
Research Articles Long-Range Transport: PBT Compounds 

Research Articles 

Regional Background Monitoring of PBT Compounds 
The Comparison of the Results from Measurements and Modelling 

Ivan Ho loubek  1, Alena Ansorgovfi 1, Victor Shatalov 2, Sergej Dutchak 2 and Jiri Kohoutek 1 

l RECETOX-TOCOEN & Associates, Brno, Czech Republic 
2 MSC-East, Moscow, Russia 

Corresponding author: Ivan Holoubek; e-mail: holoubek@chemi.muni.cz 

DOI: http://dx.doi.org/10.1065/espr2001.06.077 

Abstract. A comparison of the modelling results of persistent, 
bioaccumulative and toxic (PBT) chemicals is presented with mea- 
surements. Contribution will present mean annual concentrations 
calculated and observed at EMEP stations and their ratios. The 
comparison of the calculated results with older results indicates 
that the model modification improved the agreement with mea- 
surement data. PBT compounds in ambient air are monitored in 
the area of Ko~etice observatory (professional observatory of the 
Czech Hydrometeorological Institute located in south Bohemia). 
Calculated and measured mean annual concentrations of PBTs in 
precipitation, soil, vegetation and their ratios are presented. It 
should be mentioned that the number of measurements in such 
compartments as seawater, soil and vegetation is insufficient for 
model verification at present. The agreement between results from 
MSC-East models and results from long-term regional air back- 
ground monitoring in Central Europe is good. 

Keywords: Long-range transport; measurements vs. modeling; 
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Introduction 

Organic substances that are persistent, bioaccumulative and 
possess toxic characteristics which are likely to cause ad- 
verse human health or environmental effects are called PBTs 
(Persistent, Bioaccumulative, and Toxic substances). In this 
context, 'substance'  means a single chemical species, or a 
number of chemical species, which form a specific group by 
virtue of (a) having similar properties and being emitted to- 
gether into the environment or (b) forming a mixture nor- 
mally marketed as a single product. Depending on their 
mobility in the environment, PBTs could be of local, regional 
or global concern (Vallack et al. 1998). 

A subclass of  PBTs, the so-called POPs (persistent organic 
pollutants), is a group of compounds which are prone to 
long-range atmospheric transport and deposition (Vallack 
et al. 1998, UN-ECE 1998). The global extent of POP pol- 
lution became apparent  with their detection in areas such as 
the Arctic, where they have never been used or produced, at 
levels posing risks to both wildlife (Barrie et al. 1992) and 
humans (Mulvad et al. 1996). 

The regional and global nature of the processes make inter- 
national efforts to generate comparable measurements the 
only basis on which further knowledge on the pools and 
fluxes can rest. Only a few POPs have been measured at a 
few sites. For persistent organic pollutants, the reversibility 
of deposition processes and the consequent re-emission make 
soils and vegetation relevant sinks, and resources as well as 
receptors are at risk so that the assessment of existing con- 
centrations in different media based on an improved under- 
standing of the current status of the relevant pathways and 
potential effects of the different substances under consider- 
ation in different environments is an important step for de- 
veloping effective control measures. 

Originally, the overall aim of integrated monitoring was to 
determine and predict the state and change of terrestrial and 
freshwater ecosystems in a long-term perspective with re- 
spect to the impact of air pollutants including persistent or- 
ganics (IM EMEP 1998). 

Integrated monitoring of ecosystems means simultaneous 
physical, chemical and biological measurements of different 
ecosystem compar tments  over time at the same location. A 
small catchment (or other hydrologically well defined area), 
such as in an integrated monitoring site, is large enough to 
encompass all the interacting components: atmosphere and 
vegetation, plants and soils, bedrock and groundwater, brook 
or lake, and surrounding land. A small catchment comprises 
a terrestrial ecosystem usually with a linked aquatic ecosys- 
tem of an adjacent brook. Some. basins contain one or more 
ponds or lakes. A terrestrial ecosystem is conventionally 
viewed as an assemblage of living organisms interacting in a 
complex way with one another and with their environment, 
air, soil and water. 

