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EXECUTIVE SUMMARY

What is GEMS/AIR and why does it need reviews ?

GEMS/AIRis a global air quality monitoring network which has been operating since
1973, involving 45 countries around the globe in different socio-economic conditions,
climatic zones and air pollution situations. It is a voluntary, world-wide network for the
monitoring and assessment of urban air pollution. It has regularly collected data on sulphur
dioxide (SO5) and suspended particulate matter (SPM). The network is being expanded
and improved to collect additional data to support assessment activities, to improve global
coverage, especially in developing countries, to introduce quality assurance systems, and
to improve data analysis and assessment. To improve data analysis and assessment
requires data of known quality adequate for the intended use. If policy decisions are to be
made at least partly, on the basis of this information, it is important that quality assurance
in the network is encouraged so that data from different parts of the network can be
compared and collated.

GEMS/AIR recognises that there can be severe local technical and other problems
with obtaining and ensuring reliable data, so it has developed special programmes to
involve and assist some developing countries. These programmes include technical
support and harmonisation of environmental measurement. It is also recognised that air
quality monitoring needs to pay particular attention to local circumstances. It decided to
form Regional Support Centres, which among other activities will help collaborators to
improve their air quality monitoring and management systems and to support the local data
quality procedures.

The objectives of this report are to develop a GEMS/AIR system of collaborative
reviews, and to provide information to those about to initiate monitoring. It also provides
a tool for local collaborators and those initiating air quality monitoring to assist them to
meet their monitoring objectives. This tool can be applied to other appropriate monitoring
networks. This report provides guidelines on how to review the status and reliability of
monitoring networks. Specific emphasis has been given to air quality monitoring in
developing countries, where there can be the need to strengthen and supplement resources
such as equipment, consumables, spare parts, specialised facilities, essential infrastructure,
and specialised training.

What are other comparable programmes doing ?

The unique characteristics of GEMS/AIR limit the amount it.can learn from other
organisations which conduct audits of air quality monitoring. Global Atmosphere Watch
is in the very early stages of implementing a very ambitious reviewing programme. It found
this was necessary as:

e despite the provision of guidance and coordination of many components of the
measurement programme, implementation has achieved mixed success. There
are problems with the quality of data submitted by the participating countries,
due to the different protocols used, and the quality of the data varies between
measurement species;




* Thelack of staff resources and funds in the WMO Secretariat has restricted and
delayed the establishment of an active international QA programme;

* The level of technical training is an important factor in the production of good
quality data in any particular country, and in many cases continuous outside
help is necessary; and, .

* There is a need for more data scrutiny. The data produced by some
programmes were not used or scrutinised by the general scientific community,
nor within the country collecting the data.

The Cooperative Programme for Monitoring and Evaluation of the Long-range
Transmission of Air Pollutants in Europe EMEP operates in 24 European countries, so to
obtain consistent data from the network, an EMEP quality assurance programme has been
developed. Thisincludes close collaboration and communication between the coordinating
laboratory and participating laboratories. EMEP developed an expert consultation
programme to provide this direct contact and to ensure that the sites, sampling equipment,
and laboratories meet the requirements of EMEP.

The expert consultations have involved a visit to each participating country, and an
informal evaluation of the analytical laboratory, and at least one measurement site. The
experience of EMEP is that participating laboratories welcome the expert consultation visit
as a means to share knowledge and experience. Since the start of the EMEP measurement
programme, the performance of participating laboratories has improved substantially,
although it is considered that there is still need for further improvement.

- The expert consultation programme found that most sites were satisfactory,
although some had equipment faults, some sites needed guidance on suitable
methodologies at locations with very low air pollutant concentrations, and other sites had
resource problems which influenced their performance. As occurs in GEMS/AIR, the level
of resources available to participants is very variable. In some cases, high quality
measurements were performed in laboratories with modest resources. However, a clear
correspondence was found between the resources available to participants and
performance in EMEP interlaboratory tests.

What did GEMS/AIR learn from the network review exercises ?

Within recent years, GEMS/AIR has initiated pilot QA/QC activities in Asia and
South America. Furthermore an intercomparison exercise was conducted during 1993 to
assess accuracy of S0 analysis in participating laboratories. These were the first steps
towards reviewing the GEMS/AIR network to evaluate the issues associated with improving
the operation of GEMS/AIR monitoring stations in various regions of the world.

The reviews found that despite differences among the countries, the programmes
would generally benefit from additional information exchange, resources, training, facilities
and equipment, especially some monitoring equipment, calibration equipment, and spare
parts, the detailed requirements for which varied among sites. Many collaborators would
benefit from an increased interaction with GEMS/AIR to improve training in monitoring
methodologies, quality assurance, data analysis and assessment. Improved training is
essential where monitoring methodologies are changing, and additional information is being
used to conduct air quality management.
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What type of review does GEMS/AIR need ?

GEMS/AIR consists of a number of independent organisations which collaborate in
air quality monitoring. The collaborators have the freedom to use any methods and
equipment which are available and applicable, depending on their particular monitoring
objectives, and the resources and infrastructure available for this purpose. Consequently,
a system of collaborative reviews is proposed which involves partnerships in which
scientists collaborate with other scientists to achieve chosen objectives.

This is an early stage in the development of QA procedures in GEMS/AIR.
Collaborative reviews should be carefully targeted, with the aim of providing a more
general review and consuitation, involving discussions, inspections, and some workshops.

The emphasis of reviews at this stage should be broad and exploratory in nature, to
determine whether the collaborators visited are producing, and can produce, adequate data
quality, what they need to produce these data, and what GEMS/AIR can do to help. It was
concluded that the collaborative reviews should focus on:

Assessing the broad and urgent needs of collaborators

There is an urgent need for broad support encompassing additional interactions with
GEMS/AIR to facilitate improved resources, training, facilities and equipment, especially
some monitoring equipment, calibration equipment, and spare parts, although the
requirements vary from country to country. The needs are most acute and urgent in the'
large and rapidly growing cities in developing countries which can experience the most
severe episodes of air pollution as this is where there is the greatest need for reliable data
on which to base assessments and develop strategies to improve air quality.

Providing gradual, incremental and sustained assistance

Experience indicates that a sustained effort is needed to produce data of known
quality adequate for the intended use from a monitoring station facing many difficulties.
This is most likely to be achieved with a frequent and sustained collaboration programme
involving well-planned collaborative reviews and follow-up actions. A quick-fix approach
involving a couple of brief expert consultations is unlikely to overcome the problems that
many collaborators in developing countries are facing.

Providing collaborative, consultative assistance, sensitive to local conditions

Some GEMS/AIR collaborators may not produce data of known quality adequate for
the intended use for some time. Gradual, incremental and sustained assistance is likely to
produce the desired objectives in the long term, but the short-term goals may need to be
more modest aims to strengthen local capabilities. In other cases, there is an urgent need
to establish air quality monitoring in some large cities. These include the large African
cities which have rapidly growing populations but no current routine air quality monitoring,
and little of the required infrastructure, training or experience. These cities will need
sustained collaborative, and consultative support for many years, in a programme which
aims to strengthen local capabilities in the early stages.
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Establishing review priorities

Eventually all local GEMS/AIR collaborators should be involved in network
intercomparison, specific performance evaluations of critical components of the
measurement system, and collaborative reviews. However, the short-term priority should
be given to collaborative reviews with participants facing the most significant air pollution
problems, who are eager to participate and assist with practical arrangements, and to
implement appropriate findings; and,

¢ have recently joined or are about to join GEMS/AIR;
have been reporting data which are different from expected or typical data
have experienced difficulties with the analysis of standard reference materials;
have requested technology transfer and equipment support; or,
have requested on-site training in the monitoring of air quality.

