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Introduction 
In systematic studies of atmospheric chemistry, background levels of 
the chemical composition of the atmosphere are often evaluated from 
measurements of various constituents in precipitation. International 
networks for studies of atmospheric chemistry, involving measure-
ments of the chemical content in precipitation, were established as 
early as the mid-fifties, mainly in countries in the north and west of 
Europe under the auspices of Professor C. Rossby at the University 
of Stockholm, and at about the same time in the United States under 
Professor C. Junge at Cambridge, Massachusetts. 

However, it was not until the mid-sixties that scientists became 
more generally concerned with the possibility that the chemical 
composition of the atmosphere might be changed through man's 
activities and that measurements of various constituents in the 
atmosphere might be important for recognizing and understanding 
changes in the global environment. Awareness of the special problem 
of increasing CO 2  in the atmosphere existed before this, however, 
and atmospheric CO 2  has been monitored at the Mauna Loa Observa-
tory in Hawaii since 1958. 

Interest in man's impact on the atmosphere through the burning 
of fossil fuels gradually led to increasing international awareness 
that efforts must be made to monitor the composition of the atmos-
phere on a continuing basis. Hence in 1970 the World Meteorological 
Organization (WMO) launched its still ongoing project to establish 
a global network of stations to monitor atmospheric constituents 
at the background level - Background Air Pollution Monitoring 
Network (BAPMoN). This project was supported by the United 
Nations Environment Programme (UNEP) from 1974 onwards as 
an important component of the Global Environmental Monitoring 
System (GEMS). This network includes three types of stations: 

"regional stations" located in areas not influenced by short-
term fluctuations in pollution which provide data on precipi-
tation chemistry, atmospheric particulates and turbidity (at 
present there are about 100 such stations around the globe); 
"baseline stations" located far away from pollution sources 
which measure, with more sophisticated means and in very 
clean air, the same variables as the regional stations but, 
in addition, CO 2  and various pollutants in air; 



(c) regional stations with expanded programmes which make 
similar measurements as baseline stations and are most often 
located on continents. 	 - 

Data from this network have been collected since 1972 under the 
auspices of the Environmental Protection Agency (EPA) and the 
National Oceanic and Atmospheric Administration (NOAA) in the 
U.S.A. and have been published by them for the period 1972-76 
in co-operation with WMO and UNEP*. 

In this paper a preliminary evaluation is made of some of the 
precipitation chemistry data available from the network for the 
period 1972-76. It is expected that a more thorough analysis of the 
quality of the data and the existing trends will be arranged through 
VIMO in the near future. 

It should be kept in mind that during the period 1972-76, which 
was when the network was being built up, the only stations oper-
ational with regard to precipitation chemistry were in Europe and 
North America; stations in other continents gradually became 
operational only towards the end of the period. The evaluation of - 
the situation is therefore limited to the European and the North 
American continents. 

Quality of data 1972-76 
Considerable deficiencies in quality were expected during the early 
years of operation, when no intercalibration of methodology had 
yet been undertaken and analytical standards had not yet been 
uniformly developed. The first intercalibration in fact took place 
n 1976. 

In discussing the quality of data one should perhaps first consider 
whether the sampling technique applied leads to obtaining absolute 
truth about precipitation chemistry. However, no such studies have 
so far been made. Our discussion, therefore, can deal only with the 
relative reliability of the data, i.e. to what extent they render a 
consistent and reasonable statistical sample. 

Another question of importance became evident in evaluating 
the statistical quality of the data published in the joint publication. 
As indicated in the text of each annual issue, there has been some 

'GIobaJ Monitoring of the Environment for Selected Atmospheric Constituents. 
National Climatic Centre, Federal Building, Asheville, NC, 28801, U.S.A. 
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confusion as to what extent sulphate, irnmonium and nitrate content 
in precipitation has been reported in elemental units or in values 
converted to sulphur and nitrogen through multiplying the original 
data by 0.33, 0.78 and 0.23 respectively. As the data publications 
do not give a clear picture whether such conversion has taken place 
or not, the published data are difficult to compare and hence 
peculiarities occurred in the first calculations. However, through 
inquiries in the countries concerned, the matter was clarified and it 
became clear that most of the published data were not converted 
but published in elemental units, e.g. sulphate and nitrate. 

In most earlier presentations of precipitation chemistry data, the 
data have also been given in elemental units. In order to obtain 
overall comparability not only from country to country but also 
with earlier presentations of data, it was decided to recalculate those 
data which had been converted into sulphur and nitrogen so that 
in this paper all data are given as sulphate and nitrate. In particular, 
published data from Canada for the years 1973-76 and from the 
U.S.A. for 1975 and 1976 have been recalculated into elemental 
units. 

