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EXPERIENCE AND FUTURE PERSPECTIVES OF THE NMR EXPERT GROUP
ON AIR POLLUTION MEASUREMENTS 1975-82

1 INTRODUCTION

In the summer of 1975 an expert group for air pollution measure-
ments was established by the Nordic Ministerial Council (NMR) with
the task to develop methods for a cooperative programme to monitor
and evaluate the long range transport of air pollution in Europe
(EMEP). The OECD/LRTAP project (1972-77) had shown that large
amounts of air pollutants were transferred from the heavily indu-
strialized and densely populated areas in central Europe to the
surrounding regions (1), and through the UN Economic Commission
for Europe (ECE) an attempt was being made to establish a common
eastern and western European programme to examine the emission,
dispersion and deposition of major pollutants, particularly the

acidification of the precipitation.

Much of the initiative in this matter had been taken by the Nor-
dic countries. As in the case of the OECD-project, it was decided
to establish a Nordic expert group to take care of the planning and
preparation of the programme, and to coordinate the programme with-
in the Nordic countries. The expert group was established in 1975
with one representative from each country, but in practice repre-
sentatives of all the participating laboratories have attended

the meetings of the expert group when necessary.

The national members of the committee have been:
Denmark: H. Flyger, Danish Air Pollution Laboratory (DMI),
Ris@g.

Finland: A. Kulmala, Finnish Meteorological Institute (FMI),
Helsinki

Norway : B. Ottar (chairman) Norwegian Institute for Air
Research (NILU), Lillestrgm

Sweden : S. Laveskog, 1975-79, National Swedish Environment
Protection Board (SNV), Stockholm

R. Killingmo, 1979- " " 0 -



In addition, the Swedish Water and Air Pollution Research Labora-
tory (IVL) in Gothenburg has been permanently represented by

C. Brosset, and the department of Meteoroclogy, University of
Stockholm (MISU), by L. Granat. Also representatives of the
meteorological institutes in the Nordic countries have partici-

pated in many of the meetings.

During the period 1975-82 the programme has received 3 mill. NOK
from the NMR. In addition, the participating institutes have con-
tributed an equal amount in the form of man-hours, use of labor-
atory facilities, computer time, etc on a voluntary basis in order
to make the programme succeed. An important force behind this

has been the general scientific interest of the programme, which
directly and indirectly has resulted in a number of scientific

publications.

Based on the work of the expert group, detailed technical plans
for EMEP were worked out during the period 1975-77, and in Sep-
tember 1977 EMEP was established under the auspices of ECE in
Geneva with the support of UNEP and WMO (2). The technical admini-
stration of the programme was divided between a Chemical Co-ordi-
nating Centre (CCC) at NILU in Norway and two meteorological
synthesizing centres, one at the Norwegian Meteorological Institute
(MSC-W) and one at the Hydrometeorological Institute in Moscow
(MSC-E). The EMEP is revised by a Steering Body with one represen-
tative from each of the participating countries and became a

part of the ECE Convention on long range transboundary air pol-
lution in 1979.

Within the programme each country covers the costs of its own
measuring stations. The central administration has been financed
by UNEP and voluntary funds collected from participating countries.
The Nordic countries have continued the work of the NMR expert
group in order to provide necessary technical support for the

programme.



The present measurements of EMEP include sulphur dioxide and
sulphate on particles in the air and measurements of acidity, sul-
phate, nitrate and ammonium ions in precipitation at 70 stations
in Europe. On a voluntary basis nitrate and ammonium ions in
aerosols and nitrogen oxides are also measured at a few stations.
A survey of position and programme of the EMEP-stations is given

in Annex I (3).

For the second phase which started in 1981, it was strongly re-
commended to expand the minimum programme to include all relevant
nitrogen compounds, but no agreement was reached on this point.
Within the NMR programme methods for this expansion had already
been developed, and as it became evident that years might pass
before these methods could be used in EMEP, it was agreed to
terminate the work of the expert group and to present a summary
of the conclusions and their implications for future cooperative

investigations of the regional air pollution in the Nordic countries.

2 RESULTS AND CONCLUSIONS FROM THE NMR-PROGRAMME

The NMR-programme included ten main tasks of research and devel-
opment, all closely related to EMEP. The individual projects
were carried out in different research institutes in the Nordic
countries. In addition, some expert meetings on special topics,
and a few seminars of more general interest, have been arranged.
All reports from the programme are refered to in the text, but

most of them are available only in one of the Nordic languages.

2.1 Measuring low concentrations of sulphur dioxide

The first task of the NMR programme in 1975 was to develop a

more sensitive method for sampling and chemical analysis of sulphur
dioxide. The standard Thorin method used in the OECD-project (4),
had a sensitivity of about 5 ug SOz/m3, while measurements of con-

centrations down to 0.1 ug SOz/m3 were needed in background air.



Following an approach which had been successfully used for aircraft
sampling (5), the 100 ml absorption solution used in the original
method was substituted by a cellulose filter impregnated with a
small amount of potassium hydroxide. This permitted the volume of
the air sample to be increased from 4 to 20 m3/day, and the filter
could be leached with 5 ml of water for the analysis. A main advan-
tage of this approach is reduced contamination, due to the smal-
ler volume and surface area of the glassware used in the chemical
analysis, and a practical sensitivity of 0.1 ug SOz/m%was reached.
Using ion chromatography with a pre-concentration colwiu and
specially cleaned filters, the sensitivity may be increased still
further (6). Other advantages of the impregnated filter method

are reduced problems with transportation of samples, and with

two filters in series a single compact filterholder can be used

to sample both sulphur dioxide and aerosol sulphate.

The method has been extensively tested in the laboratory (7,8,9,10)
and under field conditions (11,12,13,14,15,16). The field tests
were carried out for temperatures ranging from =21%¢ ‘em + 7OC, and
the sulphur dioxide concentration varied from 2 to 40 ug 802/m3.
With four samplers of different construction, agreement within 10%
was obtained; with samplers of the same construction, a mean devi-

ation of 1.5% was obtained for 24 hour samples.

In order to obtain complete absorption of the sulphur dioxide, the
impregnated filter should not be loaded to more than 40% of its
theoretical capacity. With a linear velocity through the filter

of 70 cm/sec, full absorption was obtained at relative humidities
down to 20-30% RH, and with an addition of glycerol down to 2-3%
RH. On the basis of these studies a final description of the method
was worked out for EMEP (6).

At present, different methods are used in the EMEP-countries for
the 802 determination. Intercalibrations show that it is difficult
to obtain good comparability on this basis, although the methods
may give excellent agreement when compared under ideal conditions.
A first step to obtain more precise data, would therefore be to

use one standardized method at all stations. For analyses of sul-



phur dioxide, impregnated filters combined with ion chromatography

today seems to be the best alternative.

