification: This method of classification attempts to examine toxic agents according 

to the form in which they exist in the occupational environment. These classifications include 

solids, liquids, gases, and vapors. 

Chemical Classification: This method of classification uses the chemical structure, nature, and 

composition that a substance possesses. Examples of chemical classifications include aliphatic 

compounds, aromatics, acids, alcohols, ketones, esters, and ethers. 

Physiological Classification: This extensive method of classification uses potential human injury 

as a means of categorizing certain agents. Below are several physiological classifications. 

Irritants: Chemicals that are not corrosive, but that cause a reversible inflammatory effect on 

living tissue by chemical action at the site of contact. 

Asphyxiants: Substances that prevent the body from taking in or utilizing oxygen, resulting in 

deprivation and suffocation. Simple asphyxiants are those agents that displace oxygen in an 

atmosphere, resulting in what is called an ‘‘oxygen-deficient’’ atmosphere.We typically consider 

an oxygen-deficient atmosphere as one containing less than 19.5 percent oxygen by volume (our 

normal ambient atmosphere contains about 21 percent oxygen). Methane, carbon dioxide, argon, 

nitrogen, and hydrogen are examples of gases that can displace oxygen and reduce its 

concentration below the level necessary to support life. Chemical asphyxiants are substances that 

prevent the uptake, use, and/or transportation of oxygen by the body. Gases such as carbon 

monoxide, hydrogen cyanide, and hydrogen sulfide are examples of chemical asphyxiants. 

Nephrotoxins: Agents that produce kidney damage. Examples of these agents include heavy 

metals (such as cadmium, chromium, lead, and mercury), halogenated hydrocarbons (such as 

bromobenzene and carbon tetrachloride), antineoplastic drugs such as cisplatin, and others. 



 

Neurotoxins: Agents that produce damage to the central and/or peripheral nervous system. 

Examples of neurotoxins include carbon monoxide, lead, methyl mercury, cyanide, alcohols, and 

others. 

Hepatotoxins: Agents that produce liver damage, such as liver necrosis, fatty liver, cirrhosis, and 

carcinogenesis. Examples of hepatotoxins include carbon tetrachloride, aflatoxins, phosphorus, 

ethanol, bromobenzene, and nitrosamines. 

Respiratory Toxins: Agents that irritate or damage the pulmonary system. These agents may cause 

coughing, chest tightness, and shortness of breath or no immediate (acute) symptoms at all. 

Examples of respiratory agents include asbestos, silica, sulfur dioxide, ozone, oxides of nitrogen, 

chlorine, phosgene, and many others. 

Reproductive Toxins: Agents that affect the reproductive capabilities, causing, for example, 

chromosomal damage (mutations) and effects on fetuses (teratogenesis). Reproductive toxins may 

affect both females and males. Examples of these agents include lead and DBCP, which can lead 

to birth defects or sterility. 

Hematopoietic Agents: Chemical agents that act on the blood to decrease the hemoglobin function 

or to deprive the body tissues of oxygen. Symptoms affecting the body include cyanosis and the 

loss of consciousness. Chemicals that cause effects such as these include carbon monoxide and 

cyanides. 



Cutaneous Hazards: Substances that cause skin injuries, such as defatting, rashes, or irritations. 

Examples of cutaneous hazards include ketones and chlorinated compounds. 

Eye Hazards: Substances that injure the eye or otherwise reduce visual capacity. Examples include 

organic solvents, alkalis, acids, infrared and ultraviolet radiation, physical hazards, and others. 

Carcinogens: Substances that result in uncontrolled cell growth. Examples of carcinogens are 

cigarette smoke, benzene, carbon tetrachloride, ultraviolet radiation, asbestos, and others. 

Mutagens: Substances that cause cell injury that results in chromosomal damage. Examples of 

mutagens are X rays and benzo(a)pyrene. 

Teratogens: Substances that lead to a birth defect. Examples of teratogens are cigarette smoke, 

alcohol, thalidomide, and others. 

Toxicity versus Risk 

Risk is simply the probability that harm will occur. Risk can be expressed as a rate of harm (or 

injury) per total number of exposures. Another interesting relationship is with hazard and exposure. 

