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EXECUTIVE SUMMARY  

Investigations and assessments of 
transboundary pollution by lead, cadmium and 
mercury in Europe have been made in 
accordance with the EMEP work-plan for 2002 
approved by the Executive Body for the 
Convention on Long-Range Transboundary Air 
Pollution (Convention) [ECE/EB.AIR/75, 
Annex IV]. This report briefly outlines available 
emission and monitoring data, provides 
estimates of pollution levels and describes the 
progress in the hemispheric modelling. 

The simulation of the long-range transport of 
heavy metals is performed with the use of 
official data submitted by countries to the UN 
ECE Secretariat and expert estimates. For the 
most part emission spatial distribution is based 
on expert estimates. Modelling results indicate 
that in comparison with 1999 lead, cadmium 
and mercury depositions to European 
countries in 2000 declined in proportion with 
national emission changes. As a result the 
transboundary transport between European 
countries has also decreased. Depositions 
from essential countries-emitters and from 
national sources were identified for each 
country. Contributions from natural, secondary 
anthropogenic and remote (located outside the 
EMEP grid) sources were set off. The pollution 
of seas surrounding Europe via the 
atmosphere was estimated.  

Further development and improvement of the 
operational model for calculations of heavy 
metal (HM) transport and deposition is still 
underway. In accordance with the request of 
the Coordination Center for Effects of the 
Working Group on Effects (CCE) the model 
was updated for preliminary calculations of 
deposition depending on the underlying 
surface type.  

This year a special attention has been given to 
hemispheric modelling. The atmospheric 
module describing transport, transformation 
and deposition of mercury in the Northern 
Hemisphere has been devised. The regional 
scheme of mercury transformations in the 
atmosphere was adapted for the hemispheric 
model. Input data required for hemispheric 
simulation (anthropogenic emission, 
meteorological information, air concentrations 
of reagents etc.) have been prepared. Mercury 
natural emission has been parametrized in 
detail. Hemispheric modelling results were 
compared with available measurement data 
and with results of the regional model. First 
attempt to evaluate the intercontinental 
mercury transport has been made. Provisional 
estimates indicate that more than 40% of total 
mercury depositions to Europe accounts for 
anthropogenic and natural sources located 
outside the EMEP domain. Particular 
emphasis has been placed on the 
investigation of mercury deposition to the 
Arctic region.  

The report describes lines and results of the 
EMEP Centres cooperation with subsidiary 
bodies of the Convention, international 
organizations and national experts. It is worth 
mentioning the preparation of CCE/MSC-E 
joint report on the development of HM critical 
load approach.  

Results of the EMEP Centers’ research activity 
were presented and discussed at a number of 
international forums. Details can be found in 
Technical Notes of CCC and MSC-E and in 
the Internet: www.emep.int; www.msceast.org 
or 3http://www.nilu.no/projects/ccc/index.html. 
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INTRODUCTION 
 

The Protocol on Heavy Metals to the 
Convention on Long-Range Transboundary 
Air Pollution was signed by 36 countries in 
1998. The objective of the Protocol is to 
control emissions of heavy metals that are 
subject to long-range transport and are likely 
to have significant adverse effects on human 
health or the environment. According to the 
Protocol lead, cadmium and mercury are 
priority metals in view of their toxicity. The 
evaluation of transboundary fluxes and 
depositions in European region is laid upon 
EMEP. 

Executive Body for the Convention formulated 
the following tasks of EMEP in the field of 
heavy metals for 2002: "Provide monitoring 
and modelling data on concentrations, 
depositions and transboundary fluxes of 
cadmium (Cd), lead (Pb) and mercury (Hg). 
Develop further the Pb, Cd and Hg transport 
models in parallel with the development of 
heavy metal critical limits under the Working 
Group on Effects. Analyse trends in Pb and 
Cd depositions. Further develop emission 
data. Support work on review of Protocol on 
Heavy Metals”. The detailed EMEP work-plan 
for 2002 is given in Annex A. 

The environmental pollution is being studied 
on the base of monitoring and modelling data. 
Measurements of lead, cadmium and mercury 
contamination is carried out at the EMEP 
monitoring network. The monitoring activity is 
co-ordinated and supervised by Chemical Co-
ordinating Centre (CCC). 

The modelling assessment of concentrations, 
depositions and transboundary fluxes is made 
by Meteorological Synthesizing Centre-East 
(MSC-E).  

To contribute to review of the Protocol on 
Heavy Metals MSC-E in collaboration with Co-
ordination Center for Effects of the Working 
Group on Effects (CCE) has prepared a first 
review of available preliminary data on lead 
and cadmium deposition and critical loads. 

This year special emphasis has been given to 
the evaluation of mercury long-range 
transport. Since mercury is a global pollutant, 
this fact dictated the need of evaluating 
mercury transport and depositions at least on 
the hemispheric level. 

Along with the development of the 
hemispheric approach one of the priority tasks 
of the EMEP Centres is examination of 
reliability and plausibility of modeling and 
measurement data. In this connection a 
number of various intercomparison studies are 
in progress. 

A detailed description of modelling and 
monitoring activity in the field of heavy metals 
can be found in Technical Notes and Reports 
of CCC and MSC-E listed in the references of 
this report. 
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1. EMISSIONS OF HEAVY METALS  
 
1.1  European emissions 

Emission data are one of the most important 
input information for modelling of airborne 
transport. In this year national total emissions 
for 2000 were submitted to the UN ECE 
Secretariat by 25 countries for lead and by 22 
countries for cadmium and mercury. In the 
case when official data for 2000 were not 
submitted, the information for the last reported 
year was used. For instance, last data of Italy 
are referred to 1994. If there are no official 
data expert estimates of emissions are used. 
Emission data on lead, cadmium and mercury 
for 1990-2000 are presented in Annex C. 

Some countries make a retrospective analysis 
of emission data. In doing so both emission 
factors and quantitative characteristics of 
economic activity are refined. Sometimes 
when the recalculation is performed the 
difference between previous and new 
emission values is essential. In comparison 
with the emission data used for 1999 for 
Europe as a whole the anthropogenic 
emissions  in  2000  are 26% lower for lead, 
18% lower for cadmium and 11% - for 
mercury. 

In accordance with the guidelines for reporting 
emission data Parties should report emission 
spatial distribution with resolution 50*50 km for 
every fifth year from 1990 (1990, 1995, 2000, 
etc.). Only Belarus, Finland, Poland, 
Switzerland and the Ukraine submitted this 
information for 2000. These data were used in 
calculations. As to other countries the spatial 
distribution for the last available year 
corrected for the new total emission was 
applied. The map of lead emission density in 
2000 is shown in Figure 1.1. As seen from the 
figure, relatively high emission densities take 
place in Italy, Portugal, Romania, the United 
Kingdom, Belgium, Central Russia and 
Poland. Relatively low emissions can be 
indicated for the northern European countries. 

The map of cadmium emission density in 2000 
is demonstrated in Figure 1.2. As seen from 
the figure, Poland, Slovakia, the northern part 
of Italy, Belgium and some areas in Romania 
are characterized by relatively high emission 
densities. Very low emission density is defined 
for the Ukraine in accordance with the official 
data submitted. 

kg/km2/y
< 0.01
0.01 - 0.1
0.1 - 0.5
0.5 - 1
1 - 5
> 5

 
Figure 1.1. Lead emissions in 2000, kg/km2/y 

g/km2/y
< 0.5
0.5 - 5
5 - 10
10 - 100
100 - 500
> 500

 
Figure 1.2. Cadmium emissions in 2000, g/km2/y 

The map of mercury emission is demonstrated 
in Figure 1.3. It is evident that relatively high 
emission density is determined for Poland, 
Germany, Hungary, Spain, Italy, the United 
Kingdom, Greece and Romania. Relatively 
low emissions can be mentioned for Belarus, 
the Ukraine, Scandinavian and Baltic 
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countries. More detailed description of the 
emission data on lead, cadmium and mercury, 
one can find in MSC-E/CCC Technical Report 
5/2002 [Ilyin et al, 2002]. 

g/km2/y
< 0.5
0.5 - 5
5 - 10
10 - 100
100 - 500
> 500

 
Figure 1.3. Mercury emissions in 2000, g/km2/y 

Emission data, like any input information, have 
some degree of uncertainty. Joint Workshop 
on emissions and emission factor estimates 
was held by MSC-E and the Task Force on 
Emission Inventories and Projections in 
Moscow in November 2001. The experts 
confirmed that emission data are the main 
source of the uncertainty of model results. It 
was also stressed that heavy metal emissions 
in Europe can be underestimated.  

 

1.2  Emissions in the Northern  
Hemisphere 

For the hemispheric mercury transport 
assessment the latest available global 
emission inventory for 1995 was utilized 
[Pacyna and Pacyna, 2002]. The digital 
emission data were provided by Arctic 
Monitoring and Assessment Programme 
(AMAP) in the framework of UNEP/GEF 
project. 

Spatial distribution of anthropogenic mercury 
emission density in the Northern Hemisphere 
is presented in Figure 1.4. The original data 
were redistributed to the model grid 

(2.5°×2.5°). As seen from the figure the most 
significant emission sources are in Eastern 
Asia, Europe and the Eastern part of North 
America. The total anthropogenic mercury 
emission from the Northern Hemisphere is 
estimated as 1885 tonnes per year. 