The contribution of integrated monitoring programmes in 
the future could be very significant if comparable and si- 
multaneous measurements of atmospheric concentrations, 
wet, bulk and dry deposition, concentration in soils, sedi- 
ments, water and vegetation (lichens, mosses, needles, leafs, 
bark) could be obtained for a range of different ecosystems 
in different regions such as the ICP IM network. Such infor- 
mation would be of great value to: a) enhance the precision 
of vegetation samples as indicators, b) improve the estimates 
of local pools and fluxes and of uncertain, substance and 
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site-specific parameters on which exposure estimates can be 
developed and c) by reporting the information to the model- 
ling community to improve the accuracy of extensive regional 
modelling of the long-range atmospheric transport of POPs. 

International scientific workshops make a significant con- 
tribution to the development of EMEP policies and strate- 
gies in the field of POP transboundary pollution. Recently, 
the following workshops were held: Workshop on POPs and 
HMs (US EPA, October 1999); AMAP Workshop on tech- 
niques and associated uncertainties in quantifying the ori- 
gin and long-range transport of contaminants in the Arctic 
(Bergen, Norway, June 1999); WMO/EMEP/UNEP Work- 
shop on modelling of atmospheric transport and deposition 
of persistent organic pollutants and heavy metals (Geneva, 
Switzerland, November 1999). 

The discussions and conclusions of these workshops were 
focused on investigations of POP accumulation in compart- 
ments along with their spatial distribution; trend analysis of 
accumulation in compartments; monitoring and the com- 
parison of calculation results versus measurements not only 
for air but for other environmental compartments (soil, sea 
water, vegetation); assessment of emission data uncertain- 
ties; assessment of uncertainty of model results related to 
input information (sensitivity study) as a routine part of 
modelling studies; a comprehensive assessment of dry depo- 
sition, in particular to a forest; studies of pollutant behaviour 
in the marine environment including the transport by sea 
currents; investigations of the impact of pollutant distribu- 
tion with particle sizes on deposition and concentration lev- 
els in different compartments; and the refinement of 
intercompartment exchange processes including re-emission. 

Based on these topics, the co-operation between RECETOX- 
TOCOEN & Associates, Brnoand EMEP MSC_East, Mos- 
cow is now focused on the six main parts: 

�9 The modification and further development of the POP 
long-range transport model for the European region 

�9 Investigations of physical-chemical properties and pa- 
rametrization for some new POPs (four congeners of 
dioxins/furans and HCB) and its refinement for previ- 
ously considered pollutants (PCB, B[a]P, 3,-HCH) 

�9 Preparation of input data for modelling 
�9 Collection and processing of measurement data 
�9 Long-range modelling of selected POPs (first of all PCB, 

B[a]P, y-HCH) and the analysis of the results obtained 
�9 Model validation: the comparison of calculated and ob- 

served values, model sensitivity analysis in regard to in- 
tegration of new processes as well as to parametrization 
modifications 

According to the POP Protocol, B[a]P, PCB-153, and y-HCH 
were selected for the top-priority modelling. These substances 
can be characterized as chemicals which are persistent, toxic, 
and able to withstand the long-range transport. From the 
viewpoint of model development, these substances are in- 
teresting since they are distributed differently between the 
gaseous and aerosol phase in the air. Namely, the largest 
fraction of B[a]P settles on particles, y-HCH mainly exists 
in the gaseous phase of the atmosphere, and PCB is an inter- 
mediate substance. 

In this paper, the analysis of calculated spatial distribution 
of selected POPs in 1997 and comparisons with the results 
from long-term monitoring project, are presented. 

1 Methods 

1.1 Project TOCOEN: regional background monitoring of POPs 

The regional background monitoring of POPs as a part of 
the TOCOEN (Toxic Organic Compounds in the Environ- 
ment) research Project is performed in the area of the Ko~etice 
observatory from 1988. This monitoring is part of a long- 
term co-operation between the Czech Hydrometeorological 
Institute and RECETOX-TOCOEN & Associates. The phi- 
losophy of this part of the TOCOEN Project is based on the 
main approaches of EMEP strategy in the field of POP mea- 
surements (Holoubek et al. 1990, Holoubek 1993, Holoubek 
et al. 1996a, Holoubek et al. 2000a). 