In order to get a feel for the general statistical quality of the 
sulphate results, data expressed in mg SO were first analysed 
for 20 stations which had been in operation for more than three 
years during the period 1972-76. Table 1 gives the maximum and 
minimum monthly values of sulphate in precipitation observed in 
winter (October—March) and summer (April—September) together 
with their mean and standard deviations. Nine stations are from 
Europe, seven from the U.S.A. and four from Canada. 

The first conclusion to be drawn from a look at Table 1 is that 
maximum values of sulphate content are higher in the U.S.A. than 
in Europe and Canada. This suggests that single events with high 
sulphate yield are more common in the U.S.A. than in Europe and 
cause considerable dispersion in the distribution of values around 
the mean. This fact is also revealed through the higher values of 
standard deviations relative to the mean obtained at the stations 
in the United States compared with those in Canada and Europe. 

Area distribution of the annual mean averaged for 1972-76 
- 	 The annual mean concentrations of sulphate in precipitation from 
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the European and North American stations based on available 
monthly values are given in Tables 2 and 3 respectively. Values 
have been put in parenthesis when they seem to be unreasonable. 
Overall annual mean figures for the period 1972-76 are given in 
the last column of the tables calculated from the yearly values 
available. Some of these are therefore based upon five years while 
others may be based on only two or even one year. In this preliminary 
evaluation no attempt has been made to interpolate values from years 
from which data are not available. Obviously the mean values given 
in the column are therefore not exactly comparable. 

In Tables 2 and 3, two annual values are given for some stations. 
The reason for this is related to the problem of sea spray. As is well 
known, stations situated on the coast or on islands are greatly 
influenced by sea spray. In order to make the values from such 
stations comparable with those from stations over the continents 
from the point of view of anthropogenic sulphate content, they 
have to be reduced by the sulphate amount stemming from the sea-
salt. It has long been customary (Junge 1960) to calculate the sea-salt 
sulphate concentration which is to be subtracted from the excess 
values of coastal stations by multiplying the values of chloride con-
centration from the same stations by 0.046. This was done in our 
case also. We have limited ourselves to carrying out this correction 
for stations reasonably close to the coast, because at stations further 
inland the correction is negligible for practical purposes. As seen 
from the two values presented for coastal stations, the correction 
may, however, be considerable at coastal or island stations. 

The annual mean concentration of sulphate in precipitation 
expressed in mg SO2' as given in Tables 2 and 3 has been presented 
on maps of Europe and North America in Figures 1 and 3. 

Europe 
With regard to Europe, it should be noted that only 25 stations could 
be plotted for the whole area. This is a relatively small number for 
accurate mapping but the general picture is so well known from 
maps previously published (to which further reference is made below 
that it was possible to draw a reasonable map for the situation in the 
years 1972-76. Some data for part of the same period were also 



obtained from stations participating in the Organisation for Economic 
Co-operation and Development OECD) study on long-range transport 
of air pollutants in western Europe. They were used to check the 
concentrations in areas of the map where data were scarce. Some 
BAPMoN data from France for the year 1977 have also been included 
to check the geographical distribution. 

Some data showing very high content of sulphate are doubtful. 
Values from the Faroe Islands are obviously too high, probably due 
to the stronger infLuence of sea spray than is obtained from the 
reduction by use of the average chlorine content. Likewise it is 
obvious that the values from Neuglobsow in G.D.R. are too high 
to reflect real background conditions. The station seems to be 
influenced too much by local pollution from nearby Berlin. 

It seems to be possible to conclude from Figure 1 that existing 
data from the WMO/UNEP network give a reasonable, consistent 
and coherent picture of the distribution of sulphate in precipitation 
over Europe. The mean background sulphate level gradually increases 
from around 0.5mg9. 1  in the north of Scandinavia to around 
5.0m9Q 1  in the maximum area in central Europe, which extends 
from the south of England over northern France, Germany and 
Poland to part of the Soviet Union. Moving south from this area, 
values again decrease and remain around 1.5mgC as far south as 
northern Italy. Obviously the situation is somewhat uncertain in 
parts of south-western and eastern Europe due to lack of data but 

there is no reason to question the general picture. 
It should be emphasized that the maps give the content of sulphate 

in precipitation and not the deposition of sulphate. Because the 
aim of BAPMoN is to use precipitation chemistry as an indication 
of the existence of pollutants in the atmosphere, only the observed 
data have been used here. No attempt is made to estimate deposition, 
since this would involve a number of assumptions that cannot be 
discussed in this presentation. 

