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EXECUTIVE SUMMARY 

According to the Article 9 (3) of the Protocol on Persistent Organic Pollutants (hereafter the POP 
Protocol) “In good time before each annual session of the Executive Body, EMEP shall provide 
information on the long-range transport and deposition of persistent organic pollutants”. 
Following the EMEP Work-plan for 2012 – 2013, Meteorological Synthesizing Centre East (MSC-E) 
and Chemical Coordinating Centre (CCC) continued the investigations of the contamination by 
persistent organic pollutants (POPs) within the EMEP region. This year the evaluation of POP pollution 
in 2010 were made for polycycling aromatic hydrocarbons (PAHs), polychlorinated 
dibenzo(p)dioxins and dibenzofurans (PCDD/Fs) and hexachlorobenzene (HCB). Emission data 
for modelling were prepared by MSC-E on the basis of the data provided by the EMEP Centre on 
Emission Inventories and Projections (CEIP). Main emphasis was made on the assessment of POP 
pollution levels within the EMEP domain and their comparison with existing EU regulations (for PAHs), 
evaluation of congener composition of complex chemical mixtures (for PCDD/Fs), further developing of 
the global scale modelling of POPs (exemplified by HCB) and exploring the links between the climate 
change and POP pollution. 

Evaluation of POP contamination in the EMEP region is carried out using the integrated 
measurement/modelling/emission approach (see HTAP Assessment Report 2010). Under this 
approach information on emissions, physical-chemical properties of substances and monitoring/ 
modelling data is complementary used to provide a consistent picture of pollution of the environment. A 
complete, self-consistent description of chemical properties, emissions, transport pathways and 
environmental concentrations provides a quantitative basis for making regulatory decisions designed to 
reduce environmental and human exposure in regions remote from sources. 

In evaluation of POP environmental levels it should be taken into account that they are characterized 
by semi-volatility, persistence, toxicity, bioaccumulation, and long-range transport potential [Jones and 
de Voogt, 1999]. POPs can be accumulated in the environmental compartments such as soil and 
seawater, persist in these compartments for years and decades and be then re-emitted back to the 
atmosphere. Besides, some POPs (like HCB and, in less extent, PCDD/Fs) are pollutants of global 
concern. Taking this into account, modelling of the considered POPs is performed by 
multicompartment chemical transport model MSCE-POP. The influence of global POP sources is 
accounted by application of global/hemispheric calculations. To consider the affect of long-term 
accumulation of a pollutant in the environmental media, simulations for a long enough period of time 
(depending on a pollutant in question) are carried out to generate initial and boundary conditions for 
regional simulations for 2010. 

The outcome of these studies is summarized below. 
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Polycyclic aromatic hydrocarbons (PAHs) 

PAHs are subject to a lot of national and international regulations. In particular, a lot of substances 
containing PAHs are listed in EU Regulation (EC) No 1907/2006 of the European Parliament and of the 
Council on Registration, Evaluation, Authorisation and restriction of CHemicals (REACH), Annex VII 
“Restrictions on the manufacture, placing on the market and use of certain dangerous substances, 
mixtures and articles”. Further, Directive 2004/107/EC of the European Parliament and of the Council 
(fourth daughter directive for Air Quality Framework Directive 96/62/EC) establishes target value for 
B[a]P as 1 ng/m3 (B[a]P is used as a marker for the carcinogenic risk of polycyclic aromatic 
hydrocarbons in ambient air). Here target value is “a concentration in the ambient air fixed with the aim 
of avoiding, preventing or reducing harmful effects on human health and the environment as a whole, 
to be attained where possible by 31 December 2012”. Similar activities are undertaken in Northern 
America (CEPA 1999 and CMP in Canada; FIFRA and TSCA in the US; Canadian and US Strategy 
GLBTS). In this report evaluation of B[a]P environmental levels relative to EU target value is 
performed. 

Emission data for modelling have been prepared on the basis of the official emissions complemented 
when necessary by expert estimates presented by CEIP. Taking into account that temporal variations 
of emissions from sources of different categories are different, MSC-E has prepared gridded emission 
data for main categories contributing to B[a]P emissions (Residential heating, Industrial processes, 
Waste incineration, Road transport and other categories). Modelling results together with 
measurements at the EMEP monitoring network provide a consistent picture of contamination in the 
EMEP region. 

The analysis of contamination in 2010 allows selecting several areas with essential exceedances of EU 
target value for B[a]P, equal to 1 ng/m3 (annual average), which are populated by at least 15 million 
people.  

Further, it has shown that B[a]P contamination is characterized by essential spatial and temporal 
variability. In particular, winter concentrations of B[a]P can exceed annual averages several times. The 
variations of air concentrations between neighbouring areas of different character (from urban to 
background) can be even more essential and reach an order of magnitude. Hence, further evaluation 
of contamination in heavy polluted regions by modelling with finer spatial resolution is reasonable. For 
such modelling more detailed information on emissions with finer temporal and spatial resolution is 
required. 

The analysis of long-term trends in B[a]P contamination shows general reduction of B[a]P air 
concentrations in Europe since 1990 by about 30%. However, this reduction is spatially 
inhomogeneous. Particularly, significant reduction of pollution (twice and more) is characteristic of 8 
countries, moderate reduction (from 50% to 25%) takes place in 10 countries, and in 10 countries air 
concentrations either have not been changed since 1990 or even become higher. The contamination of 
the EMEP countries in considerable extent is determined by transboundary transport. Particularly, 12 
countries are responsible for 80% of total value of B[a]P deposition to the consolidated area of all 
EMEP countries. Further, the contributions of transboundary transport (import) exceed 60% for 23 
EMEP countries. Besides it should be stressed that contributions of transboundary transport in a 
country are subject to strong spatial variations. For example, average contribution of transboundary 
transport to deposition flux over Germany is 30%, though in some regions this contribution can reach 
90% and more. 
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For the description of gas-particle partitioning of PAHs and their degradation in the particle-bound form 
the information on concentrations and chemical composition of the atmospheric aerosol is crucial. The 
inter-linkages between POP behaviour in the environment and chemical composition of atmospheric 
aerosol are examined from the viewpoint of reaction rates of POP degradation due to various 
atmospheric reactants (ozone and NOx) of PAHs sorbed on aerosol particles of different chemical 
nature. In future these data will be used for the refinement of model description of PAH behaviour in 
the atmosphere. 

Further improvement of evaluation of B[a]P contamination in the EMEP region imply application of 
modelling with finer spatial resolution in particular regions and elaboration of tools for POP inverse 
modelling.  

 

Polychlorinated dibenzo(p)dioxins and dibenzofurans (PCDD/Fs) 

The problem of environmental contamination by PCDD/Fs is recently in the focus of a lot of national 
and international organizations and programs (the Stockholm Convention, HELCOM, SEPA and 
others). Evaluation of environmental pollution by PCDD/Fs under CLRTAP is currently characterized by 
essential uncertainties connected with the following: 

 Emission data on PCDD/Fs is reported by countries in total toxicity units. However, for model 
evaluation of PCDD/F contamination the congener composition of emission should be taken 
into account since the behaviour of particular PCDD/F congeners in the environment is different 
due to differences in their physical-chemical properties. 

