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Abstract

Nøst, T., Lukin, A., Schartau,A.K.L., Kashulin, N., Berger, H.M,
Yakovlev,V., Sharov,A. & Dauvalter,V. 1997. Impactsof polluti-
on on freshwater communities in the border region between
Russiaand Norway.III. Resultsof the 1990-96 monitoring pro-
gramme. - NINAScientificReport29: 1-37

This report summarisethe resultsand conclusionsof the investi-
gations in the border region between Russiaand Norway,prima-
ry in selected monitoring lakes during 1990-96. The results of
the 1996 investigationsare given a more thorough presentation.
Resultson speciescomposition, abundancesand biomassesof
phytoplankton, zooplankton, zoobenthos and fish communities,
as well as population parameters (length and age distribution)
for different fish speciesare presented. Pathologicalstate and
trace metal accumulation in fish are analysed. The biological
results are related to analysesof chemical parameters in lake
sedimentsand water.

During the period of study (1990-96) adverseeffects of trace
metal pollution near the industrial centres of Nikel and Zapoly-
arny were recorded. Trace metal accumulation, pathological
anomalies in fish and low invertebrate diversitywere observed.
Indications of acidification impacts were only found in the Jar-
fjord Regionin Norway. Impactsof pollution on freshwater com-
munities decreasewith distance from the sources.However,the
causesand consequencesare difficult to follow due to 1) diffe-
rent loads and compositions of pollutants within small areas,2)
geological complexity and 3) the biotic relationshipswhich may
differ between lakes. Although there exist significant variations
in water quality and biological parameters from one year to
another, the resultsindicate a slight improvement in the limnolo-
gical state of the lakesfrom 1990 to 1996, especiallyin the aci-
dified lake Dalvatn in the Jarfjord Region.

The six-yearstudy providesa satisfactorybasisfor evaluatingthe
biological benefits to freshwater communities of future purifica-
tion processingof emissionsfrom the Pechenganickelfactories.
Unlike in other polluted areas in Scandinavia and Northern
Europe, local emissionscompletely dominate the pollutant load
in the border region between Russiaand Norway. This fact
makesthe region unique for studiesof the effects of pollutants
and the recoveryof freshwater communities.We recommendan
intensivemonitoring programme on freshwater communitiesfol-
lowing purification processingof emissionsfrom the Pechenga-
nickel factories.

Key words: Freshwatercommunities - pollution - acidification -
heavymetals- Kola Peninsula.

Terje Nøst, Ann Kristin Lien Schartau and Hans Mack Berger.
Norwegian Institute for Nature Research,Tungasletta2, N-7005
Trondheim, Norway.
Anatoli Lukin, Nikolai Kashulin,Valery Yakovlev,Andrey Sharov
and Vladimir Dauvalter. Institute of North Industrial Ecology
Problems, Kola Science Centre, 14 Fersmanst. Apatity, Mur-
manskreg., Russia.
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Preface
The impact of pollution on the environment of the Kola
Peninsulahas increasedduring recent decadesdue to the activity
of a large number of mining factories and metallurgical industri-
es. As a consequencea bilateral agreement between Russiaand
Norway was establishedin 1988. Under the terms of this agree-
ment, a cooperative study on freshwater communities in the
border area started in 1990. A baselinestudy of the pollution
impact on freshwater communities in the border region was car-
ried out in 1990-1992 (Nøstet al. 1991, Langeland 1993). The
main co-operating institutions havebeen INEP(Institute of North
Industrial Ecology Problems,Kola ScienceCentre, Apatity) and
NINA(Norwegian Institute for Nature Research,Trondheim).The
baselinestudy was followed by a joint Russian-Norwegianmoni-
toring programme in selected lakes for the period 1993-1996.
The monitoring programme was performed everyyear except in
1994. The results of the investigations in 1993 and 1995 are
presented in Langeland et al. (1994), Lukin et al. (1995) and
Nøstet al. (1996).The aim of this report is primarily to summari-
sethe resultsand conclusionsfrom the lakesmonitored in 1990-
96. The results of the investigationsin 1996 are given a more
thorough presentation. The Norwegian project leaders were
Arnfinn Langeland(1990-1995) and Ann Kristin Schartau(1995-
1997). The Russianproject leaderswere Valery Jakovlev( 1990-
1992)and Anatoli Lukin (1990-1996 ).

In 1996 field investigations took place between September 3
and September 8. The following persons participated in the
fieldwork in 1996: Anatoli Lukin, Nikolai Kashulin and Andrey
Sharovfrom INEP,and Terje Nøst and Hans Mack Berger from
NINA.

We thank the following for assistancein analyzing water and
biological material in the laboratory: J.Sharova,and 0.Vandysh,
INEP,S. Lierhagen(chemistry)and B. Walseng (littoral crustace-
ans) NINA, H. Huru (zoobenthos)Universityof Tromsø, Norway,
H. Muladal (zoobenthos) Akvaplan-NIVA, Norway and Ø.
Løvstad,(phytoplankton) Limnoconsult,Norway.

The following persons have also made important contributions
to this report (in alphabeticalorder):
H.M. Berger,fish communities
V. Dauvalter,lakesediments
N. Kashulinand A. Lukin,fish pathology
T. Nøst,zooplankton
A.K.L. Schartau,water chemistry,phytoplankton and trace metal
accumulation
A. Sharov,phytoplankton
V. Yakovlev,zoobenthos

The monitoring programme has been financed by the Norwe-
gian (Directorate for Nature Management and Ministry of
Environment) and Russian (Academy of Sciences of the
USSR/Russia)environmentalauthorities.

Trondheim, May 1997
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1 Introduction

The Pechenganickelfactories in the Russiantowns of Nikel and
Zapolyarnyare the main sourcesof pollutants which affect the
environment in the border region between Russiaand Norway.
As a result of long-term pollution impacts in this region, damage
to terrestrial and aquatic ecosystemsis obvious. High concentra-
tions of pollutants in the atmosphere and effects on vegetation
areevident evenon the Norwegian side.The pollutant load from
the Pechenganickelfactories mainly consistsof nickel (Ni), cop-
per (Cu), sulphur dioxide (502) and dust (Hagen et al. 1990,
Sivertsen1990).Trace metals are assumedto be deposited near
the sources, while gases may be transported longer distances
and then precipitate as acid deposits. Emissionsof SO2from the
Pechenganickelfactories have been measuredsince 1973. The
highest annual emissionof 502 were registered between 1974
and 1988 (300,000 - 400,000 tons) (Løbersli & Venn 1994).
Since 1988, emissionshave been reduced to an annual level of
200,000 - 300,000 tons.

During the past few yearssevereimpactsrelated to the pollutant
load on both the terrestrial (Løbersli& Venn 1994) and freshwa-
ter (Nøst et al. 1991, Langeland 1993, Langelandet al. 1994,
Hesthagenet al. 1997) biota have been documented. Impacts
on freshwater communitieswere most pronounced near the fac-
tories, but more remote areasare alsoaffected.

2 Study area
The study area near the Russian-Norwegianborder is located at
latitude 69-70( N and longitude 29-31( E.The areawas divided
into four regions (cf. Langelandet al. 1993); 1) Nikel Region,2)
PechengaRiver System, 3) PasvikRiver System including Lake
Kuetsyarviand 4) Jarfjord Region.

The monitoring programmeincludedeight lakes(figure 1, table
1); four lakes in the Nikel Region(Rousenyarvi,Shouniyarvand
two small lakesnear Nikel town; LakeNikel 1 and LakeNikel 2),
Lake Maayarvi in the PechengaRiverSystemand three lakes in
the Jarfjord Region on the Norwegian side (Dalvatn, F.
Guokkolobbalat and S. Skardvatn).During the study period the
sampling frequency differed between the localities (table 2). In
1996 all the lakeswere sampled.

Alk

0 10 km

Dalvatig "\f— kF. Gjokkolobbalat

Jarqord

c.-Qbg S. Skalin

•

''''''''
Pedlenga

KIRKENE

NORWAY
V\-"7

tsya,/.--- •
Maayarvi

Svanvik

.... I EL---------"'" ZAPOLYARNY

k • ik., i•Lake Nikel 2 A

Lyngbukta

Nsvilte&A".

Figure
Map of study area with the investigatedlakes.

The pollutant load differs from one region to another. The Pasvik
RiverSystemdrains the Nikel town areathrough LakeKuetsyarvi.
In the other regions pollutants are mainly transported by air. The
pollutant load is thus determined by the distancefrom the emis-
sion sourcesand by wind direction. The immediatesurroundings
of the factories receivethe largest amounts of pollutants in the
form of gasesand dust. Prevailingwinds near the factories are
mostly north-east, partly north and north-west. This meansthat
the north-eastern regions of Norway including the Jarfjord

This report summarisethe resultsand condusions of the studies
made in the border region, primarily in selectedmonitoring lakes
during the period 1990-96. The report should also be regarded
asan annual report for the 1996 investigations.An evaluationof
these resultsand of the processof reconstructionof the air puri-
fication systemsof the factories will form the basisfor further
investigationsin the border region.

The report presentsresultsregarding speciescomposition, abun-
dancesand biomassesof phytoplankton, zooplankton, zooben-
thos and fish communities. Pathologicalstates and trace metal
accumulation in fish are analysed.The biological resultsare rela-
ted to analysesof chemical parameters in lake sediments and
water.

Table i. Sitedescriptionof monitored localities.

Locality




Zone UTM-OV UTM-NS Area (ha) m a.s.l.

StoreSkardvatn SS 36W VC 412800 7725200 80 238
FørsteGuokkolobbalat FG 36W VC 414250 7734250 20 186
Dalvatn Da 36W UC 398100 7734300 35 132
Shuoniyavr Sh 36W UB 384900 7686100 850 190
Rousenyarvi Ro 36W UC 398500 7717500 200 99
Maayarvi Ma 36W VC 409500 7708200 25 180
LakeNikel 1 LN1 36W UC 393000 7703500 10 50
LakeNikel2 LN2 36W UC 398400 7704100 20 100
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Region,also receivesair transported pollutants (Scholdageret al.
1983). However, the load in this area is lower than in the areas
near the sources.

The geology of the border region is complex,with hard bedrock
predominating in the Jarfjord region and more solubleand richer
(more Ca and Mg) bedrock in the other regions (Atlas.1971,
Sigmondet al. 1984).

The climate is influenced by warm currents from the Northern
Atlantic and by cold flows from the Arctic (Yakovlev1991). The
annual mean temperature in the border area is low, e.g. -0.3 °C
in Pasvik,Norway.Annual precipitation in Pasvikis low, 358 mm
(Bøyum 1970, NVE 1987). Surfacewater systemsdrain into the
BarentsSea.Mean annual runoff in the PechengaRiverSystemis
in the range of 600-800 mm.

3 Material and methods
The sampling programme in the lakes monitored in 1990-96
included water chemistry, phytoplankton, zooplankton, zooben-
thos and fish. Data from the programme for 1990-95 havebeen
presented in earlier reports; Langeland(1993), Langelandet al.
(1994), Nøstet al. (1991), Nøstet al. (1996). This report presents
some complementary and summarised results from 1990-95,
and the results of the 1996 study and also discusssamplesof
lake sediments taken in 1992. Lake sediments are included in
the monitoring programme on water quality in the border regi-
on (INEPand NIVA: Norwegian Institute for Water Research).
Somedata on the metal content of sedimentshavebeen publis-
hed earlier (Traaenet al. 1990, 1991, Norton et al. 1992, 1996,
Rognerud& Fjeld 1990, 1993, Rognerudet al. 1993, Moiseenko
et al. 1995, Dauvalter1992, 1994, 1997).