 

Figure 1.4. Spatial distribution of mercury 
anthropogenic emissions in the Northern 
Hemisphere in 1995, g/km2/y 

Relative contributions of different continents 
and region to the total mercury emission in the 
Northern Hemisphere are presented in Figure 
1.5. According to the diagram more than a half 
(50%) of the total mercury is emitted from 
Eastern and South-eastern Asia. Considerable 
emissions are also in Europe (18%), Western, 
Central, and Southern Asia (15%), and North 
America (10%). The contribution of other 
regions does not exceed 8%. 

Europe
335 t/y 
(18%) Africa

60 t/y (3%)

Eastern and
Southeastern Asia

946 t/y (50%)

Western, 
Central, and 

Southern Asia
282 t/y (15%)

North America
181 t/y (10%)

South America
24 t/y (1%)

Asian Russia
58 t/y (3%)

 

Figure 1.5. Relative contribution of different 
continents and regions to the total anthropogenic 
emission of mercury in the Northern Hemisphere 
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2. AVAILABLE MONITORING DATA 

The EMEP database contains measurements 
of lead, cadmium and mercury beginning from 
the late 80s up till now. As to lead and 
cadmium there are data on concentrations in 
air and precipitation recorded at about 60 
stations. Information about mercury is 
provided by 10 stations measuring the 
concentration in precipitation and by 5 stations 
measuring air concentration.  

Temporal resolution of these data is one 
month. In model validation monthly and mean 
annual values are used. The location of these 
stations is very non-uniform. The majority of 
them are on the northern and central part of 
Europe (Fig. 2.1). 

As an example measured concentration 
variations of lead in precipitation during 1990 - 
99 at station SE12 (Aspvreten) in Sweden and 
at DE4 (Deuselbach) in Germany are shown 
in Figure 2.2. 

Trends of measured values (concentrations in 
air, in precipitation and wet deposition flux) for 
the period from 1990 to 1999 were identified 
and compared with the trends of lead and 
cadmium emission data and with results of 
MSC-E modelling [Ilyin et al, 2001].  

Detailed information on the available 
monitoring data concerning heavy metals is 
given in the Internet at website: 
http://www.nilu.no/projects/ccc/index.html 

 

Figure 2.1. Location of stations monitoring heavy 
metal air content in the EMEP domain 
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Figure 2.2.  Measured concentrations of lead in 
precipitation at Swedish site SE12 and German site 
DE4 

 

 

 

 

http://www.nilu.no/projects/ccc/index.html�


EMEP Status Report 3/2002 

11 

3. ASSESSMENT OF HEAVY METALS TRANSBOUNDARY CONTAMINATION 
IN EUROPE 

Concentration and deposition fields and 
transboundary fluxes of lead, cadmium and 
mercury were calculated with the use of official 
and estimated emission values and 
meteorological information for 2000. 

 

3.1   Pollution levels in Europe in 2000 

Lead 

About 11000 t of lead deposited to Europe in 
2000.  The map of lead depositions is shown 
in Figure 3.1. As it is evident, zones of 
elevated depositions are obtained in Poland, 
Italy, Central Russia, the east of the Ukraine, 
the United Kingdom, Balkan countries. In 
these region depositions of lead are higher 
than 1.2 kg/km2/y, and in some places 
(Poland, north of Italy) they exceed 4.5 
kg/km2/y. Relatively low computed depositions 
(below 0.2 kg/km2/y) are obtained for the north 
of Scandinavia.  

kg/km2/y
< 0.5
0.5 - 0.7
0.7 - 1
1 - 2
2 - 5
> 5

 
Figure 3.1. Depositions of lead in 2000 with 50x50 
km resolution, kg/km2/y 

 

 

 

Lead emissions cut down in Europe during last 
decade. Consequently, depositions also 
decreased. As seen from Figure 3.2, the 
emission decrease for the period from 1990 to 
2000 made up 3.3 times, and that of 
depositions - 2.8 times. The slower rate of the 
deposition decrease is due to quasi-natural 
emissions input to the atmosphere. In different 
countries the rate of the deposition decrease 
can differ significantly [Ilyin et al, 2001]. For 
example, depositions to Luxembourg reduced 
8 times for the period 1990 - 2000, to France  - 
about 6 times, to Greece - only 1.5 times.  

 

0
5

10
15
20
25
30
35
40

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

Emissions Depositions

kt/y

 
Figure 3.2. Total anthropogenic emissions of lead 
in Europe and lead depositions to European 
countries, kt/y 

In comparison with 1999, the emissions kept 
on decreasing. The most significant decrease 
took place in France where the emission was 
reduced about four times during one year 
(from 1999 to 2000). Total depositions of lead 
to Europe decreased about 30% from 1999 to 
2000. This decrease is mainly conditioned by 
the emission changes. In addition to this, in 
2000 expert emission estimates were replaced 
by the official data for some countries. 
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Cadmium 

Cadmium deposited to European countries 
amount to 335 t in 2000. As seen from Figure 
3.3, typical range of cadmium annual 
depositions is 25 - 200 g/km2/y. High 
depositions are computed for Romania, 
Poland, Bulgaria, Slovakia, the north of Italy, 
Belgium. Relatively clean areas are the north 
of Scandinavia, Iceland and the north of 
Russia. In these areas cadmium depositions 
are below 25 g/km2/y. 

g/km2/y
< 10
10 - 20
20 - 30
30 - 50
50 - 100
> 100

 
Figure 3.3. Depositions of cadmium in 2000 with 
50x50 km resolution, g/km2/y 
 

Emissions and depositions of cadmium were 
reduced for the period from 1990 to 2000, but 
this reduction was not so pronounced as that 
of lead (Fig. 3.4). For this period the emissions 
reduced 2.0 times and depositions to 
European land decreased 1.9 times. As seen 
from the figure, depositions to Europe are 
higher than anthropogenic emissions. This is 
caused mainly by so-called quasi-natural 
emission. Quasi-natural emission is assumed 
to be a sum of purely natural emissions and 
secondary emissions of previously deposited 
pollutant. However, values of anthropogenic 
and quasi-natural emissions need to be 
thoroughly evaluated in future. 

In comparison with the results for 1999, the 
decrease of cadmium depositions to Europe in 
2000 was about 30%. First of all, this is 
connected with further emission changes. For 

many countries official emission data for 2000 
were used instead of the expert estimates. 
Cadmium is assumed to be better washed out 
by precipitation than lead. Therefore, lower 
precipitation amount for Europe used in 2000 
in comparison with those used for 1999 also 
contributed to the deposition decrease. 
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Figure 3.4. Total anthropogenic emissions of 
cadmium in Europe and cadmium depositions to 
European countries, t/y 

 

Mercury 

Total amount of mercury deposited to Europe 
in 2000 is about 130 t. The map of total 
mercury depositions is demonstrated in Figure 
3.5. Areas of elevated depositions are located 
in Poland, eastern Germany, the north-east of 
Spain, in Greece and the north of France. 
Maxima are 250 g/km2/y (Greece), 155 
g/km2/y (Poland) and 130 g/km2/y (France). 
Relatively low depositions are distinguished in 
the central part of the Scandinavian Peninsula. 
Typical depositions there do not exceed 8 
g/km2/y. 

In comparison with the results for 1999 the 
computed depositions in 2000 are significantly 
lower (about twice). This can be explained by 
updated anthropogenic and natural emissions 
and changes in model parameterizations. 
Updating of chemical scheme and modification 
of dry uptake of elemental mercury its 
deposition significantly diminished. Changes in 
parameterizations are described in MSC-
E/CCC Technical Report 5/2002 [Ilyin et al., 
2002]. During this year anthropogenic 
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emissions were reduced by 11%. Modified 
natural emission of mercury in the EMEP 
region is 5% lower than previous one. More 
detailed information about mercury pollution 
levels in Europe can be found in the Internet 
www.emep.int or www.msceast.org. 

g/km2/y
< 5
5 - 7
7 - 10
10 - 20
20 - 50
> 50

 
Figure 3.5. Depositions of mercury in 2000 with 
50x50 km resolution, g/km2/y 

 
 
 
3.2 Transboundary transport  

Transboundary transport of lead, cadmium 
and mercury between EMEP countries was 
calculated for 2000. Reduced versions of the 
country-to-country matrices are presented in 
Annex D.  For each EMEP country these 
matrices show contributions of depositions 
from major countries-sources, from domestic 

sources and from indeterminate sources: 
natural, secondary anthropogenic and remote 
anthropogenic sources (IND). 

As seen from the Annex D, transboundary 
transport contributes from 10 to 70% to total 
lead depositions to a country. For cadmium 
and mercury these ranges are 10 - 50% and 
20 - 50%, respectively. These figures clearly 
show that transboundary pollution contributes 
a sufficient fraction to total depositions to a 
country, and in some countries is a dominant 
source of depositions. In the case of mercury a 
large part of depositions comes from 
indeterminate sources due to global nature of 
mercury pollution.  

The role of transboundary, indeterminate and 
domestic sources can differ depending on 
individual country and particular metal. The 
analysis of transboundary pollution of lead in 
2000 is given on the example of Hungary. 
Similar information for other countries and 
other metals is available in the Internet sites 
www.emep.int or www.msceast.org. 

Main contributors of lead to Hungary, 
demonstrated in Figure 3.6.a, are Italy, 
Romania and Yugoslavia. Indeterminate 
sources contribute about one quarter of 
depositions. Hungary, in its turn, is also a 
source of the atmospheric pollution for 
neighbouring countries.  