The Czech Ministry of the Environment and RECETOX Brno 
have performed the System of Monitoring of Organic Com- 
pounds in the Ambient Air (SYMOS), a preliminary monitor- 
ing system of PBT compounds in ambient air in the Czech 
Republic. During the SYMOS pilot study in 1994-1995, PAHs, 
PCBs, chlorinated pesticides and PCDDs/Fs were monitored 
in the area of the Ko~etice observatory (professional observa- 
tory of Czech Hydrometeorological Institute located in south 
Bohemia). Ko~etice observatory was established as a regional 
background station of international monitoring (EMEP, GAW, 
GEMS) and national monitoring programmes (monitoring of 
Czech MOE, Project TOCOEN, GEOMON) (Holoubek et 
al. 1992, Holoubek et al. 1996b, Vana et al. 1997). 

In the pilot study of the SYMOS Project, samples were taken 
in the area of Ko~etice observatory from July to December 
1995. The 24-hour samples were collected weekly; starting 
on Wednesdays at 8 a.m., PCDDs/Fs were sampled at four- 
week intervals. High volume samplers equipped with a quartz 
filter and polyurethane foam adsorbents for the sampling of 
POPs were used. 

From 1996, the regular monitoring of semi-volatile PBTs was 
continued at the Ko~etice observatory under a co-operation 
scheme between the Czech Hydrometeorological Institute Prague 
and RECETOX-TOCOEN & Associates, Brno. The Ko~etice 
Observatory is included among regional background stations 
under both international (GAW, EMEP) and national 
(TOCOEN) programmes. At the present rime, the TOCOEN 
monitoring programme of PBTs at Ko~etice observatory has 
been carried out on a regular basis already for 14 years - a 
unique achievement globally. The sampling procedure (one 
sample per week for the determination of PAils, PCBs and 
OCPs) and analytical determination is based on conclusions of 
the EMEP co-ordinating meeting which took place in Norway 
in November 1997. Pollutants mentioned above are monitored 
in the gaseous state as well as in atmospheric particulates. 

1.2 Model description 

This part of the paper describes the results of co-operation 
between the modellers from EMEP MSC-East, Moscow, 
Russia and RECETOX-TOCOEN & Associates in the field 
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validation and experimental validation of POP transport mod- 
els (Shatalov et al. 2000a,b). For this comparison, the data of 
POP transport and accumulation in the European region for 
1997 were used. For an adequate description of the environ- 
mental contamination, the calculations of POP transport and 
accumulation should be performed for decades. Consequently, 
to assess the contamination in 1997, the calculations were to 
be carried out for the period from 1970 to 1997. 

The 3-D Eulerian muhicompartment model (MSCE-POP) 
operates with the EMEP grid with a spatial resolution of 
150x150 km. Along with the pollution transport in the at- 
mosphere and ocean, the model includes the description of 
exchange processes between different environmental com- 
partments. Fig. 1 (Appendix) shows a scheme of the model 
structure with an indication of the considered compartments 
and processes of exchange between them, and of the POP 
redistribution between different phases. The dashed arrows 
represent processes which we plan to integrate to the model 
at future stages of its development. 

The model considers the following compartments: air, soil, 
sea, vegetation and litter fall. It is assumed that initially 
emitted POP enters the atmospheric air. Then, in the course 
of dry and wet depositions of the gaseous and aerosol phase, 
a pollutant enters the soil, sea and vegetation. Dry deposi- 
tion of the gas-phase pollutant is considered to be revers- 
ible, thus allowing us to consider the re-emission process 
important for some pollutants directly in the course of the 
modelling. From vegetation with fallen leaves, a pollutant 
enters the litter fall which, after some time, finds its way to 
the soil. The accumulation in compartments decreases due 

to POP degradation in the course of chemical, biochemical 
and photochemical reactions. 

