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Sammendrag og Konklusjon

Arctic Monitoring and Assessment Programme (AMAP) ble etablert i 1991 pé den forste Arc-
tic Ministerial Conference 1 Rovaniemi, Finland, som en del av Arctic Environmental Protec-
tion Strategy (AEPS). Hovedformélet med AMAP er kontinuerlig overvdkning av nivéene av
antropogen forurensing i alle miljgkomponenter, inkludert mennesker, i Arktiske omrider og
vurdere effektene av forurensingen pa gkosystemet.

Programmet er delt inn i fem underprogram: atmosfare, terrestrisk, ferskvann, marin og hu-
man helse. I AMAP’s underprogram for ferskvann, er fisk og sediment i innsjeer valgt som
undersokelsesparametre. Programmet inkluderer ogsé en liste over tungmetaller og persistente
organiske forurensninger (POPs) som skal prioriteres i malingene.

Denne undersekelsen er utfort i henhold til AMAP’s anbefalinger for metoder pa feltinnsam-
ling, analyser og parametere. Innsamlingen ble utfort i 1993, 1994 og 1995. En oversikt over
innsjeer og stasjonsnummer, deres lokalisering og morfologiske karakteristikker, samt hvilke
prover som ble samlet inn og i hvilket ar, er gitt i Appendix 1. Tungmetaller ble analysert i
sedimenter fra 60 innsjeer. I tillegg er datamateriale for tungmetaller i innsjesedimenter fra
undersekelser 1 1992 (Rognerud et al. 1993) inkludert, dette gir totalt 92 undersokte innsjoer.
Konsentrasjonene av POPs ble analysert i sedimenter fra 22 innsjoer.

Rapporten viser nivéer og fordeling av miljegifter i innsjesedimenter og fisk pa fastlandet i
Nord-Norge, og pa de arktiske norske gyene, Spitsbergen og Bjerngya. Resultatene er presen-
tert grafisk og diskutert. Malet med undersgkelsen er a kartlegge den névarende situasjonen
med hensyn til kontaminering, samt fremskaffe oversikt over referanseverdier for framtidige
studier.

De originale dataene fra miljogiftanlysene er gitt i to separate appendix rapporter. Appendix
A presenterer dataene fra sedimentanalysene og Appendix B analysene av fisken.

Feltarbeid, data-analyser og rapportering er finansiert av Statens Forurensingstilsyn (SFT),
Fylkeskommunen i Finnmark, Landsdelsutvalget for Namdalen og Nord-Norge samt
Akvaplan-niva’s instituttprogram. Denne rapporten er en del av Norges bidrag til AMAP.

Tungmetaller i sedimenter

Konsentrasjoner

Nivéer av de fleste tungmetallene i de gvre sedimentsjiktene i1 innsjoer i Nord-Norge er  ge-
nerelt lavere en de som er funnet i serlige deler av landet (unntatt for Ni konsentrasjonene).
Hoyeste niva av Cd i innsjesedimentene ble funnet i Holmevatn i Nordland (1.46pug/g). Hoy-
este konsentrasjonen av Hg ble funnet i Vikvatnet (0.43 pg/g), og hoyeste konsentrasjonen av
Pb og Ni ble funnet i Norlivatn, Nordland (131 pg/g) og Bjernevatn i Finnmark (372 pg/g).
Konsentrasjonen av Ni i sedimentet gker med ekende breddegrad. Rognerud & Fjeld (1990)
viste at gjennomsnittskonsentrasjonen i den serestlige delen av Norge er 15-20 mg/kg torr-
vekt. I denne studien var median-konsentrasjonene av Ni 25-58 mg/kg terrvekt 1 overflatesjik-
tene. For elementene Al, Cu, Fe, Zn, Ti og Se er det ikke utfert analyser i nasjonale underse-
kelser.

Pa de arktiske gyene, er gjennomsnittskonsentrasjonene av Hg, Pb og Cd i overflatesedimen-
ter generelt lavere enn niviene funnet pa fastlandet i Nord-Norge.
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Anrikningsfaktorer (Kf)

Overflatesedimentet i1 innsjoer pa fastlandet i Nord-Norge er anriket med tungmetallene Hg,
Pb, Sb og Cd. De sentrale delene av det undersekte omradet er mindre anriket sammenlignet
med de serlige og nordlige delene. Slike konklusjoner kan man ikke trekke for de andre ele-
mentene. Anrikningsfaktoren, K¢, for henholdsvis Hg og Pb viser en 1.5-10 og 1.5- >10 gan-
ger okning fra 2-3 cm sjiktet til 0-1 cm sjiktet, noe som indikerer en heoy variasjon mellom
innsjeer nér det gjelder deponering og sedimentering i omradet gjennom de siste 10 arene. En
slik trend vises ikke for de andre metallene 1 denne undersokelsen.

Medianverdier for anrikningsfaktorer for metaller, basert pa verdier fra alle provetatte innsje-
er pa Spitsbergen og Bjerngya er beregnet. Dataene viser at de gverste sedimentsjiktene i inn-
sjoer pa Spitsbergen er anriket med tungmetallene Hg, Pb, Se, Ti og Zn. P4 Bjerneya er anti-
mon (Sb) det eneste elementet som viser anrikning i overflatesedimentet.

Den geografiske fordelingen av de fleste metallene i innsjeene pa fastlandet indikerer spred-
ningstrender. For elementene Al, Cd, Hg, Pb, Sb og Zn er konsentrasjonene hoyest langs kys-
ten av Nordland og Troms. Steinnes et al. (1994) fant indikasjoner pa lignende geografiske
menster pd nivdene av Pb, Sb and Se i mose. Det er blitt vist at den signifikante tilforselen av
Se i Norge kommer fra det marine miljoet (Steinnes ef al. 1994). Nivaene av As, Cd, Hg, Pb,
Sb og Zn i moser er relatert til atmosfarisk langtransport (Berg et al. 1995).

