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•

Air pollution, mainly by fine particles and
ground-level ozone, continues to pose a
significant threat to human health: it shortens
average life expectancy in WCE by almost one
year and threatens the healthy development of
children.

•

In EECCA, the poor quality of the data
precludes in-depth assessment of the state of
air quality and its consequences. The limited
data available indicate that the main health
threat, as in WCE, is from small particles and
their toxic constituents.

•

In EECCA, emissions of most air pollutants
have increased by more than 10 % since 2000
as a result of economic recovery, increase in
transport, and the persisting poor effectiveness
of air pollution protection policies. Emission
projections for 2010 and 2020 expect a further
increase, and greater efforts will be needed to
achieve levels of air quality that do not give
rise to significant threats to human health and
the environment.

•

In WCE and SEE, emissions of air pollutants
are projected to decline during the next
two decades as a result of progressive
implementation of current and envisaged
emission control legislation and continuing
structural changes in the energy system.
The largest projected reductions are for
energy‑related emissions, especially SO2, NOX,
VOCs and primary PM2.5, with lower reductions
for emissions from agriculture.
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•

The projected emission reductions in WCE
and SEE will reduce impacts on public health
and ecosystems significantly by 2020, but
not enough to ensure no significant threats to
human health and the environment.

•

The main contributor to air pollution in cities
is the continuing growth in road transport.
Emissions from industry, power production
and households also contribute substantially in
urban areas in many parts of EECCA, central
and eastern parts of WCE, and SEE.

•

Emissions from shipping are projected to
exceed emissions from land-based sources in
the near future.
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2.2.1 Introduction
Despite a substantial body of international and
national legislation and significant reductions in
the emissions of some common pollutants, poor
air quality is still causing hundreds of thousands
of premature deaths in Europe every year and
continues to damage crops and ecosystem health.
Air pollution by fine particles represents the highest
risk to public health in all regions, higher than that
of other air pollutants. The estimated annual loss
of life is significantly greater than that due to car
accidents.
However, current air quality protection policies in
the EU (and SEE) and in EECCA are not yet focused
on the need to abate air pollution by fine particles
directly and effectively and thus need significant
revision and improvement.
Acidification and eutrophication of ecosystems
by air pollutants and exposure of vegetation to
excessive concentrations of ground-level ozone
continue to exceed critical loads and levels. They
still pose a serious threat to the environment and
agricultural production in many parts of Europe.
Strategic development of the UNECE Convention
on Long-range Transboundary Air Pollution
(CLRTAP) and of EU air pollution protection
policies needs to be focused mainly on reducing
particulate pollution and on the linkages between
air pollution and climate change. The emissions
targets currently being discussed also recognise the
need for substantial improvements in the protection
of ecosystems and vegetation against acidification,
eutrophication and ground-level ozone.

2.2.2 Progress in air quality
protection policy since Kiev
Air pollution issues in the UNECE region are
addressed by the Convention on Long-range
Transboundary Air Pollution (CLRTAP), which has
been one of the main means of protecting public
health and the environment from the harmful effects
of air pollution across the region.

All the WCE countries, and Bulgaria and Romania,
are parties to CLRTAP and almost all have signed
protocols under the Convention. Nine EECCA
countries — Armenia, Azerbaijan, Belarus, Georgia,
Kazakhstan, Kyrgyzstan, the Republic of Moldova,
the Russian Federation and Ukraine — are parties
to the Convention. Belarus, the Russian Federation
and Ukraine have accepted the first three protocols.
In 2002 the Republic of Moldova ratified protocols
on heavy metals and POPs. The western Balkan
countries are parties to CLRTAP. Croatia has
ratified the 1994 Protocol on sulphur and signed
protocols on heavy metals, POPs and the 1999
Protocol to abate acidification, eutrophication
and ground-level ozone — the Gothenburg
'multi‑pollutant' Protocol.
By March 2005, sixteen parties (most EU and
EFTA countries, and Bulgaria and Romania) had
ratified the Gothenburg Protocol. The ceilings of
the Gothenburg Protocol represent cost-effective
and simultaneous reductions of acidification,
eutrophication and ground-level ozone. There has
been no progress in ratification of the Gothenburg
Protocol in EECCA since the Kiev assessment.
Air quality is one of the environmental areas in
which the European Community has been most
active. A thorough overhaul of legislation was
carried out in the 1990s with the aim of developing
a coherent and comprehensive EU strategy through
the twin-track approach of long-term air quality
objectives together with overall and specific limits
on emissions. Further streamlining of air quality
legislation is under negotiation (see Section 2.2.6
below).
During the period 1999–2004 the Framework
Directive 96/62/EC (FWD) on ambient air quality
assessment and management (EC, 1996) was
complemented by four daughter directives (EC,
1999; EC, 2000; EC, 2002 and EC, 2004). The FWD
sets common objectives and basic principles,
and the daughter directives set limit and target
values for pollutants listed in the FWD. Together
these directives aim at establishing a harmonised
structure for assessing and managing air quality
throughout the EU.
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The air quality directives require EU Member
States to assess air quality throughout their
territory. For zones and agglomerations where
the levels of one or more pollutants are higher
than the limit value, they are required to develop
plans and programmes aimed at attaining the
limit values within the set time limit. In addition
to establishing limit or target values and alert
thresholds for the identified pollutants, the
daughter directives aim to harmonise monitoring
strategies, measuring methods, calibration and
quality assessment methods in order to arrive at
comparable measurements throughout the EU and
provide effective public information.
Parallel to the CLRTAP Gothenburg 'multipollutant' Protocol is the EU National Emissions
Ceilings Directive (NECD) (EC, 2001). NECD is a
key element of EU legislation on emissions: it sets
emission ceilings for sulphur dioxide, nitrogen
oxides, ammonia and volatile organic compounds
(VOCs) to be attained by 2010. Under this
directive, Member States are obliged each year to
report their national emission inventories and their
projections to 2010 to the European Commission
and the European Environment Agency. They
must also draw up national programmes in order
to demonstrate how they are going to meet their
emission ceilings by 2010. To achieve emission
reductions, the EU has developed legislation
aimed at reducing emissions from specific
economic and societal source categories. The most
important is the legislation to control emissions
from large point sources (LCP Directive) and road
vehicles (EURO emission standards).
In 2001 the European Commission launched the
Clean Air for Europe (CAFE) programme. The
main tasks of CAFE are to inform and assist
the development of a thematic strategy on air
pollution towards the long-term objective of the
Sixth Environment Action Programme (6EAP),
which is to achieve levels of air quality that do not
give rise to significant negative impacts on and

