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ABSTRACT 

A series of aerosol measurements have been carried out at three of the 

Nordic EMEP stations in February - June 1980 to assess the impact of long 

range transport of air pollutants from continental sources on their 

concentrations in remote areas. The results show that measured 

concentrations of several air pollutants at Birkenes (Norway), Rorvik 

(Sweden) and Virolahti (Finland) can be related to calculated anthropogenic 

emissions for a number of constituents, (e.g. V, Pb, Ni, Mn, Cu, and As) for 

selected days with only slowly changing air trajectories. The measurements 

performed in two particle fractions made it possible to select a group of 

elements as tracers for the East European vs. West European aerosols 

measured at receptors in Scandinavia. The group includes: As, Cr, Cu, Mo, 

Se, Sn and V measured in fine fraction of particles. 
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THE CHEHICAL COHPOSITION OF AEROSOLS 
HEASURED IN SOUTHERN SCANDINAVIA 

1 INTROOOCTION 

The European programme for monitoring and evaluation of the long range 

transmission of air pollutants (EMEP) is based on the preparatory work which 

has been carried out by the nordic countries, and funded by the Nordic 

Ministerial Council (NMR) since 1977. In 1982, this work had advanced far 

ahead of EMEP. It had become evident that years would pass before the more 

advanced methods for sampling and chemical analyses, which had been 

developed and tested by the laboratories in the Nordic Countries (NMR, 1983) 

could be genually applied within EMEP. In consequences, the direction of the 

NMR programme was changed, and it was agreed to examine to what extent 

application of the methods which had been developed, would provide a better 

understanding of the long range transport of the air pollutants. 

One of the main ideas which had been developed within the NMR programme, was 

that size fractionated sampling and chemical analysis of the aerosols might 

provide data which were more directly related to the long range transport of 

the air pollutants. Today, it is generally agreed that the volume size 

distributions of the aerosols in and near cities and highly industrialized 

areas normally show two maxima (Whitby, 1978). Fuel combustion and many 

industrial processes initially produce a large number of very small 

particles in the size range below 0.05 µm. Also the conversion of gaseous 

components initially leads to particles in this size range. However, within 

a few hours most of these very small particles agglomerate and end up in the 

size range 0.05 2.5 µm, the so-called accumulation mode. Because of 

reduced mobility further agglomeration becomes a very slow process. Recent 

measurements in the Arctic indicate that this size range may narrow down to 

0.15 - 1.0 µm after several days of transport in the boundary layer. 

Measurements at 4000-5000 masl indicate that particles which are brought 

into the free troposphere may agglomerate into the range 2-3 µm before they 

are brought into the Arctic by the general subsidence over the Polar region. 

Particles larger than 2.5 µmare generally produced by various mechanical 

processes, and their deposition by gravity cannot be neglected. In remote 
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areas most of the larger particles therefore originate from natural 

processes in the vicinity of the measuring station (windblown dust, sea salt 
particles). 

Under normal atmospheric condition, the aerosols in remote areas therefore 

show a bimodal volume size distributions, and theoretically the particles 

smaller than 2.5 µm should be more closely related to the long range 

transport than the bulk sample. However, the separation between samples 

representing the two modes cannot be made very sharp, there will always be 

some overlap. Furthermore, the chemical equilibration between the ions 
+ NH

4 
, Cl , N0

3 
and the corresponding 

may lead to an exchange of these ions 

these are collected on the same filter. 

gaseous components NH3, HCl, HN0
3 

between the two size fractions, if 

On this basis it was decided to undertake a series of aerosol measurements 

at three of the Nordic EMEP stations in April-May 1980. The stations 

Birkenes in S. Norway, Rørvik near Gothenburg in Sweeden and Virolahti in SE 

Finland were selected for the study. For 

are exposed to long range 

sources, and with the open sea 

southerly winds all these stations 

transport of air pollutants from continental 

in between disturbing local sources were 

largely eliminated. For other wind directions the source situation is the 

more complex, but generally the local emissions at these stations are small 

in relation to continental sources and well known. 

