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(1) VOC: Volatile organic compounds. VOC is used throughout the report to indicate non-methane VOC (often 
denoted NMVOC).
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1. Introduction

1.1. Air pollution as a prominent 
environmental issue in Europe
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Figure 1.1 DPSIR assessment framework, example for local and regional air pollution issues

Responses
� Emissions regulations
� Air quality directives and limit values
� Environmental taxes

Impact
� Effects on human health
� Effect on ecosystems
� Effect on materials and

cultural heritage��

Driving forces
� Fuel combustion
� Transport
� Industrial production
� Agriculture

Pressures
� Emissions of pollutant

gases and particles��

State
� Concentrations in air in urban and rural areas

of pollutant gases and particles�

� Deposition of acidity and entrophying nitrogen
�

Dispersion and transport �
Chemical transformations �

Driving forces, such as population and economic 
growth, urbanisation and agricultural 
intensification, result in emissions of pollutants and 
other pressures that affect the state of the 
environment and, in turn, may impact on human 
health, ecosystems and the physical environment. 
Responses may address the driving forces 
themselves as well as seeking to reduce their 
effects or improve the state of the environment.
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1.2. Recent trends in economic 
sectors relevant to air pollution 
in Europe
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Developments in air pollution related societal driving forces and pressures in EU-15, 1990–98.
(Environmental signals report 2001, EEA). Table 1.1

Sector Driving force development
1990–98

Emissions development
1990–98

Energy 15.5 % increase in energy 
consumption

54 % and 38 % decrease in SO2 
and NOx sector emissions 
respectively

Road Transport Increase in road transport:
+ 16 % passenger-km
+35 % tonne-km

23 % and 42 % decrease in NOx 
and VOC road transport emissions 
respectively

Industry Fairly stable industrial output 
(index of production)

54 % and 23 % decrease in SO2 
and NOx industrial emissions 
respectively

Agriculture Fairly stable agricultural output 
(gross value added)

6 % decrease in NHx emissions
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1.3. Main air pollution issues in Europe
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1.4. Air quality limit values and targets
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1.5. Selected indicators of air pollution
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(2) For air pollution, main policy questions relate to progress towards meeting the National Emission Ceiling 
Directive 2001/81/EC and the Air Quality Framework Directive 96/62/EC and daughter Directives 1999/30/
EC, 2000/69/EC and 2002/3/EC.
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Box 1: Air pollution limit values and targets

Health-protection limit values and guidelines

EU Directives

Compound Limit/target value Target year

PM10 Stage 1 Annual average: 40 µg/m3 2005
Daily average: 50 µg/m3 Not to be exceeded more than 

35 days a year
2005

PM10 Stage 2 Annual average: 20 µg/m3 Indicative 2010
Daily average: 50 µg/m3 Indicative; not to be exceeded 

more than 7 days a year
2010

NO2 Annual average 40 µg/m3 2010
Hourly average: 200 µg/m3 Not to be exceeded more than 

18 hours per year
2010

Ozone 8-hour average: 120 µg/m3 
(target value)

Not to be exceeded more than 
to 25 days per year (1)

2010

SO2 Daily average: 125 µg/m3 Not to be exceeded more than 
3 days per year

2005

Hourly average: 350 µg/m3 Not to be exceeded more than 
24 hours per year

2005

CO 8-hour average: 10 µg/m3 2005

Pb Annual average: 0.5 µg/m3 2005 (2)

Benzene Annual average: 5 µg/m3 2010

(1) As an average over the three preceding years.
(2) 2010 in the immediate vicinity of specific industrial sources, notified to European Commission before 

19 July 2001.

WHO Guidelines

PM10 No lower threshold for effects. Guideline is provided in terms of dose-response functions 
as a basis for risk estimates.

NO2 Guideline levels are the same as in the EU Directive, but allowable exceedances are not given.

Ozone Guideline level is the same as in the EU Directive, but allowable exceedances are not given.

SO2 Annual average. 50 µg/m3 
Daily average. 125 µg/m3 (As in EU Directive, 199/30/EC but allowable 

exceedances are not given.)
10 minutes average: 500 µg/m3 

CO 8 hours: 10 µg/m3 (In addition, guidelines are given for 1 hour, 30 
minute and 15 minute averages.)

Pb Same as in EU directive 1999/30/EC

Benzene No safe level of exposure is recommended

Ecosystems-protection limit values and targets

EU directives/CLRTAP/WHO

Compound Limit/target value Target year

SO2 Annual or winter average: 20 µg/m3 2001

NOx (as 
NO2)

Annual average: 30 µg/m3 2001

Ozone Accumulated exposure over a 
threshold of 40 ppb (AOT 40):
EU Directive (target) 18 000 µg/m3 •ha (vegetation) 2010
EU Directive 6 000 µg/m3 •ha (vegetation) Long term objective
CLRTAP 6 000 µg/m3 •ha (crops, vegetation) Long term critical level

Acidifying 
and 
eutrophying 
components

Area exceeding critical loads:
EU NECD

Reduced by 50 % within each grid
Long term objective: no exceedance 
of critical loads

1990-2010
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Box 2: Emission controls

EU Directive 
(NECD, 2000)

Emission reduction required Time period(1)

SO2 Annual total 77 % 1990–2010

NOx (as NO2) Annual total 51 % 1990–2010

VOC (non-methane) Annual total 58 % 1990–2010

NH3 Annual total 15 % 1990–2010

UN-ECE CLRTAP

SO2 Annual total (1985) 2) 30 % all (3) 1980–93
Annual total (1994) 62 % EU 1980–2000
Annual total (1999) 75 % EU; 65 % all 1990–2010