risks to human health and the environment, and
to assess progress towards this objective. CAFE
addresses health and environmental problems
related to fine particles (1), ground-level ozone,
acidification and eutrophication.
The need to revise current air quality protection
legislation was revealed by analysis under the
CAFE programme that showed that the health
risk of pollution by fine particles was at least an
order of magnitude higher than that of the other
pollutants (WHO, 2004a and 2004 b; CAFE WG,
2004). In terms of lives lost the impacts are even
higher than those of car accidents (Amann et al.,
2004; 2005). Neither the NEC Directive nor the
Gothenburg Protocol addressed the issue of air
pollution by particulate matter.
Air quality protection policy in SEE is driven by
the overall goal of joining the EU, and efforts
and cooperation have focused mainly on this
process. The countries and territories of the region
are at various stages of accession or association
and stabilisation. Bulgaria and Romania became
Member States in 2007 and were obliged to fully
harmonise their air quality protection legislation
with the EU within the framework of the accession
process. As EU accession is also a priority for
the rest of the western Balkan countries, there is
relatively good information on the process of legal
transposition and institutional development at the
national level. Obviously, the SEE countries will be
obliged to harmonise their air quality and emission
reduction targets with the EU (UNDP, 2007). Aid
to the region, including for the harmonisation
process, has been streamlined through the
CARDS programme (Community Assistance for
Reconstruction, Development and Stabilisation).
In EECCA, ministers have adopted the EECCA
Environment Strategy (UNECE, 2003) which
provides a political framework similar to the 6EAP
for the EU.

(1) The WHO Systematic Review of Health Aspects of Air Pollution in Europe (WHO, 2004a) indicates that many studies have found that
fine particles (PM2.5 — airborne particles smaller than 2.5 µm) have serious effects on health, such as increases in mortality rates
and in emergency hospital admissions for cardiovascular and respiratory reasons. Up to now, coarse and fine particles have been
evaluated and regulated together, as the focus has been on PM10 (airborne particles smaller than 10 µm). However, the two types
have different sources and may have different effects. The systematic review therefore recommended that consideration be given to
assessing and controlling coarse as well as fine particles PM2.5.
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In the area of air quality protection, the EECCA
strategy is focused mainly on improving
environmental legislation, policies, and the
institutional framework. One of the objectives
is the optimisation of environmental quality
standards: to ensure that the substances
regulated can be effectively monitored, and to
set realistic standards based on risk management
considerations and internationally accepted
norms. To reduce the risks to human health, the
EECCA strategy aims to implement pollution
prevention and control procedures similar to the
EU Integrated Pollution Prevention and Control
(IPPC).
The Environment Strategy identified several urban
air pollution problems:
•

•
•
•
•
•

the major impacts on human health,
particularly from pollution from mobile
sources;
the weakness of air quality control systems;
excessively strict ambient air quality
standards (2);
weak technological capacity, resulting in higher
emissions;
lack of economic incentives to reduce
emissions per unit of output; and
inadequate regulation of road transport
emissions.

There is no evidence of progress on air pollution
control. Overall, the problems identified in the
EECCA strategy persist. EECCA countries still face
a major environmental policy and institutional
reform challenge. Institutions suffer from
weak authority, scarcity of resources, outdated
management, high turnover of professionals
and frequent restructuring, thereby lacking
both the incentives and the means to ensure the
achievement of environmental improvements.
Policies in general, and specifically related
to air quality protection, do not have specific

targets, rely on unreformed or poorly combined
instruments, and are often dominated by
revenue‑raising objectives. Environmental
legislation is extensive but inconsistent and
unenforceable. And compliance levels are very low
(OECD, 2007).
A large number of policy measures can be applied
to manage air quality. Some of these are under
the purview of environmental authorities but
many are the responsibility of other ministries or
even local authorities. For example, as emissions
from power generation are determined both by
generation technologies and the level of electricity
demand, energy efficiency measures, generally a
responsibility of energy ministers, constitute an
important part of a comprehensive approach to air
quality management (OECD, 2007; and Section 7.3
of this report). Progress with transport-related
policy measures (such as product standards for
fuel and vehicles, fuel taxation and banning of
leaded fuels) is discussed in Section 7.2 of this
report (see also OECD, 2007).

2.2.3 Atmospheric emissions
Particulate matter and ozone are the main threats
to public health. This part of the report therefore
focuses mainly on emissions of particulates
(primary PM10) and particulate precursors (SO2,
NOX and NH3), and on emissions of the precursors
of ground‑level ozone (NOX, NMVOC, CO and
CH4), and less on emissions of acidifying (SO2,
NOX and NH3) and eutrophying gases (NOX and
NH3).
Emission trends

Figure 2.2.1 shows the general trend of emissions
of primary particles and particulate precursors and
ozone-forming substances in EECCA, WCE and
SEE for 2000–2004, and projections to 2020 (EEA,
2006b). The bars show the quantities emitted,

(2) The EECCA countries use the maximum allowable concentrations (MAC) and Guiding Safe Exposure Levels established by the
Ministry of Health of the former USSR 30–40 years ago as air quality standards. Some EECCA countries have recently updated and
supplemented these standards. In the Russian Federation, for instance, the Ministry of Health approved a health standard in 2003
listing MACs for some 660 substances (MoH USSR, 1983). While an assessment of the hazards presented by such a broad range of
pollutants might be justified, their comprehensive and regular control is extremely difficult and costly. However, attainment of MACs
is not legally binding as is the case for EU limit values. A comparison of MACs with EU limit values and WHO standards is given in
Table 2.2.2. From this comparison it is evident that for basic pollutants MACs are not stricter than WHO standards or EU limits or
target values.
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Figure 2.2.1

Emission trends and projections by region
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2000–2004 emission data: official country reports to UNECE/EMEP.
2010–2020 emission projections (CAFE baseline current registration with climate policies): IIASA/RAINS, 2004.

