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Abstract
Langeland,A (Editor)1993. Pollutionimpacton freshwatercom-
munitiesin the borderregionbetween Russiaand Norway. II.
Baselinestudy1990-1992. - NINAScientificreport44: 1-53.

The aim of this baselinestudycarriedout between 1990 and
1992, was to assessthe ecologicalstateof freshwatercommu-
nities in Russianand Norwegianterritories.Water chemistry,
phytoplankton,aquatic mosses,zooplankton,zoobenthosand
fishwere sampledin differentlakesand streamsin borderareas.

Severepollutionimpactsuponfreshwatercommunitieshasbeen
recordednear factoriesin Nikeland Zapolyarny.Moderatead-
verseimpacton the Norwegianside,and on areasat longerdis-
tancesfromthe factorieson the Russianside,are relatedto the-
sepollutionsources.

Heavymetalaccumulation,pathologicalanomaliesin fish anda
low diversityof invertebrateswereobserved.Indicationsof acid-
ificationimpactwere only recordedwithin restrictedareasat
highestaltitudesinthe Jarfjordregion.

Thisstudyprovidesa satisfactorybackgroundfor furtherevalua-
tion of ecologicalchangesfollowingthe plannedreconstruction
of airpurificationsystemsat thefactories.A monitoringprogram
restrictedto annual investigationsin sixlocalitiesin the border
areasisrecommended.

Key words: freshwatercommunities- pollution- borderarea
Russiaand Norway.

ArnfinnLangeland,
NorwegianInstituefor NatureResearch
Tungasletta2,
N-7005 Trondheim,Norway

PE3IOME
JlattrenaHn A. (penattrop), Bmuunte aarpametuta Ha upecnosonHme coomnecnta
nparpatuputom pattoHe Pocerm HHopsenuz. II. OcHosHoe Harreaste 1990 - 1992.
HMHA, Harulmtt OT,F2T44.

1..Xenbr,3THI Hccnenosaturtt, cnenatutmx s renetate 1990 - 1992 ronos sbuto
onpeneneHne 3rononinecroro COCT0HHH1npecnosunabtx coosnteas KHAHa
pycatott, TaaH Ha Hopseacrott Teppwropitax. B nparpaxannma paftoaar, H3 pataina
on,tp, pym,ë.s mann saarm nposm soma, euronnamarotta, sonsoro mra,
noonnattaToHa, aooseHroca H pms.

Canattoe soa,nettersHe 3431p313HCHHHna apecHosonme coomnecrsa SlgHO
naperstapaposaxo ssmtatt tbaspHa Hturene x 3anonapHom. YmepenHoe HerantsHoe
sonnettcrsme Ha Hopseacrott cropoHe HBpattoHaz, Haronannaca s sonmnom
PaCCTONHHH OT easpita Ha pyccrott cropofie,csesaHo c 3THMHracTonnitaamx
narptanetuta.

3amenetto Hattonneffle -~nbta meTannos, naTononus y pms HHesonmnoe sanosoe
pa3HOOSpa3He cpenta secnossoHonumr. rIpasnatut soanettenuta sarnatesme owX.p
SEIMI napentcrpmposatim TOHMCOHa sonmnoX BbICOTH, » palloHe Apaeogna.

3nt accnertoseauta SiBMIDTCHzopollICH OCHOHOHWIagalIbHCHLTICH OHEHAH

3rononmeauta xameneHatt s csasit c aannanspoartHHon Ha oaspHaax
peroHcrproutett cHcrem OTHCTICHsoanyza. Ilpertnaraerca monwropnfir,
npenycmarpHsarnrunt nposenetute HccnenosatuntB inecnt npurpanunnts pattomax.

Krnonesme cnosa: apecHosuntute coomnecrsa, aarpasHeHne, npurpatummtt panou
Pocaut n Hopsenut.

ApHamtutHattrenaHn,
Hopseacratt tutcraryr npuponxbur Hccnegosanxt1
Tynracnerra 2,
H- 7005 Tpowirettm, Hopsenta
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Preface
The impact of pollution on the environment of the Kola

Peninsula has increased during recent decades due to activities

at several mining factories and metallurgical industries. As a con-
sequence a bilateral agreement between Russiaand Norway on

environmental problems between Russiaand Norway was estab-

lished in 1988. According to this agreement, a cooperative study

of freshwater communitieS in the border areas was initiated in

1990.

Participating institutions were:

Norwegian Institute for Nature Research (NINA), Trondheim -

Norway.

Institute of the North Industrial Ecology Problems Kola Science

Centre (INEP),Academy of Science of Russia, Apatity - Russia.

County governor of Finmark, Vadsø - Norway

Department of Forestry, Finnmark - Norway (field assistances).

Akvaplan-NIVA, Tromsø-Norway.

This report present the results of field investigations in 1990,

1991-and 1992.

The following persons have contributed to the report (in alpha-

betical order):

H. M. Berger, field work and fish

J. H. Halleraker, aquatic mosses

H. Huru, zoobenthos

N. Kashulin, field work and fish

Lierhagen, chemical analyses

A. Lukin, field work and fish

H. Muladal, zoobenthos

Nøst, field work and zooplankton

A. K. L. Schartau, water chemistry, phytoplankton and zooplank-

ton

V. Yakovlev, administration in Russia, field work and zoobenthos
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1 Introduction
During recent years increasing attention has been paid to envi-

ronmental impact of pollution in the border areas between

Russia and Norway caused by industrial activities (Kryuchkova &

Makarova 1989, Frisvoll & Flatberg 1990, Hagen et al. 1990,

Sivertsen 1990, Year Book ...1990, Traaen et al. 1991).

The Pechenga nickel factories located in the Russian towns Nikel

and Zapolyarny, are the main sources of pollutants which affect

the environment in the border area between Russiaand Norway.

Emissions mainly contain sulphuric gases, heavy metals and dust

(Sivertsen et al. 1991). As a result of the long-term pollutant im-

pact in that area, damage to terrestrial and water ecosystems is

obvious. High concentrations of pollutants in the atmosphere

and effects on vegetation are observed even in border areas of

Norway.

Information about fish and invertebrates is available from Sør-

Varanger area (Norway) concerning phytoplankton and zooplank-

ton (Sæther 1970), zoobenthos (Økland, K.A. 1969, Tobias 1973

Økland, J. 1990, ) and fish (Huitfeldt-Kaas 1918, Berg 1964,

Kristoffersen & Sterud 1985). Strong acidification impact on fish

and invertebrates is well known from the southern part of Norway

(Drabløs & Tollan 1980, Berger et al. 1992). Recent studies of wa-

ter quality, zoobenthos and fish populations in Finnmark county

indicate acidification impact ((SFT 1987, 1988, 1990, Traaen

1987, 1991, Karlsen 1988, Henriksen et al. 1990, Traaen et al.

1990). Impact of acidification on freshwater in Finnish Lapland

have also been documented (Kinnunen 1990). Information of dis-

easeson freshwater biota caused by heavy metal contamination is

scarce. Accumulation of heavy metals has been recorded in bot-

tom sediments and fish from the Pasvik River (Nordheim et al.

1985, Rognerud & Fjeld 1990, Rognerud 1990). Earlier studies on

freshwater communities from the Pechenga area are scarce

(Kruglova 1983, Year Book 1990, Yakovlev 1991).

The aim of this study was to assessthe state of freshwater com-

munities in Russian and Norwegian areas. Results from studies in

1990 have been presented in a previous report (Nøst et al.

1991). This report presents results for the baseline study period

1990, 1991 and 1992. The investigation presents results on spe-

cies composition, abundances and biomass of phytoplankton,

aquatic mosses as bioindicators of heavy metals, zooplankton,

zoobenthos and fish communities, pathological state and heavy

metal accumulation in fish. The results are also related to other

studies on geology and chemical analyses of water and precipi-

tation.

A monitoring program aimed to reveal the changes following

the process of reconstruction of the air purification systems of

the factories will continue the investigations in the border area

between Russia and Norway. A sampling program on suitable

parameters will be carried out annually in a few selected lakes

and streams.
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2 Studyarea
The investigatedarea locatedat latitude 69-700N and longitude
29-31° E, was divided into five regions; 1) Nikel Region, 2)
PechengaRiver System, 3) Pasvik River system including Lake
Kuetsyarvi, 4) Jarfjord Region and 5) Russian-FinnishBorder
(Figure 1). Regions1 and 2 are later denoted as the Pechenga
area.

The 9eology is complex and consistsof hard bedrock predomi-
nating in the Jarfjord Regionand more soluble and richer bed-
rock (moreCa and Na) in the Pechengaareaand the PasvikRiver
system(Sigmondet al. 1984, Atlas.. 1971).

The climate is influencedby warm air streamsfrom the Northern
Atlantic and bycold onesfrom the Arctic (Yakovlev1991).Thean-
nual mean temperature in the border area is low, e.g. in Pasvik,
Sør-Varanger-0.3°C. Minimum and maximum monthly mean
temperaturesare -13.5°C and +14.0°C, respectively.Theannual
precipitation in Pasvikis low, 358 mm (Bøyum1970, NVE1987).
Surfacewater systemsdrain into the BarentsSea.Mean annual
runoff in the Pechengaarea is in the rangeof 600-800 mm.

3 Loadof pollutants
The load of pollutants from the Pechenganickel factories con-
sistsmainly of nickel (Ni), copper (Cu), sulphurdioxide (S02)and
dust (Hagen et al. 1990, Sivertsen1990). As heavy metals are
deposited nearthe sources,the gasesmaybe transported longer
distancesand then precipitate as acid deposits. Dusts emitted
into the atmosphere are composedof nickel (3.13 %), copper
(1.91 %), cobolt (0.114 %) and sulphur as S2 (8.67 %)
(PechengaNickelCompanydata).Theannual levelsof nickeland
copper in dust emissions are 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 emission of sulphur. Anthropogenic sulphur fallout
on the territory near the main sourcesis 30 g rr1-2 year -1.The
minimum pH of precipitation in the Pechenga area is 3.4
(Krychkov& Makarova 1989).

The load of pollutants isdifferent in the study regions.The Pasvik
River systems drains the Nikel town area through Lake
Kuetsyarvi.In the other regions pollutants are only transported
through air, except some streams near Zapolyarny and in the
PechengaRiver System.Thus the load of pollutants is deter-
mined by the distancefrom emissionsourcesand wind direction.
The surroundingsof the factories receivethe largestamounts of
pollutants as gasesand dust. Dominating wind directions from
the factoriesare mostly north-east, partly north and north-west.
This meansthat the north-easternpartsof Norway including the
Jarfjord Region also receives air transported pollutants
(Scholdageret al. 1983). However, the load in this area is re-
duced ascomparedto the areasnear the sources.

6
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Figure 1
Thestudy areasnear the Norwegian-Russianborder defined in five different regions.
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4 Sampling methods
4.1. Water chemistry

Water sampleswere collected from 107 localities(Appendix 1)
and analyzed for a maximum of 25 chemical parametres at
NINA'slaboratory using standard methods (Appendix 2).

4.2 Phytoplankton

Water samplesof 100 ml were taken from 6 localities in 1991
and 1992 and fixed with Lugols fixation for determination of
phytoplankton abundancesand speciescomposition. The phyto-
plankton sampleshave beenanalysedby Øivind Løvstad,Limno-
consult - Norway.

4.3. Aquatic mosses

In 1991, tip-samplesof two speciesof river-mosses,(Fontinalis
antipyretica Hedw. and Fontinalis dalecarlica B., S & G.) were
collected from severalstreamsin four regions as shown in fig-
ure 5. Fontinalisspp.were sampledfrom 33 localitiesin the pe-
riode between June25th and July 19th, 1991 (Appendix 1).

The 2 cm tip-samplesof thesetwo river mossesspecieswere rin-
sed in the riverwater, air dried and than frozen for later analyses
of heavymetal accumulation. The contents of 9 heavymetals in
the mosseswere analysedusingan atomic absorptionspectrofo-
tometer. Fora detailed description of the metods seeappendix
2 and Halleraker(1992) .

At each sampling site the environments were characterizedre-
garding substrate structure, water surface speed and tempera-
ture. Additional water sampleswere taken for chemicalanalyses
from most of the localities(Appendix 3).

4.4 Zooplankton

Zooplanktonsampleswere taken in 6 lakesin the Nickel region,
3 lakes in the PechengaRiverSystem,5 localities in the Pasvik
Riversystem,13 lakes in the Jarfjord region and 2 lakeslocated
on the Russian-Finnishborder (Appendix 1). Samples were
made in three periods, June-July, July-August and August-
September in all years 1990-1992. In Lake Kuetsyarvisampling
was carriedout at 5 stations.

Quantitative zooplankton sampleswere taken with a 5 I tube
sampler, 1 m in length. The water was sievedthrough a net of
meshsize45 m. Dependingon lake depth, mixed sampleswere
made from depths of 0-5 m, 5-10 m, 10-15 m and 15-20 m.
Additional qualitative sampleswere obtained from each lake us-
ing vertical net hauls from bottom to the surface (net area 660
cm2and meshsize90 m). All sampleswere fixed in Lugolsfixa-
tion.

Calculationsof biomass(dry weight) was basedon the relation-
shipsbetween body weight (W)and body length (1)accordingto
Bottrell et al. (1976) and Langeland(1982).

4.5 Zoobenthos

Zoobenthossampleswere carriedout in different habitats (litto-
ral and profundal zonesof lakes, lake outlet/inlet, streams)and
substrate.Total samplesare availablefrom 178 stations;75 from
the Pechengaarea, 19 from the PasvikRiversystemand 84 from
the Jarfjord Region(Appendix 1).

In the profundal zone, zcobenthoswas collectedwith an Ekman
dredge (213 cm2). 3-5 dredge sampleswere taken from each
station. All sampleswere sievedthrough a net with mesh size
250 m. Samplesfrom the littoral zones of lakesand from run-
ning waters were made by the kicking sampling method de-
scribedby Frostet al. (1971), usinga net with meshsize500 m.
All animalswere picked out and preservedin 70 % ethanol.

Biomassof zoobenthoswas basedon fresh weight.

4.6 Fish

Electrofishingwas performed in streamsand inshoreareasin la-
kes in August/September.A total of 89 stationswere sampled;
30 in Pechenga area, 3 in the Russianside of the PasvikRiver
systemand 56 in the Jarfjord Region(Appendix 1). Additionally
8 localities in the border area between Russiaand Finlandwere
electrofished in 1992. Natural tip lengths of all fish were meas-
ured. Someof the fish were collected for heavymetal analyses.
Fishcaught near Nikelwere preservedin 70 % ethanol.

Fishwere caught with standardgillnet series,consistingof 8 fle-
ets 10-45 mm bar meshsize(Rosselandet al. 1979) in 10 local-
ities on the Russian side and 21 in Norwegian territory in
August/September(Appendix 1). In 9 of the Jarfjord lakes,test-

8
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fishing was also done in July. For comparison, test-fishing was
alsocarriedout in LakeKocheyavrand LakeVirtuovoshyavrsitu-
ated 150 km and 100 km south of Nikel nearthe Russian-Finnish
border, respectively.

All fish were analysedfor body length and weight, Fultonscon-
dition coefficient, sex, gonad maturity, fat content of intestine
and stomach fullness.The stomach contents of a selectednum-
ber of fish were collected for food habitsand preservedin 70 %
ethanol. The stomach content was determined to prey group or
speciescomposition and weight according to the point method
describedby Hynes(1950). Pathologicaland morphological ex-
amination were made of the fish and symptomsof diseasesand
parasiticinfection were recordedvisually. Scales,otoliths, shoul-
der- and opercular bones were collected for age determination
according to standard methods (Jonsson 1976, L'Abtie-Lund
1985). Determination of different morphs of whitefish was
made according to a standard systematicmethod (Reschetnikov
1980).

Heavymetal contents of tissuesand organswere determined for
the samplesof brown trout (Salmotrutta), Arctic char (Salvelinus
alpinus),perch (Pereafluviatilis)andpike (Esoxlucius)collected in
1990and 1991 at INEP.Subsamplesfor eachindividual fish were
collected from the gills, liver, kidneys, musde and skeleton.
Sampleswere placed in plastic bagsand quickly frozen in liquid
nitrogen for further determination at the laboratoryaccordingto
methods given in Appendix 2. These sampleswere dried to
constant weight at 105°C. Organic matter was removed using
concentrated nitric acid (HNO3).In organs and tissues,contents
of nickel,copper, zinc, cobolt, manganeseand mercurywere de-
termined using the atomic absorbtion method (AAS - 30 Karl-
Zeiss-Jena).

Heavy metal content was examined for samples collected in
1991 and 1992 by NINAusinga similarmethod (Appendix 2).

5 Results
5.1 Water chemistry

All valuesare included in Appendix 3 while averages,minimum
and maximum values for some chosen localities are shown in
figure 2 and figure 3. Localities in the border-area between
Russiaand Finlandare usedas reference-localities.

In general higher valueswere found in the Russianlocalitiesfor
most of the chemicalparametres. The range in pH was between
4.55 and 7.58 (Appendix 3) with highest values in the Nikel
Region and in the Pasvik River System. Low pH-valueswere
measuredin the Jarfjord localities:F. Høgfjellsvatn,A. Høgfjells-
vatn, Limgambergtjern,Dalvatnand the tarnsJarfjord 2 - Jarfjord
7. Concerning alkalinity and calcium-concentration (Ca), high
valueswere found in three localitiesnear Nikel (189 - 728 pPkv/1,
respectively11.98 - 49.87 mg Ca/I)aswell as in the Russianpart
of the PasvikRiverSystem(189 - 393 .t.ekv/1and 9.09 - 13.03 mg
Ca/l, respectively).Concentrations of Ca in the Jarfjord Region
were, with somefew exceptions,lower than 2 mg/I.