It is interesting to try to compare the pattern observed over Europe 
with earlier attempts to study the chemical content of precipitation. 
In 1963 de Bary and Junge published data on sulphate in precipitation 
over Europe for the period 1954-59. The maps given in that paper 
are based on data from a much larger number of stations than are 



available in the WMO network and refer separately to summer and 
winter. In order to obtain a comparable picture, Junge's original 
data as presented in their paper are used as far as possible for the 
same or nearby stations as the ones used in Figure 1. 

Comparing the situation in the fifties with the seventies reveals 
the following interesting facts (see Figures 1 and 2) 

there is hardly any increase in sulphate content from the 
fifties to the seventies in northernmost Scandinavia; 
in southern Scandinavia the increase is of the order of 50-100 
per cent i.e. from 1.0 to 1 .5-2.0 mg S02 1  
in the maximum area in central Europe there is an increase 
of 100 per cent i.e. from about 2.3 to 5.0mg SOQ'; 
in south-central Europe the increase is also around 100 per 
Cent i.e. from about 1.0 to 2.0mg S09 1  
the mean value for Europe as a whole, based upon the data 
used from de Bary and Junge, is 1.28 compared with 1.88mg 
S0 1  for the BAPMoN data, indicating an average increase 
for the whole area of about 50 per cent. 

Interestingly enough, the increase in emission of sulphur over 
Europe from 1960 to 1972 has been estimated to be of the same 
order of magnitude (Field 1976). 

The 1972-76 values can also be compared with other studies 
made during the seventies in Europe. Granat (1978) has recently 
presented a picture based upon data from the same network that 
de Bary and Junge used in 1963, and in comparing the areas of 
Europe which are common to our map, one finds reasonably good 
agreement. 

North America 
The general distribution of sulphate in the atmosphere over the 
North American continent is presented in Figure 3. The area of 
maximum concentration of sulphate in precipitation is located in 
the north-east of the U.S.A. and eastern Canada with values reaching 
about the same as in the maximum area of Europe, namely around 
5 mg SO2 1 . The minimum values are found in the north-west of 
the U.S.A. and in Canada of around 0.5 mg SO Q - 

It is worth comparing the distribution of sulphate in the atmosphere 
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over the United States with that obtained by Junge (1960) for the 
same area in 1955-56 reproduced in Figure 4. There is no doubt 

- that the area of highest concentration of sulphate in the seventies 
was the same as in the fifties, located over the north and east of 
the United States and the east of Canada, around the Great Lakes. 
The values obtained by Junge in the fifties are not very much lower 
than those shown by the BAPMoN data for the period 1972-76. 
This seems to indicate that the rate of increase of sulphate in the 
atmosphere since the fifties in the United States has been somewhat 
slower than in Europe, notwithstanding the fact that the levels in 
the fifties were about double those in Europe. 

Nitrates in precipitation 
In addition to the above preliminary but somewhat detailed study 
of sulphate in precipitation, a first attempt has also been made to 
analyse the nitrate situation. Although the quality of the data has 
not yet been studied, maps have been prepared of the distribution of 

- annual means of nitrates over Europe and North America, as has 
been done for the sulphates. In doing so, it is assumed that the quality 
of the nitrate data (see Tables 4 and 5) would be similar to that for 
the suiphates. This has had to be left for later confirmation. In the 
maximum area of Europe (see Figure 5) which is located similarly 
to that for sulphates, values up to 3.30mg 1\10 3  i 1  are found. In 
the minimum area, the values are about 0.25mg NO 3  Q 1 . In North 
America (see Figure 6) the maximum area of more than 2.5mg 

NO3  2' covers the Great Plains in both the United States and 
Canada, stretching all the way to the east coast. It is possible that 
this area of high concentration is partly due to intense use of nitrate 
fertilizers required by the large-scale agricultural activities in the 
Great Plains. The values over the United States are more evenly 
distributed than over Europe but, surprisingly, the values are often 

higher in Europe than in the United States. 

Conclusions 
One may conclude from this preliminary evaluation that the pre. 
cipitation chemistry data from the first years of sampling in the 
BAPMoN provide a reasonable and acceptable general picture of 
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the distribution of suiphates and nitrates over Europe and North 
America. It is also possible to conclude that sulphates in precipitation 
over Europe have increased since the fifties by 50-100 per cent. 	 - 
The smaller rate of increase over North America may be due, at least 
in part, to the effect of emission control measures introduced during 
the seventies. 

