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INTRODUCTION

'The catalogue of lakes represents a collection of data on baseline conditions in the
aquatic ecosystems of small lakes in the joint Finnish, Norwegian and Russian border
region, which is an area subjected to considerable levels of anthropogenic pollution.

The catalogue contains descriptions of 38 lakes (19 lakes in Russia, 14 lakes in
Norway and 5 lakes in Finland) (Fig. I-1). Most of them are small lakes with an area
of less than 1 km?, but there are several larger lakes. The lakes and rivers are located at
altitudes of 100 - 300 m above sea level, and the terrain in the watershed ranges from
forest to open fell areas. The lakes included in the study are of the headwater, drainage
or closed type.

'The catalogue is meant for a wide audience: the local population, people involved in
economic activities in the border area, recreationists, students, governmental authori-
ties, environmental organizations and ecologists. The catalogue will form a basis for
further studies in the region and provide a platform for developing an integrated, har-
monised monitoring programme. The data will also assist in developing cost-effective,
biological monitoring procedures for the lakes in the region. All the lakes have so far
been included in long-term, joint monitoring programmes. In the future, the reports
on changes in the environmental conditions in the border area will be based primarily
on the results of observations made in these lakes. The documentation and analysis of
data on individual water bodies, collected over several years, will make a considerable
contribution to reports covering all aspects of the natural environment.

'The catalogue is based on the data, collected in connection with the Interreg ITIA
Kolarctic project “Development and implementation of an environmental monitoring
and assessment programme in the joint Finnish, Norwegian and Russian border area”,
carried out during 2003-2006, as well as on data from earlier studies in the region.

Detailed information about the structure and organization of the monitoring sys-
tems in the three countries, as well as the results of studies and observations conducted
within the framework of the project, can be found in the following publications:

Environmental Monitoring Programme in the Norwegian, Finnish and Russian
border area. Implementation guidelines.

(www.pasvikmonitoring.org -> more information -> publications 2003-2008)
State of the Environment in the Norwegian, Finnish and Russian Border Area.
The Finnish Environment 6/2007.

(www.ymparisto.fi -> publications -> The Finnish Environment)

And also on the web-page of the current monitoring programme
www/pasvikmonitoring.org.

'The catalogue was compiled by researchers from the Institute of the North Indus-
trial Ecology Problems, Kola Science Center RAS, Russia, in collaboration with the
Lapland Regional Environment Center, Finland, within the framework of the Interreg
ITTA Kolarctic project “Dissemination of information about the state of the environ-
ment and monitoring activities in the River Paz catchment area”.

The lake studies described in the catalogue were conducted with the support and participation of:

« The Institute of the North Industrial Ecology problems of the North KSC RAS, Russia

« The Lapland Regional Environment Centre, Finland

« The Office of the Finnmark County Governor, Norway

« The Murmansk Department for Hydrometeorology and Environmental Monitoring, Russia
- The Norwegian Institute for Environmental Research, Norway
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Fig. I-1
Map of the investi-
gated area (the points

b Barents sea

on a map correspond
20 v the lakes):
3zgala(autokqlno
< N 1. Haukilampi;

2. Kaskamajarvi;
3. Keudsherjaur;
4. Kirikovanjarvi;

36 5. Kjantejarvi;
S 6. LN-2;
Muonio - LN
7. LN-3;

8. Njassukajarvi;
9. Palojarvi;
10. Peschanoe;
11. Pikku-Heynjajarvi;
12. Porojarvi;
13. Sarijarvi;
14. Trifonajarvi;
15. Alla-Akkajarvi;
16. Kochejaur;
17. Virtuovoshjaur;
18. Shuonijaur;
19. Kuetsjarvi;
20. Biggejavre;
21. Ellentia;
22. Gardsjoen;
23. Gjokvatn;
24. Guokalabbalat;
25. Holmvatn;
26. Isalombola;

3& -‘21. 27. Kobbholmvatn;
37e / 28. Langvatn;

2ee 29.N-254;
f"“' 30. Samettivatn;
31. Skrukkevatn;
32. Stuorajavre;
33. Suopatjavre;
4 34. Aittojdirvi;

Nellim / 16 35. Kantojérvi,
36. Kivijarvi;
37. Mellalompolo;
38. Suovaselkdjdrvi

'PQ‘-.~‘

4

»

Vs

L]
L4

- The Norwegian College of Fisheries Science, University of Tromsa, Norway
« The Bioforsk Svanhovd Environment Centre, Norway

« The Finnish Meteorological Institute, Finland

« The Finnish Game and Fisheries Research Institute, Finland

« The Finnish Forest Research Institute, Finland

« The Institute of Global Climate and Ecology, Russia
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Environmental pollution problems in the far north of Europe

'The region has always been famous for its large number of lakes and rivers, with pure
fresh water populated by valuable species of fish and invertebrates. The water resources
in the north play an important role in the life of the indigenous people and the econ-
omy of the whole region. However, major changes at the global scale during the past
century have set serious threats on the quality of northern water bodies. The intensive
development of industrial production during the 20 century has resulted in the spread
of environmental pollutants throughout most parts of the globe. Pollutants that can
accumulate and be cycled within ecosystems over a long period of time constitute
a considerable threat to the environment. The Murmansk region is one of the most
industrialized areas in the Arctic. Long-range, trans-border pollution, carried by air
masses from industrial areas in Europe, America and Asia, and the active develop-
ment of local sources of pollution (mining and ore processing, metallurgical industry,
power plants, transport etc.) has brought about a sharp increase in the discharge and
deposition of airborne pollutants directly into surface waters, as well as throughout the
catchment areas. Pollution accumulates specifically in the water bodies Most of the
pollutants deposited in the catchment areas finally end up in the aquatic ecosystems;
even though they are partly incorporated into the biogeochemical cycles of terrestrial
ecosystems, this usually only means a relatively short time delay.

Heavy metal contamination

Heavy metals belong to the most toxic group of pollutants. They pass into the envi-
ronment from a wide range of sources, and they can accumulate and be cycled within
ecosystems for a long period of time, resulting in a constant increase in their concen-
trations in natural environments, and have severe toxic effects on biological systems
at different trophic levels.

Heavy metals have always been present at varying concentrations in natural envi-
ronments. They occur in the bedrock, soil, natural water, and in plants and animals. The
role of these elements in the complex interactions between the biota and environment
is relatively unclear. On the one hand, with rare exceptions, they are essential at low
concentrations for the growth and development of all living organisms. A deficit of a
specific metal may, for instance, result in functional disturbances in an organism. On
the other hand, they are usually highly toxic at elevated concentrations.

Mercury (Hg) and cadmium (Cd) play the most important role in pollution of the
Arctic region and they constitute a major threat to ecosystems in the region. They do
not have any known biological function, but they can be bioaccumulated and are toxic
even in very small amounts. They are present in big quantities even in the regions, dis-
tant from anthropogenic sources.

The next metal of considerable concern is lead (Pb), which is also highly toxic.
Other metals, such as copper (Cu) and nickel (Ni), have a relatively more restricted
distribution and are concentrated in the impact areas of the metallurgical plants.

Acidification of water bodies

Together with heavy metal pollution, the acidification of surface water and catchment
areas is intensifying and it has become one of the most urgent problems in recent dec-
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ades. Acidification is determined by a number of factors: the amount of acid-forming
oxides, deposition levels in the catchment area and the duration of acidifying deposi-
tion, the geochemical features of the region, hydrochemistry and morphology of the
water bodies etc. Acidifying deposition is the main reason for the drop in pH in water
bodies in the northern hemisphere. For precipitation to be called “acidic”, it should
have a pH of less than 5.6. The main acidifying compound in the Arctic is sulphur di-
oxide. It is formed during the combustion of fossil fuels (coal, brown coal, oil products)
and during the roasting and smelting of sulphide ores. Lakes and rivers with a small
buffering capacity (small reserves of compounds that neutralize acidic compounds)
and low ionic strength are the most sensitive to the influence of acidifying compo-
nents. Acidification of water bodies is usually accompanied by the dissolution of heavy
metals from the bottom sediments, and increased migration of ions such as Cd*, Pb*,
Hg*". A sharp reduction in the biodiversity and productivity of water fauna and flora
is typical of acidified lakes and rivers. In many cases valuable aquatic species are killed

off.

Specific features of the
Finnish, Norwegian and
Russian border area

'The border area of Finland,
Norway and Russia is located
in the eastern and north-east-
ern parts of the large water-
shed Maanselki, which curves
up from south-eastern Lap-
land far into the north. The
watercourses in this region
flow via different routes into
the Barents Sea.

"The River Paz, which links
Lake Inari with the Barents
Sea, is a regulated watercourse
with storage pools, blocked by

dams. There is a large number of water bodies in the Vitsiri region, extending to the
north-east of Lake Inari, the water bodies covering an area of 50 000 ha out of a total
area of 155 000 ha. There is a large number of isolated lakes without any apparent in-
flowing or outflowing watercourses. One characteristic feature of the Vatsari area is the
mosaic structure of lakes, streams, mineral soil and exposed bedrock.

'The Jarfjord region is characterized by a high proportion of small lakes, and the
basin of the Russian part of the River Paz consists of a multitude of lakes, swamps and
rivers with rapids and small waterfalls. The mountain lakes of Jarfjord are located about
30 km to the north of Nickel. The average area of the lakes is 6 ha. The geology of the
Jarfjord and Vitsiri areas is dominated by extremely sparingly soluble bedrock, which
makes the lakes highly sensitive to a rise in acidity. There are acidification problem in
Sor-Varanger: the lakes in this area, lying between Kirkenes and the Russian border, is
suffering from a rise in acidity. The watercourses in the border area have, in general, a
high degree of water transparency, and low levels of mineralization and organic matter.
However, there is also a large number of lakes with a relatively high water colour index,
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Table I-1.

List of fishery standard
values - the maximum
permissible concentra-
tions in water bodies
used for fishing.

due to the high concentrations of humus material.

Annual precipitation in the area is 450-500 mm, and evaporation about 200 mm.
Most of the precipitations fall during the winter period in the form of snow. The ice
cover period of the lakes is long and, as a result, the oxygen concentrations in the water
at the end of the winter can be extremely low, especially in small, shallow lakes. The
small lakes usually freeze over in late October, and the ice cover melts at the beginning
of June.

Most of the land is covered by forest. In Finland most of these forests are in nature
reserves and forestry plays only a minor role. In Russia and Norway, on the other hand,
the protected area is much smaller and commercial forestry is more common. Agri-
culture is of only minor importance in Finland and Russia, and there are no industrial
plants in the Finnish part of the area. A few small companies (farms) are operating
along the Norwegian side of the River Paz. The population density in the region is not
high, apart from the towns of Nikel and Zapolyarny in Russia along the lower reach
of the River Paz. The largest town in the Norwegian part of the region, Kirkenes, is
located close to the Varanger Fjord. There are also some small settlements along the
River Paz. The largest Finnish settlements are the towns of Inari and Ivalo, which are
located on the western and southern shores of Lake Inari.

'The region is subjected to serious anthropogenic impacts, including pollution from
the Pechenganikel smelter. The main pollutants are sulphur compounds and heavy
metals (Ni, Cu, Cd, Cr, Zn, As, Hg etc.). SO, emissions from the smelter have caused
acidification of the surface water and the pollution of ground water as a result of leach-
ing from the surface soil. The area is also exposed to wide range trans-boundary pollut-
ants influence, as is the case throughout the whole of the Arctic.

Structure of the lake catalogue

'The lake catalogue includes:

* A general description of the water body (geographical location, landscape character-
istics, lakes morphometry)

* Geochemical description (description of the hydrochemical parameters, assessment
of pollution levels in the water and bottom sediments, comparison of the results with
quality targets)

* Biological description (description of hydrobiological diversity in the lakes, com-
position of the fish population, including the size, weight, age and sex distribution of
the predominant fish species, and assessments of pathological changes in fish and the
levels of heavy metal accumulation in fish and their individual organs based on the
quality targets).

G | Nat | Mg* | K" | SO | P | Al | Fe | Mn | Sr | Cu | Ni | Zn | Cr | cd | Co | Pb
mg/l pg/l
180|120|40|50|100|0 40|100|10|400|1| |10| |5|1|6
Water quality

Water quality in the lakes is assessed in accordance with the Russian standards for
maximum permissible concentrations (MPC) for fishery water bodies (see Table I-1).
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'The quality of the lakes was assessed on the basis of the ion composition and total
mineralization, as well as indices depicting the trophic status of the water body (con-
centrations of ions and cations) and the heavy metal concentrations. The acidification
of surface water was most clearly evident as a short-term (using during spring flood)
reduction in pH (to 5-6) and alkalinity (Alk, peqg/l).

'The mineralization index used in Russia is the sum of all mineral compounds dis-
solved in water, i.e. total concentration of anions and cations, as well as dissolved inor-
ganic matter. Total water mineralization is an important hydrochemical characteristic,
which determines the fitness of water for economic utilization.

Eutrophication is the enrichment of water systems by mineral nutrients (P and N)
and, combined with biological phenomena, is related to an abundant inflow of mineral
components. An excess input and maintenance of high concentrations of mineral nu-
trients in water result in intensive growth of primary production, deterioration of the
water environment, and a decrease in its recreational value. Generally, human activities
are the primary cause of disturbances in the natural balance and an imbalance in the
input of mass flow into aqueous ecosystems. Arctic ecosystems are the most vulnerable
to anthropogenic impacts. The consequences can include qualitative reorganization
both at high and lower loads of biogenic elements, a deterioration in water quality,
increase in the concentrations of suspended organic matters and a reduction in water
transparency, a reduction in dissolved oxygen concentrations in the hypolimnion, and
the intensive growth and successive replacement by algae populations and a reduction
in the oxygen supply for salmon and whitefish species.

Numerous studies have show that the critical levels of P and N in fresh waters,
when a transition occurs from the meso- to the eutrophic type, are P_ > 0.01 mg/1

N, . 20.3 mg/l

Bottom sediments

In most water systems the concentrations of elements in the upper layers of the bot-
tom sediments are much higher than those of elements dissolved in the water column.
Bottom sediments act as “reserves” of many pollutants. Studying the chemical compo-
sition of bottom sediments provides reliable data about the distribution, geochemical
migration and availability of elements and compounds to living organisms inhabiting
the water bodies, and it also enables their impact on the ecosystem to be determined
or predicted. Data on the chemical composition of bottom sediments are also required
for modelling the transport of pollutants in aqueous systems and the environment as
a whole, for assessing the geochemical cycles, and for determining the availability of
elements in ecological systems.

A summary table is presented for each lake giving the organic matter content (LOI%,
i.e. loss in weight on ignition) and the concentrations of the main pollutants (Ni, Cu,
Co,Zn, Cd, Pb, As Hg) in the uppermost (0-1 cm) and the deepest (pre-industrial lev-
el) layer in the bottom sediments (usually 20-25 cm deep). Joint international studies
have demonstrated that the sedimentation rate in the lakes of northern Fennoscandia
generally doe not exceed 1 mm per year. As a result, the upper layer provides an index
of the recent load on the lake, and the deepest layer the background one, i.e. represent-
ing natural concentrations during the pre-industrial period, when there was no major
anthropogenic impact on the environment and aquatic ecosystems. Graphs showing
the depth distribution of a number of polluting elements in the lake in question were
constructed on the basis of the results of chemical analyses on the bottom sediments.
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In cases where the age of the bottom sediments had been determined, the distribu-
tion of the elements was plotted against the dated bottom sediments. This provided an
overall picture of the history of pollution of the lake and its watershed area.

Contamination level assessment

Hikanson’s method was used to assess the contamination level in the lakes (H#ikanson,
1980).
The value of the contamination factor (Cfi) was determined for each element:

G

where C | ' = the element concentration (i = Ni, Cu, Co, Zn, Cd, Pb, As, Hg) in the up-
permost layer (0-1 cm) of bottom sediments, taken from the deepest part of the water
area (accumulation zone), and C ' = background (pre-industrial) concentration in the
bottommost layer of the bottom sediment column.

The contamination factor (C) has been calculated for each pollutant or com-
pound.

If C ' > C, then the element is considered to be a pollutant. If C ' < C |, then the
element is not regarded as a pollutant.

'This approach utilizes the following classification of contamination factors (Hakan-
son, 1980): C! < 1 = low (low level of pollution of the bottom sediment by this ele-
ment); 1 < C/ < 3 = moderate; 3 < C/ < 6 = considerable; C} > 6 = high.

'The degree of pollution by chalcophile elements (C_) was determined as the sum of
all contamination factors (C/) for the given lake or the sampling site:

n n C
C=2 Cfi=X
-1 i1 C!

This approach provides a measure of the contamination factor (C}), which depicts
the pollution of the water area by both the individual chalcophile elements and their
total contribution, which is based on the determination of the degree of contamina-
tion, C,, which, in turn, expresses the overall pollution of the water body by the ele-
ments in question.

Similarly, determination of the contamination degree, which comprises the con-
tamination factors of the individual elements, is based on classification of the C, val-
ues, as suggested by Hakanson (Hékanson, 1980), as follows: C, < n=low;n< C, < 2n
= moderate; 2n < C, < 4n = considerable; C, > 4n = high pollution (nis the number of
elements) Classification of the contamination degree for 8 elements is: C, < 8 = low;
8 < C, < 16 = moderate; 16 < C, < 32 = considerable; C, > 32 = high.
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Ichthyofauna of the lakes

According to literature data, the ichthyofauna of Northern Fennoscandia lakes in-
cludes 14 species belonging to 11 families, but in our investigations only 10 species

(9 families) were registered:

Lamprey family - Petromyzontidae

Lamprey — Lampetra japonica (Martens)

Marine lamprey - Petromyzon marinus L.

Salmonids family - Salmonidae
Trout - Salmo trutta L.

Salmonids family - Salmonidae
Arctic char - Salvelinus alpinus (L.)

Whitefish family - Coregonidae
Whitefish — Coregonus lavaretus (L.)

Whitefish family - Coregonidae
Vendace - Coregonus albula (L.)

Grayling family - Thymallidae
Grayling - Thumallus thumallus (L.)

Pickerel family - Esocidae
Pike - Esox lucius L.

Perch family - Percidae
Pope - Gymnocephalus cernuus L.

Catalogue of Lakes in the Russian, Finnish and Norwegian Border Area
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Perch - Perca fluviatilis L.

Burbot family - Lotidae
Burbot - Lota lota (L.)

Carp family - Cyprinidae
Minnow - Phoxinus phoxinus

Sharplings family - Gasterosteidae
Nine-spined stickleback -
Pungitius pungitius (L.)

Thornback — Gastrerosteus aculea-
tus L.

Analyses were carried out on the fish and individual organs (pathological and mor-
phological analysis), and the degree of heavy metal accumulation (Hg, Ni, Cu, Cd and

Pb) was determined in order

to assess the influence of
pollution on the fish present
in the lakes. The following
maximum allowable values
(in pg/g wet weight) for

these elements

Hg | 0.5 in  foodstuffs
Ni |05 (fish) have been
cu |20 established in
TPy Russia,:

Pb | 1

The organs and tissues of
the fish in the lakes exhibit
certain characteristic patho-
logical changes. The most
frequently occurring ones
are depicted in the figure
below. Only the frequency
of occurrence and intensity
of the fish pathologies var-
ied in the investigated lakes.

“Segmentation” of gonads

Whitefish female ‘

Fibrogenesis development
in kidney of whitefish

Pathologies of whitefish's kidneys:
intensive fibrogenesis development nephrolithiasis

Serious pathological
transformations of whitefish
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RUSSIAN LAKES
1.1. LAKE HAUKILAMPI

Lake Haukilampi is located in the immediate vicinity of the town of Zalolyarny and
runs along the main road to Nikel. The lake is not large (area of the lake is 0.25 km?)
and is a shallow-water (maximum depth 2 m) lake of elongated form and of glacial
origin. Its maximum length is 1.6 km, and maximum width 0.4 km. The points of
maximum depth (2 m) are scattered throughout the whole water body.

River Pilgujoki flows through the lake and then into River Namajoki. According to
the landscape type, the watershed area consists of a combination of flat, low-lying areas
of glaciolacustrine flatland and tectonic massifs with scattered outcrops of quaternary
deposits reaching a height of 275.8 m (Pilgujoenvara hill). As a result of mining and
excavation over a huge area, the natural landscape has been seriously damaged, the
hill tops destroyed and the orography changed. The shores of the lake are not high,
and are covered by birch stands. The water of the lake is colourless but, during flood
periods, the colour of the water increases to 21 deg. The shores of the lake consist of
silty deposits.

Physico-geographical characteristics

Watershed River Namajoki — River Pechenga
Latitude 69°26.649’

Longitude 30°45.749'

Height above sea level, m 150.0

Maximum length, km 1.6

Maximum width, km 04

Maximum depth, m 2

Area, m? 0.25

Watershed area, km? 433

Study period 1989-2004

1.1.1. Hydrochemistry

Owing to its close proximity Hydrochemical roperties
to the Pechenganikel smelter pH 6.56-7.12
Comp]_ex’ the ]_ake iS one Of the Electrical COﬂdUCtiVity, mS/ m
most polluted in the Pechenga cm 6%_56;”
area. Airborne pollution emis- Ca, mg/I 3.18-66.4
sions have a considerable influ- Mg, mg/I , 2%6 o
ence on the water quality. “759

The water of the lake is Na, mg/! 2.85-17.4
neutral and its mean total K, mg/I 0 37%_714 36
mineralization is 178 mg/l, HCO3. ma/l 139

.. ;M

and mean alkalinity 228 peq/l. J 95”2325
During flood periods the pH SO, mg/l 8.9-320
of the water falls to 6.59 and cl, mg/! 4.14
then returns to 7.12. The lake : 3'115 ;58'67
is characterized by high con- Total mineralization, mg/| 29.1-467
centrations of base cations and - 228

) ) Alkalinity, peq/I
anions, calcium (average 25.1 156-368
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mg/1) and sulphate (average 117 mg/l) predominating.

Intensive pollution of the water body was observed throughout the monitoring
period. Pollutant concentrations are currently very high.

The annual chemical cycle of the lake is characterized by a decrease in the total
mineralization of the water to 40.2 mg/l and a drop in pH during floods and times of
high precipitation. During low-water periods (summer and autumn) the total miner-
alization increases to 467 mg/l, the oxidizability decreases and the pH rises.

'The concentrations and relationships between the species of mineral nutrients vary
according to the season, and the dynamics is to a greater extent determined by the level
of production and, consequently, the trophicity of the water body. The highest total P
concentration in the lake (up to 25 pg/l) typically occurs in autumn, and it is 3 times
higher than the concentration in spring and summer. The highest total N concentra-
tions (up to 1760 pg/1) also typically occur

during flood periods. 12
According to the concentrations of min- Water colour, deg. 5-21
eral nutrients, the lake is classified as eu- NH,, ug/! 70
trophic. The lake also has colour values and : 8213
organic matter concentrations (up to 3.7 | NO, ug/l 1_51%)0
mg/l) typical of small water bodies in the 927
region. The mean Fe concentration is 214 Total N, ug/! 250-1760
ng/L The trophic type of the water bodyisto | po ug/l 15
a great extent determined by the proximity ‘ 1.0-2.0
of the town of Zapolyarny and the smelter. | Total P, pg/I : _225
'The bottom of the lake is covered by a thick 214
layer of silt of technogenic origin. Fe, g/l 48-430
'The watershed area of Lake Haukilampi
is subjected to major anthropogenic impacts
from the “Pechenganikel” smelter, and the 33
water system to effluents from the concen- Cu, pg/l 4.7-16.0
tration plant. The main pollutants are sul- | . ug/! 109
phur compounds and heavy metals (Ni, Cu, : 18-167
Co etc.). In the 1990s the maximum con- Al, pg/I 46%3
centrations in the water were Cu 11 pg/l and 02
Ni 111 pg/l. Pollution emissions during the Pb, pg/l 0.1-03

monitoring period have resulted in higher
concentrations of Cu (up to 16 pg/1) and Ni (up to 167 pg/l).

1.1.2. Lake bottom sediments

'The sediments in Lake Haukilampi are characterized by high organic matter con-
tents: the LOI (loss in weight on ignition) value in the uppermost 1 cm layer is more
than 35% (Table 1). The lake is located at a distance of 3 km from the Pechenganikel
smelter complex, and is exposed to high levels of e.g. Ni, Cu, Co, Zn and chalcophile
elements (Pb, As, Cd and Hg) emitted from the smelter. The layers most polluted by
Ni, Cu and Zn are located in the top 7-8 cm of the lake sediments. This layer is also
seriously polluted by chalcophile elements (Fig. 1), suggesting that atmospheric emis-
sions from the smelter are the main sources of pollution in the lake. The contamination
factor values for these toxic elements range from 2.2 to 85.1 (Table 1), i.e. the values
indicate considerable and high contamination according to the classification of Lars
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Hakanson (1980). Nickel has the highest value Cf. According to Hakanson’s classifica-
tion, the degree of contamination (185.2) of this lake is high, and it is the second most
contaminated of the studied lakes after Lake Kuetsjarvi, which also receives effluent
directly from the Pechenganikel smelter complex.

Lake LOI | Cu Ni Zn Co Cd Pb As Hg C,
Haukilampi| 0-1 35.49| 1500 | 6139 | 2004 | 266 1.91 5.0 27.8 0.250
:;_ 30.71| 28 72 119 39 0.20 1.3 124 0.039
C 54.1 | 85.1 169 | 6.8 9.7 3.9 2.2 6.5 185.2
0 2000 4000 6000 pg/g 0 0.5 1 1.5 png/g
0 1 1 1 0 ] 1 1 1 1 1 1
8 §
= 5 <= 5
(=¥ . o
(5} -0\ Q
kS < —
£10 —&=Cu £10 cd
£ -z ||| £ o Hy
= ks
A @
15 15

1.1.3. Hydrobiological studies

No direct hydrobiological investigations have been carried out in this lake. Accord-
ing to earlier data for some lakes near Lake Haukilampi (Yakovlev et al., 1991), the
biodiversity of plankton and benthos communities is poor. The dominant species are
chironomids, water bugs and beetles. Sensitive species (mayfly, caddis fly and cyclo-
poids) and fish species affected by pol-

lution are absent. Physico-geographical characteristics
Watershed River Paz
Latitude 69°16.405’

1.2. LAKE KASKAMAJARVI Longitude 29°26.189'
Height above sea level, m 68.9

Lake Kaskamajarvi (watershed of the )

X | Maximum length, km 34

River Paz) is located near to the settle-

ment of Rajakoski, and 34 km to the Maximum width, km 24

south-west of the town of Nikel and 5 | Maximum depth, m 13

km from the river border with Norway. Area, m? 236

It is a small (area of the lake is 2.36 Watershed - 30

. atershed area, km .
km?), shallow (maximum depth 13 m)
lake with an indented shoreline and is | Study period 2002-2004
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Table 1.

Organic matter contents
(LOI, %) and heavy metal
concentrations (ug/g, dry
weight) in the surface
(0-1 cm) and pre-indus-
trial (17-18 cm) sediment
layers. C.and C are con-
tamination factor and
degree of contamination
values, respectively.

Fig. 1.

Vertical distribution of
the concentrations of
Ni, Cu, Zn, Cd and Hg
(ug/g, dry weight) in the
sediment core of Lake
Haukilampi.

15



of glacial origin. The maximum length is 3.4 km, maximum width 2.4 km, and the
maximum depth occurs in the central part of the lake.

According to the landscape type, the watershed area belongs to the forest-tun-
dra zone with altitudes of up to 351.5 m (Kaskama hill). The south-eastern shore is
waterlogged, and the other shores are high and abrupt. Shrubs and birch and pine
forests grow along the shoreline.

The water of the lake is colour- Hydrochemical properties

less. Boulder beds, extending to H 6.95
P 6.88-7.09
a depth of about 2-2.5 m, occur 0
in almost all parts of the littoral | Electrical conductivity, mS/cm 3237
zone. The gaps between the boul- Ca g 3.22
ders are filled with silt and peb- : 2.88-3.57
0.77
bles. Mg, mg/I 0.70.0.89
1.92
Na, mg/ 1.88-1.95
K mg/l 03%-35 40
1.2.1. Hydrochemistry o4
HCO, mg/l 9.2-:9.6
'The water of the lake is neutral 4.19
- - 50, mg/! 4.05-4.29
and is characterized by low total e
mmerahz'at}on (average 21.9 mg/l) | CI, mg/I 1842.39
and alkalinity (average 153 peq/l). Total mineralization. ma/! 219
'The lake has low concentrations /M9 21.3-224
of base cations and anions, cal- | Alkalinity, peq/! 153
. 151-157
cium (average 3.22 mg/l) and
bicarbonate (average 9.4 mg/l) 7
predominating. Water colour, deg. 925
'The total P and N concentra- NH. ua 12
tions are the main criteria used «H9 8-17
in assessing the development of NO,, ug/I 1_217
water eutrophication. The con- 64
centrations and relationships Total N, pg/I 123-198
betwee.n P and N species vary PO, g/! 111
according to the season, and the y
dynamics is to a greater extent | TotalP ug/l 35
determined by the level of pro- Fe, ug/| 36
duction and, consequently, the : 34-41
trophicity of the water body. The
concentrations of these mineral | - ug/l 1.9
nutrients during the vegetation 1.5-24
eriod are: total P up to 5 pg/l Ni, ug/I 29
P : p Hes ' 2.1-38
and total N up to 198 pg/1. AL ua 42
Based on the concentrations 9 38-45
of nutrient elements, the lake is Pb, pg/l 0% 5

oligotrophic. The lake also has
colour values, organic matter concentrations (up to 4.6 mg/l) and Fe concentrations
(mean 36 pg/l), typical of small water bodies in this region.

'The water exchange index is 0.61, i.e. full water exchange in the lake takes about
6 months. The bottom of the lake is covered with a thick layer of silt comprised of
undecomposed zooplankton debris and organic matter; this is of primary importance
for the feeding of ichthyofauna. The conditions for the growth of food organisms are
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obviously very favourable. Due to the fact that most of the lake is not deep, the circula-
tion of mineral nutrient material in water is at its greatest in the summer, which also
increases the food producing capacity of the water body.

At the present time the watershed area is subjected to relatively small anthropo-
genic impacts from the smelter. The main pollutants are sulphur compounds and heavy
metals (Ni, Cu etc.). Now that emissions have decreased, the mean concentration of

Cuis 1.9 pg/l and of Ni—2.9 pg/l.

1.2.2. Lake bottom sediments

The sediments in Lake Kaskamajarvi are characterized by low organic matter contents:
the LOI value in the uppermost 1 cm layer is less than 20 % (Table 2). The lake is
located at a distance of 35 km from the Pechenganikel smelter and is exposed to the
deposition of heavy metals (Ni, Cu, Co) and chalcophile elements (Pb, As, Cd and
Hg) emitted by the smelter. The uppermost 1 — 2 cm layer is the most strongly pol-
luted with Ni, Cu and Co. Pollution by chalcophile elements occurred earlier: the 3-4
cm sediment layer is strongly polluted by these elements (Fig. 2). The contamination
factor (C,) values for these toxic elements range from 1.4 to 5.6 (Table 2), i.e. they cor-
respond to moderate and marked contamination. Lead (Pb) has the highest C, value.
'The degree of contamination (C,) value (20.2) for this lake corresponds to considerable

contamination.
Lake "2’;““ ol | cu Ni Zn Co  «d Pb As Hg C,
jl;a:/l;ama— o1 | 1932 | 77 70 107 | 324 | 030 | 120 | 763 | 0116
1920 | 1524 | 53 26 115 | 139 | 009 | 21 483 | 0057
C, 14 2.7 0.9 2.3 3.6 5.6 1.6 20 | 202
0 0 0.1 0.2 0.3 pg/g
O 1 1 0 . 1
g ]
55 5§51
5 ‘g'\ 4
o a 1
Q 15 p
Zio 210
() =} 4
£ £ 1
315 $15 1
w2 wn 4
20 20 -

2.3. Hydrobiological studies

No direct hydrobiological investigations have been carried out in this lake. As regards
the fish fauna, Lake Kaskamajarvi is a typical reservoir for species such as trout (Salmo
trutta), whitefish (Coregonus lavaretus), grayling (Thumallus thumallus), pike (Esox
lucius), perch (Perca fluviatilis), burbot (Lota lota), minnow (Phoxinus phoxinus), and
nine-spine stickleback (Pungitius pungitius).
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Table 2.

The organic matter
contents (LOI, %) and
heavy metal concentra-
tions (ug/g, dry weight)
in the surface (0-1cm)
and pre-industrial (19-20
cm) sediment layers. C,
and C,are contamina-
tion factor and degree of
contamination values,
respectively.

Fig. 2.

Vertical distribution

of the concentrations
of Ni, Pb, Cd and Hg
(ug/g, dry weight) in the
sediment core of Lake
Kaskamajarvi.
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1.3. LAKE KEUDSHERJAUR

Lake Keudsherjaur (watershed of the River Pechenga) is located 20 km to the south of
the town of Nikel. It is a small (area of the lake 0.11 km?), shallow-water (maximum
depth 6 m) oval lake of glacial origin, with a maximum length of 4.0 km and maximum
width 1.8 km. The points of maximum depth are scattered throughout the whole water
body.

According to the landscape type, the

watershed area belongs to the forest- T ———pr————

tundra zone with heights of up to Watershed River Pechenga
251.8 m.'The lakeshores are waterlogged, | Latitude 69°08.853’
peaty and covered by shrubs and birch | Longitude 30°09.193'
stands. The water of the lake is colourless | Heightabove sea level, m 211.8
but, during flood and heavy precipitation Maximum length, km 4.0

. . Maximum width, km 1.8
periods, the colour of the water increases [y - epth, m >
to 39 deg, and becomes slightly yellow- [ Area, m? 4.66
ish. Brown silt deposits begin immedi- | Watershed area, km? 10.25
ately at the waterline. Study period 1990-2005

1.3.1. Hydrochemistry

'The water of the lake is close to neutral and is characterized by low total mineralization
values (average 14.7 mg/1) and alkalinity (average 83 peq/l). During flood periods, the
pH falls to 5.94 and then increases back to 6.50, i.e. oxidation processes do not develop
due to the buffering capacity of the water. The lake is characterized by low concentra-
tions of base cations and anions, sodium (average 1.64 mg/1) and bicarbonate (average
5.1 mg/1) predominating.

'The maximum degree of pollution of the lake occurred during the period of ex-
tremely high emissions from the smelter in the late 1980s and early 1990s. The maxi-

mum concentrations of most elements, T E——
)

especially sulphate (up to 8.4 mg/l), Cu 6.41
and Ni, occurred during this period. At pH 5.94-6.75
the present time the concentrations of | .. ductivity, mS/cm 25
these elements in the water are lower. 19-38
The annual chemical cycle in the lake | ca, mgyI 1210'_52443
is characterized by the fact that, during 074
flood and high precipitation periods, the | M3 mg/! 0.57-1.20
inflow of humic-rich water increases and Na, /! 1.64
mineralization is reduced to 11.4 mg/l, ' 1.31-2.33
the oxidizability increases and the pH | K mgy @
falls. During low-water periods, mainly 029040
in winter and autumn, and when the | HCO, mg/l 3.%.8
flow of ground water increases, the total 3s
mineralization increases slightly to 50, mg/l 2284
25 mg/l, the oxidizability is reduced and Cl, mg/ 1.8
the pH rises. ' 1424
Total mineralization, mg/| 11%3‘.0
Alkalinity, peq/I 60%28
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Total P and N concentrations in water are the main criteria used in assessing the
development of water eutrophication. The concentrations and relationships between P
and N species vary according to the season, and the dynamics is to a greater extent de-
termined by the level of production and, consequently, the trophicity of the water body.
The concentrations of total P (up to 14 pg/1) and total N (up to 276 pg/l) changed
slightly during the study period.

According to the concentrations of mineral nutrients, the lake is classified as tran-
sitional to eutrophic. The lake also has higher colour values, organic matter concentra-
tions (8.4 mg/1) and Fe concentrations (mean 125 pg/l) compared to other lakes in

this region.

'The water exchange index is 0.6, i.e. | Water colour, deg. 2;%'9
full water exchange in the lake takes 19
about 6 months. The bottom of the lake | NHy M9/ 7-28
is covered with a thick layer of silt, which NO., g/! 3
consists of undecomposed zooplankton ! 1-8
debris and organic matter. During high | Total N, ug/I 20%7 6
water periods and high precipitation in ]
the autumn, the concentrations of min- | PO M9/l 1-1
eral I}utrients (PO and‘NOS’) that de- Total P, ug/| 9
termine the lake productivity are low. 1-14

'The watershed area of the lake is subjected to anthropogenic impacts from the smelter.
The main pollutants are sulphur compounds and heavy metals (Ni, Cu etc.). Maxi-
mum Ni concentrations (9 pg/l) oc-

curred in the water during the 1990s. At | cu, pg/ ! ;% g
the present time, due to the reductions - 7y 6.
in emissions, there are higher Cu con- | Ni,pg/I 3.1-9.0
centrations (up to 3.8 pg/l) during the Al ua/l 40
summer mean water period, and of Ni - HI 16-93
(up to 4.4 ug/l) during periods of high | py, gy o % 5
water.

1.3.2. Lake bottom sediments

'The sediments of Lake Keudsherjaur are characterized by relatively high organic mat-
ter contents: the LOI value in the uppermost 1 cm layer is slightly below 30% (Table
3).'The lake is located at a distance of 28 km from the smelter complex, and is exposed
to the deposition of heavy metals (Ni, Cu, Co) and chalcophile elements (Pb, As, Cd
and Hg). The top 3-4 cm of the lake sediments is the most heavily polluted by Ni, Cu
and Co. Pollution by chalcophile elements started earlier: the top 5-7 cm of the sedi-
ments especially is polluted by these elements (Fig. 3). The contamination factor values
of these toxic elements range from 2.2 to 9.4 (Table 3), i.e. the values correspond to
considerable and high pollution contamination. Pb has the highest C, value. The de-
gree of contamination value (41.5) for this lake corresponds to high contamination.
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Table 3.

The organic matter
contents (LOI, %)

and heavy metal
concentrations (ug/g,
dry weight) in the
surface (0-1 cm) and
pre-industrial (15-16 cm)
sediment layers. C.and
C,are contamination
factor and degree of
contamination values,
respectively.

Fig. 3.

Vertical distribution of
the concentrations of
Ni, Cu, Pb, Cd and Hg
(ug/g, dry weight) in the
sediment core of Lake
Keudsherjaur.

20

Lake Layer,cm  LOI Cu Ni Zn | Co cd Pb As Hg C,

Keudsherjaur 0-1 27.53 | 45 65 50 8.7 | 022 | 129 | 3.36 | 0.072
15-16 2791 8 15 93 39 | 003 | 14 | 1.16 | 0.009

0 0 0.1 02 pgg
0+ 01 '
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1.3.3. Hydrobiological studies

No direct hydrobiological investigations have been carried out in this lake.

1.4. LAKE KIRIKOVANJARVI

Lake Kirikovanjarvi (watershed of the River Pechenga) is located 4 km to the south
of the settlement of Pechenga. It is a small (area of the lake 0.36 km?), shallow-water
(maximum depth 8 m) elongated oval lake of glacial origin. The maximum length is
01.2 km, and maximum width 0.4 km. The point of maximum depth (8 m) is located in
the central part of the lake. In the eastern and western parts of the lake the maximum
depths are small, up to only 4 m.

