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Preface

Monitoring data on airborne pollution have been collected since 1983 by the former group
“Experts on Air Pollution of of the Baltic Sea Area“ (EC EGAP) according to the programme
adopted by the Commision. There have been two earlier assessments reports, one covering the
period 1983 - 1986 (HELCOM 1989) and one covering the period 1986 - 1990 (HELCOM
1991).

According to the decision of the Commission a third pollution load compilation for the Baltic
Sea should be performed and to be published during 1997. The work has been performed by
the new INPUT-group within TC.

The report has been prepared by a small group with Sweden acting as a leading country and
Finland as an assisting country. This group consist of:

Carl-Elis Bostrom, Swedish Environmental Protection Agency, Sweden

Tuija Ruoho-Airola, Finnish Meteorological Institute, Finland

In this work we have been supported by

Meteorological Synthesing Centre West, (MSC-W), Erik Berge och Kevin Barrett, Leonid
Tarrason, Norwegian Meteorological Institute, Norway, concerning model calculations of the

input of nitrogen compounds from air to the Baltic Sea.

Meteorological Synthesing Centre East (MSC-E), L. Erdman and A.Gusev, about model
calculations as above for heavy metals (Pb, Cd).

Terje Krognes, Norwegian Institute for Air Research, Norway concerning database.

Eva Brorstrom-Lundén, Institute of Environmental Research, Géteborg, Sweden concerning
organic compounds.

Juha-Pekka Tuovinen, Finnish Meteorological Institute, FMI, Finland concerning planning of
the calculation part of the report.

The HELCOM-countries Denmark, Estonia, Finland, Germany, Latvia, Lithuania, Poland,
Russian Federation and Sweden to carry out measurements of air pollutants at HELCOM-
stations and reporting data.

In agreement with MSC-W and MSC-E parts of their reports concerning emissions, models
and model calculations to ECE/EMEP for 1997 have been taken into this report.
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Appendix 2 and 3 of this report is from the HELCOM database at the Data Manager NILU
and contains all the measured and reported data ready for publication by September 1997.

3.2.1. Nitrogen dioxide

NO, has been measured at 16 stations around the Baltic Sea. At four stations measurements

cover the whole period 1986 - 1995. Figure 3.2.1.1. shows the variation in annual NO,-N

concentration at these four stations. Most of the annual mean values at the stations are 1 - 2.5
3

pg/m-,

No clear trend can be seen in the time series of the NO, concentration measurements. When
comparing the mean concentration of 1986 - 1990 to that of 1991 - 1995 the results were
different at the various stations: a small increase (10 - 20 %) could be detected at Rérvik and
Hoburg, while at Vavihill the level remained constant and at Rucava a small decrease was
seen. It is difficult to say if these marginal changes are real: because of the very low NO,
concentrations at the Baltic stations the errors in measurements might be large enough to
cover a change of + 10 %.

NO2-N concentration
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Figure 3.2.1.1. Annual mean NO,—N concentration at some Baltic measuring stations

The quality of the NG, measurements of countries using the absorption solution method have
been tested by the EMEP/CCC in interlaboratory comparisons. In the years 1995 - 1997 three
tests have been made and 6-8§ HELCOM countries participated in them. Only once the
accuracy of a laboratory was in the group “need improvement”, which meens a relative
deviation of 10 - 20 %. All other results were better than 10 % relative deviation from the
expected value (EMEP/CCC 1995,1996,1997 and Hanssen, 1997).



25

Parties to the Helsinki Commission have reported a stronger reduction in their nitrogen
emissions than the total EMEP area.

Table 3.3.3. Percentage reduction of total (reduced+oxidized) nitrogen emissions

HELCOM Parties Influence area for the
Baltic Sea EMEP total
1986-1990 5% 2% 0.1%
1991-1095 19% 16% 12%6
1986-1995 27% 21% 15%

3.3.3 Inter-annual variations and trends of nitrogen deposition

Nitrogen depositions to the Baltic Sea and its sub-basins are given in Table 3.3 .4 for the period
1086 - 1995. Mean annual deposition of nitrogen on the Baltic Sea during the period 1991 -
1995 are estimated to be 274 000 tonnes N yr-1. For the previous period, 1986 - 1990, mean
annual deposition estimates the amount to 324 000 tonnes N yr-1. Similarly to nitrogen
emissions, modelled nitrogen depositions also show a decreasing trend in the analysed period
1986 - 1995, and the decrease is again larger at the beginning of the nineties than during the
second half of the eighties.

Table 3.3.4. Annual deposition of total (reduced +oxidized) nitrogen to the Baltic Sea
and its sub-basins 1986 - 1995, (Units: 1000 tonnes N/ yr™)

1986 1987 1988 1989 1990 1991| 1992| 1993 1994| 1995
Gulf of Bothnia 45 45 45 45 43 42 39 38 37 34
Gulf of Finland 22 23 22 22 22 21 19 18 18 16
North Baltic Proper 131 131 131 129 1241 119 110 106] 104 93
South Baltic Proper 75 74 74 73 69 66 62 61 60 57
Kattegat/Belt Sca 56 36 55 55 53 52 50 50 49 48
Total Baltic Sca 329| 329] 327 324 311] 300f 280] 273| 268 248

Averaged over the Baltic Sea, nitrogen deposition is reduced by 5 % during the period 1986 -
1990, while the corresponding reduction for the first half of the 1990s is 17 %. The overall
reduction of nitrogen deposition on the Baltic Sea during the ten year period represents a 25 %
reduction of the deposition levels in 1986. The largest reductions (29 %) are estimated over
the North Baltic Proper, minimum reductions over the Kattegat/Belt Sea (14 %).

The annual variations of modelled nitrogen deposition may be related to two different factors:

1) Variations of nitrogen emissions, both in strength and spatial distribution.
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reduced nitrcgen deposition

Total Nitrogen Deposition

Figure 3.3.3. Sub-basin contribution to Baltic Sea deposition of airborne nitrogen.
Averaged percentage values for 1991 - 1995

The relative contributions of the different sub-basins to total deposition to the Baltic Sea
which is depicted in Figure 3.3.3 are determined by the above mentioned deposition densities
and the area of the sub-basin.

The gradient of nitrogen deposition to the Baltic Sea is more pronounced for reduced than for
oxidized nitrogen (Figure 3.3.3). This is a consequence of the shorter atmospheric lifetime of
ammonia, which is more readily deposited by dry and wet deposition. Over the southern sub-
basins, deposition of reduced nitrogen is similar in amount to the deposition of oxidized
nitrogen but as we move northwards, the fraction of oxidized nitrogen becomes more
important. The gradient in of nitrogen deposition to the Baltic Sea is more pronounced for
reduced than for oxidized nitrogen (Figure 3.3.3). This i1s a consequence of the shorter
atmospheric lifetime of ammonia, which is more readily deposited by dry and wet deposition.
Over the southern sub-basins. deposition of reduced nitrogen is similar in amount to the
deposition of oxidized nitrogen but as we move northwards, the fraction of oxidized nitrogen
becomes more important. Averaged over the Baltic Sea, 52 % of total deposition is due to
oxidized mtrogen. Table 3.3.7 summarizes the partition between wet and dry deposition both
for reduced and oxidized nitrogen. Averaged for the Baltic Sea, wet deposition is the
dominant and accounts for 65 % of the total nitrogen deposition.
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Seasonal variations in nitrogen deposition are given in daily rates. The daily rates are averages
over the whole defined season and should not be confused with episodic values. For a study of
the episodicity of nitrogen supply to the Baltic Sea, the reader is referred to Barrett (1996). At
present, there is no common understanding on the effect of nitrogen episodes to marine
biological ecosystems and consequently we limit our analysis to the average seasonal cycle of
deposition from airborne pollution.

The seasonal patterns of nitrogen emissions are opposite to nitrogen oxides and ammonia.
Emissions of nitrogen oxides tend to peak during the winter, while ammonia emissions are
largest in the summer. This behaviour determines to a great extent the modelled seasonal
variations over the different sub-basins. In southern areas, where ammonia deposition is
largest, the seasonal cycles of reduced and oxidised nitrogen emissions nearly compensate
cach other and there is little overall scasonal variation on the depositions. As we move
northwards and nitrogen deposition is dominated by wet deposition of nitrate, depositions
show a winter maximum. In general, however, there is little seasonality in the supply of
nitrogen to the Baltic Sea.

