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Geochemi stry of atmosphe ric depos ition ... 

1. INTRODUCTION 

This study is a joint ecogeochemical project to 
analyse snow and thus determine the content of 
airborne pollution in the border zone of the Kymi 
district, Finland and the Karelian Isthmus , Lenin­
grad Region , Russia. The objective is to establish 
the anthropogenic contribution to the deposition of 
elements on topsoil. The project is part of the 
scientific/technical cooperation between Finland 
and Russia under the theme 3.1 Ecogeochemical 
research in border areas (Protocol ofthe L 7th meet­
ing of the working group of the Finnish-Soviet 
cooperation in geology , 23-27.9.1991). 

Part of the field work, chemical analyses and 
data processing were done by the teams of the 
Geological Survey of Finland (GSF). The organ i­
zations responsible for the same tasks in Russia 
were the North- West Regional Geological Centre 
(NWRGC) and the Centre for Ecological Safety of 
the Russian Academy of Science (CES/RAS). The 
Experiment Research Expedition (OME), the St. 

Petersburg Geological Expedition (PACE) and the 
Mechanobr Co. also participated in sampling, ana­
Iytical research and data processing. The State 
Company Mineral digitized the maps. 

Snow in both the Kymi district and the Karelian 
Isthmus was sampled twice: in March 1993 and in 
March 1994 with a method jointly agreed upon 
during field excursions. The methods to be used for 
sampie preparation, chemical analysis , data process­
ing and interpretation, and compiling the report 
were standardized at several meetings. A prelimi­
nary report with monoelement maps, compiled 
using the ALKEMIA program (cf. Ahlsved et al. 
1991) was released in January 1995 (Lahermo et al. 
1995). The statistical classification and interpreta­
tion of the results were done as proposed by the 
Russian team. In addition to the denominated au­
thors Victor Popo v (PACE), Olga Valter (OME) 
and Victor Mishin (NWRGC) participated in the 
project. 

2.METHODS 

2.1 Field work 

The first snow sam pIes were taken in March 
1993 in an area extending from Imatra-Lappeen­
ranta-Hamina in Finland to Svetogorsk­
Kamennogorsk-Vyborg-Pri morsk (formerly Finn­
ish Enso-Antrea- Viipuri-Koivisto) in Russia (Fig. 
I). The sampies were collected from open places , 
such as cultivated fields, clear-cut areas and tree­
less bogs. The snow was taken as a continuous 
vertical column with a 100 cm long acrylic or 
polyamide (nylon) tube with an inner diameter of 
92 mm (Fig. 2). 

The lowermost wet and icy snow, or firn, con­
taminated by the topsoil was removed. The size of 
the sampIes varied from 2 to 4 kg . The number of 
snow cores (1-9) taken at one sampl i ng point de­
pended on the thickness of the snow. AI together 29 

sites in Finnish and 35 in Russian territory were 
sampled in the first round. For comparison 10 
duplicate sam pies were collected in both territo­
fies. 

In the following winter (1994) , 29 previous and 
10 new s ites in the Kymi di strict and 112 sites in the 
KareJian Isthmus were sampled. Ofthe latter, which 
covered the entire area of the Karelian Isthmus to 
St. Petersburg in the south and to Lake Ladoga in 
the east, 35 were old sites and 77 were new ones 
(Fig. 1) . Sam pIes from the Kymi district and those 
from the western part of the Isthmus were divided 
into two equal parts to permit parallel treatment 
and comparison by the participating laboratories in 
Finland and Russia. 
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FINLAND 
• Kame~nogorsk . 

RUSSIA ...-. 
• Vyborg ... : 

. . . . 
. . . 

. Kirillovskoe 

• Kuznechnoe 

Pnmorsk . : 

GULF OF FlNLAND ~.Z","ogo"k 

61 0 

LAKE LADOGA 

L-__________ ~ ____________ _L ____________ ~ __ _A~~ ______ ~L---~60° 

Fig. I . The study area in the Kymi district (Finland) and in the Leningrad Region (Ru ss ia). Snow was sampled 
west of the dolted line in March 1993 and in the whole study area in M arch 1994. 

Fig. 2. Snow sampling. 
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2.2 Sam pie preparation 

The melted snow sampies were measured for 
eleetrieal eonduetivity, pH and KMn0

4 
eonsump­

tion , and analysed for the main anions (SO/ , CI", 
N0

3
") without any pretreatment. The snow used for 

the analysis of eations was prepared differently by 
the Finnish and Russian laboratories. At GSF, the 
snow sampies were melted at room temperature 
and vaeuum-filtered through a membrane « 0.45 
Ilm) . At the Meehanobr laboratory the water was 
filtered through "blue ribbon" cellulose acetate 
paper at normal air pressure. At both laboratories 
the filtered water was stabilized by adding eoneen-

trated suprapure HN0
3 

before analysing the sam­
pies by ICP-AES, ICP-MS and AAS methods . 

The filter with the residual solid material on it 
was dried and weighed . At GSF it was dissolved in 
10 ml of eoneentrated HN0

3 
in a mierowave oven 

and diluted to 50 ml. At the Meehanobr laboratory 
the filter with the residue was ashed by gradually 
raising the temperature to 500°C. The ash, eompri s­
ing the mineral phase ofthe snow was weighed and 
dissolved in 20 ml of HN0

3 
(I: I) at 120 °C and 

diluted to 50 ml before analysi s. 

2.3 Analytical methods 

The properties and contents of snow melt were 
determined at the ehemieal laboratory of GSF as 
folIows: potentiometrie measurement of eondue­
tivity (EC) and that of pH were done immediately 
after melting of the snow sampies. The anions 
(SO}", N0

3
', CI" and F") were determined ehroma­

tographieally , and the main eations and traee 
elements were analysed by lCP-AES and/or ICP­
MS . At the Meehanobr laboratory , pH and F were 
measured potentiometrieally , SO/, N0

3
' and CI" 

were determined by titrimetrie and photometrie 
methods and eations were analysed by AAS and 
ICP-AES methods. The duplieate sam pies (in 1993) 

were pretreated and analysed similarly at both 
laboratories, thus permitting harmonization of the 
methods and results. 

In the following year (1994) , the 39 sampIes 
eolleeted from the Kymi distriet and the 45 sampies 
from the western part of the Karelian Isthmus were 
divided in the field into two equal parts and sent to 
the Finnish and Russian laboratories for analysis. 
After preparation as deseribed above the I iquid part 
was analysed at GSF but the solid part at the 
Meehanobr laboratory. The liquid and solid phases 
of the other sam pies eolleeted from the Karelian 
Isthmus were analysed by Meehanobr only. 

