
Working for chemical and
pharmaceucal businesses

Issued November 2013, to be reviewed in 2016
© Chemical Industries Association 

Guidance on measuring and controlling  
sulphuric acid mist in the workplace

Responsible Care:
continuously improving health, safety

and environmental performance 
  

National Sulphuric Acid Association 
a sector network within the Chemical 
Industries Association (CIA)



NSAA guidance on measuring and controlling sulphuric acid mist in the workplace

Issued November 2013 
© Chemical Industries Association 

2

Introduction
This guidance is for industrial users of sulphuric acid who need to protect the health of their workforce from sulphuric 
acid mist. It is based on the approach required under the Control of Substances Hazardous to Health Regulations 
(COSHH). These regulations require employers to take proportionate and effective measures to control exposure to 
hazardous substances.

A new Workplace Exposure Limit (WEL) for sulphuric acid mist was introduced in the UK and throughout Europe on 18 
December 2011. The new WEL is 0.05 mg/m3 as an 8-hour time-weighted average and applies to the thoracic fraction.

•	 What does this mean?

•	 How can it be measured and people’s exposure controlled?

These and other questions are addressed in this guidance and are applicable in a number of different industries. 

This self-help guide starts with some basic information on sulphuric acid and then illustrates how employers can assess 
and manage their own particular workplace exposure scenarios. It should be used in conjunction with existing safety 
control and PPE provisions. In particular, COSHH Regulation 6 must be observed.

Sections 1 to 7 are intended as a management guide to the topic. Appendices 1 and 2 provide technical details 
on measuring exposure to sulphuric acid mist. Appendix 3 provides background to relevant EU health and safety 
legislation.

Acknowledgment
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members of the National Sulphuric Acid Association.



NSAA guidance on measuring and controlling sulphuric acid mist in the workplace

Issued November 2013 
© Chemical Industries Association 

3

Contents
1  How sulphuric acid is generated 4

2  Common workplace exposure scenarios 4

3  What are the health concerns about acid mist? 5

4  Controlling exposure effectively 6

5  Monitoring exposure 9

6  Training and information 11

7  Health surveillance 11

APPENDIX 1 – Strategies for workplace monitoring 12

APPENDIX 2 – Monitoring methods 16

APPENDIX 3 – EU Legal Framework for the Protection of Workers from Chemicals 18

Chemical Industries Association

All rights reserved. Except for normal review purposes, no part of this publication may be reproduced, utilised, stored 
in a retrieval system or transmitted in any form or by any means, electronic or mechanical, including photocopying, 
recording or by any information, storage, or retrieval system without the written permission of the publisher.



NSAA guidance on measuring and controlling sulphuric acid mist in the workplace

Issued November 2013 
© Chemical Industries Association 

4

1 How sulphuric acid mist is 
generated
A mist is defined as a liquid aerosol formed by the 
condensation of a vapour or by the atomisation of a 
liquid. Examples, relevant to sulphuric acid include:

Physical processes: 

•  Agitation of liquids, resulting in aerosol generation 

above the liquid surface;

• Bubble break-up at the free surface of a liquid;

•  Free-fall of the liquid (e.g. from a pipe) on to solid or 

liquid surfaces.

Chemical processes:

•  Reaction of sulphur trioxide and oleum with water 

vapour (in the air).

Many industrially generated mists are formed as an 
unwanted ‘by-product’ of the main process. Strong acid 
mists may be generated when factors such as those 
described above combine with other factors such as 
evaporation, solution strength changes and temperature 
and pressure changes. 

2 Common workplace exposure 
scenarios
Sulphuric acid is used in the following industries: 
fertiliser, petroleum refining, mining and metallurgy, ore 
processing, inorganic and organic chemicals, synthetic 
rubber and plastics, pulp and paper, soap and detergents, 
water treatment, cellulose fibres and films and inor¬ganic 
pigments and paints. Sulphuric acid is not very volatile 
and therefore workplace inhalation exposures are 
primarily limited to mists or aerosols. The size and 
quantity of mist generated will depend on the type of 
plant, size of source, operating parameters, acid strength, 
type of distributor, etc. In a sulphur burning plant, for 
example, the quality of sulphur can affect the amount of 
mist generated. 

In the United Kingdom the majority of deliveries of 
sulphuric acid in bulk are made in road tankers and it 
remains the case that the product is generally transferred 
from these tankers to storage by means of compressed 
air. Sulphuric acid mist is generated during the filling 
of bulk storage tanks and may be released to the 
environment through tank vents and overflows. This 
occurs both during the displacement of air from the 
tank as it fills and subsequently as the compressed air is 
released from the delivery container. 

A common use example
Under normal conditions acid mist is only generated 
where acid is agitated. Acid baths where dipping 
takes place or the filling of batteries are examples of 
this. In acid baths and battery charging, the break-up 
of bubbles at the free surface controls the mechanism 
for acid mist formation. Bubble size and concentration 
has been shown to play an important part in 
determining the droplet size and density that forms 
acid mist in the electowinning of copper ore. The acid 
mist concentration above an electrowinning bath is 
dependent upon bubble concentration but the mist 
generated decreases exponentially with distance from 
the bath surface. Fine bubbles resulted in fine acid 
mist that give rise to droplets that can be carried away 
by the gas generated. It is therefore possible to reduce 
acid mist concentrations by controlling bubble activity 
without the need to install complex gas cleaning and 
isolation equipment.
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3 What are the health concerns 
about acid mist?
Mist particles in the air that are less than about 100 
microns (0.1mm) can be inhaled and deposited in the 
respiratory system. In the upper airways their presence 
may be detected if they have irritant properties, as is the 
case for sulphuric acid. Effects on other parts of the body 
are also possible. The degree and severity of respiratory 
and other effects are also influenced by the individual’s 
state of health. Asthmatics may be at particular risk from 
pulmonary effects. 