2.2 Measuring low concentrations of nitrogen compounds

The emissgions of nitrogen oxides lead to the formation of nitrates,
which may contribute 20-50% to the acidity of the precipitation

in Scandinavia. Nitric acid is mainly formed from nitrogen dioxide
by gas phase oxydation with OH radicals. The uptake of nitrate

in aerosols depends on the chemical composition of the aerosol,
relative humidity, temperature, and the partial pressures of

HNO, (9) and NH,. Most of the nitrate in the precipitation is due

3 3
to a direct uptake of gaseous nitric acid and NO., from the air.

2
These conditions also affect the sampling. When particles of
different chemical composition are collected on a filter, they
may give off or take up ammonia and nitric acid. The same applies
to hydrochloric acid. The composition of the sample will then be
different from the real composition of the aerosol in the atmos-
phere. At an early stage of the NMR programme it was therefore
decided to develop methods which could provide true information
about the chemical composition of the atmosphere, particularly

the nitrogen components.

—— = e = oty —— - ————

The concentration of nitrogen oxides in background areas is gene-
rally too low to permit the use of commercially available recor-
ding instruments, and with most manual methods the limited
stability of the sample prevents long term sampling (17). The
original Saltzman method (18) was developed for 1 hour samples,
and the method of Jacob and Hochheiser (19), which for many years
was used for 24 hour sampling in USA, has a low and highly vari-
able collection efficiency (= 30%). In 1975 a new method was
recommended by the US Environmental Protection Agency, the TGS-
ANSA method (20). This uses a mixed absorption solution with tri-
ethanol amine and guajacol, which act as an electron donor,

converting NO, to nitrite ions. The spectrophotometric determina-

2
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tion by diazotation is similar to the method of Griess-Saltzman,
but a new coupling reagent, 2-anilino-l-naphtalene-sulfon-syre
(ANSA), gives a more stable absorption complex. With anair flow of
0.2 1/min and 50 ml absorption solution, an absorption efficiency

of 93% and a sensitivity of 5 ug NOz/m3 was obtained.

Several attempts were made to improve the sensitivity of this
method. However, increasing the air flow reduced the absorption
efficiency (0.4 1/min - 90%, 2 1l/min - 70%). Attempts were also
made to use an impregnated filter in order to reduce the volume
of the absorption solution. However, successful results reported
by others (21), were not confirmed (22). Using two impregnated
filters in series, an absorption efficiency of 65% for 0.4 1/min
and 40% for 2 1/min was obtained. As a compromise, it was finally
decided to use a sampling rate of 1 1/min with the TGS-ANSA
method as described by EPA. This gives an absorption efficiency

of 80% and a sensitivity of 1 ug/m3.

In 1980 a final field test with a series of 23 parallell measure-
ments was made. Sampling periods of 1 to 4 days were used with two
absorption tubes in series. The reproducibility was better than
2%, and 96% of the sample was absorbed on the first tube. The data
showed no dependency on the sampling time. Other measurements
showed that in addition to the recommended materials teflon,
polypropylene and glass, also polyethylene could be used, and
standard stock solutions would keep for a long time when stored

cold in the dark.

During the last few years the instrumental methods have improved.
Instruments with a sensitivity of about 5 ug NOz/m3 are now
available. This is sufficient for measurements in relatively clean
areas, and a combination of instrumental and manual methods would
therefore seem to be a useful approach. However, parallell measure-
ments at the Rprvik station have shown that although the corre-
lation between the methods is high (0.93), there is still consider-

able uncertainty with respect to the absolute values of the two

3
methods for concentrations above 20 ug Noz/m F
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Because of the rapid exchange between ammonia in the gas phase and
ammonium ions in the aerosol phase, particles collected on a
filter may, depending on the circumstances, pick up or give off
gaseous ammonia. Also the pressure drop across the filter has an
effect. In order to examine the real composition of the atmos-
phere, one may use denuder techniques. The air is vassed through

a 60-70 cm long glass tube of internal diameter 6-7 mm, the inside
of which is impregnated with an absorbant. With laminar flow the
particles will pass through the tube, while gass molecules are
absorbed. In analytical chemistry such tubes were first used as
scrubbers to remove gaseous components before the sampling of

particles (23).

In 1979 IVL succeeded in using the tube as a sampler for ammonia,
by impregnating the inner wall with an alcoholic solution of
oxalic acid (24), and an intercalibration was arranged between

5 Nordic laboratories. Each laboratory prepared a number of

tubes which were sent to the pilot station at R@rvik. Over a
period of 10 days, two tubes from each laboratory were exposed
for 24 hours with an air flow of 3 1/min. The samples and the
blanks were sent back to the laboratories and analysed. Most of
the measurements agreed well. However, all laboratories had some
values which were far off. This also applied to the blanks.

The conclusion was that the method could be used for routine ana-
lyses, but the contamination possibilities would have to be handled

with extreme care (25).

2.2.3 Gaseous nitric acid

—— - ———— — - ———— O D w— St

In this case different absorbants were first tested with a filter
technique (26). The absorption of ammonia by filters impregnated
with oxalic acid is a simple addition reaction, and the efficiency
is 100% for air velocities up to 30 cm/s. By the absorption of

HNO3 on a NaCl impregnated filter, HCl1l has to be driven off. This

reaction takes more time and the efficiency of the filter drops

to 97% at 19 cm/s. The use of K2C03 impregnated filters required



a certain level of moisture in the air, and the velocity through
the filter was limited to 15 cm/s. Various amines were also tried

as absorbants for HNO but satisfactory results were not obtained.

3[
Finally, Na2CO3 which had been successfully used to adsorb HF (27),
gave the desired results. With this absorbant used in the denuder

a detection limit of 0.04 ppb was obtained for 24 hour samples (28).

The denuder tube has also been used to examine reactions between
the particles on the filter. Both the composition of the sample
and the pressure drop across the filter are important in this
case. The experiments further showed that some HNO3 is absorbed

to the surface of almost all materials (glass, metals, plastics).
Possible losses in inlet tubes and filter holders should therefore

always be considered.

2.2.4 Conclusions

The results show that it will be possible to measure the concen-
tration of gaseous nitrogen components in the background air with
sufficient sensitivity and without interference from the aerosol.
If in addition, the two main aerosol fractions (Z 2 um) are col-
lected and analysed separately, it may also be possible to examine
the chemical equilibrium composition of the atmosphere, as dis-

cussed in the next section.

Some more experience with the methods is required before they
can be recommended for routine measurements in EMEP. In particular,
there is a need to establish quantitative agreement between the

TGS-ANSA method and the fluorescence instruments commonly used for

the NOX analysis.