3.1 Water chemistry

Water sampleswere collectedfrom depths of 0.2-1 m for analy-
sis of various chemical parameters, including a number of trace
elements such as the heavy metals chrome (Cr), manganese
(Mn), iron (Fe), nickel (Ni), copper (Cu), zinc (Zn), arsenic (As),
lead (Pb),and cadmium (Cd),aswell asaluminium (AI).The sam-
ples were stored under cool and dark conditions until analysis.
Analysiswere carried out at NINA's analytical laboratory using
standard methods (appendix 1).

3.2 Sediments

Sediment sampleswere collected from the lakes in September
1992 using an ordinary gravity sediment corer as described by
Skogheim (1979). In Maayarvi, Rousenyarviand Shuoniyavrthe
upper 10-cm and lower 1-cm layersof the sedimentwere collec-
ted and sectioned in 1-cm layers for analysis.The upper and
lower 1-cm layerswere sampled from the other five lakes.The
sediment sampleswere dried for 6 h at 105°C and water con-
tent was expressedasa percentageof wet weight. The sediment
sampleswere then ignited for 4 h at 550°C for determination of
the lossof ignition asan indirect indexof organic matter content
(Håkanson1980). Concentrationsof Ni, Cu, Co, Zn, Cd, Pb, Fe,
Mn, Al, K, Na, Ca and Mg in the sedimentswere analysedby
atomic absorption spectrophotometry (Perkin Elmer 460 and
560) using the standard addition technique. For metal analyses

Table2. Sampling in monitored lakes in 1990-1996. Locality code as indicated in Table 1.

Loc. Waterchemistry Lakesediments Phytoplankton

	

1990 1991 1992 1993 1995 1996 1992 1990 1991 1992 1993

SS X X X X X X X

FG x x x x x

Da x x x x x x

Sh x x x x x x

Ro x x x x x x

Ma x x x x x x x x

LN1 x x x x x x x x x

LN2 x x x x x x x x

Zooplankton Zoobenthos Fish

1995 1996 1990 1991 1992 1993 1995 1996 1990 1991 1992 1996 1990 1991 1992 1993 1995 1996


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 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 X X X X

	

X X X X X X X X X X

7
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-0.4 g sediment sample (dry wt.) was taken and digested in a
Teflon 'bomb' for 4 h at 140°C with 2 ml concentrated nitric
acid. Hg was determined usingcold vapour atomic absorption.

Analyseswere done at INEP'sand NINA's laboratories. A more
detailed description of the analytical methods is given in
Rognerudet al. (1993) and Dauvalter(1994).

In order to determine the anthropogenic influence on the lake
ecosystems,the trace metal contamination factor (Cf) for each
metal (Ni, Cu, Co, Zn, Pb,Cd, Hg)was calculatedasthe quotient
of concentrations from the uppermost to the deepest layers,
accordingto the method suggestedby Håkanson(1980).

3.3 Phytoplankton

Phytoplankton sampleswere taken from all the lakes (table 2).

Two different approacheswere taken concerning the sampling
methodsand the analysisof the phytoplankton.

A rough estimate of the main phytoplankton taxa: in 1991-
1996 phytoplankton were collected as mixed samples(100 ml)
from depths of 0-5 m, using a tube sampler (length: 1 m).
Phytoplanktonsampleswere preservedin 2 % Lugol's solution.
Subsampleswere settled overnight in 50 ml chambers,and enu-
merated using a Nikon TMS Inverted microscope (Utermöhl
1958).The nomenclature is in accordancewith Tikkanen (1986).
Phytoplankton biomasswas calculated using standard cell volu-
mes, basedon approximating shapesto regular geometric figu-
res, and then converting cell volumes to biomass units
(Wi11én1976).The total population biomassof each algal species
(g wet weight per m3)was determined by multiplying density by
cell biomass.The total algal biomasswas determined by adding
the biomassvalue for individual species.The sampleswere ana-
lysedby ØyvindLøvstad,Limnoconsult,Norway.

In 1995 and 1996 more detailed studies of phytoplankton
were carried out. One-litre samplesfrom the surface of the lake
were preservedin 2 % Lugol's solution and neutralised formal-
dehyde. Specieswere identified and enumerated using a Zeiss
inverted microscope. The nomenclature is in accordance with
Tikkanen (1986). The volume of phytoplankton specieswas cal-
culated using regular geometric figures (Tikkanen 1986). These
sampleswere analysedby Andrey Sharov,INEP.

3.4 Zooplankton

Quantitative zooplankton sampleswere taken with a 5 I tube
sampler,1 m in length. Thewater was sievedthrough a net with
a mesh size of 45 pm. In LakeLN1, Lake LN2, Rousenyarviand
Shuoniyavr,mixed sampleswere taken from depths of 0-5 m. In
Maayarviand the three Norwegian lakes(Dalvatn, S. Skardvatn
and F. Guokkolobbalat) mixed sampleswere obtained from 0-5
m and 5-10 m. Three replicateswere collected from each depth
interval.Additional qualitative sampleswere collected from each
lake usingvertical net haulsfrom the bottom to the surface(net
area660 cm2)and a meshsizeof 90 pm. A few samples(2-4) of
littoral crustaceanswere also taken from each lake in 1995-96

using horizontal net haulsalong the shoreline(5-10 m). All sam-
pleswere fixed in Lugol'ssolution.

Calculationsof biomass (dry weight) were based on the relati-
onshipsbetween body weight (w) and body length (L)according
to Bottrell et al. (1976) and Langeland(1982).

3.5 Zoobenthos

Within the border region most zoobenthos sampleswere taken
in 1990-92, but some samples were also taken in 1993 and
1996. Sampleswere taken one to three times a year in 1990-92
(June-July,July-August,August-September),in August 1993 and
July 1996. Sampleswere collected from different habitats; lakes
(littoral and profundal zones),inlets and outlets of lakes,streams
and rivers, at a total of 134 stations: 42 from the Nikel
Region/PechengaRiverSystem,69 from Jarfjord Regionand 23
from the PasvikRiversystem

Qualitativesamplesfrom littoral zonesof lakesand from running
waterswere madeby a kickingtechniquedescribedby Frostet al.
(1971).The duration of the samplingwas 1-3 min. and the mesh
sizewas 0.5 mm. One to three sampleswere usuallytaken from
each station. Quantitative sampleswere taken using an Ekman
grab, coveringan areaof 213 cm2.Threeto five sampleswere col-
lectedfrom eachsite. In larger lakes(Kuetsyarvi,Saraslaki,Maaya-
rvi, S. Skardvatnand Skrukkebukta) samplingwas carriedout at
severaldepths(shore- maximumdepth). In addition,samplesfrom
LakeKuetsyarviwere taken from variousdepthsalongsixtransects.
Thesampleswere usuallywashedin a sievewith a 0.25 mm mesh.
All animalswere pickedout and preservedin 70% ethanol.

3.6 Fish

All monitored lakes were sampled in the period 1990-1996
(table 2). In 1996 fish were sampled in five lakes; Rousenyarvi,
Shuoniyavr,Dalvatn, S. Skardvatnand F. Guokkolobbalat using
multi-mesh gillnets (Nyberg & Degerman 1988, Appelberg et al.
1995). The nets, which have a depth of 1.5 m and a length of
30 m, consist of 12 different mesh sizesranging from 5 to 55
mm. The netswere set out separatelyfrom the shoreline.

All fish were analysedfor body length and weight, sex, gonad
maturity, fat content of intestine and stomach fullness. Scales,
otholiths, shoulder- and opercular boneswere collected for age
determination according to standard methods (Jonsson 1976,
L'Abe-Lund 1985). The stomach contents of a sample (up to
20) of fish were collected for food items and preservedin 70 %
ethanol. The stomach content was determined to prey group
accordingto the niethod describedby Hynes(1950).

Streamsand inshoreareas in all lakeswere electrofishd in Au-
gust/Septembereveryyear from 1990 to 1995. Naturaltip lengths
of all fish were measuredin field and fish caught near Nikelwere
preservedin 70% ethanolfor further analysesat the laboratory.

Pathologicaland morphologicalexaminationswere carriedout on

each population, and visible symptomsof diseasesand parasitic
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infectionwere recorded.Suchstudieshavebeenshown to be use-
ful to revealanthropogenicimpactson water systems.Visualobser-
vations of diseaseswere made according to a four-point scale
(0,1,2,3) defined as 0=absenceof visibledeviationsfrom normal,
1=initial stage of disease,2=indices of medium infection and
3=irreversibilityof disease.Additional histologicalanalyseswere
made on important organs(liver,gills and kidney)to support the
pathological observations.The histological analysesconsidered
lipoid degeneration of the liver, connective tissue expansions,
nephrocalcitosesin kidneysand «anaemic»ring in the gills.

Trace metal contents of tissue and organs were determined for
the following species:brown trout, Arctic char, perch, and pike.
Subsampleswere collected from the gills, liver, kidney, muscle
and skeleton in 1990-1992, while only subsamplesof liver and
kidney from brown trout and Arctic char were collected in 1995.
The 1990 and 1991 sampleswere analysedat INEP(Nøst et al.
1991) while the samplesfrom 1991 (parallels),1992 and 1995
were analysedat NINA(Langeland1993).

4 Results and discussion

4.1 Water chemistry

The number of chemical parametersincluded in the monitoring
program have changed in the courseof period of investigation.
All results from the period 1990-1995 have been presented in
earlier reports (Langeland 1993, Langelandet al. 1994, Nøst et
al. 1996). The resultsfrom 1996 are presentedin appendix 2 in
this report. A selection of chemical parametersfrom the period
1990-1996 are presentedasa box-plot in figure 2.

In general, the highest valuesof most of the chemical parame-
ters were found in the Russianlocalities:Temporal variations in
water quality were also greatest in these localities,especiallyin
LakeLN1and LakeLN2.

The range in pH was between 5.55 and 7.40 (figure 2) with the
highest values in the Nikel Region.Low pH valueswere measu-
red in the Jarfjord locality Dalvatn(pH: 5.55-5.91).
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Figure 2
Box and whisker plot (minimum, 25% percentile, median, 75% percentile, maximum ) of pH, alkalinity, conductivity, calcium (Ca), sul-

phate (504), nitrate (NO3), copper (Cu), manganese (Mn), zinc (Zn), nickel (Ni), arsenic (As), and chrome (Cr) from the lakes monitored

in 1990-1996. Note: The start of the investigation period varies between 1990 and 1993, cf. table 2. Detection threshold (in pg/l):

Cu/Mn/Zn: 6; Ni: 20 (1990-91), 12 (1992-93), 2 (1995-); As: 0.5; Cr: 0.3. Values below the detection threshold are defined as half the

value of the detection limit.

Concerningalkalinity and calciumconcentrations(Ca),high valu-
es were found in two localities near Nikel, LN1 (224-343 peq/1,
11.98-16.48 mg Ca/1)and LN2 (189-379 peq/1and 34.85-49.87
mg Ca/1), respectively. High values were also measured in
Rousenyarviand Maayarvi,whereas both alkalinity and calcium
concentration were low in the Norwegian lakes, especially in
Dalvatn(0-13 peq/1,respectively1.14-1.33 mg Ca/1).