The information below gives a summary of the main 
effects of sulphuric acid mist.

SKIN and EYES: Short-term irritation is possible. Repeated 
exposure to low concentrations of mists or aerosols can 
cause irritant dermatitis (red, itchy, dry skin) and itching 
eyes. 

TEETH: Etching of teeth may occur after a few weeks 
exposure, progressing to erosion after a few months 
exposure. Dental etching and erosion occurred about four 
times as frequently in a high exposure group (over 0.3 mg/
m3) compared to a low exposure group (below 0.07 mg/
m3). 

RESPIRATORY: Brief exposure to high concentrations 
of sulphuric acid mist may cause irritation of the lungs 
(chemical pneumonitis) and upper respiratory tract and 
in severe cases may cause pulmonary oedema. Repeated 
exposure to lower concentrations of the mist may lead to 
nasal problems, throat irritation bronchial hyper reactivity 
and/or damage to the lining of the throat in the region of 
the larynx.

In 1992 the International Agency for Research on Cancer 
(IARC) classified strong inorganic mist containing 
sulphuric acid as a group 1 carcinogen (carcinogenic to 
humans). The basis for the new WEL is the prevention of 
tumour formation as a result of sustained inflammation 
and repair processes in the respiratory tract epithelium. 
A 28-day rat inhalation study using 50% sulphuric 
acid aerosol revealed evidence of slight changes in 
the laryngeal epithelium1 at 0.3mg/m3 whilst other 
studies have shown the possibility of health effects at 
concentrations down to 0.1mg/m3. 

Sulphuric acid is not classified as carcinogenic under 
the European CLP regulation2. However the HSE, in their 
Research Report RR855, refer to ‘strong inorganic-acid 
mist containing sulphuric acid’ as contributing a small but 
significant excess laryngeal cancer burden in the UK.3 

A thorough toxicological review of sulphuric acid has 
been published by the Health Protection Agency and 
can be found on www.hpa.org.uk/webc/HPAwebFile/
HPAweb_C/1202115622008.

1  The tissue cells lining the larynx.

2   The European Regulation (EC) No 1272/2008 on classification, labelling and packaging of substances and mixtures – the CLP Regulation 
– came into force in all EU member states, including the UK, on 20 January 2010.

3  The burden of occupational cancer in Great Britain. Cancer of the larynx. RR855. HSE Books, 2012.
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4 Controlling exposure effectively

COSHH assessment
The starting point for managing the health risks from 

sulphuric acid is to examine the potential for exposure 

in the workplace in order to determine if a risk exists. All 

routes of exposure should be considered: 

• Inhalation;

• Skin contact (including eyes);

• Ingestion.

This will lead to determining what measures are 
necessary to prevent or adequately control exposure. 
This should be done for all existing situations (where 
the adequacy of the existing control measures should be 
evaluated) and before any new or modified processes 
or handling methods. Even unplanned but reasonably 
foreseeable events (such as spills, loss of containment 
etc.) should be included in the risk assessment.

A systematic approach is recommended involving 
identifying all tasks and operations throughout the 
workplace that can exposure people to sulphuric acid. 
These might include:

• Delivery operations

• Handling the material in the process

• Sampling contents of vessels or tanks

•  Maintenance activities (including breaking into 

equipment containing sulphuric acid)

• Cleaning operations.

A working knowledge is required about how task and 
operations are carried (not how they are thought to 
be done!). To assess the potential for mist exposure, a 
knowledge of whether the task or process can generate 
aerosol is required (see section 1).

Involving employees (or their representatives) who 
carry out the tasks in the risk assessment process is 
recommended.

The COSHH assessment should be recorded, at least until 
it is no longer valid.

Where exposure is possible, employers should first 

consider if it is reasonably practicable4 to prevent 
exposure. Not considering prevention (elimination or 
substitution) as a priority is a failure to comply with the 
fundamental requirements of COSHH.

Prevention can include the following:

•  Eliminating the use or production of sulphuric acid in a 

process;

•  Changing the method of work so that the operation 

giving rise to the exposure is eliminated;

•  Changing the process so that sulphuric acid mist is not 

generated;

• Substituting sulphuric acid for another material.

Control priorities
If elimination or substitution are not reasonably 
practicable COSHH Regulation 7(3) should be applied in 
the priority order stated i.e.:

1 Design and use suitable work processes; 

2  Apply control measures at the source of release and 

implement appropriate organisational measures;

3  Provide and used personal protective equipment (PPE), 

such as respirators or gloves, where exposure cannot 

be adequately controlled by other means. 

Regulation 7(4)(c) requires you to:

•  Reduce to the minimum required for the work, the 

level and duration of exposure…

Furthermore Reg. 7(7) states that the control of exposure 
is satisfactory only if:

•  All the principles of ‘good practice’ are applied (see 

box below)

and

• The WEL is not exceeded

and

•  For carcinogenic processes5 listed in COSHH Schedule 

1, exposure is reduced as low as is reasonably 

practicable (ALARP).

4   The term reasonably practicable allows for a cost benefit analysis to be used when determining the actions to be taken in response to an 
identified risk, or for a comparison to be carried out with ‘good practice’ in similar circumstances.

5   For sulphuric acid this only relates to isopropyl alcohol manufacture (‘strong acid process’)
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Schedule 2A COSHH – 8 principles of good practice (all 
must be applied):

1  Design and operate processes and activities to 

minimise emissions and releases.