The measurement programme included the regular EMEP measurements of so2 and 

bulk aerosol samples which are analyzed on S04 - on a 24 h basis. In 

addition, the two-filter method (Heidam, 1981) was used to collect aerosols 

in two size fractions: particles smaller than 2.5 µm and particles in the 

rage 2.5 µm to 15 µm. Particles larger than 15 µm were removed at the air 

intake. 

The aerosol samples were analyzed 

analysis PIXE. The data have been 

by particle induced 

analyzed in different 

X-ray emission 

ways using a 

trajectory model and trajectory sector statistics. 

The results of these studies are discussed in the following chapters. 
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2 THE ANALYSIS OF TRACE ELEHENTS 

The daily concentrations of all elements measured in the two aerosol 

fractions are given in Appendix 1. The average concentrations of these 

elements for the whole period of measurements are listed in Fig.1, and the 

contribution of the concentrations in fine fraction in Fig. 2. Of the 

elements S, V, Pb, Zn, As, Ni, Se, Br, and Sb, more than 60\ is found in the 

fine fraction of particles, while for Al, Si, Ca, Ti, Rb, Sr, Zr, Ba, and 

Fe, more than 60\ is in the coarse fraction. The elements Cr, Mn, Cu, and Mo 

are more equally distributed between the two fractions. The contribution of 

the fine fraction for Cl changes from ~20\ for Birkenes, ~40\ for Rørvik to 

~60\ for Virolahti. Cd and Sn were only found regularely in concentrations 

above the detection limit(~ Z ng/m3) at Rørvik. This element distribution 

is normal. The fine fraction consists of anthropogenic pollutants emitted 

mainly during high temperature processes, such as fossil fuel combustion, 

non-ferrous metal production, steel and iron manufacturing, and waste 

incineration. The elements in the coarse particles are of natural origin. 

The elements Cr, Mn, and Cu belong to both groups. The high contribution of 

Cl to the coarse particles at Birkenes is due to sea-salt particles. The 

importance of this source is less at Rørvik and particularly at Virolahti. 

The contribution of the Cl emission from coal combustion is likely 

predominant at 

Evidently both 

the latter 

groups of 

station 

elements 

and important 

(anthropogenic 

for the former one. 

and natural) can be 

released from local sources around Birkenes, Rørvik, and Virolahti or as a 

result of long range transport of air pollutants from sources far away. 

To examine the importance of local vs. distant sources , the concentration 

of several elements in the fine fraction of the particles were studied in 

the period when all stations were in operations. The results are given in 

Figures 3-14 for As, Zn, Cu, V, Mo, Pb, Br, Ni, Ca, Se, and Fe, respec 

tively. Concentration peaks occur for almost all the above mentioned ele 

ments for samples collected at Birkenes and Rørvik during 14-16 April, while 

the peaks at Virolahti are for samples collected 2 days later. An exa 

mination of meteorological maps indicates transport of air masses from 

central Europe to Scandinavia during this period. But, since the ratios 

between the elements are different for these stations, the particles 

measured at Birkenes, Rørvik and Virolahti probably passed different 

emissions centres in Europe. A detailed examination of the 850 mb air 
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trajectories at Birkenes and RØrvik indicates, however, a similar history of 

the air masses, (no trajectories were available for Virolahti which had 

passed over the Federal Republic of Germany, the Netherlands, the German 

Democratic Republic, and Denmark). 

The origin of aerosols measured during the period 14-16 April, 1980 at 

Birkenes and Rørvik was then analyzed by receptor modelling. A simple 

trajectory model was used to calculate the trace metal concentrations, and 

the estimates were compared with the measurements. The model was the same as 

used in a previous study of the long-range transport of trace elements in 

Europe (Pacyna et al., 1984) and in the Arctic (Pacyna et al., 1985). The 

850 mb trajectories were calculated at the Norwegian Meteorological 

Institute, for each emission grid element every 4 hours. The trajectories 

for the period 14-16 April, 1980 are presented in Figure 15. 