Sulphate(SO4)varied between 3.02 and 212.12 mg/lconcerning
the whole investigatedarea. As for Ca, high valuesof SO4were
found in the localitiesnear Nikel and in LakeKuetsyarvi.

High values of nitrogen (Tot-N) and phosphorus (Tot-P)were
measured in localities draining the town of Nikel ( Lake
Kuetsyarvi). In LakeNikel 1, near Nikel, a maximum of 381 1.1.g
tot-N/I was obtained. The number of measurementswas how-
ever higher for nitrate (NO3),which ranged from 2 to 767 gg/I
(Figure 2).

Contents of metals were in general highest in the Nikel Region
and in the Russianpart of the PasvikRiver System(Figure 3).

Concentrationsof cadmium (Cd)were lower than the detection
limits of 2 ppb (1990), respectively0.10 ppb (1991-92) most of
the time. Highestvalueswere measuredin Kolosyokibut did not
exceed 2 ppb. High values of copper (Cu) were obtained in
Kolosyoki, the Nikel lakes, Lake Maayarvi and Lake Kuetsyarvi
with a maximum of 125 ppb in LakeNikel 2. The manganese-
concentrations(Mn) were high in LakeKuetsyarvi,with averages
between 55 and 82 ppb and a maximum of 292 ppb on station
Ku-2. High valuesof Mn was also obtained in F. Høgfjellsvatn
(46 - 62 ppb). Contents of nickel (Ni) in the Nikel Regionranged
from below the detection limits to 485 ppb. Highestvalueswere
obtained in Kolosyoki. Concentrationsof Ni in LakeKuetsyarvi
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ranged from 67 to 94 ppb on the average, while concentrations

on the Norwegian side of the Pasvik River System were mostly

lower than or slightly above the detection limit. The zinc (Zn)

content showed highest values for Lake Nikel 2, Pachtayoki,

Nikel, Kuvernerinyoki and Maayarvi. In Lake Nikel 2 a maximum

of 163 ppb was obtained. Values of Zn in the Pasvik River

System were mostly lower than 40 ppb and there were no differ-

ences between the Russian and Norwegian localities. Only a few

samples were analyzed for lead (Pb) and concentrations of Pb

were with few exceptions below the detection limit. Chrome

(Cr) showed a similar pattern to Zn, although all values were

low. Concentrations of arsenic (As)were highest in Lake Nikel 1,

Lake Nikel 3, Sarasslaki and in Kuetsyarvi with a maximum of

2.39 ppb in Lake Nikel 1.

5.2 Phytoplankton

Phytoplankton biomass (wet weight m-3) showed great varia-

tions between lakes and between dates while algae composition

differed mai nly between lakes (Figure 4). High biomass was re-

corded in Lake Kuetsyarvi, especially in September 1991 with

more than 3000 mg ww. m-3, but also other parts of the Pasvik

River System and Lake Nikel 1 showed high biomass of phyto-

plankton.

The phytoplankton diversity was low in all of the Nikel lakes.

Along with blue-green bacteria (Cyanophyceae), Chrysophyceae

were the dominating algae in Lake Nikel 1 and small p.-algae in

the two others. Blue-green bacteria were also common in

Ruskvatn. Diatoms (Bacillariophyceae) were only obtained in the

Pasvik River System where this group dominated the phytoplank-

ton community in Lake Kuetsyarvi together with green algae

(Chlorophyceae). Dinoflagellates (Dinophyceae) made up a sig-

nificant part of the phytoplankton in Lyngbukta in August 1991,

but were otherwise only seldom registered.

Others
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Figure 4
Biomass(mg wet weight m-3)of phytoplankton in selectedlocalitiesnear Nikel (LN1-LN3),Lake Kuetsyarvi(Ku)an PasvikRiverSystem
(Ly,Ru).
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5.3 Aquatic mosses

The river mosses F.antipyreticaand F.dalecarlicawere widely distrib-

uted in the border area between Norway and Russiaexcept at higher

.altitudes in the Jarfjord Region. These mosseswere found in a wide

range of water habitats, and the typical sampling locafities were

brooks on bottom substrates between 15-50 cm stone sizeand stre-

am surface velocity 0,2-0,5 m/s (Halleraker 1992).

The Fontinalisspp. were examined for the trace elements As, Cd,

Cr, Cu, Hg, Ni, Pb, Se and Zn. Except for Cd and Pb all values

were above the detection limit for the specific element.

Figures 5 and 6 show a wide range in the concentration (C) and

accumulation factor Cf=C/C0 of Ni, Cu, Cr and As in Fontinalis
spp.. The lowest values were from the upper part of the Pasvik

River system, and the concentration (C0) in Ellenelva (Va-s) was

used as the background level.

The Ni-content was highest on the Russian side. In the Pechenga

area, the Ni concentration varied between 117 to 443 ppm

(i.t.g/gdry weight), and the maximum in F. antipyretica from the
outlet of Salmiyarvi (Pasvik River system) was 907 ppm. On the

Norwegian side, the Ni-content were between 8 (Ellenelva) to

373 ppm. The highest concentration on this side was from the

localities nearest the border in the North-East direction from the

Pechenga-nickel factories, and the Ni-concentrations decreased

with distance from the factories.

Partly the same distribution was found in the As-content of

Fontinalisspp. (Figures 5, 6). The As-concentrations varied; in

Pechenga area 1.3 - 59.3 ppm, in the Pasvik River System 0.5 -

4.0 ppm and in the Jarfjord region 0.4 - 10.2 ppm.

Cr and Cu showed a different distribution in the Pechenga area

than the previous metals (Figure 5). Certain localities showed

very high contents in this area as well as the southern part of the

Jarfjord region. For most of the other metals, Cd, Hg, Pb, Se and

Zn, the accumulation factor (Cf) was lower than 6, except for a

few localities.

Significant correlations were found between the concentrations

of Ni in F. antipyretica and Cr, Zn, Pb and Cd but not for Cu.
Skogheim (1993) also found no correlation between Ni and Cu

in berries from the Norwegian side. The concentrations of Ni in

the same moss species were also found to be significant correlat-

ed to the chemical parametre SO4, Ca, pH, conductivity, alkalin-

ity and Ni in the water (Halleraker 1992).

5.4 Zooplankton

A total of 10 species of Cladocera and 7 species of Copepoda

were recorded in the investigated lakes (Appendix 4). Bosmina
longispina and Cyclopsscutifer, the most frequently occuring

species, were recorded in all but 2 and 3 lakes, respectively.

Other common species were Holopedium gibberum, Heterocope
appendiculata and Eudiaptomusgraciloides. The highest num-

bers of species were found in the Pasvik River system (Figure 7).
However, great differences existed within the different regions.

In the lakes near Nikel only one species, the copepod E. graci-
loides, was recorded in two of the lakes. Noteworthy is the lack

of daphnids and diaptomids in some lakes in the Jarfjord Region.

Daphnia cristata, Bosminalongirostris and Eudiaptomusgracilis
were only recorded in the Pasvik River System and the Nikel

Region.

Most of the rotatorian species were found in all regions, but the

number of species and their relative importance differed within

each region (Nøst et al. 1991). Usually Polyarthra vulgaris was

the most common species, except in the Jarfjord Region where

Kellicottia longispina predominated in all lakes, apart.from F.

Høgfjellsvatn.

Biomass calculations (dry weight m-2) showed great variation

within the different regions concerning individual lakes and bet-

ween years (Figure 8). Exceptionally high biomass was recorded

in Lake Kuetsyarvi in 1990. However, in 1991 and 1992 the bio-

mass was reduced to ca. 500 mg m-2 similar to the general level

recorded in most lakes. This was due to much lower numbers of

B. longirostris and D. cristata in the last years. Despite that only

one species was recorded in two lakes near Nikel (LN1 and LN3),

the biomass was quite high especially in LN1 in 1992. Very low

biomass was recorded in some lakes in the Jarfjord Region and

at the Svanvik locality in the Pasvik River System.

5.5 Zoobenthos

In the Pechenga area several groups that are sensitive to pollu-

tion, were lacking or sparse, especially Ephemeroptera,

Plecoptera, Hirudinae, Amphipoda and Mollusca. The zooben-

thos of the lakes in this area were characterized by low species

diversity and low densities. Chironomids, water bugs and water

beetles dominated. The share of groups sensitive to pollution,

was very low in streams and lakes surrounding Nikel and

Zapolyarny (Table 1). However, relatively high abundances of

the most tolerant groups Chironomidae, Trichoptera, Coleoptera
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Figure 6
Accumulation factor (C,) of As, Cr,
Cu and Ni in aquatic mossesin the
investigatedareasin 1991.
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and Hemiptera were obtained. Only a few individuals of Sigara
sp., Diptera and Enchytraedae were found in highly polluted

streams in Zapolyarny town and in a lake situated 1.5 km from

Nikel (LN1). Some of the tolerant species observed in polluted lo-

calities were Procladiusspp., Ablabesmyaspp. and the caddisfly

Polycentropusflavomaculatus (Table 2).

At longer distances from the sources, on the Barents sea coast,


and south and east of Nikel, the zoobenthos showed higher di-

versities and densities. Groups sensitive to pollution,

Ephemeroptera and Plecoptera, showed slightly higher densities

and diversities. However, the zoobenthos reflected the impact of

acidification and heavy metal contamination, especially in moun-

tain areas northwest of Liinakhmari settlement.

In the Jarfjord region, acidification effects on zoobenthos were


observed in mountain areas (Figure 9). In a few small lakes on


the Varanger Peninsula, the zoobenthos also showed indications

Table 1. Frequency(%) of pullution sensitive (Plecoptera+ Ephemeeroptera)and tolerant zoobenthos taxa in the study areas in
1990-1992.





Nikel region Pechenga River





System




Nikel

Zapolyarny
areas

Prirechnyi

area

Liinakhrhari

Ephemeroptera 4.4 23.5 5.8

Plecoptera 1.5 8.0 3.6
Trichoptera 16.9 13.8 24.0

Coleoptera +





Hemiptera 8.2 7.0 4.2

Chironomidae 34.8 13.8 33.6

•

Jarfjord region Pasvik River System

Urdfjellet Høgfjellsvatn Svanvik Kuetsyarvi

Korpfjellet Guokkolob- Skrukke-

S.Skardvatn balatv areas bukta

areas

5.2 18.0 10.5 1.6

3.8 4.2 1.0 0.6

7.6 21.6 12.0 11.3

8.7 2.9 7.0 8.8

40.2 50.6 36.2 58.4
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Numberof speciesof Ephemeroptera
and Plecopterarelated to pH in lakes
and riversin the Jarfjord Region.
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Table 2. Frequency(%) and contribution in abundance (%)
of the six most common speciesor taxas of zoobenthos in
the shallow water (lakes littoral and streams) and deeper
part of lakes(profundal).

Species Frequency Average share

(%) in number (%)

Jarfjord region

Shallowzonesof water
Arctopelopia spp 48.8 13.8
Psectrodadius(P.)sordidellusgr. 48.0 7.0
Paratanytarsusspp. 41.0 4.3
Enchytraeidaespp. 41.0 3.6
PolycentropusflavomaculatusPict. 30.8 6.7
PlectronemiaconspersaCurt. 30.8 3.1




Profundallakezones
Procladius(Holotanypus)spp. 90.0 15.6
Pisidiumspp. 80.0 6.9
Paratanytarsusspp. 60.0 7.6
Psectrocladius(P.)sordidellusgr. 60.0 5.1
Heterotrissocladiusmarcidusgr. 40.0 6.2
Heterotrissocladiussuppilosusgr. 30.0 12.0

Pechenga area





Shallowzonesof water
PolycentropusflavomaculatusPict. 25.9 7.0
Conchapelopiaspp. 24.3 4.3
Lumbriculusvariegatus 24.1 4.2
Ablabesmyiaspp. 23.8 3.4
Cricotopus(Cricotopus)spp. 24.4 8.1
Micropsectra spp. 19.0 1.9




Profundallakezones
Procladius(Holotanypus)spp. 57.6 22.5
Ablabesmyiaspp. 39.4 6.1
Sergentia(Sergentia)coracina 24.2 3.1
Conchapelopiaspp. 21.2 3.5
Psectrocladius(P.)sordidellusgr. 21.2 3.1
Parakiefferiellatriquetra 18.2 4.0

of being affected by acidification. 1n most of the mountain lakes

and streams in the Jarfjord region, low abundances were record-

ed (Table 3). Lowest densities and diversities were recorded in

the smallest mountain lakes and streams with rare occurrences

of Ephemeroptera and Plecoptera. Chironomids and caddisflies

larvae predominated, mainly represented by Arctopelopia spp.,

Procaldius spp.,Psectrocladiusspp., Paratanytarsus spp. and
Polycentropus flavomaculatus and Plectrocnemia conspersa
(Table 1,2). The acid sensitive crustacean Gammarus lacustris
was found in low numbers in two localities, Andre Skardvatn

and Urdfjellsvatn.

Extremely high densities and biomass of zoobenthos, especially

chironomids, were recorded in Lake Kuetsyarvi (Table 3). 1nthe
profundal zone, chironomids made up 60-80 % of zoobenthos

number and biomass. High accumulation of heavy metals in bot-

tom animals was recorded in Lake Kuetsyarvi and in LakeLN1.

High diversity and abundance of zoobenthos were observed in

the upper part of the Pasvik River System, in Ruskvatn and

Lyngbukta (Table 3). Chironomidae, Mollusca and Oligochaetae

occurred in high densities. 1nthe lower part of the river, the di-

versity and density were lower.
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Table 3. Mean abundance =N (ind m -2)and biomass=B (g fresh weight m of zoobenthos in the different regions in 1990-1992
using Ekmangrab. Calculatedas mean for all lakessampledin the certain regions.






Pasvik River System




Taxa Pechenga Jarfjord




Lake Kuetsyarvi Lyngbukta and Svanvik




Area Region




Ruskvatn




Oligochaeta 17.6 0.14 4.7 0.01 802.0 0.77 199.0 0.14 325.5 0.61
Mollusca 9.9 0.02 38.3 0.10 56.4 0.36 431.5 1.80 75.8 0.13
Trichoptera 3.9 0.04 0 0 16.4 0.51 15.4 0.10 14.5 0.02
Chironomidae 360.1 0.41 638.0 0.91 1306.1 7.06 1250.9 3.0 793.3 0.86
Other groups 20.8 0.11 27.5 0.19 30.8 0.25 83.2 1.28 110.5 0.05
Total 412.3 0.72 708.5 1.21 2211.7 8.95 1980.0 6.32 1319.6 1.67

5.6 Fish

5.6.1 Fish communities

A higher number of fish species was recorded in the Pasvik River

System than in other regions (Appendix 5). However, only 8

species of a total of 12 earlier reported from the Pasvik River

System, were recorded in Lake Kuetsyarvi (Kristoffersen & Sterud

1985). The most frequently occurring species was brown trout
(Salmotrutta). No fish species were recorded in the three lakes

located near Nikel. The lakes in the Jarfjord Region were inhabit-

ed by brown trout, Arctic char (Salvelinusalpinus)and three-spi-
ned stickleback (Gasteresteusaculeatus); most frequently by
brown trout. Population structure of perch (Perea fluviatilis) and

pike (Esox lucius) was presented by Nøst et al. (1991).

Population structures (age and length) and catches of brown

trout and Arctic char in lakes and streams are presented in the

figures 10-13. The population structure (age and length distri-

bution) and catches of trout varied greatly between lakes from

very few older fish e.g. F. Høgfjellsvatn to a more normal expect-

ed population state e.g. in F. Skardvatn.

In Kuetsyarvi the catches were dominated by whitefish

(Coregonus lavaretus). The catch per unit effort (CPUE) and

echosounder recordings indicated a very dense population of

whitefish in this lake. The results indicated that the whitefish

may exhibit ecological polymorphism as two forms could be dis-

tinguised; one slowgrowing with early maturation with many gill

rackers feeding on zooplankton, and a fast growing form matur-

ing at an higher age with few gill rackers feeding on benthic in-

vertebrates. The growth rate of perch from different lakes was

similar and did not differ significantly between populations. In

general, all populations of whitefish, perch and pike consisted of

young individuals up to an age of 5 years, indicating high mor-

tality after attained maturity. The fish community in Lake

Kuetsyarvi has been more thoroghly considered by Amundsen &

Stallvik (1993).

The diet of brown trout and Arctic char was in general dominat-
ed by terrestrial insects probably caught at the lake surface and

larvae of aquatic living insects (Table 4). Eurycercuslamellatus
and Gammaruslacustriswere of substantial importance for the

same fish species in some lakes in the Jarfjord Region.

Zooplankton was of great importance for Arctic char in 5 lakes

in the Jarfjord Region. Piscivorous brown trout and Arctic char

were recorded in all regions totally in 7 lakes. Prey fish species

recorded were three-spined stickleback.

The main food items of perch were fish (minnows, Phoxinus
Phoxinus),daphnids and E.lamellatus.Gastropoda and E. lamel-
latus were the main prey for whitefish in Lake Kuetsyarvi.

