2. ASSESSMENT OF PAH POLLUTION IN THE EMEP REGION
Polycyclic Aromatic Hydrocarbons (PAHs) are a large group of semi‐volatile organic compounds some of
which are characterized by toxic properties and are known as carcinogens, mutagens, and teratogens.
They are released into the environment mainly as a result of anthropogenic activities that include
combustion of fossil fuels and biomass burning. Additional contribution to PAH pollution levels can be
made by natural sources, namely, forest fires and volcanic activity [Zhang and Tao, 2009]. Being emitted
to the atmosphere, PAH undergo complex interactions with other pollutants, including particulate
matter and atmospheric reactants, chemical transformations, and dry and wet deposition [Delgado
Saborit et al., 2010; Ravindra et al., 2007].
Some of the PAHs are considered as harmful substances for the human health [Theakston, 2000].
Benzo(a)pyrene (B(a)P) has been included in the list of carcinogens of category 1 by the International
Agency for Research on Cancer (IARC). According to Classification, Labelling and Packaging (CLP)
Regulation2, B(a)P is classified as CMR substance (carcinogen, mutagen and reproductive toxicant) of
category 1B. In addition it is considered as aquatic toxicant (both acute and chronic) of category 1.
Taking into account possible adverse effects on human health, target values of air quality objectives for
B(a)P have been established for European countries3. In particular, EU target value for B(a)P annual
mean air concentrations was set to 1 ng/m3. Similar threshold level of B(a)P air concentrations was also
established as an air quality standard in a number of other countries in the EMEP domain (e.g. in the
EECCA countries). Along with this reference level of 0.12 ng/m3 for B(a)P was defined by WHO as a level
of air concentrations corresponding to excess lifetime cancer risk level of 10–5 [Theakston, 2000].
This chapter provides a summary of the assessment of pollution levels and transboundary transport of
four PAHs, included into the Protocol on POPs, namely, Benzo(a)pyrene, Benzo(b)fluoranthene,
Benzo(k)fluoranthene, and Indeno(1,2,3‐cd)pyrene). This year for the first time modelling of PAH
pollution levels was carried out using fine resolution 0.1°x0.1° emission data reported by the EMEP
countries. Analysis of spatial and temporal variability of PAH pollution levels within the EMEP domain
was carried out on the basis of modelling results and measurements of the EMEP monitoring network
for 2016 as well as national measurements from EEA AIRBASE. Model simulations of PAH transport and
fate were performed using multi‐media GLEMOS modelling system. Transboundary transport of selected
PAHs was evaluated taking into account anthropogenic emission sources of the EMEP countries as well
as influence of non‐EMEP emissions. Main emphasis was given to the assessment of B(a)P pollution
levels and evaluation of exceedances of EU target value and WHO reference level defined for B(a)P air
concentrations. To contribute to further improvement of quality of pollution assessment country‐
specific case study of B(a)P pollution in the EMEP countries was continued in co‐operation with national
experts from Spain and France.
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Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16 December 2008 on the Classification,
Labelling and Packaging of substances and mixtures, amending and repealing Directives 67/548/EEC and 1999/45/EC, and
amending Regulation (EC) No 1907/2006.
Directive 2004/107/EC of the European Parliament and of the Council of 15 December 2004

16

2.1. PAH emission data for model assessment
Model assessment of PAH pollution requires detailed information on emissions, which have to include
chemical speciation of PAH emissions, distribution by sectors, and spatially distributed emission data.
Gridded sectoral annual emissions of 4 PAHs with spatial resolution 0.1°x0.1° were prepared by CEIP on
the basis of reported national inventories and available expert estimates. At the moment of preparation
of pollution assessment, official emission data were available for the year 20154. Thus, these emissions
were used to characterize PAH pollution levels in 2016. Detailed description of PAH emissions for each
EMEP country as well as information on applied gap‐filling methods can be found in the CEIP Technical
Report 01/2017 [Tista et al., 2017]. Spatial distribution of annual total emission fluxes of the sum of 4
PAHs and B(a)P from anthropogenic sources within the new EMEP grid, is illustrated in Fig 2.1.

a

b
Fig. 2.1. Spatial distribution of annual emission fluxes of 4PAH (a) and B(a)P (b), g/km2/y, with spatial resolution
0.1°x0.1°, applied in the model simulations.

