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PREFACE
The World Health Organization has been concerned with air pollution and its
impact on human health for almost 50 years. The WHO/Europe programme on
air quality and health contributes to the ongoing struggle to protect health from
harm caused by air pollution. As one main product, the WHO Air Quality
Guidelines for Europe have provided a uniform basis for the development of
strategies for the control of air pollution, and have contributed to the
maintenance and improvement of public health in several countries. In providing
pollutant levels below which lifetime exposure or exposure for a given
averaging time does not constitute a health risk, they form a basis for setting
national standards for air pollution.
Further, to assess and evaluate the impacts of air pollution on human health air
quality measurements and data must be harmonized to be comparable and
applicable e.g. for an international health impact assessment and in an
environment and health information system, which covers 51 Member States of
the WHO European Region. Acting within the WHO/Europe programme on air
quality and health of the WHO European Centre for Environment and Health,
Bonn Office, the WHO Collaborating Centre for Air Quality Management and
Air Pollution Control - German Federal Environmental Agency (UBA) in
Berlin, supports the efforts being made in line with the process of harmonizing
air quality measurements by international programmes on quality assurance and
control in the WHO European Region. During the past nine years international
quality assurance and control actions on air quality monitoring have been
implemented by the WHO Collaborating Centre - as reported within the AIR
HYGIENE REPORT series. In May 2002, this programme was continued by
conducting the eleventh WHO European Intercomparison Workshop on Air
Quality Monitoring. This publication is the fifth volume on intercomparisons
and reports on the Workshop of May 2002, which focused on the components
oxides of nitrogen, sulphur dioxide and ozone (NO, NO2, SO2 and O3).
The Workshop was granted by the German Ministry for the Environment,
Nature Conservation and Nuclear Safety, Berlin/Bonn, which is gratefully
acknowledged.
WHO Collaborating Centre for
Air Quality Management and Air Pollution Control
Berlin, Germany, May 2003
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ABSTRACT
This report presents the results of a WHO European Intercomparison Workshop
on Air Quality Monitoring (NO, NO2, SO2 and O3) conducted in May 2002 by
the WHO Collaborating Centre for Air Quality Management and Air Pollution
Control in co-operation with the national reference laboratory of UBA
Pilotstation in Langen, Germany. The Workshop was a contribution to on-going
quality assurance and control activities on air quality measurements for Member
States of the WHO European Region. Eleven laboratories mainly from Central
and Eastern Europe used the opportunity to compare their measurement methods
(14 manual methods and 20 monitors) and standards.
Summing up all intercomparison measurements of nitrogen oxides, sulphur
dioxide and ozone, one main conclusion is that the different analytical methods
applied (manual and automatic techniques) provide suitable and reliable results.
Very good results were obtained for NO/NO2 measurements: more than 90% of
the results agreed within a tolerance of +/- 10% and more than 70% within a
tolerance of +/- 5%. Furthermore, the intercomparison results showed good
agreement for different analytical methods for sulphur dioxide and ozone at both
tolerance levels. However, it has been noticed that the participating laboratories
systematically recorded lower SO2 values using automatic methods. No clear
reasons were found. Nevertheless, a technical problem of the test gas generating
unit cannot be excluded.
Some specific measurement problems were found to be associated with the use
of automatic methods, and others for manual methods. Thus, there is a need to
routinely continue intercomparisons to check and to verify the causes of
problems. It is recommended, that in future intercomparisons, manual methods
and monitors should be calibrated and controlled by gaseous transfer standards.

(Key words: Air quality monitoring, quality assurance, quality control,
intercomparisons, calibrations)
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INTRODUCTION