Forhgyede konsentrasjoner av Hg, Ni og Pb ble mélt i Ser-Varanger, og omradet ble klassifi-
sert til & vaere moderat til sterkt pavirket. Forurensingen er relatert til lokale utslippskilder pd
Kola halveya, hovedsakelig nikkelindustrien (Steinnes et al. 1994; Rognerud et al. 1993).

Den geografiske spredningen av Hg i sediment virker ikke a vare relatert til sprednings-
mensteret i moser. Steinnes & Andersson (1991) og Steinnes (1995) fant en fordobling i1 kon-
sentrasjonen av Hg i moser fra innlandet i Troms og Finnmark mot den nordlige kysten av
Finnmark. En mulig forklaring pé dette var den gkende bidrag av terr deponering av Hgo, un-
der forhold hvor forflytning til atmosfaeren ble redusert. I denne undersgkelsen ser man ingen
signifikante menster fra innlandet mot kysten. De heyeste konsentrasjonene i overflatesedi-
ment ble funnet langs kysten av Nordland og Troms og i Ser-Varanger (0.1-0.2 ng/g, sam-
menlignet med konsentrasjoner hovedsakelig under 0.1 pg/g i Finnmark). Noen innsjeer i dis-
se omradene hadde ogsa heye anrikningsfaktorer for Hg (fra markert til sterkt pavirket). De
heyere nivdene i innsjesedimentene langs kysten ser ut til & henge sammen med storre ned-
bersmengder.

Anrikningsfaktorene for Pb var hey i mange innsjoer i Lofoten-Vesterdlen og Senja, sa vel
som 1 kommunene Kautokeino og Ser-Varanger. To innsjeer hadde hoye anrikningsfaktorer
for flere metaller, nemlig . Kaperdalvatn (68) pa Senja og Ryggedalsvatn (75) i Vesteralen.
Disse innsjeene var moderat til meget sterkt pavirket av Al, Cd, Cu, Fe, Hg, Pb, Sb, Se og Zn.
Metallkonsentrasjonene i overflatesedimentet var bare litt hogyere enn i prever fra nerliggende
innsjeer, men lave konsentrasjoner av de fleste metallene i referansesedimentet forte til hoye-
re anrikningsfaktorer (beregnet fra forholdet mellom konsentrasjon i toppsjiktet og konsentra-
sjonen i referansesjiktet).

Storvatnet nart Alta, hadde ogsi forheyede konsentrasjoner av Ni, Cu og Pb. Arsaken til det-
te er trolig tidligere gruvedrift i nedbersfeltet til dette vannet.
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Kvikksolv i fisk

Hg ble analysert i fisk fra Ellasjoen pa Bjerneya, 8 innsjeer og Kautokeinoelva i Finnmark og
Finnsnesvatnet i Troms.

Konsentrasjonsnivaene

De hoyeste konsentrasjonene av Hg i denne undersekelsen ble funnet i gjedde fra Kautokei-
noelva, i abbor fra Gavdujavri, i sik fra Ravdujavri, og i reye fra Ellasjoen.

Predatorfisk, som gjedde og stor abbor, hadde de heoyeste Hg konsentrasjonene. Konsentra-
sjonen i gjedde ekte med kroppssterrelsen for fisk som var lengre enn 50 cm. Det samme
gjaldt for abbor over 20-25 cm. For gjedde og abbor var det en signifikant korrelasjon
(p<0.05) mellom lengden pa fisken og konsentrasjonen av Hg i muskelvevet. Nér det gjaldt
roye 1 denne studien, var ikke Hg konsentrasjonen signifikant korrelert med lengden pé fis-
ken. Konsentrasjonen av Hg i sik var lavere enn i1 de andre artene og var omtrent lik i alle inn-
sjoene det ble tatt prover fra.

En av grunnene til forskjellen i Hg nivdet mellom fiskearter er at abbor og gjedde generelt har
andre naringsvalg enn stor raye og sik. Gjedde og abbor, spesielt de storste individene, er
predatorer, som vanligvis spiser fisk som byttedyr. Mindre sterrelser av raye og sik spiser pa
et lavere trofisk niva, med zooplankton eller bunndyr som hovedfede.

For sik var det ingen signifikant korrelasjon mellom kroppslengde og kvikkselvniva i fiske-
muskel. Men det viste seg at Hg konsentrasjonen i gytende sik fra S. Galdinjavri var signifi-
kant forskjellig fra ikke-gytende individer (p=0.0001). Det var ogsd en signifikant lengde-
forskjell mellom gytende og ikke-gytende fisk. Disse resultatene indikerer at i denne innsjeen
er Hg konsentrasjonen i sik primart relatert til lengde, og ikke til graden av modenhet hos
fiskene. Ved sammenligning av sik fra alle de undersgkte innsjoene, viser statistiske analyser
at det ikke var signifikant forskjell i Hg konsentrasjonen mellom hunn- og hannfisk. Det var
heller ingen signifikant lengdeforskjell mellom kjennene.

Kvikksolv i sediment og kvikksglv i fisk

Man fant indikasjoner pa en positiv relasjon mellom Hg konsentrasjon i abbor og i sediment.
Pa grunn av et begrenset datamateriale ma denne observasjonen imidlertid behandles med
forsiktighet.