Along with gridded emission data the GLEMOS modelling system requires additional information on
emissions, namely, intra‐annual variations and distribution of emissions with height. Necessary vertical
and temporal disaggregation of emissions was generated using emission pre‐processing tool, developed
by MSC‐E for the GLEMOS modelling system. More detailed information on the emission pre‐processing
procedure is presented in the HM Status Report [Ilyin et al., 2018]. Seasonal variations of PAH
anthropogenic emissions were prepared for each emission source sector using monthly temporal
factors, adapted from TNO estimates of the MACC project [Denier van der Gon et al., 2011a]. The most
pronounced seasonal variations with maximum emission in the cold period of the year are
characteristic of the 'Residential Combustion' sector. Distribution of emissions with height within the six
lowest model layers is defined on the basis of the calculation results of the SMOKE‐EU plume‐rise
model [Bieser et al., 2011]. The highest emission height is calculated for the 'Public Power', 'Industry',
and 'Waste' sectors.
For the evaluation of global scale transport and boundary conditions, required for regional EMEP
modelling, expert estimates of global PAH emissions, produced by the research group of Peking
University [Shen et al., 2013], were applied. Global PAH emission inventories with 0.1°x0.1° spatial
resolution were developed using a bottom‐up approach for the period from 1960 to 2014. Distribution
of global emission fluxes of the sum of 4 PAHs and B(a)P is presented in Fig 2.2. According to this
4

Update of the modelling results based on the new emission data for 2016 is available at the MSC‐E web site [www.msceast.org].
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inventory highest level of PAH and B(a)P emissions took place in the countries of Eastern and Southern
Asia.

a

b

Fig. 2.2. Spatial distribution of global annual emissions of 4PAH (a) and B(a)P (b), g/km2/y, with spatial resolution 1°x1°, applied
in the model simulations.

2.2. Evaluation of reported PAH emission data
The quality of model assessment of PAH pollution significantly depends on the completeness and
accuracy of PAH emissions, provided by the EMEP countries. Inventories of PAH emissions reported by
the EMEP countries are characterized by varying level of uncertainties. In order to contribute to the
improvement of assessment of PAH pollution levels, evaluation of some aspects related to the
consistency of reported national emissions was performed during the previous year, as described in the
POP Status Report [Gusev et al., 2017]. This year the evaluation of reported PAH emission data was
continued and included comparison of official PAH emissions with available expert inventories as well as
analysis of sector distribution and grid allocation of emissions.
Available expert estimates of PAH anthropogenic emissions provide important information for the
evaluation of pollution levels. Besides they can be used for the analysis of national inventories of
PAH/B(a)P emissions reported by the EMEP countries. In particular, inventory of B(a)P emissions in the
EU countries for 2005, prepared by TNO in framework of TRANSPHORM project [Denier van der Gon et
al., 2011b], was compared with the corresponding official emission data. The inventory is based on the
bottom‐up approach with application of consistent set of emission factors and activity data for the
countries within the EMEP region.
Results of the comparison indicate that official emissions of more than 60% of the countries are rather
close to the TNO expert estimates for 2005 (Fig. 2.3). At the same time, for some of the countries
substantial differences can be seen. In particular, expert estimates of TNO for Poland, France, and
Austria are significantly higher than official B(a)P emissions, indicating possible underestimation of B(a)P
releases in these countries. Higher values of TNO estimates compared with reported data are also noted
for the United Kingdom, Bulgaria, and Finland. Opposite situation is seen for Spain and Portugal where
expert estimates are lower comparing to official emissions. Discrepancies found between the TNO and
national emission inventories can be used as indication of substantial differences in the methodologies
applied by the EMEP countries for the evaluation of PAH emissions.
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Fig. 2.3. Officially reported national total B(a)P emissions of EU countries for 2005 in comparison with expert
estimates, developed by the TNO in framework of TRANSPHORM project.