 Monitoring of PCDD/F levels is not included into regular EMEP monitoring program. For 
evaluating PCDD/F contamination of the EMEP region the results of national and international 
measurement campaigns found in literature are used. 

Taking this into account, evaluation of PCDD/F contamination of the EMEP region is performed using 
compilation of available congener-specific measurement data on PCDD/F air concentrations in 
background and remote regions and developing inverse modelling approach. Results of model 
simulations show that the use of available official emission data lead to underestimation of observed 
PCDD/F concentrations by approximately 5 times which is in line with estimates of uncertainties of 
available PCDD/F emission inventories for European region. These uncertainties may be caused by 
incompleteness of emissions, missing source categories, underestimation of uncontrolled emissions, 
emissions from natural sources, etc.  

On the basis of selected measurement data, correction of emission data for particular congeners is 
carried out using inverse modelling. The correction concerns both total toxicity and contributions of 
particular congeners. It is found that enlargement of PCDD/F emissions lead to better agreement 
between measurements and model predictions of total PCDD/F toxicity. 

Due to rather high persistence of PCDD/Fs in the environmental media other than the atmosphere 
(particularly in soil) long-term accumulation in the environmental media can essentially affect PCDD/F 
air concentrations. To take this accumulation into account and simultaneously evaluate the influence of 
non-EMEP emission sources, model simulations for the period from 1970 to 2010 are performed for all 
17 PCDD/F toxic congeners by means of the hemispheric scale modelling. The evaluation of 
environmental pollution in 2010 within the EMEP region is carried out by means of regional modelling 
(with resolution 50×50 km) using initial and boundary condition generated by hemispheric simulations. 
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Fig. 1.7. Comparison of measured values of B[a]P air concentrations with calculated ones for previous  
and modified emission seasonal variations for the period from June to September at three EMEP sites. 

 
Thus, in most cases calculations using modified seasonal variations of emissions better agree with 
measurements than calculations made with the use of previous emission seasonal variations. 
However, the agreement is improved differently for sites located in different regions. 

It is interesting also to evaluate the difference between 
annual averages of B[a]P air concentrations calculated 
with previous and modified emission seasonal 
variations over the whole EMEP grid. Spatial 
distribution of this difference is shown in Fig. 1.8. 

According to the model estimates, differences in 
calculations of annual means of air concentrations due 
to emission seasonal variations may reach 40% and 
more. These differences can be essential in regions of 
Eastern Europe where exceedances of the EU target 
value threshold take place. This shows that the 
information on emission seasonal variations is required 
for reliable assessment of exceedances of target values 
in the EMEP domain. 

 

Concluding remarks 

The above investigation shows that: 

 Modification of model description of emission seasonal variations refines the agreement 
between measured and calculated values of B[a]P air concentrations. 

 Temporal variability of B[a]P emissions can considerably (up to 40% and higher) affect annual 
means of air concentrations. This variability strongly depends on emission composition from the 
viewpoint of source categories. 

  Information on temporal variations for various emission source categories is desirable for 
correct assessment of B[a]P contamination levels. 

 

 

Fig. 1.8. Difference between calculations with 
previous and modified schemes of emission 

seasonal variations. 
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1.2.3. Evaluation of congener composition of PCDD/F emissions 

Evaluation of PCDD/F fate in the environment should take into account that PCDD/F is a complex 
chemical mixture and, hence, its total toxicity is composed from toxicities of 17 individual toxic 
congeners. Essential differences in environmental behaviour of different PCDD/F congeners imply the 
use of separate simulations for each of 17 toxic congeners for more reliable evaluation of their total 
toxicity. 

Since Parties to the Convention report the emission data on total toxicity of PCDD/Fs only, to assess 
environmental pollution by PCDD/Fs the congener composition of emissions should be evaluated. To 
perform this task, the following approach is used. 

At the first stage initial model simulations for each of 17 toxic congeners based on the available 
emission data are performed. For these calculations congener-specific emissions are generated on the 
basis of official emission data on total toxicity of PCDD/F mixture provided by CEIP. To split the data 
on total toxicity to emissions of particular congeners the expert estimates from POPCYCLING-Baltic 
project [Pacyna et al., 2003] are used. According to these data congener composition does not 
essentially vary between the countries. To take into account remote emission sources (located outside 
the EMEP domain) and the influence of long-term accumulation of PCDD/F congeners in the 
environmental media other than the atmosphere, hemispheric simulations for the period from 1970 to 
2010 are carried out. Then calculations of environmental levels of 17 toxic congeners are done on the 
regional level for 2010. 

At the second stage the results of initial simulations are compared with available measurement data on 
atmospheric concentrations of PCDD/F congeners. This task is complicated by the fact that regular 
measurements of PCDD/Fs at the EMEP measurement sites are currently performed. To obtain 
monitoring data for the comparison MSC-E performed literature search of congener-specific PCDD/F 
measurements obtained by national and international monitoring campaigns. These data reported for 
different years and time periods are compared with calculation results obtained for corresponding 
periods. The comparison shows essential underestimation of total toxicity of PCDD/F mixture and 
disagreement between measured and calculated congener composition. 

At the third stage correction of emissions of individual congeners is done on the basis of minimization 
of Root Mean Square Error (RMSE) for each of the considered 17 toxic congeners under the 
assumptions of a small observation noise and neglecting uncertainties in atmospheric transport model. 
This correction (being in line with estimates of emission uncertainties up to 700% reported by 
countries) leads to the refinement of the agreement between both measured and calculated total 
toxicity of PCDD/F mixture and between fractions of individual congeners in total toxicity in modelling 
results and observations. 

Below short summary of the results of these activities is given. More detailed information can be found 
in EMEP/MSC-E Technical Report [Shatalov et al., 2012]. 

 

Measurement data 

Here the monitoring data used for the correction of PCDD/F congener composition are described. A lot 
of measurement data on PCDD/Fs for the period from late 1980th to 2009 were found in the literature. 
These data includes measurements in European countries (Austria, Belgium, Denmark, France, 
Germany, Greece, Italy, Ireland, Luxembourg, the Netherlands, Poland, Portugal, Slovakia, Spain, 
Sweden and the United Kingdom), Asian countries (China, Japan and Korea) and North America (USA 
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and Canada). These measurements characterize environmental levels of PCDD/Fs for different 
locations from background ones (up to 15 – 20 fg TEQ/m3) to urban/industrial regions (about several 
hundreds of fg TEQ/m3). Extremely high contamination levels of PCDD/Fs (more than 1000 fg TEQ/m3) 
were obtained at some urban/industrial locations in China, Korea and Poland. 

