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Abstract

Nøst,T., Yakovlev,V., Berger,H.M., Kashulin,N., Langeland,A.,
Lukin,A. & Muladal, H. 1991. Impactsof pollution on freshwa-
ter corfimunities in the border area between Russiaand Norway.
I. Preliminarystudy in 1990. - NINAScientific report 26: 1-41.

Theaim of this preliminary study during 1990 was to assessthe
present state of freshwater communities both on Russianand
Norwegian territories. Zooplankton, zoobenthos and fish were
sampledin different localities in the border areas.

Severeimpacts upon freshwater communities have been docu-
mented, especiallynear the factories in Nikel and Zapolyarny.
Negativeimpactson the Norwegian side,and on areasat longer
distancesfrom the Russiansideare related to this pollution.

Heavy metal accumulation and pathological anomalies in fish
and a low diversity of invertebrateswere observed. Indications
of acidification impacts were only recorded within the Jarfjord
Region.

More intensive studies in the border areas are necessaryto
quantify the impacts of pollutants, especiallywith respect to
heavy metal contamination and sublethal effects on fish and
invertebrates.

Key words:freshwater communities - pollution - border area -
Russia- Norway.
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Pe3lome

HOCT T., Alcoanea B., Beprep X.M., Hauiyrwm H., FlaHrenaHA
A., rlyKKH A., Myna,uan X. 1991. Bn14511-114e 3aFp513HeHH51 Ha

npecHosouHble c006LuecTaa B ripHrpaEmsHom paPloHe CCCP 14

Hopaerkm.
1. rIpeAsapHTenbHoe Hay,ieHHe B 1990 r. - 1-11/1HA, Hay,-mbn

OTtleT 26: 1-41.
1J,e.rib10 uaHHoro ripe,uaapHTenbHoro 143y,1eH1451 B 1990 rouy

6blno Bb1 BJ1e1-114e cospemeHHoro COCTO 5IHH 51 ripecHoso,uHbix

coo6LuecTa Hait Ha COBeTCKOPI, Tax 14 Ha HopaeaKcItoA
TeppwropHRx. B npkirpaHkr-mom paRoHe 143 paaHblx mecT 6b1J114

co6paHbI ripo6bl 30011,11aHliT0Ha, 3o06ewr0ca H pbI6.
HercoTopble B03,1:1eFICTB1451 Ha ripecHoaopHbIe coo6LuecTsa,

OCO6eHHO B pal;ToHe Hku-ceriR 11 3arloriRpHoro
aacl:wwccHposaHbi. HeraTHaHble B.111451H1451Ha Hopaeftcrcol%1 cTopoHe,
a Tarc»Ce B paoHax Ha 6onbuJom paccToRHHH OT 14CTO,IH141-(0B Ha

coseTcHo2 cTopoHe CB513aHb1 Tax*e c 3arpsi3HeHHem.

OTMetlarlOCb HaFt.011J1eH14e T5DICeJ1b1X MeTaJ1J1 OB 14

rraToriorwieckHe aHOMaril414 y pbI6, a Tai-ufte HH3I-coe
pa3Hoo6pa3He 6eC1103B0H0,1Hb1X. nOlta3aTeJ114 BJ1145IH14 51

aarcHcneHHA (awiRog»u-cauHH) oTmeHeHo TOTIbit0 B panoHe

FlpacpHopAa.
Heo6xoAHmb1 6onee 14HTeHC14BH1)1e Hccne,uosaHHA

norpa.H114Hb1x paPloHax c Tem, ,iTo6bI oxapar(TepH3oBaTb
1-00J114,-leCTBeHHO BYI14RHI4e aarpsiaHHTerieR, OCO6eHHO B CBR314 C

BoapePicTaHem TR*el11,1X meTanfloa 14 cy6neTaribHoe BoapeRcTaHe
Ha pbI6 14 6eC1103BOHO4Hb1X.

1-{J110,1eBble CJ10Ba: npecHoaopHbIe coo6LuecTaa, 3arp5f3HeHHe,
norpaHw-mbIH paP1oH, CCCP M HopaerHsi.
HOCT Tepxe, Beprep XaHc Max 14 IlaHrenaHp ApHel:w1HH -
H0pBeHtCHH2 kIFICTI4TYT lipl4p01Hb1X klccr1eposaH142, TpoHAxe7tm,
N-7005,TyHracneTTa 2. HopaerHA.
.F11-coarleaBanepku, Haluyrwm HHKona.P1 14 .11yR.I4H AHaT0.11141%1-

HHCTI4TyT F1p06fiem rIpombaurieHHOPI 31-COn0F1414 CeBepa, KOJ1bC1-t14171

Hayi-mb1H 1J,eHTp PAH, F. AnaTI4Tbl, MypmaHcHoP1 o6nacTH,
cIpepcmaHa 14., Pecrly6nHita POCC1451,
Mypa,uan Xapanbz - AKaannaH - HI4BA, Tpomce N-9000,
C,Torm6yrT 3., HopserHR.
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Preface

The impact of pollution on the environment of the Kola
Peninsula has increased during the last decades due to several
mining factories and metallurgical industries. Recently there has
been a considerable focus on the effects of pollutants on the
environment and human health. As a consequence a bilateral

agreement on environmental problems between the USSR and

Norway was established in 1988. In accordance with this agree-
ment, a cooperative study on freshwater communities in the
border areas was started in 1990. Participitating institutions

were:

Norwegian Institute for Nature Research (NINA), Trondheim -

Norway.

Akvaplan-Niva, Tromsø - Norway

Institute of the North Industrial Ecology Problems Kola Science

Centre, (INEP), Academy of Sciences of the USSR, Apatity -
Russia.

This report present the results of field investigations in 1990 in

two periods; June 25 - July 14, and August 27 - September 7.

In addition to the authors several persons have contributed to

this study:

N. Yakovleva INEP, Russia

B.M. Larsen NINA, Norway

S. Lierhagen NINA, Norway

J.B. Breistein NINA, Norway

L.R. Karlsen County governor of Finnmark, N-9800 Vadsø,
Norway

K.S. Jakobsen Department of Forestry, Finnrnark, N-9900-

Kirkenes, Norway

E. Sotkajaarvi Department of Forestry, Finnmark, N-9900-
Kirkenes, Norway

Trondheim, Desember 1991
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2 Study area

The investigatedarea, divided into four regions, 1) Nikel Region,

2) Pechengaand 3) PasvikRiverSystemsand 4) Jarfjord Region

(Figure 1), is locatedat latitude 69-70° N and longitude 29-31°E.

The geology is complex and consistsof hard bedrock predomi-
nating in the Jarfjord Regionand more solubleand richer (more
Ca and Na) bedrock in the Nikel-Pechengaarea and the Pasvik
RiverSystem(Sigmondet al. 1984, Atlas.. 1971).

Theclimate is influenced by warm air streamsfrom the Northern
Atlantic and by cold ones from the Arctic (Yakoviev1991a).The
annual mean temperature in the border area is low ( in Pasvik,
Sør-Varanger-0.3 °C). Minimum and maximum monthly mean
temperatures are -13.5 °C and +14.0 °C, respectively.The
annual precipitation in Pasvik is low, 358 mm (Bøyum 1970,
NVE1987).Surfacewater systemsdrain to the BalticSea.Mean
annual runoff on the Pechengaarea remainswithin the limits of
600-800 mm.
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Figure 1
Thestudy areasnear the Norwegian-Russianborder (NikelRegion,PechengaRiverSystem,PasvikRiverSystemand Jarfjord Region).
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3 Load of pollutants

The load of pollution from the Pechenganickel factoriesconsist
mainly of nickel (Ni), copper (Cu), sulphurdioxide (S02) and
dusts (Hagenet al. 1990, Sivertsen1990). As heavymetals are
mostly deposited near their source, the gasesmay be transpor-
ted longer distancesand then precipitate as acid deposits.Dust
ejected into the atmosphere is composed of nickel (3.13 %),
copper (1.91 %), cobalt (0.114 %), sulphur (S2) (8.67 %)
(Pechenganickelcompany data). The annual levelsof nickeland
copper in dust emissionsare about 500 tonne Ni and 300 tonne
Cu. Annual sulphurdioxide (S02) emission from the factories
(300 000 tonne) is about three times higher than the total
Norwegian emissionof sulphur. Anthropogenic sulphur fallout
on the territory near the main sources is 30 gm-2 year-1. The
minimum pH of precipitation in the Pechenga area is 3.4
(Kryuchkov& Makarova1989).