scaled to take into account their contribution to the
formation of particulate matter, ground-level ozone
and acidifying and eutrophying gases (3). Table 2.2.1
shows the percentage changes (2000–2004) for the
most important pollutants.
In WCE, despite continuing economic growth,
legislation on air quality, together with associated
abatement measures and economic instruments,
have led to a continuing decrease in emissions of
air pollutants since 2000. In SEE, emissions do not
indicate any clear trend since 2000.
In EECCA, economic recovery and the growth
in transport since 2000 have led to increases in
the emissions of most air pollutants, because of
the poor effectiveness of protection policies. The
reported decrease in SO2 emissions in EECCA since
2004 is only due to decrease in these emissions in
Ukraine and Belarus. Reported SO2 emissions from
other EECCA countries have increased slightly
or remained constant over this period. The major
problem for the urban environment has been the
rapid increase in private transport. In capitals
such as Ashgabat, Dushanbe, Moscow, Tbilisi
and Tashkent, transport is the dominant source

of air pollutants — more than 80 % of the total.
Mobile sources are also important in other large
cities including metropoles such as Baku, Bishkek,
Chisinau, Kiev, Minsk and Yerevan. The main
causative factors include the age of the vehicle fleet,
low quality and high sulphur content fuel, poor
infrastructure and maintenance, and a declining
share of public transport. Industrial sources have
declined in importance, but remain relevant and
difficult to address.
The EU-15 as a whole is making good progress
towards meeting the 2010 targets of the NEC

Table 2.2.1

Pollutant

Percentage changes in emissions,
2000–2004
WCE

SEE

EECCA

NOX

– 8.7 %

+ 5.7 %

+ 13.1 %

SO2

– 19.6 %

+ 1.5 %

– 10.3 %

VOC

– 13.6 %

– 12.3 %

+ 11.2 %

– 2.6 %

– 5.7 %

– 14.4 %

– 11.3 %

– 2.1 %

+ 11.5 %

– 9.7 %

+ 2.2 %

+ 12.6 %

NH3
TOFP
PM10

(3) Acidifying substances: the pollutants (SO2, NOX and NH3) are each weighted by an acid equivalency factor prior to aggregation to
represent their respective acidification potentials. These factors are: w(SO2) = 2/64 acid eq/g = 31.25 acid eq/kg, w(NOX) = 1/46
acid eq/g = 21.74 acid eq/kg and w(NH3) = 1/17 acid eq/g = 58.82 acid eq/kg.
Tropospheric ozone formation: the relative impact of the combined contribution of NOX, NMVOC, CO and CH4 can be assessed based
on their tropospheric ozone forming potentials (TOFP). These are: 1.220, 1.000, 0.110 and 0.014, respectively.
Particle formation: emissions are estimated using the following aerosol 'formation factors': primary PM10 = 1, NOX = 0.88,
O2 = 0.54 and NH3 = 0.64. (EEA, 2006b; de Leeuw, 2002).
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Directive, but additional effort is still required in
order to meet the targets for particular pollutants
(mainly NOX). The new Member States have made
excellent progress in terms of meeting their NEC
Directive targets, with seven countries already
having met them. NOX and NMVOC emissions
reductions are due mainly to the continuing
introduction of catalytic converters for cars and, for
NMVOCs, and implementation of the EU Solvents
Directive in industrial processes.
Between 2005 and 2020 emissions in Europe
overall are projected to decline further. The largest
reduction (35 %) is projected for WCE. In SEE,
emissions are also projected to fall by 27 % over the
period as a result of harmonisation of air quality and
emission reduction targets with the EU. Emissions in
EECCA are projected to be higher in 2010 than those
reported for 2004, and by 2020 to have increased
slightly above the 2010 levels (IIASA/RAINS, 2004;
Vestreng V. et al., 2005).
Ozone precursors

The WCE region was responsible for 70 % of total
ozone-forming gases (expressed as TOFP) emitted
in 2000 and 65 % in 2004, and the EECCA region for
20 % in 2000 and 24 % in 2004.
Transport (Figure 2.2.2) is the dominant source and
contributed 44 % of total emissions in Europe in
2004, followed by energy (26 %) and industry/other

Figure 2.2.2

PM precursors and primary PM10 emissions

The most important sources of PM precursor
emissions in 2004 (Figure 2.2.2) were the energy
(49 %) and transport sectors (25 %), followed by
industry (15 %) and agriculture and waste (11 %).
The most important contributors to particulate
formation were emissions of NOX (49 %) and
SO2 (27 %). Most of the reductions in emissions
of primary PM10 and secondary PM precursors
between 2000 and 2004 were in the energy supply
and road transport sectors.
Emissions of primary PM10, and secondary PM
precursors are expected to decrease as further
improved vehicle engine technologies are adopted
and stationary fuel combustion emissions are
controlled through abatement or use of low‑sulphur
fuels such as natural gas.
Acidifying and eutrophying precursor
emissions

The most significant sources of emissions of
acidifying and eutrophying gases in 2004 were

Sectoral contribution in 2004 to PM10 (left) and ozone-generating substances (right)

PM precursor emissions per sector in Europe, 2004
(percentage of total)
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(26 %). The shares have not changed since 2000
except for the transport sector where non-road
transport emissions increased by 12 % while road
transport emissions decreased by 10 %. NMVOCS
and nitrogen oxides were the most significant
pollutants contributing to the formation of
ground‑level ozone in 2004.
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energy, agriculture and waste, followed by road
transport and industry. In 2004, the relative
weighted contributions of acidifying substances
were: SO2 42 %, NOX 32 % and NH3 27 %. Between
2000 and 2004, emissions of acidifying substances in
EECCA decreased by 5.2 % and in WCE by 10.7 %.
In SEE they increased slightly, by 1.6 %. During
the same period, eutrophying emissions decreased
in WCE (by 5.8 %) and EECCA (by 0.5 %) and
increased in SEE (by 3.8 %).
Emissions from shipping

Emissions from international shipping and
aviation are not subject to the policy controls of
the Gothenburg Protocol and the NEC ceilings,
so are not included above. A baseline scenario
developed by the Environmental and Engineering
Consultancy company (ENTEC) (ENTEC, 2002;
2005) clearly shows that emissions of all pollutants
from international shipping are likely to increase
dramatically. Projections suggest that emissions
of NOX in 2030 will be 87 % higher than in 2000,
increasing by 25 % between 2020 and 2030. SO2
emissions may be 82 % higher, increasing by
almost 30 % between 2020 and 2030. Emissions of
NMVOCs, PM10 and PM2.5 are projected to more
than double between 2000 and 2030, with substantial
increases between 2020 and 2030. Shipping
emissions seem likely to exceed all land-based
emissions in the near future. The scope for reducing
emissions of NOX and SO2 from shipping through
best available technology is very large: 88 % and
78 %, respectively, by 2030.