 

Romania 
10 t
10%

Croatia 
10 t
10%

Hungary 
9 t
9%

10 t
10% Italy

16 t
16%

IND
26 t
26%

Other
19 t
19%

a

Yugoslavia

       

Slovakia 
2.5 t
8%

Ukraine 
3 t
9%

Other
11 t
35%

Russia
 2.5 t
8%

Romania 
3 t
9%

Hungary 
9 t

31%

b  
Figure 3.6. Deposition budget of lead for Hungary: a - contribution of various sources to deposition to Hungary;  
b - contribution of depositions from Hungarian sources to other regions of EMEP. IND means indeterminate 
sources: input from natural, secondary anthropogenic and remote anthropogenic sources  
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In Figure 3.6.b one can see that about 30% of 
depositions from Hungarian sources falls out 
on its own territory, main countries-receivers 
are the Ukraine, Slovakia, the Russian 
Federation and Romania. Out of 36.9 t of 
emitted lead in Hungary about 31 t are 
deposited within the EMEP region, and the 
rest leave the modelling domain. 

This analysis allows us to review deposition 
budgets for a country as a whole. However, in 
different parts of a country the role of 
transboundary pollution is different. As seen 
from the Figure 3.7, over the entire territory of 
Hungary input of transboundary anthropogenic 
sources is greater than 50%. In some areas 
close to the state borders this contribution can 
reach 85%. Similar figures are also available 
from the Internet for all EMEP countries.  

50% - 60%
60% - 65%
65% - 70%
70% - 75%
75% - 80%
80% - 85% Romania

the Ukraine

Serbia

Slovakia

Croatia

Austria

 
Figure 3.7. Contribution (%) of transboundary 
anthropogenic sources to lead deposition over 
Hungary 

 

Deposition of lead from Hungarian sources for 
2000 is shown in Figure 3.8. This map 
provides spatial pattern of pollution, 
conditioned by the country emissions. As seen 
from the figure, the depositions can reach 0.05 
kg/km2/y in surrounding countries, and they 
are much lower in more remote areas. Similar 
maps for other European countries are 
available in the Internet.  

 

kg/km2/y
< 0.001
0.001 - 0.005
0.005 - 0.01
0.01 - 0.05
0.05 - 0.1
> 0.1

 
Figure 3.8. Map of lead depositions from Hungarian 
sources, kg/km2/y 

 

 

3.3   Depositions to regional seas 

Total depositions, deposition densities and 
main contributors to depositions over the 
North, Black, Baltic, Mediterranean and the 
Barents seas were evaluated. About one half 
of lead depositions and from 1/2 to 1/3 of 
cadmium and mercury depositions to the seas 
(except for the Barents Sea) comes from 
anthropogenic sources and the rest from 
quasi-natural sources. In coastal areas this 
fraction could be even higher. For the 
Mediterranean Sea the atmospheric input from 
anthropogenic sources could be 
underestimated because no anthropogenic 
sources in the Middle East and Northern Africa 
were considered.  

Similar to the analysis performed for a country, 
transboundary pollution of the seas by lead 
could be examined on the example of the 
North Sea. In Figure 3.9 inputs of main 
contributors of deposition to the sea are 
shown. Main anthropogenic contributors are 
situated along the North Sea coast. They are 
the United Kingdom, Germany, Belgium and 
France. 
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The spatial distribution pattern of the 
anthropogenic input to depositions over the 
sea is shown in Figure 3.10. As seen from the 
figure, zone of the highest contribution of the 
anthropogenic sources is located in the 
southern part of the sea, near coasts of 
Belgium, the southern part of the United 
Kingdom and the Netherlands. Further to the 
north the input of anthropogenic sources 
decreases, and near coasts of Norway, 
northern part of the United Kingdom and Faroe 
Islands does not exceed 25%.  

However, the role of quasi-natural emissions 
in remote parts of the seas could be 
overestimated. Quasi-natural emissions need 
to be studied in more detail. 

Information about total depositions of other 
metals and deposition densities for other seas 
as well as data on countries contribution to 
depositions to the seas is given on the Internet 
website www.emep.int or www.msceast.org. 

 

 

 

Belgium 
19 t
4%

France 
13 t
3%

Germany 
27 t
6%

Other
58 t
12%

IND
262 t
52%

United 
Kingdom 

112 t
23%

 
Figure 3.9. Contributions (%) and absolute inputs 
(t/y) of various sources to lead deposition on the 
North Sea. IND means indeterminate sources:  
input from natural, secondary anthropogenic and 
remote anthropogenic sources 

12% - 25%
25% - 30%
30% - 40%
40% - 50%
50% - 60%
60% - 85%

 
Figure 3.10. Contribution of anthropogenic sources 
to lead deposition over the North Sea, % 
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4. MERCURY TRANSPORT AND DEPOSITIONS IN THE NORTHERN 
HEMISPHERE  

Pilot calculations of atmospheric mercury 
transport in the Northern Hemisphere have 
been performed for 1996 by the developed 
hemispheric model. The modelling results 
were compared with available monitoring data. 
Some preliminary modelling results are 
presented and discussed below. More detailed 
description of the results and their verification 
can be found in [Travnikov and Ryaboshapko, 
2002] 

Figure 4.1 shows spatial distribution of total 
gaseous mercury (TGM) in the surface air of 
the Northern Hemisphere. As seen in the 
figure TGM concentration in the Northern 
Hemisphere varies from about 1 ng/m3 in 
elevated remote regions (Greenland, the 
Himalayas) to several ng/m3 in industrialized 
areas. 

One can clearly distinguish two the most 
contaminated regions: Far East with 
concentrations up to 5 ng/m3 and Europe 
(more than 2 ng/m3). High values of gaseous 
mercury concentration in these regions can be 
explained by significant mercury emissions 
both anthropogenic and natural. Figure 4.2 

presents the distribution field of annual 
deposition flux of total mercury in the Northern 
Hemisphere. As seen from the figure the most 
considerable fluxes take place in the middle 
latitudes. The highest depositions are in the 
main emission regions: south-east Asia, 
Europe, and the eastern part of North 
America. As for the rest of regions, the 
deposition pattern, to some extent, 
corresponds to the annual precipitation 
amount field, since wet deposition plays a 
dominating role in the mercury removal 
process. 

Lifetime of elemental mercury, being a 
principal part of the entire mercury content in 
the atmosphere, is one year or even more. It 
makes possible mercury transport over very 
long distances from emission sources to any 
remote areas of the globe. Particularly, 
mercury emitted from one continent can reach 
and deposit to another one. This point is very 
important for the regional modelling where the 
pollutant transport across the boundaries can 
make a significant contribution to the whole 
pollutant content within the region. 

            
Figure 4.1. Spatial distribution of mean annual 
concentration of total gaseous mercury in the 
surface air of the Northern Hemisphere 

Figure 4.2. Annual deposition density of total 
mercury in the Northern Hemisphere 
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The inter-continental transport is illustrated on 
the example of Europe. Figure 4.3 shows 
annual deposition field of mercury from 
European anthropogenic sources. Purple 
rectangle in the figure depicts the EMEP 
domain. As seen from the figure mercury from 
European sources is transported and deposits 
almost all over the Northern Hemisphere. The 
most intensive depositions are in the middle 
latitudes being consistent with the general 
precipitation pattern. The lowest depositions 
are in Africa. 

 

Figure 4.3. Annual mercury deposition from 
European anthropogenic sources. The purple 
rectangle depicts the EMEP domain 

Figure 4.4 demonstrates relative contribution 
of different regions of the Northern 
Hemisphere to the entire European deposition. 
Unidentified sources describe mercury coming 
through the equator. The highest depositions 
are from European anthropogenic sources 
(54%). A significant contribution (29%) is 
made by natural sources. It should be noted 
that the category “Natural sources” includes 
natural emission sources both from Europe 
and from other regions of the Northern 
Hemisphere. Deposition from anthropogenic 
sources of other regions and continents 
amounts to 14%. Thus, up to 46% of the entire 
mercury deposition to Europe is from external 
anthropogenic sources of other continents and 
from natural sources. 

Northern 
Africa

1 t/y (1%)

Natural
sources

57 t/y (29%)

Asian 
Russia

4 t/y (2%)

North 
America
5 t/y (3%)

Europe
110 t/y 
(54%)

Eastern and
Southeastern Asia

9 t/y (5%)

Western, Central,
and Southern Asia

6 t/y (3%)

Unidentified
sources
6 t/y (3%)

 
Figure 4.4. Relative contributions of different 
regions to the entire mercury deposition to Europe. 
Natural sources include both European and other 
natural sources of the Northern Hemisphere 

Deposition of mercury to Europe from different 
sources of the Northern Hemisphere has also 
been investigated. The total annual mercury 
deposition to Europe amounts up to 200 t/y. 
Figure 4.5 shows the spatial distribution 
pattern of the relative contribution of European 
anthropogenic sources to the total mercury 
deposition over Europe. As one can see only 
in the central part of the EMEP domain 
European sources prevails over external ones. 
In Southern and Northern Europe their 
contribution decreases down to 30%. 

 

Figure 4.5. Spatial distribution of the relative 
contribution (%) of European anthropogenic 
sources to the total mercury deposition over Europe 

The Arctic contamination represents a special 
case of the inter-continental transport. Remote 
location of the Arctic from the main industrial 
regions and its sensitive ecosystems make it 
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particularly important for the hemispheric 
pollution assessment. 