It is important that the benefits to local GEMS/AIR collaborators which result from
collaborative reviews become widely communicated to all local GEMS/AIR collaborators.

Guidelines for GEMS/AIR collaborative reviews are proposed, including the roles and
responsibilities of the GEMS/AIR programme managers, the review team and the local
collaborators, as a framework to be amended according to the needs and circumstances
of the review.

Recommendations to support the GEMS/AIR system of collaborative reviews are
.provided.

Many GEMS/AIR collaborators, especially in some developing regions of the world,
do not have a QA plan, but wish to improve QA by conducting their own internal review,
independent of GEMS/AIR. This is beneficial to the GEMS/AIR programme, and should be
encouraged and supported, as the resources available to GEMS/AIR may preclude it for
many years from conducting collaborative reviews with all sites which desire a review.
Guidelines for an internal review by a collaborator have been prepared to provide guidance
for local collaborators have no QA plan. Finally, suggested notebooks for the review team,
and for the local collaborator wishing to conduct an internal review, are presented in
Appendices 1 and 2.




1. INTRODUCTION

1.1 What is GEMS/AIR ?

The United Nations "Global Environment Monitoring System" (GEMS) is a collective
effort of the world community to use monitoring and assessment to obtain the scientific
information needed for the sustainable environmental management of the planet.

GEMS/AIR is a component of GEMS, which has been operating since 1973 as a
global air monitoring network. It involves countries around the globe in different socio-
economic conditions, climatic zones and air pollution situations. The unique features of
GEMS/AIR are that it is a voluntary, world-wide network for the monitoring and assessment
of urban air pollution. It involves both developed and developing countries, across the
range of socio-economic development conditions. Participants may use whichever
methods are appropriate and applicable to the local situation. The GEMS/AIR monitoring
network has collected data on sulphur, dioxide (SO,) and suspended particulate matter
(SPM) from more than 80 cities in 45 countries.

1.2 The mandate from Agenda 21

The 1992 United Nations Conference on Environment and Development (UNCED)
identified environmental degradation in cities as one of the areas which requires immediate
attention. Agenda-21, the sustainable development action plan for the 21st century,
highlights in several chapters the importance of urban air pollution and calls upon national
and local governments and the international community to increase their efforts towards
obtaining reliable and accessible data and information on pollutant concentrations, sources
and effects. More specifically, Agenda-21 recommends (UNEP/WHO, 1993):

¢ development of appropriate urban air pollution management capacities in large
cities and the establishment of adequate environmental monitoring capacities for
surveillance of environmental quality and the health status of populations
(chapter 6, protection of human health).

* improved access to environmentally sound technologies for developing
countries, including the provision of training and the development of extensive
international information networks (chapter 34, transfer of technology and
capacity building).

¢ development and expansion of Earthwatch, the UN-system wide monitoring and
assessment programme of which GEMS/AIR is a component (chapter 38,
international institutional arrangements).

¢ improvement of data collection and of methods of data assessment so that
national and international decisions can be based on sound information; and
strengthening of UN data collecting activities, particularly of the Global
Environment Monitoring System (chapter 40, information for decision making).




1.3 How do GEMS/AIR collaborators benefit from participation ?

GEMS/AIR includes a world-wide network of experts in a global partnership to
obtain and disseminate the scientific information needed for the sustainable air quality
management of the planet. The benefits to participants in GEMS/AIR include:

® access to technical literature;

e global partnership with experts;

o facilitation of technical support;

e access to a global communications network with peers and Regional
Support Centres;
access to experience, in similar cities and countries;
access to data and information in neighbouring countries;
access, participation and collaboration with global assessments of urban air
quality, poliutant sources, the options for abatement and the potential health
and environmental effects;
access to training courses for participants;
access to participation in twinning arrangements to provide direct
contact enabling provision of equipment, information, advice, etc.;

e access to a stimulus and support to improve capabilities for air quality
monitoring and management:

e access to tools to develop methodologies, adapted to the specific needs of the
participating countries, required for the comprehensive monitoring and
assessment of urban air quality; and,
access to tools for the development of emission inventories.
future access to tools for dispersion modelling.

1.4 The continued development of GEMS/AIR

GEMS/AIR aims to improve global management of air quality by expanding the
network to all regions of the globe and encouraging participation, particularly by the large
cities in developing countries. This is especially important in the rapidly growing cities and
surrounding areas in those developing countries which can experience severe episodes of
air pollution (WHO, 1992). The network is being expanded and improved to collect
additional data to support assessment activities.

While expanding in geographic coverage in several regions of the world, GEMS/AIR
also wishes to avoid imposing barriers to participation in the network, such as those
barriers of requiring high levels of technology, sophisticated servicing, highly specialised
training, or high cost. As each participant is in a different situation, GEMS/AIR does not '
require collaborators to use a common agreed set of procedures and protocols for
measurements, unlike most national and some international air quality monitoring networks.
GEMS/AIR has recommended methods, but participants may use any methods and
equipment which are available and applicable under local conditions. While encouraging
participation in the programme, GEMS/AIR also supports collaboration among participants
to improve air quality monitoring, and develop emission inventories, by technology transfer
eg via the twinning project, training and other programmes.

To improve the management of air pollution in these cities, air quality management
plans will need to be developed in collaboration with participants. In addition to air quality
monitoring data at various sites, these air quality management plans will need to




incorporate modelling "techniques, which will require source inventory information.
However, the sensitive interpretation and evaluation of monitoring data and useful
modelling techniques require data of known quality, adequate for the intended use. |If
policy decisions are to be made at least partly on the basis of this information, it is
important that quality assurance in the network is encouraged by introducing quality
assurance plans which include defined data quality objectives. This will enable data from
different parts of the network to be compared and collated. The use of data of known
quality and comparability promotes international exchange of information, experience and
it encourages international assessments. These factors are increasingly important as many
air pollution issues are now recognised as transboundary, continental or global in nature,
requiring concerted international action.

GEMS/AIR recognises that there is a need for improved, consistent support in some
developing countries to obtain data which meet the data quality objectives. There is a
need for improved infrastructure, power supply reliability, and foreign exchange for
equipment, consumables and replacement parts for essential equipment. Aithough
specialised instrument servicing skills may be difficult to obtain, good laboratory skills are
often available. GEMS/AIR has developed special programmes to involve and assist some
developing countries. These programmes include technical support and harmonisation of
environmental measurement, while also recognising that air quality monitoring needs to pay
particular attention to local circumstances.

To assess the specific reviewing requirements of the GEMS/AIR network, it is
important to consider some of the unique characteristics of the network in more detail.

GEMS/AIR is designed to collect daily average data for gaseous and particulate air
pollution for monitoring sites representing typical industrial, commercial, residential and
roadside areas of cities. Daily, monthly and annual averages are used as estimates of
current levels and trends, and comparisons are made with WHO guidelines. The data from
each site are stored in a central database operated by the WHO Coliaborating Centre at US
EPA, Research Triangle Park, North Carolina.

GEMS/AIR is not only about data. The general aims of the GEMS/AIR programme
(GEMS, 1991) are to:

* provide an international framework for coordinated, comparable and valid
monitoring of air pollution, effective data management, and reliable information
dissemination;

¢ develop methodologies, adapted to the specific needs of the participating
countries, required for the comprehensive monitoring and assessment of urban
air quality;

¢ produce comprehensive assessments on levels and trends of urban air pollution,
pollutant sources, the options for abatement and the potential health and
environmental effects; and,

¢ strengthen urban air quality networks and assessment capabilities in developing
countries.