2  Take account of all relevant routes of exposure when 

developing control measures.

3  Control exposure by measures proportionate to the 

risk.

4  Choose the most effective and reliable control 

options.

5  Where adequate control cannot be achieved by other 

means, provide, in combination with other control 

measures, suitable PPE.

6  Check and review controls regularly for their 

effectiveness.

7  Inform and train staff on the hazards and the 

controls developed to minimise the risks.

8  Ensure the controls above do not increase the 

overall risk to health and safety.

The flow chart below, adapted from the COSHH Approved Code of Practice, may be helpful in applying the 
requirements of Regulation 6 and 7.

Route map for adequate exposure control (adapted from COSHH ACOP 5th ed.)

6   Reference should be made to HSE’s ‘Controlling airborne contaminants at work. A guide to local exhaust ventilation’. ISBN 978 0 7176 
6415 3 for guidance on the design and specification of local exhaust ventilation. The advice of a competent ventilation engineer or 
occupational hygienist should be sought when designing local exhaust ventilation 

Instigate improved control
by applying principles of

good practice

Do the measures
comply with the principles

of good control practice
and adequately control 

exposure?

Is WEL
complied 

with?

Maintain current
practice

(controls)

Assess these situations
and for existing processes

evaluate effectiveness
of the control measures

Review regularly or if 
changes occur

Measure exposure
(check)

Unsure

No

Yes Yes

No

Identify tasks and
processess that can

generate H2SO4

aerosol (mist)

Remember that the identification and assessment of 
situations involving sulphuric acid must be documented in 
the risk assessment required by COSHH Regulation 6. 

Here are some practical ideas for controlling exposure to 
sulphuric acid mist:

• Provide lids on tanks and drains where mist could be 

release;

•  Reduce the aeration rate on open tanks containing 

sulphuric acid solution (for example where material 

must be kept in suspension in the acid solution;

•  Local exhaust ventilation6. This would be most 

practical on small to medium-sized sources of mist, 

although well designed systems can work effectively 

on large sources such as vats and open tanks. 

•  General mechanical ventilation is less effective than 

well-designed local ventilation but it can help lower 
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background levels where there might be fugitive 

emissions of mist (note: general ventilation will not 

control the emission at its source).

•  Minimise the number of workers being exposed along 

with the duration and intensity of exposure, e.g. 

automate part or all of the process;

•  Introduce restricted areas and cordons to keep 

personnel away from activities that will generate acid 

mist. For example during tank filling/tanker unloading, 

work areas involving battery charging, metal pre-

treatment/pickling baths, anodising/plating

•  Clearly mark work stations where workers may 

be exposed with warning signs. Specific hygiene 

measures should be considered, including bans on 

smoking, eating and drinking in areas contaminated 

with chemicals, the proximity of washing and toilet 

facilities and the use, storage and maintenance of 

protective clothing.

•  The use of scrubbing units or mist suppression 

systems for acid storage tank vents/overflows that are 

not externalized

•  Isolate the process from the workforce by installing 

purpose built containment such as rooms, 

encasements, lids, hoods, etc.

Personal Protective protection
Personal protective equipment used alone is the least 
effective option for controlling exposure. It should always 
be used in combination with other methods of exposure 
control.

For acid mist respiratory protection should only be 
considered when all other options for controlling 
exposure have been evaluated first.

Circumstances where respiratory protection is an 
acceptable approach are outlined below:

•  When control of exposure cannot solely be achieved 

by the application of the ‘good practice’ measures (see 

COSHH Schedule 2A above);

•  When the existing control measures are found to be 

inadequate (e.g. as a temporary solution until the 

control measures are improved or repaired);

•  Until adequate control of exposure is achieved by 

other methods;

•  During incidents, e.g. a chemical spill or release of 

mist, or emergency evacuation/rescue;

•  During maintenance activities.

Health and safety law requires that respiratory protection 

must be:

•  Adequate (i.e. provide the wearer with effective 

protection)

• Suitable for the intended use

• CE marked

•  Selected, used and maintained by properly trained 

persons

• Correctly maintained, examined and tested

• Correctly stored.

All employees required to wear RPE with a tight-fitting 
face piece should undergo a face fit test7.

Adequate means that the respiratory protection can 
provide a level of protection sufficient to lower the 
exposure to comply with the Workplace Exposure Limit 
(WEL).

Suitable means that it is both adequate and is matched 
to the work task and environment (e.g. factors such 
as comfort, the use of other protection – eye or face 
protection, hearing protection, helmet etc. – are 
considered). It should also not create any additional risk 
(e.g. reduced vision).

Respiratory protection for sulphuric acid mist must be 
capable of protection against liquid aerosol particles. If a 
filter-type respirator is selected it must be a ‘P’ type filter 
(P=particulate).

If mist concentrations are particularly high or there is a 
risk of liquid splashing to the face or head area a full face 
respirator or a powered filtering device incorporating 
a helmet or hood should be used. Check that the face 
protection on the hood or helmet is suitable for protection 
from sulphuric acid.

Guidance on the selection of respiratory protection can be 
found at:

www.hse.gov.uk/respiratory-protective-equipment/
resources.htm

7   See the presentation in the following web link for information on respirator face-fit testing: http://www.fit2fit.org/index.html
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Other personal protective equipment may be required 
to protect the eyes and skin from liquid or droplets of 
sulphuric acid. This may include gloves, coveralls and eye 
protection. The risk assessment should determine the type 
and level of protective equipment necessary.