The model is based on the mass-balance equation (Eliassen and Saltbanes, 

1982): 

~ = (1 - a)~ - k q ( 1) 

q = trace element concentration in the air, ng/m3 

t = time, s 

Q = trace element emission per unit area and time, 

ngm-2s-1, referred to the EMEP grid system of 

150x150 km 

h = height of mixing layer, m 

k = decay rate for the trace element considered 

(wet and dry deposition), s-1 

a= part of trace element emission deposited in the same 

grid element as it is emitted. This local deposition 

supplements the deposition included in the decay rate, k 

The trace element emissions per unit area and time have been presented 

earlier, (Pacyna, 1982). As an example the vanadium emission in Europe for 

1979 is shown in Figure 16. The shaded areas represent locations with 

emissions higher than the average in a grid of 150 x 150 km. Only 

anthropogenic sources were considered in the calculations. The amounts of 

trace elements released from natural sources in Europe are relatively 

insignificant, mainly due to the absence of desert areas and low emission 
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from European volcanoes. 

Based on data by Eliassen and Saltbones (1982), a constant mixing height of 

1000 m was used and the wet deposition was not considered in calculating the 

decay rates. This may lead to a slight overestimate of the trace element 

concentrations. Based on the literature review by Davidson, the following 

dry deposition velocities were assumed to be representative for the decay 
. - 1 1 rate calculations in the study region: 0.1 cm s for lead, 0.2 cm s- for 

, - 1 - 1 . arsenic, 0.3 cm s for vanadium and 0.4 cm s for copper, nickel and 

manganese. (Several papers by Davidson, e.g. Davidson, 1980.) An "«" 
coefficient of 0.15 has been used in this work. (Pacyna et al, 1985). 

The mass balance equation (1) was integrated along trajectories consisting 

of N sections or timesteps åt to obtain: 

q(Nåt) 
kN 1 Q.åt 

= q(o) e- åt+~-[ (1 ) i 1=1 -« -h- 
-k(N-i)åt e (2) 

where: 

q(Nåt) = trace element concentrations at the end of 
. -3 the traJectory, ng m 

q(o) 

Q. 
l 

N 

åt 

= trace element concentrations at the start of 

the trajectory, ng m-3 

= trace element emission in the i-th grid, 
-2 -1 ng m s 

= number of trajectory sections 

= timestep of 4 hours, S 

The measured and calculated concentrations of some selected trace elements 

are presented in Figure 17. The best agreement was obtained for manganese 

and nickel. Estimated concentrations are slightly higher for copper and 

lower for arsenic. Measured concentrations are significantly higher for 

vanadium and lead. The poor agreement in the case of these two elements is 

likely due to additional emissions from local combustion of residual oil and 

gasoline. 

summarizing, a good agreement between measurements and estimates, as well as 

850 mb trajectories prove that the pollution load measured at Birkenes and 

Rørvik in the period April 14-16, 1980, has originated in central Europe, 
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particularly in the industrial regions of the Netherlands, the Federal 

Republic of Germany, German Democratic Republic and Denmark. 

The air trajectories indicate a major contribution from the German 

Democratic Republic at Rorvik, and from the Federal Republic of Germany at 

Birkenes. The measured ratio of Mn to V, the most commonly used elemental 

tracer (Rahn, 1981) is different for the two stations. 

-2 - 
The S04 , N03 and Cl concentrations clearly follow the concentrations of 

trace elements discussed above, see Figure 18 20. Extremely high 

concentrations were observed during the period April 14-16, 1980 for iron 

and calcium in the fine fraction of particles. Iron and calcium are known as 

metals of natural origin. However, the anthropogenic sources may also 

contribute to the element concentrations, particularly in the fine fraction. 

Coal combustion in electric utilities and industry is the most important 

source for both Fe and Ca. Fe may also be emitted during iron, steel and 

ferroalloy manufacturing. These two high-temperature sources are widely 

distributed in central Europe. 