2.4 Data processing a nd compilation of maps 

The analytieal data served as basis for variables 
derived for interpretation and map eompilation. 
The following variables were used: 

I) Element eoneentrations in liquid phase, Ilg/I 
2) Element eoneentrations in unashed solid 

phase (total residue or dust) , Ilg/g 
3) Element eoneentrations in ashed solid 

phase , mineral residue or dust , Ilg/g 
4) Element eoneentration s in solid phase rela­

ted to the total volume of filtered water 
C

S
\' Ilg/l , aeeording to the formula 

where C = element eoneentration in ashed 
s 

or unashed solid phase, Ilg/g 
M = wei ght of ashed or unashed 

so lid phase, respeetively , g 
V = volume of filtered water, I 

5) Atmospherie deposition of elements P, 
Ilg/m 2 or mg/m2

, aeeording to the formula 

where C = sum of element eoneentrations 
in liquid and solid phase, Ilg/l 

V= volume of filtered water, I 
A = sum of total area of sampling 

tubes, m2 

The prineipal variables for the map eompilation 
were the atmospherie depositions P. The element 
eoneentrations in liquid phase and in the mineral 
residue were used as additional values to improve 
the aeeuraey of the interpretations. A general mod­
el for the sum of the depositions Zc of anthropogen­
ie metals (Zn, Cu , Ni , V, Cr, Pb, Cd) for eaeh 
sampling site was eompiled aeeording to the for­
mula 

9 
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where P = deposition value of the i'h ele-
I ment at a sampling site, ~g/m2 

Pb = background deposition value 
for the element, ~g/m2 

n = number of elements 

The arithmetic mean of deposition for sampIes 
with Pi < 3* S (standard deviation) for each element 
was used to calculate P

h 
and Zc separate ly for each 

site. The sam pie set was trimmed by excluding 
sampies with Zc > 5, and Pb was assigned the 
arithmetic mean of the deposition of each heavy 

metal in the trimmed sam pie set. Thi s background 
value was then used to calculate Zc for the original 
sampie set. 

The sampling grid was irregular. Distributions 
of the concentrations were skewed for most ele­
ments . Thus the data were divided into 3-6 c1asses 
depending on the di stribution of the element. 
Factors affecting the concentrations of the ele­
ments such as roads , den sely populated settlements 
and the distribution of c losely related elements 
(e.g. Na+ and CI-) were taken into account. Initially , 
the contour maps were compiled manually . The 
final maps were digitized into Arc Info format and 
plotted by the State company Mineral in 
St.Petersburg. 

3. RESULTS 

3.1 Climatic characteristics of snow sam pies 

Cli matically winters 1993 and 1994 were very 
different from each other. Winter 1993 was mild. 
The permanent snow cover did not co me until the 
second half of the winter, and the Gulf of Finland 
was frozen only for the last winter months. This 
resulted in abundant mineral dust and sea salt 
deposition , because both the ground and the sea 
were uncovered . 

Table I . Characteristics of snow sa mpIes (average values). 

1993 

The water storage (water equivalent) of snow in 
1993 was only 60-70% of that of the next winter. 
Loss on ignition (LOI), or the amount of organic 
material in the dust of snow in the KareLian Isth­
mus, was almost constant in both years, except in 
the sam pies from th e Kymi district , where it was 
substantially higher in 1994 than in ] 993 (Table ]) . 

1994 

Kymi 
district 

Karelian 
Isthmus 

Kymi 
district 

Karelian 
Isthmus 

Area of sa mpIe, m' 0.038 0.059 
Thickness of snow, m n.d. 0.30 
Volume of water, I 3.0 4.5 
LOI % 46.5 59.5 
Total du st, mgll 18.8 26.3 
Total dust, mg/m' I 630 2 160 
Mineral dust , mgll 10.0 10.6 
Mineral dust, mg/m' 872 875 
Water s torage , 11m' 86.6 84.3 
Number of sampI es 29 35 

n.d., not determined 
LOI = Loss on ignition 

3.1.1 Composition of liquid phase of snow 

The concentrations of the anions SO/" and N0
3

' 

in the filtered solution of melted snow were hi gher 
in 1994 than in 1993 (Table 2). The mean concen­
trations in snow from the Leningrad Region in 
1993 and 1994 (Yakhnin et aI. 1997) and in earlier 
data (Astratov & Rjaboshapka 1989) were between 

10 

0.016 0.016 
0.47 0.39 
2.4 2.0 

74.9 61.1 
11 .0 3.0 

I 680 1 640 
2.8 5.0 

422 638 
152 130 
39 112 

1 and 3 mg/l for SO/, and 0.2 and 2 mg/l for N0
3
' . The 

global background value of SO/, is about 1.5 mg/ 
I (Vasilenko et al. 1985) . 

Chloride (Cl ,) and sodium (Na) distributions in 
the coastal area ofthe Karelian Isthmus are similar. 
The higher values in 1993 are explained by the 
marine influence, although the CUNa ratio in snow 
(1.0) is not the same as that in sea water (1.8). The 
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Table 2. Average ani on and e lement concentrations in I iq u id phase of snow, ~g/l . 

1993 

K ymi Karelian Whole study 
district Isthmus area 

CI ' 382 924 638 
SO/, I 032 I 488 I 247 
NO; n .d. 892 892 
F' n.d. 22 22 
Ag n.d. n.d. n.d. 
AI 11. 0 17.4 14 . 1 
As 0.13 0.19 0.16 
Ba 2.09 3.6 1 2.8 1 
Be n.d. n.d . n.d. 
Bi n.d. n.d . n.d. 
Ca 367 484 422 
Cd 0.07 0.07 0.07 
Co 0.04 0 .09 0 .06 
Cr n.d. n.d. n.d. 
Cu 2.68 3 .59 3. I I 
Fe 17.7 30.8 22.8 
K 159 473 307 
Li n.d. n.d . n.d. 
Mg 74. I 92.8 82.9 
Mn 4.58 5.49 5.0 I 
Mo 0.06 0.06 0.06 
Na 395 926 645 
Ni 0.73 0.83 0.78 
Pb 0.88 1.25 1.05 
Rb n.d. n.d. n.d. 
Sb n.d. n.d . n.d. 
Se n.d. n.d . n.d. 
Sr 1. 38 1.77 1.5 7 
Th n .d. n.d. n .d. 
TI n.d. n.d . n.d. 
U n.d . n.d. n.d. 
V l.03 0.94 0.99 
Zn 10.80 15.98 13.20 

n.d. , not dete rmined 

average Na concentration in sampies from the 
Karelian Isthmus was almost four times hi gher in 
1993 than in 1994. In sampies from the Kymi 
di strict the Na concentrations were only slightly 
higher in L 993 than in 1994, thu s rese mbling the 
distribution s of most of the other cations. Only the 
1994 sampies were analysed for rare elements. A 
marked time-bound variation is, however, seen in 
the average concentrations of copper (Cu) , cobalt 
(Co) and cadmium (Cd) and in regional differences 
of barium (Ba) and anti mo ny (Sb) concentrations. 
All the hi gh mean concentrations were found in 
sampies from the Karelian Isthmu s (Table 2). 

