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ABSTRACT

Ambient air pollution containing the respirable fraction of
particulate matter (PM10 and PM2.5) constitutes a significant
public health concern in Europe. Measuring this type of pollution
requires upgrading the existing equipment and improving
methods. The aim of the workshop was to present and discuss
the results of studies comparing a number of monitoring systems
and to discuss the experiences of Member States in their
developments of PM10 monitoring. The workshop formulated
conclusions and recommendations concerning the need for
PM10 and PM2.5 monitoring in the region, equipment testing
and the dissemination of information. The recommendations
should be considered in the implementation of national
programmes and national environmental health action plans in
particular. The supporting role of WHO in organizing meetings
and disseminating information was also specified.
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Introduction

Ambient air pollution with particulate matter constitutes a significant public health concern in
Europe. According to the revised air quality guidelines, the respirable fraction of particulate
matter (PM10 and PM2.5) is responsible for the adverse effects on health. The measurement of
this type of pollution is still not common in many European countries. It requires an upgrade of
the existing equipment and improvement of methodologies. To assure inter-comparability of the
monitoring results and to minimize the costs of the monitoring, the methods selected by the
national networks should correspond to certain generally accepted criteria.

In October 1997 the WHO European Centre for Environment and Health (WHO/ECEH) and the
WHO Collaborating Centre for Air Quality Management and Air Pollution Control organized the
first workshop to review the European approaches to PM10 and PM2.5 monitoring. The report
from this workshop (published as WHO/EURO document EUR/ICP/TRNS 02 02 03) stated
some basic criteria and methods to be considered in PM10 and PM2.5 monitoring. It also
recommends that WHO continue to assist the Member States in their efforts to develop their
capacities to assess pollution of air with PM10 and PM2.5.

The present workshop was organized as a follow-up to the above-mentioned 1997 meeting as a
collaborative effort between the WHO European Centre for Environment and Health
(WHO/ECEH) and the WHO Collaborating Centre for Air Quality Management and Air
Pollution Control. The aim of the workshop was to present and discuss the results of
intercomparison studies conducted for a number of monitoring systems, and to discuss the
experiences of Member States in their developments of PM10 monitoring. The discussion
focused on formulation of recommendations for optimal development of PM10 monitoring.

The workshop was attended by 29 experts from 24 countries (see Annex 1). Dr Ruth Baumann
chaired the workshop, and Dr Kresmir Sega was rapporteur. The workshop was hosted by the
WHO Collaborating Centre for Air Quality Management and Air Pollution Control at the
Institute for Water, Soil and Air Hygiene, Federal Environmental Agency in Berlin (WaBoLu).
The workshop was supported by a special grant from the German Ministry of Environment,
Nature Conservation and Nuclear Safety, which is gratefully acknowledged.

Summary of the discussion

The workshop consisted of presentations prepared by the meeting participants, general
discussion sessions as well as a visit to a monitoring station for a demonstration of an
intercomparison study carried out by the WaBoLu. According to the recommendations of the 1st
Workshop, this study also covers the low-flow instruments based on the Harvard Impactor.
Furthermore, the participants of the meeting had an opportunity to visit WaBoLu laboratories
participating in PM10 assessment and to learn about their quality assurance programmes.

A recent WHO/ECEH evaluation concluded that the availability of information on PM10
concentration for pan-European evaluation is very scarce. Only in a few countries is the
monitoring of PM10 a part of the national network for air quality assessment. In addition, not all
information which is collected is available for analysis due to the deficiencies in information
exchange. An improvement of the data availability can be expected when the European
Environmental Agency fully implements its air quality information exchange system,
EUROAIRNET. Also, the application of other data collection and analysis tools, such as the
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AirQ software prepared by the WHO/ECEH, may help in information exchange and
interpretation.

The growing evidence from the intercomparison study indicates the problems in application of
several presently available automatic monitors for the PM10 and PM2.5 assessments. Such
monitors have been installed in a number of countries. The ways in which this expensive
equipment could be made useful in PM10 and PM2.5 monitoring, e.g. through calibration
exercises, were discussed. Several tested gravimetric manual methods have been shown to be
well within the comparability criteria required by the CEN standard EN 12341. The on-going
work at the Harvard University on the construction of a Continuous Ambient Mass Monitor
(CAMM) has been presented. It promises to combine the validity of the gravimetric
measurement with the practicalities of automatic instruments.

Information on the performance of various methods should be made widely available in order to
facilitate the decision on instrument selection for the newly established networks or stations. The
role of WHO in this process was discussed.