At Virolahti, the peaks of the Cu, V, Ni, Mn, Mo, Ca and Fe concentrations 

appear 2-3 days later than the peaks at Birkenes and Rorvik. This may 

suggest that the same pollution transport was measured at all three 

stations, with the distance between the stations resulting in the time 

differences. However, there are elements invalidating this hypothesis. The 

As, Pb, Br and Se concentrations do not show even enhanced concentrations 

during that time. Thus, gasoline combustion, the main source of Pb and Br 

emissions (anthropogenic Br) does not seem to affect the pollution load at 

Virolahti in the period 16-18 April 1980. This is rather surprising, 

however, the more significant influence of emission sources in Eastern 

Europe may be expected. Remarkable that for some elements, such as Mn, Ni 

and Mo concentrations at Virolahti are higher than those at Rorvik and 

Birkenes in the discussed period of time. Thus, one explanation is, that 

high peaks of the element concentrations at Virolahti are due to long range 

transport but from other sources than suggested for Birkenes and Rorvik. The 

transport sector calculations indicates transport from north, which may 

suggest the industries on the Kola peninsula as a source. The other 

explanation of the high concentrations of several elements at Virolahti in 

16-18 April 1980 is that these pollutants are emitted from local sources in 
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Finland or sources nearby Leningrad in the Soviet Union. As the majority of 

gaseous 
of so -2 4 I 

pollutants is subject to long range transport, the local deposition 

N0
3
-, Cl and Se and Br is of less significance. 

The influence of local sources on the element concentrations at Birkenes, 

Rorvik and Virolahti is more evident in the other case. Extremely high 
. -2 - concentration of As, Zn, V, N1, Pb, Br, so

4 
, N0

3 
and Cl were observed at 

Rorvik on 5 April 1980. The wind trajectories indicated air masses arriving 

at Rorvik from the north direction.( See Fig. 21) Our station is situated on 

a peninsula 30 km south of Gothenburg (0.5 million inhabitants). The most 

important sources, that seemed to contribute to the pollution load at Rorvik 

on 5 April are garbage incineration in Gothenburg, metal works and 

particularly Olof Manner in Molndal, indicated in Monitor 1982 

(Naturvårdsverket, 1982) and oil combustion. High concentrations of Pb and 

Br are due to gasoline combustion in the Gothenburg area. The trace element 

concentrations at Birkenes can be enhanced by local emissions from 

Kristiansand (25 km south), while the nearest important source area 

affecting Virolahti is located in the Soviet Union. 

The impact of metal emissions in Europe on the concentrations measured in 

Scandinavia, can be assessed not only from concentrations measured during 

episodes of long range transport as shown above for th period 14-16 April, 

but also from a sector analysis of daily mean concentrations over the whole 

period of sampling. The average concentrations of all chemical compounds 

measured during the campaign are presented in Appendix 2 for four sectors. 

The concentrations of fine and coarse fractions are shown separately for all 

three stations. The sectoral contributions of Pb, S, Ca, V, Al, Zn and Mn 

are also given in Figures 22-28. The SE sector was dominating at Birkenes 

for K, Ca, Ti, V, Cr, Fe, Cu, Zn, As, Se, Br, Sr, Pb and so
4
-2 in fine 

particles. The second southern sector SW was equally or even more important 

at Rorvik. Generally, the two southern sectors, that can be called 

"European" sectors, dominated at Birkenes and Rorvik. The ratio of the 

average concentrations in northern sectors at Birkenes to the average 

concentrations in southern sectors can be used to assess the Norwegian and 

foreign contributions. The same ratio 

separate the Swedish and foreign 

calculated for Rorvik may roughly 

contribution, however, an effect of 

emission sources in Norway cannot be excluded. The Norwegian relative 

contributions of fine mode at Birkenes and the Swedish fine mode relative 
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contributions at Rorvik are presented in Table 1 for some anthropogenic 

pollutants. Emissions from sources in Norway seem to contribute as much as 

20-30 per cent to the fine particles at Birkenes for several anthropogenic 

pollutants, except Mn and Ni. The Norwegian contributions for Mn and Ni are 

about 50 per cent. This is somewhat surprising in the case of Ni. The main 
source of Ni emission is oil combustion, being also a major emitor of V. The 
Norwegian contribution of the latter element is only a half of that for Ni. 
Thus, there is either an additional source of Ni in the neighbourhood of 

Birkenes or other foreign contribution from north, e.g. industrial area on 

the Kola Peninsula in the Soviet Union. The last explanation does not seem 

to be appropriate. There is, however, the old Ni-mine at Evje which operated 

in the past. Re-entrainment of dust from this activity is an alternative 

possibility. An examination of meteorological maps shows that approximately 

70\ of the air masses at this station were arriving from north. 