Figure 2.2.3 shows recent changes in the percentages
of urban populations exposed to concentrations of
SO2, NO2, ozone and PM10 over the limit and target
values (4) in EEA member countries (except Turkey).
In the period 1997–2004, 23–45 % of the urban
population was potentially exposed to ambient
air concentrations of PM10 in excess of the EU
limit value set for the protection of human health.
There was no discernible trend over the period.
Meteorological variability may explain a significant
part of the slightly increasing trend since 2000.
For ozone there is considerable variation from year
to year. During most years, 20–25 % of the urban
population was exposed to concentrations above
the target value. In 2003, a year with extremely high
ozone concentrations due to specific meteorological
conditions, this increased to about 60 %.
The situation for NO2 is improving, with about
25 % of the urban population in WCE, Romania and
Bulgaria now potentially exposed to concentrations
above the limit value.
The percentage of the urban population exposed
to SO2 concentrations above the short-term limit

Figure 2.2.3

Percentages of the urban population in
WCE, Bulgaria and Romania exposed to
air pollution over the limit and target
values

% of urban population
100

2.2.4 Ambient air quality
Trends in air quality in WCE and SEE

Despite continuing reductions in the emissions of
atmospheric pollutants in WCE (and in some SEE
countries), exposures of the urban population have
not improved significantly since the late 1990s.
Across Europe, people are exposed to levels of air
pollution that exceed air quality standards set by the
EU and the World Health Organization (WHO). This
occurs mainly within urban/suburban areas, and for
PM10 and ozone also in rural areas.
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(4) Limit values are: PM10 — 50 µg/m3 24-hour average not to be exceeded for more than 35 days; NO2 — 40 µg/m3 annual average;
SO2 — 125 µg/m3 24-hour average not to be exceeded for more than 4 days; O3 — 120 µg/m3 8-hour daily maximum not to be
exceeded for more than 25 days averaged over three years (EC, 1999).
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values decreased to less than 1 % and the EU limit
value is thus close to being met.
The patterns and significance of exposures to
traditional traffic-related toxic pollutants in WCE
are changing. Lead is becoming more related to
isolated industrial sources. Carbon monoxide
no longer appears to be an issue. Only benzene
remains specifically related to traffic. There is
potential for exceedances of the target values for
the heavy metals cadmium and arsenic from the
industry and heating sectors in both urban and
rural areas (EEA, 2007a).
An increasing trend in the number of exceedances
of daily limit SO2 concentrations (125 µg/m3) has
been reported in recent years in Serbia (see also
Box 2.2.1). More than 25 % of the urban population,
and about 27 % in Bosnia and Herzegovina, is
exposed to exceedances lasting more than four
days. The highest urban NO2 annual concentration
in Bosnia and Herzegovina in 2004 was 32 µg/m3.
The annual limit value of NO2 was not exceeded.
The limits referred to are the EU limit values (EEA
data service, 2007).

in all countries for many years, the lack of data of
sufficient quality precludes in-depth assessment
of the state of air quality in the region. The EECCA
countries have redesigned their monitoring
systems in recent years, but lack of funds has
inhibited any major progress. Obsolete measuring
methods are therefore still widely in use (UNECE,
2006). Monitoring is under the control of different
authorities with often poorly-defined responsibilities
(WHO, 2005b) and/or very different functional
competences. Monitoring of small particles (PM10
and PM2.5) and ozone is limited at present. Positive
examples are Moscow (Box 2.2.2) and St. Petersburg.

Box 2.2.2 Air quality monitoring system in
Moscow
The air quality monitoring system in Moscow is based
on 28 automatic control stations (ACS) that measure
concentrations of the 18 most important pollutants
— including PM10 and ozone. ACSs monitor air quality
at all types of sites — residential, industrial, and sites
along highways and in zones of protection.
All data from ACSs are sent to an information
analytical centre — Mosecomonitoring — a state
environmental protection enterprise.
(http://www.mosecom.ru/).

Box 2.2.1 Exceedance of air quality limit values
in urban areas in Serbia
Anthropogenic air pollution has been and continues
to be viewed as a serious environmental and public
health problem in Serbia. Air quality controls,
performed in Vojvodina since 2000, included larger
industry centres as well as small settlements where
ambient air pollution from different sources was
possible. The measurements encompassed 45 % of
the population of Vojvodina. The highest percentages
of the population exposed to exceedances of air
quality limit values were for nitrogen dioxide (92 %),
soot (78 %) and sulphur dioxide (72 %). Given that
all the monitoring sites are of the urban type, it can
be concluded that the main sources of these pollutants
are traffic and exhaust gases from individual heating
stoves (Vujic et al., 2006).

Air quality in EECCA

Air pollution is among the most serious
environmental problems faced by cities in
EECCA. Although air quality has been monitored

There is no mechanism for exchanging air quality
monitoring data in EECCA like the one in place
in the EEA region. Some ambient air quality
data have been found in various national 'state
of environment' reports and websites (Bel NIC,
2006; Roshydromet, 2005; Statistica Moldovei,
2006). Seven EECCA countries (Azerbaijan,
Belarus, Kazakhstan, Kyrgyz Republic, the
Republic of Moldova, Ukraine and Uzbekistan)
have provided 'official' urban air quality data for
basic pollutants for 2004 within the framework
of the TACIS project (5). Azerbaijan, Kazakhstan
and the Republic of Moldova have also provided
these data for 2000–2004 (Figure 2.2.4). Though the
data do not cover the whole region, they indicate
high levels of pollution by particulate matter
(monitored as total suspended particles (TSP)) and
by nitrogen dioxide. Figure 2.2.4 shows that in 2004

(5) TACIS Project (2006–2007). Support to the European Environment Agency data collection in EECCA, funded by EC.

