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WEL 
informed
For students of the NEBOSH diploma,  
David Towlson looks at how workplace limits 
for airborne contaminants are calculated

W e are all familiar with the 
environmental standards the 
EU authorities set to improve 
air quality in our cities; 

they motivate authorities to control vehi-
cle movements to limit engine emissions.  
It may be helpful to see workplace expo-
sure limits (WELs) as a form of indoor air 
quality standard.

A WEL is a concentration limit of a con-
taminant — such as gas, vapour, aerosol  
or dust — in the air, averaged over a ref-
erence period, to which workers can be 
exposed by inhalation.

By longstanding convention, WELs are 
typically quoted in units of parts per million 
(ppm) or milligrams per cubic metre (mg/
m3) or both. The unit of choice is ppm for 
vapours and gases and mg/m3 for particu-
lates, such as dust. You can convert each of 
these units into the other easily with some 
basic data about the substance.

WELs are legally enforceable limits, part 
of the control regime under the Control of 
Substances Hazardous to Health (CoSHH) 
Regulations, designed to help safeguard 
workers. Other countries have similar  
concentration limits with different names.

Because toxicity varies between sub-
stances, WELs apply to individual sub-
stances, or classes of substance. Nearly all 
WELs refer to personal exposure, rather 
than some background room concentration.

In Europe there is a degree of harmonisa-
tion, so limits for specific substances are often 
the same (or nearly so) throughout the union. 
The UK WELs are listed in the HSE’s guide 
www.hse.gov.uk/pubns/priced/eh40.pdf

Time averaging
WELs are time averaged. The two main 
reference periods for this averaging 
are 15 minutes, for which the resulting 
WEL is known as the short term expo-
sure limit (STEL); and eight hours, which 
produces the long term exposure limit 
(LTEL). Eight hours was chosen for the 
LTEL as the length of a typical working 

shift. Both limits are legally binding for 
a given substance and, ordinarily, both 
limits are quoted in EH40. The table on  
page 20 shows an extract from EH40.

Since the LTEL is the most commonly 
used value, we will focus on that. It repre-
sents an equivalent personal exposure con-
centration that is maintained constantly for 
the entire eight hours. Clearly, that does 
not reflect how exposure varies throughout 
a working day in a workplace. Real expo-
sure varies from minute to minute and the 
exposure time can be considerably longer 
or shorter than eight hours (see the figure 
on page 20). Workers may also be exposed 
to multiple substances or mixtures, but for 
simplicity we will keep to single substances.

To compare real workplace measure-
ments or estimates with the LTEL, those 
measurements also need to be time aver-
aged to give a theoretical equivalent con-
stant level to which you would have been 
exposed had that exposure lasted for exactly 
eight hours. You can then compare like with 
like and take appropriate action depend-
ing on the significance of any deviation. 
(The practical measurement techniques for 
workplace monitoring of contaminants also 
often involve some sort of averaging, even 
over short timescales.)

There are approved calculation methods 
for time averaging. These don’t use simple 
averages of workplace measurements, but a 
time weighted average. This means weight-
ing the concentrations taking account of 
exposure times.

The official equation (see EH40) for cal-
culating equivalent eight hour exposures 
— valid for real exposure in any 24 hour 
period — is:

c1 t1+c2 t2+ ... +cn tn/8

Under this equation, for the substance in 
question, c1 is the concentration for time t1, 
c2 is the concentration for time t2, and so on. 
The 8 of the denominator is the eight hour 
reference period. 
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For example, your exposure pattern might 
be 20ppm (c1) for 0.5 hours (t1), 40ppm (c2) 
for one hour (t2) and so on. Note that all the 
times must be stated in hours in this form of 
the equation.

Down to cases
Let’s consider a couple of simple examples 
to satisfy ourselves that this makes sense 
for the eight hour exposure reference 
period. Say you are exposed to a constant 
concentration of 4mg/m3 of a hazardous 
substance for four hours. Intuitively, from 
the equivalent dose argument, you expect 
the eight hour equivalent exposure would 
be half that: 2mg/m3. This is arrived at by 
simply multiplying the concentration (4mg/
m3) by the time (four hours) and dividing by 
the standard time period (eight hours), so  
4mg/m3x4/8 = 2mg/m3.

All this means in effect is that, where 
real exposures are less than eight hours, 
the exposure is stretched out and treated 
as an equivalent lower dose that happened 
over eight hours. 

It also works the other way round for 
exposures exceeding eight hours, in fact 
up to any 24 hour period. In that case, the 

exposure is squashed 
into t he equivalent 
eight hour period, so 
you’d expect a higher 
equivalent exposure. 

If you had your haz-
ardous substance dose 
of 4mg/m3 over, say 16 
hours, you’d intuitively 
expect the eight hour 

equivalent to be twice that (that is, 8mg/m3). 
The calculation is similar (again, dividing by 
the eight hours): 4mg/m3x16/8=8mg/m3. 
Workplace concentrations vary much more 
than that, but it works as a simple example.
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 +  EH40 LISTING

Below is an extract from the table listing more than 400 substances in the HSE’s EH40 guide (see main 
text). CAS (Chemical Abstracts Service) is a numbering system which identifies a substance internation-
ally, so avoids problems with language and different naming conventions. The final column is for extra 
comments, such as whether the substance (or chemical class) is a carcinogen, sensitiser or can be 
absorbed through the skin. IOELV refers to the EU indicative occupational exposure limit values directives.