5.6.2 Heavy metal accumulation

Heavy metal accumulation in fish have been investigated for the

elements nickel, copper, manganese and zinc. Detailed describ-

tions of the heavy metal content of fish in the Pasvik River

System including Lake Kuetsyarvi, are given in Nøst et al. (1991)

and Amundsen & Stallvik (1993). The levels and distribution var-

ied between organs, species and lakes (Figure 14,15).
Accumulation in muscles was in general considerably lower than

that found in other organs and tissues. Nickel was mainly accu-
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Figure 10
Length distribution (%) of brown trout (Salmotrutta L) in streamsand lakescaught by electrofishingand gillnets in the different locali-
ties.A= areasampled,N= number caught by gillnets, NE=number caught by electrofishing.
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Figure 11
Age distribution (%) of brown trout (Salmotrutta L.) in streamsand lakescaught by electrofishingand gillnets in the different localities.
Symbolsas in figure 10.
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Figure 13
Age distribution (%) of Arctic char (Salvelinusalpinus) in streamsand lakescaught by electrofishing and gillnets in different localities.
Symbolsas in figure 10.
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Table 4. Food items (volume %) in stomachsof Arctic char (A),brown trout (B),perch (P)and whitefish (1Min lakesand streamsin
August/September 1990-1992.

Region Loc. Year Species Number of
stomachs

Nikel Region

Terrestrial
insects

Aquatic
insects

Gastropoda/
Mollusca

Eurycercus Gammarus Zooplankton Fish

Sa 91 A 3 16,7 83,3 0 0 0 0 0

Sai 90 A 11 62,7 37,3 0 0 0 0 0

Shu 91 B 18 28,4 68,3 3,3 0 0 0 0

Kuv 90 B 24 17,8 82,2 0 0 0 0 0

Ro 91 A 10 10 0 10 10 0 20 50

PechengaRiverSystem







Ma 90 P 12 0 8,3 0 0 0 71 20,4

Mai 90 B 6 26,5 49,3 7,5 0 0 0 16,7

PasvikRiverSystem







Ku-1 90 W 10 11,3 10,9 33,7 31,3 0 12,8 0

Ku-2 90 P 3 0 0 0 0 0 0 100

Ku-1 90 B 1 0 0 0 0 0 0 100

Ku-3 90 W 25 14,3 2,9 37,5 36 0 9,3 0

Ku-3 90 P 21 1,7 0,8 0 22,6 0 22,4 52,5

Jarfjord Region







Ot 90 B 5 31,6 27 21,4 0 0 0 20

SS 91 A 11 0 2,7 24,9 6,4 0 66 0

SS 91 B 9 11,1 83,9 2,2 0 2,8 0 0

Du 91 A 20 3,2 21,2 3,5 29,5 0 37,4 5,2

Du 91 B 15 30,2 65,3 4,5 0 0 0 0

Rv 91 B 20 36,5 18 33,3 0 0 0 12,2

FG 92 A 20 21 0,7 10 14 0 54,3 0

1-lo 91 A 20 7,5 23,4 6,3 34,3 0 28,5 0

Ho 91 B 6 16,7 78,3 5 0 0 0 0

AS 90 A 20 52,1 5,8 0 18,3 15,6 0 0

AS 90 B 8 33,9 28,8 0 16,5 24,8 0 0

FH 90 B 3 76,7 23,3 0 0 0 0 0

Li 90 B 2 99,9 0,1 0 0 0 0 0

Da 90 A 4 48 17,7 0 0 0 34,3 0

Russian-FinnishBorder







Koc 92 P 9 3,3 10 0 0 0 0 86,7

Koc 92 W 16 0 99,1 0,9 0 0 0 0

Vi 92 W 17 0 11,8 17,7 20,9 6,1 43,5 0

On 92 B 10 69 31 0 0 0 0 0
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Figure 14
Concentrationof nickel (g Ni g dry weight-1)in organsand tissuesof fish.
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Concentration of copper (g Cu g dry weight in organs and tissues of fish.
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mulated in gills and kidneys. Nickel accumulation in the organs

of whitefish from Lake Kuetsyarvi was 2-3 times higher than val-

ues at Svanvik. In Jarfjord high levels of nickel were recorded in
kidneys of brown trout and Arctic char (8-22 gNi/g).

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 g Cu/g).

Fish from other lakes had lower than 50 gCu/g in the liver, ex-

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

Considerably lower accumulations were found for fish speci-

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

Near the sources, the accumulation of zinc in gills was generally

higher than in liver, whereas the opposite was found in lakes sit-

uated at greater distance.

5.6.3 Pathology

Pathological and morphological studies have been carried out in
several lakes in the study area as given by Nøst et al. (1991).

From 1991 onward, visual observations of fish disease were

made according to a four-point method (0,1,2,3) defined as

0=absence of visible deviations from normal, 1=initial stage of

disease, 2=indices of medium infection and 3=irreversibility of

disease. Additional histological analyses were made on impor-

tant organs (kidney, liver and gills) to support the pathological

observations. The use of this method is dependent on knowl-

edge of the specific pathological conditions prevailing in the cer-

tain areas. Pathological studies are shown to be useful to reveal

anthropogenic impacts in water systems.

Whitefish in Lake Kuetsyarvi exhibited high pathological anoma-

lies concerning flabby liver, liver colour, connective tissue expan-

sions, nephrocaleitoses, anemic rings in gills, scoleosis, body co-

lour changes, twisted gonads and tumor on stomachs (Table 5).
The highest incidence of diseases were observed during spring.

Table 5. Relativeoccurrences(%) of fish diseasein selectedlakes. 0= absenceof visibledeviation from normal, 1= initial stage of
disease,2= indicesof medium affection, 3= irreversibilityof disease.





Gills


Degreeof disease

Uver

Degreeof disease

Kidney


Degreeof disease

Gonads


Degreeof disease

Changeof cotor


Degreeof disease

Nephrocakitosis

Degreeof disease

Lake Species Year 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Rousenyarvi A. charr 1990 0 0 0 9,8 7,8 7,8 15,7 5,9 1,9 21,6 5,9 0







A.charr 1991 68,2 0 0 50 31,8 4,5 45,5 22,7 13,6 0 0 0






Kuetsyarvi whitefish 1991 8,5 2,8 1,2 32,8 232 25,9 12,9 10,2 2,8 6,7 5,6 0,6 2,8 0,6 0 2,3 1,1 0,6




whitefish 1992 5,7 0,8 13 11,5 23,8 34,4 18,1 10,7 15,6 16,4 4,1 12,3 23 36,9 59 0 4,1 6,6

Ur*Ilvaln A.charr 1992 0 0 0 92 0 0 64 32 0 0 0 0







brom trout 1992 0 0 0 84,6 0 0 84,6 0 0 0 0







St SkaraVatn A.charr 1992 42,9 0 0 71,4 3,6 0 21,4 75 0 3,6 0 0






T.Guokkolobbalat A.charr 1992 0 0 0 66,7 3,3 0 76,7 18,3 1,7 1,7 0 0






A. Guokkolobbalat A.charr 1992 0 0 0 87,5 12,5 0 95,8 4,2 0 4,2 0 0






F.Guokkolobbalat A.charr 1992 47,8 0 0 73,9 21,7 0 100 0 0 8,7 0 0
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Indications of disease were also observed in pike from Lake

Kutsyarvi and Lake Maayarvi. Anomalies like blue and greenish

colour of fins, blueish and greenish colour of the back skin and

blue and green colour of the muscles; were observed in a large

number of pike.

•No observations of disease in brown trout were found in Dalvatn

and Otervatn in the Jarfjord Region. However, some indications

of disease (pale colour of liver, connective tissue expansions of

kidney, anemic rings on gills) were observed in trout from

Urdfjellvatn and Rousenyarvi.

Arctic char from the lakes Dalvatn, Sarasslaki and A. Skardvatn,

showed no visual indications of pathological anomalies. Ob-

servations of abnormal gills, liver and kidney, on the other hand,

were observed on Arctic char from Rousenyarvi, Urdfjellvatn,

F.,T. and A. Guokkolobbalat and Store Skardvatn.

In perch from Lake Kuetsyarvi and Lake Kocheyarv indications of

disease were only observed in kidneys and gonads.

The pathological indications of disease could be verified by histo-

logical analyses of gills, liver and kidney. Fish from polluted areas

had discomplexity of gill lamelles (slits), swollen respiratory epite-

lium, defect liver structure (hepatocytes fat dystrophy) and cyto-

morphological changes of kidney.

6 Discussion
Our study in 1990-1992 showed that the composition of fresh-

water communities mainly consisted of widely distributed spe-

cies within the Palearctic region (Lakes..1974, Biological

prod..1975 and Illies 1978). The most severe anthropogenic im-

pact upon freshwater communities was recorded in Russian lo-

calities near the smelters in Nikel and Zapolyarny, probably relat-

ed to heavy metal contamination. The low diversity recorded was

mainly caused by lack of several pollution sensitive taxas, espe-

cially Mayflies (Ephemeroptera), Stoneflies (Plecoptera),

Cladocera and salmonids. This is supported by the state of fresh-

water communities observed in the highly heavy metal polluted

Lake Imandra on the Kola Peninsula (Moiseenko & Yakovlev

1990).

Near the Pechenga nickel factories and settlements, surface wa-

ters are polluted by sewage, containing substantial amounts of

heavy metals, sulphates, chlorides, oil products, mineral sus-

pended particles and other matters. Heavy metals and sulphates

are assumed to have the most detrimental influence on freshwa-

ter communities (Drabløs & Tollan 1980, Sandøy & Nilssen 1987,

Morling & Pejler 1990 and Muniz & Aagaard 1990). However,

acid-sensitive species like daphnids (Davis & Ozburn 1969, Almer

et al. 1974), molluscs (økland, 1. 1990) stoneflies and mayflies

(Raddum 1980) and salmonids were recorded in the Pechenga

area. This fact is due to the specific bedrock, composed of crys-

talline rocks of basic and ultrabasic composition making the buf-

fer capacity very high near the factories (Traaen et al.1991).

Alkalic dusts and other pollutants from fallout increase the water

mineralization and acid neutralization capacity, (ANC of surface

waters > 200 eq 1-1)(Traaen et al. 1991). At larger distances (20-

30 km) from the factories ANC is reduced to a critical level, < 20

eq M.

The concentrations of nickel and copper in water in the Russian

areas were generally above limits assumed to cause severe ef-

fects on freshwater organisms (Lithner 1989, SFT 1989, Year

book.. 1990). Extremely high contents of nickel were recorded in

River Kolosyoki (> 300 gg Ni/l) and in the Nikel lakes LN1 - 1N3 (>

100 gg NiA). The same pattern could be seen by Ni-contents >

200 ppm in the aquatic mosses from the localities at the Russian

side also recorded by lithner (1989). The highest Ni-concentra-

tions in mosses were found near and in the northeast direction

of the factories. Concerning Cu in Fontinalis spp. this pattern

was less pronounced. Part of this low accumulation seems to be

related to the generally high alkalinity on the Russian side

(Livonen et al. 1992, Say & Whitton 1983). This could also affect
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the Cr- and Zn-content. Studies in Finnish headwater lakes sho-
wed that bioaccumulation of several trace metals in plants, in-

sects and fish increased with increasing acidity and decreasing

ANC in water, aquatic plants being the best indicator (Livonen et

al. 1992).

•In general the concentrations and the narrow range of Cd, Hg,

Pb, Se and Zn in river mosses were low and similar to other sur-

veys (Lithner 1989). The concentrations of Ni in mosses were sig-

nificantly correlated to several chemical parametres in the water.

A decrease in the Ni-content in river mosses was recorded with

increased distance from the pollution sources. The calculated

pollution index or accumulation factor (Cf) was also high for As,

Cr and Cu in several samples, indicating a pollution state as con-

sidered by similar investigations (Klein et al.1991, Goncalves et

al. 1992,). Our investigation showed much higher contents of Ni

in tips of aquatic mosses than in the fish tissues from the same

regions. Whole moss samples would probably have shown high-

er levels of bioaccumulation (Dallinger & Kautzky 1985). The eas-

ily detectable metal content in aquatic mosses in addition to

time-integrated picture of the metal condition in a locality, in

contrast to the static state of water samples, makes Fontinalis
spp. to a useful pollution indicator for trace metals (Klein et al.

1991, Say & Whitton 1983). The concentration of heavy metals

in river mosses is considered a useful indicator of pollution in

the investigated area, especially in localities of pH>6 and low hu-

mic content (TOC) in the water (Halleraker 1992).

The phytoplankton communities in Nikel lakes showed low di-

versity; diatoms, dinoflagellates and green algae were entirely

missing in LN1 and LN2. High biomass of phytoplankton in

Kuetsyarvi compared to the Norwegian localities in the Pasvik

River System are in accordance with higher concentrations of

NOx and PO4on the Russian side.

Low diversities of zooplankton were found in the lakes LN1 LN3

which are located within the most pronounced wind-direction,

at a distance of 1.5 - 12 km from Nikel. Low diversities of zoo-

benthos and high abundances of chironomids were obtained in

the most polluted localities: Kolosyoki, Semiaki, Chaukilampiyoki

and in LN1. However, the composition of zoobenthos on the

Russian side was highly variable.

The benthic invertebrates showed high sensitivity to water pollu-

tion by metals and acidification. The tolerant Chironomidae lar-

vae were the most abundant group in the polluted waters within

the Pechenga area. Acidification and pollution seem to have al-

tered the composition and structure of the benthos fauna in the

investigated area. Expected natural fauna were recorded in local-

ities east and south of Nikel and in forest areas in the Jarfjord re-

gion. North-west of the Pechenga River estuary, the bottom fau-

na is affected by acidification and heavy metals. The zoobenthos

diversity and relative share of different sensitive groups to pollu-

tion, were lower than recorded by Järnfeldt in 1929 in Pechenga

(Petsamo) area (Järnfeldt 1934). The high abundances of zoo-

benthos recorded in the upper part of Pasvik River System are

probably caused by organic matter from submerged vegetation

and allochthoneous material from the surroundings as well as

suitable habitats in shallow creeks.

Negative impacts upon the population structure of fish were re-

corded in all studied localities in Russian areas, especially in the

lakes Kuetsyarvi, Rousenyarvi, Sarasslaki and Maayarvi. No fish

species were recorded in the three small lakes located near Nikel

probably due to contamination effects. In the other lakes in the

Pechenga area electrofishing revealed the presence of mainly

young brown trout in inlet and outlet streams (Figure 10).

However, no catch of brown trout in the lakes, indicated low

survival characterized as juvenilization. In localities near the fac-

tories, several taxa of e.g. salmonids, gastropoda and daphnids

were still present. Likewise, in Lake Kuetsyarvi high densities and

biomass of zooplankton appeared. In 1990 the abundance of

zooplankton in Lake Kuetsyarvi was at least 4-6 times higher

than in the Norwegian localities in the Pasvik River System.

Effluents of nutrients (i.e. NOx and PO4) into Lake Kuetsyarvi are

assumed to enhance the phytoplankton food base for zooplank-

ton. The very high abundances of zoobenthos, especially chiro-

nomids also indicated eutrophication in Lake Kuetsyarvi.

In the Pechenga area bioaccumulation of the heavy metals, Ni,

Cu and Zn, was documented in fish organs, especially in liver,

kidney, gills and skeleton. The concentrations in muscles were in

general considerably lower than in other organs and tissues.

High concentrations of heavy metals were also found in chirono-

mids and caddisflies larvae from Lake Kuetsyarvi and a small

nearby lake. However, in these localities heavy metal contamina-

tion is assumed to have sublethal effects. Abnormal structure

and symptoms of diseases in the whitefish and pike populations

and juvenilization in brown trout populations of the stream

Pachtayoki and Lake Sarasslaki within the Nikel Region, support-

ed this assumption.

Several factors influence the concentrations of heavy metals in


organs and tissues of fish, such as the levels and distribution of


pollutants in water bodies, physiological characteristics of fish
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and biochemical properties of metals. The accumulation of he-

avy metals thus is determined by a balance between the intake

rate through the gills and the food, and the capability of the fish

to release an excess of elements not necessary for the mainte-

nance of basic metabolism. Concentrations of metals in fish or-

gans, especially in soft tissues were inconsistent. The most stable

levels were in skeletons reflecting the total load of the whole

lifespan, whereas the more variable levels in the soft tissues re-

flect the seasonal fluctuation of hydrochemical conditions and

diet. In some localities high concentrations of other chemical ele-

ments may have a reducing effect upon heavy metal contamina-

tion in organisms. As stated by Alabaster & Lloyd (1982), the le-

thal and sublethal effects of heavy metal contamination in fresh-

water organisms may decrease with increasing concentrations of

calcium. In the Russian area high levels of nickel and copper cor-

respond with high values of calcium. However, the lethal and

sublethal effects observed upon freshwater organisms did not

decrease toward the highest calcium concentrations.

Indications of acidification effects upon freshwater communities

similar to other affected areas (Acidic Deposition 1990) were

only recorded within the Jarfjord Region. Geological differences

within this region are reflected in differences regarding water

qual ity and freshwater communities. Impact due to acidification

was recorded in gneissic/granitic areas with low buffering capac-

ity (Alkalinity 0), including Limgambergtjern, F. and A.