Table 3.3.8. Average daily rates of total (reduced + oxidized) nitrogen deposition.
(Units: mg N m” day™)

1986-1990 1991 - 19935

whole whole year Jan - April-June July-Sept  Oct-Dec

year March
Gulf of Bothnia 1.14 0.84 0.91 0.77 0.78 1.02
Gulf of Finland 1.82 1.36 1.30 1.40 1.41 1.80
Baltic Proper. North 2.09 1.62 1.78 1.47 1.63 220
Baltic Proper, South 3.31 2.76 283 277 3.04 2.98
Belt Sea / Kattegat 375 3.15 3.21 3.56 361 3.42
Baltic Sca 215 1.71 1.82 1.65 1.79 2.08

3.3.6 Source allocation to sub-basin deposition

The lagrangian acid deposition model simulates the long-range transport of nitrogen
compounds by tracking emissions from different emission sources. In this way contributions
of each country to the depositions in another country can be evaluated. As a part of the present
collaboration with HELCOM, a refinement of the traditional country-to-country attribution
matrices has been implemented in order to allow for the allocation of depositions to the
different Baltic Sea sub-basins.

Country-to-sub-basin matrices are a useful interpretation tool to determine source areas
contributing significantly to deposition to the Baltic Sea. They have been used to determine a
"Baltic influence area" where emission reductions have been calculated. It should be stressed,
however, that the definition of a "Baltic influence area” from the allocation matrices is rather
arbitrary. The "Baltic influence area” used in the emission section 3.3.2, involves the ten
largest individual country contributions to oxidized nitrogen deposition over the whole Baltic.
But other criteria could have been used in this definition.
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Table 3.3.10. Ten largest country contributions to whole Baltic reduced nitrogen
deposition averaged for two different periods. (Units: tonnes N)

Gulf of Gulf of Baltic Baltic Belt Sea Whole % of
Bothnia Finland  Proper  Proper Kattegat Baitic whole Baltic
North South deposition

1986-90
Union of Soviet Socialist 4149 3961 15098 1319 418 24945 17.9
Republics
Poland 1829 757 8893 10351 1023 22854 16.4
Denmark 494 119 2302 2596 11398 16909 12.1
German Federal Republic 860 295 3477 4070 6455 15156 10.9
German Democratic Republic 650 265 3190 6988 2819 13911 10.0
Sweden 1341 143 4073 1751 1669 3978 6.4
the Netherlands 391 141] 1523 1378 1531 4964 3.6
Finland 2860 501 422 39 11 3834 2.8
France 232 97 1119 &858 770 3076 2.2
United Kingdom 231 83 914 647 888 2762 2.0
1991- 95
German Federal Republic 1043 318 4554 8653 6895 21463 19.0
Denmark 479 113 2351 2854 11388 17186 15.2
Poland 940 4238 5355 8365 900 15988 14.2
Sweden 1253 130 4214 1934 1745 9277 8.2
Estonia 317 938 2790 37 12 4094 3.6
Lithuania 313 221 2794 257 68 3653 3.2
Finland 2467 463 329 26 7 3291 29
the Netherlands 245 65 947 1026 974 3257 2.9
Russian Federation 471 1118 1434 166 55 3245 2.8
Latvia 151 162 2298 59 l6 2686 2.4

3.3.7 Comparison of models and measurements

In this report no advanced work has been done concerning comparison of models and
measurements. The results from this study indicate that models and measurements give good
agreement in the question of trends for nutrients (see Summary and Conclusions) but not so
good for the metals cadmium and lead. The reasons for this is that emission data for metals are
uncertain and that the concentrations of metals in precipitation at northly latitudes are low.
Comparision of models and measurements are given in one EMEP-report (Barrett 1996).

3.4. Trace element concentrations and deposition

Measuring of the trace elements lead (Pb), cadmium (Cd), copper (Cu) and zinc {Zn) in
precipitation have been an obligatory part of the HELCOM/EGAP monitoring programme
from the beginning. At least one station in every Baltic Sea station should make these
measurements. Measuring of the same elements in particles is recommended.
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Figure 3.4.1. Monthly concentration of Cd in rainwater at some Baltic measuring
stations in 1993, unit pg/l
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Figure 3.4.3. Monthly deposition of Cd in rainwater at some Baltic measuring stations in

1993, unit ;1g/m2
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Figure 3.4.5. Monthly mcan concentration of cadmium in particles at two Baltic stations
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Figure 3.4.6. Monthly mean concentration of lead in particles at two Baltic stations

Very few data of trace elements in air have been reported to the database. Monthly mean
concentrations of cadmium and lead shown in Figures 3.4.5. and 3.4.6. are examples of the
level of these compounds at stations around the Baltic Sea.

Most of the high concentrations of these two compounds have been measured during winter
months.

The change of cadmium and lead deposition to the Baltic Sea has been estimated by
calculating the relative change of concentration and deposition of mean value 1987-1990
compared to mean value 1991 - 1994. These values have been taken from the report Heavy
metals and POP within the ECE region (Berg et al., 1996), where longer time series of trace
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cadmium, and the development of a physio-chemical routine for modelling mercury is well
under progress. A short report on the development of the mercury model together with a
model unit for POP can be found in Erdman and Gusev (1997).

The results on lead and cadmium presented in the following chapters have been calculated by
MSC-E ASIMD model. The ASIMD model is a four layer eulerian model with 50 km
horizontal resolution that uses an asymmetric advection scheme. The model has participated
in the intercomparison study of Long-range transport of lead carried out under EMEP
(WMO/TD No.806, 1997) and reported by Sofiev et al. (1996). Model results have also been
compared with Pb and Cd measurements of PARCOM network and conclusions from that
comparison are reported alongside model description in Pekar (1996).

By the time of the calculations included in this chapter, no official emission data from the
EMEP countries had been reported and expert estimates had to be used instead. For lead.
emission estimates may differ over a factor of 3, depending on the source inventory used.
Therefore, results in this section are only preliminary.

Table 3.5.1. Lead emission estimates

ESQUAD estimates | UN/ECE reported official emission data

for 1950 1997 update

(tonnes Pb /year) (tonnes Pb /year)

Avg| Low| High| 1990] 1991 1992] 1993| 1994 1995

Denmark 168 146 207 46
Estonia 83*
Finland 217 159 305 313 259 150 99 60 67
Germany 2859 2023| 4161| 2315 624°
Latvia 165* 20" 1of) 8" 6" 10| 5
Lithuania 258" 47 49 32 28 33 17
Poland 2057} 1557| 2388 1372 937
Russia 8967
Sweden 448 339 579 540 365 34
HELCOM Parties 17115
United Kingdom 3165 2614| 4046| 2703 2454| 2254 2040| 1755| 1492
Baltic Influence
Area 21161
(see section 3.5)
Europe 41249] 31999| 48825

a) Estimates at MSC-E based on ESQUAD values.
b) Emissions from gasolinc are not included.
¢) Totals for both Germany and former GDR; 1995 data are preliminary.
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ranges of the ESQUAD estimates, and b) the UN/ECE estimates shows a significant decrease
of the reported lead emission in the period 1990 - 1995. Table 3.5.2. evidences the large
uncertainties on cadmium emission estimates. Low and high values from the ESQUAD
emission project vary over a factor of 10 for some countries. The reported emission national
totals are within these broad ranges of uncertainty, and at difference with lead emissions, there
1s no clear temporal trend on the yearly reported value.

Mean annual estimates of lead depositions on the Baltic Sea during the 1991 - 1995 period
amount to 637 tonnes Pb (Table 3.5.3.). The inter-annual variability of lead deposition is
conditioned only by the meteorological situation observed in the region during this period
since emission data used were the same. Maximum annual depositions of lead refer to 1993
and amount to 700 tonnes Pb. Minimum depositions of 580 tonnes Pb were calculated for
1995. Thus, the annual deposition irregularity (ratio of the maximum deviation to
mathematical mean) is 10 % for lead. The irregularity is very dependant on the particular
meteorological conditions of one particular year and has little value for extrapolation to
different periods. Variation coefficients (the ratio of standard deviation to mathematical mean)
are a better measure of the expected meteorological variability but should be interpreted
carefully.

Variation coefficients over the Baltic Sea and its sub-basins arc included in Table 3.5.3. For
the whole Baltic Sea. the variation coefficient for lead deposition due to metecrological
variations is calculated to be 7 %. This value gives us a range of the expected variations of
lead deposition due to inter-annual changes in the metcorological conditions. We can expect,
with reasonable degree of certainty, that lead deposition over the Baltic Sea will experience
changes of 7 % due solely to the effect of variable meteorological conditions. This ‘reasonable
degree of certainty' is statistically at 66 %, which means that larger deposition changes due to
meteorology can also take place. The statement is valid only with the present spatial
distribution of lead sources. If the source distribution of lead changes, also may the effect of
varying meteorological conditions change.