Substance CAS number Workplace exposure limit Comments

Long term 
exposure limit  
(8 hour TWA 
reference period)

Short term 
exposure limit  
(15 minute 
reference period)

The Carc, Sen and 
Sk notation are not 
exhaustive. Notations 
have been applied to 
substances identified in 
IOELV Directivesppm mg/m3 ppm mg/m3

Ferrous foundry 
particulate

See paras 
22–24

inhalable dust - 10 - -

respirable dust - 4 - -

Flour dust See para 25 - 10 - 30 Sen

Fluoride 
(inorganic as F)

16984-48-8 - 2.5 - -

Fluorine 7782-41-4 1 1.6 1 1.6

Formaldehyde 50-00-0 2 2.5 2 2.5
Source: EH40

A more complicated example is 2mg/m3 for 
one hour, 4mg/m3 for two hours and 6mg/m3 
for three hours and then no further exposure 
for the last two hours of the day (0mg/m3).

The equivalent eight hour time weighted 
average is (2x1+4x2+6x3+0x2)/8=28/8= 
3.5mg/m3. You would compare the result to 
the LTEL for the substance and, depending 
on how close it is, take action to bring the 
exposure under control.

Note that the examples in the approved 
calculation method (in the HSE’s EH40) show 
full working time, so even where exposure 
concentration is zero (as during rest breaks) 
it is included in the calculation.

Original thinking
The WELs listed in EH40 reflect considerable 
work either by the EU’s Scientific Committee 
on Occupational Exposure Limits or by 
British groups. These scientific groups don’t 
set the limits but make recommendations to 
those who do. They base these recommen-
dations on an evaluation of the toxicity data 
and what is practically achievable in real 
workplaces. So, as far as possible, they are 
evidence based.

We would like to think of WELs as safe 
exposure levels but sometimes they aren’t, 
because some substances don’t have a safe 
level. In such cases, the WEL may represent a 
tolerable or achievable exposure level.

CoSHH requires employers to control 
exposure to hazardous substances ade-
quately. They use WELs as one of the criteria 
for adequate control. 

Another criterion is implementing the prin-
ciples of good practice listed in the schedule 
to CoSHH. These two criteria work together, 
because the HSE stresses that you are likely 
to be controlling exposure below the WEL if 
you follow the good practice principles. But it 
might not be enough to meet the WEL. 

For some substances — chiefly those where 
there is no safe level that can be established — 

The HSE stresses that you are likely 
to be controlling exposure below the 
WEL if you follow the good practice 
principles”
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there is an extra criterion that exposure must 
be reduced to as low a level as reasonably 
practicable (ALARP), implying an exposure 
level below the WEL. 

In all cases, even if measurement and aver-
aging shows exposure is just below the WEL, 
remember that measurements are never 
wholly accurate and there will be day to day 
variation even for the same individual on the 
same job. So you need to aim to be comfort-
ably below the WEL even if ALARP doesn’t 
apply to the substance you are using.

No effect
In the UK, occupational exposure limits are 
most notably associated with CoSHH, for air-
borne contaminants at least.

CoSHH is aimed at controlling worker 
exposure to hazardous substances. The EU 
Registration, Evaluation, Authorisation and 
restriction of Chemicals regulation (REACH) 
shares this aim, though it has others. This 
point is nicely brought out by the HSE (see 
www.hse.gov.uk/coshh/detail/reach.htm).

Under REACH, when a manufacturer 
or importer makes hazardous substances 
available in larger quantities they have to 
supply an extended safety data sheet. This 

requires them to develop risk manage-
ment measures (RMM) for specific tasks 
or scenarios. REACH uses the concept of 
“derived no-effect levels” (DNELs) as a 
benchmark for developing these RMMs. 

Theoretically, if you are implement-
ing the suggested RMMs properly you 

should be achieving that DNEL. So DNELs 
(and RMMs) have the same basic idea as 
developing control measures under CoSHH. 

In an ideal world, both REACH and 
CoSHH would lead to the same basic control 
measures. In reality, there will be a range of 
controls in many cases that lead to the same 
overall risk reduction effect.

For those of you who may be thinking 
that DNEL is like a WEL under CoSHH, 
it isn’t. WEL is something different and is 
mentioned in CoSHH as one of the legally 
enforceable standards against which ade-
quacy of exposure control by the employer 
is judged. A DNEL is not an exposure limit; 
it’s a benchmark.

WELs are a system of legally enforceable 
exposure standards. They are designed to 
keep people from becoming affected by haz-
ardous substances that they inhale in their 
working day. But they represent a time aver-
aged, uniform value — most commonly for 
eight hours. Workplace exposure measure-
ments need to be averaged too over the same 
timescale, compared to the WEL and action 
taken to maintain adequate control. n

This article was prepared for the 
National Examination Board in 
Occupational Safety and Health 
by Dr David Towlson

 +  ON THE SYLLABUS

Occupational exposure limits and specifically workplace exposure limits (WELs) are included 
in element B4: monitoring and measuring, of the NEBOSH National Diploma in Occupational 
Safety and Health.

Candidates are asked to explain WELs, how they are established and their application to 
the workplace. They are also asked to outline the strategies, methods and equipment for the 
sampling and measurement of airborne contaminants. They should be able to calculate eight 
hour equivalent time weighted average exposures from gathered data, compare these with long 
term exposure limits (LTELs) and evaluate whether further action is needed.

Students would be expected to understand such issues as the concept of exposure standards, 
the meaning of WELs, the status and use of EH40 and the significance in practice of STELs, LTELs 
and time weighted average values.
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