The swedish contribution at Rorvik, indicated in Table 1, is even higher 

than for Birkenes. This may be emissions in the Gothenburg region. Also, a 

major part of the Swedish metallurgical industry is located north-east of 

Rorvik. This may be significant for the Zn, Cr, Mn and Fe concentrations at 

the Rørvik station. 

The NE sector was dominating at Virolahti for a number of chemical compounds 

measured in this work, including Si, K, Ca, Cr, Mn, Fe, Zn, As, Mo and Sn. 

The concentrations measured in this sector are may be due to emissions from 

several sources in the Soviet Union. Emissions from other sources in the 

Soviet Union affect the concentrations in the SE sector at Virolahti. 

Generally, the elemental concentrations at Virolahti are more evenly 

distributed over the sectors than the concentrations at Birkenes and Rorvik. 

Sector analysis can also be performed by means of elemental diagrams for 

each sector at each station. Such diagrams are shown in Fig 29-32 for NW, 

NE, SE and SW sectors, respectively. The element concentations relative to 

the V concentrations were plotted for trace elements with more than 60\ of 

mass in fine fraction. The diagrams for the southern sectors are similar for 

all three stations, supporting the hypothesis of a similar history of the 

air masses, presented on the basis of air trajectories. However, there are 

differences for individual elements within the same sector. For example the 

relative concentration of As at Birkenes in Fig. 31 is more than 10 times 
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higher than that at Virolahti. For the SW sector this difference is lower. 

Generally, the relative concentrations for the SW sector were highest at 

Rørvik and at Birkenes for the SE sector. This may suggest once again that 

long range transport of pollutants from Europe was an important contributor 

to the concentrations measured at all stations. It is difficult to conclude 

whether sources in Eastern of Western Europe were more pronounced, since an 

examination of the meteorological maps for the whole period of measurements 

indicates a mixture of air masses from Eastern and Western Europe at 

Birkenes and Rørvik (no trajectories available for Virolahti). 

The diagrams for the northern sectors are also very interesting. 

Significantly higher concentrations at all stations were measured for Sn and 

Zn. The other elements behave very irregular when compared with the southern 

sectors. It is particularly evident for the NE sector. Very high 

concentrations of Zn, As and Sn at Rørvik and Cu, Ni, Zn, As, and Se at 

Birkenes may suggest a transport of pollutants from regions with nonferrous 

metal smelters located as far as on the Kola Peninsula. The NE 

concentrations at Virolahti are at the level observed for other sectors 

except Cr and Sn, the elements emitted from coal combustion. 

The relative concentrations of elements that show the largest differences 

between sectorial concentrations are presented in Fig. 33. These elements 

include Cr, Cu, As, Se, Mo, and Sn. Since their concentrations are already 

related to the V concentration, they may serve as elemental tracers for the 

European aerosol measured in Scandinavia when considering the relative 

concentrations for sectors SE and SW. It should be noted that these tracers 

are build from average concentrations measured in the fine fraction of the 

particles, and represent the overall European aerosol. To distinguish 

between the East and West European aerosols affecting receptors in 

Scandinavia, only concentrations during episodes of long range transport 

from a given area can be considered. Based on the meteorological information 

(850 mb trajctories) and daily measurements at Birkenes and Rørvik, the 

elemental tracers were calculated for the East and West European aerosols, 

separately. The results are shown in Table 2. 

From the data in Table 2, the difference between tracers for the West and 

East European aerosols is 2-3 fold which is not very large when considering 

uncertainties of tracer estimates. More pronounced is the difference between 
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these two groups of the tracers and tracers for the Moscow area and the 

Urals. Similar estimates of elemental tracers for the total concentrations 

resulted in even smaller differences between the East and West European 

aerosols, being at most 2 fold. This shows that the rather fine fraction 

of the particles should be considered for tracer estimates at locations in 

Scandinavia. The study on the origin of the Arctic aerosol (Ottar and 

Pacyna, 1984) indicates that it may not be valid for locations in the 

Arctic, where a majority of particles is in the fine mode. 