Undersokelsen indikerer at det ikke finnes en positiv korrelasjon mellom konsentrasjonen av
Hg i sediment og konsentrasjonen av Hg i sik. Det finnes to typer sik i Finnmark, en som ho-
vedsakelig utnytter bentiske organismer som fode, mens den andre ernerer seg pa plankton i
den pelagiske sonen. Bunndyretende sik blir storre enn pelagisk sik. En slik forskjell mellom
sikpopulasjonene kan forklare at fisk fra Ravdujavri hadde heyere verdier av Hg konsentra-
sjoner. Det er kjent fra litteraturen at forurensningsnivaet i fisk eker med byttets trofiske nivé
(Kidd et al. 1995).

Kvikksglv og selen

Faktumet at den laveste Hg konsentrasjonen ble funnet i fisk fra innsjoen med det hoyeste ni-
véet av Hg i sedimentet, kan delvis forklares av Se konsentrasjonen i sedimentet. En hey kon-
sentrasjon av Se ser ut til 4 redusere opptaket av Hg 1 biota (Shindler et al. 1995; Rognerud &
Fjeld 1990). Se kan fungere som en antagonist og oppta det samme bindingspunkt som
kvikkselv. Rognerud & Fjeld (1990) fant ogsd en negativ korrelasjon mellom Se konsentra-
sjon i sediment og i fisk fra samme innsjeer. I denne undersgkelsen ble Se analysert i sedi-
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ment fra to av innsjeene hvor det ogsa ble foretatt analyser av sik (Tabell 10). Selv om data-
grunnlaget er lite, kan man se indikasjoner pé en lignende trend. Innsjeen som inneholder fisk
med den hgyeste konsentrasjonev av Hg har den laveste konsentrasjon av Se i sedimentet,
mens sedimentet i1 innsjeen med den laveste Hg konsentrasjonen i sik har de hoyeste niviene
av Se.

I henhold til de siste retningslinjene fra EU, har Norge etablert nye retningslinjer for Hg niva i
fiskeprodukter (Sosial og Helsedepartementet 1995). I folge disse skal ikke konsentrasjonen
av Hg i fiskeprodukter som benyttes til konsum overstige 0.5 mg/kg vatvekt. For gjedde og
fettrike arter har man definert en hgyere max grense pa 1.0 mg/kg vétvekt.

All roye og sik, samt mindre abbor og gjedde i denne undersekelsen inneholder Hg konsent-
rasjoner under 0.3 mg/kg vatvekt. Den storste gjedda (i Kautokeinoelva) og den sterste abbo-
ren (i Gavdujavri) hadde konsentrasjoner pa henholdsvis 0.52 og 0.47 mg/kg.

POPs i sediment

PCB og HCBz

Resultatene fra en tidligere undersokelse viser at PCB konsentrasjonene i overflatesediment
fra innsjoer péd fastlandet i Nord-Norge er generelt lave. Den heyeste konsentrasjonen av
2,PCB i overflatesediment ble mélt i Ellasjeen pa Bjerneya. Innsjesedimentet i Ellasjoen
hadde en 2,PCB konsentrasjon pd 32.7 ng/g terrvekt. Konsentrasjonene av 2,PCB i sedi-
menter fra de andre undersgkte innsjeene, var alle under 15 ng/g terrvekt. De hayeste 2,PCB
nivéene i Nordland ble funnet i Storvatnet (14 ng/g terrvekt) og Holmevatn (11 ng/g terr-
vekt). I Troms ble den heyeste konsentrasjonen funnet i Skevatnet (10 ng/g terrvekt), og i
Finnmark i Andrevann (11 ng/g terrvekt).

HCBz konsentrasjonene i overflatesediment fra innsjeer badde i Nordland, Troms og de arktis-
ke oyene var relativt lave. Sammenlignet med konsentrasjonene i andre omrder, er nivéet i
innsjeer 1 innlandet i Finnmark signifikant heyere.

Pesticider
Nivéene av pesticider i overflatesediment var generelt lav.

De hayeste registrerte konsentrasjonene av y-HCH (lindan), fra 0.56 til 0 7 ng/g terrvekt, ble
funnet i Haukesjoen, Rabbvatnet og Ravdujavri i Finnmark.

Forhgyede konsentrasjoner av ZDDT og p,p -DDE 1 overflatesediment ble funnet i Rabbvat-
net og Ropelvvatn i Ser-Varanger, Finnmark (3 - 3.4 ng/g terrvekt) og i Ellasjeen pa Bjor-
neya.

POPs i fisk

PCBs.

Ekstremt hoye PCB konsentrasjoner, hundre ganger hayere enn nest hoyeste i denne underse-
kelsen (pa vatvektsbasis), ble funnet i muskelvev fra roye pd Bjerneya. Konsentrasjonen av
2,PCB ble malt til 1292 ng/g vatvekt, og 50 000 ng/g ekstraherbart lipid. P& grunn av de ekst-
reme verdiene ble proven reanalysert flere ganger for kvalitetskontroll, resultatet var de sam-
me ekstremt hoye verdiene. Nivéet er flere ganger hoyere enn det verste tilfellet som er rap-
portert i arktiske strok i Nord-Amerika. Selv om denne konsentrasjonen er basert pd et be-
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grenset materiale (en fisk), og trengs verifisering, er nivdet s hoyt at det méd beregnes som
alarmerende.

I prover fra raye pd Spitsbergen, varierte 2,PCB fra 2.4 til 34.4 ng/g vatvekt og 64 til 5182
ng/g ekstraherbart lipid. Konsentrasjoner over 1000 ng/g ekstraherbart lipid ble kun maélt i
roye fra Linnévann og Kongressvatn.

Det ble mélt lave konsentrasjoner i sik, alle under 1 ng/g véatvekt og mellom 45 og 200 ng/g
ekstraherbart lipid. Konsentrasjonene av Z;PCB var heyere i abbor enn i sik. Hoyeste regist-
rerte verdi var 6 ng/g vatvekt og gjennomsnittsverdiene for abbor fra to innsjeer var hhv. 2 og
3 ng/g vétvekt og 25 til 700 ng/g lipid.

