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Abstract: Metal distributions in lakes surrounding Kostomuksha iron mine and ore dressing mill were explored to study the effects of
the mill on the state of the lakes. Both surface water and 10 cm sediment core samples were taken from six lakes in the Russian side and
another two in the Finnish side at a maximum distance of 70 kilometres from the plant. Concentrations of thirteen metals, phosphorus
and sulphur were determined in waters and sediments by ICP-MS after filtration of the water samples and acid digestion of the sediment
samples. No increase of these elements was observed in lakes in southwestern direction towards Finland where air transport was the
only pathway. In the northwestern direction where there are also water releases from a waste pond of the plant increasing concentrations
of Ca, Mn, S, Fe and As towards the plant were seen both in water and sediments phases. This was also the trend for Na, K and Mg
in water and for Zn, Pb, Cd and Hg in the sediment. No systematic change was seen in case of Al, P and Ni. It is likely that elevated
water concentrations of at least K, S and As are due to water releases from the waste pond but for other elements the source is not quite
evident.
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Introduction

Kostomuksha iron mine and ore dressing mill are
located in northwestern Russia 40 kilometres to the
east of Finnish border. Mining and refining activities
at the plant started in 1982. The magnetite ore initially
contained approximately 1200 million tonnes of iron,
510million tons of which has been used so far. Annually
over 7 million tonnes of pellets containing 65% of iron
are produced. In 1985-1990 the SO, emissions of the
mine and mill were over 60 000 t/year, but they have
decreased being now approximately 30 000 t/year.
Dust emissions have been rather stable from 1984;
approximately 7000-8000 t/year. In addition to sul-
phur the mill has released metals to the environment
both through air and water pathways'.

The purpose on this study was to find out the
effects of metal releases from the Kostomuksha iron
mine and ore-dressing mill on the pollution of lakes
in the Kostomuksha area in northwestern Russia and
in the Kuhmo area in northeastern Finland. Both air
and water transport of metals was explored. Surface
water and bottom sediment samples were collected
in 2007 from eight lakes at a maximum distance of
70 kilometres from the plant. Samples were taken
from two directions. The first direction, representing
air transport only, was to the southwest where sam-
ples were taken from two lakes on the Russian side
and from another two on the Finnish side. The second
direction, representing both air and water transport,
was to northeast of the mill in the Kentti River (p. Kenti
in Russian) system; a series of lakes and rivers lead-
ing to Lake Keski-Kuittijarvi, some 60 kilometres
northeast of Kostomuksha. The start of this stream is
Lake Kostamusjérvi that has been used as a dump-
ing site for waste effluents from the mill for the last
30 years. In addition, the waters pumped from the
quarry are directed into the lake. Lake Kostamusjarvi
(area 34 km?) has been blocked with dams but annu-
ally 2 million cubic metres of water have migrated
through the dams into the Kentti water system. Due
to filling of the lake in 1994 annually 10-20 million
cubic metres of water has been passed from the lake
into the Kentti river system.? Effects of the water
releases from the plant have been studied in the 1990s
by Lozovik et al.>* These studies, however, included
only a few metals and only surface sediments were col-
lected which did not allow conclusions to be drawn of
the long-term accumulation of metals in sediments in

this area. In our study, concentrations Al, As, Ca, Cd,
Cu, Fe, Hg, K, Mg, Mn, Na, Ni, P, Pb, S, V and Zn in
water and sediment cores were determined. Of these,
Na, K, Ca and Mg are common nontoxic metals both
in waters and sediments. Al, Fe and Mn are prevailing
metals in soils and sediments and are not known as
toxic metals at ordinary concentrations. Most toxic of
these metals are As, Ni, Cd, Pb and Hg while Cu and
Zn are toxic only at relatively high concentrations.
The maximum permissible concentration in the EU
directive 98/83/EC for drinking water is 1 pg/l for
Hg, 5 ug/l for Cd, 10 pg/l for Pb and As, 20 ug/l for
Ni and 2000 ug/1 for Cu.