Former quality assurance activities have shown a questionable comparability of
air quality data in Europe, mostly because of important variations due to
implemented calibration practices, maintenance and handling of
instrumentation. Comparable measurement methods are fundamental for a
harmonised air quality assessment.
For several years efforts have been strengthened in the process of harmonising
air quality measurements in Europe. Activities were supported and conducted
e.g. by the European Reference Laboratory of Air Pollution (ERLAP, Ispra) at
the EC Joint Research Centre for Member States of the European Union in line
with the Council Directive 96/92/EC on Ambient Air Quality Assessment and
Management which sets up a framework for a harmonized air quality assessment
in Europe (Borowiak et al. 2000).
Since 1994, the WHO Collaborating Centre for Air Quality Management and
Air Pollution Control (WHO CC) - German Federal Environmental Agency
(UBA), Berlin, supports the process of harmonizing air quality measurements by
international quality assurance and control actions (QA/QC) in the WHO
European Region (Mücke et al. 1995, 1996, 1999 and 2000). Such activities
form the basis for comparability and facilitate the compatibility of air quality
data of country networks within the 51 WHO European Member States in order
to assess and to evaluate health impacts of air pollution.
Continuing the series of European Intercomparisons on Air Quality Monitoring,
the WHO CC conducted a one week Workshop from 13 to 17 May 2002, which
took place at the national reference laboratory for air quality of the German
Federal Environmental Agency (UBA Pilotstation, Langen). Laboratories
responsible for QA/QC in national and international ambient air quality
monitoring networks from Albania, Bulgaria, Croatia, Czech Republic, Estonia,
Lithuania, Romania, Russian Federation, Slovenia, Republic of Uzbekistan and
Germany were invited with the objective to compare measurements methods
and calibration procedures and to assess the repeatability of these measurements
(see Annex I). The Workshop focused on such components as oxides of
nitrogen, sulphur dioxide and ozone (NO, NO2, SO2 and O3). Test gas mixtures
had to be generated continuously during day and night-time. All test gases were
dry gases; the relative humidity was below 10%.
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The timetable and working programme is given in Annex II. Tables and graphs
of the intercomparison measurements are compiled in Annex III.
The report presents and works up the results of the intercomparison
measurements of this Workshop. To simplify terminology in this report
'secondary standard calibration gas' is replaced by 'test gas'. The outcome of the
intercomparisons are not subject to judgement on the quality of the participants’
work. For the evaluation of the results of these intercomparisons the anonymity
of the participating laboratories is ensured by using codes.
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PURPOSE

The purpose of the WHO CC Intercomparison Workshop series on air quality
monitoring is to assist and help laboratories to check, compare and improve the
quality of their ambient air quality measurements during measuring test periods
(so-called runs) for day and night-time. Furthermore, these are good
opportunities to compare different kinds of measurement systems, to check
calibration procedures and standards and to share acquired experiences and
know-how among expert laboratories. The tasks of UBA Pilotstation laboratory,
the construction of the sample air manifold as well as the generation procedure
of test gas have been comprehensively reported (Mücke et al. 1996). The sample
air manifold is appropriate for measurements with automated, semi-automated
or manual devices under harmonized conditions. Therefore, it is essential that
the expert teams bring their own and complete equipments to UBA Pilotstation,
including all devices, reagents, test standards, control and computer systems,
which are normally used for routine calibration and measurements. During this
Workshop, not all participants could transfer the respective primary calibration
standard to UBA Pilotstation. In these cases, the traceability to the primary
calibration standard was contrived with a high quality transfer standard.
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MEASUREMENT METHODS AND DEVICES

Eleven laboratories participated in this Intercomparison Workshop (Annex I).
Individual codes were given, because few laboratories applied more than one
single measurement method and/or device per component.