The load of pollutants is different in the four study regions.The
Pasvik River System drains the Nikel town area through
Kuetsyarvi.In the three other regions pollutants are only trans-
ported through the air, except some streams near Zapolyarny
and the PechengaRiver.Thus the load of pollutants is determi-
ned by the distancefrom emission sourcesand wind direction.
Thesurroundingsof the factories receivethe largestamounts of
pollutants.asgassesand dust. Domiriating wind directionsfrom
the factoriesare mostly north-east, partly north and north-west.
This meansthat the northeastern parts of Norway (incl. Jarfjord
Region)also receivesair transported pollutants (Scholdageret
al. 1983). However,the load in this area is reducedascompared
to the areasnearthe sources.

4 Sampling rnethods

4.1. Water chemistry

Water-sampleswere collected from 49 localities and analysed
for 21 chemical parametersat NINA's laboratoryy by standard
methods. Anions, kations and heavymetalswere tested to serti-
ficated standardsolutions (Appendix 1).

4.2 Zooplankton

Zooplankton sampleswere taken in 3 lakesin the Pechenganic-
kel area, 6 localitiesin the PasvikRiverSystemand 5 lakesin the
Jarfjord Regionduring August/September1990 (Appendix 1). In
four of the Jarfjordlakessampleswere alsotaken in lateJune.

Quantitative zooplankton-samples were taken with a 5 litre
tube sampler, 1 meter in length. The water was sievedthrough
a net of meshsize45 p.m.Dependingon lake depth mixedsam-
ples (three replicates)were taken from depths of 0-5m, 5-10m,
10-15m and 15-20m. Additional qualitative samplesfrom each
lake were obtained using vertical net hauls from bottom to the
surface (net area 660 cm2 and mesh size 90 gm). All samples
were fixed in Lugolsfixation.

Calculationsof biomass(dryweight) was basedon the relations-
hip between body weight (W) and body length (L)according to
Bottrell et al. (1976)and Langeland(1982).

4 3 Zoobenthos

Zoobenthoswas sampled in different habitats (littoral and pro-
fundal zonesof lakes,lake outlet/inlet, streams)and substrate,a
total of 44 stations: 23 from the Pechenganickel area, 12 from
the Pasvik River System and 9 from the Jarfjord Region
(Appendix 1).

In the profundal zones zoobenthos was collected with an
Ekmann dredge (213 cm2). Samplesfrom the littoral zone and
running waters were made by a kicking technique describedby
Frost et al.(1971). All sampleswere sievedthrough a net with
mesh size 250 gm, and the animals were separated from the
mud sampleand preservedin 70 % ethanol.

Some biological indexes were obtained: Information theory

diversity index (Shannon 1948), Biological Monitoring Working

7
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Party, Score index (BMWP 1978) and ISO's Long Score Index

(1983).

4.4 Fish

Electrofishing was performed in streams and inshore areas in

lakes in August/September. In total 39 stations were sampled;

11 in the Pechenga nickel area, 1 in the russian side of the

Pasvik River System and 27 in the Jarfjord Region (Appendix 1).
Natural tip lengths of all fish captured were measured. Fish

caught near Nikel were preserved in 70 % ethanol.

Fish were caught with a standard gillnet series, consisting of 8

fleets 10-45 mm (Rosseland et al. 1979) in 4 localities on

Russian and 5 On Norwegian territory in August/September
(Appendix 1). In four of the Jarfjord lakes test-fishing was also

performed in July. For a comparison, test fishing was performed

in Lake Kocheyavr situated 150 km south of Nikel near the

Russia-Finland border.

The fish were analysed for: body length, weight, sex, gonad

maturity, colour of flesh, fat content of intestine, and stomach

fullness. For fish condition analysis, pathological and morpholo-

gical examinations were performed and symptoms of diseases
and parasitic infection were also examined for visually.

Heavy metal contents of tissues and organs were determined

for the following fish species: brown trout, Arctic char, perch

and pike. Subsamples for each species were collected from the

gills, liver, kidneys, muscle and skeleton. Samples were placed in

plastic bags and frozen quickly in liquid nitrogen for further exa-

mination at the laboratory. These samples were dryed to con-

stant weight at 105 °C. Organic matter was removed using con-

sentrated nitric acid (HNO3). In organs and tissues, contents of

nickel, copper, zinc, cobalt and manganese were determined by
the atomic absorbtion method (AAS - 30 Karl-Zeiss-Jena).

Scales, otoliths, shoulder- and opercular bones were collected

for age determination in accordance to standard methods

(Jonsson 1976, L'Abee-Lund 1985). Determination of different

morphs of whitefish was performed according to a standard

systematic method (Reschetnikov 1980). 10-20 fish from each

species and locality were analysed for food habits. The stomach

samples were preserved in 70 % ethanol.

5 Results

5.1. Water chemistry

In general higher values were found in Russian localities for
most of the chemical parameters (Appendix 2). The range in

pH was between pH 4.55 and 7.13 (Figure 2). The lower pH
and the larger variation in the Jarfjord Region (4.55-6.55)

reflects the more sensibility of acidification due to specific geo-
logical conditions. The lowest pH was measured at higher eleva-

tion with little or no soil and vegetation cover.

Levels for sulphate (SO4) mainly ranged between 4 and 35

mgSO4A. The values on the Norwegian side never exceeded 8

mgSO4/1 (Figure 2). Extreme high values for sulphate were

obtained in a few localities near Nikel, > 100 mgSO4/1. Con-

centrations of calcium were lower than 3 mgCa/I in Norwegian

lakes, except in the Pasvik River System (Figure 2). However,

the values on Russian side in the Pasvik River System were 4
times higher than on the Norwegian side. High values for calci-

um (40-50 mgCa/1) were obtained in the localities near Nikel,

similar to the sulphate measurements.

Due to the fact that the sampling bottles were not acid-washed
before sampling, the values obtained for heavy metals (Figure
2) should be considered as minimium values. Contents of Ni in

the Russian part of the Pasvik River System were between 50-80

ggNi/1 and in the Pechenga nickel area 20-485 ggNiA. On the

Norwegian side the concentrations were less than 20 p.gNi/l.

The contents of copper were mostly less or slight above the

detection limits, < 5 p.gCu/l. One exception was the stream

Shuoniyoki near Nikel, 33 ggCuA. The zinc contents were less

than 30 ggZn/I and minor differences between the regions were

found. Generally the concentrations for manganese were lower
than 5-101.1gMnA, but values as high as 57 pgMn/lwere found

in Kuetsyarvi and F.Høgfjellsvatn (Appendix 2).

Concentrations for nitrate were in general lower than 10-20

ggNO3/1 (Appendix 2). In localities draining the town of Nikel,

the contents of NO3 (85-585 pgNO3/1) were 10-100 times hig-

her than in other localities.

5.2 Zooplankton

Zooplankton species composition is given in Table 1.

Representatives of Rotatoria, Cladocera and Copepoda were


recorded in all lakes, a total of 22 species (7 Rotatoria, 10

8
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pH

	

108.77 145.85 212.12
40

So4 30

mg/I 20

10

0

	

40
44.27 49.87

Ca 30

mg/I 20

10

0

485 403 261

80

Ni 60
1-1g/I

40

20


35

Cu 25
1.1g/I

15

5

35

Zn 25
1.19/1

15

5
Localitynr. 2 3 5 10 12 14 16 17 18 22 23 24 35 36 39 40 4244 50 57 60 62 64 69 72 78 79 81 84 87
(cfr.append.1)

Nikel Pechenga PasvikRiver Jarfjord
Figure2 Region River System Region

Levelsof some chernicalparameters System

in water from different localities in Detectionlimitsinpg/l:Ni- 20,Cu- 5,Zn- S
August/September1990.
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Cladoceraand 5 Copepoda) was found. The lake situated near
Nikel (LN2) differed from the others; only 3 speciesof rotifers
and one speciesof Cladoceraand Copepodawere found.

Most of the rotatorian specieswere found in all regions,but the
number of speciesand their relative importance differed within
each region (Table 1). UsuallyPolyarthravulgariswas the most
common species,except in the Jarfjord Regionwhere Kellicottia
longispinapredominated in all lakes,exceptin F.Høgfjellsvatn.

  •


The highest number of species of Cladocera and Copepoda
were found in the PasvikRiverSystem(Figure 3). Noteworthy is
the lack of daphnids and diaptomids in some localities in the
Nikel and Jarfjord Regions.Daphnia cristata, Bosmina longiros-
tris and Eudiaptomusgracilis were restricted to the PasvikRiver
System.

Table 1.Zooplankton speciespresent in the lakes.
Nikel Region:Sa1= Sarasslaki,LN2= LakeNikel - NE 10km
PechengaRiverSystem:Ma 1 = Maayarvi
PasvikRiverSystem:Ku1 and Ku3 = Kuetsyarvi,Ly= Lyngbukta,Svl and 5v2 = Svanvik,Sk1 = Skrukkebukta
Jarfjord Region:Da = Dalvatn, Li = Limgambergern, Ot = Otervatn, FH= F.Høgfjellsvatn,AS = A. Skardvatn

Nikel Region PechengaRiverSystem PasvikRiverSystem
Sal LN2 Ma1 Kul Ku3 Ly Sv1 Sv2Sk1

Jarfjord Region
Da Li Ot FH AS

X X

X X X

x,

X X X

Rotatoria
Kellicottia longispina
Keratellacochlearis
Keratellahiemalis
Conochilusunicornis
Asplanchnapriodonta
Polyarthravulgaris
Synchaetasp.
Rotatoria indet.