The above discussion shows, that sector analysis may be an interesting 

technique to assess the contributon of different source areas to pollutant 

concentrations at receptors. However, it is necessary to use this technique 

together with information on the meteorological situation, particularly air 

mass trajectories, and properly assessed emission surveys. 

The sectoral contributions of the element concentrations at Birkenes, Rorvik 

and Virolahti were related to the emissions within these sectors in 

Europe, published earlier (Pacyna, 1982). The data in Table 3 show the ratio 

of element concentration to element emission in given sectors relative to 

the concentration and emission of vanadium. This procedure involves the 

assumption that all the pollution components behave in the same way with 

respect to dry deposition and rain scavenging. Values less than one indicate 

that emissions have been overestimated relative to vanadium, higher values 

that emissions are underestimated. Generally, a good agreement has been 

obtained for S, Mn, Ni, Cu, As, Se and Pb, particularly for the southern 

sectors. The disagreement in some cases is likely due to an incomplete 

emission inventory, viz. disregard of natural sources (Mn, Zn and Se in the 

NW and NE sectors at Birkenes) and local emissions. 

3 CONCLUSIONS 

Trace metals from many sources in England, central Europe and the European 

part of the Soviet Union have been used to locate the emission areas for 

aerosols measured in Norway, Sweden and Finland. This requires accurate 

emission surveys, air mass trajectories and information on the 

physical-chemical processes taking place during the transport. Our results 

show that measured concentrations of trace elements from long range 
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transport at Birkenes, Rorvik and Virolahti can be related to calculated 

anthropogenic emissions for a number of elements, (e.g. V, Pb, Ni, Mn, Cu 

and As) for selected days with only slowly changing air trajectories. 

Vanadium, lead and cadmium seem to have their main emission sources in 

Western Europe, while arsenic, manganese, molybdenum and copper in Sourthern 

Scandinavia originate mainly from Eastern Europe. 

The measurements performed in two fractions: fine and coarse made it 

possible to select a group of elements as tracers for the East European VS. 

West European aerosols measured at receptors in Scandinavia. The group 

includes: As, Cr, Cu, Mo, Se, Sn, and V measured in fine fraction of 

particles. Sector analysis has proved to be a useful technique to 

distinguish between emissions from local sources and long range transport of 

pollutants. 
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Table 1: Norwegian fine mode (<2 µm) relative contributions (%) at Birkenes 
and Swedish fine mode relative contributions at Rorvik. 

Element Birkenes Rorvik Rorvik 
(This work) (This work) (Martinsson et al., 1983) 

V 35 43 40 
Mn 52 29 10 
Ni 50 40 45 
Zn 30 38 10 
Pb 30 38 - 
As 30 - - 
Cr 27 75 - 
Cd - 39 - 

Table 2: Elemental ratios for the East and West European aerosol 
measured at Birkenes and Rørvik 

Ratio* 1 2 East 3 Moscow West European* European* 
+ Urals 

Cr/V 0.23 - 0.37 0.12 - 0.17 0.5 - 0.8 
0.30 0. 14 0. 70 

Cu/V 0.70 - 1.10 0.07 - 0.20 1. 2 - 1. 4 
0.92 0.13 1 . 1 

As/V 0.80 - 1.10 0.15 - 0.37 3.4 - 4.1 
0.91 0.28 3.8 

Se/V 0.13 - 0.28 0.02 - 0.07 0.11 - 0.16 
0.15 0.04 0.14 

Mo/V 0.12 - 0.13 0.03 - 0.07 0. 10 - 0. 15 
0.12 0.05 0.14 

Sn/V 0.54-0.70 0.24 - 0.27 0.80 - 1.20 
0.62 0.25 1.00 

*1 based on concentrations in fine fraction of particles 
*2 including the United Kingdom 
*3 including the Western USSR 
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Table 3: Comparison of measured mean concentrations with expected values 
using vanadium as reference elements (see text for explanation). 

