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FOREWORD
There is an urgent need for indoor air quality (IAQ) contaminant targets to be set that
establish industry best practice for safeguarding the health and well-being of building
occupants.
The recent COVID-19 pandemic has raised public awareness of this issue creating
unprecedented demand for clear and decisive guidance.
This guide describes good practice and accompanies the BESA publication H&WB001:
A Beginners Guide to Indoor Air Quality and H&WB003: Buildings as Safe Havens - A
Practical Guide.
This latest edition has been revised to take account of the major update to World
Health Organisation: ‘WHO global air quality guidelines’ (2021).
I would like to thank the amazing people who contributed a huge amount of time
providing their expertise on this document:
Douglas Booker
Craig Booth
Peter Dyment
Shaun Hill
I would also like to thank the wider membership of the BESA Health and Well-being in
Buildings Group for their support in the drafting of this Guide.
Nathan Wood
Chair, BESA Health and Well-being in Buildings Group
www.thebesa.com/iaq

Notes
This document is based on knowledge available at the time of publication and is meant
for general purposes, not for reliance on in relation to specific technical or legal issues,
in which case you should always seek independent advice. No responsibility of any kind
for any injury, death, loss, damage or delay however caused, resulting from the use of
the advice and recommendations contained herein, is accepted by the authors or others
involved in its publication (including the Building Engineering Services Association).
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INTRODUCTION
People in the UK spend up to 90% of their time indoors and so indoor air quality
(IAQ) is critical. Clean air is recognised as important for the health, wellbeing and
productivity of occupants.
Most academic and regulatory work on air pollution is concentrated on outdoor air
pollution, or on industrial / occupational exposures evaluated in terms of morbidity
and mortality. This guide aims to positively promote health and well-being by taking an
ambitious approach to standards-setting for IAQ.
This Guide is provided to assist in interpretation of IAQ data gleaned from specialist
surveys, and also from the increasingly popular use of ongoing IAQ monitoring devices.
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SECTION 1
Standards
Low-level, non-occupational IAQ measurement and standards-setting is a relatively
young field, which suffers from a disunited approach, and relatively few people have
practical experience and specific knowledge of the issue. The advice provided here
is based on the experience of practitioners in the field who see what is possible and
achievable in practice.
There is also reference to established guidelines as baselines for comparison. The most
important is the World Health Organisation: ‘WHO global air quality guidelines’ (2021),
which was, as expected, updated shortly after the first edition of this guide. The guidelines
were updated from the previous 2005 edition in light of increased understanding of
the ability of relatively low concentrations of air pollution to cause harm to health. We
welcome the shift towards aiming for lower concentrations of air pollution which WHO
2021 represents.
In most cases, the updated WHO annual Air Quality Guidance is set as the ‘Moderate’
level for indoor air. Colour-coded uplifts and reductions from the ‘Moderate’ baseline
represent our appreciation of what is good practice in typical UK workplaces. The ‘Low’
and ‘Very Low’ characterisations are aspirational on a journey towards good, clean indoor
air.
Outdoor, ambient air pollution guidance levels as adopted by governments are
usually based on calculations of population level mortality and morbidity, tempered by
considerations of what is regarded as economically feasible. This means that there is a
compromise made against ideal levels of health and well-being.
By contrast, the health and well-being approach to IAQ is founded on the belief that
productivity and enjoyment of a space is enhanced by good IAQ.
Furthermore this Guide takes the approach that users rightly expect indoor conditions to
be better than outdoor conditions – that buildings should provide a safe haven.
Some reference is also made to workplace exposure limits, such as provided by the
Health & Safety Executive EH40 Workplace Exposure Limits for use with the Control of
Substances Hazardous to Health (COSHH) Regulations. It is critical to recognise that these
concern occupational exposures where people are, to a degree, accepting of some risk
because they are explicitly working with a substance. Non-occupational exposure values
should typically be less than 10% of occupational exposures. An egregious example of
mis-applied occupational exposure limits is the description of 5000 ppm carbon dioxide
(CO2) as a ‘trigger’ level for poor IAQ. Such a description may be suitable for a worker
handling CO2 e.g. in a pub cellar or gas factory but is wholly inappropriate in a nonoccupational setting. See below the description of CO2.
Pollution limit values often vary greatly according to the sampling period ranging from
instant, 15 minutes, 1 hour, 8 hour, daily and annual. The basis of these variations is the
idea that a hazard can be endured exceptionally (e.g. for a relatively few days per year) by
people for relatively short periods, and that it is necessary to be endured for occupational
or wider economic reasons. In this Guide – for non-occupational, indoor exposures - we
generally prefer to compare measurements to the more stringent, longer-term limits such
as annual.
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Measurements should be sufficiently stable over time to provide a reasonable comparison
with longer term limit values.
The over-arching principle for good health and wellbeing is that contaminants levels
should be As Low As Reasonably Achievable (ALARA).