2.3 Fractionated sampling of aerosols

After emission, the chemical composition and the size distribution
of the aerosols change systematically with time. The very fine
particles (< 0.1 um) agglomerate rapidly and after some hours most

of the pollution derived particles are found in the accumulation
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made between 0.1 um and 2 uym. Also many of the gaseous components
end as aerosols in this size fraction. The sedimentation velocity
of these fine particles is negligible, they therefore represent

the main component of the long range transport.

Larger particles (>2 um) are usually formed by various mechanical
processes. Normal components are wind blown dust and sea salt

particles from the surroundings of the measuring point.

For a given source area, the particles in the accumulation range
have a mixed composition determined by the emissions of that area.
If the polluted air later passes another source area, the new
particles agglomerate faster among themselves than with the older
particles. After a while, one is therefore left with two sets

of particles in the accumulation range, one for each of the source
areas. Because of their larger size, further agglomeration and
growth of these particles is negligible. The situation is com-
plicated by the rapid exchange which takes place between

gaseous components as NH HNO, and HCl, and the corresponding

'
ions in the particles. Tie meai composition of particles collected
on a filter may therefore differ from the actual composltion of
the free particles in the atmosphere. It was therefore agreed to
test different techniques for separating the aerosols in two main

fractions z 2 um.

In March-April 1977 several types of impactors and cyclones,

partly developed at IVL (29), MISU (30) and DML (31) were tested

at the pilotstation Rgrvik. In addition, the relative composition
of small and large particles was examined by MISU at their test
station at Velen, west of Stockholm (32). The sulphate measurements
at Rgrvik showed good agreement, with 80-90% of the sulphate on the
fine particles. For sodium in the coarse fraction (sea salt), the
agreement was also good. For other components (Ca2+, NOS, NHZ, H+,
and Cl_) there was, however, little agreement between the different

measurement techniques used.

The experiments were repeated in March 1978 (33). This time the
chemical analyses were carried out with ion chromatography and

particles deposited in the air intake were washed out and analysed



after each measurement. Also this time very satisfactory results
were obtained for sulphate and sodium. The results further showed
that significant amounts of the larger particles were deposited
in the air intake. These particles reacted with some of the small
sulphate particles which led to emissions of ammonia and a too

high concentration of ammonium ions in the fine particles.

The last test was carried out in the winter 78/79 (34). This time

four different types of instruments were tested:

1) Virtual impactor, separating the particles at 2 um
(18-19 m>/a)
2) Samplers with impactors (25 m3/d) or cyclones (100 m3/d)
to remove the coarse particles, together with samplers with
no size separation (the difference method).
3) Samplers with double filters (50 m3/d) with separation
point at 2.5 um (the two-filter method).
4) Samplers with a single filter (50 and 15 m3/d), and separation

of larger particles by sedimentation (low intake velocity).

The results showed that in strong winds large particles were
deposited in the air inlet of all instruments. The amount depen-
ded on the shape of the air inlet and increased with low intake
velocity. This particularly showed up in the measurements of

the C1~ ions, most of which were on the larger particles. The
nitrate ions were distributed between the large and the small
particles, and the result was very dependent on the separation
point of the sampler. Most of the sulphate and ammonium ions

were found on the small particles. When small and large particles
were mixed on the filter, chemical reactions took place, also

the pressure drop over the filter was of importance for the final

composition of the sample.

A comparison of the different samplers favoured the double filter
method. It gave the best agreement with the mean values for all
the instruments tested, and the equipment is the simplest. This
method has since been further tested at DML (35,36,37). These

measurements show that there is a certain risk that coarse par-
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ticles may roll off the coarse filter if this is not coated with
a little high vacuum 0il. Also a certain amount of fine particles
may be collected by the deposited coarse particles when the sample

becomes very dense.

If one is only interested in the fine fraction, a cyclone or an
impactor may be used to remove the coarse particles. The difference
method does, however, give far to inaccurate results for the coarse
fraction. The virtual impactors are useful, but with the instru-
ments tested, the results obtained for the coarse fraction were

too variable. Regardless of which type of sampling instrument is
used, there are systematic, but usually insignificant differences
between the instruments. For a large network of sampling it would

still be an advantage to use one standardized type of sampler.

2.4 The long range transport of micro-pollutants

The term micro-pollutant includes toxic organic compounds and
trace elements which are present in the air in very small amounts,
but may build up harmful concentrations in the environment by
accumulation within the food chains. Well known examples are mer-
cury, cadmium, DDT and PCB. Also the micro-pollutants are tran-
sported over long distances, and some may in a long term perspec-
tive be as important as the sulphur pollutants and the acidifi-
cation of the precipitation. Measurements of trace elements and
trace organic components may also be of use in identifying source

regions and types of sources.

In order to obtain in a first survey, a symposium on the occurrance
and possible effects of micro-pollutants in the Nordic countries
was organized in 1978 (38). The meeting concluded that the micro-
pollutants represent a possibility of future damage to the environ-

ment, but too little information was available for any definite

conclusions.
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2.4.1 Trace elements in aerosols

To determine the small amounts of trace elements in aerosols,
high volume sampling techniques is normally used together with
highly sensitive multi-element methods for chemical analysis like
atomic absorption spectroscopy and neutron activation analysis.

A method of particular interest is proton induced X-ray emission
(PIXE). With this non-destructive method all elements heavier
than aluminium can be determined in relatively small samples,

which afterwards may be analysed for anions, etc. by other methods.

During the first half of 1980, 2 months of daily aerosol samples
were collected at Virolahti in Finland, Rérvik in Sweden and
Birkenes i Norway (39). The two-filter method was used, and both
the fine and the coarse fractions were analysed, first by PIXE

in Denmark and afterwards by wet chemical methods in the countries
where the samples had been collected. Statistical analysis of the
data showed clearly the dominans of pollution derived components
in the fine particles, and the prevalence of soil and sea salt
components in the coarse particles. Comparison of the time series
of data also showed characteristic properties of the air pollution
at the stations. At Rgrvik and Virolahti, which are situated closer
to the sources of air pollution in Central Eurowe, concentrations
well above background values were measured all the time. At Birke-
nes very low concentrations of pollution derived compbonents were
observed on about half the days, when the wind was from northernly
directions. Still, the data from the stations Birkenes and Rgrvik
were well correlated on a 24 hourly basis, while the station
Virolahti clearly belonged to a different part of the European

air shed.

The excellent argreement obtained in some cases and not in others,
when the same element was analysed by PIXE and by other methods
in the three countries, showed that there is still room for impro-

vements with respect to the routine sampling and chemical ana-

lyses (40).
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Multivariate statistical analysis of aerosol data from stations on
Grenland (41,42) shows the presence of up to five main types of
aerosols, derived from local soils, sea salt, and air pollution.

A similar analysis of Norwegian data gave only the last two
components, and the relative amounts depended on the distance

from the coast line.

