
 

 
 
 
 
 
 
 
 
 
 
 
 

� INTRODUCTION 

Besides preventing accidents, safety and health personnel are also responsible for 
preventing illnesses at the workplace, which involves performing environmental 
assessments on chemical exposure to workers. Hence, safety and health 
personnel should also possess or have access to the expertise and the right 
equipment to effectively carry out their responsibilities. How does industrial 
hygiene play a role in preventing illnesses? 
 

 INDUSTRIAL HYGIENE 

Industrial hygiene is about anticipating, recognising, evaluating and controlling 
workplace conditions which may cause injury or illness to workers. Industrial 
hygienists use environmental monitoring and analytical methods to detect the 
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LEARNING OUTCOMES 
 By the end of this topic, you should be able to: 

1. Describe industrial hygiene and the role of an industrial hygienist 
in preventing occupational illnesses; 

2. Describe the environmental factors which may cause adverse 
health effects; 

3. Describe the four modes of entry for contaminants; 

4. Explain exposure monitoring; and 

5. Explain exposure guidelines. 
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extent of worker exposure and employ engineering, work practice controls and 
other methods to control potential health hazards. 

7.1.1 Preventing Occupational Illnesses 

The Occupational Safety and Health Act (OSHA) 1994 specifies that the employer 
is responsible, as far as practicable, to take the necessary measures to prevent 
occupational illnesses. Employers are required to safeguard the workersÊ health 
by implementing programmes in industrial hygiene and occupational health.  
 
The industrial hygienist must anticipate and recognise workplace environmental 
factors or stressors which may affect the health and well-being of workers. These 
factors must then be evaluated to determine exposure levels and its effects to the 
health of employees. Suitable control measures can then be developed to control 
the hazards. 
 
An industrial hygienist must be well-versed and familiar with the following 
fields: 
 
� Chemistry; 

� Biological sciences; and 

� Engineering. 
 
The industrial hygienist should also know the detrimental health effects caused 
by exposures to chemical, biological and physical agents. He or she must be 
aware of the suitable methods to detect exposure and the practical methods for 
controlling the exposure. The industrial hygienist should have also gone through 
adequate training in environmental sampling and analytical methods to identify 
chemical or biological agents. 
 
The scope of an industrial hygienist includes: 
 
� Identifying potential risk factors; 

� Evaluating potential risks; 

� Implementing environmental sampling; and 

� Developing specific control measures. 
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 ENVIRONMENTAL FACTORS 
 

We are exposed to various types of environmental factors every day, such as 
noise and radiation. Long-term exposure to these environmental factors can 
result in adverse health effects in a person. 
 
As an industrial hygienist, you need to determine the environmental factors that 
exist in your workplace and the level of exposure the workers face. 
 
Environmental factors which may cause adverse health effects are summarised in 
Figure 7.1 below. 
 

7.2 

(a) List the key knowledge areas required of an industrial hygienist. 

(b) List down the strategy for preventing illnesses at the workplace. 

(c) Does controlling the environmental factors mean controlling 
workplace hazards? 

SELF-CHECK 7.1 

Develop a Legal Register for the regulations related to industrial 
hygiene stated in the Occupational Safety and Health Act 1994, the 
Factory and Machinery Act 1967, and the Poisons Act 1952. 

ACTIVITY 7.1 
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 MODES OF ENTRY FOR CONTAMINANTS 
  

Apart from identifying chemicals that can potentially cause health problems, you 
must also know how the contaminants enter the body. The methods through 
which contaminants can enter the body are summarised in the following Figure 
7.2. 
 

7.3 

(a) What are the environmental factors which can cause adverse 
health effects in a person? 

(b) Give examples of biological hazards. 

(c) What are the illnesses that could result from ergonomic hazards? 

SELF-CHECK 7.2 

Environmental factors become hazardous when the exposure levels are 
excessive. What are the measurements used to determine exposure 
levels for noise and ionising radiation? 

ACTIVITY 7.2 
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Figure 7.2: Four modes of entry for contaminants 

 
The most common industrial hazard is airborne, that is carried through the air. 
As such, the most common entry method is through inhalation. Airborne 
contaminants come in several forms, summarised in Table 7.1 below. 
 

Table 7.1: Forms of Airborne Contaminants 
 

Airborne Contaminants 

Form Description 

Gases Fluids in no exact form, but occupy the space or enclosure in which 
they are confined. Example: carbon monoxide from exhaust pipe. 

Vapours Volatile form of solid or liquid present in air through evaporation 
process at room temperature and pressure. Example: solvents with low 
boiling points such as acetone.  

Aerosols  Liquid droplets or solid particulate dispersed in air. Example: aerosol 
from spray painting. 