High conductivity valueswere measuredin lakes LN1 (120-138

pS/cm)and LN2(280-386 pS/cm)due to elevatedconcentrations

of calcium, sulphate, nitrogen, phosphorous and most trace

metals. Relativelyhigh conductivity levelswere also measuredin
Maayarvi and Rousenyarvi,but these only seldom exceeded60
pS/cm.1nShuoniyavr( 28-29 pS/cm)and in the Norwegian lakes
(31-37 pS/cm) the conductivity was relatively low and showed
little variability over time.

Sulphate(504)varied between 4.17 and 145.85 mg/Ithroughout
the area investigated. Similar patterns as for Ca were found,
with high values in the localities near Nikel. The concentrations
were far higher in Lake LN2 (104.74-145.85 mg/1)than in Lake
LN1(32.18-39.54 mg/1).
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High levelsof nitrogen, measuredas nitrate (NO3),were measu-
red in Lake LN1 (<10-189 pgA),which may receive input from
the town of Nikel. A few analysesof total nitrogen in 1992 gave
a maximum of 381 pg tot-N/I in LakeLN1(Langeland1993).The
concentrations of total nitrogen are 2-3 times higher than for
most of the lakes in this area. In the lakes Shuoniyavr, F.
Guokkolobbalat and Dalvatnnitrate concentrationsneverexcee-
ded the detection threshold of 10 pg/I.

Contents of metals were generallyhighest in the Nikel Region,
especiallyin LakeLN1and LakeLN2,whereasthe metal concen-
trations in the Jarfjord Regiononly seldomexceededthe detecti-
on threshold (figure 2). High valuesof copper were obtained in
Maayarviand in the Nikel lakes,with a maximum of 50 pg/I in
Lake LN1. Even higher values (125 pg Cu/1in Lake LN2) were
found in samplesfrom deeperwater layers(Langeland1993). In
S. Skardvatn a maximum of 18 pg Cu/I was measured in June
1992.

The manganeseconcentrations(Mn) were high in LakeLN1(11-
26 pg/1)and in Lake LN2 (<6-41 pg/1).A few values above the
detection limit of 6 pg Mn/I were obtained in Dalvatn and in
Maayarvi.

Theconcentrationof zinc(Zn)showeda different pattern to that of
most other heavymetalsin the border region,with relativelysmall
differencesbetween localities.The highestvalueswere obtained in
Rousenyarvi(<6-91 pg/1)and Maayarvi (<6-96 pg/1),while the
lowestvalueswere measuredin Dalvatnand Shuoniyavr,with few
valuesabovethe detectionthresholdof 6 pg Zn/1.

Concentrations of nickel (Ni) followed the same pattern as for
Cu, with the highest values in the Nikel Region,and most values
below the detection threshold in the Norwegian lakes and in
Shuoniyavr.The highest valueswere obtained in Lake LN1 (24-
350 pg/1)and LakeLN2(17-443 pg/1).

Thearsenic(As)content of the monitoring lakesshowedthe same
pattern asfor Cu. The highestvaluesof Aswere measuredin Lake
LN1 (1.99-2.41 pg/1)whereas the levels in all other monitoring
lakeswere below the detection limit of 0.5 pg/I mostof the time.

Chrome (Cr) showed a similar pattern to those of Mn and Ni,
although all values were low. A maximum of 0.99 was
obtained in LakeLN2 and elevated levelsof Cr were also found
in LakeLN1and Maayarvi.

Changes in some chemical parametersthrough time are shown
in figure 3 and figure 4.

In Dalvatn,the pH rosefrom 5.55 in September1990 to 5.91 in
September1996. A slight increasein pH during the study period
was also observed in the Russianlakes Rousenyarvi,Maayarvi
and Shuoniyavr.This is in accordancewith a general fall in con-
centrationsof non-marine sulphate in surfacewaters in this regi-
on. Changes in pH values in Lake LN1 and Lake LN2 are not
associated with corresponding changes in level of sulphate
(figure 3).

Any changesin the effluents of heavymetalswould be expected

to produce corresponding changesin the concentrationsof the-
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se elements in the most polluted lakes,LN1 and LN2.The con-
centrations of Cu and Ni in these lakesare shown in figure 4.
The results from the August/Septembersamplesshow a falling
trend in concentrationsof Ni in LakeLN2from September 1990
(403 pg/I) to September 1996 (293 pg/l). This trend however, is
not matched by any of the other heavy metals from Lake LN2
nor the metal concentrationsin LakeLN1.

High values of most of the chemical parameterswere found in
the Russianlocalities.This is especiallytrue of the lakesclose to
Nikel and the Pechenganickelfactories (LakeLN1 and LakeLN2)
but, also to a lesserextent of the lakeswithin 15 km north and
north-west of Nikel town, Rousenyarviand Maayarvi, which
have elevated levels of calcium, sulphate, nitrate, and heavy
metals such as copper, nickel, zinc and chrome. Variations in
water quality were also highest in these localities, especiallyin
the Nikel lakes.The Russianlake Shuoniyavr,about 20 km south
of Nikel town, as well as the Norwegian lakesS. Skardvatnand
F.Guokkolobbalat in the Jarfjord Region,are almost unaffected.
However, Lake Dalvatn, also situated in the Jarfjord Region, is
affected by acidification and shows low pH and alkalinity values.
The concentrations of non-marine sulphate in Dalvatn and S.
Skardvatnare at the same level,but the sum of strong acid ani-
ons (504,NO3,CI) is higher in Dalvatn(241-262 peq/l) than in S.
Skardvatn(225-250 peq/l).The difference is probably due to the
stronger influence of marine components, as chlorides, in
Dalvatn.Lesssoluble and poorer bedrock (with low levelsof cal-
cium and magnesium)in the catchment area of Dalvatn is assu-
med to be the main reasonwhy this lake is more severelyaffec-
ted by acidification than the other lakes.

Generally,variations in most chemicalparameterswere too high
and the number of sampleswere too few to allow us draw any
conclusionsabout changesin the water quality during the study
period. However, rising levels of pH and alkalinity in Dalvatn
during the monitoring period are in general agreement with the
conclusionsof other studies in the border region; monitoring of
pollution of surfacewaters (Traaen& Rognerud1996) and moni-
toring of air pollution (data from NILU presented in Traaen &
Rognerud 1996). The total amount of strong acid anions shows
falling trend in all Norwegian lakesaswell as in the Russianlakes
Rousenyarvi,Maayarvi,and Shuoniyavr.

The differences in water chemistry between Lake LN1 and Lake

LN2need a more thorough discussion.LakeLN1 is situated wit-

hin 1 km from the Pechenganickelfactories but shows lower
levelsof most chemicalparametersthan LakeLN2,which is situ-
ated about 3 km from the factories.The catchment area of Lake
LN2 is many times larger than the catchment area of Lake LN1
and the former lake may therefore receive larger quantities of
pollutants. This is especiallytrue just after a rainy period when
large amounts of pollutants in the catchment area are washed
into the lake. Higher variations in most chemical parameters in
LakeLN2than LakeLN1are probably also explainedby this situ-
ation. On the other hand, LakeLN1also receiveseffluents direct-
ly from the settlement of Nikel town, which could explain the
high levelsof nitrate in this lake.

4.2 Sediments

Concentrations of trace metals in sediment samplestaken from
the deepest part of the cores (usuallymore than 20 cm) of the
investigated lakes are at the same levels(appendix 3) as non-
polluted parts of north-eastern Norway and north-western Kola
Peninsula(cf. Rognerud & Fjeld 1990, 1993, Dauvalter 1994,
1997), and are therefore used as background (or reference)
values.

Changesin the vertical distributions of trace metals in sediments
as concentrationsincreasetowards the sedimentsurfaceare most
evident in Maayarvi,followed by Rousenyarviand Shuoniyavr.This
pattern is particularlytypical for Ni, Cu and Co (figure 5). Pb,Cd
and Mn also show this pattern of vertical distribution. The influ-
enceof acid precipitation is probablycausedby lower Al concen-
trations in the upper sediment layersof Rousenyarvi.

The highest Ni and Cu concentrations, which exceed back-
ground valuesby factors of 10-130, were found in sedimentsof
LakeLN1and LakeLN2 (appendix 3). Ni and Cu concentrations
in sediments of Maayarvi and Rousenyarviwere alsOvery high
(20-45 times higher than background values).The concentrati-
ons of these metals decreasedvery sharplywith increasingdis-
tance from the factories; in Shuoniyavrand the Norwegian lakes
at Jarfjord. The same pattern of distribution in lake sediments
between lakeswas recordedfor the other trace metals studied,
but to a slighter extent. The exceptionwas Pb,which had relati-
vely high concentrations in the Norwegian lake sediments.This
peculiarity in the border region between Norway and Russiahas
beenobservedearlier (Dauvalter,1994, 1997).
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Theatmosphericemissionsof tracemetalsfrom the Pechenganickel
factoriesareprobablythe mainsourcesof increasingconcentrations
of the elementsobservedin the surfacesedimentsof the lakes.
Maximumvaluesof the contaminationfactor (Cf)for trace metals
were noticedfor sedimentsin LakeLN1and LakeLN2which liewit-
hin 3 km of the PechenganickelCompany.Accordingto classificati-
on by Håkanson(1980) these lakeshad veryhigh Cf valuesfor Ni,
Cu, Pband Hg, considerablevaluesfor Co and Cd and moderate
valuesfor Zn. Maayarvihada veryhigh Cf valuefor Ni, Cu and Hg,
considerablefor Co, and moderatefor Cd, Pband Zn.Very high Cf

valuesfor Ni, considerablefor Co, Cd and Hg and moderatefor Pb
andCu werecalculatedfor sedimentsin Rousenyarvi.Theprevailing
south-westerly winds distribute the pollution plume of the
Pechenganickelfactoriesmainlyin a north-easterlydirection,leaving
the lakesmorethan 20 km southfrom the Nikeltown almostunaf-
fected (Rognerudet al. 1993). Nevertheless,the sedimentsof lake
Shuoniyavr(15 km south of the Pechenganickelfactories)are cha-
racterisedby considerableCf valuesfor Ni and Cu.The lakeson the
Norwegiansidehad Cf valuesbetweenlow and moderate,with the
exceptionof Pbin Dalvatnand S.Skardvatn(veryhighvalues)and Ni
in Dalvatn(considerablevalues).

4.3 Phytoplankton

Total biomass(g wet weight/m3)and the composition of the
phytoplankton in the period 1991-1996 is shown in figure 6
and the phytoplankton data from 1996 is presented in appen-

dix 4. High biomassvalues were recorded in Lake LN1 (0.95-
5.62 g ww/m3). In the other Russianlakesas well as the lakesin
the Jarfjord Region, values above 0.5 g ww/m3 were seldom
recorded. The lowest phytoplankton biomasseswere measured
in F.Guokkolobbalat (0.08-0.09 g ww/m3)and in Dalvatn(0.12-
0.20 g ww/m3). In these lakes as well as in the Russianlakes
Shuoniyavrand Maayarvithere were only smallannual variations
in total biomassand in algae composition while the variations
were considerablein lakesLN1and LN2.