Experimental

Sampling sites

Water and sediment samples were taken from eight
lakes (Table 1, Fig. 1). Only water samples were
taken from Kostamusjiarvi. From each site, two
parallel samples were taken close to each other. At
Keski-Kuittijarvi, the sampling sites were not parallel
but samples were taken from both sides of an island
in front of town Kalevala. The western side was
expected to be nonaccessible to water transport of
metals via the Kentti stream since the stream comes
to Keski-Kuittijarvi on the eastern side of the island
and water flows from this point to the east towards
the Kemi River. In this paper the Finnish names of
the lakes and rivers in both countries are used and the
Russian names of the lakes located on the Russian
side are given in Table 1.

Sampling and sample treatment

Two 100 ml parallel samples of surface water were
taken into plastic bottles and they were immediately
acidified with 1 ml of 2M nitric acid. In the laboratory
at the University of Helsinki the water samples were
filtered through a 0.45 um filter for metal analysis.
Bottom sediment cores were taken with Limnos corer.
For sediment sampling the sediment accumulation
basin in each lake was identified with an echo sounder.
The diameter of the corer was 9.3 cm. The upper
10 cm parts of the cores were sliced into 1-cm vertical
sub-samples and placed into plastic containers. In the
laboratory at the University of Helsinki the samples
were weighed and dried with a freeze-drier and
reweighed to calculate the water contents. Dried
samples were wet-digested according to EPA 3051A
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Table 1. Sampling sites.

Lake Distance from Coordinates Number in Sediment sampling
the mill (km) Fig. 1 depth (m)

Kostamusjarvi 0 64°41°'37"N,30°47°28"E 1

(oz. Kostomukskoe)

Northeastern

direction

Koivasjarvi 20 64°47'05"N,31°01°02"E 2 8

(oz. Koivas)

Lomijarvi 40 64°58'28"N,31°12’02"E 3 12

(Lomozero)

Keski-Kuittijarvi 60 65°0927"N,31°15’60"E (east) 4 20

(oz. Sredneye Kuito) 65°09'10"N,31°11°16"E (west) 18

Southwestern

direction

Kontokkijarvi 10 64°34'42"N,30°33'07"E 5 8

(oz. Kontokki)

Kiitehenjarvi 30 64°31'19"N,30°12'26"E 6 17

(oz. Kamennoe)

Lentiira (Finland) 50 64°23'41"N,29°48'40"E 7 19

livantiira (Finland) 70 64°19'21”N,29°32’50"E 8 10

Figure 1. Water and sediment sampling sites. 1 Kostamusjarvi, 2 Koivasjarvi, 3 Lomjarvi, 4 Keski-Kuittijarvi, 5 Kontokkijarvi, 6 Kiitehenjarvi, 7 Lentiira,
8 livantiira.
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standard using CEM Mars 5 microwave oven and
Romil Superpure HNO, (67%). Prior to microwave
leaching of the sediment samples, their *’Cs activ-
ity concentrations were measured with a gamma
spectrometry using a Na(I) detector.

Elemental analyses and quality control
Leachates from the micro wave digestion of sediments
were diluted to 5% HNO, (v/v) and analyzed accord-
ing to ISO 17294-2 standard using an Agilent 7500ce
ICP-MS. Analyzed elements included Al, As, Ca, Cd,
Cu, Fe, Hg, K, Mg, Mn, Na, Ni, P, Pb, S, V and Zn. As
a quality control 8% of the samples were replicates
and blanks and a certified lake sediment reference
LKSD-4 was analyzed along with samples. Results
from the sediment reference are given in Table 2.
Regression analysis between the replicate samples
gave R? values in the range of 0,955-0,999, only Hg
gave R? value 0,530.

Water analyses were performed according to ISO
17294-2 standard with Agilent 7500ce ICP-MS.
Analyzed elements included Al, As, Ca, Cd, Cu, Fe,
K, Mg, Mn, Na, Ni, P, Pb, S, V and Zn. VKI QC Metal
LL1 (batch VKI-12-2-0398) and VKI QC Metal LL2
(batch VKI13-2-1296) and blanks were used for qual-
ity control of the trace analysis with the results given
in Table 3.