Due to advection and diffusion in the atmosphere and sea, 
pollutants are transported at long distances from the emis- 
sion source and are partially exported outside the calcula- 
tion domain. The pollutant fraction transported outside the 
EMEP grid can be used as an estimate of the considered 
pollutant capability for the long-range transport. 

The input information on POP modelling is emission fields, 
meteorological data, land use, properties of soil, vegetation 
and marine environment, including sea currents and physi- 
cal chemical properties of a specific pollutant in question. 

B[a]P, PCB-153, and 7-HCH were selected for the top-prior- 
ity modelling. These substances can be characterized as 
chemicals which are persistent, toxic, and able to withstand 
the long-range transport (Shatalov et al. 2000b). From the 
viewpoint of model development, these substances are in- 
teresting since they are differently distributed between the 
gaseous and aerosol phase in the air. Namely, the largest 
fraction of B[a]P settles on particles, 7-HCH mainly exists 
in the gaseous phase of the atmosphere, and PCB-153 is an 
intermediate substance. 

2 Results and Discussion 

2.1 The results from the regional background observatory 
Ko.~etice 

The mean observed concentrations of PAHs (minimum, maxi- 
mum, arithmetic and geometric mean, median) for the year 
1997 are shown in Table 1. The same values for PCBs ~nd 

Table 1: Observed concentrations of PAHs, Ko~,etice observatory, 1997, gas phase + aerosol [ng-m -3] 

!ii!i ~ Minimum Maximum Arithmetic mean Geometric Mean Median 

Naphthalene 0.0400 56.6900 2.0909 0.5381 0.3500 

Acenaphthylene 0.0025 36.1700 1.6962 0.1862 0.1800 

Acenaphthene 0.0200 6.9300 0.4683 012027 0.1500 

Fluorene 0,5000 56.0600 5.3347 2.4794 2.3500 

Phenanthrene 1.3900 117.5000 11.1826 6.2419 6.5400 

Anthracene 0.0300 8.9200 0.5409 0.2187 0.2100 

Fluoranthene 0.3300 77.3300 4.5130 1.9048 2.1600 

Pyrene 0.1600 54.7300 2.9713 1.1407 1.3700 

Benz(a)anthracene 0.0050 23.7800 0.9918 0.1371 0.1200 

Chrysene 0.0200 32.3700 1.6502 0.4558 0.4800 

Benzo(b)fluoranthene 0.0050 34.4500 1.4298 0.2504 0.2000 

Benzo(k)fluoranthene 

Indeno(123-cd)pyrene 

Dibenz(ah)anthracene 

Benzo(ghi)perylene 

Sum of PAHs 

0.0050 9.7100 0.8624 0.2676 0.3700 

' o,oos0 13.~oo i ~ o:oeoO 
0.0050 20.4200 1.0498 0.1712 0.2100 

0.0050 2.8400 0.1317 0.0240 0.0200 

0.0050 14.0000 0.7129 0.1239 0.1300 

3.15 567.67 36.32 18.62 13.94 
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Table 2: Observed concentrations of PCBs and OCPs, Ko~etice observatory, 1997, gas phase + aerosol [ng.m -3] 