Cladocera
Holopedium gibberum
Bosminalongispina
Bosminalongirostris
Daphniacristata
Daphnia longiremis
Daphnia longispina
Daphniagaleata
Ceriodaphniaquadrangula
Bythotrepheslongimanus
Leptodorakindti

X X X X





X X x X





X X






X X X x X X




x
X X X X XX x x
X X X X XX x x
X X






X X X X XX





X X XX X X

X X X X XX




X X X X XX




X X X X XX




Copepoda
Eudiaptomusgraciloides
Eudiaptomusgracilis
Heterocopeappendiculata
Cyclopsscutifer
Mesocydopsleuckarti

X X X X XX

X X X X XX

X X X X X X

X X X X X
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Very..high zodplankton numbers and biomaSSwere recOrded'in

KueiyarVi (Figåre 3), with B.:6-minalon4irostrfs theidominåting

general, these levelswere loW.,inthe OtherIOcalities,,
especiallyat.the Svanvik,locality and lake F.Høyfjeijsvatn..ih the"
lakes LiMgaMbergtjernanciSarasslakilhe reCordedbiornassesdf
1.47and.1,71rrig m-3 respectively,were similaror,,even higher:;-°

is Was-cfue. td ,.high .individual size of the •-cladocerans.
Minimum sizes'of eggbearing"fernalesand MaxirnurnsiZe
daddcerans Were highest in these lakes'and in:NlaayaryL, , .
HOWever;the,clutch size in these lakes'was ratherssmall :(3-5

gsr-perfemale).

Most of the zodbenthOs belOng .t.o.the ...taxaChirondMidae
,,eramez)': In.general.,:-Epheffierdptera,,Plecopteraand Trichoptera
shoWed higheStdiVersityin the-:FittoralZone;WhileChirondrnidae. . . . .

i dominated jn the prOfundalZone„Oflakes RunningWater5were.:
inhabited mainlyby phytophilic,and lythO•philicspecimens:

- - ,

. Lakes'

'Xuetsyarvisfidwed the highest diversity of all the wåter bOdieS•
,.studied (Table.2, rigure 4 The nurnber of speciesrecOrde

••••• • • • • /.

abw2 Zootientho$ preient in different localities Numbei of,jspeciesof the main taxa. ocality descnptiOnis given tp:Ai>persciN

Nikel:Region.
-axa Kol Shu Kuv Sa PaS LN1,

Oi.igochaeta
MollusCa..
E.tlemeroptera
Plecoptera-
TrichOptera
._-fijronornidae 12 4 9 22

Other taXa,

iTot nUmber,
of-Species 22 24. 23 34

Pechenga,RiVer.System
2 Ma ChL thO Chs SS NS Pr tL Tri

.PasvikRiVerSystern, Jarfjord••egion
i LiO bt . Otp FH FHO''

•Oligochaeta
MollUsca
EphernerOptera
PleCoptera

.Trichoptera
Chtronomidae
Other taXa

4 1 5 4

Taxa Ku Sal Sv SK Da Da
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from the littoral zone in Kuetsyarvi exceeded 20, dominant

genera and species were: Cricotopus spp., Procladius spp.
Psectrocladiusspp.(Chironomidae), Limnophilus spp., Oxyethira
distinctella (Trichoptera) and Pisidiumspp. (Mollusca).

ln the profundal zone of this lake the proportion of chironomids


was 80-90 % of the total zoobenthos number and biomass


(Figure 5). Maximum densities and biomass of zoobenthos in

Kuetsyarvi were 4633 ind. m-2 and 21.12 g m-2 at the depth of

15 m, respectively (Table 3). Similar zoobenthos communities

were also found in other parts of the Pasvik River System.

However, Ephemeroptera and Plecoptera nymphs were not

recorded in Sairniyarvi, where chironomids (mainly the phytophil

larvae of Orthocladiinae and Chironomini) dominated. ln bio-

mass the mollusc Lymnaeaovata was the dominating species.

5 1111HN
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Figure4
Thedistribution of Shannon diversi-
ty index value.A- lakesand outlets,
8- streamsand rivers.
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Figure 5
Frequency(%) of pollution sensitive(Plecopteraand Ephemeroptera)and tolerant (Chironomidae)zoobenthos taxa in studied areas.A-
iakesand outiets, 8- streamsand rivers.

Along the shore at Svanvik the dominant species were:
Lumbriculus variegatus, Caenissp, Tanypodinaespp., Sialis sp.
The Shannon index of speciesdiversity had a very high value
4.09 (by number) (Figure 4). With increasingdepths the num-
ber of chironomids increased.ln Skrukkebuktathe zoobenthos
diversitywas low.

ln the Nikel Regiona low abundance was recorded in Sarasslaki
(mean biomassfor the profundal 0.49 m-2).Trichoptera made
the greatest contribution. A similar low abundance was obtai-
ned for the zoobenthos in Maayarvi.
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Table 3. Abundance m-2) and biomass (g fresh weight m-2) of zoobenthos in the lakesin June - September 1990 using Ekman
grab. Biomassvaluesin parenthesis.Lakedescriptionisgiven in Appendix 1.

Lake

6

Sa1

7

5a2

14 20

LN2 Ma1

25

ChL

33 36

Ku2 Ku3

37

Ku4

38

Ku5

41

Sv1

42

Sv2

44

Sk1

45

5k2

46


Da

47


Da

52

Li

53

Li

66


Ot

67


Ot

73


FH

Depth m 1 1 8 10 1 15 14 6 1 3 4 15 18 9 9 4 4 3 3 25

Oligochaeta 16 0 23 23 47 78 0 0 469 62 438 16 16 0




15




74




(0.08) (0) (0.18)(0.01) (0.04) (0.53) (0) (0) (1.62) (0.16) (3.05) (0.01) (0.04)







Mollusca 0 0 0 0 0 31 16 94 47 16 0 16 47 0







(0) (0) (0) (0) (0) (0.12) (0.55)(0.39) (0.42) (0.18) (0) (0.10) (0.04)







Chironomidae 16 94 23 234 203 4508 469 499 795 313 594 172 109 1259 622 251 325 59 148 59




(0.01) (0.05) (0.08)(1.46) (0.16) (20.39) (2.33) (0.86) (8.26) (0.81) (1.12) (0.33) (0.22)






Other groups 140 94 48 0 46 16 0 0 187 93 93 0 125 0







(0.40) (0.09) (2.27)(0) (0.12) (0.08) (0) (0) (7,66) (0.06) (0.13) (0) (0.24)







TotaI 172 188 94 257 296 4633 485 593 1498 484 1125 204 297 1259 622 266 325 59 148 133




(0.49) (0.14) (2.53)(1.47) (0.32) (21.12) (2.88) (1.25) (17.96)




(1.21) (4.30) (0.44) (0.54)






The zoobenthos of lakes in the Pechenga area close to
Zapolyarny were characterized by low species diversity.
Chironomidae, Hemiptera and Coleoptera dominated, while
few speciesof Ephemeropteraand Plecopterawere found. At
longer distancefrom the sourcesnear Liinakhmari the zooben-
thos showed higher diversitiesand abundances.

1nmost of the Jarfjord lakes low diversitiesand densitieswere
recorded (Table 2). Highest numbers were found in Dalvatnet,
especiallyin June(Table 3).

5.3.2. Streams

1nKolosyoki,draining the factory and Nikel town, the zooben-
thos mainly consistedof chironomids. 1nother streamsof the
Nikel Region the nymphs of Ephemeroptera, Plecoptera and
Trichopterahad wide distribution (Figure 5). Only a few indivi-
dualsof Sigarasp., Tabanidaeand Enchytraeidaewere found in
the highly polluted streams Chaukilampiyoki and Semiaki near
Zapolyarny. 1n the moderately polluted and larger rivers
Naamiyokiand Pechengaspeciesrichnessand their abundances
were considerablehigher.

1nthe outlets of the Jarfjord lakeslow abundanceswere found,
and Chironomidae and Trichoptera predominated. The highest
diversitywas recorded in the Otervatn outlet, where the polluti-
on sensitivetaxas Plecopteraand Ephemeropterahad high fre-
quences(Figure 5). Lowest diversitywas found in the outlets of
Limgambergtjernand F.Høgfjellsvatn.