Annual deposition field of total mercury to the 
Arctic region is presented in Figure 4.6. As 
seen from the figure the most significant 
mercury depositions (more then 15 g/km2/y) 
are in the North Atlantic, European part of the 
Arctic, and Eastern Siberia. The lowest 
depositions are in Greenland and near the 
Pole. The mercury depletion phenomenon 
(MDP) leads to more noticeable mercury 
deposition in coastal areas of the Arctic 
Ocean: the Queen Elizabeth Islands, Hudson 
Bay, Gulf of the Ob River etc. In spite of short-
term character of the phenomenon, it can 
increase several times the annual deposition 
flux in these areas. 

 

 

Figure 4.6. Spatial distribution of annual mercury 
deposition to the Arctic 

The influence of different regions and 
continents on the Arctic mercury 
contamination has also been investigated. The 
estimated total mercury deposition to the 
Arctic region runs into 240 t/y. Relative 
contribution of different sources to the Arctic 
contamination is presented in Figure 4.7. The 
most significant contribution is made by 
natural emission sources (55%). However, 
anthropogenic sources also make up a 
considerable part of the total deposition (39%). 
The highest depositions are from Europe (37 
t/y) and from eastern and southeastern Asia 
(27 t/y). 
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North 
America
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Natural
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133 t/y 
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Eastern and
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Western, 
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Figure 4.7. Relative contributions of different 
regions to the entire mercury deposition to the 
Arctic 
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5. CONTRIBUTION TO CRITICAL LOAD APPROACH 

Critical values of deposition (critical loads) 
vary with particular ecosystem. On the request 
of the WGE Coordination Center for Effects 
(CCE), MSC-E made modifications of the 
existing operational heavy metal transport 
model in order to adjust it to calculations of 
depositions to different land-use types. Land-
use dependent depositions of lead and 
cadmium for 1990, 2000 and 2010 were 
modelled with the use of expert estimates of 
emissions [Berdowski et al, 1997]. Currently 
the data on deposition of lead and cadmium to 
eight land-use types are available. These 
types are (1) deciduous forests, (2) coniferous 
and mixed forests, (3) arable land, (4) 
permanent crops, (5) grassland, (6) inland 
waters, (7) urban area, and (8) other areas 
[Posh et al, 1997]. An example of depositions 
of lead to grasslands is shown in Figure 5.1, 
and to coniferous forests - in Figure 5.2. As 
seen from the figures, depositions to a square 
kilometre of forested area are significantly 
higher (about 1.5 times on average) than 
those to grassland.  

The calculated deposition fields were used in 
comparison with the available data on lead 
and cadmium critical loads. When depositions 
in some places are higher than the critical 
loads, the exceedances are identified. The 
preliminary field of the exceedances for 
forested areas in some countries is 
exemplified in Figure 5.3. The exceedances 
are estimated assuming that 95% of 
ecosystem area is protected. It is clear that, 
relatively high exceedances for 1990 were 
obtained for some regions in Germany, 
Switzerland and Russia. 

A detailed description of the preliminary 
results of CCE and MSC-E collaborative work 
on evaluation of pollution levels and the 
identification of the exceedance areas of lead 
and cadmium could be found in joint 
CCE/MSC-E report [Hettelingh et al, 2002]. 

kg/km2/y
< 0.5
0.5 - 1
1 - 2
2 - 5
> 5

 
Figure 5.1. Deposition of lead to grasslands in 
2000, kg/km2/y 

kg/km2/y
< 0.5
0.5 - 1
1 - 2
2 - 5
> 5

 
Figure 5.2. Deposition of lead to coniferous forests 
in 2000, kg/km2/y 

kg/km2/y
< 1
1 - 3
3 - 5
5 - 10
> 10

 
Figure 5.3. Preliminary fields of lead critical load 
exceedances for forests in 1990, kg/km2/y (maps of 
critical load are available only for few countries) 
 



EMEP Status Report 3/2002 

20 

6. DEVELOPMENT OF THE MODELS 

The regional and hemispheric models of 
heavy metal long-range transport are 
permanently developed and improved. A brief 
description of the models is presented in 
Annex B. Modifications of the models 
performed in this year are summarized below. 

 
6.1 Regional model modifications 

Modifications of the current version of the 
model are as follows:  

 Dry deposition scheme for particulate 
substances (lead, cadmium, and particulate 
mercury) was significantly modified in order to 
compute depositions to different land-use 
categories.  

 Parameterization of dry deposition of 
elemental mercury was updated. At present, 
dry uptake of elemental mercury is assumed 
to be different depending on the underlying 
surface type and on temperature and solar 
elevation angle.  

 Basing on available scientific information 
and the results of the intercomparison study, 
the gas-phase and aqueous-phase radical 
reactions were included in the mercury 
chemical scheme. This improved the 
agreement between modelled and measured 
concentrations in precipitation.  

 Estimates of natural mercury emission 
were modified. Currently mercury emission 
from marine surfaces is assumed to be 
associated with organic carbon primary 
production. Emission from land surfaces is 
assumed to correlate with mercury 
geochemical belts and depends on 
temperature of the underlying surface. These 
assumptions resulted in more realistic 
geographical pattern of mercury natural 
emission.  

 New data on measurements of the metal 
concentrations in the background regions are 
becoming available. Boundary concentrations 

of the metals, which are used in the 
operational calculations, were updated in 
accord with the recent measurement data.    

A detailed description of the model and its 
modifications can be found in MSC-E/CCC 
Technical Report 5/2002 [Ilyin et al, 2002]. 

6.2  Hemispheric model development 

It is commonly accepted that mercury is a 
global pollutant. This fact implies that mercury 
transport and deposition should be considered 
not only on regional but also at least on 
hemispherical scale. Model calculations 
carried out by MSC-E demonstrate that a 
significant amount of mercury enters the 
EMEP region. Accurate consideration of the 
effects of this inflow on depositions within 
EMEP region could be made on the basis of 
hemispheric model. 

This year the following activity on the 
hemispheric model development have been 
conducted: 

 The atmospheric module of the model has 
been elaborated and verified. The chemical 
scheme of mercury transformations in the 
atmosphere was adapted from the regional 
model. 

 Necessary input information for the 
modelling on the hemispheric scale has been 
prepared. The data include anthropogenic 
emission, meteorological and geophysical 
information, and air concentrations of the 
chemical reactants. Parameterization of 
natural mercury emission has been 
performed. 

 Basic principles of the multi-compartment 
model of mercury dispersion and cycling in the 
atmosphere have been developed. 

A detailed description of this model one can 
find in work [Travnikov and Ryaboshapko, 
2002]. 
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7.  SCIENTIFIC EVALUATION 

MSC-E results in the field of modelling of lead, 
cadmium and mercury were presented at 
various scientific forums: 

 The 6th Conference on Mercury as a 
Global Pollutant (Minamata, Japan, October, 
2001).  

 Joint 12th CCE workshop on Mapping 
critical loads and levels (April, 2002) and The 

18th Task Force Meeting of the UNECE ICP 
Modelling and Mapping (Sorrento, Italy, April, 
2002) (Back-to-back meetings).  

 EUROTRAC-2 Symposium, (Garmish-
Partenkirchen, Germany, March, 2002)   

 Paper of mercury model intercomparison 
is accepted by scientific journal “Atmospheric 
Environment”. 

 

 

8.  CO-OPERATION

Evaluation of lead, cadmium and mercury 
long-range transport and depositions is carried 
out in close collaboration with national 
experts, international organizations and the 
Convention subsidiary bodies.  

 

Co-operation with the Convention 
subsidiary bodies 

 Cooperation with the Task Force on 
Emission Inventories and Projections (TFEIP) 
is focused on improving the existing emission 
data on heavy metals. Joint TFEIP/MSC-E 
Workshop on emissions and emission factor 
estimates was held in Moscow, Russia, in 
November, 2001.  

 Collaborative work with Coordination 
Center for Effects (the Working Group on 
Effects) is devoted to estimates of limits of the 
pollution levels in Europe and their 
exceedances.  Preliminary results of this work 
can be found in joint CCE/MSC-E report 
"Preliminary modelling and mapping of critical 
loads for cadmium and lead in Europe".  

Co-operation with national experts 

 The intercomparison study of mercury 
transport models. The second stage of the 
study is accomplished. Representatives of 
EMEP/MSCE and leading scientists in the 
field of mercury atmospheric transport 
modelling and measurements from the USA, 
Germany, Canada, the United Kingdom, 
Sweden, Denmark and Bulgaria took part in 
the study. The results of the second stage are 
described in MSC-E Technical Report 10/2002 
"Intercomparison study of numerical models 
for long-range atmospheric transport of 
mercury. Stage II".  

 Special chapter to the MSC-E/CCC 
Technical Report 5/2002 [Ilyin et al., 2002], 
devoted to mercury monitoring and modelling 
in the United Kingdom was prepared by D.Lee 
(QinetiQ, UK).  

 Data exchange. Experts from Institute of 
Marine and Coastal Sciences (IMCS), USA, 
from Atmospheric and Environmental 
Research, Inc (AER), USA, from 
Meteorological Institution Stockholm 
University (MISU), Sweden, Norwegian 
Institute of Air Research (NILU) and 
Coordination Center for Effects (CCE) 
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provided MSC-E with valuable data on 
atmospheric chemistry, mercury emissions, 
primary organic carbon production and land-
use categories for Europe.  