Høgfjellsvatn as well as Dalvatn. Several acid-sensitive taxa of

zoobenthos were absent or recorded in very low numbers, also

stated by Bækken & Aanes (1990). A similar state was also found

for daphnids. Skogheim (1993) recorded higher concentrations

of Ni and Co in samples of cloudberry and bilberry from the

Jarfjord Region compared with the reference localities. Despite

great efforts of electrofishing in inlet and outlet streams and

fishing in the lakes, only a few older trout were caught in five la-

kes at high elevations (Limgambergtjern, F. Høgfjellsvatn and 1-3

Guokkolobbalat). The absence of young fish indicated irregular

yearly recruitment (senescence) probably due to acicification ef-

fects. This corresponds with analyses of pH of minimums 4.55-

5.08 which are below critical limits for recruitment for brown

trout. Senescence in the brown trout populations in Limgam-

bergtjern and F. Høgfjellsvatn are considered as adverse effects

of acidification (Bravington et al. 1990). The presence of the acid

sensitive crustacean Gammaruslacustris in stomachs of brown

trout and Arctic char and daphnids in lakes at lower elevation,

indicated that acidification impacts are locally restricted to higher

elevations in gneissic/granitic areas with low buffering capacity.

Lack of young fish in St. Skardvatn may be due to restricted

spawning areas or heavy metal impact (Figure 10). The popula-

tion structure of brown trout and Arctic char in Dalvatn are con-

sidered as normal (Figure 10).

In order to evaluate the environmental impact of pollutants, it is

also necessary to consider biotic interactions within freshwater

communities. Previously it has been shown that the fish commu-

nity is capable to structure the zooplankton community by selec-

tive predation (Nilsson & Pejler 1973). Distributions of small cla-

doceran species like D.cristataand B. longirostrisand the copep-

od E.gradlis, were assosiated with coregonids (whitefish and cis-

co). Diversity of species and number of trophic levels differed

between the regions and the cornplexity seemed more pro-

nounced in the Pasvik River System. The variability in abundance

and species dominance of zooplankton between years in Lake

Kuetsyarvi may be due to both changes in fish predation pres-

sure and nutrient conditions. The drastic decline of daphnids

from 1990 to 1992 indicate changes in predation pressure from

fish. The fish studies showed that the density of plantivorous fish

was exteremely high in Kuetsyarvi (Amundsen & Stallvik 1993).

No such changes of cladocerans were recorded in the reference

localities Lyngbukta and Ruskvatn in the Pasvik River System.

However, in these localities bluegreen algae were observed sup-

posedly due to indirecte effects of high fish density. The special

occurrence of Anabena spp. in Ruskvatn may be caused by tern-

porary nitrogen limitation (Løvstad pers. med.). Also in these lo-

calities a high density of planktivorous fish was recorded includ-

ing the first record of cisco (Coregonusalbula) in Sør-Varanger

(Amundsen & Stallvik 1993). Lower fish diversity and large indi-

vidual size of daphnids in lakes in the Pechenga area, indicated

very low predation pressure.

Conclusion:

Heavy metal impacts

Negative impacts upon population structure of fish were re-

corded in all studied localities in Russian areas. No fish species

were recorded in three small lakes near Nikel. The presence of

only young brown trout in inlet and outlet streams indicated

low survival with age (juvenalization).

In the same area bioaccumulation of Ni, Cu, Cr and As was

documented in 2 cm tips of the river mosses F. antipyretica
and F. dalecarlica.The concentration of Ni and As was gener-

ally more than 10 times, in some localities more than 100 ti-

mes, higher on the Russian side compared to the upper part of
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the Pasvik River System. The Ni-content in aquatic mosses de-

creased with distance from the Pechenga nickel factories.

- Severe pathological anomalies and diseases were observed in

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

(nephrocalcitosis), abnormal colour of body and flesh, 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 pathological anomalies and diseases were

observed in the Norwegian localities (at Svanvik and Jarfjord).

- A low diversity of zoobenthos and zooplankton was recorded

in the most polluted localities in the Pechenga 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.

7 Literature
Acidic Deposition. Its Nature and Impacts. 1990. - Conference

abstracts. Glasgow, September 1990. 620 p.

Alabaster, J. S. & Lloyd, R. 1982. Water Quality Criteria for

Freshwater Fish. - Second Edition. Butterworths, London.

361 p.

Almer, B., Dickson, W., Ekstrøm, C. & Hørnstrøm, E. 1974. -

Ambio 3:30-36.

Amundsen, P. A. & Stallvik, F. 1993. Heavy metal contamination

and the fish communities in the Pasvik River System. - Report

Norges Fiskerihøgskole, University of Tromsø (in prep).

Atlas of the Murmansk region. 1971. - Murmansk-Moscow. 33

p. (in Russian).

Berg, M. 1964. Nord-Norske lakse elver (Salmon Rivers in

Northern Norway). - Johan Grundt Tanum Forlag, Oslo. 299

p (in Norwegian).

Berger, H.M.B., Hesthagen, T., Sevaldrud, I.H. and Kvenild, L.

1992. Forsuring av innsjøer i Sør-Norge - fiskestatus innen

geografiske rutenett (Mapping of fish community status in

relation to acidification in Norwegian lakes). - NINA

Forskningsrapport 32: 1-12 (In Norwegian).

Biological productivity of north lakes. V.2.1975. Lakes


Zeleneskoe and Akulkino. - Leningrad. 182 p. (in Russian).

Blakar, J.A. and Odden A, 1986. Måling av turbiditet i vann

(Measurements of turbidity in water. Stensil 5s. (In

Norwegian)

Bottrell, H.H., Duncan, A., Gliwics, Z.M., Grygierek, E., Herzig,

A., Hillbricht-Ilskowska, A., Kurasawa, H., Larson, P. &

Weglenska, T. 1976. A review of some problems in zoo-

plankton production studies. - Norw. J. Zool. 24: 419-456.

Bravington, M.V., Rosenberg, A.A., Andersen, R., Muniz, I.P. &

Beddington, J.R. 1990. Modelling and quantitative analyses

of the impact of water quality on the dynamics of fish popu-

lations. - Phil. Trans. R. Soc. Lond.: 467-476.

Bækken, T. & Aanes, K.J. 1990. Bruk av vassdragets bunnfauna i

vannkvalitets-klassifisering. Effekter av forsuring på bunndyr-

samfunn i elver og bekker i Sør-Varanger (Using zoobenthos

as water quality classification. Effects of acidification on zoo-

benthic communities in rivers and streams in Sør-Varanger). -

Norwegian Institute for Water Research (NIVA) Rapport

Nr.2B. 19 p (in Norwegian).

Bøyum, A. 1970. Some Physical and Chemical Properties of

Lakes in North-Eastern Norway. - Schweiz. Z. Hydr. 32: 300-

327.

Dallinger,R.& Kautzky,H. 1985. The importancsof contaminated food

for the uptake of heavymetalsby rainbow trout (Salmogarcinen):a

field study. -Oecologia(Berlin).67:82-89.

32



nina forskningsrapport044

Davis, P. & Ozburn, G. 1969. The pH tolerance of Daphniapulex
(Leydig,Emand.,Richard). -Can. J. Zool. 47: 271-311.

Drabløs, D. & Tollan, A. 1980. Ecological impact of acid precipi-




tation. - Proc. Int. Conf. Ecol. Eff. Acid Prc. Oslo. 383 p.

Frisvoll, A.A. & Flatberg, K.I. 1990. Moseskader i Sør-Varanger

(Damage to mosses in Sør-Varanger, Northeasternmost

Norway). - Norwegian Institute for Nature Research (NINA)

Oppdragsmelding 55. 25 p (in Norwegian).

Frost, S., Huni, A. & Kershaw, W.E. 1971. Evaluation of a kicking

technique for sampling stream bottom fauna. - Can.J. Zool.

49: 167-173.

Goncalves, E. P.,R., Boaventura, R. A.,R. & Mouvet, C. 1992.

Sediments and aquatic mosses as pollution indicatores for

heavy metals in Ave river basin (Portugal). - The science of

the Total Environment 114: 7-24.

Hagen, L.O., Henriksen, J.F., Johnsrud, M. & Sivertsen, B. 1990.

Basisundersøkelse av luftforurensninger i Sør-Varanger 1988-

90 (Basic investigations of air pollution in Sør-Varanger 1988-

90). - Norwegian State Pollution Control Authority (SFT)

Framdriftsrapport nr. 2. Nr.394190. 63 p (in Norwegian).

Halleraker, J. H. 1992. Elvemose (Fontinalisspp.) som bioindika-

tor på tungmetaller i grensevassdragene Norge/Russland. -

Thesis, The Agricultural University of Norway, Ås (in
Norwegian)

Henriksen, A. 1982. Alkalinity and acid precipitation research. -

Vatten 38:83-85.

Henriksen, A., Kamari, J., Posch, M., Løvblad, G., Forsius, M. &

Wilander, A. 1990. Critical loads to surface waters in

Fennoscandia. Intra- and Inter-grid Variability of Critical

Loads and their Exceedance. - Miljørapport. Nordic Council

of Ministers, 43 p.

Hesthagen, T., Berger, H.M. & Larsen, B. M. 1992. Fish popula-

tion studies in acid-sensitive areas in eastern Finnmark,

northern Norway. - Arctic Centre Publications University of

Lapland 4:172-176.

Hongve, D. 1984. Vannets fargetall bør måles ved 410 nm etter

filtrering (Water colour should be measures av 410 nm after

filtration) Refbla' (NIVA) 2:6-8. (In Norwegian)

Huitfeldt-Kaas, H. 1918. Ferskvandsfiskenes utbredelse og ind-

vandring i Norge, med tillegg om krepsen (Distribution and

immigration of freshwater fish in Norway). -

Centraltrykkeriet. Kristiania 1918. 105 p (in Norwegian).

Hynes, H.B.N. 1950. The food of fresh-water sticklebacks

(Gasterosteus aculeatus and Pygosteus pungitius), with a re-

view of methods used in studies of the food of fishes. J.

Anim. Ecol. 19:36-58.

Illies, J. (red) 1978. Limnofauna Europea. 2.Auflage. - Stuttgart.

532 p.

Jonsson, B. 1976. Comparison of scales and otoliths for age de-

termination in brown trout, Salmo trutta L. - Norw.J. Zool.

24: 295-301.

Järnfeldt, H. 1934. Zur Limnologie einiger Gewasser Finnlands


Xl. Petsamo. - Vanamo Julkaisuja Osa 14, No. 10: 172-347.

Karlsen, L. 1988. Rapport fra El-fisket på Jarfjordfjellet og i lak-

seelvene i Sør-Varanger høsten 1988 (Electro-fishing at

Jarfjord mountain area and in salmon rivers in Sør-Varanger

during autumn 1988). - Fylkesmannen i Finnmark, Vadsø. 10

p. (in Norwegian).

Kinnunen, K. 1990. Acidification of waters in Finnish Lapland. in

Effects of air pollutants and acidification in combination with

climatic factors on forests, soils, and waters in northern

Fennoscandia. - Miljørapport. Nordic Council of Ministers, p

72-78.

Klein, B., Meier, P. F. & Aubort, J.,D. 1991. A comparison of

aquatic mosses, sediments and water as indicatores of metal-

lic pollution the case of the Venoge 'river Switzerland. -

Journal of Trace and microbre Techniques. 9:107-125

Kristoffersen, K. & Sterud, K. 1985. Bruken av Pasvikvassdraget,

En spørreundersøkelse om fisket i 1982 (The Pasvik River

System, an interview study concerning fishing in 1982). -

Fylkesmannen i Finnmark, Rapport Nr. 9, 1985. 39 p (in
Norwegian).

Kruglova, A.N. 1983. Zooplankton in streams of the Kola North. -


Hydrobilogicheskij zhurnal. Kiev.19. N 5: 56-58. (in Russian).

Kryuchkov, V.V. & Makarova T.D. 1989. Aeriatechnogenic influ-

ence on the Kola North ecosystems. - Apatity. 96 p. (in

Russian).

L'Abee-Lund, J.H. 1985. Aldersbestemmmelse av norske fersk-

vannsfisk (Age-determination of Norwegian freshwater fish

species). - Fauna 38: 44-49 (in Norwegian).

Lakes of the different Kola Peninsula landscapes. 2. 1974.

Leningrad. Nauka. 235 p. (in Russian).

langeland, A. 1982. Interactions between zooplankton and fish

in a fertilized lake. - Holarct. Ecol. 5: 273-310.

Lithner, G. 1989. Bedømningsgrunder for sjøar och vattendrag

(Evaluating lakes and rivers). -Bakgrundsdokument 2, Metaller.

Naturvårdsverket. Rapport 3628. 80 p. (in Swedish).

Livonen, P., Piepponen,S. & Verta, M. 1992.Factors affecting tra-

ce-metal bioaccumulation in Finnish headwater lakes. -

Environ. Pollution 78: 87-95.

Moiseenko T.I. & Yakovlev, V.A. 1990. Antropogenic transfor-

mation of Water Ecosystems of the Kola North. Leningrad. -

Moscow, Nauka. 224 p. (in Russian).

Morling, G. & Pejler B. 1990. Acidification and zooplankton de-

velopment in some West-Swedish lakes 1966-1983. -

Limnologica (Berlin) 20: 307-318, June 1990.

33

 
© Norwegian institute for nature research (NINA) 2010 http://www.nina.no  

Please contact NINA, NO-7485 TRONDHEIM, NORWAY for reproduction of tables, figures and other illustrations in this report. 



nina forskningsrapport 044

Muniz, I.P.& Aagaard, K. 1990. Effekter av langtransportert for-
urensningpå ferskvannsdyri Norge - virkninger av endel spo-
relementerog aluminium. (Effectsof longrangeatmospheric
pollution on freshwater fauna in Norway - effects of some
trace elements and aluminium. -Norwegian institute for
NatureResearch(NINA)Utredning 13. 64 p (in Norwegian).

Nilsson,J.-A.& Pejler,B. 1973. On the relation between fish fau-
na and zooplankton composition in North Swedish lakes. -
Rep.Inst FreshwaterRes.Drottningholrn 53: 51-77.

Norwegian Water Resourcesand Energy Administration, The
Directorate of Water Resources, Hydrology Department
(NVE), 1987. Runoff map of Norway (1930-1960), 1:500
000, Sheet8 - NVE.Oslo. (in Norwegian).

Norheim,G., Kristoffersen,K. & Fiskebeck,P.-E.,1985. Kvikksølv
i vann, botnsedimenter og fisk fra Pasvikvassdraget(Mercury
in water, bottomsediments and fish from the PasvikRiver
System).- Fylkesmanneni Finnmark, Rapport Nr. 12, 1985.
55 p (in Norwegian).

Nøst,T., Yakovlev,V., Berger,H.M., Kashulin,N., Langeland,A.,
Lukin,A. & Muladal, H. 1991. Impactsof pollution on fresh-
water communities in the border area between Russiaand
Norway. I. Preliminarystudy in 1990. - NINAScientificreport
26: 1-41.

Raddum,G.G.1980. Comparison of benthic invertebratesin la-
kes with different acidities. -In Drabløs, D. and Tollan, A.,
eds.Proc.Int Conf. Ecol.Impact Acid Precip.,Norway 1980,
330-331.

Reschetnikov,Yu.S. 1980. Ecology and systematicsof the sig
fish. - Moscow, Nauka.301 p (in Russian).

Rognerud,S. 1990. Sedimentundersøkelseri Pasvikelvahøsten
1989 (Investigationsof sediments in the PasvikRiverduring
autumn 1989). - Norwegian State Pollution Control
Authority (SFT),Rapport401/90. 10 p (in Norwegian).

Rognerud,S.&Fjeld,E. 1990. Landsomfattendeundersøkelserav
tungmetaller i innsjø-sedimenterog kvikksølv i fisk (Heavy
metals in lake-sediments,and mercury in fish in Norway). -
Norwegian State Pollution Control Authority (SFT),Rapport
426/90. 79 p (in Norwegian).

Rosseland,B.O., Balstad,P., Mohn, E., Muniz, I.P.,Sevaldrud,I.
& Svalastog, D. 1979. Bestandsundersøkelser,Datafisk-
SNSF-77.Presentasjonav utvalgskriterier, innsamlingsmeto-
dikk og anvendelse av programmet ved SNSF-prosjektets
prøvefiskei perioden 1976-79 (Presentationof methods for
population studies of freshwater fish). -SNSF-prosjekt,TN
45/79. 63 p (in Norwegian).

Sandøy,S.& Nilssen,J.P.1987. Cyclopoid copepodsin marginal
habitats: Abiotic control of population densitiesin antropo-
genicacid lakes.- Arch. Hydrobiol./Suppl.76 (3): 236-255.

Say,J. P. & Whitton, B.A. 1983. Accumulation of heavymetals
by aquatic mosses. 1:Fontinalis antipyretica Hedw. -
Hydrobiologia 100: 245-260.

Scholdager,J., Semb,A., Bruteig, I.E.,Hanssen,J.E.& Rambæk,
J.P.1983. Innhold av elementer i moseog lav, Øst-Finnmark
1981 (Content of elements in mossesand lichens, Eastern
Finnmark 1981) - Norwegian Institute for Air Research
(NILU),Rapport 55/83 (in Norwegian).

Sigmond, E.M.O., Gustavson, M. & Roberts, D. 1984.
Berggrunnskartover Norge (Geological map over Norway) -
M. 1:1 million. - Norgesgeologiske undersøkelse(NGU),(in
Norwegian).

