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EH40/2005 contains some material which is legally binding.

The Control of Substances Hazardous to Health Regulations 2002 impose 
requirements by reference to Table 1 of EH40/2005 and the Notices of Approval, 
which are therefore legally binding. Thus, if Table 1 or the Notices of Approval apply 
to your work activities, health and safety inspectors will expect you to be complying 
with these requirements and will, if necessary, take appropriate enforcement action. 

The remainder of EH40/2005 is guidance. This guidance is issued by the Health 
and Safety Executive. Following the guidance is not compulsory and you are free  
to take other action. But if you do follow the guidance you will normally be doing 
enough to comply with the law. Health and safety inspectors seek to secure 
compliance with the law and may refer to this guidance as illustrating good practice.
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Foreword
This 2011 edition replaces the previous version, first published in 2005 and takes 
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The 8-hour TWA for the following substances were withdrawn:

Chlorine■�‘
Nitric acid ■�‘

The short-term exposure limit (STEL) for the following substance was withdrawn:

Nitrobenzene  ■�‘

A ’Skin‘ notation was added for the following substances:

2-Aminoethanol ■�‘
Cyanamide ■�‘
2-(2-Methoxyethoxy) ethanol■�‘
Resorcinol  ■�‘

New and revised workplace exposure limits (WELs) in force 
from December 2011

On 18 December 2011, the European Commission’s third Directive on Indicative 
Occupational Exposure Limit Values (2009/161/EU)1 was implemented in Great 
Britain and Northern Ireland. 

This Directive requires Member States of the European Union to introduce domestic 
occupational exposure limits for the substances listed in the Annex to the Directive. 
Additionally, the level of the domestic limit must take account of the Indicative 
Occupational Exposure Limit Value (IOELV). 

The Health and Safety Executive has approved new and revised workplace 
exposure limits (WELs) required to implement the third IOELV Directive. 

Details of the changes that will come into force on 18 December 2011 can be 
summarised as follows: 

There were new entries for the following substances:

Bisphenol A■�‘
Mercury and divalent inorganic mercury compounds including mercuric oxide ■�‘
and mercuric chloride (measured as mercury)
Methyl acrylate■�‘
Sulphuric acid (mist)■�‘
Vinyl acetate ■�‘

New 8-hour time-weighted averages (TWAs) are introduced for:

Bisphenol A ■�‘
Mercury and divalent inorganic mercury compounds including mercuric oxide ■�‘
and mercuric chloride (measured as mercury)
Sulphuric acid (mist) ■�‘

New 8-hour time-weighted average (TWA) and short-term exposure limits (STELs) 
are required for the following substances:

Methyl acrylate■�‘
Vinyl acetate ■�‘
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The following substances require reductions to the existing workplace exposure 
limits (WELs):

Carbon Disulphide ■�‘
N,N-Dimethylformamide■�‘
1,4-Dioxane■�‘
2-Ethoxyethanol■�‘
2-Ethoxyethyl acetate■�‘
Ethyl acrylate (STEL only)■�‘
2-Methoxyethanol■�‘
2-Methoxyethyl acetate■�‘
n-Methyl-2-pyrrolidone ■�‘

The STEL for 1,4-dioxane is removed.

The WEL is increased for:

Tertiary-butyl-methyl-ether ■�‘

A STEL is introduced for:

Phenol■�‘
 
The exisitng 8-hour time-weighted average WEL is removed and the existing STEL 
is reduced for:

Methyl isocyanate ■�‘

Transitional arrangements

The Chemicals (Hazard Information and Packaging for supply) Regulations will 
gradually be replaced by the European Regulation on Classification, Labelling and 
Packaging of Substances and Mixtures - known as the CLP Regulation. The CLP 
Regulation provides a transitional period to allow a gradual migration from the 
existing system to the new regime. The transitional period ran to 1 December 2010 
for substances, and continues until 1 June 2015 for mixtures (preparations). 

The transitional period will end on 1 June 2015 when the CLP Regulation enters 
fully into force. More information can be found on the HSE CLP website  
www.hse.gov.uk/ghs/eureg.htm
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WELs and the Control of Substances Hazardous to Health 
Regulations 2002 (as amended) (COSHH)

7	 Substances that have been assigned a WEL are subject to the requirements of 
COSHH.3 These Regulations require employers to prevent or control exposure to 
hazardous substances. For further information go to www.hse.gov.uk/coshh. Under 
COSHH, control is defined as adequate only if a) the principles of good control 
practice are applied, b) any WEL is not exceeded and c) exposure to asthmagens, 
carcinogens and mutagens are reduced as low as is reasonably practicable.

8	 The absence of a substance from the list of WELs does not indicate that it is 
safe. For these substances, exposure should be controlled to a level to which 
nearly all the working population could be exposed, day after day at work, without 
any adverse effects on health.

9	 As part of the assessment required under regulation 6 of COSHH, employers 

enm Tf
10 0b-28(to )-fficiMC 
/Span0 0 10 406.4952 6avail6 Tmevel Lu1 1 COSHH.
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List of workplace exposure limits 
(WELs)
14	 The system of nomenclature for the substances listed below is based mainly on 
the convention adopted by the International Union of Pure Applied Chemistry 
(IUPAC). Where this is not the case, the substances will be flagged:

INN■�‘  International Non-proprietary Name;
ISO■�‘  International Organisation for Standardisation. 

15	 For the purposes of these limits, respirable dust and inhalable dust are those 
fractions of airborne dust which will be collected when sampling is undertaken in 
accordance with the methods described in MDHS14/3 General methods for 
sampling and gravimetric analysis of respirable and inhalable dust.6

16	 Where no specific short-term exposure limit is listed, a figure three times the 
long-term exposure limit should be used.

Annotations

BMGV	 Biological monitoring guidance values are listed in Table 2.

Carc 	 Capable of causing cancer and/or heritable genetic damage. See 			
		  paragraphs 49–51. 

Sen	 Capable of causing occupational asthma. See paragraphs 53–56.