We often express this relationship as follows: 

RISK +HAZARD = EXPOSURE 

Toxicity is the ability of a substance to cause harm or adversely affect an organism. When we fail 

to examine the actual risk of a substance or activity, humans tend to let emotion take over and 

cloud their perception of risk. For example, most of us believe that performing in a rodeo or hang 

gliding is a risky activity. Nevertheless, the actual risk of serious injury from these activities is 

much lower than it is for motorcycle riding or cigarette smoking. When a substance has been 

labeled by the scientific community as hazardous or carcinogenic, such as saccharin, the public 

perception is that contact with these substances should be eliminated. We must remember—all 

substances are toxic; it is the dose that makes the poison. 

Precautionary Principle 

When a toxin is perceived to be so dangerous that it raises significant threats of harm to the 

environment or human health, precautionary measures should be taken even if some cause-and-

effect relationships are not fully established scientifically—this is the consensus definition of the 

precautionary principle. This is perhaps the only situation where an IH will look to safety first 

and science second. An example of the application of the precautionary principle is with 

nanotechnology. Nanotechnology deals with particles that are less than one-ten thousandth of the 

size of the human hair. The existing health and safety information on nanoparticles is limited. 



Prudent practices with nanotechnology assume that vigorous protective measures are necessary 

for safe handling. Science may later tell us that our current practices were overkill, but we would 

rather accept the trouble and expense of excessive protection than find out that our precautions 

were too meager. 

 

Industrial Hygiene Practice 

As we discussed earlier, the tenets of industrial hygiene are the recognition, evaluation, and 

control of workplace health hazards. The goal of the IH is to provide a safe and healthful work 

environment for all workers. 

Recognition 

The initial tenet, recognition, requires the IH to perform what is known as a ‘‘walk-through’’ 

survey or inspection. This includes but is not limited to the following: visual reconnaissance of all 

areas of the workplace; taking pictures; preparing drawings; interviewing employees; review of 

company safety policies, previous inspection reports, injury logs, and medical records; and other 

measures. By thoroughly examining the workplace and observing work practices and hazard 

controls, the IH will be able to recognize visible hazards and/or identify areas that need additional 

monitoring for contaminants that cannot be evaluated visually. Inspections may be initiated as a 

result of a complaint or general inspection schedule, or to determine if existing or new contaminant 



controls are effective. Review of standard operating procedures and company policies, along with 

a walk-through inspection, can elucidate whether safety policies are just a piece of paper or an 

actual day-to-day practice in the field. 

IHs categorize occupational health hazards into four categories, referred to as environmental 

stressors: chemical, physical, biological, and ergonomic. 

1. Chemical stressors include substances such as solvents, acids, caustics, and alcohols. 

2. Physical stressors include ionizing radiation (alpha, beta, gamma,neutron, X-ray radiation), 

nonionizing radiation (infrared, ultraviolet, visible light, radio frequency, microwave, and laser 

radiation), noise, and temperature. 

 

3. Biological stressors include hazards such as bacteria, viruses, mold, fungus, and insect-related 

contaminants. 

4. Ergonomic stressors are the human psychological and physiological injuries or illnesses 

associated with repetitive and cumulative trauma, fatigue, and exertion. Knowledge of work 

processes and an awareness of environmental stressors allow safety and health professionals to 

anticipate and recognize potential health hazards. Questions that should be answered during 

preliminary investigations and inspections might include: 



 What environmental stressors are present in the facility? 

 Where are the points of origin of those environmental stressors? 

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

mists? 

 What are the work processes at the facility? 

 Have these work processes changed in any way? 

 What are the raw materials and intermediate and finished products that are involved in the 

work process? Do they pose health risks? 

 What physical and mental tasks are required? Do these tasks require frequent repetitive 

motions or excessive forces for long durations? 

 What control methods are currently being used? 

Once these basic questions are answered, the safety and health professional must then evaluate the 

potential health hazards by determining the concentration and duration of exposure to the 

contaminant or stressor. The potential mode of entry or exposure of the stressor must be 

determined. Based upon the physical and chemical properties of the stressor, the probability of 

contact, absorption, inhalation, or ingestion must also be addressed. Then, the rate of generation 

of the contaminant must be determined. The industrial hygienist must determine if, based upon the 

nature, toxicity, concentration, and duration of exposure, a significant health risk exists, thus 

creating the potential for causing injury or illness. 

