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1. COURSE OVERVIEW 
 
1.1 INTRODUCTION 
 
 This Course has been based in the most part on the international module 

syllabus W505 ï Control of Hazardous Substances published by the British 

Occupational Hygiene Society (BOHS), Faculty of Occupational Hygiene.  

The BOHS administers a number of such modules; further information on 

which can be obtained by visiting the BOHS website at www.bohs.org. 

(Accessed July 2009) 

 
 At the time of publication every care has been taken to ensure that the 

majority of topics covered in the BOHS syllabus for the subject (W505) have 

been included in this Student Manual.  Providers of training courses should 

check the BOHS website for any changes in the course content if they intend 

to participate in the BOHS assessment process. 

 
 The authors of this Student Manual take no responsibility for any material 

which appears in the current BOHS syllabus for Module W505 which is not 

covered in this manual. 

 

1.2 AIM OF COURSE 
 
 To provide an introduction to the methodologies and technology available to 

control workplace exposures and reduce risk to health from exposure to 

hazardous substances. 

 

1.3 LEARNING OUTCOMES 
 

On successful completion of this module the student should be able to: 

 

 Describe where and how airborne contaminants are generated by 

industrial processes, how this impacts on the control strategy and how 

control solutions can thereby be optimised. 

 Recognise the range of approaches to risk reduction; the importance 

and value of using the hierarchy of control.  The selection of appropriate 

strategies for implementation for all possible exposure routes including 

those of skin contact and ingestion. 

http://www.bohs.org/
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 Describe the meaning of ñadequate controlò, particularly in relation to 

personal exposures. 

 Discuss the importance of design considerations in terms of the 

workplace, process, and plant, as a means of reducing occupational 

exposures.  Understand the importance of control at source and 

describe how that can be achieved. 

 Describe the principal elements of containment systems and 

understand their limitations. 

 Describe the principal elements of a local exhaust ventilation system, 

give examples of typical installations and know how to carry out the 

necessary measurements to assess whether a local exhaust ventilation 

system is effective and operating to the design specification, which will 

include an understanding of how to optimise the control provided by 

such systems. 

 Describe the principal uses of personal protective equipment and the 

limitations and measures necessary to implement programmes in an 

effective manner as part of a control strategy. 

 Recognise the impact that control measures may have on other 

workplace hazards and understand the need to take a holistic approach 

to the design of control solutions. 

 

1.4 FORMAT OF MANUAL  
 
 This manual has been designed to follow for the most part the syllabus for 

this course as published by the BOHS.  Similarly, the material provided in 

this manual has been aligned with the presentations for each topic so 

students can follow the discussion on each topic. 

 

 It should be recognised that the format presented in this manual represents 

the views of the editors and does not imply any mandatory process or format 

that must be rigidly observed.  Presenters using this manual may well choose 

to alter the teaching sequence to suit their requirements.   
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In this regard the case studies and exercises are provided as illustrative 

examples and alternate material relevant to a particular industry may be used 

if desired. 

 

 In the final outcome, the aim of this manual is to transmit the principles of 

controlling the exposure of workers to hazardous substances. 
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2. WORKPLACE CONTROL PRINCIPLES 
 
2.1 INTRODUCTION 
 

The basic principles of identifying that a control is required in a specific 

situation, are derived from the first three key elements of occupational 

hygiene. These are described succinctly by Popendorf (2006) below: 

 

 Anticipation: The prospective recognition of hazardous conditions 

based on chemistry, physics, engineering and toxicology. 

 Recognition: Both the detection and identification of hazards or their 

adverse effects through chemistry, physics and epidemiology. 

 Evaluation: The quantitative measurement of exposure to 

environmental hazards and the qualitative interpretation of those 

hazards. 

 

Control is the fourth key element to occupational hygiene. It is a process of 

conception, education, design and implementation of beneficial interventions 

and changes carried out that eliminate, decrease or downgrade hazardous 

conditions. 

 

Controls can be introduced to protect the health or comfort of workers along 

with other objectives, including employee safety, reduction in environmental 

pollution and reduction in economic loss.  

 

Control involves changes to an operation or process to reduce exposure to a 

hazardous substance.  The changes may involve substitution, technological 

changes, process modification, ventilation, the use of personal protective 

equipment and procedural or administrative changes with the aim of reducing 

the formation, release, transmission of, or contact with the substance of 

concern.  
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The primary reasons and objectives for control of hazardous substances 

include: 

 

 Protecting the workers health from exposure to substances 

 Protecting the workers comfort 

 Complying with exposure standards 

 

The decision about what to control is an important one that requires 

evaluation, including the identification of the important sources of exposure, 

through a survey that may or may not involve monitoring for hazardous 

substances to determine the levels that are currently in the workplace. The 

survey should involve observations of the process which may indicate other 

pathways of exposure in addition to inhalation, including skin or eye 

absorption or ingestion. 

 

When developing a strategy for the control of hazardous substances, it is 

important to first understand all the risks and the ways in which workers may 

be exposed.  It is essential to determine exactly what is causing the exposure 

ï sometimes this is not as obvious as seems on first sight and how 

substances may contact the person ï think of all routes ï air, skin, and 

ingestion. 

 

For example, if a worker is emptying a bag of powder into a hopper, it is 

tempting to look at controlling the airborne exposure from the bag emptying 

and concentrate on that aspect alone.  Of course this may be necessary but 

it is important to look at what else is happening. What happens to the bag 

afterwards ï often handling the bag and squeezing it down to reduce bulk 

can generate significant clouds of dust ï sometimes even exceeding the 

emptying as a source of exposure.  In this case it will also be important to 

look at what the workers are wearing on their hands ï is skin contact a 

problem?  Are they wearing respiratory protection ï is it appropriate to the 

hazard concerned ï is it clean and fitted properly?  Are there any other 

problems such as high temperature or ergonomic problems?  Only by fully 

understanding what is happening will you have a chance of implementing a 

successful control strategy. 
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When it comes to control, the most important tools at the disposal of the 

occupational hygienist are your eyes and ears.  Stop in the area and look at 

what is happening and ask the question ñhow does the process operate, 

what do the workers actually do (not necessarily the same as what the 

procedures say they should do)?ò  Look for unexpected or other tasks that 

are required, such as periodic cleaning, maintenance, opening containment 

vessels.  Look at the way the contaminants are generated in the work area 

but also look for other sources ï leakage in containment, handling of empty 

containers, material moved through the motion of machinery or cross drafts 

generated by moving equipment. 

 

Donôt overlook the potential impact of skin contact ï either direct from 

handling the material or indirect as a consequence of contaminated clothing 

or placing cleaning cloths in pockets.  What happens when the worker 

finishes their shift or goes for a break ï are there changing and washing 

facilities? (In the past it was common to use unrefined oils in machine shops. 

Skilled workers on lathes and other machines would wipe down machines 

with oily rags and place them in their overall pockets.  This led to skin contact 

with the unrefined oil and cases of scrotal cancer in the industry.  In those 

days, the immediate action was to improve handling of rags and better 

personal hygiene.  Since then, the risk of cancer has been reduced though 

by the use of refined oils and substituting carcinogenic materials in 

metalworking fluids).  

 

Is the type of clothing such that it can become contaminated with dust that 

can become airborne remote from the work area or even in their homes?  

(Cotton overalls can accumulate dust that becomes airborne with movement 

ï in dusty industries, such as potteries, cotton is no longer used in favour of 

synthetic materials and regular laundering to avoid this problem.)  Is there 

the potential for contaminated clothing to be taken home?  (In the asbestos 

industry there are examples of the families of workers developing 

mesothelioma as a consequence of asbestos fibres being taken home on 

work clothing.) 
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Do workers wash their hands before eating, drinking or smoking?  (Lead 

contamination on hands can be ingested.  Lead contamination of smoking 

material can become volatilised and subsequently inhaled when smoked.) 

 

How is the area cleaned?  Where solvents are used for cleaning machine 

components this can create skin and airborne exposure potential.  In dusty 

industries brushing can generate clouds of dust that can create an inhalation 

hazard ï damping down with water or vacuum cleaning can be a better 

solution.  Bear in mind though that a vacuum cleaner without a High 

Efficiency Particulate in Air (HEPA) filter will blow airborne dust through its 

exhaust that can actually increase exposure risk.  

 

Listen to what the workers are saying ï what do they think the problem is 

caused by?  There is a need to be very careful in listening and being 

objective. Not all comments are necessarily valid but often they are and can 

identify issues that may not be immediately apparent.  Often the worker will 

also be able to identify what may and may not work in terms of control 

strategies.  Bear in mind that many control measures require intervention or 

use by the worker, so their views are important and it is vital they are 

involved in discussing control options.  Workers and supervisors can often 

identify the part of the process that will cause the biggest problem in terms of 

the emissions or comfort.  The occupational hygienist will need to be careful 

in interpreting this information and check out the information through 

observation and measurement but this discussion with workers can often 

lead to important findings. 

 

Use survey equipment and monitoring to help characterise the problem.  Use 

of dust lamps or direct reading instruments can help to identify sources of 

emission.  Personal dosimeters with data logging can be used alongside a 

log of activities to identify when peak exposures occur and during what part 

of the operation.  This can help to direct attention to sources of emission and 

hence control options.   
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Donôt be afraid to try out ideas with pilot schemes before final commitment to 

a control strategy.  For example, if you are thinking of enclosure or 

ventilation, sometimes it is possible to make a mock up in cardboard and 

sticky tape to see if it can work and to ensure this does not interfere with the 

work.  Often it is only when the mock up is in place that it is recognised the 

design has to be modified to accommodate access or ergonomics. 

 

Finally, donôt forget that the work of the occupational hygienist is not compete 

until satisfactory control has been demonstrated and a strategy is in place for 

regular testing, inspection, maintenance and review in line with any good 

management system such as OHSAS 18001.  Often the development of the 

strategy will require input from other specialists such as process engineers 

but it is always preferable for the occupational hygienist to remain involved 

until the risk has been shown to be effectively managed.   

 

Step 1: Review the Risk Assessment and Understand the Hazards 
 
Any control strategy should be based on a risk assessment of the work and 

process.  Review this in detail and ensure a full understanding of the nature 

of the hazards posed by the work.  The range of substances used, generated 

or produced, their routes of entry and the hazards caused.  Look also for 

other hazards that may complicate the approach to control ï for example 

other protective equipment that could interfere with chemical protective 

measures, ergonomic or thermal conditions that could add to stress of the 

workers. 

 

Step 2: Review Control Strategies from Similar Operations 
 
Is this a typical process for this industry?  Is other information published in 

the literature on the risk and options for control?  Suppliers of raw materials 

or process equipment or industry associations may have experience and 

guidance.  Similar processes within the company or similar industries can 

also be used to assist in developing control strategies.  Increasingly advice 

on control is also likely to be available from suppliers under regulations such 

as REACH in the European Union. 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32006R1907:EN:NOT
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Reference material can certainly help in devising control strategies; however, 

every workplace and task can be different and it is essential to observe each 

situation and ensure the control measures are appropriate and specific to 

those particular circumstances. 

 

Step 3: Stop, Look and Listen 
 
Spend time getting to know the workers and their supervisors. Understand 

the work process and observe what is happening.  If you are doing exposure 

monitoring, use this as an opportunity to talk to the workers and help you 

understand what is happening.  Where appropriate, use short term 

monitoring, direct reading instruments or data loggers to help characterise 

the particular tasks, or the parts of the process that contribute most to 

exposure. 

 
By understanding how exposures vary, the specific times or tasks where 

exposures peak and the relative contribution to exposure and risk, it is often 

possible to target efforts to control exposures and achieve optimum results.   

 

Step 4: Look at Options for Control 
 
Rarely will it be possible to eliminate exposures completely and a 

combination of control techniques will generally be necessary.  Inevitably this 

will require workers to use equipment, procedures or protective equipment in 

particular ways - and so it is essential that the strategy devised is both 

practical and will be used in practice.  The best designed controls are 

worthless unless they are used properly.  For example, movable local 

exhaust hoods used in welding shops may be shown to be effective when 

carefully located in relation to the plume of fume.  However, to be effective, 

they require careful re-positioning as the work changes or as the weld 

progresses.  All too often these devices are not re-located as required by the 

welding task and thus provide little or no benefit for much of the time.  

 

When it comes to actually controlling a substance, it is important to realise 

that others will also need to be involved. 
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For example, in all but the most simple cases it is likely that production 

engineers and maintenance staff will need to be involved with the design to 

ensure there is zero to minimal interference with production.  Other health 

and safety staff will also need to be involved to ensure that all health and 

safety aspects are considered. 

 

Step 5: Effectiveness of Controls 
 
In terms of reducing risk to a workers health, the act of controlling exposure 

is the element of occupational hygiene that actually benefits workers.  Given 

this, it is important that any control strategy that is introduced be maintained 

at an appropriate level. 

 

In the case of engineering controls, such as local exhaust ventilation, this will 

require regular visual checks and at least annually a thorough examination 

and test.  

 

Finally, effectiveness should be checked by periodic reassessment and 

exposure monitoring if appropriate ï closing the loop on the management 

cycle. 

 

2.1.1 Control Challenges 
 

The commonest challenge to implementing any type of exposure control or 

risk reduction technique is cost. In the real world, all too often optimum 

control strategies are considered too expensive, and compromises are 

made, which can place an over-reliance on the use of personal protective 

equipment.  The materials in this manual and the course itself should 

provide the means for an occupational hygienist to provide good evidence 

on what the best control strategy is, and help the people in charge of the 

budget, understand the true costs and benefits of both the optimum solution 

and any alternatives.  

 

The reasoning behind these control cost challenges are often wrong, as 

good control can bring direct financial benefits in addition to the indirect ones 

associated with worker protection. 
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For example a major chemical manufacturer looked at control options as 

part of a wider loss prevention study, and calculated that even the more 

expensive options around engineering controls had a surprisingly short 

payback period, owing to the savings on keeping a very expensive product  

ñin the pipeò and hence available as a marketable resource rather than a 

wasted emission. 

 

The occupational hygienist should therefore consider aligning with his 

process safety and environmental colleagues, as the aims of each of these 

individuals in terms of ñcontrolò is very similar and a holistic approach can 

both save money and be more effective. 

 

The indirect financial benefits, around worker protection result from better 

working conditionsô leading to higher morale, and hence increased 

productivity, less absence, greater staff retention with attendant reduction in 

recruitment and training costs etc. All of these can add up to a substantial 

amount, and in most cases will readily surpass the outlay for a proper 

control solution.   

 

2.2  HIERARCHY OF CONTROL 
 
2.2.1 Prioritisation of Control Methods 
 

There are many different measures that can be implemented in order to 

control exposure to hazardous substances. Some measures are preferable 

to others and it is possible to develop a list of measures in order of priority. 

Such a list is commonly known as a ñHierarchy of Controlò (HOC).  There are 

several different versions of the HOC mentioned in text books and journals.  

However, they are all based on the same basic principles. 

 

The hierarchy can be developed by considering where the controls can be 

applied and also which type of control is likely to be most effective. 
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There are three "zones" where control measures can be applied: 

 

 at the source of the contamination 

 along the transmission path 

 at the worker 

 

 

(Source:  Diamond Environmental Ltd ï reproduced with permission) 

 
Figure 2.1 ï Basis of the Hierarchy of Control ï Control Locations 

 

Taking account of the risk assessment and all potential sources of exposure 

ï air, skin, ingestion - the best way to achieve control is by addressing the 

source of the contamination. If this cannot be achieved or does not resolve 

the problem then an attempt should be made to control along the 

transmission path. Only if neither of these can be achieved should the 

primary control measures be based around the workers themselves. 

Measures that can be applied at the source of the contamination include: 

 

 Eliminate the source 

 Substitution ï using a less hazardous chemical or process 

 Isolation / containment / enclosure ï enclose sources or the employee, 

or the source and some employees together rather than all employees  

 Modification of the source or process 

 Automation ï use robotics, remote or computer aided products 

 Separation ï place the source in a different location to the employee 

 Local exhaust ventilation ï using ventilation to capture the contaminant 

at the source, to prevent it dispersing 
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Control along the path, when the contaminant is dispersing, is more difficult 

and fewer options are available. They include 

 

 General ventilation ï which dilutes the contaminant concentration 

 Increasing the distance between the source and the workers 

(ie: increasing the length of the pathway so that there is more 

dispersion and dilution) 

 Use of screens and partial barriers 

 

Worker based controls include 

 

 Administrative controls ï rotating workers, limiting the length of time 

they work in a location 

 Personal protective equipment (PPE) ï wearing something that stops 

the contaminant affecting you, even though it has already reached the 

worker 

 
Note that these categories are not definitive. There is a degree of subjectivity 

when deciding which category a particular control belongs to and, indeed, 

some controls could be considered to fit into more than one category. For 

example, some texts consider containment and local exhaust ventilation to 

be pathway controls, however it is important to recognise that containment 

and local exhaust ventilation, being applied close to the source, are usually 

much more effective at controlling exposure than general ventilation, other 

controls located along the path or worker based controls. 

 
Control measures can also be classified as follows: 

 

 Prevention 

 Engineering Controls 

 Procedural / Organisational Controls 

 Personal Protective Equipment 
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When deciding on what controls can be used, start at the top and work down 

the list considering each measure in turn, and try to use measures towards 

the top of the hierarchy. This means that although Personal Protective 

Equipment (PPE) can often be used, it should not be the first choice when 

controlling exposure to a hazard. 

 
 
 
 

Source 
 
 
 
 

Path 
 

 
Worker 

Elimination 
Substitution 
Source or process modification 
Automation 
Isolation / containment / enclosure 
Local exhaust ventilation 
General ventilation 
Increase distance 
Work scheduling 
Good working practice 
Operating procedures 
Personal protective equipment 
 

 
Prevention 
 
 
 

Engineering 
 
 
 

Procedures 
 

 

PPE 

 

 
Figure 2.2 ï One version of the Hierarchy of Control 

 

In many countries the hierarchy of control is part of the legislation and it is 

not acceptable to apply PPE when there are more suitable controls further up 

the list of the hierarchy that could be applied with more effective control of 

the contaminant. 