Analysis of sector distribution of the officially reported PAH emissions shows that in most of the EMEP
countries the largest contribution to total PAH emissions belongs to the residential combustion sector.
As illustrated in Figure 2.4a for a number of countries, the contribution of this source category to the
total national emissions can reach about 90%. At the same time inventories of Spain, Portugal, Greece,
are characterized by prevailing contribution of PAH emissions from burning of agricultural residues and
wastes. Estimated emissions from agricultural sources of these three countries comprise about 27% of
annual total PAH emissions of the EU countries whereas emissions from the same sources of other EU
countries account for less than 1% (Fig. 2.4b).
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Fig. 2.4. Sector distribution of PAH emissions officially reported by some of the EMEP countries for 2016 (a) and
relative contributions of total PAH emissions from the 'Residential combustion' and 'Field burning of agricultural
wastes' sectors (along with contributions of Spain, Greece, and Portugal) to total PAH emissions of the EMEP
countries (b).

High difference in estimates of PAH emissions from agriculture between this group of countries and the
other EU countries indicates considerable uncertainties in the applied methodologies. In particular, high
PAH emissions from the field burning of agricultural wastes in Spain were analysed in the framework of
the case study on B(a)P pollution in Spain, performed by MSC‐E in co‐operation with national experts. It
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is shown that PAH emissions from this source category can be substantially overestimated by the
national emission inventory. More detailed information on this can be found in the subsequent chapter
of this report.
To improve the quality of reported PAH emission data further detailed analysis of national PAH
inventories is needed, in particular, with respect to the consistency of applied methodologies and
values of emission factors. Besides, the analysis can include application of air quality modelling as a
tool for evaluation of reported emissions. This work requires cooperation with national experts in
emissions as well as CEIP and TFEIP.

2.3. PAH pollution levels in the EMEP region in 2016
Evaluation of PAH pollution levels in the EMEP countries in 2016 was carried out on the basis of model
results and measurement data of the EMEP monitoring network as well as data of EU air quality
networks collected in the EEA AIRBASE database. Model simulations of PAH long‐range transport and
pollution levels in the EMEP region were performed using fine resolution anthropogenic emissions
reported by the EMEP countries.
Spatial distributions of annual mean air concentrations of the sum of 4 PAHs and B(a)P in 2016,
calculated by the GLEMOS model are presented in Fig. 2.5. Modelled PAH air concentrations on the
maps are combined with annual mean air concentrations, measured at the EMEP monitoring sites. Most
of the stations are located in rural and remote areas characterizing background levels of air pollution. In
general, the model reasonably reproduced observed geographical pattern of PAH air concentrations
with elevated pollution levels in Central and Eastern Europe and lower levels in Western and Northern
Europe. At the same time, for some of the countries predicted B(a)P concentrations noticeably differ
from the observed concentrations (e.g. for Central and Southern Germany, Southern Spain, and
Portugal).

a

b

Fig. 2.5. Spatial distribution of modelled and observed annual mean air concentrations of 4PAHs (a) and B(a)P (b)
in the EMEP domain for 2016.