Results
137Cs profiles in sediment cores—

sedimentation rates
Activity concentration profiles of ¥’Cs in sediment
cores were determined to get information on the

Table 2. Quality control results of the sediment analyses.

sedimentation rates. There are two sources of *’Cs
in this area: global nuclear weapons test fallout in the
1950s and 1960s and the fallout from Chernobyl acci-
dent in 1986. The former consists of approximately
1 kBg/m? in this area. The total amount of *’Cs in the
sediment cores averaged 3.9 kBg/m?* (range 2.1-5.9),
which is clearly higher than the amount originat-
ing from the nuclear weapons test fallout. Based on
this it is assumed that the peak values are from the
Chernobyl fallout and thus the depths where they are
found represent year 1986. The sedimentation rates
(mm/a) derived from the peak values and the thick-
nesses of sedimentation after commissioning of the
mill in 1982 are listed in Table 4.

Metal concentrations in water

Metal concentrations in water in Kentti stream
Metal concentrations in lake waters of the Kentti
system are shown in Table 5. The distances from
Kostamusjirvi represent Koivasjarvi (20 km),
Lomjérvi (40 km) and Keski-Kuittijarvi (60 km).
There is a strong negative correlation (correlation
coefficient —0.974 to —0.995) between the distance
and water concentration of Na, K, Mg, Ca, Mn and S.
Their concentrations are systematically decreasing
when going farther away from Kostamusjirvi, which
suggests that the effluent releases from Kostamusjirvi
are responsible for the elevated concentrations of
these elements in Koivasjdrvi and in Lomjérvi. The
correlations for Fe, As and Ni are not quite as strong
(correlation coefficient —0.860 to —0.903) but also
in their case the effect of increased metal concentra-
tions in Koivasjdrvi and Lomjdrvi are rather clear.

Al (ppm) As (ppb) Ca(ppm) Cd(ppb) Cu(ppb) Fe(ppm) Hg (ppb) K (ppm)
Mean 13547 16261 6703 1839 29364 21534 43 1274
S.D. 1534 1235 494 174 1985 893 13 124
RSD% 11 8 7 9 7 4 31 10
Total 31236 12857 6638
Partially 12000 1900 30000 27000 190
soluble

Mg (ppm)  Mn(ppm)  Na(ppm)  Ni(ppb) P (ppm) S (ppm) V (ppb) Zn (ppb)
Mean 3837 331 224 31551 1304 9039 30867 157091
S.D. 461 23 30 2169 205 766 2253 11314
RSD% 12 7 13 7 16 8 7 7
Total 5400 512 1309 9900
Partially 430 32000 32000 189000
soluble
70 Air, Soil and Water Research 2010:3
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Table 3. Quality control results of the water analyses. All values are in ppb.

Al As Cd Cu Fe Mn Ni Pb Zn
Measured 250 18.8 1.24 14.8 210 50.4 17.8 13.4 38.5
Certified 205 18.9 1.97 13.6 205 51.4 12.9 20.3 33.1

The metal concentrations in Keski-Kuittijarvi are
not elevated compared to lakes in the other stud-
ied direction to southwest (see Table 6). The levels
of Al are more or less identical in all studied lakes.
For P, Zn, Cd, Pb and Cu the correlation coefficients
are weak and the decrease of their concentrations
with distance is not evident. The concentrations of
Zn, Cd and Pb, however, are clearly lower in Keski-
Kuittijérvi than in lakes closer to the release source.
Decreases in concentrations from the Kostamusjarvi
to the Keski-Kuittijarvi is highest for potassium,
sulphur and arsenic being 34-times, 25-times and
22-times higher in the former compared to the latter.
For sodium, magnesium, calcium, manganese, iron
and nickel the decrease is lower, 2.6—7.0-fold. In ear-
lier studies?? similar values have been reported for K,
Ca, Mg, S and Ni but no data for other metals were
given. Concentrations of Cd, Zn, Cu, Ni, As and Pb
in Lomjérvi and in Keski-Kuittijdrvi are more or less
identical with the values in lakes in northern Finland
while As and Ni concentrations are clearly elevated in
Kostamusjarvi and Koivasjarvi.**