 Evaluation 

The majority of industrial hygiene evaluation is based upon analytical measurement of workplace 

hazards, and the most commonly monitored hazards are airborne chemical hazards. A variety of 

methods are utilized to conduct IH sampling, including bulk, intermittent, or continuous sampling; 

sampling across media, requiring subsequent laboratory analysis or direct reading (real time) 

monitoring; and qualitative or quantitative measurements. Prior to evaluation, the IH must 

understand the manner in which the potential contaminant appears in the workplace. 

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

associated with contaminant forms: 

 Dusts: Solid particulates generated by crushing, grinding, chipping, or abrasion. Examples 

of dusts include coal, wood, and sand. 



 Fumes: Solid particulates (usually metals) generated by condensation from a gaseous state. 

An example of a fume is welding emissions. 

 Aerosols: Liquid droplets or solid particulate dispersed in air. An example of an aerosol is 

overspray from spray painting. 

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

 Gases: Substances which are in the gaseous state at normal temperature and pressure 

(NTP). Examples: oxygen, nitrogen, and carbon dioxide. 

 Vapors: Gaseous phases of a material which is ordinarily a solid or liquid at room 

temperature. Examples: gasoline, toluene, xylene, and benzene. 

For many substances, including dusts, fumes, and mists, measurement is typically expressed in 

terms of weight of the substance captured on the sampling media per unit volume of air sampled. 

This is usually represented in milligrams per cubic meter of air sampled. The volume of air 

sampled is determined by the flow rate of air volume passing through the sampling media over a 

fixed period of time. Fiber density is measured as the ratio of fibers to the volume of air sampled, 

typically in cubic centimeters. Fibers such as asbestos, cotton, or fiberglass are collected on the 

surface of the sampling media as a unit volume of air crosses the media surface. Fibers are typically 

counted via light or electron microscopy. 

While particulates are primarily sampled to determine toxic effects upon workers, explosivity may 

also be of concern. Dusts such as grain may explode when concentrations are sufficiently elevated 

and an ignition source is present. When monitoring is done to evaluate explosive hazards in the 

occupational environment, dust-to-air concentrations, as well as particle size and sources of 

ignition, must be determined. 

Gas and vapor toxicity is measured in units of concentration that compare the volume of the 

contaminant to the volume of air sampled. This volume-to-volume ratio is stated in parts per 

million or ppm. The percentage of a gas or vapor is used as the unit of measure when monitoring 

for flammable or oxygen content in the ambient atmosphere. This percentage represents the ratio 

of the gas or vapor of concern to the total volume of the air sampled. 

During the evaluation phase, the IH may collect the sample on a sampling media. The IH seeks to 

measure the amount of the contaminant present in the ambient atmosphere, such as volume of gas, 

weight of dust, or number of fibers. The volume of air sampled may also be readily determined. 

This is established by pre- and post calibrating the sampling equipment used to establish the 



volume of air crossing the sample collection media during fixed units of time. Once again, the 

volume of air sampled is the product of the volume of air passing across the media during a given 

interval of time. The quantitative amount of the substance collected is then divided by the volume 

of air sampled and expressed in terms of ppm, percentage, mg/M3, or fibers per cc, depending 

upon the specific substance being monitored. 

Once the concentration of the contaminant in the employees’ work area has been established, the 

health and safety professional or IH compares the results to established criteria. Established criteria 

have been set by three groups: OSHA, NIOSH, and the American Conference of Governmental 

Industrial Hygienists (ACGIH). As previously discussed in earlier chapters, OSHA requirements 

are mandatory standards. This means that professionals must ensure that employee exposures fall 

below the specified limits or risk citations and penalties for failing to comply with these standards. 

NIOSH provides recommended exposure levels; these are voluntary guidelines. 

The ACGIH standards are also voluntary; however, they are reviewed annually by panels of 

recognized experts. Companies are not required to comply with the ACGIH standards, which tend 

to be more conservative (lower recommended concentrations). The OSHA health chemical hazard 

standards are referred to as Permissible Exposure Limits (PELs). The NIOSH recommendations 

are referred to as 

Recommended Exposure Levels or RELs. The ACGIH standards are referred to as Threshold 

Limit Values (TLVs). TLVs are reviewed and published annually in the publication Threshold 

Limit Values and Biological Exposure Indices. TLVs are based on the best available information 

from industrial experience, human exposures, experimental animal studies, and when possible all 

three. They are based upon science and not typically influenced by congressional politics. 