Sivertsen, B. 1990. Luftkvaliteten i grenseområdene mellom
Norge og Sovjetunionen,Status 1990 (Air quality in the bor-
der areas between Norway and the USSR,status 1990). -
Norwegian Institute for Air Research(NILU),Rapport 13/90.
10 pp.(in Norwegian).

Sivertsen,B, Hagen,L.O.,Hellevik,0., and Henriksen,J.F.,1991.
Luftforurensninger i grenseområdene Norge/Sovjetunionen
januar 1990-mars 1991. - Norwegian Institute for Air
Research(NILU),Rapport69/91.128 pp.

Skogheim, I. 1993. Tungmetaller i molte (Rubuschamaemorus
L.)og blåbær (Vacciniummyrtillus L.) langsen forurensnings-
gradient i Øst-Finnmark.- Thesis,The Agricurtural University
of Norway, Ås (In Norwegian).

Statens forurensingstilsyn(SFT).1987. 1000 sjøersundersøkel-
sen 1986 (The 1000 lakes survey 1986). - Norwegian State
Pollution Control Authority. Rapport 282/87. 31pp (in
Norwegian).

Statens forurensingstilsyn (SFT) 1988. 1000 sjøers Fiske-
statusundersøkelseni 1986 (The 1000 lakes survey 1986.
Fish status) - Norwegian State Pollution Control Authority
(SFT)Rapport313/88. 35p (in Norwegian).

Statens forurensingstilsyn(SFT)1989. Vannkvalitetskriterier for
ferskvann(Criteriafor evaluating water quality). - Norwegian
State Pollution Control Authority (SFI")Håndbok. 15p +
Appendix I-VI(in Norwegian).

Statensforurensingstilsyn(SFT)1990. Basisundersøkelseav luft-
forurensninger i Sør-Varanger1988-90. (Basicinvestigation
of air pollution in Sør-Varanger1988-90) - Norwegian State
Pollution Control Authority (SFT)Framdriftsrapport nr. 2 pr.
1.3.1990, Rapport394/90. 62 p (in Norwegian).

Sæther, O.A. 1970. Phytoplankton and Zooplankton of Some
Lakes in Northeastern Norway. Schweiz. Z. Hydrobiol.
33:200-220.

Tobias, D. 1973. Køcherfliegen und Steinfliegen einiger
Gewasser in Sør Varanger (Nord Norwegen). (Trichoptera,
Plecoptera).- Sanckenbergianabiol. 52:227-245.

34



nina forskningsrapport044

Traaen, T.S. 1987. Forsuring av innsjøer i Finnmark (Acidification

of lakes in Finnmark). -Norwegian State Pollution Control

Authority (SFT)Rapport 299/87 (in Norwegian).
Traaen, T. S. 1991. Forsuring og tungmetallforurensning i Sør-

Varanger. (Acidification and heavy metal pollution in Sør-

Varanger). - Norwegian State Pollution Control Authority

(SFT)Rapport 481/92 (In Norwegian).

Traaen, T.S., Rognerud, S. & Henriksen, A. 1990. Forsuring og

tungmetallforurensning i små vassdrag i Sør-Varanger.

Undersøkelser i 1989 (Acidification and heavy metal pollu-

tion in small lakes and rivers in Sør-Varanger in 1989). -

Norwegian State Pollution Control Authority (SFT) Rapport

402/90. 29 p (in Norwegian).

Traaen, T.S., Moiseenko, T., Dauvalter, V., Rognerud, S.,

Henriksen, A. & Kudravseva, L. 1991. Acidification of surface

waters, nickel and copper in water and lake sediments in the

russian-norwegian border areas. Progress report for 1989-

1990 - Working Group for Water and Environmental
Protection Commition. Oslo and Apatity. 20 p.

Økland, 1. 1990. Lakes and Snails. Environment and Gastropoda

in 1 500 Norwegian lakes, ponds and rivers. - Universal Book

Services/DR. W. Backuys, Oegstgeest, The Netherlands. 516
p.

Økland, K.A. 1969. On the Distribution and Ecology of

Gammarus lacustris G.O.Sars in Norway, with Notes on its

Morphology and Biology. - Norw. J. Zool. 17 No. 2: 111-152.

Yakovlev, B.A. 1961. Climate of the Murmansk Region. -

Murmansk. 200 p. (in Russian).

Yakovlev, B.A. 1991. Hydrobiological researches on the Kola

North inland waters (historical review). - Apatity. 53 p. (in

Russian).

Year book of surface water quality on the Murmansk Region ter-

ritory. 1990. -
Murmanskhydromet. Murmansk. (in Russian).

35

 
© Norwegian institute for nature research (NINA) 2010 http://www.nina.no  

Please contact NINA, NO-7485 TRONDHEIM, NORWAY for reproduction of tables, figures and other illustrations in this report. 



nina forskningsrapport044

Appendix 1-5

Appendix 1. Localities and sampling in the different regions and periods. I= June/July, II= July/August and III= August/September.
For phytoplankton and mosses cfr. Figure 4, 5 and 6.

Ioc. Water sampling Zooplankton sampling Fishsampling Zoobenthos sampling

1990 1991 1992 1990 1991 1992 1990 1991 1992 1990 1991 1992

I II III I II III I II III I II III I II III I II III I II III I II III I II III I II III I II III I II III

Nikel Region

Kolosyoki stream Kol-s xxxx x x xxxxx x

LakeNikel 1 LN1 xxxxx xxx xxx x xxxxxx

LakeNikel 1 outlet LN1-o x x xxxxx

LakeNikel 2 LN2 xxxxxxx xxxx xxx xxx xxx

lake Nikel 2 inlet LN2-i x x x x x

LakeNikel 2 stream LN2-s x x x

Pachtayokistream Pac-s x x x x x

Pachtastream Pa-s x x x x x x x x x

Tarn 1 Nikel-Zapolyarny NZ1 x

Tarn 2 Nikel-Zapolyarny NZ2 x

LakeNikel 3 LN3 xxxxxx xxx xxx x x xxxxx

LakeSarasslaki Sa x x xxxx xxx x xxxxxx

LakeSarasslakiinlet Sa-i x x x x x x xxx xxx

LakeSarasslakioutlet Sa-o x x x x x x x xxx xxx

Shuoniyoki stream Shu-s x x x x x x x x x x x x

12keShuoniyavr Sh x x x x x x x x x

Upper Pechengastream UPe-s x x x

LakeNicoyarvi Ni x x x x x x x

LakeAllaakkayarvi Al x x x x x

Kuvernerinyoki stream Kuv-s x x x x x x x x x x x

LakeRousenyarvi Ro x x x x x

Pechenga River System

LakeBig Maayarvi BMa

LakeMaayarvi Ma x x xxxx x x

Lake Maayarvi inlet Ma-i x x

LakeMaayarvi outlet Ma-o x x

Maayoki stream May-s

Anatoliyoki stream Ana-s

Naamiyoki stream Na-s

Arvaldejm stream Ar-s

Chaukilampiyoki stream Ch-s

lake Chaukilampiyarv Ch

L Chaukilampiyarv outl. Ch-o

Semiakistream Se-s

LakeTrifonayarvi Tr x x x x

LakeTrifonayarvi outlet Tr-o

LakeNW Uinakhmari Lh x x x

L NW Liinakhmari outlet Lh-o

X X
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loc. Water sampling Zooplankton sampling Fishsampling Zoobenthos sampling
1990 1991 1992 1990 1991 1992 1990 1991 1992 1990 1991 1992

I Il III I Il III I II III I II III I Il III I Il III I II III I Il III I II III I II III I II III I II III

Pasvik River System

LakeKuetsyarvi 1 Ku-1 xxx xxxx xxxx xxx xxxx
LakeKuetsyarvi2 Ku-2 xxxxxx xxxxxx x x xxxxxx
lake Kuetsyarvi 3 Ku-3 xxx xxxx xxxxxxx x x xxx xx
LakeKuetsyarvi4 Ku-4 xxxxxx xxxxxx xxx xx
LakeKuetsyarvi 5 Ku-5 xxxxxx xxx xxx x x xxxxx
LakeKuetsyarvi 6 Ku-6 x x
LakeSalmiyarvi Sal x x x x x x x
LakeSalmiyarvi 1 Sal-1 x x x x
LakeSalmiyarvi2 Sal-2 x x x x
LakeSvanvik 1 Sv-1 x x x
LakeSvanvik2 Sv-2 x x x
LakeSkrukkebukt Sk x x x x x x x
LakeLyngbukta Ly x xxxxx xxxxxxx x x x
LakeRuskvatn Ru xxxxxx xxxxxx x x x
Vaggetem stream Va-s x

Sameti stream Sam-s x

Nyrud stream Ny-s x

Jarfjord Region

LakeOtertjern inlet On-i x x
LakeOtertjern outlet On-o x x x
LakeOtervatn Ot x x x x x x x x
LakeOtervatn outlet Ot-o x x x x x x
Oterbekken stream Ot-s xxxx
LakeUrdfjellvatn Ur x x x x x x x
LakeUrdfjellvatn inlet Ur-i x
12keUrdfjellvatn outlet Ur-o x
LakeKorpvatn Ko x x x x x
LakeStore Skardvatn SS x xxxx xxxxxx x x x x
L Store Skardvatn inlet SS-i x x
L Store Skardvatn outlet SS-o x x
Banebekkenstream Ba-s x

LakeDurvatn Du x x x x x x x
LakeRundvatn Rv x x x x x x x
Karpelvastream Ka-s x x
Jakobselvastream Ja-s x

LakeØ. Guokkolobbalat ØG x x x x x x x
lake T. Guokkolobbalat TG x x x
LakeA. Guokkolobbalat AG x x x x x x x
L.A. Guokkolobbalat inl.AG-i x x x
LakeF. Guokkolobbalat FG x x x x
LakeJarfjord 1 Jarl x x
LakeJarfjord 2 Jar2 x x
LakeJarfjord 3 Jar3 x x
LakeJarfjord 4 Jar4 x x
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Ioc. Water sampling Zooplankton sampling Fishsampling Zoobenthos sampling

1990 1991 1992 1990 1991 1992 1990 1991 1992 1990 1991 1992

I II III I II III I II III I II III I II III I II III I II III I II Ill I II III I II III I II III I II III

LakeJarfjord 5 Jar5

LakeJarfjord 6 Jar6

lake Jarfjord 7 Jar7

LakeHolmvatn Ho

LakeHolrnvatn inlet Ho-i

LakeHolmvatn outlet Ho-o

LakeHolrnvatn stream 2 Ho-s2

LakeHolmvatn stream 3 Ho-s3

LakeHolmvatn stream 4 Ho-s4

lake Holmvatn stream 5 Ho-s5

LakeF. Skardvatn inlet FS-i

L F. Skardvatnoutlet FS-o

L F. Skardvatnstream FS-s

LakeAndre Skardvatn AS

L A. skardvatn outlet AS-o

L A.Skardvatn stream AS-s

LF.Høgfjellsvatn FH

L F. Høgfjellsvatn inl. FH-i x

L F. Høgfjellsvatnoutl. FH-o x

L A.Høgfjellsvatn outl AH-o

lake Hornholmvatn inlet Hor-i

LakeKobbholrnvatn Kob

lake Limgambertjern Li x

L Limgambergtjern inl. x

L Limgambergtjern outi. Li-o x

limgambergtjern str. li-s x

Tarn 1 Limgambertjern Li-t1 x

Tarn 2 Limgambertjern 11-t2 x

Tarn 3 Limgambergtjern li-t3 x

Tarn 4 Limgambertjern Li-t4 x

LakeDalvatn Da

LakeDalvatn inlet Da-i x

LakeDalvatn outlet Da-o x

LakeDalvatn stream Da-s x

X X X

X X X

X X X


X X X

Russian- Finnish Border

LakePotiyarvioutlet Po-o x x

Kohisevaniyokistream Koh-s x x

Puldkasjyokistream Pul-s x x

LakeVirtuovoshyavr Vi x x x x

LakeKocheyarv Koc x x x x

Lake Kocheyarv inlet Koc-i x x

Madsasjyokistream Mad-s x x

LakeOntasjyavroutlet Ont-o x x
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Appendix 2. Methods used in the analyses of chemical parametres and bioaccumulation of heavy metals.

Turb: Turbidity was measurednephelometricallywith a HACH
model 2100A Turbidimeter after Norwegian Standards (NS
4723) modified by Blakar& Odden(1986).

Col: Thewatercolour was analysedin accordancewith NS4722
usinga ShimadzuUV-160and calculatedafter Hongve(1984).

Cond: Conductivity was measured after NS 4721 using a
Radiometermodel CDM 80 with a platina-electrode.

pH: pH was analysed in accordancewith NS 4720 using a
Radiometermodel PHM 84 pH meter equipped with separated
glass-and calomel-electrodes.

Alk: Alkalinity was determined after NS 4754 using a
Radiometer model TTT 80 Titrator, Radiometermodel ABU 80
Autobyrette and a Radiometermodel PHM84 pH meter and the
valuesareadjusted in accordancewith Henriksen(1982) .

Ca, Mg, Na, K: Cationswere determined by atomic absorption
spectrophotometry (Perkin-Elmermodel 1100 B) after NS4775
and NS4776.

CI, NO3, SI: Cloride, nitrate and silisiumwere determined by
cholometry (FIAStarmodel 5020 Analyzer)after Tecatorapplica-
tion note ASN 63-03/83, ASN 62-01/83 and ASTN5/84 (modi-
fied), respectively.

SO4: Sulphatewas determined by the formula: SO4= SSS- (CI
+ NO3) where SSS(sum of strong acids anions) was analysed,
after passingthrough a cation exchangeresin(Dowex, 50 mesh,
H+), by conductivimetryusinga Radiometermodel CDM 80 con-
nected to the FIAStarmodel 5020 Analyzer.

Tot-N, Tot-P, PO4: Nitrogen, phosphorusand phosphatewere
measured on an Unicam model PU 8600 Spectrophotometer
after NS4743, NS4725 and NS4724, respectively.

Tracemetals:
Cd, Cu, Mn, Ni, Zn, Pb, Cr, As: Traceelements in water (0,04
M Suprapure HNO3-solution) were determined by atomic
absorption spectrophotometry (Perkin-Elmermodel 1100 B) in
comparisonwith NISTStandardrefetencematerial 1643C.

AnalyticalProcedurefor heavy metal analysisin biologicalmaterial
The biological materialanalysedat NINA laboratorywas aquatic
mossesand fish tissues.

Freeze-drying process
The sampleswere freeze-dried for approximately24 hours to a
final pressureof 0.05mbar at -53C in CHRISTLDC-equipment.

Digestion Procedure

Approximately 0.4 g freeze-dried materialwas weighed in, and
4-5 ml cons. HNO3Supra Puregradewas added. The digestion-
program in a Microwave-ovn Milestone MLS 1200, with bombs
SV 140 madeof PFAwith max. pressure10 bar, was applied for
10 minutes.

Analytical procedure

PerkinElmermodel 1100B, equippedwith high sensitivityneb-
ulizer, graphite furnace HGA 700 with autosamplerAS 70, and
Hydride systemRAS 200 were used as the analytic equipment
for heavymetalsin the biolobicalmaterial.

Theelements Zn, Cu, Cd (high levels>0.4ppm) Pb(high levels>
2.5ppm), Mn, Ni, Co were analysed using flame-mode.
Standard wavelengths were used for all elements, and back-
ground correctionwas usedfor Zn, Pb,Ni, Cd.

TheelementsCd, Pb(low levels,seeflame), Se,As, Cr were ana-
lysed using graphite-furnace. Tubes used was pyrolytical with
plattform for all elementsexceptfor Cr (pyrolyticalwithout platt-
form). STPFtechnique according to Perkin Elmers manual for
graphite furnace was used for all elementsexcept Cr (not platt-
form). Modifier used: Palladiumapproximately. 51.1.g/sample
was used for Se-As-Cdand Pb. For Cr approximately 11.1g/sam-
pleswith Mg(NO3)2was used. Peakarea was used for all ele-
mentsexceptfor selenium, due to overcompensation-problems.

Hg was analysedusing FIAS200 with NaBH4as reducingagent.

Referancematerialusedto verify the results:
Achievedsertified values of As, Cd, Cu, Pb and Zn in Pinenee-
dles(PN)1575 and Peachleaves(PL)1547.
Hg: achievedapprox. 65 % of PLand approx. 50 % of unserti-
fied PN-values.
Cr: achievedapprox. 40 % of PN.
Ni: achieved90 % of unsertified PN-values.
Se: Not verified on vegetable material, but correct values
achievedin animal materials.
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Appendix 3. Water chemistryof the different localities.Localityname in accordancewith Appendix 1.