Accordlng to the landscape type, the Physico-geographical characteristics

watershed area represents a combina- [ \yatershed River Pechenga
tion of flat, low-lying areas of glaciola- | Latitude 69°30.358’
custrine flatlands, and tectonic massifs | Longitude 31°13.916'
with a height of upto 180.8 m. The lake [ Heightabove sealevel, m 786
shores are high and covered by birch and Max!mum tength, km 12

. . aximum width, km 0.4
pine forests. The water of the lake is col- [y i depth, m 3
ourless. Area, m? 036

Boulder beds occur in almost all | Watershed area, km? 32

parts of the littoral zone. The gaps be- L Study period 2004
tween the boulders are filled with sand
and pebbles.
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1.4.1. Hydrochemistry

'The water of the lake is neutral and is characterized by low total mineralization values
(average 27.8 mg/1) and low alkalinity (average 135 peq/1). The lake has low concentra-
tions of base cations and anions, sodium (average 4.24 mg/1) and bicarbonate (average

8.2 mg/1) predominating.
8 )P 8 Hydrochemical properties

6.99
Based on the concentrations of mineral | PH 6.98-6.99
nutrients, the lake is classified as oligo- , - 46
~ . Electrical conductivity, mS/cm —
trophic. The concentrations of total P are Y 46-46
6 pg/l, and of total N 112 pg/l. The lake | ca, mg/I 5 2%47
also has colour values, organic matter B
) 1.25
concentrations (up to 5.2 mg/l) and Fe | Mg, mg/l 124-126
concentrations (mean 47 pg/l) typical of Na. ma/] 4.4
small water bodies in this region. Dur- /M9 4.24-4.24
ing high water periods and high precipi- | k mg/ o 5(;-5(?58
tation events in the autumn, the concen- : s 2'
trations of mineral nutrients (PO, and | HCO, mg/l 8.-82
NO,) that determine the lake produc- 4.86
3 S0,, mg/I :
tivity are low. « 4.79-4.83
'The water exchange index is 1.1,1.e. | ¢ mgy 6% 5
full water exchange in the lake takes ST
about one year. Total mineralization, mg/I 27.6-28.0
135
. Alkalinity, peq/I .
'The watershed area of the lake Kiriko- yred 135-135
vanjarvi is subjected to anthropogenic
impacts from the smelter. The main
19
pollutants are sulphur compounds and | Water colour, deg. 16-19
heavy metals (Ni. Cu, Co etc.). In spite of 5
the fact that emissions from the smelter | NHe b9/ 2-9
hallve been reduced to apprommately one | o, g/ 122
third of the peak levels in the late 1970s, -
the deposition of pollutants still has an | Total N, ug/I 65%19
impact on the water body. Copper (up to ]
4.3 pg/1) and Ni (up to 11.3 pg/l) con- | POx b9/l 1-1
centrations in the vicinity of thf? smelter | - P, g/ 6
are substantially higher than in other 66
parts of the region Fe, ug/l 47
: ' 45-50
. Cu, pg/l 41
1.4.2. Lake bottom sediments 4.0-4.3
. 10.6
Ni, ug/l 10.0-11.3
'The sediments of Lake Kirikovanjarvi are e
characterized by relatively low organic | Al hg/l 39-48
matter contents, with LOI values in the o L] 0.14
uppermost 1 cm layer of slightly more 'H9 0.13-0.21

than 20% (Table 4). The lake is situated
at a distance of 18 km from the smelter, and is exposed to significant atmospheric
impacts of emissions from the smelter. This is reflected in the increased concentrations

of heavy metals (Ni, Cu, Co), and chalcophile elements (Pb, As, Cd and Hg). The top
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Table 4.

The organic matter
contents (LOI, %) and
heavy metal concentra-
tions (ug/g, dry weight)
in the surface (0-1 cm)
and pre-industrial (20-21
cm) sediment layers. C,
and C,are contamina-
tion factor and degree of
contamination values,
respectively.

Fig. 4.

Vertical distribution of
the concentrations of Ni,
Cu, Cd and Hg (ug/g, dry
weight) in the sediment
core of Lake Kirikovan-
jarvi.

22

3-4 cm of the lake sediments is the most severely polluted by these elements, which
are toxic to hydrocoles (Fig. 4).

The contamination factor values for these toxic elements range from 3.9 to 11.4
(Table 4), i.e. the values correspond to considerable and high pollution contamination.
Pb has the highest C, value. The main source of Pb deposition from the atmosphere is
the use of gasoline containing the anti-knock additive, tetraethyl-lead. The contamina-
tion value (51.6) for this lake corresponds to high contamination.

Lake Layer,cm LOI Cu Ni Zn Co Cd Pb As Hg C,
Kirikovanjarvi 0-1 20.01 | 202 | 183 | 120 | 346 | 1.00 | 180 | 471 | 0.214
20-21 | 2056 | 32 26 88 88 | 009 | 1.6 | 0.85 | 0.040
Cf 6.4 6.9 1.4 39 {109 | 114 | 55 5.3 51.6
0 100 200 pg/g 0 0.4 0.8 pg/g
O_ 1 1 1 1 0 . 1 IAIM
g g
° 5] ° 57
S S
g ] g ]
10 1 == Ni =10 7 ——Cd
= ] = ]
£ Qg —&—Hg
=15 1] ©15 1
@] @]
20 1 20 1

1.4.3. Hydrobiological studies

No direct hydrobiological investigations have been carried out in this lake. Despite
the absence of ichthyological data, Lake Kirikovanjarvi is most likely populated by the
same freshwater fish species present in the other studied lakes.

1.5. LAKE KJANTEJARVI

Lake Kjantejarvi (watershed of the Barents Sea) is located 2 km to the north of the
settlement of Liinakhamari, and is a source of drinking water for the local inhabitants.
'The road to Nemetskaya Bay on the Barents Sea runs along the edge of the lake. It is a
small (area of the lake 0.36 km?), shallow-water (maximum depth 15.5 m) lake of gla-
cial origin with an indented shoreline. The maximum length is 1.2 km, and maximum
width 1.1 km. The point of maximum depth (15.5 m) is located in the central part of
the lake.

According to the landscape type, the watershed area belongs to the tundra zone
with heights of up to 380.6 m (Iso-Kiventunturi fell). The lake shores are high and
rocky, and the water in the lake is colourless.

Boulder beds occur in almost all parts of the littoral zone. The gaps between the

boulders are filled with pebbles.
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1.5.1. Hydrochemistry

Physico-geographical characteristics

Pechenga Bay—

The water of the lake is close to neutral WatcerShed the Bfrents >ed
and is characterized by low total miner- Latitude 5939427

L. Longitude 31°20.936
alization values (mean 19.2 mg/l) and Height above sea level, m 66.0
alkalinity (mean 23 peq/l). The lake has | Maximum length, km 12
low concentrations of base cations and | Maximum width, km 1.1
anions, sodium (average 3.91 mg/l) and | Maximum depth, m 15.5
chloride (average 6.98 mg/l) predomi- [ Aream’ 0.36

. Watershed area, km? 8.9

nating. Study period 2004

Based on the concentrations of mineral

Hydrochemical properties

nutrients, the lake is classified as oligo- oH 6.48
trophic. The mean concentration of total : - 6.41-6.54
P is 5 g/l and of total N 107 g/l The | Flectrical conductivity, 2
lake also has colour values, organic mat- 151
ter concentrations (up to 3.7 mg/l) and Ca, mg/| 1.50-1.53
Fe concentrations (mean 21 pg/l) typi- Mg, mg/ 071
cal for small water bodies in the region. ' 0.70-0.72
During high water periods in the sum- | Na, mg/I 3 9%91
mer the concentrations of mineral nu- .038.
trients (PO, and NO,) that determine | Km9/ ' 0.37-0.39
the lake productivity are low. HCO,, ma/! 14
The water exchange index, which ¥ 0.2-2.6
determines the concentration of min- | 5o mg/l 4.28
« Mg 4.13-4.43
eral nutrients in the lake is 2, i.e. full : o 98'
water exchange in the lake takes about | Cl.mg/l 6.82-7.14
2 years. o 19.2
Total mineralization, mg/I 18.3-20.1
. 23
Alkalinity, peq/I 343
Although the watershed area of the lake Water colour. de 11
. N ur, .
is relatively remote from the Pechen- d 10-11
ganikel smelter (34 km), emissions from NH,, ug/! : _917
the smelter do have an impact on it. The s
main pollutants are sulphur compounds | NO, pg/l 18
and heavy metals (Ni. Cu, Co etc.). In Total N. ua/] 107
spite of the fact that emissions from the /ha 57-158
smelter have been reduced to approxi- PO,, g/l 1%1
mately one third of the peak levels in the .
late 1970s, the deposition of pollutants | Total P, pg/I 45
still influences the quality of the water 21
body. Maximum Cu and Ni concentra- Fe, g/l 19-23

tions in the near-bottom water layer are

5.2 pg/l and 9.8 pg/l, respectively.
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Table 5.

The organic matter
contents (LOI, %) and
heavy metal concentra-
tions (ug/g, dry weight)
in the surface (0-1 cm)
and pre-industrial (15-16
cm) sediment layers. C,
and C,are contamina-
tion factor and degree of
contamination values,
respectively.
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1.5.2. Lake bottom sediments 3.7

Cu ug/l 2252
The sediments of Lake Kjantejarvi are | Nj, ug/l 82%8
characterized by relatively low organic 3

matter contents: the LOI value in the | Al pg/l 21-26

uppermost 1 cm layer is less than 20 % 0.20

(Table 5). The lake is located at a dis- 0.19-0.21

tance of 33 km from the “Pechenganikel”

smelter, and is exposed to the impacts of atmospheric pollution originating from the
smelter. This is reflected as an increase in the concentrations of heavy metals (e.g. Ni
and Co), and chalcophile elements (mainly Cd, Pb and Hg). The contamination factor
values for these elements range from 2.0 to 6.4 (Table 5), i.e. the values correspond to
moderate and considerable contamination. Co has the largest C, value. The degree of
contamination value (20.5) for this lake corresponds to considerable contamination.

Pb, pg/I

Lake Layer,cm  LOI Cu Ni Zn Co Cd Pb As Hg C

Kjantejarvi 0-1 1859 | 112 | 159 | 218 | 3645 | 0.78 | 46.7 | 6.18 | 0.153
15-16 1537 | 89 54 | 233 | 56.8 | 040 | 13.2 | 453 | 0.072

C 1.3 |1 29 | 09 | 64 | 2.0 3.5 1.4 2.1 20.5

1.5.3. Hydrobiological studies

No direct hydrobiological investigations have been carried out in this lake. Despite
the absence of ichthyologic data, this lake is a typical salmonid (trout and arctic char)
water body.

1.6. LAKE LN -2

Lake LN-2 (watershed of the River Kolosjoki) is located 6 km to the east of the town
of Nikel. It is a small (the area of the lake is 0.11 km?), shallow-water (maximum
depth 6 m) elongated oval lake of glacial origin. The maximum length is 0.6 km, and
maximum width 0.3 km. The point of maximum depth (6 m) is located in the central
part of the lake.

According to the landscape type, the watershed area represents a combination of
flat, low-lying areas of glaciolacustrine flatlands, with a height of up to 482 m. The
shores of the lake are not high and are covered by peatland. The southern shore is wa-
terlogged, with a cover of dwarf arctic birch and dwarf shrubs. The water of the lake is
colourless but, during periods of high precipitation in the summer, the colour of water
increases slightly.

Boulder beds are common in almost all parts of the littoral zone, and extend down

to a depth of about 2-2.5 m. The gaps between the boulders are filled with silt.
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Physico-geographical characteristics

1.6.1. Hydrochemistry
river — Lake
. . .. W. h K jarvi— Ri
'The lake is, due to its close proximity to atershed uetsja;‘gz ver
the Pechenganikel smelter, one of the [ Giude 69°25.454"
most polluted lakes in the Pechenga | Longitude 30°23.747'
area. Airborne industrial pollution has a | Height above sea level, m 210.0
major impact on the quality of the lake | Maximum length, km 0.6
Maximum width, km 0.3
water. Maximum depth, m 6
‘ The water of'the I?Lke '1s neutral, and Area, m? XE
its mean total mineralization 164.4 mg/l [ Watershed area, km? 25
and mean alkalinity 174 peq/l. During | Study period 2003-2007

flood periods the pH falls to 6.73 and

then increases back to 7.15, i.e. oxidation processes do not develop as a result of the
buffering capacity of water. The lake is characterized by high concentrations of base
cations and anions, with calcium (average 31.8 mg/1) and sulphate (average 105 mg/1)
predominating.

The concentrations of most elements in the water, especially sulphate (up to
115 mg/1), and Cu and Nj, are currently at a high level.

'The annual chemical cycle of the lake is characterized by no significant changes in
total mineralization during the flood period and episodes of high precipitation, as well
as during low-water periods (mainly in the autumn and winter) when the inflow of
groundwater increases.

The concentrations and relationships Hydrochemical properties

between mineral nutrient species vary o 6.97
according to the season, and the dynam- : _ 6.73-7.15
ics is to a greater extent determined by Electrical conductivity, 252
. mS/cm 229-268
the level of production and, consequent- 318
ly, to the trophicity of the water body. | Camg/l 38.1-34.4
The highest total P concentrations in Mg, mg/ 8.77
the lake (up to 13 pg/l) typically occur ' 8.06-9.68
during the summer, and they are 3 times | Na, mg/I , 035%00
higher than the concentrations during ' 0_6 T
flood periods. The highest total N con- | K mg/I 0.50-0.77
centrations (up to 189 pg/l) also occur 10.7
) . . HCO,, mg/! 0L
during the vegetation period. 7.6-13.4
Based on the concentrations of min- | o mg 105
4 -
eral nutrients, the lake is classified as 96115
oligotrophic. The colour values, organic | Cl,mg/I 2.00-4.75
matter concentrations (up to 4.9 mg/l) [ Total mineralization, 164
and Fe concentrations (mean 116 pg/l) | mg/l 146-179
are also typical of small water bodies in | Ajqjinity, peq/l 174
the region. The water exchange index is 124-220

4.3, i.e. full water exchange in the lake

takes about 4 years. As the lake is not deep, the circulation of mineral nutrients in the
water speeds up during the summer. During high water periods and episodes of high
precipitation in the autumn, the concentrations of mineral nutrients (PO,* and NO,")
that determine the lake productivity are low.
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The watershed of LN-2 is subjected |, .- colour, deg. 9
to severe anthropogenic impacts from 512
the smelter. The main pollutants are sul- | NH4, ug/I 5 _§27
phur compounds and heavy metals (Ni. 3
Cu, Cd, Cr, Zn, As, Hg etc.). In spite of | NO3, g/l 1-10
the fact that emissions from the smelt- 138
. Total N, pg/I
er have been reduced to approximately 95-189
one third of the peak levels in the late | poa, ug/l 1%7
1970s, the deposition of pollutants still :
has a considerable impact on the water | Total P ug/l 213
body. Copper (up to 13 pg/1) and Ni (up Fe Lo/l 116
to 340 pg/1) concentrations in the water 9 45-250
bodies in the vicinity of the smelter are T
considerably higher than in other parts | Cu,ug/I 67-13.0
of the region. . 265
Ni, uo/! 157-340
Al ug/ 14?19 40
Pb, ug/! 0.%.1

1.6.2. Lake bottom sediments

The sediments of Lake LN-2 are characterized by relatively low organic matter con-
tents: the LOI value in the uppermost 1 cm layer is less than 20% (Table 6). The lake
is located at a distance of 8 km from the “Pechenganikel” smelter, and is subjected
to severe airborne pollution comprising heavy metals (Ni, Cu, Co) and chalcophile
elements (Pb, As, Cd and Hg). The top 4-5 cm layer of the lake sediments is heavily
polluted by Ni, Cu and Co, as well as by chalcophile elements, originating from the
smelter (Fig. 5). The factor values of these toxic elements range from 3.7 up to 36.7
(Table 6), i.e. they correspond to considerable and high contamination. Pb has the
Table6. highest C, value. The degree of contamination value (134.0) for this lake corresponds

Theorganic matter ., hiohy contamination, and it is one of most contaminated of the studied lakes.
contents (LOI, %) and
heavy metal concentra-

tions (ug/g, dry weight)

in the surface (0-1cm) | ake Layer,cm  LOI Cu Ni Zn Co Cd Pb As Hg C,
and pre-industrial (17-18
cm) sediment layers. C, LN-2 0-1 1792 | 1949 | 3535 | 108 |123.1| 0.93 8.8 | 31.80 | 2.890
and C,are contamina-
tion factor and degree of 17-18 21.40 53 214 121 262 | 0.25 1.0 | 429 | 0.052
contamination values, ¢ 367 | 165 | 09 | 47 | 3.7 | 84 | 7.4 | 556 | 134.0
respectively. f
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1.6.3. Hydrobiological studies

The most abundant groups of phytoplankton are diatoms and xantophyta (Sharov,
2004). According to earlier studies (Yakovlev et al., 1991), the lakes close to the
“Pechenganikel” smelter have low biodiversity levels. The dominant species are chi-
ronomids, water-bugs and beetles. No fish are present in this lake.

1.7. LAKE LN-3.

Lake LN-3 (watershed of the River Kolosjoki) is located 14 km to the east of the town
of Nikel, and 9 km to the west of the town of Zapolyarny. It is a small (area of the
lake 0.05 km?), shallow-water (maximum depth 7 m) round lake of glacial origin. The
maximum length is 440 m, and maximum width 180 m. The point of maximum depth
(7 m) is located in the central part of the lake.

According to the landscape type, the watershed area belongs to the tundra zone
with heights extending up to 320 m. The lake shores are not high and are rocky. The
water of the lake is colourless.

Boulder beds are present in almost all parts of the littoral zone, and extend down to

a depth of about 2-2.5 m. The gaps between the boulders are filled with pebbles.

1.7.1. HydrOChemls"y Physico-geographical characteristics

River Kolosjoki—
'The lake is one of the most polluted lakes | Watershed Lake Kuetsjarv—
in the Pechenga area, due to its vicinity River Paz
« . ” . Latitude 69°26.224'
to the “Pechenganikel” smelter. Airborne - - .
industrial polluti h .. . Longitude 30°34.911
industrial poliu 1(?n as 4 major 1mpac Height above sea level, m 280.0
on the water quality. Maximum length, km 0.44
The water of the lake is neutral and | Maximum width, km 0.18
the mean total mineralization 29.5 mg/l | Maximum depth, m 7
P . 2
and mean alkalinity 109 peq/l. During |-Ar€am 0.05
flood periods the pH of the water falls Watershed area, km* 061
p p Study period 2003-2007

to 6.56 and then rises back to 6.99, i.e.
oxidation processes do not develop due to the buffering capacity of the water. The lake
has high concentrations of base cations and anions, calcium (average 4.8 mg/l)
and sulphate (average 10.1mg/l) predominating.
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Fig. 5.

Vertical distribution of
the concentrations of Ni,
Cu, Cd and Hg (ug/g, dry
weight) in the sediment
core of Lake LN-2.
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'The annual chemical cycle of the lake is characterized by no significant changes in
the total mineralization of the water during flood periods and episodes of high precipi-
tations, and during low-water periods (mainly in the winter and autumn) and when

the inflow of groundwater increases.
The composition and relationships
between mineral nutrient species vary

Hydrochemical properties

according to the season, and the dynam- 6.75
ics is to a greater extent determined by pH 6.56-6.99
the level of production and, consequent- | Ejectrical conductivity, mS/cm 20
ly, the trophicity of the water body. The 46-55
highest total P concentration in the lake | Ca, mg/I 4.£_7
(up to 11 pg/1) typical occurs during the 0.90
summer, and the total P concentration Mg, mg/l 0.80-1.03
is 1.5-2 times higher than during flood Na, mg/I 2.62
periods. The highest total N concentra- 242287
tions (up to 381 pg/l) also typically oc- | K, mg/l 0.1%58
cur during the vegetation period. 67
Based on the concentrations of min- | MO M9/ 4980
eral nutrients, the lake is classified as oli- 50, mg/l 10.1
gotrophic. The lake also has colour val- ! 865104
ues, and organic matter (up to 4.6 mg/l) | I, mg/I 3 4%95
and Fe concentrations (mean 93 pg/l) o5
typical of the small water bodies in this Total mineralization, mg/| 26.9-32.8
region. 'The water excha‘nge index is 1.5, Alkalinity, peq/! m
i.e. full water exchange in the lake takes 81-131
about one year and a half. As the lake is
not deep, the circulation of mineral nu-
trients in the water is faster during the
summer. During flood periods and high | Water colour, deg. 2%5
precipitation episodes in the autumn, 12
the concentrations of mineral nutrient | NHeM9/ ! 1-53
species (PO,* and NO,") that determine NO., g/ z
the lake productivity are low. ’ 1-36
Total N, pg/I 13%81
The watershed of lake LN-3 is sub- 1
jected to severe anthropogenic impacts PO4, ug/! 1-2
from the smelter. The main pollutants | 1o P g/l 6
are sulphur compounds and heavy met- Zalll
als (Ni. Cu, Cd, Cr, Zn, As, Hg etc.). In | Fe, pg/l 37%30
spite of the fact that emissions from the
smelter have been reduced to approxi-
mately one third of the peak levels in the
late 1970s, the deposition of pollutants Cu, g/ 13.6
still has a considerable impact on the ' 7.90-26.5
water body. Copper (up to 26.5 pg/l) and | Nj, ug/! 11
. . . 76-159
Ni (up to 150 pg/1) concentrations in the >
vicinity of the smelter are substantially | Al ng/l 4536
higher than in other parts of the region. 03
Pb, ug/l 0.1-0.7
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1.7.2. Lake bottom sediments

'The sediments of Lake LN-3 have relatively high organic matter contents, with LOI
values for the whole sediment core of more than 35% (Table 7). The lake is located at
a distance of 9 km from the smelter, and subjected to significant airborne pollution of
heavy metals (Ni, Cu, Co) and chalcophile elements (Pb, As, Cd and Hg). The top 3-4
cm of the lake sediments are the most strongly polluted by Ni, Cu and Co, and the top
5-6 cm also by chalcophile elements (Fig. 6), i.e. pollution by these very toxic elements
has begun at an earlier date. The contamination factor values for these toxic elements
range from 3.2 up to 36.2 (Table 7), which correspond to considerable and high con-
tamination. Hg (one of the most toxic and dangerous elements for hydrobionts) has
the largest C, value. The degree of contamination value (99.8) for this lake corresponds
to high contamination.

Lake Layer,cm  LOI Cu Ni Zn Co Ccd Pb As Hg G,
LN-3 0-1 36.61 81 103 72 10.6 0.30 104 | 3240 | 0.362
30-31 36.56 22 13 54 33 0.05 0.7 1.16 | 0.010
o 3.6 7.8 13 3.2 5.5 143 | 27.9 | 36.2 99.8
0 50 100 pg/'s

0 1 0

g 5 g 5
<£10 £10

a, o,

Q (]
ZIs =15

= =]

o Q
£20 £20
=S 3

(5] [
N5 25

30 30

1.7.3. Hydrobiological studies

Lake LN-2 LN-3 has low biodiversity levels. The dominant species are chironomids,
water-bugs and beetles. No fish are present in this lake.
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Table 7.

The organic matter
contents (LOI, %) and
heavy metal concentra-
tions (ug/g, dry weight)
in the surface (0-1 cm)
and pre-industrial
(30-31 cm) sediment
layers. C.and C  are con-
tamination factor and
degree of contamination
values, respectively.

Fig. 6.

Vertical distribution of
the concentrations of Ni,
Cu, Pb, Cd and Hg (ug/g,
dry weight) in the sedi-
ment core of Lake LN-3.
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1.8. LAKE NJASJUKKAJARVI

Lake Njasjukkajarvi (watershed of the river Pechenga) is located 5 km to the west of
the settlement of Pechenga and 3 km to the east of the Russian-Norwegian border. An
earth road passes by along the lake to the coast of the Barents Sea. It is a rather large
(area of the lake 9.5 km?), shallow-water (maximum depth 7 m) elongated oval lake of
glacial origin. The maximum length is 6.2 km and maximum width 2.6 km. The point
of maximum depth (6 m) is located in the central part of the lake. The River Njasu-
kkjajoki flows out of the lake.
According to the landscape type, the

watershed area belongs to the forest- Physico-geographical characteristics

tundra zone Wlt.h heights of up to 292 | \v-tershed R'V;f NJa;Uk:]aJOkk'
m (Selkjatunturi fell). The eastern shore e - 2’99:339;3;”93
of the lake is high and covered by shrubs atitude P

. 1 Longitude 31°02.151
and birch forest. The watershed area is Height above sea level, m 65.8
waterlogged in the south. The water in | Maximum length, km 6.2
the lake is colourless. Maximum width, km 2.6

There are some boulder beds and Maximuzm depth, m 7

sandy beaches in the littoral zone. The [Aream - 9>

betw the bould filled with Watershed area, km 98.0
gaps between the boulders are filled wi Study period 2004

sand and pebbles.

1.8.1. Hydrochemistry

"The water of the lake is neutral, and is TRl At

characterized by low total mineralization H 6.97
values (average 26.2 mg/l) and alkalinity | " 6.94-6.99
(average 120). The lake has low concen- | gjectrical conductivity, mS/cm 4;%4
trations of base cations and anions, sodi- >
um (average 4.08 mg/1) and bicarbonate | Ca, mg/I 215-2.29
(average 7.4 mg/1) predominating. | 116
Mg, mg/ 116-1.16
Based on the concentrations of min- 4.08
Na, mg/! 4.04-4.13
eral nutrients, the lake is oligotrophic. —
The concentration of total P is 4 pg/l | K, mg/l 925
H& ’ 0.54-0.57
and total N — 120 pg/1. The lake also has 74
3 HCO,, mg/I 55
colour values, organic matter concentra- 3 7374
tions (up to 4.3 mg/l) and Fe concen- 50, mg/! 4%9
trations (mean 31 pg/1) typical of small 639
water bod.les in the region. During high | Cl, mg/I 6.29.-6.55
water periods in the summer the con- . 266
centrations of mineral nutrient species Total mineralization, mg/! 26.2-27.0
5 . .
(PO and .N‘OS ) that determine the Alkalinity, peq/! 12%21
lake productivity are low. -

'The water exchange index, which de-
termines the concentrations of mineral nutrients in the lake is 1,8, i.e. full water ex-
change in the lake takes about 2 years. The bottom of the lake is covered with a thick
layer of silt, which consists of undecomposed zooplankton debris and organic matter.
These properties are of primary importance for the feeding of ichthyofauna. The condi-
tions for the growth of food organisms are obviously highly favourable.
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The low micronutrient concentra-

15
tions of the water entering the water Water colour, deg. 14-15
body reflect the low level of chemical | Ny g/ Z
weathering of the minerals present in 4'710
the watershed area. Although the water- | NO,, ug/I 7.7
shed of Lake Njasjukkajarvi is relatively 102
distant from the Pechenganikel smelter Total N, ug/! 91-114
(20 km), it is subjected to anthropogenic PO4, g/l 1
impacts. The main pollutants are sulphur 1
compounds and heavy metals (Ni, Cu, | Total P, ug/I 4%4
Co etc.) In spite of the fact that emis- 31
sions from the smelter have been re- | F&b9/! 24-39
duced to approximately one third of the
peak levels in the late 1970s, the deposi-
tion of pollutants still has an impact on
the water body. The average Cu and Ni Cu.ual 3.8
concentrations are 3.8 pg/l and 12 pg/l, 'H9 3.4-43
respectively Ni, pg/! 12.122_-122 ,
Al, pg/! 25%8
. Pb, ug/! 0.17
1.8.2. Lake bottom sediments 0.15-0.20

'The sediments of Lake Njasjukkajarvi have relatively low organic matter contents: the
LOI value in the surface 1 cm layer is less than 20% (Table 8). The lake is located at
a distance of 20 km from the smelter, and is subjected to airborne pollution from the
smelter that primarily consists of heavy metals (Ni, Cu, Co) and chalcophile elements
(mainly Cd, As and Hg). The contamination factor values for these toxic elements
range from 1.6 to 3.9 (Table 8), i.e. the values correspond to moderate and consider-
able contamination. Copper has the highest C_value. The degree of contamination
value (16.5) for this lake corresponds to considerable contamination.

Lake Layer,cm LOI Cu Ni Zn Co Cd Pb As Hg C,
Njasjukkajarvi 0-1 18.23 | 131 141 101 | 370 | 0.11 | 3.0 | 7.26 | 0.023
14-15 8.34 33 41 101 | 163 | 0.07 | 3.2 | 457 | 0.014
C 3.9 3.4 1.0 | 23 1.7 | 09 1.6 1.7 16.5

1.8.3. Hydrobiological studies

No direct hydrobiological investigations have been carried out in this lake. The fish
fauna in Lake Njasjukkajarvi is characterised by species such as trout (Salmo trutta),
whitefish (Coregonus lavaretus), grayling (Thumallus thumallus), pike (Esox lucius),
perch (Perca fluviatilis), burbot (Lota lota), minnow (Phoxinus phoxinus) and nine-
spine stickleback (Pungitius pungitius).
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Table 8.

The organic matter con-
tents (LOI, %) and heavy
metal concentrations
(ug/g, dry weight) in the
surface (0-1 cm) and
pre-industrial (14-15 ¢cm)
sediment layers. C.and
C,are contamination
factor and degree of
contamination values,
respectively.
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1.9. LAKE PALOJARVI

Lake Palojarvi (watershed of the River Pechenga) is located 6 km from the Russian-
Norwegian border and 4 km to the north of the town of Zapolyarny, and is a source
of drinking water for the local inhabitants. It is a small (area of the lake 2.76 km?),
shallow-water (maximum depth 5 m), almost oval lake of glacial origin. The maximum
length is 2.8 km and maximum width 2.2 km. The points of maximum depths (5 m)
occur throughout the whole water body.

'The lake belongs to the Paz lake-river system, and is connected to the system by a
small stream. According to the landscape type, the watershed area consists of a com-
bination of flat low-lying areas of glaciolacustrine flat lands and tectonic massifs with
abrupt outcrops of quaternary deposits,
with a height of up to 371.6 m (Maatun-

32

. Physico-geographical characteristics
turi fell). The shores of the lake are not hlsR e el . —
) . h River Namajoki—
high, and are covered by birch stands. | Watershed River Pechenga
The water of the lake is colourless but, | Latitude 69°27.076'
during flood periods, the colour of water | Longitude 30°45.356'
increases to 38 deg. and becomes slightly | Heightabove sealevel, m 1556
. Maximum length, km 2.8
yellowish. - -
. Maximum width, km 2.2
Boulder beds and mudflats occur in oo depth, m 5
the littoral zone. Dark brown silt de- | Area, m? 276
posits are predominant throughout the | Watershed area, km? 86.0
whole area of the lake. Study period 1990-2007

1.9.1. Hydrochemistry

'The lake is one of the most polluted lakes in the Pechenga area owing to its close prox-
imity to the Pechenganikel smelter. Airborne pollution has a considerable impact on
the water quality.

The water of the lake is close to neutral and the mean total mineralization is 27.0
mg/l and mean alkalinity 141 peq/l.

During flood periods the pH of the Hydrochemical properties

water falls to 6.39 and then returns to H 6.71
6.97. The lake has high concentrations P 6.39-6.97
of base cations and anions, calcium (av- | glectrical conductivity, mS/cm 5 ;‘% .
erage 3.15 mg/1) and bicarbonate (aver- T
age 8.6 mg/l) predqmmatmg. Ca, mg/I 262-4.19
Intensive pollution of the lake oc- I 121
curred during the late 1980s to early Mg, mg/ 1.06-1.67
1990s when emissions from the smelter 295
Na, mg/l 261-3.73
were at peak levels. At that time the o
concentrations of most elements in the | K, mg/l 0.36-0.59
water, especially sulphate (up to 8.84 86
mg/l), Cu and Ni, also reached their HCO,, mg/l 7.0-12.3
maximum. The concentrations of these | ¢; g/l 649
elements, as well as other elements that N 5:46-9.60
characterize the state of the water, are | Cl, mg/I 3 5% pu
currently still high. 7.0
The annual chemical cycle of the Total mineralization, mg/I 23.1-374
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lake is characterised by a reduction in the total mineralization to 23.1 mg/1 and fall in
pH during flood periods and episodes of high precipitation. During low-water periods,
mainly in the autumn and winter, and when the inflow of ground water increases, the
total mineralization of the water increases slightly to 37.4 mg/l, the oxidizability is
reduced and the pH rises.

'The concentrations and relationships between species of mineral nutrients vary ac-
cording to the season, and the dynamics is to a greater degree determined by the level
of production and, consequently, the trophicity of the water body. The highest total
P concentration (up to 17 pg/l) typically occurs during flood periods, when it is 2-3
times higher than the total P concentrations during low-water periods. The highest
total N concentrations (to 340 pg/1) occur during the winter period.

According to the concentrations of

mineral nutrients, the lake is classified %
as mezotrophic. The lake also has colour | Water colour, deg. 15-38
values and organic matter concentrations NH, g/ 19
(up to 5.4 mg/l) typical of small water “ 6-40
bodies in the region. The mean Fe con- NO, pg/! 1%8
centration is 193 pg/l. The trophic type 500
of the water body is to a considerable | TotalN, ug/l 116-340
extent regulated by its close proximity to N 2
the town of Zapolyarny and the smelter. i 1-2
'The water exchange index is 4.9, i.e. full | Total P, ug/I 1%7
water exchange in the lake takes about 5 1_93
years. The bottom of the lake is covered | Fe ng/l 30-500
with a thick layer of silt, which consists

of undecomposed organic matter debris.

'The watershed of Lake Palojarvi is 1.1
subjected to major anthropogenic im- cu g/l 7.0-174
pacts from the Pechenganikel smelter. Ni, pg/I 40
'The main pollutants are sulphur com- 2562
pounds and heavy metals (Ni. Cu, Co | Al, ug/I 1 l%l7
etc.). SO, emissions from the smelter 02
have caused the oxidation of surface wa- | > H9/! 0.1-0.6

ter and the pollution of ground water

owing to the leaching of elements from the surface soil. Maximum Cu (11 pg/l) and
Ni (36 pg/1) concentrations were reported in the water in 1990s. Despite the reduction
in emissions from the smelter, elevated Cu (up to 17.4 pg/1) and Ni (up to 62 pg/l)
concentrations occurred throughout the study period.

1.9.2. Lake bottom sediments

'The sediments of Lake Palojarvi are characterized by relatively high organic matter
contents: the LOI value in the uppermost 1 cm layer is more than 65% (Table 9). The
lake is located at a distance of 20 km from the Pechenganikel smelter and is subjected
to high deposition of heavy metals (Ni, Cu, Co) and chalcophile elements (Pb, As, Cd
and Hg). The contamination factor values of these toxic elements range from 2.3 to
36.3 (Table 9), i.e. the values correspond to considerable and high contamination.
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Table 9.

The organic matter
contents (LOI, %) and
heavy metal concentra-
tions (ug/g, dry weight)
in the surface (0-1 cm)
and pre-industrial (19-20
cm) sediment layers. C,
and C,are contamina-
tion factor and degree of
contamination values,
respectively.

34

Nickel has the highest C, value. The degree of contamination value (82.6) for the lake
corresponds to high contamination.

Lake Layer,cm  LOI Cu Ni Zn Co Ccd Pb As Hg G,

Palojarvi 0-1 67.87 | 867 | 1494 | 91 | 635 | 068 | 7.3 | 17.50 | 0.194
19-20 3856 | 33 41 101 | 163 | 017 | 3.2 4.57 | 0.037

26.1 | 363 | 09 | 39 | 40 | 23 3.8 5.2 82.6

1.9.3. Hydrobiological studies

No direct hydrobiological investigations have been carried out in this lake, but it most
probably contains fish species such as dwarf burbot (Lota lota) and perch (Perca flu-

viatilis).

1.10. LAKE PESCHANOE

Lake Peschanoe (watershed of the River Shunijoki) is located at a distance of 6 km
from the town of Nikel. It is a small (area of the lake 1.04 km?), shallow-water (maxi-
mum depth 5 m) round lake of glacial origin. The maximum length is 1.4 km, and
maximum width 0.8 km. The point of maximum depth (5 m) is located in the central
part of the lake.

According to the landscape type, the

watershed area belongs to the tundra Physico-geographical characteristics

zone with a height of 555.3 m (Saraslaki River Shunijoki—
fell). The lakeshores are not high, and are Watershed LakeRI?::rts};J:zrw—
rocky and covered with shrubs and birch [ Siitade 69°22.126'
stands. There are also areas covered with | Longitude 30°17.683'
grass and shrub vegetation. The water of | Height above sea level, m 274.9
the lake is colourless. Maximum length, km 1.4

Boulder beds occur in almost all parts max!mum width, km 08

) aximum depth, m 5

of the littoral zone, and extend down to Area, m? 104
depth of about 2-2.5 m. The gaps be- [ Watershed area, km? 9.75
tween the boulders are filled with peb- [ Study period 1990-2004

bles.

1.10.1. Hydrochemistry

The lake is one of the most polluted lakes in the Pechenga area owing to its close
proximity to the Pechenganikel smelter. Airborne pollution has a major impact on the
water quality.

The water of the lake is close to neutral and the mean total mineralization is
27.8 mg/l and mean alkalinity 182 peq/l. The lake has high concentrations of base
cations and anions, calcium (average 4.26 mg/l) and bicarbonate (average 11.1 mg/1)
predominating.
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Based on the concentrations of min-
eral nutrients, the lake is oligotrophic.
"The mean concentration of total P in the
surface layer is 8 pg/l and of total N 146
pg/l. The lake also has colour values, or-
ganic matter concentrations (up to 2.9
mg/l) and Fe concentrations (mean 61
pg/l) typical of small water bodies in
the region. The water exchange index is
1.66, i.e. full water exchange in the lake
takes about one year and a half. Dur-
ing episodes of high precipitation in the
summer the concentrations of species of
mineral nutrients (PO > and NO,) that
determine the lake productivity are low.

"The watershed of Lake Peschanoe is
subjected to severe anthropogenic im-
pacts from the Pechenganikel smelter.
'The main pollutants are sulphur com-
pounds and heavy metals (Ni. Cu, Cd,
Cr, Zn, As, Hg etc.). In spite of the fact
that emissions from the smelter have
been reduced to approximately one third
of the peak levels in the late 1970s, the
deposition of pollutants still has an im-
pact on the water body. The concentra-
tions of Cu (up to 9.6 pg/l) and Ni (up
to 40 pg/l) in the vicinity of the smelter
are substantially higher than in other
parts of the region.

1.10.2. Lake bottom sediments

Hydrochemical properties

7.21
pH 7.19-7.22
Electrical conductivity, mS/cm 42
Y 40-44
426
ca, mg/l 423-429
0.80
Mg, mg/l 0.78-0.83
1.97
Na, mg/I 1.95-2.00
0.26
K, mg/l 0.25-0.27
111
HCO, mg/l 11.0-11.2
7.04
50, mg/l 7.03-7.05
238
Cl,mg/! 228248
Water colour, de 8
 deg- 8-8
16
NH,, pg/l 9-23
1
NO,, ug/I o
132
Total N, pg/I 119-146
1
PO,, ug/l o
Total P, ug/! Z
[ “g 7_8
61
Fe, ng/l 59-63

'The sediments of Lake Peschanoe have relatively low organic matter contents: the LOI
value in the uppermost 1 cm layer is slightly more than 20% (Table 10). The lake is lo-
cated at a distance of 5 km from the smelter, and is subjected to severe airborne pollu-

tion of heavy metals (Ni, Cu, Co) and chalcophile elements (Pb, As, Cd and Hg). The

top 3-4 cm layer of the lake sediments is
the most heavily polluted by these toxic
elements (Fig. 7). The contamination
factor values for these elements range
from 3.3 to 44.7 (Table 10), i.e. the val-
ues correspond to considerable and high
contamination. Copper has the highest
Cf value. The degree of contamination
value (99.7) for this lake corresponds to
high contamination.

Cu, ug/l 9.2%.6
Ni, pg/I 430
Al, ug/! : 1141 :
Pb, ug/l 0.2%24
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Table 10.