Roye fra Spitsbergen

Raye fra innsjoer pd Spitsbergen viser noen karakteristiske vekstmenstre. Spesielt stasjonere
populasjoner har sen vekst og lang levetid. En av effektene av fiskens vekst pa forurensnings-
nivéet er vekstfortynning (Hammar et al. 1993). Store, langsomt-voksende fisk akkumulerer
generelt hoyere konsentrasjoner av organoklorider enn mindre, hurtigvoksende fisk (Schind-
ler et al. 1995). Den eldste fisken i vart materiale, 22 &r gammel péd den tiden den ble fanget,
inneholdt en svaert hey 27PCB konsentrasjon, 34 ng/g vatvekt.

I Linnévann og Kongressvann ble svert sma fisk samlet inn, 9 &r gammel og kun 15 g i vekt.
Sammenslatte prover av disse “dvergformene” inneholdt svert lite lipider (henholdsvis 0.45
og 0.98 %), sammenlignet med sterre individer fra de samme innsjeene (mellom 3.5 og 4.5 %
ekstraherbart lipid). Konsentrasjonen av 2;PCB i dvergfiskene var ca. 20 ng/g vétvekt og
mellom 1500 og 5000 ng/g lipid. Statistiske analyser viste at det var en signifikant negativ
korrelasjon mellom PCB konsentrasjonen i reye fra Spitsbergen og deres lipidinnhold, vekt
og vekst (p<0.0001;R = ca -0.8).

HCBz i fisk

HCBz konsentrasjonene i fisk fra innsjoer pa fastlandet i Nord-Norge var lave. Konsentrasjo-
nene i fisk fra innsjeer pd de arktiske @yene var heyere enn i andre omrader. Den hoyeste
konsentrasjonen av HCBz ble funnet i roye fra Rikardvannet pa Spitsbergen (6.8 ng/g vat-
vekt, 322 ng/g ekstraherbart lipid).

HCH i fisk

Konsentrasjonene av y-HCH pé vétvektsbasis var relativt lave i de analyserte artene. Abbor,
roye og sik hadde verdier fra 0.05 til 0.18 ng/g vatvekt og mellom 4 og 22 ng/g ekstraherbart
lipid. Fordi y-HCH er mer polar enn for eksempel de mer hydrofobe PCBer, har y-HCH en
mindre tendens til bioakkumulering i fisk (Lockhart ef al. 1992). y-HCH konsentrasjonene i
biota fra fjerne omréder er typisk lavere enn konsentrasjonene av PCB eller DDT.

Nivéet av a-HCH var ikke méilbar i de fleste pravene, fordi konsentrasjonene var under 0.06
ng/g vatvekt. Konsentrasjonene av 0-HCH som var malbare i prever av sik og abbor, var
mindre enn 0.10 ng/g vatvekt. I raye fra Bjerneya, var a-HCH konsentrasjonen 0.40 ng/g
vétvekt.

DDT i fisk

DDT er et insekticid som er svert giftig, akkumuleres i biota, og dermed anrikes oppover i
naringskjeden. Bruken av DDT er sterkt redusert i vestlige land siden 1970-tallet.
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Konsentrasjonene av >DDT 1 abbor og sik fra Finnmark var under 1 ng/g vatvekt, med gjen-
nomsnittlige konsentrasjoner mellom 0.17 og 0.6 ng/g vatvekt, og mindre enn 90 ng/g lipid.
p.p -DDE utgjorde den sterste delen av DDT komponentene og deres metabolitter. Konsent-
rasjonen av p,p -DDE representerte 80 % av ZDDT konsentrasjonen i abbor og sik. Konsent-
rasjonen av 2DDT i roye fra Bjorngya var alarmerende hey (76.4 ng/g vétvekt, 2 634 ng/g li-
pid), flere ganger hoyere enn i andre fiskeprover. Denne ekstremt hoye konsentrasjonen ble
bekreftet av reanalyser. Her utgjorde p,p -DDE omkring 97 % av ZDDT konsentrasjonen.

Klordaner i fisk

Sum av klordan-relaterte forbindelser (klordaner) var under 0.5 ng/g vatvekt for alle fiskepro-
vene fra fastlandet. Gjennomsnittskonsentrasjonene var mellom 0.035 og 0.2 ng/g vatvekt og
under 25 ng/g lipid. Konsentrasjonen for klordaner i raye pa Bjorneya var flere ganger hoyere
(4.1 ng/g vétvekt og 142 ng/g lipid).

De enkelte forbindelsene som bidro mest til konsentrasjonen av klordaner var trans- og cis-
nonaklor, etterfulgt av oxyklordan og cis-klordan. Klordan, heptaklor og heptaklor epoksid
fant man ikke i provene. I roye fra Bjorneya var det hovedsakelig oxyklordaner og trans-
nonaklor som utgjorde klordanene.

Andre pesticider i fisk

Deldrin kunne ikke pdvises i alle pravene av sik og abbor, men der hvor dieldrin var pévisbar,
var konsentrasjonen i de to artene i samme omrade, fra 0.02 til 0.07 ng/g vatvekt. Konsentra-
sjonen av dieldrin i roye fra Bjerneya var flere ganger hoyere enn i de andre fiskeprovene
(0.43 ng/g vétvekt), men her kan det ha vert forstyrrelser i analysene.

Pesticidene aldrin, endrin og trifluarin var ikke malbare i noen av de analyserte provene. En-
dosulfan ble kvantifisert i alle provene, med konsentrasjoner fra 0.003 til 0.03 ng/g vétvekt.