Model estimates indicate high levels of annual mean B(a)P air concentrations, exceeding the EU
target value (1 ng/m3), in Poland, Germany, the Czech Republic, Hungary, Romania, Portugal, Spain,
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northern Italy, the FYR of Macedonia, and Bulgaria (Fig. 2.5b). Areas of high concentrations (above
the EU target value) can also be indicated for some of the EECCA countries including Republic of
Moldova, the Ukraine, Georgia, Armenia, and the Russian Federation. For other countries (e.g. France,
the UK, and Scandinavian countries) moderate or low levels of B(a)P air concentrations were predicted
by the model. According to these model estimates for 2016, about 9% of population of the EMEP
countries lived in the areas with annual mean B(a)P air concentrations above the EU target level, and
almost 75% in the areas with air concentrations above the WHO reference level (0.12 ng/m3).
More detailed observational data on B(a)P pollution levels are collected in the AIRBASE. Spatial
distributions of observed annual mean B(a)P air concentrations in 2016, based on the information from
the AIRBASE, is shown in Fig. 2.6b. Measurements of EU national air quality stations showed similar
geographical pattern of B(a)P air concentrations with elevated levels of pollution in the Central, Eastern,
and Southern Europe in comparison with modelling results. Along with monitoring of pollution levels in
rural and remote areas, national air quality networks of the EU countries provide information on air
concentrations in urban and sub‐urban areas as well as in the areas, influenced by industrial sources and
traffic. In general, the highest average level of B(a)P air concentrations in 2016 was observed at the
urban background stations indicating higher risk of exposure and adverse health effects for the
population of urban areas (Fig. 2.6a). Other types of stations reported lower levels of concentrations.

18

9

BU

IND

B(a)P in air, ng/m3

6
5
4
3
2
1
0
BR

BS

TR

a

b

Fig. 2.6. Observed annual mean B(a)P air concentrations in the EU countries in 2016, averaged over the
background rural (BR), background suburban (BS), background urban (BU), industrial (IND), and traffic (TR) types of
monitoring stations (a), and spatial distribution of observed B(a)P concentrations (b) (AIRBASE). Whiskers denote
the range from minimum to maximum of measured concentrations.

Average annual mean B(a)P air concentrations observed in 2016 in the selected European countries,
including the range between the minimum and maximum measurements, are illustrated in Fig. 2.7.
According to these data average observed level of B(a)P pollution was above the EU target value in 6
countries, namely, Poland, Slovakia, Croatia, Bulgaria, the Czech Republic, and Hungary.
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Fig. 2.7. Observed annual mean B(a)P air concentrations in 2016 averaged over the selected EU countries
(AIRBASE). Whiskers denote the range from minimum to maximum of measured concentrations

Exceedances of the EU target value were also reported by some of the monitoring stations in Slovenia,
Lithuania, Austria, Italy, Finland, Germany, France, and the UK. Most of these high concentrations values
were measured at the urban background stations. The highest level of B(a)P air concentrations was
observed in the southern part of Poland (more than 10 ng/m3). As seen from the Fig. 2.7, B(a)P
concentrations above the WHO reference level, equal to 0.12 ng/m3, were observed across much
wider area. In particular, exceedances of this reference level in 2016 were indicated in 25 European
countries.

2.4. Comparison of modelling results with measurements
Evaluation of model predictions of PAH pollution levels for 2016 was made using comparison of
modelled air concentrations of 4 PAHs with measurements of the EMEP monitoring network. As long as
spatial resolution of reported national emissions increased from relatively coarse (50x50 km) to fine
resolution (0.1°x0.1°), additional set of monitoring data, namely, results of national monitoring in the EU
countries (AIRBASE), was used for the comparison. Air quality monitoring data of the AIRBASE
considerably extend possibilities to analyze model performance for different types of areas.
Current level of spatial resolution in the emission data and model estimates can be applied to evaluate
variations of pollution in remote, rural, and partly suburban areas, while urban scale pollution requires
finer resolution modelling. Thus, to compare model predictions with observed concentrations
measurements of rural and suburban stations were included into comparison. Several aspects were
analyzed in course of the evaluation of modelling results. In particular, level of agreement between
observed air concentrations of PAHs and model results in terms of relative bias and spatial correlation
was examined in general for the whole set of monitoring data. In addition, verification of model
predictions on the level of particular countries was performed. Besides, model estimates of the sum of 4
PAHs and fractions of individual PAHs (B(a)P, B(b)F, B(k)F, and IP) in air concentrations in comparison to
measured values were evaluated.
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Comparison of model results with the EMEP measurements
Comparison of modelled PAH air concentrations with measurements was made for the sum of 4 PAHs
(Fig. 2.8a) and for individual PAH compounds (Fig.2.8b). Monitoring of PAHs in 2016 was carried out at
33 EMEP monitoring sites located in Belgium, Estonia, Finland, France, Germany, Latvia, Netherlands,
Norway, Poland, Portugal, Slovenia, Spain, Sweden, and the UK. Statistical indicators, describing the
agreement of modelled and observed annual mean PAH air concentrations, are presented in the Table
2.1.
Co‐located measurements of 4 PAHs in 2016 were performed at 19 monitoring sites in 8 EMEP
countries. Model predictions for the sum of 4 PAHs reproduced in general the observed pattern of
annual mean air concentrations with mean relative bias about ‐7% and spatial correlation 0.55. For
more than a half of selected monitoring sites the difference between measured and modelled
concentrations is within a factor of 2.
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Fig. 2.8. Comparison of modelled and observed air concentrations of ∑4 PAHs (a) and sca er plot of modelled and
observed B(a)P, B(b)F, B(k)F, and IP air concentrations (b) for 2016. Dashed lines in the right diagram denote the
areas of agreement between the modelled and measured values within factors of 2 and 3.