5.4. Biological indication of water
quality

The BMWPand LS1indexesfor zoobenthos communities in the
littoral zones of the lakes were lower than for the streams
(Figure 6). 1n Kolosyoki, Semiaki, Chaukilampiyoki and other
polluted streamsthe indexesdid not exceedthe value of 4. The
highest indexes were observed in the streams Pachta,
Shuoniyoki and Kuvernerinyoki. Correlation analysesbetween
biological indexesand somewater quality parameters,gaveonly
significant correlation between number of chironomids
(Orthocladiinaeand Tanytarsini)and most chemical pararneters,
p < 0.01 (Table 4).
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Figure 6
BMWP and LSI indexes of zooben-
thos. A- lakes,and outlets, B- stre-
amsand rivers.

5.5. Fish communities

In the PasvikRiver System higher number of fish specieswere
found than in the other regions (Table 5). Howeveronly 8 spe-
cies of a total of 12 earlier reported from the PasVikRiver
System were recorded in Kuetsyarvi (Kristoffersen & Sterud
1985). Length distribution for the fish speciesare shown in
Figure 7.

5.5.1. Lakes

In Kuetsyarvi,(Kul and Ku3) the catches were dominated by
whitefish (Coregonuslavaretus L.), perch (Percafluviatilis) and
pike (Esoxlucius).Whitefish was the most numerous speciesin
Kuetsyarvi(Ku1),while perch predominated in Kuetsyarvi(Ku3).
The catch per unit effort and echosounder results indicated a
very dense population of whitefish in Kuetsyarvi.The whitefish

16
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Table 4. Multiple regressionanalysesbetween benthic invertebrates(n = 13)and environmental parameters. * - p < 0.05, ** - p <
0.01, *** p < 0.001.

Turb pH AIk SSS Cond SO4 CI NO3 Cu Ni Zn

HN 0.09 -0.39 0.04 0.32 -0.36 - 0.33 - 0.13 0.15 0.19 - 0.43 0.30

HB 0.10 0.04 0.11 0.22 -0.17 -0.22 - 0.14 0.01 0.40 - 0.19 0.29

No.tot. 0.52 -0.07 0.44 0.24 0.41 0.19 0.52 0.40 0.06 0.36 -0.08

No.EP -0.18 0.20 -0.12 -0.42 -0.33 -0.41 -0.34 - 0.21 0.73** -0.32 0.41

No.OT 0.82 * * 0.03 0.81 *** 0.61 * 0.77 *** 0.53 0.88 *** 0.86 *** -0.03 0.69** 0.04

BMWP -0.38 0.13 -0.24 -0.56 * -0.40 -0.56*- 0.25 -0.36 0.26 -0.42 0.01

LSI -0.23 0.05 -0.18 -0.46 -0.34 -0.46 -0.25 -0.25 0.19 -0.35 0.04

HN - diversityindex(Shannon, 1948) by numbersof species.HB - diversityindex(Shannon, HB - 1948) by biomassof species.No.tot - total

numbersof bottom fauna. No.EP- No. of Ephemeropteraand Plecoptera.No.OT- No. of chironomidaeOrthocladiinaeand Tanytarsini.

BMWP- BiologicalMonitoringWorking Party,Scoreindex(1978). LSI- ISO'sLongScoreindex(1984).

Table 5. Fishspeciespresent in lakesand streamsin the Nikel Region,the PechengaRiverand PasvikRiverSystemsand the Jarfjord
Region.RF= Russia- FinlandBorderArea. Localitydescription in Appendix 1.

Region Pechenga Pasvik

Nikel Region RiverSystem RiverSystem JarfjordRegion RF

Localitynr 2 3 5 9 12 19 20 22 23 24 35 36 40 42 46 47 48 49 50 52 5354 66 67 68 69 70 72 74 76 80 8183 84 8586 87 89 90 91 92


Fishspecies

Salmotrutta L. x x x x x x x x x x x x x x xxxxxxxxxxxxx x x x x

SalvelinusalpinusL. x x x x x x x x x x x x

CoregonuslavaretusL. xxx x x

Coregonusalbula ' x x

Thymallusthymallus x x x

PercafluviatilisL. x xxx x x

PhoxinusphoxinusL. x x x x x xxxxx x

EsoxluciusL. x xxx x x

Anguillaanguilla x

Lotalota L. x x x x x x

Gasterosteusaquleatus x x x x x x x x

Pungituspungitus x x x

Total number of fish

speciescaught 2 2 2 1 2 3 4 2 1 2 7 7 12* 3 3 3 1 1 1 1 1 i 1 1 2 2 1 1 1 1 2 1 2 2 1 1 1 2 1 2 8

*after Kristofffersen& Sterud(1985)

in locality10, 15 and 16 in the Nikel Regionno fishwere present

in locality51, 56, 57, 58, 60, 62, 64, 73, 78, 79, 82 and 88 in the JarfjordRegionno fishwere present
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Figure 7
Length distribution (%) of brown trout (Salmotrutta L.)and Arctic char (Salvelinusalpinus) in the streams (A), and brown trout, Arctic

char, whitefish (Coregonuslavaretus),perch (Percafluviatilis)and pike (Esoxlucius)in the lakes (8).

may be divided into two ecologigal groups, slow- and fastgro-
wing. The slow growing group mature at the age of three (2+)
and four (3+) and the mean length 14.5 and 21.7 cm, respecti-
vely. The fast growing group was distinguished by higher age
at maturity (ages 5-6+) and larger maximum sizes(Appendix

3). The two whitefish populations did not differ in systematic
signs; i.e. the nurnber of gillrakers was 23-32, numbers of sca-
les along sideline were 83-93 and along vertebrae 61-63. ln
Kocheyavrwhitefish and perch were also dOminant, but only
the fast growing whitefish group was recorded. Perchand pike

were the dominant species in Maayarvi. The growth rate of
perch from different lakeswas similar and did not differ signifi-
cantly between populations. ln general, the populations of whi-
tefish, perch and pike consisted of young individuals, ages 2+
and 3+, and no individuals older than age 5+ were found
(Appendix 3).

Few specimensof other specieswere caught in the Russian

lakes.Ruosenjarviin the Nikel Regioncontained a densepopu-




lation of Arctic char (Salvelinus alpinus L.) and a sparsepopula-
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Forts.

tion of brown trout (Salmo trutta). These two species were also

caught in four of the Jarfjord lakes indicating dense populati-

ons, especially of arctic char, except in F.Høgfjellsvatn

(Appendix 3). Arctic char was represented by various age

groups up to 4-6+. However, the early age at first maturity (2+)

was characteristic for all poptulations. Similar age and maturity

structure for trout and char populations were recorded in

Ruosenyarvi. Sparse poPulations of brown trout inhabited the

other lakes, and in Limgambergtjern only old individuals (age >

8+) appeared.

5.5.2. Streams

Brown trout was the most widely distributed species in the stre-

ams, except in some high polluted localities of the Nikel Region

and the most acid streams in Jarfjord, where no or only a few

individuals of other species were recorded (Table 5). The hig-

hest densities of brown trout were found within the Jarfjord

Region, especially in Dalvatn outlet The more polluted stream

Kolosyoki contained a moderately dense population of Phoxinus

phoxinus. A dwarf population of Arctic char with a predominan-

ce of females over males (5:1), was found in the nearby inlet of

Sarasslaki.
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5.5.3. Pathology

Whitefish

In Kuetsyarvi(Kul) a few specimens(1 %) had abnormal body
colour, curvatureof the spine (scoleosis)and cranium decolarati-
on. The incidence of a pathological degeneration of several
organswas surprisingly high. Palecolour and a flabby liverwere
observed in 14 % of whitefish. Kidney anomaly was frequently
observed;18 % had expanded kidneysdue to connectivetissue,
and 10 % had kidney disease (nephrocalcitosis).In Kuetsyarvi
(Kul) 10 % of whitefish had twisted gonadae, and most of the
specimenshad anemic and pale gills, fluorescence,and anemic
ringswere observed.At Kuetsyarvi(Ku3) 16 % of the whitefish
deviated from normal state, and 4 % had nephrocalcitosis.The
few individuals caught in the Pasvik River System on the'
Norwegian side (at Svanyik)showed only the beginning of kid-
ney diseases.About 80 % of the specimensfrom Kocheyavr
had pale mosaic liver, and 98 % had expansionscausedby con-
nective tissue. "Granular" kidneys was found in 2 %, twisted
gonads in 17 % and "jelly-like" pale gonadsfor 6 %, respecti-
vely. Adipose heart was recorded in more than 50 % of the
whitefish populations.