Participation in international projects 

MSC-E is involved in: 

 The assessment of mercury long-range 
atmospheric contamination of the Arctic region 

in the framework of RAIPON/AMAP/GEF 
project.  

 Evaluation of heavy metal pollution of the 
Baltic Sea and its catchment area for 
HELCOM.  

 UNEP-Chemicals project as a member of 
the Global Mercury Assessment Working 
Group. 

 

 

 
9.  DISSEMINATION OF THE INFORMATION 

Most of information, prepared by EMEP 
Centres in 2002, is available via the Internet 
from pages www.emep.int; www.msceast.org 
or 1http://www.nilu.no/projects/ccc/index.html. 
This information is presented as fields of 
concentrations, depositions and emissions of 
lead, cadmium and mercury. Much of the 
information is given in more detailed view for 
each of EMEP countries. The detailed data for 
a country include maps of depositions to a 
country, contribution of non-national 
anthropogenic sources to total depositions, 
depositions over EMEP originated from 

national emissions, gridded emissions, trends 
of the emissions, concentrations and 
depositions. The websites contains also 
information about main "importers" and 
"exporters" of airborne lead, cadmium and 
mercury for each country. In addition to this, 
results of the comparison of modelled 
concentrations in air and in precipitation 
against measured values are given for EMEP 
monitoring sites locating in the country. 
General view of MSC-E website is given in 
Annex E. 

 

 

10.  FUTURE ACTIVITIES 

Based on the EMEP Task Force on 
Measurements and Modelling 
recommendations and Strategy for the EMEP 
2000 - 2009 a list of future activities in the field 
of heavy metals is presented.  

Assessment of pollution by heavy metals 

 Assessment of concentrations, 
depositions, transboundary transport and 

trend analysis of lead, cadmium and 
mercury 

 Hemispheric/global modelling of mercury 
transport and deposition 

 Preparatory work for evaluation of 
pollution levels by the second priority 
metals 

http://www.emep.int/�
http://www.msceast.org/�
http://www.nilu.no/projects/ccc/index.html�
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Co-operation  

 Contribution to effects-based approach (in 
co-operation with WGE) 

 Contribution to research of heavy metals 
effects on human health (in co-operation 
with WHO)  

 Contribution to work on revision of the 
Protocol on heavy metals 

 Continuation of mercury intercomparison 
study. Completion of stages III 
(comparison of annual and monthly mean 
concentrations) and stage IV (comparison 
of regional budgets). 

 Participation in international projects and 
programmes (AMAP, HELCOM, UNEP, 
WMO and others). 

Model development 

 Further development of regional and 
hemispherical/global transport models. 
Development of multicompartment 
approach for the evaluation of mercury 
transport and depositions. 

Monitoring  

 Further development of monitoring 
network 

 Intercomparison of sampling and analytical 
methods 
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CONCLUSIONS 

 Pollution levels and absolute values of HM 
transboundary transport in 2000 
decreased in most countries in 
comparison with those for 1999.  

 In comparison with the emissions for 
1999, lead anthropogenic emissions in 
2000 were 26%, cadmium 18%, and 
mercury 11% lower. However, in some 
countries the emissions increased. 

 Pollution levels and absolute values of HM 
transboundary transport in 2000 
decreased in most countries in 
comparison with those for 1999.  

 Monitoring and modelling data indicate 
that the contribution of transboundary 
transport to deposition exceeds 50% in 
many countries. 

 Computed concentrations in air agree with 
measured values within 30% for most of 
monitoring sites. As for concentrations in 
precipitation, modelled and measured 
values on the average agree within a 
factor of two.  

 Heavy metal transport modelling schemes 
are being improved. Currently the model 
can compute depositions to different types 
of land-use, characterized by different 
critical loads. These improvements 
resulted in better agreement with 
monitoring results.  

 Depositions of lead and cadmium in 1999 
were compared with preliminary data on 
critical loads. In a number of regions 
exceedances of critical loads were 
identified.  

 The atmospheric module of the 
hemispheric model of mercury long-range 
transport is developed and verified. 

 The inter-continental transport of mercury 
in the Northern Hemisphere is assessed. 
According to the preliminary results more 
than 40% of mercury deposition to Europe 
is from outer anthropogenic and global 
natural sources. 

 Anthropogenic mercury input to the Arctic 
from different regions and continents 
make up a considerable part of the total 
deposition (about 40%). 

 Main directions of future activities are 
presented. 
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Annex A 

EMEP work-plan for 2002 
 

Description/objectives: Provide monitoring and 
modelling data on concentrations, depositions 
and transboundary fluxes of cadmium (Cd), 
lead (Pb) and mercury (Hg). Develop further 
the Pb, Cd and Hg transport models in parallel 
with the development of heavy metal critical 
limits under the Working Group on Effects. 
Analyse trends in Pb and Cd deposition. 
Further develop emissions data. Support 
preparatory work for the review of the Protocol 
on Heavy Metals. 

Main activities and time schedule: 

(a)  MSC-E will present to the EMEP 
Steering Body in 2002 information on: 
deposition and air concentrations fields for 
2000 of Pb, Cd and Hg in Europe with a 
resolution of 50 km x 50 km as well as 
deposition to the regional seas; country-to-
country deposition matrices for Pb and Cd; 
first results of calculations of Hg atmospheric 
transport on a hemispheric scale; calculation 
of heavy metal effect-related deposition maps 
using land cover data agreed upon under the 
Working Group on Effects; and results of 
comparisons between regional and 
hemispheric models; 

(b)  MSC-E will further develop its models 
by: a study of Hg exchange processes 
between the atmosphere and environmental 
compartments; improving model 
parameterizations (Pb, Cd, Hg dry deposition 
to different underlying surfaces, wet removal 
processes and mercury atmospheric 
chemistry); verification of modelling results 
(concentrations in air and precipitation, 
deposition fluxes) against monitoring data; 
and model sensitivity studies with different 
sets of meteorological parameters; 

(c)  MSC-E will continue the Hg model 
intercomparison study. At stage II, 
concentrations in short-term episodes (1-2 

weeks) will be calculated and compared with 
measurements obtained in a special 
campaign; at stage III the modelled annual 
and monthly mean concentrations will be 
compared with measured values at EMEP 
stations; and at stage IV export-import 
matrices for three countries (Italy, Poland, 
United Kingdom) will be compared; 

(d)  CCC will publish the guidelines for 
sampling and analysis of heavy metals and 
distribute them to the EMEP laboratories and 
continue collecting measured data. It will 
complement EMEP data with data from other 
international programmes. It will organize an 
intercomparison for sampling and analytical 
techniques for Hg and carry out an analytical 
intercomparison of the other seven heavy 
metals measured in precipitation; 

(e)  In cooperation with Parties, CCC will 
complete the setting-up of the superstation 
network (about ten monitoring sites in defined 
areas). Hg, Cd and Pb will be included as first 
priority elements. Second priority elements will 
be Cu, Zn, As, Cr and Ni. Heavy metals in 
precipitation will be collected weekly with wet-
only samplers. Heavy metals in air will be 
collected weekly with high-volume samplers. 
Hg in precipitation will be collected monthly 
using bulk samplers, whilst one 24 h sample 
of Hg in air will be collected each week with 
gold traps; 

(f)  MSC-E will prepare gridded 
anthropogenic emission data, based on 
officially submitted data and expert estimates, 
and collect available data on natural 
emissions. CCC and MSC-E, in consultation 
with national experts, will adjust European Hg 
emission inventories to modelling 
requirements. CCC will develop profiles of 
chemical species of heavy metal emissions. 
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Annex B 

Description of the regional and hemispheric models 

 
Regional model (MSCE-HM) 

For calculations of depositions and country-to-
country matrices within the EMEP domain 
Eulerian three-dimensional operational MSCE-
HM model was used. The model vertical 
structure consists of five non-uniform layers 
and covers the entire planetary boundary layer 
and a part of the free troposphere. Horizontal 
resolution is 50 km. The model includes 
processes of advection, turbulent diffusion, 
wet and dry removal and chemical 
transformations of mercury. Depositions are 
calculated according to land-use type of the 
underlying surface. A detailed description of 
the model can be found in [Ryaboshapko et 
al., 1999, Ilyin et al., 2001]. Uncertainty of the 
modelling concentrations and depositions is 
about 25% [Travnikov, 2000].  