Like respiratory protection the skin and body protection 
must be adequate (capable of providing the necessary 
protection for the level of exposure) and suitable (chosen 
to match the task, the people using the equipment and 
working environment).

Glove and body protection (e.g. coveralls, chemical 
suits) must conform to EN374-3 (suitable as a barrier for 
chemical substances) and be chosen to ensure they:

• Provide an adequate barrier to sulphuric acid at the 

liquid concentration been handled, and 

• Are adequate for the duration of the task or operation 

being performed.

Body protection suits have additional EN standards 
depending on the level and nature of the protection 
required (e.g. liquid spray, strong directional jets, etc.)

Manufacturers provide excellent data on the barrier 
properties of their gloves and other body protection 
against many chemical substances; their advice should be 
sought when choosing chemical protective equipment for 
sulphuric acid.

If other chemicals are being handled concurrently with 
sulphuric acid or there are other mechanical or physical 
hazards (e.g. hot/cold surfaces) these factors should also 
be considered to ensure effective protection from all the 
hazards.

For eye protection (e.g. safety glasses, goggles, visors or 
face-shields), make sure it is chosen to protect not only 
from the acid but for all hazards present in that working 
situation. 

All reusable personal protective equipment should be 
cleaned, maintained and stored correctly.

The HSE publication ‘Managing risks from skin exposure 
at work’ HSG262 (ISBN 9780717663095 is available in 
hard copy or download for free from the HSE website) is a 
useful source of reference.

5 Monitoring exposure
It may be necessary to monitor levels of sulphuric acid 
mist in the air to investigate if a problem exists or to 
demonstrate compliance with the Workplace Exposure 
Limit (WEL). The COSHH risk assessment should address 
the need for monitoring.

In situations where mist exposure is clearly insignificant, 
monitoring will not be necessary (e.g. handling only a 
few millilitres in a laboratory or when a process is fully 
contained and enclosed).

See footnote8 

There are two broad approaches for measuring airborne 
levels of substances in the workplace:

• Personal monitoring

• Fixed (or static) monitoring

Each approach has different applications.

Personal Monitoring
Personal monitoring involves attaching a device to detect 
or collect the contaminant in air in a person’s ‘breathing 
zone’ (i.e. within 30cm of the nose and mouth). In the case 
of sulphuric acid the collected acid mist is then analysed 
in a laboratory.

Personal monitoring may be undertaken over the period 
of a task, providing this period is long enough to collect 
sufficient mist for reliable quantification, or for longer 
periods, e.g. the full working day or shift.

Personal monitoring results – expressed as an 8hr time-
weighted average – may be compared directly with the 
WEL to determine compliance.

COSHH Reg. 12(4) requires that persons carrying out 
workplace monitoring are trained and competent. 
Before undertaking monitoring it is important to 
ensure your Company has appropriate expertise, 
either in-house or from a competent external provider. 
Results generated using wrong methods or carried 
out incorrectly will at best be misleading and at worse 
could fail to identify a significant exposure, therefore 
put workers’ health at risk. 

8   The British Occupational Hygiene Society (BOHS) publishes an on-line directory of qualified Occupational Hygienists available for 
consultation. This can be found at http://www.bohs.org/OHServices-directory/
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Compliance cannot however be determined solely on the 
basis of one measurement (unless that result is greater 
than the WEL, in which case compliance is not met and 
action should be taken to bring exposure under control; 
see the COSHH route map above). Further guidance is 
given in appendix 1 on how many measurements might 
be required.

Fixed or static monitoring
Fixed monitoring involves measuring the contaminant in 
a fixed location in the workplace (usually at head height), 
perhaps close to a known source of emission.

Fixed monitoring equipment for sulphuric acid mist can 
be of two main types:

•  Direct reading instruments – usually hand-held 

portable devices that are non-specific aerosol 

detectors, in real-time or data logging mode

•  Collection devices – requiring further analysis to 

quantify the sulphuric acid mist. These are usually 

similar to the personal monitoring devices

It is very difficult to relate fixed/static measurements to 
the actual worker exposure, because people move around 
within their work area. The results generated from fixed 
monitoring should therefore not be compared directly to 
the WEL.

However they can be used to identify the relative 
importance of specific emission sources or to assess the 
effectiveness of suppression equipment or ventilation 
systems for controlling the levels of acid mist.

Monitoring method
There is currently no known specific method for 
measuring airborne sulphuric acid mist. However BS 
ISO21438-1 20079 is probably the best approach currently 
available. Air is drawn through a special filter with a small 
pump and the collected mist quantified in a laboratory 
analysis for sulphate. The concentration of sulphuric acid 
is calculated assuming all the sulphate measured to be 
from sulphuric acid.

However sulphate (in the form of dusts or liquid aerosols) 
is ubiquitous in the general environment. It can be 
produced by man-made processes or natural atmospheric 
chemistry. If background levels of sulphate are significant 
(in comparison to the sulphuric acid mist WEL) it will 
not be possible to reliably quantify workplace levels of 
sulphuric acid mist.

Background personal exposure to ‘sulphate’ should 
therefore be measured (e.g. on a group of workers not 
expected to be exposed to sulphuric acid mist) alongside 
measurements for sulphuric acid mist on potentially 
exposed workers If their results are found to be ≥0.005mg/
mg3 the advice of an Occupational Hygienist or EHS 
professional should be sought.

More details on the techniques for sulphuric acid mist 
monitoring are given in Appendix 2.