EUROPE'S ENVIRONMENT | THE FOURTH ASSESSMENT

25

Environment and health and the quality of life | Air quality

the urban populations in Azerbaijan, Kazakhstan,
Ukraine and Uzbekistan were exposed to average
TSP concentrations exceeding the maximum
allowable concentration (MAC) (6) (150 µg/m3).
Population‑weighted annual urban concentrations
of NO2 in these countries (including the Republic
of Moldova) show an increasing trend, and in 2004
exceeded the MAC (40 µg/m3, equal to the WHO
guideline).
The data indicate that large cities and industrial
centres, e.g. Almaty, Karaganda, Aktobe,
Shymkent, Ust-Kamenogorsk, Ridder and Temirtau
in Kazakhstan, Dniprdzerzhinsk, Donetsk,
Dnipropetrovsk, Krasnoperekopsk, Kryvyi Rih,
Mariupol and Zaporozhia in Ukraine, Tashkent
in Uzbekistan and others, regularly exceed the
MACs for TSP, NO2 and other pollutants. The
reasons for high air pollution levels in these cities
are outmoded production technologies, ineffective
sanitation facilities, low-quality fuel, and little use
of renewable and alternative energy sources.
In the Central Asian republics, TSP concentrations
are also high as a result of elevated concentrations
from desertification, desert dust and the dried Aral
Figure 2.2.4

Sea bed, which add to the impacts of particulates
from cheap, low-quality coal used for power
generation and from road transport (see also
Box 2.2.3).
The levels of air pollution in the largest cities of the
Russian Federation, expressed as an air pollution
index (API) (7), have increased over recent years,
mainly as a result of an increase in air pollution
by benzo(a)pyrene in these cities. The number
of cities with concentrations of benzo(a)pyrene

Box 2.2.3 Atmospheric air pollution in
Kyrgyzstan
The problem of atmospheric air pollution in
Kyrgyzstan is basically a local one, peculiar to large
cities and industrial centres, particularly Bishkek.
Despite significant reductions in production,
air quality in Bishkek remains unsatisfactory,
with high levels of formaldehyde, particulate
matter and benzo(a)pyrene. Annual average
concentrations of formaldehyde exceed the MAC
5 to 8 times, of particulate matter 3 to 4 times,
and of benzo(a)pyrene 30 to 60 times. The main
contribution to air pollution today is the transport
sector, with a steady increase over recent years.

Population-weighted annual average concentrations of TSP, SO2 and NO2 in some EECCA countries
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Officially delivered data from the hydrometeorological offices of the EECCA countries.

(6) See footnote 2.
(7) Air pollution index, API: ECE/CEP/AC.10/2006/3, UNECE, 2006 (GOST 17.2.3.01-86).
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over the MAC has also increased during the
last five years (to 47 % in 2004). This increase is
assumed to be caused by forest fires, an increase
in industrial production without implementation
of appropriate abatement measures, an increase in
the use of diesel cars, and waste incineration. High
concentrations of benzo(a)pyrene are observed
in the winter months, which reflects increased
consumption of solid fuels for domestic heating
(Roshydromet, 2005).

35 days per year (Map 2.2.1). The highest urban
concentrations were observed in Belgium, Bulgaria,
the Czech Republic, Greece, Hungary, Italy,
Luxembourg, the Netherlands, Poland, Portugal,
Romania, Spain as well as in the cities of the
western Balkan countries.
Estimates based on of the EMEP unified Eulerian
model for 2000, 2002 and 2003 show that regional
as well as urban background PM10 concentrations
persistently exceeded the limit of 50 μg/m3 on
more than 35 days in a year in several locations
(Po Valley, parts of Belgium and the Netherlands
countries and the southern coast of Spain) (EMEP,
2006).

Air pollution by particles

Many areas in WCE and SEE, particularly urban
areas, experience daily average PM10 concentrations
in excess of 50 µg/m3 on more than the permitted

Map 2.2.1

Map of PM10 concentrations in WCE and SEE, 2003, showing the 36th highest daily values at urban
background sites superimposed on rural concentrations. Maps constructed from measurements and
model calculations (EEA-ETC/ACC Technical Paper 2005/2008)
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Figure 2.2.5 compares annual average PM10
concentrations to which the population was
exposed in 2004 in various EU, SEE and EECCA (8)
countries. Monitored data are displayed together
with modelled urban population-weighted PM10
concentrations, calculated by the Global Model
of Ambient Particulates (GMAPS) (Pandey et al.,
2005) (9).

Figure 2.2.5

Observed as well as modelled PM10 data indicate
that the pollution levels by small particles in
the cities of most WCE, SEE (see also Box 2.2.4)
and EECCA countries are higher than the WHO
guideline — with corresponding health effects in
the populations in these cities.

Average annual population-weighted PM10 urban concentrations in WCE and SEE countries, and
population-weighted PM10 concentrations based on monitored TSP concentrations in EECCA.
Comparison of monitored data with PM10 concentrations modelled by the Global Model of Ambient
Particulates (GMAPS)
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Population weighted PM10 annual average 2004

Population weighted PM10 as TSP*0.5, annual average 2004

PM10 GMAPS 2002

EU limit value

WHO guideline

EU data — Eurostat Structural indicators: Urban population exposure to air pollution by particulate matter. Population-weighted annual
mean concentration of particulate matter. http://epp.eurostat.ec.europa.eu/portal/page?_pageid=1133,47800773,1133_47802558&_
dad=portal&_schema=PORTAL. The source of PM10 annual average concentrations in the EU and SEE countries (Bulgaria, Romania and
Serbia* (data available for Serbia only) was AirBase. EECCA — officially delivered data from the hydrometeorological offices of the
EECCA countries and data from some SoER of the EECCA; MNR RF, 2006.