The organic matter
contents (LOI, %) and
heavy metal concentra-
tions (ug/g, dry weight)

in the surface (0-1cm) Lake Layer,cm LOI Cu Ni Zn Co Ccd Pb As Hg G,
and pre-industrial (13-14
cm) sediment layers. C'r Peschanoe 0-1 22.85 733 270 96 49.3 0.73 15.2 19.8 0.199
and C,are contamina-
tion fac:oranddegree of 13-14 | 18.23 16 18 51 7.5 0.08 1.5 5.99 | 0.023
contamination values, C 447 |153 |19 [ 65| 91 [ 103 | 33 | 86 | 99.7
respectively. f
600 pg/g 0 0.2 0.4 0.6 ug/g
O 1 1 1 O 1 1 1 1 1 1
g 5§
o A
25 £ 5
&
:; — = N\i S -
= 4
Fig.7. | & —&=Cu 2 —=1g
Vertical distribution of | <51 510 -
the concentrations of Ni, % (2 b
Cu, Cd and Hg (ug/g, dry 1
weight) in the sediment ]
core of Lake Peschanoe.

1.10.3. Hydrobiological studies

No direct hydrobiological investigations have been carried out in this lake. According
to earlier studies (Yakovlev et al., 1991), the lakes near the “Pechenganikel” smelter
have low biodiversity levels. The dominant species are chironomids, water-bugs and
beetles. Dwarf burbot (Lota lota) should most probably also be present.

1.11. LAKE PIKKU-HEYNJAJARVI

Lake Pikku-Heynjajarvi (watershed of Physico-geographical characteristics

36

the river Pechenga) is located 15 km to | Watershed River Pechenga
the east of the town of Zapolyarny and | Latitude 69°23.552'
17 km to the south of the settlement of ti%?gr:iu:k)eove e 3 1:1921":)91'
Pechenga. It is a small (area of the lake Ma)?imum length, km ‘ 05
0.28 km?), shallow-water (maximum [ Maximum width, km 042
depth 11 m), oval lake, elongated from | Maximum depth, m 11
the east to the west, and of glacial ori- | Area, m? 0.28
gin. The maximum length is 900 m and | Watershed area, km? 125
Study period 2004

maximum width 420 m. The point of
maximum depth (11 m) is located in the
central part of the lake.

According to the landscape type, the watershed belongs to the forest-tundra zone
with heights of up to 328.0 m (Kjalojarvi fell). The lake shores are high and rocky. The
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water in the lake is colourless. The summer military training ground of the settlement
of Luostari is situated on the lake shore.

Boulder beds occur in almost all parts of the littoral zone, and extend down to a
depth of about 2-2.5 m. The gaps between the boulders are filled with silt, sand and

pebbles.

1.11.1. Hydrochemistry

The water of the lake is close to neutral

Hydrochemical properties

and has low total mineralization values oH 6.55
(average 15.8 mg/1) and alkalinity (aver- 6.54-6.55
age 53 peq/l). The lake is characterized | Electrical conductivity, mS/cm 2£9
by low concentrations of base cations 139
and anions, sodium (average Ca,mg/! 1.37-1.41
2.49 mg/1) and su?pha_te (average Mg, mg/ . 7%70676
3.8 mg/1) predominating. 5 ;‘9'

. . Na, mg/I 247-2.52

Based on the concentrations of min- 032
eral nutrients, the lake is classified as oli- K, mg/l 0.31-0.33
gotrophic. The concentration of total P | 5 1, g/l 33
: ¥ 3.2-33
is 10 pg/l and of total N 163 pg/l. The
lake also has colour values, organic mat- | SO, mg/| 3 835.??:5 g5
ter concentration (6.0 mg/l) and mean 36
Fe concentration (201 pg/l) typical of | ¢#m9/! 3.6-3.7
small water bodies in the region. Dur- L 15.8
) . . e Total mineralization, mg/I
ing episodes of high precipitation in the 15.7-15.8
summer the concentrations of species of | Alkalinity, peq/! 53%5 .
mineral nutrients (PO > and NO,) that
determine the lake productivity are low.

”H.w water exchange 1r}dex, wh1c.h de- | Water colour, deg. 2L72
termines the concentration of mineral 6-27
nutrients in the lake is 3.8, i.e. full water | NH,, pg/I 8

. 7-10
exchange in the lake takes about three ]
and a half years. NO, g/l 1-1

Total N, pg/I 15%63

'The watershed of Lake Pikku-Hey- 1
njajarvi is subjected to severe anthropo- | PO, pg/I e
genic impacts from the “Pechenganikel” 9
smelter. The main pollutants are sulphur Total P ug/! 8-10
compounds an.d heavy metals (Ni. (;u, Fe, ug/! 19%06
Co, etc.). In spite of the fact that emis- §
sions from the smelter have been re-
duced to approximately one third of the o vl a1
peak levels in the late 1970s, the deposi- W 4.0-4.3
tion of pollutants still has an impact on ; 145

Ni, ug/! 14.2-14.8
the water body. The concentrations of e
Cu (up to 4.3 pg/l) and Ni. (up to Al, ug/I 1281
14.8 pg/l) are higher than in other parts o5 018
of the region. 9 0.15-0.21
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1.11.2. Lake bottom sediments

'The sediments of Lake Pikku-Heynjajarvi have relatively high organic matter contents:

the LOI value in the uppermost 1 ¢cm layer is more than 30% (Table 11). The lake is

located at a distance of 13 km from the Pechenganikel smelter and is subjected to

significant airborne pollution consisting of heavy metals (Ni, Cu, Co) and chalcophile

elements (mainly Pb and Hg). The top 2-3 c¢m layer of the lake sediments is strongly

Table 11. polluted by these elements (Fig. 8). The contamination factor values for these toxic
Theorganic matter oo ments range from 2.6 to 17.8 (Table 11), i.e. the values correspond to considerable

contents (LOI, %) and ) . . . ; ) ]
heavy metal concentra- and high contamination. Nickel has the highest C, value. The degree of contamination

tions (ug/g, dry weight) . ye (41.9) for this lake corresponds to high contamination.
in the surface (0-1 cm)

and pre-industrial (14-15
Cmc)jsgd”"e"f’“ye’?cf Lake layercm LOl [ Cu Ni  Zn | Co Cd | Pb As | Hg C,
and ¢, are contamind- oy Hevnjajarvi|  0-1 | 3242 | 194 | 350 | 101 | 45.1 | 0.24 | 14.8 | 7.26 | 0.157

tion factor and degree of
contamination values, 14-15 | 2149 | 29 | 20 | 137 | 174 | 025 | 1.6 | 5.06 | 0.061

respectively. C, 6.6 |17.8]| 07 | 26 | 09 | 92 | 1.4 | 2.6 | 41.9
0 100 200 300 pg/g 0 20 40 ug/g
0 ! 1 ! 1 ! 1 a9 0 ! 1 ! 1

5 e ]
= 57 = 5
S ] a ]
o — =] 2

Fig.s. |2 Ni s =Co

Vertical distributionof | § 7 = Cu S el )
the concentrations of Ni, | E10 7] k=l 10 7]
Cu, Coand Pb (ug/g, dry 3 E 3 b
weight) in the sediment |9? A
core of Lake Pikku-Hey- ] ]

njajarvi. 15 15

1.11.3. Hydrobiological studies

No direct hydrobiological investigations have been carried out in this lake. The lake is
most probably inhabited by pike (Esox lucius), perch (Perca fluviatilis), burbot (Lota
Iota), and nine-spine stickleback (Pungitius pungitius).

1.12. LAKE POROJARVI
Lake Porojarvi (watershed of the River
Paz) is located 18 km to the south-west River Menikkajoki—
of the town of Nikel and 4 km from the Watershed River Paz
Russian — Norwegian border, along the | Latitude 69:20-953:
road to the settlement of Rajakoski. It is hc;?;']ttu:beove wealevelm 29 ;‘17'5:54
a small (area of the lake 4.34 km?), rela-  [7=oom length, km ’ 38
tively shallow (maximum depth 11.5 m), [ Maximum width, km 20
almost oval lake of glacial origin. The | Maximum depth, m 11.5
maximum length is 3.8 km and maxi- | Area m’ 434
mum width 2.0 km. The point of maxi- Watershed area, km? 4.7

Study period 1989-2004

mum depth is located in the central part
of the lake.
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According to the landscape type, the watershed area belongs to the forest-tundra
zone with a height of up to 206.8 m. The southern lake shore is waterlogged, and the
northern shore is higher. Shrubs, birch and pine forests grow along the shoreline. The
water of the lake is colourless but, during flood periods and episodes of high precipi-
tation, the colour of the water increases to 34 de. There are some boulder beds in the
littoral zone, and they extend down to a depth of about 2 — 2.5 m. The gaps between
the boulders are filled with pebbles.

1.12.1. Hydrochemistry

7.19
: pH 5.7,
'The water of the lake is neutral and has 6.95-7.38
higher total mineralization values (av- | Electrical conductivity, mS/cm 465%(')56
erage 37.3 pg/l) and alkalinity (average 610
304 peq/l) than the other lakes. During | Ca mg/l 5986.43
flood periods the pH of the water drops Ma. ma/l 0.94
to 6.95 and then rises back to 7.38, i.e. 9.mg 0.88-1.11
oxidation processes do not develop. The | Na, mgy1 : 7%23
lake does not have high concentrations “oe1
of base cations and anions, but calcium | K, mg/l 0.50-0.69
(average 6.12 mg/1) and bicarbonate (av- HCO. mall 186
erage 18.6 mg/1) are predominant. M9 17.4-19.8
'The annual chemical cycle of the lake | g mgy 6.7
. . . 4 4.9-12.6
is characterized by a significant reduc- a
tion in the total mineralization, oxidiz- | Cl, mg/I 5128
ability and pH during flood periods and N I 373
episodes of high precipitations when the Total mineralization, mg/ 34.0-45.7
inflow of humic water increases. ini 304
Alkalinity, peq/I 285-325
Phosphorus and nitrogen concen- >
trations if water are the main criteria of | Water colour, deg. 15-34
development of water eutrophication. NH. g 8
The concentrations and relationships «H9 3-15
between these species of P and N vary NO,, g/ 1%582
according to the season, and the dynam- "%
ics is to a greater extent determined by | TotalN, pg/I 139-267
the level of production and, consequent- 50 ol 1
ly, the trophicity of the water body. The o ho/ 1-2
highest concentrations of total P (up to | 1545/p ug/! 1 —511
11 pg/1) and total N (up to 267 pg/1) oc- >
cur during the vegetation period. Fe, pg/l 16096

According to the concentrations of
mineral nutrients, the lake is classified as eutrophic. The lake also has colour values,
and organic matter (4.6 mg/l) and Fe concentrations (mean 23 pg/l) typical of small
water bodies in the region.

'The water exchange index is 0.95, i.e. full water exchange in the lake takes about
1 year. During flood periods and episodes of high precipitation in the autumn, the
concentrations of species of mineral nutrients (PO and NO,) that determine the
lake productivity are low.
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Table 12.

The organic matter
contents (LOI, %) and
heavy metal concentra-
tions (ug/g, dry weight)
in the surface (0-1 cm)
and pre-industrial (22-23
cm) sediment layers. C,
and C,are contamina-
tion factor and degree of
contamination values,
respectively.

Fig. 9.

Vertical distribution of
the concentrations of
Ni, Cu, Pb, Cd and Hg
(ug/g, dry weight) in the
sediment core of Lake
Porojarvi.

40

At the present time the watershed ol 24
... . u,
of Lake Porojarvi is subjected to rela- "o 2.0-3.1
. . . . .2
t1veIZ low anthrppos;emc impacts from | N g/l X 16_—” o
the “Pechenganikel” smelter. However, —
. 18
the water system of the lake is exposed | Al ug/l 1621
to pollutant emissions from the smelter. ob ua 0.27
'The main pollutants are sulphur com- g 0.09-0.45

pounds and heavy metals (Ni, Cu etc.).
In recent years there has a been a reduction in the deposition load, but higher concen-
trations of Ni (up to 11 pg/1) still occur during flood periods.

1.12.2. Lake bottom sediments

'The sediments of Lake Porojarvi have relatively low organic matter contents: the LOI
value in the uppermost 1 cm layer is slightly more than 20% (Table 12). The lake is lo-
cated at a distance of 20 km from the “Pechenganikel” smelter, and subjected to pollu-
tion by heavy metals (Ni, Cu, Co) and chalcophile elements (Pb, As, Cd and Hg). The
uppermost 1-2 cm of the lake sediments are the most strongly polluted by Ni, Cu and
Co. Pollution by chalcophile elements began earlier because they have accumulated
especially in the top 5-6 cm layer (Fig. 9). The contamination factor values of these
toxic elements range from 1.9 to 8.9 (Table 12), i.e. the values correspond to moderate
to high contamination. Pb has the highest C_value. The degree of contamination value
(30.1) for this lake corresponds to considerable contamination.

Lake Layer,cm LOI Cu Ni Zn Co Cd Pb As Hg C,
Porojarvi 0-1 2295 | 131 173 110 27.8 0.50 26.0 38.2 | 0.215
22-23 15.16 | 68 42 161 11.8 0.09 29 13.7 | 0.058
C 1.9 4.1 0.7 24 5.6 8.9 2.8 3.7 30.1
0 0 0.2 04 pnglg
0 ] N 0 1 1 1 1 1 I
§s § 5
= g ]
S10 510 ]
< oY -—Cd
£ 5 -y
£15 £15 B
3 5]
20 20 7
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1.12.3. Hydrobiological studies

No direct hydrobiological investigations have been carried out in this lake. Lake Poro-
jarvi is typically populated by fish species such as trout (Salmo trutta), whitefish (Core-
gonus lavaretus), grayling (Thumallus thumallus), pike (Esox lucius), perch (Perca flu-
viatilis), burbot (Lota lota), minnow (Phoxinus phoxinus), and nine-spine stickleback
(Pungitius pungitius).

1.13. LAKE SARIJARVI

Lake Sarijarvi (watershed of the River Pechenga) is located 15 km to the east of the
town of Nikel and 7 km to the west of the town of Zapolyarny. It is a small (area of the
lake 0.14 km.,), shallow-water (maximum depth 2 m) almost oval lake of glacial origin
with an indented coastline The maximum length is 0.7 km and maximum width
0.3 km. The point of maximum depth (2 m) is located in the southern part of the lake.
The Kola Ultra-deep Well is located
1.5 km from the lake.

According to the landscape type, the

Physico-geographical characteristics

River Namajoki—

watershed area belongs to the tundra Watershed River Pechenga
zone with heights of up to 517.5 m (Vil- | Latitude 69°24.590’
giskoddeoajvi fell). The lake shores are | Longitude 30°37.484
not high, and are rocky and covered with [ Heightabove sealevel, m 318.0

grass and shrub vegetation. The water of max!mum length, km 97
] aximum width, km 0.3
the lake is colourless. Maximum depth, m 5
Boulder beds occur in almost parts of | Area, m? 0.14
the littoral zone. The gaps between the | Watershed area, km? 12.5
boulders are filled with pebbles. Study period 2004-2005

Hydrochemical properties

1.13.1. Hydrochemistry

oH 6.92
6.80-7.04
'The lake is one of the most polluted lakes . — 50
in the Pechenga area, due to its close Electrical conductivity, mS/cm 49-50
proximity to the‘ Pechengamk'el smelter. Ca, mg/l 4.66
Airborne pollution has a major impact 4.62-4.70
on the water quality. Mg, mg/I : 1%22
"The water of the lake is neutral, and 514
the mean total mineralization is Na, mg/I 2.08-2.21
31.2 mg/l and mean alkalinity 151 peq/l. | mg/ 0.23
The lake has relatively low concentrations | 0.22-0.23
of base cations and anions, with calcium HCO,, mg/| 8 % s
(average 4.66 mg/l) and sulphate (aver- '” 3
age 11.3 mg/l) predominating. 50, mg/l 11.0-11.7
2.39
. . Cl, mg/I
Based on the concentrations of min- 2.29-2.48
eral nutrients, the lake is classified as | Total mineralization, mg/I 30%'321 6
mezotrophic. The concentration of total e
P in the surface horizon is 20 pg/l and | Alkalinity, ueq/| 142-160
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of total N 112 pg/l. The colour values, 5
. Water colour, deg. =
and organic matter (2.8 mg/l) and Fe 5-5
concentrations (mean 71 1) of th 22
( : pg/l) of the NH,, pg/! 16.28
lake water are typical of the small water .
bodies in the region. During episodes | NO, ug/I 45
of high precipitation in the summer the Total N ua/] 112
concentrations of species of mineral nu- ot g 96-129
trients (PO, and NO,) that determine PO, g/ 1%2
the lake productivity are low. ”
Total P, pg/I 7-20
'The watershed of Lake Sarijarvi is Fe ua 71
subjected to strong anthropogenic im- | "9 67-75
pacts from the “Pechenganikel” smelter.
'The main pollutants are sulphur com-
pounds and heavy metals (Ni. Cu, Cd, o ua 45
Cr, Zn, As, Hg, etc.). In spite of the fact U hg 44-45
that emissions from the smelter have ; 25
Ni, ug/! 23-28
been reduced to approximately one third >
of the peak levels in the late 1970s, the | Al ug/! 2535
deposition of pollutants still has an im- 03
pact on the water body. The concentra- Pb, g/l 0.3-0.4

tions of Cu (up to 4.5 pg/1) and Ni (up
to 28.6 pg/l) in the vicinity of the smelter
are substantially higher than in other parts of the region.

1.13.2. Lake bottom sediments

'The sediments of Lake Sarijarvi have relatively high organic matter contents: the LOI
value in the uppermost 1 c¢m layer is about 30% (Table 13). The lake is located at a
distance of 6 km from the Pechenganikel smelter and subjected to high airborne pollu-
tion by heavy metals (Ni, Cu, Co) and chalcophile elements (Pb, As, Cd and Hg). The
top 3-4 cm layer of the lake sediment is the most heavily polluted by Ni, Cu and Co, as
well as by chalcophile elements (Fig. 10). This means that pollution by chalcophile ele-
ments started at the same time as the pollution by heavy metals emitted by the smelter.
'The contamination factor values for these toxic elements range from 4.8 to 43.2 (Table
13), i.e. the values correspond to considerable and high contamination. Nickel has the
Table 13. highest C_ value. The degree of contamination value (105.9) for this lake corresponds

The organic matter . . .
contents (L1, %) and ™© high contamination.

heavy metal concentra-
tions (ug/g, dry weight)
in the surface (0-1 cm)
and pre-industrial (14-15

cmsedimentlayers. €, lake  |Llayerem LOI | Cu Ni__zn | Co _Cd [ Pb _As [ Hg _ C,
an are contamina- .. .
tion factor and degree of SATUaIVi | 0-1 12805 [ 540 [ 1157 [ 116 | 600 [ 0.66 | 102 | 750 | 0.154
contamination values, 1415 [ 2292 | 21 | 27 | 66 | 107 | 014 | 096 | 1.62 | 0.016
respectively. C 255 (43.2 | 1.8 5.6 4.8 10.7 4.6 9.8 105.9
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1.13.3. Hydrobiological studies

No direct hydrobiological investigations have been carried out in this lake. According
to earlier studies (Yakovlev et al., 1991), the lakes near the Pechenganikel smelter have
low biodiversity levels. The dominant species are chironomids, water-bugs and beetles.
The electrofishing surveys in 2004 and 2005 showed that burbot (Lota lota) was the
most frequently caught species in some lakes near the towns of Nikel and Zapolyarny
(Lappalainen et al., 2007).

1.14. LAKE TRIFONAJARVI

Lake Trifonajarvi (watershed of the Barents Sea) is located 2 km to the west of the
settlement of Liinakhamari and 7 km to the north of the settlement of Pechenga.

The road to Liinakhamary passes along the side of the lake. It is a small (area of the
lake 5.08 km?), relatively deep-water (maximum depth 11 m) oval lake of glacial origin
and with abrupt shores. The maximum length is 3.8 km and maximum width 2.0 km.
'The point of maximum depth is located in the central part of the lake. The River Tri-
tonajoki flows out of the lake.

According to the landscape type, the Physico-geographical properties

watershed area belongs to the forest-tun- Watershed Pechenga Bay—
dra zone with heights of up to 253.4 m Barents Sea
(Tyuristunturi fell). The lake shores are Latitude 69°37.852
. . Longitude 31°15.9471
high and rocky, and in some parts cov- .
. . Height above sea level, m 13.2
ered with shrubs and birch stands. The  ["paximum length, km 38
water of the lake is colourless. Maximum width, km 2.0
Boulder beds occur in almost all parts | Maximum depth, m 11
of the littoral zone. The gaps between the | Area, m? : 5.08
. Watershed area, km 27.0
boulders are filled with pebbles. Study period 19912004

1.14.1. Hydrochemistry
'The close proximity of the sea and presence of naval bases substantially influences the

water quality of the lake. The water is neutral and has low total mineralization (mean
33.3 mg/1) and alkalinity (mean 93 peq/1). During flood periods the pH of the water
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Fig. 10.

Vertical distribution of
the concentrations of Ni,
Cu, Cd and Hg (ug/g, dry
weight) in the sediment
core of Lake Sarijarvi.
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drops slightly, i.e. oxidation processes do

Hydrochemical properties

not develop due to the buffering capacity oH 6.79
of the water. The lake is has low concen- 6.68-6.88
trations of base cations and anions, with | Electrical conductivity, mS/cm s 4%965
sodium (average 6.49 mg/1) and chloride 217
(average 10.7 mg/1) predominating. Ca, mg/I 1.95-2.48

'The annual chemical cycle of the lake Mg, mg/l 1.28
is characterized by an insignificant de- ' 1.16-1.45
crease in total mineralization, oxidizabil- | Na, mg/I 649
. . . . 6.10-7.07
ity and pH during flood periods and epi- 0.65
sodes of high precipitation when there is | K Mg/l 0.61-0.71
an increase in the inflow of humic water 5.7
. HCO., mg/l
into the lake. ’ 4.86.1

=,

Based on the concentrations of min- 107
eral nutrients, the lake is classified as oli- | € m9/! 0.4-126
gotrophic. The concentration of total P | - . . . mg/ 333
is 5.5 pg/l and of total N 216 pg/l. The ' 29.9-364
lake also has colour values, and organic | Alkalinity, pueq/| 79%00
matter (3.0 mg/1) and Fe concentrations
(mean 50 pg/l) typical of small water
bodies in the region. During episodes
of high precipitation in the summer the
concentrations of species of mineral nu- | \yater colour, deg. 12
trients (PO,* and NO,") that determine 8;213
the lake productivity are low. NH,, ug/! 423

The water exchange index, which 16
regulates the concentrations of mineral NO, ug/l 3-44
nutrients in the lake, is 0.6, i.e. full wa- | 1| N, g/l 216
ter exchange in the lake takes about 6 /7-473
months. The bottom of the lake is cov- | PO, pg/l 1%5
ered with a thick layer of silt, which 5
consists of undecomposed zooplankton | T0t@!P 19/ 3-8
debris and organic matter. This is of Fe, g/ 50
primary importance for the feeding of ' 10-115
ichthyofauna. Obviously, Conditions for
the growth of food organisms are obvi-
ously highly favourable.

The low concentrations of micronu- 19
trients in the water body are related to | €U 19/l 1126
the low rate of chemical weathering of | . ug/l 76
the mineral material in the watershed. ' 5.5:9.9
Although the watershed of Lake Njas- | Al ug/I , 14f869
jukkajarvi is relatively remote from the 038
Pechenganikel smelter (28 km), it is still | PP g/l 0.21-0.50

subjected to anthropogenic impacts. The
main pollutants are sulphur compounds

and heavy metals (Ni, Cu, Co, etc.) In spite of the fact that emissions from the smelter
have been reduced to approximately one third of the peak levels in the late 1970s, the
deposition of pollutants still has an impact on the water body. The average Cu and Ni
concentrations are 1.9 pg/l and 7.6 pg/l, respectively.
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1.14.2. Lake bottom sediments

'The sediments of Lake Trifonajarvi have extremely low organic matter contents: the
LOI value in the uppermost 1 cm layer is slightly more than 6% (Table 14). The lake
is located at a distance of 27 km from the Pechenganikel smelter and is subjected to
airborne pollution by heavy metals (Ni and Cu) and chalcophile elements (Pb, Cd and
Hg). The top 3-4 cm of the lake sediments are the most strongly polluted by these ele-
ments (Fig. 11). The contamination factor values for these toxic elements range from
2.8 to 5.5 (Table 14), i.e. the values correspond to considerable contamination. The
chalcophile elements, Pb and Hg, have the highest C,values. The degree of contamina-
tion value (22.6) for this lake corresponds to considerable contamination.

Lake Layer,cm LOI Cu Ni Zn | Co Ccd Pb As Hg C,
Trifonajarvi 0-1 6.51 164 | 164 | 144 | 46 0.26 20.9 741 | 0.138
9-10 6.94 54 58 140 | 40 0.10 39 7.7 | 0.025
C 3.1 28 | 1.0 | 11 2.6 5.4 1.0 55 22.6
0 50 100 150 pg/g 0 0.1 0.2 neg/'g
O 1 1 1 1 1 1 1 O 1 1 1 1 1
5 ] E
s | =
Q ° T
:QU: 5 +Nl § 5 -
5 =—&—Cu g
£ 1 E -
s ks
% B % B —.—Cd
—f—Hg
10 - 10 -

1.14.3. Hydrobiological studies

According to earlier data (Yakovlev et al., 1991), the benthic fauna of this lake is rela-
tively abundant and includes organisms of different systematic groups (amphipoda,
chironomids, caddis flies, oligohaets and mayfly). The plankton community is repre-
sented by cladocera and copepods. Despite the absence of ichthyologic data, this lake
is a typical salmonid (trout and arctic char) water body.
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Table 14.

The organic matter
contents (LOI, %) and
heavy metal concentra-
tions (ug/g, dry weight)
in the surface (0-1 cm)
and pre-industrial (9-10
cm) sediment layers. C,
and C,are contamina-
tion factor and degree of
contamination values,
respectively.

Fig. 11.

Vertical distribution of
the concentrations of Ni,
Cu, Cd and Hg (ug/g, dry
weight) in the sediment
core of Lake Trifonajarvi.
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1.15. LAKE ALLA-AKKAJARVI

Lake Alla-Akkajarvi (watershed of the River Lotta) is located 44 km to the south of
the town of Nikel. It is a relatively large (area of the lake is 19.88 km?), not deep (max.
depth 15 m) elongated lake of glacial origin. The maximum length is 14.6 km and
maximum width 2.8 km. The deepest points in the lake are to be found in its western

part. The lake is intensively used by inland water transport.

According to the landscape type, the
watershed belongs to the tundra zone

haracteristics

. . Physico-geographical
with heights of up to 288 m (Kuotes- River AkKim—
varr fell). The northern shore of the lake | watershed River Lotta—
is waterlogged. The southern shore is River Tuloma
higher but, despite this, it is also water- | Latitude 69°00.987°
logged in places. Shrubs, and birch and Longitude 30715.884

. Height above sea level, m 154.5
pine stands grow along the shores. The —y-%-—" = ength, km 146
water of the lake is yellowish and, during [ Maximum width, km 28
the flood period and episodes of high | Maximum depth, m 15
precipitation, the colour of the water in- | Area, m* 19.88

2
creases to 44 deg. The shores are rocky. Watershed area, km 3150
Study period 1995-2007

An uninhabited settlement (Prirechny),
country houses and the slag heaps from
an abandoned mine are located along its
eastern shore.

Hydrochemical properties

1.15.1. Hydrochemistry H 6.75
P 6.59-6.83

The water of the lake is close to neu- E:z;znr:alconductuvuty, 23%833

tral and has a low total mineralization 216
(mean 18.1 mg/l) and alkalinity (mean Ca, mg/I 1.76-2.43

139 peq/1). During the ﬂoo@ period the Mg, ma/! 0.88
pH falls to 6.59 and then rises back to 0.74-1.05
about 6.83, i.e. oxidation processes do | Na, mg/I 1311'_51274

not develop due to the buffering capac- 050
ity of the water. The lake has low con- | K-mg/l 0.41-0.59

centrations of base cations and anions, HCO., g/l 8.5
with calcium (average 2.16 mg/l) and ¥ 6.5-10.7
bicarbonate (average 8.5 mg/l) predomi- | so, mg/I X 5%81

nating. e

1.51
The annual chemical cycle of the lake | ¢l mg/I 117-2.00

is characterized an insignificant decrease Total mineralizati y 18.1

. . . . . 1. .. otal mineralization, m

in mineralization, oxidizability and pH d 15.2-21.2
during flood periods and episodes of | Ajkalinity, peq/! 1016%1975

high precipitation when the inflow of
humic water increases.

'The P and N concentrations in water are the main criteria used for assessing the de-
velopment of water eutrophication. The concentrations and relationships between the
species of these mineral nutrients vary according to the season, and the dynamics is to a
greater extent regulated by the level of production and, consequently, the trophicity of
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the water body. The highest concentra- 31
. . Water colour, deg.
tion of total P in the lake (up to 18-44
22 pg/l) and of total N (up to 311 pg/l) | NH,, g 221—%3
are typical for the vegetation period. _2
According to the concentrations of | NO, ug/l 15
mineral nutrients, the lake is classified as 216
eutrophic. The lake also has colour val- Total N, ug/l 161-311
ues, and organic matter (7.4 mg/l) and | pq ug/! 2
Fe concentrations (mean 176 pg/1) typi- : 1-10
cal for water bodies in the region. Total P, ug/I 4%2
The water exchange index, which 176
regulates the concentration of mineral Fe, ug/! 98-360

nutrients in the lake, is 0.82, i.e. full wa-
ter exchange in the lake takes about 1

year. During flood periods and episodes of high precipitation in the autumn, the con-
centrations of species of mineral nutrients (PO and NO,) that determine the lake

productivity are low.

The maximum pollution of Cu ug)! 2.0
the lake occurred in the middle of the : 0197'425
20th century, when the mine near the Ni, ug/! 3.6-414
settlement of Prirechny was operating. | Al, ug/I 11%39
At the present time the watershed 0.67
Pb, g/l 0.01-2.37

of Lake Alla-Akkajarvi is subjected

to anthropogenic impacts from the

Pechenganikel smelter. The water system

of the lake is also subjected to the effect of the smelter emissions. The main pollutants
are sulphur compounds and heavy metals (Ni. Cu etc.). Due to the substantial size of
the watershed, the impact of reduced emissions still results in higher concentrations of
Cu (up to 4.5 pg/l) and Ni (up to 41.4 pg/l) during periods of high water.

1.15.2. Lake bottom sediments

'The sediments of Lake Alla-Akkajarvi have relatively high organic matter contents:
the LOI value in the uppermost 1 cm layer is 35% (Table 15). The lake is located at a
distance of 45 km from the “Pechenganikel” smelter. The lake is affected by heavy met-
al (Ni, Cu, Co) and chalcophile elements (Pb, As, Cd and Hg) in the form of airborne
emissions from the smelter and effluent from the Cu-Ni mine. The top 3 ¢m layer of
the lake sediments is the most polluted by Ni, Cu and Co. Pollution by chalcophile ele-
ments began earlier because the top 10 cm layer of the sediments is especially polluted
by these elements (Fig. 12). The contamination factor values for these toxic elements
range from 2.5 to 13.5 (Table 15), i.e. the values correspond to high and considerable
contamination. The most toxic chalcophile element, Hg, has the highest C, value. The
contamination factor values for the other heavy metals correspond to moderate con-
tamination. The degree of contamination value (72.7) for this lake corresponds to high
contamination.
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Table 15.

The organic matter
contents (LOI, %) and
heavy metal concentra-
tions (ug/g, dry weight)
in the surface (0-1 cm)
and pre-industrial
(26-27 cm) sediment
layers. C.and C , are con-
tamination factor and
degree of contamination
values, respectively.

Fig. 12.

Vertical distribution of
the concentrations of
Ni, Cu, Pb, Cd and Hg
(ug/g, dry weight) in the
sediment core of Lake
Alla-Akkajarvi.
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Lake Layer,cm LOI Cu Ni Zn Co Ccd Pb As Hg C,
Alla-Akkajarvi 0-1 3520 | 112 321 95 230 [ 036 | 282 | 3.83 | 0.134
26-27 | 29.48 12 12 103 9.0 | 0.05 2.6 1.86 | 0.010
o 94 | 27.0 | 0.9 25 6.6 | 10.7 | 2.1 13,5 | 72.7
0 100 200 300 pglg 0 0.1 0.2 0.3 pglg
0 ] 1 1 1 1 1 1 1 0 . 1 1 1 1 1 1 1
£ g5
g I
§10 - i §. 0 ]
15 == Cu E15 7 cd
o o 7 T
E ——pb ||| £ 3 He
320 320 4
wn 9] .
25 25 7

1.15.3. Hydrobiological studies

No direct hydrobiological investigations have been carried out in this lake. The typi-
cal fish fauna in Lake Alla-Akkajarvi are trout (Salmo trutta), whitefish (Coregonus
lavaretus), grayling (Thumallus thumallus), pike (Esox lucius), perch (Perca fluviatilis),
burbot (Lota lota), minnow (Phoxinus phoxinus) and nine-spine stickleback (Pungi-
tius pungitius).

1.16. LAKE KOCHEJAUR

Lake Kochejaur (watershed of the River Madsash — tributary of the River Lotta) is
located 6 km from the Russian-Finnish border, 110 km to the south-west of the town
of Nikel, and 15 km to the north of the “Lotta” border crossing point. It is a small
(area of the lake 3.2 km?), shallow-water (average depth 2 m, maximum depth 8 m),
elongated (north to south) oval lake of glacial origin. The maximum length is 5.6 km
and maximum width 1 km. The point of maximum depth (8 m) is located in the central
part of the lake. In the northern and southern parts of the lake the maximum depths
are small — only down to 4 m. The lake bay, adjoining the lake in the south, contains
shallow water (1-2 m).

'The lake belongs to the lake-river system of the River Madsash, which flows into
and out of a small shallow-water stretch in the southern part of Lake Kochejaur. Ac-
cording to the landscape type, the watershed consists of a combination of flat low-ly-
ing areas of glaciolacustrine flatland, with denudation and denudation-tectonic massifs
with abrupt outcrops of quaternary deposits reaching to a height of 187 m. The lake
shores are high and covered with pine forest. Waterlogged shores with protrusions of
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dwarf arctic birch and dwarf shrubs oc- Physico-geographical characteristics

cur in places. The bogginess coefficient is | . rched River Madsash—
14.8%. The water of the lake is colourless River Lotta
. . o . Latitude 68°35.853’
but, during high precipitation episodes : . -
i X Longitude 28°40.250
in the summer, the colour of water in- Height above sea level, m 1331
creases to 32 deg. and becomes slightly  ["Maximum length, km 56
yellowish. Maximum width, km 1.0
Boulder beds occur in almost all parts | Maximum depth, m 8
. 2
of the littoral zone, and extend down to Cvr eta, mh 3 — 237'25
atershed area, km )
a depth of about 2-2.5 m. The gaps be- Study period 19892007

tween the boulders are filled with peb-
bles. Dark green silt deposits are pre-

dominant at a depth of ca. 2-3 m.
Hydrochemical properties

H 7.08
P 6.88-7.29
Electrical conductivity, 30
1.16.1. Hydrochemistry mS/cm 28-41
292
: ca, mg/l 2.69-3.63
"The water of the lake is neutral, close to : o 2
the oxidation point; it is characterized by | Mg, mg/l 0.89-135
low total mineralization Na. mal 1.39
(average 22.4 mg/l) and alkalinity amg 1.26-1.88
(average 212 peq/l). During flood pe- | mg/l 043
riods the pH of the water falls to 6.88 0'3172'%58
and then rises back to 7.13, i.e. oxida- | HCO, mg/I 118165
tion processes do not develop due to the 275
buffering capacity of the water. The lake 50, mg/! 2.04-6.40
has low concentrations of base cations a | 1.10
: - - »mg/ 0.80-2.10
and anions, with calcium e e
(average 2.92 mg/l) and bicarbonate n?:/ll mineralization, 20?; 3
(average 12.9 mg/l) predominating. — 212
Intensive pollution of the lake oc- Alkalinity, eq/! 193-270

curred during the period of peak emis-

sions from the Pechenganikel smelter in the late 1980s and early 1990s. At that time
there were maximum concentrations of most elements, especially sulphate (up to
6.4 mg/1), Cu and Ni. At the present time, however, the concentrations of these ele-
ments, as well as of other elements that characterize the sate of the water body, are
lower.

'The annual chemical cycle of the lake is characterized by a reduction in total miner-
alization to 20 mg/l, an increase in the oxidizability and a drop in pH during the flood
period and when high precipitation episodes result in an increased inflow of humic
water into the lake. During low-water periods, which mainly occur in winter and au-
tumn, and when the inflow of groundwater increases, the total mineralization increases
slightly to 31.3 mg/l, the oxidizability is reduced and the pH rises.

'The P and N concentrations of water are the main criteria used in assessing the de-
velopment of water eutrophication. The concentrations and relationships between the
species of these mineral nutrients vary according to the season, and the dynamics is to
a greater extent determined by the level of production and, consequently, the trophicity
of the water body. The highest total P concentration in the lake (up to 12 pg/l) typi-
cally occurs in the summer, when it is 3 times higher than the concentrations during
the flood period. The highest total N concentrations (up to 256 pg/l) occur during the
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vegetation period. In 1991, however, the maximum total N concentration was 583 pg/l;
such a high concentration has subsequently not been recorded.

Based on the concentrations of mineral nutrients, the lake is classified as oligo-
trophic. The lake also has colour values, and organic matter (up to 5.6 mg/l) and Fe
concentrations (mean 54 pg/l) typical of small water bodies in the region. The trophic
type of the water body is to a considerable degree determined by the location of the
River Madsash in the hydrographic system. The water exchange index is 0.96, i.e. full
water exchange in the lake takes about 1 year. Due to specific morphometric features,
which determine the inflow and outflow in the southern part of the lake, the natural
water exchange of the lake is actually slow. Because suspended particles are deposited
more effectively, the bottom of the whole lake is covered with a thick layer of silt.
'The silt consists of undecomposed zooplankton debris and organic matter, which is
of primary importance for the nutrition

of whitefish species. The conditions for | \yater colour, deg. 20
the growth of food organisms are obvi- 11-32
ously highly favourable. Because most | NH, pg/l : _223
of the lake is not deep, the circulation of 2
mineral nutrients in the water is faster | NOv M9/l 1-38
in the summer; this also increases the Total N, g/ 224
production capacity of the water body. 139-583
During periods of high water and high | PO, g/l 1%3
precipitation episodes in the autumn, the 5
concentrations of species of mineral nu- Total P, pg/l 1-14
trients (PO, and NO,) that determine Fe, g/ 54
the lake productivity are low. : 14-159

The low concentrations of micronu-

trients in the water indicate a low input Cu, ug/! 170
to the water body from the chemical ' 0.20-18.0
weathering of mineral material in the | Nj ug/ 0.9
'HI 0.1-3.0
watershed. As noted above, peak emis- T
sions from the Pechenganikel smelter | Al bg/l 546
during the late 1980s and early 1990s re- ob. Ll 03
sulted in high concentrations of Cu (18 'H 0.1-0.8

pg/l) and Ni (3 pg/l) in the water. At the
present time, airborne pollutant deposition results in a higher content of Cu (up to
3.4 pg/l) and Ni (up to 3.6 pg/l) during snow melt.