Sk		  Can be absorbed through the skin. The assigned substances are those  
		  for which there are concerns that dermal absorption will lead to systemic 		
		  toxicity.
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Table 1: List of approved workplace exposure 
limits (as consolidated with amendments, 
December 2011)
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SubstanceCAS NumberWorkplace exposure limitCommentsThe Carc, Sen and Sk notations are not exhaustive. Notations have been applied to substances identified in IOELV Directivesppmmg.m-3ppmmg.m-3Aluminium oxides   inhalable dust   respirable dust1344-28-1--104----Aluminium salts, soluble-2--2-Aminoethanol141-43-512.537.6SkAmmonia, anhydrous7664-41-725183525Ammonium chloride, fumeAide, fume-



Health and Safety  
Executive

EH40/2005 Workplace Exposure Limits 	 Page 13 of 74

Substance CAS Number Workplace exposure limit Comments

Long-term exposure 
limit  
(8-hr TWA reference 
period

Short-term 
exposure limit  
(15 minute 
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Substance CAS Number Workplace exposure limit Comments

Long-term exposure 
limit  
(8-hr TWA reference 
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Substance CAS Number Workplace exposure limit Comments

Long-term exposure 
limit  
(8-hr TWA reference 
period

Short-term 
exposure limit  
(15 minute 
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Substance CAS Number
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Substance CAS Number Workplace exposure limit Comments

Long-term exposure 
limit  
(8-hr TWA reference 
period

Short-term 
exposure limit  
(15 minute 
reference period)
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Flour dust
25	 Flour dust is taken to be finely ground particles of cereals or pulses (including 
contaminants) that result from any grinding process and from any subsequent 
handling and use of that ‘flour’. Any additives (eg flour improvers) are included in 
this definition only after they have been added to the final product mix.

Grain dust
26	 Grain dust is taken to be dust arising from the harvesting, drying, handling, 
storage or processing of barley, wheat, oats, maize and rye, including 
contaminants.

Halogeno-platinum compounds
27	 These are co-ordination compounds in which a platinum atom or ion is directly 
co-ordinated to one or more halide (ie fluoride, chloride, bromide or iodide) ions. 
These compounds are subject to a WEL and have a Sen notation. These 
substances are listed in section C of Asthmagen? Critical assessments of the 
evidence for agents implicated in occupational asthma.7

28	 For substances which, although they contain platinum and halide ions, the 
halogen is not directly co-coordinated by a chemical bond to the platinum, the WEL 
for soluble platinum compounds is applicable.

Machine-made mineral fibres (MMMF)
29	 Machine-made (formerly ‘man-made’) mineral fibres are defined as man-made 
vitreous (silicate) fibres with random orientation with alkaline oxide and alkali earth 
oxide (Na2O+K2O+CaO+MgO+BaO) content greater than 18% by weight. Neither 
the gravimetric limit nor the fibres in air limits should be exceeded. Fibre 
concentrations of MMMFs must be measured or calculated by a method approved 
by HSE.

30	 A separate limit applies to other MMMFs which are not covered by this 
definition (see paragraph 32).

Pulverised fuel ash
31	 Pulverised fuel ash (PFA), sometimes known as precipitation ash, is a fine grey 
fuel ash powder, composed mainly of alumino-silicate amorphous spheres. It is 
produced when pulverised coal is burnt in a coal-fired power station. It is collected 
and separated into various grades for use as a filler in civil engineering and land 
reclamation, in ready-mix concrete, as a grout in block/cementitious products and 
in the manufacture of other products used by the construction industry.

Refractory ceramic fibre (RCF)
32	 RCFs are man-made vitreous (silicate) fibres with random orientation with 
alkaline oxide and alkali earth oxide (Na2O+K2O+CaO+MgO+BaO) content less or 
equal to 18% by weight. The term ‘RCF’ also includes non-oxide ceramic fibre such 
as boron and silicon carbides and nitrides. Fibre concentrations of RCF must be 
measured or calculated by a method approved by HSE.

Rubber fume and rubber process dust
33	 Rubber fume is fume evolved in the mixing, milling and blending of natural 
rubber or synthetic elastomers, or of natural rubber and synthetic polymers 
combined with chemicals, and in the processes which convert the resultant blends 
into finished process dust products or parts thereof, and including any inspection 
procedures where fume continues to be evolved.
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34	 The limit relates to cyclohexane soluble material determined by the method 
described in MDHS47/28 Determination of rubber process dust and rubber fume  
in air.

35	 Rubber process dust is dust arising in the stages of rubber manufacture where 
ingredients are handled, weighed, added to or mixed with uncured material or 
synthetic elastomers. It does not include dusts arising from the abrasion of cured 
rubber.

36	 Where the airborne material contains a mixture of substances, one or more of 
which is assigned a WEL, that limit will apply to the individual substance and at the 
same time the rubber process dust limit will apply to the mix dust as a whole. 
Where the airborne material is effectively a single substance with a WEL, that limit 
alone will apply.

37	 Methods for personal sampling and measurement of inhalable dusts are 
available in MDHS14/36 and MDHS47/2.8 As with the fume, the dust is determined 
gravimetrically but, unlike the fume, the dust determination does not involve solvent 
extraction.

Note:  Dust produced by the abrasion of cured rubber should be dealt with as 
described in paragraphs 44–47, ie dust of any kind when present at a substantial 
concentration in air is covered by COSHH.

Subtilisins
38	 Subtilisins are proteolytic enzymes derived from Bacillus subtilis. They are used 
in biological washing powders, animal feedstuffs etc. The enzyme preparation 
contains active enzyme, inactive enzyme and protein residues.  

39	 One of the suitable measurement methods is the fluorescence polarisation 
technique developed by the Health and Safety Laboratory (HSL). The previous limit 
for subtilisin was based on high-volume static sampling to achieve sufficient 
sensitivity. However, improvements in the analytical methodology have improved 
the sensitivity and the WEL for subtilisin reflects this. The limit is based on standard 
personal sampling (MDHS14/3).6 Short-term reference period (15 minute) sampling 
is not appropriate.

Talc
40	 Talc is defined as the mineral talc together with other hydrous phyllosilicates 
including chlorite and carbonate materials which occur with it, but excluding 
amphibole asbestos and crystalline silica.