Table 3.5.3. Total annual deposition of lead on the Baltic Sea and its sub-basins.
(Units: 100 kg Pb /yr)

Gulf of Gulf of North Baltic South Baltic Kattegat/ Baltic Sea
Bothnia Finland Proper Proper Belt Sea
1991 1094 462 2144 1626 951 6280
1992 863 476 1965 1692 1028 6024
1993 1129 615 2305 1907 1070 7026
1994 782 459 1988 2366 1180 6774
1995 758 499 1709 1888 915 5769
1991-1995 Mean 925 502 2022 1896 1029 6375

Variation Coeft. 17 % 12 % 10 % 14 % 9% 7%




Table 3.5.5. Wet and dry deposition of lead on the Baltic Sea and its sub-
basins

Averages for 1991 - 1995

(Units: 100 kg Pb/yr)

Gulf of Gulf of North Baltic South Baltic Kattegat/ Baltic Sea
Bothnia Finland Proper Proper Belt Sea
Wet deposition 837 437 1904 1762 917 5857
Dry deposition 88 65 118 134 112 517
Total deposition 925 502 2022 1896 1029 6375

Calculations reported by Erdman and Gusev (1997) have shown that dry deposition over the
Baltic Sea Catchment area amounts to 22 % of the total lead deposition. This difference in
calculated fractions ot dry deposition on the sea and land is explained by the lack of lead
sources over the sea and the lower dry deposition velocities experienced by lead particulate
over sea than over the land.

Table 3.5.6. Wet and dry deposition of cadmium on the Baltic Sea and its sub-basins
Averages for 1991 - 1995
(Units: 10 kg Cd/yr)

Gulf of Gulf of North Baltic South Baltic Kattegat/ Baltic Sea
Bothnia Finland Proper Proper Belt Sea
Wet deposition 487 165 707 687 308 2354
Dry deposition 89 36 67 83 61 336
Total deposition 577 201 774 769 369 2690

As given in Table 3.5.6., wet deposition is the dominant deposition form over the Baltic Sea,
also for cadmium. The relative contribution of dry deposition is 12 % of the total deposition
on the Baltic Sea, larger than for the case of lead deposition. Over the Baltic Sea catchment
area Erdman and Gusev (1997) calculated the relative contribution of dry deposition to be 30
%, also larger than the 22 % calculated over the same area for lead. In comparison with lead,
cadmium has a larger mass median particulate diameter which results in larger dry deposition
velocity and thus cadmium is more effectively removed by dry deposition. Still, as these
numbers indicate, wet deposition is the dominant form of deposition over the Baltic Sea for
both metals.

Averaged for 1991 - 1995, the different sub-basins of the Baltic Sea contribute to lead
deposition in the following way: the northern and southern areas of the Baltic Sea receive
30% each, Gulf of Bothnia and Kattegat/Belt Sea 15 % each and the remaining 10 % fall on
Gulf of Finland. The contribution from the Gulf of Finland to the Baltic Sea total is more
considerable than in the case of nitrogen and this is probably due to large lead emissions
around St. Petersburg. The relative importance of deposition to the different sub-basins is
determined to a great extent also by the size of the sub-basins. Therefore, mean deposition
density 1s an important feature to show spatial variations over different sub-basins. Calculated
lead and cadmium deposition densities are:
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The most significant pollution by lead originates from Germany (26 %), Sweden (21 %) and
Poland {10 %). The input of the rest of the countries listed in the table, excluding Russia and
Estonia amounts only to not less than 5 % of the total deposition of lead.

The input of a country to the total deposition is determined by the fraction of the country
cmission deposited on the Baltic region. This fraction is varied within wide ranges. For
Denmark and Sweden this fraction is 20 %, for Finland and Estonia around 10 %. for
Germany and Poland between 2 and 4 %. Great Britain (around 1 %) and Russia (around 0.1
%) arc the countries in this selection with smallest contribution.

Inputs of individual countries to the depositions on sub-basins are specified by the location
and the strength of their sources. For example, Gulf of Bothnia is mainly polluted by Sweden
and Finland (45 % and 15 % of the total deposition on this sub-basin respectively). Main
sources of lead pollution on the Gulf of Finland are Finland (15 %). Estonia (15 %), Russia
(10 %) and Germany and Sweden (10 % each). Sweden (30 %), Germany (20 %) and Poland
(10 %) make the main contribution to the pollution of the North Baitic Proper. The same
countries are responsible for the pollution of the South Baltic Proper: Sweden with 10 %,
Germany - 40 % and Poland - 20 %. Kattegat/Belt Sea are mainly polluted by sources from
Great Britain (10%). Denmark (20 %), Germany (30 %) and Sweden (about 10 %).

[t 1s worth reminding that the calculated lead data considered in this chapter are of a
preliminary character because emission data used are based on expert estimates.

Table 3.5.8. presents Cd deposition on the Baltic Sea and its sub-basins from the main
contributing countries. It was assumed that a country belongs to one of main emitters if its
input exceeds 5 % of the total deposition on the Baltic Sea or more than 10 % of the total
deposition on any of its sub-basins. For the majority of the considered countries both
conditions are concurrently met. Almost all countries but Great Britain are members of
HELCOM. Their input is more than 80 % of the total deposition of both metals on the Baltic
Sea.

The most significant pollution by cadmium originates from Germany (28 %), Sweden (28 %)
and Poland (11 %). The input of the rest of the countries listed in the table, excluding Russia
and Estonia amounts only to less than 5 % of the total deposition.

Cadmium deposition to the different sub-basins is mostly dominated by neighbouring
countries. The Gulf of Bothnia is mainly polluted by Sweden and Finland (65 % and 20 % of
the total deposition on this sub-basin respectively). Main sources to the Gulf of Finland are
Finland (30%), Estonia (20 %), Russta (15 %), Germany (10 %) and Sweden (10 %). Sweden
(30 %), Germany (25 %) and Poland (15 %) make the main contribution to the North Baltic
Proper. The same countries are responsible for the pollution of the South Baltic Proper.
Kattegat/Belt Sea are mainly polluted by sources from Great Britain (15 %), Denmark (25 %),
Germany (40%) and Sweden (10 %).
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since no measurement data over the area of the northern and southern Baltic and Kattegat/Belt
Sea were avatlable for 1995,

Measured data has been compared directly with calculated values from the grid-cell where the
station 1s located. In addition, area averages for the different sub-basins have been derived by
directly averaging results from stations located in the considered sub-basin.

The discrepancy between calculated and measured data on cadmium is worse than for lead.
For some years, this discrepancy exceeds a factor of 2. This is not surprising as cadmium
emissions estimates presented large uncertainties with estimates varying by a factor of 10. [t is
noteworthy. however, that cadmium seems to be overestimated by model calculations based
on the high estimate of emissions by the ESQUAD project.

3.6 Organic compounds, deposition, measured concentrations

Atmospheric transport and deposition is an important pathway for persistent organic
pollutants (POP) and atmospheric fluxes have been shown to be important for the occurrence
of these organic contaminants in aquatic ecosystems both far away from and near source areas
(Eisenreich et al 1981, Barrie et al 1992). Warmenhoven et al 1989 calculated the relative
contribution of atmospheric deposition to total loading of the North Sea and found that more
than 90% of the input of PCB and HCH was due to atmospheric deposition.

Baltic Sea. an intercontinental sea surrounded by countries with different anthropogenic
activities, may receive significant amounts of POP via air transport and deposition. Due to its
limited water exchange to other seas, atmospheric processes may play an important roll for the
occurrence of POP in the Baltic Sea.

POP frequently present in the marine atmosphere are such as polychlorinated biphenyls,
(PCB), hexachlorocyclohexanes, (HCH), DDT and polycyclic aromatic hydrocarbons, (PAH).

3.6.1 Deposition processes

POP exist at a wide range of vapour pressures and many of them are semivolatile which
means that they are transported in the atmosphere both in the vapour- and particle phases
(Bidleman 1988). The distribution of the compounds between the phases, which depends on
factors such as the vapour pressure of the compound, the ambient temperature and the particle
concentration in the air, will affect the deposition processes of the POP.

There are some POP that may participate in atmospheric reactions, but the major removal
mechanism for these compounds from the air is through deposition. The deposition of POP
takes place either as wet or dry deposition and includes scavenging of the compounds in both
the vapour- and particle phases. The deposition fluxes are controlled by the chemical and
physical properties of the compound, the particle concentration in the air and the
meteorological parameters (Bidleman 1988).