1.16.2. Lake bottom sediments

'The sediments of Lake Kochejaur have very high organic matter contents: the LOI
value in the uppermost 1 cm layer is more than 50% (Table 16). This is due to the fact
that the lake is relatively shallow and highly productive. The lake is located at a distance
of 110 km from the Pechenganikel smelter. As a result, the lake is mainly subjected to
pollution by chalciphile elements, such as Pb and Cd. The uppermost 5 cm of the lake
sediments is the most heavily polluted (Fig. 13). The contamination factor values of
these two elements are 14.1 and 3.9, respectively (Table 16), i.e. the values correspond
to high and considerable contamination. The contamination factor values for other
heavy metals correspond to moderate contamination. The degree of contamination
value (26.3) for this lake corresponds to considerable contamination.
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Lake Layer,cm  LOI Cu Ni Zn Co Ccd Pb As Hg C,
Kochejaur | 0-1 5196 | 16 | 25 84 | 103 | 062 | 254 | 260 | 0.016
18-19 | 4144 | 16 | 20 | 69 | 88 | 0.16 | 1.8 | 1.13 | 0.012
C, 10 |13 | 1.2 | 1.2 | 39 | 141 | 23 1.4 26.3
Cd, pg/g Pb, pg/g
0 0.2 0.4 0.6 0 10 20 30
0 : 04
: 5 ; 5
g 7] < 7]
o g o, ]
Q i Q i
210 1 210 1
‘815: 215 1
v v
20 - 20 -

1.16.3. Hydrobiological studies

Ichthyofauna. Studies on the fish community of Lake Kochejaur were conducted in
1990-1992, and in 2002 and 2005.

'The Ichthyofauna of the lake consists of eight species belonging to eight fish fami-
lies: trout (Salmo trutta), whitefish (Coregonus lavaretus), grayling (Thumallus Thu-
mallus), pike (Esox lucius), perch (Perca fluviatilis), burbot (Lota lota), minnow (Phox-
inus phoxinus), and nine-spine stickleback (Pungitius pungitius). Overall, whitefish
and perch are the dominant species in Lake Kochejaur (Fig.14). Pike, trout, grayling
and burbot occur in isolated parts of the lake, and minnow and nine-spine stickleback
in the littoral parts of the lake.

Sparsely rakered whitefish are present
in the lake (up to 30 gill rakers). The
mean length varies from 24.5 to 29.6
cm, and mean weight from 258 to 323
g (Fig. 15). The maximum length can
reach 56.5 cm and weight 2575 g. Fish
with a weight up to 400 g and length
25-30 cm are the most numerous (Fig.
15). The age limit of whitefish is 17+, al-
though specimens of younger age groups
(1+) and specimens older than 10 years
are occasionally caught (Fig. 16). The
reason for the absence of young fish is the silting up of the water body and a lack of
spawning areas. At the same time the lake provides favourable conditions for fish feed-
ing. This is the reason for the feeding migration of whitefish from other water bodies

trout 0.5
perch 36.8

whitefish 60.4

7

pike 2.4
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Table 16.

The organic matter con-
tents (LOI, %) and heavy
metal  concentrations
(ug/g, dry weight) in the
surface (0-1 c¢m) and
pre-industrial (18-19 ¢cm)
sediment layers. C.and C,
are contamination factor
and degree of contami-
nation values, respec-
tively.

Fig. 13.

Vertical distribution of
the concentrations of Cd
and Pb (ug/g, dry weight)
in sediments from the
northern, central and
southern parts of Lake
Kochejaur.

Fig. 14.
Distribution of fish spe-
cies in Lake Kochejaur
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Fig. 15.

Size and weight dis-
tribution of the sparsely
rakered whitefish in Lake
Kochejaur.

Fig. 17.

Size and weight distribu-
tion of perch in Lake
Kochejaur.

52

and the irregular age distribution of the fish. The sex distribution of the fish is regular,
with a slight predominance of females. Some individuals in this lake become mature
at the age of 3. The weight and size of fish spawning for the first time do not exceed
71 g and 19.2 cm, respectively.
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Fig. 16.
4% 20
: Age distribution of the sparsely rakered whitefish in
0% AL E ) 3 Lake Kochejaur.
1+ 3+ 5+ T+ 9+ 11+
2+ 4+ B+ B+ 10+
Age, yrs.

The size of some specimens of trout reaches 37.5 cm, with a weight of 617 g. The
mean size and weight of pike do not exceed 42.4 cm and 591 g, respectively. Fish of age
5-7 years are the most abundant.

'The mean size of perch inhabiting the lake is 37.5 cm, and the mean weight 276 g.
However, fish can weigh over one kilogram (1380 g) and have a length of 43.3 cm. The
bulk of the population consists of fish weighing less than 200 g with a length of 25-
30 cm (Fig. 17). The age limit of perch in the lake is 14 years, but the fish of age class

5-6 years constitute the bulk of the population.
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Fish pathology

Despite the considerable remoteness of the lake from anthropogenic emission, the
fish have pathological changes in their organs and tissues. The most frequently oc-
curring pathologies of whitefish are pathologies of the liver (54 — 68 %), kidneys
(54 — 75%) and reproductive organs (26 — 30%). The pathologies of whitefish organs
are currently in the initial stage, and are mainly associated with changes of the colour
of organs and fatty degenerations (pale liver); connective tissue expansions (kidneys
and gonads); segmentation and asynchronous maturation of gonads. Gonad patholo-
gies are the most typical for male specimens of perch; their gonads resemble in appear-
ance a brain structure. Pathological changes in the fish may indicate airborne pollution
of the water body.

Heavy metals in fish

'The heavy metal (Cu, Ni, Pb) concentrations in fish muscle do not exceed the standard
values (Table 17). However, the Hg concentrations in the muscles of perch are higher
than the standards, and in trout they are very close to the standard values (Table 2).
Copper concentrations (pg/g of wet weight) in the other organs of whitefish are higher
than in the muscles: liver (up to 7.4 pg/g), kidneys (up to 4.3 pg/g), and gills (up to
0.5 pg/g). The same applies to Ni in liver (up to 0.2), kidneys (up to 0.4) and gills (up
to 0.3).

Comparative analysis of metal accumulation in different fish species shows that Cu
is more strongly accumulated in the liver of whitefish. The Ni concentrations in liver
and Hg concentrations in muscles are higher than those in perch. Pike has the highest
concentrations of Pb in muscles (Fig. 18). An upward trend in heavy metal concentra-
tions in fish organs was observed throughout the study period, and this is related to
airborne pollution of the water body.

Standard value Concentration in muscle | Concentration in muscle
(ng/g wet weight)* | (png/g wet weight) (nrg/g dry weight)
Whitefish
Hg 0.5 0.12 0.55
Ni 0.5 0.23 1.10
Cu 20 0.17 0.79
Pb 1.0 0.01 0.07
Perch
Hg 0.5 0.56 2.86
Ni 0.5 0.18 0.90
Cu 20.0 0.18 0.91
Pb 1.0 0.02 0.08
Pike
Hg 0.5 0.29 1.41
Ni 0.5 0.15 0.73
Cu 20.0 0.32 1.56
Pb 1.0 0.04 0.20
Trout
Hg 0.5 0.4 1.57
Ni 0.5 0.2 0.96
Cu 20.0 0.3 1.15
Pb 1.0 - <0,05

* Source: Sanitary..., 1986.
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Table 17.

Standard values for
heavy metal concentra-
tions in foodstuffs and
in fish muscle in Lake
Kochejaur (in ug/g wet
and dry weight).
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Fig. 18.

Accumulation of Cu
(liver), Ni (kidneys), Pb
and Hg (muscle) in fish
from Lake Kochejaur
(ug/g dry weight).
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1.17. LAKE VIRTUOVOSHJAUR

Lake Virtuovoshjaur (watershed of the River Puldshkash — tributary of theRriver
Nautsijoki) is located 2.5 km from the Russian-Finnish border, 91 km to the south-
west of the town of Nikel, and 35 km to the north of the “Lotta” border crossing point.
It is a small (area of the lake 1.25 km?), shallow-water (average depth 2-5 m, maximum
depth 13 m), complex-shaped lake, close to oval with an indented coastline, and of gla-
cial origin. The maximum length is 1.8 km, and maximum width 1 km. The points of
maximum depth (13 m) are located in the northern and southern parts of the lake. In
the centre of the lake the maximum depth is shallow — up to 2.5 m. A lake bay, which
adjoins the lake through a stony channel in the southern part, has shallow water with
a depth of 1-2 m and a length of 1.2 km.

'The lake belongs to the lake-river system of the River Puldshkash, which originates
in the south in Russia and then flows through a system of five lakes into Finland, and
then flows back into Lake Puldshekjarvi in Russia. Lake Virtuovoshjaur is linked to
Lake Puldshekjarvi by a small stream, which flows out of its northern border. Accord-
ing to the landscape type, the watershed consists of a combination of flat, low-lying
depressions of glaciolacustrine flatland, and denudation and denudation-tectonic mas-
sifs with abrupt outcrops of quaternary deposits with a height up to 254 m and, in the
south, up to 400.6 m (Konnostunturi fell). The lake shores are high, sometimes abrupt,
and covered with pine forest. The south-eastern shores are waterlogged with intrusions
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of dwarf birch and dwarf shrubs. The

Physico-geographical characteristics

water of the lake is colourless but, dur- River Puldshkash—
ing episodes of high precipitation in the | Watershed River Nautsijoki—
summer, the colour of water increases to , River Paz,
. . Latitude 68°45.894
39 deg and becomes slightly yellowish. Longitude 2847 548
There are some boulder beds and [ Height above sea level, m 1820
sandy beaches with a length of 40 m in | Maximum length, km 1.8
the littoral zone. The boulder beds ex- | Maximum width, km 1.0
tend to a depth of about 2 m. The gaps |[-MeXimum depth, m 13
. Area, m? 1.25
between the boulders are ﬁlled w1t}.1 sand Watershed area, km? 137
and pebbles. Dark green silt deposits are  [“siudy period 1989-2007

predominant at a depth of ca. 1.5-2.0 m.

1.17.1. Hydrochemistry

'The water of the lake is neutral, with a tendency to acidification; it has a low total min-

eralization (average 17.0 mg/1) and alka- Hydrochemical properties

linity (average 133 peq/l). During flood oH 6.66
periods the pH falls to 6.12 and then : - 6.12-6.96
gradually rises back to 6.66.The lake has rET:eS;z”r:al conductivity, 5 12% 4
low concentrations of base cations and 182
anions, with calcium (average 1.82 mg/1) Ca, mg/l 1.37-2.51
and bicarbonate (average 8.2 mg/l) pre- | | 0.94

nati 9 mg/l 0.74-1.29
dominating.

Severe pollution of the lake occurred | Na, mg/I : 115'_31895
during the period of peak emissions : 0 37'
from the Pechenganikel smelter in the | K-mg/l 0.30-0.52
late 1980s and early 1990s. Maximum 8.2

. HCO., mg/I
concentrations of most elements were } 57-11.4
recorded, especially of sulphate (up to | so, mg/l 20%90
6.9 mg/1), Cu and Ni. Currently the con- e
centrations of these elements, as well as | Cl.mg/I 0.83-2.28
of other elements that characterize the | Total mineralization, 17.0
state of the water, are lower. mg/I 12.9-25.6

'The annual chemical cycle of the lake | Alalinity, peg/! 9; 313;3 ,

is characterized by a reduction in total
mineralization to 12.9 mg/l, an increase
in the oxidizability and a fall in pH during flood periods and episodes of high precipi-
tation when the inflow of humic water increases. During low-water periods (mainly
in the winter and autumn) and when the inflow of groundwater increases, the total
mineralization increases slightly to 25.6 mg/l, the oxidizability drops and the pH in-
creases.

'The P and N concentrations of water are the main criteria used for assessing the de-
velopment of water eutrophication. The concentrations and relationships between the
species of these mineral nutrients vary according to the season, and the dynamics is to
a greater extent determined by the level of production and, consequently, the trophic-
ity of the water body. The highest concentrations of total P in the lake (up to 13 pg/1)
typically occur in the summer and autumn, when the concentration is 2-3 times higher
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than during the flood period. The highest concentrations of total N (up to 349 pg/1)
occur in the spring and beginning of summer. In 1991, however, the maximum total N
concentration was 468 pg/1 during the ice-coverperiod.

Based on the concentrations of mineral nutrients, the lake is classified as oligo-
trophic. The lake also has colour values, and organic matter (up to 6.6 mg/l) and Fe
concentrations (mean 146 pg/1) typical of small water bodies in the region. The trophic
type of the water body is to a considerable degree determined by the location of the
River Puldshekjarvi in the hydrographic system: the lake belongs to a lake-river system
of a small stream that flows into Lake Puldshekkjarvi. The water exchange index is
0.84, i.e. full water exchange in the lake takes about 8 months. As suspended particles
are deposited more intensively in the lake, the bottom of the lake is completely covered
with a thick layer of silt consisting of undecomposed zooplankton debris and organic
matter. This is of primary importance for

the feeding of whitefish species. The con- | water colour, deg. 30
ditions for the growth of food organisms 171_339
are obviously highly favourable. Due to | NH, ug/l 2-51
the fact that most of the lake is not deep, 8
the circulation of mineral nutrients in the NO, g/l 1-42
water is faster in the summer; this also | 154N, ug/! 241
increases the production capacity of the 165-468
water body. During high water periods | PO, ug/| 1%4
and episodes of high precipitation in the 6
autumn, the concentrations of species of Total P pg/! 1-13
minera% nutrients (PO ,* an‘d.NOB’) that | po ug/! Tjﬂ
determine the lake productivity are low. 16-460
The low concentrations of micronu- 12
trients in the water indicate a low input Cu, g/ 0.5-34
to the water body from the chemical Ni, g/l 1.2
weathering of mineral material in the ’ 0.5-3.6
watershed. During the period of peak | Al g/ 12%2
emissions from the smelter in the late 143
1980s and early 1990s, the Ni and Cu | Mn ug/! 1.0-80.0
concentrations in the lake water were 04
Pb, g/l 0.1-1.2

not excessively high. At the present time,
however, airborne pollution results in
higher concentrations of Cu (up to 3.4
pg/l) and Ni (up to 3.6 pg/l) during the open-water period. Because of the relatively
small area of the watershed area, the Cu and Ni concentrations do not increase during
snowmelt and periods of high water. When the water is acidified during flood periods,
the concentrations of Al (up to 82 pg/1) and Mn (up to 80 pg/l) increase as a result of
dissolution and weathering of the soil in the watershed.

1.17.2. Lake bottom sediments

'The sediments of Lake Virtuovoshjaur have relatively high organic matter contents:
the LOI value in the uppermost 1 cm layer is 40% (Table 18) owing to the high
productivity of the lake. The lake is located at a distance of 90 km from the Pechen-
ganikel smelter, and is mainly subjected to pollution mainly by chalcophile elements
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(Pb, As, Cd and Hg). The top 5-7 cm layer of the lake sediments is the most polluted
by these elements (Fig. 19). The contamination factor values for these toxic elements
range from 2.3 to 29.1 (Table 18), i.e. the values correspond to high and considerable
contamination. The most toxic of the four chalcophile elements, Hg, has the highest
C, value. The contamination factor values of the other heavy metals are moderate. The
degree of contamination value (44.6) for this lake corresponds to high contamination.

Lake Layer,cm LOI Cu Ni Zn Co Cd Pb As Hg C,

Virtuovoshjaur| 0-1 3992 | 23 25 56 9.0 | 030 | 269 | 233 | 0.083
16-17 | 3643 | 18 19 83 | 116 | 0.08 | 49 1.02 | 0.003

C 13 | 14 | 0.7 | 0.8 | 3.7 5.5 23 | 29.1 | 44.6

(=)

10 20 pg/g

pth, cm
(9]
(9]

- As

—
(e}

—
(=}
L
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1.17.3. Hydrobiological studies

Ichthyofauna. Studies were conducted
on the fish community in Lake Virtuov-
oshjaur in 1992 and 2005.

'The Ichthyofauna of the lake consists
of seven species belonging to seven fish
families: whitefish (Coregonus lavare- -
tus), grayling (Thumallus Thumallus), oike 2.7
pike (Esox lucius), perch (Perca flu-
viatilis), burbot (Lota lota), minnow
(Phoxinus phoxinus) and nine-spine
stickleback (Pungitius pungitius). Over-
all, whitefish and perch predominate in
Lake Virtuovoshjaur (Fig. 20). Pike, trout, grayling and burbot are occasionally caught,
and minnow and nine-spine stickleback in the littoral parts of the lake.

perch 29.3
whitefish 68.1

Sparsely rakered whitefish is present in the lake (up to 30 gill rakers). Its mean
length is 19.6 cm, and weight 94 g (Fig. 21). Whitefish can reach a maximum length
of 38 cm and maximum weight 714 g. Fish with a weight to 100 g and length 16-20
cm are the most numerous (Fig. 21). The age limit of the whitefish is 9+: 3-year old
specimens predominate and fish older than 7 years are only occasionally caught (Fig.
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Table 18.

The organic matter
contents (LOI, %) and
heavy metal concnetra-
tions (ug/g, dry weight)
in the surface (0-1 cm)
and pre-industrial (16-17
cm) sediment layers. C,
and C, are contamina-
tion factor and degree of
contamination values,
respectively.

Fig. 19.

Vertical distribution of
the concentrations of Pb,
As, Cd and Hg (ug/g, dry
weight) in the sediment
core of Lake Virtuov-
oshjaur.

Fig. 20.

Distribution of fish spe-
cies in Lake Virtuovosh-
jaur.
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Fig. 21.

Sizeand

weight distribution of
the sparsely rakered
whitefish in Lake
Virtuovoshjaur.

Fig. 23.

Size and weight distribu-
tion of the perch in Lake
Virtuovoshjaur.
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22). 'The sex distribution of the fish is regular, with a slight predominance of males.
Some individuals in the lake become mature at the age of 3, with a minimum weight
of 40 g and length 16.5 cm.

The size of some pikes reaches 54.4 cm with a weight of 1195 g. The mean size
and weight do not exceed 45.2 cm and 688 g, respectively. 7-year old fish are the most
abundant.

The mean size of perch inhabiting the lake is 24.3 c¢m, and mean weight 240 g.
'The bulk of the population consists of fish with a weight of less than 400 g and length
25-30 cm, although specimens with a weight of 1460 g and length of 42.6 cm can be
found (Fig. 23). The age limit of perch in the lake can reach 16 years, but 6- to 8-year-
old fish constitute the bulk of the population.
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Age distribution of the sparsely rakered whitefish in
Lake Virtuovoshjaur.
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Fish pathology

'The whitefish in this water body have similar changes in their organs and tissues as
the fish in Lake Kochejaur. The most frequently occurring pathologies of whitefish are
pathologies of the kidneys (60-88 %), liver (27-67%) and gills (34%). The pathologies
of whitefish organs are currently at the initial stage, and are mainly associated with
changes in the colour of organs and fatty degenerations (pale liver); connective tis-
sue expansions (kidneys and gonads); segmentation and asynchronous maturation of
gonads.

Heavy metals in fish

The heavy metal (Cu, Ni, Pb and Hg) concentrations in the muscles of fish do not
exceed the standard values (Table 19). However, the Cu concentrations (pg/g of dry
weight) in the other organs of whitefish are higher than those in the muscles: liver (up
to 41.5 pg/g), kidneys (up to 48.9 pg/g), gills (up to 2.0 pg/g). The same applies to Ni
in liver (up to 1.4), kidneys (up to 6.6), gills (up to 2.0), skeleton (up to 5.6 ug/g). The
Cd concentrations in the kidneys of whitefish reach 5.3 pg/g dry weight.

'The analysis of metal accumulation in different fish species shows that Cu is more
strongly accumulated in the liver of whitefish, and Ni in the kidneys. The Hg concen-
trations in the muscles of pike are considerably larger than the concentrations in perch
and whitefish. Perch has the highest concentrations of Cd in the muscles (Fig. 24).

* Source: Sanitary..., 1986.

Standard value Concentration in muscle | Concentration in muscle
(ng/g wet weight)* (ng/g wet weight) (ng/g of dry weight)
Whitefish
Hg 0.5 0.08 0.38
Ni 0.5 0.20 0.93
Cu 20 0.25 1.14
Cd 0.1 0.002 0.01
Pb 1 0.02 0.10
Perch
Hg 0.5 0.16 0.79
Ni 0.5 0.13 0.64
Cu 20 0.14 0.69
Cd 0.1 0.002 0.01
Pb 1 - <0.05
Pike
Hg 0.5 0.31 1.55
Ni 0.5 0.19 0.92 Zﬂgﬁ values for heavy metal concen
Cu 20 0.15 0.72 trations in foodstuffs andyin fish muscle
cd 0.1 0.002 0.01 in Lake Virtuovoshjaur Lake (in ug/g wet
Pb 1 - <0.05 and dry weight).
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Fig. 24.

Accumulation levels of
Cu (liver), Ni (kidneys), Cd
and Hg (muscle) in fish
from Lake Virtuovoshjaur
(ug/g dry weight).
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1.18. LAKE SHUONIJAUR

Lake Shuonijaur (watershed of the River
Shunijoki) is located at a distance of 20
km to the south of the town of Nikel. It
is a rather large (area of the lake

11.3 km?), shallow-water (average depth
4-6 m, maximum depth 10 m), oval-
shaped lake, elongated in the east-west
direction, and of glacial origin. The
maximum length is 7.2 km and maxi-
mum width 2.8 km. The point of maxi-
mum depth is located in the central part
of the lake. In the western and eastern
parts of the lake the maximum depths
are smaller —up to 5 m.

According to the landscape type, the watershed area belongs to the tundra zone
with heights up to 269.6 m (Uajvashvar fell). The northern shore is high and rocky,
and the southern waterlogged and covered with shrubs and birch forest. The water of
the lake is colourless but, during floods and high precipitation episodes, the colour
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Physico-geographical characteristics

erch ike
P whitefish P

River Shunijoki—

Watershed Lake Kuetsjarvi—
River Paz

Latitude 69°15.449'
Longitude 30°04.968'
Height above sea level, m 180.1
Maximum length, km 7.2
Maximum width, km 2.8
Maximum depth, m 10
Area, m? 11.3
Watershed area, km? 285.8
Study period 1990-2007

increases to 30 deg. and becomes slightly yellowish.
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Boulder beds occur in almost all parts of the littoral zone, and extend to a depth of
about 2-2.5 m. The gaps between the boulders are filled with sand and pebbles. Dark
green silt deposits are predominant at a depth of ca. 2-3m.

1.18.1. Hydrochemistry

'The water of the lake is close to neutral and has a low total mineralization (15.7 mg/1)
and alkalinity (79 peq/l). During flood periods the pH falls to 6.17 and then rise back
to about 6.85, i.e. oxidation processes do not develop due to the buffering capacity of
the water. The lake has low concentra-

tions of base cations and anions, with Hydrochemical properties

6.59

calcium (average 2.11 mg/1) and bicar- | pH

6.17-6.85
bonate (average 4.8 mg/l) predominat- | Electrical conductivity, 2%
ing. mS/cm 24-32
'The ' effects of po.llution ﬁrs.t ap- | ca mg/l 1 42(;1 71 .
peared in the lake during the period of .0-6 '
.. . .74
peak emissions from the Pechenganikel | Mg, mg/I 0.53-0.80

smelter in the late 1980s and early 1990s. 164

Maximum concentrations of most ele- | Nam9/! 1.41-2.00
ments, especially sulphate (up to 8.5 K, g/ 0.38
mg/1), Cu and Ni, occurred during this 0.31-0.47
period. At the present time, however, the HCO, mg/I 4 % s
concentrations of these elements, as well : e :
as of other elements that determine the | 5O M9/l 3.1-85
state of the water body, are lower. cl, g/l 2.0
'The annual chemical cycle of the lake ' 1724
15.7

is characterized by a reduction in total | Total mineralization, mg/I 136960
mineralization (up to 13.6 mg/l), an in- — =5
crease in the oxidizability and a drop in Alkalinity, peq/l 70-90

pH during flood periods and high pre-

cipitation episodes when the inflow of humic water increases. During low-water peri-
ods (mainly in the autumn and winter) and when the inflow of groundwater is higher,
the total mineralization increases slightly to 26. mg/1, the oxidizability drops and the
pH increases.

'The enrichment of water with P and N is one of the most important criteria used
in assessing the development of water eutrophication. The concentrations and rela-
tionships between the species of these mineral nutrients vary according to the season,
and the dynamics is to a greater degree determined by the level of production and,
consequently, the trophicity of the water body. The concentrations of total P (up to 6
pg/l) and total N (up to 190 mg/1) changed slightly during the study period. In 1993
the maximum concentration of total N in the near-bottom layer during the ice-cover
period was 549 pg/l, but a peak value of this magnitude has never been found since.

Based on the concentrations of mineral nutrients, the lake is characterized as oli-
gotrophic. The lake also has colour values, and organic matter (up to 4.5 mg/1) and Fe
concentrations (mean 26 pg/l) typical of small water bodies in the region. In 1990 the
maximum concentration of Fe during the ice-cover period was 1571 pg/1.

'The water exchange index, which regulates the concentrations of mineral nutrients
in water, is 1.99, i.e. full water exchange in the lake takes about 2 years. Because sus-
pended particles are effectively deposited in the lake, the lake bottom is completely
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covered with a thick layer of silt, com- 19
.. Water colour, deg. —
prising undecomposed zooplankton de- 10-32
. . . . 7
bris gnd organic matter. This feature‘ is | NH,, ug/l 5
of primary importance for the feeding T
of ichthyofauna. The conditions for the | NO, ug/I 198
growth of organisms are obviously high- Total N ua] 192
ly favourable. Due to the fact that most | "*o "9 100-597

of the lake is not deep, the circulation of | pg 4/ 1

. . . . » M9 1-2
mineral nutrients in the water is faster 7
in the summer; this also increases the | Total P, ug/I 26
production capacity of the water body. 123
During high water periods and high Fe, g/l 5-1571

precipitation episodes in the autumn,
the concentrations of species of mineral

nutrients (PO and NO,) that deter- a7
mine the lake productivity are low. Cu, ug/! 2.0-11.0
Ni, ug/I 4 77-'147 0
'The watershed of Lake Shuonijaur s
is subjected to the i f poll Al ug/! 40
is subjected to the impact of pollutants , ug 14-194
emitted by the “Pechenganikel” smelter. e 022
'The main pollutants are sulphur com- Pb, pg/ 0.10-0.56

pounds and heavy metals (Ni, Cu etc.).

Maximum concentrations of Cu (up to

7.5 pg/1) and Ni (17 pg/1) were recorded in the water in the 1990s. At the present time,
due to the reduction in the airborne pollution load, higher Cu (up to 11 pg/l) concen-
trations occur during the flood period when the snow melts in the watershed, and of
Ni (up to 182 pg/1) during flood periods and the autumn low-water periods.

1.18.2. Lake bottom sediments

'The sediments of Lake Shuonijaur have somewhat lower organic matter contents: the

LOI value in the uppermost 1 cm layer is slightly less than 30% (Table 20). The lake

is located at a distance of 20 km from the Pechenganikel smelter, and is subjected to
airborne pollution by heavy metals (Ni, Cu, Co) and chalcophile elements (Pb, As, Cd

and Hg). The top 3-4 cm layer of the lake sediments is the most polluted by Ni, Cu and

Co. Pollution by chalcophile elements started earlier: these elements are present in the

Table 2. tOP 6-7 cm layer especially (Fig. 25).
The organic matter
contents (LOI, %) and
heavy metal concentra-
tions (ug/g, dry weight)
in the surface (0-1cm) Lake Layer,cm LOI Cu Ni Zn Co cd Pb As Hg C

and pre-industrial (14-15
cm) Sedimentlgyers. C’r Shuonijaur 0-1 29.76 100 117 63 7.8 0.47 12.1 2.03 0.040

and C,are contamina-
tion factor and degree of
contamination values, C
respectively.

14-15 | 2197 | 14 13 47 1.7 0.06 0.8 0.74 | 0.013

73 | 93 1.3 4.6 8.5 14.9 2.7 3.1 51.7
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Fig. 25.

1750 Vertical distribution of the concentrations of Ni, Cu, Co, Pb,

1700 Cd and Hg (ug/g, dry weight) in a dated sediment core from
Lake Shuonijaur.

Sediment dating has been carried out on the cores. Pollution by Ni, Cu and Co, i.e.
heavy metals emitted into the atmosphere by the Pechenganikel smelter, started in the
beginning of the 20th century. Pollution by chalcophile elements started at the end of
the 19th century, and was primarily due to long-range, airborne transport from indus-
trial sources in Western Europe. It increased considerably at the beginning of the 20th
century, and was connected with the start of activities at the “Pechenganikel” smelter.
'The contamination factor values for these toxic elements range from 2.7 to 14.9 (Table
20), i.e. the values correspond to considerable and high contamination. Lead has the
highest C, value. The degree of contamination value (51.7) for this lake corresponds to
high contamination, and this is one of the highest values among the studied lakes.

1.18.3. Hydrobiological studies

Hydrobiological indices

30 species of phytoplankton were registered in lake Shuonijaur, the most numerous
species being diatoms, cyanobacteriae and yellow-green algae (Kashulin, 2004). The
species composition of the ground fauna of the River Sgunijoki, which flows out of
Lake Shuonijaur, consists of about 25 species. The zoobenthos consists of chironomids,
dayflies, caddis flies and stone flies (Yakovlev et al., 1991).

Ichthyofauna. Studies on the fish community of Lake Kuetsjarvi were conducted
in 1992 and in 2005.

According to these studies, the ichthyofauna of the lake consists of five species
belonging to four fish families: arctic char (Salvelinus alpinus), trout (Salmo trutta),
perch (Perca fluviatilis), burbot (Lota lota) and nine-spine stickleback (Pungitius pun-
gitius). Ovewrall, trout and arctic char are predominant in the lake (Fig. 26). Perch is
not so common. Burbot is occasionally caught, and nine-spine stickleback inhabits the
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littoral zones of the lake.

The mean size and weight of arctic char are 25.5 cm and 222 g. The maximum size
can reach 38.5 cm and weight 875 g.'The bulk of the population consists of fish with a
weight of between 100-200 g and length
20-26 cm. Individuals with a weight of

bubot 1.8 over 500 g and longer than 30 cm occur
perch 14.5 occasionally (Fig. 27). The age distribu-
char 345 tion is predominately 4- to 5-year-old

fish. Their proportion in the catches is
84 % (Fig. 28). Female specimens pre-
dominate over males (1.4:1).

Fig. 26. trout 49.1
Distribution of fish spe-
cies in Lake Shuonijaur.
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0% =, S 0 Age distribution of arctic char in Lake Shuonijaur.
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'The mean weight of trout in this lake is 190 g and length 24.4 cm. The size of the
fish varies between 47-384 g and 16.5-31.0 cm, respectively. Fish with a weight of 150-
200 g and length 22-26 cm are the most abundant (Fig. 29). As is the case for arctic
char, the bulk of the trout population (89%) consists of 4- to 5-year-old fish (Fig. 30).
Female fish predominate over males (1.3:1).
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'The perch in Lake Shuonijaur have a length of 14.5 cm and weight of 51 g. The popu-

lation is mainly represented be 2-year-old individuals. The length of the largest speci-
mens does not exceed 20.3 cm and a weight of 140 g. In the sex distribution the
number of male fish is three times higher than that of females.

Fish pathology

Pathological changes in the organs of arctic char and trout occur most frequently in
the kidneys (95 and 96%) and liver (59 and 57%). The pathologies manifest themselves
as intensive colour changes of the organs and fatty degenerations (pale liver), and con-
nective tissue expansions (kidneys).

Heavy metals in fish

'The concentrations of heavy metals (Cu, Ni, Cd and Hg) in fish muscle do not exceed
the standard values (Table 21). Nevertheless, the concentrations of Cu, Ni and Cd
(pg/g dry weight) in other organs are much higher than those in the muscles: liver
(41.7 for arctic char and 180.0 pg/g for trout), kidneys (20.5 for arctic char and

7.6 pg/g for trout) and gills (over 3 pg/g). A similar distribution is typical for Ni: in
liver (2.1 fir arctic char and 1.3 pg/g for trout), kidneys (16.2 for arctic char and

4.6 pg/g for trout) and gills (over 4 pg/g). Cadmium concentrations can reach

28.4 pg/g dry weight.

Analysis of heavy metal accumulation in different fish species showed that Cu ac-
cumulates more strongly in the liver of arctic char. However, the trend for Ni is the
opposite. There was a high degree of Cd accumulation in the muscles of arctic char,
while for Hg it accumulated more strongly in the tissues of trout (Fig. 31).
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Table 21.

The standard values for
the heavy metal concen-
tration in foodstuffs and
in fish muscle in Lake
Shuonijaur (in ug/g wet
and dry weight).

Fig. 31.
Accumulation of Cu
(liver), Ni (kidneys), Cd
and Hg (muscle) in fish
from Lake Shuonijaur
(ug/g dry weight).
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Standard value Concentration in muscle | Concentration in muscle
(ng/g wet weight)* (ng/g wet weight) (ng/g of dry weight)
Char
Hg 0.5 0.07 0.3
Ni 0.5 0.37 1.58
Cu 20 0.24 1.03
Cd 0.1 0.003 0.01
Pb 1 0.02 0.07
Trout
Hg 0.5 0.12 0.49
Ni 0.5 0.18 0.73
Cu 20 0.25 1.04
Cd 0.1 0.002 0.01
Pb 1 0.03 0.13
* Source: Sanitary...,1986.
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1.19 LAKE KUETSJARVI

Lake Kuetsjarvi (watershed of the Riv-

characteristics

Physico-geographica
er Paz) is located at a distance of 3 km | Watershed River Paz
from the Russian-Norwegian border, [Latitude 69°26.052'
and close to the town of Nikel. Lake [Londitude 30°09.447
.. . Height above sea level, m 21.3
Kuetsjarvi is one of the largest lakes in  [y-% " ength, km 1.6
the Russian border area of (area of the [ Maximum width, km 58
lake 17.0 km?). The lake is relatively deep | Maximum depth, m 37
(maximum depth 37 m), of elongated | Area,m’ 17.0
. . . . 2
shape, and of glacial origin. The maxi- | watershedarea km 6284
Study period 1994-2007

mum length is 11.6 km and maximum

width 2.8 km. The point of maximum

depth is located in the northern part of the lake, where the depths are significant near
the shore. In the central part of the lake the maximum depths reach 10 m. The south-
ern part of the lake is shallow, with a maximum depth of 12 m.

'The lake belongs to the lake-river system of the Paz River, to which it is linked by
a small stream. According to the landscape type, the watershed consists of a combina-
tion of flat, low-lying areas of glaciolacustrine flatland, and denudation and denuda-
tion-tectonic massifs with abrupt outcrops of quaternary deposits with a height of up
to 631.0 m (Kuorpukas fell). The lake shores are high and covered with pine forests
and scree. As a result of mining and excavation over a huge area, the natural landscape
is seriously damaged and the fell tops levelled and the orography changed. The water
of the lake is colourless but, during flood periods and episodes of high precipitation,
the water colour in the southern part of the lake, where the River Shunijoki enters,
increases to 50 deg. and becomes yellowish.

There are some boulder beds and sandy beaches (mostly in the southern part) in
the littoral zone. The gaps between the boulders are filled with sand and pebbles. Dark
green silt deposits predominate in the northern, less polluted part of the lake. In the
southern part, where effluent from the Pechenganikel smelter flows into the River
Kolosjoki, the silt deposits are almost completely black.

1.19.1. Hydrochemistry

'The lake is one of the most polluted lakes in the Pechenga region. The industrial com-
plex, located on its shore, poses a serious threat to natural aquatic environments in
the joint Norwegian, Finnish and Russian border area. Granulated waste material,
produced in connection with metal production at the smelting plant, has been dumped
along the shore of the River Kolosjoki. Toxic compounds are leached from the slag
heaps by rainwater, snowmelt and surface runoff. Dust from the slag heaps also has
a very severe impact on the environment. Wastewater is discharged directly into the
water body.

'The water of the lake is neutral and has a total mineralization of 69 mg/1 and aver-
age alkalinity of 286 peqg/l. During flood periods the pH falls to 6.71 and then rises
back to 7.31.'The lake has high concentrations of base cations and anions, with calcium
(average 10.2 mg/1) and sulphate (average 28.9 mg/l) predominating.

Severe pollution of the lake occurred during the period of peak emissions from the
“Pechenganikel” smelter in the late 1980s and early 1990s. Maximum concentrations
of most elements, especially sulphate (up to 40.3 mg/l), Cu and Ni, were recorded
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Hydrochemical properties

H 7.06
P 6.71-7.31
Electrical conductivity, 105
mS/cm 67-137
102
Ca mg/| 6.86-13.5
354
Mg, mg/I 2.00-4.97
424
Na, mg/I 2.66-6.50
0.83
K, mg/! 0.59-1.16
17.5
HCO, mg/! 11.0-21.9
2838
50, mg/ 16.8-403
3.69
€l mg/ 2.40-4.87
Total mineralization, 69.0
mg/| 43.8-90.5
Alkalinity, peq/I 18%)2-;;59
Water colour, deg. 1 22%;0
26
NH,, pg/l 2-72
39
NO,, ug/I 390
Total N, ug/! 13%9 .
4
PO,, Hg/! e
Total P, pg/I 7%0
85
Fe, ng/l 14-350
8.6
Cu ng/! 45152
. 106
Ni, ug/I 74-182
36
Al, ug/l 8126
0.17
Pb, g/l 0.01-0.78

at the time. The concentrations of these
elements, as well as of other elements
that characterize the state of the water,
are currently still rather high.

The annual chemical cycle of the
lake is characterized by a drop in total
mineralization to 48.3 mg/l, as well as
a drop in pH, during flood periods and
episodes of high precipitation when
the inflow of humic water increases.
During low-water periods (mainly in
winter and autumn) and when the in-
flow of groundwater increases, the to-
tal mineralization increases slightly to
90.5 mg/l, the oxidizability drops and
the pH rises.

The concentrations and relation-
ships between species of mineral nu-
trients vary according to the season,
and the dynamics is to a greater extent

determined by the level of production
and, consequently, the trophicity of the
water body. The highest total P concen-
trations (up to 60 pg/1) typically occur in
the summer, when it is 7-8 times higher
than during the flood period. The high-
est total N concentrations

(up to 390 pg/l) normally occur during
the vegetation period.

Based on the concentrations of bio-
genic elements, the lake is classified as
eutrophic. The lake also has colour values,
and organic matter (up to 5.0 mg/1) and
Fe concentrations (mean 85 pg/l) typi-
cal of small water bodies in the region.
The trophic status of the water body is
primarily regulated by the proximity of
the town of Nikel and the smelter on the
shore of the lake. The water exchange in-
dex is 1.55, i.e. full water exchange in the
lake takes about one year and a half. Sus-
pended particles are strongly deposited

in the northern and deepest part of the lake, with the result that the bottom of the lake
is completely covered with a thick layer of silt, comprising undecomposed zooplank-
ton debris and organic matter. This feature is of primary importance for the feeding
of whitefish species. The conditions for the growth of food organisms are obviously

highly favourable.

'The watershed of Lake Kuetsjarvi is subjected to severe pollutant impacts result-
ing from the activities of the Pechenganikel smelter. The water system of the lake
is exposed to the direct discharge of pollutants from the metallurgical and smelting
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industries, and also to the deposition of airborne pollutants. The main pollutants are
sulphur compounds and heavy metals (Ni, Cu, Cd, Cr, Zn, As, Hg etc.). SO, emissions
from the smelter have resulted in the oxidation of the surface water, as well as pollution
of the groundwater due to the leaching of elements from the soil surface. Maximum
concentrations of Cu (7.2 pg/l) and Ni (93 pg/l) were recorded in the water in the
1990s. At the present time, although the airborne deposition load has been reduced,
there are higher concentrations of Cu (up to 15.2 pg/l) during flood periods when the
snow cover melts, and of Ni (up to 182 pg/1) during high precipitation episodes in the
summer.