PAH i sedimenter

PAH konsentrasjonene var generelt lave. P4 fastlandet ble de hoyeste XPAH nivédene i over-
flatesediment funnet i Nordland (4 til 7 pg/g terrvekt). I Troms og Finnmark var >PAH kon-
sentrasjonene lave, mellom 0.1-1.0 pg/g terrvekt. Konsentrasjonene av 2PAH 1 innsjeene pé
Spitsbergen og Bjerneya var litt heyere (henholdsvis 0.9 og 1.2 pg/g terrvekt) enn i Troms og
Finnmark.

Konsentrasjonene av all individuelle forbindelser var hoyest i sedimenter fra Nordland. Kon-
sentrasjonene av nafatalen var lavere i provene fra Finnmark og Ser-Varanger enn i Troms,
Nordland, Bjerneya og Spitsbergen.
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1. Summary and Conclusions

The Arctic Monitoring and Assessment programme (AMAP) was established in 1991 at the
first Arctic Ministerial Conference in Rovaniemi, Finland, as a part of the Arctic Environ-
mental Protection strategy (AEPS). The main task of AMAP is the continuous monitoring of
the levels of anthropogenic pollutants in all components of the Arctic environment including
humans, and to assess the effects of these on the ecosystem.

The programme is divided in five sub-programmes: atmosphere, terrestrial, fresh water, ma-
rine and human health.

According to the AMAP sub-programme for freshwater, the elements to be studied in the
monitoring of pollution in remote areas are lake sediments and fish. The programme also in-
cludes a listing of heavy metals and persistent organic pollutants (POPs) which should be
given priority for monitoring.

The study is carried out according to the AMAP recommendations on methods for field sam-
pling, analysis and parameters. Sampling was carried out in 1993, 1994 and 1995.

An overview over the station numbers and lakes included in this investigation, their location
and morphological characteristics, as well as the kind of samples collected and the year of
sampling, is given in Appendix 1. Heavy metals were analysed in sediment from 60 lakes. In
addition, data material on heavy metals in lake sediments from investigations in 1992
(Rognerud et al. 1993) are included, giving a total number of 92 investigated lakes. Concen-
trations of POPs were analysed in sediments from 22 lakes.

This main report presents the levels and distribution of contaminants in lake sediments and
fish on the Northern Norwegian mainland, as well as the Arctic Norwegian islands, Spitsber-
gen and Bear Island. The results are presented graphically and discussed. The aim of the study
is to present a baseline investigation of the present situation in Northern Norway. The report
also provides reference values for future studies. In addition, the study aims to augment the
existing database on contaminants in the Arctic regions of Norway.

The original data from the laboratory analyses for contaminants are given in two separate ap-
pendix reports. One for Appendix report A presents the data from sediment analyses and one
for Appendix report B for the fish analyses.

Field work, data analysis and reporting is financed by the Norwegian Pollution Authority
(SFT), Finnmark Regional Council, the Regional Authority for Namdalen and Northern Nor-
way, as well as Akvaplan-niva’s Institute Programme. This report forms part of Norway’s
contribution to AMAP.

Heavy metals in sediments

Concentrations

The levels in the upper sediment layer for most heavy metals studied in lakes in the northern
part of Norway are generally lower than those found in the southern parts of the country (ex-
cept for Ni concentrations). Highest levels of Cd in lake sediments in the study were found in
Holmevatn in Nordland County (1.46 pg/g). Highest concentrations of Hg were found in
Vikvatnet (0.43 pg/g), and highest concentrations of Pb and Ni were found in Nordlivatn,
Nordland County (131pg/g) and Bjernevatn in Finnmark County (372 pg/g) respectively.
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Concentrations of Ni show an increase with latitude. Rognerud & Fjeld (1990) showed the
mean concentrations in the south-eastern part of Norway to be 15 - 20 mg/kg dry weight. In
this study, the median concentrations of Ni in the top sediment were found to be from 25 - 58
mg/kg dry weight. No analyses of the elements Al, Cu, Fe, Sb, Zn, Ti and Se, have been car-
ried out in national surveys which can be compared with the results of this study.

Average concentrations of Hg, Pb and Cd in the upper layers of lake sediment studied on the
Arctic islands are generally lower than the levels found on the mainland of Northern Norway.

Enrichment factors (K¢)

The upper sediment layers in lakes on the Northern Norwegian mainland are enriched with
the heavy metals Hg, Pb, Sb, and Cd. The central areas appear to be less enriched compared
to the southern and northern parts of the study area. However, such conclusions cannot be
drawn for the other elements in this study. The K¢ factors for Hg and Pb respectively show an
1.5-10 and 1.5 - >10 fold increase from the 2 - 3 cm layer to the 0 - 1 cm layer indicating a
high variation between lakes in deposition and sedimentation in the region over the past dec-
ades. The other metals in this study do not show such a general trend.

Median enrichment factors (Ky), for metals, based on values from all lakes sampled in the dif-
ferent areas on Spitsbergen and Bear Island are calculated. The data shows the upper sediment
layers in lakes on Spitsbergen to be enriched by the heavy metals Hg, Pb, Se, Ti and Zn. On
Bear Island, antimony (Sb) is the only element which shows enrichment of the upper sedi-
ment layer.

The geographical distribution of the levels of most metals in lakes on the mainland indicate
some spatial trends. For the elements Al, Cd, Hg, Pb, Sb, Se, and Zn, the concentrations were
highest along the coasts of Nordland and Troms Counties. Steinnes et al. (1994) also found
indications of similar geographical patterns of Pb, Sb and Se levels in mosses. It has been
demonstrated that a significant input of Se in Norway originates from the marine environment
(Steinnes et al. 1994). Levels of As, Cd, Hg, Pb, Sb, and Zn in mosses were found to be de-
termined mainly by long-range atmospheric transport (Berg ef al. 1995).