Locality Depth

Nikel Region

Date

FTU


Turb.

mg Pt/I


Col.

gS/cm


Cond pH

gekv/I


Alk

mg/I


Ca

mg/I


Mg

mg/I


Na

mg/I


K

mg/I


Fe

gekv/1


SSS

mg/I


SO4

Kol-s 0,2 30-08-90 8,10 10 743,0 7,08 728 44,27 4,50 17,00 8,63




2619 108,77

Kol-s 0,2 27-06-91 15,00 12 235,0 7,07 373 16,66 8,79 9,80 1,79




1654 70,58

Kol-s 0,2 02-08-91




292,0 6,97 527 27,03 9,00 13,66 2,10




1980 84,48

KoI-s 0,2 04-09-91 5,30 8 449,0 7,21 645 33,19 14,80 5,50 4,93




2475 106,40

LN1 1,0 01-08-91









LN1 1,0 04-09-91 2,40 9 137,5 6,93 343 15,38 2,40 3,54 0,66




845 35,52

LN1 0,2 30-06-92 2,60 9 119,6 6,82 224 14,19 2,25 3,52 0,65




819 34,12

LN1 0,2 29-07-92 1,40 14 127,5 6,60 230 13,90 2,33 3,51 0,62




849 35,33

LN1 0,2 02-09-92 1,50 15 137,3 6,90 262 16,47 2,63 3,90 0,69




937 39,54

LN1-o 0,2 27-06-91 2,90 6 120,2 6,93 269 11,98 2,18 3,09 0,63




765 32,18

LN2 0,2 01-09-90 0,63 9 386,0 7,13 312 49,87 11,09 4,40 0,73 44 3118 145,85

LN2 0,2 27-06-91 0,95 6 363,0 7,09 242 46,98 10,80 3,95 0,80




2534 117,46

LN2 1,0 02-08-91




377,0 7,40 379 48,52 10,80 4,61 1,01




2409 110,62

LN2 5,0 02-08-91




373,0 7,58 336 48,18 10,20 4,52 0,70




2410 111,35

LN2 1,0 04-09-91 0,58 7 356,0 7,05 281 44,34 10,40 4,19 0,70




2438 112,49

LN2 0,2 30-06-92 0,42 8 355,0 6,82 189 44,79 7,15 4,09 0,74




2569 119,19

LN2 0,2 29-07-92 0,38 15 351,0 6,67 209 43,27 10,28 4,39 0,64




2268 104,74

LN2 0,2 02-09-92 0,53 11 372,0 7,00 229 47,62 8,65 4,82 0,69




2366 109,41

LN2-i 0,2 01-09-90 0,34 21 79,1 6,75 300 7,60 2,28 2,94 0,12




401 14,97

LN2-s 0,2 01-09-90 0,48 7 323,0 6,94 235 34,77 14,49 4,03 0,72 35 4487 212,12

Pac-s 0,2 01-09-90 0,81 6 56,2 6,95 170 5,93 1,31 1,99 0,25




318 12,38

Pac-s 0,2 27-06-91 0,54 10 41,2 6,80 107 3,11 0,88 1,52 0,28




245 9,19

Pac-s 0,2 04-09-91 0,60 10 57,4 6,84 138 5,16 1,31 2,05 0,36




343 12,97

Pac-s 0,2 30-08-92 2,80 5 53,6 6,86 138 5,52 1,27 1,93 0,24




311 11,99

Pa-s 0,2 01-09-90 0,34 9 78,6 6,89 258 7,88 1,98 2,57 0,23




436 17,01

NZ1 0,2 01-09-90 0,39 4 55,1 6,53 82 4,80 0,85 2,29 0,31




347 11,76

NZ2 0,2 02-09-90 0,45 21 55,0 6,21 49 4,16 1,40 2,39 0,18




388 14,34

LN3 0,2 27-06-91 0,71 2 48,8 6,61 89 4,47 0,82 2,13 0,27




320 10,55

LN3 1,0 02-08-91




62,5 6,92 182 4,87 0,97 2,72 0,35




369 12,58

LN3 5,0 02-08-91




67,7 7,42 238 4,66 0,90 2,70 0,35




339 11,14

LN3 1,0 04-09-91 2,00 1 50,4 6,46 65 4,32 0,82 2,21 0,29




358 12,40

LN3 0,2 30-06-92 0,58 0 53,3 6,53 96 5,26 0,93 2,50 0,36




351 11,38

LN3 0,2 29-07-92 0,77 2 55,1 6,52 112 5,80 0,94 2,42 0,27




359 11,75

LN3 0,2 01-09-92 1,50 3 57,6 6,74 123 5,96 0,93 2,46 0,26




356 11,70

Sa 1,0 01-08-91









Sa 1,0 04-09-91 0,46 8 50,8 7,01 185 4,78 1,02 2,02 0,34




254 9,09

Sa-i 0,2 31-08-90 0,48 9 70,9 7,08 288 7,03 1,30 2,52 0,36




298 11,22

Sa-i 0,2 25-06-91 0,62 16 ' 45,5 6,85 160 3,71 0,92 1,83 0,25




242 9,04

Sa-i 0,2 04-09-91 0,25 12 63,4 6,97 214 6,20 1,28 2,32 0,36




336 12,76

Sa-o 0,2 31-08-90 0,62 10 52,0 6,79 185 5,08 1,00 2,08 0,34




258 9,19

Sa-o 0,2 25-06-91 0,86 12 48,2 6,97 187 3,85 1,00 1,97 0,34




244 8,64

Sa-o 0,2 30-06-92 0,62 9 46,9 6,70 158 4,69 1,02 2,10 0,77




241 8,43

Sa-o 0,2 30-08-92 1,40 11 45,4 6,81 145 4,71 0,96 1,94 0,25




241 8,57

Shu-s 0,2 30-08-90 1,80 22 91,7 7,05 397 8,83 2,07 3,23 1,27 60 394 14,34
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mg/I


CI Tot-N NO3-N Tot-P PO4-P Si




ppb


Cd

ppb


Cu

ppb


Mn




ppb


Ni

ppb


Zn




ppb


Pb

ppb


Cr




ppb


As

11,10




586




6,36 < 2,00 9 < 5




485 6





5,47




428




2,43




0,14 55 42




384 9




3,3




5,90




767




3,39




14 41




321 5






7,64




634




4,82













37 16




255 10






3,71




10




0,64




25 15




238 6






3,64 357 83 13 4 1,38 < 0,10 32 26




237 8




0,41




2,01

3,56




178




1,62




50




24 29




< 0,30




2,39

3,55 381 189 10 6 1,89




34 21




350 10




0,34




1,99

3,32




17




0,91 < 0,10 41 23




238 5




0,6





2,91




6




3,58 < 2,00 5 < 5




403 11






3,13




19




3,27 < 0,10 7 41




402 8




0,5





3,72




25




3,56




42 17




443 38






3,24




11




3,63




125 16




423 163






3,40




8




3,61




11 16




357 16






3,08 72 22 5 1 3,00 < 0,10 9 29




367 13




0,99




0,50

3,10




6




3,38




18




17 31




0,32 < 0,30

3,03 152 49 7 4 3,63




11 8




386 12




< 0,30 < 0,30

3,15




8




4,97 < 2,00 6 < 5




33 5






2,52




17




6,08 < 2,00 10 26




261 13






2,12




10




2,86 < 2,00 < 5 < 5




20 < 5






1,89




4




1,69 < 0,10 6 < 5




16 < 5 < 0,5





2,58




8




2,56









2,14




16




2,87




< 5 < 5




21 53




< 0,30 < 0,30

2,88




3




3,86 < 2,00 < 5 < 5




33 < 5






3,62




3




0,13 < 2,00 < 5 < 5




76 < 5






3,16




6




0,89 < 2,00 8 < 5




53 < 5






3,55




4




0,17 < 0,10 9 16




83 < 5 < 0,5





3,79




8




0,53




22 < 5




125 21






3,75




12




0,70




23 < 5




171 15






3,54




3




0,18




12 10




90 9






3,99 150 15 9 1 0,44 < 0,10 7 20




69 6




< 0,30 
 1,40

4,02




19




0,44




10




12 24




< 0,30




0,84

3,93 152 19 8 4 0,52




< 5 < 5




51 5




< 0,30 
 0,77







10 < 5




29 5






2,29




3




1,63




10 5




25 < 5






2,28




6




4,41 < 2,00 < 5 < 5 < 20 < 5






1,88




3




2,67 < 0,10 6 5




13 < 5 < 0,5





2,49




3




3,98









2,33




8




1,93 < 2,00 6 < 5




32 < 5






2,27




3




1,89 < 0,10 11 18




26 < 5




0,7





2,28 107 15 9 5 1,94 < 0,10 9 28




31 7




< 0,30




1,40

2,18




17




1,96




6 < 5




29 10




< 0,30




0,80

3,03




145




3,20 < 2,00 33 5




36 31
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Locality Depth Date

FTU


Turb.

mg Pt/I


Col.

g.tS/cm


Cond pH

kv/I

Alk

mg/I


Ca

mg/I


Mg

mg/1


Na

mg/I


K

mg/I


Fe

I.LekvA


SSS

mg/I


SO4

Shu-s 0,2 27-06-91 1,80 48 57,7 6,91 230 4,66 1,44 2,09 0,43




291 10,45

Shu-s 0,2 04-09-91 0,45 22 67,1 7,27 408 7,18 1,58 2,43 0,62




243 7,72

Shu-s 0,2 30-06-92 0,22 13 28,4 6,56 70 2,15 0,70 1,67 0,57




162 5,25

Sh 0,2 27-06-91 0,44 17 29,4 6,45 76 1,89 0,69 1,56 0,42




168 5,54

UPe-s 0,2 04-09-92 0,41 19 27,2 6,62 78 2,18 0,69 1,54 0,40




156 4,90

Ni 0,2 30-06-92 0,40 31 31,4 6,63 123 2,65 0,87 1,77 0,42




174 4,62

Ni 0,2 04-09-92 0,85 58 25,7 6,55 101 2,18 0,83 1,44 0,37




131 3,74

Al 0,2 30-06-92 0,46 28 29,9 6,63 135 2,46 1,00 1,58 0,48




128 3,98

Al 0,2 04-09-92 0,91 37 29,1 6,81 140 2,54 0,98 1,47 0,43




126 3,91

Kuv-s 0,2 29-08-90 0,42 20 64,0 6,93 239 5,07 1,35 3,23 0,54 40 286 8,32

Kuv-s 0,2 26-06-91 0,52 30 47,1 6,64 111 3,63 1,12 2,79 0,38




292 9,08

Kuv-s 0,2 06-09-91 0,46 18 90,0 7,40 522 8,77 2,16 3,67 0,82




325 9,82

Kuv-s 0,2 02-09-92 0,52 31 51,2 6,87 156 4,23 1,28 3,04 0,63




286 8,32

Ro 0,2 29-06-91 1,00 52 57,4 6,66 173 4,50 1,38 3,33 0,60




341 10,27

Pechenga River System









BMa 0,2 30-06-92 0,48 27 41,8 6,53 98 2,94 1,14 2,84 0,31




256 7,20

Ma 1,0 02-08-91




61,3 6,65 272 4,75 1,33 3,23 0,36




269 7,91

Ma 10,0 02-08-91




61,2 6,39 253 4,71 1,29 3,14 0,36




280 8,33

Ma 1,0 06-09-91 0,88 22 56,6 6,80 197 4,63 1,31 2,88 0,34




297 8,97

Ma 10,0 06-09-91 0,98 22 56,5 6,58 196 4,61 1,31 2,90 0,35




299 8,98

Ma-i 0,2 01-09-90 0,76 16 81,6 7,05 409 9,78 1,51 3,04 0,33




367 12,22

Ma-i 0,2 27-06-91 4,00 24 75,8 6,92 316 8,31 1,51 2,87 0,34




373 12,79

Ma-i 0,2 06-09-91 1,20 22 84,0 7,06 369 9,24 1,59 3,10 0,35




385 12,67

Ma-o 0,2 01-09-90 0,44 21 56,2 6,80 191 4,77 1,26 2,87 0,36




298 9,14

Ma-o 0,2 27-06-91 1,50 22 50,8 6,85 177 4,40 1,22 2,64 0,36




279 8,80

Ma-o 0,2 02-09-92 0,74 39 50,9 6,77 164 4,53 1,33 2,80 0,28




284 8,51

May-s 0,2 01-09-90 0,83 22 56,2 6,91 201 4,58 1,36 3,10 0,40 26 291 8,39

May-s 0,2 01-09-92 0,55 19 82,5 7,08 304 10,16 1,53 2,95 0,33




430 14,27

Ana-s 0,2 02-09-92 0,42 22 56,8 6,83 133 3,99 1,59 3,60 0,68




349 10,49

Na-s 0,2 27-06-91 0,72 15 68,6 6,93 207 5,22 1,74 2,73 0,36




407 14,93

Ar-s 0,2 27-06-91 1,70 9 315,0 6,89 281 23,71 13,00 7,17 1,47




2359 101,17

Ch-s 0,2 01-09-92 0,86 24 72,9 6,81 185 7,19 2,00 2,87 0,33




448 16,90

Tr 0,2 30-06-92 2,30 5 67,4 6,57 90 2,47 1,56 7,05 0,74




487 8,11

Lh 0,2 30-06-92 0,26 5 50,8 6,24 30 2,03 1,11 4,95 0,41




381 7,18

Pasvik River System









Ku-1 0,2 29-08-90 1,70 15 143,5 6,73 342 12,06 4,10 6,94 1,40 29 887 35,98

Ku-1 0,2 26-06-91 3,20 17 158,3 7,16 381 9,91 4,75 8,39 1,65




996 39,88

Ku-1 20,0 26-06-91 2,50 17 161,9 7,02 393 10,30 5,11 8,63 1,64




1027 41,14

Ku-1 1,0 30-07-91 1,50 15 152,6 7,05 360 12,60 4,50 7,89 1,59




896 36,10

Ku-1 15,0 30-07-91 2,00 16 153,7 6,92 357 12,60 4,47 7,99 1,57




900 35,96

Ku-1 1,0 03-09-91 2,90 15 152,3 7,02 366 11,37 4,33 7,76 1,53




943 38,52

Ku-1 15,0 03-09-91 3,30 16 152,9 7,03 375 11,51 4,44 7,90 1,54




955 39,16

Ku-1 0,2 30-06-92 1,30 18 136,4 6,93 293 11,25 4,02 7,31 1,35




902 36,92

Ku-1 0,2 27-07-92 1,10 21 125,5 6,61 189 9,65 3,60 6,07 1,09




860 31,23

Ku-1 0,2 01-09-92 2,10 27 117,6 6,96 283 10,58 3,56 5,57 0,99




754 30,72

42
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mg/I


CI

gg/I


Tot-N

p.g/1


NO3-N Tot-P
[19/1
PO4-P

g.9/I

Si

ppb


Cd

ppb


Cu

ppb


Mn




ppb


Ni

ppb


Zn




ppb


Pb

ppb


Cr




ppb


As

2,39




86




2,17 < 0,10 5 10




15 < 5 < 0,5




2,52




151




3,19








1,82 92 18 2 1 1,32 < 0,10 < 5 < 5 < 5 < 5



< 0,30
 0,37

1,85




3




1,17








1,86




19




1,26




< 5 < 5 < 5 29




0,61 < 0,30

2,71 190 17 7 4 2,74 < 0,10 < 5 7 < 5 5




0,39 < 0,30


1,84




13




1,65




< 5 16 < 5 66




0,32 < 0,30


1,58 153 10 7 1 1,84 < 0,10 < 5 27 < 5 < 5




< 0,30 < 0,30


1,56




15




1,50




< 5 16




8 5




< 0,30 < 0,30

3,97




4




2,93 < 2,00 5 < 5 < 20 < 5






3,63




11




1,96 < 0,10 7 8




18 < 5 < 0,5





4,27




3




3,47









3,97




14




2,85




5 8




18 72




0,60 < 0,30

4,49




4




1,39









3,73 252 16 8 2 1,50 < 0,10 9 6




28 13




0,69




0,53

3,66




20




1,49




31 5




32 25






3,70




30





65 9




52 47






3,88




7




1,29




19 9




25 12






3,96




5




2,21




16 10




25 9






3,89




38




0,98 < 2,00 9 < 5




22 6






3,77




8




1,45 < 0,10 11 < 5




32 < 5 < 0,5





4,19




42




1,35









3,80




6




1,46 < 2,00 7 < 5




27 < 5






3,37




9




1,78 < 0,10 10 5




20 < 5




1,5





3,68




40




1,86




8 6




35 96




0,51 < 0,30

4,10




9




2,05 < 2,00 6 < 5




27 < 5






3,75




376




2,18




< 5 < 5




26 < 5




< 0,30




0,35

4,59 180 13 5 4 3 ,49




< 5 < 5 < 5 7




< 0,30 < 0,30

3,39




3




1,87 < 0,10 7 9




42 < 5 < 0,5





4,84




1640




1,99 < 0,10 7 67




116 13 < 0,5





3,37




14




2,37




7 < 5




63 < 5




< 0,30




0,51

11,20 83 27 20 6 0,95 < 0,10 < 5 < 5




7 7




0,51




0,53

8,17 63 11 1 < 1 0,88 < 0,10 < 5 < 5




9 10




< 0,30 < 0,30

4,69




86










5,49




149




1,12 < 2,00 7 57




58 < - 5






5,58




185




0,97 < 0,10 6 46




68 5




0,8





5,01




46




2,03 < 0,10 6 123




83 < 5




0,9





5,17




80




0,10




13 36




63 12






4,99




11




0,07




94 59




77 66






4,93




13




0,04




9 75




56 < 5






4,71 245 10




0,07




12 68




58 5






4,26




34 7 1,00 < 0,10 18 24




77 18




1,21




0,90

4,03 166 10




0,80




16




63 12




1,33




1,27
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Locality Depth

Ku-2 15,0

Ku-2 1,0

Ku-2 15,0

Ku-2 1,0

Ku-2 15,0

Ku-2 0,2

Ku-2 0,2

Ku-2 0,2

Ku-2 0,2

Ku-3 0,2

Ku-3 1,0

Ku-3 15,0

Ku-3 1,0

Ku-3 15,0

Ku-3 0,2

Ku-3 0,2

Ku-3 0,2

Ku-4 0,2

Ku-4 15,0

Ku-4 1,0

Ku-4 1,0

Ku-4 15,0

Ku-4 0,2

Ku-4 0,2

Ku-4 0,2

Ku-5 0,2

Ku-5 15,0

Ku-5 1,0

Ku-5 15,0

Ku-5 1,0

Ku-5 15,0

Ku-5 0,2

Ku-5 0,2

Ku-5 0,2

Ku-6 1,0

Sal 0,2

Sal 1,0

Sal 10,0

Sal 1,0

Sal 5,0

Sal-1 15,0

Sal-2 0,2

Sv-2 0,2

Sk 0,2

Sk 0,2

Sk 1,0

Sk 20,0

Date

26-06-91

30-07-91

30-07-91

03-09-91

03-09-91

30-06-92

28-07-92

01-09-92

26-06-91

30-08-90

30-07-91

30-07-91

03-09-91

03-09-91

30-06-92

28-07-92

02-09-92

26-06-91

26-06-91

31-07-91

03-09-91

03-09-91

30-06-92

28-07-92

02-09-92

26-06-91

26-06-91

31-07-91

31-07-91

03-09-91

03-09-91

30-06-92

28-07-92

02-09-92

31-07-91

29-08-90

02-08-91

02-08-91

05-09-91

05-09-91

28-06-91

28-06-91

04-09-90

04-09-90

01-07-91

03-08-91

03-08-91

FTU


Turb.