The network is being expanded and improved to:

include other key air pollutants; _

collect additional data to support assessment activities;
improve global coverage, especially in developing countries;
improve quality control and quality assurance systems; and,




¢ improve data analysis and assessment by the introduction of appropriate
modelling techniques (GEMS, 1991).

1.5 Objectives

The objectives of this report are to develop a GEMS/AIR system of collaborative
reviews, and to provide information to those about to initiate monitoring. It provides tool
for local collaborators to meet their monitoring objectives. It outlines the GEMS/AIR
system of collaborative reviews, and provides information to local collaborators and
Regional Support Centres on how to review monitoring networks. This report was written
to give an overview, which can be made accessible to people interested in air quality
monitoring around the world, in particular those initiating monitoring. It does not provide
specific technical details of the various techniques. A future report in this series is
expected to define a GEMS/AIR network QA plan including data quality objectives. Further
information is available through the references provided in this document. The terms used
in this report are defined in the Glossary, and explained in greater detail in Volume 1 of this
series (UNEP/WHO, 1994a).

This report was prepared for GEMS/AIR by A/Professor Frank Murray of the
Environmental Science Division, Murdoch University, Perth, Australia. It reviews relevant
guidelines concerning reviews of air pollution monitoring networks, including the
experiences of other international organisations with network auditing and QA/QC
procedures. It assesses the findings of the GEMS/AIR network review exercises, and
analyses the specific requirements of the GEMS/AIR network. Finally, guidelines have been
prepared for collaborative reviews within the GEMS/AIR programme with specific emphasis
on the situation in developing countries. This background technical paper was reviewed,
discussed, and amended at a technical meeting of GEMS/AIR Regional Support Centres and
other relevant experts which was held in Munich at the offices of HEM, from 6-9
September 1994 (UNEP/WHO, in press).

In preparing this report it was considered important to give particular attention to
the range of likely users of this document around the world, including Regional Support
Centres and local collaborators. The local collaborators may have well-resourced
laboratories with sophisticated instrumentation, training and infrastructure, or have less
sophisticated laboratories which may have difficulties with stable power supplies, access
to specialised chemicals, appropriate facilities for the safe disposal of toxic chemicals, or
suitable spare parts or servicing for specialised analytical instruments. It is with
consideration of all users that the document has been written and the recommendations
formulated, but specific emphasis has been given to air quality monitoring in developing
countries. '

1.6 Report structure

This report is structured to provide information in the following sequence. It
commences with the background to the study. The report briefly summarises the types
of reviews which could be conducted. As GEMS/AIR is not alone in needing to obtain data
of known quality, adequate for the intended use, there is a potential to be able to learn
from other comparable programmes. Information relevant to GEMS/AIR is summarised.
However, most organisations conducting air quality monitoring are in a different position
to GEMS/AIR, so those unique aspects of GEMS/AIR which are relevant to this study are
reviewed. This section is followed by an assessment of the GEMS/AIR review exercises.




It contains an assessment of the type of review needed in GEMS/AIR at this stage of the
development of QA within the network, taking into account the unique aspects of -
GEMS/AIR and the lessons to be learned from previous reviews. This leads into a section
which proposes guidelines for GEMS/AIR collaborative reviews, including the roles and
responsibilities of the GEMS/AIR programme coordinator, the review team and the local
collaborator. These guidelines are not intended to be prescriptive, they are merely a
framework to be amended according to needs and circumstances of the review.

Many GEMS/AIR collaborators, especially in some developing regions of the world,
do not have a QA plan, but may wish to improve QA by conducting their own reviews,
independent of GEMS/AIR. This is beneficial to the GEMS/AIR programme, and it should
be encouraged and supported, as the resources available to GEMS/AIR may preclude it for
many years from conducting collaborative reviews with all sites which desire a review.
Guidelines for an internal review by a collaborator have been prepared to provide guidance
for local collaborators in this position. Finally, a suggested notebook for the review team
is presented in Appendix 1. A notebook for GEMS/AIR collaborators who wish to conduct
their own internal review, independent of GEMS/AIR is presented in Appendix 2.

This report was written to be used by scientists involved in monitoring of air
pollution, particularly in developing countries, who want to assess their air quality
monitoring systems. It outlines what measures they may choose to adopt to improve the
quality of their data and to provide assurance that they are meeting their monitoring
objectives.






2. TYPES OF REVIEWS

2.1 What is a review ?

A review (audit in a regulatory system) is usually a study of a project, or some part
of a project by an independent person or group, to determine if the data quality objectives
are being met. It can also refer to the informal discussions which are used to determine
the status of a monitoring station or network and which usually precede the formal
reviews. It is intended to help the local air quality monitoring manager to identify what is
satisfactory, what needs improvement, and how improvement can be achieved in the local
circumstances, possibly with outside assistance.

The review report summarises some details of monitoring sites, site surroundings,
sampling and analysis procedures, equipment, facilities, physical and human support
infrastructure, staff training and organisational structure. It should evaluate the quality of
these components of the monitoring system, listing both satisfactory and unsatisfactory
components, and suggest corrective actions which are appropriate to the local
circumstances.

This report outlines the GEMS/AIR system of collaborative reviews. It is not a
GEMS/AIR QA manual, nor does it contain specific programme data quality objectives.
Information about QA and QC in urban air quality monitoring can be found in previous
publication in this series (UNEP/WHO, 1994b). Specific GEMS/AIR data quality objectives
will be established in the coming years in close collaboration with participants.

2.2  Why review?

The purpose of air quality monitoring is to provide the data needed for air quality
managers to make informed decisions to improve air quality for the benefit of human health
and the health of our planet. It is not to collect data on air quality. These informed
decisions require air quality data of the right quality, about the right pollutants, at the right
places, in the right form, at the right time.

A review programme is an independent assessment which advises the participant
whether these goals are being achieved. It should evaluate what is needed, what is
provided, what is being done well, what is not being done well, and it should provide
advice on improvements. It also provides the network coordinator with a qualitative
assessment of the quality of the data produced, and whether, and what needs to be done
to collaborate with the participant to produce data of adequate quality to meet the
monitoring objectives. '

After a satisfactory review, the local collaborator can be assured that the data
needed to make informed decisions to improve air quality are being provided, and that the
information is available to ensure resources are concentrated on fixing the most urgent and
serious problems.

A satisfactory review also assists the international agencies to target the most

serious air quality problems in a developing country. Data whose quality is not sufficient
for the intended purpose, or data of unknown quality can mislead international agencies.




S'upport for air pollution control could be provided to those countries where the agencies
can be confident that data of adequate quality are being produced, even though a
potentially more serious air pollution situation, according to data of unknown quality, may
exist elsewhere. :

A review programme provides an opportunity and a deadline for a monitoring team
and management to focus attention on data quality and possible improvements.
Consequently, it is common for a substantial improvement of data quality to occur during
the period leading up to a review. Maost air quality monitoring networks with review
programmes report that they result in a very substantial improvement in data quality where
this is needed. Most national programmes require reviews on an annual basis as an
indispensable component of their programme.

2.3 Types of reviews

The most fundamental question in reviewing an air quality monitoring system is why
is it being performed ? Is an preliminary review required, a technical system review, a
performance evaluation as a test of accuracy and precision of measurement, a review of
data quality, or a review of the management system ? Depending on the answer to these
questions, one or more of the following types of reviews may be selected. Different
reviews may be selected at different times for the different purposes. For example, a
technical system review may be conducted before the measurement system is fully
operational to attempt to focus attention at an early stage on those components which are
most likely to provide problems.

Preliminary review

A preliminary review usually precedes any formal reviewing system. It is used to
review the status of a network, and it may be used before a QA plan incorporating data
quality objectives exists.