During the period June-November 1982 the two-filter method and
PIXE analysis was used to examine the occurrence of air pollution
at the Faeroe Islands (43). By the use of air trajectories and
multi-variate statistical analysis of the fine and the coarse
particle fractions, the composition and origin of the princi-

pal pollution components were identified.

These examples show that a combination of size fractionated aerosol
sampling, more detailed chemical analyses and advanced statistical
analysis of the data (including trajectory analysis) can provide
much more precise information about the long range transport of

air pollution than available today. Similar conclusions also

apply to the local and mesoscale air pollution problems.

2+4.2 Elenmgntary catfbon

Elementary carbon undergoes no chemical reactions in the atmos-
phere, and is only removed by dry or wet deposition. It may there-
fore be used as an internal standard to estimate the chemical
reactions of other pollutants in a series of samples. Studies

have shown that simple reflection measurements according to the
OECD-method (44), give a surprisingly good measure of the content
of elementary carbon in filter samples collected in relatively
clean areas. This has been checked with both the photoacustic
detector (45) and Raman spectroscopy (46). The latter methods

give less scatter, but the correlation with the simple reflection

measurements is very satisfactory.

However, for general use in background areas these methods are
not sufficiently sensitive, and the absolute calibration of the

methods represents a problem. At IVL a new ion chromatographic
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method has been developed for determination of carbon dioxide
after combustion of the soot particles collected on a glas fibre
filter (47). At MISU a method has been developed in which the
particles are collected on a microsorban filter (48). The filter
is digsolved and the light absorption of the solution measured.
This method has since been combined with PIXE analysis of the

same filter. At DML a third method based on elastic. proton
scattering from the particles (PESA) has been developed for
quantitative analysis of the elements C, N and O in filter samples
with a detection limit of respectively 3,1 and 1 ug/m3 air (49).
The two-filter method was used for separate sampling of fine and
coarse particles. When combined with PIXE analysis, 99 * 9% of the
total mass in the fine particle fraction was identified and 90%9%
in the coarse fraction. It is believed that the technigques now
available, should permit measurements of elementary carbon at all
background stations, but it remains to demonstrate the usefulness

of such measurements in remote areas.

2.4.3 Organic_components

The emission of reactive hydrocarbons of low molecular weight are
of major interest in connection with the formation of photo-
chemical oxidants, but only a few European countries have worked
out any emission inventories for organic components. Concerning
toxic trace components, the interest is centered on persistent

and genetically active substances, such as PAH and polychlorinated

hydrocarbons.

The use of polychlorinated hydrocarbons as pesticides has been
severely restricted in most countries in the temperate zone,

but in the tropical and subtropical areas enormous dguantities
are still used to fight malaria. The world production of DDT has
not been much reduced, and probably the total consumption of

polychlorinated hydrocarbons as pesticides amounts to more than
700.000 tons annually. The production of PCB (polychlorinated
biphenyls) has been much reduced, but not stopped all together.

Furthermore, a few hundred thousands tons of PCB used in large
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transformers and as hydraulic fluids are being re-circulated.

Also the plastic industry produces large amounts of chlorinated
organic waste materials. Locally, the dumping of these materials
has caused considerable problems, and today these waste products

are preferably burned at high temperature.

All these substances have a low vapor pressure, also in the solid
state. They are therefore slowly distributed all over the globe,
and systematicallly transferred from warmer to colder regions.
Their presence in remote areas was first demonstrated by analyses
of samples which had been enriched within the natural food chains.
Today methods are available for direct analysis of these compounds
in air and precipitation. For air the PUR-sampler has been success-
fully used in the Arctic (50), and when the chemical analysis is
made with gas chromatography/mass spectrometry using negative

ions produced by chemical ionization extreme sensitivity may be
obtained (51). This is, however, a relatively costly method.

For routine measurements of aerosols collected on a filter, simple
fluorescence measurements of an alcoholic extract have therefore
been tested at IVL. The results show that this may be a useful

approach for routine determinations in special cases (52).

Precipitation measurements are also useful to examine the occur-
rence of trace components. During the precipitation scavenging
process most of the aerosol in the air is deposited with the
precipitation. In this way substances which are absorbed to the
aerosol particles may be deposited even if they are almost insoluble
in water. In this connection different extraction methods for ppt-
concentrations of chlorinated hydrocarbons have been examined at
NILU (53). "urther development of the XAD-2 extraction method has
resulted in good recovery and reproducibility for polychlorinated
benzenes and pesticides in the range 1-30 ppt in water and snow
samples (54).. The method is now used to analyse snow samples from

the Artic.



2.5 The measurements systems

Most of the chemical measurements used to verify calculated air
pollution concentrations are collected at ground stations.

For the long range transport of air pollutants measurements from
aircraft represent indispensable additional information. But,

only during the later years instruments have become commercially
available which make continous recording of air pollutant concen-
trations from aircraft practicable. Most of these instruments are,
however, not sufficiently sensitive for background measurements.
The selection of representative sites for background stations

therefore still represents an important issue.

2.5.1 The Nordic_background station_network

At a meeting in Helsinki 1976 a coordination of the measurements
at background stations in the Nordic countries was discussed. It
was pointed out that background measurements usually serve three
different purposes. Daily or more frequent measurements are used
to verify trajectory or model calculations of the long range tran-
sport of air pollutants. Monthly measurements of precipitation and
air pollution are commonly used to estimate the deposition of air
pollutants in an area. Annual or seasonal mean values may be used

to estimate regional or global trends.

A station network covering a larger geographical area, would
improve the possibilities of examining the transfer of air
pollutants to the Nordic countries from different source regions,
and of studying the effects of different climatic conditions

on the deposition and chemical transformation of the pollutants.
Furthermore, testing and development of methods should be part

of the integrated programme.

In order to specify a station network, the whole Nordic region

was divided into areas of relatively uniform wind and temperature
conditions. Within each of these areas it was decided to establish
a minimum of one station (55)., The resulting network of background

stations is shown ir Annex I. Apart from minor displacements in
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order to improve the representativity of a station, this network
has not been changed. Additional stations have, however, been
established at the Faroe Island and in the Arctic. For the EMEP
program daily samples of air and precipitation are collected at
all these stations for subsequent chemical analysis. More
comprehensive measurements are made at some of the stations,

particularly at the Rgrvik station in Sweden.

The data have primarily been used to verify atmospheric transport
and deposition calculations. Long term sampling for simple trend
analysis is problematic. The annual variations of the meteorologi-
cal conditions may affect the observed annual mean concentration
much more than changes of the emission pattern. Long time series
are therefore required in order to obtain reliable trends. It was
therefore recommended to examine the transfer of the pollutants
from their source regions throughout the year, and use the data

to correct for the annual meteorological variations. Trend indi-
cations could then be obtained from shorter periods of observa-

tion.