Compounds 
observed 

PCB 28 

PCB 52 

PCB 101 

PCB 118 

PCB 153 

PCB 138 

PCB 180 

5". PCBs 

(~-HCH 

~-HCH 

~HCH 

5-HCH 

T.-HCHs 

p,p'-DDE 

p,p'-DDD 

p,p'-DDT 

5'. DDTs 

HCB 

Minimum Maximum 

0.0007 0.0840 

m 

Gas phase + aerosol 

Arithmetic mean Geometric mean 

0.0254 0.0200 

0.0010 0.0720 0.0205 0.0160 

0.0007 0.0790 0.0238 0.0184 

0.0006 0.0130 0.0037 0.0029 

0.0090 0.1010 0.0428 0.0378 

0.0070 0.1120 0.0334 0.0273 

0.0040 0.1170 0.0267 0.0200 

0.0340 0.4670 0.1762 0.1530 

0.0006 0.2130 0.0341 0.0196 

0.0005 0.0110 0.0008 0.0006 

0.0008 0.3470 0.0079 

0.0005 

0.0020 

0.0060 

0.0012 

0.0005 

0.5650 

0.1150 

0.0220 

0.0780 0.0030 

0;0060 

0.0290 

0.1650 

0.2~0 

0.0335 

0.0~5 

0.0678 

0.0434 

0.0043 

0.0060 

0.0005 

0.0323 

0.0368 

0.0030 

0.0040 

Median 

0.0240 

0.0190 

0.0230 

0.0030 

0 . 0 3 9 0  

0.0270 

0.0180 

0.1550 

0.0270 

0.0005 

0.0060 

0.0005 

0.0340 

0.0380 

0.0030 

0.0033 

, 0;0506 , 0,0413 : 0.0420 : 

0.1354 0.1226 0.1280 

OCPs are presented in Table 2. The long-term trends in ambi- 
ent air concentrations of PAHs and PCBs on the middle Euro- 
pean background level are shown in Fig. 2 and 3 (Appendix). 

The PAH concentrations identified follow a characteristic 
course prompted by the higher occurrence of these com- 
pounds in winter when they are produced by various com- 
bustion processes. The seasonal trends of PAHs in ambient 
air in relation to average temperature are shown in Fig. 4 
(Appendix). The high level of PAHs during the New Year 
1997 sampling time was probably the result of an episodic 
input from local heating systems. 

PCB and OCP concentrations display a totally different pro- 
file in which no such 'seasonality' has been identified. This 
tendency is also shown in Fig. 5 and 6 (Appendix), where 
the relationships between the ambient air levels of OCPs 
and PCBs, and average temperatures, is shown. These com- 
pounds are present in the atmosphere today due to their 
volatilisation from the soil and sediments, i.e. as secondary 
inputs from old deposits, and also due to the long-range 
atmospheric transport from regions in which they are still 
used. These results reflect the global trends. PCB occurrence 
remains at the level of the European background. From the 
PCB pictures, we can see the decreasing tendency during 
this period. A predominance showing the degradation of 
metabolites of DDT (DDE and DDD) was observed (the 
same trend exists in all environmental samples from this 
observatory) (Holoubek et al. 2000b). This predominance 
reflected old loads - input from old usage and environmen- 
tal accumulation of DDT rather than the long-range trans- 
port from regions where the compound is still in use. 

The important part of the long-term, ambient-air monitor- 
ing programme of PBTs is to focus on the identification of 

their sources. The main sector of air masses, which are trans- 
ported to the Ko]etice observatory location, is between 220 
and 320 ~ In this sector, wind collects the PBTs from indus- 
trial and urban sources such as Prague, Pilsen or Budweis 
(in the case of the nearest sources in the Czech Republic). 
Of course, this is only the end of wind trajectories of air 
masses and we can determine the other sources which are 
located in these air masses. For this reason, the more de- 
tailed study of main contributors to the air-mass contami- 
nation will be based on the comparison of air-mass trajecto- 
ries from NOAA with the results from the measurements. 

2.2 Examples from the comparison of measurement/ 
modelling results 

The results from the modelling of three model compounds (PCB- 
153, B[a]P, 7-HCH) with a comparison to the results from EMEP 
measurements at Ko]etice observatory, are described in the 
EMEP MSC-East Reports (Shatalov et al. 2000a,b). In this pa- 
per, we have used some results from these comparative studies 
concerning the Ko]etice observatory, but only data for the year 
1997 are presented in this paper together with some general 
comments for the whole EMEP network. 

2.2.1 Polychlorinated biphenyls 

Modelling of PCB emissions transported within the Euro- 
pean region covered the period of 1970-97. To take into 
account PCB accumulation in soil and other media, and to 
determine initial concentrations, a preliminary calculation 
for 1940-69 has been carried out. According to the results 
obtained in (Pekar et al. 1999), properties of the indicator 
congener, PCB-153, are used for physical-chemical proper- 

204 ESPR - Environ Sci & Pollut Res 8 (3) 2001 



R e s e a r c h  A r t i c l es  L o n g - R a n g e  Transpor t :  PBT C o m p o u n d s  

ties of PCB mixture. For the comparison, we use measure- 
ments of PCB-153 concentrations in different media (remem- 
ber that the PCB transport was calculated using properties of 
this congener). To recalculate PCB-153 concentrations from 
that for a mixture of all PCBs, it was assumed that PCB-153 
emission is 4% of the total PCB emissions (Pekar et al. 1999). 