Technical system review

This usually consists of an on-site evaluation of the entire measurement system.
It provides an overview of the entire technical system, including: monitoring sites, site
surroundings, sampling and analysis procedures, calibration, equipment, maintenance,
laboratory facilities, record-keeping, data validation, reporting, QC etc. It is a qualitative
review, useful to identify those components of the technical system which are performing
satisfactorily, and those in need of improvement.

Performance evaluation ~

This is a quantitative test of individual components of the monitoring system to
determine whether it is performing to specification. It may, for example, involve the supply
of a reference sample to be processed as a routine sample for analysis to determine the
accuracy of an analytical procedure. Performance evaluations of critical components of a
project are extremely useful in identifying whether a procedure is meeting the data quality
objectives, but a technical system review is necessary to identify the cause of any
probiems detected, and to suggest improvements.

Data quality review
A data quality review is an evaluation of the methods used to collect, record,
calculate, transfer, interpret and report on the data collected in a project. It may be a




detailed evaluation of the accuracy, reliability and integrity of procedures used in the
recording and transfer of data, the calculations and manipulation of data. It may evaluate
how the data handling is documented, and consider data quality objectives.

A common data processing review consists of selecting some raw data and
following the data through to final reporting, to determine whether errors have been
introduced during the processes of transfer, calculation, and reporting.

Management systems review

The purpose of a management systems review is to examine how management is
structured, and what procedures are used to achieve the data quality objectives. It focuses
on the administration of the project, not technical details. It would normally be broader
than one project, covering an entire laboratory with multiple projects. It could consider job
descriptions, supervision arrangements, responsibilities and functions. It considers whether
a QA plan will deliver the data quality objectives. It determines whether responsibility for
all aspects of a QA plan are allocated, whether it is clear who is responsible for each
component of a QA plan, and whether each person responsible has the information and
ability required to take immediate and effective action if measurements exceed tolerance
limits.
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3. THE REVIEW PROCESS IN OTHER AIR MONITORING PROGRAMMES

A number of organisations have considerable experience with reviewing their air
monitoring networks, although not all of this experience is relevant to GEMS/AIR due to
the unique aspects of the GEMS/AIR network. These unique characteristics include the
global scale of operation, the voluntary participation of countries at all levels of socio-
economic development, the scientific collaboration among participants, and the freedom
to use any applicable methodology to monitor and assess urban air quality. Consequently,
the GEMS/AIR network consists of local collaborators in many countries, with different
levels of resources, and facing different urban air pollution situations using locally
appropriate monitoring procedures within the network. However, the experience of some
international air quality monitoring organisations is relevant to the GEMS/AIR network, and
this section briefly summarises available information.

3.1 National agencies

Most national environmental protection agencies recognise the importance of quality
assurance in ambient air quality monitoring, and many have detailed QA plans. Some
useful references to national and international QA programmes are US EPA (1979), EMEP
(Schaug, 1988), EU (1ISO 9000, 1987), Japanese Environmental Agency (1990), UK
Department of the Environment {(undated),

QA plans assist to provide uniform data for comparison, interpretation and
evaluation, and may reduce duplication and costs. QA procedures are considered to be so
important that they may be required and enforced in some countries.

National QA programmes tends to focus on:

* Standardised and validated monitoring methods. These may define specific
performance and other requirements for monitoring methods used in compliance
monitoring. They may prescribe detailed tests by which methods must be
tested and approved;

¢ guidance and technical aSS|stance which may include technlcal publications,
seminars, workshops and telephone assistance;

e programmes to develop, test and require the use of standard reference materials
for calibration and audit purposes; and,

* Performance assessment. Monitoring regulations often specify how each type
of measurement system is to be assessed, how often, and how the results are
to be reported. Accuracy may be measured by introducing pollutant
concentration standards into the system, and comparing the measured value
with the true (standard) value. Precision is assessed by comparing replicate
measurements from the measurement system.

¢ Performance audit programmes. Standards and test materials of concentrations
or values known only to the programme coordinators are supplied to participants
for analysis and reporting.

* Systems audit programmes. These involve a complete and thorough inspection,
review and evaluation of a participant’s ambient air quality monitoring
programme to assess compliance with regulations covering collection, analysis,
validation and reporting of data. It includes monitoring network design,
management, resources and facilities, field, laboratory and data management
operations, reporting and QC/QA (Puzak and McElroy, 1987).
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3.2 Global Atmosphere Watch (GAW)

GAW is an umbrella programme with a purpose to provide data, scientific
assessments, and other information on the atmospheric chemical composition and related
physical characteristics of the background atmosphere of all parts of the globe (WMO,
1992). This information is required to improve understanding of the behaviour of the
atmosphere and its interactions with the oceans and biosphere, and to enable prediction
of the future states of the earth system. It prepares appropriate assessments for advice
to governments and other UN bodies. It has ten global stations which make an array.of
sophisticated measurements of greenhouse gases, surface and total column ozone,
radiation, the chemical composition of precipitation and cloud water, reactive gaseous
species, particle physical and chemical characteristics and radionuclides. It also has about
200 regional stations which have a more limited measurement programme (WMO, 1992),
involving 78 countries around the planet. When fully implemented, the GAW programme
intends to involve up to about 30 global stations, and 200-300 regional stations (WMO,
1993a,b). :

The GAW programme serves as an early warning system to detect further changes
in atmospheric concentrations of greenhouse gases, including changes in the ozone layer,
to study and assess the long range transport of pollutants, including acidity and toxicity
of rain as well as atmospheric burdens of aerosols.

WMO is strongly committed to strengthening existing QA programmes and
implementing new QA programmes, using a unified QA approach to the entire GAW
network. GAW provides framework design, standards, intercalibrations, and data
collection systems. Although GAW has recognised and affirmed QA/QC and network
auditing for many years, the necessary arrangements and procedures are only just getting
under way (WMO, 1992, 1993a,b)

As is the case with GEMS/AIR, the inspection and supervision of GAW stations in
each participating country is the responsibility of the national agency operating the
stations. QA standards for stations, analytical laboratories, and data centres are reqwred
by GAW, but have not been commonly implemented (WMO, 1992).

Despite a number of efforts to improve QA, GAW considers that it still has

substantial QA problems. An informal review (WMO, 1992) concluded that:

* despite the provision of guidance and coordination of many components of the
measurement programme, implementation has achieved mixed success. There
are problems with the quality of data submitted because of the different
protocols used by the participating countries;

® The lack of staff resources and funds in the WMO Secretariat has restricted and
delayed the establishment of an active international QA programme;

* The level of technical training is an important factor in the production of
adequate quality data in any partlcular country, and in many cases continuous
outside help is necessary; and,

® There is a need for more data scrutiny. The data produced by some
programmes were not used or scrutinised by the general scientific community,
nor did they always find an application within the country collecting the data,
especially in developing countries.
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The quality of the data varies between measurement species. For example, a QA
programme was developed for carbon dioxide measurements due to the active participation
of the scientific community, coordinated by WMO. The precipitation chemistry
measurements in Europe and North America benefited from QA programmes developed on
a regional basis in Europe and North America, such as the US National Trends network,
Canadian CAPMON network, and EMEP. However, the turbidity network suffers from the
lack of a central calibration facility for sun photometers. The least successful programme
has been the SPM measurements, made using high volume samplers. There has been no
QA associated with this programme, and without gravimetric measurements of the mass
of particle associated with each of the three size modes and chemical specnatlon of each
of these modes, a meeting of WMO experts concluded that the present protocol has little
value for the GAW programme (WMO, 1991).