2.5.2 Precipitation measurements

Measurements of the chemical composition of precipitation consti-
tute an important part of the monitoring of air pollutants.

As sampling and chemical analysis is relatively simple in this
case, a number of precipitation stations are in operation in the
Nordic countries in addition to the regular EMEP stations. At
these stations different methods are often used. In February 1981
these methods were discussed at a meeting arranged by MISU in
Stockholm. The meeting gave a useful survey of the advantages

and disadvantages of the different methods (56) used in the
Nordic countries. A point of particular interest is the use

of "wet only" samplers, i.e. samplers with a 1lid which opens

only when it rains. The conclusion was that in forested back-
ground areas samplers without a 1id may be used provided the
collection vessel is changed or cleaned each day. For monthly
samples a 1id is recommended. If not available, at least a

screen should be used in the funnel to hold back contaminating



materials. The choise also depends somewhat on which components

are to be analysed.

2.5.3 The represeptativity of ground stations

In the EMEP a grid of 150 km and 6 hourly trajectories are used
to describe the atmopsheric transport. The calculated data thus
represent mean values in time and space, and they are normally
compared to 24 h mean values measured at ground level. In the
OECD-project, an attempt was made to use 6 hourly mean concen-
trations. This did not, however, improve the situation, because
the daily variations of the vertical wind and stability could not

be incduded in the one-layer atmospheric dispersion models used.

In order to examine the local representativity of such data, 6
identical instruments for measuring sulphur dioxide and sulphate
particles were mounted in a test field in Finland during the
winter 1978/79 (57). Two stations were placed closely together
in the middle of an open field. The other four stations were
placed in different positions up to 400 m from the first pair.
For 6 hourly mean values the correlation varied from 0.99 for

the two neighbouring stations to 0.93 for stations further apart.

The mean deviation between the two neighbouring stations

was 11% for a mean value of 29 ug/m3. The mean deviation for all
stations was slightly higher, and analysis showed that these
differences were more related to the position of the station
relative to minor emission sources in the area, than to the local
terrain formation. For 24 h mean values the difference between

neighbouring stations was reduced from 11 to 5%.

For measurements at one station the standard deviation was 22 ug/m3,
which shows that variations in the weather conditions have a much
larger influence on the result than the location of the station.
Under stable conditions with weak winds, the effect of small

local emission sources increased from 11% to 22%. On the other

hand, contributions from outside were always  first noted at the

most freely exposed station.



Similar studies in different types of terrain and on the scale
used in the long range transport models would undoubtedly be of

value in selecting station positions.

On a larger scale, nephelometer measurements carried out by MISU
in the surroundings of the station Velen in central Sweden showed
that the overall light scattering from particles in the atmosphere
at a well exposed measuring station was representative for areas
of several thousand km2, i.e. comparable to the grid squares in

the numerical simulation models.

The representativity of precipitation measurement stations has
been extensively investigated at MISU. The results show that the
local surroundings of the stations are very important, mainly

by influencing the local wind field, and guidelines for the siting

of precipitation stations have been worked out (58).,

2.5.4 Aircraft measurements

In the OECD-project measurements from aircraft helped very much
to clarify the air pollution transport in the atmosphere.
Extensive measurement programs were carried out, particularly

by MISU and NILU (59),; and instruments and measuring methods were
developed within the NORDFORSK programme (60). Since 1975 all the
Nordic countries have access to aircraft which can be used for

air pollution measurements.

When the NMR-programme started in 1975, it was believed that air-
craft measurements would be extenstively used also in EMEP, and

in the autumn of 1975 an intercalibration of the instruments used
to measure sulphur dioxide and sulphate particles was carried out
(61). The sampling was based on the use of an aerosol filter,
followed by an impregnated filter for sulphur dioxide. In a
parallel test of the instruments at DML 50 samples of air were
collected. The sample size varied from 0.5-2 m3 of air. The concen-
tration of sulphur dioxide was most of the time below 15 ug/m3,

and the concentration of particle sulphate was below 10 ug/m All



filters were first analysed by XRF at the Institute for Energy
Technology in Norway, and then by wet chemical methods in each
country. In spite of the relatively low concentrations, good

agreement was obtained.

In July 1976 a series of parallel measurements were made between
the Danish and the Norwegian aircrafts (62). For aerosol sulphate
good agreement was obtained, while for sulphur dioxide consider-
able differences were observed occasionally, probably because of

the low concentrations measured (<5 ug Soz/m3).

The available methods were considered satisfactory, and in March
1977 an evaluation was made of the possible uses of aircraft

measurements. It was concluded that:

- Coordinated measurements during air pollution episodes
were considered highly desirable, but the difficulties
in organizing sampling of the same air mass at consecutive

times would have to be looked into.

- An attempt should be made to examine the representativity
of ground stations by measuring the vertical profiles of

sulphur dioxide and particle sulphate.

- The posgibilitles of dquantitative sampling of clomnd decp-

lets for a given air volume should be looked into.

By this time it had, however, become evident that funds would not
be available for any coordinated aircraft measurements in EMEP.
The programme was therefore concluded with measurements of a few
vertical concentration profiles. In June 1978 NILU made some
measurements in the outer Oslofjord (63) in a situation with
transport of air pollutants from United Kingdom to Norway. The
data were used to calculate the transformation rate of sulphur
dioxide to particle sulphate. The result agreed well with esti-
mates made in connection with the OECD-project. In southern Fin-

land the FMI measured a number of profiles in connection with

a regional model calculation.
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A main problem in connection with aircraft measurements has been
the lack of techniques which makes it possible to utilize the
high speed of the aircraft. Measurements of background concen-
trations of sulphur dioxide and particle sulphate require a samp-
ling time 20-30 min. During the later years this situations has
changed. New instruments permit detailed characterization of the
size distribution of the aerosol from the aircraft, and chemical
instruments are now available which are sufficiently sensitive

to make continuous recordings of the concentration of many pol-

lutants in background areas from aircraft.

2.5:5 Co—-¢rdinated publication 6f nordic epnvirommental dats

In 1976 the Nordic ministerial Council had suggested the establish-
ment of an environmental data bank, and it was discussed to co-
ordinate the publication of air pollution data from all stations
in the Nordic countries. A survey showed that normally daily,
weekly or monthly samples were collected and that it took about
two months before all samples were analysed. It was suggested to
limit the reporting to daily and monthly mean values for

stations which had been in operation for one year or more. Data
collected for other intervals would be re-calculated and reported
as monthly means when possible. It was further recommended to
evaluate and distribute the data to the Nordic laboratories as an
addition to EMEP-data. It would be few if any data from the nordic
stations which could not be included in this plan. The costs would
be relatively small, and the data would be available in a compiled

and organized form at agreed times for all laboratories.