Manual Methods
Laboratory A measured NO, NO2, SO2 and O3 with manual spectrophotometric
methods (NO/NO2: modified Griess-Saltzman; SO2: modified pararosaniline;
O3: neutral kalium iodide), which are national standards.
Laboratory B measured NO2 and SO2 with manual spectrophotometric methods
(NO2: modified Griess-Saltzman; SO2: modified pararosaniline), and O3
automatically (O3: Chemiluminescence solid phase, Fa. Optec).
Laboratory C measured NO2 and SO2 with manual spectrophotometric
methods (NO2: Saltzman; SO2: pararosaniline), which are national standards.
Laboratory D measured NO, NO2, SO2 and O3 with manual spectrophotometric
methods (NO/NO2: Modified Saltzman; SO2: Thorin).
Laboratory E measured NO, NO2, SO2 and O3 with manual spectrophotometric
methods (NO/NO2: Griess-Saltzman; SO2: TCM pararosaniline; O3: neutral
kalium iodide), which are national standards.
Laboratory UBA (M) measured NO2 and SO2 with manual methods (NO2:
Saltzman, VDI 2453-1; SO2: TCM method, VDI 2451-3).
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Automatic Methods
Laboratory F measured NO, NO2, SO2 and O3 with automatic methods
(NO/NO2: Chemiluminescence, Fa. Monitor Labs MLU 200A; SO2: UV
Fluorescence, Fa. Monitor Labs MLU 100A; O3: UV Absorption, Fa. Monitor
Labs MLU 400).
Laboratory G measured NO, NO2, SO2 and O3 with automatic methods
(NO/NO2: Chemiluminescence, Fa. Environment AC 31M; SO2: UV
Fluorescence, Fa. Environment AC 21M; O3: UV Photometry, Fa. Environment
S.A. AC 41M), which are the national reference methods.
Laboratory H measured NO, NO2, SO2 and O3 with automatic methods
(NO/NO2: Chemiluminescence, Fa. Horiba APNA 360CE; SO2: UV
Fluorescence, Fa. Horiba APSA 360CE; O3: UV Absorption, Fa. Horiba APOA
360CE).
Laboratory J measured NO, NO2, SO2 and O3 with automatic methods
(NO/NO2: Chemiluminescence, Fa. Horiba APNA 360CE; SO2: UV
Fluorescence, Fa. Horiba APSA 350E; O3: UV Absorption, Fa. Horiba APOA
350E).
Laboratory K measured NO, NO2, SO2 and O3 with automatic methods
(NO/NO2: Chemiluminescence, Fa. Environnement S.A. AC 30M; SO2: UV
Fluorescence, Fa. Environnement S.A. AC 21M; O3: UV Photometry, Fa.
Environnement S.A. AC 43M).
Laboratory L measured SO2 automatically (UV Fluorescence; Fa. Horiba
APSA-350E).
Laboratory UBA (A) measured NO, NO2, SO2 and O3 with automatic methods
(NO/NO2: Chemiluminescence, Fa. Horiba APNA 360; SO2: UV Fluorescence,
Fa. Horiba APSA 360; O3: UV Absorption, Fa. Thermo Electron 49C).
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METHODS OF EVALUATION

Measurement results are given in volume to volume ratios, as parts per billion
(ppb). They can be converted into accurate SI-units if temperature and air
pressure are defined. The following table shows volume to volume conversions
into SI-units (µg/m³) at defined temperatures and at a constant air pressure of
101.3 kPa.
Table 1:

Conversion factors for NO, NO2, SO2 and O3

NO
NO2
SO2
O3

0° C
1.34
2.05
2.86
2.14

20° C
1.25
1.91
2.66
2.00

•

25° C
1.23
1.88
2.58
1.96

Daytime Samplings
In the tables of Annex III each result represents a 30 minute mean value
(columns 1 to 4) of each participating unit (column with laboratory code).
Column stdev is the calculated standard deviation, average shows the calculated
average of each unit, while xAv is the average of participating laboratory
averages. Column av+st presents the average plus the standard deviation, and
av-st shows the average minus the standard deviation. Column n presents the
number of values, column T% presents the percentage deviation of the target
value (target value = 100%). The definition of the target value is given in
chapter 5. Finally, the Median of all 30 minute mean values is given.
The results are also shown in form of error bar charts. For each participating
laboratory the measurement averages are depicted together with the standard
deviation (av+st; av-st) in one error bar chart (black dots represent manual
methods, white ones automatic methods). There are three lines running parallel
to the abscisse. The bold line represents the target value, whereas the two dotted
lines mark the +/-10% tolerance from the target value.
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•

Night-time Samplings
Tables and graphs for each night-time sampling are also presented in a
comprehensive form in Annex III.
In these tables each result represents the mean value of each laboratory (Codes)
and for each run (Runs) per test gas concentration. The first column gives the
Target Value for each run.
The results are also shown in form of bar charts, one bar for each laboratory per
run and each group of bars corresponds to a set of runs (a, b, c, d) per night. The
first column of each bar graph collection depict the target value with a tolerance
of +/- 10% from the target value.