NOx (as NO2) Annual total (1988) 0 % EU; 0 % all 1987–94
Annual total (1999) 49 % EU; 44 % all 1990-2010
Annual total (1991) 30 % all 1984/90–99

VOC (non-
methane) Annual total (1999) 57 % EU; 49 % all 1990–2010
NH3 Annual total (1999) 15 % EU; 17 % all 1990–2010

(1) The first year of the period constitutes the reference year
(2) Protocol year
(3) All signatory countries

Box 3: Selected air pollution indicators used in this report (DPSIR indicators)

Policy target indicators Underlying (sub-) indicators

Ambient air quality and human health

Exceedance of limit values of seven pollutants (SO2, 
NO2, PM10, O3, Pb, CO, benzene). STATE
See Chapter 2, sections 2.1.1-2.1.7.

• Population exposure and risk by air pollutant. 
IMPACT
See Chapter 3, section 3.1.

Acidification/eutrophication

Emissions of acidifying pollutants (SO2, NOx, NHx). 
PRESSURE
See Chapter 4, section 4.3.

• Area of exceedance of critical load for total 
acidity (deposition of sulphur and nitrogen). 
STATE (surrogate IMPACT indicator)
See Chapter 3, section 3.2.2.

• Area of exceedance of critical load for nitrogen 
(deposition of N). 
STATE (surrogate IMPACT indicator)
See Chapter 3, section 3.2.2.

• Policy response, SO2 and NOx emissions. 
PRESSURE AND POLICY RESPONSE
See Chapter 5.

Tropospheric ozone and ecosystems

Emissions of ozone precursors 
(NOx, VOC, CH4, CO). PRESSURE
See Chapter 4, section 4.3.

• Exposure of crops/vegetation to O3: area of 
exceedance of target level. 
STATE (surrogate IMPACT indicator)
See Chapter 3, section 3.2.1.

• Policy response, NOx and VOC emissions. 
PRESSURE AND POLICY RESPONSE
See Chapter 5.

For all the 3 themes above
• Contribution from various economic sectors. 

DRIVING FORCES
See Chapter 5.

• Eco-efficiency of economic sectors, and its 
development. DRIVING FORCES AND 
POLICY RESPONSE
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1.6. Data sources, spatial coverage, 
representativeness, data quality 
and background information
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Box 4: Main data sources used1

1. AirBase, the European air quality database, at RIVM in the Netherlands, containing data from about 30 
European countries, for SO2, NO2, ozone, CO, particulate matter (PM10, TSP, black smoke), lead and 
benzene. Typically data from about 1 500 monitoring stations are entered into the database annually for 
SO2, NO2 and ozone, and less for the other compounds. Most stations are urban, but there are also many 
rural stations, especially for ozone. Data go back as far as the early 1980s and for certain compounds, 
further back in time (see Figure 1.2). AirBase also contains ozone exceedance data collected annually from 
16 countries under the previous EU Ozone Directive (92/72/EEC), since 1994.

2. EBAS, the EMEP database at NILU, containing concentration and deposition data from more than 100 
EMEP rural stations in 27 countries. Sulphur and nitrogen compounds, as well as ozone and VOC data. The 
data has been collected from 1978 onwards.

3. The database of the EMEP MSC-W modelling centre at DNMI, containing modelled concentration and 
deposition data within the EMEP grid (sulphur and nitrogen compounds, and ozone). Past and projected 
data.

4. The emissions database of the ETC-ACC, formerly ETC-AE (hosted by Umweltbundesamt Wien).

5. The emissions database of EMEP (hosted by DNMI).

(1) See acronyms and abbreviations, Chapter 7 below.
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1.7. Goals, target audience and 
contents of this report
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Number of time series in AirBase, 1968–99, for main pollutants Figure 1.2
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2. Air quality in Europe

2.1. Air quality relevant to human 
health
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* France has a number of PM monitoring stations. However, in 1999 these measured a PM fraction different 
from PM10; the data are thus not presented here.

Table 2.1
PM10: Number of stations with concentrations higher than the limit values (LV) and with concentrations 
between upper assessment threshold (UAT) and LV (1999).

@ �

�����������: 08�P�B*�G�(�%�).	����"��7**3,
����P�7B G�(�%�).	����7���
��
�	�����7*"*,

@ %A	��������	������������: 08�P�3*�G�(�%�).	����"��7**3,
@ $	��������	������������: 08�P�3*�G�(�%�).	����7���
��
�	�����7*"*,
@ $	��������	������������: ����P�%*�G�(�%�).	����7���
��
�	�����7*"*,

Country Annual average 36th 
highest 
24-hour 
value

8th highest 
24-hour 
value

Maximum

Number of stations 
with concentrations C

Maximum
concen-
tration 

Number of
stations 
with 
concen-
tration C

Number of 
stations 
with 
concen-
tration C

36th 
highest 
24-hour
concen-
tration

(Total number
of stations)

C > 40 24 < C < 40 (µg/m3) C > 50 30 < C < 50 (µg/m3)

Belgium (14) 0 13 36 2 12 59

Czech Republic (55) 3 30 46 16 39 82

Finland (6) 0 0 22 0 6 36

France *

Germany (24) 4 8 52 7 17 84

Italy (5) 3 2 60 4 1 89

Lithuania (1) 0 1 28 0 1 45

Netherlands (15) 1 14 42 11 4 67

Poland (12) 6 6 54 11 1 93

Portugal (3) 0 3 39 3 0 84

Spain (28) 16 11 68 23 4 81

Sweden (2) 0 0 21 0 2 38

Switzerland (14) 1 6 41 4 10 64

United 
Kingdom

(48) 0 4 35 1 45 50

All countries (232) 34 98 68 82 142 93
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PM10 in cities, 1999. Urban background (UB) stations Map 2.1
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Map 2.2 PM10 in cities, 1999. Hotspot stations (traffic, industrial)
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Note: Maximum station in each city.
Vertical lines indicate the LVs of the EU Directives. Hotspot stations: T – traffic; I – industry
For a specification of these stations, see Appendix 2

PM10 concentrations in cities and rural areas in Europe (1999) with reported
concentrations higher than the EU limit values.