However, gradually it became evident that no one was willing to
pay for publication of the air pollution data, and the expert
committee came to the conclusion that it would be no point in
starting the work if the data could not be compiled and examined
over a period of at least five years. On this background the
effort was limited to the publication of a survey with information

about the positions of the Nordic stations and their measuring

programmes (64),
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2.6 Long range transport modelling

A main task of EMEP is to provide a guantative description of
emission, dispersion and deposition of sulphur pollutants in
Europe. When the programme started, it was logical to use the
model developed within the OECD-project for the same purpose,
and try to develop this further, primarily by specifying in more
detail the empirical parameters used in the model. There is also
a need to examine the long range dispersion of nitrogen oxides
and the formation of photochemical oxydants. A first requirement

in this connection is to establish the necessary emission surveys.

The first survey of the sulphur doixide emissions in Europe was
worked out for the OECD-project (65). For many of the EMEP
countries this survey has since been updated (66). For western
Europe the national emissions may be accurate to 10-15% and the
uncertainty of a single grid element within *50%. For eastern
Europe the national emission figures are more uncertain, and as
little information has been received concerning their geographical
distribution, these national emissions have been distributed in a
grid system on the basis of population density and available

information on the geographical location of major industries.

On this background the question was raised in 1977 if the emission
fields could be estimated from trajectory calculations and daily
measurements at the EMEP stations. A trajectory calculation
method was worked out and tested on some of the OECD-data (67,68).
Three examples were calculated, each with about 1000 station days.
The results showed that such calculations can be used to estimate
the emisgions from grid elements not too far away from the mea-
suring station, and some of the calculated values agreed well

with the emission survey. For practical use a much larger data

set would have to be used, for instance 10.000 station days, and

it will be necessary to use statistical methods to evaluate the

data. So far it has not been possible to continue work in this

direction.



In 1979 a more detailed comparison of sulphur dioxide emissions

and population density was made for the grid used in EMEP

(150 km x 150 km). Available population statistics were collected
for all European countries, and a complete population density

map was worked out (69). For Western Germany where a detailed
emission survey was available, it turned out that within *25%

the emissions for these grid elements were proportional to the
population density. The same was found for the United Kingdom. The
necessary data were also available for France, but in this case the
scatter was much larger and the grid length had to be doubled in
order to obtain a nationally representative sample of sources

types in each grid element. =
This result rests on the statistical distribution of the emissions
in largér areas, and deviations do occur. Thus, the sulphur dioxide
emission in London is less than the calculated value because the
industrial activity is relatively small compared to the population
density, while the Birmingham emission is somewhat higher than the
national mean. Exercising some care, this result has been used to

re-evaluate the sulphur dioxide emissions in some of the countries.

The present emission survey may still contain considerable errors.
Data for single grid elements in eastern Europea may be more than

a factor 2 wrong. This particularly applies to the USSR, from where
no data for the geographical distribution of the emissions have

been obtained.

The emissions of nitrogen oxides have been evaluated in a similar
way (70). Data from Western Germany, United Kingdom and France
showed that there is close proportionality between the emissions
of sulphur dioxide and nitrogen oxides. As about 50% of the
nitrogen oxide emissions originate from motorized traffic, this
means that where industry and people are located, one will also
find the car traffic. The proportionality factor must be given

by the ratio between the total national emissions of sulphur

dioxide and nitrogen oxides, which can be estimated from national



production and consumption figures with the use of the emission
factors. On this basis an emission survey for nitrogen oxides in
Europe has been worked out. It may be noted that although the
emission value for a single grid element may be highly uncertain,
the position of the major source areas will be correct. Some
applications indicate that the survey is sufficiently accurate
for long range transport calculations of photochemical oxydants
(W) =

2.6.2 Atmospheric_transport modelling

In March 1980 a meeting of experts from the nordic countries

was held at NILU in order to survey the possibilities of improving
the long range transport calculations of air pollutants (72).

It was concluded that a significant improvement of the models now
used would require a revision of several model parameters which
today are given in a very approximate manner.

Specifically, the meeting recommended that a detailed investi-
gation of the precipitation scavenging process was undertaken.
Preliminary plans for a study of orographic precipitation on the
south coast of Norway have since been workd out (73, 74). This
study is still under serious consideration, but funds have not
vet been available.

In the follow up of the recommendations from the meeting only a

few studies have been undertaken within the NMR-programme. At DMI
the variation of different meteorological parameters with wind
direction have been examined (sector analysis) (75). Upper air data
for 5 years have been analysed for 4 stations (Kgbenhavn,
Stavanger, Slesvig, Visby) and mean values calculated for mixing

height, relative humidity, and atmospheric stability.

A study of statistical methods to handle variations in time and

space of precipitation data has been made at MISU (76).



=5 DG =

At FMI a study of the mixing height and its variation with the
seasons was carried out (77). In 1982 FMI also carried out a

study of the precipitation process based on radar observations

and chemlcal analysis of the air and the precipitation (7g8) to see
if one could distinguish between different types of precipitation
on the basis of chemical composition. The measurements were
carried out in the Helsingfors area. However, the radar obser-
vations did not give the necessary details about the different

types of precipitation.

In addition to the NMR programme, MSC-W has continued their
studies of the model parameters (79), These studies have all
contributed to a better understanding of the significance of the
simplifications which one always has to make in atmospheric
dispersion models. Much work remains to be done, however, before

all relevant factors have been examined.

3 FUTURE ASPECTS

The OECD-project showed that the main cause for the acidification
of the precipitation in Europe is the emission of sulphur and
nitrogen oxides from the use of fossile fuels for heat and energy
production, motorized traffic and special industries. In the EMEP
programme, where also the eastern European countries participate,
the work has been focused on the emission, dispersion and deposi-
tion of the sulphur components, as these were considered to be

the most important in connection with the acidification of the
precipitation. Also, useful methods for sampling and chemical
analysis were available for the sulphur components, while measure-
ments of nitrogen oxides and other nitrogen components in background

areas involved considerable problems.

Within the NMR programme, the ground has been laid for an expansion
of the EMEP to include the nitrogen compounds and a more detailed
study of the composition of the polluted atmosphere. On the
theoretical side, statistical methods have been used to analyse

the observed data and to examine the parameters of the atmospheric



dispersion models. A first European emission survey for nitrogen
oxides has been prepared. The results of the NMR programme show

that much can be done to improve the quality of the work within

EMEP, both with respect to sampling and chemical analysis and to
data evaluation. Within EMEP one has not, however, been able to

make use of these possibilities. At the same time other studies

show that the regional air pollution in Europe includes an in-

creasing number of chemicals, and affects larger and larger areas.