SECTION 2
Indoor Air Quality Measurement Technology
Advances in IAQ measurement technology mean that many indoor air pollutants can
be measured using relatively low-cost instruments. These may be hand-held devices
used by an air quality engineer to characterise an environment or to help trace the
source of any problems, or a continuous IAQ monitor that is installed in a building.
Increasingly affordable technology exists to permit continuous monitoring of some
IAQ parameters to provide both reassurance and early-warning of any undesirable
developments. Indeed, sensor and HVAC technology is approaching the point where it
will be able to provide control inputs to building management systems, such as increasing
or decreasing outdoor air flow rates in response to occupation rates, or even to outdoor
air pollution.
As always with emerging technology users should take care to ensure that the technology
is indeed fit for purpose. Some consumer-grade sensors can drift off any calibration and
therefore provide inaccurate data. In response, quality assurance schemes regarding
instrumentation and data integrity have been developed, for example, RESET. An
independent CEN standard (CEN/TC 264) is also being developed which will deal
specifically with low-cost sensor reliability.
The newer, more stringent limits based on WHO 2021 bring us into measurement levels
which are very low indeed and in many events lower than the lowest detection limits and
measurement reliability of today’s low cost monitoring equipment. This is the case across
the range of levels of interest for NO2 and O3, and also for the lower (‘Low’ & ‘Very Low’)
Particulate Matter levels. Therefore, users of IAQ monitoring equipment should keep these
accuracies in mind when interpreting data. Despite the current limitations of IAQ monitors,
we have included these lower concentration thresholds as an aspirational call to action for
IAQ monitor manufacturers to encourage innovation to improve sensor accuracy at these
low concentrations.
Users should also be aware of instruments which do not directly measure air pollutants
of interest, but rather provide estimates derived by software with greater or reduced
reliability. Examples include CO2 data which are the result of assumptions about its
relationship to Total Volatile Organic Compounds (TVOC) as measured by metal oxide
sensors. For CO2, users should use Non-Dispersive Infra-Red (NDIR) measurement
technology, which is marginally more costly but significantly more accurate. Similarly, IAQ
monitors which claim to indicate risk of mould contamination by reference only to relative
humidity (RH) levels should be treated with caution.
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SECTION 3
Selecting Contaminants to Monitor
In 2021 particulate matter (2.5 & 10 µm)-at ‘Moderate’ levels and above, CO2, CO
and TVOC can be reliably measured by affordable, instant read-out instruments,
however other contaminants of potential interest remain relatively difficult to measure
at suitable levels of accuracy. They may require much more complex and costly
instrumentation or laboratory-based techniques which implies considerably greater
cost and complexity.
Such contaminants include specific volatile organic compounds, formaldehyde,
nitrogen dioxide/oxides, ozone, radon, ultrafine particles and airborne micro-organisms.
Additionally some contaminants, such as radon and in some instances nitrogen oxides
and ozone are highly variable in their presence over time and may require longer term
monitoring.
In the absence of specific concerns which could be attributable to these contaminants, or
known risks of exposure, it is usually reasonable to rely on the more easily measurable
parameters to simply characterise an environment. Where specific concerns arise, or
preliminary monitoring gives cause for concern, then the more complex investigations
may be justified.
We have offered levels expressed in various units, parts per million (ppm), milligrams
per metre cubed (mg/m³) and micrograms per metre cubed (µg/m³) according to their
popularity in the ‘marketplace’. Various online resources such as Teesing are available for
conversions.

SECTION 4
Ventilation
Good ventilation is a critical pre-requisite for good IAQ. The importance of good
ventilation to dilute and remove internally-generated contaminants has also been
highlighted by the Covid-19 pandemic. CO2 is an excellent indicator of the efficiency of
ventilation - providing that there are people present to supply exhaled air.
To predict the effectiveness of ventilation, reference should be made ventilation rates,
most pertinently in terms of litres per second per person, or air changes per hour. The
downsides of high rates of ventilation are the potential energy costs required to heat and/
or cool outdoor air, potential noise pollution if windows are the only form of ventilation
available, and the potential introduction of outdoor air pollution.
Ventilation may be achieved naturally, e.g. opening windows, trickle vents etc, through
mechanical ventilation systems or a combination of the two. Mechanical ventilation will
usually give finer control of ventilation and, most importantly, supply air ventilation will give
the opportunity to filter outdoor air to a greater or lesser degree, thus helping to provide a
safe haven against outdoor pollution to a greater or lesser degree.
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SECTION 5
Contaminant Description and Limits
Good practice contaminant levels and characterisations are offered based on
experience of reasonably achievable values and generally comparisons with
authoritative guidelines such as WHO.
5.1