Figure 2.1
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Figure 2.2
PM10 tendency 1997–99 (µg/m3). 
Nationally averaged concentrations, for stations with data reported to AirBase for all the years. 
(Numbers in brackets: number of stations).
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* The new EC Ozone Directive (2002/3/EC).

Averaging
time

Target 
value

Target
year

EU Directive*

8 hours 120 µg/m3 Maximum daily
8-hour average.
May not be 
exceeded on 
more than 
25 days
per year.

2010

WHO

8 hours 120 µg/m3 Guideline

Policy target indicator:

• Extent of areas/cities with exceedance of the 
target value of the new Ozone Directive:
— the 26th highest ‘ozone day per year’ based 

upon the maximum 8-hour average value 
each day.
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Ozone in cities, 1999. Urban background (UB) stations Map 2.3
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Map 2.4 Ozone at rural stations 1999
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Frequency distribution of maximum and 26th highest daily maximum of moving 8-hour average ozone
concentration measured at urban/street and other stations (top) and rural stations (bottom). Figure 2.3
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Note: Maximum station in each city.
Vertical lines indicate the target value of the new EU Directive.

Figure 2.4 Ozone concentrations in cities and rural areas in Europe (1999) with reported 
concentrations higher than the EU target value.
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Ozone (µg/m3). Maximum hourly or annual average concentrations as a function of time.
Nationally averaged concentrations, for stations with data reported to AirBase for all the years.

(Numbers in brackets: number of stations).
Figure 2.5
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Table 2.2

Ozone: Number of stations with exceedances of target value (TV) of O3 and with concentrations between 
upper classification level (UCL) and target value (TV) (1999).
26th highest daily 8-hour value
TV = 120 µg/m3, UCL = 100 µg/m3.

Country
26th highest daily 8-hour value

Number of stations with 
concentrations C

Maximum concentration

(Total number
of stations)

C > 120 100 < C < 120 (µg/m3)

Austria (103) 27 63 178

Belgium (24) 7 9 125

Bulgaria (7) 0 5 115

Czech Republic (33) 15 15 132

Denmark (7) 3 2 136

Estonia (4) 0 1 107

Finland (12) 0 9 119

France (228) 65 98 151

Germany (326) 103 194 145

Greece (7) 1 2 131

Hungary (2) 0 1 101

Ireland (11) 0 1 110

Italy (75) 38 18 179

Latvia (2) 0 1 103

Lithuania (3) 0 2 112

Netherlands (37) 2 19 123

Norway (10) 0 5 109

Poland (17) 4 7 156

Portugal (17) 0 5 108

Slovenia (5) 1 0 122

Spain (107) 20 41 149

Sweden (6) 0 4 107

Switzerland (30) 6 10 158

United Kingdom (69) 0 19 118

All countries (1 142) 292 531 179

Table 2.3

Summary of trend evaluation of 50th and 98th percentiles of hourly average ozone concentrations and 
of number of exceedance days of the threshold levels of the ‘old’ EU Ozone Directive (92/72/EEC): 
180 µg/m3 (1-hour average), 110 µg/m3 (8-hour average) and 65 µg/m3 (24-hour average). 
Monitoring period 1994–99.

50th 
percentile

98th 
percentile

180 µg/m3 
(1 hour)

110 µg/m3 
(8 hour)

65 µg/m3 
(24 hour)

Number of reporting stations 1 585 1 585 1 701 1 488 1 580

Number of stations with more 
than four monitoring years

685 685 713 647 650

Number of stations with 
statistically significant upward 
trend

120 6 4 16 50

Number of stations with 
statistically significant downward 
trend

12 138 118 122 64

Number of stations in 
compliance with threshold 
during the period 1994–99

96 4 0
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Averaging
time

Limit value Target
year

Annual
average

40 µg/m3 2010

Hourly
average

200 µg/m3 May not be 
exceeded more 
than18 hours 
per year

2010

Policy target indicator:

• Extent of areas/cities with exceedance of the 
NO2 limit values:
— Annual average concentration
— The 19th highest hourly concentration per year
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NO2 in cities, 1999. Urban background (UB) stations Map 2.6
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(3)  This percentile was readily available for extraction from AirBase at the time the extraction was made (in 
2001). The 99.8th percentile will be extractable from AirBase for the next Air Quality in Europe report).
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Map 2.7 NO2 in cities, 1999. Hotspot stations (traffic, industrial)
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NO2: Number of stations with concentration higher than the limit values (LV) and with
concentrations between the upper assessment threshold (UAT) and LV (1999).