(8) Annual PM10 concentrations in EECCA countries were estimated on the basis of observed TSP concentrations. The monitored TSP
concentrations were multiplied by a conversion factor of 0.5 which are applied in epidemiological studies (Reshetin and Kazazyan,
2004; Strukova et al., 2006) to estimate PM10 if only monitored data on total suspended particles (TSP) are available (see also
WHO, 2005a; CAFE WG, 2004).
(9) With exception of Belarus, observed TSP concentrations in EECCA countries are quite high comparing with the modelled data.
Generally applied sampling procedures — 20 minutes three or four times a day — seem to lead to rather unreliable, and to some
extent, systematically overestimated results (UNECE, 2006).
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Box 2.2.4 PM10 concentration in SEE
Air quality investigation in the Belgrade urban area
has shown that annual PM10 concentrations are
significantly higher (77 µg/m3 annual mean) than
in most other European cities. The main sources of
suspended particles are traffic, power stations, local
heating and dust re-suspension (Tasić et al., 2006).
Monitoring data collected in Albania in the
framework of the CARDS project also indicate very
high levels of air pollution by particles — the PM10
population‑weighted annual mean in 2004 was more
than 100 µg/m3. However, the quality of the data is
unknown and questionable (EEA data service, 2007).

2.2.5 Impacts of air pollution
Health impacts

The impacts of air pollution on human health can
be expressed in terms of a reduction in average
life expectancy, additional premature deaths
and hospital admissions, and increased use of
medication and days of restricted activity. On the
basis of the anthropogenic emissions in 2000, EU's
CAFE programme estimated a total of 348 000
premature deaths per year due to exposure to
anthropogenic PM2.5. At this level of exposure,
average life expectancy is reduced by approximately
one year. However, in the most affected areas of
Belgium, the Netherlands, northern Italy, and parts
of Poland and Hungary, the average loss of life
expectancy may reach two years (Watkiss et al., 2005)
(see Map 2.2.2, left, in Section 2.2.6).
The potential health benefits of reducing annual
mean PM2.5 levels from the current observed
values to 25, 20, 15 and 10 μg/m3 were estimated
for the 26 European cities of the APHEIS (Air
Pollution and Health: A European Information
System) network totalling 41.5 million inhabitants
in 15 European countries, using well-established
methods and published results of research on the
effects of current air pollution on public health
(APHEIS, 2006). All other things being equal,
policies to reduce annual mean levels of PM2.5
to 15 μg/m3 would prevent three times more

premature deaths in the cities than a reduction
to 25 μg/m3, and reducing them to 10 μg/m3
to five times more than to 25 μg/m3 (22 200 vs.
4 400 deaths) (10) (Figure 2.2.6).
In the EECCA region, estimates come from
individual studies with different coverage and
methodologies and no comprehensive estimates of
the health impacts of air pollution are available due
to lack of reliable data (Box 2.2.5). Monitoring of
total suspended particulate matter (TSP), common
in the region, is less suitable for health-oriented air
quality estimation. A rather broad span of estimated
health outcomes indicates a high uncertainty both
in the air pollution data and in the epidemiological
inputs, and shows that further assessment based on
quality-assured data is needed. Nevertheless, even
the most conservative estimates establish the great
seriousness of the public heath risk of particulate
Figure 2.2.6

Potential reduction in total annual
premature deaths (central estimate and
95 % confidence interval (CI)) among
people 30 years and over in 26 APHEIS
cities
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Note:

PM2.5 target/limit values (annual average concentration):
25 μg/m3 — concentration cap by 2015 in the draft new
Directive on ambient air quality (CAFÉ Directive)
20 μg/m3 — target value proposed by the European
Parliament
15 μg/m3 — US EPA standard
10 μg/m3 — the annual WHO guideline

Source:

APHEIS, 2006.

(10) The concentration cap of 25 μg/m3 in the proposed directive on ambient air and cleaner air for Europe (COM(2005)447) is meant to
be a legally binding level which should not be exceeded even in hot spots. However, the proposed directive introduces an exposure
reduction target of 20 % of average levels in 2010 at urban background locations calculated as three year averages (for 2008, 2009
and 2010) for the overall reduction of the exposure of the population to fine particles.
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Box 2.2.5 Public health impact studies of
outdoor air pollution in EECCA
In the Russian Federation, an assessment of the
impact of outdoor air pollution on public health,
based on the 1993 and 1998 monitoring data,
showed that 15–17 % of total annual mortality (up
to 219 000–233 000 premature deaths) might be
caused by fine particles (Reshetin and Kazazyan,
2004).
In Ukraine and the Russian Federation, estimates of
health losses from urban air pollution based on TSP
monitoring data in Ukraine indicated considerable
health and mortality consequences. In Ukraine,
the low (conservative) estimate was 27 000 excess
deaths annually, and for the Russian Federation the
estimate was about 85 000 excess deaths (Strukova
et al., 2006).
As estimated under Transport Health and
Environment Pan-European Programme (THE PEP),
air pollution from road transport affects the health

of about 10–15 million urban Russian residents. In
the large city centres, road transport may account for
more than 80 % of total air emissions. In 2002, the
average annual concentrations of harmful pollutants
exceeded maximum permissible levels in 201 Russian
cities, home to 61.7 % of the urban population.
An estimated 22 000–28 000 additional deaths in
the Russian Federation were attributable to road
transport-related emissions in people over the age of
30 (ECMT, 2004).
The WHO project 'Comparative Quantification of
Health Risks' has estimated the health impacts of
outdoor air pollution in major cities (population
> 100 000 people) of the world grouped in
14 regions, including EUR-C, consisting mostly of
EECCA countries. The annual impact of air pollution
by particulate matter for this region was estimated at
46 000 premature deaths and 320 000 years of life
lost (WHO, 2004b).

air pollution in these countries. WHO is working
with the EECCA countries on a framework plan to
develop monitoring of particulate matter (PM2.5 and
PM10) concentrations (WHO, 2006).

forests and other ecosystems. Acidification can result
in the loss of fauna and flora, and ecosystems may
take many decades to recover after acidifying inputs
are reduced to sustainable levels.

Exposure to ground-level ozone has long been
found to impair human health; this has been
confirmed in a recent WHO review (WHO, 2003).
There is strengthened epidemiological evidence for
the effects of ozone, independent of those of other
pollutants, from short-term studies on pulmonary
function, lung inflammation, respiratory symptoms,
morbidity and mortality, particularly in the summer
season. Excess concentrations of ozone are thought
to hasten the deaths of up to 20 000 people in the
EU each year (Watkiss et al., 2005). Further, ozone
is responsible for people vulnerable to its effects
having to take medication for respiratory conditions
for a total of 30 million person-days a year. Some
studies also suggest that long-term exposure to
ozone reduces lung function growth in children.