Metal s Mn Ni Cu Zn As Se Pb Cr 

Station 
sector 

Birkenes 
NW 1 . 8 14.0 4.5 1.0 0. 9 2.6 19 1 . 7 0.8 
NE 1 . 1 23.0 4. 1 4. 1 15.0 3.7 3.3 6.4 0.8 
SE 0.5 2.5 1 . 2 1. 5 6.2 4.9 1. 5 3.4 0.4 
SW 1. 0 2.8 1. 7 1 . 3 3.9 2.6 3.4 2.0 0.3 

Rørvik 
NW 0. 9 1. 8 1 . 3 0. 7 3.5 1. 0 3.5 1. 9 0.3 
NE 0.3 2.2 1 . 1 1. 9 7.7 12.0 1. 0 2.9 1 . 1 
SE 0.2 1 . 1 0. 9 0. 6 3 .0 1 . 7 0. 6 1 . 6 0. 1 
SW 0.7 2.0 1 . 3 1 . 6 6.3 4.8 3 .0 3 .0 0. 3 

Virolahti 
NW 0.8 1. 5 1. 3 0.6 2.4 1 . 1 0.8 2.5 0.4 
NE 0.2 4.2 1. 0 1.0 7.0 1 . 6 0.2 2.2 0.7 
SE 0.2 1. 5 1. 0 0.7 3.7 0.7 0.5 1 . 3 0.3 
SW · 0.4 1. 4 1 . 1 0. 7 1. 8 0. 7 0.7 1.0 0. 1 
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The Cu concentrations in fine fraction of particles at Rorvik, 
Virolahti and Birkenes. Designation as in Fig. 3. 
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Fig. 15. Daily 850 mb trajectories for Birkenes and Rorvik during the period 
14-16 April 1980. 
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Fig. 21. Daily 850 mb trajectories for Birkenes and Rorvik on 5 April, 1980. 
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Fig. 22. The sectoral concentrations of Pb in fine and coarse fractions of 
particles at Rorvik, Virolahti and Birkenes. 
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Fig. 23. The sectoral concentrations of S in fine and coarse fractions of 
particles at Rorvik, Virolahti and Birkenes. 
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Fig. 24. The sectoral concentrations of Ca in fine and coarse fractions of 
particles at Rorvik, Virolahti and Birkenes. 
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Fig. 25. The sectoral concentrations of V in fine and coarse fractions of 
particles at Rorvik, Virolahti and Birkenes. 
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Fig. 26. The sectoral concentrations of Al in fine and coarse fractions of 
particles at Rorvik, Virolahti and Birkenes. 
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Fig. 27. The sectoral concentrations of Zn in fine and coarse fractions of 
particles at Rorvik, Virolahti and Birkenes. 
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Fig. 28. The sectoral concentrations of Mn in fine and coarse fractions of 
particles at Rorvik, Virolahti and Birkenes. 
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APPENDIX 1 

Daily concentrations of air pollutants at 

Birkenes, Rorvik and Virolahti 
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APPENDIX 2 

Average sectoral concentrations of air pollutants at 

Birkenes, Rorvik and Virolahti 
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The numbers are listed after station, fraction and element. The station 

names BIR, RVK and SF? correspond to Birkenes, Rørvik and Virolahti. A/B 

after the station name correspond to coarse/fine particles. 

The fifth sector "UBEST" are those measurements, which could not be assigned 

to a sector because the air mass passed over more than one sector. The 

numbers in the first two columns after the sector assignment are the total 

number of measurements corresponding to the sector and the number of 

measurements above the detection limit. In the two next columns are the 

average concentrations and the standard deviations. The three last columns 

are the 50, 75 and 90 percentiles. 

All concentrations are in ng/m3. 

The elements measured with PIXE are listed under their atomic symbol. 

S4 = 5(04) 

N3 = N(0
3
) 

C2 = Ca measured with AAS 

PN = Pb • N " 

sx = 5(04) EMEP values 

S2 = 5(02) • • 
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