Table 2.4
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: 08�P�B*�G�(�%�

����P�%7�G�(�%

"#	��������	�������
�

�
	��	��
: 08�P�7**�G�(�%�

����P�"B*�G�(�%

Country Annual average 19th highest 1-hour concentration

Number of stations 
with concentrations C

Highest
annual 
concen-
tration

Number of stations with 
concentrations C

Highest
19th

concen-
tration

(Total number
of stations)

C > 40 32 < C < 40 (µg/m3) C > 200 140 < C < 200 (µg/m3)

Austria (109) 11 9 61 0 7 159

Belgium (24) 5 6 75

Czech Republic (55) 3 3 41

Denmark (5) 2 0 47

Finland (15) 0 1 39 0 1 153

France (211) 61 39 100 5 45 368

Germany (371) 64 77 77 1 20 206

Greece (3) 2 1 212

Ireland (6) 0 2 165

Italy (61) 36 6 91 17 12 267

Lithuania (3) 2 0 228

Netherlands (36) 8 5 63 0 1 152

Norway (6) 0 1 0 0

Poland (23) 2 3 70

Portugal (22) 7 2 56

Slovakia (6) 1 2 58

Spain (79) 35 19 120 9 23 407

Sweden (7) 1 0 58

Switzerland (29) 5 10 57 0 1 147

United Kingdom (58) 27 20 91 2 14 235

All countries (1 151) 268 203 120 38 127 407
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Note: Maximum station in each city.
Vertical lines indicate the LVs of the EU Directive.
Hotspot stations: T – traffic; I – industry

Figure 2.6 Highest NO2 concentrations in cities in Europe (1999) with exceedance of EU limit values
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Note: (Numbers in brackets: number of stations.)
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NO2 tendencies (µg/m3). Nationally-averaged concentrations,
for stations with data reported to AirBase for all the years.
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2005
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SO2 in cities in Europe, 1999. Urban background (UB) stations Map 2.8

Sulphur dioxide

MAX 4
Urban background stations

>

≤
≤

LAT
> LAT and UAT
> UAT and LV
> LV and 50 % above LV
> 50 % above LV

≤
≤

B	��������	�������
�

�
	��	��
��
����������	��C��	�	��
��
���
��
�	�������	����	���������	�������)08,��
���������
��������
��������
	�	����������)�����0��,�

08�P�"73�G�(�%<�����P�13�G�(�%<�0���P�3*�G�(�%



42 Air quality in Europe

Map 2.9 SO2 in cities in Europe, 1999. Hotspot stations (industrial, traffic)
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Note: Maximum station in each city. 
Vertical lines indicate the LVs of the EU directives.
(T/I: traffic/industry hotspot stations).

SO2: Number of stations with exceedances of limit values (LV) of SO2 and with
concentrations between upper assessment threshold (UAT) and LV (1999).

Table 2.5

Country 4th highest 24-hour value 25th highest 1-hour value
Number of stations with 
concentrations

Highest
concen-
tration 

Number of stations with 
concentrations

Highet
concen-
tration 

(Total number
of stations)

C > 125 75 < C < 125 (µg/m3) C > 350 210 < C < 350 (µg/m3)

Belgium (47) 0 3 103 0 1 269
Bulgaria (2) 2 0 209 1 1 467
France (253) 11 27 327
FYROM (9) 1 5 167
Germany (385) 0 1 86 0 1 288
Italy (56) 1 4 134 2 2 393
Norway (8) 0 1 86
Poland (20) 2 10 144
Portugal (14) 2 3 244 1 3 587
Slovakia (7) 1 1 266
Spain (89) 3 8 159 2 5 452
United Kingdom (55) 0 1 75 0 1 261
All countries (1 241) 23 64 327 6 14 587

Cities with at least one station measuring SO2 concentrations
above or close to the relevant limit value, 1999.

Figure 2.8
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Figure 2.9
SO2 trend. Nationally averaged concentrations, for stations with data reported to AirBase for all the years. 
(Numbers in brackets: number of stations).
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CO at hotspot stations, 1999 Map 2.10
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Note: Highest station in each city.

Horizontal line indicates the LV of the EU Directive.
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Table 2.6 CO: Number of stations with concentration higher than the limit value (LV) and with 
concentrations between the upper threshold (UAT) and LV (1999).

Country 4th highest 24-hour value
Maximum 8-hour value

Number of stations with concentrations C

Maximum 8-hour value

(Total number
of stations)

C > 10 7 < C < 10 (µg/m3)

France (53) 3 10 11

Germany (273) 0 9 9

Greece (5) 4 1 19

Italy (68) 18 15 15

Lithuania (3) 0 2 9

Poland (10) 0 6 10

Portugal (14) 3 3 22

Spain (58) 7 7 20

United Kingdom (54) 0 1 8

All countries (674) 35 54 22

Figure 2.10 CO concentrations in cities in Europe (1999) with reported concentrations higher than the EU limit values

Urban hotspot stations, highest 8 hour average
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Averaging
time

Limit
value

Target
year

Annual
average

5 µg/m3 2010

Policy target indicator:

• Extent of area/cities where the benzene limit 
value is exceeded:
— Annual average
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Table 2.7 Summary of European benzene concentration data from 1995–97
(References: EC (1997b); Hagen (1999)).