Many OSHA PELs have not been changed since their inception in 1970, despite advances in our 

understanding of workplace health hazards. Since PELs are law, they must pass through Congress, 

and are subject to both politics and lobbyists, thus limiting their timelines and 

effectiveness in promoting a safe workplace. 

There are three categories of TLVs: 

1) Threshold limit value—time-weighted average (TLV—TWA): The time-weighted 

average concentration for a normal 8-hour workday and a 40-hour work week, to which 

nearly all workers may be repeatedly exposed day after day, without adverse effects. 

 



Time-Weighted Average 

In adopting the TLVs of the ACGIH, OSHA also adopted the concept of the TWA concentration 

for a workday. The 8 h TWA is the average concentration of a chemical in air over an 8 h 

exposure period. 

In general 

 

To illustrate the formula described above, assume that a substance has an 8 h TWA PEL of 100 

ppm. 

Assume that an employee is subject to the following exposure: 

Two hours exposure at 150 ppm 

Two hours exposure at 75 ppm 

Four hours exposure at 50 ppm 

Substituting this information in the formula, we have 

 

Since 81.25 ppm is less than 100 ppm, the 8 h TWA limit, the exposure is acceptable. 

2) Threshold limit value—short-term exposure limit (TLV—STEL): 

The concentration to which workers can be exposed continuously for a short period of time without 

suffering 1) irritation, 2) chronic or irreversible tissue damage, or 3) narcosis of sufficient degree 

to increase the likelihood of accidental injury, impaired self-rescue, or materially reduced work 

efficiency, provided the TLV—TWA is not exceeded. The STEL is equal to a 15-minute TWA 



exposure, which should not be exceeded at any time during a workday even if the 8- hour TWA is 

within the TLV. There should be at least 60 minutes between successive exposures for a maximum 

of four exposures/day or work shift. 

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

even instantaneously. OSHA’s PELs are typically expressed in terms of time-weighted averages 

or ceilings using the same definition and parameters as ACGIH’s TLVs (the first PELs were the 

1968 TLVs). OSHA permissible exposure limits are published in the tables found in Subpart Z of 

29 CFR 1910. While health and safety professionals know that the OSHA PELs must be met to 

avoid citations, progressive companies attempt to meet the more conservative ACGIH standards. 

By meeting the TLV recommendations for maximum worker exposure to contaminants, health 

risks are reduced and there is a greater margin of compliance in the event that health hazard control 

methods are compromised. 

Control 

Controls can be defined as processes, procedures, or method changes that correct existing health 

problems and prevent or minimize the risk of health hazards in the workplace. Engineering 

controls are the method of choice because of their ability to isolate or eliminate health hazards. By 

eliminating health hazards at the point of origin, the occupational health and safety professional 

eliminates the release of the contaminant into the workplace environment, ultimately preventing 

(or greatly reducing) employee exposure. Examples of engineering controls include the use of 

ventilation systems to reduce the concentration of contaminants or enclosing and shielding hot 

work areas. Effective exhaust ventilation removes the hazard ‘‘at the source,’’ before it can reach 

the worker’s breathing zone. Enclosures place a barrier between the employee and the health 

hazard point of origin. In both examples, the employee is separated, and thus protected, from the 

health hazard in the workplace environment. 

When it is impossible to implement engineering controls or when fabrication and construction of 

engineering controls will take time administrative controls and personal protective equipment 

options may be required. Administrative controls are those health hazard control methods that are 

employee oriented or process management oriented. In other words, they are the control methods 

that the management of a facility has influence over through manufacturing method or employee 

work assignment activities. Job rotation, moving employees from one workstation or task to 

another at regularly assigned intervals, is one example of an administrative control. For example, 



if noise is the workplace health hazard of concern, it may be possible to rotate the employee to a 

less noisy area during portions of the shift. In this example, the overall exposure to the noise hazard 

is reduced, thus reducing the employees’ risk of hearing loss. Other administrative control options 

include substituting less toxic materials in the manufacturing and work processing, and 

establishing training programs that make the employee aware of the existing health hazard. The 

use of citric acid–based solvents in place of a cancer causing agent like carbon tetrachloride or the 

use of enamel-based paint in place of lead-based paint would be an example of the administrative 

control method referred to as substitution. 