There is evidence that the effects of the acid precipitation
observed in rivers and lakes in Scandinavia, and the damage to
the forests on the European continent are the results of a long
term accumulation of sulphate in the soil, which has led to the
release of harmful concentrations of toxic aluminium hydroxy

ions in the ground water. In some areas this aluminium now has to
be removed from the drinking water. An important consequence

of this view is that it may be more difficult to reverse the

present development than previously anticipated.

The emissions of sulphur dioxide have levelled out during the later
years. However, the emissions of nitrogen oxides have not, and the
increasing content of nitrate in precipitation has recently been
related to the extensive fish kills observed in the North Sea due
to an overproduction of toxic algae. In Scandinavia the nitrate
deposited is rapidly consumed by the vegetation, which benefits
from this. There is, however, a limit to how much can be disposed
of in this way, and in other areas also the nitrates add to the

changes of the soil composition.

Other measurements show that the concentration of ozon in Scandi-
navia periodically exceeds values which in North America have led
to vegetation damage and extensive insect attacts. Similar cases
in Europe have not been examined in detail. The photochemical
oxidants also increase the general oxidation potential of the
atmosphere. Thus the oxidation rate of sulphur dioxide is much

higher in summer than in winter. Recently it has been shown that

the photochemical radicals also increase the oxidation rate of



naturally occuring mercury vapours, and that this explains the
disturbingly high mercury levels found in predatory fish from

many remote areas.

These examples show that the regional air pollution problem in
Europe includes much more than the emission of sulphur dioxide
and the low pH of the precipitation. The basic problem is that
the emissions of air pollutants in the industrialized and densely
populated regions exceed the amounts which can be rendered harm-
less by dispersion into the atmosphere. The use of tall chimneys
and the spreading of industry and traffic, means that the local
concentration level is reduced by transferring the pollutants
from a local to a regional air shed, in much the same way as when

a sewer is led directly to the sea and not into the local lake.

However, the capacity of the regional resipient is also limited.
Most of the pollutants stay within the lower 2-3 km of the
atmosphere, and beyond a distance of 100-200 km from a source
area there is no further dilution of the pollutants except by

dry and wet deposition.

During this transport, chemical reactions change the properties
of the pollutants. The accute poisoning of the vegetation by sul-
phur and nitrogen oxides is changed into the chronic effects of
sulphate deposition in soils and nitrate fertilization of the sea.
The noxious effects of the oxidants change into a long term
weakening of the vegetation, followed by insect attacks. Volatile
toxic pollutants slowly accumulate in the colder regions, others
affect the radiation balance and may cause a change of climate.
These apprehensions may or may not represent serious threats.

The problem is that if we wait to see, then it may be too late

to do anything about it when the effects are observed. The only
way in which mankind may remain in control, is to examine these
and other possibilities through international programmes like

EMEP, starting with regional surveys as a basis for the global

studies.



On this background the expert group has recommended a Nordic

pilot programme to examine the long range transport of air pollu-
tants in North Western Europe in greater detail. In this programme
the methods described, will be used to examine the chemical compo-
sition of the atmosphere and the physical and chemical reactions
taking place during the transport of the pollutants. It will
primarily be a pathfinding programme to look into possible long
term problems, which later may be followed up by routine monitoring
in EMEP or other programmes. The pilot programme will also provide
the Nordic countries with more precise information about the air
pollution than presently available. Co-operation will be sought

with interested research institutes in other countries.
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Annex I: List of EMEP-stations.

Components determined Operation
1) ’ Height | Precipitation Aerosols Gases tromZ) to
Station code Location above T x O m sl o~
COUNTRY and name lat. longy fseam) |5+ § 2 £ § 2 3 8|8 &%= 2 2]8 ¢
Austria A2 Illmitz 47°46'N 16°46'E 117, X X X X X x x 1 Jan 1978
Belgium Bl Offagne 49053'N 5°12'E 420 x X X X x Tox 1 Aug 1978
Czechoslo- CS1 Svratouch 49%a'n 16%2'e ) 7137 | «x x x x 1 oct 1977
vakia CS2 Chopok 48%s6'N  19°35'E | 2008 x x x x 1 Jan 1978
Denmark | DKl Fargerne 62°18'n  7%4'w | 210 [ x x x x x x 1 Feb 1978 16 Oct 1978
DK3 Tange s6%21'8  9%36' 13 x X x X x x x |x 10 Jan 1978
DKS Keldsnor 54°%4'n 10%4'E 9 % x x x x x |x 1 Jan 1978
DK? Faroerne- 61°24'n  6%40'w 90 x X X x x x x }x 1 Nov 1978
Akraberg
Finland | SP4 Ahtdri 62°33'n 24°13'B | 162 |x x x x x x x x 1 oct 1977
SF6  KSkar 59%ss'n 20%ss'E | 10 [x x x x 6 Oct 1977 30 Sep 1979
SF?7 Virolahti 60°31'n 27°%1'E 8 {x x x x x x x x 1 oct 1977
SF9  Utd s9% 718y 21%23'e 7 {x x x x x x x x 16 Jan 1980
France Fl Vert-le-Petit 48032'N 2°22'E 64 X X X X X X X X X|[X x 1 Jan 1978
F3 La Crouzille 46000'N l°22'B 460 X X X X X X X X X x 1 Jan 1978
PS La Hague 49°37'n  1%s0'w | 133 X X X X X X x x Xx|[|x x 1 Jan 1978
F6 valduc 47°3s'n 42| 470 [ x x x x x «x x x x 1 Jan 1978
F7  Ledeve 43%2'n  3%0°'e | 252 X X X X X X X X XX ’ x 1 Jan 1978
German DDL  Arkona 5¢%a1'n 13%6'e | a2 x x 1 Jan 1981
.Democracic DD2 Neuglobsow 53°09‘N 13002'2 62 x X X X X X X X{x x 1 Jan 1981
Republic | OD3 wahnsdorf s1°%7'8 13%1'e | 246
DL Westerland 54%s's 8°18'E| 12 {x x x x x x x | 1 oct 1977
Germany D2 Langenbrigge 52°48'N 10°4S'}: 74 X x X X X x 1 Oct 1977
Federal D3 Schauinsland 47°55'N 7°54'E 1205 X X X < x x X X 1 Oct 1977
Republic D4 Deuselbach - 49°46'N 7°03‘E 480 X X X X x X X 1 Oct 1877
of DS  Brotjackiriegel|48®¢9'N 13°13'E [1016 | x x x x x x x | 1 oct 1977
D1l EHohenwestedt [54°06'n 9%a0'E| 75 x x x 1 oct 1977
D12 Bassum s2%1'n  8%3'e| s2 x x x 1 oct 1977
Dl3 Rodenberg s2°19'n  9%22'E | 148 x x % 1 Oct 1977
D14 Meinerzhagen [51%7'N  7°38'E | 510 x x x 1 oct 1977
D15 Usingen s0°20'n  8%°32'2 | 48s x x x 1 oct 1977
D16 Bad Kreuznach [49°s0'n  7%s2'E | 230 x x x 1 oct 1977
D17 Ansbach 49°18'N 10°3¢'E | 481 x x x 1 oct 1977
D18 Rottenburg 48°29'n  8%56'E | 427 x x x 1 oct 1977
D19 Starnberg 48% 1y 1% | 729 x x x 1 oct 1977
D20 BHof 50%19'n 11°53'2 ] ses x x 1 Jul 1980
Greace GRL Aliartos 38%13'y 23%0'e{ 110 x x 1 oct 1977
Hungary Bl  K-puszta 46%s8'N  19°35'E| 125 X X X X X x X X x|x x x x{ x x 1 Oct 1977
Iceland | IS1 Rjupnahed 64%0s5'n 21%1'w x x x 1 Sep 1978 27 Dec 1979
1s2 Irafoss 64°%05'n  21%01'w x x x x 8 Jan 1980
Ireland IRl Valentia 51%6'n  10°15'w 9 x x x x x 11 Feb 1980
Observatory
Nether- | NL2 Witteveen 52%9'n  6%0'E| 18 | x x x x x x x x x]x x x x x| 10ct 1977 30 Nov 1978
lands g 3 Aug 1980
NL5 Rekken S2°06'N 6°43’E 25 % XWX X X XN XX W XX x X x 1 Oct 1977'
NL6 Appelscha 52057'N 6°18'E 10 X X X X x X x xX x|]x x X x 12 Oct 1977 30 Mar 1981
Norway N1  Birkenes 58%23°'n @olS'E 190 x X X X X x x x| x x 1 Oct 1977
N8  Skreddalen s8%9'n  6%43'E| 475 | x x x x x x x x| x x 1 Oct 1977
N15 Tustervatn 65°s0'N 13°ss5'e 439 x x x x % x x x| x x 1 Oct 1977
N30 Jergul <1 69°24'n 24°36'E 255 x X X %X X X x| x x 1 Oct 1977
" N35 Narbuvoll 62°2l'N 11028'5 768 x X X X X K X X 1 Oct 1977