With few exceptions,bluegreenalgaewere the dominant group of
phytoplankton in the lakes,followed by «others»;of p-algaeand
unidentifiedcysts•and flagellates.Synechococcussp. and Aphano-
thece sp. were the most common speciesof blue-greenalgae. In
LakeLN1,however,Gomphoshaerialacustris,colonialRabdoderma
sp. and unidentified bluegreenalgaewere the dominant species.
Greenalgae(Chlorophyceae)were recordedin Dalvatn(Chlorococ-
calessp.)and LakeLN1(Cosmariumsp.) in August 1993,but were
observedelsewhereonly at low densities.In LN1the golden alga
Dinoblyonsp. (Chrysophyceae)madeup a considerableproportion
of the phytoplanktonin most years.Dinobryonsp. was also recor-
ded from LakeLN2 in August 1992 whereasanother golden alga
Mallomonassp.wasrecordedfrom S.Skardvatnin August 1993.

A total of 95 speciesand forms were recorded in the lakesin
1995-96 (appendix 5); Chrysophyceae(16), Clorophyceae(17),
Conjugatophyceae(6), Cryptophyceae(8), Cyanophyceae(11),
Diatomophyceae/Bacillariophyceae (33), Dinophyceae (2),

Prymnesiophyceae(1) and Tribophyceae(1).

Maximum phytoplanktonbiomass(5779.5 mrn3/m3)was recorded

in LakeLN1 in September1995. Thisextremelyhigh levelof bio-

massisexplainedby largeamountsof colonialalgae(d=4-10 mm),
which were impossibleto identify.The diatomsFragilariacapucina
and Fragilariasp. were subdominant.The CrysophyceaensDino-
blyon socialeand Mallomonaslychenensisweredominantin 1996.

The phytoplankton community of the Lake LN2 was very poor,
with 20 speciesbeing recorded.The following algae predomina-
ted in the total biomass: Mougeotia sp. (Conjugatophyceae),
Snowella atomus (Cyanophyceae)and unidentified cysts (d=10
mm) in September 1995; and the ChlorophyceaensDictyosphae-
rium subsoliriumand Planktosphaeriagelatinosa in 1996.

The dominant algae in the phytoplankton of Shuoniyavrwere
the diatoms Tabellariafenestrataand T. flocculosaand the blue-
green algaeAphanothece minutissimaand Aphonocapsadelica-
tissima in 1995. The ChrysophyceaenDinobtyon acuminatum
was dominant in 1996.

Maayarviis unlike the other lakescharacterisedby a rich species
content of phytoplankton (46 species).The dominant species
was Asterionella formosa in 1995, while Tabellaria fenestrata
and Dinobryon acuminatum were the dominant algae in 1996.

In Rousenyarvigreat variation in the phytoplankton community
was observed between 1995 and 1996. Total biomasseswere
367 and 1414 mrn3/m3,respectively.The diatoms (Cyclotella
spp.) predominated both years,but the bluegreensAphanothece
minutissimaand Merismopedia tenuissimamade up a considera-
ble part of the abundancesin 1995.

Thephytoplanktonbiomassof F.Guokkolobbalatvariedconsidera-
bly, 1335 mrn3/m3in September1995and lessthan 200 mm3/m3in
1996.Thedominant speciesin 1995was Fragilariacapudna(1016
mm3/m3),whereas the ChrysophyceaenDinobtyon acuminatum
dominatedin 1996. In other lakesat higheraltitudesin this waters-
hed, the levels of biomasswere similar in 1996, but another
Chrysophyceaen,D. elegans,predominatedin the upperlakes.

The diatoms dominated in S. Skardvatn,with a high density of
Fragillariacapucina in 1995. The diatoms Aulacoseiralirata and
Cyclotellaspp. (d=7-24mm) and the ChrysophyceaenMallomonas
acaroidesdominated in 1996.

In all the lakesstudied, the phytoplanktonbiomasswas lowest in
Dalvatn(36-61 mm3/m3).Here, the diatom Aulacoseiraitalica var
tenuissimawas dominant in September1995.TheChrysophyceaen
Dinobtyon acuminatum was dominant in June 1996 and the
ChlorophyceaensOocystisspp.weredominant in September1996.

Considerablevariationsin biomassesof phytoplankton and speci-
escomposition between lakeswere found. Therewere alsosome
annual variations in the resultsfrom individual lakes.The highest
variations, both in total biomassand in algae speciescompositi-
on, were found in the most polluted lakes,LN1and LN2.

The phytoplanktoncommunitiesare known to show largevariati-
ons over time, with changingspeciescompositionduring the sea-
son and high annualvariationsin total abundancesand compositi-
on of species.Oneto three samplingdatesperyearare far too few
for good descriptionsof the phytoplanktoncommunitiesand to dis-
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Figure 6
Biomass (g wet weight/m3) of phytoplankton and the composition of the main phytoplankton groups in the monitored lakes during
1990-1996.
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cuss relationships between phytoplankton and zooplankton. How-

ever, in most years phytoplankton samples were collected at the

same time, in August/September, in order to limit these variations.

The results of the two approaches used in the phytoplankton stu-

dies are not directly comparable. Sampling methods and the met-

hods used to calculate the biomasses differ. Furthermore, while

approach 1 presents the biomass as wet weight per volume of

water, approach 2 presents these results as cell-volume per volu-

me of water. The horizontal and vertical distributions of phyto-

plankton are usually patchy. Samples taken at such relatively close

intervals as one metre may be inadequate to give an accurate esti-

mate of abundance. A device such as a pipe or a tube sampler of

1 m in length, which samples the whole of a water column or the

productive part of it, is more satisfactory for obtaining an integra-

ted sample. Heterogeneous horizontal distribution is more difficult

to take into account. In approach 1 mixed samples from the upper

0-5 m were taken compared to surface samples in approach 2. In

spite of this differences, ranking lakes on the basis of phytoplank-

fon biomasses, gave the same results independent of which

approach we used. However, the number of species recorded was

far higher with approach 2, due to the larger volume of samples

analysed and a more detailed study of the species composition.

The results of approach 2 showed that the total phytoplankton

biomass was lower in September 1996 than in September 1995

in most of the lakes, except in Maayarvi and Rousenyarvi. In 1996

the phytoplankton community in Maayarvi was dominated by

high numbers of Tabellaria fenestrata and Dinobryon acumina-
tum while Cyclotellabodanicawas the dominant alga in Rousen-

yarvi. The development of the phytoplankton in the monitoring

lakes shows that diatoms and green algae were common in

September 1995 and golden algae in 1996. These differences

may have been due to low summer temperatures in 1996.

The difference in phytoplankton biomasses between Lake LN1

and Lake LN2 is of great interest. Uncommonly high abundance

in the first lake may be related to a very poor grazer community,

which comprised only one species of zooplankton (Eudiaptomus

graciloides) in small numbers (September samples: 34-531 mg

dw./m2). In contrast, in Lake LN2 the biomasses of the two pre-

sent species (Bosminalongispina and E. graciloides) were 213-

1145 mg dw./m2. The production of phytoplankton in these two

lakes could also differ because of higher concentrations of phos-

phorous and nitrogen in Lake LN1 than in Lake LN2. Nor could

toxic effects caused by periodically extremely high concentrati-

ons of sulphate and Ni together with high levels of most other

elements in Lake LN2, resulting in low production and/or low

growth of phytoplankton, be neglected as an explanation.

4.4 Zooplankton

Considerable variations in species composition and biomass of

zooplankton were recorded in the lakes in 1996 (appendix 6,

figure 7). A similar situation was observed in earlier years.

Lake LN1 and Lake LN2 clearly showed the lowest species diver-




sity. Only one species of zooplankton was found in Lake LN1


(Eudiaptomusgradloides) and two species in Lake LN2 (E.grad-

loides and Bosminalongispina). In the other lakes the number of

zooplankton species varied between 4 and 8, with the highest

number in F. Guokkolobbalat. The total number of crustacean

species (planktonic and littoral) was also low in Lake LN1 and

Lake LN2 (8-9 species) compared to 13-19 species in the other

lakes (table 3). The largest number of species was found in

Shuoniyavr. B. longispina was the only species found in all lakes.

The biomass of zooplankton (mg dry weight/m2) showed great

variations between the lakes and also in each lake during the

period of study (1990-96).

In 1996 the biomass in Lake LN1 was 34 mg/m2, which is the

lowest recorded during the period 1990-96 when comparing

samples from the same time of the year (52 - 531 mg/m2). The

highest biomass in Lake LN1 was recorded during the summer of

1992 (1100-1200 mg/m2). In 1996 the zooplankton biomass in

Lake LN2 was 595 mg/m2, compared to a range of 177-1546

mg/m2 at the same time in 1990-95. B. longispina was the pre-

dominant species in Lake LN2.

In the other lakes the biomasses in 1996 seem to be within the

ranges found during earlier years. The acid-sensitive cladoceran

Daphnia seems to make up a considerable part of the zooplank-

ton community in Maayarvi, S.Skardvatn and Shuoniyavr. How-

ever, the occurrence of Daphnia is variable, especially in Maay-

arvi, where the biomass of Daphnia varied between 27 and

1065 mg/m2 during the period 1990-96. Daphnia was also

found in the two neighbouring lakes F. Guokkolobbalat and A.

Guokkolobbalat as well as in Rousenyarvi, but populations see-

med to be small. In Rousenyarvi the biomass of daphnids decli-

ned from 8 mg/m2 in 1992 to none in 1995 and 1996. In

Dalvatn daphnids have been absent in all samples, except for

one individual of Daphnia longiremis in 1996. The population of

the cladoceran Holopedium gibberum seems to have increased

during the last years in Dalvatn. In other lakes, especially Rou-

senyarvi and F. Guokkolobbalat, this species occasionally 'made a

considerable contribution to the zooplankton biomass.

Several factors are assumed to explain the high differences in zoo-

plankton biomasses as well as species composition between years

and between lakes. Both abiotic (e.g. temperature, light) and bio-

tic (phytoplankton biomass, competition and especially changes in

planktivorous fish predation pressure) relationships as well as

impacts of pollutants may influence the zooplankton communiti-

es. Obvious effects of pollution are only observed in Lake LN1 and

Lake LN2. In both lakes the numbers of species are low and differ

from the other lakes in the border region. The great variations in

biomasses of E.graciloides in Lake LN1 indicate labile conditions

for the survival of the different lifestages. The absence of the acid-

sensitive cladoceran, Daphnia, in Dalvatn also indicates pollution

impacts. Low abundances of Daphnia in F. Guokkolobbat and

Rousenyarvi also seem to be related to pollution impacts.

4.5 Zoobenthos

The most common and distributed mayfly species in the border


area were Baetis rhodani, B. subalpinus, Ephemerellaaurivillii,

Leptophlebia spp., Paraleptophlebiaspp., Siphlonurus spp. The
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Table 3. Species composition of Crustacea present in monitored lakes during the period
1990-1996. Localily code as indicated in Table 1. Zooplankton samples are taken with tube
sampler and vertical net hauls. Littoral samples are taken with horizontal net hauls along the
shore line (5-10 m).