1,60

1,80

3,20

2,50

1,60

1,80

1,60

3,70

3,00

1,50

3,70

2,90

10,00

1,80

3,20

2,20

2,60

2,80

1,80

2,20

2,40

2,60

3,50

2,30

4,80

3,30

4,00

1,80

2,80

1,90

2,40

1,60

1,60

1,50

3,80

4,60

3,80

9,30

1,40

mg PtA


Col.

17

16

17

16

19


23


29

19

20


19

18

17

17

19


28


32

19

18

18

20

27

32

23

20

21

19

19

23

37

36

20

18

16

15

21

23

14

16


16

p.S/cm


Cond

153,6

154,8

153,3

153,0

135,5

124,0

118,5

161,1

153,8

152,1

152,3

155,7

154,8

132,3

121,6

119,8

152,0

156,1

156,0

131,7

122,1

120,1

148,2

150,1

148,0

157,3

157,0

123,9

112,0

122,6

154,0

146,5

44,0

43,6

35,4

34,0

95,4

157,5

32,2

37,9

43,1

47,9

52,1

pH

6,93

6,55

7,00

7,06

7,05

6,82

6,96

7,11

6,66

6,98

6,75

7,08

7,00

6,82

6,87

7,00

6,72

7,02

7,02

6,82

6,89

7,03

7,08

6,89

6,56

7,02

6,96

6,87

6,85

6,98

6,89

6,90

6,72

6,72

6,98

6,92

6,98

7,07

6,78

6,57

6,97

7,01

6,78

pekv/1


Alk

357


349


373

366


288

273


283

377

388

354

349

378

367

269

266

286

358

379


379


271

274


293


334

350

355

389


385


261

263

295

358

342

251

264

198

194

273

360

181

182

199


269


266

mg/1


Ca

12,79

13,02

11,51

11,55

11,19

9,74

10,75

9,81

12,80

12,89

12,93

11,57

11,71

11,00

9,82

10,81

12,84

11,69

11,72

10,94

9,76

10,93

9,09

13,03

12,01

11,87

11,75

10,36

9,47

11,20

12,48

12,10

3,48

3,21

2,91

2,75

5,84

9,25

2,77

3,26

2,87

3,72

3,82

mgA


Mg

4,43

4,61

4,42

4,34

4,06

3,61

3,64

5,01

4,19

4,47

4,59

4,45

4,45

3,98

3,58

3,72

4,56

4,52

4,54

3,91

3,60

3,71

4,50

4,40

4,38

4,58

4,44

3,69

3,26

3,87

4,52

4,08

1,11

1,02

1,03

0,98

2,79

4,88

0,92

1,07

1,23

1,26

1,31

mg/1


Na

7,93

7,99

7,97

7,79

7,24

6,13

5,55

8,55

7,43

7,79

7,73

7,98

8,03

6,95

5,77

5,49

7,79

7,96

8,07

6,81

5,90

5,58

7,56

7,58

7,57

7,91

7,95

6,45

5,07

5,51

7,96

7,09

2,23

2,11

1,64

1,54

4,82

8,36

1,47

1,79

2,07

2,51

2,65

mgA


K

1,56

1,58

1,56

1,51

1,45

1,11

0,99

1,66

2,18

1,52

1,55

1,51

1,55

1,26

1,04

0,96

1,51

1,53

1,58

1,23

1,04

0,97

1,48

1,47

1,44

1,54

1,53

1,15

0,94

0,97

1,50

1,42

0,50

0,48

0,50

0,46

1,04

1,64

0,44

0,51

0,56

0,57

0,61

mgA


Fe

26
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gekv/1 mg/1

	

SSS 504

	

920 36,84

	

929 36,68

	

941 38,49

	

959 39,51

	

919 37,25

	

789 31,90

	

761 31,25

	

1022 41,73

	

959 36,95

	

899 36,60

	

910 36,63

	

973 40,05

	

981 40,48

	

885 36,39

	

782 31,27

	

774 31,93

	

904 36,28

	

958 39,41

	

978 40,32

	

897 36,95

	

772 31,38

	

780 32,28

	

943 39,15

	

901 36,20

	

870 35,30

	

988 40,76

	

989 40,53

	

855 34,46

	

704 28,52

	

799 33,12

	

921 37,35

	

907 36,91

	

147 5,06

	

132 4,44

	

136 4,80

	

122 4,06

	

564 22,05

	

1013 40,58

	

114 3,94

	

161 5,73

	

195 6,98

	

174 6,13

	

187 6,47
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mg/I


CI

gg/I


Tot-N

gg/I


NO3-N Tot-P

18

PO4-P

5

Si

1,13

ppb


Cd

ppb


Cu

5

ppb


Mn

< 5

ppb


Ni

67

ppb


Zn

< 5



ppb


Pb

ppb


Cr

< 0,30 


ppb


As

0,60

5,00




163




< 0,10 5 63 77 < 5 < 0,5




5,01




339




0,05




21 50 66 15





4,89




21




0,28




25 138 78 17





4,83




8




0,08




10 86 58 < 5






5,03 272 22




0,04




10 86 58 < 5






4,28




65 48 8 1,05 < 0,10 31 39 80 26




0,49




0,90

3,91 170 10




0,73




23




57 27




< 0,30




0,34

5,29




60 13 7 1,22




< 5 < 5 77 < 5




< 0,30 < 0,30

5,30




568




0,78 < 0,10 5 47 72 < 5 < 0,5





4,85




4




1,01 < 2,00 11 < 5 79 30






4,84




158




0,04




25 44 72 15






4,89




24




0,55




13 292 88 8






4,85




20




0,05




53 92 65 36






4,48 284 22




0,11




12 90 60 < 5






4,03




243 33 9 1,08 < 0,10 34 43 85 32




0,66




1,00

3,84 179 10




0,99




42




103 28




0,37




0,87





17 8 1,30




< 5 7 82 < 5




< 0,30 < 0,30






< 0,10 7 42 76 < 5 < 0,5





4,75




214





< 0,10 10 125 106 10




2,4





4,87




3




0,04




20 75 77 13






4,85




29




0,06




12 77 61 < 5






4,34 306 70




0,04




10 75 61 5






4,09




49 35 16 1,19 < 0,10 41 48 96 35




1,06




0,90

3,81 231 12




0,97




60




120 41




0,36




0,68

4,52




3 26 10 1,34




< 5 < 5 82 < 5




< 0,30 < 0,30






1,9 < 0,10 19 39 112 12




1,4





4,63




238





< 0,10 18 92 122 13




0,8





4,63




64




1,71




16 43 104 9






4,76




71




0,19




11 131 84 6






4,82




130




0,05




8 70 68 < 5






4,67 325 78




0,06




15 71 80 9






3,67




99 37 17 1,33 < 0,10 58 42 117 46




0,65




0,80

3,73 240 57




1,35




23




65 32




0,46




1,22

4,76




128 27 17 1,70




< 5 < 5 96 5




< 0,30 < 0,30

4,72




84




0,06




15 53 80 7






1,45




5




0,95 < 2,00 6 < 5 62 < 5






1,40




5




1,79




< 5 8 < 20 < 5






1,28




2




1,95




< 5 7 < 20 < 5






1,33




7




1,58




5 10 < 20 6






3,44




116




1,67








5,25




287




1,07








1,13




6




0,52 < 0,10 8 36 73 < 5




0,8





1,47




7




1,66 < 2,00 < 5 < 5 < 20 < 5






1,74




12




1,52 < 2,00 < 5 < 5 < 20 < 5






1,62




10




1,67








1,81




12




1,59




< 5 6 < 20 6
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LocaIity Depth Date

FTU


Turb.

mg Pt/I


Col.

p.S/cm


Cond pH

gekv/I


Alk

mg/1


Ca

mgA


Mg

mg/I


Na

mg/I


K

mgA


Fe

gekv/I


SSS

mg/I


SO4

Sk 1,0 08-09-91 0,85 16 41,4 6,93 200 3,35 1,19 1,94 0,53




178 6,15

Sk 10,0 08-09-91








Ly 0,2 02-09-90 0,70 17 32,4 6,70 177 2,66 0,92 1,43 0,42




109 3,71

Ly 1,0 03-08-91




41,1 6,86 251 2,69 0,90 2,00 0,48




128 4,25

Ly 5,0 03-08-91




35,8 6,86 220 2,66 0,92 1,97 0,49




121 3,72

Ly 1,0 08-09-91









Ly 0,2 30-06-92 0,93 17 28,5 6,69 140 2,60 0,86 1,54 0,64




113 3,51

Ly 0,2 01-08-92 1,40 25 28,4 6,61 133 2,34 0,78 1,46 0,45




112 3,31

Ly 0,2 05-09-92 1,80 30 28,0 6,72 137 2,31 0,79 1,52 0,47




115 3,42

Ru 0,2 30-06-91 2,10 14 32,6 6,83 177 2,21 0,97 1,71 0,53




133 4,01

Ru 1,0 03-08-91




40,1 6,42 250 2,86 1,04 2,26 0,63




124 3,68

Ru 5,0 03-08-91




37,4 6,13 220 2,65 0,99 2,19 0,55




122 3,48

Ru 1,0 08-09-91 4,60 15 33,5 6,43 167 2,44 0,97 1,77 0,54




131 4,04

Ru 0,2 30-06-92 0,82 16 33,1 6,59 173 2,71 1,04 1,95 0,55




127 3,84

Ru 0,2 01-08-92 2,10 20 34,1 6,69 180 3,11 0,96 1,80 0,56




128 3,80

Ru 0,2 05-09-92 2,40 30 32,0 6,77 172 2,59 0,99 1,71 0,50




125 3,68

Va-s 0,2 30-06-91 0,79 23 25,2 6,65 99 2,01 0,67 1,49 0,46




134 5,03

Sam-s 0,2 30-06-91 1,00 52 35,1 6,62 144 3,14 0,82 2,22 0,41




179 4,74

Ny-s 0,2 30-06-91 0,74 114 29,6 6,11 119 2,52 0,97 1,77 0,42




155 4,84

Jarfjord Region










On-i 0,2 04-09-90 0,48 17 44,4 6,49 96 2,43 1,22 3,12 0,27 34 275 7,87

On-o 0,2 27-06-90 0,84 26 28,6 6,01 46 1,41 0,71 2,17 0,18 78 180 4,62

On-o 0,2 04-09-90 0,58 20 41,9 6,55 90 2,30 1,19 3,05 0,24 31 266 7,53

Ot 0,2 01-07-91 0,54 27 31,8 6,46 57 1,66 0,85 2,37 0,18




212 5,72

Ot-o 0,2 27-06-90 0,52 12 26,3 6,01 28 1,20 0,64 1,93 0,18 31 175 4,49

Ot-o 0,2 04-09-90 0,46 12 30,7 5,82 15 1,33 0,77 2,20 0,20




222 6,26

Ur 0,2 06-09-92 0,43 11 36,2 6,63 82 2,09 0,94 2,88 0,32




227 5,49

Ko 0,2 01-07-91 0,74 23 32,2 6,52 71 1,84 0,85 2,51 0,23




212 5,17

Ko 1,0 04-08-91




50,9 6,65 166 2,09 1,09 3,36 0,31




247 6,10

SS 0,2 02-07-91 0,46 8 36,0 6,52 53 1,69 0,91 2,85 0,33




248 5,88

SS 1,0 10-09-91 3,40 9 37,4 6,52 50 1,65 0,91 2,91 0,35




250 5,95

SS 0,2 30-06-92 0,31 8 36,9 6,40 51 1,72 0,98 3,14 0,39




248 5,76

SS 0,2 02-08-92 1,00 11 36,7 6,29 48 1,63 0,88 2,92 0,29




246 5,72

SS 0,2 06-09-92 0,32 11 36,3 6,50 51 1,77 0,96 3,01 0,32




248 5,93

Ba-s 0,2 02-07-91 0,44 26 34,6 6,55 78 1,79 0,88 2,70 0,19




226 5,60

Du 0,2 02-07-91 0,42 13 34,5 6,72 80 1,85 0,84 2,68 0,33




221 5,27

Du 1,0 10-09-91 0,55 14 38,4 6,70 86 1,87 0,94 2,98 0,35




232 5,48

Rv 0,2 02-07-91 0,64 11 35,7 6,30 34 1,59 0,84 3,04 0,31




262 5,60

Rv 1,0 10-09-91 0,86 12 38,5 6,33 40 1,57 0,89 3,22 0,31




267 5,81

Ka-s 0,2 01-07-91 0,66 28 42,1 6,75 101 2,66 1,06 3,05 0,38




269 6,87

Ja-s 0,2 01-07-91 0,49 22 36,9 6,58 69 2,05 1,01 2,60 0,30




245 6,66

ØG 0,2 07-09-92 0,40 7 34,1 5,75 11 1,31 0,83 3,04 0,20




258 5,62

AG 0,2 07-09-92 0,34 4 35,8 6,32 40 1,68 0,86 3,01 0,26




255 5,97

AG-i 0,2 07-09-92 0,25 3 31,7 6,05 17 1,49 0,73 2,67 0,20




236 5,94

Jar1 0,2 01-08-91 0,26 6 39,1 6,45 49 1,75 0,90 3,18 0,24




268 5,70

Jar2 0,2 01-08-91 0,23 3 35,5 5,17 0 1,20 0,71 2,84 0,24




263 5,87
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mgA


CI

1,76

pgA


Tot-N NO3-N

8

ggA


Tot-P

tgi1

PO4-P

i.tgA


Si

2,17




ppb


Cd

ppb


Cu




ppb


M n




ppb


Ni

ppb


Zn

ppb ppb

Pb Cr




ppb


As





1,43




< 5




7 < 20 < 5




1,12




6





35




5 < 20 28




1,39




5




1,78 < 2,00 < 5 < 5 < 20 < 5




1,51




13




1,65




5 < 5 < 20 6







1,48









1,38 97 21






< 5




5 < 20 < 5





1,48




15 6 1 1,58 < 0,10 < 5




5 < 5 < 5 0,53 < 0,30

1,52




18




1,56




< 5





7 23 0,31 < 0,30

1,75




3




1,77




< 5 < 5 < 5 28 0,33 < 0,30

1,67




11




1,08









1,72




14




1,09




< 5




16 < 20 < 5





1,66




6




1,19









1,66 244 10




1,07









1,71




13 17 5 1,22 < 0,10 7




11 < 5 8 0,56 < 0,30

1,69




12




1,09




< 5





21 26 0,45 < 0,30

1,02




3




1,11




< 5




12 < 5 29 < 0,30 < 0,30

2,81




9




1,11









1,89




7




1,32











2,11









3,94




3










2,95




4




2,68 < 2,00 < 5 < 5 < 20 < 5





3,85




3




1,42 < 2,00 < 5 < 5 < 20 < 5





3,26




11




2,24 < 2,00 < 5 < 5 < 20 < 5





2,87




5




1,31









3,25




3




0,84 < 2,00 < 5 < 5 < 20 < 5





3,95




15




0,24 < 2,00 < 5 < 5 < 20 < 5





3,67




3




1,59




< 5 < 5




7 < 5 < 0,30 < 0,30

4,22




7




1,09









4,43




11




1,16




15 < 5




79 15





4,44




6 '




1,41









4,49 31 18




1,42




10 < 5 < 20 9





4,45




12 5 1 1,52 < 0,10 18 < 5




7 19 < 0,30 < 0,30

4,38




18




1,64




12




< 5 12 < 0,30 < 0,30

3,86




4




1,57




< 5 < 5




6 5 < 0,30 < 0,30

3,93




7




2,07









4,16




3




1,59









5,13




3




1,71




17 < 5 < 20 13





5,16




7




0,80









4,45




12




0,61




8




8 < 20 10





3,76




9




1,55









4,98




10




1,62









4,59




14




0,58




< 5 < 5 < 5 5 < 0,30 < 0,30

3,92




19




1,19




< 5 < 5 < 5 38 < 0,30 < 0,30

5,29




6




1,11




< 5 < 5 < 20 7 < 0,30 < 0,30

4,97




4




0,73
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Locality Depth Date

Fru
Turb.