For several monitoring sites, located in France, Norway, Poland, Portugal, and Sweden, the differences
between the model predictions and observed concentrations exceeded a factor of 2, with the largest
discrepancies (overestimation) for the monitoring sites in Portugal.
Verification of model predictions for individual PAH compounds (B(a)P, B(b)F, B(k)F, and IP) with the
EMEP measurements indicated that the model tended to under‐predict observed Ba)P and B(k)F air
concentrations and over‐predict observed concentrations of B(b)F and IP. As seen from the table, better
level of agreement with respect to mean bias was obtained for B(a)P (about ‐11%) followed by IP (about
13%) and B(b)F (about 28%). The lowest level of agreement is seen for B(k)F, for which the modelled
concentrations on average were 70% lower comparing to measured values. Spatial correlation of
modelled and observed concentrations was about 0.5 for B(a)P, B(b)F, and IP, whereas for B(k)F it was
considerably lower (0.3).
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Table 2.1. Statistics of the model‐to‐observation comparison of PAH model simulations for 2016
B(a)P
29
0.14
0.12
‐11.2
0.47
41
66

Number of sites
Mean observed, ng/m3
Mean modelled, ng/m3
Relative bias, %
Correlation coefficient
Factor 2, %
Factor 3, %

B(b)F
19
0.19
0.24
27.7
0.51
58
84

B(k)F
24
0.20
0.06
‐70.8
0.30
29
50

IP
29
0.18
0.20
12.6
0.52
66
90

4 PAHs
19
0.65
0.61
‐7.0
0.55
53
74

Fraction in 4PAH concentration

Comparison of mean modelled fractions of B(a)P, B(b)F, B(k)F, and IP in sum of air concentrations of 4
PAHs, estimated for 2016, with measurements of 19 EMEP monitoring sites is shown in Fig. 2.9. The
fractions of particular PAHs in the concentrations of 4 PAHs depend on both their contributions to total
∑4PAH emissions and physical‐chemical properties of 4 PAHs, governing their transport in and removal
from the atmosphere. In particular, the rate of degradation of B(a)P in the atmosphere is more
significant comparing to other three PAHs that can affect relative levels of their air concentrations.
According to the reported emission data, average fractions of B(a)P, B(b)F, B(k)F, and IP in total
emissions are equal to 30%, 35%, 15%, and 20%, respectively. Fractions of B(a)P, B(b)F, B(k)F, and IP in
measured air concentrations of 4 PAHs have somewhat different pattern with lower fractions of B(a)P
and B(b)F (17% and 30%), and higher fractions of B(k)F and IP (30% and 23%).
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Fig. 2.9. Comparison of mean modelled and observed fractions of B(a)P, B(b)F, B(k)F, and IP in air concentrations of
4 PAHs for 2016 for 19 EMEP monitoring sites. Whiskers indicate the range between the maximum and minimum
values of fractions for B(a)P, B(b)F, B(k)F, and IP.