Conclusions and recommendations

1. The conclusions of the 1st WHO Workshop on the Measurement of Particulate Matter
(PM10 and PM2.5) in Europe, held in Berlin, 27–29 October 1997, are still valid and should be
considered in the further development of activities related to PM monitoring. The Conclusions
and Recommendations section of the 1st Workshop should be attached to the present report for
easy reference (see Annex 2). In particular, the following points agreed upon at the 1st
Workshop were reiterated:

• PM10 monitoring should be performed in all countries since PM10 is a better indicator of risk to
health than TSP or Black Smoke.

• PM2.5 monitoring should also be performed, especially where PM10 concentrations approach or
exceed the standards.

• Where already made, determination of TSP and Black Smoke should continue for comparison
purposes and/or particle content determination.

2. PM monitoring networks presently encompass a wide range of technical levels across the
WHO European region. EU countries tend to have more complete networks, and often perform
additional PM measurements beyond TSP or PM10. Central and Eastern European countries
need specific guidance, recommendations and support as they begin or expand their PM
monitoring networks.

3. It is recommended that WHO continue to organize regular meetings to facilitate the
development of PM monitoring and the transition from measurements of TSP to PM10 and
PM2.5 in Europe.

4. Regular international workshops should be conducted, focusing on measuring and
monitoring practice, and providing training to a range of specialists responsible for air quality
assessment. The workshops should focus, for example, on:

• measuring methods
• policy and network design
• data analyses and interpretation
• reporting and dissemination.
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Equipment testing

5. Inexpensive, manual equipment produces reliable estimates of PM10 concentration for an
averaging time of 24 hours, providing that proper QA/QC procedures are implemented. Similar
findings are expected for PM2.5 measurements but further validation work is still required.

6. Continuous (automatic) PM analysers have been shown to produce 24-hour average PM
concentrations that can be significantly different from those data produced by manual
gravimetric sampling methods, in particular when the outside temperature is low.

7. All the presently available automatic systems (TEOM, beta-absorption and optical methods)
cannot be used directly for a compliance measurement. For indicative measurements and for
better characterization and time resolution of the pollution, these systems provide valuable
information, as long as manual samplers are collocated with the automatic ones. The aim of such
combined measurements is to determine the site and season-specific differences between the
methods, and to allow development of correction factors for the continuous data.

8. A number of manual gravimetric devices have been tested according to the CEN 12341
norm. The PM10HVS model S/A 1200 (Sierra Anderson) and the PM10LVS 3 (PM10
Kleinfiltergerät) were shown to be equivalent reference samplers to the WRAC for PM10
measurements. Other PM10 samplers may be used for testing the compliance with the EC
Directive, provided they meet the data quality requirements established by EC directives. For
further information see Annex 3.

9. It is recommended that accredited reference laboratories are established with the task to
review acceptability of the equipment, procedures, and QA/QC of PM10 (and PM2.5)
monitoring.

10. A selected laboratory should coordinate:

(a) Round robin exercise of defined filter samples

(b) Field intercomparison study comparing devices used in different networks under the
same ambient conditions.

Information dissemination

11. Access to information on the PM monitoring methods comparable with the reference
instruments is poor in Europe.

12. The results of the present, and future, validation studies should be made widely accessible.
WHO should facilitate access to this information.
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Annex 2

Conclusions and Recommendations of the 1st WHO Workshop
“Measurement of particulate matter (PM10 and PM2.5) in Europe”

Berlin, 27–29 October 1997 (EUR/ICP/TRNS 02 02 03)

Need for the PM10 and PM2.5 assessment

1. Comparing the available limited data on PM10 and PM2.5 concentrations in Europe with
WHO risk estimates, particulate air pollution constitutes a significant public health problem in
most parts of the Region. Following the Air Quality Guideline recommendations the workshop
participants agreed that there is a need for PM10 air quality standards for public health
protection in the Member States.
 
2. For the definition of national standards and for the verification of the compliance with the
standards, there is a need to produce reliable and comparable PM10 data across Europe.
According to the present knowledge, the level of 24h average concentration are of health
relevance. There is no data from studies of health effects suggesting that shorter exposures to the
common ambient levels of PM affect health. Therefore, the 24-hour period is sufficiently short
as average time for continuous monitoring.
 

Selection of equipment for PM10 and PM2.5 monitoring

3. Several types of equipment with various technical characteristics and in various price
ranges can be proposed. The simplest, low volume samplers for personal and
microenvironmental monitoring of PM10/PM2.5 can be obtained for less than US $1000.
Commercial medium/low sampling systems for air quality monitoring cost US $5000 to 8000.
Automated continuous monitoring systems cost US $20 000 to 25 000.
 
4. Every PM10 sampler obtained for air quality monitoring should be equivalent to those
approved according to CEN standard EN12341. This standard formulates criteria of the
equivalence. Other certifications, including USEPA approvals, do not necessarily constitute
compliance with CEN standard EN12341.
 
5. At the time of this meeting, no automatic instruments have been approved and only a few
other instruments have been tested.