Metal concentrations in water

in the southwestern direction

Table 6 shows the water concentrations of metals
in the southwestern direction where air transport
from the plant is the only pathway to these lakes.
The results indicate that the air releases from the
mill do not result in any systematic increase in metal

Table 4. Sedimentation rates and the thicknesses of sedi-
mentation in 1982—2007.

Lake Sedimentation Sedimentation
rate (mm/a) in 1982—-2007 (cm)
Keski-Kuittijarvi 2.1 54
livantiira 1.7 4.2
Kiitehenjarvi 1.7 4.2
Lomjarvi 1.4 3.6
Kontokkijarvi 1.2 3.0
Lentiira 1.0 2.4
Koivasjarvi 0.7 1.8

concentrations in lakes. Only in case of sulphur the
concentrations are higher in lakes in the Russian
side compared to their concentrations further away
in the Finnish side. An earlier study also did not
observe any elevated metal concentrations in lakes
in this direction from the mill.> Compared to the
lakes in northern Finland, concentrations of Cd, Zn,
Cu, Ni and As were more or less the same in this
direction but Pb concentration was somewhat higher
than in northern Finland.*?

Metal concentrations in sediments

Metal concentrations in sediments

in Kentti stream

In the water transport route from Kostamusjirvi to
Keski-Kuittijarvi there is a very clear decreasing
trend in sediments in case of Zn, As, Pb, Cd and Hg
and somewhat weaker trends in case of Fe, Mn and
S (Table 7) which indicate that the Kentti stream has
transported these metals at least to Koivasjérvi and
Lomjérvi where they have deposited to the bottom
sediments. Also, in case of Na, Mg and K there was
seen a clear increasing trend in sediment concentra-
tion with distance. This will be discussed later. Earlier
in 1999, surface sediment (0—2 cm) was studied in all
lakes in Kentti river system but only concentrations
of Fe and Mn are given.? In Koivasjarvi and Keski-
Kuittijarvi the concentration of iron was 183000 ppm
and 81000 ppm, respectively, and those of manganese
8900 ppm and 3600 ppm, respectively, which are
somewhat different from our study but in the same
order of magnitude.

Metal concentrations in the two sediment samples
taken from different locations at Keski-Kuittijarvi
did not differ practically at all from each other.
The mean ratio of the metal concentrations of the
sediment profile taken from eastern side of the island
compared to those of the profile from western side
was 0.93 * 0.19 (standard deviation). This gives
further indication that no water transport of metals
from Kostamusjirvi to Keski-Kuittijarvi has taken
place. The only exception in Keski-Kuittijarvi was

Air, Soil and Water Research 2010:3
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Table 5. Metal concentrations in water in Kentti water stream.

Distance from Kostamusjarvi Correlation Decrease factor
coefficient in 60 km
0 km 20 km 40 km 60 km
Concentration (ppm)
Strong correlation
Na 7.1 4.2 24 1.5 -0.974 4.7
K 58.4 32.8 12.9 1.7 —0.986 34
Mg 6.4 5.5 26 1.3 -0.982 4.9
Ca 14.6 11.6 5.7 2.1 -0.992 7.0
Mn 47.8 34.2 24.3 7.6 —0.995 6.3
S 27.0 19.6 7.8 1.1 —0.994 25
Concentration (ppb)
Moderate correlation
Fe 347 332 289 131 —0.903 26
As 0.89 0.23 0.12 0.04 —0.886 22
Ni 222 0.69 0.27 0.33 -0.860 6.7
Weak or no correlation
Al 39 35 35 40 0.129
P 4.4 1.13 0.64 1.4 —-0.569
Zn 1.3 26 29 0.4 -0.272
Cd 0.004 0.03 0.013 0.001 -0.252
Pb 0.14 0.45 0.21 0.02 -0.416
Cu 0.41 0.37 0.2 0.37 —-0.406

manganese, the concentration of which was 13-times
higher on the eastern side of the island which proba-
bly was caused by natural processes. Manganese was
excluded from calculation of the mean value given

above.