 � TOPIC 7 INDUSTRIAL HYGIENE 138 

Particulates 
 

Dusts � airborne solid particles (0.1 to 25 micron) generated by 
handling, crushing, grinding, rapid impact, blasting and shaking 
materials. 
 
Fumes � airborne solid particles (less than 1 micron) formed when 
volatilised material from welding, metalising and other operations 
condenses in cool air. Fumes are easily inhaled due to their small size. 
Example: fumes from lead soldering. 
 
Fibres � airborne solid particles (slender and elongated shaped, in 
varying sizes) generated from activities such as mining, product 
manufacturing, fabrication and construction/demolition operations. 
Example: asbestos fibre from roof dismantling. 
 
Mists � suspended liquid droplets (microscopic sizes) generated by 
agitating liquid into a dispersed state, such as spraying. Example: mist 
from pesticide spray. 

 

 

 

(a) What are the four entry modes for contaminants? 

(b) What types of contaminants can be inhaled? 

(c) What is the difference between fume and vapour? 

SELF-CHECK 7.3 

If you live near an industrial area, you may be inhaling various types of 
air contaminants. List down five air contaminants that could exist in 
such environment and the potential sources of these contaminants. 

ACTIVITY 7.3 
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 EXPOSURE MONITORING 
 

 
 

Figure 7.3: Industrial hygienist must determine the right protective gears for workers 
Source: www.goggle.com 

 
Although many air contaminants exist in the workplace, many exist at a level 
that is not deemed to be hazardous. Attention must be given to those that are 
hazardous and thus could cause ill effects on workers. This can be achieved 
through exposure monitoring. Here, you must first identify the contaminants, 
then work on determining the level of exposure. 
 
You will need to collect samples, in a process known as sampling to identify the 
contaminants. There are two sampling methods: 
 
� Direct reading � results are immediate. (Example: air pump fixed with 

detector tubes); and  

� Laboratory sampling � provides more accurate results.  
Accurate measurements is critical. Hence, the instruments used must be able to 
give accurate readings. Instruments may provide inaccurate readings if the 
mechanism is out of sensitivity range. Low batteries, dust, friction and rough 
handling can also cause inaccurate readings. Therefore, you must ensure the 
instruments are properly calibrated.  
 

7.4 
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Figure 7.4 below shows an example of an air sampling machine. 
 

 
 

Figure 7.4: Example of air sampling equipment 
Source: www.wolfsense.com 

 
Results from the monitoring are used to select the most effective personal 
protective equipment for your workers. However, you need to make sure you 
start with a higher level of protection, and then with additional data, go for lower 
protection. This will require more monitoring since exposures can vary from time 
to time. 
 
As a baseline, you need to conduct monitoring for each type of job. You need to 
consider the following factors affecting exposure levels as shown in Table 7.2. 
 

Table 7.2: Factors Affecting Exposure Levels 
 

Factors Affecting Exposure Levels 

Location Different work areas have different concentrations of contaminants 

Task Different natures of jobs have different levels of exposures  

Surrounding Exposure levels vary depending on working outdoor or indoor 

Situation Exposure levels go up when there are spills or leaks 

 
Air monitoring must be done periodically to make sure you have the right 
control measures in place throughout the activities. However, certain 
contaminants will require frequent and continuous monitoring, such as lead.  
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Your monitoring strategies should include area and personal monitoring, so that 
you can establish a good profile of the contaminants. When you carry out 
personal monitoring, you should select workers expected to have the highest 
exposure. 
 
Table 7.3 below summarises the differences between area monitoring and 
personal monitoring. 
 

Table 7.3: Area Monitoring and Personal Monitoring 
 

Area monitoring  

� Specific to location 

� Used for collecting background levels 

� Used for studying the movement of contaminants 

Personal 
monitoring 

� Specific to the worker 

� Taken in the worker's breathing zone 

� Used to determine a worker's exposure level 

� Done on a specified period of time, normally 8-hour time-
weighted average (TWA)  

 
One term you should be familiar with is the IDLH which means immediately 
dangerous to life or health. We want to determine if such a dangerous condition 
is present at the workplace. Hence, sampling is done considering worst-case 
conditions. An example of IDLH sampling is checking for gases in confined 
space. 
 
The art of industrial hygiene is applied when the industrial hygienist interprets 
the results of measurements and matching the data to the workplace conditions. 
Then, the industrial hygienist must use his or her skill and judgment to decide if 
the specific work area is safe or unsafe. 
 
An industrial hygienist must also be familiar with the terms used to describe 
exposure levels, as summarised in Table 7.4 below. 
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Table 7.4: Terms Used to Describe Exposure Levels 
 

Term Definition Purpose 

ppm Parts per million parts of contaminated air 
on a volumetric basis 

To express the concentration of 
gas or vapour 

mg/m3 Milligrams of a substance per cubic meter 
of air 

To express the concentration of 
dusts, metal fumes in the air 

f/cc Number of fibres per cubic centimetre of 
air 

To express the concentration of 
airborne fibres 

 
Once you know that air contaminants exist in the workplace and you have 
determined the concentration, you need to compare those with the allowable 
limits.  
 