 

In addition, another factor, to take into account when selecting suitable 

controls from the hierarchy, is the nature of the task or process to be 

controlled. Is it a permanent task or process; or is it a short-term action 

resulting from infrequent maintenance activities, eg: those associated with 

plant or equipment shutdowns/turnarounds etc?  It is more acceptable to 

consider the use of PPE in the latter situations, for example, than as a long-

term solution to a full-time production process.  Similarly the costs involved in 

selecting controls from the top section of the hierarchy may not be justifiable 

against the risks for short-term activities.   
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2.2.2 Key Elements of the Hierarchy of Control 
 

 Elimination 
 

 Eliminating a hazard by removing a process or substance completely is 

the best solution.  For example, is the process really necessary or are 

there other alternatives. This may not be practicable in the short term 

for established major processes but can often be applied in 

construction, new projects, maintenance or other short term activities. 

For example, a company wanted to pressure test a vessel by water 

which required the removal of refractory materials from inside the 

vessel. This would have meant exposure to dust, noise, high 

temperatures and range of safety issues associated with working in a 

confined space. The occupational hygienist spoke to the engineers and 

asked ñWhy?ò They looked at other similar activities and found this 

testing could be completed satisfactorily and more safely by pressure 

testing with nitrogen ï this required no need to enter the vessel and no 

need to remove the refractory. 

 
If a hazard cannot be eliminated, then consider the next steps in the 

hierarchy. 

 

 Substitution 
 

Substitution involves changing chemical substances and/or processes 

with a less hazardous one. The process of substitution has been used 

throughout history. A good example is the white and yellow phosphorus 

matches that were responsible for óphossy jawô.  Phossy jaw was a 

disfiguring and potentially fatal necrosis of the jawbone in matchmakers.  

White and yellow phosphorous was replaced with less dangerous red 

phosphorus matches and modern safety matches incorporate an even 

safer tetraphosphorus trisulphide in the striking friction part of the box 

(AIOH 2007). However, it is always important to consider whether the 

new material may introduce other risks or may have hazards that are 

yet not fully understood. 
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A major consideration around substitution is our knowledge and 

understanding, or rather lack of it, on the hazardous nature of the 

chemical substances we are dealing with. There are considered to be 

upwards of 300,000 substances in use around the World, and of those 

we currently have detailed toxicological information on less than 10% of 

them. Simply substituting a known hazardous chemical with one that 

does the same job, but of which we have no real hazard data is not a 

sensible approach, as we could actually be making the situation worse. 

 

In addition the drive for substitution is not restricted to concerns around 

human health only. Environmental legislation often drives substitution 

decisions, and this can sometimes negatively impact on human health 

risks.  For example the replacement of chloro-fluorocarbons  (CFCs) in 

pressurised aerosol dispensers, and chlorinated hydrocarbons as 

general-purpose solvents under the Montreal Protocol to reduce ozone-

depleting chemicals in the upper atmosphere, resulted, in some cases, 

in more hazardous agents, from the perspective of human health, being 

utilised.  

 

 Modification 
 

Modification means to change the physical operating conditions without 

changing the chemical or process. A process may be wetted down to 

reduce dust, or temperatures can be decreased to reduce vapour 

pressure and the volatility of a chemical.  

 

 Containment 
 
Containment of the source of the hazard by placing the hazardous 

substance in a sealed vessel or systems can be a very effective way of 

creating a barrier between the hazard and the person. For example, 

road tankers used to be filled with gasoline by loading though a hatch at 

the top. The operator would be potentially exposed to displaced vapour. 

Nowadays, most gasoline tankers are loaded by óbottom loadingô where 

the tanker is connected by hose as a closed system and displaced 

vapours are taken out by another hose to a vapour recovery system.   
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 Automation 
 

Automation is the use of some form of robotics to replace a function 

previously provided manually by an exposed worker.  For example, 

robotic welding in automobile manufacture has reduced the need for 

manual welding. Other examples from the mining industry include the 

use of machinery for cutting coal that has reduced the number of miners 

at the coal face. Reduced levels of manual tasks by introducing even 

limited automation can assist in reducing a workers exposure but may 

introduce other safety hazards.  Caution may be required when looking 

at the other activities required when automation is introduced. For 

example, there may then be requirements for maintenance and 

cleaning activities that will need risk assessment and control. 

 

 Isolation 
 

Isolation is the separation of the source and the worker by a physical 

barrier such as an enclosure, wall or partition.  Partitions are not as 

effective as complete enclosures, and additional controls may be 

needed. 

 

If a worker can be completely removed or isolated from the hazard, the 

risk to health is removed. 

 

An example of isolation is the use of interlocked doors or barriers to 

prevent entry into an area while toxic substances are present. 

 

It should also be noted that isolation marks the part of the hierarchy 

where the ñhuman factorò issues, such as competence, behaviour, 

motivation etc. really start to influence how the workers actually use the 

specified controls, and from here on down the hierarchy, the potential 

for ñhuman errorò increases.   

 

 Ventilation 
 

Ventilation is the use of air movement to remove, displace or dilute 

concentrations of the contaminant.  
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Local exhaust ventilation, which involves removing the contaminant 

from the workplace near its source, is versatile and can be a more 

effective long term control than general room or dilution ventilation.   

 

Displacement ventilation, involves the use of air flow to create flow 

conditions where the worker is in a cleaner air stream and the 

contaminated air is downstream. Dilution ventilation involves adding 

more fresh air to the workplace to dilute a chemical. This can still result 

in exposure, but to a diluted product.  

 

All forms of ventilation may play a role in certain circumstances as part 

of a control strategy. However, the effectiveness of ventilation is often 

over estimated and can, for many practical reasons be ineffective in 

practice. Ventilation will only be effective where the characteristics of 

the source of the contaminant is properly investigated and understood 

and where work has been done to show the impact of the airflow on the 

contaminant. 

 

 Procedural Controls 
 

Procedural or administrative measures are worker based controls which 

reduce the received dose of a particular hazardous agent.  Dose can be 

reduced by decreasing the amount of time a person is in a particular 

area (job rotation), and by reducing the number of employees exposed 

by conducting certain operations when less workers are present. 

Popendorf (2006) considers that duration, frequency and number of 

people exposed make up Administrative controls, however good 

housekeeping, training and supervision are also included in this 

category.  Good housekeeping removes contaminants which result in 

reduced airborne, dermal and ingestion exposure.  Training workers to 

anticipate and avoid the cloud of contaminant reduces exposure.  Some 

countries consider training and housekeeping to be part of modification.   

 

Administration relies on personal behaviour to control a hazard. 
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 Personal Protective Equipment 
 

Personal Protective Equipment (PPE) involves wearing additional 

clothing, gloves, and/or respirators to reduce exposure to a chemical.  It 

is not the first choice but may be an appropriate form of control where 

other choices are not practicable, or in combination with other 

measures where the nature of the hazard requires a layered level of 

protection. To be effective, PPE has to be selected to be technically 

appropriate, properly fitted - accounting for each individualôs own 

physical attributes; put on, worn, removed, cleaned, maintained, tested, 

stored and disposed of safely and appropriately. In practice, suitable 

and proper PPE management programmes are very difficult to achieve 

and maintain. Poor or improper PPE management programmes are 

easy to implement and unfortunately are all too common. Only one of 

the two programme types will, however, offer any protection to the 

worker!   Using PPE can also be more expensive in the long run, than 

other controls selected from higher up the hierarchy. . 

 

2.2.3 Using a Combination of Controls 
 

In many cases, it will be necessary to use a combination of measures to 

appropriately manage exposure to a risk. For example, a toxic chemical 

could be replaced with a less hazardous one (substitution), safe work 

procedures (administrative measures) introduced, and personal protective 

equipment provided for workers to use. 

 
Example: Sandblasting 
 

Although still termed ósandblastingô, sand, which is high in quartz has been 

replaced with garnet or ilmenite, which is very low in quartz (substitution).  

Due to the nature of the work, the sandblaster cannot be removed or isolated 

from the task, so although they will still be exposed to dust they are exposed 

to a less harmful dust and they are also required to wear protective clothing, 

including hood and air supplied respiratory protection.  Noise is possibly the 

next worst exposure when sandblasting and this requires different controls 

again.  Isolation can be used to protect other workers from sandblasters.   
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This is achieved by having specially designed booths where sandblasting 

activities are conducted and therefore other workers are not exposed to the 

dust or noise generated.  However, it is important to have a viewing window 

in the booth to allow for observation of the sandblaster. 

 

So, in practice it is common for a control strategy to include a number of 

measures ï often in combination to provide layered defence.  In particular, 

for environments that might be immediately dangerous to life or health, it is 

appropriate to build in several layers of protection. This concept is commonly 

presented as an of material moving through layers of cheese containing 

holes (Swiss Cheese) and can be illustrated diagrammatically (Figure 2.3). 
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(Source: BP International Ltd) 

 
Figure 2.3 ï The ñSwiss Cheeseò Model ï Showing the need for Multiple 

Measures to Control Exposure Effectively 
 

So, for example, on a plant handling hydrogen fluoride, there will be a range 

of engineering controls to maintain enclosure.  Access to work areas is 

strictly controlled and people going into process areas will wear protective 

equipment.  If there is even the remotest chance of broken containment or 

release, full chemical protective clothing and breathing apparatus will be 

used ï not as the first line of defence but as a back up. 
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All of these will be supported by work methods, procedures, training and 

rigorous procedures for selection, maintenance, cleaning and use of the 

PPE.  

 

In many cases a single control solution does not exist and a solution that 

works at one site may not do so at another.  This issue can be demonstrated 

by the work of Davies (2004) who highlighted the need for multiple control 

technologies to minimise employee exposure to diesel particulate in 

underground coal mines.  Davies (2004) established that although different 

control approaches resulted in varying levels of reduction in employee 

exposure to diesel particulate, there was no single control that could be used 

to cover all possible situations. 

 

2.2.4 Managing Controls 
 

No matter how good the controls applied to solve a particular problem they 

can only be effective if they are used, and used properly. They also need to 

be properly maintained and managed effectively. 

 

 

(Source: Diamond Environmental Ltd - reproduced with permission) 
 

Figure 2.4 ïThe Hierarchy of Control ï The Role of Management 
Controls 
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There are many examples where expensive control measures are installed 

only for them to remain unused, used infrequently or used incorrectly or 

poorly maintained, thereby rendering them ineffective. Management 

measures therefore need to be put into place to ensure that the controls 

continue to work effectively. Such measures are likely to include: 

 

 Supervision to ensure that the procedures are followed 

 Maintenance to ensure that engineering controls continue to operate 

effectively 

 Testing of controls, which should apply to organisational measures as 

well as engineering controls. In the case of engineering controls, such 

as local exhaust ventilation, this will require regular visual checks and a 

thorough examination and test at least annually 

 Air monitoring and health surveillance, which are, effectively, 

additional checks on the effectiveness of controls 

 Information, instruction and training to ensure workers know why the 

controls are needed, how to use them correctly, procedures for 

reporting faults etc. For example, workers should be trained in the 

hazards of the materials, the procedures and control measures 

necessary and how to use them effectively.  In the case of Respiratory 

protective Equipment (RPE), for example, this will include careful 

selection of the equipment to provide appropriate protection and to suit 

the individualôs facial characteristics.  It will also include fit checking and 

quantitative fit testing to ensure appropriate protection as well as 

information, instruction and training on the wearing, cleaning and 

maintenance 

 Emergency procedures for dealing with leaks, spills, failure of controls 

etc 

 Good housekeeping practices, to minimise accumulation of 

contaminants 
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(Source: BP International Ltd) 

 
Figure 2.5 ï The Health and Safety Management Cycle 

 

Finally, the effectiveness of the control strategy as a whole should be 

checked by periodic reassessment and exposure monitoring if appropriate ï 

closing the loop on the management cycle (Figure 2.5). 
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3. DESIGNING CONTROL STRATEGIES 
 
3.1 INTRODUCTION 
 

Controlling a risk from an occupational hygiene hazard relies on recognising 

and understanding that the  risk exists and knowledge and experience of how 

to protect the worker in the circumstances in which the hazard is present . So 

the key to implementing an effective control strategy is to ensure that a risk 

assessment has been undertaken. 

 

When determining a control, a number of different considerations are 

required, and these considerations must be made in conjunction with 

workers, supervisors, engineers, other HSE colleagues and manufacturers.  

 

Consideration must be given to: 

 

 The hazard and the extent of the risk it poses 

 The practicality of various controls 

 The effectiveness of different controls 

 The consequences of failure of controls 

 The relative costs of providing, operating and maintaining controls 

 The acceptability by the workforce 

 

The Australian Institute of Occupational Hygienists (AIOH 2007) considers 

that before an occupational hygienist embarks on any control programme it is 

essential that time is taken to fully understand the hazard and: 

 

 How the hazardous situation arises 

 What the exposed people are doing at the time of exposure 

 Why they are doing the task 

 What the intended outcomes are of the control programme or task 

 What the impacts on other people nearby are and, importantly 

 What the consequences are if the controls are not adequate or fail to 

protect the worker 
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Once information on exposure has been obtained (for a quantitative risk 

assessment this will need to be evaluated to cover all situations and 

exposure rates), some estimate of risk can be obtained by considering this 

and the hazards involved. 

 

The risk may generally be described as ósignificantô or ónot significantô.  The 

risk can be regarded as ónot significantô if it is unlikely that the work will 

adversely affect the health of people in the workplace.   

 

A ósignificant riskô means that the work is likely to adversely affect the 

health of people in the workplace.  For example, there would be a ósignificant 

riskô if: 

 

 Exposure is high or the substance used is highly toxic; 

 A dangerous reaction with other substances might occur; or 

 It is reasonably foreseeable that leaks or spills of a hazardous 

substance might occur 

 

In the event of a significant risk being established it is important that actions 

are taken to ensure that the risks are adequately controlled.  In these 

circumstances, further work may be required to ensure that control measures 

are implemented and maintained.  This could include the need for regular 

workplace monitoring and, in some situations, health surveillance. Thus, if 

the risk assessment indicates a significant risk then further actions are 

necessary to control the risk. 

 

The process of risk evaluation provides a list of risks requiring control, often 

with priorities.  The next step in the process involves identifying a range of 

control options for minimising these risks, evaluating those options, 

developing appropriate control technologies and implementing them in the 

workplace. 

 
Development of options to control individual risks will seldom occur in 

isolation and should be part of an overall strategy. 
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Having a clear understanding of a complete strategy is important to ensure 

that critical links are maintained. 

 
It is wise in the development of any control strategy to be flexible and be 

prepared to consult with stakeholders as well as specialists.  It is important 

that workers have an appropriate level of participation in this process if the 

controls are to be effective and sustainable. 

 
It is important to ensure that all categories of hazards applicable to 

occupational hygiene are considered when controlling a source.  Therefore 

chemical (dusts, fumes, gases, vapours, mists etc), physical (noise, vibration, 

thermal, lighting) and biological (bacteria, fungi, viruses etc) hazards must be 

anticipated and considered.  However, in addition to this, ergonomic (how the 

workers interact with machines and equipment), mechanical (safety aspects), 

and psychological (peer pressure, stress, education) hazards must also be 

considered.  In some cases these can be more difficult to assess, and expert 

assistance may be required.  A number of the above hazards are outside the 

scope of this manual and will not be discussed. 

 
The implementation of a control should mean the reduction of exposures and 

minimising the risk of adverse health effects, however success can only be 

considered achieved when the controls are accepted by the workforce and 

are sustainable over the long term. 

 

If a task is only conducted intermittently, ie: once a year for two days, then it 

may be acceptable to supply appropriate respiratory protection (with 

appropriate fit testing, maintenance and training) rather than modify the 

system. 

 

If a worker worked on a dusty task in a production line each day, it would not 

be appropriate to provide that worker only with respiratory protection.  At the 

very least, investigations should take place to look at ways of reducing the 

emission of dust at source, containment, ventilation or other controls alone or 

in combination to reduce the reliance on PPE.  
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It is generally more cost effective to make changes prior to the 

commencement of a process or activity. The design phase is the ideal time to 

make changes to a source. If engineering and ventilation is anticipated and 

designed for in the construction phase of a plant, the costs are generally not 

significant, however, altering a process following commissioning can involve 

significant amounts of money. Retrofitting is often expensive and is usually 

not efficient. 

 

When adding a control following commissioning, it is important to involve all 

stakeholders to ensure ownership of the solutions.  

 

3.2 A STRUCTURED APPROAC H 
 

There are many things that need to be taken into consideration when 

designing appropriate controls. The flow diagram in Figure 3.1 illustrates a 

structured approach that can be used by a team designing and implementing 

a control strategy. Each of these steps is discussed in the following sections. 

 

.  

(Source: Diamond Environmental Ltd - reproduced with permission) 
 

Figure 3.1 ï A Structured Approach to Designing Contaminant 
Controls 
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Often the development of the strategy will require input from other specialists 

such as process engineers but it is always preferable for the occupational 

hygienist to remain involved until the risk has been shown to be effectively 

managed.   

 

For an existing process, the key to carrying out a thorough risk assessment 

and designing an effective control strategy is to undertake a thorough 

inspection of the process and workplace. When controls are being specified 

at the design stage this will not be possible; however, there may be other 

similar processes in operation that can be reviewed for ólessons learnedô. In 

such cases it may be possible to review control strategies that have been 

implemented successfully on similar processes and to look for guidance from 

regulatory authorities and other organisations. It may also be appropriate to 

look around the proposed location of the process to ascertain the feasibility 

of any conceptual control strategies.  

 

3.3 IDENTIFYING SOURCES OF EXPOSURE 
 

The key to effective control of hazardous substances from a particular 

process is to identify all the sources which can contribute to the exposure to 

the workers and other people who may be affected. 

 

In most cases there will be a number of different sources of exposure, 

including both primary and secondary sources. For example during a 

manual process where bags of powder are emptied into a mixing vessel, the 

primary source of exposure will be the airborne dust generated during 

emptying. It is important to remember there can be other, less immediately 

obvious, but still primary exposure sources, such as the dust generated 

during the disposal or handling of the emptied bag when residual powder can 

be released. Secondary exposures result if dust from the primary sources 

settles out onto work surfaces, or floors where it can be disturbed and 

re-entrained into the atmosphere.    
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The primary source of exposure is the main source of exposure, and is the 

part of the process from where the contaminant is originating.  Secondary 

sources of exposure can also occur and can easily be overlooked.  Another 

example of a secondary source occurs in the handling of mercury.  Due to 

the nature of mercury, it can often be spilt in use and can easily and 

insidiously move to and contaminate different areas of a workspace. Mercury 

is able to penetrate plaster, wood, paint and other building materials such as 

cracks in floor tiles.  This stored mercury can then generate mercury vapour 

which results in air contamination, and the exposure of unsuspecting people.  