Carbon Dioxide
Carbon dioxide (CO2) is produced by respiration and by combustion of carbonbased fuels. Humans breathe it out to a greater or lesser extent according to
their activity. It is therefore the prime ‘contaminant’ produced inside buildings.
Ventilation serves to dilute its concentration by introducing outside air. Outside air
is typically around 400 ppm in UK cities. The EH40 WEL is 5,000ppm as an 8-hour
time-weighted average. This is a case where the 10% rule-of-thumb is not usually
applied because a) outside air can exceed 500ppm, and b) it is generally agreed
that it is excessively costly in financial and environmental terms to heat or cool
outside air to maintain CO2 levels at the outside air level.
Much work is ongoing to define at what level ill-effects of elevated CO2 occur.
There is widespread agreement that >1,000ppm is sub-optimal. There is evidence
that people will detect and be affected by >750ppm. They may describe an
environment with elevated CO2 as ‘stuffy’, however care must be taken to unpick
the complementary or synergistic effects of temperature, relative humidity and
air movement on the ‘stuffiness’ sensation. It should be noted that schools in IAQ
studies often show CO2 levels in the range 1200-2000ppm and would typically be
described as poorly ventilated when the level exceeds 1,500 ppm.
At the time of writing (March 2022), advice on Covid-19 pandemic countermeasures point to 800ppm CO2 as indicating reasonable ventilation to dilute and
remove internally-generated airborne viral contamination.
Measuring CO2 provides a very useful measure of ventilation effectiveness
-provided that the planned number of occupants are present- and so the gas can
also act as a surrogate for many other airborne contaminants, such as ‘odours’
which may be generated indoors.
Table 1 - Classification of Air Pollutant Levels - CO2
CARBON DIOXIDE (CO2) ppm

5.2

Very high

High

Moderate

Low

Very low

2000

1200

800

650

500

Total Volatile Organic Compounds
Total Volatile Organic Compounds (TVOC) comprise organic chemicals capable
of being emitted as gases at normal temperatures and pressures. There are
thousands of species of organic chemicals present in the ambient atmosphere
and in a wide variety of common household, building and industrial products.
As a result, TVOC levels in air can regularly be found at up to 500 µg/m³ in nonproblem environments. TVOC provides a useful catch-all measure when looking
for possible excess contamination by specific VOCs.
It is also similar to CO2 in providing an indicator for ventilation effectiveness.
Strongly elevated values, or change over time, for TVOC would alert the surveyor
or user to look for possible sources of contamination, such as e.g. reprographics,
The Building Engineering Services Association Guide to Good Practice for Indoor Air Quality for Health and Well-Being
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painting, new furniture, cleaning materials etc. Values above 300 µg/m³ may
require further sampling for specific contaminants such as formaldehyde, benzene
etc, using more accurate and specific measurement techniques such as laboratory
grade (A) instrumentation, wet chemistry etc.
Table 2- Classification of Air Pollutant Levels - TVOC
TOTAL VOLATILE ORGANIC COMPOUNDS (TVOC) µg/m3

5.3

Very High

High

Moderate

Low

Very Low

1000

500

300

200

100

Particulate Matter
PM2.5 refers to Particulate Matter of less than 2.5 µm in diameter and is of interest
because it is small enough to be ‘respirable’, i.e. to enter deep into the lung’s
gas exchange region and to pass the barrier into the bloodstream. PM10 refers
to Particulate Matter of less than 10 µm in diameter and is small enough to be
‘inhalable’, i.e. to enter the mouth and nose and upper respiratory tract.
These particles come from a wide variety of sources, including products of
combustion, erosion, condensed vapours, and from indoor sources of shedding
such as people, furnishings, room surfaces and HVAC systems. They are
increasingly blamed for both acute and chronic ill-health effects caused by simple
mechanical interference and/or the various chemical composition of the particles.
They form a major focus of national, European and worldwide air pollution
reduction efforts.
UK DEFRA limits (Air Quality Standards 2010) are oriented towards outdoor air and
are considered very high at annual average levels of 40 µg/m³ for PM10 and 25 µg/
m³ for PM2.5
WHO Air Quality Guidelines (2021) now give annual mean levels of 15 µg/m³ for
PM10 and 5 µg/m³ for PM2.5
Increasingly PM1 and ultrafine particulates (UFPs) are being considered as the
technology starts to become available for reliable measurement. The finer
fractions are significant for entry into the blood stream. PM1 is now the basis for
classification of the finer air filters using ISO 16890, and UFPs have been given
preliminary limit values by the WHO as part of the 2021 updated guidance . At the
time of writing lower cost sensors for everyday use with finer particulates are not
available and this Guide will be updated when they are. Likewise the ‘Low’ & ‘Very
Low’ levels given here and based on WHO 2021, may require more sophisticated
measurement or analysis.
Table 3- Classification of Air Pollutant Levels - Particulate Matter
PARTICULATE MATTER µg/m3
Very High