Wood dust 
41	 Wood dust is a general term covering a wide variety of airborne wood dusts. 
Timbers have been divided into two different groups, namely hardwoods and 
softwoods. Hardwoods are timbers from deciduous trees, including trees from both 
temperate and tropical zones such as beech, ash, oak, mahogany and teak. 
Softwoods are mainly from coniferous trees such as Scots pine, yew and cedar.

42	 Dust is generated by the machining and working of wood and wood-containing 
materials such as chipboard and fibreboard. Operations such as sawing, turning 
and routing produce relatively coarse dust, while sanding and assembly operations 
generate fine dust.

Wool process dust 
43	 Wool process dust is the term used to describe the dust generated in the 
production of woollen and worsted textiles. This includes all factory processes from 
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(b) 	any substance or preparation listed in Schedule 1 and any substances or 
preparation arising from a process specified in Schedule 1 which is a substance 
hazardous to health. 

This definition also covers substances and preparations which would require 
labelling with the risk phrases R45, R46 or R49 if they were not exceptions to, all or 
part of, the Chemicals (Hazard Information and Packaging for Supply) Regulations 
2009.9 Examples of these exceptions are medicines, unpackaged substances and 
substances being moved around within a factory.

50	 The substances, preparations and processes defined as carcinogens or 
mutagens for the purpose of the COSHH Regulations and to which the special 
provisions for carcinogens and mutagens in the COSHH Regulations apply, are 
listed in Table 3.2 of Part 3 of annex vi of the Classification, Labelling and 
Packaging Regulation (CLP Regulation),10 and the COSHH ACOP.4

51	 A list of the other substances and processes to which the definition of 
‘carcinogen’ relates is given below:

(a) 	aflatoxins;
(b) 	arsenic;
(c)	 auramine manufacture;
(d)	 calcining, sintering or smelting of nickel copper matte or acid leaching or electro 

refining of roasted matte;
(e)	 coal soots, coal tar, pitch and coal tar fumes;
(f) 	 hardwood dusts;
(g) 	isopropyl alcohol manufacture (strong acid process);
(h)	 leather dust in boot and shoe manufacture, arising during preparation and 

finishing;
(i) 	 magenta manufacture;
(j) 	 mustard gas (ß,ß’-dichlorodiethyl sulphide);
(k) 	 rubber manufacturing and processing giving rise to rubber process dust and 

rubber fume;
(l) 	 used engine oils;
(m)	the following polychlorodibenzodioxins: 

(i) 	 2,3,7,8-TCDD, 
(ii) 	 1,2,3,7,8-PeCDD, 
(iii) 	1,2,3,4,7,8-HxCDD, 
(iv) 	1,2,3,6,7,8-HxCDD, 
(v) 	 1,2,3,7,8,9-HxCDD, 
(vi) 	1,2,3,4,6,7,8-HpCDD, 
(vii)	OCDD;

(n)	 the following polychlorodibenzofurans: 
(i) 	 2,3,7,8-TCDF, 
(ii) 	 2,3,4,7,8-PeCDF, 
(iii) 	1,2,3,7,8-PeCDF, 
(iv) 	1,2,3,4,7,8-HxCDF, 
(v) 	 1,2,3,7,8,9-HxCDF, 
(vi) 	1,2,3,6,7,8-HxCDF, 
(vii)	2,3,4,6,7,8-HxCDF 
(viii)	1,2,3,4,6,7,8-HpCDF, 
(viiii)	1,2,3,4,7,8,9-HpCDF, 
(x) 	 OCDF, 

where T=tetra, Pe=penta, Hx=hexa, Hp=hepta and O=Octa.
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averaging period for the short-term exposure limit is normally 15 minutes, such a 
limit applying to any 15-minute period throughout the working shift. Exposure to 
substances hazardous to health should be calculated according to the approved 
method, which is reproduced in the section ‘Calculation methods’.

Units of measurement

67	 In workplace exposure limits, concentrations of airborne particles (fume, dust 
etc) are usually expressed in mg.m-3. In the case of dusts, the limits in Table 1 refer 
to the ‘inhalable’ fraction unless specifically indicated as referring to the ‘respirable’ 
fraction (see paragraphs 44–47). Exceptionally, the limits for MMMFs and for RCFs 
can be expressed either as mg.m-3 or as fibres per millilitre of air (fibres.ml-1). 
Workplace exposure limits for volatile substances are usually expressed in both 
parts per million by volume (ppm) and milligrams per cubic metre (mg.m-3). For 
these substances, limits are set in ppm, and a conversion to mg.m-3 is calculated. 
The value in mg.m-3 for a given concentration in ppm depends on the temperature 
and pressure of the ambient air, which in reality vary over time. Therefore, 
conversion calculations are based on a standard set of typical conditions.

Conversion and rounding of WELS expressed in ppm to mg.m -3

68	 The limits in Table 1 have been calculated from first principles, using the 
following method.

WEL in mg.m-3 = WEL in ppm x MWt 

          

where MWt is the molecular weight (molar mass in g.mol-1) of the substance.

Note that 24.05526 l.mol-1 is the molar volume of an ideal gas at 20 ºC and 
1 atmosphere pressure (760 mm mercury, 101325 Pa, 1.01325 bar).

69	 The results have been rounded using the following procedure:

Range containing the newly 		  Round to:  
calculated WEL (in mg.m -3) 

Less than 0.1				    1 significant figure

0.1 to less than 100 			   2 significant figures

100 or over				    3 significant figures

Calculation of exposure

70	 Exposure to substances hazardous to health should be calculated according to 
the approved method. The calculated exposure should then be compared with the 
workplace exposure limits for that substance for the purposes of determining 
compliance with COSHH, regulation 7. Where a WEL is listed both for a long-term 
reference period and a short-term reference period, it will be necessary to compare 
the calculated exposures appropriately with both workplace exposure limits.

24.05526
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Limitations to the application of exposure limits

71	 The exposure limits relate to personal monitoring. 

Other factors

72	 Working conditions which impose additional stress on the body, such as 
exposure to ultra-violet radiation, high temperatures, pressures and humidity, may 
increase the toxic response to a substance. In such cases, specialist advice may be 
necessary to evaluate the effects of these factors.