SS FG Da Sh Ro Ma LN2 LN1

Cladocera

Diaphanosomabrachyurum
Holopedium gibberum x x x x x x
Bosminalongispina x x x x x x x x
Daphnia longispina x x x x
Daphniagaleata x x x x x
Daphnia longiremis x x
Bythotrepheslongimanus x x x x x
Leptodorakindtii
Opryoxusgracilis x x x
Polyphemuspediculus x x x x x x x
Chydorussphaericus x x x x x
Alonopsiselongata x x x x x x x
Acroperus harpae x x x x x
Alona affinis x x x
Alona guttata
Alona quadrangularis
Alonella excisa x x
Lathonurarectirostris
Rhynchotalonafalcata x x
Eurycercuslamellatus

Copepoda
Acanthodiaptomus tibetanus
Eudiaptomusgraciloides x x x x x x x
Eudiaptomusgracilis
Heterocopeappendiculata x x x
Cyclopsscutifer x x x x x x
Cycopsabyssorum x x
Mesocyclopsleuckarti
Eucyclopsserrulatus
Eucydopsmacrurus
Eucyclopsmacruroides
Eucyclopssperatus
Paracyclopsfimbriatus
Macrocyclopsalbidus x x x x x x
Megacyclopsgigas x x x
Acanthocyclopscappilatus x x x
Acanthocyclopsrobustus x x

Cladocera,number of species 11 13 11 10 11 10 6 3

Copepoda, number of species 6 5 8 9 3 3 3 5

Zooplankton; number of samples 56 21 35 16 9 56 36 36

Zooplankton; number of
samplingdates 8 3 5 4 3 8 9 9

Littoral crustacea;
number of samples 4 2 2 4 4 2 3 3

Littoral crustacea;
number of samplingdates 2 1 2 2 2 1 2 2
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most sensitive mayfly species to acidification and possibly heavy

metal contamination, B. lapponicus,was found in two localities

in the Jarfjord Region (Oterbekken and Urdalselva Streams), and

in Shuoniyoki River and Lake Trifonoyarvi on the Russian side.

The highest species diversity of mayflies (Ephemeroptera) and

stoneflies (Plecoptera) was found in the Nikel Region and in two

lakes in Jarfjord Region (Otervatn and Rundvatn) (figure 8).

Nikel Region and Pechenga River System.

On the Russian side, high species diversity of mayflies and stone-

flies is clearly associated with the south-east of Nikel (Shuoniyoki

River, Lake Shuoniyavr, Upper Pechenga River), Lake Saraslaki

and Pachta Stream, draining the Kuorpukas Mountains.

Shuoniyoki River and localities south-east from Nikel se&ned to

have the highest diversity of mayfly and stonefly species in the

border region. A total of 18 species of mayflies and stoneflies

was recorded in Shuoniyoki River.

Only two species of mayflies, B. rhodani and Nemoura sp. were

found in the extremely polluted stream Kolosyoki in Nikel town.

No mayflies and stoneflies were found in the small Lake LN1,

situated about 1 km east of the Nikel smelters. Several species of

Orthocladiinae and Tanypodinae chironomids, and caddis flies

(Polycentropidae, Rhyacophilaspp.), water beetles, water bugs

and worms dominated in Kolosyoki stream, and the small lakes

near Nikel (LN1, LN2 and LN3). In average, the relative abundan-

ce of Diptera species in the Nikel Region was high and compara-

ble with other acidified areas (Dalvatn and F. Høgfjellsvatn in the

Jarfjord Region) within the border region (figure 9). In the

Pechenga River System, the highest species diversity was found

in Lake Trifonoyarv. In the most polluted localities near the town

Zapolyarny chironomid larvae, water bugs and water beetles and

worms dominated in the communities. No mayflies and stonefli-

es were recorded in the extremely polluted streams of Semiaki,

Arvaldeym and Chaukilampiyoki in Zapolyarny town.

Snails (Lymnaeaperegra) were found only in some lakes and

streams south-east from Nikel, in the Pechenga River and in Lake

Trifonoyarv. The highest abundance of snails was found in the

upper Norwegian range of the Pasvik River System. Amphipoda

(Gammaruslacustris)were found only in Lake Trifonoyarv.

Jarfjord Region.
Species relatively tolerant to acidification, such as mussels (Pisi-
dium spp.), chironomids, caddis flies (Plectrocnemiaconspersa,
Polycentropus flavomaculatus) and water beetles (Elminthidae
spp.), dominated in localities in the Jarfjord Region.

The most common mayflies in the Jarfjord Region were Baetis
spp., EphemerellaaurivilIii and Siphlonurus spp. and the most

common stoneflies were Nemoura spp., Diura nanseni, Leuctra
fusca,L. digitata, Isoperlaspp. and Taeniypteryxnebulosa.

Dalvatn and F. Høgfjellsvatn areas were characterised by the

lowest species diversity of mayflies and stoneflies. In lakes Dal-

vatn and Limgambergtjern only acid tolerant species of mayflies,

such as Leptophlebidae and E. aurivillii, and stoneflies like

Nemouridae, were recorded. The largest numbers of mayfly and

stonefly species were recorded in small lakes and streams in

Otervatn-Rundvatn area as well as Urdalselva and the S. Skard-

vatn, Viksjøen and Urdfjellsvatn.

The acid-sensitive species Gyraulusalbus and L. peregra appea-

red to be the most common snails in the border region, except

in the Dalvatn and Guokkolobbalat areas in Jarfjord. The snail G.
albus was frequently found in the Otervatn-Rundvatn area.

However, the second species was restricted to River Urdalselva,

several small lakes in Urdalselva area and Lake Rundvatn.

The amphipod G. lacustris was found in Lake A. Skardvatn (F.

Høgfjellsvatn area), several lakes of the Otervatn-Rundvatn area,

in lakes Urdfjellsvatn and S.Skardvatn and some small lakes near

Urdfjellvatn. The mean relative abundances of snails and Amphi-

poda in kick samples were higher in Otervatn-Rundvatn area

than in other areas of Jarford Region.

Chironomids and worms made up most of the communities in

lake profundal zones, particularly in Dalvatn and Limgamberg-

tjern. The relative abundances of acid-tolerant dipterans in

Dalvatn and F. Høgfjellsvatn areas were considerably higher than

in Otervatn-Rundvatn area. Acidification did not seem to be so

pronounced in Otervatn-Rundvatn area as in the other localities

mentioned.
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PasvikRiver System.
Very high abundances and biomasses of zoobenthos were recor-

ded in Lake Kuetsyarvi (> 2200 ind./m2, > 12 g/m2). Chirono-

mids, molluscs, worms and caddis flies dominated these commu-

nities. Relatively high species abundances and biomasses of

invertebrates were recorded in the upper and middle parts of

the river system (Ruskvatn, Svanvik and Salmiyarvi). The number

of individuals in grab samples were almost comparable with

Lake Kuetsyarvi. Relatively low zoobenthos densities and biomas-

ses were recorded in lower parts of the river system (Skrukke-

bukta and Bjørnevatnet).

On the Russian side, the highest species number of benthic fau-

na was recorded to the south-east of Nikel town in the direction

of Prirechny settlement (Shuoniyoki, Shuoniyavr, upper part of

the Pechenga River). Localities further north-east of the sources,

near Liinakhamari settlement, had somewhat lower diversity and

abundance. Lack of occurrence or low diversity of sensitive taxa

such as mayflies, stoneflies and amphipods near the Zapolyarny

and Nikel factories may indicate severe pollution impacts on

invertebrates. In this area chironomids (Tanypodinae), caddis flies

(Polycentropidae, Phyacophila), water beetles and water bugs

were usually dominant in the extremely contaminated lakes and

streams.

Absence or low numbers of acid-sensitive mayfly and stonefly

species were also recorded in the Jarfjord Region (the lakes

Limgambergtjern, Dalvatn, F. Høgfjellsvatn and F. Guokkolobba-

lat). On the other hand, the relatively high number and abun-

dance of sensitive species (mayflies, amphipods and snails) in the

Otervatn-Rundvatn area in the Jarfjord Region, especially at

lower elevations, suggests that acidity is not an important varia-

ble structuring invertebrate communities there.

The high density and biomass of zoobenthos (presented mainly

by pollution-tolerant chironomids, molluscs, caddis flies and

worms) in the heavily polluted Kuetsyarvi may indicate higher

concentrations of nutrients.

4.6 Fish

4.6.1. Fish communities

The three localities on the Norwegian side were populated by

brown trout (Salmo trutta) and Arctic char (Salvelinus alpinus). In

addition up to six other fish species were found in the three

localities on the Russian side; perch (Perca fluviatilis), pike (Esox

lucius), burbot (Lota lota), minnow (Phoxinus phoxinus), three-

spined stickleback (Gasterosteus aculeatus) and nine-spined stic-

kleback (Pungitus pungitus) (table 4). The largest numbers of

fish species were found in Shuoniyavr and Maayarvi.

Table 4. Fish species recorded in monitored lakes during the

period 1990-1996. Locality code as indicated in Table 1.

Fishspecies

Brown trout - Salmotrutta L.

Arctic char - Salvelinusalpinus L.

Pech- Percafluviatilis L.

Pike- Esoxlucius L.

Burbot - Lota lota L.

Minnow - Phoxinusphoxinus L.

Three-spinedsticleback
- Gasterosteusaquleatus

Nine-spined sticleback
- Pungitus pungitus

The length and age-frequency distribution (figures 10 and 11)
for 1990 - 1996 shows a relatively stable and quite similar popu-

lation structure for Arctic char in lakes S. Skardvatn, F.

Guokkolobbalat and Dalvatn. In comparison with previous

results there seem to be higher densities of the younger age-

classes (recruits) in S. Skardvatn and F. Guokkolobbalat in 1996.

The 1996 results show that the Arctic char population in Shuoniyavr

is small, whereas the situation for Rousenyarviseemssomewhat bet-

ter than before. However, Shuoniyavr is the largest of investigated

monitoring lakes and the available information is incomplete. The

Arctic char population in Rousenyarviseemsto be quite similar to the

SS FG Da Sh Ro Ma LN2 LN1

x x

X
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populationin F.Guokkolobbalat.Inboth lakesthereisa densepopu-
lationof slowergrowingindividualsthan in DalvatnandS.Skardvatn.

The brown trout populationsin lakesS.Skardvatn,F.Guokkolob-
balat and Dalvatn are quite small due to lack of suitable spaw-
ning areas. In Shuoniyavr,Rousenyarviand Maayarvionly a few
individualsof brown trout were found. In addition to the possi-
ble scarcityof spawning sites,the low number of brown trout in
the Russianlakes may be due to competing speciessuch as
perch, pike, burbot and minnow.

Youngerspecimensof brown trout were caughtby electrofishingin
the streamsor inlets/outletsand nearshoreareasin S. Skardvatn,
Dalvatn,F.Guokkolobbalatand Maayarvi.MinnowsandArcticchar
were caught in Shuoniyavrand Rousenyarvi.PachtayokiRiverand
LakeSarasslakiare the two localitiesclosest(8 - 12 km) to Nikel
where salmonidswere recorded(Langeland1993). No fish were
caught in the tributariesto lakesLN1and LN2nearNikel.However,
in the KolosyokiRiver,which drainsthe highlypolluteddepositsnear
the factoryin Nikel,severalspecimensof minnowswerecaught.

The diet of brown trout was usually dominated by terrestrial
insects probably caught on the lake surface, and by larvae of
aquatic insects(table 5). Thesetwo food itemswere also impor-
tant for Arctic char in Shuoniyavrand Rousenyarvi.In addition,
gastropods/molluscsand zooplankton made up a considerable
part of the diet of Arctic char in these two lakes.Zooplankton
was of substantial importance for the same species in the
Jarfjord lakes.Gammaruswas found in stomachsof brown trout
in S. Skardvatn.Piscivorousbrown trout and/or Arctic char were
recordedin all lakes,except in F.Guokkolobbalat.