mg Pt/1


Col.

g.Skm


Cond pH

gekv/I


Alk

mg/1


Ca

mgA


Mg

mg/I


Na

mg/1


K

mg/I


Fe

ilekv/1


SSS

mg/1


SO4

Jar3 0,2 01-08-91 0,26 2 33,5 5,36 0 1,08 0,70 2,71 0,25




244 5,32

Jar4 0,2 24-07-91 0,38 2 34,0 5,27 0 1,08 0,75 2,67 0,23




251 5,81

Jar5 0,2 24-07-91 0,42 2 34,3 4,70 0 0,75 0,58 2,47 0,18




233 5,02

Jar6 0,2 24-07-91 0,25 2 38,1 5,53 0 1,32 0,85 3,05 0,35




284 6,57

Jar7 0,2 23-07-91 0,16 2 34,6 5,51 0 1,24 0,75 2,75 0,24




254 5,97

Ho 0,2 02-07-91 0,36 2 41,2 6,47 42 1,93 0,98 3,26 0,43




302 6,60

Ho-i 0,2 06-09-90 0,22 5 41,1 6,42 47 1,75 0,97 3,35 0,33




284 6,19

Ho-i 0,2 09-09-91









Ho-i 0,2 07-09-92 0,46 9 39,0 6,38 40 1,64 0,97 3,36 0,29




280 5,61

Ho-o 0,2 06-09-90 0,22 5 41,6 6,35 33 1,90 0,96 3,23 0,33




296 6,67

Ho-o 0,2 07-09-92 0,25 5 40,4 6,38 42 1,87 0,99 3,28 0,30




292 6,04

Ho-s2 0,2 06-09-90 0,28 5 46,2 6,53 54 1,98 1,15 3,82 0,45




320 7,02

Ho-s2 0,2 07-09-92 0,32 7 44,9 6,56 56 1,86 1,21 3,80 0,39




317 6,47

Ho-s3 0,2 06-09-90 0,16 8 50,6 6,81 120 3,19 1,20 3,34 0,39




308 8,49

Ho-s3 0,2 09-09-91









Ho-s3 0,2 07-09-92 0,36 7 38,9 6,41 41 2,21 0,88 2,97 0,26




270 6,96

Ho-s4 0,2 06-09-90 0,33 4 38,7 6,13 24 1,85 1,04 2,90 0,33




274 7,57

Ho-s4 0,2 09-09-91 0,30 4 39,3 6,37 35 1,75 0,85 2,98 0,31




267 6,10

Ho-s4 0,2 07-09-92 3,00 4 38,4 5,69 33 1,97 0,87 3,03 0,28




278 6,92

Ho-s5 0,2 06-09-90 0,19 4 38,2 6,36 38 1,78 0,85 2,93 0,29




263 6,29

FS-i 0,2 05-09-90 0,22 6 42,6 6,47 52 1,94 0,95 3,46 0,36




286 6,39

FS-i 0,2 07-09-92 0,34 5 37,2 6,13 21 1,44 0,88 3,26 0,26




282 5,79

FS-o 0,2 05-09-90 0,30 6 40,9 6,40 45 1,77 0,96 3,30 0,34




276 6,05

FS-o 0,2 09-09-91









FS-o 0,2 07-09-92 0,26 8 38,9 6,36 42 1,62 0,96 3,35 0,29




279 5,54

FS-s 0,2 06-09-90 0,26 12 41,8 6,43 63 1,74 1,13 3,32 0,35




277 6,19

AS 0,2 02-07-91 0,32 4 44,0 6,65 61 2,37 1,04 3,40 0,38




309 6,93

AS-o 0,2 05-09-90 0,22 5 43,8 6,53 59 2,27 1,01 3,39 0,37




299 6,87

AS-o 0,2 09-09-91









AS-o 0,2 07-09-92 0,32 6 43,6 6,55 63 2,17 1,06 3,46 0,34




303 6,38

AS-s 0,2 05-09-90 0,38 17 41,7 6,42 76 1,94 1,09 3,35 0,24 64 270 5,98

FH-i 0,2 28-06-90 0,36 5 35,6 5,21 0 1,13 0,72 2,98 0,23




259 5,50

FH-i 0,2 09-09-91









FH-i 0,2 07-09-92 0,26 5 35,2 5,35 0 1,21 0,74 3,09 0,19




266 5,21

FH-o 0,2 28-06-90 0,36 2 35,2 5,11 0 0,95 0,71 2,92 0,23




253 5,41

FH-o 0,2 05-09-90 0,40 2 35,5 5,08 0 1,00 0,71 2,88 0,24




258 5,53

FH-o 0,2 09-09-91









FH-o 0,2 07-09-92 0,20 1 35,1 5,17 0 1,02 0,76 3,06 0,21




263 5,12

AH-o 0,2 05-09-90 0,44 5 36,5 5,22 0 1,96 0,76 2,98 0,24




267 5,71

Hor-i 0,2 02-07-91 0,43 8 35,-0 6,37 38 1,58 0,85 2,87 0,32 .




251 5,66

Kob 0,2 02-07-91 0,60 2 37,3 6,17 25 1,65 0,85 3,00 0,35




276 6,07

Li 0,2 27-06-90 0,49 7 34,3 5,51 6 1,26 0,75 2,85 0,23




249 5,43

Li-i 0,2 27-06-90 1,40 37 38,5 5,54 18 1,52 0,85 3,22 0,16 66 271 5,89

Li-i 0,2 03-09-90 7,80 27 42,1 5,35 0 1,66 0,95 3,48 0,13 34 311 7,10

Li-o 0,2 27-06-90 0,46 7 34,6 5,43 1 1,26 0,74 2,84 0,24




252 5,50

Li-o 0,2 03-09-90 5,30 8 36,0 5,34 0 1,29 0,76 2,83 0,24




262 5,84

Li-s 0,2 27-06-90 0,80 11 33,8 5,37 5 1,24 0,74 2,87 0,21




243 5,24
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rngil p.g/I

a Tot-N

4,69

4,59

4,54

5,19

4,59

5,78

5,48

gg/1 119/1
NO3-N Tot-P PO4-P

5

5

4

3

6

13

7

P-9A

Si

0,87

0,30

0,75

0,15

0,47

0,66

0,96

ppb

Cd

ppb


Cu

ppb


Mn

ppb


Ni

ppb ppb ppb ppb
Zn Pb Cr As




0,97 < 2,00 < 5 < 5 < 20 < 5

5,76 9




< 5 < 5 < 20 < 5

5,57 3 0,98






-5,83 18 0,98 < 2,00 < 5 < 5 < -20 5

6,14 4 0,99






6,43 8 1,20 < 2,00 < 5 < 5 < 20 < 5

4,64 7 1,21







1,98 < Z,Q0 < 5 < 5 < 20 8

4,37 19




< 5 < 5 < 20 12

4,13 4 1,49






4,97 2 1,34 < 2,00 <5 < 5 < 20 9

3,70 15 1,05




< 5 < 5 < 20 < 5

4,66 8 1,38






5,42 3 1,24 < 2,00 < 5 < , 5 < 20 < 5

5,66 26 1,15 < 2,00 < 5 < 5 < 20 < 5

5,31 6 0,91







0,95 < 2,00 < 5 < 5 < 20 < 5

5,74 21




< 5 < 5 < t 20 < 5

5,24 3 0,97






5,83 3 0,82 < 2,00 < 5 < 5 < 20 < 5

5,49 7 0,99







1,06 < 2,00 < 5 < 5 < 20 < 5

5,96 22




< 5 < 5 < 20 < 5

5,14 4 1,09






5,10 2 1,66 < 2,00 < 5 < 5 < 20 < 5




0,52 < 2,00 < 5 15 < 20 8

5,57 7




< 5 11 < 20 < 5

4,97 3 0,63






5,05 0 0,47 < 2,00 < 5 62 < 20 7




0,43 < 2,00 < 5 57 < _20 6

5,53 8




< 5 46 < 20 5

5,23 6 0,48






4,69 9 0,48 < 2,00 < 5 15 < 20 6

5,15 51 1,07






4,81 5 0,96






5,23 3 0,39 < 2,00 < 5 8 < 20 5

5,77 6 0,17 < 2,00 < 5 7 < 20 6

4,87 5 0,11 < 2,00 < 5 8 <. 20 6

4,96 3 0,36 < 2,00 < 5 9 < 20 6

4,71 5 0,20 < 2,00 < 5 6 < 20 6
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Locality Depth Date

FTU


Turb.

mg PtA


Col.

gS/cm


Cond pH

gekv/I


Alk

mg/I


Ca

mg/I


Mg

mg/1


Na

mg/I


K

nina forskningsrapport044

mg/I gekv/1 mg/I

Fe S55 504

Li-t1 0,2 27-06-90 1,50 16 32,1 5,48 10 1,18 0,71 2,76 0,15 230 5,14

Li-t1 0,2 03-09-90 0,68 6 34,1 4,74 0 0,82 0,68 2,49 0,18 239 5,32

Li-t2 0,2 27-06-90 0,45 2 36,6 4,67 0 0,75 0,63 2,42 0,21 236 5,49

Li-t2 0,2 03-09-90 0,56 4 37,3 4,72 0 0,81 0,70 2,56 0,21 251 5,69

Li-t3 0,2 27-06-90 0,96 3 33,2 4,91 0 0,94 0,66 2,51 0,20 227 4,88

Li-t3 0,2 03-09-90 0,80 3 41,1 4,55 0 0,73 0,65 2,49 0,22 259 6,22

Li-t4 0,2 27-06-90 0,64 4 31,6 4,90 0 0,84 0,61 2,39 0,20 210 4,40

Da-i 0,2 27-06-90 0,33 8 34,6 5,53 3 1,34 0,74 2,88 0,22 251 5,49

Da-o 0,2 27-06-90 0,56 7 35,3 5,59 6 1,31 0,79 2,91 0,26 258 5,64

Da-o 0,2 04-09-90 2,80 7 35,7 5,55 0 1,30 0,80 2,89 0,26 262 5,73

Da-s 0,2 27-06-90 4,20 13 56,4 6,15 215 5,78 0,76 3,08 0,75 258 6,12

Russian- FinnishBorder









Por-o 0,2 29-08-92 39,00 19 55,1 6,96 301 6,57 1,03 1,94 0,61 202 6,32

Koh-s 0,2 29-08-92 0,74 39 30,8 6,85 180 3,07 0,87 1,50 0,55 105 3,02

Pul-s 0,2 27-08-92 0,52 22 28,3 6,76 152 2,51 0,95 1,28 0,40 102 3,26

Vi 0,2 29-08-92 1,40 34 26,3 6,65 125 2,07 1,05 1,29 0,34 108 3,45

Koc 0,2 25-08-92 0,76 26 31,6 6,78 190 3,10 1,05 1,33 0,41 101 3,52

Koc-i 0,2 27-08-92 0,30 39 32,0 6,79 185 3,28 0,94 1,57 0,37 1 15 3,72

Mad-s 0,2 26-08-92 0,72 35 30,0 6,70 173 2,83 1,06 1,33 0,39 103 3,24

Ont-o 0,2 26-08-92 0,34 33 29,1 6,73 160 2,48 0,99 1,53 0,36 104 3,35

50



nina forskningsrapport044

mg/I p.g/1

CI Tot-N

gg/1 gg/I

NO3-N Tot-P

gg/I gg/I

PO4-P Si




ppb


Cd

ppb


Cu




ppb


Mn




ppb


Ni

ppb


Zn

ppb


Pb

ppb


Cr




ppb


As

4,33 4 0,31 < 2,00 < 5




7 < 20 5




4,51 4 0,33 < 2,00 < 5 < 5 < 20 5




4,30 2 0,06 < 2,00 < 5




11




21 6




4,69 2 0,09 < 2,00 < 5




19 < 20 9




4,42 4 0,06 < 2,00 < 5




13 < 20 6




4,59 3 0,31 < 2,00 < 5




14 < 20 6





4,18 0 0,06 < 2,00 < 5




18 < 20 7





4,85 3 0,18 < 2,00 < 5




10 < 20 6





4,97 4 0,21 < 2,00 < 5




6 < 20 < 5





5,07 0 0,69 < 2,00 < 5




6 < 20 7





4,56 29 0,74 < 2,00 < 5 < 5 < 20 5






2,85 < 2,00




7 < 5 < 20 27





2,44 15 1,56




< 5 < 5 < 5 6 < 0,30 < 0,30

1,46 14 2,63




< 5




5 < 5 6 < 0,30 < 0,30

1,19 12 1,83




< 5




10 < 5 5 < 0,30 < 0,30

1,26 10 1,93




< 5




10 < 5 5 < 0,30 < 0,30

0,96 10 2,06




< 5




6 < 5 36




0,32 < 0,30

1,31 13 3,96




< 5 < 5 < 5 7




0,38 < 0,30


1,24 10 2,58




< 4




6 < 5 6




0,34 < 0,30

1,19 10 4,09




< 5 < 5 < 5 8




0,44 < 0,30
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Appendix 4. Zooplankton speciespresent in the lakes 1990-1992.

For Copepoda:E.g.=Eudiaptomusgracilis,E.go.=EudiaptomusgraciIoides,
A.t.= Acanthodiaptomus tibetanus, H.a.= Heterocopeappendiculata,C Ca= Cyclopsabyssorum,M.I.= Mesocyclopsleuckarti.
For Cladocera:H.g.= HoIopedium gibberum, 8.1s.=Bosminalongispina,
8.1r.=Bosminalongirostris, D.c.= Daphniacristata,D.1r.=Daphnialongiremis,
D.1s.=Daphnialongispina, D.g.= Daphniagaleata, Cq.= Ceriodaphniaquadrangula, 8.1m.=Bythotrepheslongimanus,
L.k.=Leptodorakindti.




COPEPODA






CLADOCERA







Region Loc Year E.g E.go. A.t. 11.a. C.s. C.a. M.I. II.g. 13.1s. 13.1r. D.c. D.1r. als. D.g. C.q. 11.hn. L.k.

Nikel Region

LN I 91.92
LN2 90.91.92
LN3 91.92
Sa 90.91.92
Sh 92
Ni 92
Al 92
Ro 92

x
x
x

x
x
x
x

x




x
x
x
x

x
x
x
x
x

x




x
x
x
x

x

x
x
x
x
x

x
x

x
x

x

x
x

x
x

x




x
x

x




Pechenga River System

Ma 90.91.92
Tr 92
Iii 92




x
x
x




x
x
x




x
x
x

x
x
x





x
x

x
x




x x

Pasvik River System












Ku-I 90.9 1.92
Ku-2 91.92
Ku-3 90.91.92
Ku-4 91.92
Ku-5 91.92

x
x
x
x
x




x


x

x
x
x
x
x

x


x

x

x

x




x
x
x
x
x

x
x
x
x
x

x
x
x
x
x






x
x
x
x
x

Sv - 1 90 x




x x




x x x x x





x




Sv-2 90 x




x x




x x x x x





x




Sk 90.91 x




x x




x x x x





x




x
Ly 90.91.92 x




x x




x x x x x





x




x
Ru 91.92 x




x x x x x x x x




x




x




x

JarfjordRegion

Ot 90




x




x x




x x




x






Ur 92
Ko 91
SS 91.92
Du 91
Rv 91
ØG 92
AG 92
Ilo 91
AS 90.91
111 90
Li 90
Da 90




x
x
x
x
x
x
x
x
x

x

x

x
x


x

x

i

x
x
x
x
i
x
x
x
x
x
x
x

x

x

x

x

x

x
x
x
x
x
x
x
i
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x

x




x


x

x

x

x

x

x

x

x

x

x

x

x

x




x

x

x

I

x

x

x

x

Russian-Finnish Border

Koc 92
Vi 92
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Appendix 5. Fishspeciespresent in the different lakesand streams 1990- 1992.

Iocalities\species Salmo SalvelinusCoregonus Coregonus Thymallys Perca Phoxinus Esox Lampetra Lota Gastrosteus Pungitus
trutta alpinus lavaretus albula thymallus fluviatilis phoxinus lucius fluviatilis lota aquleatus pungitus

Nikel Region

Kolosyoki

Pachtayoki

Sarasslaki

Shuoniyoki

Kuvernerinyoki

Rousenyarvi

Pechenga Riv. Sys.

Maayarvi

Naamiyoki

Chaukilampiyoki

Trifonayarvi

Pasvik Riv. Sys.

Kuetsyarvi

Lyngbukta/Ruskvatn

Jarfjord Region

Otervatn

Urdfjellvatn

St.Skardvatn

Durvatn

Rundvatn

T. Guokkolobbalat

A. Guokkolobbalat

F. Guokkolobbalat

Lake Jarfjord 1-7

Holmvatn

F. Skardvatn

A. Skardvatn

F. Høgfjellsvatn

Limgambergtjern

Dalvatn

Rus.-Fin. Border

Poriyarvi

Koh isevaniyoki

Puldkasjyoki

Virtuovoshyavr

Kocheyarv

Madsasjyoki

Ontasjyavr
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