This contamination is not seen, and it may not be until the primary source 

has been removed, such as a laboratory closing down, and the workspace is 

used for something unrelated that the realisation that secondary 

contamination exists.  Secondary contamination also contributes to the 

exposure levels of the workers that were originally using the product.  Thus 

all workers are potentially being exposed to the primary source, ie: the 

mercury they can see and the vapour that is coming off it at the time, and 

then the secondary source, where the material has penetrated building 

materials and furnishings and is also generating vapours, in addition to any 

dermal contamination.  

 

It is also important to remember that exposure can be by other routes than 

inhalation, skin contact being particularly important (although ingestion and 

skin penetration and injection can be important in some situations) All 

sources need to be identified and a decision made on which contribute 

significantly to exposure. 

 

There may be several sources of exposure to a particular substance or 

exposure to a number of substances that act in the same way on the body, 

causing an increased negative health effect.   

 

For example, in a printing facility, exposures can arise from evaporation or 

contact with any of the following: 

 

 Spare inks and solvents waiting for use 
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 Discarded ink containers in open bins/spaces ï ie: discarded due to 

wrong colour; malfunctioning unit; finished container with residual waste 

remaining 

 Open drums and containers of inks and solvents 

 Inks actually in use in the printing machine 

 Residual inks on the printed paper 

 Solvents used in cleaning the machine or other spills 

 Residual solvents on the paper/rags used for cleaning 

 

If more than one type of solvent is used, then the possibility of additive 

effects on the body needs to be considered.  These exposures can occur via 

inhalation, skin absorption or any other routes of exposure.  All routes of 

exposure need to be taken into account. 

 

For an existing process, exposure sources can often be identified by 

observation and by talking to personnel who operate the process. 

Instruments such as short term monitoring, direct reading instruments can be 

used to help characterise the particular tasks, or the parts of the process that 

contribute most to exposure. Techniques that help to visualise contaminants 

(eg: dust lamps) or show how the air is moving (eg: smoke generators, air 

current tubes) can also aid identification and characterisation of airborne 

sources. Fluorescent tracers can help to reveal sources of contamination 

which could result in skin exposure or accidental ingestion. 

 

Personal dosimeters with data logging can be used alongside a log of 

activities to identify when peak exposures occur and during what part of the 

operation.  This can help to direct attention to sources of emission and hence 

control options.  Figure 3.2 shows the results from a ToxiRae® direct reading 

personal monitor.  This is used to sample how an individualôs real time 

exposure varies so attention can be directed to those tasks that contributed 

to the individualôs exposure.  
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Caution must be exercised, however, to ensure that any limitations, around 

the monitoring methodology are recognised and taken into account, eg: in 

the example shown in Figure 3.2 the peak exposures associated with the 

ñPaintingò task may not necessarily be as low as they are depicted. This is 

because the response of the instrument to the paint may be significantly less 

- relative to its response to isobutylene, which the instrument has been 

calibrated with. In practice, therefore, accounting for the relative responses 

between the paint, isobutylene and acetate ester, the paint concentrations 

could actually be higher than the acetate ester, and neither will bear any 

relationship to the level of exposure shown on the ppm scale on the left, 

unless the relative detector response factors are known.      
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(Source: G Wilcox, BP Chemicals Ltd) 
 

Figure 3.2 ï Direct Reading Monitor Readout 
 

By understanding how exposures vary, the specific times or tasks where 

exposures peak and the relative contribution to exposure and risk, it is often 

possible to target efforts to control exposures and achieve optimum results.   
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Further details on how contaminants are generated by processes and how 

they can give rise to sources of exposure are provided in Section 4 of this 

manual. 

 
Once the principal sources of exposure and the substances involved have 

been identified, the hazardous properties of the substances need to be 

determined. Information on hazards will normally be provided by suppliers of 

substances used in industry on labels and in safety data sheets. 

 

3.4 DETERMINING THE DEGREE OF CONTROL REQUIRED 
 

The degree of control required really depends on the extent of the risk of 

exposure.  The greater the risk, the more comprehensive the controls need 

to be.  However, it is not always easy to make a decision on this. 

 
Where it is possible to obtain information on the level of exposure and an 

appropriate occupational exposure standard is available, a comparison of the 

two will allow a judgement to be made on whether exposure is adequately 

controlled or whether additional controls are needed. The more the limit is 

exceeded, the more comprehensive the control strategy needed.  

 
If this information is not available then observations and the results from 

qualitative tests (eg: using visualisation techniques such as smoke, air 

current tubes or dust lamps) can assist in a professional judgement. Where 

there are obvious signs of contamination, such as visible dust clouds and 

contaminant spread around the workplace, it is likely that improved controls 

will be needed. On the other hand, where only small quantities of low hazard 

materials are being used, then comprehensive controls may not be required. 

A team based approach will make such judgements easier. 

 

3.4.1 Adequate Control 
 
Adequate control applies when a threshold can be established, and exposure 

is below this threshold. If an exposure threshold for safe use cannot be 

established (for example with some carcinogens), then the question of 

adequate control cannot be conclusively addressed by compliance with an 

exposure limit. 
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If this is the case, additional safeguards to ensure that exposures are 

minimised to the lowest level practicable should be introduced. Adequate 

control is achieved when exposure to humans or the environment at any 

point in the life cycle of the chemical is kept below an exposure level which 

could potentially cause harmful effects to humans or the environment. 

 

3.4.2 Occupational Exposure Limits 
 
Control may be achieved by ensuring that occupational exposure limits are 

complied with, however this has limitations.  Many exposure standards are 

only applied to substances that are inhaled, and exposure is also possible 

through ingestion, eye and skin absorption (including injections). At times, 

exposure can occur simultaneously through two or more routes of exposure.  

All routes of exposure must be considered to control a substance adequately. 

 
Exposure standards are also generally derived for a specific type of person, 

for a specific time; ie: ñThe TWA concentration for a conventional 8-hour 

workday and a 40-hour work week, to which it is believed that nearly all 

workers may be repeatedly exposed, day after day, for a working lifetime 

without adverse effectò (ACGIH® 2009). 

 
Most limits refer to the average concentration over a given reference period, - 

ñtime weighted averageò or TWA. In most cases the reference period is either 

8 hours (for substances that have a long term, ñchronicò, effect) or 

15 minutes (for substances with short term, ñacuteò effects), known as short 

term exposure limits or STELS. As most substances have both long and 

short term effects, they often have limits based on both time periods. 

 
Many people in the occupational environment fail to understand that 

exposure standards are not fine lines between safe and unsafe but are 

merely guides for the use of occupational hygienists in the control of potential 

health problems. 

 
In countries or jurisdictions where occupational exposure standards are used 

as regulatory limits they are of course legally binding and not guidelines.   
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Their application to situations outside the norm (eg: 12 hour shifts) for which 

they were designed should only be considered by persons experienced in 

their interpretation.  Effects such as synergism and potentiation, addition etc 

need to be understood and allowances made. 

 

With many new products coming onto the market, it is impossible for any 

standard setting organisation (statutory or professional) to develop 

appropriate exposure standards for each compound before they are in 

commercial use.  With this in mind, analogy to other compounds of similar 

type, common-sense and good occupational hygiene practice may reduce 

any unnecessary exposure. 

 

It should be noted that regulatory standards usually include consideration of 

many policy concerns, such as engineering feasibility, economic impact, 

analytical limits etc.  Non government guides such as the American 

Conference of Governmental Industrial Hygienists (ACGIH®) TLVs® and the 

Workplace Environment Exposure Limits from the American Industrial 

Hygiene Association (AIHA) are usually health based and do not take any 

other factors into consideration. 

 

Occupational Exposure Limits (OELs) such as the Threshold Limit Values 

(TLVs), apply only to the workforce.  In deriving OELs it is presumed that 

workers are in reasonably good health.  Industrial environments usually 

exclude the very young, the very old and those unable to work due to illness 

and physical impairment or disability.   

 

OELs are generally described in supporting information as not being fine 

lines between safe and dangerous conditions and should not be used by 

anyone who is not trained in the discipline of industrial/occupational hygiene.  

They were never intended to be absolute standards; however this has 

occurred in some countries. 
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The ACGIH® has set their standards based on the concept that each 

individual will react differently to the same substance at the same 

concentration.  Exposure standards can be based on irritation, neural effects, 

damage to organ systems such as blood, kidney or liver, or the risk of acute 

effects, chronic disease and cancer.  Therefore a good understanding of how 

the exposure standard was derived is important in understanding adequate 

control and the documentation supporting the limit value should be 

consulted. 

 

A more detailed discussion of exposure standards can be found in the 

student manual for the ñMeasurement of Hazardous Substancesò module. 

 

3.4.3  Applying Occupational Exposure Limits 
 
The type of substance that is being evaluated is important in determining 

controls.  If a substance only has an 8-hour TLV® and no short-term 

exposure limits or associated health effects, high exposures for short periods 

may have limited consequence eg: lead, crystalline silica. 

 

However, for substances with short term or peak limits that have short-term 

health effects, such as irritation or central nervous system depression, short 

duration, high exposures are likely to be important eg: sulphur dioxide, 

carbon monoxide, toluene. 

 

Example 1 
 

A belt-splicing operation uses a toluene based product to glue together two 

pieces of conveyor belt to form one long conveyor belt. The process of gluing 

takes 10 minutes, 7 times a day.  Clean-up occurs once per day at the end of 

a shift and takes 15 minutes.  To work out which area to control you must 

first determine where most of the exposure is occurring. Letôs take an 

example where exposure standard for toluene is 50 ppm and the STEL is 

150 ppm (the limit may differ, depending on the particular country). 

 



36. 

 
 

 

 

 

Process Exposure (ppm) Duration (mins) 

Background/General 20 325 

Gluing 80 7 x 10 minutes 

Cleanup 160 15 

TWA 8hr Exposure of Operator 30  

 
The TWA 8 hour is 30 ppm, this is under the Exposure Standard (ES) of 

50 ppm. However the cleanup process takes 15 minutes and is over the 

STEL of 150 ppm.  Therefore the cleanup part of the process requires control 

and would subsequently slightly reduce the overall TWA. 

 

 
 = 30 ppm 

 

Example 2 
 

n-Butyl acrylate is used in the production of coatings and inks, adhesives, 

sealants, textiles and plastics.  It has an 8 hour exposure standard of 

5 mg/m3 and a STEL of 26 mg/m3.  It is found that process-related exposures 

are as follows: 

 

Process Exposure (mg/m3) Duration (mins) 

General duties/background 5 420 

Loading n-Butyl acrylate into 
system 

40 5 

Cleanup 60 10 

 
Calculating the 8 hour TWA: 
 

 
 

= 6 mg/m3 which is above the ES of 5 mg/m3 

 

When assessing these exposures individually it is tempting to first address 

the cleanup and then perhaps the loading of n-Butyl acrylate as these have 

the highest exposure concentrations.  However, these are short in duration 

and actually add little to the overall 8 hour exposure standard.  72% of the 

exposure comes from general duties.   
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 If you were to reduce the cleanup from 60 mg/m3 to 15 mg/m3, then the 

overall exposure is 5.1 mg/m3. 

 However, if you were to reduce the general duties concentration even 

from 5 mg/m3 to 3 mg/m3 (a much smaller reduction), then the overall 

exposure result is 4.3 mg/m3 (which is an improvement). 

 
Calculating the STEL: 
 
During the loading process the exposure is 30 mg/m3 for 5 minutes and 

5 mg/m3 for 10 minutes (5 mg/m3 is the background concentration). 

 

STEL: 
 

 
 

= 16.7 mg/m3 

 
During the cleanup the exposure is 60 mg/m3 for 10 minutes and 5 mg/m3 for 

5 minutes (5 mg/m3 is the background concentration). 

 

STEL: 
 

 
 

= 41.7 mg/m3 
 
Therefore controls are necessary during the cleanup process as well. 

 

3.4.4 In-house Standards 
 
Companies may choose to have their own in-house standards of what they 

are willing to accept for adequate control.  This is usually limited to the larger 

companies, and often in international companies where it is often easier to 

have one set of standards to use company-wide. 

 

In-house standards generally revolve around occupational exposure limits 

and the use of statistics to determine if the measured exposure is acceptable 

or not. 
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An example of one companyôs approach is: 
 
Individual sites must assess the results of monitoring against the relevant 

OELs listed in company documentation and take account of the effects of 

extended work shifts and extended work rosters.  Atmospheric contaminant 

monitoring results must: 

 

 be statistically analysed to assess compliance 

 take account of potential synergistic effects 

 

Sites assess exposure to chronic agents as exceeding the OEL (or 50% of 

the OEL) where the upper confidence limit of the mean exposure or the 

Lands upper confidence limit of the Minimum Variance Unbiased Estimate 

(MVUE) is greater than the OEL (or 50% of the OEL). 

 

3.4.5 Biological Exposure Standards 
 
Biological monitoring is recommended for a limited number of substances to 

determine the exposure from all sources, including dermal (skin), ingestion or 

non-occupational exposure.  If a substance has a Biological Exposure Index 

(BEI®), it may be appropriate to conduct biological monitoring to ensure 

adequate control of the substance. 

 

Most BEIs® are based on a direct correlation with the TLV® (ie: the 

concentration of the determinant that can be expected when the airborne 

concentration is at the TLV®) with an assumption that there is no exposure 

by skin absorption or ingestion.  Therefore if there has been exposure by skin 

absorption or ingestion, the result will be higher than expected. 

 

Correct application of BEIs® requires significant knowledge of the 

accompanying documentation and may be valuable in evaluating what 

exposure has actually occurred in an incident.  Employee resistance may be 

encountered with this type of monitoring as many BEIs® require the use of 

invasive collection techniques, such as blood and urine samples. 
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3.4.6 Situations Where no Exposure Limits are Available 
 
If a substance has been assigned a credible occupational exposure limit, 

controls should be designed to ensure that the limit is not exceeded. 

However, there are situations where either a legal or in-house limit is not 

readily available or exposure data for comparison with the limit cannot be 

obtained. In such cases it may be possible to use a control banding 

approach. The use of this technique is discussed in Section 3.7.  

 
However, with complex mixtures of contaminants and process generated 

fumes and gases it may be difficult to specify clear guidelines for designers 

to work to. In such cases professional judgements based on observations 

and experience may be the only approach possible. 

 

3.5 DECIDING ON CONTROL OPTIONS 
 
When starting to consider control options it is useful to investigate whether 

experience for other similar processes can be applied.  Also, information and 

guidance on control may be available from various sources, particularly for 

common processes. Suppliers of raw materials or process equipment or 

industry associations may have experience and guidance.  Similar processes 

within the company or similar industries can also be used to assist in 

developing control strategies.  Increasingly advice on control is also likely to 

be available from suppliers under regulations such as REACH in the 

European Union.  Reference material can certainly help in devising control 

strategies; however, every workplace and task can be different and it is 

essential to observe each situation and ensure the control measures are 

appropriate and specific to those particular circumstances. 

 
The hierarchy of control is a useful tool which can help the project team to 

determine what controls could be implemented on a particular process. 

However, remember that several layers of measures may be needed to 

achieve effective control.  It is rare that one control measure on its own will 

reduce risk to an acceptable level. So a combination of engineering and 

administrative controls, together with the use of personal protective 

equipment for specific operations or where there is a risk of contamination, is 

likely to be needed. 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32006R1907:EN:NOT
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There will be several factors influencing the choice of controls other than 

their effectiveness at controlling exposure. These will include the 

practicability of installing measures on a process, ergonomic considerations 

and cost. The controls must be practicable and cost effective.  

 

It should also be remembered that solving one health and safety problem can 

introduce another (eg: isolators can introduce ergonomic problems if poorly 

designed; local exhaust ventilation systems can be noisy, and may introduce 

problems associated with explosions when exhausting flammable gases or 

combustible dusts).  So it is important to ensure that the introduction of 

measures to control exposure to hazardous substances does not increase 

the overall risk to health and safety. 

 

Ideally all potential sources of exposure should be controlled, however there 

is often a finite budget and therefore the most effective controls are the most 

beneficial to implement first.  In general, the simpler the control strategy the 

more effective it will be over the longer term. 

 

Initially the question should be asked as to whether it is possible to eliminate 

the problem altogether by changes to substance, its physical form or 

changes to the process or the way the individual interacts with the process.  

In practice this can be difficult to achieve so options for enclosure may need 

to be considered ï completely or partially enclosing the sources of emission 

so they are contained and cannot come into contact with the workers.  If total 

enclosure is not possible, consideration can be given to whether it is feasible 

to construct a complete enclosure with small parts removed to enable access 

or operation ï a partial enclosure with ventilation.   

 

The next option is local exhaust ventilation ï which is often less effective 

than most think. It is often best to start with the concept of trying to enclose 

and designing the hood as a partial enclosure.  During the design of these 

care needs to be taken to observe the flow of the contaminant. 
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Also other factors that can affect the efficiency of ventilation ï the 

aerodynamics of the hood design, cross drafts from doors and windows that 

can disrupt air flow patterns need to be considered. Even movement of the 

worker and their position can materially affect the air flows in the vicinity of 

the hood and impact control effectiveness. 

 
Procedural controls should also be considered. For example, procedures to 

place space between the worker and the source of emissions.  Means of 

cleaning and maintenance need particular attention as these can often cause 

higher than normal exposure.  Contaminants can accumulate in confined 

spaces and opening those enclosures or processes can create exposures to 

a range of substances.  Process conditions can also modify the physical or 

chemical form ï cleaning and maintenance can therefore expose workers to 

modified or different risks to those during normal operations.  

 
Personal protective equipment ï PPE ï is the last option - the last barrier.  

The focus here is on creating a worker that is safe rather than a working 

environment that is safe ï and hence it is one of the least preferred options.  

Unfortunately, it is often used incorrectly as the first line of defence in a 

mistaken understanding of its cost and effectiveness. 

 

3.6 DECIDING ON MANAGEMENT MEASURES 
 

Control measures will only be effective if they are properly managed. So, 

once the controls needed have been decided upon, consideration needs to 

be given to the management measures that will need to be introduced to 

ensure that the controls remain effective. As previously discussed these may 

include: 

 

 Supervision  

 Maintenance of engineering controls continue to operate effectively 

 Testing of controls 

 Air monitoring and health surveillance 

 Information, instruction and training 

 Emergency procedures 

 Good housekeeping practices 



42. 