 

 

 EXPOSURE GUIDELINES 

The limits of exposure are known as Threshold Limit Values (TLVs). These are 
the limits for air contaminantsÊ concentration that workers may be exposed to 
during their normal working period without causing adverse health effect. 
 
You can find these TLVs for most of the chemicals in the American Conference of 
Governmental Industrial Hygienists (ACGIH) list of TLVs. However, the limits 
specified are just guidelines, and not for legal compliance. 

7.5 

(a) What are the two monitoring methods for air contaminants? 

(b) What are the four factors that can affect exposure levels? 

(c) What are the differences between area and personal monitoring? 

SELF-CHECK 7.4 

For personal protection from air contaminants such as dust and viruses, 
the N95 face mask or respirator is commonly used. Do a research on the 
N95 face mask and discuss it in your next tutorial. 

ACTIVITY 7.4 



                                                                   TOPIC 7    INDUSTRIAL HYGIENE     � 143 

In addition, Biological Exposure Indices (BEIs) are also available from ACGIH. 
Experts in ACGIH collaborate to study, review and update TLVs and BEIs 
annually so that the guidelines available are continuously updated. TLVs are 
categorised in Table 7.5 below. 
 

Table 7.5: Categories of Threshold Limit Values (TLVs) 
 

Category DDefinition CControl Guidelines 

Time-
Weighted 
Average 
(TLV-TWA) 

Average concentration at which 
workers may be exposed for a 
normal 8-hour workday 

Concentration above and below the 
limit are balanced up during 
workday 

Short-Term 
Exposure 
Limit    
(TLV-STEL) 

Highest concentration above 8- 
hour TWA to which workers can 
be exposed to for a short period 
of time (15 minutes) 

Concentration which should not be 
exceeded and should not occur more 
than four times during workday, 
with at least a 60-minute interval in 
between 

Ceiling 
(TLV-C) 

Concentration that should not be 
exceeded even for a short period 
of time 

To control fast acting chemicals or 
gases that may cause serious health 
effects 

 
You also need to pay attention when a chemical comes with the „Skin Notation‰ 
which indicates potential exposure through the cutaneous routes such as mucous 
membranes and the eyes. If so, then you need to take appropriate measures to 
prevent cutaneous absorption.  
 
The ACGIHÊs TLVs are guidelines. In America, the limits that the Occupational 
Safety and Health Agency (OSHA) enforce are the Permissible Exposure Limits 
(PELs), categorised as follows: 

� The 8-hour TWA; 

� The STEL; and 

� The ceiling limit (C). 
 
In Malaysia, the Factories and Machineries Act (FMA) 1967 and the Occupational 
Safety and Health Act (OSHA) 1994 have various regulations that specify the 
exposure limits, as follows: 

� Lead regulation; 

� Asbestos; 
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� Mineral dust; and 

� USECHH. 
 

 

 
 

 
 
� Industrial hygiene is about anticipating, recognising, evaluating and 

controlling the environmental stressors at the workplace with the purpose of 
preventing workplace diseases and illnesses. 

 
� The environmental factors which may cause adverse health effects are 

chemical hazards, biological hazards, physical hazards and ergonomic 
hazards. 

 
� Contaminants can enter the body through inhalation, absorption, ingestion 

and injection. 

� Gases, vapours, aerosols and particulate matters are potential air 
contaminants. 

 
� Good sampling strategy using proper methods and equipment will give 

reliable results for environmental and personal exposure monitoring. 
 

(a) Explain threshold limit values. 

(b) What is the difference between TLV-TWA and TLV-STEL? 

(c) What are the control guidelines for TLV-STEL? 

SELF-CHECK 7.5 

Do a research on Material Safety Data Sheets for Isopropyl Alcohol (CAS 
No.: 67-63-0). List down the TLVs and the PEL. 

ACTIVITY 7.5 
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� Threshold limit values (TLVs) are the limits for air contaminantsÊ 
concentrations that workers may be exposed to during their normal working 
period without adverse health effect. 

 

 
Environmental stressors 

Environmental sampling 

Exposure monitoring 

Area monitoring 

Personal monitoring 

Route of entry 

Inhalation 

Absorption 

Ingestion 

Injection 

IDLH 

STEL 

Exposure levels 

Ergonomic hazards 

Air contaminants 

Vapours 

Dusts 

Mists 

Aerosols 

Fume fibres 

ppm 

TLV 

PEL 

TWA 
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