The large number of relatively low pH values 
met in snow along the coast suggests that acid 
deposition increases southwards in the investigat­
ed area. KMn0

4 
consumption , or chemical oxygen 

demand, va ries greatly throughout the study area. 
The occasionally higher values ofthis variable may 
be due to local windblown dust rich in organic 
material. 

1994 

Kymi Karelian Whole study 
district Isthmus area 

410 415 414 
I 400 I 657 I 591 
I 306 I 150 1 227 

n.d. n.d . n.d. 
0.003 0.003 0.003 

25.7 19.7 2 1.3 
0.2 1 0.2 1 0.2 1 
0.79 2.5 I 2.07 
0.03 0.03 0.03 

0.003 0.002 0.002 
284 292 290 

0.0 2 0 .03 0 .02 
0.01 0 .0 I 0.01 3 
0.07 0.05 0.06 
0.18 0 .23 0 .22 
12.9 9.14 10 . 1 
I 12 244 2 10 

0.07 0 .05 0.06 
34.6 62.3 55.4 
1.91 4.53 3.85 
0 .04 0.04 0.04 
233 216 221 

0.39 0 .58 0.53 
0.88 0.37 0.51 
0.2 3 0.37 0 .3 0 
0.02 0.05 0.03 
0. 13 0.07 0.10 
0.59 0.92 0.84 

0.005 0.0 10 0.008 
0 .010 0 .009 0.010 
0.005 0.005 0 .005 

0.85 0 .92 0.90 
7.07 6.69 6.79 

3.1.2 Composition of solid phase of snow 

The composition of solid phase or du st in all 
snow sampies was relatively constant. In the 
Karelian Isthmus , however, the concentrations of 
calcium (Ca), strontium (Sr) and zinc (Zn) deviate 
substanti ally from the mean concentrations in the 
whole study area (Table 3). The di stribution of 
vanadium (V) and nickel (Ni) also deviates from 
that of the other metals. Ln 1994 the concentrations 
were higher due to the high uti I ization rate of power 
plants in the cold winter. 

The somewhat lower concentrations of alm ost 
all heavy metals in the unashed or total dust in the 
snow sam pies from the Kymi di strict in 1994 are 
explained by the high amounts of organic material 
in the snow. The concentrations of heavy metals in 
ashed or mineral dust do not show any such regional 
variations (Table 4). 

The cIear differences in the concentrations of 
some heavy metals between 1993 and 1994 have a 

11 
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Table 3. Average e lemenl eoneentral ions in unashed dUSl in snow, mg/kg. 

1993 1994 

Kymi Karelia n Whole Kymi Ka relia n Whole 
district Isthmus study area district Isthmus studyarea 

AI 3790 4320 4040 3540 6350 5620 
Ba 100 119 109 71 191 160 
Ca 3640 3750 3690 4950 8400 7500 
Cd 8.6 4. 1 6.5 1. 2 2.6 2.2 
CI' 28 21 25 21 27 25 
Cu 129 104 117 8 1 115 106 
Fe 6660 6 110 6400 5770 6760 6500 
K I 840 2310 2060 2550 3440 3210 
Mg 1270 I 420 I 340 I 250 2310 2040 
Mn 175 113 146 106 153 141 
Na 733 583 662 I 355 I 276 I 297 
Ni 26 21 24 72 88 83 
Pb 102 92 97 82 154 135 
Sr 23 20 22 18 47 39 
T i 304 271 288 297 404 376 
V 25 21 23 42 87 75 
Zn 260 166 216 200 393 343 

Table 4. Average eoncenlralions of anlhropogenie melals in ashed dUSl in snow, mg/kg. 

1993 1994 

Kymi Karelia n Whole Kymi Ka t'e lian Whole 
district Isthmus studya rea dist r ict Isthmus study a rea 

Cd 16 10 13 5 7 6 
Cr 53 51 52 83 69 73 
Cu 242 257 249 321 296 303 
Ni 49 51 50 281 225 240 
Pb 190 226 207 326 296 378 
V 47 51 49 168 224 209 
Zn 486 4 10 450 795 1 0 10 954 

Table 5. Average elemenl eoneenlralions in dUSl in snow, ~g/1. 

1993 1994 

Kymi Karelia n Whole Kymi Ka r elia n Whole 
district Isthmus study area district Isthmus study area 

AI 70.6 111 89.6 39.0 80.1 69.4 
Ba 1.8 3.0 2.4 0.7 2.4 1.9 
Ca 67.5 97. 1 81.5 55.2 107 93.4 
Cd 0. 16 0. 10 0. 13 0.01 0.03 0.03 
CI' 0.5 0.5 0.5 0.2 0.3 0.3 
Cu 2.3 2.5 2.4 0.9 1.4 1.3 
Fe 126 160 142 66 9 1 85 
K 36 .8 59.5 47.5 28 .3 41.6 38.2 
Mg 21.7 37.4 29.1 13.7 30.4 26.1 
Mn 3.3 3.0 3.2 1.2 2.0 1.8 

a 13.1 14 .5 13.8 15.1 15.9 15.7 
Ni 0.5 0.5 0.5 0.8 1.0 1.0 
Pb 1.9 2.3 2.1 0.9 1.9 1.7 
Sr 0.4 0.5 0.5 0.2 0.6 0.5 
Ti 5.9 7.2 6.5 3.4 5.2 4.7 
V 0.5 0.5 0.5 0.5 1.2 1.0 
Zn 5.0 4.3 4.7 2.2 5.0 4.2 
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Table 6. Average total anion and element concentrations in liquid and du st in snow , ~g/1. 