Unlike wet and dry deposition via particles, the vapour exchange takes place in two directions
(Bidleman and McConnel 1995). Due to the vapour exchange across the air-water interface,
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Appendix 2

Measured and reported data



Concentrations at Zingst, DED0O9R, 1991

Air sampler, Daily samples

Manin Benzo(a)pyrans HNO3 + NOJ- NH3 + NHd+  S02 NO2 HNO3 MNH3 NO3  SO4-  NH+ Cd Cu Pb n N v
J L »r aie a serosol  serosol  eeroso  aerosol aefosol erotol asrosol asrosel aerosol
ngAmd ug NAm3 ug N3 ug SAm3 ug Nim3 ug NAm3 ug N3 LY Nm3 ug Sm3 ug N3 ngémd ngmd ngimd  ngmd  ngmd  ppand
01-1991
02-1991
031991
04-1991
051391
06-1991
07-1991
08-1991
05-1991 330
10-1991 600
11-1991 16.70
12-1541 15.30
Max 1%.70
Mt 330
Average 10,33
Sum
Concentrations at Keldsnor, DK0OOSR, 1991  Air sampler, Daily samples
Month Berzo(a)pyrene HNOY ¢ HO3- MHI +NHe+ 502 NO2 HNG) NH NC¥ SO4—~  NHde Cd Cu P n N v
T ar ke ar - gerpsol  aerosol asrosol msrosol msrosol asrosol ssrosol aerosol warosei
ng/m3 ug N/m3 ug N3 ug Sm3 ug NAm3 ughm3d ug Mm3 ug NAmY ug SAmd ug N3 nghmd  KgAMd  AAMI RN ngmd ngimd
o1-1991 420 023 154
02-1991 442 0,20 3,64
03-1991 an 1.36 719
04-1991
05-1991
06-1991 065 227
07-1991 163 237
aB-1391 226 an
081991 135 167
10-1991 0.9t 308
11-199¢ B} 2.84
12-1991 043 258
Max 47 226 AL
Min 420 [ 167
Average 444 054 34z
Sum
Concentrations at Keldsnor, DKOOO5SR, 1991  Air sampler, Daily samples, from DKO1L_FP4N
Month  Berz(apyrané HNOD 4 MO3- MHI+NHe+ SO2  NO2  HNOI  NH3  NO3 SO~ N4+ Cd cu Po In ™ v
o J g a e ak ar aerosol  mercsol  aerosol seojol Sevosot asrosol asrosol asrosol astosol
ng/im3 ug N3 ug M3 ug SM3 ugMNAM) ug M3 ug m3 ugNAnd Ug SAm} ug MMM a3 ng/md  ngmd  ngAnd  AgMm3  ngm3
011991 184
02-1991 299
031931 3,56
04-199%
05-1991
061991 213
07-1971 246
08-1991 274
09-1991 1.60
10-1991 2,18
11-1997 201
12-1991 1.77
Max .56
in 160
Average 233
Sum
Concentrations at Keldsnor, DKOOO5R, 1991  Air sampler, Daily samples, from DKO1L_FP4N
Monih  Bergo(ajpyrsne HNODI + NO3- NH3+NH4+ SOZ  NOZ  HNO3  NH3  NO3 S04~  MNH4+  Co Cu Fb Zn N v
it e L4 - -r setosol  werosof  swrosol  Aerosol asrosol serosol serosol aerosel seroscl
ngAnd ug N3 GgNARY UGS ug N3 ug N3 g M3 ughm3 up Sm3 wghumd ngAnd  ngMmd  ngAnd  npAR3  ngM3  ng/md
01-1991 1.8 2,19 .31
021991 19 386 824
031391 353 | 40
04-1991
051991
06-1991 1.3 304 126
07-1991 1.00 4,00 129
08-1981 19 $.94 1.01
03-1991 10 300 164
10-1981 1861 397 343
11-1891 143 3 EICEY
12:1991 3 .01 428
Max 383 a1 .24
in 1.00 249 1.01
Average 1,62 4,08 34T
Stan
Concentrations at Anholt, DKOCOSR, 1981  Air sampler, Daily samples
Month Benzo(ajpytens HNO3 + NO3- NH3 + NHé+ 502 NO2 HMO3 NH3 NO3  SO4— N+ Le-) Cu L] Zn NI v
alr- | J r L ol air aerosol aeroscl  eerosol aerosol aercsol aerosol aeroscl aercsol aerosol
ngana ug N2 LGNS ugSAn3 ughm3 ug N3 ug N3 wg N ugSAM3 ugNAM3 ngm3  ngm3  ngim3  ngm3  agm3  ngmmd
01-1331 2.88 a.06 138
021991 2587 002 219
031991 227 9,12 378
o4 1991 047 kP
05-1991 0.13 098
0619391 (B3 2.1 153
0T-1991 114 0.34 1.82
08-1991 1.18 027 183
091991 128 c40 1,24
101991 180 013 1,74
14-1991 6.64 0.09 1.93
12-1994 344 0,08 1.37
Max 6,64 cAD 378
Min 194 0.02 098
Average 245 0,17 191
Sum
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Concentrations at Hoburgen, SEC008R, 1991  Air sampler, Daily samples

Month Benzo(a)pyrene HNO3 + NOX> NH3 « NHd+ 502 NG2 HNO3 NH3 NO3- SO4—  NHé+ cd cu Py In N ¥
v - - - - aero3cl  merczol  a4rosol aetosol amrosol asrosol asresol aerosol asrosol

ngm3 ug N3 Ug N ug Smd ugNUmd ug A3 LI N3 ug NmMD ug SM3 ug A3 ngml  ngmd  ngmd  ngm3  ngmd  ngmd

ot-1991 170

02-1991 1.80

031891 1.30

4-1991 130

051391 080

06-1981 120

07-1991 120

09-1991 0,90

09-1991 1.00

101991 1,20

11-1991 2,60

12-1991 1.50

Max 260

Min 080

Average 137

Suiit

Concentrations at Vavihill, SE0011R, 1991  Air sampler, Daily samples

Monih Banzo(ajpyrens HNO3 + NOF NH3 + N+ 502 NO2 HNO3 HNH3 NO3- S04 NHd+ Co =) Pb zn N v
- L - L »r asrosol  aerosol serosol aerosol asroscl aeresol aerosel amrosol asrosol

ng/m3 ug N3 UGNAD  ug Sam3 ug NAND ug N3 Ughm3 ugNmM3 ugS/m3 UgNAR) ngind  ngimd  Agind  ngmd  ngmd  ngm

o1-1991 4.20 " 037

02-1991 .30 188 1.06

03-199¢ 210 d.02 1.54

04-1991 140 2,61 1.21

051991 080 1.23 0.4

08-1991 120 152 063

07-1391 070 272 044

081991 130 212 065

09-1991 140 186 056

10-1991 1,80 1950 0.8t

11-1931 350 147 034

12-1991 3.30 146 0569

Max 4,20 3oz 154

Min 070 1.22 041

Averags 207 1.92 .80

Sum

Concentrations at Zingst, DEOCO9R, 1992  Air sampler, Daily samples

Month Benzo(a)pyrene HWNOI +NOF NHI + NH+ 502 NO2 HNOY NH3 NOX SO4- b+ cd Cu Pb n N v
e 3 - L ar e #srosol  maro3ol  ae/0sol BMIDZO! MeFosOl Aeroznl asrosol asrozol  asrosol
ngind ug Namd ughmd  ug Smd g NAMY ug Nmd ug Nm3 UG NMI UG S ug NAnd  ngmd  ngmd ngmd  ngim3  ngm3  ngmd

01-1992 490

02-1992 340

03-1992 240

04-1992 180

05-1992 150

06-1992 140

07-1992 1.60

041992 180

031992 11

10-1992 250

11-1992 340

$2-1992 450

Max 430

Mo 140

Avefage 2.58

Sum

Concentrations at Keldsnor, DKOOOSR, 1992  Air sampler, Daily samples

Month  Benzo(a)pyrens HNO3 +NO3- NH3 +NHE+ S0Z  NOZ  HNOI NH3  NO3  SO4— N+ Cd Cu Pb 2n M v

sir+aei030! artaosol  air+asrosol ke ak -lr alf asrosol  aerosol  serosol  aerosol asrosol asrosol asrosol serosol asrosol
ngand ug Nimd ug N3 ug SAm3 L NAMD UgHAM3 LN ugNM3 ug SAm3 ugNAmd ngAnd ngMm3  ng3  ngMm3  ngMnd  ngind

01-1992 0.38 2,61

02-1982 o039 477

031992 0.61 434

04-1982 123 419

051992 .96 212

06-1992 1.70 137

07-1992 2,18 217

08-1992 178 m

051352 131 2,77

16-1982 o7 t.92

11-1992 035 162

12-1992 047 2,66

Max 218 477

Min. 035 182

Average 1.03 273

Sum

Concentrations at Keldsnor, DK00OSR, 1992  Air sampler, Daily samples from DKO1L_FP4N