 
 

 

 

 
3.7 CONTROL BANDING 
 

Control banding offers a simplified approach to selecting appropriate control 

measures.  It classifies controls into a few categories, or bands, based on 

how far they reduce exposure.  The greater the potential for harm, the 

greater the degree of control needed to manage the situation and make the 

risk ñacceptableò.  

 

Control banding depends on being able to specify the performance required 

of the system.  Where Occupational Exposure Limits (OELs) are available, 

they can be used to define the range of exposures that is acceptable.  This is 

called ñPerformance-Based OEL Bandingò. (Nauman 1996) 

 

Often though, control banding is used when no OELs have been set.  This 

can be done by ñHazard Bandingò.  The concept was developed in the late 

1980ôs by occupational health experts in the pharmaceutical industry.  This 

industry invents large numbers of new chemical compounds which initially 

have only limited hazard data available.  The experts reasoned that such 

compounds could be classified by their likely toxicity and by the need to 

restrict exposure as a precaution.  Hazard banding is a systematic method of 

assigning compounds to a particular Occupational Hazard Category (OHC) 

based on the potency, pharmacological and toxicological effects of the active 

pharmaceutical ingredient.  Each category corresponds to a range of 

exposures that is likely to be ñsafeò for that material.  Different companies 

have different schemes, but for example, a low hazard material might be 

assigned to OHC-1 which typically requires exposure to be restricted to less 

than 5 mg/m3.  In contrast, a very potent drug might be assigned to OHC-5, 

which might require exposure to be controlled to less than 1 ɛg /m3. 

 

Once an OHC has been assigned, the potential for exposure is assessed, 

taking into account exposure factors such as the nature of the process, the 

volume of material handled, its physical form and its dustiness.  An Exposure 

Control Approach (ECA) is then chosen to achieve the desired performance 

specification. 
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In a typical scheme, the ECAs are supported by extensive information on 

how to select the appropriate engineering and administrative measures. 

 

Table 3.1 illustrates the classifications used by one pharmaceutical company. 

 

Table 3.1 - An example of a Pharmaceuticals Banding System 
 

 
OHC 

Performance 
Band (µg/m3) 

E
x
p

o
s
u

re
  

A
s
s
e

s
s
m

e
n

t  
ECA 

Summary Description 
of Control Options 

1 >1000 - Ò5000 A Room ventilation 

2 >100 - Ò1000 B Local extract ventilation 

3 >10 - Ò100 C Partial enclosure 

4 >1 - Ò10 D Enclosed processing and isolation 

5 Ò1 E Enclosed processing plus additional 
containment 

 
(Source: GlaxoSmithKline ï reproduced with permission) 

 

In recent years the concept of ñcontrol bandingò has been applied to assist 

small to medium enterprises who do not usually have access to risk 

assessment expertise.  It is intended to simplify risk management by 

providing an easy-to-understand, practical approach to controlling hazardous 

exposures at work.  

 

Control Banding has achieved significant prominence, especially in Europe.  

The most developed model for control banding is ñCOSHH Essentialsò, which 

has been established by the Health & Safety Executive (HSE) of the United 

Kingdom and is named after the UKôs COSHH (Control of Substances 

Hazardous to Health) Regulations. [For a very good description of the 

evolution of Control Banding, see Zalk 2008.] 

 

COSHH Essentials is a control banding scheme that is available as a free 

online tool at www.coshh-essentials.org.uk (accessed August 2009).  It is set 

out in a simple step-by-step approach which assists businesses to assess 

the risk, implement any measures needed to control exposure and establish 

good working practices. 

http://www.coshh-essentials.org.uk/
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A complete example is available to gain a better understanding of the 

requirements and outcomes.  Each step in the guideline also refers people to 

additional information that may be used to complete the step appropriately.   

 

Information that is required to complete COSHH Essentials is: 

 

 The type of task eg: shovelling, drilling, filling a container 

 The hazard classification (using the risk and safety phrases from the 

relevant Material Safety Data Sheet (MSDS)) 

 The volatility or dustiness (which is explained in the guidance material) 

 The approximate amount used, in mg, litres or kg 

 

The online tool then identifies the type of controls required, produces advice 

on how to implement the controls and provides written evidence of guidance 

and the documentation. 

 

COSHH Essentials has been adapted as the basis of the ILO Chemical 

Control Toolkit, which is published jointly by the International Labor 

Organisation (ILO), World Health Organisation (WHO) and United Nations 

Environment Programme 

http://www.ilo.org/public/english/protection/safework/ctrl_banding/toolkit/icct/i

ndex.htm (accessed August 2009). 

 

Control Banding schemes do have a number of limitations.  For example, 

they typically do not apply to process dusts or fumes due to the fact that the 

hazards of these materials are not classified by the supplier of individual 

chemicals.  Such situations include ñhotò processes like welding, open spray 

applications, gases, etc. 

 

It should also be recognised that all such systems provide general guidance 

based on the most likely scenario and do not take account of individual 

process variations.  Nor do they necessarily provide sufficient protection to 

susceptible groups (young workers and pregnant women). 

http://www.ilo.org/public/english/protection/safework/ctrl_banding/toolkit/icct/index.htm
http://www.ilo.org/public/english/protection/safework/ctrl_banding/toolkit/icct/index.htm
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Hence they do not replace the need for expert evaluation and traditional 

exposure assessment.  While such systems are a useful tool for small 

businesses, assessment of a workplace by an experienced occupational 

hygienist may be (and in many cases is) required. 

 

However, the schemes are evolving all the time and are becoming 

increasingly sophisticated.  The COSHH Essentials scheme is being 

progressively extended by the addition of industry and task-specific guidance 

on many situations; see http://www.hse.gov.uk/pubns/guidance/index.htm 

(accessed August 2009).  Sheets are now available for welding, 

metalworking fluids, silica exposures and low-level asbestos work.  Particular 

industries such as printing have developed customised sheets for their own 

specialised processes. 

 

Control banding approaches are also being developed in Belgium 

(REGETOX project), The Netherlands (Stoffenmanager), and Norway 

(KjemiRisk).  The World Health Organisation is working with its Collaborating 

Centres to pilot control banding programmes in more than a dozen countries. 

 

An example of a Control Banding System ï The ILO Toolkit 

 
The ILO Toolkit has five (5) stages which need to be followed.  These are: 
 
Stage 1: Find the hazard classification and match it to a hazard group.  For 

common solvents this has already been done and the information 

provided on the ILO website.  For other substances there is a 

need to establish the risk phrases for the substance and then find 

the hazard group from the ILO website. 

 

Stage 2: Establish the amount of substance to be used and use this to 

determine the scale of use from the table supplied by the ILO. 

 

http://www.hse.gov.uk/pubns/guidance/index.htm
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Stage 3: Establish how much of the substance will escape to the 

atmosphere.  This is done via looking at the physical state of 

solids (eg: pellets ï low, crystalline ï medium, fine powders ï 

high) or via comparison of the boiling point of liquids to a table 

provided by the ILO. 

 

Stage 4: Find the control approach by using a selection guide that has been 

prepared by the ILO. 

 

Stage 5: Find the task-specific control guidance sheet(s) from a table which 

links the task description and the control approach. 

 

Once the appropriate control approach has been determined it needs to be 

implemented and maintained. 

 

The stages are explained in more detail below. 

 
Stage 1: Using the following, find the hazard classification and match 

it to a hazard group 
 

 



47. 

 
 

 

 

 

(Source: ILO Toolkit) 
 

 
 
 
Stage 2:  Using the following, establish the amount of substance to be 

used 

 

 
(Source: ILO Toolkit) 
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Stage 3: Dusts 
 
Using the following, establish how much of the substance will escape 
to the atmosphere through dust 
 

 

(Source: ILO Toolkit) 

 
 
Stage 3 (continued): Vapours 
 
Using the following, establish how much of the substance will escape to the 
atmosphere through volatility. 
 

 

(Source: ILO Toolkit) 
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Stage 4: Using the following, determine the control approach 
 

 

(Source: ILO Toolkit) 
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Stage 5: Using the following, find the task-specific control guidance sheet 
 

 

 

 

(Source: ILO Toolkit) 
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4. UNDERSTANDING SOURCES OF CONTAMINANTS 
 

Before consideration of specific measures to control hazardous substances 

is commenced, it is important to have a good understanding of the sources of 

contaminants that require control. 

 

In this regard it is important to distinguish between processes and sources.  

These can be stated as: 

 

Process ï The way airborne contaminants are generated.  For example in 

woodworking the processes could be cutting, routing, planing or sanding. 

 
Source ï The point where the contaminant is generated by a process. 

 

These concepts are illustrated in Figure 4.1 which demonstrates the process, 

source and contaminant clouds arising from an angle grinder. 

 

 

(Source: HSE ï reproduced with permission) 
 

Figure 4.1 
 

Thus, if we understand the process we should understand the creation of 

contaminant sources and therefore suggest measures to modify the process 

to reduce the number or size of sources and contaminant clouds. 

 

The HSE (2008) suggest sources fall into four general types; these being: 
 

1. Buoyant ï eg: hot fumes 

2. Injected into moving air ï eg: by a spray gun 
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3. Dispersed into workplace ï eg: draughts 

4. Directional ï eg: power tools 

 

The HSE (2008) indicate that there are at least five sub groups of directional 

sources, including: 

 

 Explosive release 

 Progressive release 

 Doughnut-shaped release around a rotating disc 

 Broad fan-shaped release from a rotating disc 

 Narrow jet release from cutting trench 

 

When considering the strength of a source it can be defined in terms of the 

area from which the contaminant originates, the flow of the contaminant 

away from the source and the atmospheric concentration of the contaminant. 

 

As the contaminant moves away from its source the more dispersed it 

becomes and thus much larger.  While dilution reduces the contaminant 

concentration within the atmosphere, it is always more effective to control the 

contaminant close to its source.  The reasons for this are: 

 

 The volume of contaminant in the atmosphere is smaller and thus 

easier to control. 

 Collection of the whole contaminant cloud is more likely. 

 Operators are less likely to be exposed. 

 

Consequently, the approach to controlling a particular hazardous substance 

is determined to a large degree by a combination of factors including: 

 

 Source strength 

 Contaminant cloud volume, shape, speed and direction of movement 

 Contaminant concentration 
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Notwithstanding the above, it is important to understand that a single process 

can create several sources of contaminants at different stages.  An example 

of this can be observed in Figure 4.1 where three contaminant clouds are 

clearly defined.  Others that may arise include re-suspension of settled dust 

in the atmosphere and dust deposited on the protective clothing of the 

operator. 

 

It cannot be overstated that the control of hazardous substances requires 

examination of all the sources of contaminant release within a process. 

 

The HSE (2008) has prepared a list of common process and sources which 

is reproduced in Table 4.1. 

 
Table 4.1 ï Common Processes & Sources 

 

 
Process 

 
Examples 

Creation Mechanism(s) 
& Source Description 

 
Form 

 
Possible Controls 

Rotating tools 
and parts 

Orbital, belt and 
disc sanders. 

Disc cutters. 

Circular saws and 
routers. 

Lathes. 

Drills. 

Abrasive wheels. 

Rotating motion creates 
a fan effect. 

The source created can 
be a jet (eg: angle 
grinder with guard) or a 
doughnut-shaped cloud 
(eg: disc sander). 

Dust, mist.  Enclosure. 

 Strip off the 
óboundary layerô of 
dust-laden air 
moving with the 
rotating disc. 

 Fit a receiving hood 
to the guard. 

 Use LVHV (low 
volume high velocity 
extraction). 

Other controls, eg: 

 Water suppression. 

Hot (and cold) 
processes 

Furnaces and 
casting. 

Soldering and 
brazing. 

Welding. 

Using liquid 
nitrogen. 

Hot sources ï fume 
rises, expands, cools 
and mixes with the room 
air. 

Cold sources ï the 
contaminant sinks. 

Fume, 
vapour, 
gas. 

 Enclose. 

 Receive the hot 
fume or cold 
contaminant cloud in 
a hood. 

Other controls, eg: 

 Control 
temperatures to 
reduce fume. 
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Process 

 
Examples 

Creation Mechanism(s) 
& Source Description 

 
Form 

 
Possible Controls 

Free-falling, 
solids, liquids 
and powders 

Falling liquid, 
powder or solid 
material. 

Conveyor transfer 
of powders/solids. 

Falling material induces 
a downward flow of air. 

If the material is a 
powder, there will be 
some shearing of fine 
particle-laden air at the 
edges of the stream.  
The entrained air and 
dust may ósplashô. 

Dust, 
vapour. 

 Reduce the fall 
distance. 

 Enclose. 

 Seal gaps in 
conveyors. 

 Partially enclose 
transfer points. 

Displacement Liquid, powder 
and granular solid 
transfer into a 
container. 

Materials displace their 
own volume of 
contaminated air from 
the container. 

If they have fallen from a 
height, the induced 
airflow will displace even 
more air from the 
container. 

Dust, 
vapour. 

 Partial enclosure. 

 Reduce the fall 
distance. 

 Minimise the 
containerôs open 
area. 

 Make the container 
a receiving hood. 

Other controls, eg: 

 Pump liquids 
through pipes 
extending to the 
bottom of the 
container. 

 Use a vapour 
recovery system. 

Spraying and 
blasting 

Paint spraying. 

Abrasive blasting. 

Compressed air 
pressure produces a jet 
that induces further air 
movement.  The 
contaminant cloud is 
cone-shaped. 

A paint spray gun can 
emit air at more than 
100 m/s, extending more 
than 12 m. 

Mist, 
vapour, 
dust. 

 Reduce air 
pressure, eg: HVLP 
(high volume low 
pressure) spray gun. 

 Full, room or part 
enclosure. 

Other controls, eg: use: 

 Water-borne 
abrasive. 

 Abrasive shot, not 
mineral. 

 Electrostatic 
methods for surface 
coating. 
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Process 

 
Examples 

Creation Mechanism(s) 
& Source Description 

 
Form 

 
Possible Controls 

Fracturing 
solids 

Rock crushing. 

Hardcore ï 
concrete crushing. 

Splitting (eg: slate 
making). 

Brittle fracture creates 
óexplosiveô release of a 
dust cloud. 

Material movement may 
then create airflow or 
assist the dust cloud 
growth. 

Dust.  Full or partial 
enclosure. 

 Receiving, push-pull 
or capturing hood. 

Other controls, eg: 

 Water suppression; 

 Supplementary RPE 
often needed. 

Impact and 
vibration 

Dumping dusty 
bags on a surface. 

Machinery 
vibration 
re-suspending 
settled dust. 

Shock of the physical 
impact or vibration 
creates a dust cloud. 

Dust-contaminated 
clothing can also create 
a dust cloud. 

Settled dust can 
re-suspend in the air. 

Dust.  Partial enclosure. 

Other controls, eg: 

 Control spillage. 

 Vacuum system for 
cleaning. 

 Minimise impact and 
vibration. 

Compaction Waste crushing. Compaction creates a 
dust cloud. 

Material movement may 
then create airflow. 

Dust.  Extract compactor in 
its own enclosure. 

 Partial enclosure. 

Handling Sorting. Recycling waste. Dust, mist.  Local air 
displacement. 

Machining Milling. 

Turning. 

Cooling fluid on rotating 
or reciprocating 
movement. 

Mist.  Full enclosure. 

 Partial enclosure. 

Other controls, eg: 

 Cold working. 

 Increase fluid flow to 
increase cooling. 

Abrasion Sanding. 

Grinding. 

Polishing. 

Fettling. 

Mechanical removal of 
surfaces create airborne 
dust. 

Dust.  Capturing hood, eg: 
downdraught or 
back-draught table. 

 Partial enclosure, 
eg: booth. 

 LVHV systems. 

Other controls, eg: 

 Water suppression. 
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Process 

 
Examples 

Creation Mechanism(s) 
& Source Description 

 
Form 

 
Possible Controls 

Sweeping Dust and 
particulate matter. 

Re-suspending settled 
dust ï a dust cloud 
moving in the direction of 
brushing. 

Dust. Other controls, eg: 

 Minimise dust leaks. 

 Vacuum system. 

 Wet cleaning. 

 
(Source: HSE ï reproduced with permission) 

 

The above is by no means an absolute list but it does serve to provide 

guidance for common processes.  What must be understood is that for every 

process there is a need to investigate and evaluate the significance of every 

contaminant source before considering which control strategies are 

appropriate. 

 

It must be remembered that exposure to hazardous substances can occur by 

routes other than inhalation. All potential exposure routes need to be 

considered and controlled where necessary. 

 

Often neglected, skin adsorption is also an important route of entry. Although 

the skin is an effective barrier many chemicals, including a large number of 

common industrial solvents, when in contact with it for long enough, can pass 

through the skin and enter the bloodstream. Many chemicals also have a 

direct effect on the skin, causing irritation, chemical burns or leading to 

dermatitis.  The rate of absorption then depends on the surface area covered 

and whether the skin has been damaged or not. Skin damage increases 

absorption.  Many solvents may be absorbed though the skin as well as 

some more toxic materials eg: Phenol. 

 

Skin exposure can occur in a number of ways 

 

 Immersion of the fingers, hands, legs or other parts of the body into the 

chemicals 

 Direct contact of chemicals with the skin (usually the hands) when 

handling contaminated tools etc 

 Splashes 
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 Deposition of dusts or mists on the skin 

 

Ingestion is the least common route of entry in industry. Very few people 

deliberately swallow chemical substances at work. However accidental 

ingestion can sometimes occur, for example from eating, drinking or smoking 

with contaminated hands. 

 

Injection or skin penetration may also occur in some situations. For example, 

ñneedlestick injuriesò (accidental injection) may occur when medical staff use 

syringes when treating their patients. It can also be a risk for laboratory 

personnel who use syringes to inject substances into analytical equipment. 

Another potential source of causing forced penetration of substances into the 

skin can be the improper use of compressed air for removing contaminants 

from clothing and/or skin, and high pressure water jetting without suitable 

PPE.  
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5. PROCESS DESIGN AND PRINCIPLES 
 
5.1 GENERAL DESIGN OF EQUIPMENT AND WORKPLACE  LAYOUT 
 

The general design of equipment in regards to controlling exposure to 

contaminants should be considered at the design stage.  It is important to not 

only consider the equipment being used, but also where it will be located in 

relation to people, other equipment and processes, openings and doorways 

and other facilities. 