 
6. The more expensive monitor does not necessarily produce more equivalent data than a
cheaper alternative.
 
7. It is recommended to periodically review the process of the equivalence verification.

 
8. To show the equivalence of each new PM10 instrument it is recommended to conduct the
test under ambient air conditions that can affect the equivalence, e.g. high concentration of semi-
volatile particles.

 
9. Several different sampling filters from a large range of prices can be used. The most
widely used filters from the most expensive (up to US $6 a piece) to the cheapest ones, are the
teflon >> quartz fibre > glass fibre filters. The expensive teflon filters can be justified e.g. when
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specific chemical analyses, such as elemental composition of the particles, are required.
However, for most purposes the cheaper alternatives are quite sufficient. For reasons of cost
effectiveness further chemical analyses (such as assessment of metals) could be performed on
the same filter used for the gravimetric determinations.

Measurement of other properties of ambient aerosols

10. While ensuring high quality PM10 monitoring for air quality management and
environmental health research, a part of resources should be allocated for measuring other PM
fractions as well, e.g. PM2.5, PM1.0, and other particle properties, like blackness (BS), number,
size distribution and chemical composition of the particles. This is necessary in order to have a
better characterization of ambient aerosols, deeper understanding of the contributions of various
sources and in order to allow further studies on health effects, and better emission control
strategies. Of the PM indicators mentioned above the PM2.5 is of highest interest.
 
11. In selected locations where TSP has been measured such monitoring should be continued
in addition to the new co-located samplers of PM10. This data, collected over a period of 3 to 5
years, should provide information on the relation between the new and old indicators of the
pollution.
 
12. In countries with existing Black Smoke (BS) monitoring, these measurements should not
be stopped after the introduction of PM10 monitoring. BS is an independent indicator of
particulate air pollution that gives qualitatively different information from any gravimetric
measurement (on emissions from diesel vehicles, e.g.). Co-located measurements of PM10 and
BS also allow the calculation of a conversion factor that would be valid, however, only for the
specific site and time period.

Activities related to the PM10 monitoring

13. Data management and analysis are important issues in monitoring systems. Therefore,
appropriate information processing infrastructure needs to be applied. Ideally, the monitoring
data should be available as soon as possible and in formats suitable for and understandable to
end-users, including the general public. Standardization and harmonization of data formats will
improve the data comparability between countries.
 
14. To obtain reliable PM10 and other PM data, education of personnel, systematic quality
assurance and quality control, standardised operating procedures, and intercalibration
programmes are as essential as sampling and laboratory equipment. Systematic quality
assurance requires collaboration at the international and national levels, quality management at
the institutional level (e.g. ISO 9000, GLP) and training, as well as, commitment of each staff
member.
 
15. Further methodological and technical development for samplers and sampling media
which reduce the problems of artifact formation and loss of volatile organic compounds from
filters should be encouraged.
 
16. The international multicentre studies (CESAR, PEACE, APHEA, SAVIAH, EXPOLIS)
have built up considerable information, professional capacities and network of expertise. These
should be maintained and can be used in the development of PM10 monitoring networks, the
establishment of QA/QC routines and the identification of future research agenda.
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Implementation

17. The Member States should consider the issues related to PM assessment and control in
their NEHAPs. Mid-term programmes of WHO should be used more effectively to built up
national structures and capacities for this activity.
 
18. The main activities of WHO supporting the Member States should include:

• Information dissemination, including updated AQG, standard setting methodology,
guidelines on monitoring strategies, guidelines for data management, presentation and
interpretation;

• Promotion of cost-effective monitoring of PM through training, assistance in selection
of instrumentation, standardization of maintenance and data processing;

• Assistance in the identification of partners for the design and implementation of air
quality assessments in the Member States;

• Assistance in finding opportunities for testing equivalency of existing PM10
concentration measuring equipment. The instruments based on the Harvard Impactor,
commonly used in epidemiological studies, should be included in the intercomparison
study;

• Facilitation of exchange of information on standard operation procedures (SOP) and
QA/QC procedures (“switchboard”) related to PM10 assessment;

• Promotion of country programmes including issues related to air quality control and
management, with emphasis on PM10 (PM2.5); and

• Harmonization of the activities with other international organizations, including EC,
EEA, UNECE etc.
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Annex 3

Results of the intercomparison study conducted by the WaBoLu in Berlin in 1997/1998

1.  PM10 field tests showed that the PM10 sequential sampler DHA-80 (Digital) and the PM10
Harvard Impactor possess the performance to serve as PM10 samplers for the practice of air
monitoring.

2.  At this time for PM2.5 measurement, the following manual samplers are suitable according to
elaborate field tests: US EPA Federal Reference Method (FRM) sampler for PM2.5  (WINS
impactor), PM2.5 LVS 3 (PM2.5 Kleinfiltergerät), and PM2.5 Harvard Impactor.