For the comparison measurements in background/rural regions with congener composition of air 
concentrations were selected. The following data are used: measurements in France (Thau lagoon) for 
2005 and 2007; measurements at Swedish sites SE12 and SE14 for 2009, measurements in Spain 
(Arenys de Mar) made in November 2008, measurements in Italy (Ispra IT04 JRC EMEP site) made in 
March 2005 and measurements at the UK sites (London, Manchester, Middlesbrough, Stoke Ferry and 
Hazelrigg) for the period from 2004 to 2008. The site High Muffles was not considered due to large 
number of measurements being below the detection limit. In addition, measurements at Great Lakes 
(sites Eagle Harbor, Sleeping Bear Dunes, Sturgeon Point and Chicago) for the period from 2004 to 
2007 were used for the comparison. 

 
Comparison of initial calculations with measurements 

As mentioned above, for each of 17 PCDD/F toxic congeners separate calculations for the period from 
1970 to 2010 (at the hemispheric scale) and for 2010 (at the regional scale) with the use of official 
emission data and preliminary congener composition of emissions were carried out (initial calculations).  

Below the comparison of measured congener composition of PCDD/F mixture in the atmosphere (that 
is, fractions of individual congeners in total toxicity of PCDD/F mixture) with that obtained by initial 
calculations was performed for all measurements mentioned above. Here only some examples will be 
considered; more detailed description of the comparison can be found in [Shatalov et al., 2012]. 

To begin with, measured and calculated congener composition of PCDD/F mixture will be compared. 
By congener composition the set of fractions of individual congeners in total toxicity of PCDD/F mixture 
is meant. One of the characteristics of PCDD/F congener composition, which is often used in the 
literature, is dioxin-to-furan ratio (D/F ratio). It is defined as the ratio of contribution of dioxins to total 
toxicity to that of furans. Measured and calculated D/F ratios for some locations and time periods in 
Europe are given in Table 1.7. The table contains both background and urban measurements. The 
latter can be used for direct evaluation of PCDD/F congener composition in the corresponding region 
since measurement locations are for these sites close to emission sources and congener composition 
in the atmosphere is not subject to modifications during the long-range transport due to differences in 
physical-chemical properties of particular congeners. 

It can be noticed that higher measured values of D/F ratio are characteristic of western European 
countries (locations) whereas lower value of the ratio were measured at the locations situated in the 
Eastern/Southern Europe (Italy and Poland). It is interesting to note that measurements for China show 
rather low fraction of dioxins (measured value of D/F ratio in Beijing, February 2006, is only 0.12). At 
the same time calculated D/F ratio does not vary essentially since initial congener composition in 
emissions does not vary between particular countries. 

The differences in congener composition of PCDD/F toxicity in emissions are conditioned by the 
differences of congener composition in emissions from different emission source categories and by the 
differences in the distribution of country emissions by source categories. Average values of D/F ratios 
for some emission source categories are presented in Table 1.8. 
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Table 1.7. Measured and calculated values of D/F ratio for some locations in Europe 

D/F ratio 
Period and location 

Measured Calculated 
Hazelrigg (the UK), 2004 – 2008 1.02 0.22 
Thau lagoon (France), 2005 0.97 0.27 
London (the UK), 2004 – 2008 0.75 0.22 
Stoke Ferry (the UK), 2004 – 2007 0.71 0.22 
Arenis de Mare (Spain), November 2008 0.67 0.21 
SE14 (Sweden), 2009 0.57 0.38 
Middlesbrough (the UK), 2004 – 2008 0.55 0.22 
Thau lagoon (France), 2007 0.48 0.21 
Manchester (the UK), 2004 – 2008 0.48 0.22 
SE12 (Sweden), 2009 0.43 0.40 
Ispra, IT04 (Italy), March 22 – 30, 2005 0.23 0.20 
Krakow (Poland), June and December 2002 0.12 0.22 

 
Table 1.8. Average D/F ratios for some emission source categories 

D/F ratio  
Average Median SqD 

Marine transport 0.99 0.73 0.45 
Road transport 0.92 0.48 1.20 
Fuel burning 0.79 0.51 0.99 
Waste incinerators 0.47 0.27 0.58 
Cement kilns 0.44 0.33 0.23 
Metallurgy 0.26 0.18 0.20 

 

It can be seen that high values of D/F ratios (that is, predominance of dioxins in emissions) is 
characteristic of source categories connected with fuel burning such as marine transport, road 
transport, etc. On the opposite, emissions from waste incinerators and industry seem to be 
characterized by lower value of D/F ratio. Unfortunately, gaps in the information on the distribution of 
country emissions by source categories and uncertainties in emission factors for individual congeners 

hamper the construction of correct congener 
composition of country-specific emissions. 

Of course, D/F ratio is just an averaged 
characteristic of congener composition. To see 
more detailed information on congener composition, 
fractions of each particular congener in the total 
toxicity of PCDD/F mixture (congener profile) should 
be considered. As an example, the comparison of 
measured and calculated congener profiles of 
PCDD/F toxicity in the atmosphere at the UK site 
Stoke Ferry averaged from 2004 to 2007 is shown 
in Fig. 1.9 (the list of short names of PCDD/F 
congeners used in the plot is given in Table 1.9 
below). 
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Fig. 1.9. Comparison of calculated and 

measured congener composition at Stoke 
Ferry (the UK) averaged over 2004 – 2007. 
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Fig. 1.10. Comparison of calculated and 

measured toxicities of PCDD/F 
congeners composition at SE14 in 

September 2009 (initial calculations). 
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Fig. 1.11. Measured and calculated 
PCDD/F toxicity near Thau lagoon 

(France) in nine months in 2007 – 2008 

Table 1.9. Short names of PCDD/F toxic congeners used in diagrams 

2,3,7,8-TCDD TCDD    1,2,3,4,5,6,7,8-OCDD OCDD    1,2,3,7,8,9-HxCDF 19HxCDF 
1,2,3,7,8-PeCDD PeCDD   2,3,7,8-TCDF TCDF    2,3,4,6,7,8-HxCDF 23HxCDF 
1,2,3,4,7,8-HxCDD 4HxCDD  1,2,3,7,8-PeCDF 12PeCDF 1,2,3,4,6,7,8-HpCDF 78HpCDF 
1,2,3,6,7,8HxCDD 6HxCDD  2,3,4,7,8-PeCDF 23PeCDF 1,2,3,4,7,8,9-HpCDF 89HpCDF 
1,2,3,7,8,9-HxCDD 7HxCDD  1,2,3,4,7,8-HxCDF 14HxCDF 1,2,3,4,5,6,7,8-OCDF OCDF    
1,2,3,4,6,7,8-HpCDD HpCDD   1,2,3,6,7,8-HxCDF 16HxCDF   

 

As seen from the plots, the model overestimates fractions of most of furans and underestimates the 
fractions of most of dioxins, but in different extent. Such differences, in particular, lead to the difference 
of D/F ratio (0.71 for measurements and only 0.22 for calculations at Stoke Ferry). 

The underestimation of D/F ratio is even more pronounced for measurements in Canada (Great Lake 
district). For example for Eagle Harbor measured D/F ratio is 1.08 whereas calculated ratio is 0.26. 
Similar, D/F ratios for Chicago are: measured – 0.79, and calculated – 0.22. So, from this comparison it 
is clear that the model overestimates furans contribution to total toxicity in the Great Lakes district 
similar to the situation in the western part of Europe. 