Monih Bano(sipyrens HNOI + NOX- MH3 « NHé+  $02 NO2 HNO3 NH) NO3 SO04-- N Cd Fb Zn N v

akr+asrosol sirrasrosol  sir+serosol - - £ iy werosol  asrosol aerosol  serosol asrosol asrosol aeresol aerosol asrosol
ngm3 ug M2 ugMAmY  ug SAm3 ug M) ugNANY LY NN UG NAMI L SAM3 LGNAM3 ngAmd  ngnd  ngim3  ngimd  ngmd  ngima

01-1932 208

02-1992 23

031392 23

04-1992 205

03-1992 207

DE-1992 25

07-1592 2,09

08-1992 1.67

9-1952 238

10-1992 143

11-1992 125

12-1992 232

Max 251

Min 1.2%

Avarage 2,04

Sum
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Concentrations at Keldsnor, DKOOO5R, 1992 Air sampler, Daily samples, from DKO1L_FP4N

Month Banzoa)pyrene HNC3 + NOX NHI +#NHI+  SO2 NO2 HNQ) NH3 NO3- SOd—-  NH4+ cd Cu Pb Zn N v

L o a alr alr asrosal  asrosel  aercsol amosel swrasal awosol aeasol aercsol asrosol
ngAml ug Nm3 ugNmM3  ug Sm3 ug M3 ugtm3 ug Nm3 ug M3 Up SMI ugNm3  ngmd  ng/m3 g3 ngimd  ngAmd  ngmd

01-1992 1.2% 2,69 47

D2-1992 243 5.55 235

031992 232 4.73 2.8

04-1392 27m 542 156

08-1992 115 3,08 142

06-1992 086 3.56 1.27

07-1992 122 435 139

08-1992 1.15 346 .96

09-1992 1.34 4.08 193

10-1992 117 300 zm

11-1992 105 198 2,98

12-1992 1.30 313 545

Max 2.78 5.5% 545

Min 086 198 096

Average 151 375 2.36

Sum

Concentrations at Anholt, DKO008R, 1992 Air sampler, Daily samples

Mowih BenZo(ajpyrens HNO3 + NOJ NH3 + NH4+  SO2 NG2 HNOY NH3 NO3- SO4— N4 Cd Cu Pb in N v
»l St i i r al al asrctol  asrosol asrosol aerosel asrosol asrosol asrosel aerosol sarosol

ng/m3 ug Namd ughm3  ug S/M3 ugN/mM3 ug NMm3 ug N/m3 ug Am3 ug S/m3 ugNm3 ngm3  ngmd  ngmI  ngmI  ngmd  ngimd

01-1992 0,08 110

02-1992 0.06 253

03-1992 007 oo

04-1992 0,15 233

0%5-1932 024 146

06-1992 041 1,16

07-1992 046 142

081992 042 115

09-1992 0.4 170

10-1992 0.08 0.4

11-1992 0.11 1.03

12-1992 00z 1,58

Max 046 .00

M 0902 .74

Average 013 160

Sum

Concentrations at Anholt, DK0O008R, 1952 Air sampler, Daily samples, from DKO1L_FP5N

Month Batgo(a)pyrens HNO3 + NO3- NH3 + N4+ SO2 NO2 HNGC3 NH3 NO3- S04~ NH+ Ccd Cu Pb n Nl v

air+aerosol sirtaerosel  srteeroscl ok alr Bir alr aerosol  aerosol aerosel aerosol aerosol aeroscl aerosol aerosol aerosol
ngima ug Nimd ugNm3  ug S/M3 ugNm3 ug Nm3 ugNm3 ugN/m3 ugSAM3 ughN/md ngm3  ngmd  ngmd  ngind  npmd  ngmd

01-1992 135

02-1952 "

03-1992 166

04-1992 165

05-1992 168

06-1952 140

07-1992 17t

08-1992 141

031992 1mm

10-1892 1M

11-1392 093

12-1992 212

Max 212

Min 0398

Average 158

Sum

Concentrations at Anholt, DK0003R, 1892 Air sampler, Daily samples, from DK01L_FP5N

Mcnih Berzo(a)pyrene HNOJ + NOX NHI + NHd+  SO02 NO2 HNOY NH2 NOJ- SO4=  NHA+ cd Cu Pb zn N v

sir+aarosol oranrosol  a+asrosol - i ar o asrozol ssiosel  assosol  aerosol serosol sejosol aerosel aerasel aerasol
ngm3 Ly N3 UgNM3  ugSAM3 ug M3 ugNAM3 ug N3 ug M3 ug S/M3 ug M2 ngim3  ngMm3  npMmd  ng/m3  ng/m3  ngimd

01-1932 .85 147 256

02-1992 146 259 157

031992 181 a7 199

04-1992 1,50 247 110

05-1992 1.01 1.70 154

06-1992 0.0 157 108

07-1992 0.91 188 108

08-1992 0.88 157 0.99

09-1992 0.99 184 1.65

10-1992 04t 076 0.67

11-1992 Q.68 1 194

12-1992 1.0t 162 486

Max 184 07 4,86

i 041 076 0.87

Average +.00 178 1.77

Sum

Concentrations at Preila, LTO015R, 1992 Air sampler, Daily samples

Month Borgo(a)pyrena HMO3 + NOX- NH3 + NMé+  SC2 NOZ HNO3 NH3 NO3- SO4—  MH4e <d Cu Pb In NI v

- r- i - L4 e -r serosol  esrosol  asrosol  sero3c) asroscl serosol seroscl serossi swroso)
ngim2 ug Nm2 ug N2 ug SAM3 ug hAm) ug NANY ug MAm3 ug NN LY Sand g M3 nEMm3  ngmd  apmd  ngmd  nagmd  ngmd

01-1992

02-1992 0.1t

031982 0.0%

04-1932 0.06

05-1992 005

06-1887 0.04

07.1992 0.0%

08-1992 0,12

0%-1§92 G135

10-1992 ¢.05

11.1892 0.07

12-1992 0.04

Max 018

L] ¢.04

Avarasge 0.07

Sum
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Concentrations at Preila, LT0015R, 1992  Air sampler, Daily samples, from LT01 L_AS15a

Monih Berzo(s)pyrans  HNOL + NOJ NH3 + M-+ S02 NO2 HNOD MHY NO3» S04 N+ Cd Cu Pb n N ¥
r b g L g v i asrosol  asrosol  aetosol erosol aerosal aerozol aerosol merosol  merosol

ngim3 ug NAn3 UgMM3 UG SM3 ugNmMI UG MM UGN ug NAmd ug Sm3 ug NMm3  ngm3  ngAnd ngmd  ngMm3  ngm3  ngml

01-1992 1,80

02-1892 IE]

03-1892 .34

04-1992 2.4

05-1992 230

06-1992 172

07-1992 228

08-1992 o7

08-1992 24

10-1992 264

11-1392 2.4

12-1992 4.18

Max 4.6

Min 1.72

Average 287

Sum

Concentrations at Preila, LTO015R, 1992  Air sampler, Daily samples from LTO1L_TD15a

Month  Benzo(s)pyrens HNOI + NO3 NHJ +HH4+  S02  NOZ  HNO3 NHY  NO3  SO4—  NHA+ cu Pb zn M v
L a L ir aerosal  asrosol esrozol nrnsnl BRTOS0)  S870SO! 2erDSOI OS0! Aéfoto)

ng/m3 ug NAm3 UM ug S LGHUM3 ug NANE ug M3 ugAUM3 U SM3 UGN g3 ngMI  Agmd  ngmd  ngAnd  ngAnd

01-1932 1.4

02-1392 0.81

031392 137

04-1932 0,30

051932 166

06-1992 116

07-1992 080

08-1992 134

09-1992 118

10-1992 0232

11-1992 112

12-1992 040

Max 1.66

Min 032

Average 103

Sum

Concentrations at Preila, LTO015R, 1992  Air sampler, Daily samples, from LT01L_FP15a1