1993 

Kymi Karelian Whole 
district Isthmus studyarea 

CI'* 382 924 638 
F* n.d. 22 22 
SO/·· 1032 I 488 I 247 
NO,'· n.d . 892 892 
Ag* n.d. n.d. n.d . 
AI 81.7 128.4 103.7 
As * 0.13 0. 19 0.16 
Ba 3.79 6.63 5. 14 
Be* n.d. n.d. n.d. 
Bi * n.d. n.d. n.d . 
Ca 433 581 503 
Cd 0.23 0.18 0.20 
Co· 0.04 0.09 0.06 
Cr 0.46** 0.54** 0.50** 
Cu 5.0 6.1 5.5 
Fe 141 190 164 
K 195 532 354 
Li * Il.d. n.d. n.d. 
Mg 95.7 130 11 2 
Mn 8.2 8.5 8.3 
Mo * 0.06 0 .06 0.06 
Na 408 940 659 
Ni 1.22 1.36 1.29 
Pb 2.74 3.56 3.13 
Rb* n.d. n.d. n.d. 
Sb* n.d. n.d. n.d. 
Se* Il.d . n.d . Il .d. 
Sr 1.80 2.29 2.03 
Th* n.d. n.d. Il.d. 
Ti ** 5.88 7.2 6.5 
TI * n.d. n.d. n.d. 
U* n.d . n.d. n.d. 
V 1.50 1.44 1.47 

Zn 15.8 20.3 17.9 

* liquid phase ; ** dust 
n.d., not determined 

climatological explanation. Winter 1994 was cold 
and early snow prevented natural mineral and organic 
dust from spreading. The intense heating of houses 
and power plants caused an increase in the relative 
and absolute amounts of anthropogenie deposition . 

The elemental concentrations depend on the 
amount of dust in snow (Tables 1 and 5) . The 
overall concentrations were therefore higher in 
1993 than in 1994 (except for Ni and V) . The 
solubility of the elemental cOlnpounds determines 
whether a metal is concentrated in liquid or in the 
dust phase. The following order could be caIculat­
ed from the data (proportion of di ssolved element 
in parentheses): 

Na (90%), Ca, K (80%), Mg, Sr (70-80%), Zn (60-
75%), Ba, Cd, Mn (50-60%), V (40-70%), Ni (35-60%), 
Pb (20-40%), Cr, Cu (15-25%) and Al, Fe (10-20%). 

Table 6 shows the sum of elemental concentra­
tions in liquid and dust. In 1993 total element 
concentrations were in many cases higher because 

1994 

Kymi Karelian Whole 
district Isthmus study area 

409 415 413 
n.d. n.d. n.d. 

1400 1657 l592 
1 306 I 150 1 227 

0.003 0 .003 0 .003 
64.7 94.0 86.4 

0.20 0.21 0.21 
1.46 4.78 3.9 1 
0.03 0 .03 0.03 
0.003 0.002 0.029 

340 399 382 
0.03 0.06 0 .05 
0.01 0.01 0.0 1 
0.29 0.33 0.32 
I.l 1.6 1.5 

78 9 1 87 
140 283 246 

0.07 0.05 0.06 
46. 1 90.5 78 .9 

3. 1 6.3 5.5 
0.04 0.04 0.04 

248 232 236 
1.15 1.55 1.45 
1.77 2.24 2.12 
0.23 0.36 0.30 
0.02 0.05 0.04 
0.13 0.07 0.10 
0.77 1.51 1.32 
0.01 0.01 0.01 
3.4 5.2 4.7 
0.01 0.01 0.01 
0.005 0.005 0.005 
1.31 2.02 1.84 
9.24 I l,6 11.0 

the water equivalent of snow was only half of that 
in 1994 (Table 7) . 

3.1.3 Water storage 

In 1993 water storage, or the water equivalent of 
snow, in the Kymi district varied from 75 to 120 11m2 

(Fig. 3) . The values decl ined southeastwards from the 
Salpausselkä zone to the Finnish-Russian border. 
In the northeastern part of the Karelian Isthmus 
water storage was generally less than 75 11m 2

, but in 
other areas and especially along the coast it exceed­
ed 75 11m2

. 

In 1994, water storage in the Kymi district was , 
on average, 150 11m2 , while in the Karelian Isthmus 
it ranged from 75 to 150 11m2 (Fig. 4). The highest 
value was measured on the coast in the Primorsk 
(Koivisto) area and in the Zelenogorsk-Iljichevo­
Vaskelovo (Terijoki-J alkala-Lempaalanjärvi) areas. 
Near St. Petersburg water storage wasonly 30-60 11m2

. 
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Table 7. Atmos pheri c deposition in winter periods 1993 and 1994, 

1993 

Kymi Karelian Whole 
district Isthmus studyarea 

CI '* 33 100 85200 57700 
F'* n.d. 1929 1929 
SO."* 89200 108000 98100 
N03'* n.d. 72 900 72 900 
Ag* n.d. n.d. n.d. 
AI 9650 15000 12200 
As* I 1.84 17. 17 14.40 
Ba 325 598 45 3 
Be* n.d. n.d . n.d. 
Bi * n.d. Il.d. n.d . 
Ca 37200 53300 44800 
Cd 19.7 14.6 17.3 
Co* 3.06 7.87 5.33 
Cr 38.7 48.3 43 .2 
Cu 464 527 494 
Fe 12500 16700 14400 
K 17 000 35400 25 700 
Li * n.d. n.d . n.d. 
Mg 8350 11 900 10000 
Mn 670 766 715 
Mo* 4.96 4.97 4.96 
Na 35000 92 100 62000 
Ni 107.4 116.1 110. 1 
Pb 239 277 257 
Rb* n.d. n.d. n.d. 
Sb* n.d. n.d. n.d. 
Se* n.d. n.d. n.d. 
Sr 153.8 228.0 188.8 
Th* n.d. n.d. n.d. 
Ti ** 5 14 630 569 
TI * n.d. n.d. n.d. 
U* n.d. n.d. n.d. 
V 124 114 119 
Zn 1370 1 790 1570 

* liquid ph ase onl y; ** dust 

3.1.4 Dust 

The distribution of total dust (ineluding both 
organie and mineral material) in 1993 was rather 
homogeneous throughout the investigated area (Fig. 
5) , although the amounts of the mineral eomponent 
of dust varied eonsiderably (Fig. 6). Anomalous 
mineral dust depositions oeeurred both in the Kymi 
distriet, e.g. in Imatra, where snow sam pIes had 
been taken on eultivated fields, and near the eoast. 
Nevertheless, the Vyborg (Viipuri) and Svetogorsk­
Kamennogorsk (Enso-Antrea) areas were strongly 
loaded by mineral dust. 

14 

~l g/m ' 

1994 

Kymi Karelian Whole 
district Isthmus studyarea 

63 100 53800 56200 
n.d. n.d. n.d. 