1.19.2. Lake bottom sediments

Lake Kuetsjirvi receives, via the River Kolosjoki, most fo the effluent from the Pechen-
ganikel smelter. As a result, the main pollutants are Ni, Cu and Co, as well as the chal-
cophile elements Pb, As, Cd and Hg. The sediments of Lake Kuetsijiri have relatively
low organic matter contents: the LOI value in the uppermost 1 cm layer is 20% (Table
22).'The most polluted layer is the top 10 cm of the lake sediments (Fig. 32). The pol-
lution factor values of these toxic elements range from 11.6 to 125.7 (Table 22), i.e. the
values correspond to high contamination. Ni has the highest C, value. The degree of
contamination value (240.1) for this lake corresponds to high contamination, and has
one of the highest values in the River Paz watershed.

Lake Layer,cm | LOI Cu Ni Zn Co Cd Pb As Hg Cd
Kuetsijari 0-1 21.42 | 1343 | 4032 | 297 | 184.1 | 3.14 | 45.7 | 43.05 | 0417
21-22 10.67 40 32 127 15.9 0.10 4.5 2.62 | 0.049
Cf 33.5 | 125.7| 2.3 11.6 | 32.1 | 10.1 | 16.4 8.5 240.1
0 2000 4000 Ni, pg/g 0 500 1000 1500 Cu, ng/g
(0] ¢ ! (o]
E s E s
=] £=)
S0 510
5 g
'—% 15 % =@ Gulf Stream _g 15 —@— G lf Stream
%) —&— Kolosjoki A —&— Kolosjoki
20 —A=— Salmijarvi 20 —A=— Salmijarvi
—<— Whit Stone —<>— Whit Stone
0 1 2 3 Cd, ng/g 20 40 Pb, ng/g
0 4 1 1 P— 0 1 -
gs E s
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Table 22.

The organic matter
contents (LOI, %) and
heavy metal concentra-
tions (ug/g, dry weight)
in the surface (0-1cm)
and pre-industrial
(21-22 cm) sediment
layers. C.and C are con-
tamination factor and
degree of contamination
values, respectively.

Fig. 32.
Vertical distribution of
the concentrations of
Ni, Cu, Pb and Cd (ug/g,
dry weight) in sediment
cores from different parts
of Lake Kuetsjdrvi.
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Fig. 33.
Distribution of fish spe-
cies in Lake Kuetsjarvi.

70

1.19.3. Hydrobiological studies

Hydrobiological indices

'The phytoplankton communities in Lake Kuetsjarvi, where diatoms predominate, have
the highest biomass values (over 1700 mm?*/m?). There are 54 species of phytoplankton
in the lake (Sharov, 2004). According to earlier studies (Yakovlev et al., 1991; Noest
et al., 1992), Lake Kuetsjarvi is the richest lake as regards the number of zooplankton
species. The density of Cladocerae and Copepoda in the lake is the highest (up to
80000 specimens/m?) in the water bodies near the Pechenganikel smelter. The lake
also has considerable species diversity of ground organisms. The number of zoobenthos
species is over 20, of which Chironomids are predominate (60-80%).

Ichthyofauna. Studies on the fish

community of Lake Kuetsjarvi were

vendace 5.4 pike 1.0 conducted in 1990-1992 and in 2002,
perch 10.9 Q‘ 2005.

4 \ Despite severe pollution by acidify-

routo.3 \ ing compounds and heavy metals, the

ichthyofauna of the lake is one of the
richest ones of the lakes in the study
area. The reason for this is that the wa-
ter body is connected to the River Pas-

whitefish 82.4

vik (the Barents Sea basin). According
to the research data, the ichthyofauna of
the lake consists of 9 species belonging to nine families of fish: trout (Salmo trutta),
whitefish (Coregonus lavaretus), vendace (Coregonus albula), grayling (Thumallus
thumallus), pike (Esox lucius), perch (Perca fluviatilis), burbot (Lota lota), minnow
(Phoxinus phoxinus), and nine-spine stickleback. The thornback (Gasterosteus aculea-
tus) obviously also inhabits the lake. Overall, whitefish and perch predominate in Lake
Kuetsjarvi (Fig. 33). Pike, trout, grayling and burbot are occasionally caught.

Two forms of whitefish inhabit the lake: sparsely rakered whitefish (up to 30 gill
rakers) and densely rakered whitefish (with 30 - 40 gill rakers).

The mean length and weight of the densely rakered whitefish are 12.2 ¢cm and
28 g, respectively, with maximum values of 29.3 cm and 340 g. The bulk of the popula-
tion is represented by fish 8-12 ¢cm long and weight of less than 50 g (Fig. 34) with
an age of 0+ - 1+ (Fig 36a). A high proportion of the population of sparsely rakered
whitefish consists of fish with a weight of 20-40 g and length of 10-16 cm. On the
average they are slightly larger than the densely rakered whitefish (14.6 cm and 39 g),
although maximum size of the fish is less (25.9 cm and weight 207 g) (Fig. 35). The
age distribution of whitefish is dominated by 3-year-old fish; fish older than 6 years
are caught only occasionally (Fig. 36b). Female fish of both forms slightly predominate
over males (1:1.3). The most typical feature of the whitefish in this lake is early matu-
ration and spawning at an age of one year when they have attained a length of 9.5 cm
and weight of 6 g.

The mean size and weight of pike are 372 g and 32.4 cm, but individuals at the
age of 6 have a weight of over 1 kg (1079 g) and length of 49.9 cm. The distribution
of male and female fish is almost equal. The perch indices of Lake Kuetsjarvi do not
exceed 164 g and 19.6 cm. The largest fish can be found near the lake channel and the
River Pasvik but, overall, 44% of the fish have a weight of less than 100 g and length
of 12-16 cm (Fig. 37). The age of the largest fish does not exceed 7 years. In the sex
distribution there are twice as many females as males.
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Fig. 34.

Size and weight distribu-
tion of the sparsely
rakered whitefish in Lake
Kuetsjarvi.

Fig. 35.

Size and weight
distribution of the
densely rakered
whitefish in Lake
Kuetsjarvi.

Fig. 36.

Age distribution of the
sparsely (a) and densely
(b) rakered whitefish in
Lake Kuetsjarvi.

Fig. 37.

Size and weight distribu-
tion of the perch in Lake
Kuetsjarvi.
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Standard value Concentration in muscle | Concentration in muscle
(ng/g wet weight)* (ng/g wet weight) (ng/g of dry weight)
Sparely rakered whitefish
Hg 0.5 0.01 0.03
Ni 0.5 0.31 1.55
Cu 20 0.21 1.05
Cd 0.1 0.01 0.03
Pb 1 0.02 0.09
Densely rakered whitefish
Hg 0.5 0.01 0.02
Ni 0.5 0.44 2.06
Cu 20 0.24 1.13
Cd 0.1 0.01 0.03
Pb 1 0.02 0.09
Perch
Hg 0.5 0.03 0.13
Ni 0.5 0.23 1.04
Cu 20 0.13 0.60
Cd 0.1 - <0.01
Pb 1 0.01 0.06
Pike
Hg 0.5 0.01 0.07
Table 23. | Nj 0.5 0.22 1.05
The standard values for heavy metal Cu 20 0.19 0.91
concentrqtions in fooc{stui.‘fs. andin fish cd 01 0.06 0.01
muscle in Lake Kuetsjarvi (in ug/g wet : : :
and dry weight). Pb 1 0.30 0.07
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Trout is occasionally caught. Some 5-year-old individuals have a length of
39.7 cm and weight of 694 g. The only grayling was a 2-year-old female specimen with
aweight of 77 g and length of 21.0 cm. The vendace inhabiting the pelagic zone are of
small size (9.3 —13.6 cm, 6-19 g). The mean values are 10 g and 11.0 cm. Female fish
predominate (1.4: 1).

Fish pathology

The most serious and irreversible fish pathologies were recorded in this lake. The fre-
quency of occurrence of pathologies of the liver and kidneys in whitefish varied from
54 to 90% throughout the whole study period. Kidney stones of whitefish, which are
typical only of this region, occurred in 21% of the fish. 20% of the fish had serious al-
ternations of their reproductive system (gelatiniforme, asynchronous and asymmetric
maturation of the gonads). All the fish had reduced muscle turgor and colour changes
of the skin. The muscles of pike had a green hue, and the colour of the liver in 92% of
the fish was sandy-grey to dark-green.

Heavy metals in fish

Heavy metal concentrations (Cu, Ni, Pb) in fish muscle does not exceed the standard
values. The Ni concentrations in fish muscle are very close to the maximum permissi-
ble concentration (Table 23). The accumulation of metals in other fish organs is much
higher. For example, the Hg and Pb concentrations in liver, kidneys and gills can be
from 2 to 14 times higher than in the muscles. The difference for Cu (liver) and Ni
(kidneys) can be even higher (up to 47 and 17 times).

Comparative analysis of metal accumulation in different fish species showed that
the concentrations of Cu (liver), Ni (kidneys) and Pb (muscles) are higher in both
forms of whitefish than in the other species. Perch had the highest mean Hg concen-
trations in muscles (Fig. 38).

* Source: Sanitary..., 1986.
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Fig. 38.

Accumulation of Cu
(liver), Ni (kidneys), Pb
and Hg (muscle) in fish
from Lake Kuetsjarvi
(ug/g dry weight).
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NORWEGIAN LAKES

2.1. LAKE BIGGEJAVRE

Lake Biggejavre (watershed of River
Kautokejnoelva) is located 283 km to
the west of the town of Nikel. The oval-
shaped lake is not large (area of the lake
5.2 km?) or deep (maximum depth 16
m), and is of glacial origin. The maxi-
mum length is 5.2 km and maximum
width 1.5 km. The points of maximum
depth are located in the central part of
the lake.

According to the landscape type, the
watershed area belongs to the forest-
tundra zone, with heights of upto 600 m.
'The lake shores are high and stony, with
shrubs and birch woodland. The water of
the lake is colourless.

2.1.1. Hydrochemistry

The pH of the water in the lake is close
to neutral, and the water has a low total
mineralization (average 23.9 mg/l) and
alkalinity (average 256 peq/l). The lake
has low concentrations of base cations
and anions, with calcium (average 3.84
mg/l) and bicarbonate (average 15.7
mg/l) predominating.

Increased concentrations of P and N
are important criteria when estimating
water eutrophication. The concentra-
tions of and relationship between species
of P and N vary according to the season,
and the dynamics is to a greater extent
determined by the level of production
and, consequently, the trophicity of the
water body. The average concentrations
of total P and total N during the veg-
etation period are 6 pg/l and 120 pg/l,
respectively.

According to the concentrations of
mineral nutrients, the lake is classified
as oligotrophic. The colour values, and
organic matter (4.9 mg/l) and Fe con-
centrations (average 82 pg/l) are typical
for lakes in the region.

Physico-geographical characteristics

River

Watershed Kautokejnoelva—
River Altaelva

Latitude 69°16.264’
Longitude 23°25.685’
Height above sea level, m 383.0
Maximum length, km 52
Maximum width, km 1.5
Maximum depth, m 16
Area, km? 5.2
Watershed area, km? 120.0
Study period 2005

Hydrochemical properties

N 6.83
p 6.72-6.95
Electrical conductivity, 32
mS/cm 31-34
3.84
Ca, mg/| 3.65-4.04
0.88
Mg, mg/I 0.86-0.90
1.10
Na, mg/I 1.08-1.13
0.56
K, mg/I 0.54-0.58
15.7
HCO,, mg/l 13.9-17.5
1.23
50, mg/l 1.21-1.25
0.66
Cl, mg/l 0.66-0.66
Total mineralization, mg/I 1 293296 0
Alkalinity, ueq/I 22%86
Water colour, deg. 2;%7
6
NH,, ug/I 39
13
NO,, ug/I 1-26
Total N, pg/I 1 1%20
1
PO, g/l 141
6
Total P, pg/! 5.6
82
Fe, ug/I 64-101
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Although Cu and Ni are the main
pollutants in the effluents and emissions
from the “Pechenganickel” smelter, the
watershed of Lake Biggejavre is locat-
ed at a considerable distance from the
smelter and the Cu concentrations in the

water are 1.7 pg/l, and of Ni 2.2 pg/1.

2.1.2. Lake bottom sediments

The sediments in Lake Biggejavre have organic matter contents ( LOI) in the up-
permost 1 cm layer of about 30% (Table 24). As the lake is located at a distance of
about 300 km from the Pechenganickel smelter, emissions of S and heavy metals have
relatively little impact on the lake. However, it is subjected to pollution by chalcophile
elements, such as Cd, Pb, As and Hg. The top 4-10 cm of the lake sediments are the
most polluted. The maximum Cd concentrations occur in the 6-10 cm layer, and of
the others chalcophile elements in the uppermost 1 cm layer (Fig. 39). Contamination
factor values of these toxic elements range from 1.4 to 18.7 (Table 24), i.e. the values
correspond to moderate and high (Pb) contamination. Pb has the maximum C value.
'The contamination factor values of the other heavy metals are low. The degree of con-

Cu ug/l 1.%.2
Ni, ug/1 o.ﬁ.o
Al, ug/I 2%7
Pb, g/l o.%.z

tamination value (27.1) for this lake corresponds to considerable contamination.

Lake Layer,cm  LOI Cu Ni Zn Co Cd Pb As Hg G,
Biggejavre 0-1 27.63 53 25 62 | 125 | 0.24 | 33.8 | 15.1 | 0.163
25-26 | 25.31 88 35 79 | 35.1 | 0.17 1.8 6.63 | 0.070
o 0.6 0.7 | 0.8 | 04 14 | 18.7 | 2.3 23 27.1
0 10 20 30 pg/g 0 0.1 0.2 ug/'g
0 1 O 1 1 1 1
553 § 51
EﬂlO : f:10 :
210 3 Q 7
o o —-cy
=] ] =] ]
gls o o157 —{—
g ] £ 7 Hg
220 320
25 25 7

2.1.3. Hydrobiology studies

No direct hydrobiological investigations have been carried out in this lake.
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Table 24.

The organic matter con-
tents (LOI, %) and heavy
metal concentrations
(ug/g, dry weight) in the
surface (0-1cm) and
pre-industrial (25-26 cm)
sediment layers. C.and
C, correspond to con-
tamination factor and
degree of contamination
values, respectively.

Fig. 39.

Vertical distribution of
the concentrations of Pb,
As, Cd and Hg (ug/g, dry
weight) in the sediment
core of Lake Biggejavre.
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2.2. LAKE ELLENTJA

Lake Ellentja (watershed of the River
Paz) is located 53 km to the south-west
of the town of Nickel. The oval-shaped
lake is not large (area of the lake

1.06 km?) nor deep (maximum depth

10 m), and is of glacial origin. The maxi-
mum length is 1.7 km and maximum
width 1.17 km. The points of maximum
depth are located in the central part of
the lake.

'The lake is the most downstream in
the lake-river system of the River El-
lenelva. According to the landscape type,
the watershed belongs to the forest zone,
with heights of up to 260 m. The lake-
shores are low, waterlogged, and covered
by shrubs and pine forest.

2.2.1. Hydrochemistry

'The pH in the water of the lake is close
to neutral and has low total mineraliza-
tion (average 14.2 mg/l) and alkalinity
(average 105 peq/1). During floods pe-
riods the pH drops slightly, i.e. oxida-
tion processes do not develop due to
the buffering capacity of the water. The
lake has low concentrations of base cati-
ons and anions, with calcium (average
1.53 mg/1) and bicarbonate

(average 6.4 mg/1) predominating.

'The annual chemical cycle of the lake
is characterized by a slight reduction in
the oxidizability and pH of the water
during flood periods when the amount
of precipitation and inflow of humic wa-
ter increase.

'The concentrations of P and N are
important criteria when estimating wa-
ter eutrophication. The concentrations
of and relationships between species of
P and N vary according to the season,
and the dynamics is to a greater degree
determined by the level of production
and, consequently, the trophicity of the

Physico-geographical characteristics

River Ellenelva—

Watershed River Paz
(Tjerebukta)
Latitude 69°12.568’
Longitude 29°07.094'
Height above sea level, m 71.0
Maximum length, km 1.70
Maximum width, km 1.17
Maximum depth, m 10
Area, km? 1.06
Watershed area, km? 187
Study period 2002-2003

Hydrochemical properties

H 6.65
P 6.55-6.80
Electrical conductivity, 23
mS/cm 22-26
1.53
Ca, mg/! 141-1.77
0.58
Mg, mg/! 0.55-0.65
1.52
Na, mg/I 1.46-1.61
0.43
K, mg/l 0.41-0.48
HCO,, mg/I 6 % 1
2.20
50, mg/! 2.07-2.37
1.53
Cl mg/! 1.36-1.77
Total mineralization, 14.2
mg/I 13.3-15.8
Alkalinity, peq/I 981—%7
16
Water colour, deg. 12-18
12
NH,, pg/l 6-15
2
NO,, ug/l 12
Total N, pg/I 17%95
1
PO, ug/l 1-1
Total P, pug/I 4%5

water body. The average concentrations of total P and total N during the vegetation
period are 5 pg/l and 195 pg/l, respectively.
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According to the concentrations of 16
Water colour, deg.

mineral nutrients, the lake is classified as 12-18

oligotrophic. The colour values and or- | NH_ g/ 12
. 4 6-15

ganic matter (5.4 mg/l) and Fe concen- 5

trations (average 89 ug/l) are typical of | NO, ug/I 1-2
small water bodies in the region. During 183
flood periods in the summer the concen- 176-195
trations of PO,* and NO,", which deter- PO, g/l 1%1
mine the lake productivity, are low.

Total N, pg/I

Total P, pg/I 4%5
Although the watershed of Lake 89
Ellentja is relatively remote from the Fe, g/l 82-103
“Pechenganickel” smelter (distance of
53 km), it is subjected to anthropogenic 5
impacts from the smelter emissions. The | €U H/l 1720
main pollutants are sulphur compounds Ni Lall 17
and heavy metals (Ni, Cu, co, etc.). De- H9 0.9-24
spite the fact that emissions from the | aj ug/ 222—2;4
smelter have been reduced to approxi- 0-3
mately one third of the maximum levels | Pb 1o/l 0.2-05

during the late 1970s, the deposition of
pollutants still has an effect on the water
bodies in the region. The average concentrations of Cu and Ni are 1.9 pg/land 1.7 pg/l,
respectively.

2.2.2. Lake bottom sediments

'The sediments of Lake Ellentja have relatively low organic matter contents (LOI) in
the uppermost 1 cm layer of about 20% (Table 25). Emissions from the smelter have
little impact on the lake, but levels of chalcophile elements such as Pb and Hg are el-
evated. The uppermost 2-4 cm sediment layers are the most polluted, while maximum
concentrations of Hg occur in the 6-7 cm layer (Fig. 40). The contamination factor
values for Pb and Hg are 3.8 and 3.4, respectively (Table 25), i.e. the values correspond
to considerable contamination. The contamination factor values for other heavy metals
are low. The degree of contamination value (13.0) for this lake corresponds to moder-
ate.

Lake Layer,cm  LOI Cu Ni Zn Co cd Pb As Hg G,

Ellentja 0-1 2442 | 41 36 82 9.4 0.17 | 13.2 | 272 | 0.174
16-17 1886 | 51 32 123 9.5 0.14 3.5 2.80 | 0.051

0.8 1.1 0.7 1.0 1.2 3.8 1.0 3.4 13.0
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Table 25.

The organic matter con-
tents (LOI, %) and heavy
metal concentrations
(ug/g, dry weight) in the
surface (0-1cm) and
pre-industrial (16-17 cm)
sediment layers. C.and
C, refer to contamina-
tion factor and degree of
contamination values,
respectively.
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Fig. 40.

Vertical distribution of
the concentrations of
Pb and Hg (ug/g, dry
weight) in the sediment
core of Lake Ellentja.
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2.2.3. Hydrobiology studies

No direct hydrobiological investigations have been carried out in this lake.

2.3. LAKE GARDSJOEN

Lake Gardsjoen (watershed of the River

Jacobselv) is located 31 km to the north Watershed River Jacobselv—

of the town of Zapolyarny. The oval- . the Barents Sea

shaped lake is relatively small (area of ::at'“ftded ggzgf'ggg:

the lake 0.75 km?) and not deep (maxi- H%?g;:tua;ove sealevel, :

mum depth 16 m), and is of glacial ori- | m 820

gin. The maximum length is 1.65 km I\Mﬂgi:mzm L\e;ir;gt':wh’klt:q 16675

and maximum width 0.7 km.The points 7= = depth’, . 10

of maximum depth are located in the ["aren k2 075

central part of the lake. Watershed area, km? 10.5
According to the landscape type, the | Study period 2003-2005

watershed area belongs to the tundra

zone, with heights up to 282 m.The lake

shores are high and covered by shrubs and birch woodland. The water of the lake is
colourless both during high water periods and episodes of high precipitation.

2.3.1. Hydrochemistry

'The proximity of the sea has considerable influence on the water quality of the lake.
'The pH in the water is neutral and the water has a low total mineralization
(average 20.1 mg/1) and alkalinity (average 60 peq/l). During flood periods the pH
drops slightly, i.e. oxidation processes do not develop due to the buftering capacity of
the water. The lake has low concentrations of base cations and anions, with sodium
(average 3.61 mg/1) and chloride (average 5.82 mg/l) predominating.

'The annual chemical cycle of the lake is characterized by a slight reduction in the
oxidizability and pH of the water during flood periods when the amount of precipita-
tion and inflow of humic water increase.
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Elevated concentrations of P and N Hydrochemical properties

are important criteria when estimating oH 6.57
water eutrophication.The concentrations : — 6.33-6.71
of and relationships between species of Electrical conductivity, 36
. mS/cm 34-38
P and N vary according to the season 161
and the dynamics is to a greater extent Ca, mg/l 1.50-1.70
determined by the level of production 0.74
L. Mg, mg/I
and, consequently, the trophicity of the 0.78-0.92
water body. The average concentrations | Na, mg/I 3.61
. 3.40-3.83
of total P and total N during the veg- 034
etation period are 6 pg/l and 126 pg/l, | K-mg/l 0.32-0.36
respectively. 3.7
! . HCO., mg/I =
According to the concentrations of ¥ M9 3.3-4.0
mineral nutrients, the lake is classified as | 50, mg/! , 042.24244
oligotrophic. The colour values and or- '5;;2'
ganic matter (3.4 mg/l) and Fe concen- | Cl.mg/I 534-6.96
trations (average 24 pg/l) are typical of | Total mineralization, 201
small water bodies in the region. During | mg/I 19.4-20.8
flood periods in the summer the concen- Alkalinity, eq/! s 4%% ;
trations of PO,* and NO,", which deter-
mine the lake productivity, are low.
10
The low micronutrient concentra- | Vatercolour, deg. 821
tions of the water entering the water | NH, pg/l 9
body reﬂect the low ‘level of chem1c‘al NO,, g/ 1316
weathering of the minerals present in T08
the watershed area. Although the water- Total N, ug/! 86-126
shed of Lake Gardsjoen is relatively dis- | PO,, pg/I o
« . »
jcarllt ﬁTom t}'le Pechenganickel sr‘ne'lter, Total P, ug/! 1&6
it is still subjected to anthropogenic im- 7%
pacts. The main pollutants are sulphur Fe, no/l 17.4-35.7
compounds and heavy metals (Ni, Cu,
Co, etc.). Despite the fact that emissions
from the smelter have been reduced to 2.0
. . . Cu, pg/l
approximately one third of the maxi- 1.2-3.6
mum levels of the late 1970s, the depo- | Ni, ug/I 3 % 7
sition of pollutants still has an impact '39'
on the water bodies in the region. The | Al ng/l 30-48
average concentrations of Cu and Ni are P, La/] 03
2.0 pg/l and 4.5 pg/l, respectively. '+ 0.2-0.5

2.3.2. Lake bottom sediments

'The sediments of Lake Gardsjoen have relatively low organic matter contents (LOI) in
the uppermost 1 cm layer of slightly more than 20% (Table 26). The lake is located at
a distance of only 38 km from the Pechenganickel smelter, and is therefore subjected
to the deposition of heavy metals (Ni and Co), as well as chalcophile elements such as
Hg, Pb and As. The top 2-4 cm sediment is the most polluted. The accumulation of
Pb in the sediments started earlier (Fig. 41). The contamination factor values of these
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metals range from 1.5 up to 5.7 (Table 26), i.e. the values correspond to moderate and
considerable (Pb) contamination. Lead has the highest C; value. The contamination

Table 26. factor values of the other heavy metals are low. The degree of contamination value

The organic matter
contents (LOI, %) and
heavy metal concentra-
tions (ug/g, dry weight)
in the surface (0-1 cm)
and pre-industrial
(16-17 cm) sediment
layers. C.and C, are con-
tamination factor and
degree of contamination
values, respectively.

Fig. 41.

Vertical distribution of
the concentrations of
Cu, Ni and Pb (ug/g, dry
weight) in the sediment
core of Lake Gardsjoen.
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(15.0) for this lake corresponds to moderate contamination.

Lake Layer,cm  LOI Cu Ni Zn Co Cd Pb As Hg C,
Gardsjoen 0-1 21.89 | 66 72 58 12 0.18 | 17.7 | 1.52 | 0.082
16-17 | 1891 | 41 28 81 25 023 | 3.1 0.94 | 0.056
Cf 1.6 2.6 0.7 0.5 0.8 5.7 1.6 1.5 15.0
0 20 40 60 ng/g 0 5 10 15 ng/g
0 ] 1 1 0 ] 1
g ] g ]
= 5] =l 3]
a a ]
g £ ]
510 - 510
E ] E
LT =]
15 7 15 7

2.3.3. Hydrobiology investigations

No direct hydrobiological investigations have been carried out in this lake.

2.4. LAKE GJOKVATN

Lake Gjokvatn (watershed of the River
Paz) is located 58 km to the south-west
of the town of Nickel. The elongated,
oval-shaped lake is relatively small (area
of the lake 0.62 km?), not deep (maxi-
mum depth 12 m), and is of glacial ori-
gin. The maximum length is 1.22 km and
maximum width 0.60 km. The points of
maximum depth are located in the cen-
tral part of the lake.

The lake originates from the River
Gjekbekken. According to the landscape
type. the watershed belongs to the forest

Physico-geographical characteristics

River Gjokbekken—

Watershed River Paz

(Gjokbukta)
Latitude 69°09.181’
Longitude 29°05.910’
gelght above sea level, 96.0
Maximum length, km 1.22
Maximum width, km 0.60
Maximum depth, m 12
Area, km? 0.62
Watershed area, km? 6.37
Study period 2004-2005

zone, with heights of up to 180 m. The lake shores are high and covered by pine forests

and shrub vegetation. Boulder beds occur throughout almost the whole littoral zone.
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'The water of the lake is colourless, but it occasionally increases to 41 deg. and become
yellowish.

2.4.1. Hydrochemistry

'The water of the lake is slightly acidi- Hydrochemical properties

fied and has a low total mineralization oH 6.53
(average 14.1 mg/1) and alkalinity (aver- : _ 6.11-6.73
age 116 peq/l). During ﬂood p‘eriods. the E:‘;%”r:al conductivity, 5 ‘%62 8
pH of the water drops slightly, i.e. oxida- 199
tion processes do not develop due to the Ca, mg/l 1.88-2.08
buffering capacity of the water. The lake Mg, mg/! 0.64
has low concentrations of base cations : 0.59-0.71
and anions, with calcium Na, mg/| : 5%90
(average 1.99 mg/1) and bicarbonate “0.60
(average 7.1 mg/l) predominating. K, mg/I 0.54-0.67
7.1
Elevated concentrations of P and N | "—0r ™9/ 6.5-7.7
are important criteria when estimating 50,, mg/I 5 1%63
water eutrophication. The concentrations 5 _66
of and relationships between species of | Cl.mg/l 139-198
P and N vary according to the season | Total mineralization, 14.1
and the dynamics is to a greater extent | mg/l 14.7-17.7
determined by the level of production | ajalinity, peg/! 116
and, consequently, the trophicity of the 107-126
water body. The average concentrations
of total P and total N during the veg-
etation period are 8 g/l and 202 pg/l, | water colour, deg. 37
respectively. 3441
According to the concentrations of | NH, ug/| 6-212
mineral nutrients, the lake is classified as 14
mezotrophic. The colour values and the NO, ug/! 3-34
organic matter (8.4 mg/l) and Fe con- | N g 196
centrations (average 138 pg/l) are typi- 192-202
cal of small water bodies in the region. | PO, pg/l 1%1
During flood periods in the summer the 7
concentrations of PO43- and NO3-, Total P, ug/l 6-8
which determine the lake productivity, | . ug/! 138
are low. : 100-200
Although the watershed of Lake
Gjokvatn is relatively remote from the 21
Pechenganickel smelter (distance of Cu pg/! 09-5.5
‘58 km), it is exposed to anthropogen‘ic Ni, ug/l 0&6
impacts from the smelter. The main st
pollutants are sulphur compounds and | Al ug/l 4(%‘;9
heavy metals (Ni, Cu, co, etc.). Despite 06
the fact that emissions from the smelter | P> H9/! 0.2-12

have been reduced to approximately one
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third of the peak levels of the late 1970s, the deposition of pollutants still affects the
water bodies in the area. The average concentrations of Cu, Ni and Al are 2.1 pg/1,1.2
pg/l and 54 pg/l, respectively.

2.4.2. Lake bottom sediments

'The sediments of Lake Gjokvatn have organic matter contents (LOI) in the uppermost
1 cm layer of more than 30% (Table 27). Airborne deposition of pollutants from the
smelter does not seriously affect water quality of the lake, the pollution mainly consist-
ing of chalcophile elements such as Pb, As, Cd and Hg. The top 4-5 cm sediment layer
is the most polluted (Fig. 42). The contamination factor values of these heavy metals
range from 1.8 to 5.1 (Table 27), i.e. the values correspond to considerable and moder-
ate (Cd and Hg) contamination. Arsenic has the highest C, value. The contamination
factor values of the other heavy metals are moderate to low. The degree of contamina-

Table 27. ;1 value (17.2) for this lake corresponds to considerable contamination.

The organic matter
contents (LOI, %) and
heavy metal concentra-
tions (ug/g, dry weight)
in the surface (0-1cm) | ake Layer,cm  LOI Cu Ni  Zn | Co Pb As Hg C,
and pre-industrial
(21-22 cm) sediment - Gjokvatn 0-1 31.61 73 56 134 36 0.67 34.3 3.03 | 0.309

layers. C.and C, are con-
tamination factorand 21-22 | 3733 | 151 36 236 25 0.33 8.0 0.60 | 0.168

degree of contamination
values, respectively. C 0.5 1.5 0.6 1.5 2.0 4.3 5.1 1.8 17.2

0 0 0.2 0.4 0.6 ug/g
0 O . 1 1 1 1 1
§s 551
| £ ]
o 2 ]
310 310 ]
Fig. 42. ]
Vertical distribution of gl 5 —g 15 ]
the concentrations of Pb, | 3 A ] -
As, Cd and Hg (ug/g, dry 20 20 1
weight) in the sediment ] ——Hg
core of Lake Gjokvatn.

2.4.3. Hydrobiology investigations

No direct hydrobiological investigations have been carried out in this lake.
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2.5. LAKE GUOKALABBALAT

Lake Guokalabbalat (watershed of the River Kobbholmselva) is located 30 km to the
north of the town of Zapolyarny. The elongated lake is relatively small (area of the
lake 0.13 km?), not deep (maximum depth 11 m), and is of glacial origin. The maxi-
mum length is 650 m and maximum

width 410 m. The points of maximum : : v
Physico-geographical characteristics

depth are located in the central part of River
the lake. Watershed Kobbholmselva—
The lake forms part of a lake-river the Barents Sea

system. According to the landscape [ Latitude 69°42.200°
type, the watershed belongs to the tun- Longitude 30%46.752
d ith heichts of to 349 Height above sea level, m 186.0

Ta zone wi cights ol up to m. Maximum length, km 0.65
Boulder beds occur throughout almost | maximum width, km 041
the whole littoral zone. The lake shores | Maximum depth, m 11
are high and covered by grass and shrub | Area km? 0.13

. . 2
vegetation. The water of the lake is col- | Watershed area, km >.25
Study period 1996-2005

ourless both during high water periods
and episodes of high precipitation.

Hydrochemical properties

2.5.1. Hydrochemistry H 6.34
P 6.09-6.55
'The proximity of the sea has a consider- Electrical conductivity, 31
. . mS/cm 27-33
able influence on the water quality. The 132
water in the lake is slightly acidified and | € m9/l 1.10-1.45
has a low total mineralization (aver- Mg, mg/! 0.68
age 16.6 mg/l) and alkalinity (average ' 0.62-0.74
32 peq/l). During flood periods the pH | Na, mg/I 5 7%50
drops slightly, i.e. oxidation processes do 028
not develop due to the buffering capaci- | K mg/I 0.23-0.38
ty of the water. The lake has low concen- HCO. mall 20
. . . . , M
trations of base cations and anions, with ¥ M9 13-25
sodium (average 3.13 mg/l) and chloride | 50_mgy 5 8%1 ,
(average 5.2 mg/1) predominating. 20
'The annual chemical cycle of the lake | Cl, mg/I 437-5.70
is characterized by a slight reduction in Total mineralizati P 166
the oxidizability and pH of the water otal mineralization, mg 14.4-18.1
during flood periods when the amount | apalinity, peq/1 223%‘ :

of precipitation and inflow of humic wa-
ter increase.

Elevated concentrations of P and N
are important criteria when estimating water eutrophication. The concentrations of
and relationships between species of P and N vary according to the season and the dy-
namics is to a greater extent determined by the level of production and, consequently,
the trophicity of the water body. The average concentrations of total P and total N
during the vegetation period are 5 pg/l and 147 pg/l, respectively.

According to the concentrations of mineral nutrients, the lake is classified as ol-
igotrophic. The colour values and organic matter (2.6 mg/l) and Fe concentrations
(average 15.8 pg/l) are typical of small water bodies in the region. During flood pe-
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Table 28.

The organic matter con-
tents (LOI, %) and heavy
metal concentrations
(ug/g, dry weight) in the
surface (0-1 cm) and
pre-industrial (13-14 cm)
sediment layers. C.and
C, are the contamina-
tion factor and degree of
contamination values,
respectively.
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riods in the summer the concentrations Wat our d 7
. . ater colour, deg.
of PO, and NO,", which determine the d 5-13
lake productivity, are low. NH4, ug/I 1%4
. . . 6
"The low micronutrient concentrations | NO3, ug/I 124
of the water entering the water body re- Total N ua/] 97
flect the low level of chemical weathering otal ™ K9 67-147
of the minerals present in the watershed PO4, ug/l 1%2
area. Although the watershed of Lake .
Guokalabbalat is relatively distant from | Total P pg/I 5t
the “Pechenganickel” smelter (distance 158
of 30 km), it is still subjected to the im- Fe, g/l 6.6-27.6

pacts of pollution from the smelter. The
main pollutants are sulphur compounds

and heavy metals (Ni, Cu, Co, etc.). De- Cu, ug/! 1.5
spite the fact that emissions from the ' 1.0-24
smelter have fallen to approximately one | Nj, ug/I 4 ﬁ 3
third of the peak levels of the late 1970s, : 38.
the deposition of pollutants still influ- | Al g/l 27.54
ences the water bodies in the region. The P La/] 03
average concentrations Cu and Ni are 'H 0.1-0.7

1.5 pg/land 5.1 pg/l, respectively.

2.5.2. Lake bottom sediments

'The sediments of Lake Guokalabbalat were investigated already more than 10 years
ago — sediment core samples were taken on the 18th of July, 1996. However, the con-
centrations of toxic chalcophile elements such as Hg and As were not determined at
that time. The sediments in Lake Guokalabbalat have organic matter contents (LOI)
in the uppermost 1 cm layer of slightly more than 20% (Table 28). As the lake is
located at a distance of 27 km from the Pechenganickel smelter, emissions from the
smelter have a considerable effect on pollutant concentrations (Ni, Cu and Co), and
it is also subjected to pollution by chalcophile elements, such as Cd and Pb. The top
1-2 cm layer of the sediments is the most polluted (Fig. 43). There is also an increase
in the concentration of heavy metals in the 5-8 cm layer, which is also probably due to
pollution from the iron mine near Kirkenes. The contamination factor values of these
heavy metals range from 1.5 to 3.9 (Table 28), i.e. the values correspond to moder-
ate and considerable contamination. Nickel has the highest C, value. The degree of
contamination value (13.8) for this lake corresponds to considerable (for six elements)
contamination.

Lake Layer,cm LOI Cu Ni Zn Co cd Pb As Hg C

Guokalabbalat 0-1 23.63 | 133 | 214 | 146 | 136 | 2.18 | 175 - -
13-14 | 1840 | 86 54 151 45 140 | 64 - -

C 1.5 3.9 1.0 | 3.0 1.6 2.7 - - 13.8
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2.5.3. Hydrobiological studies

Hydrobiological indices

Cyanobacteria are almost completely absent from the phytoplankton communities
in Lake Guokalabbalat. The dominant species are the division of yellow-green al-
gae (Crysophyta), diatoms (Bacillariophyta) and green algae (Chlorophyta) (Sharov,
2004).

According to earlier studies, the dominant complex in zooplankton communities
of Jarfjord lakes is one species of rotifera (Kellicotia longispina) (Yakovlev et al., 1991).
'The density of Cladocerae and Copepoda does not exceed 15 000 specimens/m?. Cope-
pods are predominant. The predominant species in the division of benthic communi-
ties are mayfly (Ephemeroptera) and stoneflies (Plecoptera). The relative abundance
(%) of acid- and pollution-sensitive species is 1.6. The value of the Shannon diversity
index of the benthos is 3.23 (Yakovlev et al., 2007).

Ichthyofauna. Studies on the fish community of Lake Guokalabbalat were conducted
in 1995 (Kashulin, 2004). The data indicate that trout and arctic char inhabit the lake.
'The average length of char is 16.3 cm, and weight 45 g. The size of the larges individu-
als reaches 30.8 cm and 314 g, respectively. The bulk of the char population consists
of 2- to 3-year-old fish (~90%). 3-year-old specimens are predominant, and fish of
other age classes are occasionally caught. Males are predominant in the sex distribu-

tion (1.3:1).

Heavy metals in fish
Heavy metal (Cu, Ni, Pb, Cd and Hg) concentrations in fish muscle do not exceed the
established standard values (Table 29). Nevertheless, the concentrations of Cu (pg/g
dry weight) in the liver of char (up to 217.6 pg/g) and trout (up to 266.6 ug/g) are
considerably higher than in muscle. The Ni and Cd concentrations in the kidneys of
the above fish species reach 5.1 and 5.9 pg/g in char, and 6.2 and 3.9 pg/g in trout,
respectively. The variation in the Hg concentrations in this species are not significant.
'The analysis of heavy metal accumulation in different fish species showed that trout
have the highest concentrations of Ni (in kidneys) and Cu (in liver). Lead and Hg ac-
cumulate more strongly in char muscle (Fig. 44).
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Standard value Concentration in muscle Concentration in muscle
(ng/g wet weight)* | (ng/g wet weight) (ng/g dry weight)
Char
Hg 0.5 0.07 0.28
Ni 0.5 0.19 0.80
Cu 20 0.37 1.59
Cd 0.1 0.005 0.02
Pb 1 0.04 0.17
Trout
Table 29.
The standard values for Hg 0.5 0.05 0.23
heavy metal concentra- | Ni 0.5 0.20 0.89
tions in foodstuffsand | Cu 20 0.34 1.50
in fish muscle in Lake
Guokalabbalat (in ug/g cd 0.1 0.004 0.02
wet and dry weight). | PP 1 0.02 0.10
* Source: Sanitary..., 1986
Cu in liver Ni in kidneys
450 8

I L] | Ig
1

250 5 °
200 p
150
100 . 3
50 2
char trout char trout

Concentration of Cuin liver (ug/g dry weight) Concentration of Niin kidney (ug/g dry weight)

Pb in muscle Hg in muscle

032 0,36

0,30
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0,26 0,32
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]

0,20 S8
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Fig. 44.
Cu (liver), Ni (kidneys), Pb and Hg (muscle) concentrations in fish from Lake Guokalabbalat (ug/g dry weight).
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2.6. LAKE HOLMVATN

Lake Holmvatn (watershed of the River Kobbholmselva) is located 32 km to the north
of the town of Zapolyarny. The almost oval-shaped lake is relatively small (area of
the lake 0.94 km?), not deep (maximum

depth 15 m), and is of glacial origin. The Physico-geographical characteristics

maximum length is 1.95 km and maxi- River

mum width 0.85 km. The points of max- Watershed Kobbholmselva—

. . the Barents Sea

imum depth are located in the central - - -

£ the lak Latitude 69°42.601

part of the lake. ‘ Longitude 30°45.909'
The lake forms part of a lake-river [ Height above sea level, m 156.0

system. According to the landscape type, | Maximum length, km 1.95

the watershed area belongs to the tundra | Maximum width, km 0.85

zone, with heights of up to 349 m. The Max'munz” depth, m 15

lake shores are high and covered by grass Area, ki 054

axe shores are g‘ a Vv Y8 Watershed area, km? 15.25

and shrub vegetation. The water of the [ Tstudy period 2004-2005

lake is colourless.