 

The location of any process that can emit contaminants hazardous to health 

should be kept separate from meal rooms, offices, first aid rooms and other 

areas where workers or the community can potentially be exposed at times 

and places where it is not considered.   

 

Processes should ideally not be adjacent to other processes that may affect 

the overall exposure of workers.  If possible, two welders should not be 

placed side by side, as a welder will be exposed to their own fumes and 

gases, and also the fumes and gases from the second welder. Exposure to 

the second weldersô contaminants in some cases may be even worse as it 

can occur when they remove their own face shields or other protective 

equipment during periods when they are not welding.  Most welding fume 

from the source travels outside the face shield of the welder which acts as a 

control and can reduce their exposure. 

 

Process should be kept away from doors, windows and walkways to prevent 

draughts affecting the performance of extraction systems.  If there is draft 

around these systems, it can cause short circuiting and the contaminant is 

not removed by the extraction system, but rather is pushed further out into 

the workspace, with potentially clean air being extracted. 

 

When using ventilation systems it is important to consider where the 

ventilation will discharge to ensure the contaminant is not re-entrained into 

the building. If this occurs, room changes of air are not being replaced with 

clean air, but air that already holds some contaminants.  
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It is also important to consider where outside air comes from to ensure that 

contaminants are not introduced from another facilities process, ie: a 

buildingôs ventilation intake air is not good if it originates in a carpark at the 

height of a vehicleôs exhaust as it already contains contaminants from the 

fume. 

 

Automation of processes and the use of robotics can have many benefits.  

There is generally an increased throughput of the product, the product should 

be reliably accurate each time, and there are reduced cycle times.  There are 

further benefits when considering exposure to chemicals, providing the 

contaminants coming off the process are adequately controlled and handled. 

If a process is automated, exposure to chemicals at the source should 

essentially be eliminated, with the exception of maintenance and any 

ósupervisionô or quality checking required. Exposure to secondary 

contamination also has the potential to be negligible providing adequate 

controls are provided at the source in the area of automation.  The most used 

control in this instance is likely to be ventilation, and particularly extraction, of 

which there is more explanation and detail in Section 6. 

 

An example of automation where there are significant benefits to the workers 

is welding. 

 

The advantages of automated welding are numerous in regards to quality 

and quantity including: 

 

 Reducing the need for highly skilled welders, 

 Savings in the costs of consumables, time and quality control 

 Higher current can be used allowing better fusion 

 Welding is continuous from the beginning to the end of the seam, 

thereby eliminating areas of weakness 
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There are different levels of automation, and obviously it is not applicable to 

all welding operations, particularly maintenance, which is typically where a lot 

of exposure occurs, however, it does create less exposure in instances 

where it can be used. 

 

There are many health benefits when reducing the amount of exposure 

welders receive. The respiratory system is the primary target of injury for 

welders. Metal fume fever and pneumonitis are the most common acute 

respiratory diseases associated with welding as a result of short-term 

exposures to high concentrations of fumes and gases.  Less commonly 

chronic respiratory diseases such as cancer, pneumoconiosis and bronchitis 

have been observed among workers exposed to certain welding fumes and 

gases.  In addition to respiratory diseases, cancers of the kidney, and other 

urinary tract organs and the larynx have been described in some workers.  

 

The emptying of small bags of product is also an area that can be automated 

or semi automated, this is particularly useful and beneficial for products that 

are very dusty, and/or contain high silica. Instead of having a worker cut 

open and dump bags into a container, an automated system can cut open 

the bag, with extraction available to remove any dust. Airborne dust can be 

drawn from an operatorôs atmosphere into cartridge filters that are 

automatically cleaned, removing the dust into a hopper for cleaning. Often 

workers will still have to remove bags, and this must be done in a way to 

reduce exposure to dust. 

 

The cleaning and maintenance of these systems, as with all controls and 

maintenance of any process, needs to be assessed and addressed 

independently to all other processes.  It is important that maintenance 

personnel and cleaners are not forgotten when control of exposure is 

considered. 
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5.2 PREVENTION BY ELIMINATION & SUBSTITUTION 
 

Prevention, by either elimination, substitution or source modification, is the 

preferred method when working with potential exposures.  If enough thought 

and planning goes into a process prior to the process implementation, it is 

possible to prevent exposures entirely.   

 

Elimination, changing a process or substance completely, resulting in the 

hazard not existing is the next best control option.  This is typically a high 

cost strategic business decision that may result in completely closing down a 

process.  It is a very simple decision if the process can be closed down with 

no adverse effects to industry, workers or supply, however this outcome is 

rare. 

 

Substitution by a less hazardous substance or process is the next best option 

but needs care to ensure that the substitute is actually less of a risk in 

practice. There are a number of cases where substitutes have subsequently 

been found to be more hazardous than the original.  As previously discussed, 

the source is the origin of the contaminant and if the contaminant is 

controlled at the origin, there is less chance of people being exposed to 

concentrations of contaminants that are harmful to health.  

 

Substitution can be a simple and effective control, however, it is simple only if 

you have the right substance to substitute with the hazardous chemical. It is 

not necessarily simple to find the substitute that has the same characteristics 

of the hazardous substance, will produce the same or equivalent outcome 

and where it is known for sure that the risk is lower. 

 

When introducing a substitute chemical, care needs to be taken to ensure 

that a hazardous chemical is not substituted by one where the hazards are 

not yet fully understood or which may produce different risks in use. The 

example below of glutaraldehyde illustrates some of the challenges in using 

substitution as a control.  Almost inevitably, substitution of one hazardous 

substance with another will still require other control measures to address 

any residual risks from the substitute  
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There are a number of ways the source can be controlled when using 

substitution source control.   

 

 Removing a more hazardous process and replacing it with a less 

hazardous one 

 Removing a more hazardous chemical and replacing it with a less 

hazardous chemical 

 

A well known example is the substitution of asbestos products with other, 

safer synthetic substitutes.  Asbestos causes cancer and also mesothelioma. 

- It has been replaced with safer products such as rock wool and glass wool. 

 

Other examples include: 

 

 Replacement of petroleum naphtha with carbon tetrachloride for dry 

cleaning; carbon tetrachloride also has hazardous properties and was 

then replaced by perchlorethylene 

 Lead free paints and solders are available rather than products with 

lead in them.  Lead can cause adverse health effects, and most 

developed countries have used lead free paint for decades.  However, 

many products are exported from China including 70-80% of childrenôs 

toys, and in August 2007, there was substantial community concern and 

recalling of childrenôs toys, when it was determined that they were 

painted with leaded paint. It should not be taken for granted that 

common hazardous substances are not used, particularly in the 

materials or products are sourced from countries with lower levels of 

product regulation and quality control 

 Sandstone grinding wheels that contain high amounts of silica can be 

substituted for synthetic grinding wheels made of products such as 

aluminium oxide 

 Propylene glycol can replace the toxic ethylene glycol in cooling fluids 
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 Anhydrous ammonia (100% ammonia in liquid form) has been used as 

a feedstock in the processing of manganese ore.  Replacing this with 

aqueous ammonia (ammonium hydroxide solution) results in less of a 

hazard in the event of a leak 

 

When substituting chemicals, it must be remembered that the behaviour of 

volatile chemicals (solvents) is very different to those of non-volatile 

chemicals (solid metal, powders). Both the solvent and non-volatile chemical 

can have a similar toxicity, however the vapour pressure of volatile chemicals 

is sufficient for them to become a hazard while passive in the workplace, 

whereas non-volatile chemicals can ósitô passively without becoming airborne.  

 

A case study involving glutaraldehyde highlights these points. 
 

Glutaraldehyde replaced formaldehyde as a hospital disinfectant.  

Formaldehyde is highly toxic, irritating and is a carcinogenic chemical.  

However, soon after the introduction of glutaraldehyde, serious health effects 

were reported from its use.  Glutaraldehyde is used for a number of 

applications including as a cold sterilant in the health care industry. It is used 

to disinfect equipment that cannot be heat sterilized such as dialysis 

instruments, surgical instruments, suction bottles, bronchoscopes, 

endoscopes, and ear, nose, and throat instruments. 

 

It is also used for the following purposes: 
 

 As a tissue fixative in histology and pathology labs 

 As a hardening agent in the development of X-rays 

 In embalming solutions 

 In the preparation of grafts and bioprostheses 

 In various clinical applications 

 

Charney (1991) provides an outline of the toxicities of glutaraldehyde and 

some potential control strategies. 
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The chemical is most often used in a diluted form with solutions ranging from 

1% to 50% glutaraldehyde in water. Workers can be exposed to 

glutaraldehyde through inhalation or skin contact. Health effects that may 

occur as a result of exposure to glutaraldehyde include but are not limited to 

the following: 

 

 Short term (acute) effects: Contact with glutaraldehyde liquid and 

vapour can severely irritate the eyes, and at higher concentrations 

burns the skin. Breathing glutaraldehyde can irritate the nose, throat, 

and respiratory tract, causing coughing and wheezing, nausea, 

headaches, drowsiness, nosebleeds, and dizziness 

 Long-term (chronic) effects: Glutaraldehyde is a sensitiser. This means 

some workers will become very sensitive to glutaraldehyde and have 

strong reactions if they are exposed to even small amounts.  Workers 

may get sudden asthma attacks with difficulty breathing, wheezing, 

coughing, and tightness in the chest.  Prolonged exposure can cause a 

skin allergy and chronic eczema, and afterwards, exposure to small 

amounts produces severe itching and skin rashes. It has been 

implicated as a possible cause of occupational asthma 

 

Possible controls include: 
 
Limit exposure to glutaraldehyde through work practice, engineering controls 

and personal protective equipment (PPE) including: 

 

 Make sure that rooms in which glutaraldehyde is to be used are well 

ventilated and large enough to ensure adequate dilution of vapour, with 

a minimum air exchange rate of 10 air changes per hour 

- Ideally, install local exhaust ventilation such as properly 

functioning laboratory fume hoods (capture velocity of at least 

0.5 ms-1) to control vapour 

- Keep glutaraldehyde baths under a fume hood where possible 

 Use only enough glutaraldehyde to perform the required disinfecting 

procedure 
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 Store glutaraldehyde in closed containers in well ventilated areas.  Post 

signs to remind staff to replace lids after using product 

 Use specially-designed, mobile, compact, disinfectant soaking stations 

to facilitate sterilisation of heat sensitive equipment such as 

endoscopes. These soaking stations provide an enclosed area for 

sterilising trays, and remove fumes from glutaraldehyde and other 

disinfectants 

 Use appropriate PPE including: 

- Use gloves that are impervious to glutaraldehyde such as those 

made of Butyl Rubber, Nitrile, and Viton®, which have been 

shown to provide full shift protection from glutaraldehyde 

- For shorter exposures, use gloves made of polyethylene. Do not 

use Neoprene and PVC gloves because they do not provide 

adequate protection against glutaraldehyde and may actually 

absorb it 

- Do not use latex surgical exam gloves for skin protection against 

glutaraldehyde, except in situations where only short-term, 

incidental contact is expected 

- Wear lab coats, aprons, or gowns made of appropriate materials 

such as polypropylene to provide additional protection 

- Wear splash-proof goggles and/or full face shields when working 

with glutaraldehyde to protect eyes 

- All employees who may be exposed to above the ceiling threshold 

limit value (TLV®) of 0.05 ppm, should use appropriate respirators 

for glutaraldehyde vapour during routine or emergency work 

 Clean up spills immediately. 

 Do not eat, drink, or smoke in any area where glutaraldehyde is 

handled or stored 

 Use a vacuum or wet method to reduce dust while cleaning up pure 

glutaraldehyde. Do not dry sweep 

 Use less toxic products if feasible and available, or other processes for 

sterilisation 
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 Automate the transfer of pure glutaraldehyde or pump liquid 

glutaraldehyde from drums or other storage containers to appropriate 

containers and operations, avoiding exposure to glutaraldehyde by 

keeping it in a contained process 

 Communicate the hazard ensuring that the hazards of all chemicals are 

evaluated and that this information is transmitted to the employees by 

means of a hazards communication programme which includes, 

labelling, material safety data sheets, and employee training 

 

Alternatives to glutaraldehyde are available and have largely started to be 

used.  They maintain infection control standards and do not cause undue 

wear and tear on sensitive medical devices; however there are reports that 

some of these can also cause occupational illness including occupational 

asthma.  OPA (ortho-phthaladehyde) is one alternative, however it appears 

that it may have similar hazards to glutaraldehyde, however, the product 

used is more dilute than glutaraldhyde and it seems it is less likely to 

vapourise.  This may offer some protection through lowering exposure levels.  

However, contact through the skin or during spills could lead to high 

exposure levels that may cause serious health problems including asthma.  

OPA does have a strong staining effect on the skin, which should encourage 

people to take care when using it. 

 

If a product cannot be substituted, then it may be possible to substitute the 

process, ie: reduce the hazard at the process by changing the way it is done. 

 

 Replace dry sweeping using a broom with an appropriate vacuum or 

ñwet methodò to control dust and reduce the inhalation hazard. Wet 

methods involve spraying water over dusty surfaces to keep the dust 

levels down; or mixing materials with water to prevent dust from being 

created.  (An appropriate vacuum means one with a HEPA filter in it or 

something similar, they are usually dedicated to particularly toxic 

materials like asbestos or lead) 

 Use electric motors rather than diesel motors to reduce the gases and 

particulates emitted from the exhaust 
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 Use airless paint spraying, dip tank or brush application of paint to 

reduce the hazard of overspray inhalation when compressed air spray 

painting 

 
The physical form of a substance may be altered to reduce an inhalation 

hazard, ie: substitution of pellets, flakes or granules may mean less dust in 

air. 

 
Prior to making substitutions there are a number of factors that must be 

considered: 

 

 Research and ensure that one hazard is not being exchanged for 

another, particularly a more serious one 

 Understand all of the hazards (health, fire, corrosivity, chemical 

reactivity etc) of the potential substitute before making any changes 

 Evaluate and compare the hazards of the different materials 

 Ensure that the substitute can do the job as effectively as the original 

product 

 Ask suppliers and other businesses with similar processes about safer 

substitutes 

 Consider all of the pros and cons of all substitutes.  Determine if 

changes in the work process, equipment, ventilation, PPE or disposal 

will also be required 

 If a substitute is determined, all those involved and impacted by the 

substitution will need training 

 Although some substitutes may appear more costly in the first instance, 

they may actually save money if they are safer to use.  Additional 

savings may result form reduced requirement for ventilation, 

engineering controls and PPE 

 

Understanding basic chemistry assists with the substitution of chemicals.  

The volatility and relation to water of chemicals plays an important role in 

determining its suitability or otherwise as a substitute chemical.  
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Non-volatile, volatile, aqueous, semiaqueous and organic solvents are five 

categories of chemicals that can replace other chemicals to become a less 

hazardous alternative.   

 

a) Volatile and Non-Volatile Chemicals 
 

Popendorf (2006) compares volatile chemicals and non-volatile 

chemicals and provides a comprehensive summary illustrating how 

important the physical nature of a chemical hazard is when considering 

control approaches. 

 

b) Volatile Materials 
 

Volatile chemicals are those chemicals which evaporate quickly. 

Therefore, volatile substances create an airborne hazard when a liquid 

is exposed to air. Volatile materials include liquefied gases, liquids 

including solvents, molten metals and aqueous mixtures with volatile 

constituents. The health effects of volatile materials can be varied. 

Routes of entry are predominantly by inhalation. With substances, such 

as volatile solvents, there can also be skin exposure or absorption 

through the skin.  However, due to their volatility, the amount of time 

they are on the skin may be limited due to evaporation. They will also 

not remain for long on a contaminated surface unless it is absorbent.   

 
Substituting a volatile chemical with a different volatile chemical can 

occur but the evaporation rate, vapour pressure and toxicity of the ónew; 

chemical must all be considered. 

 

c) Non-Volatile Materials 
 

Non-volatile chemicals do not evaporate easily and include solid metals, 

powders, dusts, pastes and low volatility liquids.  Generally non volatile 

chemicals can not become airborne unless an external force causes it. 

Due to this there is a greater risk of skin exposure and ingestion.  They 

can remain on contaminated surfaces of tools, buildings, or anywhere 

else they can settle until the area is cleaned or removed.  To this end 

they can also be relocated if moving contaminated packages.  
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Therefore if replacing a volatile chemical with a non-volatile chemical, 

there needs to be an understanding if the route of exposure has 

changed from inhalation to, say dermal. 

 

Using the least toxic non-volatile chemical is often beneficial to worker 

protection.   

 

d) Aqueous Solvents 
 

Organic solvents can be replaced in many instances by aqueous 

solvents ie the solvent is water. Additives may be added to the water to 

enable it to clean and degrease, including surfactants, deflocculants, 

saponifers, alkalis and sequestering agents, and these must be 

considered individually on their own merits with regard to health effects. 

Contamination of the aqueous solutions must also be considered, 

particularly in relation to hazardous products that have been cleaned off 

plant equipment that has previously used the solvent, and particularly 

from microbial growth. 

 
Some plant equipment may not tolerate water, and a full understanding 

of the process and components involved is required before deciding on 

an aqueous solvent over an organic solvent. 

 

e) Semiaqueous Solvents 
 

Semiaqueous solvents also consist of surfactants and water, the main 

chemical difference between aqueous and semiaqueous is the 

surfactant type.  Surfactants lower the surface and interfacial tension of 

the water, allowing it to penetrate smaller spaces, move under the 

contaminant and actually lift it off.  Some of the surfactants will mix with 

the water, and others wonôt.  The individual attributes and their 

individual incompatibilities need to be understood before selecting a 

semiaqueous solvent.  These can be a cheaper alternative than 

aqueous solvents. 
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f) Organic Solvents 
 

An organic solvent is a liquid such as methyl ethyl ketone or toluene 

used to dissolve paints, varnishes, grease, oil, or other hydrocarbons. 

Generally organic solvents may replace other organic solvent, but they 

are rarely used to replace aqueous or semiaqueous solutions.  They are 

generally volatile. 