GAW is revamping its QA programme, to deliver quality assured data, using uniform
and defined data quality objectives and standard operating procedures. WMO will
designate an Executive Council Steering Committee on QA. It is developing three QA
Science Activity Centres (QA/SAC) for Europe and Africa; The Americas; and Asia.

Itis proposed that each GAW station will collect data in accordance with GAW data
quality objectives and standard operating procedures, and transmit the data to the regional
QA/SAC, flagging the data status in accordance with the QA project plans. The QA/SAC
will review the data and notify stations of any apparent performance problems. The
QA/SAC will submit the data and a QA review to the global Data Centre for that particular
measurement. Each Data Centre will assess the QA reviews and ensure uniform
performance of a particular measurement across geographical regions. If performance
problems are apparent, the Data Centre may request the regional QA/SAC to initiate expert
consultations with the station, which may involve calibration etc.

Each QA/SAC will be responsible for a range of activities which include:

Data
¢ developing and reaching agreement with stations on standardised data formats,
software for uniform data recording, software for data acceptance and
packaging, and a schedule for data transfer;
Communications
* establishing an efficient communications network;
* providing information to network participants and network-specific training
programmes;
QA

¢ developing QA activities, such as expert consultations, performance audits and
technical systems audits ;

¢ designing and conducting studies to resolve discrepancies observed during data
review, or in response to requests from site operators;

® promoting links between stations (such as twinning arrangements) to encourage
the transfer of information and experience;
periodic review of site locations;
the allocation of station performance categories;
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* the recommendation of the removal of a station from the network if data are
continually found to be of a quallty which affects the credibility of the global
data set;

¢ developing procedures to increase awareness of technological changes, and
ensuring efficient technology transfer;

* conducting workshops on instrument comparison, improvements and
developments; and,

¢ establishing contacts with the scientific community WhICh uses the GAW data.

Networking '

* networking with international research teams and other monitoring programmes
to integrate measurement efforts and reduce duplication, continuously develop
methods and procedures for measurement and QA/QC ;

* promoting and coordinating review meetings, to present results, exchange
technical information and QA/QC experience within GAW and with other
national and international programmes;

Education and training
®* promote "hand-on" training of GAW station operators through extended
workshops at a QA/SAC;
* promote capacity-building programmes to help developing .countries to build.
their academic infrastructures in atmospheric chemistry and atmospheric
sciences within the country;

. GAW intends to phase in this ambitious programme over a period of time. It has
established QA Science Activity Centres responsible for Europe and Africa at the
Fraunhofer Institute fYr Umweltforschung (IFU), Garmisch-Partenkirchen, Germany, and for
the Americas at the State University of Albany, NY, USA. Japan intends to form the
QA/SAC for Asia within the Japanese Meteorological Association.

3.3  EMEP - The Cooperative Programme for Monitoring and Evaluation of the Long-range
Transmission of Air Pollutants in Europe

The Cooperative Programme for Monitoring and Evaluation of the Long-range
Transmission of Air Pollutants in Europe (EMEP) has 97 stations in the measurement
network in different climatic and environmental conditions in 28 European countries. The
recommended EMEP measurement programme includes sulphur dioxide, sulphate, nitrogen
dioxide, ozone, the sum of nitric acid and nitrate aerosol, and the sum of ammonia and
ammonium aerosol, in addition to the main components in precipitation. Most sites use
manual methods giving 24 hour mean values. Some sites record sulphur dioxide using UV
fluorescence, and nitrogen dioxide using chemiluminescence. For ozone monitoring,
methods used are based on UV adsorption or chemiluminescence (Semb et al., 1993).

Since the start of the EMEP measurement programme, the performance of
participating laboratories has improved substantially, although it is considered that there
is still need for further improvement. To obtain consistent data from the network, an EMEP
quality assurance programme has been developed (Schaug, 1988). This includes close
collaboration and communication between the coordinating laboratory and participating
laboratories. An expert consultation programme was developed to provide this direct

14



contact and to function as an audit to ensure that the sites, sampling equipment, and
laboratories meet the requirements of EMEP (Semb et al., 1993).

Information about site representivity, sampling equipment, and the operating
procedures of participating laboratories is collected by questionnaires, and technical
performance is evaluated by annual intercomparison exercises (Hanssen, 1992; Hanssen
and Skjelmoen,1995). This information, and data collected by other EMEP field
intercomparison exercises about performance of each site is used in the expert consultation
programme. ‘

The consultations have involved a visit to each participating country, and an
informal evaluation of the analytical laboratory and at least one measurement site. The
experience of EMEP is that participating laboratories welcome the expert consultation visit
as a means to share knowledge and experience.

Reporting of the site and laboratory visits is made in successive stages. A detailed
site visit report containing details of the site, surroundings, and observations, sampling and
measurement equipment, laboratory facilities and staff is prepared for the Coordinating
Centre and other technical bodies. Thisreport is then summarised into a draft report which
is forwarded to the national participants to correct any errors and misunderstandings. The
expert consultation report is then forwarded to the Steering Body.

The expert consultation programme found that most sites were satisfactory,
although some had equipment faults, some sites needed guidance on suitable
methodologies at locations with very low air pollutant concentrations, and other sites had
resource problems which influenced their performance.

The equipment faults were often associated with problems in obtaining the
necessary equipment commercially. The lack of readily available and suitable standard
sampling equipment in the EMEP network is of concern as a potential cause of reduced
data quality (Semb et al., 1993). EMEP has no set of agreed procedures and protocols for
measurements, unlike the air chemistry and precipitation networks in the US and Canada
which have extensive network auditing programmes. EMEP has recommended methods
and participants may use any methods and equipment which are available and proven to
be equally as good as the recommended method. Like GEMS/AIR, EMEP does not consider
that rigorous standard methods of measurement should be introduced, partly because
EMEP does not want to discontinue some long and valuable time series of measurements

such as the SO, and NO, measurement series of the Federal Republic of Germany.
However, the expert consultation programme found that there would be advantages if
agreement could be reached on suitable standard sampling equipment, and ways found to
make this readily available throughout the network (Semb et al., 1993).

As occurs in GEMS/AIR, the level of resources available to participants is very
variable. In some cases, high quality measurements were performed in laboratories with
modest resources. However, a clear correspondence was found between the resources
available to participants and performance in EMEP interlaboratory tests.
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4. REVIEW PROGRAMMES IN GEMS/AIR

4.1 Background

To develop review programmes for GEMS/AIR, it is important to recognise that the
network consists of local collaborators with different levels of resources, and facing
different air pollution situations. It is not the aim of GEMS/AIR to apply a single uniform
monitoring procedure throughout the network. Different countries use different monitoring
techniques depending on their particular monitoring objectives, and the resources and
infrastructure available for this purpose.

The difficulties with obtaining and ensuring reliable data can be most acute in the
large and rapidiy growing cities in developing countries which can experience the most
severe episodes of air pollution. It is in these cities and surrounding areas where there is
the greatest need for reliable data on which to base assessments and develop strategies
to improve air quality.

Other organisations, such as EMEP use the data produced by participating
laboratories in many countries with different equipment, methodologies, and resources.
Their experience is that the performance of participating laboratories has improved
substantially, through close collaboration and communication between the coordinating
laboratory and participating laboratories, and intercalibration exercises (Sembetal., 1993).
The EMEP expert consuitation programme provides this direct contact, communication and
consultation to strengthen the monitoring capabilities of the sites, sampling equipment, and
laboratories.

4.2 Improving GEMS/AIR data validity

To assess the specific reviewing requirements of the GEMS/AIR network, it is
important to consider some of the unique characteristics of the network. While GEMS/AIR
recognises that different techniques are used by collaborators according to their local
situations, the data submitted must be of known quality, adequate for the intended use.
GEMS/AIR is producing the Methodology Review Handbook Series to encourage
harmonisation of particulate measurements (UNEP/WHO, 1994a), quality assurance and
quality control (UNEP/WHO, 1994b), primary standards and intercalibration (UNEP/WHO,
1994c), and passive and active sampler methodologies (UNEP/WHO, 1994d).