Germany (1995)

Urban background 17 cities: Mean: 3.5 µg/m3 One station above LV

Traffic hotspots 33 stations: Mean: 9.2 µg/m3 All stations above LV

Industrial hotspot 1 station: 13 µg/m3 

Rural 6 stations 0.6–1.8 µg/m3 

Sweden (1995-96)

Urban background
(winter average)

43 cities/towns: Mean 3.5 µg/m3 One station above LV

Firenze, Italy (1996)

Urban background 2 stations: 6–9 µg/m3 Above LV

Traffic hotspot 1 station: 32 µg/m3 Above LV

Norway (1997–98)

Urban background 3 cities: 3.7–4.3 µg/m3 

Traffic hotspot 3 stations: 7.4–13 µg/m3 All stations above LV

Suburban 3 stations: 2.2–3.8 µg/m3 

The Netherlands

Modelled data, 
near road network

30 km of road have concentration >10 µg/m3 

Averaging
time

Value Target
year

EU Directive

Annual
average

0.5 µg/m3 2005

Policy target indicator:

• Extent of area with lead concentrations higher 
than the limit value: 
— Annual average concentration.
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2.2. Air quality and deposition as 
relevant to ecosystems
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Policy target indicators:

— Extent of areas with exceedance of the limit 
values for ecosystems protection (see Table 2.8).

— Annual Emissions of SO2 and NOx.
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Table 2.8 Ambient air limit values for ecosystem protection from acidifying components

Component Limit value Averaging period Target year

Sulphur dioxide 20 µg/m3 Year/winter 2001

Nitrogen oxides(1) 30 µg/m3 Year 2001

Table 2.9 Target emission reductions (in %) for EU Member States 1990–2010

EU NECD(1) UN ECE-CLRTAP(2)

EU15 All Europe(3)

Sulphur dioxide 77 75 65

Nitrogen oxides 50 49 44

Ammonia 15 15 17



Air quality in Europe 51

Produced  ETC-ACC/NILU October 2001

Produced  ETC-ACC/NILU October 2001
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Air concentrations of sulphur dioxide (SO2), annual average, µg/m3 1999 Figure 2.11

Air concentrations of nitrogen oxides (NOx), annual average, µg/m3 as NO2, 1999 Figure 2.12
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Policy target indicator:
• Annual emissions of SO2, NOx and NH3 

(pressure indicator, see Chapter 4).

Explaining indicators:
• The total annual depositions of acidifying and 

eutrophying components in 1999, i.e. of sulphur 
and of total nitrogen, the latter combining both 
oxidised and reduced nitrogen 
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Calculated EMEP-MSCW

Calculated EMEP-MSCW
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Total deposition of acidity, 1999 combined total sulphur and nitrogen,
expressed as H+ equivalents per ha per annum. Figure 2.13

Total deposition of eutrophying nitrogen (oxidised + reduced), 1999 (mg (N)/m2/y) Figure 2.14
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(1) Three-year averages.

Figure 2.15 Percentage reduction in annual sulphur deposition from 1990–92 to 1997–99(1)

Procentage redution in
sulphur deposition
1990/92 — 1997/99

Above
80
70
60
50
40
30
20
10

Below

>
–
–
–
–
–
–
–
–

90
90
80
70
60
50
40
30
20
10



Air quality in Europe 55

2.3. Air quality as relevant to 
materials 

� !"��	

��
�	��������
�
�������
(��	������	��
������

�����	���������������������
����	��	�	�����
���
���
��������
����	�
�
�
��	��
���
�
������
�����������	�
	��������

������	�����	��
���	�����	������	��
����
�����������
�������
�

�
�����-����
������	������
����
	��
�
��
��
������/�����	��	����������
�����
���
	�������
	�����
	���������������-�������
����
�	�
��)M���N�
�������
,�������	�������
	�
���	����
������	��������������	�
	��
�
��
�����
��������)M��	N�
�������
,��.�������
���-�����
��	������	�����-���������������
�
�
��������
��
�	����������	��
������
	��
�	���
���
������� ��������������	����	��	�������
	��	�����-	�������������������

������	���
��	������	��
���	���	����	���������������
��-	��������	������������
�����
�	����
�
���-�����
���9�
��������

������	���
�	�����

�������
��J���	�������+�����
����!��	��
�
��	���������	�����	�������
�	�
��
�-���
�	������
	�������������������-�����
��
�
������
��J���	�������
	��
���
������������
����������
����!��	��
�
�
	��
�
����	��
�����������-�����
���9�
��
�

�
	��	��
���
.�

�����	����	�����	��������E�
	�������
�
����
��
���
���	�����������������	������	����
	����������
���-��	��	���������	���	������	��
�
��	����
��������	��-	�
	��������
	��������

���
	������

# /�	���	��
*������

5������	����	����	����������������
�����
���
�����	��������
�
�������
��
�	����������
�
/����
�	����������������������

����������
����	����	��������
�
��������	�����������
�
�������������	����5(�/���/&��
�?�	�������
������������	��������	�������/&�
?������
���
��?����
��������
	����
���
��������?�
����)�5��/���7**",������
?�
�����
	����
���	���
�

��	�����

��	�����
��	�����
�������
�)L�,��
���	��������
��������
���	�������
	���)
,�������	�����
�����
��
�����
��
�������
�)L�,��
��������
)L� P 
 U L�,��������
�����
��
�������
�
��	��������������
�	��������	�������	����/��
�/&��
�?�	�����������������������
��	���
������"*	�����
�
	�������	������������

�������
���	������	�����
�����
������������
����
��
�������7�"*���������
�����
��

�������
���	������
�	����
�

��	�
�
��������

�
�	�
	��
����������������
�����
�����	���
��	����������������
�	������
��
	�	�����	�
������
��	���
��������
��������

C������	���
�

��	�����

��	�������	�����

�������
�
�
��������������������
	�����	��
������
�����
�	������������	������	�����
��
	���)
,��������������������������
	�����
�������
	����������	��������������������
��	�����
����	����������
��������	��������
���	�����
�������4� ��
��������
���������������#�������&D(�
���
�
��������	���

�����	������	��

��	�����
�������

Average deposition of nitrogen in precipitation:
12-month running average as a percentage of 1990 deposition. Figure 2.16

Average deposition of nitrogen in precipitation:
12-month running average as percentage of 1990 depositions
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Table 2.10 The values for the background corrosion rates (loss of material) 
as proposed in the ECE ICP on Materials programme.