 

Toxicity and vapour pressure both contribute to a volatile chemicalôs intrinsic 

hazard as a vapour, however, toxicity and volatility are not related to each 

other.  It is not a correct assumption that a chemical with a higher exposure 

standard is safer than one with a lower exposure standard, nor is it correct 

that chemicals with a low vapour pressure are safest. There are equations 

available to assess the toxicity and vapour pressure when deciding which 

chemical is the best option.  These equations are detailed and a thorough 

understanding is required to realise their full potential. 

 

5.3 LEGISLATION AS A MEA NS OF ACHIEVING CONTROL 
 

REACH is a new European Community Regulation on chemicals and their 

safe use (EC 1907/2006).  It deals with the Registration, Evaluation, 

Authorisation and Restriction of Chemical Substances. (This obviously differs 

from the general term REACH for the control of hazards ï Recognition, 

Evaluation and Control of Hazards). The new law entered into force on 

1 June 2007 and replaces 40 different chemical laws with one overarching 

EU wide system. 

 
The aim of REACH is to improve the protection of human health and the 

environment through the better and earlier identification of the intrinsic 

properties of chemical substances.  The benefits of the REACH will come 

gradually as more substances are phased into REACH. 

 
The REACH Regulation gives greater responsibility to industry to manage 

the risks from chemicals and to provide safety information on substances and 

their safe use through the supply chain.  
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Manufacturers and importers will be required to gather information on the 

properties of their chemical substances, which will allow their safe handling, 

and to register the information in a central database run by the European 

Chemicals Agency (ECHA) in Helsinki.  Public databases will be available for 

consumers and professionals to find hazard information.   

 

The introduction of REACH will mean that there will be increasing information 

available from suppliers. 
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6. VENTILATION SYSTEMS 
 
6.1 INTRODUCTION 
 

Industrial ventilation, can provide an effective means of controlling worker 

exposure to hazardous substances.  For this to occur, ventilation systems 

need to be well designed and maintained.  Unfortunately, poorly designed 

and maintained ventilation systems are very common. In addition,  ad hoc 

ñmodificationsò to the system also generally detract from performance of the 

system. 

 

While systems such as those indicated above do occur in far too many 

workplaces, those who take time to follow the principles of good design and 

subsequently maintain its performance are rewarded with a much healthier 

workplace and thus a more productive workforce. Before starting on the 

design of any ventilation system it is essential to have a comprehensive risk 

assessment and to understand the sources of contaminants and the material 

in Section 4. This section aims to introduce the principles of ventilation, 

discuss specific types of ventilation systems and their application in the 

workplace. 

 

6.2 TYPES OF VENTILATION SYSTEMS 
 

Ventilation in one of its forms has been employed to control emissions for 

centuries, with German scholar Georgius Agricola in 1556 describing mine 

ventilation as a means of controlling silicosis in mines. 

 

As industrial development has progressed so have ventilation systems; 

however some basic principles apply to all systems. 

 

In the first instance ventilation systems used in the industrial environment to 

control hazardous substances are of two generic types.  These are: 

 

 Supply - Used to supply clean air to a workplace 

 Exhaust - Used to remove hazardous substances generated in a 

process so as to ensure a healthy workplace 
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Any complete ventilation system must consider both the supply and the 

exhaust functions if overall performance is to be achieved. 

 

Supply systems generally have two purposes, ie: to create a comfortable 

environment by the control of factors such as temperature and humidity; 

and/or to replace air exhausted from the workplace. 

 

In many cases ventilation systems are installed in a workplace to extract 

contaminants, however due consideration has not been given to ensuring 

sufficient replacement air (supply system) is available.  In such cases the 

performance of the primary extraction system degrades, leading to potential 

over-exposure of employees in the workplace. 

 

Extraction systems are generally considered as being of two distinct types.  

These are: 

 

 General Ventilation Systems ï Removal of contaminants in a workplace 

by flushing out the contaminants via the introduction of large quantities 

of air.  Where this effect is due to the mixing of large quantities of 

uncontaminated air this is called ñdilution ventilationò and the dilution air 

must be in such quantities that the concentration of contaminants in the 

workplace is reduced to acceptable levels. In some very specialised 

cases, general ventilation can be applied in a way that creates an 

airflow through the contaminated space to displace contaminated air 

and replace it with uncontaminated air. This is known as ñdisplacement 

ventilationò. Whilst there will always be a degree of mixing, this is 

particularly effective with sources of contaminant that move in a plume, 

such as high temperature emissions from furnaces.  

 Local Exhaust Systems ï Are used to capture a contaminant at or near 

its source thus ensuring that levels of contaminants do not reach 

unacceptable levels in the workplace.  The common terminology for 

such systems is Local Exhaust Ventilation or LEV. 
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Other ventilation systems do exist (Table 6.1), however their application to 

the control of hazardous substances tends to be specific for certain types of 

process.  

 

Table 6.1 ï Ventilation System Types 
 

System Function 

General Extraction To remove and replace contaminated air (also known as 
dilution ventilation) 

Local Exhaust To remove contaminants at their source 

Heating, Ventilation and 
Air-Conditioning (HVAC) 

To mechanically provide fresh air for thermal comfort and 
health (known as general ventilation in some countries) 

Natural To dilute or displace contaminants in the air by using wind 
or temperature differences to induce airflow 

Supply To replace air removed from a ventilation system 

 

 

6.3 BASIC PRINCIPLES OF VENTILATION 
 
6.3.1 Definitions 

 
When considering ventilation systems there are a number of basic 

definitions.  These include: 

 

a) Air Density 
 

The density ( ) of air is defined as its mass per unit volume and at 

standard temperature and pressure (in ventilation this is normally 20°C 

and 105 Pa) is normally taken as 1.2 kg m-3.  If non standard conditions 

exist, the density of the air can be calculated from the formula: 

 

 
 

Where o = Air density at non standard conditions (kg m
-3)

 

 bo = Barometric pressure at non standard conditions (Pa) 

 bs = Barometric pressure at standard conditions (105 Pa (760 mm Hg)) 

 To = Absolute temperature at non standard conditions (°K) 

 Ts = Absolute temperature at standard conditions (293°K) 
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b) Pressure 
 

For air to flow there must be a pressure difference and air will flow from 

the higher pressure to the lower pressure. 

 

Pressure is considered to have two forms; these being static pressure 

(Ps) and velocity pressure (Pv); with the sum of these being total 

pressure (Pt).  Thus: 

 

Pt = Ps + Pv 

 

Static pressure is defined as the pressure exerted in all directions by a 

fluid that is stationary.  If the fluid is in motion (as is the case in a 

ventilation system), static pressure is measured at 90° to the direction 

of the flow so as to eliminate the influence of movement (ie: velocity).  

Static pressure can be both positive and negative depending if it is 

measured on the discharge or suction side of a fan. 

 

Velocity pressure is defined as that pressure required to accelerate air 

from zero velocity to some velocity and is proportional to the kinetic 

energy of the air stream.  In simple terms, velocity pressure is the 

kinetic energy generated in a ventilation system as a result of air 

movement.  This can be expressed as: 

 

 
 

Where  = Density of air (kg m
-3) 

 v = Air velocity (ms-1)  
 Pv = Velocity pressure (Pa ie Nm-2) 

 

If standard temperature and pressure conditions are in existence, ie: 

 

 = 1.2 kg m-3 

Then Pv = 0.6 v2 

 

The relationship between Pv, Ps and Pt can be shown schematically as 

per Figure 6.1. 
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(Source: J Dobbie ï reproduced with permission) 
 

Figure 6.1 ï Relationships Between Velocity, Static and Total 
Pressure 

 

c) Volume and Mass 
 

When a quantity of air is moving within a ventilation system the 

volumetric flowrate is a product of the velocity of the air and the 

cross-sectional area of the system through which it is flowing. 

 

Thus Q =  vA 
 
Where v = Average air velocity over the cross-section of the system (ms-1) 

 A = Cross-sectional area of the system where the velocity measurement was 
made (m2) 

 Q = Volume flow rate (m3 s-1) 
 

d) Capture, Face and Transport Velocity 
 

 Capture Velocity ï is the air velocity required at the source of 

emission so as to cause the contaminant to move towards the 

capture device and thus be removed.  Typical published capture 

velocities are provided in Table 6.2. However this often does not 

fully reflect the energy or location of the source (section 4) and 

should be used only as illustrative. 
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Table 6.2 ï Typical Capture Velocities 
 

Conditions of Dispersion 
of Contaminant 

 
Examples 

Capture Velocity 
(ms-1) 

Released into still air with 
no velocity 

Evaporation of solvents 
from degreasing tanks, 
paint dipping/drying, etc 

0.3 ï 0.5 

Released at low velocity 
into moderately still air 

Welding 
Soldering 
Liquid transfer 

0.5 to 1.0 

Released at moderate 
velocity into moving air 

Crushing 
Spraying 

1.0 to 2.5 

Released at high velocity 
into very turbulent airstream 

Cutting 
Abrasive blasting 
Grinding 

2.5 to 10 

 
(Source: HSE ï reproduced with permission) 

 

 Face Velocity ï is the air velocity at the opening of an enclosure or 

hood.  Similarly, the slot velocity is the air velocity at the opening 

of the slot. 

 

 Transport Velocity ï is the minimum air velocity required at any 

point in the ventilation system to ensure that collected particles 

remain airborne and are thus not deposited within any part of the 

system except the collector.  In simple terms, the lower the density 

and size of the particles the lower the transport velocity.  

Recommended transport velocities are provided in Table 6.3. 

 

Table 6.3 ï Recommended Transport Velocities 
 

 
Type of Contaminant 

Transport Velocity 
(ms-1) 

Gases (non-condensing) No minimum limit 

Vapours, smoke and fumes 10 

Light, medium density dusts and powders 
(eg: sawdust, plastic dusts) 

15 

Average industrial dusts 
(eg: grinding dust, silica, wood shavings) 

20 
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Type of Contaminant 

Transport Velocity 
(ms-1) 

Heavy dusts 
(eg: lead, metal turnings, dusts which are damp 
or tend to agglomerate) 

25 

 

(Source: HSE ï reproduced with permission) 

 

6.3.2 System Components 
 

The basic components of a ventilation system depend on what type of 

system is being employed.  For a local extraction system this will include a 

range of components described below, whereas general ventilation may be 

as simple as a series of openings in a building to allow air movement by 

thermal convection.  A local exhaust system will include a hood to contain or 

capture the contaminant, a device to move the air ï a fan or impellor, a 

system of ducting or trucking to transport the collected air to a point where it 

can be exhausted to the atmosphere and a means of discharging the air ï a 

vent stack, or chimney.  For hazardous contaminants some form of cleaning 

of the air will generally be necessary prior to the fan and before discharge.  

Irrespective of whether or not extracted air has been cleaned, it must be 

discharged to atmosphere in such a way that it does not re-enter the building 

(or any adjacent buildings) until the contaminant concentrations have been 

diluted to acceptable levels to meet environmental standards and to prevent 

contaminated air being drawn back into workplaces.  The best methods of air 

discharge via stacks involve releasing the air to the atmosphere as high as is 

possible and at a high velocity. 

 

The basic components of an LEV system are shown in Figure 6.2. 
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(Source: HSE ï reproduced with permission) 
 

Figure 6.2 ï Basic Components of an LEV System 
 

6.4 LOCAL EXHAUST VENTIL ATION SYSTEMS 
 
6.4.1 Introduction 
 

Local exhaust ventilation is the name given to a system designed for the 

purpose of removing an airborne hazardous substance near its source or 

point of origin.  The basic LEV system consists of one or more hoods (the 

inlet into the system), ducting, air cleaner, fan (air mover) and a discharge 

point.  A schematic diagram of a typical system is provided in Figure 6.3. 

hood

ducting

air cleaner fan

stack

 
 

(Source: Diamond Environmental Ltd ï reproduced with permission) 

 
Figure 6.3 ï Typical LEV System 
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LEV is often chosen as the method of controlling airborne hazardous 

substances due to the fact that the contaminant can be removed from the 

atmosphere prior to workers being exposed. While this may be the case, in 

theory, it is unfortunately rare to see a good LEV design in workplaces, as 

sufficient attention isnôt paid to the requirements for efficient capture of the 

contaminant.  A publication from the UK HSE titled ñControlling Airborne 

Contaminants at Work ï A guide to local exhaust ventilationò (HSE 2008) has 

recognised this failure and provides excellent guidance. 

 

6.4.2 Hood Design 
 
One of the most important components in any LEV system is the hood and 

the effectiveness of the system can be defined in terms of how the 

contaminant cloud is contained, received or captured by the hood. Before 

designing an LEV system it is important to have a good understanding of the 

potential of exposure and the consequences of exposure so that the required 

degree of protection can be estimated.  Only once the risks and the sources 

of emission of contaminant are fully understood, can a LEV system be 

designed to capture or receive the contaminant. Once the level of protection 

is determined and the capture or containment system is designed, it is 

possible to select from a number of component combinations to achieve this 

goal. 

 

As air enters an extraction hood the airflow streamlines have to bunch 

together. This continues for a distance once the air is inside the hood leading 

to the formation of the "vena contracta" where the airflow is "bunched" 

towards the centre. The air at the edges of the hood in this region is not 

moving with the air entering - flow separation occurs. This flow separation 

leads to the formation of eddies, which can result in contaminated air 

escaping from inside the hood at the edges.  
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Vena contracta  

(Source: Diamond Environmental Ltd ï reproduced with permission) 

 
Figure 6.4 ï Airflow Pattern into an Exhaust Hood 

 

Other factors which can interfere with the air flow into the hood, leading to 

contaminant escaping include the presence of the operator, or other 

obstructions, in front of the hood and draughts blowing across the face of the 

hood. 

 

To ensure effective control of contaminants, there are a number of basic 

rules which should be followed when designing a hood for a local extraction 

system: 

 

 Enclose the source of the contaminants as far as possible. They are 

then contained and prevented from dispersing and the amount of air 

(and, therefore, energy) required to pull them into the system is 

minimised 

 Utilise the momentum of the contaminants. Locate the hood so that they 

are already moving into it  

 Capture as close as possible to the source of the contaminants so that 

they are captured before they disperse 

 Pull the contaminants away from the workers 

 Ensure that an adequate air velocity is achieved to pull the 

contaminants into the hood. The velocity required will depend upon both 

the nature of the contaminant and the process 
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 Minimise turbulence and eddies 

 Apply ergonomic principles to ensure the system is easy to use and that 

the risk of musculoskeletal injury is minimised 

Hoods can have many shapes and sizes, however they can be grouped 

under three basic categories.  These are: 

 

 Enclosing hoods 

 Capturing hoods 

 Receiving hoods 

 

These types are illustrated by the HSE (2008) and reproduced in Figure 6.5.  

It should be noted that the orientation of the worker in these diagrams would 

generate significant turbulence.  The correct orientation is shown in 

Figure 6.7. 
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(Source: HSE ï reproduced with permission) 
 

Figure 6.5 ï Categories of Hood Designs 
 

a) Enclosing Hoods 
 

Enclosures are designed to surround, to a large extent, the process or 

task requiring ventilation, with the common forms of these devices 

being booths and fume cupboards.  The aim of an enclosure is to 

maintain a negative pressure within the enclosure so that any sudden 

release of contaminant does not escape to the surrounding 

environment. 

 

The HSE (2008) provide an excellent discussion on the design 

principles for enclosures and this or similar literature should be 

consulted prior to selecting an enclosure for a specific task. 
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Total enclosures provide the greatest degree of worker protection as 

they are outside the enclosure where the contaminants are generated 

and contained. These hoods also minimise the amount of air which 

needs to be extracted, thereby conserving energy. Examples of total 

enclosures include: 

 

 glove boxes 

 enclosed chemical production plant 

 

 

(Source: Diamond Environmental Ltd ï reproduced with permission) 

 
Figure 6.6 ïA Total Enclosure of an Abrasive Cleaning Process 

 

An extension of enclosures is the room enclosure, more typically 

known as booths (abrasive-blasting, spray painting) or in some 

countries rooms or cabins.  In these devices the operator and process 

are totally enclosed with the operator in the majority of cases wearing 

respiratory protective equipment such as an air-supplied respirator. 

 

Partial enclosures are a means of providing accessibility with a 

reasonable level of containment.  The hood should be designed so that 

the contaminant is generated within it, so that the source is enclosed as 

much as possible. The hood opening(s) should be made as small as 

possible to minimise the amount of air extracted and maintain a high 

enough face velocity to make sure the contaminant cannot escape. 
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With larger booths the operator may stand inside the hood. Care has to 

be taken to prevent exposure to contaminants in such cases. If the 

worker stands facing the extraction with his back to the airflow into the 

booth, the airflow is obstructed leading to the formation of eddies. The 

worst case is where he stands facing the entry which can lead to high 

exposure to the contaminant which will be drawn towards his breathing 

zone. The best position to adopt with these large "walk-in" booths is 

right angles to the airflow, although some contaminant may still be 

drawn across his breathing zone if there is significant turbulence. 

 

 

 
(Source: Diamond Environmental Ltd ï reproduced with permission) 

 
Figure 6.7 ïPersonnel working inside a Partial Enclosure should 

stand at Right Angles to the Airflow 
 

In some industries, such as pharmaceutical manufacturing, specially 

designed laminar flow booths are used for tasks such as weighing out 

powders. Again the worker is inside the booth with the process, but 

these booths are specially designed to give laminar flow, where the air 

moves is predictable streamlines. The worker stands at right angles to 

the flow so that the contaminants are entrained by the airstream and 

removed without passing through the breathing zone. There are two 

main types of design - horizontal flow and down flow. 
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Good design of such booths is required to ensure that good laminar 

flow is achieved and that contaminants are not moved through the 

breathing zone. Correct operating procedures must be followed so that 

the worker stands in the correct position - i.e. side on to the air flow. 

 

Smaller partial enclosures are designed such that the operator is 

outside the enclosure and removed to some degree from the 

contaminant source.  Transparent barriers (screens) may be placed 

between the operator and the contaminant as is usually the case with 

fume cupboards. 

 

The main technical limitation of partial enclosures is that contaminated 

air can escape from the booth. This can occur for a number of reasons. 

As the air enters the hood eddies are created which can lead to 

contaminated air spilling out.  

 

Good design of the entry to minimise eddies and turbulence and thus e 

even air flow across the face of the booth can minimise leakage. Key 

design considerations are: 

 

 Can a side flow or down draught booth be used instead of the 

traditional backdraught type? 