Mondh Berao{ajpyrene HHNO) +NO3- NH3 + NH4+ 502 NG2 HNOY NH3 NO3- SO NHA + Cd Cu P n N v
h h - ar o ak 800S0l aw0s0l  asiosol  Asrosol AeFO30| WMFOSOl Aerosol asroLol srosol
ngmy ug Nwm3J ughm3  ug Smd ug N3 ug N ug NAm3 ug NAm3 ug Smd ug M3 ngam)  Agmd  ngMm3  ngm3  ngm3  ngimd
01-1992 128 040 1.02 oAD 2640 13600
02-1992 0.80 .95 212 20 18.40 4730
03-1992 103 a4z 257 oan 2560 5520
04-1992 2.80 0,36 1,18 n1e 12,60 2840
05-1982 0,70 0.2¢ 07 2.10 8.90 19.50
06-1992 0.26 0.20 0.63 0,10 6380 .80
07-1992 0,30 030 0,85 0,10 840 20,10
08-1992 0.%8 0.3% g.se 0.10 6.80 19.80
09-1492 0.51 0.26 1.04 o010 10,80 2500
10-1992 075 046 125 10 2020 2680
11-1992 046 0,35 087 0,10 1370 6410
12-1892 056 0.4 033 a.20 8,30 3190
Wax 126 0,9% 257 D40 2640 13600
i 026 0.14 033 nic 6.80 19.50
Average [i13] 037 1.14 0.6 1358 4147
Sum
Concentrations at Rucava, LV0010R, 1992 Air sampler, Daily samples
Maonin Barzo(a)pyrsns  HNOJ + NO3- NH3 + NH4+ 502 NO2 HNOJ NH3 NO3- SO4—  NH4+ cd Cu Pb Zn N v
wr+aerosol aeasrosol  air+asrosol o wr ar r #arosol  asrosol  awrosol awrosol asresol asrasol aerosol asrotal aerasol
ngn3 ug Nem3 UG NI UgSM3 UG NALY ugtUmd ug /M3 ugNAN) up SMI LGNNI ngAmd  ngm3  ngAG  ngm3  ngMm3  ngind
01-1992 040 150 a.z20 1.20 1,10
02-1992 0,30 130 040 100 1.10
031992 0.80 030 040 0.30 1,60
041992 0.50 o070 030 090 110
05-1992 020 099 o020 030 .50
06-1992 050 080 0.20 070 0,30
07-1892 1.18 0.390 0,20 2,00 0.60
081992 0,80 1.20 0.20 0,30 0.70
091992 o.st 110 0,10 0,20 0.70
10-19982 080 0,90 0.30 .00 0.70
1113992 080 115 0.30 1.10 0.60
12:1932 1.0 244 0,30 1.30 110
Max 110 244 0.40 3.00 160
hn 0,20 0.70 o.1e 0.70 030
Averags 068 130 0.26 130 0584
Sum
Concentrations at Rorvik, SEQ002R, 1992 Air sampler, Daily samples
Morith Berzo(a)pyrens HNOJ « NO3X NHI ¢ NHé»  SO2 NO2 HNC2 NH3 NO3- S04 NHL+ Cd =T} Pb Zn N v
30| - - L} a asrosol  aerosol  asrosol aeroscl aerosal aerosal aerosol asrosnl aerosol
ngAnd g Nm3 ugNANY  ug S/m3 ug NAn3 ug NAm3 ug Nm3 ug N/m3 ug S/m3 ugNmd  ngm3  ngm3  ngm3d  ngmld  ngmd  ngmd
01-1992 EE 075 049
02-1392 360 148 1.02
031992 2.80 18% 1.08
04-1992 FAL 1.2% 0,81
05-1392 1,70 0,87 048
06-1992 130 n.ga 0.36
07-1992 1,10 112 0.52
06-1992 110 078 052
03-1992 150 107 0,51
10-1992 2,30 0,56 022
14-1992 4.20 057 Cad
12-1992 550 1.09 073
Max 550 1.91 1.05
Min 1.10 0.56 0.22
Average 2.55 1402 0.80
Sum
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Concentrations at Keldsnor, DKOOO5R, 1993  Air sampler, Daily samples, from DKO1L_FP4N

Month am(-)pynm HNO3 4 NO3- NH3 +NHI+  S0Z  NOZ  HNOI  NHY  NO> SO N+ Cg Cu In N v
5t e o i - Aerosol  serosol seroscl asfosol ssrosol astosol serosol aecasol aerosol

ngim3 ug Nm3 g3 ug SM3 ug M3 ug N3 ug M3 Lg Nmd ugSAmd ugNm3 ngm3  ngtnd  ngmd  ngMml ngmd ngima3

01-1993 1.84

02-1393 212

031932 289

04-13393 309

051992 299

06-1993 189

07-1993 190

DB-199) 142

0g-1392 124

10-1993 1.56

11-1993 367

12-1993 1.20

Max 367

An 1,20

Average 2%

Sum

Concentrations at Keldsnor, DKODOSR, 1993  Air sampler, Daily samples, from DKO1L_FP4N

Mordh Berzo(ajpyrens  HNO3 + NO3 NH3 v NHe+ 502 NC2Z HNO3 NHY NO3- S04  Nbd+ Cd Cu Pb Zn NI v
- L - ke i aeiotol asrosoi  asrosol #arosol secotol aerosol serosol asrosc! asrosol
ngim3d ug NAm3 ugNAnd  ug SMm3 ug NAR) ug N3 ug N3 ugNAm3 g SM3 ug N3 ngmd  ngfnd ngmd  ngAnd  ng/md  ngAnd

011932 093 169 457

62-1992 139 3.58 401

031393 3,96 7.9% 250

4-1392 2,08 bas 209

051393 1.84 797 12

08-1993 1.05 375 127

a7-1933 1,06 316 084

08.193) 1.1 315 1,08

09-1993 0.82 02 1.19

10-1993 1.28 3.0t 2.23

11-199) 1.96 427 10,17

12-1993 1,02 187 270

Max 3,98 799 1017

Min 082 1868 n.8e

Average 153 4,08 282

St

Concentrations at Anholt, DKOOO8R, 1993  Air sampler, Daily samples

Month Benzo(s}pyrens HNOD 4 NO3 NH3 + NHE+  SO2 NO2 HNOJ NH3 NC3 SO4—  NHé+ Cd Cu L] n N v
sir+asrosol  sir+asrosol ar - LS »ir aer0sol  aerosol aerosol  serosol asrosci aerosol asvosal aerosol asrosol
ug N/m3 ug N3 ug SAmd g NARd ug N3 ug Nm3 ug N3 ug SAM3 ug NI ngAn3 g3 ngAnd ng/m3  ngMd  ngm3

01-1893 008 110

02-1893 o004 1749

03-1893 0.1 407

04-1393 820 2.81

051993 032 142

06-193) L 099

07-1992 024 110

08-1993 o7 1,14

09-1993 056 0og 080

10-1993 230 009 157

11-1882 277 0.03 2.08

12-1993 2,80 0.05 1.01

Max 280 031 4.07

Min 0.56 0.0% 0.80

Average FXR] [XE 165

Concentrations at Anholt, DKO0OBR, 1993  Air sampler, Daily samples, from DKO1L_FP5N

Month Berzo(a)pyrens  HNO3 ¢ NO3F- NH3 + NHé+ 502 NOZ HNO3 NH3 NOY SO4-  NHA+ <a Cu In N v

Bir+8rosol Siraerosol  MRmiozol -r ak e ak asroscl  aerosol  aerosol  aerosol amerosol aerosol asrosol asroscl asrasol
ngm3 ug N3 ug NAn3  ug SAmd ug MY ug /M3 UG NAM3 UG NARD g SAmd UQNANY ngAn3  ngMmd  ngm3  ngim3 g3 ngmd

01-1992 1.20

02-1993 159

03-1993 204

04-1993 254

05-1993 162

06-1982 145

07-1933 153

08-1993 153

09-1992 095

10-1993 1t

11-1393 282

12-1993 1.4

ax 2,82

Min 0,95

Average 1.8

Sum

Concentrations at Anholt, DK0OO8R, 1993  Air sampler, Daily samples, from DKO1L_FPSN

Monih Banzcia)pyrens HNO3 +NO3 NH3 + NH4+  SO2 NO2 HNOY NH3 NO3- SOd— M4+ <d Cu Fb In N v

ak+merosol ar+meiosol  ar+asrozol - L4 W iy aerosol  merosol  aercsol merosol asrozol Asrosol asrasol serasol Asrosol
ngAnd ug Noms ugMml  ug SMe3 up M) ugmd ugNAM3 L N3 g Sm3 ugNm3 ngMm3  ngm3  ngMm3  ngm3  ngimd  ngid

01-1983 073 118 3,96

02-1992 1.22 183 2.29

031992 240 420 12

04-1993 147 301 221

051993 0.87 1.78 101

06-1392 061 1 "X 1]