Pike

In Kuetsyarviand Maayarvi the pike displayedremarkablevaria-
tion in the colour of skin and fins. Abdomen, abdominal, thora-
dc and caudal fins were blue and greenish for 86 %, 100 %
and 50 % respectively.Dissection revealeddeviations from the
normal state of functionally important organs such as liver, kid-
neysand gonads. Livercolour was blue-greenfor more than 70
% of pike from Maayarviand Kuetsyarvi(Kul) and for all speci-
mens from Kuetsyarvi (Ku3). Common for these pikes were
enlargementsof gall-bladder, whose content were dark-green,
with clots of blood. In Kuetsyarvi(Ku1) "granular" kidneysand
expansionscaused,byconnective tissuewere observedin 22 %
and 28 % respectively.Similar pathological signs and diseases
were not observed in Kuetsyarvi(Ku3) and Maayarvi.However,
gonadae anomalies were recorded in Kuetsyarvi (Kul') and
Maayarvi.

Perch, Arctic char and brown trout did not generally reveal
anomalies.An exception was the Arctic char and brown trout in
Ruosenyarvi,where pale, mosaic liver, kidneys expansion and
anemic rings on gills were common. The frequency of parasites
and signs of diseaseswere more pronounced in fish species
from Kuetsyarvi, Maayarvi and Ruosenyarvithan in the other,
lakes.The infection by parasiteswas high especiallyin the liver

and heart of whitefish in Kuetsyarvi(Kul and Ku3), and on liver,
heart, stomachwalls, bowelsand swim bladder of Arctic char in
Ruosenyarvi.Parasiteson the swimming bladder of Arctic char
was frequently observed in A.Skardvatn and Dalvatn, and in
addition on hearts in A.Skardvatn.

5.5.4 Food composition

The diet of brown trout and Arctic char was in general domina-
ted by terrestrial and aquatic insects (Table 6). In A.Skardvatn
Gammaruslacustris and Eurycercuslamellatus also formed an
important part of the diet. Bosminalongispina was important as
a food item for Artic char in Dalvatn. Gastropoda and
Gastrosteusaquelatus made up 40 % of the diet for brown
trout in Otervatn. The main food objects for perch in Kuetsyarvi
and Maayarvi were minnows and daphnids. Gastropoda and
Eurycercuslamellatuswere the main food items for whitefish in
Kuetsyarvi.Among the two whitefish groups, the diet of the
slow growing group was more planktonic.

5.5.5 Heavy metal accumulation

Heavymetal accumulation in fish was mainly related to the ele-
ments nickel, copper and zinc (Figures 8,9,10). The levelsand
distribution varied between organs, speciesand lakes (Table 7,

Figure 11). Accumulation in muscleswas in general considera-
bly lower than found in other organs and tissues.Speciesdiffe-
rencesof metal accumulation are clearlyshown in the examples
of fishesfrom Kuetsyarvi(seealso Figure 12):

Ni Cu

Gills:
Muscles:

Kidney:
Skeleton:

pe>wh>pi pe>wh>pi pe>wh>pi
pe>pi>wh pe>wh>pi pe>wh>pi
wh>pi>pe wh>pi>pe pi>wh>pe
wh>pi>pe wh>pi
wh>pe>pi pe>wh>pi wh>pi>pe

pe = perch, pi = pike, wh = whitefish

Nickelwas mainlyaccumulated in gills and kidneys.Nickelaccu-
mulation in the organs of whitefish from Kuetsyarviwere 2-3
times higher than valuesat Svanvik.In Jarfjord high levelsof nic-
kel in kidneyswere recordedfor brown trout and Arctic char (8-
221.1.gNi/g).
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Table 6. Food items (volume %) in stomachs of Arctic char (A), Brown trout (B), Perch (P) and Whitefish (W) in the lakes in
August/September 1990.

Region Localtiy Species Number of
stomachs

Terrestrial
insects

Aquatic
insects

Gastropoda/
Mollusca

Eurycercus Gammarus Zooplankton Fish

N Kuvernerinyoki B 24 17,8 82,2 0 0 0 0 0
N SarasslakiInl A 11 62,7 37,3 0 0 0 0 0
Pe Maayarvi P 12 0 8,3 0 0 0 71 20,41)
Pe MaayarviInl B 6 26,5 49,3 7,5 0 0 0 16,71)
Pa Kuetsyarvi1 W 10 11,3 10,9 33,7 31,3 0 12,8 0
Pa Kuetsyarvi1 P 3 0 0 0 0 0 0 1002)
Pa 'Kuetsyarvi1 B 1 0 0 0 0 0 0 1001)
Pa Kuetsyarvi3 W 25 14,3 2,9 37,5 36,0 0 9,3 0
Pa Kuetsyarvi3 P 21 1,7 0,8 0 22,6 0 22,4 52,52)
J Dalvatn A 4 48 17,7 0 0 0 34,3 0
J Umgarnbergtjern B 2 99,9 0,1 0 0 0 0 0
1 Otervatn B 5 31,6 27,0 21,4 0 0 0 203)
J F.Høgfjellsvatn B 3 76,7 23,3 0 0 0 0 0
1 A. Skardvatn . B 8 33,9 28,8 0 16,5 24,8 0 0
J A. Skardvatn A 20 52,1 5,8 0 18,3 15,6 0 0

1) Minnows,2) Minnows and sticklebacks,3) Sticklebacks.N NikelRegion,Pe PechengaRiverSystem,Pa= PasvikRiverSystem,i =
JarfjordRegion.

Table 7. Maximum concentrationsof Ni, Cuand Zn (p.g/gdry weight) in fish organs from different speciesand localities.




Ni




Cu




Zn




GILLS 20.8 - perch Kuetsyarvi 13.8 - perch Kuetsyarvi 1071.8 - whitefish - Svanvik




11.5 - brown trout Maayoki






MUSCLE 2.4 - pike Maayarvi 25.8 - Arctic char Sarassiakiinlet 44.0 - brown trout Pachtayoki

LIVER 4.8 - whitefish Kocheyavr 205.8 - Arctic char A. Skardvatn 298.6 - whitefish Kocheyavr

KIDNEY 28.0 - whitefish Kuetsyarvi 22.0 - Arctic char A. Skardvatn 467.0 - whitefish Svanvik





20.8 - Arctic char Dalvatn





SKELETON 7.9 - Arctic char Sarasslakiinlet 7.9 - Arctic char Sarasslakiinlet 221.0 - whitefish Kuetsyarvi




7.5 - whitefish Kuetsyarvi 7.4 - perch Kuetsyarvi





7.2 - whitefish Kocheyavr
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Lake
Fishs ecies Muscle L Kidneiver Skeleton

Ruosenyarvi
Gills

SalvelinusalpinusL. 2 2 2 2 No samplec
--a; . o Sarasslaki1-1 6)
2 cp SalvelinusalpinusL. No sample 4 No sample No sample

cc Pachtayoki .
Salmotrutta L. No sample 3 No sample No sample

Maayarvi
E Percafluviatilis L 5 5 5 No sampleez Qj

C 5..'s Esoxlucius L. 6 6 4 6 5

c_CU>CI)Maayoki
b-2 Salmotrutta L. 2 3 1 1 2

E
cu

Esoxlucius L. 5 5 5 4 24-.

	

E—...",...., 67
ra Percafluviatilis L. 4 3 3 No sample

,... s

> Pasvikriver (Svanvik)

	

b".2 CoregonusfavaretusL. 5 5 5 5 5

A. S ar vatn
SalvelinusalpinusL. 4 10 5 5 10

c
._ Salmotrutta L. 4 5 i 1

CS1
4., Dalvatn

cc SalvelinusalpinusL 5 9 5 5 101>ro
C5

'-E-- Salmotrutta L 1 2 No sample No sample
ets Otervatn

Salmotrutta L. i 5 1 1
—

Limgambergtjern 28
Imo trutta L. 1 2 2 2 2

Kocheyavr
6CoregonuslavaretusL. 10 9 6
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High. accumulations of copper were recorded in the livers of all

fishes, especially for whitefish at Svanvik and Kuetsyarvi.

However, great variation appeared in this area (17-239 p.gCu/g).

Fish from other lakes had lower than 50 p.gCu/g in liver, except

for Arctic char in A.Skardvatn (> 200 g.g/g).

Zinc was mainly accumulated in gills, kidneys and liver. Highest


concentrations of zinc were recorded in gills of perch from

Kuetsyarvi and whitefish from Svanvik (> 1000 p.gZn/g).

Considerably lower accumulations were found for fish speci-

mens in the other regions, especially in Jarfjord (< 250 ggZn/g).

Near the sources the accumulation of zinc in gills was generally

higher than in liver, whereas the opposite were found in lakes

situated at longer distance (Figure 13).

100
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40

20

0
Whitefish Perch Char Whitefish Perch Char

	 < 15 km  	 15-150km

Liver
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Figure 13
Relative distribution of zinc in gills and liver from lakes near and at longer distances from the

source.
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6. Discussion

During the lastyearsthere hasbeen an increasein the attention
paid to the environmental impactsof pollution due to the indus-
trial activities in the border areas between Russiaand Norway
(Kryuchkov& Makarova 1989, Frisvoll& Flatberg1990, Hagenet
al. 1990, Sivertsen1990,YearBook.. 1990,Traaenet. al 1991).

