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advice that it i< ap, ropriate to do so. This PAS will be reviewed at intervals not exceeding two years.

This PAS is no to e regarded as a British Standard. It will be withdrawn in the event it is superseded
by a Brit'sh Standard.

The PAS o ocess enables a code of practice to be rapidly developed in order to fulfil an immediate
t.xed i incustry. A PAS can be considered for further development as a British Standard, or constitute
narvof the UK input into the development of a European or International Standard.

information about this document

This publication can be withdrawn, revised, partially superseded or superseded. Information
regarding the status of this publication can be found in the Standards Catalogue on the BSI website
at bsigroup.com/standards, or by contacting the Customer Services team.
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Where websites and webpages have been cited, they are provided for ease of reference and are
correct at the time of publication. The location of a webpage or website, or its contents, cannot
be guaranteed.

Copyright is claimed in the definition at 3.1.3. The content has been reproduced with the permission
of the Joint Committee for Guides in Metrology (JCGM). Copyright remains with JCGM. All
rights reserved.

Copyright is claimed in the definitions at 3.1.6, 3.1.11, and 3.1.12. The content has been reproduced
with the permission of the European Committee for Standardization (CEN). Copyright remains with
CEN. All rights reserved.

Use of this document

As a code of practice, this PAS takes the form of recommendations and guidance. It is not to b=
quoted as if it were a specification. Users are expected to ensure that claims of compliarce are
not misleading.

Users may substitute any of the recommendations in this PAS with practices of equive'ent or better
outcome. Any user claiming compliance with this PAS is expected to be able to jusi < ny course of
action that deviates from its recommendations.

It has been assumed in the preparation of this PAS that the execution o* itz . ov..ions will be
entrusted to appropriately qualified and experienced people, for whose u. < it has been produced.

Presentational conventions

The provisions of this document are presented in roman (i.¢. ug righ’) type. Its recommendations are
expressed in sentences in which the principal auxiliary vei* is “should”.

Commentary, explanation and general informative ma.erial i presented in smaller italic type, and
does not constitute a normative element.

The word “should” is used to express recommer.dations of this PAS. The word “may” is used in the
text to express permissibility, e.g. as an alternodive to the primary recommendation of the clause.
The word “can” is used to express possibility, 2 1. a consequence of an action or an event.

Notes and commentaries are provided ti “ou/hout the text of this document. Notes give references
and additional information that are im,>ortant but do not form part of the recommendations.
Commentaries give background i»fo. mation.

Where words have alternativ spe’lings, the preferred spelling of the Shorter Oxford English
Dictionary is used (e.g. “0. yanization” rather than “organisation”).

Contractual and..egal considerations

This publicaticti he: been prepared in good faith, however no representation, warranty, assurance
or undertaking \>xpress or implied) is or will be made, and no responsibility or liability is or will
be accepted by BSI in relation to the adequacy, accuracy, completeness or reasonableness of this
publicatiyn. All and any such responsibility and liability is expressly disclaimed to the full extent
pei Mitted by the law.

Th's puplication is provided as is, and is to be used at the recipient’s own risk.
Ti.2 recipient is advised to consider seeking professional guidance with respect to its use of this publication.
This publication is not intended to constitute a contract. Users are responsible for its correct application.

Compliance with a PAS cannot confer immunity from legal obligations.
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Introduction

Recent developments in air quality monitoring have resulted in new sensor systems that potentially
provide an informative low-cost addition to reference methods. Such sensor systems are expected
to allow air pollution monitoring to be performed at a lower cost and with a higher spatial density
than is possible with the current reference methods. They also allow for new source apportionment
and calibration methodologies, when coupled with spatial information, to provide a much better
understanding of an individual’s or group’s exposure to air pollutants.

The potential advantages of low-cost air quality sensor systems include the following:

e small footprint making them easily deployable in the urban environment;

e larger area coverage than fixed point measurements if a network approach is implen “nte ~nd
improved spatial and temporal resolution; and

e potential of continuous calibration through co-location with reference style analysars and a
network calibration.

For these advantages to be exploited, it is important that robust quality assu:ancz’is performed on
the data produced.

This PAS has been developed to provide recommendations and guide nce to users to:

e select sensor systems appropriate for their monitoring needr,
e deploy sensors in a way that promotes representative sarrole coliection; and
e undertake the quality assurance (QA) processes to gene.ate jyood quality data from these systems.