Table 6. Metal concentration in water in lakes in the southwestern direction from the Kostamuksha mill.

Metal concentrations in sediments
in the southwestern direction
In the air transport route to the southwestern
direction there are no decreasing trends in case of
any metals studied (Table 8). Not even the closest

10 km 30 km 50 km 70 km Mean STDV Correlation
Kontokkij. Kiitehenjarvi Lentiira livantiira coefficient
Concentration (ppm)

Na 1.1 1.0 1.4 1.2 1.2 0.15 0.528

K 0.43 0.41 0.56 0.59 0.50 0.09 0.904

Mg 0.98 0.57 1.0 0.92 0.87 0.20 0.157

Ca 24 1.3 2.8 25 23 0.65 0.375

S 1.3 3.0 0.46 0.47 0.63 0.45 —-0.667
Concentration (ppb)

P 0 0.72 4.4 3.5 21 21 0.858

Al 301 41 98 79 130 117 -0.672

Mn 65 32 28 72 49 22 0.089

Fe 200 146 247 234 207 45 0.585

Ni 0.76 0.17 0.58 0.39 0.47 0.25 —-0.356

Cu 0.37 0.24 0.49 0.44 0.39 0.11 0.531

As 0.16 0.06 0.21 0.18 0.15 0.06 0.442

Cd 0.01 0.018 0.001 0.009 0.01 0.007 -0.339

Pb 1.6 1.3 0.16 1.2 1.1 0.63 —-0.451

Zn 55 1.6 0.97 1.6 24 2.1 -0.761
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Table 7. Metal concentrations in sediments in Kentti water
stream. Concentrations (ppm) are mean concentrations in
the upper 10 cm layer.

Koivasjarvi Lomijarvi Keski- Correlation
20 km 40 km Kuittijarvi coefficient
60 km
Na 76 127 303 0.954
Mg 1040 2310 6330 0.958
K 1260 1330 2010 0.907
\Y, 27200 53800 43700 0.617
Fe 166000 127000 35800 -0.974
Mn 22100 19900 4690 -0.918
S 2070 1960 414 -0.897
Al 10400 11400 4320 -0.794
Ca 3110 3410 2200 -0.724
P 2070 2680 929 -0.643
Cu 11 11 20 0.856
Ni 30 19 31 0.060
Pb 477 362 212 -0.997
Hg 0.055 0.038 0.012 -0.994
Cd 1.08 0.58 0.25 —-0.993
Zn 167 98 60 —-0.990
As 58 15 5.30 —-0.940

lake to Kostomuksha plant, Kontokkijérvi, shows
any elevated metal concentrations compared to
lakes further away from the plant. This indicates
that the aerosol particles do not contaminate the
lakes with respect to metals at distances higher than
ten kilometres at most. In both studied directions

the metal concentrations in sediments were fairly
low compared to lake sediments in Kola Peninsula,
Russia, close to the Nikel and Monchegorsk Cu/
Ni-smelters.*’” In the Kostomuksha area, the metal
concentrations in sediments are at the same level as
in sediments in Lake Umbozero, some 60 kilome-
tres east of Monchegorsk, with the exception that in
Umbozero sediments there is a clear increasing trend
in the upper few centimetre layer® while no increas-
ing trend was seen in Kostomuskha area sediments as
will be seen in the next section.