211700 206400 207800 
198200 158 800 178 200* 

0.46 0 .33 0.39 
9 740 12 000 11400 

30.60 30.00 20.20 
22 1 678 559 

3.89 3.98 3.96 
0.37 0.2 1 0.30 

50100 52400 51 800 
4.86 7.42 6.68 
2.05 1.85 1.95 

44.4 43.2 43 .5 
161 209 196 

12 000 11 500 11 600 
20500 36 100 32 000 

11 .4 7.29 9.53 
6 830 11 600 10400 

457 790 703 
5.61 4.64 5.12 

36300 31 300 32600 
175.9 205 .7 197.9 
270 290 285 

33.8 50.0 41.9 
3.45 7.20 5.44 

18.20 9.45 13.90 
114. 1 194.9 173 .9 

0.80 1. 12 0.96 
523 6 11 588 

1.49 1.29 1.39 
0.68 0.65 0.66 

198 256 221 
1420 I 580 I 540 

In 1994 the distribution of both the depositions 
of total dust and the ashed mineral eomponent of 
dust varied greatly (Figs 7 and 8). The Kymi dis­
triet was eharaeterized by variation in the amounts 
of organie material (plant detritus) in the sampIes. 
On the other hand the amount of minerogenie 
material is rather even throughout the entire area. 
In the Karelian Isthmus there were three anomalous 
areas with high amounts of mineral dust: St. 
Petersburg and its environs, and the areas of 
Svetogorsk-Kamennogorsk and Vyborg-Primorsk. 
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3.2 Atmospherie deposition 

3.2.1 Sulphate (SO/-) 

The distribution patterns of atmospherie deposi­
tion of sulphate in both 1993 and 1994 are almost 
identieal (Figs 9 and 10). High anomalies were 
measured during both winters in the Imatra­
Svetogorsk area and around Lappeenranta and in 
Vyborg, In 1994, high eoneentrations were ana­
lysed in plaees in the Karelian Isthmus where the 
water storage was high, Seattered anomalies were 
found close to Primorsk and Zelenogorsk . One 
high anomaly near Sosnovo (Rautu) was not eon­
neeted with the high water storage. Obviously, due 
to seant snow in the vieinity of St. Petersburg, the 
SO/ depositions were low. The high sot depo­
sitions found on the northern shore of the Gulf of 
Finland in the Kymi distriet eould be due to trans­
port by air from the south . 

3.2.2 Chloride (Cl-) 

The distribution patterns of CI - were unequivo­
eal (Figs 11 and 12). In 1993 the high er depositions 
were aligned to the eoastline, and in 1994 moderate 
anomalies were found in densely populated areas 
sueh as Toksovo (Kaukolanjärvi) , Vaskelovo and 
Zelenogorsk. In the Kymi distriet the weak anom­
alies do not have any visibleeonneetion with known 
emission sourees, implying that CI- depositions are 
due to evaporation and transport from the open sea, 
as suggested by Soveri and Peltonen (1996). 

3.2.3 Alkali and alkaline-earth metals (Na, K, 
Ca, Mg, Sr, Ba) 

The distribution of Na is eontrolled by anthro­
pogenie factors as weIl as by marine sourees . In 
winter 1993 clear anomalies were found along the 
eoast (Fig . 13) . In 1994 the highest depositions of 
sodium oeeurred in the industrialized Imatra­
Svetogorsk area, due to the soda used in produetion 
of pulp (Fig. 14). The other elements of this group 
oeeur in heavier depositions in the Karelian Isth­
mus than in the Kymi distriet; those of Ba are 2-3, 
those of K, Mg and Sr 1.5-2 and those of Ca up to 
two tim es higher (Figs 15 and 16) . Beeause 70-80% 
of these metals oeeur in solution, their depositions 
espeeially those of Ca and Mg, to a lesser extent of 
K eorrelate with the water storage (see Figs 3 and 
4). These elements eorrelate also with the amount 
of mineral dust in snow (see Figs 6 and 8). In winter 
1993, clear anomalies were found along the eoast 
(Fig.13). 

K, Ca and Mg do not see m to have any anthropo­
genie souree. The behaviour ofBa differs from that 
of soluble alkalies or alkaline earths (Fig. 16). Very 
high Ba depositions, 2000-7000 /lg/m 2 , were met 
with close to the St. Petersburg megapolis presum­
ably owing to the large glass industry in the area. In 
1993 Ba anomalies were also found close to Vyborg 
and in the Imatra-Svetogorsk area (2600 /lg/m2). 

3.2.4 Lithophile metals (Al, Fe, Mn, Ti) 

Compounds of Al, Fe, Mn and Ti are not easily 
soluble in water , and henee they oeeur in snow in 
mineral dust (Figs 17 - 20). The mean depositions 
of Al, Fe and Mn in the Karelian Isthmus were 1.5 
times and those of Ti 1.25 times higher than those 
in the Kymi distriet. The most eonspieuous anom­
alies are in the Svetogorsk-Kamennogorsk area, 
eoineiding there with the anomalous area of miner­
al dust in snow (Figs 6 and 8). Sueh eorrelations 
were also observed in the Vyborg-Primorsk area 
and in patehes in the Kymi distriet. 

3.2.5 Anthropogenie metals (Zn, Cu, V, Cr, 
Ni, Pb, Cd) 

The bulk of Zn , Cu, V, Cr, Ni, Pb and Cd is 
emitted by anthropogenie sourees. The average 
abundanee of these metals in snow is 10-20% 
higher in the Karelian Isthmus than in the Kymi 
distriet (Figs 21,22, 24,26,27,29 , 30,31,32, 34 
and 35). Cadmium is an exeeption, possibly be­
eause of analytieal diserepaneies (Fig. 36). The 
distribution patterns of metals were rat her homo­
geneous and similar in both winter periods. 

All the above metals oeeur in anomalous quanti­
ties in the Imatra-Svetogorsk area. The anomalous 
haloes of Cu , V and Cr extend to Kamennogorsk 
(Figs 24, 26 , 27 , 29 and 30) . Maximum metal 
eoneentrations both in solution and in dust are 
found close to Imatra and in the Primorsk area (see 
e.g. Figs 23, 25, 28 and 33) . The eoastal area around 
the Gulf of Finland is also eharacterized by in­
ereased depositions of most heavy metals (Figs 21, 
22, 24, 27 , 30 and 32). Besides loeal pollution 
sourees in Primorsk and Vyborg, the sourees of 
high metal depositions along the eoast may be on 
the southeastern shore of the Gulf. 

The anomalous patterns of heavy metals in St. 
Petersburg and its environs are heterogeneous. 
Driven by southwesterly winds, high V, Ni and Cd 
values extend north and northeastwards from the 
eentre (Figs 27, 32 and 36). Ni and Cd oeeur both 
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in liquid and in dust form, suggesting their 
technogenie source. There are no distinct sources 
of the Pb anomalies although some of them coin­
eide with the traffic network (Fig. 35). 