Material 1-year background corrosion rate, Kb

Weathering steel 72 g/m2 (92 µm)

Zinc 3.3 g/m2 (4.6 µm)

Aluminium 0.09 g/m2(uneven pitting corrosion)

Copper 3.0 g/m2 (3.4 µm)

Bronze 2.1 g/m2 (2.4 µm)

Limestone 3.2 µm

Sandstone 2.8 µm

Map 2.11 Copper corrosion rates above the background rate (in %)
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Zinc corrosion rates measured at exposure sites (1997–98) classified in terms of
number of multiples above the background corrosion. Map 2.12

Source: 
NILU/EMEP-MSCW

Corrosion

Multiple factor n < 2 or corrosion rate < 6.6 g/m2

Multiple factor n: 2–3: or corrosion rate < 6.6 g/m – 9.9 g/m
Multiple factor n > 3 or corrosion rate < 9.9 g/m
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3. Impacts of air pollution

3.1. Impact on human health
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3.2. Impact on ecosystems 
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Note: Over the years the total population for which exposure estimates are made (right axis), increases strongly 
to about 50 million due to an increasing number of monitoring station reporting PM10 data. After 1996 routine 
monitoring of PM10 has been introduced in EU Member States in advance of the introduction of the first daughter 
directive.

Reference :http://themes.eea.eu.int/all_factsheets_box

(1) UAT (Upper Assessment Threshold) for PM10, NO2, CO and SO2 (long term)
UCL (upper classification level) for O3 and SO2 (short term)
(In absence of upper assessment thresholds for O3 and SO2 (hourly values), UCLs were set for O3 (at 100 µg/m3) 
and for SO2 (at 210 µg/m3) purely for classification purpose).

(2) 1-hour, 8-hour or day, dependent upon compound
(3) Annual average

– Not applicable

# -.������	���	��
�����������������


Figure 3.1
Exposure of urban population in EEA18 countries to PM10; exceedance days of 24-hour average PM10 
concentration above 50 µg/m3, all types of stations.

Table 3.1 Number of stations with exceedance of limit/ target values (LV/TV), and UAT/UCL(1), and maximum 
concentration measured relative to LV or TV (1999).

Total number 
of stations/
urban stations

No of stations >LV/TV No of stations between 
LV/TV and UAT/UCL

Ratio between Max and 
LV or TV

Short term(2) Long term(3) Short term Long term Short term Long term

PM10� 227/193 82 34 142 98 1.8 1.8

NO2 1 145/926 38 268 127 203 2 3

O3� 1 142/512 292 (TV) – 531 (UCL) – 1.6 –

SO2 1 241/850 6(h) – 14 (UCL) – 1.8 –

23(d) – 64 – 2.7 –

CO 673/673 35 – 54 – 2.2 –

Exposure of urban population to PM10
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Source: Air quality 
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Parameter Threshold value Accumulating period Comment Target Year

AOT 40

— EU Directive 18 000 µg/m3 .h May–July Target value, vegetation 2010

6 000 µg/m3 .h May–July Long term objective, 
vegetation

— CLRTAP 6 000 µg/m3 .h Growing season Long term critical level, 
crops and vegetation
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UB: Urban background stations
Hotspot: Traffic or industrial stations

� 0��������	��	�����


) �2��
��������	�����
&��
���5�1���	)��
��
������
�	���)���������
�'"60��	��-�����	�7����#���	��#����
��	�����
000�8�9����� �)
���+����������2:::���
����

�	�������
�
��������	���	�������
��	����
;
���-��
����+����
�����
�����	����������
�	���	���
�	����)������	���	������
�
�
���

#
��
������+������	���
����	������
��
���	����	��
/5<�$��
���
����"����
�����#
�
���"= �	��2��
000 8�9����
�)
��
��	��+�����������
����
��
��

����������������
��	������������
	���	�	���
�������	�	��
��������������	�����
�������
	�	�������	�
	�	�������
��
�	�����	����
����������"**�����2��
�������	�
��	����������
������	�����������
	�	������

��
	�����������
	���
����	����������
�������	��
���
�	���
�������	��������
��
����
�����������
��
��������
����

���������
�	�
������
���
���	������������������������	���������
���
���	������
����

�
��	������������
��
��
	��
����	����	����������
����������������
�		���	����
���	������������
	�����	������
���
������J������%�7������
�	������	����
	����
��	������
��-��������
����������������	�
�������
�
�����
�������
���)���0������	������7***,�

0��
�'�#�
�
���������4�	�����
��������
�1������
��������������
��
������1������#�

���4�29
�#�����������6��#��"���%
�%"����
����
��
��������'��
���� ����������������

�������2�����
��
����������4�	�����
����������
��������������������#����(�(������)))������������
����"������������))
��:���)))!�
������
�������'���
���������������1��������������
�
���
���������

�����4�	��������������
�������'��������

����������
���������������
���9�
����	������
���������������

��������	���������

��"##*��
�������������-
����

�����
��	�
��������������
�������
�
������������	���
������������
	�
��

�����	��	�����
������	�����������
�
�
�-
����

������������
�������������
�������	��
�����������������
���������������	���������
��	����
���
	����-
����

���

��������
�������������������������������	��
�������
�����	��������
��9�
������	����	��������
���
���������	������
�����������	��������	��
��

+����� ������������	�	��	�������������"�	���
��
�
���������
	�	��

� ������

.67��
��56-�������
�
��������������
���
����
����
������������
�������
	���
�
����	�	��
����
������������	��
����

������������
����������������	���������
���
������
����
��
���������	����
������
���
���	���
	�������0��������
	����
�������
��
��
�
����������������	�
���������
��	���������
���
�	�������������
��
�

�
	��	��
���
����	��
�����-��������
�����!��

�����
����
	�������
�������
���	����
�
��	����
����
�������
	���
����
	���2������
�	������
	������
�
���������������
������������������
	�����
�������
����
��	�����-��������	�������

�

�
	��	��
��
�
��
��
��
���
�
�����
	��

�	��������
�������	��
�����
������
���
��
��	������
��
�����
�������������������
�
����	�����.������
����	����������������

�	�����
���
�	��	�����������
��	��
�!��
	�	��
)	���
��	�
�������,�������	�
	�����������	�
��
������	��
�����	�����
��	�
�������������
�-
����������
���
�
	�������������
�
	�
���	����J����
������
��������	��
�	���

���
�	����������������
��	�����
�������
���	�<�
������	�����
�	��
��	����	���
���
�	��	���	������
�
��	�������������
�	����
���������������
�-
����

�����	�����������

Number of cities and their population with reported data and with stations above LV and UAT/UCL (1999).
Total European urban population: 234 million (in 29 EEA + PHARE countries). Table 3.2

Cities w/data Cities between LV/TV 
and UAT/UCL

Cities > LV Cities > 1.5 x LV or TV

No Popn No Popn No Popn No Popn

PM10 UB 80 44.3 56 39.1 24 5.2 5 0.51

(day) Hotspot 65 25 40 10

NO2 UB 360 100.0 81 31.2 45 41.5 7 21.3

(year) Hotspot 320 62 23 3

Ozone UB 406 102.0 198 38.9 114 29.4 0

(8-hour)

SO2 UB 366 94.7 14 4.4 6 0.7 3 0.25

(day) Hotspot 338 30 13 5

Indicator:

• Area of exceedance of ozone target levels:
— AOT40 for crops and vegetation
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Figure 3.2 Exposure above AOT40 threshold values for vegetation and crops around rural ozone stations 1999

Ozone exposure: AOT40 (May–July)
Interpolated 100 km around EMEP end Airbase rural stations
Reference period: 1999
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Reference: http://themes.eea.eu.int/all_factsheets_box
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Tendency in exposure of vegetation to ozone (exposure expressed as AOT40 in µg/m3. ha)
in EEA18 countries, 1990–99. Critical level is 6 µg/m3. ha.

Figure 3.3

EU criteria for deposition of acidifying and eutrophying components Table 3.3
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Ozone exposure of agricultural crops in EEA18
(critical level is 6 mg/m3.h)
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Calculations CCE-RIVM, depositions MSC-W

* Average accumulated exceedance of the 5-percentile critical load for acidity (eq/ha/yr).

Calculations CCE-RIVM, depositions MSC-W

* Average accumulated exceedance of the 5-percentile critical load for nutrient nitrogen (eq/ha/yr).

Figure 3.4 Exceedance of the critical load* for acidity, 1999

Figure 3.5 Exceedance of the critical load* for nutrient nitrogen, 1999
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Calculated by EMEP-MSCW

Calculated by EMEP-MSCW
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Percentage of sensitive ecosystems area in each country exceeding critical load for acidity, 1999. Figure 3.6

Percentage of sensitive ecosystems area in each country exceeding critical load for nutrient nitrogen, 1999. Figure 3.7

0

10

20

30

40

50

60

70

80

90

100

Net
he

rla
nd

s

Cze
ch

 R
ep

.

Ger
m

an
y

Hun
gar

y

Fr
an

ce UK.

Slo
va

kia

Lu
xe

m
bour

g

Polan
d EU

Belg
ium

Norw
ay

Bela
ru

s

Ire
lan

d
Ita

ly

Aus
tri

a

Sw
itz

er
lan

d

Sw
ed

en

Eur
ope

Fin
lan

d

Cro
at

ia

M
old

ova

Portu
gal

Den
m

ar
k

Bulg
ar

ia

Rus
sia

n 
Fe

d.

Ukr
ain

e
Sp

ain

Esto
nia

La
tv

ia

Lit
hu

an
ia

Slo
ve

nia

Bosn
ia/

Her
z.

Yu
gosla

via

Rom
an

ia

Alb
an

ia

FY
RM

ac
ed

onia

Gre
ec

e

0

10

20

30

40

50

60

70

80

90

100

Belg
ium

Cze
ch

 R
ep

.

Lu
xe

nb
ur

g

Lit
hu

an
ia

Fr
an

ce

Net
he

rla
nd

s

Ger
m

an
y

Polan
d

FY
RM

ac
ed

onia

Slo
va

kia

Slo
ve

nia

Bosn
ia/

Her
z.

Sp
ain

Ukr
ain

e

Sw
itz

er
lan

d

Bulg
ar

ia

Portu
gal

Ita
ly

Den
m

ar
k

Yu
gosla

via

Aus
tri

a

Gre
ec

e
EU

Alb
an

ia

La
tv

ia

Rom
an

ia

Cro
at

ia

Fin
lan

d

Hun
gar

y

Eur
ope

Bela
ru

s

Ire
lan

d

Esto
nia UK

Sw
ed

en

Norw
ay

Rus
sia

n 
Fe

d.