Model predictions for B(a)P are quite close to measured values on average, whereas for other three
PAHs the modelled fractions differ from the observed ones, with the most significant difference for
B(k)F. The reason of these discrepancies can be related to both the uncertainties of emission inventories
for individual PAHs and uncertainties in PAH physical‐chemical properties applied in the model. The
difference between the estimated and measured PAH compounds distribution was also indicated in the
study of PAH pollution levels in Italy [Finardy et al., 2017]. It was noted that discrepancies found could
be attributed to the applied emission factors in the emission inventory that likely did not match the
PAH distribution in actual emissions.
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Comparison of model results with the AIRBASE measurements
In this section comparison of model predictions for 2016 with B(a)P measurements of AIRBASE is
presented. Measurements of annual mean air concentrations of about 170 background rural and
suburban monitoring sites, made in 24 European countries in 2016, were selected for the comparison.
Results of the comparison are shown in Fig. 2.10 for the background rural monitoring sites (Fig. 2.10a)
and combined set of background rural and suburban monitoring sites (Fig. 2.10b). It is seen that
modelling results tend to underestimate annual mean observed B(a)P air concentrations by 39% for the
rural monitoring sites and by 46% for the combined rural and suburban monitoring sites. The negative
bias can be caused by possible underestimation of anthropogenic emissions reported by some of the
EMEP countries. Model predictions in general reasonably correlate with the observed B(a)P
concentrations at rural monitoring sites, however in the case of the combined set of rural and suburban
monitoring sites the spatial correlation is lower.
Amount of monitoring sites in the AIRBASE allows examining the level of agreement between modelled
and observed air concentrations for the particular countries. The scatter plots in Fig. 2.10 highlight the
model‐observation pairs for the selected EMEP countries, namely, France, Germany, Poland, and Spain,
with different colours. Modelling results for these countries are generally characterized by larger extent
of disagreement between modelled and observed concentrations comparing to the data for other
countries. In particular, it can be seen that model predictions for Poland and France underestimate
observed air concentrations. In contrast, overestimation of observed air concentrations is obtained in
case of Germany. There is a mixed situation for model predictions for Spain where both underestimation
and overestimation take place.
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Fig. 2.10. Scatter plots of modelled B(a)P annual mean air concentrations for 2016 versus AIRBASE measurements
of background rural (a) and background rural and suburban monitoring sites (b). Dashed lines in the diagram
denote the areas of agreement between the modelled and measured values within factors of 2 and 3.

The disagreement found between the measurements of monitoring sites and model estimates for these
countries can be attributed to several reasons including uncertainties of national PAH emission
inventories as well as to uncertainties in the modelling approach (e.g. parameterization of processes
governing B(a)P fate in the atmosphere). Under‐prediction of observed B(a)P pollution levels in Poland
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and France is likely caused by underestimated levels of B(a)P emissions in these countries. For example,
expert estimates of B(a)P emissions in these countries, provided by TNO [Denier van der Gon et al.,
2011b], are substantially higher comparing to the national emission inventories.
In case of Germany, overestimation of observed B(a)P concentrations in the model predictions for 2016
can be explained by the assumption made by CEIP in course of generation of gridded B(a)P emissions for
Germany. In particular, though the national inventory of PAH emissions in Germany provided estimates
of B(a)P releases, gridded B(a)P emissions from the country were calculated from the total emission of 4
PAHs assuming average fraction of B(a)P in the emission of ∑4PAHs. The average frac on of B(a)P was
estimated using emission data of other EMEP countries reporting speciated PAH emissions. Thus, B(a)P
emissions, calculated in this way, overestimated reported B(a)P emission of Germany that led to higher
values of modelled air concentrations.
Over‐prediction of observed B(a)P air concentrations in Spain, obtained by model simulations, can be
attributed to the overestimated national emissions from the field burning of biomass in agriculture
[Gusev et al., 2017]. Levels of B(a)P pollution in Spain and France and agreement between the model
predictions and measured air concentrations are being analyzed in more details in course of the ongoing
case study. Preliminary results of this activity are outlined in Chapter 3 of this report.
Spatial correlations between the model predictions and observed annual mean B(a)P air concentrations
in rural and suburban background sites is shown in Fig. 2.11 for the countries with sufficient amount of
measurements (more than five monitoring sites).
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Fig. 2.11. Spatial correlation between modelled B(a)P annual mean concentrations for 2016 and AIRBASE
measurements of background rural and suburban monitoring sites for the selected EMEP countries.