Lower anomalies of some heavy metals were 
found in the vicinity of Hamina and Lappeenranta 
towns and on the western shore of Lake Ladoga. 
Near Lappeenranta there was a weak anomalous 
halo of Cu (Fig. 24) and elevated concentrations of 
Zn, V and Pb in dust (Figs 23, 28 and 35). Anom­
alies of Cu, Ni and Pb were recorded north of 

Hamina (Figs 24, 32 and 35). Weak anomalies of 
Zn, Cu , V and Cd were found north of Priozersk 
(Käkisalmi) on the shore of Lake Ladoga (Figs 22, 
24,27 and 36). Being typical of emissions from the 
industrial areas, Imatra-Svetogorsk, Vyborg , 
Primorsk and Zelenogorsk, it is suggested that 
these metals derive from there . The above main 
anomalous areas are also visible on the maps of 
sum deposition calculated from individual dis­
tributions of the anthropogenie metals (Figs 37 
and 38). 

4. DISCUSSION 

4.1 Quantitative estimate of atmospheric deposition 

Many of the published estimates of annual sul­
phur and heavy metal deposition levels are based 
on concentrations in snow melt water and on aver­
age annual precipitation (Vasilenko et al. 1985 , 
1988, Krjuchkov & Makarova 1989). In the inves­
tigated region, precipitation (rainfall and snow) is 
700 -750 11m2 (Solantie 1987) . The ratio of air­
borne heavy metal deposition in summer to that in 
winter has not yet been studied in depth and the 
information available is somewhat contradictory. 
According to Elpatjevsky (1993), up to 70% of 
heavy metal fallout comes with rain (wet deposi­
tion). Reimann et al. (1995) noted that in back­
ground areas of the Kola Peninsula and adjacent 
territories ofFinland and Norway , winter and sum­
mer depositions are similar, but near Monchegorsk 
deposition of the main heavy metals (e.g. Cu , Ni , 
Co and Cr) released in technological processes is 
higher in winter. It has also been noticed that SO/ 
and vanadium depositions are heavier in winter 
than in summer (Vasilenko et al. 1988 , Krjuchkov 
& Makarova 1989, Filov 1993). 

The estimation of annual element depositions 
should therefore be considered as an approxima­
tion only . The results vary depending on the climat­
ic history of winter seasons. 

Analogous calculations were made in this re­
port to compare our results with published data 
(Tables 8 and 9) . The calculated deposition ofZn in 
the present study area corresponds to data from the 
western part ofthe Leningrad Region and is in good 
agreement with data from northern Europe. The 
results for southern Finland and Finnish Lapland 
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deviate considerably, however, from the general 
level presented here . The level of Pb depositions in 
the investigated territory corresponds to the level 
of background estimates available for Russia and 
Finland. These values are, however, much lower 
than those for northern Europe and the USA. AI­
though the data on V, Ni and Cr depositions are 
inadequate for comparison, there is, nevertheless , 
some correlation between published data and the 
results obtained in this study. 

The depositions of Cu and Cd in 1993 and 1994 
differ considerably from each other. The Cd depo­
sition in 1993 corresponds to the published data . 
The data on Cu have a dual character, those for 
1994 corresponding to earlier data from Finland 
but those for 1993 correlating better with other 
estimates . 

Airborne Pb depositions are lower in the Kare­
lian Isthmus and southeastern Finland than in Cen­
tral Europe and the USA (Table 9). For other heavy 
metals (Zn, Cu, Cr, Ni , V, Cd) the basic difference 
between the investigated territory and other re­
gions is less pronounced. In the Karelian Isthmus 
the level of annual SO/ deposition is 1-2 g/m2

, 

whilst the background value for European Russia is 
1.2 g/m 2 a year (Vasilenko et al. 1988 , Belikova et 
al. 1988). In the Imatra-Lappeenranta area an annu­
al SO/" deposition of 3 g/m2 has been reported 
(Sorokin 1993). The results obtained here corre­
spond to these estimates and entitle us to consider 
that the average level of SO/ deposition in the 
investigated territory is quite normal. 
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Table 8. Annual atmospheric deposition of heavy metals in the study area, mg/m'/yr. 

Cd C u C r Ni Pb V Zn 

Background level 
Kym i d istri c t 1993 0.13 4.0 0.34 0.95 2. I 1.0 12 

1994 0.024 0 .8 0.23 0.9 IA 1.1 7 
Karelian Ist hmu s 1993 0. 12 4.6 OA3 1.05 2.5 1.5 16 

1994 0.043 1.2 0.25 1.0 1.7 1.5 9 

Anomalous level' 
Average 1993 0.2-0.3 7.5- I 1.0 1.2 2.5-4.0 3.0-4.5 4.0-8.0 30-50 

1994 0.15-0.25 2.0-3.0 1.2 2.5 -4.0 3.0-4.5 4 .0-8.0 15-20 
Maximum 1993 0.5- 1.5 15-25 2.5-4.0 7- 10 10- 15 15-25 50-70 

1994 0.5- 1. 5 15-25 2.5-4.0 7- 10 10- 15 15-22 25-35 

* Computed in anomalous areas 

Table 9. Annual atmospheric deposition of heavy mctals in va riou s areas. mg/m'/yr. 

Cd C u Cr Ni Pb V Zn 

Southern Finland (I) 0.079 0.7 I 0.07 
Northern Finland (I) 0.031 0.74-3.2 0.03-0.36 

1.75 
0.35-1.3 
2-4 

2.9 
0.64-4.5 
15 Leningrad. West * (2) 

RlI ssia, Ellropean (3) 
All Ru ss ia (7) 

Kola Penin sul a (8) 

0.1-0.15 2-4 
0.2 -0.5 

6-20 
1.5 

1- 1.5 

1.5-4 

Continental Europe (4,5) 0.2-0.5 1.8-4 0.8-2.2 
5-30 
1-3A 10-26 

17-40 
1.2 18-55 

47-54 USA (4. 5, 6) 0.68-2. I 3.7 
SI. Pcte rsburg, Kirovsky 
industrial area (2) OA-0.8 30-40 8-15 10-15 40-120 20-50 100-250 

* Southwestern part of the Leningrad Region to the Ru ssian-Es tonian border 

I. Junlto 1992, 2.Yakhn in et al. (unpublished data , 1992-1994),3. Rov in sky ct al. 1988,4 . Kabata-Pend ias & Pendias 1980, 5 Elpaticvsky 
1993,6. Smllh 1988,7. Anon 1988.8. Krjuchkov & Makarova 1989. 