In addition to the comparison of fractions of individual 
congeners in total toxicity, it is interesting to compare 
measured and calculated absolute values of toxicities of 
particular congeners. As an example, the comparison of 
measured and calculated toxicities of PCDD/F congeners at 
the site SE14 in September 2009 is shown in Fig. 1.10. It is 
seen that the model underestimates toxicities of almost all 
PCDD/F congeners but in different extent. This, in particular, 
leads to underestimation of total toxicity of PCDD/F mixture 
at the considered site about 3.8 times. Similar situation is 
characteristic of all considered measurement sites. For 
example, the comparison of measured and calculated values 
of total PCDD/F toxicity (calculated as the sum of toxicities 
of individual congeners) in France (near Thau lagoon) for 9 
months in 2007 – 2008 shows the underestimation about 5 – 
6 times (Fig. 1.11). The underestimation is as much as 5 
times on the average.  

Poor coverage of Europe by PCDD/F measurement sites 
does not allow performing comprehensive analysis of 
congener composition of total toxicity in the atmosphere at 
various locations. Some information on spatial distribution of 
PCDD/F congener composition can be obtained from the 
analysis of measurements at Aspvreten (SE12, Sweden) 
[Sellström et al., 2009]. These are one-day measurements 
for selected days in the end of 2006 and first half of 2007. 
They are accompanied by information on the compass 
sectors within which the pollutant is predominantly 
transported (see Fig. 1.12). 
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D/F ratios calculated on the basis of measurements at 
SE12 are 1.13 for North-north-west (NNW) sector, 1.10 
for North-west (NW) sector, 0.92 for South-west (SW) 
sector, 0.49 for South-south-west (SSW) sector, 0.44 for 
North-north-east (NNE) sector, 0.33 for East (E) sector 
and 0.26 for South-south-east (SSE) sector. This 
information agrees with that obtained from measurements 
at other European sites discussed above. 

Additional source of uncertainties in emission data is the 
formation of PCDD/F congeners from other pollutants due 
to chemical transformation in the atmosphere. In 
particular, heavy dioxin congeners can be formed from 

other air pollutants such as PCP in the course of reactions with atmospheric reactants. As said in 
Standardized Toolkit for Identification and Quantification of Dioxin and Furan Releases used under the 
Stockholm Convention “The homologue and congener profiles and patterns strongly indicate that PCP 
is the source of dioxin contamination”. In present, there are not enough data to take this source of 
PCDD/F into account due to deficiency of emission and measurement data on PCP. 

So, it can be concluded that: 

1. Congener composition of emissions strongly depends on the structure of emissions from the 
viewpoint of source categories. 

2. Measurements show predominance of dioxins in emissions of countries from Northern and 
Western Europe. 

3. Congener composition of emissions used in modelling is subject to essential uncertainties and 
needs correction. 

 
Correction of emission data 

The correction of emission data for modelling is performed with the help of inverse modelling approach 
using available measurement data and atmospheric concentrations at the considered sites calculated 
by initial model runs (“synthetic observations” in the terminology of [Villani et al., 2010]). Correction of 
congener composition of PCDD/F emissions is carried out by multiplying emissions of each of 17 toxic 
congeners by correction coefficients depending on a congener. These coefficients are determined by 
minimizing root mean square error (RMSE) between measurements at all considered sites and 
calculation results for each particular congener under the assumptions of a small observation noise 
and neglecting uncertainties in atmospheric transport model. It should be mentioned that one and the 
same correction coefficients are used for emissions of all regions. Such rough assumption is used due 
to deficiency of measurement data on congener composition of total toxicity of PCDD/F mixture in 
various regions within the globe. Besides, both enlargement of emission totals and refined congener 
composition is assumed to be one and the same for the whole EMEP domain. The calculated set of 
correction coefficients for each of 17 toxic congeners determines also changing of total toxicity of 
emissions.  

The result of the above described procedure is as follows. First, enlargement coefficient for total toxicity 
of emissions is found to be 5.4, which is in accordance to the underestimation of air concentrations by 
initial calculations obtained above. The difference between congener profile used in initial calculations 
and corrected congener profile is shown in Fig. 1.13. In the plot short names of PCDD/F congeners are 
used (see Table 1.9 above). 

 
Fig. 1.12. Compass source categories used in 

the interpretation of SE12 measurements 
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As a result of this modification, agreement between measured and calculated congener profiles at 
locations of the considered measurement sites is essentially refined. For example, the comparison of 
measured congener profiles at sites Råö (SE14, 
Sweden) and Hazelrigg (the UK) with calculations 
made with initial and corrected emission data are 
presented in Fig. 1.14. 

The calculations show that Root Mean Square Error 
(RMSE) between measured and calculated congener 
profiles has decreased 2.6 times at SE14 and 1.5 
times at Hazelrigg. 

The comparison of calculation results obtained with 
corrected emission data with available measurements 
from the viewpoint of total toxicity of PCDD/F mixture 
will be considered in Section 3.2 below.  
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Fig. 1.14. Comparison of measured congener profiles at SE14 and Hazelrigg  

with initial and corrected calculations. 

 
Concluding remarks 

 Since the behaviour of different PCDD/F congeners in the environment is different due to their 
specific physical-chemical properties, separate model evaluation of all 17 PCDD/F toxic 
congeners is required for obtaining correct information on total toxicity of PCDD/F mixture. 

 Congener composition of emissions in a country strongly depends on contributions of particular 
source categories to total emission. To further refine evaluation of environmental contamination 
by PCDD/Fs sector split information on emissions for particular countries is essential along with 
splitting of emissions by individual congeners. 

 Preparation of congener-specific emission data for modelling together with corrections of total 
toxicity of emissions is made using inverse modelling approach based on the measurement data 
on congener composition collected from the literature. It has been found that for reasonable 
agreement between measurements and calculations of total toxicity of PCDD/F mixture in the 
atmosphere emission data should be enlarged about 5 times, which is in line with the estimates 
of emission uncertainties. 
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Fig. 1.13. Change in congener profile in 

emissions obtained in the optimization procedure 
based on European measurement data. 
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1.2.4. Historical HCB emissions 

Due to high persistence of HCB in the environment historical accumulation of this pollutant in main 
media (soil, seawater) essentially influences HCB contamination levels. So, for calculation of HCB air 
pollution levels historical emissions for sufficiently long period should be used. 

Three scenarios of historical HCB emissions (maximum, average and minimal) are constructed earlier 
for modelling of long-term accumulation of the pollutant in the environmental media [Shatalov et al,. 
2010]. Preliminary calculations made with the use of the GLEMOS system show that modelling results 
obtained with maximum scenario agree best of all with available measurement data. Thus, this 
particular scenario is used in long-term global simulations with resolution 3°×3°. In modelling it is 
supposed that half of emissions enter to the atmosphere and other half – in soil. 