Annex I cont.

Components determined Seeration
1) . Height | Precipitation Aerosols Gases fromz) to

Station code Location above 2 ~ » s Q - ~

COUNTRY and name lat. long. |seatm) [E*x @ § E £23038|% L% 2 |8 ¢
N36 Hummelfjell 62°27'n 11°16'€ | 1539 x x 1 et 1977
N37 Bjorneya 74°31'N 19%1'E 20 x IR RIS TR R O : x 1 Oct 1977
N39 Kdrvacn 62°47'n %3] 210 | «x x x x x x x x|x x 15 Feb 1978
Poland PLL Suwalki 54%8'N 22°57'E| 184 | x x x x x x x x x|x x| x 1 May 1978
Portugal Pl. Braganca 41%9'N 6°46'H 691 xR x x 1 Aug 1979
P2 Faro 37%1'n  7%sg'w 8 % & %X x 1 Aug 1979
Remania Rl  Rarau 47°27'n 25°27°E | 1536 X)X Xk B x x 1 Jan 1980
R2 Stina de Vale 46y 23%32'e [0 R Xy BB R K R R x x 1 Jan 1980
R3  Semenic 45%7'n -25%s8'e 1432 [ x x x x x x x x x x x 1 Feb 1980
R4 Paring 4s°23'n 23%28'E {1585 | x x x x x x x x x| «x x 1 Mar 1980
RS Fundata as®28'y 25°18'E f1371 [ x x x x x x x x x| «x x 1 Jan 1980
R6  Turia 46%7'n  25%s9'£ | 1008 AR S R S T O x x 1 Jan 1980
Sweden $1  Ekerdd 55%s4'n 13%3'£ | 140 X ixl pd' g o x x %) | 1 Jul 1979
s2  RBrvix s7%s'n 11%6'E] 10 |x x x x x x  |x x x | 6 nNov 1977
§3  Velen s8%e'n 14°18'E| 127 | x x x x «x x x x x |15 Aug 1979
S5 Bredxdlen 63%51'N 15°20'E| 404 | x x x x x x x x |18 Aug 1979
S8  Hoburg 56°s5'n  18%09°'E 58 X X kL g i x x x X 1 Sep 1978
Switzer- CBl Jungfraujoch 46°33'N 7°s9'e | 3573 x %] |59 x x x 1 Sep 1980
land CB2 Payerne i6%e'n 6571 | 510 x x x 1 Apr 1979
Union of | SUL Rayakosky 68°ss'ny 28°s1'e| 118 | x x x x x x 19 Nov 1979
Soviet SU2 Syrve 57°57'8  22%6'E 2 x x x x x x S May 1980
Socialist| SU3 Nida 55°21'N 21°04'£ 17 x x x 5 May 1980
Republics| SU4 Vysokoe 52°20'N 23°26'E 163 x x x x x ’ x 8 Oct 1979
SUS Svityaz 51°31'n 23%3'e| 164 [ x  x x x x x 19 Nov 1979
SU6 Rava-Russkaya 50°15'N 23%38'E 249 x x x x x x 19 Nov 1979
SU7 Beregovo a8 s'y 22%1'e| 1m2 | x x x x x 12 Nov 1979
SUS Lesogorsky 61%0'n 28°s8'E| 39 | x x x x x x 22 Oct 1979
United UX2 Eskdalemuir 55°19'N 3%12'w | 243 x X x X X x x|x x 14 Dec 1977
Kingdom | UK3 Goonhilly 50%3'n  s11'w| 108 [ x x x x x x x x|x x 15 Aug 1979
UK4 Stoke Ferry 52°3'n  0%30'E 15 x T R X xR x 1 Sep 1980
UKS Ludlow 52%2'n  2%38'w| 190 x. x 21 May 1981
Yugo- YUl Masun 45%39'n  14°22' | 1026 x (X X R R 1 Nov 1980

slavia YU2 Puntijarka 45%s4'n 15%se'e| 988 x X X X xX X X x
YU3 1Iriski Venac | 45°09'N 19°S0'E| 445
YU4 Zavizan 44%a9'n  14°59'E | 1594 x X X X X x x X 1 Sep 1980
YUS Crni vrh 44%10'n 21%s8'E| 834

YU6 1van Sedlo 43%s6'n 18%2'E 970 x XX o XK 1 Jul 1980
YU7 lazaropole a®32'n 20%2°'e{ 1332 x b e e R S T 1 Oct 1977

1) Some stations were in operation also during the OECD study (LRTAP). For these stations the same code is applied.
2) The date give refers to EMEP. Some stations were in operation before this programme started.
TSP = Total Suspended Particulate.
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