The populations of perch and pike appearedto be quite low in
both Shuoniyavrand Maayarvi(figures 10 and 11) . The catches
of both speciesvaried from year to year, and in 1996 only two
individuals of each specieswere caught in Shuoniyavr.These
two lakesalso havepopulationsof burbot. Catchesof this speci-
eswere low, except for Shuoniyavrin 1996, when 17 individuals
of five age classes(three to sevenyearsold) were caught.

All three localitieson the Russiansideare inhabited by minnows.
In Shuoniyavrand Maayarvi the populations are rather dense,
whereas in Rousenyarvionly a few individuals are caught. In
Rousenyarviand Shuoniyavrwe also found a few three-spined
sticklebacksand nine-spinedsticklebacks,respectively.

Negativeimpactson the structureof fish populationswere recor-
ded in all the localitiesstudiedon Russianside.Nofish were recor-
ded in the lakesnearNikel,exceptfor minnows in KolosyokiRiver.
In streamsand lakesfurther from the sourcesof pollution, both
Arctic char and brown trout were found (Lake Sarasslakiand
PachtayokiRiver).Only a few mature fish of older age-classes
were caught, while younger premature individuals dominated.
The lack of older individualsmight have been due to lethal and
sublethaleffects of trace metal contamination in the organs and
tissuesof fish in somepopulationsnearthe pollution sources.

Indicationsof acidification effects upon freshwater communities

are documented in this study (Nøstet al. 1991, Langeland1993)

and have been emphasisedby other studies in the same area

(Bækken & Aanes 1990, Hesthagenet al. 1997). In the more
acid-sensitive areas in the highest small lakes in the Jarfjord
Region there are both lost and reduced populations of brown
trout and Arctic char. The skewed population structure in
Dalvatn and F. Guokkolobbalat, documented by the absenceof
young specimensand irregular yearly recruitment, was probably
due to acidification effects. Thesecorrespondto pH minima of
4.55 - 5.08 in streams,which are below critical limits for recruit-
ment of brown trout. Decalcification in some otholiths from
both Arctic char and brown trout indicatesthat the fish popula-
tions of both S. Skardvatnand in Rousenyarvi,may have been
affected to some extent by acidification (Langeland1993).

4.6.2 Pathology

Comparison of the fish pathology resultsfrom 1990, 1993 and
1996 indicate increaseof hver diseasesin Rousenyarvi,Dalvatn
and S.Skardvatnin 1996 (table 6). The liversof the fish caught
were yellow and flabby and were easilybroken up even under
light pressure.Suchpathology (2nd and 3rd degree) was obser-
ved in 100 % of the fish taken from the lakesmentioned above.

Detailed histological analyses of organs and tissues both of
Arctic char and brown trout from Dalvatnand S.Skardvatn(liver,
kidney, heart, gill and spleen)were then performed.

The resultsshowed well expresseddystrophic changes in heart,
liver and kidneys. In the cytoplasm of hepatocytesand epitheli-
um of kidney tubules fatty-pigments formation was marked.
Toxic dystrophieswere frequently observed.In hepatocytesmass
pycnosis of nucleuses and necrotic parts were marked.
Regeneration of the damaged tissues was therefore virtually
absent. In Arctic char and brown trout, the complete reduction
of lymphoid tissue and extensivehaemorrhageswere observed
on microscopicsectionsof spleen.The lymphoid tissuehad been
replaced by nonfunctional connective tissue, that in due course
might haveled to tumour development.

The most severedegeneration anomalieswere observed in the
gills of Arctic char: exfoliation of gill epithelium, haemorrhage,
bleeding and alsoattributes of a degenerationof gill cartilage.

Analysesof fish tissuesfrom Dalvatnand S. Skardvatnthus indi-
cated the influence of one or more powerful toxins, presumably
of organic origin. Severedamage to fish tissuesand death are
possible consequences.Reduction in toxin levels will probably
result in regenerationof tissues.

If we compare these resultswith those of fish pathology in previ-
ous years (Nøst et al. 1991, Langeland 1993) the 1996 results
are unexpected. In 1990 and 1993 no pathological deviations
were observed in Arctic char in Dalvatn and S. Skardvatn.
However, in Rousenyarvichangesin the gills, livers,kidneysand
gonads were marked in 1990-1991, but the weighting corres-
ponded basicallyto the first and seconddegree in our classifica-
tion (Langeland,1993).The negativepathological changesobser-
ved in Arctic char and brown trout in all three lakes in 1996
demand a more serious study of the processesthat occur in
aquatic ecosystems,especiallyin the vicinity of the sourceof pol-
lution.
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Table 5. Food items (volume %) in stomachsof Arctic char (A) and brown trout (B)in monitored lakesin the border area in 1990-
96. Localitycode as indicated in Table1.

Loc Year Species Number of

stomachs

Terrestrial

insects

Aquatic

insects

Gastropoda/

Mollusca

Eurycercus

lamellatus

Gammarus Zooplankton Fish

SS 1991 A 11 0 2 ,7 24,9 6,4 0 66 0




1993 A 19 0 49 ,4 10 3,7 0 33,2 3,7




1996 A 20 20,8 0 0 0 0 79,2 0




1991 B 9 11,1 83 ,9 2,2 0 2,8 0 0




1993 B 16 41,9 43 ,1 11,3 0 0 3,8 0




1995 B 4 75 25 0 0 0 0 0




1996 B 6 63,3 16 ,7 0 0 20 0 0

FG 1992 A 20 21 0 ,7 10 14 0 54,3 0




1993 A 13 18,5 23 ,1 19,2 1,5 0 37,7 0




1995 A 20 38 3 ,5 0 15 0 43,5 0




1996 A 18 17,5 15 ,5 10 24,2 0 32,8 0




1995 B 1 100 0 0 0 0 0 0




1996 B 1 100 0 0 0 0 0 0

Da 1990 A 4 48 17,7 0 0 0 34,3 0




1993 A 18 2,2 0 0 0 0 81,1 16,7




1995 A 18 50,6 0 0 0 0 44,4 5




1996 A 14 0 1 ,4 0 0 0 98,6 0




1993 B 12 77,9 5 ,4 1,7 0 0 0 15




1995 B 6 100 0 0 0 0 0 0




1996 B 9 88,9 11 ,1 0 0 0 0 0

Sh 1993 A 5 5 36 7 1 0 51 0




1995 A 3 33,3 0 53,3 0 0 13,3 0




1996 A 3 33,3 0 33,3 0 0 33,3 0




1991 B 18 28,4 68 ,3 3,3 0 0 0 0




1995 B 1 0 100 0 0 0 0 0




1996 B 8 37,5 22 ,5 0 0 0 0 40

Ro 1991 A 10 10 0 10 10 0 20 50




1993 A 14 47,2 25 ,7 10,7 1,4 0 7,9 7,1




1995 A 1 100 0 0 0 0 0 0




1996 A 22 4,5 4 ,5 13,6 0 0 68,2 9,1




1996 B 4 0 92 ,5 7,5 0 0 0 0

Table 6. Relativeoccurrences(%) of fish diseasein selectedlakes.0-absenceof visibledeviation from normal, 1-initialstage of dise-
ase,2-indicesof medium affection, 3- irreversibilityof disease.





Gills

Degreeof disease

Liver

Degreeof disease

Kidney

Degreeof disease

Gonads

Degreeof disease




Changeof color

Degreeof disease




Nephrocalcitosis

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.char 1990 0 0 0 9.8 7.8 7.8 15.7 5.9 1.9 21.6 5.9 0







A.char 1991 68.2 0 0 50 31.8 4.5 45.5 22.7 13.6 0 0 0







A.char 1996 0 0 0 22.8 34.8 42.4









Kuetsyarvi whitefish 1991 8.5 2.8 1.2 32.8 23.2 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 04.1 6.6

Urdfjellvatn A.char 1992 0 0 0 92 0 0 64 32 0 0 0 0







browntrout 1992 0 0 0 84.6 0 0 84.6 0 0 0 0 0






S.Skardvatn A.char 1992 42.9 0 0 71.4 3.6 0 21.4 75 0 3.6 0 0







A.char 1996 0 0 0 0 34.7 62.3 32.1 12.6 0 0 0 0






T.Guokkolobbalat A.char 1992 0 0 0 66.7 3.3 0 76.8 18.3 1.7 1.7 0 0






A.Guokkolobbalat A.char 1992 0 0 0 87.5 12.5 0 95.8 4.2 0 4.2 0 0






F.Guokkolobbalat A.char 1992 47.8 0 0 73.9 21.7 0 100 0 0 8.7 0 0






Dalvatn A.char 1996 0 0 0 0 47.6 52.3 0 0 0 0 0 0
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4.6.3 Trace metal content

All resultsdealing with heavymetal concentrationsin fish tissues
and organs have been presentedin previousreports (Nøstet al.
1991, Langeland1993, Langelandet al. 1995, Nøstet al. 1996).
Pooled data on trace metal levels in the livers and kidneys of
brown trout and Arctic char in the years 1990, 1992 and 1995
are presentedin figure 12.

Levelsand distribution varied between organs,speciesand lakes.
Accumulations in muscleswere usuallyconsiderablylower than
the levels found in other organs and tissues(Langeland1993,
1995).With a few exceptionsfor cadmiumin F.Guokkolobbalat,
levelswere below backgroundlevelsin muscleof freshwater fish
(Grande1987).

The highest valuesof most metalswere usuallyfound in kidney
and liver. High accumulationsof nickel and zinc were also recor-
ded in gills (Langeland1993).

Relativelyhigh valuesof cadmiumwere recordedin the kidneysof
brown trout and Arctic char from Dalvatnand in kidneysof Arctic
char from S.Skardvatn.Highvaluesof cadmiumwere recordedin
the liver of both brown trout and Arctic char from F.
Guokkolobbalat.Accumulationsof cadmium in liver were above
the approximatebackgroundlevels(Grande1987)for most locali-
ties, exceptfor a few samplesfrom Shuoniyavrand Rousenyarvi.

Concentrationsof zinc in kidneyshowedrelativelysmallvariations
between localities.One high value was recorded in brown trout
from Maayarvi.The highest values in liverwere found in brown
trout from F.Guokkolobbalatand in Arctic char from Shuoniyavr.
However,noneof thesevalueswere abovethe approximateback-
ground levelsfor zinc in liversof freshwaterfish (Grande1987).

Relativelyhigh values of copper were found in kidney of both
brown trout and Arctic char from F. Guokkolobbalat and in
brown trout from Maayarvi. Accumulations of copper in liver
were relativelyhigh in brown trout from S.Skardvatn,and some
high values were also recorded in brown trout from F.
Guokkolobbalat, Dalvatn and Maayarvi,and in Arctic char from
F. Guokkolobbalat and Shuoniyavr.Most levelsin liver of brown
trout from S. Skardvatn and Maayarvi were above the back-
ground levelas indicated by Grande(1987).

The highest values of nickel in kidney were recorded in brown
trout from S.Skardvatn,Dalvatnand Maayarvi,whereasthe hig-
hest values in Arctic char were found in samples from S.
Skardvatn, F. Guokkolobbalat and Rousenyarvi.Nickel was not
included in the work of Grande (1987). However, when our
resultson fish kidneysare compared with resultsfrom the eas-
tern part of the Kola Peninsula,taken in the same period, most
samplesfrom the border region have higher valuesthan these
«background levels»(Langelandet al. 1994). In liver, high values
were recorded in both brown trout from F.Guokkolobbalat and
Maayarvi and Arctic char from F. Guokkolobbalat. Levels in
brown trout from S. Skardvatn and in Arctic char from
Rousenyarviwere also higher than what we recorded in samples
from the easternpart of the Kola Peninsula.