Additional information is also provided in four annexes </ ollows:

e Possible monitoring scenarios (Annex A);

e Examples of network calibrations (Annex b);

e Case studies on improving the compsrar ility of sensor systems (Annex C); and
e Sensor technologies and performence <cues (Annex D).

The sensor systems are based unoi. -« reral principles of operation, including:

e electrochemical for NO. N7, 5D, COand O,;

* light scattering optical particle counter for PM,, PM,  and PM,; and

10"
e non-dispersive ini. area (NDIR) for Co,.
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The sensor systems can also continuously monitor air pollution, with fast response times ranging
between a few tens of seconds to a few minutes, but presently with a reduced measurement accuracy
(higher uncertainty) and lower precision.

NOTE 1 The term “low cost” refers to the initial purchase price of a single air quality sensor system
and is not an indicator of measurement accuracy. The cost is dependent on the number of pollutant
sensors employed and users implementing a large network of systems. The cost of necessary
co-location deployments, quality checking and adjustment can be substantial. Examples of these costs
are sensor replacement, installation, removal, consent issues/legal, power access, co-location charges
and data processing. Most importantly, the purchase price might not account for additional ongoing
charges for access to the measurement data. Whilst the UK has performance standards for reference
quality instruments, and guidance for monitoring under Local Air Quality Management (LAQM)
application, there is no formal code of practice for the evaluation, deployment and use of low<-os.
sensors and networks composed of these sensors.

NOTE 2 Although “low-cost” air quality sensor systems have advanced significantly, thei2 ara.curently
no validated published documentary standards against which to judge their performance and
therefore cannot be used for official compliance reporting against limit values. PD CENITS 1,660-1,
however, provides information on how to test the performance of these types of sansc.r systems for
gaseous species.
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1 Scope

This PAS provides recommendations for the selection, deployment, maintenance and quality
assurance of low-cost air quality sensor systems as standalone units or as part of a network, for the
measurement of outdoor ambient air as suited to their application and desired purpose. This includes

systems that are static in position and semi-permanent in placement. P

This PAS covers air quality sensor systems which measure one or more of the following gaseous or
particulate pollutants:

* nitrogen dioxide (NO,);

e oxides of nitrogen (NO);

e nitric oxide (NO);

e ozone (0,);

* sulfur dioxide (SO,);

e carbon monoxide (CO);

e carbon dioxide (CO,); and

e particulate matter (PM,, PM, . and PM,) in outdoor ambient air.

10"

This PAS is intended for use by those aiming to monitor and report on air quality through the
implementation of low-cost air quality sensor systems, including policv makers, local authorities,
environmental health officers, citizen scientists, industrial users.c2nscr system manufacturers
and suppliers, academics, researchers, and those with an intere. t in \ir quality quantification
and improvement.

NOTE 1 The PAS would be beneficial to those involved<n delivering Local Air Quality Management
(LAQM). Technical guidance on measurements for LAQ. M plirposes is given in TG22 [1].

This PAS does not cover:

e statutory legal reporting of data against ti e notional air quality objectives;

e passive diffusive tubes, e.g. Palmes difiusion tubes;

e pumped sorption tubes;

e total volatile organic compouna ‘VC ) low-cost sensors;

e single hydrocarbon/VOC low-co.*. ensors;

e sensors providing an indo.rair quality index (IAQ);
NOTE 2 This PAS acknov.ledges the use of sensors for measuring indoor air quality but provides
no formal guidan<= or recommendations for making occupational health measurements or other
indoor air measurerneits.

e portable hahd-eld or wearable sensor systems;

e sensor sy.*en.: used in mobile applications, both ambient and indoor air;

e the provision of intellectual property for the air quality sensor system specific technologies or
spacit.z products;

> tie col action format and storage of data obtained from the sensor system, including any human
interventions, such as for the analysis and interpretation of results;

¢ access to the data and the data format;
s making reliable measurements in confined spaces, including subways, tunnels or underground
railways; and

¢ the use of air quality sensor systems for compliance monitoring and reporting, including
demonstrating adherence to pollutant limit values or targets enshrined in legislation.

NOTE 3 Examples of such legislation include the Air Quality Standards Regulations 2010 [2], the Air
Quality Standards (Scotland) Regulations 2010 [3], the Air Quality Standards (Wales) Regulations
2010 [4], the Air Quality Standards (Northern Ireland) Regulations 2010 [5] and the Environmental
Targets (Fine Particulate Matter) (England) Regulations 2023 [6].
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