A lot of information about freshwater communities existsfrom
Sør-Varanger(Norway), which is mainly concernedwith species
distribution (Huitfeldt-Kaas 1918, Berg 1964, Økland, K.A.
1969, Sæther 1970, Tobias 1973, Kristoffersen & Sterud 1985,
Økland, 1. 1990). The impactsof pollution upon the freshwater
communities is poorly known, but recentstudieson water quali-
ty, zoobenthos and fish populations in Finnmarkcounty indica-
ted effects supposedlycausedby acidification (SFT1987, 1988,
1990, Traaen 1987, 1990, Karlsen1988, Henriksenet al.1990,
Traaen et al. 1990). Impacts of acidification in freshwaters in
FinnishLapland have also been documented (Kinnunen 1990).
Information on fish diseasescausedby heavymetal contaminati-
on is scarce.Accumulation of heavymetals have been recorded
in bottom sedimentsand in fish from the PasvikRiver(Norheim
et al. 1985, Rognerud & Fjeld 1990, Rognerud 1990). Earlier
publicationsabout freshwater communities from the Pechenga
nickel area are scarce (Kruglova 1983, Year book.. 1990,
Yakovlev1991b).

Near the Pechenga nickel factories and settlements surface
waters are polluted by sewage,containing substantialamounts
of heavy metals, sulphates,chlorides,oil products, mineral sus-
pended particlesand other matters. Heavymetalsand sulphates
are supposedto have the most detrimental influence on fresh-

- water communities (Drabløs& Tollan 1980, Sandøy& Nilssen
1987, Morling & Pejler 1990 and Muniz & Aagaard 1990).
However, acid-sensitivespecieslike daphnids (Davis & Ozburn
1969, Almer et al. 1974), molluscs(Økland, J. 1990) stoneflies
and mayflies (Raddum 1980) and salmonidswere recorded in
the Pechenga nickel area. This fact is due to the specific
bedrock, composed of crystalline rocks of basic and ultrabasic
composition making the buffer capacityvery high near the fac-
tories (Traaen et al.1991). Alkalic dusts and other pollutants
from the fallouts increase the water mineralization and acid
neutralization capacity, ( ANC of surfacewaters > 200 peq 1-1)
(Traaenet al. 1991). At larger distances(20-30 km) from the
factoriesANC is reducedto a critical level,< 20 peq I.

Generallythe concentrations of nickel and copper in water in

Russianareaswere above limits assumedto causesevereeffects

on freshwater organisms (Lithner 1989, SFT1989, Year book..
1990). In Kolosyokiand in a lake near Nikel the content of nic-
kel was extremely high (> 100 p.gNi/1).

Our study in 1990 showed that the composition of freshwater
communities mainly consistedof widely distributed specieswit-
hin the Palearctic region (Lakes..1974, Biological prod..1975
and Illies 1978).The most severeimpacts upon freshwater corn-
munities in Russianlocalitieswere supposedlydue to the heavy
metals.The low diversity recordedwas mainly causedby lack of
occurrance of several taxas, especially Ephemeroptera,
Plecoptera,Cladocera, Copepoda and Salmonidae.This is sup-
ported by the state of freshwater communities observed in the
highly heavymetal polluted Imandra lake on the Kola Peninsula
(Moiseenko& Yakovlev 1990).

A low diversityof zooplankton was found in a lake 10 km nor-
theast of Nikel (LN2). High abundances of chironomids were
obtained in the most polluted localities: Kolosyoki, Semiaki,
Chaukilampiyoki and in a lake 1.5 km east of Nikel. However,
the composition of zoobenthos on the Russianside was very
variable.  • 

Negative impacts upon the population structure of fish were
recorded in all studied localities in Russianareas, especiallyin
Kuetsyarvi, Rousenyarviand Maayarvi. In other localities near
the factories,severaltaxa of, for examplesalmonids,gastropoda
and daphnids were still present. Likewise, in Kuetsyarvi high
densitiesand biomassof zooplankton appeared.Theabundance
of zooplankton in Kuetsyarviwas at least4-6 times higher than
in the Norwegian localities in the PasvikRiverSystem.Effluents
of nutrients (i.e. NOx and P0x) into Kuestsyarviare assumedto
enhance the phytoplankton food base for zooplankton. The
very high abundances of zoobenthos, especially chironomids
also indicated euthrophication in Kuetsyarvi.However, in these
localitiesheavymetal contamination is assumedto have sublet-
hal effects. Abnormal structure and symptomsof diseasesin the
whitefish and pike populations, and juvenilisation in brown
trout populations within the Nikel Region supported this
assumption.

Severalfactors influence the concentrations of heavy metals in
organs and tissuesin fish, such as the levelsand distribution of
pollutants in water bodies, physiological characteristicsof fish
and biochemical properties of metals. The accurnulation of
heavymetalsthus is determined by a balancebetween the inta-
ke rate through the gills and the food, and the capabilityof the
fish to releasean excessof elementsnot necessaryfor the main-
tenance of basic matabolism. Concentrations of metals in fish
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organs, especially in soft tissues were inconsistant. The most

stable levels were in skeleton reflecting the total load of the

whole lifespan, whereas the more variable levels in the soft tis-

sues reflect the seasonal fluctuation of hydrochemical conditi-

ons and diet. In some localities high concentrations of other

chemical elements may have a reducing effect upon heavy

metal contamination in organisms. As stated by Alabaster &

Lloyd (1982), the lethal and sublethal effects of heavy metal

contamination in freshwater organisms may decrease with

increasing concentrations of calcium. In the Russian area high

levels of nickel and copper correspond with high values of calci-

um. However, the lethal and sublethal effects observed upon

freshwater organisms did not decrease towards the highest cal-

cium concentrations.

Indications of acidification effects upon freshwater communities

similar to other affected areas (Acidic Deposition 1990) were

only recorded within the Jarfjord Region, in gneissic/granitic are-

as with low buffering capacity (Alkalinity = 0). Several pH-sensi-

tive taxa of zoobenthos were absent or recorded in very low

numbers, also stated by Baekken & Aanes (1990). A similar state

was also found for daphnids. In the localities with lowest pH (<

5.0) no fish were present. Senescence in brown trout populati-

on in Limgambergtjern also indicated adverse effects of acidifi-

cation (Bravington et al. 1990).

In order to evaluate the environmental impacts of pollutants, it

is also necessary to consider biotic interactions within the fresh-

water communities. Diversity of species and number of trophic

levels differ between the regions and the complexity seems

more pronounced in the Pasvik River System. Higher diversity of

planktivore and carnivore fish species, and the size and fecundi-

ty of certain zooplankton species indicate hard predation pres-

sure in the Pasvik River System. Lower fish diversity and large

individual size of daphnids and H.gibberum indicate very low

predation pressure, especially in the Pechenga nickel area.

Concluding remarks

Heavy metal impacts
- In the Pechenga nickel area bioaccumulation of the heavy

metals, Ni, Cu and Zn, were documented in fish organs,

especially in liver, kidney, gills and skeleton. The concentrati-

ons in muscles were in general considerable lower than other

organs and tissues.

Severe pathological anomalies and diseases were observed in


fish near Nikel: curvature of spine (scoleosis), kidney disease

(nephrocalcitosis), abnormal colour of body, pale gonads,

anemic and pale gills with fluorescence and anemic rings,

enlarged gall-bladder with abnormal colour of the bile, high

frequency of parasites and adipose heart.

- Less pronounced pathologicaf anomalies and diseases were

observed in Norwegian localities (at Syanvik and Jarfjord).

- A loW diversity of invertebrates was recorded in the Pechenga

nickel area.

Acidification impacts

- Senescence and no recruitment in brown trout populations,
and absence or low numbers of acid sensitive invertebrates

(daphnids and ephemeropterans) were recorded within the

Jarfjord Region, in the Limgambergtjern and F.Høgfjellsvatn

area.

More intensive studies in the border areas are necessary to

quantify the effects of pollutants, especially with respect to

heavy metal contamination and sublethal effects on fish and

invertebrates. This knowledge is necessary for evaluating the

biological benefits of the purification process of the factories on

freshwater communities. Unlike other impacted areas in

Scandinavia and Northern-Europe, the local emissions totally

dominate the distribution of pollutants in the border region bet-

ween Russia and Norway. This fact makes the area unique in

studying the effects of pollutants and the recovery of freshwater

communities through a purification process of the main emissi-
on sources.
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Appendix

APpendix 1. Localities,datesand sampling in the different regiOns.
N = Nikel Region,Pe= PechengaRiverSystem,Pa= PasvikRivetSystem,J = Jarfjord Region
and RF= Russia-Finlandborder area. Sampling: W = water samples,Zp = zooplankton sam-
ples,Zb = zoobenthos samples,F = fish samples.