2.6.1. Hydrochemistry

'The proximity of the sea has a consider-

Hydrochemical properties

able influence on water quality. The pH oH 6.53
of the water in the lake is close to neu- R P 6.44-6.58
tral, and the water has a low total min- rEn(;%nmca conductivity, 3;%,3
eralization (average 17.6 mg/l) and al- 152
kalinity (average 44 peq/l). During flood | ¢ M9/l 1.44-1.59
periods the pH drops slightly, i.e. oxida- |\, 0.74
tion processes do not develop due to the #ms 0.73-0.75
buffering capacity of the water. The lake | Na, mg/I 3 1%2 .
has low concentrations of base cations 031
and anions, with sodium (average 3.17 | K-mg/ ' 0.29-0.33
mg/1) ar.ld (fhlonde (average 5.07 mg/1) HCO, mg! 27
predominating. 27-24
'The annual chemical cycle of the lake 50,, mg/I A 0%1 5
is characterized by a slight reduction in : s 07'
the oxidizability and pH of the water | Cl.mg/l 502-5.11
during flood periods when the amount ] o 176
. . . Total mineralization, mg/I —
of precipitation and inflow of humic wa- 17.5-17.7
ter increase. Alkalinity, peq/I 4;%5

Elevated concentrations of P and N

are important criteria when estimating water eutrophication. The concentrations of
and relationships between species of P and N vary according to the season and the dy-
namics is to a greater extent determined by the level of production and, consequently,
the trophicity of the water body. The average concentrations of total P and total N
during the vegetation period are 5 pg/1 and 100 pg/l, respectively.

According to the concentrations of minewral nutrients, the lake is classified as
oligotrophic. The colour values and organic matter (2.4 mg/1) and Fe concentrations
(average 7.1 pg/l) are typical of small water bodies in the region. During flood pe-
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riods in the summer the concentrations Water colour de 6
of PO, and NO,", which determine the €9 6-6
lake productivity, are low. NH,, pg/! 4?9
The low micronutrient concentra- | NO,, ug/l 1%3
tions of the water entering the water 97
body reflect the low level of chemical Total N, ug/l 95-100
weathering of the minerals present in PO,, g/ 1
the watershed area. Although the water- Ll
shed of Lake Holmvatn is relatively dis- | Total P, pg/I 4%5
tant from the Pechenganickel smelter 71
(32 km), it is still subjected to the im- Fe, ug/! 5593
pacts of pollutants from thr smelter. The
main pollutants are sulphur compounds
and heavy metals (Ni, Cu, Co etc.). De-
spite the fact that emissions from the Cu, g/l 2.8
smelter have been reduced to approxi- 1635
mately one third of the peak levels of the | Ni, pg/I 28
. 50-7.3
late 1970s, the deposition of pollutants %8
still has an impact on the water bodies Al ug/l 2533
in the area. The average concentrations Pb, g/l 0.3
of Cu and Ni are 2.8 pg/l and 5.8 pg/l, ' 0.2:0.3
respectively.

2.6.2. Lake bottom sediments

The sediments in Lake Holmvatn have very low organic matter contents (LOI): in

the uppermost 1 cm layer LOI is less than 20% (Table 30). As the lake is located at a

distance of 37 km from the “Pechenganickel” smelter, emissions from the smelter have

a relatively small impact on the lake. Pollution by chalcophile elements is also low. De-

spite this, the maximum concentrations of almost all metals (Ni, Zn, Co, Cd and Hg)

occurred in the 2-5 cm sediment layer (Fig. 45). The accumulation of metals in this

layer is presumably due to strong pollution from an unknown source. The contamina-

tion factor values for these heavy metals range from 0.4 to 3.6 (Table 30), i.e. the values

~ Table30. correspond to low and moderate contamination. The degree of contamination value
Zﬁ?%ﬁ'«%ﬁfjﬁg@ (13.0) for this lake corresponds to moderate contamination.
metal concentrations
(ug/g, dry weight) in the
surface (0-1cm)and  Lake Layer,cm LOI Cu Ni Zn Co Ccd Pb As Hg C

pre-industrial (12-13 cm)
sedimentlayers, Cfand Holmvatn 0-1 19.45 62 37 98 48 0.16 25.6 1.60 0.048

C, are the contamina-
tion factor and degree of

contamination values, C 09 19|16 36 | 21 | 1.2 0.4 1.4 | 13.0
respectively. f

12-13 | 13.49| 67 20 | 59 13 0.08 219 3.94 0.035
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2.6.3. Hydrobiology investigations

No direct hydrobiological investigations have been carried out in this lake.

2.7.LAKE ISALOMBOLA
Lake Isalombola (watershed of the River River Ellenelva—
Paz) is located 62 km to the south-west Watershed River Paz

. (Tjerebukta)
of the town of Nickel. The elongated, [ -7 69°00.493"
oval-shaped lake is not large (the area [ ongitude 28°58.080"
of the lake is 1.62 km?) nor deep (maxi- | Height above sea level, m 112.0
mum depth 11 m), and is of glacial ori- | Maximum length, km 2.65
gin. The maximum length is 2.65 km and | Maximum width, km 1.07
maximum width 1.07 km. The points of ?_\Arae);'rﬂz:? depth, m 11 612
maximum depth are located in the cen-  Myarershed area, km? 240
tral part of the lake. Study period 2002-2005

'The lake forms part of the Ellenel-
va lake-river system. According to the
landscape type, the watershed belongs to the forest zone with heights of up to 260 m.
'The lake shores are low, and covered by shrub vegetation and pine forests. Boulder beds
occur in almost parts of the littoral zone.

2.7.1. Hydrochemistry

'The pH of the water in the lake is close to neutral, and the lake has a low total miner-
alization (average 14.6 mg/1) and alkalinity (average 109 peq/1). During flood periods
the pH drops slightly, i.e. oxidation processes do not develop due to the buffering
capacity of the water. The lake has low concentrations of base cations and anions, with
calcium (average 1.71mg/1) and bicarbonate (average 6.7 mg/l) predominating.

'The annual chemical cycle of the lake is characterized by a slight reduction in the
oxidizability and pH of the water during flood periods when the amount of precipita-
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Fig. 45.

Vertical distribution of
the concentrations of
Zn, Co and Cd (ug/g, dry
weight) in the sediment
core of Lake Holmvatn.
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tion and inflow of humic water increase. Hydrochemical properties

Elevated concentrations of P and N oH 6.79
are important criteria when estimating . — 6.62-6.98
water eutrophication.The concentrations azjz”n:al conductivity, , 12% 4
of and relationships between species of 171
P and N vary according to the season Ca, mg/l 1.46-1.81
and the dynamics is to a greater extent Mg, mg/l 0.58
determined by the level of production ' 0.50-0.63
and, consequently, the trophicity of the | Na, mg/I : 4%67
water body. The average concentrations 047
of total P and total N during the veg- | K mg/l 0.44-0 50
etation period are 10 pg/1 and 307 pg/l .

P HE H&S | co, man 67
respectively. 6.0-7.1

According to the concentrations of | so, mg/l 2027.12625
mineral nutgrients, the lake is classified ==

. 1.56
as mezotrophic. The colour values and | ¢l mg/l 136185
organic matter (4.9 mg/l) and Fe con- - 146
. . Total mineralization, mg/I
centrations (average 39 pg/l) are typi- 13.3-15.8
cal of small water bodies in the region. Alkalinity, eq/! 109
. . . 99-117
During flood periods in the summer the
concentrations of PO > and NO,", which
determine the lake productivity, are low. 13
Water colour, deg. S
12-15
Although the watershed of Lake Is- | NH ug/) 9
- : v 7-10
alombola is relatively remote from the 5
Pechenganickel smelter (62 km), it is | NO, ug/I 14
subjected to anthropogenic impacts as a Total N ua] 188
result of emissions from the smelter. The otal, ug 145-307
main pollutants are sulphur compounds | pq ug/! 2
. 4 -
and heavy metals (Ni, Cu, co, etc.). De- 164
spite the fact that emissions from the | TotalP g/l 310
smelter have fallen to approximately one 39
third of the peak levels of the late 1970s, Fe, ng/l 32-51
the deposition of pollutants still affects
the water bodies in the area. The average
concentrations of Cu and Niare 1.3 pg/l | cu, ug/! 0 ;2 7
and 1.4 pg/l, respectively. - 14
" H9 0.6-2.6
17
Al ug/l 13-20
2.7.2. Lake bottom sediments Pb. ua/l 03
» 19 0206

The sediments in Lake Isalombola have
relatively high organic matter contents

(LOI): in the uppermost 1 cm layer it was about 30% (Table 31). The lake is located at
a distance of 59 km from the Pechenganickel smelter. As a result, emissions from the
smelter have a relatively minor effect on water quality, and the lake is subjected prima-
rily to the deposition of chalcophile elements such as Pb, As, Cd and Hg. The top 3-4
cm sediment layer is the most polluted (Fig. 46). The contamination factor values for
these toxic chalcophile metals range from 2.1 to 19.9 (Table 31), i.e. the values cor-
respond to high, considerable and moderate (Hg) contamination. Lead has the highest
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C, value. Contamination factor values for the other heavy metals are moderate. The de-
gree of contamination value (36.0) for this lake corresponds to high contamination.

Lake Layer,cm LOI Cu Ni Zn Co Cd Pb As Hg G,

Isalombola 0-1 2913 | 71 28 109 83 | 035 | 216 | 456 | 0.188
22-23 | 2381 | 80 13 93 6.7 | 008 | 1.1 1.02 | 0.090

(o 0.9 2.1 1.2 1.2 42 | 199 | 45 2.1 36.0
0 10 20 pglg 0 0.1 0.2 0.3 nglg
0 . 1 1 1 1 O . 1
5 5 F
g ] = 1
s ] - A 2 ]
2157 SRR
e I
20 4 220 1
2.7.3. Hydrobiology investigations
No direct hydrobiological investigations have been carried out in this lake.
2.8. LAKE KOBBHOLMVATN
Lake Kobbholmvatn (watershed of the Physico-geographical characteristics
River Kobbholmselva) is located 34 km River
to the north of the town of Zapolyarny. | Watershed Kor?b;olmselga—
The lake is relatively large (area of the , he Jarents o3
2 d ( . depth Latitude 69°43.294
lake 4.0 km?), deep (maximum dept Longitude 30°40.899"
43 m), has an indented shoreline and is | Height above sea level, m 114.0
of glacial origin. The maximum length is | Maximum length, km 415
4.15 km and maximum width 2.47 km. | Maximum width, km 247
'The points of maximum depth are locat- Max'muT depth, m 43
d in the central part of the lak Area, ki 0
cd1n the central part o ¢ lake. . Watershed area, km? 25.1
The lake forms part of a lake-river [ study period 5003-2005

system. According to the landscape type,

the watershed belongs to the tundra

zone, with heights of up to 396 m. Boulder beds occur in almost all parts of the littoral
zone. The lake shores are high, and covered by grass and shrub vegetation. The water
of the lake is colourless.
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Table 31.

The organic matter con-
tents (LOI, %) and heavy
metal concentrations
(1g/g, dry weight) in the
surface (0-1 cm) and
pre-industrial (22-23 cm)
sediment layers. C, and
C, are the contamina-
tion factor and degree of
contamination values,
respectively.

Fig. 46.
Vertical distribution of
the concentrations of Pb,
As, Cd and Hg (ug/g, dry
weight) in the sediment
core of Lake Isalombola.
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2.8.1. Hydrochemistry

'The proximity of the sea has aconsider-
able influence on the water quality. The
pH of the water in the lake is close to
neutral, and the water has a low total
mineralization (average 16.3 mg/1) and
alkalinity (average 22 peqg/l). During
flood periods the pH drops slightly, i.e.
oxidation processes do not develop due
to the buffering capacity of the water.
'The lake has low concentrations of base
cations and anions, with sodium (aver-
age 3.20 mg/l) and chloride (average
5.15 mg/1) predominating.

'The annual chemical cycle of the lake
is characterized by a slight reduction in
the oxidizability and pH of the water
during flood periods when the amount
of precipitation and inflow of humic wa-
ter increase.

Elevated concentrations of P and N
are important criteria when estimating
water eutrophication. The concentrations
of and relationships between species of
P and N vary according to the season
and the dynamics is to a greater extent
determined by the level of production
and, consequently, the trophicity of the
water body. The average concentrations
of total P and total N during the vegeta-
tion period are 4 pg/l and154 pg/l, cor-
respondingly.

According to the concentrations of
mineral nutrients, the lake is classified as
oligotrophic. The colour values and the
organic matter (2.1 mg/l) and Fe con-
centrations (average 6.5 pg/l) are typical
of small water bodies in the region. Dur-
ing flood periods in the summer the av-
erage concentrations of PO * and NO,
which determine the lake productivity,
are low.

The low micronutrient concentra-

tions of the water entering the water body reflect the low level of chemical weather-
ing of the minerals present in the watershed area. Although the watershed of Lake
Kobbholmvatn is relatively distant from the Pechenganickel smelter (distance of 34
km), it is still subjected to the effects of emissions from the smelter. The main pol-
lutants are sulphur compounds and heavy metals (Ni, Cu, Co etc.). Despite the fact

Hydrochemical properties

H 6.26
P 6.03-6.46
Electrical conductivity, 31
mS/cm 30-32
1.24
Ca, mg/! 1.05-1.36
0.68
Mg, mg/l 0.59-0.74
3.20
Na, mg/I 3.14-3.27
0.31
K, mg/| 0.29-0.36
14
HCO3, mg/I 0818
4.37
504, mg/l 4.05-4.57
5.15
Cl mg/! 5.10-5.43
Total mineralization, 16.3
mg/l 14.9-17.4
Alkalinity, peq/I 132%30
4
Water colour, deg. 35
7
NH,, pg/I 413
37
NO,, pg/I 3251
107
Total N, pg/I 80-154
1
PO,, ug/l o
3
Total P, pg/I 14
6.5
Fe, ng/! 38114
1.8
Cu, pg/! 03-33
. 5.8
Ni, ug/l 5.4-6.9
21
Al, pg/I 1824
0.3
Pb, g/l 0.2-0.4
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that emissions from the smelter have dropped to approximately one third of the peak
levels of the late 1970s, the deposition of pollutants still has an impact on the water
bodies in the area. The average concentrations of Cu and Ni are 1.8 pg/l and 5.8 pg/l,
respectively.

2.8.2. Lake bottom sediments

'The sediments of Lake Kobbholmvatn have extremely low organic matter contents
(LOI): in the uppermost 1 cm layer it is only slightly more than 3% (Table 32). Owing
to the fact that the lake is situated at a distance of 34 km from the smelter, the depo-
sition of pollutants has only a minor effect on water quality. Pollution by chalcophile
elements is also relatively insignificant. The contamination factor values for the heavy
metals range from 0.5 to 1.1 (Table 32), i.e. almost all the metals, apart from Ni, have
low contamination levels. The degree of contamination value (5.2) for this lake cor-
responds to low contamination.

Lake Layer,cm LOI | Cu Ni Zn | Co Cd Pb As Hg C,
Kobbholmvatn 0-1 345 | 74 67 | 107 | 27 | 0.13 16.0 1.35 0.022
14-15 |13.13]130 | 60 | 197 | 61 | 0.22 | 335 1.53 | 0.037

C, 06 | 1.1 | 05| 0.5 | 0.6 0.5 0.9 0.6 5.2

2.8.3. Hydrobiology investigations

No direct hydrobiology investigations have been carried out in this lake.

2.9. LAKE LANGVATN Physico-geographical characteristics
River
Lake Langvatn (watershed of the River | watershed %Zr%rgfjjaﬁ:e_
Dammasjoki) is located 34 km to the Barents Sea)
north of the town of Zapolyarny. The | Latitude 69°43.553’
elongated lake is relatively small (area of | Longitude 30"35.509'
the lake 0.87 km?), not deep (maximum Height above sea level, m 87.0
g K . Maximum length, km 2.23
depth 21 m), and is of glacial origin. The [y~ =" dth, km 0.57
maleum Iength is 2.23 k[n and maXi_ Maximum depth’ m 21
mum width 0.57 km. The points of max- | Area, km? 0.87
imum depth are located in the central | Watershed area km? 7.3
Study period 2003-2005

part of the lake.

'The lake belongs to a lake-river
system. According to the landscape type,
the watershed belongs to the tundra zone, with heights of up to 356 m. Boulder beds
occur in almost all parts of the littoral zone. The lake shores are high, and covered by
grass and shrub vegetation. The southern shore leads abruptly down to the water. The
road to Jacobselv passes along the northern shore. The water of the lake is colourless.
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Table 32.

The organic matter
contents (LOI, %)

and heavy metal
concentrations (ug/g,
dry weight) in the
surface (0-1 cm) and
pre-industrial (14-15 ¢cm)
sediment layers. C.and
C,are the contamination
factor and degree of
contamination values,
respectively.
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2.9.1. Hydrochemistry

'The proximity of the sea has a considera- Hydrochemical properties

ble influence on water quality. The pH of oH 6.40
the water in the lake is close to neutral, 6.32-6.55

and the water has a low total mineraliza- a:;zﬂn:al conductivity, 3 ﬁ7
tion (average 18.6 mg/l) and alkalinity 163
(average 33 peq/l). During flood periods | < ™9/ ! 1.50-1.70
the pH falls slightly, i.e. oxidation proc- | \, — . 6%-7580

esses do not develop due to the buffer-
ing capacity of the water. The lake has | Na, mg/I 3 2%58
low concentrations of base cations and 030

anions, with sodium (average 3.43 mg/l) K, mg/I 0.27-0.38
and chloride (average 5.76 mg/l) pre- HCO., g/ 21
dominating. ’ 1.9-23
'The annual chemical cycle of the lake | 50, mg/I A 5‘;_6381
is characterized by a slight reduction in 76
the oxidizability and pH of the water | Cl-mg/I 594-6.26
during flood periods when the amount | Total mineralization, 18.6
of precipitation and inflow of humic wa- | mg/l 17.7-19.5
ter increase. Alkalinity, eq/! 5 13%37
Elevated concentrations of P and N
are important criteria when estimating
water eutrophication. The concentra- 6
tions of and relationships between spe- Water colour, deg. 5-6
cies of P and N vary according to the NH,, g/ 6
season and the dynamics is to a greater 39
extent determined by the level of pro- | NO, pg/I 6%3
duction and, consequently, the trophic- 118
ity of the water body. The average con- Total N, ug/! 81-205
centrations of total P and total N during PO, g/l 1
the vegetation period are 6 pg/l and 205 11
pg/1, respectively. Total P, pg/I 3%6
According to the concentrations of 104
mineral nutrients, the lake is classified as | T& M9/ ' 6.8-13.0

oligotrophic. The colour values and the
organic matter (2.5 mg/l) and Fe con-

centrations (average 10.4 ug/l) are typi- | -, ug/! 1.7

cal of small water bodies in the region. 1.§—§.6
During flood periods in the summer | Ni, pg/I 1o as

the concentrations of PO and NO,, 3

which determine the lake productivity, Al ug/l 24-38
are low. 04
Pb g/l 0.2-1.0

'The low micronutrient concentra-
tions of the water entering the water
body reflect the low level of chemical weathering of the minerals present in the wa-
tershed area. Although the watershed of Lake Langvatn is relatively distant from the
Pechenganickel smelter (distance of 34 km), it is still subjected to the impact of emis-
sions from the smelter. The main pollutants are sulphur compounds and heavy metals
(Nj, Cu, Co, etc.). Despite the fact that emissions from the smelter have been reduced
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to approximately one third of the maximum levels in the late 1970s, the deposition of
pollutants still has an influence on the quality of the water bodies in the lake. The aver-
age concentrations of Cu and Ni are 1.7 pg/l and 3.7 pg/l, respectively.

2.9.2. Lake bottom sediments

The sediments in Lake Langvatn have organic matter contents (LOI) in the upper-
most 1 cm layer ofabout 25% (Table 33). Airborne pollutants from the smelter have a
relatively insignificant effect on pollution in the lake. Pollution by chalcophile elements
is also relatively minor. Surprisingly, the maximum concentrations of practically all the
heavy metals (Cu, Ni, Zn, Co and Cd) occur in the 3-4 cm sediment layer (Fig. 47).
'The accumulation of metals in this layer is presumably due to strong pollution from an
unknown source. The contamination factor values for these heavy metals range from
0.4 to 2.6 (Table 33), i.e. the values correspond to low and moderate contamination.
Cobolt has the highest C,value. The degree of contamination value (10.7) for this lake

orresponds to moderate contamination.

Lake Layer,cm  LOI Cu Ni Zn Co Ccd Pb As Hg C,
Langvatn 0-1 2524 | 121 52 110 62 0.19 26 4.14 | 0.096
13-14 20.61 137 31 109 24 0.50 20 3.53 | 0.056
C 0.9 1.7 1.0 2.6 0.4 13 1.2 1.7 10.7
0 50 100 ng/g 0 200 400 ng/g
0 ] L 1 L 1 L 0 : 1 L 1 L
o o
i:‘: 5] = 51
Q 1 ° 1
3 i —=7n
O N = Co
£10 1 210
c =
L2 -—Cuy ? “ J
15 - —ENi 15

2.9.3. Hydrobiology investigations

No direct hydrobiological investigations have been carried out in this lake.
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Table 33.

The organic matter con-
tents (LOI, %) and heavy
metal concentrations
(ug/g, dry weight) in the
surface (0-1 cm) and
pre-industrial (13-14 cm)
sediment layers. C.and
C,are the contamina-
tion factor and degree of
contamination values,
respectively.

Fig. 47.

Vertical distribution of
the concentrations of Cu,
Ni, Zn and Co (ug/g, dry
weight) in the sediment
core of Lake Langvatn.
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2.10. LAKE N-254

Lake N-254 (watershed of the River Physico-geographical characteristics

Jacobselv) is located 19 km to the north
of the town of Zapolyarny. The oval-
shaped lake is not large (the area of the
lake is 0.09 km?), nor deep (maximum
depth 2.5 m), and is of glacial origin. The
maximum length is 500 m and maxi-
mum width 250 m. The points of maxi-
mum depth are located in the northern
part of the lake.

'The lake forms part of a lake-river
system. According to the landscape
type, the watershed belongs to the tun-
dra zone, with heights of up to 405 m
(Gouvdoaive fell). Boulder beds occur
in almost all parts of the littoral zone.
The southern shore is waterlogged. The
old road to the settlement of Pechenga
(Russia) passes along the northern shore.
'The water of the lake is colourless.

2.10.1. Hydrochemistry

'The proximity of the sea has a consider-
able influence on the water quality. The
pH of the water in the lake is close to
neutral, and the water has a low total
mineralization (average 22.4 mg/l) and
alkalinity (average 114 peq/l). The lake
has low concentrations of base cati-
ons and anions, with sodium (average
3.09 mg/l) and bicarbonate (average
7.0 mg/1) predominating.

Elevated concentrations of P and N
are important criteria when estimating
water eutrophication. The concentra-
tions of and relationships between spe-
cies of P and N vary according to the
season and the dynamics is to a greater
extent determined by the level of pro-
duction and, consequently, the trophic-
ity of the water body. The average con-
centrations of total P and total N during
the vegetation period are 5 pg/l and
176 pg/l, respectively.

River Urdalselva—

Watershed River Jacobselv—
the Barents Sea
Latitude 69°35.789’
Longitude 30°44.545'
Height above sea level, m 254.0
Maximum length, km 0.50
Maximum width, km 0.25
Maximum depth, m 2.5
Area, km? 0.09
Watershed area, km? 7.62
Study period 2003-2004

Hydrochemical properties

) 6.84
p 6.83-6.87
Electrical conductivity, 36
ms/cm 35-38
2.05
Ca, mg/I 1.92-2.14
1.02
Mg, mg/I 0.94-1.09
3.09
Na, mg/I 2.93-3.18
0.31
K, mg/I 0.29-0.33
HCO,, mg/I 6 % 1
4.55
SO,, mg/I 434-4.77
4.41
Cl, mg/I 4,13-4.74
Total mineralization, mg/I 22.1-22.9
Alkalinity, ueq/I 1 1:)1141 7
8
Water colour, deg. 7-9
18
NH,, ug/I 12-29
1
NO,, pg/I 1-1
Total N, pg/I 13%76
1
PO, g/l 1-2
5
Total P, ug/I 5-5
39.0
Fe, pg/l 30.2-59.4
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According to the concentrations of mineral nutrients, the lake is classified as oli-
gotrophic. The colour values and the organic matter (3.3 mg/1) and Fe concentrations
(average 39 pg/l) are typical of small water bodies in the region. During flood periods
in the summer the concentrations of PO,3- and NO3-, which determine the lake
productivity, are low.

'The low micronutrient concentrations of the water entering the water body reflect
the low level of chemical weathering of the minerals present in the watershed area. The
watershed area of Lake N-254 is 19 km from the “Pechenganickel” smelter, and is ex-
posed to the emission of pollutants. The

main pollutants are sulphur compounds Cu. ua 32
and heavy metals (Ni, Cu, Co, etc.). De- 9 2.5-3.8
spite the fact that emissions from the | nj, pg/ 5%7
smelter dropped to approximately one '1_6'
third of the peak levels of the late 1970s, | Al pg/l 1224
the deposition of pollutant still has an 0.3
. . Pb, ug/I ==
impact on the water quality. The average 0.2-0.3

concentrations of Cu and Ni are 3.2 pg/1
and 6.7 pg/l, respectively.

2.10.2. Lake bottom sediments

The sediments in Lake N-254 have relatively high organic matter contents (LOI): in
the uppermost 1 cm layer LOI is above 30% (Table 34). As the lake is situated at a
distance of 27 km from the Pechenganickel smelter, emissions from the smelter affect
the amount of pollution (Ni, Cu, Zn and Co) in the lake. The lake is also subject to
pollution by chalcophile elements, such as Cd, Pb and As. The top 2-3 cm sediment
layer is the most polluted. The contamination factor values for these toxic heavy metals
range from 1.2 to 2.0 (Table 34), i.e. the values correspond to moderate contamination.
Zinc has the highest C_value. The contamination factor value for Hg is low. The degree
of contamination value (11.5) for this lake corresponds to moderate contamination.

Lake Layer,cm  LOI Cu Ni Zn Co Ccd Pb As Hg C,
N-254 0-1 3269 | 34 53 89 9 0.44 2.58 1.67 | 0.022
6-7 34.06 | 28 36 45 7 0.33 1.63 0.93 | 0.025
C 1.2 1.5 2.0 1.3 13 1.6 1.8 0.9 11.5

2.10.3. Hydrobiology investigations

No direct hydrobiological investigations have been carried out in this lake.
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Table 34.

The contents of organic
matter (loss of weight
on ignition — LOI, %) and
heavy metals (ug/g, dry
weight) in surface

(0-1 cm) and back-
ground (6-7 cm) layers
of sediments. C.and C,
- values of contamina-
tion factor and degree
of contamination,
respectively.
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2.11. LAKE SAMETTIVATN

Lake Samettivatn (watershed of the Physico-geographical characteristics

River Paz) is located 26 km to the west River Sametti—
) - Watershed River P
of the town of Nickel. The lake is not — 6;:’; 5221,
large (the area of the lake is 2.31 km?), atitude —
i ; Longitude 29°38.028
nor deep (maximum depth 10 m), and is Height above sea level, m 95.0
close to oval shape and of glacial origin. | Maximum length, km 2.95
The maximum length is 2.95 km and | Maximum width, km 1.15
maximum width 1.15 km. The points of | Maximum depth, m 10
maximum depth are located in the cen- Area, km - 231
1 t of the lak Watershed area, km -
tral part of the lake. Study period 2004-2005

The lake forms part of a lake-river
system, and a larger stretch is located in
its northern part. According to the landscape type, the watershed area belongs to the
forest-tundra zone, with heights of up to 220 m. Boulder beds occur in almost all parts
of the littoral zone. The lake shores are covered by shrub vegetation and pine forests.

2.11.1. Hydrochemistry

The pH of the water in the lake is close Hydrochemical properties

to neutral, and the water has a low total pH 6.80
mineralization (average 16.1 mg/l) and : — 6.68:6.88
alkalinity (average 99 peq/l). During Electrical conductivity, 26
mS/cm 25-27
flood periods the pH drops slightly, i.e. 213
oxidation processes do not develop due Ca, mg/l 2.09-2.19
to the buffering capacity of the water. |, g, mg/l 0.50
'The lake has low concentrations of base : 0.50-051
cations and anions, with calcium (aver- | Na, mg/I : 716'%1881
age 2.13 mg/l) and bicarbonate (average 037
6.0 mg/1) predominating. K, mg/I 0.37-0.38
‘ The anm.lal chemicall cycle of th‘e 1a1‘<e HCO., mg/l 6.0
is characterized by a slight reduction in ’ 5.7-6.2
the oxidizability, mineralization and pH | so,, mg/I 5 5%62
of the water during flood periods when 70
the amount of precipitation and inflow | € m9/l 264-2.76
of humic water increase. Total mineralization, mg/I 16.1
Elevated concentrations of P and N : 15.9-16.3
are important criteria when estimating | Alkalinity, peg/I 94%02

water eutrophication. The concentra-
tions of and relationships between spe-
cies of P and N vary according to the season and the dynamics is to a greater extent
determined by the level of production and, consequently, the trophicity of the water
body. The maximum concentrations of total P and total N during the vegetation period
are 5 pg/l and 156 pg/l, respectively.

According to the concentrations of mineral nutrients, the lake is classified as oli-
gotrophic. The colour values and the organic matter (4.0 mg/1) and Fe concentrations
(average 17.5 pg/l) are typical of small water bodies in the region. During flood periods
in summer the concentrations of PO > and NO ", which determine the lake productiv-
ity, are low.
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"The watershed of Lake Samettivatn is Water colour, deg 9
located at a distance of 26 km from the S 8-10
Pechenganickel smelter, and is subject- NH,, pg/I 35
ed to anthropogenic impacts from the ]
smelter. The main pollutants are sulphur | NO, g/l 11
compounds and heavy metals (Ni, Cu, 133
Co, etc.). Despite the fact that emissions Total N, g/ 117-156
from the smelter have dropped to ap- PO,, ug/l 1
proximately one third of the peak levels 1:
of the late 1970s, the deposition of pol- | Total P, pg/I 45
lutants still influences the water quality. 175
'The average Cu and Ni concentrations Fe, ug/l 14.0-23.6
are 2.5 pg/l and 1.8 pg/l, respectively.

2.11.2. Lake bottom sediments

The sediments in Lake Samettivatn have 25
relatively low organic matter contents Cu vol 1.4-4.1
(LOD): in the uppermost 1 cm layer | nj ug/ 18
LOI is about 20% (Table 35). Emissions 1'71'72'1
from the smelter affect the concentra- | Al ug/l 14-24
tions of pollutants (Ni and Co) in the 02
sediments, and the lake is also subject Pb. pg/! 0.2-0.2

also to pollution by chalcophile ele-

ments, such as Cd, Pb and As. The top

4-5 cm sediment layer is the most polluted (Fig. 48). The contamination factor values
for these toxic heavy metals range from 2.0 to 8.9 (Table 35), i.e. the values correspond
to moderate, considerable and high contamination. Lead has the highest C, value. The
contamination factor values for the other heavy metals correspond to low contamina-
tion. The degree of contamination value (27.9) for this lake corresponds to consider-
able contamination.

Lake Layer,cm  LOI Cu Ni Zn | Co dd Pb As Hg C

Samettivatn 0-1 19.16 | 72 87 82 | 105 [ 037 | 21.1 | 9.70 | 0.082
18-19 2119 133 | 39 | 153 | 14 | 0.19 | 24 1.81 0.080

05 | 22| 05|74 | 20 | 89 54 1.0 27.9
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Table 35.

The organic matter
contents (LOI, %) and
heavy metal concentra-
tions (ug/g, dry weight)
in the surface (0-1cm)
and pre-industrial
(18-19 cm) sediment
layers. C.and C, are con-
tamination factor and
degree of contamination
values, respectively.
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Fig. 48.

Vertical distribution of
the concentrations of

Co, Pb and As (ug/g, dry
weight) in the sediment
core of Lake Samettivatn.
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2.11.3. Hydrobiology investigations

No direct hydrobiological investigations have been carried out in this lake.

2.12. LAKE SKRUKKEVATN

Lake Skrukkevatn (watershed of the

Physico-geographical characteristics

River Paz) is located 18 km to the north River Paz

; . Watershed Skrukkebuk
of the town of Nickel. The lake is not : ( rukkebu Ita)
large (the area of the lake is 0.91 km?), Latitude 69'31.183
h . devth is 15 h 1 Longitude 30°03.023
the maximum dept _15 15 m, ‘as a C O.SC Height above sea level, m 56.0
to oval shape, and is of glacial origin. [ Maximum length, km 2.0
The maximum length is 2.0 km and | Maximum width, km 0.7
maximum width 0.7 km. The points of | Maximum depth, m 15

2
maximum depth are located in the cen- \/-,\Vre:, k: 5 — 2‘2;
. atersned area, Km 3

tral part of the lake. The lake is used by < dy period 2004-2005

inland water transport.

The lake forms part of a lake-river
system. According to the landscape type, the watershed belongs to the forest-tundra
zone, with heights of up to 152 m. Boulder beds occur in almost all parts of the lit-
toral zone. The lake shores are high, and covered by grass and shrub vegetation and
pine forests. The northern shore falls abruptly to the waterline. A road passes along the
northern shore. The water of the lake is colourless.

2.12.1. Hydrochemistry

'The pH of the water in the lake is close to neutral, and the water has a low total min-
eralization (average 19.8 mg/l) and alkalinity (average 82 peq/1). During flood periods
the pH falls slightly, i.e. oxidation processes do not develop due to the buffering ca-
pacity of the water. The lake has low concentrations of base cations and anions, with
sodium (average 2.80 mg/1) and bicarbonate (average 5.0 mg/1) predominating.

The annual chemical cycle of the lake is characterized by a slight reduction in
the oxidizability, mineralization and pH of the water during flood periods when the
amount of precipitation and inflow of humic water increase.
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Elevated concentrations of P and N Hydrochemical properties

are important criteria when estimating
water eutrophication. The concentrations
of and relationships between species of P
and N vary according to the season and
the dynamics is to a greater extent de-
termined by the level of production and,
consequently, the trophicity of the water
body. The maximum concentrations of
total P and total N during the vegeta-
tion period are 5 pg/l and 188 pg/l,
respectively.

According to the concentrations of
mineral nutrients, the lake is classified as
oligotrophic. The colour values and the
organic matter (4.2 mg/l) and Fe con-
centrations (average 20.7 pg/l) are typi-
cal of small water bodies in the region.
During flood periods in the summer the
concentrations of PO > and NO,", which
determine the lake productivity, are low.

"The watershed of Lake Skrukkevatn
is subjected to severe anthropogenic im-
pacts from the “Pechenganickel” smelter.
'The main pollutants are sulphur com-
pounds and heavy metals (Ni, Cu, Co
etc.). Despite the fact that emissions
from the smelter have been reduced to
approximately one third of the maxi-
mum levels of the late 1970s, the depo-
sition of pollutants still influences the
water bodies in the area. The average
concentrations of Cu and Ni are 4.3 pg/l
and 7.2 pg/l, respectively.

2.12.2. Lake bottom sediments

"The sediments in Lake Skrukkevatn have
relatively low organic matter contents
(LOI): in the uppermost 1 cm layer LOI
is about 20% (Table 36). As the lake is

N 6.66
p 6.61-6.72
Electrical conductivity, 34
mS/cm 34-35
2.29
Ca, mg/I 2.25-2.34
0.72
Mg, mg/I 0.71-0.75
2.80
Na, mg/I 2.77-2.88
0.37
K, mg/I 0.37-0.38
HCO,, mg/I 4 % 1
4.16
S0, mg/I 4.05-4.22
4.39
Cl, mg/l 436-4.45
Total mineralization, 19.8
ma/l 19.5-20.1
Alkalinity, peg/I 818%;4
Water colour, deg. 1‘%4
6
NH,, ug/I 48
12
NO,, pg/I 2-18
Total N, ug/I 1 12%1288
1
PO,, ug/! 1-1
Total P, pg/I 3%5
20.7
Fe, pg/I 10.6-41.0
4.3
Cu, pg/l 3.6-4.9
] 7.2
Ni, pg/! 6.8-8.0
51
Al, ug/! 3875
0.2
Pb, ug/I 0203

situated at a distance of only 18 km from the Pechenganickel smelter, emissions have
a considerable effect on pollution (Ni and Co) levels in the lake, and the lake is also
subjected to pollution by chalcophile elements, such as Hg, Pb and As. The top 2-3 cm
layer is the most polluted (Fig. 49). The contamination factor values for these heavy
metals range from 1.5 to 6.6 (Table 1), i.e. the values correspond to moderate and high
(Co and Pb) contamination. Cobolt has the highest C, value. The contamination fac-
tor values for the other heavy metals are low. The degree of contamination value (20.7)

calculated for the lake corresponds to considerable contamination.
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Table 36.

The organic matter con-
tents (LOI, %) and heavy
metal concentrations
(ug/g, dry weight) in the
surface (0-1 cm) and
pre-industrial (14-15 ¢cm)
sediment layers. C.and
C, are the contamina-
tion factor and degree of
contamination values,
respectively.

Fig. 49.

Vertical distribution of
the concentrations of Co
and Pb (ug/g, dry weight)
in the sediment core of
Lake Skrukkevatn.
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Lake Layer,cm LOI Cu Ni Zn Co Cd Pb As Hg C,
Skrukkevatn 0-1 20.04 95 77 135 | 139 | 0.17 | 20.2 | 3.50 | 0.053
14-15 17.98 88 44 138 21 0.16 | 34 | 1.97 | 0.035
C, 1.1 1.7 1.0 6.6 1.1 6.0 1.8 1.5 20.7
0 50 100 ng/g 0 10 20 pg/g
0 ] ! 1 ! 1 ! 0 ] ! 1 ! 1
g ] 5 ]
£ 5] £ 5]
a ] g ]
§ ] - (o é 1 P—
= i
210 1 £10
5 ] g ]
R a ]
15 - 15 -

2.12.3. Hydrobiology investigations

No direct hydrobiological investigations have been carried out in this lake.

2.13. LAKE STUORAJAVRE

Lake Stuorajarve (watershed of the
River Kautokeinoelva) is located
312 km to the west of the town of Nick-
el. The lake is relatively large (area of the
lake 19.2 km?), has a maximum depth of
21 m, and is of oval shape and of glacial
origin. The maximum length is 12.9 km
and maximum width 3.7 km. The points
of maximum depth are located in the
northern part of the lake.