Correlationsbetween trace metal levelsin fish tissuesand corres-
ponding levels in lake sedimentsand surfacewaters were poor.
Generally,the most unambiguousresult from the study of metal
accumulation in fish tissuesis the relatively high levelsof most
metals in the liver, and to a lesserdegree also in the kidney, of
brown trout and Arctic char from F.Guokkolobbalat.

Several factors have influenced the concentrations of trace
metals in the organs and tissuesof fish, such as the levelsand
distribution of pollutants in water bodies,physiologicalcharacte-
ristics of the fish and biochemicalproperties of the metals.The
accumulation of metals thus is determined by a balancebetwe-
en the intake rate through the gills and the food, and the capa-
bility of the fish to excretean excessof elementsnot requiredfor
the maintenance of the basic metabolism. Concentrations of
metals in fish organs,especiallyin soft tissues,were inconsistent.
The most stable levelshave previouslybeen stated to be found
in skeletons, reflecting the total load during the whole lifespan
(Langeland 1993). The more variable levels in liver and kidney
reflect seasonal fluctuations in hydrochemical conditions and
diet. Langelandet al. (1995) found no unambiguouscorrelation
between individual age and the levelof accumulationof copper,
chrome and mercury in fish tissues.The uptake of zinc, which is
an essentialmetal in low concentrations, is probably also home-
ostatically regulated.

High levelsof trace metals,especiallycadmium and nickel, in fish
tissuefrom F.Guokkolobbalat could be connected to the acidifi-
cation of this area. In the area around F. Guokkolobbalat the
geology consistsof hard bedrock like gneissesand granite, and
both fish populations and invertebrates in nearby localities are
affected by acidification. Fjeldet al. (1994) studied environmen-
tal influences on the accumulation of trace metals in lake sedi-
ments in Southern Norway.Theyfound that atmosphericdeposi-
tion was the main source of increased levelsof lead (Pb) and
mercury (Hg),whereasacidification increasedthe mobilisationof
nickel and cadmium from the catchment area. However, the
contamination factors (Cf) of these metals in F. Guokkolobbalat
are low or moderate, and are low compared with the other
monitoring lakes(appendix 3). Unlike Dalvatnand S. Skardvatn
some relatively high valuesof zinc and nickel were measuredin
water samplesfrom F. Guokkolobbalat (cadmiumwas not inclu-
ded in this programme). The combination of periodically high
levels of trace metals in the water and low concentrations of
other minerals could explain the relatively high levels of these
metals in fish tissues from F. Guokkolobbalat. However, this
must be consideredasa preliminary hypothesiswhich should be
followed by more thorough studiesof these trace metal concen-
trations in surfacewaters, lakesedimentsand fish tissues.

Earlierstudies (1990-1992), which included a larger number of
lakes in the border region, stated that contamination from the
smelters was probably the reason for the high concentrations
and bioaccumulation of nickel in the Nikel/Zapolyarny area
(Langelandet al. 1995).
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5 Conclusions
Trace metal pollution

During the period of study (1990-96) adverse effects of trace
metal pollution near the industrial centres Nikel and Zapolyarny
were observed.Tracemetal accumulation,pathological anomali-
es in fish and low diversityof invertebrateswere observed.

Low diversitiesof phytoplankton,zooplankton and zoobenthos
were observedin the most polluted localities(LakesLN1 and
LN2).

No fish specieswere recorded in lakes close to Nikel town
(LakeLN1,LakeLN2and LakeLN3).The absenceof older indi-
viduals of brown trout in inlet and outlet streams indicated
low survivalwith age (juvenilization).

Severepathological anomaliesand diseaseswere observed in
fish near Nikel. A rising incidence of negative pathological
changes was observed in the course of the study. In 1996
anomalieswere observedon the Norwegian side (Dalvatnand
S.Skardvatn),indicating the influence of a powerful toxin or
severaltoxins, presumablyof organic origin.

Acidification

Indications of acidification impacts were found only in the Jar-
fjord Regionin Norway.

Low phytoplankton diversitywas observedin Dalvatn.

Absenceor low numbersof acid-sensitivespeciesof zooplank-
ton and zoobenthos and fish were recorded in and near
Dalvatnand F.Guokkolobbalat.

Impacts of pollution on freshwater communities decreasewith
distancefrom the sources.However,the causesand consequen-
cesare difficult to follow due to 1)different loadsand compositi-
on of pollutants within smallareas,2) geologicalcomplexityand
3) biotic relationships,which maydiffer between lakes.Although
there existsignificantannualvariationsin water quality and biolo-
gical parameters,the resultsindicatea slight improvement in the
limnologicalstate of the lakesfrom 1990 to 1996. This is especi-
ally true of the acidified lakeDalvatnin the Jarfjord Region.

Thestudyprovidesa satisfactorybackgroundfor evaluatingthe bio-
logical benefits to freshwater communitiesof future purification
processingof the emissionsfrom the Pechenganickelfactories.
Unlikein other pollutedareasin Scandinaviaand NorthernEurope,
the local emissionstotally dominate the load of pollutants in the
border region between Russiaand Norway.This fact makesthe
region uniquefor studiesof the effectsof pollutantsand the reco-
veryof freshwatercommunities.We recommendan intensivemoni-
toring programmeon freshwatercommunitiesfollowing the instal-
lationof purificationequipmentat the Pechenganickelfactories.
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Appendix
Appendix 1. Methods of chemical analysis

Turb: Turbidity was measurednephelometricallywith a HACH
model 2100A Turbidimeter in accordancewith the Norwegian
Standard(NS4723) modified by Blakar& Odden (1986).

Col: The water-colourwas analysedin accordancewith NS4722
usinga ShimadzuUV-160andcalculatedafterHongve(1984).

Cond: Conductivity was measuredin accordancewith NS4721
using a Radiometermodel CDM 80 (1990-93) or a Radiometer
model CDM 92 (1995-1996),both with a platina-electrode.

pH: pH was analysedin accordancewith NS4720 usinga
Radiometermodel PHM84 pH meter equipped with separated
glass-and calomel-electrodes.

Alk: Alkalinity was determined in accordance with NS 4754
using a Radiometer model M 80 Titrator, Radiometer model
ABU 80 Autobyrette and a Radiometermodel PHM84 pH meter
and the valuesare adjusted in accordancewith Henriksen(1982)

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

CI, NO3, Si: Chloride, nitrate and silicon were determined by
cholometry. In the period 1990-1992 the analysiswere perfor-
med with a FIA Star model 5020 Analyzer in accordancewith
Tecator application note ASN 63-03/83, ASN 62-01/83 and
ASTN5/84 (modified), respectively.In the period 1993-1996 the
parameterswere determined in accordancewith the following
applications: Alpkem P/N 000147 (CI), ASN 62-01/83 (NO3),
Alpkem P/N 000923 and Alpkem P/N 000365 (Si), using a
Alpkem Superflow 3590 asthe analysingequipment.

504: Sulphatewasdeterminedbytheformula:SO4= SSS- (CI+ NO3)
where SSS(sum of strong acidsanions)was analysed,after pas-
sing through a cation exchangeresin(Dowex, 50 mesh, H+), by
conductivimetry. The analysingequipments were a Radiometer
model CDM 80 connected to the FIAStar model 5020 Analyzer
(1990-1992) or a YSI model 35 connected to the Alpkem
Superflow 3590 (1993-1996).

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

Trace elements (Cd, Cu, Mn, Ni, Zn, Pb, Cr, As): Trace ele-
ments in water (0,04 M SuprapureHNO3-solution)were deter-
mined by atomic absorption spectrophotometry (Perkin-Elmer
model 1100 B) in comparison with NIST Standard reference
material 1643C.

Analytical procedure for heavy metal analysis in bio-
logical material at NINA's analytical laboratory
The biological material analysedat NINA's laboratory were fish
organsand fish tissues.

Freeze drying process

Thesampleswere freeze-driedfor approximately24 hoursto a final
pressureof 0.05 mbarat -53°C in CHRISTLDC-1equipment.

Digestion procedure

Subsamplesof approximately0.4 g freeze-driedmaterialwasadded
4-5 ml cons. HNO3 (Supra Pure). The digestion-program in a
Microwave-ovenMilestoneMLS1200 , with bombsSV 140 made
of PFAwith max.pressure10 bar,wasappliedfor 10 minutes.

Analytical procedure
PerkinElmermodel 1100B,equipped with high sensitivitynebu-
lizer, graphite furnace HGA 700 with autosampler AS 70, and
Hydride system FIAS200 were used as the analytic equipment
for analysingheavymetals in the biological material.

High levels of the elements Cd (>0.4 ppm), Pb (>2.5 ppm) as
well as all levelsof Mn, Zn, Cu and Ni were analysedusing fla-
me-mode. Standard wavelengths were used for all elements,
and background correction was usedfor Zn, Pb,Ni and Cd.

The elements Cd and Pb (low levels,see flame) as well as all
levels of Cr were analysed using graphite-furnace. Tubes used
was pyrolytical with plattform for all elements except for Cr
(pyrolytical without plattform). STPFtechnique according to
Perkin Elmersmanual for graphite furnace was used for all ele-
ments except Cr (not plattform). Modifier used: Palladium,
approx. 5 pg/sample, (Cd and Pb) and Mg(NO3)2,approx. 1
pg/sample(Cr). Peakareawas usedfor all elements.

Hg was analysedusing FIAS200, with NaBH4usedas the redu-
cing agent.

Reference material used to verify the results:
Dog fish liver (DOLT-1)and Dog fish muscle (DORM-1),produ-
ced at National ResearchCouncil, Canada.
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Appendix 2. Water chemistryof the localitiesin 1996.Localitycodeas indicated in Table 1.