Nr. Locality Region Date Sampling




Kolosyoki(Kol) N 13.07.90




Zb




2 Kolosyoki(Kol) N 30.08.90




Zb




3 Shuoniyoki(Shu) N 30.08.90




Zb




4 Kuvernerinyoki(Kuv) N 26.08.90




Zb




5 Kuvernerinyoki(Kuv) N 29.08.90




Zb F
6 Sarasslaki1 (Sa1) N 31.08.90




Zp Zb




7 Sarasslaki2 (Sa2) N 31.08.90




Zb




8 Sarasslaki3 (Sa3) N 31.08.90




Zb




9 SarasslakiInl.(Sal) N 31.08.90




Zb




10 SarasslakiOutl.(Sa0) N 31.08.90




Zb




11 PachtaStream(PaS) N 01.09.90




Zb




12 Pachtayoki(Pac) N 01.09.90





13 LakeNikel-NE1.5km (LN1) N 13.07.90




Zb




14 LakeNikel-NE10km (LN2) N 01.09.90 W Zp Zb




15 LakeNikel-NE10km Inl.(LN2i) N 01.09.90





16 LakeNikel-NE10km Str.(LN2s) N 01.09.90





17 Tarn 1 Nikel-Zapolyarny(ZN1) N 01.09.90





18 Tarn 2 Nikel-Zapolyarny(ZN2) N 02.09.90 W





19 Rousenyarvi(Ro) N 04.09.90





20 Maayarvi1 (Ma1) Pe 01.90.90




Zp Zb F
21 Maayarvi2 (Ma2) Pe 01.09.90




Zb




22 Maayarviinlet (Mal) Pe 01.09.90




Zb F
23 Maayarvioutlet (Ma0) Pe 01.09.90




Zb F
24 Maayoki (MaY) Pe 01.09.90





25 Lakebelow Chaukilampi (ChL) Pe 11.07.90




Zb




26 Lbel.Chaukilarnpi Outl.(Ch0) Pe 11.07.90




Zb




27 ChaukilampiyokiStream(ChS) Pe 11.07.90




Zb




28 SemiakiStream(SS) Pe 11.07.90




Zb




29 NaamiyokiStream(NS) Pe 11.07.90




Zb




30 PechengaRiver(PR) Pe 12.07.90




• Zb




31 LakeNW Liinakhmari(LL) Pe 12.07.90




Zb




32 LakeTrifonayarvi(TrL) Pe 14.07.90




Zb




33 Kuetsyarvi2 (Ku2) Pa 13.07.90




Zb




34 Kuetsyarvi1 (Ku1) Pa 26.08.90




Zb




35 Kuetsyarvi1 (Ku1) Pa 29.08.90 W Zp Zb F
36 Kuetsyarvi3 (Ku3) Pa 30.08.90 W Zp Zb F

forts.
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Appendix 2. Water chemistryof the different localities.Localitynumbersare in accordancewith Appendix 1.

Locality

nr Date

FTU mg Pt/I 1.15/cm


Turb. Col. Kond

gekv/I gekv/I

pH Alk 4.5 Alk

mg/I

Ca

mg/I

•Mg

mg/I

Na

mg/I

K

mg/I uu

Fe SSS

mg/I

504

mg/I gg/I

Cl NO3

	

p.g/I 1.1g/Igg/Igg/I

	

Si Cd Cu Mn

	

p.g/I gg/I

	

Ni Zn

2 30-Aug-9 8.1 10 743 7.08 742 728 44.27 4.50 17.00 8.63




2619 108.77 11.1 586 6.36 <2 9 <5 485 6

3 30-Aug-90 1.8 22 91.7 7.05 416 397 8.83 2.07 3.23 1.27 60 394 14.34 3.03 145 3.2 <2 33 5 36 31

5 29-Aug-90 0.42 20 64 6.93 261 239 5.07 1.35 3.23 0.54 40 286 8.32 3.97 4 2.93 <2 5 <5 <20 <5

9 31-Aug-90 0.48 9 70.9 7.08 309 288 7.03 1.30 2.52 0.36




298 11.22 2.28 6 4.41 <2 <5 <5 <20 <5

10 31-Aug-90 0.62 10 52 679 208 185 5.08 1.00 2.08 0.34




258 9.19 2.33 8 1.93 <2 6 <5 32 <5

11 01-Sep-90 0.34 9 78.6 6.89 279 258 7.88 1.98 2.57 0.23




436 17.01 2.88 3 3.86 <2 <5 <5 33 <5

12 01-Sep-90 0.81 6 56.2 6.95 193 170 5.93 1.31 1.99 0.25




318 12.38 2.12 10 2.86 <2 <5 <5 20 <5

14 01-Sep-90 0.63 9 386 7.13 332 312 49.87 11.09 4.4 0.73 44 3118 145.85 2.91 6 3.58 <2 5 <5 403 11

15 01-Sep-90 0.34 21 79.1 6.75 321 300 7.60 2.28 2.94 0.12




401 14.97 3.15 8 4.97 <2 6 <5 33 5

16 01-Sep-90 0.48 7 323 6.94 257 235 34.77 14.49 4.03 0.72 35 4487 212.12 2.52 17 6.08 <2 10 26 261 13

17 01-Sep-90 0.39 4 55.1 6.53 108 82 4.80 0.85 2.29 0.31




347 11.76 3.62 3 0.13 <2 <5 <5 76 <5

18 02-Sep-90 0.45 21 55 6.21 76 49 4.16 1.40 2.39 0.18




388 14.34 3.16 6 0.89 <2 8 <5 53 <5

22 01-Sep-90 0.76 16 81.6 7.05 428 409 9.78 1.51 3.04 0.33




367 12.22 3.89 38 0.98 <2 9 <5 22 6

23 01-Sep-90 0.44 21 56.2 6.8 214 191 4.77 1.26 2.87 0.36




298 9.14 3.8 6 1.46 <2 7 <5 27 <5

24 01-Sep-90 0.83 22 56.2 6.91 224 201 4.58 1.36 3.10 0.4 26 291 8.39 4.1 9 2.05 <2 6 <5 27 <5

35 29-Aug-90 1.7 15 143.5 6.73 362 342 12.06 4.10 6.94 1.40 29 887 35.98 4.69 86 1.12 <2 7 57 58 <5

36 30-Aug-90 3 20 153.8 6.66 407 388 12.80 4.19 7.43 2.18




959 36.95 5.3 568 1.01 <2 11 <5 79 30

39 29-Aug-90 1.6 18 146.5 6.9 362 342 12.10 4.08 7.09 1.42




907 36.91 4.72 84 0.95 <2 6 <5 62 <5

40 02-Sep-90 0.7 17 32.4 6.7 200 177 2.66 0.92 1.43 0.42




109 3.71 1.12 6 1.78 <2 <5 <5 <20 <5

42 04-Sep-90 3.8 14 32.2 6.78 204 181 2.77 0.92 1.47 0.44




114 3.94 1.13 6 1.66 <2 <5 <5 <20 <5

44 04-Sep-90 9.3 16 37.9 6.57 205 182 3.26 1.07 1.79 0.51 26 161 5.73 1.47 7 1.52 <2 <5 <5 <20 <5

48 27-Jun-90 0.33 8 34.6 5.53 34 3 1.34 0.74 2.88 0.22




251 5.49 4.85 3 0.21 <2 <5 6 <20 <5

49 27-Jun-90 0.56 7 35.3 5.59 36 6 1.31 0.79 2.91 0.26




258 5.64 4.97 4 0.69 <2 <5 6 <20 7

50 04-Sep-90 2.8 7 35.7 5.55 31 0 1.30 0.80 2.89 0.26




262 5.73 5.07 0 0.74 <2 <5 <5 <20 5

51 27-Jun-90 4.2 13 56.4 6.15 237 215 5.78 0.76 3.08 0.75




258 6.12 4.56 29 2.85 <2 7 <5 <20 27

52 27-Jun-90 0.49 7 34.3 5.51 36 6 1.26 0.75 2.85 0.23




249 5.43 4.81 5 0.39 <2 <5 8 <20 5
54 27-Jun-90 1.4 37 38.5 5.54 47 18 1.52 0.85 3.22 0.16 66 271 5.89 5.23 3 0.17 <2 <5 7 <20 6

55 03-Sep-90 7.8 27 42.1 5.35 31 0 1.66 0.95 3.48 0.13 34 311 7.10 5.77 6 0.11 <2 <5 8 <20 6

