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Course Learning Outcomes for Unit III 
 
Upon completion of this unit, students should be able to:  


 


 


 


 


 


2. Illustrate how the principles of physics, chemistry, and biological sciences 
apply to the practice of industrial hygiene. 
2.1 Explain the basics of industrial hygiene sampling techniques. 
2.2 Discuss the various ways that hazardous chemicals can enter the 


human body 
2.3 Identify the six major categories of occupational illnesses. 
2.4 Elaborate on methods that can be used to control potential exposures. 
2.5 Describe safe practices for working with chemicals. 


 
 


Unit Lesson 
 
This unit is the first of several that will deal with a specific type or group of hazards. In 
this unit, chemical hazards will be addressed. Of all the different types of hazards 
addressed by the industrial hygienist, chemicals and their potential hazards are 
probably the most commonly encountered. Chapter 3 of the textbook provides a good 
overview of the different types of chemical contaminants, mechanisms (routes) of 
exposure, as well as an overview of sampling equipment (tools of the trade) used by 
the practicing industrial hygienist. 
 
The topic of a permissible exposure limit (PEL) has already been introduced. PELs are 
published by OSHA and are the maximum time-weighted average (TWA) allowable 
concentration over an eight-hour period of time (Note: There are other limits based on 
shorter amounts of time like the short-term exposure limit (STEL) which is measured 
over a 15-minute period of time). There are nearly 500 established PELs, which may 
sound like a lot. However, when you consider the fact that there are nearly 84,000 
chemicals in commercial use today with new chemicals being introduced to the 
marketplace every year, you quickly realize how much is not known about chemicals 
and their hazards (Layton, 2010). In this type of scenario, the industrial hygienist must 
rely on the principles learned related to the structure and function of chemicals and 
how they enter the body and are processed. (Note: You will get a much fuller 
appreciation of this after completing the case study in Unit VIII). 
 
Structure & Function 
 
When it comes to chemical hazards, the following phrase applies: Structure dictates 
toxicity. The textbook author discusses the case of sodium chloride, or table salt, and 
how its individual components, sodium and chlorine, possess very significant hazards 
in and of themselves. The toxic metal mercury is another often-cited example of 
structure and how it dictates absorption and subsequent toxicity. Mercury comes in 
three basic forms: elemental mercury, inorganic salts, and organic compounds. Methyl 
mercury is an organic compound and is the most toxic version with approximately 2-
10% of the ingested mercury being absorbed in the gut. Finally, 90% of any methyl 
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mercury ingested is absorbed into the bloodstream from the GI tract (Olson, 2013). 
Elemental mercury ingested does not get absorbed at all. 
 
Routes of Exposure 
 
If the anatomy and physiology behind each route of exposure is reviewed, a deeper 
understanding will emerge of how chemicals are processed and, if in sufficient 
concentration, how they can exert an adverse health effect. As already discussed, 
inhalation is a primary route of exposure for industrial chemicals. The lungs have a 


complex yet highly functional anatomy 
(see diagram). Basically, oxygen is 
breathed in, and carbon dioxide is 
breathed out. Gas exchange with the 
blood takes place in the alveoli, which are 
the terminal structures of the airways. 
However, when a potentially hazardous 
airborne contaminant is considered, the 
vulnerability of lungs is realized. The 
example of carbon monoxide is 
particularly instructive. Carbon monoxide 
(CO) is a gaseous by-product of 
inefficient combustion and is very toxic. 
CO is colorless and odorless which 
explains why a detector, easily found at a 
local hardware store, is needed. What is 
interesting to note is that CO binds to the 
hemoglobin in the lungs much more 


efficiently than oxygen! In fact, by the time a person starts feeling the effects of CO 
intoxication, the blood concentration of CO is at a critical level and requires 
professional medical treatment (e.g., hyperbaric oxygen treatment) in order to 
alleviate. This is an excellent example of how normal lung physiology can actually 
work against humans due to the chemical structure of a contaminant and how it 
interacts with the human body. 
 
The skin is another significant potential route of exposure for industrial chemicals. 
Diagram 2 shows the three primary layers of the skin: the epidermis, dermis, and the 


Graphic of the lungs 
(Pearson Scott Foresman, 2008) 
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subcutaneous layer. The 
epidermis has a very thin 
outer layer called the 
stratum corneum, 
which is composed of 
dead skin cells. When 
intact and not 
compromised (e.g., a cut 
which allows a 
chemical to penetrate the 
skin), this outer layer can 
provide effective 
protection against 
many chemicals if the 
area is quickly 
irrigated with water. Of 
course, there are 
some chemicals, 
including organic 
solvents and 
pesticides, that 
penetrate the skin 
quickly due to their 
chemistry. Again, the 
duration of exposure is 
critical and is the reason behind the common recommendation to quickly wash the 
affected areas after a chemical splash that results in chemical contact with the skin. 
Individuals also can have a deeper appreciation of the function of personal protective 
equipment (e.g., chemical-resistant gloves) to provide an additional barrier, or line of 
defense, in addition to that naturally provided by intact skin. 
 
Sampling Equipment 
 
The text offers a nice review of some of the air-sampling equipment used by the 
practicing industrial hygienist. Probably the most commonly recognized is for a 
personal sample and consists of a sampling pump (worn on the belt of the worker) that 
is connected by a plastic hose to some sort of sampling media inside a cassette. The 
cassette is typically attached to the lapel of the worker, placed in such a way as to 
approximate the breathing zone. Samples are most often collected for an eight-hour 
period with the media then being sent to an analytical laboratory, which may be 
certified by the American Industrial Hygiene Association. Any practicing industrial 
hygienist will say that the analytical chemist doing the sample analysis can be a 
tremendous resource when it comes to sampling methodology. Analytical chemists in 
laboratories that specialize in industrial hygiene analyses will be well versed in 
appropriate sampling methods published by the National Institute for Occupational 
Safety and Health (NIOSH). 
 
Once the results from the samples are received, the industrial hygienist will compare 
them to established limits such as the PELs that were discussed earlier. OSHA is one 
of several organizations that publish exposure limits. However, the PELs are the only 
limits that are legally enforceable. 
 
 


Graphic of the skin 
(National Cancer Institute, 2004) 
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Suggested Reading 
 
The Occupational Safety and Health Administration (OSHA) has put together an 
excellent summary of industrial hygiene sampling and analysis, which can be found by 
navigating to the following link: 
 
Occupational Safety & Health administration (n.d.). Sampling and analysis. Retrieved 


from https://www.osha.gov/SLTC/samplinganalysis/ 
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