According to this scenario, global HCB emissions are increasing during the period from 1945 to 1978 
reaching 18 thousand tonnes in the end of the period (Fig. 1.15). Further, in 80th of the previous 
century emissions have been reduced rapidly with subsequent moderate decrease (about 10% a year 
on the average) beginning from 1987. Total emissions of HCB in 2010 amount to 55.5 tonnes. 
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Fig. 1.15.  Time trend of HCB global atmospheric emissions: 1945-2010(a), 1990-2010(b) 

 
During the period of active HCB use main contributors to the environmental contamination by HCB 
were Europe and Asia. However, the spatial pattern of contamination changed in time. Spatial 
distributions of emissions in 1978 (the year with maximum emissions) and in 2010 are shown in Fig. 
1.16. In particular, the share of European emission sources decreased from 17% in 1978 to 12% in 
2010 whereas the share of Asian sources increased fro 26% to 51% during the same period. 
 

a      b   

Fig. 1.16.  Spatial distribution of HCB emissions in 1978 (a) and in 2010 (b) over global domain with resolution 30x30 

Concluding remarks 

 According to estimates of HCB emissions its release reach maximum in the end of 70th. Further 
emissions rapidly drop with subsequent moderate decrease (~10% per year) beginning from 
1987. 

 Spatial distribution of HCB emissions is different for different years. In particular, the share of 
European emissions drop from 17% in 1978 to 12% in 2010. On the opposite, share of Asian 
sources increased from 26% to 51% within the same period. 
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2. MONITORING OF POP POLLUTION LEVELS 

EMEP measurements of POPs in 2010 

POPs were included in the EMEP’s monitoring program in 1999. However, earlier data has been 
available and collected, and the EMEP database thus also includes older measurements (see 
http://ebas.nilu.no)). A number of countries have been reporting POPs within the EMEP area in 
connection with different national and international programmes such as HELCOM, AMAP and 
OSPARCOM. Data from the open scientific literature are also used for model validation and 
complements the EMEP data. Detailed information about the sites and the measurement methods 
used in 2010 are found in EMEP/CCC’s data report on heavy metals and POPs [Aas and Breivik, 
2012].  

In 2010 there were twelve sites measuring POPs in both compartments (air and deposition), and 
altogether there were twenty six measurement sites reporting POPs in either air or deposition, which 
are three more than in 2009. Two of the new sites are in Moldova and Kazakhstan, but these are only 
one year campaign measurements where part of 2010 is covered. There has been an increase in 
EMEP sites measuring PAHs the last years because these compounds are required according to the 
EUs air quality directive [EU, 2004]. Benzo[a]pyrene (B[a]P), which is a by-product of incomplete 
combustion processes, is the most frequently measured POP component in EMEP. These results are 
therefore highlighted herein, whereas additional results for other compounds can be found in the 
annual data report [Aas and Breivik, 2012].  

Table 2.1.  Measurement sites and program in 2010 

Country Code Name POPs in air and aerosol POPs in precipitation 
BE0014R Koksijde   PCBs, pesticides, HCH 

Belgium 
BE0013R Houtem PAHs 

Cyprus CY0002R Ayia Marina PAHs 
Czech  
Republic 

CZ0003R Kosetice PAHs, PCBs, pesticides, HCB, 
HCHs 

PAHs, PCBs, pesticides, HCH

Denmark DK0010G Nord, Greenland PAHs, pesticides, HCB, HCHs
DE0001R Westerland PAHs, PCBs, pesticides, HCB, 

HCHs 
PAHs, PCBs, pesticides, HCB, 
HCHs 

DE0003R Schauinsland PAHs 
DE0008R Schmücke PAHs 

Germany 

DE0009R Zingst PAHs, PCBs, pesticides, HCB, 
HCHs 

PAHs, PCBs, pesticides, HCB, 
HCHs 

Spain ES0008R Niembro PAHs PAHs 
Finland FI0096R Pallas PAHs, PCBs, pesticides, HCB, 

HCHs 
PAHs, PCBs, HCHs 

Great 
Britain 

GB0014R High Muffles PCBs 

Island IS0091R Storhofdi PCBs, pesticides, HCB, HCHs PCBs, pesticides, HCB, HCHs
Kazakhstan KZ0001R Borovoe PAHs, PCBs, pesticides, HCB, 

HCHs 
Latvia LV0010R Rucava PAHs 
Moldova MD0013R Leova II PAHs, PCBs, pesticides, HCB, 

HCHs 
NL0009R Kollumerwaard PAHs 

Netherlands 
NL0091R De Zilk PAHs γ-HCH 
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Country Code Name POPs in air and aerosol POPs in precipitation 
NO0042G Spitsbergen 
NO0002R Birkenes PCBs, HCB, HCHs Norway 

NO0090R Andøya 

PAHs, PCBs, pesticides, 
HCHs, HCB 

Poland PL0005R Diabla Gora PAHs PAHs 
SE0011R Vavihill PAHs PAHs 
SE0012R Aspvreten Sweden 

SE0014R Råö 
PAHs, PCBs, pesticides, 
HCHs, HCB PAHs, PCBs, HCHs 

Slovenia SI0008R Iskrba PAHs 
 

Benzo[a]pyrene (B[a]P) measurements  

The spatial pattern of the average annual 
concentration level of B[a]P is shown in Fig. 2.1, 
where air concentrations seem to decrease when 
moving towards more remote areas in Europe. The 
sites in Cyprus, Moldova and Kazakhstan are not 
included in the plot due to low data coverage over 
the whole year. Notable differences in air 
concentrations can be seen between some adjacent 
sites suggesting that some EMEP sites may be 
influenced by local emissions of PAHs. In general, 
elevated concentrations of POPs are often seen in 
central parts of Europe [Aas and Breivik, 2012; 
Tørseth et al. 2012] reflecting proximity to major 
emission sources in Europe [Halse et al, 2010; 
Denier van der Gon et al, 2005]. 

 

 

Fig. 2.2. Trends of B[a]P in aerosols and precipitation, from 1994-2010.  Note different y axis for NO42. 

 
B[a]P has been measured in precipitation and/or aerosols since the mid nineties at five sites(Fig. 2.2). 
Trend analysis done for the period up to 2009 [Tørseth et al., 2012] show no immediately obvious trend 
for this compound, except a significant decrease at Zeppelin mountain at Svalbard (NO42) for B[a]P in 
aerosols, and a significant decrease in total deposition of B[a]P at Rørvik in Sweden (SE02). One 
should note that the concentration level at Zeppelin, Svalbard is very low and the higher level in the 
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Fig. 2.1. Spatial distribution of the annual average 
concentrations of benzo[a]pyrene in 2010, ng/m3. 
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nineties is due to some high episodes each year causing the relative high annual average. There is 
quite large inter-annual variability in the observed concentration, especially in precipitation. One should 
note that the total deposition measurements in Sweden and Finland are not comparable to the regular 
precipitation measurements, but for trend analysis at the individual sites, they are suitable.  