In 2000, acidifying deposition was still above critical
loads (11) in parts of central and north-western
Europe. The percentage of EU-25 forest areas
receiving acid deposition above their critical load is
projected to decrease from 23 % in 2000 to 13 % in
2020. For those areas still at risk — above the critical
loads — ammonia is projected to be the dominant
source of acidification (EEA, 2007b).

Acidification and eutrophication

Emissions of SO2, NOX and NH3 contribute to the
acidification and eutrophication of lakes, rivers,

Eutrophication — excess nitrogen deposition — poses
a threat to a wide range of ecosystems, endangering
bio-diversity through changes in plant communities.
Excess nitrogen deposition above critical loads is
currently widespread, due to the limited reductions
in nitrogen deposition over the past ten years. For
the period 2000–2020, the protection of ecosystems
from eutrophication is expected to improve only
slightly under current legislation, mainly because of
the relatively small projected decline in ammonia
emissions (EEA, 2007b).

(11) Critical load means a quantitative estimate of an exposure to one or more pollutants below which significant adverse effects on
specified sensitive elements of the environment do not occur, according to present knowledge (UNECE, 1999).
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2.2.6 Prospects

Exceedances of critical loads for acidification and
eutrophication in EECCA countries are usually
low, due to low sensitivity of the soils (UNEP/
RIVM, 1999), with the exception of Ukraine and
north‑western Russia where critical loads are
exceeded on a regular basis.
Impact of ground-level ozone on vegetation

Ground-level ozone can damage forests, crops
and vegetation where a critical level (12) of
ambient concentration is exceeded. Exposure of
ecosystems and agricultural crops to excessive ozone
concentrations results in visible foliar injury and a
reduction in crop yields and seed production. For
vegetation under European conditions, long‑term
cumulative exposure to ozone concentrations during
the growing season (assessed as accumulated
one-hour ozone concentrations over a threshold of
40 ppb — AOT40), rather than episodic exposure
is of concern. The EEA analysis shows that in 2004
the EU target value was exceeded in a substantial
fraction of the agricultural area of EEA 32 countries
(except Turkey), about 26 % of a total area of
2.06 million km2 (EEA, 2007a and 2007b).

Table 2.2.1

6EAP calls on the Commission to develop seven
thematic strategies, including one on air pollution.
Informing and assisting the development of the
thematic strategy on air pollution towards the
long‑term objectives of 6EAP has been one of the
main tasks of CAFE programme.
Thematic Strategy on Air Pollution

Following a CAFE analysis of a number of
possible scenarios, the Commission adopted its
Thematic Strategy on Air Pollution (EC, 2005a) in
September 2005. The strategy establishes interim
environmental air quality objectives for the EU
up to 2020. Results of the CAFE analysis are
summarised in Table 2.2.1, which also shows the
estimated benefits of the strategy.
The specific air quality policies of the CAFE
Strategy, if implemented, should significantly
improve air quality and reduce the impacts on
human health and ecosystems. The strategy is
projected to have the largest effect on the air

Summary table of the CAFE analysis and the strategy

Benefits
Human health

Level of
ambition

Natural environment (1 000 km2)

Monetised
health benefits
(Euro bn)

Life years lost
due to fine
particles (PM2.5)
(million)

Premature
deaths due to
fine particles
and O3

Acidification
(forested area
exceeded)

Eutrophication
(ecosystem
area exceeded)

Ozone (forest
area exceeded)

—

3.62

370 000

243

733

827

Baseline 2020 ( )

—

2.47

293 000

119

590

764

Thematic Strategy
2020

42–135

1.91

230 000

63

416

699

MTFR 2020 (14)

56–181

1.72

208 000

36

193

381

2000
13

Source:

EC, 2005b.

(12) Critical level means the concentration of pollutants in the atmosphere above which direct adverse effects on receptors, such as
human beings, plants, ecosystems or materials, may occur, according to present knowledge (UNECE, 1999).
(13) CAFE baseline 2020 (also Current Legislation (CLE)) is the expected evolution of pollutant emissions in the EU-25 up to 2020
assuming that all current legislation to reduce air pollution is implemented. The baseline is based on forecasts of economic growth
and changes in energy production, transport and other polluting activities.
14
( ) MTFR is the Maximum Feasible Technical Reduction and includes the application of all possible technical abatement measures
irrespective of cost.
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pollution problem which is clearly the most crucial
one: loss of life expectancy because of PM exposure
(Map 2.2.2). Its benefits are projected to be smaller,
but still significant, for the three other impact
indicators: forest damage due to exceedance of
critical loads for acidification, damage due to
excess nitrogen deposition, and premature deaths
due to ozone exposure. Compared with 2000, the
strategy should result in a reduction of around
44 % in the area of ecosystems receiving excess
acid deposition, but current data suggest only a
14 % reduction in areas affected by eutrophication,
because of only modest reductions in projected
ammonia emissions.

Thematic Strategy announced a revision of the
Directive on National Emission Ceilings (2001/81/EC),
with new emission ceilings based on the agreed
interim objectives up to 2020.

On the legislative side, the strategy is accompanied
by a proposal to merge the air quality framework
directive and three daughter directives into one
containing minimum requirements for air quality.
It will introduce new provisions for fine particles
(PM2.5). As one of the main policy instruments, the

Challenges for the LRTAP Convention

Map 2.2.2
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In EECCA, the projected economic growth will
not immediately bring in new technology for
industrial sources (Box 2.2.6). Growth in transport
and a greater proportion of new vehicles can be
expected, but improvements in air quality will
take many years. Therefore, emissions cannot be
expected to decrease, and the negative impacts of
air pollution on public health and the environment
are expected to persist.