Absorption through the skin

73	 For most substances, the main route of entry into the body is by inhalation and 
the exposure limits given in this booklet relate solely to exposure by this route. 
However, some substances have the ability to penetrate intact skin and become 
absorbed into the body, thus contributing to systemic toxicity. 

74	 Absorption through the skin can result from localised contamination, for example, 
from a splash on the skin or clothing, or in certain cases from exposure to high 
atmospheric concentrations of vapour. This may result in a substantial body burden 
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Calculation methods 
Calculation of exposure with regard to the specified reference 
periods

75	 This section reproduces the approved methods for the calculation of exposure 
in relation to the 8-hour, short-term and one-year reference periods. These 
methods are legally binding because they have been approved by the 
Health and Safety Commission.

Notice of Approval

The Health and Safety Commission has on 9 November 2004 approved the 
methods of calculation set out in the Schedule to this Notice for the purpose of 
determining exposure in relation to the reference periods for workplace 
exposure limits as specified in regulation 2(1) of the Control of Substances 
Hazardous to Health Regulations 2002 (as amended) and occupational 
exposure limit for lead as specified in regulation 2(1) of the Control of Lead at 
Work Regulations 2002.

Signed

SUSAN MAWER 
Secretary to the Health and Safety Commission 
9 November 2004

The Health and Safety Commission (HSC) and the Health and Safety Executive 
(HSE) merged on 1 April 2008 to form a single national regulatory body. From 
that date, the Health and Safety Executive became responsible for approving 
Codes of Practice, with the consent of the Secretary of State.
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Example 3
5	
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Example 5
7	 The operator works a 12-hour shift each day for five days, and then has seven 
days’ rest. The exposure limits are based on an 8-hour reference period in each 
24 hours in which an exposure occurs; the seven days’ rest makes no difference. 
While at work, the operator is exposed to 4 mg.m-3.
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Schedule

1	 The method shall measure the exposure of employees by sampling in the 
breathing zone of the employee exposed.

2	
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Monitoring exposure
77	 Regulation 10 of COSHH imposes a duty to monitor the exposure of employees 
to substances hazardous to health in certain specified situations. Further advice on 
these requirements may be found in the guidance on monitoring of exposure in the 
COSHH ACOP.4

Personal/workplace air monitoring

78	 Sampling strategies may involve measurement of the hazardous substance in 
the breathing zone of the worker (personal sampling) or in the workplace air. Details 
of routine sampling strategies for individual substances are outside the scope of this 
document. However, advice is available in Monitoring strategies for toxic 
substances15 which provides practical guidance on monitoring substances 
hazardous to health in air.

79	 Methods for the sampling and analysis of many substances which have been 
assigned WELs are described in the HSE series ‘Methods for the Determination of 
Hazardous Substances’ (MDHS). The series also incorporates publications of a 
more general nature such as method validation protocols and guidance on 
analytical quality assessment and control.

Biological monitoring (see also Table 2)

80	 Biological monitoring can be a very useful complementary technique to air 
monitoring when air sampling techniques alone may not give a reliable indication of 
exposure. Biological monitoring is the measurement and assessment of hazardous 
substances or their metabolites in tissues, secretions, excreta or expired air, or any 
combination of these, in exposed workers. Measurements reflect absorption of a 
substance by all routes. Biological monitoring may be particularly useful in 
circumstances where there is likely to be significant skin absorption and/or 
gastrointestinal tract uptake following ingestion; where control of exposure depends 
on respiratory protective equipment; where there is a reasonably well-defined 
relationship between biological monitoring and effect; or where it gives information 
on accumulated dose and target organ body burden which is related to toxicity.

81	 Biological monitoring guidance values (BMGVs) are set where they are likely to 
be of practical value, suitable monitoring methods exist and there are sufficient data 
available. The type of data that are available will vary between substances and 
therefore the route taken to deriving the BMGV will vary between substances. 
BMGVs are either based on a relationship between biological concentrations and 
health effects, between biological concentrations and exposure at the level of the 
WEL or are based on data collected from a representative sample of workplaces 
correctly applying the principles of good occupational hygiene practice. 

82	 BMGVs are non-statutory and any biological monitoring undertaken in 
association with a guidance value needs to be conducted on a voluntary basis (ie 
with the fully informed consent of all concerned). BMGVs are intended to be used 
as tools in meeting the employer’s primary duty to ensure adequate control under 
COSHH. Where a BMGV is exceeded, it does not necessarily mean that any 
corresponding airborne standard has been exceeded nor that ill health will occur.  
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Of course, that is not necessarily to say that because biological monitoring results 
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Mixed exposures 
WELs for mixtures

83	 The majority of WELs listed in EH40 are for single compounds or for 
substances containing a common element or radical, for example, ‘tungsten and 
compounds’, and ‘isocyanates’. A few of the WELs relate to substances commonly 
encountered as complex mixtures or compounds, for example ‘rubber fume’. The 
WELs for complex mixtures such as rubber fume and hydrocarbon solvents (see 
paragraph 84) are without prejudice to any WELs for individual components. If the 
Safety Data Sheet lists a substance with a WEL, the employer should ensure that 
the WEL is not exceeded. If the substance is one to which a ‘Carc’ or ‘Sen’ 
notation has been applied or which is assigned one of the risk phrases R42, 
R42/43, R45, R46, R49, or is listed in Schedule 1 of the COSHH Regulations, or in 
section C of Asthmagen? Critical assessments of the evidence for agents 
implicated in occupational asthma,7 or is a substance which the risk assessment 
has shown to be a potential cause of occupational asthma, there is a requirement 
to reduce exposure as low as is reasonably practicable. This requirement applies 
regardless of whether or not the substance has a WEL. 

Hydrocarbon solvents

84	 Hydrocarbon solvents are normally supplied as complex mixtures. To assist 





Health and Safety  
Executive

EH40/2005 Workplace Exposure Limits 	 Page 49 of 74

   1             =         52/100         +         27/100         +         10/10  
OELsol                      1200                       800                        500

1/100         +         10/100  
  220                        125 

    1            =         1.816 x 10-3 
OELsol 

OELsol         =         551 mg.m-3 

rounded to the nearest 50 gives an OEL for this particular brand of white spirit of 
550 mg.m-3.