Interpreting monitoring data
COSHH requires that a WEL is not exceeded. Any personal 
monitoring result greater than 0.05 mg/m3 indicates non-
compliance with the regulations. The following actions 
should be taken in response:

• The reasons for the high result(s) should be 

investigated;

•  Actions should be taken to reduce the exposures as 

low as reasonably practicable below the WEL;

•  Respiratory protection should be provided until the 

exposure is brought under control by other methods10;

•  Inform the individuals who wore the monitors of their 

high result;

If all the results from a group of measurements are below 
0.1 x WEL (i.e. 0.005mg/m3) compliance can be assumed 
and the process is under good control.

If any results are above this value, but below the WEL, 
compliance cannot be assumed.

A useful ‘rule of thumb’ can be applied in this situation:

•  If the arithmetic mean of the data is greater than half 

the WEL there is a likelihood that the WEL can be 

exceeded and further evaluation is needed.

9   Workplace atmospheres – Determination of inorganic acids by ion chromatography – Part 1: Non-volatile acids (sulfuric acid and 
phosphoric acid).

10   The respiratory protection should be provided to all individuals who could be similarly exposed not just the person who wore the 
monitor.
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Another approach is:

•  If all the exposures are below half of the exposure 

standard, the process is under reasonable control and 

judged to be acceptable;

•  However if the exposure data is below the exposure 

standard but approaching it, then the situation requires 

further evaluation and potentially the introduction of 

better controls;

•  If however, the exposures are above or very close to 

the exposure standard then the process is probably 

out of control and a programme to reduce exposure 

should be implemented;

If the latter two situation are found, more detailed 
statistical analysis may be required to determine 
the probability of the WEL being exceeded, always 
remembering that the law requires effective exposure 
control measures to be applied, irrespective of compliance 
with the WEL.

More details on calculating the monitoring result are 
provided in appendix 2.

The reader is encouraged to seek the advice of a qualified 
Occupational Hygienist if interpreting the data is not clear.

6 Training and information
Training is an important element in any health and safety 
management programme.

Personnel who could be exposed to sulphuric acid mist or 
liquid should be informed of the hazards from exposure 
and what measures are taken to control their exposure in 
the workplace.

If the control measures require personnel intervention 
(e.g. operation of a ventilation system, use of personal 
protective equipment (PPE), etc.) they should be instructed 
and trained in the proper use (and where appropriate 
limitations) of the control measures and for PPE how to fit, 
use and remove the equipment safely.

Individuals who wear personal exposure monitors (see 
section 5) should be informed of their results and advised 
on the significance of their results and any collective data 
(i.e. from other employees who have been monitored). 

It is good practice to make and maintain a record of all 
training carried out.

7 Health surveillance
The principal reason for doing health surveillance for work 
involving hazardous substances is to be able to detect 
early signs of a disease or health effect, at a stage when 
intervention can reverse or prevent further deterioration in 
the condition.

There is no specific statutory requirement to carry out 
health surveillance, in the form of tests or medical 
examinations for people potentially exposed to 
sulphuric acid mist. However a health record would be 
recommended, to include the dates when the individual’s 
work involved potential sulphuric acid mist exposure.

The advice of a qualified Occupational Health Practitioner 
should be sought on providing any form of health 
surveillance and how the data should be recorded and 
maintained.

The reader is also encouraged to refer to the HSE Health 
Surveillance website for further guidance at:

www.hse.gov.uk/health-surveillance/index.htm
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Appendix 1

Strategies for workplace monitoring
It will be necessary to spend some time gathering information and planning before starting monitoring. A checklist of 

items to consider is included here:

Checklist of items to consider when 
planning workplace monitoring

• Why monitor and level of approach?

  Ensure it is clear what you want to achieve and how 

you will interpret the data.

  Is the monitoring a basic survey, ‘worst case’ 

monitoring to investigate high emissions, a detailed 

survey, e.g. for compliance testing or routine 

monitoring.

• How to monitor?

  Ensure method is suitable for comparison with WEL 

and for personal or static monitoring.

• Where to measure?

  Which processes handle sulphuric acid, can an 

aerosol be generated?

• Whose exposure to measure?

  Who could be exposed? Divide workforce into 

‘similar exposure groups’ (SEG) (Care! ‘Same job 

title’ may not be sufficient) and take measurements 

on each SEG.

  Identify a non-exposed group (to check for 

background sulphate).

• When/how long to measure?

 Include the whole period of potential exposure.

  Included different shifts/days, representing range/

variability of working conditions (or measure worst 

cases and assume others circumstances have lower 

exposure).

• How many measurements?

  3 to 5 measurements per SEG for a basic survey, 

followed by 6 or more for a detailed survey.

  As number of people in a SEG increase, more 

measurements required (seek specialist advice).

• How often (for routine programme)?

  Measure more frequently as levels increase (but 

identify reasons for increases and reduce exposure).

• What to record?

  Ensure as much data is recorded as practicable, see 

below.

• What to do with the records?

  Personal measurements must be kept for at least 

40yrs, static measurement for at least five years.

•  Inform workers of results and record any actions and 

implementation dates for exposure reduction.
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Some of these items are considered in more detail in the 
sections below.

Planning and information gathering is called the 
‘Initial appraisal’ in the schematic diagram below:

Initial appraisal Basic survey

Routine monitoring Detailed survey

If circumstances change

The initial appraisal could include aerosol screening 
measurements using direct reading devices to identify 
if emission sources exist (see appendix 2). If emissions 
are found to be no higher than background levels (away 
from the process) then further measurement might not be 
necessary.

If no data is available from previous monitoring or 
circumstances have recently changed (e.g. an increase 
in production levels, new types of equipment used for 
handling sulphuric acid etc.), a ‘Basic survey’ should first 
be carried out.