12

5

RESULTS

During the Workshop the volume to volume ratios of the test gases were
generated by the UBA Pilotstation laboratory. In order to give a point of
reference the results of UBA monitors - UBA (A) were defined and used as the
target value in the tables and in the error bar charts of each test gas run. A target
value is not necessarily a true value, but it is considered to be the most accurate
means for comparison purposes.
To compare the measurements of NO, NO2, SO2 and O3 under laboratory
conditions, the working programme offered constant concentration steps for the
same period of time (Annex II).
For the intercomparisons of NO, NO2, SO2 and O3 (manual as well as automatic
methods) all measuring units were used in daytime samplings. Night-time
measurements were performed for NO, NO2, SO2 and O3 by monitors only. The
results of all measurements are shown for each run and for each test gas as a
table/graph combination (one page per run) in the Annex III. Daytime
intercomparison results will be presented in the following.

Nitrogen Monoxide
For two generated NO test gas runs (20 and 200 ppb) altogether 16
intercomparison measurement results were recorded. 94% of these results
agreed with the target value within a tolerance of +/- 10%, and 75% agreed
within a tolerance of +/- 5%.
Nitrogen Dioxide
For the intercomparison of NO2 four test gas runs (20, 60, 100 and 250 ppb)
were generated. Altogether 44 measurement results were recorded. 95% of these
results agreed with the target value within a tolerance of +/- 10%, and 82%
agreed within a tolerance of +/- 5%.
Sulphur Dioxide
Four test gas runs (5, 20, 45 and 130 ppb) were generated for the SO2
intercomparisons. Altogether 44 measurement results were recorded. 61% of
these results agreed with the target value within a tolerance of +/- 10%, and 39%
agreed within a tolerance of +/- 5%.
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Ozone
Also four test gas runs (20, 60, 100 and 200 ppb) were generated for the O3
intercomparisons. Altogether 32 measurement results were recorded. 66% of
these results agreed with the target value within a tolerance of +/- 10%, and 44%
agreed within a tolerance of +/- 5%.
Table 2 gives an overview of the percentage of daytime measurements obtained
by different analytical methods (automatic and manual techniques) within a
tolerance of +/- 5 and +/- 10%.
Table 2: Percentage of Automatic and Manual Daytime Measurements
within the Tolerances of +/- 10% and +/- 5%
Automatic Methods
NO

Manual Methods

+/- 10%
+/- 5%

100%: n=10
90%
70%

100%: n=6
100%
83%

+/- 10%
+/- 5%

100%: n=20
95%
70%

100%: n=24
96%
92%

+/- 10%
+/- 5%

100%: n=20
50%
20%

100%: n=24
71%
54%

+/- 10%
+/- 5%

100%: n=24
67%
42%

100%: n=8
63%
50%

NO2

SO2

O3

To illustrate these results, figures 1 to 4 show the ratio between the value
measured by the participating laboratories and the target value given by UBA
(A) as point of reference. Therefore, UBA (A) results are not depicted in these
figures. The range of +/- 10 % tolerance is indicated by bold lines at 0.90 to
1.10. Additionally, the pattern of the measurement results could give hints on
systematical and statistical errors of a measurement technique through various
concentration
steps
for
each
participating
laboratory.
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DISCUSSION AND CONCLUSION

Eleven laboratories took the opportunity to compare their measuring methods
and equipment during the WHO European Intercomparison Workshop on Air
Quality Monitoring (NO, NO2, SO2 and O3) conducted in May 2002 at the UBA
Pilotstation laboratory in Langen, Germany. The revised and updated WHO Air
Quality Guidelines for Europe (WHO 2000) and the recent EC Intercomparison
Excercises (Borowiak et al. 2000) oriented the steps to generate concentration
levels.
The results of the nitrogen monoxide (NO) intercomparison measurements
showed very good agreement for the different analytical methods (automatic and
manual) employed during the Workshop. Nevertheless, some systematic
deviations of measurement results were observed. Individual systematic
performance of monitors is often observed, especially at different concentration
levels. Many of the applied monitors are commonly used and have been tested.
They have shown linear calibration curves (+/- 2%) over the whole range.
Measurements close to the detection limit lead sometimes to non-linearity.
Specific problems occurred during NO test gas runs at the NOx monitor of
laboratory K. Transportation was identified as being responsible for unstable
measurements which resulted in systematically higher results. The monitor was
checked and re-calibrated, but some problems remained unsolved.
Comparing the results of these and the previous intercomparisons, the important
conclusion that can be drawn is that measurements of nitrogen monoxide for
both automatic and manual methods have improved and became more reliable
over the last years.
The nitrogen dioxide (NO2) intercomparisons of automatic and manual methods
showed satisfactory results. Historically, NO2 is the most difficult compound to
measure. Different calibration methods are available and implemented when
performing automatic measurements. The converter efficiency can cause
additional problems. Individual systematic performance of NO2 monitors was
observed again during various concentration steps. As described above, the
monitoring unit of laboratory K identified certain problems, which influenced
the NO2 intercomparison measurements too.
As observed in previous Intercomparison Workshops uncertainties and problems
were recognised at low concentrations (~ 10 to 20 ppb) for manual methods in
particular. Some of the applied manual methods for NO2 are defined for a
sampling time up to 24 hours (e.g. laboratory C). For such methods, the flowrate
19