 

Personal protective equipment (PPE) is the third category of health hazard control available to the 

IH or occupational health and safety professional. It is considered the last line of defense because 

the barrier separating the employee from the health hazard must be worn correctly and consistently. 

If the employee does not wear the PPE or it fails, they will be at greater risk for illness or injury. 

It is an unfortunate fact that for many occupational safety and health programs, 

PPE is the symbol of the safety program rather than a last resort. 

The main reason why administrative controls and PPE are not considered the preferred methods 

for protecting worker health is that the health hazards still exist in the workplace and can present 

a risk. 



In many instances, both administrative controls and PPE can be circumvented. Employees, for 

example, may use the wrong respirator for a particular hazard. This mistake will result in the 

employee inhaling toxic vapors or dusts, thus increasing their risk of occupational disease. 

WHEN YOU NEED AN IH 

You will need to have the knowledge and courage to realize when you need to call an IH to help 

you. IHs have very special and specifi c training related to workplace environmental evaluations 

and assessments as well as the ability to make recommendations on controlling workplace 

hazards. 

 

An IH concerned about exposure hazards associated with your workplace must be familiar with 

the various activities and processes that you have. The classic approach of recognition, 

evaluation, and control strategies used by IH applies to all industries. Sometimes exposures can 

be attributed to the job. For example, for a worker using a solvent to clean a piece of mechanical 

equipment, the IH may need to investigate organic vapor exposure, correct personal protective 

equipment use, surrounding environment, and possibly personal hygiene conditions. 

Hazards involving normal work activities can usually be predicted by a trained IH. It is, 

however, very unpredictable how much airborne exposure a worker is subjected to from a 

particular source. Many times the same type of work conducted at one site is much different 

from an exposure condition at another. Inside exposures will remain more constant than outside 

where wind and weather conditions play a major role. For example, asbestos abatement work 

that is conducted in a controlled atmosphere inside should remain fairly constant if work 

practices such as negative air filtration are used and surfaces are wetted properly. Conversely, 

work on an asbestos roof on the outside, even though there is a difference in the type of asbestos, 

will depend more on weather conditions. 

Work practices such as location of the worker in relationship to the wind (up- or downstream) 

and how intact the shingles are as they are removed also play an important part in overall 

exposure. The more broken up they are the more likely an asbestos exposure will result. 

Although inside exposures sometimes can vary vastly with the size of an area and individual 

work practices, it is not usually expected to be that way. 

If the airborne exposure is to be determined for a particular job, the IH must be prepared to 

monitor quickly. The next day may be too late. Concentrations usually need to be high to find 



TWAs that exceed OSHA PELs. More often than not the construction worker is not conducting 

the same job for an 8 h period. Many tasks are usually required to accomplish a day’s work, 

which also makes it difficult to evaluate a particular hazard. A worker welding, cutting, and 

burning all day on an outside project such as a painted bridge may have no exposure or wind up 

in the hospital undergoing chelation therapy with a blood lead level in the hundreds. Many 

variables affect the potential and real exposure levels such as work habits, weather, and type of 

paint on the steel as well as personal protective equipment used. 

It is most appropriate to consult an IH when selecting personal protective equipment for a 

specific use such as which gloves are best for use with certain chemicals and which respirator 

should be used for exposure to a specific chemical. The IH is the only one who has the training 

and experience to determine the risk for exposure, the environmental sampling that is needed, the 

sampling techniques to use, and the controls that should be in place to prevent further exposure. 
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Questions 

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

2. What are the routes of entry for substances to be taken up by the body? Provide an example 

of each type. Which route is the most common occupational route of entry? 

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

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

measurements is important. 

5. What are three categories of health hazard controls? Provide two workplace examples for 

each category.  

6. What type of health hazard control should be instituted first? Why is personal protective 

equipment a last resort for controlling exposure? 

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