Hemispheric model (MSCE-Hem-Hg) 

The hemispheric model considers mercury 
emissions from anthropogenic and natural 
sources, transport in the atmosphere, 
chemical transformations both in the gaseous 
and aqueous phase, and deposition to the 
surface. The model domain covers the whole 
Northern Hemisphere with resolution 
2.5°×2.5°. The terrain-following pressure-
based vertical coordinate consists of eight 
irregular layers up to the lower stratosphere. 
Three-dimensional atmospheric transport is 
based on the flux-form Bott advection scheme. 
More detailed description of the hemispheric 
model can be found in [Travnikov and 
Ryaboshapko, 2002]  

 

 

 

Figure B. Current general scheme of mercury behaviour in the atmosphere 
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Mercury transformation scheme 

Both models apply the same scheme of 
mercury transformation in the atmosphere. 
The scheme is illustrated in Figure B.1. It is 
assumed that mercury occurs in the 
atmosphere in two gaseous forms – gaseous 
elemental Hg0, gaseous oxidized Hg(II); 
particulate oxidized Hg(part), and four 
dissolved forms – elemental dissolved 
Hg0(dis), mercury ion Hg2+, sulphite complex 

Hg(SO3)2
2-, and aggregate chloride complexes 

HgnClm. Physical and chemical transformations 
include dissolution of Hg0 in cloud droplets, 
gas-phase and aqueous-phase oxidation by 
ozone and OH radicals, aqueous reactions of 
Hg2+ reduction through sulphite complex and 
formation of chloride complexes, adsorption by 
soot particles in droplet water. Mercury forms 
are removed from the atmosphere by means 
of surface uptake and precipitation 
scavenging. 
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Annex C 

Official emission data 

Table C.1. Official data on lead emissions to the atmosphere in the EMEP regiona, t/y 

Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000b 

Albania                     24 
Armenia c  11 0.82 0.61 0.79 0.34 0.334 0.009 0.009 0.010 0.005 0 
Austria 205 173 118 84.1 58.9 18.5 17.3 16.4 15.1 14.1 13.2 
Azerbaijan                     145 
Belarus  798         148 46.3 42.2 41.2 37.5 46.1 
Belgium d 601 218 230 230 325 336 302 291 203 212 134 
Bosnia&Herzegovina                     5 
Bulgaria 436         297 279 231 251 224 213 
Croatia 466         264 268 190 183 178 178 
Cyprus 81 63 66 69 68 67 67 72 69 75 74 
Czech Republic 269 240 247 232 202 180 165 180 169 157 108 

Denmark 134 99.0 87.1 45 31.9 28.7 15.8 8.73 7.64 7.42 7.7 

Estonia 233 208 121 100 107 87.6 80.2 73.1 54.7 45.0 40.7 

Finland 326 247 175 100 60.1 56.6 35 18.5 20.3 14 37.5 

France   4192 2795 2020 1766 1570 1395 1221 1073 961 724 196 
Georgia                     112 
Germany e 2323         632         519 

Greece             470       470 
Hungary 680 488 208 187 155 127 99.8 89.7 82.2 38.6 36.9 
Iceland 12.2 8.9 6.8 5.3 4.6 3.9 1.7 0.4 0.4   0.4 
Ireland                     83 
Italy 4300       2174           2174 
Kazakhstan                      20 
Latvia  20.3 10.1 7.94 6.18 10.3 4.69 4.57 3.4 4.64 0.2 0.2 
Lithuania           30.2 17.8 19.5 21.8 19.3 19.3 
Luxembourg 77.4       52.5 29.8 26.1 17.7 6.8 2.34 1.62 
Netherlands 333         159     43.9   43.9 
Norway 186 143 126 86.2 22.8 21.1 9.22 8.63 8.63 7.82 6.47 
Poland 1372 1336 986 997 966 937 960 896 736 745 648 
Portugal                     365 
Republic of Moldova 253 220 103 71.2 23.2 33.9 27.9 22.4 7.9 11.2 11.2 

Romania                     510 

Russian Federation 3591 3553 3095 3276 2643 2426 2304 2247 2262 2339 2352 

Slovakia  152   149   84.0 81.1 78.4 78.7 67.2 55.4 75.0 

Slovenia  460 386 390 398 406 196 99.0 80.4 60.5 50.2 37.2 

Spain  2834 2081 1301 1194 1180 974 1007 943 884 826 692 
Sweden 540   365   37 37.8   10.8 10.5 10.5 7.59 
Switzerland 520 461 401 341 287 226 200 174 149 131 114 
The FYR of 
Macedonia                    3.02 
Turkey f           405 413 336 427   427 
Ukraine                     420 
United Kingdom 2828 2574 2356 2133 1888 1577 1335 1182 898 548 496 
Yugoslavia                      331 

a) Recalculated official data are presented in bold. 
b) Values obtained by extrapolation of official data and on the base of expert estimates are shaded. 
c) Road transport not included. 
d) Figure for 1990 refers to Flanders and Wallonia only. Figures for 1991-93 refer to Flanders only. 
e) Emission for 2000 is assessed by linear interpolation between 1995 and projected emissions for 2010. 
f) The calculation of heavy metal emissions includes emissions from glass production, iron production, primary aluminium 

production, primary copper production, primary zinc production and blast furnace charging. 



EMEP Status Report 3/2002 

31 

Table C.2. Official data on cadmium emissions to the atmosphere in the EMEP  regiona, t/y 

Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000b 

Albania                     0.6 
Armenia                      1 
Austria 2.98 2.68 2.21 2.09 1.82 1.61 1.52 1.55 1.47 1.44 1.3 
Azerbaijan                     3 
Belarus  7.59         3.48 1.20 1.25 1.45 1.42 1.38 
Belgium c 9.52 3 4 1 4.4 6.38 4.62 4.6 3.26 3.31 2.75 
Bosnia&Herzegovina                     0.3 
Bulgaria 28.3         12.8 14.3 14.2 14.9 13.6 11 
Croatia 1.61         0.95 1.04 1.03 1.06 1.05 1.05 
Cyprus 0.2                   0.2 
Czech Republic 4.34 3.92 3.61 3.48 3.52 3.55 2.94 3 2.65 2.72 2.85 
Denmark 1.17 1.23 1.20 1.12 1.36 0.957 0.915 0.845 0.775 0.713 0.736 
Estonia 1.61 1.49 1.12 0.885 0.937 0.899 0.941 0.978 0.829 0.776 0.681 
Finland 6.3 3.4 2.9 2.9 2.4 1.7 1.5 1.1 1.3 0.6 1.4 
France   17 17 17 16 15 14 14 13 13 12 12 
Georgia                     2 
Germany d 31         11         11 
Greece             3       3 
Hungary 5.52 4.7 4.03 4.14 4.08 3.78 3.41 3.26 3.08 2.99 2.75 
Iceland                     0.2 
Ireland                     2 
Italy 53.8       29.9           29.9 
Kazakhstan                      0.4 
Latvia  2.46 1.79 1.71 1.68 2.2 1.44 0.3 0.4 0.7   0.7 
Lithuania           2.10 2.2 2.2 2.59 2.01 2.01 
Luxembourg 0.6       0.5 0.4 0.4 0.3 0.2 0.054 0.051 
Netherlands 1.95         1.01     1.15   1.15 
Norway 1.69 1.62 1.61 1.68 1.22 1.05 1.09 1.12 1.18 1.01 0.746 

Poland 91.6 85.0 84.1 91.9 85.8 82.6 91.2 85.8 55.4 61.7 50.4 
Portugal                     3 
Republic of Moldova 3.08 3.49 1.69 1.42 0.819 0.594 0.659 0.364 0.328 0.148 0.148 
Romania                     21 
Russian Federation 79.4 68.2 68.8 59.0 56.6 57.4 51.0 50.4 49.0 50.9 50.5 
Slovakia  9.97   11.3   7.19 10.6 9.62 10.8 8.47 7.34 7.90 
Slovenia  1.68       1.66 1.71 1.77 1.75 1.67 1.62 1.54 
Spain  14 15 16 15 15 16 15 15 16 18 19 
Sweden 2   1.3   0.7 0.8   0.3 0.26 0.26 0.054 

Switzerland 4.2 3.9 3.6 3.1 2.7 2.5 2.3 2.2 2.18 2.18 2.18 
The FYR of Macedonia                     0.167 
Turkey e           0.16 0.19 0.21 0.22 0.18 0.18 
Ukraine                     6.91 
United Kingdom 20.3 19.9 19.6 13.8 13.3 11.8 9.35 7.81 6.33 5.93 5.22 
Yugoslavia                      6 

a) Recalculated official data are presented in bold. 
b) Values obtained by extrapolation of official data and on the base of expert estimates are shaded. 
c) Figure for 1990 refers to Flanders and Wallonia only. Figures for 1991-93 refer to Flanders only. 
d) Emission for 2000 is assessed by linear interpolation between 1995 and projected emissions for 2010. 
e) The calculation of heavy metal emissions includes emissions from glass production, iron production, primary aluminium 

production, primary copper production, primary zinc production and blast furnace charging. 
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Table C.3. Official data on mercury emissions to the atmosphere in the EMEP regiona, t/y 

Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000b 

Albania                     0.5 
Armenia  0.01 0.01 0.008 0.009 0.001 0.001 0.001       0.001 
Austria 2.59 2.51 1.98 1.75 1.54 1.50 1.41 1.44 1.25 1.23 1.1 
Azerbaijan                     0.6 
Belarus  0.48         0.265 0.297 0.31 0.392 0.380 0.358 
Belgium c 8.79 2 3 1 5.82 4.54 5.55 3.52 3.5 3.02 2.25 
Bosnia&Herzegovina                     0.2 
Bulgaria 13.2         6.88 4.70 4.31 4.69 4.06 4.19 
Croatia 1.15         0.287 0.297 0.318 0.320 0.307 0.307 
Cyprus 0.3                   0.3 
Czech Republic 7.52 7.42 7.28 7.46 7.17 7.40 5.86 5.54 5.16 3.66 3.84 
Denmark 3.35 3.23 3.07 3.06 3.10 2.55 2.75 2.16 1.95 1.98 2.05 
Estonia 1.29 1.18 0.980 0.750 0.798 0.751 0.778 0.773 0.664 0.611 0.553 
Finland 1.1 0.9 0.8 0.6 0.7 0.7 0.8 0.6 0.5 0.4 0.6 
France   27 28 27 24 24 22 22 17 17 16 15 
Georgia                     0.5 
Germany d 113         31         29 
Greece             13       13 
Hungary 6.28 5.83 4.99 5.00 4.72 4.83 4.67 4.47 4.28 4.26 4.2 
Iceland                     0.05 
Ireland                     1.95 
Italy 20       13.2           13.2 
Kazakhstan                      0.1 
Latvia  0.37 0.32 0.27 0.22 0.37 0.17 0.51 0.07 0.12   0.12 
Lithuania           0.153 0.159 0.232 0.245 0.253 0.253 
Luxembourg 0.3       0.2 0.1 0.1 0.1 0.1 0.286 0.275 
Netherlands 3.03         1.07     0.56   0.56 