While providing printed information to encourage harmonisation, and produce data
of adequate quality, GEMS/AIR also needs to provide technical support to strengthen
national air pollution monitoring capabilities. It needs to provide assistance with:

¢ quality assurance, including coordinating the distribution of standard reference
materials to local collaborators, and the assessment of results;

* on-site reviews of the monitoring systems;

strengthening of communications between GEMS/AIR and local collaborators via

,an electronic communications network;

technology transfer and equipment support;

on-site training in the monitoring, assessment and management of air quality;

and,
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communications networks to facilitate sharing of information among
participants.

To harmonise and ensure rellablllty of measurements across the GEMS/AIR
monitoring system, GEMS/AIR particularly needs to:

assist with the strengthening of quality control by local collaborators, and
provide quality assurance across the GEMS/AIR monitoring system. GEMS/AIR
should provide network intercomparisons, identify specific performance
evaluations of critical components of the measurement system, and coordinate
the distribution of standard reference materials to local collaborators. It should
assess the resuilts, and provide expert advice to assist collaborators to improve
measurements;

organise on-site reviews of the monitoring systems of local collaborators, and
provide expert advice and information, and strengthen communications between
GEMS/AIR and local collaborators;

provide a regional and global information exchange concerning the acquisition,
commissioning, operation, maintenance and calibration of equipment available
for measurement, calibration, data logging, data manipulation, and equipment
infrastructure.  This could include experience with particular equipment
problems, repairs, calibration, requirements, software, etc.;

develop regional and global equipment maintenance facilities to provide
specialised advice on operation, maintenance and calibration of equipment used
for measurement, calibration, data logging, and data manipulation. Priority
should be given to providing collaborating centres in developing countries with
advice and spare parts to overcome particular equipment problems, repairs,
calibration, software, etc.;

coordinate on-site training in air quality monitoring, and regional or national
training courses, and workshops to enhance training and information exchange,
and introduce new developments in air quality monitoring. These should be
appropriate to meet the local monitoring objectives;

assist in the establishment of new GEMS/AIR monitoring sites in the expanding
network to meet the local monitoring objectives, by organising expert on-site

- consultations, advice and information concerning the acquisition,

commissioning, operation, maintenance and calibration of equipment, training
and information exchange in air quality monitoring; and,
develop a QA plan.

The development of regional support teams to review monitoring, assist with

calibration of equipment, provide technical support and expert on-site consultation, improve
information exchange, and provide on-site training in cooperation with local GEMS/AIR
collaborators is fundamental to achieving a number of these aims.

Q.uallty control and the production and reporting of data of known
quality, adequate for the intended use, is the responsibility of the
local collaborator. GEMS/AIR and its Regional Support Centres will
assist the local GEMS/AIR collaborator with QA to strengthen the air

quality momtonng programme.
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5. THE GEMS/AIR NETWORK REVIEW EXERCISES

GEMS/AIR consists of a number of independent organisations which collaborate in
air quality monitoring. Consequently, a system of collaborative reviews is proposed
which involves partnerships in which scientists collaborate with other scientists to achieve
chosen objectives. It is a formal means of "scientists helping scientists.”

Within recent years, GEMS/AIR has initiated pilot QA/QC activities in Asia and
South America. Furthermore an intercomparison exercise was conducted during 1993 to
assess accuracy of S0, analysis in participating laboratories. An evaluation of the results
provided useful information about the status of the network, and suggestions for
improvement. These were the first steps towards reviewing the GEMS/AIR network to
evaluate the issues associated with improving the operation of GEMS/AIR monitoring
stations in various regions of the world.

The following sections summarise the most important findings and the lessons
learned.

The WHO Collaborating Center for Air Pollution Monitoring and Environmental
Health Effects of the National Institute of Public Health (NIPH), Tokyo, Japan, conducted
a project entitled, "lmprovement of air monitoring systems in the Western Pacific". The
project required a team (Dr Tanabe and Dr Matsushita of NIPH) to visit three South East
Asian countries for discussions, inspection, and conduct calibration, auditing and training,
and to prepare a report.

WESTERN PACIFIC

NIPH of Japan conducted a review in 1990 among three GEMS/AIR participants - in
the Western Pacific and South East Asia. It consisted of training activities, and an
overview- of -equipment, methods, procedures and data handling, -calibration of
equipment, and discussions mainly related to TSP and SO, monitoring.

The review found that the participants needed support in air quality. monitoring.
Although there were differences between participants, useful assistance that
GEMS/AIR could provide included:

e advice on the appropriate number and location of sites adequate to meet

local air quality monitoring objectives

assistance with equipment supply and spare parts and calibration devices;

assistance with routine and advanced level staff training;

provision of periodic reviews in collaboration with the GEMS/AIR participant;

assistance with the establishment of a broad air quality monitoring and

management system; _

® assistance with programmes to increase the amount and quality of information
in the community about air quality issues

e facilitation of information exchange
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GEMS/AIR contracted the Air Pollution Control Division of the National
Environmental Engineering Research Institute (NEERI), India to report on the status of
monitoring in five cities in three countries in South and South-East Asia. Dr. A. L.
Aggarwal was the project leader.

SOUTH AND SOUTH-EAST ASIA

NEERI of India conducted reviews of air quality monitoring in five cities in three
countries in Asia. The objectives of the study were to guantify and minimise the
errors in monitoring data in the participating cities.

The review found that the monitoring objectives of the participants were poorly
defined, and there was limited use of the data in air quality management in the cities.
Although the needs of participants varied, the study found that the GEMS/AIR
participants needed particular support with:

assistance to define local air quality monitoring objectives;
assistance to develop an air quality monitoring programme which meets the
local air quality monitoring objectives;
assistance with equipment supply and spare parts;
assistance with calibration of gas flows;
assistance with staff training at all levels, but especially training of
technicians;

® assistance with selecting appropriate locations of monitoring sites; and,
assistance with quality control and quality assurance procedures.

The review observed that GEMS/AIR need to make its involvement with participants
more obvious and interactive. 'GEMS/AIR sites should normally be incorporated
within national air quality monitoring networks to avoid duplication.
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three cities in three countries in South America.

Under the terms of a cooperative agreement between the US EPA, WHO and UNEP,
the US EPA was contracted to conduct a collaborative study of air quality monitoring in

The review team consisted of Dr W.

Mitchell and L. Childers of US EPA’s Quality Assurance and Technical Support Division.

SOUTH AMERICA

The EPA of .the US conducted a preliminary collaborative study of .air- quality
monitoring in three cities in three countries in South America. The objectives of the
study were to promote technical cooperation and to develop a working relationship
with the participating cities, as a preparation for future collaborative reviews.

The review found that the cities were enthusiastic to participate in“collaborative

reviews.

They felt isolated within the GEMS/AIR programme and wanted more

support and advice from the programme. The main requirements of the cities were
support with:

provision of basic information on air quality monitoring and access to air
pollution data bases;

assistance with the supply of equipment and spare parts, including: passive
sampling devices and other inexpensive and portable measurement equipment;
provision of guidelines for equipment purchase, preferably in the form of a
checklist;

assistance with the supply of calibration and auditing equipment and training
in their use;

assistance with general training in air pollution measurement;

assistance with selecting appropriate locations for monitoring sites, including
the prioritisation of siting requirements where no potential site meets all siting
requirements;

facilitation of information exchange among participants and feedback from
GEMS/AIR; and,

facilitation of the establishment of a training resources centre.