 Use baffles or filters to create a plenum to even out the flow inside 

the both 

 Design the booth entry so that it guides the air into the hood gently  

 Ensure the booth is deep enough to allow the contaminant source 

to be located far enough from the workerôs breathing zone (the 

depth should be at least 75% of the largest face dimension) 

 Minimise the size of the face opening ï use transparent panels in 

front of the workerôs face and breathing zone (Figure 6.8) 
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As a general rule, face velocities should never be below 0.5 ms-1 and 

levels of >1 ms-1 should be maintained for more toxic contaminants or 

particles generated with high momentum in the process.  These are 

generalisations and each contaminant must be assessed on its relative 

merits. 

 

Table 6.4 ï Suggested Face Velocities for Partial Enclosures 
 

Source Conditions Face Velocity (m/s) 

Gases and vapours 0.5 to 1.0 

Dusts 1.0 to 2.5 

 

 

 
 

(Source: Diamond Environmental Ltd ï reproduced with permission) 

 
Figure 6.8 ï A Small Booth fitted with a Glass Panel 

 

b) Capturing Hoods 

 

In this case the contaminant is generated outside the hood. Sufficient 

velocity has to be generated to capture the contaminant, overcome 

extraneous air movement and pull it into the hood.  
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The velocity required to achieve this is commonly referred to as the 

capture velocity. The required capture velocity in a particular situation 

will depend upon how the contaminant is generated - whether it has a 

high or low velocity - and its density. 

 

Capturing hoods are widely used because they are relatively easy to 

retrofit, do not interfere with the process as much as other systems and 

are commercially available as ñoff-the-shelfò items.  

 

 
 

(Source: Diamond Environmental Ltd ï reproduced with permission) 

 
Figure 6.9ï A Typical Capture Hood 

 

As the air is not pulled solely from a single direction, the air velocity 

rapidly decreases with distance from the face of the hood.  In fact with a 

simple round captor hood, the velocity one duct diameter in front of the 

hood will be less than 10% of that achieved at the face (ie: the point of 

entry into the hood). Consequently, they have a limited zone of 

influence (ñcapture zoneò) where effective capture of contaminants can 

be achieved.  
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The extent of this zone needs to be properly established to ensure that 

the hood is positioned correctly in relation to the source of 

contamination. 

 

The relationship between the capture zone of the hood, the working 

zone and the operatorôs breathing zone are critical in ensuring 

employee exposures are controlled.  This is demonstrated very 

effectively in Figure 6.10. 

 

 

(Source: HSE ï reproduced with permission) 
 

Figure 6.10 ïCapture, Working and Breathing Zones 
 

Unfortunately, capturing hoods are often much less effective than 

intended due to the following issues:  

 

 Poor understanding of the source or motion of contaminant 

 Capture zone too small 

 Capture zone disrupted by cross drafts 

 Capture zone does not include the working zone 

 Process requirements moves the working zone outside the 

capture zone 

 Incorrect calculation of capture zone 

 Movement of the source 
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 The capture zone can shrink and expand depending on conditions 

such as cross drafts. It is almost always smaller than the user 

expects 

 

While these issues can often be resolved, in many cases it is much 

simpler to choose an alternate design option, eg: a partial enclosure. 

 

The effectiveness of an exterior hood can be improved, albeit by a small 

factor, by flanging and by increasing the degree of enclosure of the 

contaminant source. This minimises the amount of "clean" air pulled 

into the system, thereby reducing the volume flow required to achieve 

control over the contaminant.  Figure 6.11 demonstrates how a flange 

can reduce the amount of air from behind the hood entering the system 

and thus extending the range of the hood to capture contaminated air, 

albeit to a limited extent. 

 

 
 

(Source: AIOH 2007 ï reproduced with permission) 
 

Figure 6.11 ï Effectiveness of a Flanged Hood 
 

Flanges also smooth airflow and reduce the degree of flow separation, 

which in turn minimises the degree of turbulence and maximises the 

hood efficiency. 
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Slots are hoods where the width-length aspect ratio is less than 0.2.  

Slots are often used where accessibility is constantly required or where 

process materials are required to constantly enter the system.  They are 

commonly used on degreasing tanks, cleaning baths and electroplating 

tanks so as to remove any contaminant vapours released in the tanks 

or bath from the parent solution.  On smaller tanks, one slot is usually 

sufficient, positioned along the longer edge of the tank. With larger 

tanks, two slots, on opposing sides, are required. However as they work 

against each other, there will be a ñdeadò zone in the centre of the tank. 

 
Gardiner & Harrington (2005) indicate that it is difficult to pull air into a 

slot from a distance of greater than 0.75 m and the distribution of air 

movement along the slot length needs to be managed.  For example if 

the duct connection to the slot is placed at one end, very little air will be 

drawn into the slot at the opposite end, thus creating an imbalance.  

This can be overcome to some degree by the insertion of air splitters, 

however more careful location of the duct at the design stage will 

minimise this problem. 

 

 
 

(Source: Diamond Environmental Ltd ï reproduced with permission) 

 
Figure 6.12 ï A Plating Tank with Slot Extraction Along One Edge 

 

In some situations it may be necessary to improve the capture 

efficiency of the system and this can be achieved by the inclusion of a 

supply slot on the opposite side of the tank, etc.  This is commonly 

known as a ñpush-pullò system. 
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There are a number of issues with push-pull ventilation systems.  

These include: 

 

 High air velocities over the surface of a liquid in a tank will result in 

increased evaporation 

 Any interruption of the air jet (push side of the system) will result in 

contaminant-laden air being deflected and potentially increasing 

the exposure of workers 

 

Low Volume High Velocity (LVHV) systems are a special type of 

capture hood sometimes used on hand tools where the more common 

types of extract hood are impracticable. The contaminant is captured 

close to its source utilising a high velocity (50 to 100 ms-1) through a 

small opening. The small hood area means that very low volumes of air 

can be used to attain effective control. LVHV systems have also been 

successfully used on soldering irons, lathes and belt sanders. Although 

these systems have a low volume flow, commonly less than 10% of 

"conventional" systems, the small diameter hoods and ducting (often 

flexible pipework) utilised, results in very high pressure losses. 

 

 

 

(Source: Diamond Environmental Ltd ï reproduced with permission) 

 
Figure 6.13 ï An LVHV System used on a Soldering Iron 
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Whatever type of capture hood design is used, to ensure effective 

control: 

 

 The source of contamination must be completely located inside 

the hood capture zone 

 There must be sufficient velocity to draw the contaminant into the 

hood (ñcapture velocityò). 

 

The AIOH (2007) suggest the following simple principles to make 

capture hoods more effective.  These include: 

 

 Placing the hood as close as possible to the source, preferably 

enclosing it 

 If the source includes fast-moving particles, positioning the hood 

to receive those particles 

 Specifying a ócapture velocityô at a point greater than the particle 

velocity 

 

c) Receiving Hoods 
 
In receiving hoods the process is located outside the hood and the 

contaminants make their own way into the hood due to their 

momentum. They include canopy hoods located over hot processes 

where the contaminants rise due to thermal uplift, and hoods used on 

grinding processes where a large proportion of the contaminants 

generated are directional.    
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(Source: HSE ï reproduced with permission) 
 

Figure 6.14 ï Receiving Hood 
 

Receiving hoods can be applied in situations where a process produces 

a contaminant cloud that has a predictable strength and direction 

(Figure 6.14 illustrates these principles).  It is important to note that the 

receiving hood must be large enough and close enough to effectively 

collect the contaminant cloud and other high velocity materials 

generated from the source. They are only applicable to situations where 

workers do not have to position themselves between the source of 

contamination and the hood entry. 

 

With a canopy hood over a hot process, contaminants are transported into 

the hood in the rising airstream. Hence it is important to ensure that all the 

contaminated air enters the hood. To achieve this, the hood should be 

positioned as close as possible to the source. Also, as the plume of hot 

contaminant rises it begins to spread, so the hood should be wider than the 

source so that contaminant does not drift around the sides of the canopy. 

Installing curtains made of a suitable material, suspended from the side of 

the canopy can improve their performance ï effectively turning them into a 

partial enclosure (see Figure 6.15). 
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(Source: Diamond Environmental Ltd ï reproduced with permission) 

 
Figure 6.15 ï Canopy Hoods used to Control Hot Oil Mist and 

Fume 
 

As receiving hoods do not actively capture the contaminant, the 

recommended values of capture velocities given above are not applicable. 

However, the airflow needs to be sufficient to remove all the contaminated air 

entering the hood. If it is not, then contaminants will ñspill outò and re-enter 

the workplace. It is also essential that workers are not placed between the 

source and the hood as they will otherwise be in the stream of contaminated 

air. 

 

6.4.3 Ductwork 
 
The supply of air via a ventilation system is dependent on the transfer of air 

from one point to another via ductwork.  The key design requirements are 

that the ductwork contains the contaminated air, resists abrasion and 

chemical attack, so that leaks do not develop, and that there is sufficient air 

velocity to keep any contaminants suspended, so they do not settle out and 

cause a blockage. 

 

Ducting is usually made from galvanised steel however other materials such 

as stainless steel, PVC, aluminium, fibreglass, brick or concrete can be used.   
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It is usually formed into circular or rectangular sections and the shape and 

size of ducts are designed to fit the needs of the ventilation system, building 

and associated plant. 

 

When selecting the size of ducting for a particular application a number of 

factors need to be considered.  For example, for a given volume flowrate the 

larger the duct size the lower the air velocity and absorbed energy (friction) 

but the bigger the capital cost.  Circular cross section ducting is more 

economical in terms of aerodynamic efficiency and construction materials but 

space requirements may dictate the use of rectangular cross section ducting. 

 

When designing any duct system some points need to be remembered to 

keep the air flowing as smoothly and efficiently as possible.  These include: 

 

 Keep the design as simple as possible 

 Keep the number of bends and junctions to a minimum so as to reduce 

flow resistance 

 When changes in direction are necessary they should be made 

smoothly. The centreline radius should ideally be 2.5 times the duct 

diameter 

 óTô junctions should never be used. Ideally branches should join the 

main duct at an angle of 30 to 45 degrees 

 Duct diameters should be increased after intersections to compensate 

for the increased volume flow (total ducting area should be kept 

constant to maintain constant velocity). Tapered sections should be 

used when the duct cross section needs to change 

 Avoid long lengths of flexible ducting, especially where high flow 

resistance is present 

 Avoid óUô bends as they act as traps for particles and can eventually 

block the duct 

- Where possible design the system to minimise or eliminate the 

need for flow balancing dampers  
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If there is a need to maintain a particular transport velocity and thus a 

required volume flowrate is established, the duct cross section can be 

calculated from the base formula: 

 

Q = vA (see Section 6.3.1) 
 
In terms of an overall duct system it is inevitable that there will be losses, 

mainly due to friction, and these are expressed in terms of pressure loss.  

There is a need to calculate all these pressure losses over the length of the 

system and the sum of these represents the total pressure loss of the 

system.  From this the duty of the fan can be established, being the 

calculated volume flowrate at the total pressure loss.  To ensure that an 

appropriate fan is selected the velocity pressure at a set discharge velocity 

(irrespective of what the set value is) must be added to the total pressure 

loss as this represents the overall energy that the fan must provide.  Failure 

to make this adjustment will result in the fan being undersized for the duty for 

which it is required. 

 

Once the decision has been made to install ductwork there are a number of 

factors which need to be considered as these will affect the final design.   

These are: 

 

 What construction materials should be used? 

 In most cases galvanised steel is normally used, however if corrosive 

gases or vapours are present, materials such as stainless steel or 

plastic would be used. 

 

 What velocity should be maintained in the duct? 

 This is dependent on the type of contaminant to be carried.  For 

particles such as fumes, zinc and aluminium, velocities of 7-10 ms-1 

would be adequate.  For heavy moist dusts velocities of greater than 

22.5 ms-1 would be required, which can result in high noise levels. 

 

 What cross section shape should be used? 

 Circular cross section is preferred, however, in some cases due to 

space constraints, rectangular cross sections may be necessary.   
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Once a system has been installed it will require balancing to ensure that 

each branch of the system is operating at its maximum performance.  The 

process of balancing a system needs to be undertaken systematically as the 

restriction of airflow in one branch will alter the airflow rate to all other 

branches of the system. With good design the need for balancing can be 

minimised. Where balance through design is not possible, flow balancing 

dampers may be necessary. 

 
Balancing requires starting at each hood or branch and making adjustments 

while working towards the fan.  Serious problems can arise if major 

imbalances in a system are corrected by just using dampers. 

 
The correct balancing or rebalancing of a system is a highly skilled activity 

and should only be conducted by experienced persons. 

 
In any duct system it is important to provide leak-proof inspection openings to 

allow for the inspection and cleaning of ducts.  It is also important to provide 

test points where at a minimum the static pressure can be measured. 

These should be located after each hood or enclosure, at key points in the 

duct system and at certain components to measure pressure drops (ie: fans 

and filter). 

 

6.4.4 Fans 
 

A fan consists of a series of blades (impeller) mounted on a central axis 

(shaft) which is connected to an energy source (fan motor).  These 

components are then enclosed within a casing or housing which creates a 

pressure difference (and hence airflow) between the inlet and outlet by the 

rotation of the impeller. 

 
There are five common types of fans, these being: 
 

 Propeller Fans ï consist of fan blades (metal or plastic) connected to a 

hub which is attached directly to an energy source (electric motor) or via 

a belt system.  Propeller fans are generally low in efficiency and are not 

suitable for ducted or air filtration systems.  Propeller fans are most 

often used for general or dilution ventilation. 
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(Source: HSE ï reproduced with permission) 
 

Figure 6.16 ï Propeller Fan 
 

 Axial Fans ï consist of a cylindrical casing with the shaft of the impeller 

being at the centre of the casing.  The impeller blades usually have an 

aerofoil shape and rotate within the casing with their tips very close to 

the casing.  While axial fans are similar in principle to propeller fans 

they produce slightly higher pressures.  Axial fans are not normally 

mounted within ventilation system ductwork. Where they are they are 

only useful in systems with lower resistances, for example small 

systems moving gases or vapours with no air cleaning devices. 

 

 
 

(Source: HSE ï reproduced with permission) 
 

Figure 6.17 ï Axial Fan 
 

 Centrifugal Fans ï consist of a rotating impeller shaped like a paddle 

wheel which moves air drawn into the centre of the impeller towards its 

outer edge where it is collected in a specially designed casing, and 

ejected at a tangent to the impeller (Figure 6.18). 
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 Because of their design, centrifugal fans generate large differences in 

pressure and thus higher airflows against the resistance of an LEV 

system.  Blade shape changes the characteristics of the fan in the 

following ways: 

 

- Radial blade (or paddle-bladed) centrifugal fans are robust, easy 

to repair, clean and maintain.  They are used in applications where 

highly corrosive air or heavy dust loads are present 

- Forward bladed fans have many small blades with their tips 

inclined towards the direction of rotation.  This design gives rise to 

an overall compact fan where space is limited but is not suitable 

for dusty systems. They are good at moving large volumes of air 

against low resistances and so are mainly used in simple 

ventilation systems. 

- Backward bladed fans have fewer, deeper blades than the forward 

bladed system and are less compact. They are the most common 

type of fan used for dust laden air and in large systems. They are 

good at moving moderate volumes of air against a high resistance 

 

 
 

(Source: HSE ï reproduced with permission) 
 

Figure 6.18 ï Centrifugal Fan 
 

 Turbo Exhausters or Multistage Centrifugal Fans - can produce very 

high pressures to power low volume but high velocity systems.  These 

are special fans that require protection of their precision blades from 

damage caused by dust, etc 
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 Compressed Air Driven Air Movers - are used where electrically 

powered fans are unsuitable ï for example in atmospheres where fire or 

explosion may be a risk.  The advantages are their relatively small size 

which makes them reasonably portable while their disadvantages are 

their high cost of operation and excessive noise 

 

 
 

 (Source: HSE ï reproduced with permission) 
 

Figure 6.19 ï Air Movers 
 

It is essential that an expert is consulted before a fan is selected as there are 

many factors to consider. The most important considerations, however, are 

what air flow is required and what resistance must be overcome.  

 

The system resistance varies with the air flow (resistance being 

approximately proportional to the square of the air flow). A system curve can 

be produced which shows how the resistance (expressed as the static 

pressure) varies with air flow. The airflow generated by a given fan will 

depend on what resistance has to be overcome. The maximum airflow 

occurs where there is no resistance to overcome. On the other hand if the 

fan inlet is blocked off completely (resistance is at its maximum value) no 

airflow occurs. A fan curve can be produced showing the relationship 

between the air flow and fan static pressure. The exact shape of the fan 

curve depends on the fan type.  

 



102. 

 
 

 

 

At high static pressures and low volume flows, fan curves have a 

characteristic stall region. Operation in this area is leads to erratic airflow that 

generates excessive noise and vibration, and should be avoided. 
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(Source: Diamond Environmental Ltd ï reproduced with permission) 

 
Figure 6.20 ï A Typical Fan Curve for a Backward Curved Blade 

Centrifugal Fan 
 

If the system and fan curves are plotted on the same chart, the point where 

they intersect gives the duty point which shows what airflow will be achieved 

when the fan is installed in the system. 
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(Source: Diamond Environmental Ltd ï reproduced with permission) 
 

Figure 6.21 ï Fan and System Curve ï used to select a suitable fan 
 

The duty point cannot be changed without altering the fan speed or making 

changes to the system which will change its system curve. 

 

6.4.5 Air Cleaners 
 

With a properly integrated LEV system, careful thought needs to be given to 

the selection on an appropriate air cleaning device.  The main reasons why 

this is required are: 

 

 Compliance with environmental legislation 

 Preventing contaminated air re-entering the workplace or other adjacent 

workshops 

 Economic considerations such as the recovery of expensive materials 

 

There are many different types of air cleaning devices on the market.  These 

vary in effectiveness for different contaminants and in different situations.  It 

is therefore important to ensure that the right equipment is selected for the 

particular situation encountered when designing a LEV system.   
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The common types of air cleaning methods are listed in Table 6.5. 

 

Table 6.5 ï Types of Air Cleaners 
 

Contaminant Type of Air Cleaner Performance & Comments 

Particulates Cyclone Poor at low particle sizes 
(2 µm = 0%, 5 µm = 50%) 
but good at larger sizes 
(8 µm = 90%). 
 