The aims of the basic survey are as follows:

•  To identify workers potentially exposed to sulphuric 

acid mist;

•  To identify if the exposure is significant (in comparison 

to the WEL);

•  To determine if background levels of sulphate are 

significant (this will be explained later);

•  Determine if further actions to lower exposure are 

required;

•  To decide if further measurements are required (e.g. a 

more detail survey or routine sampling);

Start by identifying ‘similar exposure groups’ (SEG) in 
your organisation. These are groups of employees who 
have common risks and similar exposure profiles by virtue 
of handling similar substances (in this case sulphuric acid) 
and working in similar circumstances.

Grouping enables data to be collected from only a few 
people within an SEG and then to make conclusions 
about the whole group’s exposure from this data. This 
is more efficient on time and resources when taking 
measurements.

Care must be taken when selecting people for an SEG. 
People with the same job title might not be in the same 
SEG. For example the job titles ‘cleaner’ or ‘process 
operator’ might describe the type of work they do but not 
where they work or with what substances.

A SEG could be only one person if that person has a 
specific role within a process function.

How many measurements to take?
There are many variables affecting exposure. Examples 
include constantly changing air currents, variable work 
patterns/methods of work (even for workers doing ‘the 
same job’), variations day to day in the workload etc. etc. 
This will result in a range of exposures within a SEG even 
when performing ‘identical’ duties day after day. The 
variability of the measurement data means that one result 
is insufficient to establish a picture of worker exposure.

Advice abounds on the number of measurements 
necessary to reliably quantify inhalation exposure.

As a rule of thumb the minimum number of samples 
should be 3 for each SEG for a ‘basic survey’. For 
larger group sizes the following numbers are offered 
(based on NIOSH recommendations) where it is desired 
to determine, with 90% confidence that at least one 
measurement result will be in the top 20% of exposures.

Size of SEG (N) No. of samples required (n)

6 5

7-9 6

10-14 7

15-26 8

27-50 9

If any results are found to be greater than 1/10 WEL after 
the ‘basic survey’ additional measurements should be 
taken to allow further conclusions to be drawn from the 
data.
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How long to monitor during the working 
day?
Levels of workplace hazards in the air are never constant 
during a working period. The concentration in a worker’s 
breathing zone will vary minute by minute, hour by hour.

The figure below shows a theoretical example.
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However, WELs are expressed as the average 
concentration over a specific time period (usually 15 
minutes and/or 8 hours) because these represent the 
periods relating to the chemical’s short or long term 
health effects.

Monitoring to establish compliance with the WEL will 
require generating a time-weighted average concentration 
(TWA). The sampling period should ideally be 8 hours but 
in practice should encompass as much of the exposure 
period as possible.

Calculating results
Task monitoring – measurements over the period of a task 
or tasks involving sulphuric acid will generate ‘worst case’ 
levels. Periods when the task(s) are not been carried out 
are excluded and not quantified.

This approach might be useful to check the control 
measures are adequate and effective during the task, e.g. 
to determine if the respiratory protection is adequate for 
the levels found. In these cases a conservative approach is 

to compare the results directly with the WEL to determine 
satisfactory control.

To calculate the 8hr TWA concentration (C8hr TWA) use 
the following formula for comparison with the WEL:

C8hr TWA = (C1T1 + C2T2 + … CnTn) 
 8

where C = exposure concentration over the measurement 
period T (hrs) within any 24hr period.

Shift monitoring – if exposure is fairly continuous or 
work patterns are variable throughout the working day 
monitoring over a continuous period in the working day, 
ideally the full shift, is recommended.

If the full shift cannot be monitored but the result is 
considered to cover the full period of exposure (i.e. Cn is 
zero) the above formula may be used to convert the value 
to an 8hr TWA concentration, otherwise the result may be 
compared directly with the WEL.

If measurements are taken over longer period (e.g. during 
a 12-hr shift) the measured concentration should be 
multiplied by 12/8.

For further guidance on the calculation of results please 
refer to HSE’s publication EH40/2005 available at the 
following link:

http://www.hse.gov.uk/pubns/priced/eh40.pdf

Core data to record for exposure 
assessment11

The numerical results of monitoring are important but are 
almost completely worthless without other information 
to support the data. The table opposite summarises the 
core information required to ensure monitoring data is 
adequately recorded.

11    Adapted from ‘Clear and concise report writing: Guidance for Occupational Hygienists’. BOHS. Available at http://www.bohs.org/library/
technical-publications/
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Data Element Detail

Sampling information

Details of workplace and premises where the survey was 
carried out.

Site address.

Details of the process and tasks being carried out. Duration. Continuous or episodic. Location of the 
worker in relation to potential exposure sources. 
Indication of how working conditions influence 
exposure, e.g. higher that average production levels.

Specific location of any measurements. Static or personal. Sketch plan of work area.

Names of employees sampled. Job titles.

Details of hazards present, products produced or processed. Reference to other documents such as SDS.

Description of tools and equipment used.

Any other co-worker or secondary sources of exposure. Information on process/chemistry if relevant to present 
study (e.g. confounding/interfering chemicals).

Hazards measured.

Method of measurement and where appropriate analysis –
specific published method or in-house.

Pumps, filters, badges, tubes, dosimeter numbers.

Sampling strategy. Method of selecting workers., Date, timing and 
duration of sampling (representative or worst case).

Sampling details. Flow rate, calibration, who collected samples, who 
analysed samples.

Results. Concentration or level (units). Details of lab and field blank corrections.

Contextual information

Details of properties of material.