It is difficult to quantify the uncertainty in the POP measurements since it depends on several factors 
(methodology, sample handling and preparation etc) and the component in question. Also the 
analytical determination is associated with relative large uncertainties. EMEP together with the 
Northern Contaminants Program (NCP) in Canada, which is coordinated by the Laboratory Services 
Branch (LaSB) of the Ontario Ministry of the Environment (MOE), performed a common laboratory 
intercomparison in 2010. All the laboratories participating in EMEP, HELCOM, OSPAR or AMAP was 
invited to participate. This interlaboratory study aimed to assess variability in analyzing two standards 
(one high and one low) and one real air sample for four classes of trace organic chemicals, namely, 
polycyclic aromatic hydrocarbons (PAHs); polybrominated diphenyl ethers (PBDEs); polychlorinated 
biphenyls (PCBs); and organochlorine pesticides (OCPs). The results for B[a]P is presented in Fig. 2.3 
and it is taken from Schlabach et al. [2011]. It is quite clear that some labs have outliers, but the 
general picture is quite satisfactory. When excluding the outliers, the relative standard variations are 
23% for the standard solution and only 15% for the real air sample. Note that not all the laboratories 
shown in the figure are part of EMEP. 

 

 

Fig. 2.3. Analytical performance of B[a]P in standard solutions and real air samples in EMEP/AMAP/NCP 
laboratory intercomparison [Schlabach et al, 2011] 
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3. ASSESSMENT OF POLLUTION LEVELS AND TRANSBOUNDARY 
TRANSPORT OF POPs 

3.1. Polycyclic Aromatic Hydrocarbons (PAHs) 

Polycyclic Aromatic Hydrocarbons (PAHs) are a group of chemicals that occur naturally in coal, crude 
oil and gasoline. PAHs are also contained in products made from fossil fuels, such as coal-tar pitch, 
creosote and asphalt. When coal is converted to natural gas, PAHs can be released. Therefore, some 
former coal-gasification sites may have elevated levels of PAHs. PAHs can also be released into the 
air during the incomplete burning of fossil fuels and garbage. The less efficient the burning process is 
the more PAHs are released into environment. Forest fires and volcanoes can produce PAHs naturally. 

PAHs are widely known as substances posing serious risk for the human health. The risk of PAH 
adverse effects for humans is intensively investigated. In particular, it is found that “Based on 
epidemiological data from studies in coke-oven workers, a unit risk for B[a]P as indicator air constituent 
for PAHs is estimated to be 8.7 × 10–5 per ng/m3, which is the same as that established by WHO in 
1987. The corresponding concentrations of B[a]P producing excess lifetime cancer risks of 1/10000, 
1/100000 and 1/1000000 are 1.2, 0.12 and 0.012 ng/m3, respectively” [Air quality guidelines for 
Europe. Second edition, 2000]. 

In accordance to EU Regulation (EC) No 1907/2006 on Registration, Evaluation, Authorisation and 
restriction of CHemicals (REACH), 8 PAH species (benzo[a]pyrene, benzo[a]anthracene, 
benzo[b]fluoranthene, benzo[j]fluoranthene, benzo[b]fluoranthene, dibenz[a,h]anthracene, chrysene 
and benzo[e]pyrene) are considered as carcinogens of category 2; benzo[a]pyrene is considered in 
addition as mutagen and toxic to reproduction substance of category 2. Since 2005, benzo[a]pyrene 
has been included in the list of carcinogens of category 1 by the International Agency for Research on 
Cancer (IARC) (see Some Non-heterocyclic Polycyclic Aromatic Hydrocarbons and Some Related 
Exposures, IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, vol. 92, 2010). 

A lot of substances containing PAHs are listed in the REACH Legislation, Annex VII “Restrictions on 
the manufacture, placing on the market and use of certain dangerous substances, mixtures and 
articles”. In particular, the Annex states that “Extender oils shall not be placed on the market and used 
for the production of tyres or parts of tyres, if they contain: 

 more than 1 mg/kg B[a]P, or 

 more than 10 mg/kg of the sum of all listed PAHs. 

Taking into account possible risk for human health, a number of countries have introduced target 
values of air quality objectives for PAHs in the ambient air. Benzo[a]pyrene is often used as a marker 
for the carcinogenic risk of polycyclic aromatic hydrocarbons in the ambient air (Directive 2004/107/EC 
of the European Parliament and of the Council of 15 December 2004). 

According to this Directive, EU target value for B[a]P is established as 1 ng/m3 (annual average). Here 
target value (TV) means “a concentration in the ambient air fixed with the aim of avoiding, preventing 
or reducing harmful effects on human health and the environment as a whole”. Besides, upper and 
lower assessment thresholds (0.6 and 0.4 ng/m3 respectively) are established. Here upper 
assessment threshold (UAT) means a level below which a combination of measurements and 
modelling techniques can be used to assess ambient air quality. Lower assessment threshold (LAT) 
is the level below which sole use of modelling or objective estimation techniques can be sufficient. 
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PAH contamination is of high interest worldwide. In addition to the above EU environmental levels, 
PAH concentrations are subject to various national legislations. For example, air quality objective in 
Australia is 0.3 ng/m3. Russian legislation assumes the assessment of diurnal means of B[a]P 
concentrations instead of annual ones. B[a]P measurements are carried out in a lot of countries. In 
particular, the EU database (AirBase) contains measurement data for a number of years in the 
European Union (see, e.g. Fig. 3.1a where measured levels of B[a]P in the atmosphere in 2009 are 
presented). 

 

a      b   

Fig. 3.1. Annual means of B[a]P concentrations in the surface air:  a – measurements from AirBase database 
(EEA) for 2009 taken from Air Quality Europe 2009 report, b – measurements in Russian cities for 2008 – 2010. 

 
Measurements in the EU show that there exist a lot of areas where B[a]P concentration levels exceed 
target values of 1 ng/m3. However, these data do not cover eastern part of the EMEP domain. For the 
analysis of contamination levels in these areas national measurement data can be used. For example, 
the data on B[a]P concentrations in Russian cities obtained by Voeikov Main Geophysical Observatory 
for 2008 – 2010 (http://voeikovmgo.ru) are shown in Fig. 3.1b (see e.g. [Bezuglaya, 2009]). 

Since B[a]P is considered as a marker of carcinogenic risk of PAHs in most of world-wide legislations 
the investigations below are focused at this species.  

 
3.1.1. Contamination in 2010 

The aim of this section is to evaluate B[a]P contamination levels in the EMEP region in 2010 and to 
compare them with EU standards. The evaluation of B[a]P air concentrations is made here on the 
basis of model calculations together with available measurement data. 

Spatial distribution. Basic measurement data used for the evaluation of pollution levels in the EMEP 
region are obtained at the EMEP monitoring network. The results of these measurements together with 
calculated annual means of B[a]P air concentrations in the surface layer are presented in Fig. 3.2. In 
addition to the EMEP measurements, data from national networks and monitoring campaigns for the 
assessment of B[a]P contamination in the EMEP domain are used. Calculated spatial distribution of 
B[a]P concentrations correlates well with measurements from the EEA AirBase database (Fig. 3.1a). 
Higher values of observed concentrations are conditioned by the fact that measurements have been 
performed not only at background sites but also at urban background, rural, traffic and industrial sites 
as well as by rough resolution of the model (50×50 km). 
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Fig. 3.2. Calculated annual means of B[a]P 
concentrations in surface air in 2010 together with 
measurements at the EMEP monitoring network. 