The review observed that GEMS/AIR needs to make its involvement with participants

more obvious and:interactive.

and reinforce training in these procedures.

It also needs to simplify data reporting procedures
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NILU was contracted by GEMS/AIR to conduct an intercomparison exercise to
assess the accuracy of SO, analysis by participants of GEMS/AIR.

m

ACCURACY OF SO, ANALYSIS IN GEMS/AIR

NILU. conducted a laboratory intercomparison exercise in 1993 among some
GEMS/AIR participants which consisted of the distribution of four test samplesto 19
countries. The exercise used a hydrogen peroxide absorbing solution for sampling
S0O,. The list provided to NILU of the methods used by participants, and their
addresses were in some cases outdated. This resulted in the return of three sets of
test samples. . A further four countries did not.report-data.

Among the 14 sets of results returned by participants, there was a relative standard
deviation of 9-24%. The concentrations in the test solutions were high enough to
ensure that analysis should not normally have presented any difficulties. The
deviation from the expected values of the_four samples averaged not more than 6-
10%, corresponding to 5-10 ug SO, m ~. The average deviation for the single
laboratories ranged from less than 1% to 30%. '

The accuracy of the reported results did not seem to be related to the type of
analytical method used by participants. However, the range of results obtained were
wider than in EMEP intercomparisons.

[rEE e ]

The reports evaluate aspects of operation of the GEMS/AIR programme in
participating countries. They provide valuable information on the monitoring situation at
the time of monitoring, and revealed where assistance could be provided to strengthen the
air quality monitoring system. The reports note that the visit from the review teams
encouraged the monitoring programme staff, and others to continue to improve their
monitoring system.

The reports found that the monitoring situations were different in each country.
However a number of the findings have general relevance particularly for rapidly
industrialising countries. The major findings are summarised in Tables 1 and 2.

The report authors found that the relevant environmental departments in each
country had a strong interest in air quality monitoring and control. They were making
various efforts to improve the air quality monitoring system, including collaboration with
other nations and international programmes such as GEMS, and implementation of
technology transfer. The authors expected that air quality monitoring would continue to
improve and expand with increased resouces.
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Table 1. A generalised summary of possible improvements to some GEMS/AIR
monitoring systems and management in developing countries

Criterion

Common problem areas

Improvement

Human resources

Shortage of staff for
maintenance and operation

Staff training in routine
system management and
operation

Advanced staff training and
information exchange

Retention of skilled staff

Increase the number of staff
assigned to maintain, calibrate,
and repair monitoring equipment

Train professional staff to manage
the technical system and to
evaluate and use the data.

Train technicians to operate the
technical system

Introduce information and training
in advanced monitoring, QA and
assessment techniques for staff to
improve monitoring and evaluation
capabilities in cooperation with
other countries and international
agencies.

Train, motivate and retain skilled
technicians for monitoring and QA
programmes.

Maintenance

Shortage of funds for
maintenance and operation

Increase the operating budget for
calibration, repair, spare parts and
replacements.

Equipment

Expand and improve
monitoring

Monitor important pollutants not
currently measured. Cooperate
with national and international
agencies to introduce modern
equipment, and train staff in use.

Communication

Better communication among
participants, and between
participants and the
programme coordinator.

Need to improve access of
participants to technical
information

Establish and send to participants
annual reports of lists of
publications and contact
information for participants.
Investigate the introduction of
new communication methods.

Maintain a library of all GEMS/AIR,
and other relevant technical
publications at Regional Support
Centres.
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‘Table 2. A generalised summary of possible improvements to some aspects of
GEMS/AIR technical systems in developing countries

Criterion

Common problem areas

Improvement

Monitoring station
location

The GEMS/AIR stations
may not be
representative, or they
may need periodic
re-evaluation

Periodically re-evaluate location of
GEMS/AIR stations to maintain or
improve representativeness

Sampling

Sampling and sample
storage during transport
could be improved.

Improve procedures for sampling and .
sample storage during transportation

Calibration and
maintenance

Calibration and
maintenance servicing
can be irregular

Regularly calibrate and check
equipment, and maintain records

Weighing and
chemical analysis

Sample storage and
instrument calibration

could be ir_nproved

Improve facilities for sample storage
and procedures for instrument
calibration

Additional data
requirements

Meteorological data
would assist with air
pollution data
interpretation

Monitor meteorological parameters
such as temperature, humidity,
pressure, wind direction and speed

Data validation and
analysis

The quality and
completeness of data
may be inadequate for
detailed data analysis

Initiate a QA programme for data
validation, and training for air quality
data analysis and assessment

The authors found that air quality monitoring in some countries was improving as
shown by the expansion of monitoring activities, the establishment of new training and
résearch centres, and other initiatives in cooperation. with other nations, and international

programmes.

The stronger monitoring programmes in some of the rapidly industrialising countries

are developing by including monitoring of additional pollutants such as PM4

o- CO, NO,,,

and heavy metals, the use of dispersion modelling and computerised data analysis and
evaluation, and advanced training for staff. There may be a role for GEMS/AIR to integrate
its programmes with these new and expanded activities to provide reinforcement, avoid
duplication, and gain access to relevant data. '
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5.1 General conclusions

The general conclusions of the reports are summarised in Tables 1 and 2. Many of
these conclusions are supported by other information (Mage, 1989; Ministry of Science,
Technology and Environment, 1989; Asia Development Bank, 1990, Lodge, 1992; Manins
and Sabater, 1992).

The reviews found that despite differences among the countries, the programmes
would generally benefit from additional advice, provision of information, resources, training,
facilities and equipment, especially some additional or new monitoring equipment,
calibration equipment, and spare parts, the detailed requirements for which varied among
sites. The GEMS/AIR monitoring programmes in each country would benefit from
collaboration with GEMS/AIR to improve quality assurance through improved training in
monitoring methodologies, data analysis and assessment. Improved training is essential
at a time when monitoring methodologies are changing, and additional information is
necessary to conduct air quality management. Changes in monitoring are occurring due
to technology upgrades, the monitoring of additional pollutants, and changes in the
techniques of recording, storing and using data. Increasingly, additional information, such
as meteorological information, source inventory studies, dispersion models, and health and
environment impact studies are being used to improve air quality management.

The tasks of discussions, inspection, conducting calibrations, auditing and training,
and report documentation needs sufficient time to be allocated to this activity. The review
teams suggest that two or three full days per city are needed to conduct an initial review.
For a more detailed collaborative review it is considered that four or five full days are
needed, consisting of about three days of full interaction with the collaborator, and one or
two days to record observations and preliminary conclusions.

Future reviews may need to be carefully targeted, with the aim of providing a
preliminary review and consultation involving discussions, inspections, and -some
workshops.

These are early days in the development of QA procedures for GEMS/AIR. It would
be preferable if the emphasis of reviews at this stage is broad and exploratory in nature,
to determine whether the collaborators visited are producing, and can produce, data of
known quality adequate for their intended use, what they need to do this, and what
GEMS/AIR can do to help.