4.2 Main anomalous multielement zones 

The conditions of snow cover formation vary 
from winter to winter and in the same region within 
one winter period . In the vici nity of St. Petersburg 
the water storage in 1994 was equal to 30 - 60 11m2 

but in the vicinity of Zelenogorsk it exceeded 200 
11m2 • The val ue of metal deposition within a season 
depends on the water storage. Hence, it would be 
incorrect to compare the different anomalous zones 
on the basis of the value of a season ' s metal depo­
sition within the limits of a particular zone. There­
fore, here are used the ratios of metal depositions in 
the anomalous zo ne to depositions in the back­
ground areas with the same value of water storage 
(Table 10). The following examines the most strik­
ing anomalous areas. 

4.2.1 Imatra-Svetogorsk-Kamennogorsk area. 

The Imatra-Svetogorsk-Kamennogorsk area, 
which straddles the international border, is charac­
terized by the maximum depositions ofFe, Mn, Zn , 
V, Cr and Ni (Figs 17 - 32). In both 1993 and 1994 
the anomalous deposition levels exceeded the aver­
age background level by 3-4 times in this area 
(Table 10) . The annual SO/', Ba, Cu , Pb and Cd 
depositions were also anomalously high and the 
average level was 2-3 times the background level 
(Table 10) . The strongest anomalies of SO/ ', Ba, 
Fe, V and Cd were found near Svetogorsk and those 
of Mn and Zn near lmatra. The anomalous area 
measures ca 50 km from west to east and approxi-
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Table 10. Ratios of annual depositions in anomal ous zoncs A-E to annual background va lues. 

Year A* B* C * 

50/ ' 1993 2. 1 1.6 1. 3 
1994 1.8 1. 1 

Ba 1993 4 4 .5 2.2 
1994 2.3 2 3.3 

Cd 1993 1.8 2.3 
1994 2. 5 3 6.5 

Cr 1993 4. 5 3 2.3 
1994 4 2 4 

Cu 1993 1.8 1.9 2.6 
1994 2 2.5 2 

Fe 1993 3.8 1.9 2.6 
1994 4.7 4 1.7 

Mn 1993 3.5 2 1.4 
1994 3 1.6 1.8 

Ni 1993 3.2 1.7 1.5 
1994 4 2 3 

Pb 1993 2 1.6 
1994 2 2 .4 

V 1993 3.8 2.8 1.8 
1994 4 .2 3.2 2. 5 

Zn 1993 3.5 2 3.2 
1994 2.5 1.5 1.8 

* 
A - Imatra-Sve togorsk (Enso)- Kamennogorsk (Antrea) 
B - Vyborg (Viipuri ) 
C - Primorsk (Koivi sto) 
D - Ze lenogorsk-Iljichevo (Terijo ki - Jalka la) 
E - SI. Petersburg (Pie tari ) 

mately the same from north to south . The northern 
end ofthis area in the Kymi district extends beyond 
the border ofthe investigated territory . The haloes 
of SO/ and some heavy metals (Zn, Cu , V, Cd) 
reach the shore of Lake Ladoga (Figs 10, 22,24,27 
and 36). The maximum values of annual deposition 
were 70 mg/m2 for Zn, 25 mg/m2 for V, 20 mg/m2 

for Cu, 10-15 mg/m2 for Pb, and 10 mg/m2 for Ni. 

4.2.2 Vyborg area 

The anomaly in the Vyborg area is local in 
character. The emissions are heaviest along the 
main roads from Vyborg to St. Petersburg and to 
Finland (Vaalimaa, Torfjanovka) . Most industry 
and traffic are concentrated in the same zone. 
Annual depositions of Ba and V were 3-4 times 
higher and those of heavy metals 1.5-2.5 times 
higher than the average background levels (Table 
10). 
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D* E* 

1. 3 0. 7 

1.9 9 

1.5 1.5 

1.5 3 

2 2 

1.7 5 

1.6 3 

2 4 

2 .8 2 

1.4 7 

2 1.5 

4.2.3 Primorsk area 

The Primorsk area is characterized by relatively 
high Ba and heavy metal (Zn, Cu, V, Cr, Ni, Cd) 
depositions (Figs 16,21,22, 24, 27,30,32 and 36) 
and lower Fe and Mn. The maximum Cd deposi­
tions were found within the Primorsk area . The 
annual depositions of heavy metals except Fe and 
Mn were about twice the background level. The 
anomalous zone extends for 20-30 km along the 
coast ofthe Gulf ofVyborg and for 30-40 km inland 
on the Karelian Isthmus. The maximum va]ues of 
annual deposition were up to 70 mg/m2 forZn, 25 mg/ 
m2 for Cu, and 0.44-0.75 mg/m2 for Cd. 

4.2.4 Zelenogorsk-I1jichevo area 

The Zelenogorsk-Iljichevo area is characterized 
by high Zn , Ni and Cd depositions (Figs 22,32 and 
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36). The anomalous annual depositions exceed the 
background level measured in the environment by 
1.5-2.0 times (Table 10). Annual SO/ , Fe and Mn 
depositions were lower here than in the other anom­
alous zones , and depositions were up to 1.7 times the 
background level. The Zelenogorsk-lljichevo anom­
alous area stretches for about 20 km along the coast of 
the Gulf of Finland and for 25-30 km into the interior 
ofthe Karelian Isthmus. The patterns ofthe highest 
Pb anomalies coincide main roads in the area (Fig. 
35). The maximum level of annual Pb fallout was up 
to 10 mg/m2

, that is, 2.5-3 times the average level. 

4.2.5 St. Petersburg area 

The St. Petersburg area was characterized by 

high Ba, V, and Ni depositions (Figs 16,27, and 
32). The annual Ba and V depositions were 7-9 
times, and those of Ni about 4 times the average 
background levels (Table 10) . The maximum 
annual deposition calculated for Ba was 35-50 
mg/m2 and for Ni 10 mg/m2 . 

The Toksovo-Vaskelovo area north of St. Petersburg 
was characterized by increased depositions of all met­
als. In addition, the Sosnovo (Rautu)-Michurinskoe 
(Valkjärvi)-Kirillovskoe (perkjärvi) zone in the central 
part of the Karelian Isthmus is worth mentioning, as 
there the average annual SO} - deposition was about 
2.4 glm2 and so twice as high as the background level 
(Fig.lO) . 

4.3 Influence of atmospheric deposition on ground ecosystems 

Most atmospheric fallout is retained in humus, 
and hence forest soils with a podzol profile rich in 
organic material are more sensitive to heavy metal 
contamination than are other soil types (Niskavaara 
et al. 1996, Reimann et a1. 1997). On the basis ofthe 
average element contents of the Earth and the 
general information available on different bulk 
den sities (g/cm 3

) of soils, typical concentrations of 
metal s in the topmost layer (5 cm) offorest soils in 
the Karelian Isthmus are on average 1400-2000 
mg/m2 for Zn, 700-1000 mg/m2 for V, 500-700 mglm2 

for Cu and Cr, 400-600 mg/m2 for Ni and Pb, and 
10-15 mg/m2 for Cd. 