Fig. 3.3. Comparison between calculation results and 
measurement data at the EMEP monitoring sites  

(annual averages) 

 
In 2010 measurements of B[a]P air concentrations were performed at 19 EMEP measurement sites 
(BE13, CZ3, DE1, DE9, ES8, FI96, KZ1, LV10, MD13, NL9, NL91, NO2, NO42, NO90, PL5, SE11, 
SE12, SE14 and SI8). It should be mentioned that spatial coverage of the EMEP measurement 
network in 2010 has been widened. In particular, measurements of B[a]P concentration were carried 
out at sites KZ1 (Kazakhstan) and MD13 (the Republic of Moldova). The comparison of measurements 
and calculation results at the above sites is presented in Fig. 3.3.  

The comparison shows that about 70% of modelled concentrations agree with measurements within a 
factor of 2, and correlation coefficient between modelled and measured values at the EMEP monitoring 
sites is 0.73. Normalized mean bias is – 0.14, which meets the threshold ± 0.2 used for the evaluation 
of agreement between measurements and model predictions. So, it can be concluded that 
measurement data and calculations are in reasonable agreement with each other showing close 
estimates of contamination levels.  

Let us proceed with the characterization of 
contamination levels in the EMEP countries. 
Calculated values of air concentrations 
averaged over particular EMEP countries are 
lower than the EU target value. However, 
strong spatial variability of annual means of 
air concentrations inside a country takes 
place (see Fig. 3.2). Fig. 3.4 shows maximum 
values of air concentrations within some 
EMEP countries obtained by calculations. It is 
seen that air concentrations at particular 
locations inside these countries can be 
essentially higher than country averages. The 
example of spatial variability of B[a]P air 
concentrations in the Ukraine is shown in Fig. 
3.5. 
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Fig. 3.4. Maximum values of B[a]P air concentrations 

over EMEP countries in comparison with UAT and LAT 



 35

In spite of the fact that average B[a]P air concentrations 
over the Ukraine is about 0.7 ng/m3, concentration levels 
can exceed target value of 1 ng/m3 over wide areas in the 
country. In particular, maximum value of air concentrations 
in the Ukraine is about 3.7 ng/m3. 

So, for 15 EMEP countries target value is reached or 
exceeded at some locations. The exceedance of UAT 
takes place for 26 countries that is, about 50% of all EMEP 
countries. 

In general, it can be concluded that 
measurement/modelling assessment of B[a]P air 
concentrations shows essential exceedances over target 
value threshold (1 ng/m3 annual average). The highest 
exceedances are found in Central and Eastern Europe. 
The analysis allows selecting “hot spots” of pollution in the 
EMEP region, that is, areas where air concentrations 
exceed target value. They are some regions of the Ukraine 
and Poland, southern part of Romania, western part of 
Portugal and northern and southern parts of Italy (see Fig. 
3.6 where areas with exceedances of target value are 
marked red, and with exceedances of UAT – blue). 

The population living within zones where B[a]P air 
concentrations exceed target value (see Fig. 3.6) was 
estimated to about 15 million people. The calculated 
numbers of people living in zones where UAT and LAT are 
exceeded are given in Table 3.1. 

It should be taken into account that these values are 
obtained using annual averages of B[a]P air 
concentrations. The consideration of spatial variability of 
air concentrations leads to the assumption that modelling 
with finer spatial resolution can reveal additional areas with 
exceedances of B[a]P contamination levels over target 
value.  

 

Temporal variability of contamination levels 

Temporal variability of emission leads to essential differences between B[a]P air concentrations in cold 
and warm seasons. In particular, the comparison of annual averages of air concentrations in the 
surface atmospheric layer with those in February is shown in Figs. 3.7a and b. 

 

 

Fig. 3.5. Spatial distribution of B[a]P air 
concentrations in the Ukraine. The oval 

indicates the location with highest 
concentration level (3.7 ng/m3). 

 
 
Fig. 3.6. Areas with exceeded B[a]P target 

value (red) and UAT (blue) 
 

Table 3.1. Number of people living in 
zones with exceedances of target value, 
UAT and LAT (see Fig. 3.6) 

Levels exceeded Population 
Target value (1ng/m3) 15 mln 
UAT (0.6 ng/m3) 75 mln 
LAT (0.4 ng/m3) 180 mln 
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a           b  

Fig. 3.7. Calculated B[a]P concentrations in the surface air for 2010:  
a  – annual means, b – means over February. 

 

        

Fig. 3.8. European area with high B[a]P air concentrations (marked by blue oval), ng/m3. 

 
The location of high concentration area in February is 
similar to that of annual means but absolute values of 
air concentrations are essentially higher. In particular, 
the area where air concentrations exceed EU target 
value (1 ng/m3) is much wider for concentrations 
averaged over February in comparison with annual 
means of air concentrations. Since the degradation of 
B[a]P is slower in cold period, seasonal variations of 
air concentrations can affect annual averages in 
noticeable extent. 

Temporal variations of B[a]P air concentrations are 
analysed in the area with maximum exceedances of 
EU target value (marked by blue oval in Fig. 3.8). 

There is one EMEP monitoring site Diabla Gora (PL5, rural background) in this region (see Fig. 3.8). 
For the comparison annual average of air concentrations at this site is shown by red line (Fig 3.9). 

The comparison of seasonal variations of raw measurements and calculation results with ambient 
temperature at this site is displayed in Fig. 3.10. It is seen that underestimation of B[a]P air 
concentrations by the model takes place mainly in cold months (from January to March and from 
November to December). 
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Fig. 3.9. Calculated and measured monthly 
means of B[a]P concentrations in the surface 
air at PL5. Red line shows annual average. 
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Fig. 3.10. Calculated and measured B[a]P concentrations in the surface air at PL5, 

in comparison with ambient temperature. 

 

Evidently, underestimation of air concentrations at the considered site occurs in the periods with low 
temperatures. In periods with high temperatures both model results and measurements show strong 
decrease of contamination levels. This is conditioned by combined influence of seasonal variations of 
emissions and more intensive degradation process.  

For additional information measurements from three sites from EEA AirBase are included into 
consideration. They are: Cherniawa (rural), Zielonka (rural background) and Legionowo (suburban 
background), see Fig. 3.8. At the sites Cherniawa and Zielonka situation similar to that at PL5 take 
place (see Fig. 3.11, where annual averages of measured concentrations are shown at the plots by red 
lines). Concentration levels found at these two sites are close to those obtained at PL5. Annual 
average at the site Cherniawa is underestimated since measurements for November and December 
are not available. 
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Fig. 3.11. Calculated and measured monthly means of B[a]P concentrations in the surface air at Cherniawa (a) 
and Zielonka (b). Annual averages of measured values are shown by red lines. 