How materials were handled. e.g. sealed transfer of material, open handling, 
observation on work methods, spills leaks, etc.

Presence and effectiveness of local control measures and 
procedures.

Summary of controls.

•   LEV (with type) and other engineering controls.

•  PPE.

•  administrative controls 

•  suitability and their effectiveness of above

Inside/outside work location. Approx. room size if applicable

Level of general ventilation. Mechanical or natural. Air changes/hour

Personal protective equipment. Type, make, model, manufacturer. Duration of use. 
Maintenance and storage of PPE.

Suitability and effectiveness.

Comments and observations. Observations from workers etc.
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Appendix 2

Measurement methods
This appendix will cover 2 basic approaches to monitoring

1 Direct reading devices

2 Personal monitoring methods

1 Direct Reading Devices
Direct reading instruments are usually hand-held portable 
devices that are non-specific aerosol detectors, in real-
time or data logging mode.

There are limitations to the use of these instruments. They 
employ a ‘light scattering’ photometric principle (usually 
infrared light). They are most sensitive for particles of 1-2 
microns and least sensitive for particles above 10 microns 
and may therefore underestimate aerosol in the thoracic 
and inhalable range, relevant to sulphuric acid mist (see 
later).

Careful interpretation of the results is necessary when 
using this type of instrument. If in doubt, use devices that 
capture and analyse the mist.

They can however be useful as an initial screening device 
to check if aerosol is present above background levels in 
areas where sulphuric acid mist might be present. They 
will generate instantaneous results and some will log 
the data to provide a time history. Some instruments can 
be worn as personal monitors but the results cannot be 
compared directly with the WEL because they are not 
specific for sulphuric acid.

This type of instrument can be relatively expensive to 
purchase but hiring for short periods is possible.

2 Personal Monitoring Methods
There are 3 key selection criteria for choosing a suitable 
monitoring method:

• Specificity

• Sensitivity,

• Aerosol size selectivity

No method yet available satisfies all these criteria for 
sulphuric acid.

Specificity 
There is no known specific method for measuring 
airborne sulphuric acid mist at the time of writing this 
guidance. However BS ISO21438-1 200712 is probably the 
best approach currently available, based on measurement 
of airborne sulphate and analysis by ion chromatography.

A major drawback of this method (and others measuring 
sulphate) is that sulphate in the form of dusts or other 
non-acidic aerosols is ubiquitous in the environment and 
will interfere with the quantification of sulphuric acid. If 
the process under investigation generates sulphate-based 
dusts or liquid mists it may not be possible to measure 
sulphuric acid independently.

Also, a process adjacent to your work site could be a 
source of sulphate for example gypsum, used for the 
manufacture of plaster board, is calcium sulphate. 
Sulphate aerosols can also be generated from SO2 and 
other sulphurous gas pollution in the atmosphere.

For this reason it is recommended that the monitoring 
includes quantification of background ‘sulphate’ for 
a group of workers (= ‘background SEG’) who would 
not normally be expected to be exposed to sulphuric 
acid mist, e.g. people remote from the process under 
investigation.

Sensitivity
The sampling method should be sufficiently sensitive, 
preferably to 1/10th of the WEL (i.e. 0.005mg/m3). 
BS ISO21438-1 is capable of achieving this based on 
approximately 1m3 air sampled.

Aerosol size selectivity
BS ISO21438-1 quantifies the ‘inhalable’ fraction of 
sulphuric acid mist. This term represents the fraction of 
airborne acid mist that can enter the nose and mouth 
during normal breathing and can deposit anywhere in the 
respiratory tract.

Within the inhalable fraction are two other ‘sub-factions’. 
The ‘thoracic’ particle fraction (<25microns) can penetrate 
beyond the larynx and ‘respirable’ particles (<10microns) 
can reach the alveoli. This is shown in the diagram below.

Instruments measuring these ‘fractions’ must conform 

12    Workplace atmospheres – Determination of inorganic acids by ion chromatography – Part 1: Non-volatile acids (sulfuric acid and 
phosphoric acid).
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to sampling criteria defined in EN481 (CEN, 1993). The 
diagram below illustrates the sampling efficiency as a 
function of aerodynamic particle size.
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The sulphuric acid mist WEL applies to the thoracic 
fraction of sulphuric acid mist, based on the value in 
the EU Commission Directive 2009/39/EC published in 
December 2009. This presents practical problems for 
measurement because there are few devices available for 
sampling thoracic particles and none (to date) have been 
validated for the measurement of sulphuric acid mist.

However in 2013, SCOEL recommended measuring the 
inhalable sulphuric acid aerosol fraction; they intend 
amending their documentation13 accordingly.

This would seem to be a practical approach. Indeed 
measuring only the thoracic fraction would possibly result 
in under-sampling of aerosols that could deposit in the 
region of the larynx (the site of concern for cancer caused 
by strong acid mists containing sulphuric acid).

Results generated using the inhalable method will 
overestimate the mass concentration when comparing 
the results with the thoracic WEL. However if exposures 
are maintained below 0.05mg/m3, as inhalable aerosol, 
compliance with the thoracic limit will be guaranteed.