It is seen that modelled concentrations reasonably well correlate with the observed pollution levels in
the United Kingdom, Czech Republic, Poland, and Hungary. At the same time, low spatial correlation or
even negative correlation is found for Italy, Germany, Spain, Switzerland, France, and Austria. The
different performance of the model with respect to spatial correlation with observed concentrations is
most likely caused by the uncertainties in spatial distribution of PAH emissions in national inventories
reported by the EMEP countries. In particular, while some of the background rural monitoring stations
in these countries reported elevated B(a)P air concentrations for rural locations (e.g. Fig. 2.10a), gridded
emission data for these areas did not provide corresponding emissions that led to the underestimation
of observed concentrations.

26

As an example of this, B(a)P measurements in mountainous areas in northern Spain in Catalonia can be
mentioned. Specific case study performed for this area [Viana et al., 2016] showed that high measured
B(a)P air concentrations could be result of biomass burning activities for domestic heating and specific
meteorological conditions. However, information on biomass burning emissions in this area was not
presented in the national PAH emission inventory that caused disagreement with modelling results
[Gusev et al., 2017]. Thus, to improve the quality of model assessment of PAH pollution in the EMEP
region further refinement of national PAH emission inventories is needed with respect to spatial
distribution of emissions.

2.5. Transboundary transport of pollution
Long‐range transport and annual total deposition of 4 PAHs within the EMEP region were evaluated for
2016 for each of the selected 4 PAHs. Contribution of non‐EMEP emission sources located outside the
EMEP domain was taken into account through the application of global scale modelling on the basis of
inventory of global PAH emissions developed by the research group of Peking University [Shen et al.,
2013]. Annual total deposition fluxes averaged over the EMEP countries for 2016 are presented in Fig.
2.12 with splitting of deposition values into contributions of particular PAHs. In total deposition of 4
PAHs the largest contribution is estimated to B(b)F (43%) followed by B(a)P (20%), IP (20%), and B(k)F
(16%).
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Annual total modelled PAH deposition fluxes for 2016 and fractions of B(a)P, B(b)F, B(k)F, and IP in the
total deposition, estimated for the EMEP countries, are illustrated in the Fig. 2.12. Relatively high level
of PAH deposition (more than 200 g/km2/y) is obtained for Portugal, Montenegro, and Slovakia.
Substantial values of deposition fluxes (about 50‐200 g/km2/y) are estimated for countries of Western
and Central Europe (e.g. for Poland, Germany, Spain, and Czech Republic). Countries of Northern and
Western Europe, and eastern part of EMEP modelling domain (e.g. Russia, countries in Central Asia) are
generally characterized by comparatively low PAH deposition fluxes (below 50 g/km2/y).

Fig. 2.12. Annual deposition fluxes of 4 PAHs (B(a)P, B(b)F, B(k)F, and IP) in the EMEP countries calculated for 2016,
g/km2/y.
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Atmospheric transport of PAHs from the emissions of a particular country contributes to deposition over
the country itself and deposition to the territories of other countries. The ratio of PAHs deposited within
and outside the country boundaries is shown in Fig. 2.13. Assessment of PAH distribution in the EMEP
domain indicates importance of the long‐range transport of pollution between the EMEP countries as
well as influence of non‐EMEP emissions. As follows from the Figure, for 28 EMEP countries (55% of the
countries) the fraction of PAHs, deposited to other EMEP countries is higher, comparing to the fraction
of PAHs, deposited to the country itself.
Fractions of 4 PAHs deposition of the EMEP countries fallen out
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Fig. 2.13. Fractions of total ∑4PAH deposi on, originated from na onal emissions of the EMEP countries, fallen out
to their own territories and outside their boundaries in the 2016.