M
old

ova

Parties to LRTAP Convention

%



66 Air quality in Europe

Calculated by EMEP-MSCW
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Figure 3.8
Indicator of changing ecological impact: Areas of each country exceeding critical loads in 1990 and 1999 for: 
(a) acidity; (b) nutrient nitrogen.
(EEA18 except Iceland and Liechtenstein for which critical load data does not exist).
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3.3. Impacts on materials 
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4. Economic sectors and sources 
of air pollution

4.1. Contributions to emissions from 
economic sectors — an overview
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Sectoral contributions in the EU to emissions of pollutants
relevant to health, ecosystems and materials, 1999. Figure 4.1

Emission of Primary PM10 and PM10 precursors (NOx, SO2 and NH3).
Total and contribution from main sectors. 1990–99.

Figure 4.2
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4.2. Emissions of compounds 
relevant for health 
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Figure 4.3 EU-15 Emissions of NOx, Total and contribution from main sectors compared with targets (1990–99)
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4.3. Emissions of compounds 
relevant for ecosystems
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EU-15 emissions of ozone precursor gases (as tropospheric ozone formation potential, TOFP, equivalents)
total and contribution from main sectors compared with targets: 1990–99. Figure 4.4

Emissions of tropospheric ozone precursors
(CO, NMVOC, NO and CH ) 1990–1999x 4
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Figure 4.5 EU-15 SO2 emissions total and contribution from main sectors compared with targets: 1980–99
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EU emissions of acidifying gases (acid equivalents) total and contribution
from main sectors compared with targets: 1990–99. Figure 4.6

Emissions of eutrophying components, total and contribution from main sectors: 1990–99 Figure 4.7

Emissions of acidifying gases (SO , NO and NH ) 1990–19992 x 3
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5. Effects of policy responses
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Appendix 1

Table A.1.1
Number of stations for which 1999 data were accepted in AirBase 
for SO2, NO2, PM10, Pb, CO, O3 and benzene.

Country SO2 NO2 PM10 Pb CO O3 Benzene

Austria 117 109 50 103

Belgium 47 24 14 19 6 24 9

Bulgaria 2 2 3 7

Czech Republic 55 55 55 26 33

Denmark 9 5 6 4 7

Estonia 3 1 4

Finland 13 15 6 6 12

France 253 211 53 228

FYROM 9

Germany 385 371 24 273 326

Greece 5 3 5 7

Hungary 2 2 1 2

Ireland 6 2 11

Italy 56 61 5 68 75

Latvia 3 3 2

Lithuania 3 3 1 3 3

Netherlands 38 36 15 20 37 4

Norway 8 6 5 1 10

Poland 20 23 12 10 17

Portugal 14 22 3 14 17

Romania 23 14 8

Slovakia 7 6 3

Slovenia 5

Spain 89 79 28 2 58 107

Sweden 5 7 2 2 6

Switzerland 20 29 14 12 30

United Kingdom 55 58 48 54 69

All countries 1 241 1 151 232 35 674 1 142 13
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PM10 at rural stations.
The rural stations with the highest 36th highest daily PM10 value. Table A.2.1

Station name Country Coordinates 36th highest
daily value

ug/m3Latitude Longitude

Kuznia PL 50.208 18.617 69

Vernovice CZ 49.925 18.424 55

Vredepeel-Vredeweg NL 51.541 5.854 54.7

Philippine-Stelleweg NL 51.295 3.749 54.5

Westmaas-Groeneweg NL 51.788 4.451 54

Magadino CH 46.149 8.935 52.4

Wieringerwerf-Medemblikkerweg NL 52.805 5.051 52.2

Vsechlapy CZ 50.6 13.78 49
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Appendix 3
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Table A.3.1 Ozone at rural stations.
The rural stations with the highest 26th highest daily 8-hour value.

Station name Country Coordinates 26th highest
daily value

Latitude Longitude

Varenna IT 46.009 9.286 179

Tenuta del Cavaliere IT 41.94 12.66 159

Stuelegg CH 47.395 9.395 158

Lacchiarella IT 45.324 9.138 158

Castel di Guido IT 41.9 12.29 151

Magadino CH 46.149 8.935 146

Plandaups FR 43.33 5.716 146

Viznar ES 37.238 -3.474 145

Corte dei Cortesi IT 45.28 10.004 145

Montegaza IT 46.083 10.959 143

SchwarzwaldSüd DE 47.809 7.765 141

Stpriest FR 45.7 4.913 138

Schmücke DE 50.656 10.771 138

Fichtelberg DE 50.429 12.955 138

Hochwurzen AT 47.358 13.633 136

Keldsnor/9055 DK 54.733 10.717 136

BurgHerzberg(Grebenau) DE 50.772 9.461 136

2F78 FR 48.583 1.883 136

GroßerEisenberg DE 50.62 10.789 134

Cabocreus ES 42.319 3.317 134

Schlucht FR 48.052 7.001 134

Sniezka PL 50.733 15.733 134

GerlitzenSteinturm AT 46.684 13.902 134

InnsbruckNordkette AT 47.306 11.378 133

WelzheimerWald DE 48.886 9.574 133

Brocken DE 51.8 10.618 133

Sonnblick AT 47.054 12.958 133

Miramasle Vieux FR 43.563 5.024 133

RudolicevHorach CZ 50.58 13.42 132

Witzenhausen/Wald DE 51.294 9.776 132
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