Many coilaborators have broad and urgent needs

As the GEMS/AIR network consists of local collaborators who report data from 45
different countries, local technical and other problems with obtaining and ensuring valid
data are common and widespread, especially in developing countries. There is a need for
broad support encompassing additional resources, training, facilities and equipment,
especially some monitoring equipment, calibration equipment, and spare parts, although
the requirements vary from country to country. The needs are most acute and urgent in -
the large and rapidly growing cities in developing countries which can have the most
severe air pollution and the greatest need for data of adequate quality on which to base
assessments and develop strategies to improve air quality.
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Assistance should be gradual, incremental and sustained

Experience indicates that a single brief visit once each decade by an expert is less
likely to produce a sustained improvement in the quality of data produced by a GEMS/AIR
collaborator facing many difficulties, than a well-planned frequent and sustained
collaboration programme. The experience of other organisations, such as EMEP, which use
the data produced by participating laboratories in many European countries, using different
equipment, methodologies, and resources, is that the performance of participating
laboratories has improved substantially, through frequent close collaboration and
communication between the coordinating laboratory and participating laboratories, and
intercalibration exercises (Semb et al., 1993). The EMEP expert consultation programme
provides this direct contact, communication and consultation to strengthen the monitoring
capabilities of the sites, sampling equipment, and laboratories.

GEMS/AIR has a broader range of countries in the network, with a broader and more
acute range of problems. In these early stages of QA in GEMS/AIR, it would be preferable
if the emphasis of reviews is broad and exploratory in nature, progressively developing with
collaborators. ' ' '

Assistance should be collaborative, consultative and sensitive to local conditions

It may be some time before many GEMS/AIR collaborators can produce known
quality data or data meeting their data quality objectives. Gradual, incremental and
sustained assistance is likely to produce the desired objectives in the long term, but the
short-term goals developed in cooperation with collaborators, may need to be more modest
aims to strengthen local capabilities.

In other cases there is an urgent need to establish air quality monitoring in cities,
such as some large African cities which have rapidly growing populations but no current
routine air quality monitoring, and little of the required infrastructure, training or experience.
These cities need sustained collaborative, and consultative support for many years, in a
programme which aims to strengthen local capabilities, and enable them to meet their own
data quality objectives in the early stages. Excessive zeal is not conducive to the
objectives of GEMS/AIR, nor does it assist a program to determine whether the data
supplied to GEMS/AIR are of known quality and how this can be achieved.

During -the: coming years, GEMS/AIR quality assurance should be
strengthened by preliminary collaborative reviews aimed at supporting
the local data quality procedures.

At a later stage of development of the GEMS/AIR programme, reviews should be
based on meeting appropriate data quality objectives derived from the objectives of the
monitoring programme. GEMS/AIR intends to develop a QA plan for the network which
will take into account the different monitoring objectives of collaborators. This will be
available to network collaborators. When the QA plan and data quality objectives have
been developed by GEMS/AIR, a review system based on these principles will be initiated.
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6. GUIDELINES FOR COLLABORATIVE REVIEWS

The following guidelines attempt to ensure that collaborators achieve the maximum
benefit from the review process. These benefits are:

* assistance to improve methodologies through recognition and identification of
technical problems;
exchange of knowledge and experience;
establishment of personal contacts for information and advice;
independent documentation of needs which can substantiate applications for
support;
informal training;
improvement in the quality of measurements;
increased motivation of participants through recognition of their work;
recognition of need and offers of support;
access to technical literature and expert advice; and,
international approval.

These guidelines are not intended to be prescriptive, but merely a framework to be
amended according to the particular needs and circumstances of each review. The
guidelines apply to collaborative reviews as the first step in a system of reviews to be
progressively developed.

6.1 Participants

There are three participants in the review process. These are:

¢ the local GEMS/AIR collaborator. This is the person in charge of the GEMS/AIR
monitoring network in the city participating in the review.

¢ the review team. These are the people from the organisation commissioned to
conduct the review for GEMS/AIR.

e GEMS/AIR programme coordinator. This is the person with the responsibility for
coordinating the entire GEMS/AIR network.

All three should closely interact from the earliest planning stage, and throughout the
review process. Without a good understanding between them it is almost impossible for
the review to meet its objectives.

6.2 Planning

The key to successful collaborative reviews is good forward planning. To
understand an air quality monitoring system at a particular site, it is necessary to be able
to answer the following questions:

¢ why is air quality being monitored ?
how is it monitored ?
where is it monitored ?
when is it monitored ?
who does the monitoring, in what organisational structure, and how are the
staff trained ? :

* how is the system checked and amended to ensure that it meets the objectives?
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* how are the data processed and reported ?

To provide answers to these questions it is important to recognise the role of three
participants, the local GEMS/AIR collaborator, the review team and GEMS/AIR programme
coordinator. It is essential that all three participants communicate and agree prior to the
review, on:
why is the review being done ?
what will be reviewed ? )
at which locations is it to occur ?
when is it to occur and what is the schedule ?
who will be in the review team, and what are their qualifications and
backgrounds ?
how is the system to be checked ?
what should the review team do if they find a problem ?
what is the post-review reporting procedure ?

Unless all three participants want the review to occur, and there is a mutual
agreement on these issues, the review may need to be postponed as it is likely to be
counter-productive. It is helpful to have completed a clearly-written agreement which
covers all of the above questions before the review is finally approved.

6.3 Responsibilities of the three participants

The three participants have clearly defined roles which can be summarised as
follows: '

Programme coordinator
The GEMS/AIR programme coordinator selects the local GEMS/AIR collaborator and
the review team. The programme coordinator should ensure that at least one of the review

team is familiar with the objectives and processes of GEMS/Air before the review
commences.

The GEMS/AIR programme coordinator has the responsibility to ensure that the aims
of the review are clearly understood and that a clear and mutually satisfactory pre-review
agreement is completed. It is important that the GEMS/AIR programme coordinator
ensures that the local GEMS/AIR collaborator and the review team are clear about:

* what the review team should do if they find a problem; and

* the post-review reporting procedure.

GEMS/AIR provides the administrative support for the review. It has responsibilities
to encourage a smooth, harmonious and successful review, and to encourage the
implementation of appropriate recommendations.

$

Local collaborator

The GEMS/AIR local collaborator is expected to provide the review team and the
programme coordinator with details of: -

® why it is monitoring air quality;

® data quality objectives;
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how it is monitored;

where it is monitored;

when it is monitored;

who does the monitoring, in what organisational structure, and how are the

staff trained; ,

¢ how the system is checked and amended to ensure that it meets the monitoring
objectives; and

¢ how the data are processed and reported.

Review team
The review team is expected 'to provide the local collaborator and GEMS/AIR
programme coordinator with its proposals concerning:
¢ what the team would like to review;
at which locations the review should occur;
when it should to occur and a tentative schedule;
who will be in the review team, and their qualifications and backgrounds;
how the system is to be checked; and,
reporting arrangements.

The GEMS/AIR local collaborator and the GEMS/AIR programme coordinator need
to review these proposals from the review team, making alternative proposals as
necessary, consistent with practicality, and the objectives of the exercise.

6.4 Conducting the review

It is intended that the review be conducted in accordance with the pre-review
agreement. If it is necessary to alter the pre-review agreement after the review has
commenced, for example due to circumstances which only become apparent on-site, or in
response to last minute local difficulties, it is suggested that the consent of all three
collaborators be obtained. ‘

The emphasis of the review is intended to be on how the system can be improved,
and priorities for support, not an outline of problems.

During the review, it is desirable that the review team discuss with the local
collaborator general comments concerning the suitability of the data to meet the local
monitoring objectives.

it is reasonable to expect that preliminary findings of the review team be discussed
with the local GEMS/AIR collaborator on-site, and where improvements are appropriate,
suggestions could be proposed. On these matters, the comments of the local collaborator
can be invited, and discussed. The objective is to resolve misunderstandings during these
-discussions, although differences of interpretation may remain. If disagreements cannot
be resolved, the review team should discuss the issues with the GEMS/AIR programme
coordinator, in accordance with the review agreement.

Before leaving the site, it is suggested that the review team provide the local
collaborator with a brief written outline of the major preliminary conclusions of the review,
and discuss these preliminary conclusions with the local collaborator.
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