According to the landscape type, the
watershed belongs to the forest-tun-
dra zone, with heights of up to 772 m

Physico-geographical description

River

Watershed Kautokeinoelva

—River Altaelva
Latitude 69°06.416’
Longitude 22°50.435’
Height above sea level, m 374.0
Maximum length, km 12.9
Maximum width, km 3.7
Maximum depth, m 21
Area, km? 19.2
Watershed area, km? -
Study period 2005-2007

(Geshvarre fell). The lake shores are high and stony, and covered by shrubs and birch
woodlands. The water of the lake is colourless.
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2.13.1. Hydrochemistry

'The pH of the water in the lake is neu- Hydrochemical properties

tral, and the water has a low total min- oH 6.97
eralization (average 32.5 mg/l) and al- : _ 6.79-7.30
kalinity (average 315 peq/l). The lake E:zjznn:alconduct|V|ty, 314f259
has low concentrations of base cati- 4.00
ons and anions, with calcium (average Ca, mg/l 3.32-6.93
4.99 mg/l) and bicarbonate (average Mg, mg/l 155
19.2 mg/1) predominating. : 1.00-2.24
Na, mg/I 105
0.83-1.33

Elevated concentrations of P and N 044
are important criteria when estimating | K mg/l 0.38-0.54

water eutrophication. The concentrations HCO., ma/! 19.2
of and relationships between species of P ” 13.7-23.9
and N vary according to the season and | 50, mg/I , 4%65
the dynamics is to a greater extent de- 0,80
termined by the level of production and, | ¢l mg/l 0.59-1.12
consequently, the trophicity of the water | Total mineralization, 325
body. The maximum concentrations of | mg/l 22.3-44.2
total P and total N during the vegeta- | ajkalinity, peq/! 315
tion period are 8 pg/l and 172 pg/l, 225-392
respectively.
19
According to the concentrations of Water colour, deg. 8-24
mineral nutrients, the lake is classified as NH,, ug/I L
. . 6-25
oligotrophic. The colour values and the 10
organic matter (4.7 mg/l) and Fe con- | NO, ho/I 1-22
centrations (average 95 pg/l) are typical Total N. 1o/l 136
of small water bodies in the region. 9 113-172
: : PO, o/l 1%1
Nickel and Cu are discharged and .
emiitted from the “Pechenganickel” | TotalP, ug/l 58
smelter. The watershed of Lake Stuora- 95
jarve is relatively distant from the Fe ug/! 52-130
Pechenganickel smelter, and the average
Cu and Ni concentrations in the water .
are 1.1 pg/l and 0.9 pg/l, respectively. Cu, pg/! 09-15
Ni, ug/! 8:2-1 8
Al, pg/l %_53
0.2
2.13.2. Lake bottom sediments Pb. ug/! 0.1-0.4

'The sediments in Lake Stuorajavre have

organic matter contents (LOI) in the uppermost 1 cm layer of less than 20% (Table
37). As the lake is located at a distance of about 300 km from the Pechenganickel
smelter, emissions from the smelter have almost no effect on water quality in the lake.
However, it is exposed to pollution by chalcophile elements, such as Cd, Pb, As and
Hg. The top 2-4 cm sediment layer is the most polluted, with maximum Cd and Pb
concentrations in the 1-2 c¢m layer, maximum As in the uppermost 1 cm layer, and
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Table 37.

The organic matter
contents (LOI, %) and
heavy metal concentra-
tions (ug/g, dry weight)
in the surface (0-1 cm)
and pre-industrial
(24-25 cm) sediment
layers. C.and C, are con-
tamination factor and
degree of contamination
values, respectively.

Fig. 50.

Vertical distribution of
the concentrations of Pb,
As, Cd and Hg (ug/g, dry
weight) in the sediment
core of Lake Stuoraja-
vre-1.

Fig. 51.
Distribution of fish spe-
cies in Lake Stuorajavre.
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maximum Hg in the 2-3 cm layer (Fig. 50). The contamination factor values for these
heavy metals range from 1.5 to 2.4 (Table 37), i.e. the values correspond to moderate
contamination. Lead has the highest C, value. The contamination factor values for the
other heavy metals are low. The degree of contamination value (11.5) for this lake cor-
responds to moderate contamination.

Lake Layer,cm  LOI Cu Ni Zn Co Cd Pb As Hg C,
Stuorajavre-1 0-1 16.79 | 48 45 55 | 38.1 | 0.21 | 109 | 441 | 0.126
24-25 12.32 73 43 51 348 | 0.14 | 44 | 3.14 | 0.055
C, 0.7 1.0 | 1.1 1.1 1.5 2.4 1.4 2.3 11.5
0 5 10 15 pgl/g 0 0.1 0.2 pg/g
O 1 1 1 1 1 1 1 1 0 1 1 1 1 1
51 51
£ °] £ ° 1
< 7 R
210 7 =10 7
< 1 =&=rb .§ 1 -—Cd
515 1 —B—As || | §15 7 —Hg
£ ] E 3
320 320
25 25

2.13.3. Hydrobiological studies

Ichthyofauna. 'The studies on the fish
community of Lake Stuorajavre were
conducted in 2005.

The ichthyofauna of the lake consists
of nine species belonging to eight fish
families: trout (Salmo trutta), arctic char
(Salvelinus alpinus), whitefish (Core-
gonus lavaretus), grayling (Thumallus
thumallus), pike (Esox lucius), perch
(Perca fluviatilis), burbot (Lota Iota),
minnow (Phoxinus phoxinus) and nine-

spine stickleback (Pungitius pungitius).
Opverall whitefish and perch are the predominant species in Lake Stuorajavre (Fig. 51).
Pike, trout, grayling and burbot are occasionally caught.

trout 4.7
burbot 2.0 char 0.7

\ pike 4.7

whitefish 66.2

Two forms of whitefish inhabit the lake: sparsely rakered whitefish (up to 30 gill
rakers) and densely rakered whitefish (30 to 40 gill rakers). The mean length and
weight of the densely rakered whitefish do not exceed 23.7 cm and 145 g, respectively.
'The largest individuals can reach 27.2 cm and 220 g. The bulk of the densely rakered
whitefish population is represented by fish with a length of 22-26 cm and weight 140-
160 g (Fig. 52). On the average, the sparsely rakered whitefish are slightly larger than
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the densely rakered form. The mean weight is 353 g, but fish over one kilogram (1263
g) have been caught. The length of sparsely rakered whitefish reaches 45.2 cm (average
29.7 cm). The most numerous form of this fish are 25-35 ¢m long, with a weight of
200-400 g (Fig. 53).

'The age limit of sparsely rakered whitefish does not exceed 10 years. The bulk of the
population (around 80%) consists of 5- to 6-year-old fish (Fig. 54a). Fish in other age
classes are only occasionally caught. Males dominate over females (1.4:1). Despite the
fact that the age limit of sparsely rakered whitefish is 15 years, specimens from younger
age groups and those older than 10 years are absent (Fig. 54b). The population is domi-
nated by 7-year-old fish. Sparsely rakered whitefish, in contrast to the densely rakered
form, have higher growth rates in the older age groups. Thus the weight of 10-year-
old sparsely rakered whitefish is twice as high as that of similar-aged densely rakered
whitefish. The sex distribution of the population is dominated by female fish (1.7:1).
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Fig. 52.

Length and weight
distribution of the
densely rakered whitefish
in Lake Stuorajavre.

Fig. 53.

Length and weight dis-
tribution of the sparsely
rakered whitefish in Lake
Stuorajavre.

Fig. 54.

Age distribution of the
sparsely (a) and densely
(b) rakered whitefish in
Lake Stuorajavre.
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Fig. 55.

Length and weight
distribution of perch in
Lake Stuorajavre.
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'The average weight of trout is 484 g and length 34.9 cm. The length of some trout
specimens reaches 44.3 cm with a weight of 810 g. The sex distribution of trout is
dominated by males - 1:2.5. The oldest registered trout age is 7 years. Arctic char
was represented by a single sample, which was a 5-year-old mature female fish with
a weight of 762 g and length of 40 cm.

Perch in Lake Stuorajavre is represented by small-sized fish with an average weight
of 89 g and length of 17.7 cm. The largest specimens do not exceed 373 g and length
29.0 cm. Fish with a weight of under 100 g and length of 14 — 16 and 18 — 20 cm
dominate in the population (Fig. 55). The sex distribution of fish is characterized by
a slight dominance of males (1.3:1).

44% 14 44% 14
38% 12 38% [] 12
31% 10 31% 10
25% N 8 Z 25% 8 3
L \ 6 5 1o 6 5
3% 4 13% N\ 4
6% / 2 6% > \C 2
% EE o H B BEm |,
50 50 150 250 350 450 6 10 14 18 22 26 30
Weight, g Length, cm

Opverall, pike has an average weight of 644 g (maximal - 1107 g) and length 0of 42.3 cm
(maximum 49.8 cm). Males dominate over females.

Fish pathology

'The most frequently occurring pathologies of whitefish are expansions of the con-
nective tissue and grainy structure of the kidneys (more than 90%). The frequency of
kidney pathologies is also high and amounts to 50%; they appear as a change in colour
and degeneration of the tissue (pale liver). Disorders in the reproductive system are
the rarest, and occur in the form of anisochronous and asymmetric maturation of the
gonads (about 6%). In addition, whitefish have irregular rakers line and warp of the
rakers in 23% of cases. As regards pike, two fish had an unsatisfactory state of the liver
(28.6%). The liver was greenish in colour.

Heavy metals in fish
Heavy metal concentrations (Cu, Ni, Pb, Cd and Hg) in fish muscle do not exceed
the established standard values (Table 38). ). However, Cu concentrations (pg/g of dry
weight) in fish liver are higher than in muscles (from 9.5 pg/g in perch to 132.8 pg/g in
trout). ). The same holds true for Ni in fish kidney (from 1.1 pg/g in pike to 2.7 pg/g in
perch). The concentrations for Ni in skeleton reach 4.4 pg/g (in whitefish) and 5 pg/g
(in pike). The Pb concentration is the highest in the gills of sparsely rakered whitefish
(0.8 pg/g). Mercury accumulates more strongly in fish kidney, and the highest levels
occur in whitefish (1.6-2.9 ug/g) and in trout (1.6 pg/g dry weight).

Analysis of metal concnetrations in different fish species shows that Cu accumula-
tion in trout liver is 6 times higher than that in other fish species (Fig. 56). There are no
significant differences in Ni accumulation between the above fish species. The highest
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Pb and Hg concentrations in muscular tissue occur in pike. The Hg concentrations in
the muscle of pike and densely rakered whitefish are relatively similar (Fig. 56).

Standard value Concentration in muscle Concentration in muscle
(ng/g wet weight)* | (ug/g wet weight) (ng/g of dry weight)
Whitefish, sparely rakered
Hg 0.5 0.07 0.32
Ni 0.5 0.15 0.71
Cu 20 0.16 0.77
Ccd 0.1 - <0.01
Pb 1 0.02 0.11
Whitefish, densely rakered
Hg 0.5 0.13 0.68
Ni 0.5 0.12 0.64
Cu 20 0.08 0.40
Cd 0.1 0.002 0.01
Pb 1 0.02 0.08
Trout
Hg 0.5 0.13 0.58
Ni 0.5 0.15 0.66
Cu 20 0.25 1.14
Cd 0.1 - <0.01
Pb 1 0.02 0.05
Perch
Hg 0.5 0.13 0.51
Ni 0.5 0.14 0.70
Cu 20 0.13 0.62
Ccd 0.1 - 0.01
Pb 1 0.01 0.08
Pike
Hg 0.5 0.15 0.73
Ni 0.5 0.15 0.76
Table 38.
Cu 20 0.18 0.88 | The standard values for heavy metal con-
cd 0.1 0.002 0.01 | centrationsin foodstuffs and in fish muscle
in Lake Stuorajavre (in ug/g wet and dry
Pb 1 0.04 0.18 | weight).
* Source: Sanitary..., 1986.
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Fig. 56.

Cu (liver), Ni (kidneys), Pb
and Hg (muscle) concen-
trations in fish from Lake
Stuorajavre (ug/g dry
weight).
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2.14. LAKE SUOPATJAVRE

Lake Suopatjavre (watershed of the Riv-
er Kautokeinoelva) is located 306 km to
the west of the townof Nickel. The oval-
shaped lake is not large (area of the lake
1.88 km?), nor deep (maximum depth
12 m), and is of glacial origin. The maxi-
mum length is 4.0 km and maximum
width 0.8 km. The points of maximum
depth are located in the central part of
the lake.

According to the landscape type, the
watershed area belongs to the forest-
tundra zone, with heights of up to
523 m. The eastern shore is high and
marshes are widespread in the south.
'The lake shores are covered by shrubs
and birch woodland. The water in the
lake is colourless but, during periods of
high water and high precipitation epi-
sodes, the colour of the water increases
to 69 deg. and becomes slightly yellow-
ish. The lake is used as a landing area for
small aircraft.

2.14.1. Hydrochemistry

'The pH of the water in the lake is close
to neutral, and the water has a low total
mineralization (average 25.4 mg/1) and
alkalinity (average 260 peq/l). The lake

has low concentrations of base cations

Hg in muscle

1,0
0,9t
0,8
0,7¢
06
0,5t
0,4t
0,3
0,2

Concentration of Hg (ug/g dry weight)

whitefish sr
whitefish dr

trout

perch
pike

Physico-geographical characteristics

River

Watershed Kautokeinoelva—
River Altaelva

Latitude 68°56.246’
Longitude 23°05.448'
Height above sea level, m 323.0
Maximum length, km 4.0
Maximum width, km 0.8
Maximum depth, m 12
Area, km? 1.88
Watershed area, km? 124.0
Study period 2005-2007

Hydrochemical properties

6.89
pH 6.56-7.23
Electrical conductivity, 34
mS/cm 25-45
Ca, mg/I 2.438-65?57
Mg, mg/I 0.7%62
Na, mg/I 0.818‘-112.57
K, mg/!| 0.4%62
HCO,, mg/I 10.13?.293.8
SO, mg/I 1 .£.6
Cl, mg/I 0,3%?(165
Total mineralization, mg/I 1 7%7_4
Alkalinity, peg/I 1 6?3???90
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and anions, with calcium (average 44

. Water colour, deg. -
3.69 mg/l) and bicarbonate (average 18-69

H : 17
15.9 mg/1) pr§d0m1nat1ng. NH,, /! 2

Wiater enrichment with phosphorus p

and nitrogen is one of important criteria | NO,, ug/I 19
of water eutrophication. Concentration Total N. Lo/l 21
and correlation of their forms vary ac- otal K9 206-243

cording to a season and the dynamics | pg g/ 1
.. . 4 -
is in greater degree determined by the 1”2
level of production processes and con- e

Total P, pug/I

sequently trophicity of the water body. 92113

Concentrations of biogenic elements Fe, ug/! 152-262

during vegetation period are as follows:

total phosphorus — to 11 pg/l, total ni-

trogen — to 221 pg/l. Cu, pg/! 0.9
According to concentrations of bio- 0'6';'4

genic elements the lake can be defined | Ni,ug/I O.ij

as oligotrophic one. The values of color, 43

organic matter (7.3 mg/l) and Fe con- Al ug/l 33-50

centrations (average 210 pg/1) are typical Pb, g/l . % .

for small water bodies of this region.

Nickel and Cu are the main components in the discharges and emissions from the
Pechenganickel smelter. The watershed of Lake Suoptajarve is relatively distant from
the smelter, and the average Cu and Ni concentrations in the water are 0.9 pg/l and
1.9 pg/l, respectively.

2.14.2. Lake bottom sediments

The sediments in Lake Suopatjavre have organic matter (LOI) contents in the up-
permost 1 cm layer of about 30% (Table 39). The lake is located at a distance of about
300 km from the Pechenganickel smelter, and therefore the lake is relatively unaftected
by pollutants emitted by the smelter. However, the lake is subjected to pollution by
chalcophile elements such as Cd, Pb, As and Hg. The top 2-4 cm layer is the most pol-
luted. Maximum concentrations of Cd and Pb occur in the 1-2 cm layer, and of As and
Hg in the uppermost 1 cm layer (Fig. 57). The contamination factor values for these
heavy metals range from 2.1 to 3.8 (Table 39), i.e. the values correspond to moderate
and considerable contamination. Arsenic has the highest C, value. Contamination fac-
tor values for the other heavy metals are low. The degree of contamination value (15.8)
for this lake is on the borderline between moderate and considerable contamination.

Lake Layer,cm  LOI Cu Ni  Zn Co Cd Pb As Hg C,
Suopatjavre 0-1 28.16 | 13 17 77 180 | 0.23 | 129 | 6.73 | 0.065
17-18 | 2263 | 17 22 61 19.3 | 0.11 4.8 1.77 | 0.018
C, 0.8 [ 08| 13 | 0.9 2.1 2.7 3.8 3.5 15.8
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Table 39.

The organic matter
contents (LOI, %) and
heavy metal concentra-
tions (ug/g, dry weight)
in the surface (0-1 cm)
and pre-industrial
(17-18 cm) sediment
layers. C.and C are
the contamination
factor and degree of
contamination values,
respectively.
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core of Lake Suopatjavre.

2.14.3. Hydrobiology investigations

No direct hydrobiological investigations have been carried out in this lake.
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FINNISH LAKES

3.1.LAKE AITTOJARVI
Lake Aittojirvi (watershed of the River
Paz) is located 50 km to the west of the | Watershed River Paz
town of Nickel and 69.2 km to the north | Latitude 69°25.575"
of the settlement of Nellim in Finland, [-onditude 28°57.482
Height above sea level, m 164.0
It is a small (area of the lake 57.3 ha), [ Mmaximum length, km 150
shallow-water (maximum depth 5 m) | Maximum width, km 0.77
lake with an elongated oval shape and | Maximum depth, m 5.0
indented coastline, and is of glacial ori- C\;::Z:;E:?:;a — 587621582
gin. The maximum length is 1.5 km and Study period : 50052008

maximum width 0.77 km. The point of
maximum depth is located in the central

part of the lake. The watershed area belongs to the forest zone. The lake shores are high

and covered by shrubs and pine forests.

3.1.1. Hydrochemistry

The water of the lake is slightly acid

Hydrochemical properties

and has a low mean total mineraliza- oH 6.48
tion (12.7 mg/1) and mean alkalinity of : _ 6.06-6.77
77 peq/l. During flood periods the pH rET:eSngal conductivity, : 5%9
of water drops, but acidification does not 14
develop due to the buffering capacity of | & mg/I 1.0-23
the water. The lake has low concentra- 0.5
. . . . Mg’ mg/l 0 4_0 7
tions of base cations and anions, with so- 4-0.
dium (average 1.7 mg/1) and bicarbonate | Na, mg/I 1)?;2
(average 4.7 mg/l) predominating. 03
K, mg/! 0204
Total P and N concentrations in HCO. ma] 47
water are the main criteria used for as- v M9 3.1-96
sessing the development of water eu- 50, mg/l 12430
trophication. The concentrations and : 1_9'
relationships between the species of P | €l mg/l 0828
and N vary according to the season, and - 12.7
.. Total mineralization, mg/I oo
the dynamics is to a greater extent de- 9.8-18.9
termined by the level of production and, | Ajalinity, peq/! 51?1757

consequently, the trophicity of the water
body. The concentrations of total P and

total N during the vegetation period are up to 6 pg/l and 230 pg/l, respectively.

According to the concentrations of mineral nutrients, the lake is classified as oli-
gotrophic. The lake also has colour values and organic matter (up to 3.5 mg/1) and Fe
concentrations (mean 173 pg/l) typical of small water bodies in the region. During
high water periods in the summer, the concentrations of PO > and NO, which deter-
mine the lake productivity, are low.

Alhough the watershed of Lake Aittojdrvi is relatively remote from the Pechen-
ganickel smelter (50 km), it is subjected to the impacts of anthropogenic pollution. The
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Fig. 58.

Vertical distribution of
the concentrations of Ni,
As, Pb and Cd (ug/g, dry
weight) in the sediment
core from Lake Aittojarvi.
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main pollutants are sulphur compounds 12
. Water colour, deg. oy
and heavy metals (Ni, Cu, Al, etc.). De- 5-30
spite the fact that emissions from the NH,, ug/! 26
smelter have decreased to approximately 5_37
to one third of the peak levels during the | NO,, ug/I 212
late 1970s, the deposition of pollutants Total N. Lo/l 175
still has an effect on the water body. The otalN. ug 140-230
average Cu, Ni and Al concentrations | 1o451p ug/! 3%6
are 1.1 pg/1,0.8 pg/l and 21 pg/l, respec- 3
tively. Fe, ng/l 8770
. Cu, pg/I 11
3.1.2. Lake bottom sediments 10-1.3
. 0.8
Ni, ug/! 0.5-1.4
'The sediments of Lake Aittojirvi have 2
high organic matter contents: the LOI Al ug/! 11-26
value in the uppermost 1 cm layer 8| pp, g/l 0.05
more than 56% (Table 40). The lake is 0.03-0.10
0 20 40 pg/g 0 2 ug/g
0 1 1 1 1 1 O 1 1 1
g ] g ]
Q o
<10 1 <10
g g
k= g
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s 53
< =
£20 A =20
3 =O=Cd B
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located at a distance of 52 km from the Pechenganikel smelter. As a result, airborne
pollution from the smelter has had a relatively smaller impact on the lake, and it is
mainly polluted by chalcophile elements (Pb, As and Cd). The maximum concentra-
tions of chalcophile elements occur at depths of 6 to 10 cm, and the concentrations
decrease on moving towards the surface (Fig. 58). The uppermost 10 cm layer of the
lake sediments is also polluted by Ni. The contamination factor values for these chal-
cophile elements and Ni range from 1.2 to 2.1 (Table 40), i.e. the values correspond to
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moderate contamination. Lead has the highest C, value. The degree of contamination
value (8.3) for this lake corresponds to moderate contamination.

Lake Layer,cm  LOI Cu Ni Zn Co cd Pb As C,
Aittojarvi 0-1 56.12 65 44 92 20 0.31 15 1.4
28-30 34.15 74 22 58 4.0 0.25 7 0.96

C 0.9 2.0 1.6 0.5 1.2 2.1 1.5 8.3

3.1.3. Hydrobiological studies

Ichthyofauna. Studies on the fish community of Lake Aittojirvi were conducted in
2005.

'The most common fish in the lake consist of four species belonging to four fami-
lies: whitefish (Coregonus lavaretus),
pike (Esox lucius), perch (Perca fluviati-
lis) and grayling (Thymallus thymallus). grayling 0.8 perch 10.7
Burbot (Lota lota), minnow (Phoxinus pike 5.8
phoxinus) and nine-spine stickleback '%
(Pungitius pungitius) obviously also
inhabit the lake. Overall, whitefish pre-
dominates in Lake Aittojirvi. Other fish
species make up 20 % of the catches whitefish 82.6
(Fig. 59).

Sparsely rakered whitefish inhabits

the lake (up to 30 gill rakers). Its mean length is 22.7 cm, and mean weight 144 g. The
maximum length does not exceed 40.2 cm and weight 852 g. Fish with a weight of 200
g and length of 20-25 c¢m are the most numerous (Fig. 60). The bulk of the whitefish
population is represented by 3- to 4-year-old fish (61%). Fish older than 7 years are oc-
casionally caught (Fig. 61). The ratio between female and male fish is equal to 1. Early
maturity is a specific characteristic of the whitefish in this lake; some individuals in the
lake become mature at the age of 1+. The weight and size of fish spawning for the first
time do not exceed 53 g and 18.4 cm, respectively.
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Table 40.

The organic matter
contents (LOI, %) and
heavy metals (ug/g, dry
weight) in the surface
(0-1cm) and pre-
industrial (28-30 cm)
sediment layers. C,

and C, refer to the
contamination factor and
degree of contamination
values, respectively.

Fig. 59.
Distribution of fish spe-
cies in Lake Aittojarvi
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Fig. 60.

Size and weight distribu-
tion of the sparsely
rakered whitefish in Lake

114

Aittojarvi.
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Pike in the lake are mainly represented by large-sized individuals with an age of 8 to
11 years. The mean size and weight are 2005 g and 58.7 cm, respectively, although
specimens with a weight of 4364 g and length of 82.2 cm do occur. The size of perch
varies from 7-339 g and 8.6-29.5 cm, respectively. The average size and weight do not
exceed 194 g and 22.0 cm. The age limit of perch is 7 years. The ratio between male and
temale perch and pike is almost 1.

Fish pathology

'The most frequently occurring pathologies of whitefish are pathologies of connective
tissue expansions in the kidneys (78%). Liver destruction (fatty degenerations, mosaic
structure and oblong shape of the liver) occurs in 27% of cases. Changes in the repro-
ductive system and gills are characteristic of 18% and 13% of the fish, respectively.

Heavy metals in fish
'The heavy metal (C, Ni, Pb, Cd and Hg) concentrations in the muscles of fish do not
exceed the standard values (Table. 41). The Cu concentration (pg/g dry weight) in
the liver of whitefish is 50 times higher than that in the muscular tissue, of Ni in the
kidneys 10.5 times higher, of Cd in kidneys more than 100 times higher, and of Hg
4 times higher. The corresponding values for pike and perch are insignificant.
Analysis of heavy metal accumulation in different fish species showed that Cu
(liver) and Ni (kidneys) are more strongly accumulated in whitefish, while the Cd
concentrations of all the fish species are at relatively similar, low levels. As a predator
species, pike has a naturally higher degree of Hg accumulation in the muscular tissue

compared to that in whitefish and perch (Fig. 62).
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Standard value Concentration in muscle Concentration in muscle
(ng/g wet weight)* | (ug/g wet weight) (ng/g of dry weight)
g/g9 g g/g9 g g/g y weig
Whitefish
Hg 0.5 0.12 0.59
Ni 0.5 0.13 0.62
Cu 20 0.15 0.73
cd 0.1 0.003 0.02
Pb 1 0.01 0.06
Perch
Hg 0.5 0.28 1.32
Ni 0.5 0.12 0.57
Cu 20 0.16 0.75
cd 0.1 0.003 0.02
Pb 1 0.01 0.06
Pike
Hg 0.5 0.45 2.14
Ni 0.5 0.11 051 | Table 41.
Cu 20 0.17 0.80
cd 0.1 0.004 0.02
Pb 1 0.01 <0.05 | dry weight).
* Source: Sanitary..., 1986.
Cuiin liver Ni in kidney
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The standard values for heavy metal
concentrations in foodstuffs and in fish
muscle in Lake Aittojdrvi (in ug/g wet and

Fig. 62.

Accumulation of Cu
(liver), Ni (kidneys), Cd
and Hg (muscle) in fish
from Lake Aittojdrvi
(ug/g dry weight).
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3.2. LAKE KANTOJARVI

Lake Kantojirvi (watershed of the Riv-
er Pechenga) is located 76.3 km to the
south-west of the town of Nickel and
21.2 km to the north-east of the settle-
ment of Nellim in Finland. It is a small
(area of the lake 36.29 ha), shallow-wa-
ter (maximum depth 5 m), elongated
oval-shaped lake of glacial origin. The
maximum length is 1.25 km and maxi-
mum width 0.52 km. The point of maxi-
mum depth is located in the central part
of the lake. One river flows out of the
lake.

The watershed area belongs to the
forest zone. The lake shores are high and
covered by shrubs and pine forests.

3.2.1. Hydrochemistry

The water of the lake is neutral with
a low mean total mineralization
(20.3 mg/1l) and mean alkalinity of 176
peq/l. During flood periods the pH of
water drops, but acidification does not
develop due to the buftering capacity of
the water. The lake has low concentra-
tions of base cations and anions, with
calcium (average 3.0 mg/1) and bicarbo-
nate (average 10.8 mg/1) predominating.

The total P and total N concentra-
tions in water are the main criteria used
for assessing the development of water
eutrophication. The concentrations and
relationships between species of P and N
vary according to the season, and the dy-
namics is to a greater extent determined
by the level of production and, conse-
quently, the trophicity of the water body.
'The concentrations of total P and total
N during the vegetation period reach
10 pg/1 and 420 pg/l, respectively.

According to the mineral nutrient

concentrations, the lake is classified as mesotrophic. The lake also has colour values,
and organic matter (up to 8.3 mg/l) and Fe concentrations (mean 450 pg/l) typical of
small water bodies in the region. During high water periods in summer the concentra-

Physico-geographical characteristics

Watershed River Paz
Latitude 68°59.745’
Longitude 28°39.937’
Height above sea level, m 168.0
Maximum length, km 1.25
Maximum width, km 0.52
Maximum depth, m 5.0
Area, hectares 36.285
Watershed area, km? 4,099
Study period 1988-2006

Hydrochemical properties

H 6.66
P 6.30-7.00
Electrical conductivity, 30
mS/cm 22-46
Ca, mg/I 2 % 8
0.8
Mg, mg/I 0.6-1.2
Na, mg/I 1 ﬁ 9
04
K, mg/I 03-06
10.8
HCO,, mg/l 7.0-1838
1.9
$0,, mg/! 17-24
Cl, mg/I 1 ;7; 0
. 203
Total mineralization, mg/I 14.8-31.3
Alkalinity, ueq/I 1 1%08
Water colour, deg. 2(%975
59
NH,, pg/I 6210
4
NO,, ug/I 2-10
Total N, ug/I 23%?220
Total P, ug/I 4_§10
450
Fe, g/l 53-1900

tions of PO’ and NO,", which determine the lake productivity, are low.
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Although the watershed of Lake g 1.0
Kantojirvi is relatively remote from the HI 0.8-1.7
Pechenganickel smelter (76.3 km), it is | Nj, ug/1 e

. . 0.5-13.0
nevertheless subjected to anthropogenic
. 70
impacts. The water system of the lake re- | Al pg/l 49-89
ceives airborne pollutants derived from ob ual 0.06
emissions from the smelter. The main ' 19 0.02-0.14

pollutants are sulphur compounds and

heavy metals (Ni, Cu, Al, etc.) Despite

the fact that emissions from the smelter have decreased to approximately one third
of the maximum levels during the late 1970s, the deposition of pollutants still has an
impact on the water body. The average Cu, Ni and Al concentrations 1.0 pg/l, 3.6 pg/l
and 70 pg/l, respectively

3.2.2. Lake bottom sediments

'The sediments of Lake Kantojirvi have relatively high organic matter contents: the
LOI value in the uppermost 1 cm layer is about 40% (Table 42). The lake is located at a
distance of 78 km from the Pechenganickel smelter. However, airborne pollution from
the smelter has had an effect on the lake: there is a clear decreasing gradient in the con-
centration of Ni and Cu (Fig. 63), and of Co and Zn in the uppermost 10 cm layer of
the sediments (Table 42). The lake is subjected to a greater extent by pollution of chal-
cophile elements, such as Pb, As and Cd (Fig. 63). The maximum As concentration is
located in the uppermost 1 cm layer. In contrast, there are slightly lower concentrations
of Pb and Cd in the uppermost 1 cm layer, but maximum concentrations at depths of
1-3 and 2-3 cm, respectively. The contamination factor value for these elements range
from 1.3 to 16.0 (Table 42), i.e. the values correspond to moderate and considerable
contamination. The main heavy metals emitted by the smelter have moderate C, values
(from 1.3 to 2.0), and the chalcophile elements considerable and high values. The C,
value for Pb is the highest. The degree of contamination value (29.3) for this lake cor-
responds to high contamination (for 7 elements).

Lake Layer,cm  LOI Cu Ni Zn Co cd Pb As C

Kantojarvi 0-1 39.11 | 43 31 78 13.0 0.30 16.8 2.90
18-20 | 3495 | 30 15 46 9.8 0.08 1.1 0.95

C 1.4 2.0 1.7 1.3 3.8 16.0 3.1 29.3
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Table 42.

The organic matter con-
tents (LOI, %) and heavy
metal concnetrations
(ug/g, dry weight) in the
surface (0-1cm) and
pre-industrial (18-20 cm)
sediment layers. C.and
C, refer to the contami-
nation factor and degree
of contamination values,
respectively.
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Fig. 63.

Vertical distribution of
the concentrations of

Ni, Cu, As, Pb and Cd
(ug/g, dry weight) in the
sediment core from Lake
Kantojdrvi.

Fig. 64.
Distribution of fish spe-
cies in Lake Kantojdrvi.
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3.2.3. Hydrobiological studies

perch 37.4

whitefish 58.5 pike 4.1

Ichthyofauna. Studies on the fish com-
munity of Lake Kantojirvi were con-
ducted in 2005.

'The most common species in the lake
are: whitefish (Coregonus lavaretus) and
perch (Perca fluviatilis). Pike (Esox lu-
cius) is caught occasionally (Fig. 64).
Grayling (Thymallus thymallus), burbot
(Lota lota), minnow (Phoxinus phoxi-
nus), and nine-spine stickleback (Pun-
gitius pungitius) obviously also inhabit
the lake. The low fish population in the

lake is probably concerned to the small size of the lake, and its proximity to settlements

and subsequent risk of over-fishing.

Sparsely rakered whitefish inhabit the lake (up to 30 gill rakers). Due to the pres-
ence of large fish individuals (weight 1530 g and length 44.3 c¢m), the mean size and
weight of whitefish are 24.3 cm and 271 g, respectively. The bulk of the whitefish
population consists of fish with a length of 15-20 c¢m, and weight of less than 200 g
(Fig. 65). The age distribution of the whitefish is dominated by 2-year old fish (more
than 60%), and fish older than 7-8 years are occasionally caught (Fig. 66). In the sex
distribution, females predominate over males (1.3:1).
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'The size of pike varies over a wide range: weight from 175 to 2535 g, and length from
31.2 to 70.0 cm. The mean values are 1010 g and 48.4 cm, respectively. The age limit
of the pike is 8 years, but 2-year old specimens are predominant and fish older than
6 years are caught only occasionally. In the sex distribution, males predominate over
females (1.5:1). The perch in the lake are small sized. The maximum weight and length
do not exceed 194 g and 23.7 cm, with average values of 90 g and 18.2 cm, respectively.
There is no dominating group in the size and weight distribution, which indicates ir-
regular population recruitment. The age of the largest perch individuals do not exceed
4 years, and 3-year old fish are predominant. The sex distribution is characterized by a
male to female ratio of about 1.

Fish pathology

The frequency of occurrence of pathologies of the liver of whitefish (pale liver and
mosaic structure) is 54%. The development of connective tissue expansions in kidneys
occurs in 29% of the fish. Changes in the reproductive system and gills are character-
istic of 13% and 11% of the fish, respectively.

Heavy metals in fish

'The heavy metal concnetrations (Cu, Ni, Pb and Cd) in fish muscle do not exceed the
standard values. However, Hg concentrations in pike muscle exceed the maximum per-
missible concentration (Table 43). Metal concentrations (ug/g of wet weight) in liver,
kidneys and gills are higher than in muscles, apart from Hg. The Cu concentrations
in the liver of whitefish and pike are more than 20 pg/g, and the Ni concentrations in
kidneys from 2.3 (pike) to 1.5 (whitefish) pg/g. Perch has higher accumulation of Ni
(kidneys) and Cu (liver). The Cu concentrations in the liver of pike and whitefish are
at least 3 times higher than those in perch liver. The Hg concentrations in pike muscle

are higher than those in other fish species (Fig. 67).
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Table 43.

The standard values for
heavy metal concentra-
tions in foodstuffs and
in fish muscle in Lake
Kantojdrvi Lake (in ug/g
wet and dry weight).

Fig. 67.

Accumulation of Cu
(liver), Ni (kidneys), Cd
and Hg (muscle) in fish
from Lake Kantojdrvi
(ug/g dry weight).

120

Standard value Concentration in muscle Concentration in muscle
(ng/g wet weight)* | (ng/g wet weight) (ng/g of dry weight)
Whitefish
Hg 0.5 0.28 1.20
Ni 0.5 0.12 0.54
Cu 20 0.17 0.74
Cd 0.1 0.001 0.01
Pb 1 0.01 0.05
Perch
Hg 0.5 0.21 0.98
Ni 0.5 0.12 0.59
Cu 20 0.15 0.71
Cd 0.1 0.002 0.01
Pb 1 0.01 0.05
Pike
Hg 0.5 0.62 2.89
Ni 0.5 0.12 0.55
Cu 20 0.18 0.83
Cd 0.1 0.002 0.01
Pb 1 0.02 0.09
* Source: Sanitary..., 1986.
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3.3. LAKE KIVIJARVI

Lake Kivijarvi (watershed of the River
Kemijoki) is located at a distance of
305 km to the south-west of the town
of Nickel and 29 km to the east of the
settlement of Muonio in Finland. It
is a small (area of the lake 186.92 ha),
shallow-water (maximum depth 9.0 m)
oval-shaped lake of glacial origin. The
maximum length is 2.4 km and maxi-
mum width 1.1 km. The point of maxi-
mum depth is located in the central part
of the lake.

According to the landscape type, the
watershed area belongs to the forest zone
with heights of upto 419 m (Korkea-Ki-
virova fell). The lake shores are high, and

covered by shrubs and pine forest.

3.3.1. Hydrochemistry

The water of the lake is neutral with
a low mean total mineralization

(14.8 mg/1) and a low mean alkalinity
(130 peq/l). The lake has low concentra-
tions of base cations and anions, with
calcium (average 2.5 mg/1) and bicarbo-
nate (average 8.0 mg/1) predominating.

The P and N concentrations of water
are the main criteria used in assessing
the development of water eutrophica-
tion. The concentrations and relation-
ships between the species of P and N
vary according to the season, and the dy-
namics is to a greater extent determined
by the level of production and, conse-
quently, the trophicity of the water body.
'The concentrations of total P and total
N during the vegetation period reach 13
pg/l and 250 pg/l, respectively.

According to the concentrations of
mineral nutrients, the lake is classified
as mesotrophic. The lake also has col-
our values and organic matter (up to

Physico-geographical characteristics

Watershed Rivgr Ounas;jloki.—
River Kemijoki
Latitude 67°58.638’
Longitude 24°19.438'
Height above sea level, m 267.7
Height above sea level, m 24
Maximum length, km 1.1
Maximum width, km 9.0
Area, hectares 186.924
Watershed area, km? 7.219
Study period 2005

Hydrochemical properties

H 6.98
p 6.97-6.99
Electrical conductivity, 20
mS/cm 20-21
Ca, mg/I 2 g% 5
0.6
Mg, mg/I 0.6-0.6
Na, mg/I 1 % 2
0.2
K, mg/I 0.2-0.3
HCO,, mg/I 7 % 1
1.8
50, mg/I 18-1.8
Cl, mg/Il 0 2% 5
o 14.8
Total mineralization, mg/I 14.7-15.0
Alkalinity, ueq/I 1219%?32
Color of water, deg. 656f565
6
NH,, pg/I 5.8
2
NO,, ug/I 22
250
N, g/l 220-280
12
P, ug/! 11-13
780
Fe, pg/! 770-790

7.4 mg/1) and Fe concentrations (mean 780 pg/l) typical of small water bodies in the
region. During high water periods in the summer the concentrations of PO’ and
NO,", which determine the lake productivity, are low.
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Fig. 68.

Vertical distribution of
the concentrations of Ni,
As, Cd and Pb (ug/g, dry
weight) in the sediment
core from Lake Kivijérvi.
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Although the watershed of Lake [ cuy,pg/l 0.4
Kivijarvi is relatively remote from the | Ni pg/l 0.2
Pechenganickel smelter (305 km), it is [ Al ug/l 55
nevertheless subjected to its airborne Pb, ug/! 0.1
pollution (primarily Ni and Cu) from
the smelter. The average Cu, Ni and Al concentrations are 0.4 pg/l, 0.2 pg/l and

55 pg/l, respectively.