Effects of mixed exposures

88	 In the workplace, workers are frequently subject to a variety of mixed exposures 
involving solid or liquid aerosols or gases. These can arise as a result of work with 
materials containing a mixture of substances, or from work with several individual 
substances, simultaneously or successively, in a work shift. Mixed exposures 
require careful assessment of their health effects and the appropriateness of control 
standards. The following paragraphs provide a brief summary of the advice on the 
application of WELs in these circumstances. In all cases of doubt, specialist advice 
should be sought.

89	 The ways in which the constituent substances of a mixed exposure interact 
vary considerably. Some mixed exposures involve substances that act on different 
body tissues or organs, or by different toxicological mechanisms, these various 
effects being independent of each other. Other mixtures will include substances 
that act on the same organs, or by similar mechanisms, so that the effects reinforce 
each other and the substances are additive in their effect. In some cases, the 
overall effect is considerably greater than the sum of the individual effects, and is 
synergistic. This may arise from mutual enhancements of the effects of the 
constituents or because one substance potentiates another, causing it to act in a 
way which it would not do alone.

Risk assessment and control

90	 With all types of mixed exposures it is essential that assessments should be 
based on the concentrations of each of the constituents in air to which workers are 
exposed. Depending on the nature of the constituents and the circumstances of 
use, the relative concentrations of the constituents in air may differ considerably 
from those in the liquid or solid source material. The composition of the bulk 
material should not be relied on for assessment unless there is good evidence for 
doing so.

91	 Where mixed exposures occur, the first step is to ensure adequate control of 
exposure for each individual substance, as explained in schedule 2A of the COSHH 
ACOP.4 WELs for defined mixtures should be used only where they are applicable 
and in addition to any relevant individual WELs. They should not be extended to 
inappropriate situations. It is then necessary to assess whether further control is 
needed to counteract any increased risk from the substances acting in conjunction. 
Expert assessments for some particular mixed exposures may be available and can 
be used as guidelines in similar cases. In other cases, close examination of the 
toxicological data will be necessary to determine which of the main types of 
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interaction (if any) are likely for the particular combination of substances concerned; 
the various types should be considered in the following order:

(a)	 Synergistic substances : Known cases of synergism and potentiation are 
considerably less common than the other types of behaviour in mixed exposures. 
However, they are the most serious in their effects and require the most strict 
control. They are also the most difficult to assess and wherever there is reason to 
suspect such intervention, specialist advice should be obtained;

(b)	 Additive substances : Where there is reason to believe that the effects of the 
constituents are additive, and where the WELs are based on the same health 
effects, the mixed exposure should be assessed by means of the formula:  

C1/L1 + C2/L2 +C3/L3…<1 

where C1, C2 etc are the time-weighted average (TWA) concentrations of 
constituents in air and L1, L2 are the corresponding WELs. Where the sum of the 
C/L fractions does not exceed 1, the exposure is considered not to exceed the 
notional exposure limit. The use of this formula is only applicable where L1, L2 etc 
relate to the same reference period in the list of approved WELs. This formula is not 
applicable where the lead health effect is cancer or asthma, ie substances to which 
a ‘Carc’ or ‘Sen’ notation has been applied; or to which one of the risk phrases 
R42, R42/43, R45, R46, R49 has been assigned; or to substances listed in 
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that substance should always be reduced so far as is reasonably practicable. 
Monitoring should be under the guidance of suitable specialist advice.

Complicating factors

94	 Several factors that complicate the assessment and control of exposure to 
individual substances will also affect cases of mixed exposures and will require 
similar special consideration. Such factors include:

(a)	 exposure to a substance for which there is no WEL (see Schedule 2A of the 
COSHH ACOP);4

(b) 	the relevance of such factors as alcohol, medication, smoking and additional 
stresses;

(c)	 exposure of the skin to one or more substances that can be absorbed by this 
route as well as by inhalation (see Schedule 2A of the COSHH ACOP);4 and 

(d)	 substances in mixtures may mutually affect the extent of their absorption, as 
well as their health affects, at a given level of exposure. 

In each of these circumstances specialist advice should be obtained.
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Table 2: Biological monitoring guidance 
values (BMGVs)

Substance Biological monitoring guidance values Sampling time

Butan-2-one 70 µmol butan-2-one/L in urine
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List of synonyms

Substance  Name it is listed by in Table 1

�_-chloropropylene oxide 1-Chloro-2,3-epoxypropane (Epichlorohydrin)

(Diethylamine)ethane Triethylamine

(S)-3-(1-Methyl-2-pyrrolidinyl)pyridine Nicotine

1-(1-methylethyl)amino-3-(1-naphthalenoxy)
propan-2-ol

Propranolol

1,1,1-trifluoro-2,2-chlorobromoethane Halothane

1,1’-Azobiscarbamide 	 Azodicarbonamide

1,1’-Azobisformamide Azodicarbonamide

1,1-Dichloroethylene 	 Vinylidene chloride

1,1’-Dimethyl-4,4’-Bipyridinium dichloride Paraquat dichloride (ISO)

1,1-oxybisethane Diethyl ether

1,2,3,4,7,7-Hexachloro-1,5,5a,6,9,9a-hexahydro-
6,9-methano-2,4,3-benzodioxathiepin-3-oxide 

Endosulfan (ISO)

1,2,3-Trimethylbenzene 	 1,2,3-Trimethylbenzene

1,2,4-Benzenetricarboxylic anhydride	 Trimellitic anhydride

1,2,4-TCB 	 1,2,4-Trichlorobenzene

1,2,4-Trimethylbenzene 	 1,2,4-Trimethylbenzene

1,2-Benzenedicarboxylic acid dinonyl ester Dinonyl phthalate

1,2-Benzenedicarboxylic acid, di-2-propenyl ester Diallyl phthalate

1,2-Benzenedicarboxylic anhydride 	 Phthalic anhydride

1,2-Benzenediol Pyrocatechol

1,2-Bis(ethoxycarbonyl)ethyl O,O-dimethyl 
phosphorodithioate

Malathion (ISO)

1,2-Dichloroethene 1,2-Dichloroethylene, cis:trans isomers 60:40

1,2-Dichlorotetrafluoroethane	 Cryofluorane (INN)