07-1993 0.65 134 047

08-1953 oIz 1.3 0.84

09-1993 0.%4 0.69 0rs

10-1991 193 164 1.67

11-199% 118 2.0% 470

12-1993 063 1.0% 2,14

Max 240 420 470

My 054 0.89 047

Average .02 179 1.4

Sum
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Concentrations at Preila, LT0015R, 1993  Air sampler, Daily samples

Menih Betzo(a)pyrens  HNO3 + NO3- NH3 + N4+ SO2 NO2 HNOJ NH2 NOY S04~ NHA+ cd Cu Pb 2n NI v

sirresrasol auraerosel  air+asrokol & - - L asrosol asrasol aercsel asrosol aeresol asrexpl asrotol ##ro30)l  asrosol
ngma ug Namd UgMm3  ug SAN} ug M3 ugNm3 ug NAm2 ug NI ug SAN3 LG N3 ng/m3  ngmd  ngMmd  npmd ng/m3  ngimd

01-1993 0.03

02-1993 003

01993 0,04

04-1593 0.04

05-1393 0,04

06-1393 0.03

07-1993 ¢.03

08-1983 0,04

03-1993 0.03

10-1993 a0z

11-18%3 0.02

121993

Max .04

M 0,02

Average 0.0

Sum

Concentrations at Preila, LTO015R, 1993  Air sampler, Daily samples, from LT01L_AS15a

Monin Benzo(a)pyrené  HNO3 + NO3- NH)Y + NHe+  SO2 NO2 HNG N3 NO3- S04 Nbde Ca Cu Pb 2n NI v

sir+asrosol akeanrosol  alréasrosol »r ai a o serosol  aerosol  awrosol asrosol aerosol aerosol aerosol aerosol #sresol
ngm3 ug Nm3 ug Nm3  ug SAmd ug NANY ug N3 ug Mm3 ug /M3 ug Sim3 ug M3 ng/md  ngmd ng/m3  ngmd  ngm3  ngimd

01-1993 330

02-1332 280

03-15333 150

04-1993 LRI

08-1293 2,00

06-1993 240

07-1993 3.60

08-1932 340

08-1933 260

10-1293 3,30

11-1933 .50

12-1993

Max 540

in 1.90

Average 3.08

Sum

Concentrations at Preila, LTO015R, 1983  Air sampler, Daily samples from LTO1L Tb15a

Month Bonzn(l)pyr.m HNO3 + NO3 NH&+NH4~ 502 NG2 HNO3 NH3 NQ3- S04 cae In N v
4 J aur L o L4 serosol  asoscl nrosol asrosol ulusol aerosol aerosol aerogol  Aerosol
ngim3 ug Nm3 UgNm3  ugS/Mm3 ug A3 ug NAmY ug NAm3 ughm3 ugSm3 ughMmd ngm3 ng/m3  ngmd  ngm3  ngimd  ngmd

01-1993 068

02-1933 nEs

031933 149

04-1993 038

05-1993 065

06-1993 148

a7-1992 118

08-1992 037

09-1993 0.56

10-1593 115

11-1392 .73

12-1993

Max 149

Min 0.56

Average 0.97

Sum

Concentrations at Preila, LTO015R, 1993  Air sampler, Daily samples, from LT01L FP15a1

Month Bom(l)pyvlm HNOY + MO NH2 + NHe+  SO2 NOZ HNGY NH3 NO3  SO4~ N+ =] n N ¥
| ak L a ar aerosol  dwrosnl  aarosol  asfosol nvnsm asrosol  asrosel aermscl aeresol
ngm3 ug N3 agNA)  ug SM3 ug N3 up NI ug M3 ug MY UG SMI ug N3 ngml  ngMmd  ng/md  NGAMI  ngmd  ngMmd
01-1933 1.02 058 038 0,20 1440 3020
02-1992 083 085 233 420 EA L 26,00
03-1993 0,96 o7 113 040 2590 4030
04-1993 0.57 0.27 057 0.20 8.30 51.20
051993 040 024 044 0,10 520 3340
08-1993 o 0.24 1.07 0.10 4,50 26,80
07-1993 028 027 o7z 0.10 410 22,50
0B-1993 0,14 042 057 210 450 26.90
08-1993 025 022 1.03 a10 4.30 18.40
10-1993 0,61 033 228 010 5.50 30.40
11-199) 111 (3] 0.9% 0.40 2760 6480
12-1993 110 0.10 6.80 26.80
Max 111 085 293 a40 27160 6480
Min 014 017 D44 ¢ 410 16,40
Average 062 035 1.15 018 5.9 3.4
Sum

Concentrations at Rucava, LV0010R, 1993  Air sampler, Daily samples

Month Bergo(pyrene HNO3 + MO NHI+NHG+ SO2  NO2  HNOA  HH}  NOF SO+ NHée ce cu P Zn N v

sir+anrosol siremsrosol  areasrozol r L.d i i astosol aerozol amicsol asrosol aerosol asrosol aerosol asrosol asresol
ngAm3 ug Nm3 ugNm3  ug Sm3 ug NAm3 ug i3 Lg Nm3 un Nhna ug SM3 LgNM3 ngAmd  ngM3  ngmd  ngmd  ngmd  ngmd

011992 0,90 120 130 120

02-1993 0.70 130 0‘30 1.30 160

01992 130 1.10 0.80 1.70 230

04-1933 0,70 140 0.40 0.80 1.30

05-1833 040 1.00 0.20 0,80 0,80

D&-1993 0.30 110 010 0.60 D80

07-1993 1.30 1.20 0,20 1.50 0.50

08-1993 0.30 150 0.20 1,10 050

091993 040 0.0 620 130 130

10-1933 0,20 120 020 0.70 1,10

11-1993 070 2.20 K13 1.50 1,90

12-1993 670 2.90 X1 0.7¢ 1.20

Max 1.30 290 0.60 170 230

n 020 o7 0,10 080 050

Average o 140 032 111 149

Sum
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Concentrations at Anholt, DKGO08BR, 1994 Air sampler, Daily samples, from DKO1L_FP5N

Manih Banzo(a)pyrans HNO3 +NO3- NH3 + NHé+  S02 NOZ  HNOY  NM3 NO> SOd— NHae =) Cu Pb Zn N Y

wir+aerosol sirtesrosol  sr+serazol - - - -ir aeroz0l  eerusol  aerosci asrosol assrosol aerocaol merosol aerosol eroiol
ngimi ug Nm3 uUgMNAM3  ug SAn3 Lg NAmd ug NAmY ug Nam3 ug Rm3 ug Sémd ug Nm3  ng/m3  ngmd ngim3  ng/md  ngmd  ngimd

ot-1994 050 043 1.08

02-1394 061 1.4 2,57

031334 088 123 143

04-1994 190 358 167

051394 0.76 128

061954 [Leal 132

07-1954 1.02 201 116

08-1334 062 113

03-1954 0.65 14

10-1934 1.24 2,13 158

11-1994 058 113 127

12-1994 0.97 1.38 2.03

Max 190 3.58 257

Mhin 0.55 093 1.09

Average 0,88 1.56 1,60

Sum

Concentrations at Preila, LT0015R, 1994  Air sampler, Daily samples

Monlh Berzo{a)pyrens  HHNO3 + NOJ- NH3 + NH4+  S02 NOZ2 HND3 NH3 NO3-  SO4—  NH+ Cd Cu Pb Zn N v
ros - - o . alr aerosol  asrosol  serasol aerosal aerosol aerosol mercsol aerosol aerosob

ngim3 ug Nm3 ugNAMD  ug S ug M3 ug N3 g NI L NMmM3 ug SAm3 ug M3  ngim3  ngm3  ngmd ngimd  ngm3  ngmd

01-1994 0,08

02-199¢ 0.05

031354 0,04

04-1954 0.04

051954 002

06-1934 024

07-19%4 0.07

08-1994 0,05

08-1934 0.04

10-1334 0.05

111394 0.02

121994 002

Max 0.24

Min 002

Average 006

Sum

Concentrations at Preila, LTO015R, 1994  Air sampler, Daily samples, from LT01L AS15a

Monin Bm(l)pyrm HNO3 + NO3 NHI 4 Nk S02 NOZ HNO3 NH3 NO3- S04 NHe+ ca Cu n ] v
air ak - [ 8870800 88foscl  serozal aerosol awrosol awrosol awrosol asrosol awrosol

ngm3 ug N3 UGRMI  ug SMMI UGNMI LGNNI ug KNI ug NAMY ug SMn3 ugNANI ngm3  ngnd ngAm3  ngm3  ngMm3  ngm3