The ratio between measured and calculated air concentra- 
tions at the EMEP measurement sites varies from 1.0 to 5.8. 
The correlation between calculated and measured values is 
rather high. 

As far as calculated and measured mean annual concentra- 
tion in precipitation and their ratio, in spite of the large un- 
derestimation of concentration in precipitation, the correla- 
tion between measured and calculated data is rather high. 
The influence of emission sources located outside the EMEP 
domain can increase the calculated concentrations, especially 
at stations near the grid boundary. In fact, according to 
modelling results, about 65% of the ejected PCB is trans- 
ported outside the EMEP domain and, hence, a consider- 
able amount can be imported from other regions. Such in- 
fluence is to be examined by hemispheric modelling. 

Besides, the difference in ratios of measured and calculated 
data on concentrations in air (2.2) and precipitation (7.4) 
indicates that the washout ratio used in the model seems to 
be underestimated. 

The ratios of measured to calculated concentrations in soils 
vary from 0.25 to 4.45 for the whole EMEP Net. In the case 
of soil levels, the Czech observatory had the highest value of 
this ratio in 1997. On the average, the calculated concentra- 
tions in soil are 1.6 times lower than those measured. 

The ratios of measured to calculated values in the case of 
coniferous trees are within 0.38-9.1. The average measured 
values are about 1.8 times larger than those calculated. 

PCB-153 air, soil and vegetation (spruce needles) concentra- 
tion from Ko~etice observatory (minimum, maximum and 
median) for measurements from 1997 are compared with 
the model calculation and are shown in Fig. 7 (Appendix). 

It is generally difficult to give full credit to the information 
content in the POP data (Berg et al. 2000). Different sam- 
pling and analysis techniques make it difficult to compare 
data. For example, the Icelandic station generally has lower 
concentrations than the high Arctic NO0042G, which is 
reasonable considering the geographical location in relation 
to known source areas, although the differences are also due 
to different data handling and analysis techniques. Iceland 
subtracts blanks, whereas Norway does not. 

Conclusions 
Preliminary estimates of PCBs emitted within each country 
and deposited in other European countries were obtained 
(here we indicate countries with large enough export values 
only). A primary analysis was also made of the relationship 
between emission levels in the individual countries and their 
air concentrations. In order to verify the model, measured 
and calculated values are compared. 

The comparison of measured and calculated values pointed 
out that calculation results for all studied compartments, on 

the average, are lower than the available measurement data. 
First of all, it can be explained by the fact that the impact of 
emission sources outside the EMEP domain was neglected 
in the model. The mean ratio of measured to calculated air 
concentrations is 2.2. Most  underestimated are concentra- 
tions found in the precipitation. 

2.2.2 Benzo[a]pyrene 

The ratio of measured to calculate values of BaP air concen- 
tration were within the limits of 0.33-1.5 (except for a single 
value of 18.7). On the average, the calculated values were 
1.2 times higher than those measured. 

The comparison of the calculated results with the data ob- 
tained in Pekar et al. (1999) indicates that the model modi- 
fication improved the agreement with measurement data. 
Note that, in contrast to the findings with PCBs, the calcu- 
lated air concentrations of B[a]P exceed measurements on 
the average. This is in agreement with the fact that the trans- 
port outside the EMEP grid amounts to about 30% for this 
pollutant and the influence of external sources with respect 
to the EMEP grid seems to be less significant. 

The comparison of the calculated results with the data ob- 
tained by Pekar et al. (1999) indicates that the model modifi- 
cation improved the agreement with measurement data. Simi- 
lar to PCB-153, the washout ratio seems to be underestimated. 