High

Moderate

Low

Very Low

20

10

5

2.5*

1*

30
20
15
7.5*
PM10
*may require higher grade instrumentation or laboratory analysis methods

4*

PM2.5

5.4

10

Carbon Monoxide
Carbon monoxide (CO) is a tasteless, odourless gas formed as a product of
combustion, notably in motor vehicle engines and heating and cooking appliances.
It is toxic at relatively low levels and has gained the sobriquet the ‘Silent Killer’
because of problems with poorly vented heating equipment. It can combine with
other pollutants to form low-level ozone.
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The EH40 WEL is set at 20 ppm as an 8-hour time-weighted average. ASHRAE
suggests that indoor air levels should not exceed 9 ppm. A typical domestic CO
detector would give an alarm at 40 ppm. The limits below relate to potential
background levels in non-occupational settings. Specific advice should be sought
in occupational settings where e.g. gas cookers are used.
Table 4- Classification of Air Pollutant Levels - CO
CARBON MONOXIDE (CO) ppm

5.5

Very High

High

Moderate

Low

Very Low

15

10

5

2.5

1

Nitrogen Dioxide
Nitrogen dioxide (NO2) is typically a product of fossil fuel combustion, notably
transportation in the UK. In very high concentrations it is brown coloured and
has a pungent smell. NO2 can contribute to and exacerbate the effect of other
typical ambient pollutants. It is well established that the gas, and potentially its cocontaminants, has a variety of ill-effects on people exposed to higher doses, not
least increased responsiveness to allergens e.g. exacerbation of asthma. Nitrogen
dioxide is the focus of global efforts to reduce ambient pollution, especially in
cities and larger urban/industrial areas.
The WHO (2005) guidelines for non-occupational, environmental exposure were
adopted by the EU and UK government at 200 µg/m³ as an hourly objective and
40 µg/m³ as an annual objective. The level has been reduced in the WHO (2021)
Air Quality Guidelines to 10 µg/m³ as an annual objective, and remains at 200 µg/
m³ as an hourly objective
Note that NO2 and Nitrogen Oxides (NOx) are relatively difficult to measure
accurately at the low levels of interest. If problems are indicated, it may be
necessary to measure using more accurate and specific measurement techniques
such as laboratory grade (A) instrumentation, wet chemistry etc. In some localities,
it may be possible to refer to publicly gathered outdoor air measurements. It
may suffice to use PM and CO as proxy measures or early-warning indicators for
outdoor, combustion-related pollution.
Table 5 - Classification of Air Pollutant Levels - NO2
NITROGEN DIOXIDE (NO2) µg/m3

5.6

Very High

High

Moderate

Low

Very Low

100

50

10

5

2.5

Formaldehyde
Formaldehyde (HCHO) is a common component of glues, resins, paints, cosmetics,
body care products, textile treatments and tobacco smoke, among other things. It
is commonly ‘off-gassed’ from materials such as particle board, coatings, especially
when new. It is highly irritant to the upper respiratory tract, eyes and mucous
membranes and so is often measured specifically in indoor air monitoring regimes.
People can detect, i.e. smell, concentrations, as low as 0.50 µg/m³, and it is
considered a powerful irritant. WHO Guidelines for IAQ: Selected pollutants (2010)
recommends indoor HCHO should not exceed 100 µg/m³.
Note that HCHO is relatively difficult to measure accurately at the low levels of
interest. It may suffice to use TVOC as a proxy measures or early-warning indicator
for HCHO. For these reasons, we offer no graded table.
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5.7

Ozone
Ground level ozone (O3) is produced in the outdoor air through chemical reactions
of volatile organic compounds and nitrogen oxides in the presence of ultraviolet
light from the sun. It is also produced by some high-voltage equipment such as
photocopiers and printers. It is highly reactive with complex chemical interactions
and known as an important irritant.
Some air cleaners are deliberately, and some inadvertently, capable of producing
ozone in an attempt to ‘destroy’ other contaminants and due caution should be
exercised in their use. For O3 WHO Air Quality Guidelines (2021) give 100 µg/m³
as an 8-hour mean limit but 60 µg/m³ as a ‘Peak season’ value. This is described
as the ‘average of daily maximum 8-hour mean O3 concentration in the six months
with the highest six-month running average O3 concentration’ (which usually relates to summer). Understanding of its health effects are still relatively limited.
Note that O3 is relatively difficult to measure accurately at the low levels of interest. It may suffice to use TVOC, PM and CO as a proxy measures or early-warning
indicators for O3.
Table 6 - Classification of Air Pollutant Levels - O3
OZONE (O3) µg/m3

12

Very High

High

Moderate

Low

Very Low

150

100

60

30

10
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