Norway 1.67 1.56 1.41 1.10 1.17 1.08 1.10 1.12 1.09 1.14 0.96 
Poland 33.3 32.7 31.9 32.5 32.4 32.3 33.6 33 29.5 27.1 25.6 
Portugal                     5 
Republic of Moldova 4.25 3.81 3.29 1.85 1.29 0.894 0.954 0.571 0.406 0.180 0.18 
Romania                     7 
Russian Federation 15.6 13.4 11.4 11.8 10.4 10.4 10.1 9.6 9.4 9.9 10 
Slovakia  12.5   6.15   3.86 3.95 3.41 3.74 4.10 3.72 4.45 
Slovenia  0.76       0.61 0.65 0.59 0.61 0.63 0.60 0.58 
Spain  21 22 23 21 21 21 19 20 22 24 23 
Sweden 1.5   1.2   0.9 0.9   0.55 0.54 0.54 0.291 
Switzerland 6.8 6.1 5.4 4.7 4 3.3 3.1 2.9 2.63 2.63 2.63 
The FYR of 
Macedonia                      0.048 
Turkey e           0.043 0.050 0.055 0.058 0.053 0.053 
Ukraine                     9.03 
United Kingdom 31.7 32.4 30.4 20.0 19.5 19.0 14.4 12.2 11.1 8.83 8.53 
Yugoslavia                      3 

a) Recalculated official data are presented in bold. 
b) Values obtained by extrapolation of official data and on the base of expert estimates are shaded. 
c) Figure for 1990 refers to Flanders and Wallonia only. Figures for 1991-93 refer to Flanders only. 
d) Emission for 2000 is assessed by linear interpolation between 1995 and projected emissions for 2010. 
e) The calculation of heavy metal emissions includes emissions from glass production, iron production, primary aluminium 

production, primary copper production, primary zinc production and blast furnace charging. 
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Annex D 

Transboundary transport 

Table D.1. Main countries - sources of transboundary pollution and their contributions to depositions of lead on 
countries - receptors 

Country - receiver Major countries - sources (input in %) Contribution of 
own sources, % IND* 

Albania Italy 23 Greece 13 Yugoslavia 12 11 31 
Armenia Azerbaijan 23 Georgia 10 Turkey 10 0.0 50 
Austria Italy 45 Germany 5 Switzerland 3 3 27 
Azerbaijan Russia 6 Georgia 5 Turkey 2 44 40 
Belarus Poland 17 Russia 6 Italy 5 9 39 
Belgium France 9 United Kingdom 7 Germany 6 47 24 
Bosnia & Herzegovina Italy 31 Croatia 14 Yugoslavia 12 2 29 
Bulgaria Romania 12 Yugoslavia 10 Greece 7 36 21 
Croatia Italy 29 Yugoslavia 4 Slovakia 3 35 21 
Cyprus Turkey 6 Italy 4 Greece 3 57 26 
Czech Republic Germany 14 Poland 11 Italy 11 24 25 
Denmark Germany 16 United Kingdom 10 Poland 5 3 47 
Estonia Poland 7 Russia 7 Germany 4 21 43 
Finland Russia 9 Poland 4 Germany 3 8 61 
France Italy 14 Spain 12 United Kingdom 3 16 46 
Georgia Russia 11 Azerbaijan 5 Turkey 4 42 31 
Germany Italy 9 Switzerland 5 Belgium 4 42 26 
Greece Italy 9 Bulgaria 6 Yugoslavia 4 48 24 
Hungary Italy 16 Yugoslavia 10 Romania 10 9 26 
Iceland United Kingdom 1.3 Germany 0.6 Poland 0.4 0.3 95 
Ireland United Kingdom 8 Spain 0.9 Portugal 0.7 34 55 
Italy Spain 1.3 Croatia 0.8 Switzerland 0.7 81 14 
Kazakhstan Russia 21 Ukraine 4 Romania 2 2 63 
Latvia Poland 13 Russia 6 Germany 6 0.1 49 
Lithuania Poland 20 Russia 8 Germany 5 9 38 
Luxembourg Germany 16 France 13 Belgium 11 4 37 
Malta Italy 31 Spain  4 Greece 3 0 58 
Italy Spain 4 Greece 3 Croatia 1 31 58 
Netherlands Belgium 23 United Kingdom 11 Germany 11 15 28 
Norway United Kingdom 5 Germany 4 Poland 4 1.5 75 
Poland Germany 8 Czech Republic 5 Italy 4 52 20 
Portugal Spain 6 United Kingdom 0.3 France 0.1 66 27 
Rep. Moldova Romania 29 Italy 7 Yugoslavia 4 5 32 
Romania Yugoslavia 7 Italy 6 Bulgaria 3 51 20 
Russia Ukraine 3 Poland 2 Italy 1.4 46 40 
Slovakia Poland 11 Italy 10 Czech Republic 6 24 24 
Slovenia Italy 40 Croatia 11 Yugoslavia 2 18 21 
Spain Portugal 10 Italy 2 France 0.5 51 36 
Sweden Poland 7 Germany 6 United Kingdom 3 1.4 65 
Switzerland Italy 38 France 3 Spain 2 34 19 
The FYR of Macedonia Yugoslavia 19 Greece 16 Italy 13 2 28 
Turkey Greece 5 Italy 4 Romania 2 31 45 
Ukraine Romania 9 Poland 6 Russia 6 29 32 
United Kingdom Ireland 3 France 1.1 Spain 1.0 59 32 
Yugoslavia Italy 12 Romania 4 Croatia 3 50 19 
 
*IND – Indeterminate sources: input from natural, and secondary anthropogenic and remote anthropogenic sources 
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Table D.2. Main countries - sources of transboundary pollution and their contributions to depositions of 
cadmium on countries - receptors 

Country - receiver Major countries - sources (input in %) Contribution of 
own sources, % IND*

Albania Italy 15 Yugoslavia 6 Bulgaria 4 12 55 
Armenia Azerbaijan 10 Georgia 5 Russia 0.6 35 48 
Austria Italy 19 Slovenia 5 Poland 3 13 43 
Azerbaijan Armenia 4 Georgia 4 Russia 1.4 31 58 
Belarus Poland 33 Romania 4 Russia 4 6 37 
Belgium France 27 Germany 3 United Kingdom 2 31 31 
Bosnia & Herzegovina  Italy 15 Yugoslavia 8 Croatia 3 5 54 
Bulgaria Romania 9 Yugoslavia 6 Italy 2 53 23 
Croatia Italy 18 Yugoslavia 5 Slovenia 4 13 48 
Cyprus Italy 4 Bulgaria 1.8 Greece 1.4 10 78 
Czech Republic Poland 21 Germany 8 Slovakia 7 19 31 
Denmark Poland 10 Germany 9 France 5 9 54 
Estonia Poland 17 Russia 4 Germany 3 9 49 
Finland Poland 9 Russia 4 Germany 1.9 8 68 
France Spain 9 Italy 5 Switzerland 1.4 26 55 
Georgia Russia 8 Azerbaijan 4 Armenia 4 34 48 
Germany France 7 Poland 6 Italy 4 29 40 
Greece Bulgaria 16 Italy 7 Romania 3 15 49 
Hungary Romania 15 Slovakia 13 Yugoslavia 5 18 30 
Iceland Poland 0.6 United Kingdom 0.2 Germany 0.2 3 95 
Ireland United Kingdom 2.0 Spain 0.8 France 0.8 25 70 
Italy Spain 1.6 France 1.3 Switzerland 0.6 59 35 
Kazakhstan Russia 11 Poland 2.2 Romania 2.1 1.2 77 
Latvia Poland 23 Lithuania 9 Russia 4 9 42 
Lithuania Poland 35 Russia 5 Germany 3 17 29 
Luxembourg France 23 Germany 9 Belgium 5 4 48 
Malta Spain 2 France 1.0 Bulgaria 0.5 15 78 
Netherlands Belgium 17 France 15 Germany 6 15 39 
Norway Poland 7 Germany 2 France 1.3 5 78 
Poland Germany 4 Slovakia 4 Czech Republic 2 69 14 
Portugal Spain 11 France 0.3 United Kingdom 0.1 33 56 
Republic of Moldova Romania 26 Poland 8 Bulgaria 6 2 44 
Romania Poland 4 Bulgaria 4 Yugoslavia 4 59 21 
Russia Poland 5 Romania 1.7 Ukraine 1.5 34 52 
Slovakia Poland 13 Romania 6 Hungary 6 48 17 
Slovenia Italy 19 Croatia 4 Austria 1.6 35 32 
Spain Portugal 3 Italy 1.1 France 0.7 45 50 
Sweden Poland 15 Germany 3 Romania 2 0.2 66 
Switzerland Italy 19 France 8 Spain 2 33 36 
The FYR of Macedonia Bulgaria 20 Yugoslavia 8 Italy 6 5 46 
Turkey Bulgaria 4 Italy 2 Romania 2 0.5 81 
Ukraine Poland 15 Romania 12 Russia 4 14 41 
United Kingdom France 3 Ireland 3 Spain 1.3 29 60 
Yugoslavia Italy 6 Bulgaria 6 Romania 4 40 34 