Future progress in air quality protection in
EECCA and the UNECE region in general can be
connected with envisaged future challenges for
the Convention. These are focused mainly on the
reduction of pollution by particulate matter and

Loss of statistical life expectancy (months) that can be attributed to anthropogenic contributions to
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Box 2.2.6 The 'CAPACT' project
Air pollution, particularly from the energy and
transport sectors, is a significant problem in Central
Asia. Pollution levels in urban areas are high and
have a significant impact on the health of the
population and the environment.
UNECE and UNESCAP have developed a project:
Capacity Building for Air Quality Management and the
Application of Clean Coal Combustion Technologies
in Central Asia (CAPACT) in collaboration with
energy and environmental authorities in Central
Asia. Funding comes from the UN Development
Account. The project will help to identify appropriate
technologies for a cleaner use of coal, and aim
to raise the capacity of air quality management
within the institutions of Central Asia. The project
deals specifically with implementation of the
UNECE Convention on Long-range Transboundary
Air Pollution (CLRTAP). The project duration is
three years starting from mid-2004. Countries
eligible to participate in the project are: Kazakhstan,
Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan
(UNECE, 2004b).

on air pollution and climate change issues and
linkages (UNECE, 2004a) (see also Box 2.2.7).
To include particulate matter in any future
air pollution strategies of the Convention
requires both the setting of emission ceilings for
anthropogenic emissions of PM10 and/or PM2.5
and a further lowering of the existing emissions
ceilings for their precursors.
Air pollution and anthropogenic climate change
are closely connected in a number of ways. Both
are caused mainly by the burning of fossil fuels:
sulphur and nitrogen oxides cause air pollution,
carbon dioxide contributes to global warming. In
addition, agriculture influences both acidification
and eutrophication (through NOX and ammonia
emissions) and climate change (through emissions
of methane, nitrous oxide and CO2). Air pollutants
such as NOX, VOCs and CH4 (precursors of ozone)
and aerosols/fine particulates not only affect air
quality but also contribute to global warming
(Box 2.2.8).

Box 2.2.7 Hemispheric transport of air
pollution
While local and regional emissions sources are the
main cause of air pollution problems worldwide,
there is increasing evidence that many air pollutants
are transported on a hemispheric or global scale.
Observations and model predictions show the
potential for intercontinental transport of ozone and
its precursors, fine particles, acidifying substances,
mercury and persistent organic pollutants.
In the northern hemisphere, these flows may be
important for understanding air pollution problems
in population centres and impacts on remote areas.
To develop a fuller understanding of this growing
body of scientific evidence, the Executive Body of
the UNECE CLRTAP has established a Task Force
on Hemispheric Transport of Air Pollution. The task
force will also estimate the hemispheric transport
of specific air pollutants for the use in reviews of
protocols to the Convention (http://www.unece.
org/env/tfhtap/).
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Box 2.2.8 Positive side effect of climate change
policies on air quality
A recent study (EEA, 2006c) showed that EU efforts
to meet its long-term climate change objectives
could make a substantial contribution to reducing air
pollution. In particular, benefits of climate change
policies would lie in:
•

A reduction in the costs of controlling air
pollutant emissions: reducing greenhouse gas
emissions, by burning smaller amounts of fossil
fuels, will mean less air pollution. As a result
the cost of tackling air pollution will be cut
significantly (by about EUR 10 billion per year).

•

Less damage to public health and ecosystems:
the reduction of greenhouse gases as a result
of climate change policies would lead to a fall in
air pollutants from fossil-fuel combustion (most
notably oxides of nitrogen, sulphur dioxide, and
particulates (Figure 2.2.7) and their associated
health effects (more than 20 000 fewer
premature deaths per year).

Figure 2.2.7

•

However, the report also states that in order to
meet the EU long-term objectives for air pollution,
significantly greater efforts will still be needed in
the form of further targeted air pollution abatement
measures. For example, reductions in emissions from
non land-based sources, especially shipping, would
be necessary to reduce health effects to the target
levels (see also Chapter 3, Climate change).

Benefits of climate policy

Benefits CO2: SO2 reduction in 2030,
baseline compared with climate action

Benefits CO2: PM2.5 reduction in 2030,
baseline compared with climate action
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Such benefits are expected to be more
significant in 2030 than in 2020 since a longer
period of time will be available for implementing
measures and for changes in the energy
system. Nevertheless, climate change policies, if
successful, will reduce the overall cost of the air
pollution abatement measures needed to meet
the objectives of the Thematic Strategy on Air
Pollution by 2020.
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Note:

EEA-5: Bulgaria, Norway, Romania, Turkey and Switzerland.

Source:

EEA, 2006c.
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Table 2.2.2

Maximum allowable concentrations in EECCA countries, EU air quality limits/targets for the protection
of public health, and WHO air quality guideline values
EECCA μg/m3

Sulphur dioxide, SO2

Nitrogen dioxide, NO2

PM10

PM2.5
TSP
Carbon monoxide, CO

Ozone, O3

Benzene, C6H6

Lead, Pb

Benzo(a)pyrene

(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)

20 minutes
1-hour mean

500

24-hour mean

50 (17)

20 minutes
1-hour mean

85 (18)

24-hour mean
Annual mean
Hourly
24-hour mean

40 (19)

Annual mean
24-hour mean
Annual mean
20 minutes
24-hour mean

EU μg/m3

WHO (15) μg/m3
500 (16)

350
not to be exceeded
> 24 times per year
125
not to be exceeded
> 4 times per year
200
not to be exceeded
> 18 times per year

20

200

40
50
not to be exceeded
> 36 times per year
40

50

25 (20)

20
25
10

10 000

30 000
10 000

500
150

20 minutes
1-hour mean
8-hour mean
24-hour mean
20 minutes
1-hour mean
8-hour mean

5 000

24-hour mean
20 minutes
24-hour mean
Annual
20 minutes
24-hour mean
3-month mean
Annual
24-hour mean
Annual

30
1 500 (21)
100

3 000
160
120, target value not
to be exceeded > 25,
average over three
years

100

5 (22)
1
0.3
0.5

0.5

0.001
0.001

WHO air quality guidelines global update 2005. Report on a Working Group meeting, Bonn, Germany 18–20 October 2005.
10-minute exposure.
In Belarus — 200 μg/m3.
The revised MAC is 250 μg/m3 in Belarus and 200 μg/m3 in the Russian Federation.
In Belarus — 100 μg/m3.
Concentration cap suggested by the proposed directive on 'Ambient Air Quality and Cleaner Air for Europe' cleaner air for Europe.
In Belarus and the Russian Federation — 300 μg/m3.
As of 1 January 2010.
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