Comparison with the data in Table 8 shows that in 
background areas the influence of airborne metals 
on their total contents in soil is low. Hundreds of 
years would be required to double the normal 
reserve of metals. In the anomalous zones depicted 
in this study this period might be 3-10 times short­
er, which would imply a doubling time ofsome tens 
of years. In these cases, the aerial deposition of 
metals would make an essential contribution to the 
contamination of forest soils. 

The same conclusion holds for forest vegetation. 
Pine-needles and ground mosses are more sensitive 
to aerial contamination than is the soil surface. 
Based on an average dry weight of 0.35-0.4 kg/m2 

for moss in the Karelian Isthmus (Gol ' tsova & 
Pitulko (1996)), the following estimates are ob­
tained for reserves of metals: 10-20 mg/m2 for Zn , 
2-3 mg/m2 for Cu and Pb and 1.5-2 mg/m2 for Ni, 
Cr and V. According to Rühling et al. (1992) , 
mosses can retain up to 80% of aerial deposition of 
heavy metals. During an exposure period of 3-5 

years the heavy metal contents of mosses would 
therefore be increased several times over (GoI ' tsova 
& Vasina 1992). 

In the Karelian Isthmus a clear correlation was 
found between the distribution of heavy metals in 
soils and vegetation (mosses , pine needles) and the 
aereal pattern of airborne deposition (Yakhnin et 
a1. 1997). This is particularly striking in the zone 
around St. Petersburg, and in the vicinity ofVyborg 
and Svetogorsk-Kamennogorsk, where the anoma­
lies in both soils and mosses seem to cross the 
international border and continue westwards in the 
direction of Imatra. In the area between St. 
Petersburg and Vyborg the Pb haloes have similar 
distribution patterns both in ground ecosystems 
and in snow. Metal contamination (V , Ni , Zn) of 
pine needles and mosses, but not of soils, has been 
reported from the Primorsk area and the coast of 
Lake Ladoga (GoI'tsova & Vasina, 1992; Yakhnin 
et al. 1997). It is possible that airborne deposition 
has not yet lasted sufficiently long nor reached a 
high enough level to cause any detectable contam­
i nation of soils. 

The characteristics of airborne mineral and or­
ganic dust and its impact on the environment can be 
evaluated by comparing the element composition 
of dust with that of soil. The ratios of the element 
concentrations in snow dust to the average concen­
trations in underlying soil in the Leningrad Region 
(Yakhnin et a1. 1997) are shown in Table 11. 

Dust is enriched in Pb, Cd, Zn, Cu, Ni and V 
compared with the background values in soil (ratio 
>1) but depleted in Cr, Mn, Ba, Sr (ratio< 1). 
Similar results were reported by Saet et a1. (1990). 
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T able 11 . Ratios of element concentrations in snow dust to those in underl y ing soil in Leningrad Reg ion. 

Element Ratio of element concenlralion in 10lal 
du st/background concen tration in so il 

Rati o of element concentrat ion in mineral 
dust/background concentration in soil 

Pb. (Cd) 
Zn. Cu 
Ni 
V 
Cr 
Mn, Ba 
Sr 

5-7 
3-4 
1-3.5 
0.5- 1.3 
0.8 
0.3-0.5 
0. 15-0.2 

10-20 
8- 12 
2-10 
1-3.8 
1.6-2 
0.7-1.2 
0 .25-0.6 

5. CONCLUSIONS 

The geochemical data of snow derived from 
the investigated territory revealed co nsis tent 
areal atmospheric deposition patterns. The main 
areas of atmospheric pollution , hunreds of square 
kilometres in extent, lie around the St. Petersburg 
megapolis and the Imatra-Svetogorsk industrial 
area, which straddles the Finnish-Russian border. 
Anomalies of the anthropogenic heavy metals 
were found up to 30-50 km from the sources , 
and extended to the shore of Lake Ladoga with 
diminishing contaminant concentrations. The 
Vyborg and Primorsk areas were also 
characterized by large local anomalies. 

The long-distance atmospheric transportation of 
heavy metals across the Gulf ofFinland is of minor 
significance in the depositions of the investigated 
region. Aerial depositions in the Karelian Isthmus 
and in the Kymi district are of approximately the 
same order of magnitude for heavy metals. The 
same applies to sulphur. In the investigated territo­
ry the average levels of aerial SO/ and Pb deposi­
tion are lower than those in Central Europe . There 
are, however, no marked differences in the deposi­
tions of other heavy metals. 

The airborne dust in snow is enriched in Pb, Cd, 
Zn , Ni and V compared with the background values 
in soil (ratio> I) but the concentrations of Cr, Mn, 
Ba, Sr are lower (ratio< I) . The industrial area of 
Imatra-Svetogorsk area represents a coherent trans­
border zone of environmental contamination . In­
dustrial plants are the main source of heavy metals 
into air. The strongest anomalies of SO/, Ba, Fe, 
V and Cd were found near Svetogorsk and those of 
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Mn and Zn near lmatra. 
The airborne deposi ti on of heavy metals in the 

anomalous areas contaminates soi ls and , parti cu ­
larly , forest vegetation. Thi s was verified in the 
Karelian Isthmu s, where a marked similarity was 
found between the areal di stribution of metal deposi­
tions and contamination of ground ecosystems. More 
detailed and systematic observations are, however, 
required before the influence of individual indus­
trial plants and metal s on the environment can be 
assessed. 

The problem of the transfer of contaminants 
across the Finnish-Ru ssian border is areal one in 
the Imatra-Svetogorsk area. Other anomalous areas 
investigated are of local character only. Long­
di stance SO 4 2- pollution has also been reported on the 
north coast of the Gulf of Finland. 

A joint project on the complex monitoring of the 
environment in the Imatra-Svetogorsk area would 
be the most reasonable way in which to continue 
this study. The establishing of 10- 15 stationary 
sampling sites on both sides of the international 
border for monitoring elemental variations in the 
snow, so il, vegetation, s urface water a nd 
groundwater could provide a good basis for the 
project. This should be done by taking into account 
the existing monitoring installations and research 
plans in collaboration with the respective organiza­
tions working in the area. By carrying out that 
research in a uniform , methodical way it would be 
able to investigate cross-bordercontamination trans­
fer and its influence on the environment and soc io­
economic consequences . 
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