Concentrations of the elements Hg, Ni and Pb were elevated in Ser-Varanger, and the area
was classified as being moderately to very severely affected. This contamination is related to
local emission sources on the Kola Peninsula, mainly the nickel industry (Steinnes et al.
1994; Rognerud et al. 1993 )

The distribution of Hg in sediment does not appear to be related to the distribution pattern in
mosses. Steinnes & Andersson (1991) and Steinnes (1995) found that concentrations of Hg in
mosses doubled from the inland of Troms and Finnmark towards the northern coast of
Finnmark. A possible explanation proposed for this was the increasing significance of dry
deposition of Hg’, under conditions where re-emission to the atmospheric is reduced. In this
study the levels of Hg in the sediments do not show any significant gradient from the inland
towards the coast. The highest concentrations in surface sediment were found along the coasts
of Nordland and Troms and in Ser-Varanger (0.1 - 0.2 ng/g, compared to concentrations
mainly below 0.1 pg/g in Finnmark). Some lakes in these areas also had elevated enrichment
factors for Hg (strongly to severely affected). The higher levels in lake sediments along the
coast appear to be related to higher precipitation.

Enrichment factors for Pb were high in many lakes on the Lofoten-Vesterdlen and Senja Is-
lands, as well as in the municipalities of Kautokeino and Ser-Varanger.
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Two lakes had elevated enrichment factors for several metals, these being Lakes . Kaper-
dalvatn (68) at Senja and Ryggedalsvatn (75) in Vesterdlen. These lakes were moderately to
very severely affected by Al, Cd, Cu, Fe, Hg, Pb, Sb, Se and Zn. In the top sediment, most
metal concentrations were only slightly higher than in samples from surrounding lakes. Low
concentrations of most metals in the reference sediment layer lead to high enrichment factors
(calculated from the ratio between the concentration in the top layer and the concentration in
the reference layer).

Lake Storvatn close to the town of Alta, also had elevated concentrations of Ni, Cu and Pb.
This is most likely due to previous mining activities in the catchment area of this lake.

Mercury in fish

Hg was analysed in fish from Lake Ellasjoen on Bear Island, 8 lakes and the Kautokeino
River in Finnmark County and Lake Finnsnesvatn in Troms County.

Concentration levels

Highest concentrations of Hg in this study were found in pike from the Kautokeino River, in
perch from Lake Gavdujavri, in whitefish from Lake Ravdujavri, and in Arctic char from El-
lasjoen.

Predatory fish, such as pike and large perch, had the highest concentrations of Hg. The con-
centration in pike appeared to increase with body size, for fish larger than about 50 cm in
length. The same applies to perch above approximately 20-25 cm. In the case of pike and
perch, there was a significant correlation (p<0.05) between fish length and the concentration
of Hg in muscle tissue. For Arctic char in this study, the Hg concentration was not signifi-
cantly correlated with the length of the fish. The concentrations of Hg in whitefish were lower
than in the other species and were approximately similar in all the lakes sampled.

One of the reasons for the difference in Hg levels between fish species is that perch and pike
generally have different feeding habits from most Arctic char and whitefish. Pike and perch,
especially the larger individuals, are predatory fish, feeding mainly on prey fish. Most Arctic
char and whitefish feed on a lower trophic level, with zooplankton or bottom-dwelling ani-
mals being the main food sources.

For whitefish, there was no general significant correlation between body length and mercury
levels in the fish muscle. However, Hg concentrations in spawning whitefish from the Lake S.
Galdinjavri were found to be significantly different from non-spawning individuals
(p=0.0001). There was also a significant length difference between spawning and non
spawning fish. These results indicate that in this lake, the Hg concentration in the whitefish
muscle tissue was primarily related to the length, rather than the state of maturity of the indi-
viduals.

Comparing whitefish from all the lakes investigated, statistical analysis showed that there
were no significant differences in Hg concentrations between male and female whitefish.
There was neither a significant length difference between male/female).
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Mercury in sediment versus mercury in fish

There were indications of a positive relationship between Hg concentration in perch and in
the sediment. However, due to the scarcity of data available, this observation should be
treated with some caution.

This study indicates that there is no positive correlation between the concentration of Hg in
sediment and the average Hg concentration in whitefish. In general, two types of whitefish are
found in Finnmark, one exploiting mainly benthic organisms as prey while the other mainly
feeds on plankton in the pelagic zone. The bottom-feeding whitefish tend to grow to a larger
body size than the pelagic-feeding type. The higher Hg concentration in Ravdujavri fish could
be explained by different feeding habits between the whitefish populations. It is known from
literature that the contamination levels in fish increase with the trophic level of their prey
(Kidd et al. 1995).

Mercury and selenium

The fact that the lowest Hg concentrations were found in fish sampled from the lake with the
highest levels of Hg in sediment, may partly be explained by the Se concentrations in the
sediment. High concentrations of Se appear to reduce the uptake of Hg by biota (Schindler et
al. 1995; Rognerud & Fjeld 1990). Se may function as an antagonist, occupying the same
binding sites as mercury. Rognerud & Fjeld (1990) also found a negative correlation between
the concentration of Se in the sediment and that in fish from the same lake. In this investiga-
tion, we analysed Se concentrations in sediments from two of the lakes which had whitefish
(Table 10). Although based on scarce data, a similar trend is indicated. The lake containing
fish with the highest concentrations of Hg has the lowest concentrations of Se in the sedi-
ment, while the sediment in the lake with the lowest Hg concentration in the whitefish has the
highest levels of Se.

In accordance with the latest EU guidelines, Norway has established new guidelines for Hg
levels in fish products (Social and Health Department 1995). Thus the average concentration
of Hg in fish products used for consumption should not exceed 0.5 mg/kg wet weight. For
pike and lipid-rich species, a higher maximum limit of 1.0 mg/kg wet weight is defined.