504 mg/Pt pS/cm pekv/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 pg/1
LocaIity Date




Colour Cond pH Alk Ca Mg Na K SO4 C1 NO3-N




4,76








SS 07.09.96 4,71 12 33,4 6,44 45 1,49 0,82 2,85 0,31 4,76 4,45 <10
FG 07.09.96 4,67 8 30,6 6,33 23 1,29 0,66 2,69 0,24 4,71 4,24 <10
Da 08.09.96 4,58 11 31,7 5,91 2 1,14 0,68 2,99 0,21 4,67 5,10 <10
Sh 03.09.96 7,81 16 27,8 6,59 77 2,01 0,67 1,59 0,41 4,58 2,02 <10
Ro 05.09.96 7,73 18 47,8 6,93 117 3,55 1,07 2,99 0,52 7,81 4,40 10
Ma 05.09.96 38,67 29 47,3 6,86 130 3,83 1,11 2,79 0,28 7,73 3,98 <10
LN1 04.09.96 110,03 14 131,8 7,01 291 14,33 2,50 3,82 0,66 38,67 3,56 <10
LN2 04.09.96 0,65 11 280,3 7,08 233 34,85 8,63 3,97 0,56 110,03 3,14 <10

Locality Date
pg/1

Si

pg/I

Tr-Al

pg/I

Tm-AI

pg/1

Om-Al

pg/1

Um-Al

pg/1

Pk-A1

ppb

Cu

ppb

Mn

ppb

Ni

ppb

Zn

SS 07.09.96 1,24 21 8 6 <6 <6 <6 <6 33 13
FG 07.09.96 0,88 34 8 <6 <6 <6 <6 <6 37 12
Da 08.09.96 0,66 56 18 15 <6 <6 <6 7 18 2
Sh 03.09.96 1,29 17 9 <6 <6 <6 <6 <6 10 14
Ro 05.09.96 1,41 23 12 6 6 6 <6 <6 91 20
Ma 05.09.96 1,71 19 8 <6 <6 <6 <6 6 <6 41
LN1 04.09.96 1,78 29 12 6 6 6 35 15 40 320
LN2 04.09.96 3,46 11 11 6 <6 <6 7 11 11 293
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Appendix 3. Concentrationsof tracemetals (pg/g dry weight) in sedimentsof the investigatedlakes
cesediments,respectively.LOI: lossof ignition. Cf : contamination factor

Sand R: -surfaceand referen-

Lake Depth Layers LOI Ni Cu Co Zn Cd Pb Hg




m CrIl % Pgig pg/g pg/g pg/g pg/g pg/g pg/g

StoreSkardvatn* 10 S 16 91 54




0,35 34 0,070




R 21 34 37 11 125 <0.5 <1 0,035




Cf 2,7 1,5




0,7 34,0 2,0

F.Guokkolobbalt* 12 S 30 57 55




0,12 29 0,080




R 28 35 122 32 148 0,60 8 0,160




Cf 1,6 0,5




0,2 3,6 0,5

Dalvatn* 21 S 37 156 220 56 126 0,13 80 0,100




R 29 37 134 38 384 <0.5 8 0,080




Cf 4,2 1,6 1,5 0,3 0,3 10,0 1,3

Shuoniyavr 17 S 20 189 118 23 98 2 20 0,080




R 15 44 31 42 106 2,12 <10 0,040




Cf 4,3 3,8 0,5 0,9 0,9 2,0 2,0

Rousenyarvi 33 S 23 539 292 106 164 3,23 19,4 0,410




R 27 25 191 25 177 0,61 <9 0,110




Cf 21,6 1,5 4,2 0,9 5,3 2,2 3,7

Maayarvi 10 S 30 1058 784 60 151 0,54 26 0,430




R 31 24 30 16 109 <0.50 <10 0,035




Cf 44,1 26,1 3,8 1,4 1,1 2,6 12,3

LakeNikel 1* 5 S 7206 6495 142 170 2,50 32 0,410




R 55 52 25 73 <0.50 <1 0,032




Cf 131,0 124,9 5,7 2,3 5,0 32,0 12,8

LakeNikel2* 5 S 6490 1823 121 439 0,50 11 0,510




R 52 166 30 185 <0.51 <1 0,025




Cf 124,8 11,0 4,0 2,4 1,0 11,0 20,4

*- data from Rognerudet al., 1993.
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Appendix 4. Biomass (g wet weight/m3) of phytoplankton in monitored lakes,

September 1996. Localily code as indicated in Appendix 1.

TAXA

Cyanophyceae

SS FG Da Sh Ro Ma LN1 LN2

Synechococcussp. 0,02




0,08 0,01 0,10 0,07




Merismopediatenuissima






Aphanothececlathrata 0,02 0,08 0,15





Aphanothecesp.






Chroococcussp.






Gomphoshaerialacustris
cf. Rhabdodermakol.






FilamentousBG(d=1.5 pm)






CoccalBG(d<3 pm)






0,19

Cyanophceae,total biomass 0,04 0,00 0,08 0,01 0,18 0,22 0,00 0,19

Bacillariophyceae*






Cyclotella(d<10 pm)






Cyclotellacomta (d>10 pm)






Asterionellaformosa







Tabellariafenestrata






0,02




Synedracf. Acus







Bacillariophyceae,total biomass 0,00 0,00 0,00 0,00 0,00 0,02 0,00 0,00

Dinophyceae







Ceratium hirudinella 0,01 0,01 0,02




0,56





Gymnodiniumsp. (d=10 pm)







Dinoflagellater(d<10 pm)







Dinoflagellater(d=10-20 pm)







Dinophyceae, total biomass 0,01 0,01 0,02 0,00 0,56 0,00 0,00 0,00

Chlorophyceae







Cosmariumsp. (d=5 pm)







Chlorococcalessp.







Chlorophyceae,total biomass 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Others







Dinobryonsociale






1,16




Unident. Flagellates(d:10-15 pm)






0,25




p-algae (d<5 pm) 0,14 0,08 0,06 0,10 0,08 0,09 0,12 0,03
Others,total biomass 0,14 0,08 0,06 0,10 0,08 0,09 1,53 0,03
Total biomassof phytoplankton 0,19 0,09 0,16 0,11 0,82 0,33 1,53 0,22

*syn. Diatomophyceae
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Appendix5. Speciescompositionandbiomass(mm3/m9of phytoplanktoncommunitiesin themonitoredlakesin 1995-96.Analysedat INEP.

LAKE




SS




FG




Da




Sh Ro Ma LN2




LN1




date 09.95 09.96 09.95 07.96 09.96 09.95 07.96 09.96 09.95 09.96 09.95 09.96 09.95 09.96 09.95 09.96 09.95 07.96 09.96

Diatomophyceae












Asterionellaformosa 2 4




2 4





128 21




2




A. distans




2




20 17 21






A. italicavar.tenuissima





16









A. lirata




83







1158






Cyclotellabodanica












C. comta







136






Cyclotellspp. (d=7-24) 32 29 10




8




40




28




5




17

Cymbellasp.









3





Diatoma elongatum 19




100










Eunotiasp.











29 49

Fragilariacapucina 274




1016 2




1







260 8




F.pinnata











13 39

F.virescens










44






Fragilariaspp.






1




5




5 40 52 9 11 9 449 76 20

Frustuliarhomboides













Gomphonema acuminatum





6





50




4







G. longicepsvar.subclavatum




1












Meridion circulare












10




Naviculasp.










26






Nitzschiaacicularis 4




61






1




7






Pinnulariamicrostauron











88 32




Pinnulariasp.







58








Rhyzosolenialongiseta









10






Stephanodiscushantshi












4




Stephanodiscussp. 4









5






Surirellasp.








7







Synedraacus 20








7







S.nana




6








11 1






S.pulhella











6




S.rumpens










3






Synedrasp.




8










10 10 32

Tabellariafenestrata




11




9





506





64 343






T. fenectrata




29








218






var.asterioneloides







92




43




16






Cyanophyceae













Anabaenasp. 9







31




5




20






Aphanizomenon flos-aqvae










25






Aphanocapsadelicatissima







130 25 19 3 33






Aphanothece minutissima 14 8






324 30 69 5 70 0.1 5





Merismopediawarmingiana




1






4




5 48 3







Oscillatorialimnetica







1







57 1 10

0. planktonika








1




1




3





Oscillatoriasp.










5






Pseudanabaenaconstricta





0.1






1




1






Snowellaatomus




0.2 3




1




1 0.1 5 2 8 0.4 32




5 0.1




S. lacustris










0.1






Chlorophyceae













Ankistrodesmusfusiformis 0.1







0.1




0.1




6






Chlamydocapsaplanctonica




6




1











Chlamydomonassp.





3







6




1





Dictyosphaeriumsubsolirium









0.1





23





Didymocystisinconspicua




0.5 0.1 1.5 1 0.1 2





0.3 1




1




5




1

Elakatothrixgelatinosa 1 26 2




0.8





3 0.4




4 0.5






Golenkinia radiata






3









Lagerheimiagenevensis








0.1








M. komarkovae










2






M. mirabile





10






0.1





6






35



LAKE




SS




FG




Da




Sh Ro Ma LN2
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LN1

date 09.95 09.96 09.95 07.96 09.96 09.95 07.96 09.96 09.95 09.96 09.95 09.96 09.95 09.96 09.95 09.96 9.95 07.96 09.96

Oocystisromboides 1




21 25 8 5 0.1 4





5




0. submarina




1




12




6




1




4





Pandorinamorum








4





Planktosphaeriagelatinosa










35




Selenastrumbibraianum




2











Scenedesmusaculeolatus









2





S.quadricauda








1





Cryptophyceae












Chroomonasacuta 0.3 17




15 1




1 1




2




4 59





Chroomonassp.





0.3








Cryptomonasgracilis







26




4





C.phaseolus





3








C.marssonii 6 15




3




5 32





12





Cryptomonassp.





3





17




2 56 16






Planonephrosparvula









13






Rhodomonaslacustris 6 7 0.4




5





23 16 1




20 7





0.3 2

Chrysophyceae













Bitrichiachodatii 2 8 3




8




1 4 2 8




1







Dinobrionacuminatum




13 31 39




13




153




82




340






D.bavaricum









19 6






D.cylindricum







35








D.divergens 3




2







3




12




3




9 10 20
D.divergens 9




27











var.schauinslandii




3







6







94

D.elegans




17





1 4 4









D.pediforme









14 3




8




1120 1707

D.sociale





1










390

D.socialevar.americanum





3





42








D.suecicumvar.longispinum





1







8 2




14




49

Ochromonadalessp. 6 1 1




0.3




2 0.2 1 4




1




11




3

Pedinellasp. 12 4 2 13





17 10 1




1 3 1




13




Pseudopedinellaelastica




69












Mallomonasacaroides












739

M. lychenensis




6






4




5







Conjugatophyceae













Closteriumacutum 1









2






var.variable





6




3








6




Cosmariumsp.





12










12




Euastrumdenticulatum





13










13




E.elegans










58





Mougeotiasp.










21






Spirogirasp. 4




3











Dinophyceae













Peridiniumpusillum





3











Peridiniumsp.






5









Tribophyceae













Isthmochlorontrispinatum






3









Prymnesiophyceae













Chrysochromulinasp.

unindentified
d=4-10 86 3 34 3 3 30 4




14 7 7 65 13 7 3

. 1505

3311 196 123

cystsd=10






19 7




10 3




60 11




4




Totalbiomass 513 370 1315 166 170 59 61 36 1428 375 367 1414 582 1212 176 132 5780 1513 3299
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Appendix 6. Species composition and biomasses (mg m-2) of zooplankton in monitored

lakes in 1996. Locality code as indicated in Table 1.

Art SS FG Da Sh Ro Ma LN2 LN1

Cladocera






Bosminalongispina 20,0 8,8 330,8 57,6 182,6 27,0 332,1 0

Daphnialongispina 0,5 0,9 0 0 0 0 0 0

Daphniagaleata 74,0 6,9 0 69,8 0 58,4 0 0

Daphnialongremis 0 0 0,2 0 0 0 0 0

Holopediumgibberum 46,8 61,0 245,1 1,5 46,6 0 0 0

Bythotrepheslongimanus 0 4,0 0 0 0 0 0 0

Polyphemuspediculus 0 0 2,7 0 0 0 0 0

Copepoda






Cyclopsscutifer 27,8 44,6 15,2 4,8 7,6 33,8 0 0

Cyclopsabyssorum 13,6 1,4 0 0 0 0 0 0

Eudiaptomusgraciloides 93,2 98,0 174,2 0 95,0 93,6 263,4 34,2

Eudiaptomusgracilis 0 0 0 95,1 0 0 0 0

Heterocopeappendiculata 0 0 0 11,4 18,2 0 0 0
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