BS ISO 21438-1: 2007

The principles of this method are:

•  A known volume of air is drawn through a filter in a 

sampler designed to collect the inhalable fraction to 

collect the acid mist;

•  The collected sample is then treated with water or 

eluent, without heating, to extract the sulphuric acid; 

•  Aliquots of the sample solution are analysed by ion 

chromatography to separate the extracted sulphate 

from other anions and quantified with a conductivity 

detector;

•  Analytical results are obtained by plotting the 

measured conductivity as a function of concentration

There are a number of sampler designs available in the 
UK that conform to the sampling criteria for inhalable 
aerosol. Two are illustrated in the diagram below:

 

The following should be noted when performing the 
analysis:

•  7-hole sampler – the inhalable fraction is only collected 

on the filter

•  IOM sampler – the inhalable fraction is collected on the 

filter and the internal surface of the cowl of the filter 

cassette (projecting forward above the filter)

 

13    SCOEL/SUM/105 Recommendation from the Scientific Committee on Occupational Exposure Limits for sulphuric acid.
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Appendix 3

EU Legal Framework for the Protection of 
Workers from Chemicals
The legal framework in the European Union that provides 
protection to workers from the risks involved in exposure 
to chemical substances in the workplace includes a 
number of legal acts or directives. The most important 
directives are listed in below and a short description of 
the most important aspects of each directive is given 
below. 

These Directives are enacted in the context of Framework 
Directive 89/391/EEC on the introduction of measures 
to encourage improvements in the safety and health of 
workers at work, the provisions of which apply to risks 
arising from the use of chemical agents at work. The 
general principles established under the Framework 
Directive apply in full to those areas covered by individual 
directives. In the UK, these directives are implemented 
through Control of substances hazardous to health 
legislation (COSHH).

The Chemical Agents Directive 1998/24/EC was 
introduced in order to provide measures to protect 
workers from the risks of chemical agents present 
in the workplace. The Directive lays down minimum 
requirements for the protection of workers from risks to 
their safety and health arising from the effects of chemical 
agents that are present at the workplace. It requires 
the employer to ensure that the risk from a hazardous 
chemical agent to the safety and health of workers at work 
is eliminated or reduced to a minimum. The employer is 
required to replace a dangerous chemical agent by a less 
hazardous chemical, as well as to implement protection 
and prevention measures, in order to eliminate or reduce 
the risk to workers. The Directive includes binding 
occupational exposure limit values for inorganic lead and 
its compounds.

The Carcinogens and Mutagens Directive (2004/37/EC10) 
is intended to address the risk to workers from exposure 
to carcinogens or mutagens at work. The employer has 
the responsibility for reducing the use of and therefore 
workers’ exposure to carcinogens or mutagens at work, 
in particular by replacing them, in so far as is technically 
possible, by a substance, mixture or process which is 
not dangerous or is less dangerous. Where replacement 

is not possible, exposure must be prevented or reduced 
to as low a level as is technically possible, preferably by 
manufacture or use in a closed system. The Directive 
includes binding occupational exposure limit values for 
benzene, vinyl chlorine monomer and hardwood dusts.

The Pregnant Workers Directive 92/85/EEC ensures 
the safety and health at work of pregnant workers and 
workers who have recently given birth or who are 
breastfeeding. For all activities involving exposure to 
chemicals that may pose a risk to the health and safety 
of pregnant women, women who have just given birth 
or women who are breastfeeding, the employer shall 
undertake a risk assessment. If the results of the risk 
assessment reveal a risk to the safety or health or an 
effect on the pregnancy or breastfeeding of a worker, the 
employer shall avoid that risk by provisionally adjusting 
the working conditions or the working hours for this 
worker. Where such adjustment is not technically and/
or objectively feasible or cannot reasonably be required 
on duly substantiated grounds, the employer shall take 
the necessary measures to move the worker concerned 
to another job. Where transfer to another activity is not 
feasible, the workers in question must be granted leave 
for the whole of the period considered necessary to 
protect their safety and health. The Pregnant Workers 
Directive prohibits pregnant women from performing 
duties for which the assessment has revealed a risk of 
exposure to lead and lead derivatives.

The Young Workers Directive 94/33/EEC aims to prevent 
the employment of children and to protect young people 
under the age of 18 while in the workplace. The employers 
shall undertake an assessment of the hazards to young 
people, including the nature, degree and duration of 
exposure to chemical agents. Employers shall adopt 
measures necessary to protect the safety and health of 
young people. Importantly, young people are specifically 
prohibited from work involving harmful exposure to 
chemicals which are toxic, carcinogenic, cause heritable 
genetic damage or harm to the unborn child or which in 
any other way chronically affect human health. 

EU indicative occupational exposure limit values for 
chemical agents at work.The Commission has adopted 
three Directives, with three lists of indicative occupational 
exposure limit values for chemical agents at work. 
Directives 2009/161/EC, 2006/15/EC and 2000/39/EC 
establish lists of indicative occupational exposure limit 
values for chemical agents at work. 
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Regulation 1907/2006 concerning the Registration, 
Evaluation, Authorisation and Restriction of Chemicals 
(REACH).  
All manufacturers and importers of chemicals must 
identify and manage the risks linked to the substances 
they manufacture and market. For substances 
manufactured or imported in quantities of 1 tonne or 
more per year per company, manufacturers and importers 
must submit a registration dossier to the European 
Chemicals Agency. 

Producers or supplies of chemicals that are sold in 
volumes of 10 tonnes per year or more are required to 
undertake a Chemical Safety Assessment, the results of 
which are must be included in the registration dossier. 
The Chemical Safety Assessment determines whether the 
risks from a particular use of a substance (on its own, in a 
mixture or in an article) are properly controlled. 

Suppliers of chemicals are responsible for communicating 
the hazards associated with the chemicals that they sell 
down the supply chain. The key tool for communication 
is the Safety Data Sheet, which gives information on 
the hazard of the substance and the risk management 
measures needed to control them. Employers then 
provide their workers with Safety Data Sheets for the 
chemicals that are found in the workplace. 
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