56 27-Jun-90 0.46 7 34.6 5.43 32 1 1.26 0.74 2.84 0.24




252 5.50 4.87 5 0.36 <2 <5 9 <20 6

57 03-Sep-90 5.3 8 36 5.34 28 0 1.29 0.76 2.83 0.24




262 5.84 4.96 3 0.2 <2 <5 6 <20 6

58 27-Jun-90 0.8 11 33.8 5.37 35 5 1.24 0.74 2.87 0.21




243 5.24 4.71 5 0.31 <2 <5 7 <20 5

59 27-Jun-90 1.5 16 32.1 5.48 40 10 1.18 0.71 2.76 0.15




230 5.14 4.33 4 0.33 <2 <5 <5 <20 5

60 03-Sep-90 0.68 6 34.1 4.74 11 0 0.82 0.68 2.49 0.18




239 5.32 4.51 4 0.06 <2 <5 11 21 6

61 27-Jun-90 0.45 2 36.6 4.67 8 0 0.75 0.63 2.42 0.21




236 5.49 4.30 2 0.09 <2 <5 19 <20 9

62 03-Sep-90 0.56 4 37.3 4.72 8 0 0.81 0.70 2.56 0.21




251 5.69 4.69 2 0.06 <2 <5 13 <20 6
63 27-Jun-90 0.96 3 33.2 4.91 20 0 0.94 0.66 2.51 0.20




227 4.88 4.42 4 0.31 <2 <5 14 <20 6

64 03-Sep-90 0.8 3 41.1 4.55 1 0 0.73 0.65 2.49 0.22




259 6.22 4.59 3 0.06 <2 <5 18 <20 7

65 27-Jun-90 0.64 4 31.6 4.9 22 0 0.84 0.61 2.39 0.20




210 4.40 4.18 0 0.18 <2 <5 10 <20 6

68 27-Jun-90 0.52 12 26.3 6.01 56 28 1.20 0.64 1.93 0.18 31 175 4.49 2.87 5 0.84 <2 <5 <5 <20 <5

69 04-Sep-90 0.46 12 30.7 5.82 44 15 1.33 0.77 2.20 0.20




222 6.26 3.25 3 0.24 <2 <5 <5 <20 <5

70 04-Sep-90 0.48 17 44.4 6.49 121 96 2.43 1.22 3.12 0.27 34 275 7.87 3.94 3 2.68 <2 <5 <5 <20 <5

forts.
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Appendix 2. Forts.

Locality FTU mg Pt/I I.LS/cm

nr Date Turb. Col. Kond

	

1.1.ekv/Igekv/I

	

pH Alk 4•5 Alk

mg/I

Ca

mg/I

Mg

mg/I

Na

mg/I

K

mg/I uu

Fe SSS

mg/I

SO4

mg/I

Cl NO3

1.1g/I

Si Cd

nina forskningsrapport026

	

1.1g/I1.1g/I

Cu Mn Ni Zn

71 27-Jun-90 0.84 26 28.6 6.01 73 46 1.41 0.71 2.17 0.18 78 180 4.62 2.95 4 1.42 <2 <5 <5 <20 <5

•72 04-Sep-90 0.58 20 41.9 6.55 116 90 2.30 1.19 3.05 0.24 31 266 7.53 3.85 3 2.24 <2 <5 <5 <20 <5

75 24-Jun-90 0.36 5 35.6 5.21 25 0 1.13 0.72 2.98 0.23




259 5.50 5.10 2 0.52 <2 <5 15 <20 8

77 28-Jun-90 0.36 2 35.2 5.11 23 0 0.95 0.71 2.92 0.23




253 5.41 4.97 3 0.47 <2 <5 62 <20 7

78 05-Sep-90 0.4 2 35.5 5.08 22 0 1.00 0.71 2.88 0.24




258 5.53 5.05 0 0.43 <2 <5 57 <20 6

79 05-Sep-90 0.44 5 36.5 5.22 25 0 1.96 0.76 2.98 0.24




267 5.71 5.23 6 0.48 <2 <5 15 <20 6

81 05-Sep-90 0.22 5 43.8 6.53 86 59 2.27 1.01 3.39 0.37




299 6.87 5.49 7 1.06 <2 <5 <5 <20 <5

82 05-Sep-90 0.38 17 41.7 6.42 102 76 1.94 1.09 3.35 0.24 64 270 5.98 5.14 4 1.66 <2 <5 <5 <20 <5

83 05-Sep-90 0.22 6 42.6 6.47 79 52 1.94 0.95 3.46 0.36




286 6.39 5.42 3 1.15 <2 <5 <5 <20 <5

84 05-Sep-90 0.3 6 40.9 6.4 72 45 1.77 0.96 3.30 0.34




276 6.05 5.31 6 0.95 <2 <5 <5 <20 <5

85 06-Sep-90 0.26 12 41.8 6.43 90 63 - 1.74 1.13 3.32 0.35




277 6.19 5.24 3 0.82 <2 <5 <5 <20 <5

86 06-Sep-90 0.22 5 41.1 6.42 74 47 1.75 0.97 3.35 0.33




284 6.19 5.48 7 0.97 <2 <5 <5 <20 <5

87 06-Sep-90 0.22 5 41.6 6.35 61 33 1.90 0.96 3.23 0.33




296 6.67 5.57 3 0.98 <2 <5 <5 <20 <5

88 06-Sep-90 0:28 5 46.2 6.53 81 54 1.98 1.15 3.82 0.45




320 7.02 6.14 4 1.2 <2 <5 <5 <20 <5

89 06-Sep-90 0.16 8 50.6 6.81 145 120 3.19 1.20 3.34 0.39




308 8.49 4.64 7 1.98 <2 <5 <5 <20 8

90 06-Sep-90 0.33 4 38.7 6.13 53 24 1.85 1.04 2.90 0.33




274 7.57 4.13 4 1.34 <2 <5 <5 <20 9

91 06-Sep-90 0.19 4 38.2 6.36 66 38 1.78 0.85 2.93 0.29




263 6.29 4.66 8 1.24 <2 <5 <5 <20 <5

36
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Appendix 3. Forts.

C. Perch(Percafluviatilis)
1 - Kuetsyarvi(Ku1); 2 - Kuetsyarvi(Ku3);3 - Maayarvi(Ma1); 4 - Kocheyavr(Koc).

1 + 
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ISample size 5


IWeight,

ILength AC,cm
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2 + 
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-
	 + + +

2+ 1- 3+
 

I 4+ I mean I
	 + + + + + + + + + +
J. M ,F IM F I M F. I J M ' F I

	 + '+ + +
1 4 1 1 - I 1 ' ' 1 I 5 3 5 1

-+ + + + + + + + +
55. 43.8 I 158. I 300. 385. I - 171. 112. I

	

21 - 85 I I ' I I
+ + + + + + + + +

14.2 , 16.1 14.0 I 22.5 122.5 27. I 14.2 21.4 16.9 I
12.2-16. I I I I
	 + + + + + +• + + + +

1 : 4 I I 1 . 1 I 1 : 1.67 . I
	 + + + +

	 +
2 + 3 + mean I

	 +  +  + + +
M F M J M F I

	 + + +
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	 + - 	 +  + + +
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3 2
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11.8

•

11.8
10.5-12.9

2 +

J

•

M

2

•

4 10
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Appendix 3. Forts.

D. Brown trout (Salmo trutta L.)

1 - Ruosenyarvi (Ro); 2 - A. Skardvatn (AS); 3 - Dalvatn (Da); 4 - Maayoki (May); 5 - Pachtayoki (Pac); 6 - Otervatn (0t)

1 + + + + 4 + + + + + + + +
2+ I 4+ I IAGE I 1+ I 2+ I 3+ IIAGE I 4+ 1 5+ I mean
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Appendix 3. Forts.

E. Arctic Char (Salvelinus alpinus)

1 - Ruosenyarvi (Ro); 2 - Sarasslaki (Sa); 3 - Dalvatn (Da); 4 - A. Skardvatn (As).

1 +  + + 
 + + 
 +
FAGE' 1+ 2+ I 34. I 4+ I 5+ I mean




I




+ + + + + 
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 +
ISEX J M F I M F I M F 1 m F 1 J M F 1
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11.8-14.9 11.-15.4 11.9-19.9 114.7-21.8 12.8-19.8 112.3-18.6 15.5-24 I 17-25.31




I




+ + + + + 	 + + + +- -+ + +
Imale:female 2 : 1 I 1.4 : 1 I 1 : 1.1 I 1 : 3 I 1 : 0.881

	 + + 
 + + 
 +
2 +  +  +





IAGE 1+ 2+ I 3+ 4+ mean I





	 + 
 + 
 + +





IsEX




F F M F M F I







	 I	 	 I	 +





ISample size 3 6 8 4 4 4 21 I







1
+





IWeight, g 25.3 27.5 37.1 63.8 53.9 63.835.9 I





1 22=29 12-46 22-52 49-98 40.5-76 1






1 





ILength AC,cm 12.6 13.2 I 14.5 16.6 16. 16.6 14.1 1





12-13.8 10.9-15.6 112.5-16.2 15-19.5 15.2-17.5





Imale:female




1 : 1 1 : 5.25 I





3 + 

1AGE 1+ 2+ 3+ 4+ mean




+ 







ISEX





F I
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