and the concentration of the reagent might be too low for the measurement
duration of 30 minutes.
In addition to the described individual problems, the comparison of results
obtained by different analytical methods during this workshop showed a very
good agreement. One main conclusion is that the results of nitrogen dioxide
intercomparison measurements for both automatic and manual methods have
improved over the last years. Most of the methods could show their suitability
and reliability for measuring NO2 concentrations. However, from the described
impediments for measurements at particularly low concentrations it can be
concluded that there is still a need for further intercomparisons to check and to
improve the reliability of manual NO2 measurement methods.
The results of the sulphur dioxide (SO2) intercomparison measurements showed
a different picture. Considering that SO2 measurements have been undertaken
since many years, which provided experts a lot of experience with these
measurements it is surprising that the agreement between these results is not as
good as those of NO2. On the one hand, problems occurred in general especially
during measurements of low concentrations (step 6 ppb) at both automatic and
manual methods. Furthermore specific technical problems occurred, e.g.
laboratory A identified problems within all SO2 measurements, which was
caused by an increasing flow rate of the aspirator. On the other hand, another
problem was identified during the test gas runs of 6 and 20 ppb (runs 12 and 13).
The results of laboratories B, E, UBA (M), F, H, J, K and L are in good
accordance and vary in comparison to each other within the range of +/- 10%,
but they measured systematically lower concentrations compared to the given
target value of UBA (A). No clear reasons were identified for this phenomenon,
a technical problem or/and an offset at the SO2 monitor of UBA (A) can not be
excluded. This example showed once again that during an Intercomparison
Workshop technical problems can occur, even at the test gas generating
laboratory unit. As mentioned earlier in the previous chapter, the given target
value is not necessarily to be seen as the ‘true’ value. From the described results
the conclusion can be drawn that there is still a need for further
intercomparisons to check and improve the reliability of SO2 measurements,
especially at low concentrations.
The intercomparison measurements of ozone (O3) showed partly satisfactory
results. Most measurements of laboratories E, F, G, J and K range within the
tolerance of +/- 10%. Automatic methods recorded small drifts in their monitors,
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and laboratory F identified an offset, which was probably due to interferences
e.g. with vapour, organic compounds or even mercury in the zero filter.
Some problems were evident for laboratories A, B and H. Again, laboratory A
found an increasing flow rate of the aspirator, which influenced all O3
measurements too. Laboratory B used the Workshop as an opportunity to test a
recently developed automatic device, which was at this stage obviously not
appropriate to measure reliable results. After returning back home, laboratory H
observed that they measured O3 with an offset of ~ 12% compared to their
primary standard, which was explained as an influence of transportation. A
continuation of quality assurance and control activities to check the suitability of
O3 measurement methods to obtain reliable ozone data is necessary for the
future.
As an overall conclusion, it can be stated that this workshop produced
satisfactory results, even no WHO intercomparisons took place for two years.
All monitors were well checked and maintained during the workshop. Decisive
technical differences between the applied methods were only occasionally
obtained. However, none of the used manual or automated measurement
methods could however claim to measure the "true" value. Furthermore, one
must keep in mind that intercomparison tests can only record a momentary
measuring situation under laboratory conditions. This and the negative impacts
resulting from the transport of equipment and devices has to be taken into
account when intercomparisons are evaluated.
A continuous necessity of further intercomparisons was recognized, especially
when measuring low concentrations in ambient air. Concerning the data quality
objectives and compilation of results of air quality assessment it has to be
considered that intercomparisons regard only one part of the Council Directive
1999/30/EC provisions. Annex VIII of this Directive sets the required total
accuracy for continuous air quality measurements (SO2, NO2 and NOX) to 15%.
Under routine operations more sources of uncertainty such as ambient air
conditions, sampling, drift and maintenance status will probably give a higher
deviation than the reported intercomparison results.
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The WHO Intercomparison Workshop Series on Air Quality Monitoring
(Measuring of NO, NO2, SO2 and O3) is to be seen as an important step to
improved quality assurance and control measures to provide reliable data for
health impact assessment in the WHO European Region. Therefore, the WHO
Regional Office for Europe highly recommends the Member States to take into
account the benefit of such Workshop experiences and results, and to transfer it
to their air quality monitoring networks measuring concentrations with
automated and/or manual methods at the national, regional and local level.
Recently the WHO Regional Office for Europe and the European Commission
strengthened their intention to intensify the cooperation in the broad field of
environment and health. Because of the increasing number of EU Member
States, which are actually already Member States of the WHO European Region,
the EC JRC-European Reference Laboratory of Air Pollution (ERLAP, Ispra)
and the WHO Collaborating Centre for Air Quality Management and Air
Pollution Control, Berlin, are discussing on the practical level to harmonize in
the future their quality assurance and control activities on air quality monitoring,
such as joint intercomparisons.
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WORKING PROGRAMME