Measured and calculated concentrations in the topsoil layer 
at Ko~etice are shown again together with the results from 
other compartments and the results from model calculations 
in Fig. 8 (Appendix). Calculations underestimate soil con- 
centrations 1.7 times on the average. In the comparison with 
PCB-153 results, the value of this ratio for B[a]P was in ex- 
tremely good agreement in the case of this station. 

Calculated values of concentrations in vegetation are both 
overestimated (6 times). 

Conclusions 
Preliminary estimates of B[a]P emitted in each country and 
deposited in other European countries were estimated and a 
primary analysis of the relationship between emission and 
concentration levels was made in individual countries. The 
measured and calculated data were compared for 1991-97. 

The comparison of calculation and measurement results indi- 
cates that calculated air concentrations exceed measured ones 
by an average of 20% and measured concentrations in pre- 
cipitation exceed calculated ones 2-fold. For concentrations 
in soil, vegetation and sea water, the agreement of measured 
and calculated values is within a factor of 5. The number of 
measurement data for these media, however, is not quite suffi- 
cient for model verification. For all the compartments but air, 
the calculated results are somewhat underestimated. 

2.2.3 u Hexachlorocyclohexane 

Modelling of 7-HCH transport in the European region was 
carried out for the period of 1970-97. Since it is important  
to take into account ~'-HCH long-term accumulation in en- 
vironmental compartments, a preliminary calculation run 

ESPR - Environ Sci & Pollut Res 8 (3) 2001 205  



Long-Range Transport: PBT Compounds Research Articles 

covering a 15-year period with emission and meteorological 
data for 1970 has been carried out. As for other studied 
pollutants, emission estimates obtained under the POP- 
CYCLING-Baltic project (Breivik et al. 1999) are used. 

The ratio of mean annual concentrations calculated and 
observed at EMEP stations and their ratios vary from 0.11 
to 20.5. However, if we exclude station NO42 located near 
the EMEP grid boundary from the comparison, the mean 
ratios will vary from 0.11 to 1.3. The underestimation of 
the calculated concentration at station NO42 can result from 
the fact that the calculation is made on a European scale 
and real concentrations can be affected by sources located 
outside the EMEP region. The considerations of these sources 
can be made by means of hemispherical modelling. 

The comparison of the calculated results with that obtained 
in Pekar et al. (1999) indicates that the model modification 
improved the agreement with measurement data excluding 
station NO42. On the other hand, the modelling of 7-HCH 
transport on the hemispherical scale can result in some in- 
crease of calculated concentrations, since the export outside 
the EMEP grid for this pollutant is 60%. 

Measured (at Ko]etice) and calculated mean annual con- 
centrations in soil were 0.16. The overestimation of soil 
concentrations can be conditioned by the fact that the model 
does not consider the run-off by melting and rainwater, and 
the v-HCH transport by river currents while describing pro- 
cesses in the soil. Measured and calculated mean annual 
concentrations in needles of coniferous trees were about 1. 

At present the number of measurements in the EMEP net in 
such compartments as seawater, soil and vegetation is insuf- 
ficient for model validation. 

7-HCH air, soil and vegetation (spruce needles) concentra- 
tions from Ko]etice observatory (minimum, maximum and 
median) for measurements from 1997 are compared with 
the model calculation and are shown in Fig. 9 (Appendix). 

Fig. 10 (Appendix) shows temporal trends for 7-HCH in air 
at 5 stations (Berg et al. 1999). The concentration level of 
~-HCH at the Norwegian stations is relatively high com- 
pared to the other stations, but decreasing. This is probably 
due to a higher input of technical H C H  at high latitudes. 
Almost 80% of the remaining use of 0~-HCH in Europe in 
1996 was assigned to the new states of the former Soviet 
Union (422 t of technical HCH) (Breivik et al. 1999). The 
other 20% were attributed as usage in some former eastern 
European countries (Breivik et al. 1999). Iceland is influ- 
enced by westerly air masses, which explains the lower con- 
centrations seen at IS0091R. 