It is hoped that a more detailed analysis of the data, including 
the years after 1976, will reveal that both the amount and quality 
of data have improved since the early days of the network. Presum-
ably the increased emphasis on intercalibration of methods of analysis 
that now exists within the project will contribute to a gradual 
improvement in the quality of the data. 
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Figure 1 	Annual mean concentration of sulphate in precipitation (mg S0 t 
1972-76 ISAPMoN data) 
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Figure 2 	ArnuaI mean concentration of sulphate in precipitation (mySO t' 
1954-59 (de Bary and Junge 1963) 
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Since, however, data for the North American continent are given 
as sulphate and most data for Europe are given as sulphur, no direct 
comparison between the values from the two continents can be made. 
In order to make such a comparison the North American data should 
be converted into sulphur by multiplying by 0.33. It then has to be 
concluded that the sulphur content of precipitation in areas of maxi-
mum concentration in Europe is two to three times as high as in areas 
of maximum concentration in North America. The reason for this 
difference could be either that in Central Europe some countries have 
still reported in sulphate or that the regional background air pollution 
stations in Europe are located closer to local sources and are thus more 
influenced by them than is the case on the North American continent. 
This latter hypothesis will, however, need to be confirmed by a 
special study. 

The nitrate and nitrogen situation (Figures 5 and 6 in the paper) 
is parallel to that of sulphate and sulphur. This implies that the values 
in Figure 5 (North America) are in nitrate and those in Figure 6 in 
nitrogen. Consequently, in order to compare the data in those two 
figures the data from North America (Figure 6) should be multiplied 
by 0.23 to convert them to nitrogen. The difference between lower 
concentration in the USA (low) and Europe (high) is even more 
accentuated than is the case for sulphur. 

In summary the following corrigenda should be made to the 
figures and tables in MARC Report No. 22: 

Figure 1: change title to read: Annual meafl concentration of 
Page 9 	sulphur in precipitation (mg S 5U ) 1972-76. 

(BAPMoN data) 

Figure 2: change title to read: Annual mean concentration of 
Page 10 	sulphur in precipitation (mg S 9 	) 1954-59. 

(Acc. de Bary and Junge 1963) 

Figure 5: change title to read: Annual mean concentration of 
Page 13 	nitrogen in precipitation (mg N 2 

1 	
1972-76. 

(BAPMoN data) 

Table 1: change title to read: Monthly means (1972-76) of 
sulphur in precipitation (mg S 2' ) for European 
stations and of sulphate in precipitation 
(mg SO 4  = 2,_1 ) for North American stations. 

Table 2: change title to read: Ap nuat means of sulphur in 
precipitation (mg S 9 	) 1972-76. 

Table 4: change title to read: Annual means of nitrogen in 
precipitation (mg N 2' ) 1972-76. 

The discussion of the matter of units presented on pages 2 and 3 
of the MARC Report No. 22 is now superseded by the above note. 



Corrigendum to "A preliminary evaluation of WMO-UNEP 
precipitation chemistry data". 

MARC Technical Report No. 22 by C. C. Wallén 

Data from the UNEP/WMO BAPMoN network for the period 1972-76 
were analysed in this paper. A serious difficulty, however, has been 
to clarify the extent to which the published values for sulphate and 
nitrate content of precipitation have been given as either sulphate and 

nitrate or as derived values of sulphur and nitrogen respectively (see 
discussion on pages 2 and 3 of the paper ). 

The BAPMoN manual requests WMO members to report in values 
converted to sulphur and nitrogen as of 1974. In spite of this, at the 
time the paper was published it was assumed that the majority of 
North American and European data for the period 1972-76 had been 
reported as sulphate and nitrate. In fact, it subsequently became 
clear that data from the United States of America for 1972 to 1974 
had been reported as sulphate and in 1975 and 1976 as sulphur. 
Canadian data were first reported as sulphate but later the data for 
the whole period 1972-76 were converted to sulphur and reissued 
in the converted form. 

Thus North American data were presented in the early publications 
as a mixture of sulphate and sulphur values. In order, therefore, to 
obtain a homogeneous data set it was necessary that they be expressed 
in the same units. In order to make possible a comparison with the 
data published for the USA by Junge (1960) which were given as 
sulphate, the decision was taken to present all North American data as 
sulphate (see Tables 1 and 3; Figures 3 and 4). No changes, therefore, 
are necessary to the conclusions drawn from the comparison between 
the North American situation in the 1950s and that of the 1970s. 

The discussion in the paper of the European data, however, does 
need amendment. Initial comparison of the magnitudes of the Euro-
pean and North American data led to the conclusion that most of the 
European data had also been reported as sulphate. Subsequent inqui-
ries made by WMO to European Member States after the MARC report 
had been published made it evident that most of the European data 
since 1972 had been reported as sulphur. One or two countries, however, 
did not make the switch from reporting in sulphate to sulphur until 1977. 

Most of the European data given in Figure 1 and Tables 1 and 2 of 
the paper have, therefore, been reported as sulphur. Fortunately, it 
is now known that the European data taken from de Bary and Junge 
(1963) and presented in Figure 2 are also given as sulphur. Hence con-
clusions in the paper regarding changes over the European continent 
between the 1950s to the 1970s are still valid. 
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