Sunday - 12 May 2002
13:00 - 15:00
15:00 - 18:00

Registration at the Workshop Office
Installation of devices at the laboratories

Monday - 13 May 2002
08:45 - 09:00
09:00 - 11:30
11:45 - 13:15
12:00 - 13:00
13:30 - 15:00
15:30 - ........

Calibrations, checks, etc.
Test gas 1 – NO
Zero gas
Test gas 2 – NO
20 ppb
Lunchtime
Test gas 3 – NO
200 ppb
Test gas 4 – NO, overnight measurement

Tuesday – 14 May 2002
08:45 - 09:00
08:45 - 09:45
10:00 - 11:30
11:45 - 13:15
12:00 - 13:00
13:30 - 15:00
15:15 - 16:45
17:00 - ……

Evaluation
Zero gas
Test gas 5 – NO2
20 ppb
Test gas 6 – NO2
60 ppb
Test gas 7 – NO2
Lunchtime
100 ppb
Test gas 8 – NO2
Test gas 9 – NO2
250 ppb
Test gas 10 – NO2, overnight measurement
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Wednesday – 15 May 2002

08:45 - 09:00
08:45 - 09:45
10:00 - 11:30
11:45 - 13:15
12:00 - 13:00
13:30 - 15:00
15:15 - 16:45
17:00 - …….

Evaluation
Test gas 11 – SO2
Zero gas
5 ppb
Test gas 12 – SO2
20 ppb
Test gas 13 – SO2
Lunchtime
Test gas 14 - SO2
45 ppb
130 ppb
Test gas 15 - SO2
Test gas 16 - SO2, overnight measurement

Thursday - 16 May 2002
08:45 - 09:00
08:45 - 09:45
10:00 - 11:30
11:45 - 13:15
12:00 - 13:00
13:30 - 15:00
15:15 - 16:45
17:00 - …….

Evaluation
Test gas 17 - O3
Zero gas
20 ppb
Test gas 18 - O3
60 ppb
Test gas 19 - O3
Lunchtime
100 ppb
Test gas 20 - O3
300 ppb
Test gas 20 - O3
Test gas 22 - O3, overnight measurement
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Friday - 17 May 2002
08:45 - 09:00
09:00 - 12:00

10:00 - 11:00
13:00 - 14:00
14:00 - 15:00
15:00

Evaluation
Dismantling of the devices or optional Test gas for
NO/NO2 SO2 and/or O3 (at disposal for suggestions of
the participants)
Final Discussion
Lunchtime
At disposal for suggestions of the participants
Disassembly and transportation of the devices
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