Lista (NO0099R) at the southern coast of Norway, shows 
the highest concentrations of ~/-HCH in the air, which may 
be due to long range transport  from southern parts of Eu- 
rope. According to the Centre International d'Etudes du Lin- 
dane, the average annual lindane consumption in Europe 
was 2,130 t during the period from 1992 to 1997. France 
was the major user of lindane in Europe during this period, 
with an annual average consumption of 1,600 t. 

Conclusions 
Using the MSCE-POP model, the simulation of ~/-HCH trans- 
port within European region was carried out for the period of 

1970-97. Emission estimates obtained under the POPCY- 
CLING-Baltic project for the indicated time period were used 
in modelling (Pacyna et al. 1999). On the basis of calcula- 
tions, the mean deposition and concentration values were de- 
termined in environmental compartments (air, soil, sea water, 
vegetation) in the European countries for 1997. Preliminary 
estimates of 7-HCH emitted in each country and deposited in 
other European countries are estimated and the primary analy- 
sis of the relationship between emission and air concentration 
levels in individual countries is made (here we only indicate 
countries with sufficiently large export values). Measured and 
calculated data for 1991-97 are compared (Fig. 11). 

This comparison indicates that concentrations in the ma- 
rine environment coincide within a factor of 2, and within a 
factor of 6 in soil. The calculated content in air and precipi- 
tation is underestimated by a factor of 5 and 2, respectively. 
As to the other compartments, the calculations give overes- 
timated results. On the whole, the consistency between cal- 
culations and measurements has improved compared to the 
results of the previous year. The comparison base for soil, 
sea and vegetation is still insufficient for the reliable model 
validation. 

3 Conclus ion  

For validation of modelling results for soil, vegetation, (and 
sea water also), additional measurements are still needed. 
Collection and analysis of POP concentration measurements 
in different media obtained both at the EMEP monitoring 
network and in the framework of national measurement 
campaigns and programmes was performed and the more 
detailed comparison of all EMEP networks will be prepared. 

At further stages of the investigation, intentions are made: 

�9 To carry out model assessment of the transport and con- 
tamination levels for HCB and selected congeners of 
PCDD/Fs. 

�9 To refine the model block describing exchange processes 
between the atmosphere, soil, and vegetation taking into 
account the POP degradation in vegetation. 

�9 To develop an operational version for the B[a]P long-range 
transport model with a spatial resolution of 50x50 km 
and to assess transboundary fluxes (using a 'country-to- 
country' scheme). 

�9 To clarify the influence of different emission scenarios 
on the contamination level considering the dynamics for 
different media in the European region. 

�9 To assess the influence of external sources of semi-vola- 
tile POPs upon the European contamination level. 
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Appendix 

Fig. 1 : Structural model scheme 

Fig. 2: PAHs in ambient air - Ko~etice 1996-2000 
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Fig. 3: PCBs in ambient air - Ko~etice 1996-2000 

Fig. 4: Concentrations of S PAHs in ambient air in relation to average temperature (1996-1999) 
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Fig, 5: Concentrations of S PCBs in ambient air in relation to average temperature (1996-1999) 

Fig. 6: Concentrations of S DDT in ambient air in relation to average temperature (1996-1999) 
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Fig. 7: The comparison of PCB-153 air, soil and vegetation (spruce needles) 
concentration from Kosetice observatory (minimum, maximum and medi- 
an) for measurements from 1997 with the results from model calculation 

Fig. 8: The comparison of BaP air, soil and vegetation (spruce needles) 
concentration from Kosetice observatory (minimum, maximum and medi- 
an) for measurements from 1997 with the results from model calculation 

Fig. 9: The comparison of 5-HCH air, soil and vegetation (spruce needles) 
concentration from Kosetice observatory (minimum, maximum and medi- 
an) for measurements from 1997 with the results from model calculation 

Fig. 10: Concentrations of PCB-28 in air+aerosol at three EMEP stations 
in the Czech Republic, Iceland and Norway 

Fig. 11 : Annual weighted means for &HCH during 1992-1998 at six monitoring stations in the Czech Republic, Finland, Norway and Swede 
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