All char and whitefish, as well as the small to medium size perch and pike in this investiga-
tion, contained Hg concentrations below 0.3 mg/kg wet weight. The largest pike (in the
Kautokeino River) and the largest perch (in Gavdujavri) had concentrations of 0.52 mg/kg
and 0.47 mg/kg respectively.

POPs in sediments

PCBs and HCBz

The results from the previous study show that the PCB concentrations in surface sediment
from lakes on the mainland of Northern Norway are generally relatively low. The concentra-
tions of 2 7,PCB in sediments of investigated lakes were all below 15 ng/g dry wt. The highest
27PCB levels in Nordland County were found in Lakes Storvatnet (14 ng/g dry wt) and Hol-
mevatn (11 ng/g dry wt). In Troms County, the highest concentration was found in Skevatnet
(10 ng/g dry wt), and in Finnmark County in Andrevann (11 ng/g dry wt).

The highest concentration of >7PCB in the surface sediment was recorded on Bear Island in
the Arctic region. Lake sediments in Ellasjeen had a 2.7PCB level of 32.7 ng/g dry wt.
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The HCBz concentrations in surface sediment from lakes both in Nordland and Troms Coun-
ties and on the Arctic islands were also relatively low. The levels in lakes in the inland part of
Finnmark County are significantly elevated compared to concentrations in other areas.

Pesticides
Levels of pesticides in surface sediments were generally low.

The highest detectable concentrations of y-HCH (lindane), from 0.56 - 0.7 ng/g dry weight,
were found in Haukesjoen, Rabbvatnet and Ravdujavri in Finnmark County.

Elevated concentrations of 2DDT and p,p’-DDE in surface sediment were found in Lakes
Rabbvatnet and L. Ropelvvatn in Ser-Varanger, Finnmark County (3 - 3.4 ng/g dry weight)
and in Ellasjeen on Bear Island.

POPs in fish

PCB levels

Extremely high PCB concentrations, one hundred times higher than the second highest con-
centration in this study (on wet weight basis), were detected in muscle tissue from Arctic char
from Bear Island. The total concentration of the seven Dutch PCBs (2., PCB) was found to be
1292 ng/g on a wet weight basis, and on a lipid basis 50 000 ng/g extractable lipid. Due to the
extreme value, this sample was reanalysed several times by the NILU laboratory for quality
control, resulting in the same extremely high level. This level is several times higher than the
worst case reported from the American Arctic. Even if this concentration is based on a limited
material (one fish), and needs to be verified, this level is so high that it must be classified as
alarming.

In other samples of Arctic char from Spitsbergen, the >;PCB ranged from 2.4 to 34.4 ng/g
w.w. and from 64 to 5182 ng/g extractable lipid. Concentrations of over 1000 ng/g extractable
lipid were only measured in Arctic char from Lakes Linnévann and Kongressvatn.

In whitefish, low concentrations were measured, all below 1 ng/g on a wet weight basis and
between 45 and 200 ng/g extractable lipid. In perch, concentrations of >,PCB were higher
than in whitefish, up to 6 ng/g w.w., with averages for the two lakes of 2 and 3 ng/g w.w. and
25 to 700 ng/g lipid.

Arctic char from Spitsbergen

Arctic char from lakes on Spitsbergen show some characteristic growth patterns. Land-locked
populations in particular have a slow growth rate and a high longevity. One of the effects of
growth of the fish on contamination levels is growth dilution (Hammar et al. 1993). Large,
slow growing fish generally accumulate higher concentrations of organochlorines than
smaller, faster-growing fish do (Schindler et al. 1995). The oldest fish in our material was 22
years old at the time of capture, and contained very high 2;PCB concentrations of 34 ng/g
w.w. and 4% lipid.

In Linnévann and Kongressvannet, very small fish were collected, which were 9 years old and
weighed only 15 g. The pooled samples of these ‘dwarf forms’ contained very little lipid
(0.45 and 0.98% respectively), compared to larger specimens from the same lakes (between
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3.5 and 4.5% extractable lipid). The concentration of 2,PCBs in these dwarf fish was around
20 ng/g w.w. and from 1500 to over 5000 ng/g lipid. Statistical analysis showed that there
was a significant negative correlation between the PCB concentrations in Arctic char from
Spitsbergen and their lipid content, weight and growth (p < 0.0001; R = circa -0.8).

HCBz in fish

The HCBz concentrations in fish from lakes on the mainland of Northern Norway were all at
the lower end of the scale. However, the levels in fish in lakes on the Arctic islands were ele-
vated compared to concentrations in other areas. The highest concentrations of HCBz were
found in Arctic char from Rickardvannet on Spitsbergen (6.8 ng/g wet weight, 322 ng/g, ex-
tractable lipid).

HCH in fish

The concentration of y-HCH on a wet weight basis was consistently relatively low in the spe-
cies analysed, with both perch, Arctic char and whitefish containing around from 0.05 ng/g
w.w to 0.18 ng/g w.w and between 4 and 22 ng/g extracted lipid. As y-HCH is a more polar
compound than for example the more hydrophobic PCBs, y-HCH has a lower tendency to
bio-accumulate in fish (Lockhart et al. 1992). The y-HCH concentrations in biota from re-
mote areas are typically lower than concentrations of PCBs or DDTs.

The levels of a-HCH were not quantifiable in most samples, as concentrations were below
0.06 ng/g w.w. Concentrations of d-HCH which could be quantified in whitefish and perch
samples were less than 0.10 ng/g w.w. In Arctic char from Bear Island, the concentration of
0-HCH was 0.40 ng/g w.w.