Temporal development of metal concentrations
in sediments

Figure 2 shows the vertical distribution of metals in
sediment cores of two lakes Koivasjirvi and Kiitehen-
jarvi. Data for other lakes are given in reference.’ In
addition, Table 9 shows the ratios of mean metal con-
centrations in the upper layer representing the time
period of Kostomuksha plant operation 19822007 to
those in the preceding layer representing the 25 years’
time period before the commissioning of the plant.
Thus the table gives information on possible metal
contamination in sediments due to discharges from
the plant. As can be seen both from Figures 2 and
Table 9, there is no systematic increase of metal
concentrations towards the sediment surface. For
manganese, however, there is clear increase towards

Table 8. Metal concentrations in sediments in southwestern direction. Concentrations (ppm) are mean concentrations in

the upper 10 cm layer.

Kontokkijarvi Kiitehenjarvi Lentiira livantiira Correlation
10 km 30 km 50 km 70 km coefficient

Na 70 110 130 117 0.803

Mg 989 2360 2770 2290 0.723

P 1480 2430 1410 1970 0.117

S 1360 869 1550 1330 0.271

K 373 1020 865 905 0.651

Ca 2180 2200 3160 2670 0.674

Al 15300 11000 13600 15100 0.138

Mn 8740 47200 954 16500 -0.146

Fe 74300 87700 19300 85800 -0.136

\ 34 35 35 50 0.818

Ni 48 17 17 21 -0.699

Cu 17 12 14 15 -0.304

Zn 123 111 105 160 0.546

As 8.0 14 4.5 21 0.535

Pb 46 54 96 57 0.432

Cd 0.85 0.89 0.77 1.03 0.515

Hg 0.050 0.037 0.040 0.038 -0.688
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Figure 2. Metal distribution in sediment cores from Kiitehenjarvi and Koivasjarvi.

the surface layer, which probably was caused by nat-
ural manganese cycling.

Cd, Hg and Pb behaved in similar manners to
each other in sediments in all lakes (Fig. 3). Their
concentrations increase from the bottom of the
cores up to 3—4 cm depth where they either level
off or start to decrease. The origin of these metals

is probably long-distance air transport from the
use of leaded petrol (Pb), from coal power produc-
tion (Hg) and from production of metals other than
iron (Cd). Due to the decline of their emissions
in Europe their concentrations in sediment have
started to decrease accordingly. There were some
exceptions in this trend: concentration of lead in
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0 ~3838BBSHT Lentiira and Keski-Kuittijérvi and concentration of
L oo+~ —voOo- mercury in Kontokkijdrvi were highest in the sur-
NG — o face sediment lqyers. ' . .
psmIeenCd The lack of increase in metal concentrations in
the upper sediment layer suggests that the Kos-
5| 5325 0 © tomqksha plant has not resulted in a dramatic, if
O coro~ooo any increasing metal load to the bottom sediments.
This is somewhat contradictory to the clear increas-
2 TReNOT N ing trends of water and sediment concentrations of
many metals in Kentti river towards the plant. A pos-
1838k 2=]S S}ble explanajuqn is that the metal load to th Kepttl
N Scoooc~<~oo river system is in most cases of natural origin being
higher in upstream lakes compared to lakes further
DOMOOITNOLW
3 NNOOOANOD downstream.
O cocoococoo~x~oO
s oeneS Compquson of metal cqncentratlon
Z “~ccooov~ow trends in water and sediment in the
Kentti river system
M ANOWOLWMAN — © .
S 2Ex2en2 Table 10 compares the trends of metals concentrations
in Kentti river system both in water and sediment
© O © = 0 © phases. Metals can be classified in four categories.
o OO MO~ NO . .
L ~~<-+-o~0O~ The first category is formed by the soluble matrix
elements of Na, K and Mg, the concentrations of which
E -~ONANTNOW in water are systematically decreasing with distance
S| aANTANO—O® e . . . .
from Kostamusjarvi but the situation vice versa in the
NOMOWO = © sedimentphase. Decrease of water phase concentrations
COEROENS®S . :
ScoonNo~oo is rather evident: releases from waste pond and subse-
quent dilution. Concentration increase in the sediment
0w 2I2NRa23 phase is, however, not that clear. It is rather improb-

able that these highly soluble elements would enrich
in the downstream sediments. It looks more probable
that changes in the upstream chemistry prevent their
attachment on the particles and ensuing deposition