 Electrostatic Precipitator <5 µm 80 - 99% 
5 - 10 µm 99% 

Poor performance with 
particles that have a very low 
or high electrical conductivity. 
 

 Fabric Filter Very good for small particle 
sizes but flow resistance 
increases as dust builds up 
on filter. 
 

 Wet Systems such as Venturi 
Scrubbers, Cyclones, etc 

Lower performance (20 ï 
80%) with particles <5 µm 
but >95% with particles 
>5 µm.  Produces a sludge 
which requires disposal. 
 

Gases & Vapours Adsorption Most common are activated 
carbon filters, however the 
filter can fail suddenly when 
saturated. 
 

 Chemical Scrubbing Suitable for specific 
contaminants. 
 

 Thermal Destruction Combustion may produce 
unwanted by-products. 

 
(Source: HSE ï reproduced with permission) 

 

Particulate collectors are the most common group of air cleaning devices 

normally associated with LEV systems. There various types including fabric 

filters (bag filters), cyclones, electrostatic precipitators and scrubbers.  
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Schematic diagrams of these systems are provided in Figures 6.22 - 6.26 

and a simple explanation of their operation can be found in the HSE 

publication ñControlling Airborne Contaminants at Workò (HSE 2008). 

 

 
 

(Source: HSE - Reproduced with permission) 

 
Figure 6.22 - Schematic of a Fabric Filter 
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(Source: HSE - Reproduced with permission) 

 
Figure 6.23 - Schematic of a Cyclone 

 

 

 

 (Source: HSE - Reproduced with permission) 

 
Figure 6.24 - Schematic of an Electrostatic Precipitator 
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(Source: HSE - Reproduced with permission) 

 
Figure 6.25 - Schematic of a Venturi Scrubber 

 

 

 

 
 

(Source: HSE - Reproduced with permission) 

 
Figure 6.26 - Schematic of a Self Induced Spray Collector 
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6.4.6 Discharge to the Atmosphere 
 

Irrespective whether or not extracted air has been cleaned, it must be 

discharged to atmosphere in such a way that it does not re-enter the building 

(or any adjacent buildings) until the contaminant concentrations have been 

diluted to acceptable levels to meet environmental standards and to prevent 

contaminated air being drawn back into workplaces.  The best methods of air 

discharge via stacks involve releasing the air to the atmosphere as high as is 

possible and at a high velocity. 

 

Devices such as cowls and weather caps which direct the discharged air 

downwards should be avoided. They create a large resistance to airflow, 

reducing the efficiency of the system, and prevent contaminants being 

dispersed.  

 

When designing discharge systems there is a necessity to understand the 

airflow patterns around the location of the discharge so that the best possible 

location can be achieved. 

 

With some contaminants it may be appropriate to incorporate an appropriate 

treatment system to reduce the level of contaminant to acceptable levels 

before discharge into the atmosphere.  . 

 

6.4.7 Measurement and Testing of LEV Systems 
 

The performance of every ventilation system needs to be established and 

routinely monitored. Ideally, an initial appraisal should be undertaken during 

commissioning of a competently designed LEV system to check that it 

conforms to the design specification and is achieving adequate control of the 

contaminants in practice.  The system supplier should be asked to provide 

this information as a condition of purchase. 
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Routine checks should be undertaken at appropriate intervals and thorough 

examinations and tests at least once a year and the results documented. The 

frequency of these tests should be determined based on factors such as 

system age and reliability and the consequences of failure. The critical 

success factor for any system is whether it effectively controls personal 

exposures. A reassessment of the risk post installation, including  exposure 

monitoring, is advisable during the commissioning or routine testing of any 

control system, including ventilation. 

 

The operating criteria which need to be defined will depend on the system 

design, but will typically include the following (as appropriate): 

 

Hoods  Assessment of effectiveness at 
controlling contaminants 

 maximum of hoods to be in use at any 
one time  

 location and working position of each 
hood  

 static pressure behind each hood face 
velocity (for partial enclosures)  

 capture velocity at furthest source of 
contaminant generation from hood and 
face velocity (for captor hoods)  

Ducting  dimensions  

 transport velocity  

 volume flow  

Air cleaners  specification  

 volume flow  

 static pressures at inlet,  

 outlet and across cleaner  

Fan (or other air mover)  specification  

 volume flow  

 static pressure at inlet  

Systems returning exhaust to 
the workplace 

 filter efficiency  

 concentration of contaminant in 
returned air 
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a) Air Velocity 
 

A number of instruments are available to measure air velocity, including 

vane anemometers, hotwire anemometers and pitot tubes. 

 

The rotating vane anemometer consists of a number of blades that are 

configured to allow the air movement to rotate them in one direction.  

The number of rotations are then counted over a period of time (usually 

1 minute) and converted to air velocity.  These devices are not accurate 

at low air velocities, are not omni-directional and cannot be used where 

the direction of airflow is variable. 

 

 
 

(Source: University of Wollongong) 
 

Figure 6.27 ï Vane Anemometer 
 

The hot-wire anemometer works by an electrical current heating the 

sensor to a temperature above ambient and being cooled by air 

movement: the amount of cooling is dependent on the air velocity, the 

ambient air temperature and the characteristics of the heat element.  

These devices are directional and can be inaccurate in low air velocities 

due to natural convection of the hot wire.  Caution also needs to be 

exercised when using these devices in the presence of flammable or 

explosive gases and vapours as most units are not intrinsically safe for 

use in such conditions. 
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(Source: University of Wollongong) 
 

Figure 6.28 ï Hot-wire Anemometer 
 

Pitot tubes (or more correctly pitot-static tubes) are designed to 

measure the pressures inside a ventilation system. Depending on how 

the system is set up, it can be used to measure, static, velocity or total 

pressure.  The measuring system consists of two concentric tubes with 

one facing directly into the airflow and the other (external tube) having a 

series of holes at 90° to the airflow.  The two tubes are then connected 

to a manometer or pressure gauge and the velocity pressure recorded 

by the differential between total and static pressure. This process is 

demonstrated schematically in Figure 6.29.  A modern instrument is 

shown in Figure 6.30. 

 

 
(Source: The Engineering Toolbox - reproduced under conditions of copyright) 

 

Figure 6.29 ï Principle of the Pitot Tube 
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(Source: TSI Inc ï reproduced with permission) 
 

Figure 6.30 ïPitot Tube with Digital Readout 
 

From the recorded velocity pressure (Pv) the velocity of air moving 

through the system can be calculated from: 

 

 
 
Pv = Velocity pressure 

p = Density of air 

v = Air velocity 

 

Pitot tubes are useful in that they need no calibration if connected to a 

liquid filled manometer. However, when connected to a meter, this will 

require calibration.  However measurements must be made in an area 

of ductwork where there are no obstructions, bends or turbulence. To 

achieve this it is common practice to take measurements in a straight 

section of duct at least 10 duct diameters from the nearest bend or 

obstruction. 

 

Pitot tubes are generally not considered reliable to measure airflows 

with velocities less than 3 ms-1. 

 

Measures Total Pressure Measures Static Pressure 
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Once the measurement instrument has been selected it is important to 

take the actual measurements in an appropriate manner so as to 

ensure accuracy.  Because airflow can be influenced by bends, 

obstructions, etc and the fact that air close to the walls of the duct will 

move slower than in the centre (due to frictional forces), it is necessary 

to obtain an average velocity over the whole cross-section of the duct. 

 

To obtain the average velocity the selected measurement area of duct 

must be divided into sections of equal area and a representative 

velocity measurement made in each.  Most statutory authorities have 

specific requirements as to the number of sampling points that must be 

used for specific duct situations, however the ACGIH® (2007) provides 

the following general guidance. 

 

 Round Ducts 
 

- For ducts <15 cm a minimum of 6 points 

- For ducts >15 cm a minimum of 10 points 

- For very large ducts or where wide variation in velocity is 

present, a minimum of 20 points will provide a higher level of 

precision. 

 

Wherever possible the pitot tube traverse should be made 

downstream at a point 7.5 duct diameters or greater from any 

major air flow disturbance (eg: elbow, hood). If measurements are 

made closer to disturbances the results must be considered 

doubtful and checked against a second location (must be within 

10% to be considered acceptable). 

 

A 10 point traverse of a duct greater than 15 cm is provided in 

Figure 6.31. 
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(Source: University of Wollongong) 

 
Figure 6.31 ï Typical Ten Point Traverse in Round Duct 

 

 Square or Rectangular Ducts 
 

- Divide the duct cross-section into a number of equal 

rectangles and measure the velocity at the centre of each.  

The minimum number of points should be 16, however the 

maximum distance between each rectangle centre should be 

no greater than 15 cm 

- Once the average velocity is established this is multiplied by 

the duct area to give the airflow 

 

 
 

(Source: University of Wollongong) 
 

Figure 6.32 -Typical Traverse Points in a Rectangular Duct 
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It is important to note that when taking velocity pressure measurements 

to measure air velocity, all velocity pressure measurements must be 

converted to velocity before taking the mean of all measurements. 

 

b) Pressure Measurements 
 
Pressure within a system can be measured with simple ñUò tube 

manometers where the difference in height between the two ends of the 

liquid column indicates the pressure.  Most commercial manometers are 

calibrated in Pascals, however the pressure can be calculated using 

any manometer from the formula: 

 

P = 2 g h 
 
Where: P = Pressure 

 g = Acceleration due to gravity 

 h = Height of column 

 2 = Density of manometer liquid 

 

Instrumentation that is more practical for use in the field can be 

commercially obtained.  Routine measurement of static pressure can be 

an excellent indicator of problems. 

 

Examples of how this can be used are provided in the HSE publication 

ñMaintenance, examination and testing of local exhaust ventilationò.  An 

example of the use of static pressure for fault-finding in a simple LEV 

system is provided in Figure 6.33. 
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(Source: HSE ï reproduced with permission) 
 

Figure 6.33 ïUse of Static Pressure for Fault-Finding in LEV 
System 

 

c) Air Movement 
 

Visualisation of air pathways and movement can be easily achieved via 

the use of smoke tubes.  A chemical in these tubes reacts with moisture 

in the air to form a white smoke, which not only allows the visualisation 

of air movement but also its magnitude.  Such devices are excellent for 

demonstrating the limitations of a hood in capturing contaminants or 

secondary airflows from behind the hood. 
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In dust-laden atmospheres the movement of particles can be 

highlighted with the simple dust lamp. 

 

The dust lamp is based on the ñTyndall effectò discovered by 

John Tyndall in the mid 1800ôs. 

 

Essentially, a bright beam of light is shone through the area where it is 

thought a particle cloud may be present.  The particles present diffract 

the incident light and an observer looking up the beam to the source of 

the illumination (at an angle of about 5 ï 15°) can see the dust particles.  

The process is described schematically in Figure 6.34 and can be a 

powerful tool if linked to high speed photography or digital video 

equipment. 

 

 

(Source: HSE ï reproduced with permission) 

 
Figure 6.34 ï Principle of the Dust Lamp 

 

This device has been included to demonstrate how a simple beam of 

light can be used to highlight dust clouds but as with most things some 

level of knowledge and skill is required to achieve good results. 

 

Armed with the above instrumentation and subsequent measurements, it is 

possible to make an assessment of a LEV system. 

 

While the requirements of evaluating LEV systems vary from one country to 

another, the HSE (2008) suggest that the carrying out of a thorough 

examination and test of a LEV system involves three stages. 
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These are: 

 

 A thorough visual examination to verify the LEV is in efficient working 

order, in good repair and in a clean condition 

 Measuring and examining the technical performance so as to check 

conformance with the original commissioning data 

 Assessment to check the control of worker exposure is adequate 

(eg: smoke tubes, dust lamp, workplace monitoring) 

 

The HSE (2008) recommends the following specific measurements: 

 

 Full Enclosures 

Static pressure in the interior of enclosure must be lower than the 

workroom. 

 

 Partial Enclosures 

Individual face velocity measurements should not vary by more than 

20% from the average and also meet statutory or national standards. 

 

 Receiving Hoods 

Individual face velocity measurements should not vary by more than 

20% from the average.  For larger hoods, measure at several points 

over the face. 

 

 Capturing Hoods 

For slots, measure the air velocities at equidistant points along the slot 

and average the readings.  Individual readings should not vary by more 

than 20% from the average. 

 

 Hood Ducts 

Check the static pressure and compare to the normal value. 

 

 Plenums 

Measure the static pressure of the plenum (enclosure behind some 

types of hood) and the hood duct. 
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 Ducts 

Measure air velocity in the duct serving each hood. 

 

 Fan 

Measure the static pressure at the fan inlet and the volume flowrate. 

 

 Collection Devices 

Where appropriate, measure the static pressure drop across the device 

and compare to normal conditions. 

 

It should be appreciated that many of the measurements indicated above 

would not normally be taken by a site hygienist but should be incorporated 

into maintenance procedures which are then audited. 

 

The time period for conducting a thorough examination and test is usually 

described in local or national legislation and reference should be made to 

that source for the appropriate information.  In most cases periods of 

12-15 months are not uncommon but some specific processes have much 

shorter periods (eg: blasting of metal castings for cleaning purposes is one 

month in the UK). 

 

In between subsequent periods of thorough examination and test it is 

appropriate to implement routine appraisals and regular maintenance of the 

system.  The HSE (2004) indicates that regular inspection and checks may 

include: 

 

 Ensuring that the LEV is always running when hazardous substances 

are being emitted or are likely to be emitted 

 Observing the condition of the suction inlet such as the hood, booth, etc 

to see whether it has moved or has been damaged 

 Observing the condition of any visible ductwork and dampers by the 

inlet 
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 Observing any evidence of control failure, for example noticing if there 

are unusual dust deposits or a stronger odour than normal immediately 

outside the LEV 

 Observing any local instrument that has been fitted to the LEV to show 

its performance, such as a pressure gauge on a filter or an airflow 

device on a fume cupboard 

 Undertaking any minor servicing such as emptying filter bins 

 

The results of all inspections and all test data should be recorded in a system 

log-book.  This is a statutory requirement in many authorities. 

 

6.4.8 Limitations of LEV Systems 
 
While LEV is the preferred method of ventilation contaminant control, it, like 

other control strategies, has some issues which limit its acceptance or 

usefulness.  Some such issues include: 

 

 Need to be purpose designed for a process, making process changes 

difficult if the same level of control is to be maintained 

 High capital and operating cost.  All LEV systems require energy for the 

fan and for conditioning make up air, making operating costs an added 

expense 

 High levels of noise are common with LEV system, resulting in them 

being turned off by operators in many cases 

 Many are of a fixed structure design making flexibility within the 

workplace difficult 

 Many require the installation of an air supply system.  Supplied air may 

need to be heated in cold climates or during winter months in temperate 

climates 

 Not practical for large disperse contaminant clouds that have multiple 

sources 

 Limited application for the control of moving sources 
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6.5 GENERAL VENTILATION SYSTEMS 
 
6.5.1 Dilution Ventilation 
 

Dilution ventilation (general exhaust ventilation in some countries) is in 

essence the dilution of contaminated air with sufficient uncontaminated air so 

as to reduce the concentration of contaminants to acceptable levels. 

 

Dilution ventilation provides a lower level of control for health hazards than 

can be achieved by the use of local exhaust ventilation.  It has been 

suggested (AIOH 2007) that dilution ventilation may be appropriate when: 

 

 The air contaminant has low toxicity 

 There are multiple sources 

 The emission is continuous 

 The concentrations are close to or lower than the occupational 

exposure limit 

 The volume of air needed is manageable 

 The contaminants can be sufficiently diluted before inhalation 

 Comfort or odour is an issue 

 A spill has occurred and extended airing of the workplace is needed 

 

Dilution ventilation is not likely to be effective in the following situations 
 

 In processes that generate high levels of contaminants 

 In processes where the generated contaminant has a high toxicity 

 In processes where the generation of the contaminant varies widely 

(ie: low to very high) 

 

Dilution ventilation can be either forced (mechanical means to achieve air 

movement) or natural.  If natural airflows are used to achieve dilution of 

contaminants to the required level, factors such as wind direction, wind 

speed and air temperatures are likely to influence the effectiveness of the 

process. 
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It is important to remember that if sole reliance is placed upon natural 

ventilation, little or no control will be achieved on days when there is no wind 

or if it blows from the wrong direction. 

 

6.5.2 Dilution Ventilation Equations 
 
Dilution ventilation of contaminated air can be visualised by pouring clean 

water (clean air) into a container of coloured water (contaminated air). If the 

added clean water does not mix with the coloured water then the colour of 

the water (contaminant) persists and the container merely overflows. 

However, if the container is mixed during the addition of the clean water it still 

overflows but the colour fades. 

 

Using this principle it is possible to apply a mathematical approach to the 

dilution process which allows airflow rates necessary to reduce worker 

exposures to be estimated. 

 

If we consider a constant emission source, perfect mixing and a constant 

airflow, the following equation represents the equilibrium concentration in a 

ventilated space (eg: a room). 

 

 
 
Where Q  = Airflow rate in m-3s 

 r  = Emission rate in mgs-1 

 C  = Equilibrium concentration in mgm-3 
 

Thus it is possible to use this equation to calculate the airflow rate to reduce 

the potential worker exposure to the exposure standard (or some fraction of 

the OEC) provided we know the emission rate.  Unfortunately the value of r is 

difficult to establish as it has to be based on the amount of pollutant released 

into the atmosphere.  This depends on the consumption of the source 

material and release rate. 
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Another approach is to consider the decay in contaminant concentration with 

time.  This can be represented as: 
 

C = Co e-Rt 

 

Where Co  = Initial contamination concentration (ppm) 
 

 R = Ventilation rate  

 Q = Airflow (m3 s-1) 

 V = Volume of ventilated space (m3) 

 t = Time (s) 

 
This formula describes the reduction in contaminant concentration overtime 

and can be shown to be an exponential decrease (Figure 6.35). 

 
If we consider a room of 10 m3 with an initial contaminant concentration of 

1,000 ppm and a diluting airflow of 0.1 m3 s-1, the concentration in the room 

after 10 minutes would be 2.5 ppm (complete mixing).   

 
Thus, in this example we are able to predict that in a room 10m3 and a 

diluting airflow of 0.1m3s-1 the concentration would be a small fraction of what 

it was originally in only 10 minutes. 

 

 
 

(Source: AIOH 2007 ï reproduced with permission) 
 

Figure 6.35 ï Contaminant Decay With Dilution Ventilation 
 