Source apportionment of PAH deposition showed that for 29 EMEP countries (57% of the countries) the
contribution of emission sources, located beyond their territories (transboundary transport), exceeded
the contribution of their own national emissions to deposition in the country (Fig. 2.14). Model
predictions of transboundary transport of pollution include also contribution of non‐EMEP emission
sources which was estimated to about 5 ‐ 10% with highest (22%) contribution for Iceland.
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Fig. 2.14. Relative contributions of national emissions, transboundary transport, and non‐EMEP emissions to
deposition of 4 PAHs from anthropogenic sources in the EMEP countries in the 2016.
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2.6. PAH pollution on global scale and in the Arctic region
Evaluation of global scale PAH pollution for 2016 was carried out using the GLEMOS modelling system
with application of global inventory of PAH emission [Shen et al., 2013]. Developed gridded inventory of
PAH releases to the atmosphere covers the period of time from 1960 to 2014. Model simulations for
2016 were carried out with the latest available emission estimates for 2014 under the assumption that
PAH emission rates were not changed much in the subsequent two years. Results of model simulations
of PAH pollution on the global scale were used to estimate lateral boundary concentrations for regional
EMEP modelling. Besides, these model estimates provide information on the intercontinental transport
of PAHs and pollution of remote areas like the Arctic region.
Fig. 2.15 shows spatial distribution of model estimates of B(a)P annual mean air concentrations and
annual total deposition fluxes for the year 2016. The highest levels of concentrations, exceeding 1
ng/m3, were estimated for the countries of Eastern and Southern Asia. Relatively high B(a)P air
concentrations (0.4‐1 ng/m3) were also obtained for the countries of Central and Eastern Europe. Other
areas were characterized by relatively low pollution levels (below 0.4 ng/m3). Model predictions of
annual mean B(a)P concentrations for the Arctic region varied mostly within the range 0.1‐10 pg/m3
which is close to the observed levels of B(a)P air concentrations. Similar pattern of spatial variations was
obtained for modelled annual total B(a)P deposition fluxes.

a

b

Fig. 2.15. Spatial distribution of global scale annual mean modelled air concentrations, ng/m3 (a) and deposition
fluxes, g/km2/y (b) of B(a)P for 2016.

More detailed information on PAH pollution levels and source apportionment of PAH deposition was
produced by regional scale EMEP model simulations. Annual total modelled B(a)P deposition fluxes for
2016 are shown in Fig. 2.16a for the northern part of the new EMEP domain, which intersects with the
Arctic region. According to the model predictions, B(a)P deposition fluxes gradually decreased
northwards from the northern parts of Norway, Sweden, Finland, and Russia to the Arctic area.
Assessment of PAH pollution of this part of the Arctic was made taking into account contributions of
EMEP anthropogenic emission sources and non‐EMEP emissions outside the EMEP domain. The largest
contribution (about 50%) to total B(a)P deposition in the Arctic was made by Russian emissions (Fig.
2.16b). Significant contributions were also estimated for the emissions of Finland (26%) and Norway
(6%). The other EMEP countries contributed about 11%. Contribution of non‐EMEP emission sources of
B(a)P amounted to 4%. Thus, according to the model simulations prevailing contribution to PAH
pollution of the European Arctic can be attributed to the EMEP emission sources.
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Fig. 2.16. Annual total B(a)P deposition fluxes in 2016 (a) and relative contributions of anthropogenic emission
sources of the EMEP countries and non‐EMEP emissions to the Arctic region, covered by the EMEP domain (b).
Grey line denotes the boundary of the AMAP domain
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