 

At these sites the agreement of calculated and 
measured values of air concentrations is out of 
factor 2 in January and February at Cherniawa and 
for October, November and December at Zielonka. 
Similar to PL5, the underestimation of air 
concentrations by the model takes place at low 
ambient temperatures.  

Suburban background site Legionowo (Fig. 3.12) is 
characterized by essentially higher levels of 
contamination (up to 17 ng/m3 in January with 
annual average 5.2 ng/m3) in comparison with the 
above considered three sites. The model shows 
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Fig. 3.12. Calculated and measured monthly 

means of B[a]P concentrations in surface air at 
Legionowo (suburban background) 
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essentially lower values of concentrations comparable with those obtained at three above sites (with 
annual average 0.72 ng/m3, see Fig.3.8). The reason of this can be underestimation of spatial 
variations of B[a]P concentration levels by the model with 50×50 km cells which leads to smoothing of 
concentrations. Modelling with higher spatial resolution inside a country complemented by the analysis 
with the help of inverse modelling can give more correct description of pollution levels.  

Thus, several areas with exceedances of the EU target values were determined by model simulations. 
Total population in these areas is estimated as about 15 million people. This estimate is a lower one; 
for further refinement of determination of “hot spots” modelling with finer spatial resolution is needed. It 
should be also taken into account that for evaluation of B[a]P contamination in the EMEP region both 
spatial and temporal variability should be taken into account. 

 
3.1.2. Long-term trends of pollution 

This section is devoted to the consideration of long-term trends in B[a]P pollution of the EMEP 
countries. The evaluation of pollution levels during the period from 1990 to 2010 is made on the basis 
of integrated use of measurement data and model estimates. 

Within the EMEP measurement network there are four such sites measuring B[a]P from 1996 to 2010. 
They are CZ3 (Košetice), FI96 (Pallas), NO42 (Zeppelin) and SE12 (Aspvreten). Long-term variations 
of measured and calculated B[a]P concentrations in the ambient air at some of these sites are 
presented in plots in Fig. 3.13. 
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Fig. 3.13. Comparison of measured and calculated B[a]P air concentrations at CZ3 and NO42.  

Scales are different! 

 
Considered sites are located in different parts of Europe and are characterized by quite different levels 
of contamination. The site CZ3 is located in Central Europe. Measured annual mean air concentrations 
of B[a]P here range from 0.15 to 0.65 ng/m3. Concentration levels at the site NO42, located in remote 
region, are essentially lower with concentration range from 0.003 to 0.015 ng/m3. For both sites the 
model reproduces reasonably concentration levels of B[a]P. More smooth character of time 
dependence of calculated concentrations can be explained by averaging of calculated concentrations 
over 50×50 km grid cells. The disagreement between measurements and calculations in the beginning 
of the considered period (1996-2000) can be conditioned by uncertainties of emission data. Quite 
another situation takes place at the site SE12 (Fig. 3.14). Here model results occur to be essentially 
higher than measurements. The difference between calculated and measured air concentrations can 
be conditioned by peculiarities of the site location. For better agreement the modelling with finer spatial 
resolution is required 
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Model calculations allow evaluating average reduction 
of B[a]P contamination in the whole EMEP domain. 
The trend of emissions in comparison with the trend of 
air concentrations is shown in Fig. 3.15, where relative 
reductions of air concentrations and emissions with 
respect to 1990 are shown.  

Calculations show that emission reduction in the 
EMEP region as a whole is about 30%, and the 
reduction of air concentrations is the same on the 
average. However, this reduction is spatially 
inhomogeneous. Contamination decrease in different 
countries is quite different, and for some countries 
increase of air concentrations takes place. For 
example, in the UK and Germany contamination by 
B[a]P has been reduced more than 4 times since 
1990. On the opposite, in ten EMEP countries 
contamination either has not been changed since 1990 
or even become higher. 

To demonstrate long-term trends of contamination in 
particular countries, two countries with different 
changes of emission are chosen, namely, France and 
Denmark. It should be stressed that emissions of 
these countries are based on the data officially 
submitted by countries to CEIP. 

Strong emission reduction is characteristic of France accounting for 2.2 times during the whole period 
(see Fig. 3.16a where relative values in comparison with 1990 are shown). The reductions of air 
concentrations are slightly lower (about 2.1 times). The difference of reduction rates of emissions and 
air concentrations is conditioned by transboundary transport. Small difference in these rates shows that 
the reductions of air concentrations in France are governed mainly by the reductions of national 
emissions. 
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Fig. 3.16. Relative reductions of B[a]P emissions in comparison with that of average concentrations with respect 
to 1990 for France (a) and Denmark (b). 

 
On the opposite, emissions in Denmark (Fig. 3.16b) are increasing by about 2.5 times within the 
considered period. At the same time air concentrations in the country are approximately at one and the 
same level during the whole period due to the reduction of emissions in neighbouring EMEP countries. 
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Fig. 3.14. Comparison of measured and 

calculated B[a]P air concentrations at SE12.  
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Fig. 3.15. Relative reductions of B[a]P 

emissions in comparison with that of average 
concentrations in the EMEP domain with 

respect to 1990. 
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It should be stressed that year-to-year variations of 
pollution due to meteorological variability should be 
taken into account in the consideration of long-term 
trends of pollution. These variations may cause 
random differences from the pollution trend. As an 
example, the difference between spatial 
distributions of pollution with one and the same 
emission data but with different meteorological 
data of 2009 and 2010 are shown in Fig. 3.17. 

It can be seen that the variations in B[a]P 
concentrations due to meteorological variability in 
the EMEP domain are typically about 20% - 30%. 
More detailed analysis of the influence of 
meteorological variations on POP concentration 
levels is presented in Section 4.1 aimed at the 
investigation of the influence of meteorology on 
POP pollution. 

 
3.1.3. Transboundary transport 

This section is devoted to model evaluation of source-receptor relationships within the EMEP region. 
Traditionally, source-receptor matrices are calculated for deposition originated from sources of 
particular EMEP countries. Calculated deposition to the EMEP domain due to emission sources of 
each country in 2010 is presented in Fig. 3.18. 
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Fig. 3.18. Deposition from sources of particular EMEP countries to the aggregated area of all EMEP countries 

in 2010. The countries contributing by 80% of total deposition are marked by the green rectangle. 

 
The analysis of calculation results shows that deposition to the whole EMEP region are originated 
mostly from few countries. Particularly, 12 countries are responsible for 80% of total value of deposition 
(marked by green rectangle on the plot). It should be mentioned that the contributions of country 
emissions to total deposition over the aggregated area of the EMEP countries differ from their 
contributions to total emissions in the domain. The differences are determined by locations of the 
EMEP countries and meteorological conditions. In particular, contributions to deposition are less than 

 

Fig. 3.17. Relative differences between B[a]P air 
concentrations calculated with meteorological data 
for 2009 and 2010 with one and the same emissions. 