3.3.2. Lake bottom sediments

'There are no data available about the organic matter contents of the sediments in Lake
Kivijarvi. The lake is located at a distance of 340 km from the Pechenganickel smelter.
Owing to the considerable distance from the smelter, airborne pollution has almost no
effect on the lake; the concentrations of e.g. heavy metals in the lake sediments are not
elevated (Fig. 68). However, there are somewhat elevated concentrations of chalcophile
elements (e.g. Pb, As and Cd) in the uppermost 10 cm layer of the sediments, which
are presumably derived from long-range, trans-boundary air pollutants (Fig. 68). The
maximum As concentration is in the uppermost 1 cm layer of the sediment core, and
the highest concentrations of Pb and Cd at a depth of 3-5 cm. The contamination
factor values of the chalcophile elements range from 1.6 to 8.4 (Table 44), i.e. the
values correspond to moderate and high contamination. Pb has the highest C, value.
The degree of contamination value (19.9) for this lake corresponds to considerable

contamination.
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Lake Layer,cm  LOI Cu Ni Zn Co Cd Pb As C,
Kivijarvi 0-1 - 17 12 87 14 0.46 16 5.90
38-40 - 27 12 84 16 0.28 1.9 0.93
C, 0.6 1.0 1.0 0.9 1.6 8.4 6.3 19.9

3.3.3. Hydrobiological studies

Ichthyofauna. No direct hydrobiological investigations have been carried out in this
lake. Lake Kivijirvi is a typical reservoir for such species as trout (Salmo trutta), white-
fish (Coregonus lavaretus), grayling (Thumallus thumallus), pike (Esox lucius), perch
(Perca fluviatilis), burbot (Lota lota), minnow (Phoxinus phoxinus) and nine-spine
stickleback (Pungitius pungitius).

Fish samples obtained from the lake are not numerous. Whitefish is represented
by individuals with an average length of 24.5 cm and weight 207 g. The size of the
largest specimens is 32.6 cm and 580 g, respectively. The age limit of the whitefish is
apparently 8 years, 3- to 6-year-old specimens constituting the bulk of the population.
Males are predominant over females (1.9:1). The mean length and weight of the pike
are 45.4 cm and 687 g, respectively, 7-year-old individuals have a weight of 900 g and
length of 50.0 cm.

Heavy metals in fish
'The heavy metals concentrations (Cu, Ni, Pb, Cd and Hg) in fish muscle do not exceed
the standard values (Table. 45). The Cu concentrations in the liver of whitefish and
pike (pg/g dry weight) are up to 37.4 and 9.6 ug/g, respectively, and Ni in the kidneys
of whitefish up to 2.8 pg/g. Cd accumulation in fish kidneys is higher than that in
muscle, while the corresponding Hg concentrations are double thay in muscle.
Analysis of the heavy metal accumulation in different fish species show that Ni
(in kidneys) and Cu (in liver) accumulate the most strongly in whitefish (Fig. 69).
There are no significant differences in Pb accumulation between the muscular tissue of
whitefish and pike, whereas the Hg concentration in pike muscle is higher than that
in perch (Fig. 69).

Standard value Concentration in muscle Concentration in muscle
(ng/g wet weight)* (ng/g wet weight) (ng/g of dry weight)
‘Whitefish
Hg 0.5 0.08 0.35
Ni 0.5 0.13 0.60
Cu 20 0.18 0.83
Cd 0.1 0.002 0.01
Pb 1 0.02 0.08
Pike
Hg 0.5 0.24 1.22
Ni 0.5 0.16 0.82
Cu 20 0.22 1.10
Cd 0.1 0.002 0.01
Pb 1 0.02 0.08

* Source: Sanitary..., 1986.
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Table 44.

The organic matter con-
tents (LOI, %) and heavy
metal concnetrations
(ug/g, dry weight) in the
surface (0-1 cm) and
pre-industrial (38-40 cm)
sediment layers. C.and
C, refer to the contami-
nation factor and degree
of contamination values,
respectively.

Table 45.

The standard values for
heavy metal concentra-
tions in foodstuffs and

in fish muscle in Lake
Kivijérvi (in ug/g wet and
dry weight).
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Fig. 69.

Accumulation of Cu
(liver), Ni (kidneys), Pb
and Hg (muscle) in fish
from Lake Kivijéirvi (ug/g
dry weight).
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3.4. LAKE MELLALOMPOLO

Lake Mellalompolo (watershed of
the River Paz) is located 52.5 km to
the west of the town of Nickel and
57.5 km to the north of the settle-
ment of Nellim in Finland. It is a
small (area of the lake 227.15 ha),
shallow-water (maximum depth 12.5
m) lake, with an oval shape and in-
dented shoreline, of glacial origin.
'The maximum length is 2.75 km and
maximum width 1.55 km. The point
of maximum depth is located in the
central part of the lake.

According to the landscape type the watershed area belongs to the forest zone. The

Physico-geographical description

Watershed River Paz
Latitude 69°19.794'
Longitude 28°54.703'
Height above sea level, m 149.5
Maximum length, km 2.75
Maximum width, km 1.55
Maximum depth, m 12.5
Area, hectares 227.149
Watershed area, km? 14.935
Study period 1983-2006

lake shores are high, and covered by shrubs and pine forests.
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3.4.1. Hydrochemistry

'The water of the lake is slightly acid

Hydrochemical properties

and has a low mean total mineraliza- | o, 6.51
tion (14.6 mg/l) and low mean alkalin- I ——— 6‘022'2‘82
ity (108 peq/l). During flood periods the | '~ v 1641
pH of the water drops, but acidification 16
does not develop due to the buffering | <MY/ ! 1222
capacity of the water. The lake has low Mg, mg/l 0.5
concentrations of base cations and ani- : 04-0.7
ons, with calcium (average 1.6 mg/l) and | Na, mg/I : ;*? 8
bicarbonate (average 6.6 mg/1) predomi- ey
nating. K, mg/I 03-04
6.6

The total P and total N concentra- | " mo/ 4.1-120
tions of water are the main criteria used 50, mg/I : % s
in assessing the development of water X2
eutrophication. The concentrations and | ¢l mg/I 1521
relationships between the species of P | Total mineralization, 146
and N vary according to the season, and | mg/l 107-188
the dynamics is to a greater extent de- | Alkalinity, peq/! 108
termined by the level of production and, 08197
consequently, the trophicity of the water
body. During the vegetation period, the
concentrations of total P reach 10 g/l ¥
and of total N 253 pg/1. Water colour, deg. 10-45

According to the concentrations of NH. ua/! 23
mineral nutrients, the lake is classified 19 5-71
as mesotrophic. The lake also has col- | NO_ ug/I 27
our values palnd organic matter (up to o 2259;)
5.1 mg/l) and Fe concentrations (mean | TotalN, ug/l 190-390
335 pg/l) typical of small water bodies in 6

. . . . . Total P, pg/I

the region. During high water periods in 3-10
summer, the concentrations of PO and | ¢ g/ 335
NO,", which determine the lake produc- 39-1300
tivity, are low.

Although the watershed of Lake
Mellalompolo is relatively remote from | Cu, g/l : % 3
the “Pechenganickel” smelter (50 km), '1.2'
it is nevertheless subjected to anthropo- | Ni-h9/! 0.9-2.1
genic impacts. The water system of the AL g/ 42
lake receives airborne pollutants emitted ' 2561
by the smelter. The main pollutants are | pp, g/l 0 0%56

sulphur compounds and heavy metals
(Ni, Cu, Al etc.) Despite the fact that

emissions from the smelter have decreased to approximately one third of the maxi-
mum levels during the late 1970s, the deposition of pollutants still has an impact on
the water body. The average Cu, Ni and Al concentrations are 1.2 pg/l, 1.2 pg/l and
42 pg/l, respectively.
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Fig. 70.

Vertical distribution of
the concentrations of

Ni, Cu, As, Cd and Pb
(ug/g, dry weight) in the
sediment core from Lake
Mellalompolo.

Table 46.

The organic matter
contents (LOI, %)

and heavy metal
concentrations (ug/g, dry
weight) in the surface
(0-1cm) and pre-
industrial

(28-30 cm) sediment
layers. C.and C, refer
to the contamination
factor and degree of
contamination values,
respectively.
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3.4.2. Lake bottom sediments
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The sediments in Lake Mellalompolo are characterized by organic matter contents
(LOI %) in the uppermost 1 cm layer of more than 36% (Table 46). Although the lake
is located at a distance of 54 km from the “Pechenganickel” smelter, emissions from
the smelter do have an effect on pollution in the lake; in the uppermost 10 cm sedi-
ment layer there is a clear gradient in the Ni and Cu concentrations (Fig. 70), as well as
of Co and Zn (Table 46). The lake is also subjected to airborne pollution by chalcophile
elements (Pb, As and Cd). The uppermost 10 cm sediment layer has elevated concen-
trations of these elements (Fig. 70): the maximum concentrations of Pb and Cd occur
at depths of 3-4 and 4-5 cm, respectively. The contamination factor values for these
elements range from 1.1 to 4.2 (Table 46), i.e. the values correspond to moderate and
considerable contamination. Pb has the highest C, value. The degree of contamination
value (17.2) for this lake corresponds to considerable contamination.

Lake Layer,cm  LOI Cu Ni Zn Co Cd Pb As C,
Mellalompolo 0-1 36.68 90 60 140 7 0.41 37.0 4.2
28-30 31.31 43 17 86 5 0.37 8.9 1.3
C, 2.1 3.5 1.6 1.4 1.1 4.2 3.2 17.2

3.4.3. Hydrobiological studies
Ichthyofauna. Studies on the fish community in Lake Mellalompolo were conducted

in 2005.
'The ichthyofauna of the lake consists of seven species belonging to six fish fami-
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lies: trout (Salmo trutta), arctic char (Salvelinus alpinus), whitefish (Coregonus lavare-
tus), grayling (Thymallus thymallus), pike (Esox lucius), minnow (Phoxinus phoxi-
nus) and nine-spine stickleback (Pungitius pungitius). However the last two species
were not found in our catches. Overall, whitefish predominates in Lake Mellalompolo.
Grayling is also a common fish in this lake. Trout, arctic char and pike occur only oc-
casionally (Fig. 71).

Sparsely rakered whitefish inhab-
1ts‘the lake (up to 30 gill rakers). The grayling 17.2
weight and length of the fish range from
- .3-40. .
7-888 g (;;e;age 329¢) an‘d ? SThO Sem | e /trc?:;tr%.(())
(average 27.9 cm), respectively. There are = oike 15
two groups in the size and weight distri-
butions: specimens with a weight of up
to 100 g and length of 15-20 cm, and
fish with a weight 400-600 g and length
of 30-35 cm (Fig. 72).
40% 40 45% - 45
35% - 35 40% 40
30% 30 6% %
25% 95 30% 30
z 25% : % z
20% 20 3 3
g 20% 20 £
15% s 15% 15
10% 10 10% 10
5% - 5 5% - {5
0%L = 0% = ==lo
4100 100 300 500 700 900 5 10 15 20 25 30 35 40 45
Weight, g Length, cm

'The age limit of whitefish is 8 years. 2-year-old (33%) and 5- to 6-year-old (40%)
fish are the most numerous (Fig. 73). Some whitefish individuals appear to have very
high growth rates. This is most probably due to the escape of mature fish from the fish
farms into the water bodies. The ratio between females and males is 1.1:1.

'The average size of the trout are weight 346 g and length 29.5 cm. The average
weight of char is less than that of trout (293 g), but the length is 30.4 cm. The age
limits of both species do not exceed 4 years. Some pikes at the age of 7 years have a
weight over one kilogram (1205 g), and length up to 56.0 cm. The bulk of the grayling
population consists of fish with a weight
of 300-600 g and a length of 30-34 cm.

'The average weight is 261 g and 168.3  35% —— 35
cm, respectively. There are no graylings  30% 30
older than 8 years. Females are predomi- g, 25
nant over males (1.4:1). _ TN - §
/ c
15% 15 2
Fish pathology 10% 5 10
The initial stage of pathologies in white- 5% 1 5
fish organs and tissues have been ddocu- gyl 0

0+ 1+ 2+ 3+ 4+ 5+ 6+ 7+ .
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Fig. 71.

Distribution of fish spe-
cies in Lake Mellalom-
polo.

Fig. 72.

Size and weight distribu-
tion of the sparsely
rakered whitefish in Lake
Mellalompolo.

Fig. 73.

Age distribution of
the sparsely rakered
whitefish in Lake
Mellalompolo.
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Table 47.

Standard values for
heavy metal concentra-
tions in foodstuffs and
in fish muscle in Lake
Mellalompolo (in ug/g
wet and dry weight).

128

mented in Lake Mellalompolo. The most frequently occurring pathologies of whitefish
are pathologies of the liver (72%), kidneys (52%) and gills (27%). These pathologies are
similar to those found in whitefish from lakes Kochejaur and Virtuovoshjavr.

Heavy metals in fish

'The heavy metal concentrations (Ku, Ni, Pb and Hg) in fish muscle do not exceed the
standard values (Table. 47). The metal concentrations (pg/g of dry weight) in other
organs of whitefish are higher than those in muscles: Cu in liver (to 22.9 pg/g), Ni
in kidneys (to 4.4 pg/g). The Cd concentrations in the kidneys of whitefish and char
are much higher than those in muscular tissue (12.7 and 14.1 pg/g, respectively). The
accumulation of Hg in the kidneys of whitefish, char, trout and grayling are 2-3 times
higher than in the muscles.

'There were no clear trends in metal accumulation between the different fish species.
However, Cu had accumulated more strongly in trout liver, and the maximum Ni con-
centration is in whitefish kidneys and the maximum Hg concentration in pike muscle.
Perch has the highest concentration of Cd in muscle (Fig. 74).

Standard value Concentration in muscle Concentration in muscle
(ng/g wet weight)* | (ng/g wet weight) (ng/g of dry weight)
Char
Hg 0.5 0.20 0.84
Ni 0.5 0.16 0.71
Cu 20 0.28 1.19
Cd 0.1 0.004 0.02
Pb 1 0.04 0.17
Whitefish
Hg 0.5 0.11 0.53
Ni 0.5 0.14 0.65
Cu 20 0.16 0.72
Cd 0.1 0.004 0.02
Pb 1 0.03 0.13
Trout
Hg 0.5 0.23 1.01
Ni 0.5 0.16 0.69
Cu 20 0.27 1.15
Cd 0.1 0.003 0.01
Pb 1 0.02 0.07
Pike
Hg 0.5 0.28 1.37
Ni 0.5 0.12 0.57
Cu 20 0.14 0.68
Cd 0.1 0.002 0.01
Pb 1 - <0.05
Grayling
Hg 0.5 0.20 0.93
Ni 0.5 0.15 0.69
Cu 20 0.19 0.92
Cd 0.1 0.003 0.02
Pb 1 0.02 0.08

* Source: Sanitary..., 1986.
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3.5. LAKE SUOVASELKAJARVI

Lake Suovaselkijirvi (watershed of the

Physico-geographical characteristics

River Paz) is located 86.2 km to the | watershed River Paz
south-west of the town of Nickel and | Latitude 68°57.176'
13.2 km to the north-east of the settle- | Longitude 28727.514'
ment of in Finland. It is a small (area of K'/l?)?irr:jrzol\;i st Isr\;el, m 116?'20
the lake 43.51 ha), shallow-water (maxi- Maximum wi d?ch,,km 0,62
mum depth 2.7 m) lake, with an elon-  ["Maximum depth, m 27
gated, oval shape, and of glacial origin. | Area, hectares 43.512
The maximum length is 1.12 km and | Watershed area, km? 5.098
maximum width 0.62 km. The point of L Studyperiod 1987-2006

maximum depth is located in the central
part of the lake.

According to the landscape type the watershed area belongs to forest zone. The lake
shores are high, and covered by shrubs and pine forests.

3.5.1. Hydrochemistry

'The water of the lake is neutral with a low mean total mineralization (24.6 mg/1) and a
low mean alkalinity (230 peq/l). During flood periods the pH of the water drops, but
acidification does not develop due to the buffering capacity of the water. The lake has
low concentrations of base cations and anions, with calcium (average 3.8 mg/l) and
bicarbonate (average 14.1 mg/l) predominating.
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The P and N concentrations of water

Hydrochemical properties

are the main criteria used for assessing oH 6.48
the development of water eutrophica- : - 6.19-7.00
tion. The concentrations and relation- | Flectrical conductivity, 33
. . mS/cm 21-53
ships between the species of P and N 38
vary according to the season, and the dy- | €& M9/l 2257
namics is to a greater extent determined 0.8
. Mg, mg/I
by the level of production processes and, 0.5-1.2
consequently, the trophicity of the wa- | Na, mg/I Lo
. 1.2-2.0
ter body. The concentrations of total P 06
and total N during the vegetation period | K mg/l 0.4-08
reach 10 pg/l and 350 pg/l, respectively. HCO.. mal 14.1
According to the concentrations of » M9 6.5-22.0
mineral nutrients, the lake is classified | 5o mg 2.2
. 4 1.8-2.9
as mesotrophic. The lake also has col- w
our values and organic matter (up to 8.0 | ¢l mg/l 1020
mg/l) and Fe concentrations (mean 431 | Total mineralization, 246
pg/1) typical of small water bodies in the | mg/I 13.6-36.6
region. During high water periods in the | alkalinity, peg/! 230
summer the concentrations of PO * and 107-360
NO,, which determine the lake produc-
tivity, are low. Water colour water, 30
deg. 20-35
Although the watershed of Lake 74
> NH,, ug/| 6-140
Suovaselkijirvi is relatively remote from :
the Pechenganickel smelter (76.3 km), | NO,, ug/I oy
it is nevertheless subjected to anthro- 350
pogenic impacts. The water system of Total N, ug/l 270-410
the ‘lake is exposed to tbe deposition Total P, ug/! 4@10
of airborne pollutants derived from the -
smelter. The main pollutants are sulphur | Fe, ug/l a3l
. 33-850
compounds and heavy metals (Ni, Cu,
Al etc.) Despite the fact that emissions
from the smelter have decreased to ap- 08
proximately one third of the maximum Cu, ug/! 0.5-1.1
levels during the late 1970s, the deposi- | ug/! 17
tion of pollutants still has an impact on 0.3-4.6
the water body. The average Cu, Ni and | Al, pg/I 63
_ 42-88
Al concentrations are 0.8 pg/l, 1.7 pg/l 0.08
and 63 pg/l, respectively. Pb ug/! 0.04-0.14

3.5.2. Lake bottom sediments

'The sediments of Lake Suovaselkdjarvi have high organic matter contents: the LOI
value in the uppermost 1 cm sediment layer is about 60% (Table 48). The lake is lo-
cated at a distance of 87 km from the Pechenganickel smelter. Airborne pollution from
the smelter has slight effect on the lake: there is a gradual increase in Ni concentrations
in the uppermost 6 cm layer of the sediments (Fig. 75). The uppermost 5-7 cm layer
of the sediments has elevated concentrations of chalcophile elements (Pb, As and Cd)
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(Fig. 75). The maximum concentrations of As, Pb and Cd occur at a depth of 1-3 c¢m,
and the concentrations decrease on moving upwards into the uppermost 1-2 c¢m layer.
'The contamination factor values for these elements range from 1.9 to 10.8 (Table 48),
i.e. the values correspond to moderate and high contamination. Pb has the highest C,
value. The degree of contamination value (20.7) for Lake Suovaselkijirvi corresponds
to considerable contamination.

0 10 20 pg/g 0 1 2 uglg
0 1 1 1 1 1 0 1 1 1 1 1
5 1 5 1
g =}
_@10 7 _§10 7
= =
Q B 4
E £
: 5
n20 A »n20 A
=O—Ni -0 As
0 0.1 0.2 0.3 pg/g 0 5 10 15 pg/g
0 1 1 1 1 I 1 1 0 1 1 1 1 1 1 1
s 8 1
=l =]
_§10 7 §10 7
= =
g 3
20 20
=0—-cCd =O—-pb
Lake Layer,cm  LOI Cu Ni Zn Co Cd Pb As C,
Suovaselkajarvi 0-1 59.91 24 25 28 1.4 0.25 12.2 1.7
23-24 31.18 24 13 22 3.0 0.09 1.1 0.68
C, 1.0 1.9 1.2 0.5 2.8 10.8 2.5 20.7

3.5.3. Hydrobiological studies

Ichthyofauna. Studies on the fish community of Lake Suovaselkijirvi were conducted
in 2005.

The most common fish species in the lake are: whitefish (Coregonus lavaretus), pike
(Esox lucius) and perch (Perca fluviatilis). Perch is the predominant species (90 %) (Fig.
76)., Grayling (Thymallus thymallus), burbot (Lota lota), minnow (Phoxinus phoxinus)
and nine-spine stickleback (Pungitius pungitius) obviously also inhabit the lake.
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Fig. 75.

Vertical distribution

of the concentrations

of Ni, As, Cd and Pb
(ug/g, dry weight) in the
sediment core from Lake
Suovaselkdjirvi.

Table 48.

The organic matter
contents (LOI, %)

and heavy metal
concentrations (ug/g, dry
weight) in the surface (0-
1¢m) and pre-industrial
(23-24 cm) sediment
layers. C.and C, refer

to the contamination
factor and degree of
contamination values,
respectively.
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Fig. 76.
Distribution of fish species
in Lake Suovaselkdjcirvi.

Fig. 77.

Size and weight distribu-
tion of the sparsely
rakered whitefish in Lake
Suovaselkdjdrvi.

132

pike 1.3 \

whitefish 7.7

perch 91.0

Sparsely rakered whitefish occur in
the lake (up to 30 gill rakers). Its mean
length is 33.9 cm, and mean weight
563 g. Fish with a weight of 500-700 g
and length of 34-36 cm are the most nu-
merous (Fig. 77). The maximum weight
and length of whitefish at the age of
5 years are 815 g and 38.5 cm, respec-
tively. Specimens of younger age groups
are occasionally caught. The bulk of the

population consists of 5-year-old fish
(Fig. 78). The low numbers of whitefish

and their high growth rates suggest that they have been artificially introduced into the
lake. The number of females is half that of males. (1:2). 2-year-old fish have mature
gonads, and their weight and length is 110 g and 21.0 cm, respectively. This may also
be due to their artificial origin.
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Fig. 78.
Age distribution of the sparsely rakered whitefish in
Lake Suovaselkdjrvi.

Pike is represented by single specimens. The weight and length of 6-year-old fish
can reach 598 g and 45.5 cm, respectively. Despite being the dominant fish species
in the lake, the perch are relatively small: average weight 137 g and average length
21.4 cm. The bulk of the population consists of fish with a weight 100-150 g and
length of 20-22 cm (Fig. 79). The maximum weight at the age of 8 years does not
exceed 277 g, and the maximum length 26.8 cm. In the sex distribution males pre-
dominate (1:1.3).

Catalogue of Lakes in the Russian, Finnish and Norwegian Border Area



63% 90 49% 70

56% 80 2% o
49% 70

42% 60 . 35% ¢ \ 50 N
35% 50 3 28% @ w0 3
28% 40 5 21%| /I \ 30 =

o, / X

21% 30 | 2
14% "\.\ 20

7% f _NT‘ 10 7% 10

0% 0 o .

-50 50 150 250 350 8 10 12 14 16 18 20 22 24 26 28 30
0 100 200 300
Weight, g Length, cm

Fish pathology

The most frequently occurring pathologies of whitefish are liver disorders, primarily
changes in colour, shape (oblong) and fatty degenerations (pale liver) (up to 83%). The
development of connective tissue expansions in the kidneys occur in 59% of specimens.
Changes in the gills and reproductive system are characteristic of 15% and 8% of the
fish, respectively.

Heavy metals in fish

Heavy metal accumulation (Cu, Ni, Pb, Cd and Hg) in fish muscle of fish does not
exceed the standard values (Table 49). The highest concnetrations of Cu (pg/g of dry
weight) occur in fish liver (up to 38 pg/g in whitefish and up to 31 pg/g in perch). The
Ni concentrations in fish kidneys (3.9 pg/g in perch) and skeleton (4.8 pg/g in white-
fish, 4.2 pg/g in perch and 6.3 pg/g in pike) are very high. The Cd concentrations in
fish kidneys are much higher than those in muscle.

Analysis of heavy metal accumulation in different fish species showed that the high-
est Cu concentrations occur in the liver, and of Pb, in the muscles of whitefish. Perch
has maximum Ni concentrations in the kidneys, and pike has higher Hg concentra-
tions in the muscle than the other fish species (Fig. 80).

* Source: Sanitary..., 1986.
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Fig. 79.

Size and weight
distribution of perch in
Lake Suovaselkdjdrvi.

Standard value Concentration in muscle Concentration in muscle
(ng/g wet weight)* | (ng/g wet weight) (ng/g of dry weight)
Whitefish
Hg 0.5 0.23 1.02
Ni 0.5 0.11 0.48
Cu 20 0.17 0.74
Cd 0.1 0.003 0.01
Pb 1 0.03 0.11
Perch
Hg 0.5 0.15 0.74
Ni 0.5 0.10 0.51
Cu 20 0.12 0.56
Cd 0.1 0.002 0.01
Pb 1 0.02 0.07
Pike
Hg 0.5 0.27 1.32
Ni 9> 0.10 0.50 gfﬂs:rz‘ values for heavy metal concen
Cu 20 L) LY trations in foodstuffs andyin fish muscle in
cd 0.1 0.002 0.01 Lake Suovaselkdjcrvi (in ug/g wet and dry
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CONCLUSIONS

Hydrochemistry

Freshwater systems are sinks for pollution, because pollutants are transported from the
surrounding landscape into the streams and lakes. The watercourses in the Russian,
Norwegian and Finnish border area consist of two contrasting types of system: the
large Inari-Paz watercourse and the numerous small lakes and streams. The Inari-Paz
watercourse has important environmental properties, is rich in natural resources, and
constitutes a sub-arctic system with high biodiversity and production of fish and other
aquatic organisms. The area is, however, subjected to severe anthropogenic impacts,
primarily from the Pechenganikel smelter complex. The main pollutants that influence
the lakes and rivers are sulphur compounds and heavy metals (Ni, Cu, Cd, Cr, Zn, As,
Hg etc.), polycyclic aromatic hydrocarbons (PAHs) and persistent organic pollutants
(POPs).

Sulphur dioxide (SO,) emissions from the smelter can lead to the acidification of
surface waters and the contamination of groundwater through the leaching of pollut-
ing elements from the surface soil. For example, data on the contribution of snowmelt
to groundwater in the area indicate that Ni contamination is highly likely.

Joint investigations carried out in the early 1990’ identified numerous acidified and
heavy metal polluted lakes in the border area. The impact of pollution is the greatest
at Russian and Norwegian sites in the vicinity of the smelters, although the effects are
also seen on the Finnish side of the border. The area was classified as being moderately
to very severely contaminated, primarily due to emission from the Ni-Cu smelting
industry on the Kola Peninsula.

Some of the differences and changes in water quality reflect the influence of the
Pechenganikel smelter. The strongest evidence for this are the high Cu (> 3 pg 1) and
Ni (> 15 pg I'") concentrations in the lakes near the smelter. Water bodies with elevated
Cu and Ni concentrations occur within a 30 km radius around the smelters. The Cu
and Ni concentrations decrease with increasing distance from the smelter, although
relatively elevated concentrations also occur near to the border on the Finnish side.

According to the Swedish water quality criteria, harmful biological effects may
occur in sensitive waters if the Cu concentration exceeds 3 pg 1-1 or the Ni concentra-
tion exceeds 15 pg I''. Moiseenko et al. (1995) presented critical levels for Ni and Cu
concentrations in lake waters based on the occurrence of pathological conditions in
fish. The critical levels in well-buffered waters (ANC > 200 peq 1) were 8 pg I for
Cu, and 20 pg I'! for Ni. The Cu concentrations in 8 lakes exceed these critical levels,
and the Ni concentration in 12 lakes and 2 small rivers. There is also a weak, increasing
trend in the Ni concentration in the lakes in the Raja-Jooseppi area, and a statistically
non-significant increase in the TOC concentration. The catchments of the lakes in the
Raja-Jooseppi area have a higher proportion of peatland than the other areas studied,
resulting in higher humic concentrations.

Although SO, emissions from the Pechenganikel smelter have decreased to ap-
proximately one third of the maximum levels in the late 1970s, sulphur deposition still
has a clear impact in the region. The sulphate concentrations in lakes and rivers in the
vicinity of the Pechenganikel smelter are considerably higher than those in other areas.
Despite the high sulphate concentrations, the lakes and rivers in the area are well-
buffered and are not suffering from acidification. The bedrock in the Pechenganikel
area contains relatively large amounts of alkaline material, thus ensuring a consider-
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able supply of base cations. Thus, despite the high sulphur deposition, the soils in the
catchment area contribute sufficient base cations to prevent acidification. This is clearly
reflected in the water quality; lakes with relatively high sulphate concentrations also
have high base cation concentrations and high alkalinity. The emission of alkaline dust
from the smelter, power station and mining activities also undoubtedly contributes to
the high base cation concentrations in the lakes.

'The Jarfjord and Vitsiri areas have more weakly buffered lakes. This is also the case
in Vitsiri and in Ser-Varanger, to the east of Vitsiri. Jarfjord and Ser-Varanger are
situated relatively close to the smelter. and are therefore subjected to relatively high
sulphur deposition. Strong signs of acidification have earlier been recorded in the lakes
in the Jarfjord area but, since 1987, the mean pH has increased from below 5 to 5.4
in 2004. Similar signs of recovery from acidification have been reported in the Vitsiri
lakes. However, the lakes in Vitsiri are in the early stage of recovery, and the increase
in the buftering capacity is not yet very strongly reflected in the pH. The low alkalinity
and low pH values in some lakes in the Raja-Jooseppi area, as well as in the reference
area in Pallas, are caused by the naturally higher concentrations of organic acids in the
lakes.

Water quality is a basic element in monitoring and assessing the impacts of the
Pechenganikel smelter on aquatic ecosystems. It represents the chemical environment
in which aquatic organisms live. Water quality more directly reflects changes in the
deposition of acidifying compounds than the deposition of metals, because the metal
concentrations are more strongly dependent on bedrock geology, pH and the amount
of organic material (TOC) in the soil and surface water.

Lake bottom sediments

Lake sediment samples provide an excellent tool for assessing the ecological state of
lakes and the impact of pollution from both local and global sources. Analysis of the
distribution of heavy metals in the bottom sediments clearly demonstrates that lakes
with high concentrations of highly correlated elements (e.g. Ni, Cu, Co and Hg) are
located within a 50 km radius around the smelter complex. The increase in Pb con-
centrations follows a gradient running from east to west, and is related to the long-
distance, trans-boundary transport of pollutants from central Europe. Cadmium, As
and Hg are, in addition to Pb, also so-called global pollutants. The maximum Ni and
Cu concentrations, which exceeded the background (pre-industrial) values by a factor
of 10 to 130, occur within a distance of 10 km from the Pechenganikel smelter. At dis-
tances of 10 to 30 km from the emission source the concentrations are only 3—7 times
higher than the corresponding background values. The concentrations of Co are 4-10
times higher than the background values within a distance of 15 km from the smelter,
and up to 3 times higher at distances of more than 15 km. Lakes Kuetsjarvi, LN-2,
LN-3, LN-4 receive the highest pollutant loads from the Pechenganikel smelter, and
this is reflected in the fact that the maximum concentrations of Ni, Cu, Co, Zn, Cd,
Hg and As occur in the uppermost sediment layers. Some lakes located at greater
distances from the smelter have relatively high Cd, Pb, Hg and As concentrations in
their sediments, and this is related to global pollution by these elements during the
past few decades.
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Hydrobiological studies
Hydrobiological indices

'The phytoplankton communities in the lakes consist of cyanobacteria, diatoms, yellow-
green algae and green algae. Cladocerae and Copepoda form the dominant zooplankton
communities. The predominant species in the benthic communities are Chironomids,
mayfly (Ephemeroptera) and stoneflies (Plecoptera). Despite the extremely high level
of pollution, Lake Kuetsjarvi is the richest lake as regards the number of zooplankton
species, and also has considerable species diversity in bottom organisms. The number
of zoobenthos species is over 20, with Chironomids predominating (60-80%).

Ichthyofauna

According to the studies on fish communities in the Finnish, Norwegian and Russian
border area, the ichtyofauna of the lakes comprises 14 fish species. The most common
species are whitefish, perch and pike. The whitefish in forest lakes (Aittojarvi, Kanto-
jarvi, Suovaselkijirvi, Mellalompola, Kochejaur, and Virtuoshjaur) were represented
by the sparsely rakered form only.

Whitefish. The densely rakered whitefish was caught only in Lake Kuetsjarvi. The
sparsely rakered whitefish in this lake had the smallest length and weight. The largest
whitefish occurred in lakes Suovaselkajirvi and Kochejaur (Fig. 81). The whitefish in
Lake Stuorajavre also had high lengths and weights. The maximum age of the white-
fish varied within broad limits. The maximum whitefish age was in Lake Kochejaur (18
years). Overall, the maximum age of whitefish in the small forest lakes in the region
varied from 4+ (Suovaselkajirvi) to 11+ (Kochejaur).

Normally, whitefish reach maturity at the age of 5-8 years (Reshetnikov, 1980).
However, as a result of long-term exposure to pollutants, the whitefish in some lakes
reached maturity at the extremely early age of 0+-1+ and had a minimum weight of
6-14 g and length 8.9-12.1 cm (Lake Kuetsjarvi). The whitefish in Lake Stuorajavre
reached maturity at the age of 5 years. Whitefish spawning for the first time at the age
of 3 years were found in water bodies (Kochejaur, Virtuovoshjaur) located at consider-
able distances from the emission sources.
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Fig. 81.

Comparative length
and weight of sparsely
rakered whitefish.
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Trout and arctic char. The length and weight of trout in Lake Stuorajavre were higher.
'The smallest weights and lengths occurred in Lake Shuonijarvi (Fig. 82).

Arctic char was the most common in Lake Shuonijarvi, and was only occasionally
caught in Lake Mellalompola. Overall, the weight varied from 64 to 875 g (average
258 g) and length from 17.7 to 40.0 cm (average 27.3 cm).
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Pike. The largest pike were caught in Lake Aittojirvi. The weight and length indices of
pike in the other lakes varied to an insignificant extent (Fig. 83).
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Perch. The average size and age of this species were higher in Lake Virtuovoshjaur (16
years) and Lake Kochejaur (14 years) (Fig. 84). The fish in lakes Stuorajarvi and Kan-
tojirvi had the smallest length and weight.
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Vendace. The vendace inhabiting the pelagic zone of Lake Kuetsjarvi were of small size
(9.3 -13.6 cm, 6-19 g). The mean values were 10 g and 11.0 cm.

Grayling. According to our data grayling was the most common in Lake Mellalom-
pola. In the other water bodies it was caught only occasionally.

Burbot. There were only single catches of this fish.

Analysis of some population parameters in the water bodies at various distances
from the smelter indicate changes in the fish populations. The decrease in the age,
size and maturity ranges of the fish populations in the polluted water areas (Lake
Kuetsjarvi) indicates poor water quality. The whitefish populations are characterized
by a small number of age groups, rejuvenation of the populations, and maturation at
an early age.

Fish pathology

According to the analysis of pathological changes in whitefish in the lakes, on the
whole, disorders in the liver, kidney, gonads and gills were the most common. The fre-
quency of pathologies of the liver and kidney tended to increase throughout the whole
study period. Fish pathologies were frequently encountered in the water bodies located
both in the vicinity and at greater distances from the pollution sources. The intensity
and characteristics of the fish pathologies observed in the water bodies exposed to dif-
ferent levels of air borne pollution were similar. In the water bodies in the background
region (Stuorajavri) and in small forest lakes (Kochejaur, Virtuovoshjavr, Aittojirvi,
Kantojirvi, Mellalompola and Suovaselkijirvi), of organ abnormalities was common,
as was the case in the water bodies located in the vicinity of the pollution sources. The
most frequently occurring disorders of whitefish were connective-tissue expansions.
'This may reflect the increasing load of Ni on the water bodies, which causes the devel-
opment of this particular type of pathology.

Heavy metals in fish Concentration of Cu in liver (ug/g dry weight)
Copper. Comparison of the Cu concen- 100 -
trations in whitefish liver in the different 80
lakes showed that the mean Cu concen- g
trations in liver in the strongly polluted
water body (Lake Kuetsjarvi) were com-
parable to those in the small forest lakes, 20

Fig. 85.

Copper concentrations
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whitefish in the small forest lakes (Vir- %g Fig. 86.
tuovoshjaur and Aittojéirvi) had mean Ni 4 Nickel concentrations
concentrations of 6.50-6.60 pkg/g dry wt. 5 %‘% = =P T ;; :Ife’;:z”;’;;’ti pte
In the other water bodies, including the _g the studied lakes.
background region (Stuorajavri), the Ni 2232583232z :;
concentrations did not exceed 5 pg/g dry g é § g E _§ % < g
wt. 2 2§

= (%3]
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Fig. 87.

Mercury concentrations
in the muscle of sparsely
rakered whitefish in the

studied lakes.

140

Mercury. The Hg concentrations in whitefish muscle in the Finnish lakes (Mellalom-
polo, Aittojirvi, Kantojirvi and Suovaselkdjirvi lakes) were the highest (Fig. 87).
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The Cu, Ni, Cd and Pb concentra-
tions in fish muscle do not exceed the
established standard values. However,
the Hg concentrations in perch (Lake
Kochejaur) and pike (lakes Kochejaur,
Aittojirvi and Kantojirvi) muscle are
higher than the maximum permissi-
ble concentration. Overall, the metal
concentrations of (pg/g dry weight) in
other fish organs are much higher than
those in the muscles.

Further assessment and monitoring

of the small lake ecosystems in the region are required. This should primarily be based
on the characteristics of the whitefish, perch and pike populations and on parameters
of the phyto-, zooplankton and benthic communities. In some lakes populated by trout
and char these species are more reliable as quality indicators of the aquatic ecosystems.
Metal concentrations in fish reflect the level of anthropogenic pollution in the water
bodies. These indices can therefore be employed in assessing the impact and extent of
airborne industrial pollution. The permanent monitoring of ichthyofauna is needed to
control the air borne pollution of water bodies.
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The catalogue of lakes represents a collection of data on base|lne
conditions in the agquatic ecosystems of small lakes in the joint Russian,
Finnish, Norweglan border area, which is subjected to considerable
levels of anthropogenic pallution

The present catalogue was compiled by researchers fram the Institiite
of the North Industrial Ecology Problems, Kola Sclence Center RAS, in
collaboration with the Lapland Regional Environment Center, Finland.,
This publication is hased on the data, collected In connaction with the
Interreg [HA Kolarctic project *Development and implementation of
an envireonmental monitoring and assessment programme in the joint
Finnish, Norwegian and Russian border area’, carried out during 2003-
2006, as well as data from earlier studias,

The catalogue |s meant for a wide audlence: the local population,
people involved in econamic activities in the border area, recreationists,
students, environmental organizations and ecologists.

This report was prepared in Russtan and translated into English.
The Russian version Is appended to this publication as a CD appendix,

-
{ s i I .I LAFLAMD ROCiDWAL
L EWVIRONRENT CEMTEE

For mars information contaci: Distributor:

et ol te Noih Irellshed B s Palésens | skl Fvporal Enskonment Lerdr
rila Soprnca Carthi

Feramariy o 14 P B POWGO

THE S CFE Bypatity HY O Bosanlery

Eisrreniink e, Missts Firdard

G 47 5 S5 S S phorie 15 A9 15

B b B15 5% 7 Gl Feiw 4 SR 1% 3113600

el pilbecrl s e e i -l hirjaamo Spedymp=a it i

15BN 97 8-932-11-51680-8 {phi.)
15BN 97E-252-11-3161-54PDF)

el e I e Ay AL R s, e W

a1 1 T EElr e am ey o TR

p e T L T