1,2-Dihydroxybenzene	 Pyrocatechol

1,2-Dihydroxyethane 	 Ethane-1,2-diol

1,2-Dihydroxypropane Propane-1,2-diol

1,2-Epoxypropane Propylene oxide

1,2-Ethanediol Ethane-1,2-diol

1,3,5-Triglycidyl isocyanurate Triglycidyl isocyanurate (TGIC)

1,4,7-Tri-(aza)-heptane 2,2’-Iminodi(ethylamine)
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Substance Name it is listed by in Table 1

1,4-Benzenediamine p-Phenylenediamine

1,4-Diaminobenzene p-Phenylenediamine

1,4-Diazacyclohexane Piperazine

1,4-Dihydroxybenzene Hydroquinone

1,4-Epoxybutane Tetrahydrofuran

1,7,7-Trimethylnorcamphor Bornan-2-one

1-Acteoxyethylene Vinyl acetate

1-Amino-2-methylbenzene o-Toluidine

1-Aminoethane  Ethylamine

1-Chloro-2,2,2-trifluoroethyldifluoromethyl ether Isoflurane

1-Isopropylamino-3-(1-naphthyloxy)propan-2-ol Propranolol

1-Methoxy-2-propanol acetate 1-Methoxypropyl acetate

1-Methoxypropylacetate-2-acetic acid 1-Methoxypropyl acetate

1-Methyl-2-aminobenzene o-Toluidine

1-methyl-2-pyrrolidinone  1-Methyl-2-pyrrolidone

1-Methylethylbenzene Cumene

1-pentyl acetate
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Substance Name it is listed by in Table 1

2-Methoxy-2-methylpropane Methyl- tert-butyl ether

2-Methyl-1-propyl acetate
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Substance  Name it is listed by in Table 1

Acetic acid dimethylamide
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Substance Name it is listed by in Table 1

Arsenic and arsenic compounds except arsine  
(as As)

Arsenic and arsenic compounds except arsine 
(as As)

Arsenic trihydride Arsine

Arylamine Aniline

Asphalt, petroleum fumes Asphalt, petroleum fumes

Aspirin o-Acetylsalicylic acid

Azabenzene Pyridine

Azacyclohexane Piperidine

Barite Barium sulphate

Barium compounds Barium compounds

Barytes Barium sulphate

BCME Bis(chloromethyl ether)

Benzenamine Aniline

Benzene chloride Chlorobenzene 

Benzol Benzene 

Benzoyl peroxide Dibenzoyl peroxide

Beryllium and beryllium compounds (as Be) Beryllium and beryllium compounds (as Be)

Beta-propanolol Propranolol

Bicyclo(2,2,1)heptan-2-one Bornan-2-one

Bismuth telluride Dibismuth tritelluride

Bisphenol A4 Bisphenol A

Bladafum Sulfotep (ISO)

Blanc fixe Barium sulphate

Borates, (tetra) sodium salts Disodium tetraborate, anhydrous

Borates, (tetra) sodium salts Disodium tetraborate, decahydrate

Borates, (tetra) sodium salts Disodium tetraborate, pentahydrate

Boron oxide Diboron trioxide

Boron tribromide Boron tribromide

Bromine Bromine 

Butane Butane

Butanone Butan-2-one (methyl ethyl ketone)

Butyl acrylate n-Butyl acrylate

Butyl benzyl phthalate Benzyl butyl phthalate

Butyl cellosolve 2-Butoxyethanol

Butyl cellosolve acetate 2-Butoxyethyl acetate

Butyl ethyl ketone Heptan-3-one

Butyl glycol 2-Butoxyethanol

Butyl glycol acetate 2-Butoxyethyl acetate

Butyl methyl ketone Hexan-2-one

Butyl oxitol 2-Butoxyethanol



Health and Safety  
Executive

EH40/2005 Workplace Exposure Limits 	 Page 58 of 74

Substance Name it is listed by in Table 1

Butyl phosphate Tributyl phosphate, all isomers

Butylated hydroxytoluene 2,6-Di-tert-butyl- p-cresol

Butylene oxide Tetrahydrofuran

Butylglycol acetate 2-Butoxyethyl acetate

C,C’-azodi(formamide) Azodicarbonamide

Cadmium and cadmium compounds except 
cadmium oxide fume, cadmium sulphide and 
cadmium sulphide pigments (as Cd)

Cadmium and cadmium compounds except 
cadmium oxide fume, cadmium sulphide and 
cadmium sulphide pigments (as Cd)

Cadmium oxide fume (as Cd) Cadmium oxide fume (as Cd)

Cadmium sulphide and cadmium sulphide 
pigments (respirable dust (as Cd))

Cadmium sulphide and cadmium sulphide 
pigments (respirable dust (as Cd))

Caesium hydroxide Caesium hydroxide

Calcite Marble

Calcium carbonate Calcium carbonate

Calcium cyanamide Calcium cyanamide

Calcium hydroxide Calcium hydroxide

Calcium oxide Calcium oxide

Calcium silicate Calcium silicate

Calcium sulphate Gypsum

Calcium sulphate Plaster of Paris

Camphor, synthetic Bornan-2-one

Caprolactam 1,6-Hexanolactam (e-caprolactam)

Carbamaldehyde Formamide

Carbimides Isocyanates

Carbodiimide Cyanamide

Carbon bisulphide Carbon disulphide

Carbon black Carbon black

Carbon oxychloride Phosgene

Carbonic anhydride Carbon dioxide 

Carbonic oxide Carbon monoxide

Carbonimides Isocyanates

Carbonyl chloride Phosgene

Carbylamines Isocyanates

Catechol Pyrocatechol

Cellosolve 2-Ethoxyethanol

Cellosolve acetate 2-Ethoxyethyl acetate

Cellulose Cellulose (pure) 

Cement dust Portland cement

CFC-114 Cryofluorane (INN)

Chlorinated biphenyls Polychlorinated biphenyls (PCB)
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Substance Name it is listed by in Table 1