0.48
0.50
1.18
0.88
0.47
1.05
0.67
0.75

Table 9. Ratios on metal concentrations in the sediment layers from years 1982-2007 to those in the layer from years 1957—1982.
Al

O~ ANO I . .
g -yaNcco- into bottom sediments.
T O T T .
The second category is Ca, Mn, S, Fe and As, the
TIOBIN=S f:onceptratlons 'of which are systematically dgcreas-
¥ “-ooco+~«~+« ing with the distance from the waste pond in both
phases. It is reasonable to assume that these elements
D -NN— O O® are released from Kostamusjérvi and/or its surround-
= OO+~ OoO+~«—O . . .
ings and deposited in the upstream lakes.
0O 0= = ©NN The third category is formed by Zn, Pb, Cd and
© ONNOX— O . . .
Z ocoo~o~<~o Hg the concentrations of which in the water phase
_ 1s more or less constant in all studied lakes but their
2. concentrations in the sediment phase decreases with
s EE% g S distance from the source. Decrease in sediment phase
R —_— D == = . . . . .
%_% X jg SofS indicates that their source is in the upstream. These
.% '§§ € é = § elements are all highly insoluble and readily adsorbed
¥ 9xxw&8=2= on particles present in waters and thus it is assumed
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Figure 3. Depth profiles of Cd, Pb and Hg in sediments.
seven lakes.

Table 10. Trends of metal concentrations in water and in
sediments in Kentti river system. Negative correlation:
decreasing trend with the distance from Kostamusjarvi.
Positive correlation: increasing trend. Strong correlation:
Spearman correlation coefficient 0.90-1.00 (positive or
negative); moderate correlation: 0.60-0.90 (positive or
negative); weak correlation: 0.20-0.60 (positive or negative);
no correlation -0.2-0.2.

The three curves at the bottom show the mean concentrations of Cd, Pb and Hg in all

that their water phase concentrations are saturation
values.

The fourth category is Al, P and Ni in case of which
no systematic changes were observed.

Conclusions

Results of this study show that there is no indication of
increased metal concentrations in water nor in sediment
in lakes affected by air emissions of the Kostomuksha
ore dressing mill, at least not in the distance more than
ten kilometres. The Kentti River system where there
have been effluent releases from the waste pond of
the plant is clearly contaminated with metals up to the
distance of forty kilometres. Concentrations of Na, K,
Mg, Ca, Mn, S and probably also those of Fe, As and
Ni in water are clearly elevated in the lakes closer to
the plant. All metal concentrations are clearly below
maximum permissible drinking water levels. In sedi-
ment, the increasing trend towards the plant is clear
for Zn, As, Pb, Cd and Hg and somewhat weaker for

Metal Correlation in water Correlation is sediment
Na strong negative strong positive

K strong negative strong positive

Mg strong negative strong positive

Ca strong negative moderate negative
Mn strong negative strong negative

S strong negative moderate negative
Fe strong negative strong negative
As moderate negative strong negative

Zn weak negative strong negative
Pb weak negative strong negative
Cd weak negative strong negative
Hg weak negative strong negative

Al no correlation moderate negative
P weak negative moderate negative
Ni moderate negative no correlation
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Fe, Mn and S. No systematic increase of most metals
in the Kentti river lake sediments towards the surface
was observed which questions the role of effluent
releases from Kostamusjirvi as a source of metals in
the lake sediment. Based on these two observations,
decrease of Zn, As, Pb, Cd, Hg, Fe, Mn and S concen-
trations in the sediment with distance from the plant
and the fact that no increase towards the sediment sur-
face was seen, it looks more reasonable to assume that
leaching from upstream lands is the source for most
metals. In case of K, As and S the source, however, is
most likely the waste pond. In all lakes the concentra-
tions of Zn, Pb and Hg have a maximum in sediments
at the depth of 3—4 cm, which reflects reductions in
their emissions into the atmosphere from various long
distance sources.
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