 
*IND - Indeterminate sources: input from natural, and secondary anthropogenic and remote anthropogenic sources 
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Table D.3. Main countries - sources of transboundary pollution and their contributions to depositions of 
mercury on countries - receptors 

Country - receiver Major countries - sources (input in %) Contribution of 
own sources, % IND*

Albania Greece 17 Yugoslavia 4 Italy 3 16 54 
Armenia Azerbaijan 5 Georgia 2 Greece 0.3 0.1 92 
Austria Italy 8 Germany 4 Switzerland 3 15 56 
Azerbaijan Georgia 1.3 Russia 0.6 Ukraine 0.3 19 78 
Belarus Poland 19 Germany 5 Ukraine 3 4 57 
Belgium France 38 Germany 4 United Kingdom 3 30 20 
Bosnia & Herzegovina Yugoslavia 7 Italy 5 Hungary 2 6 68 
Bulgaria Romania 9 Greece 7 Yugoslavia 3 36 40 
Croatia Italy 11 Hungary 4 Yugoslavia 4 6 61 
Cyprus Greece 4 Bulgaria 0.5 Italy 0.5 42 52 
Czech Republic Germany 18 Poland 14 Slovakia 2 31 26 
Denmark Germany 16 Poland 3 France 3 40 31 
Estonia Poland 8 Germany 5 France 1.1 19 57 
Finland Poland 4 Germany 3 France 0.9 3 82 
France Spain 7 Switzerland 2 Italy 1.4 43 43 
Georgia Azerbaijan 1.3 Russia 0.9 Ukraine 0.8 15 79 
Germany France 4 Switzerland 2 Poland 2 61 23 
Greece Bulgaria 3 Romania 0.7 Italy 1 69 24 
Hungary Slovakia 14 Romania 3 Yugoslavia 3 42 29 
Iceland United Kingdom 0.3 France 0.2 Germany 0.2 0.0 99 
Ireland United Kingdom 3 France 0.7 Spain 0.4 44 51 
Italy France 3 Spain 2 Switzerland 1.0 52 41 
Kazakhstan Russia 6 Ukraine 3 Poland 1.2 0.7 85 
Latvia Poland 13 Germany 7 Lithuania 2 4 61 
Lithuania Poland 21 Germany 7 Czech Republic 1.3 7 53 
Luxembourg France 16 Germany 6 Belgium 4 35 34 
Malta Spain 4 France 3 Greece 2 0 76 
Netherlands France 20 Belgium 13 Germany 12 16 30 
Norway Germany 3 Poland 3 Denmark 1.2 6 83 
Poland Germany 10 Czech Republic 4 Slovakia 2 61 18 
Portugal Spain 6 France 0.2 United Kingdom 0.1 51 43 
Republic of Moldova Romania 18 Poland 4 Ukraine 4 7 55 
Romania Hungary 4 Poland 3 Yugoslavia 3 41 39 
Russia Ukraine 3 Poland 3 Germany 1.2 13 76 
Slovakia Hungary 11 Poland 6 Czech Republic 3 49 24 
Slovenia Italy 12 Austria 2 Hungary 2 24 52 
Spain Portugal 3 France 0.8 United Kingdom 0.1 55 41 
Sweden Germany 7 Poland 7 Denmark 4 1 73 
Switzerland France 10 Italy 7 Spain 1.4 47 33 
The FYR of Macedonia Greece 33 Yugoslavia 5 Bulgaria 5 2 48 
Turkey Greece 5 Bulgaria 2 Romania 1.2 0.3 86 
Ukraine Poland 7 Romania 3 Slovakia 2 32 46 
United Kingdom France 2 Ireland 2 Germany 0.7 56 37 
Yugoslavia Romania 3 Greece 3 Hungary 3 37 44 

*IND - Indeterminate sources: input from natural, and secondary anthropogenic and remote anthropogenic sources 
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Annex E 

General view of MSC-E website and country-oriented information on heavy 
metals (www.msceast.org) 
 

Title page of the website 

 

 

Detailed reports for each EMEP country 

This section presents updated information on 
pollution by heavy metals. On relevant pages per 
each country official data and expert estimates of 
emissions as well as calculated depositions and 
concentrations, their spatial distribution, 
deposition totals and contributions to them of 
national and of other European countries are 
demonstrated. HM concentrations in air and 
precipitation measured at monitoring stations of a 
given country are presented in comparison with 
modelling results. 

 

http://www.msceast.org/�
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Structure of the information on heavy metals per country 

 HM emission distribution from sources of a given country with spatial resolution 50x50 km (in 
graphical and digital form) used for computations for 1999; 

 HM annual emission totals of a given country for 1999; 

 HM deposition fields for 1999 with spatial resolution 50x50 km (in graphical and digital form) 
both on the territory of a given country and on territories of other countries from its national 
sources; 

 Contribution of European countries to HM depositions on the territory of a given country for 
1999; 

 Contribution of sources of a given country to depositions to other European countries for 1999; 

 Comparison of model results against measurements for 1997 and 1998; 

 Trends in emissions and depositions of HMs from 1990 to 1998. 

 

Detailed information for a country (Hungary) 

Emissions in 2000 

Emission scenario used in calculations of lead, cadmium and mercury transport and deposition for 
2000 is mainly based on data officially submitted to the UN ECE Secretariat. The total anthropogenic 
emissions of HMs and their spatial distributions with resolution 50x50 km are given below. National 
official emission totals on lead, cadmium and mercury for 2000 were used in calculations 

Heavy metals Total emission, t/y Maps 
 Lead 36.9 map 
 Cadmium 2.7 map 
 Mercury 4.2 map 
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javascript:put_map('HM/1_Pb', 'Spatial distribution of Lead emission for 2000, kg/km<sup>2</sup>/y')�
javascript:put_map('HM/1_Cd', 'Spatial distribution of Cadmium emission for 2000, g/km<sup>2</sup>/y')�
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Depositions and transboundary fluxes in 2000 
On the basis of emission and meteorological data for 2000 transboundary depositions were 
calculated. Maps of lead, cadmium and mercury depositions from national sources (Maps of 
depositions from), maps of contribution of external anthropogenic sources to deposition to the 
country (Maps of contribution) and maps of total depositions to the country (Maps of depositions 
to) are presented in the table. Besides pie charts illustrating the deposition budget for principal 
regions-receptors (Depositions fluxes from) and contributions of main sources to deposition to 
the country (Depositions fluxes to) are given. 
 

Heavy metals 
Maps of 

depositions from 
Maps of 

depositions to
Maps of 

contribution 
Deposition 
fluxes from 

Deposition 
fluxes to 

 Lead map map map pie chart pie chart 
 Cadmium map map map pie chart pie chart 
 Mercury map map map pie chart pie chart 

 

g/km2/y
< 0.5
0.05 - 0.1
0.1 - 0.2
0.2 - 0.3
0.3 - 0.5
0.5 - 0.7
0.7 - 1
1 - 2
2 - 3
3 - 5
5 - 6
6 - 10
> 10

          
 

Comparison of the modeling results with measurements 

In order to verify the obtained concentrations in air and precipitation, the modelling results were 
compared with measurement data. Measurement data were collected at monitoring sites of EMEP 
network and processed by Chemical Coordinating Centre of EMEP (CCC). The comparison is 
presented in the following tables. Along with mean annual figures the tables contain also links to 
diagrams with the comparison of observed and computed monthly mean concentrations of HMs. 
 
 

Annual and monthly mean concentrations of heavy metals in air, ng/m3 

 

Lead Cadmium Mercury 
Station 

Calc. Meas. Month. Calc. Meas. Month. Calc. Meas. Month. 
 Name value value chart value value chart value value chart 
 
 
 

Annual and monthly mean concentrations of heavy metals in precipitation, mg/l 
 

Lead Cadmium Mercury  
Station   Calc. Meas. Month. Calc. Meas. Month. Calc. Meas. Month. 

 Name value value chart value value chart value value chart 
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javascript:put_map('HM/2_Pb_map_to', 'Lead depositions to the country from national and external sources. in 2000, kg/km<sup>2</sup>/y');�
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javascript:put_map('HM/2_Cd_map_from', 'Cadmium depositions from national sources of the country in 2000, g/km<sup>2</sup>/y');�
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javascript:put_map('HM/2_Hg_map_to', 'Mercury depositions to the country from national and external sources. in 2000, g/km<sup>2</sup>/y');�
javascript:put_map('HM/2_Pb_map_to', 'Lead depositions to the country from national and external sources. in 2000, kg/km<sup>2</sup>/y');�
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Trends in emissions and depositions of heavy metals  

Trends for the period from 1990 to 1999 have been calculated. In the table one can find trends in lead 
and cadmium air concentrations, deposition and emission densities averaged over the territory of the 
country. 
 

Heavy metals Air concentration Emission flux Deposition flux 
 Lead chart chart chart 
 Cadmium chart chart chart 
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