Chlorine Chlorine

Chlorine (IV) oxide Chlorine dioxide

Chlorine oxide Chlorine dioxide

Chlorine peroxide Chlorine dioxide

Chloroacetic acid Monochloroacetic acid

Chlorobenzol Chlorobenzene 

Chlorocyanogen



Health and Safety  
Executive

EH40/2005 Workplace Exposure Limits 	 Page 60 of 74

Substance Name it is listed by in Table 1

Diazenedicarboxamide Azodicarbonamide

Dibutyl phthalate Dibutyl phthalate

Dichloroacetylene Dichloroacetylene

Dicyclohexyl phthalate Dicyclohexyl phthalate

Diethyl ketone Pentan-3-one

Diethyl oxide Diethyl ether

Diethyl phthalate Diethyl phthalate

Diethylene glycol 2,2’-Oxydiethanol

Diethylene imidoximine Morpholine 

Diethylene oxide Tetrahydrofuran

Diethylene oximine Morpholine 

Diethylene triamine 2,2’-Iminodi(ethylamine)

Diethylenediamine Piperazine

Diethylenediamine dihydrochloride Piperazine dihydrochloride

Diethyleneimine Piperazine 

Difluorochloromethane Chlorodifluoromethane

Diisobutyl ketone 2,6-Dimethylheptan-4-one

Diisobutyl phthalate Diisobutyl phthalate

Diisodecyl phthalate Diisodecyl phthalate

Diisononyl phthalate Diisononyl phthalate

Diisooctyl phthalate Diisooctyl phthalate

Diisopropylamine Diisopropylamine

Dihydrogen sulphate Sulphuric acid

Dimethyl ketone Acetone

Dimethyl phthalate Dimethyl phthalate

Dimethyl sulphate Dimethyl sulphate

Dimethylbenzene Xylene, o-,m-,p-  or mixed isomers

Dimethylethanolamine Dimethylaminoethanol

Dimethylethylamine N,N-Dimethylethylamine

Dimethylnitromethane 2-Nitropropane

Di-n-butyl phosphate Dibutyl hydrogen phosphate

Dinitrobenzene, all isomers Dinitrobenzene, all isomers

Dinitrogen monoxide Nitrous oxide

Diothionic acid Sulphuric acid

Dioxan 1,4-Dioxane

Diphenylamine Diphenylamine

Dipropylene glycol methyl ether (2-methoxymethylethoxy) propanol

Dipropylene glycol monomethyl ether (2-methoxymethylethoxy) propanol

Dipropylmethane n-Heptane
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Substance Name it is listed by in Table 1

Dipyrido[1,2-a:2’,1’-c]pyrazinediium, 6,7-dihydro-, 
dibromide

Diquat dibromide (ISO)

Di-sec-octyl phthalate Bis(2-ethylhexyl) phthalate

Dithiocarbonic anhydride Carbon disulphide

Dithiofos Sulfotep (ISO)

Dithiophosphoric acid, tetraethyl ester Sulfotep (ISO)

Dithiotep Sulfotep (ISO)

Divanadium pentoxide Vanadium pentoxide

DMA NN-Dimethylacetamide

DMAc NN-Dimethylacetamide

DMAE Dimethylaminoethanol

DME Dimethyl ether

DMEA Dimethylaminoethanol

DMF Dimethylformamide

DMS Dimethyl sulphate

DPGME (2-methoxymethylethoxy) propanol

Dursban Chlorpyrifos (ISO)

EAK 5-Methylheptan-3-one

E
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Substance Name it is listed by in Table 1

Ethyl acetate ester Ethyl acetate

Ethyl alcohol Ethanol

Ethyl aldehyde Acetaldehyde

Ethyl amyl ketone 5-Methylheptan-3-one

Ethyl butyl ketone Heptan-3-one

Ethyl chloride Chloroethane

Ethyl chlorocarbonate
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Substance Name it is listed by in Table 1

MDA 4,4’-Methylenedianiline

m-Dihydroxybenzene Resorcinol 

Mecrylate Methyl cyanoacrylate

MEK Butan-2-one (methyl ethyl ketone)

MEKP Methyl ethyl ketone peroxides (MEKP)

Methacide Toluene

Methacrylic acid methyl ester Methyl methacrylate

Methanal Formaldehyde

Methanamide Formamide

Methane trichloride Chloroform

Methanoic acid Formic acid 

Methoxycarbonylethylene Methyl acrylate

Methyl 2-methyl-2-propenoate Methyl methacrylate

Methyl acetate Methyl acetate

Methyl alcohol Methanol

Methyl aldehyde Formaldehyde

Methyl bromide Bromomethane

Methyl butyl ketone Hexan-2-one

Methyl cellosolve 2-Methoxyethanol

Methyl cellosolve acetate 2-Methoxyethyl acetate

Methyl chloride Chloromethane

Methyl chloroform 1,1,1-Trichloroethane

Methyl ester Methyl methacrylate

Methyl ether Dimethyl ether

Methyl ethyl ketone Butan-2-one (methyl ethyl ketone)

Methyl ethylene oxide Propylene oxide

Methyl iodide Iodomethane

Methyl isoamyl ketone 5-Methylhexan-2-one

Methyl isobutyl carbinol 4-Methylpentan-2-ol

Methyl isobutyl ketone 4-Methyl-pentan-2-one

Methyl ketone Acetone

Methyl mercaptan Methanethiol

Methyl n-butyl ketone Hexan-2-one

Methyl phosphite Trimethyl phosphite

Methyl propenoate Methyl acrylate

Methyl propyl ketone Pentan-2-one

Methyl-1,1-dimethethyl ether Methyl- tert-butyl ether

Methyl-2-cyano-propenoate Methyl cyanoacrylate

Methyl-2-cyanoacrylate Methyl cyanoacrylate
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Substance Name it is listed by in Table 1

Nickel and its inorganic compounds (except nickel 
tetracarbonyl): water-soluble nickel compounds (as 
Ni) nickel and water-insoluble nickel compounds 
(as Ni)

Nickel and its inorganic compounds (except 
nickel tetracarbonyl): water-soluble nickel 
compounds (as Ni) nickel and water-insoluble 
nickel compounds (as Ni)

Nickel carbonyl Tetracarbonylnickel (as Ni)