01-1994 279

02-1994 208

03-19%4 340

04-1994 208

05-1994. 1.89

06-1984- 2.2

07-1934 420

08-19%4 2,60

09-1994 172

10-1934 933

11-1994 548

12-1994

Max 9.33

Min 199

Average 388

Sum

Concentrations at Preila, LTOO15R, $994  Air sampler, Daily samples, from LT01L TD15a

Monih  Bercro(a)pyrens moa;nca- NHI 4 HNHES  SO2 NO2  HNOI  MH3  NO3 S04~ N+ Cd In N v
ar - -r aw 030l Berokol  werosal asrosol nmsal umwl asrosel asrcsol aerosol

ngémd ug NAnY UGNM3 g SAMI up NI UG NARD ug NI ug Nm3 ug SAm3 ugNAm3 ngind  ngm3  ngm3  ngm3  ngmM3  ngmd

01-1984 0.50

02-1934 039

031954 044

041994 071

05-1934 139

06-1994 [

07-1994 2,16

0B-1994 1.1

091994 1,06

10-1994 110

11-1994 078

12-19%4 046

Max 218

Min 039

Average 0397

Sum

Concentrations at Preila, LTOD15R, 1994  Air sampler, Daily sampies, from LTO1L_FP15a1

Monih Berzo(a)pyrens HNO3 + NO3- NH3 + NHé+  SO2 NO2 HNOY N3 NO3  SCQ4- NH4+ Cd Pb Zn ] v

air+earozol airipeiorol  dreserozol - i ar r ssrasoi  merosol  sarosol  earosol nram anrosol asrosol merosol aerosol
ngim3 ug Nm3 UMY ugSm3 ug N3 ug NAM3 UGN Ug NN LgSAn3 ug N3 ngMmd  ngAnd  ngm3  ng/m3  ngmd  ngma

01-1954 0.80 a5 981 6.20 2100 4100

02-1934 1,06 .14 1.76 040 19,00 50,00

031934 0.81 a5t 073 0.30 8.00 32,00

041994 043 012 078 0,30 11,00 24,00

05- 1994 0,04 [RES 042 0.90 15,00 41,00

06-1994 0.05 027 049 0,40 8,00 35.00

07-19%4 0.06 0,06 060 040 10,00 23.00

0B-1994 o.n 092 D37 6,30 9.00 FEN

08-1954 015 0.13 059 0.20 8.00 4200

10-1994 .55 0.14 032 0.50 1300 63,00

11-1934 152 on 0.2% 0,30 1200 2200

12-19%4 345 0,17 0.99 0.70 1900 9900

Max 345 0.51 178 050 2160 9300

i 0,04 0.06 025 0,20 3,00 2200

Average 07% RE] 058 041 1283 4175

Sum
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Concentrations at Rucava, LV0010R, 1994 Air sampler, Daily samples

Morth Banzofa)pyrens HNOJ + NOX- NHA + NHd+  SO2 NO2Z  HNOJ  NH3  NOY  SO4— Ni4e  Cd Cu Pb Zn N v
ar - ar ak aerosol aerosol astcscl aerosol asrosoi asresel asrosol 4Arosol EMDSO!

ngind ug NAmd UM LgSM3 ug N2 ug M3 ug N3 ug NAMY wg SM3 LG NAR3  RgAm)  ngAm)  ngMmd  ngmd  ngmd  ngim3

01-1954 021 1.5 0,30 0.22 103

02-1954 248 0.38 324 151 0.65 2,08 192

03-19%4 0.66 1.28 150 1,04 073 108 139

04-1954 695 213 1.1 981 .76 187 160

051934 07 110 0.2% 074 0.29 047 0395

06-1994 0.50 1.03 0ss 077 0,50 087 m

07-1954 0.56 0,94 0 0,92 044 0,88 091

08-1994 KL ] 180 685 140 044 145 0.64

09-1954 043 119 036 1,02 0,52 122 1

10-1994 046 1.08 122 122 039 142 109

11-1934 .42 146 0.56 172 ode 061 098

12-1994 0.71 113 221 2,08 075 1,30 104

Max 246 FAK] 324 208 076 209 142

Min 037 038 0.2t 0.74 02% 022 0B4

Avarage LEA] 1.23 114 123 054 113 117

Sum

Concentrations at Rucava, LV0010R, 1994 Air sampler, Weekly samples

Month Barzo(ajpyranes  HNOI + NO3- NI + NH4+ 502 NO2 HNG3 M3 NOX SO4-  NH4+ Cd Cu PB n N v
Ir+aeras s alr alr ak ssrosol  aerosol  aerosol asiosol serosal aerosol aerosol aerosol serosel

ng/m3 ug Nim3 ugN/m3  ug S/m3 ugMmd ug NAm3 ugNm3 ug Nm3 ug$/md ughm3 ngmid  ngmd  ngm3  ngm3  ngmd  ng/m3d

01-1934

02-1994

03-1994 020 10,00 3,00 10,60

O4-19%4 030 1,00 8.00 208,00

05-1934 0.07 020 15.00  13.00

06-1934 0,60 2,20 250 1200

07-1934 0.51 520 3840 7700

08-1934 018 1.20 510 8,00

091994 024 1,50 0.50 13,00

10-1934 0.60 2.20 10.50 17.00

11-1994 0.18 250 7.50 20,00

121994 077 710 6.90 43.00

Max 0,80 10,00 3940 77,00

Min 0.07 0.20 0.50 8.00

Average 0.38 3 9.78 2410

Sum

Concentrations at Zoseni, LVO016R, 1994 Air sampler, Daily samples

Manin Berzo(ajpyrene HNOY + NOJ- NHI +NH4+  SC2 NO2 HNO3 NHJ NO3- 504  NHd+ =] Cu Pb Zn L v
he- ai a aw air asrosol  asrosol  Aerosol  Awrosol amtosol asrosal aercsol asrofol awrosol

ngm3 ug Nm3 UGNM3 U SMI ug N3 LgNMmI ug NAm) ugMnd ug Sm3 upNmd ngimd ngimd  ngml  ngmd  ngmd  ngmd

011994

02-1934

031994

04-1994.

05-1994

06-199%4 022 052 b.2o 158

07-1994 210 051 o0.08 1.56 0.8y

0B-199%4 hn i .74 014 147 .74

0%-199%4 an 042 0.1e 222 278

10-1994 0.68 .19 110 .55

11-1994

12-1994 1.66 1.98 047 2.35 140

Max 240 1.98 047 235 140

Min 022 043 0.08 147 0.55

Averags 115 086 o 181 0.8%

Sum

Concentrations at Zoseni, LVO016R, 1994 Air sampler, Weekly samples

Morth  Berao(ajpyrens HNO3 #NO3- NH3 +NH&+ SO02  NOZ  HNO3  NH3  NO3  SO&- NH&+  Cd cu Pt n N %

air+sarosol sk+estnsol  alr+asrosol - aur L4 o #erotol aerosol  aerosol awrosol werosol aerosol asrosel asrosol asfosol
ng/ml ug Nm3 ug HARY  ug S/m3 ug NAmd ug Nm3 ug Rimd ug Rm3 ug San3 ugNm3 ngmd  AgMd  RgM3  ngM3  ngmd  ngAmd

01-1954

02-1334.

03-1954

04-1954

05-1994 oo? 400 o100 a.ca

081354 ose 30 210 12,00

07-1994 GA¢ 420 640 4000

08-1994 5,15 220 430 10,00

03-1934 028 .20 1.20 25.00

10-1934 151 1876 1180 8100

11-1934

12-1934 032 380 340 8300

Max 153 1870 3180 6100

n 07 220 D10 B.0o

Avhrage 0As 6.66 419 44

Sum

Concentrations at Leba, PLO004R, 1994  Air sampler, Daily samples

Month Beran(a)pyrene  HNOJ + NO3- NHI + NH+  SO? NG2 HNCY hH) NOI- E04-  NH+ <d Cu Pb Zn N v
ale ar 4 alr asrosol werozol marosal serosol serosol serosol serosal sarotol serosol

ngAnd ug Mimd ughm3  ug Simd ug N3 ug M3 ug Aimd ug MAM3 ug SAM3 UG NMI  REm3 N3 NEM3  KgM3  fgAnd g3

01-1994 355 102

02-1994 B.61 288

03194 328 1.36 178

D4-1994 173 1,38 163

05-1994 183 115 173

06-1994 240 0.96 3,02

07-1354 1,62 0,79 %9

031994 038 178 118 151 130

031994 u42 163 1.88 1.50 193

10-1934 ore 153 237 176 159

1-1994 053 163 446 212 238

12-1954 0.7e 144 352 an 112

Max ore t.78 6.6% an 302

L 0.8 144 116 0.78 1.02

Averags 0s7? 1.60 288 158 1.88

Sum
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