Nitric acid Nitric acid 

Nitrobenzol Nitrobenzene 

Nitroisopropane 2-Nitropropane

Nitromethane Nitromethane

N-methyl-2-pyrrolidinone 1-Methyl-2-pyrrolidone

N-Methylmethanamine Dimethylamine

N-methylpyrrolidone 1-Methyl-2-pyrrolidone

n-Propanol Propan-1-ol

N-Trichloromethylmercapto-4-cyclohexene-1,2-
dicarboximide

Captan (ISO)

O,O,O’,O’-Tetraethyldithio-pyrophosphate Sulfotep (ISO)

O,O-Diethyl O-3,5,6-trichloro-2-pyridyl 
phosphorothioate

Chlorpyrifos (ISO)

O,O-Diethyl S-ethylthiomethyl phosphorodithioate Phorate (ISO)

o-Dichlorobenzene 1,2-Dichlorobenzene (ortho-dichlorobenzene)

omega-Chlorotoluene Benzyl chloride

o-Methylcyclohexanone 2-Methylcyclohexanone

Orsin p-Phenylenediamine

ortho-Dichlorobenzene 1,2-Dichlorobenzene (ortho-dichlorobenzene)

o-sec-Butylphenol 2-sec-Butylphenol

Osmium tetraoxide (as Os) Osmium tetraoxide (as Os)

Oxirane Ethylene oxide

Oxomethane Formaldehyde

Oxybis(chloromethane) Bis(chloromethyl ether)

Oxybismethane Dimethyl ether

Oxymethylene Formaldehyde

p-Aminoaniline p-Phenylenediamine

para-Dichlorobenzene 1,4-Dichlorobenzene (para-dichlorobenzene)

Paraffin wax, fume Paraffin wax, fume

PCBs Polychlorinated biphenyls (PCB)

p-Chloronitrobenzene 1-Chloro-4-nitrobenzene

p-Dichlorobenzene 1,4-Dichlorobenzene 
(para-dichlorobenzene)

Pentan-1,5-dial Glutaraldehyde

Perc Tetrachloroethylene

Perchloroethylene Tetrachloroethylene
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Substance Name it is listed by in Table 1

Propionic acid Propionic acid

Propylene glycol Propane-1,2-diol

Propylene glycol methyl ether 1-Methoxypropan-2-ol

Propylene glycol methyl ether acetate 1-Methoxypropyl acetate

Propylene glycol-1-monomethyl ether 1-Methoxypropan-2-ol

Propylene glycol-1-monomethylether-2-acetate 1-Methoxypropyl acetate

Prussic acid Hydrogen cyanide

PVC Polyvinyl chloride

Pyrazine hexahydride Piperazine 

Pyrethrin Pyrethrins (ISO)

Pyrethrins (Pyrethrum) Pyrethrins (Pyrethrum) 

Pyridinecarboxylic acid Picloram (ISO)

Pyromucic aldehyde 2-furaldehyde (furfural)

Quartz, crystyalline Silica, respirable crystalline 

Quinol Hydroquinone

RCF Refractory Ceramic Fibres and Special Purpose 
Fibres

Resorcin Resorcinol

Respirable Crystalline Silica (RCS) Respirable Crystalline Silica (RCS)

Rhodium (as Rh) Rhodium (as Rh)

Rubber fume Rubber fume 

Rubber process dust Rubber process dust

Fibres
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Substance Name it is listed by in Table 1

Sodium azide (as NaN3) Sodium azide (as NaN3)

Sodium bisulphite Sodium hydrogen sulphite

Sodium hydroxide Sodium hydroxide

Sodium metabisulphite Disodium disulphite

Sodium pyrophosphate Tetrasodium pyrophosphate

Softwood dust Softwood dust

Starch Starch

Styrol Styrene

Subtilisins Subtilisins

Sulphur hexafluoride Sulphur hexafluoride

Sulphur monochloride Disulphur dichloride

Sulphur oxychloride Thionyl chloride

Sulphuretted hydrogen Hydrogen sulphide

Sulphuric acid diethyl ester Diethyl sulphate

Sulphuric acid, dimethyl ester Dimethyl sulphate

Sulphuric acid (mist) Sulphuric acid (mist)

Sulphuryl fluoride Sulphuryl difluoride

Sulphuric oxyfluoride Sulphuryl difluoride

sym-Dichlorodimethyl ether Bis (chloromethyl ether)

sym-Dichloroethane 1,2-Dichloroethane (Ethylene dichloride)

sym-Dichoroethylene 2-Dichloroethylene, cist:rans isomers 60:40

Talc, respirable dust Talc, respirable dust

Talcum Talc

Tantalum Tantalum

TEDP Sulfotep (ISO)

Tellurium and compounds, except hydrogen 
telluride, (as Te)

Tellurium and compounds, except hydrogen 
telluride, (as Te)

Terphenyls, all isomers Terphenyls, all isomers

tert-amyl acetate Pentyl acetates (all isomers)

tert-Butyl alcohol 2-Methylpropan-2-ol

tert-Butyl methyl ether Methyl- tert-butyl ether

Tertiary-butyl-methyl-ether Methyl- tert-butyl ether

Tetrachloroethene Tetrachloroethylene

Tetrachloromethane Carbon tetrachloride

Tetrahydro-1,4-oxazine Morpholine

TGIC Triglycidyl isocyanurate (TGIC)

Thallium, soluble compounds (as Tl) Thallium, soluble compounds (as Tl)

Thioglycolic acid Mercaptoacetic acid

Thiosulfan Endosulfan (ISO)
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16	 Biological monitoring in the workplace: A guide to its practical application to 
chemical exposure HSG167 HSE Books 1997 ISBN 978 0 7176 1279 6  
www.hse.gov.uk/pubns/books/hsg167.htm 
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Further information
For information about health and safety, or to report inconsistencies or inaccuracies 
in this guidance, visit www.hse.gov.uk/. You can view HSE guidance online and 
order priced publications from the website. HSE priced publications are also 
available from bookshops.

The Stationery Office publications are available from The Stationery Office,  
PO Box 29, Norwich NR3 1GN Tel: 0870 600 5522 Fax: 0870 600 5533  
email: customer.services@tso.co.uk Website: www.tsoshop.co.uk/ (They are also 
available from bookshops.) Statutory Instruments can be viewed free of charge at 
www.legislation.gov.uk/.