DDTs in fish

DDT is an insecticide which is very toxic, and accumulates in biota, thereby becoming mag-
nified in the food chain. The use in western countries has been greatly reduced since the
1970’s

All concentrations of 2DDT in perch and whitefish from Finnmark were below 1 ng/g w.w,
with average concentrations between 0.17 and 0.6 ng/g w.w., and below 90 ng/g on a lipid
basis. Of the DDT components and their metabolites, the largest proportion was made up of
p,p’-DDE. The concentration of p,p’-DDE comprised approximately 80% of the 2DDT con-
centration in perch and whitefish. The concentration of >DDT in Arctic char from Bear Island
was alarmingly high (76.4 ng/g w.w., 2 634 ng/g lipid), being two orders of magnitude higher
than in the other fish. This extremely high concentration was also confirmed by reanalyses.
Here p,p’-DDE made up about 97% of the 2DDT concentration.

Chlordanes in fish

The total concentrations of chlordane-related compounds (2chlordanes) were below 0.5 ng/g
w.w. for all samples from lakes on the mainland. The average concentrations were between
0.035 and 0.2 ng/g w.w. and below 25 ng/g lipid. Concentrations in perch and whitefish were
in the same range. However, the concentration of 2chlordanes in Arctic char from Bear Island
was more than a order of magnitude higher ( 4.1 ng/g w.w. and 142 ng/g lipid ).

The individual compounds which contributed most to the concentrations of 2.chlordanes were
trans- and cis-nonachlor, followed by oxychlordane and cis-chlordane. Chlordane, heptachlor
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and heptachlor epoxide were not detectable in the samples. In Arctic char from Bear Island,
oxychlordane and frans-nonachlor were the major contributors to 2chlordanes.

Other pesticides in fish

Dieldrin could not be detected in all of the whitefish and perch samples, but where dieldrin
was detectable, the concentrations in the two species were in the same range, ranging from
0.02 to 0.07 ng/g w.w. However, in most samples, the recorded value deviated more than
20% from the theoretical value, due to interference or instrument noise. The analysed concen-
tration of dieldrin in Arctic char from Bear Island was several orders of magnitude higher
than the other fish samples (0.43 ng/g w.w ) but some interference may have been present.

The pesticides aldrin, endrin and trifluralin were not quantifiable in any of the samples ana-
lysed. Endosulfan was quantified in all samples, with concentrations ranging from 0.003 to
0.03 ng/g w.w.

PAH in sediments

The PAH concentrations were generally low. On the Norwegian mainland, the highest 2PAH
levels in surface sediment were found in Nordland (4 to 7 pg/g dry wt.). In Troms, Finnmark
and Ser-Varanger, the XPAH concentrations were low, between 0.1-1.0 ug/g dry wt. Concen-
trations of 2PAH in the lakes on Spitsbergen and Bear Island were somewhat higher (0.9 and
1.2 pg/g dry wt. respectively) than the low levels found in Troms and Finnmark.

Concentrations of all individual compounds were highest in sediments from Nordland. The
concentrations of naphthalenes were lower in samples from Finnmark and Ser-Varanger than
in Troms, Nordland, Bear Island and Spitsbergen.
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2. Introduction

The Arctic Monitoring and Assessment programme (AMAP) was established in 1991 as a
part of the Arctic Environmental Protection strategy (AEPS) at the first Arctic Ministerial
Conference in Rovaniemi, Finland. The main task of AMAP is the continuous monitoring of
the levels of anthropogenic pollutants in all components of the Arctic environment including
humans, and to assess the effects of these on the ecosystem.

The programme is divided in five sub-programmes; atmosphere, terrestrial, fresh water, ma-
rine and human health.

According to the AMAP sub-programme for freshwater, the elements to be studied in the
monitoring of pollution in remote areas are lake sediments and fish. The programme also in-
cludes a listing of heavy metals and persistent organic pollutants (POPs) which should be
given priority for monitoring. The POPs analysed are a range of polychlorinated biphenyls
(PCBs) congeners as well as organochlorine pesticides. Also PAHs were analysed.

The study is carried out according to the AMAP recommendations on methods for field sam-
pling, analysis and parameters. Sampling was carried out in 1993, 1994 and 1995.

This main report presents the levels and distribution of contaminants in lake sediments and
fish on the Northern Norwegian mainland, as well as the Arctic Norwegian islands Spitsber-
gen and Bear Island. The results are presented graphically and discussed. The aim of the study
is to present a baseline investigation of the present situation in Northern Norway. The report
also provides reference values for future studies. In addition, the study aims to augment the
existing database on contaminants in the Arctic regions of Norway. Therefore, the emphasis
of this report is on presenting levels and geographical distributions of contamination levels in
sediment and fish from Northern Norway, rather than discussing the processes behind these
levels.

The original data from the laboratory analyses for contaminants are given in two separate ap-
pendix reports. Appendix report A presents the data from sediment analyses ("Heavy metals,
POPs and PAH in sediment from lakes in Northern and Arctic regions of Norway. Analytical
results from laboratory reports.") and Appendix report B contains the fish analyses ("Mercury,
POPs and PAH in fish from lakes in Northern and Arctic regions of Norway. Analytical re-
sults from laboratory reports.").

Field work, data analysis and reporting were financed by the Norwegian Pollution Authority
(SFT), Finnmark Regional Council, the Regional Authority for Namdalen and Northern Nor-
way, as well as Akvapla-niva's Institute Programme. This report forms part of Norway's con-
tribution to AMAP.
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3. Material and methods

3.1 Selection criteria

The lakes were selected after evaluation of existing regional data on geochemistry, topo-
graphy/precipitation, general water quality, pollution status, deposition of long-range atmos-
pheric pollution, and distance from sources of atmospheric pollution. Earlier sampling sta-
tions were also considered in the design of the geographical distribution.

3.1.1 Geochemistry

The Geological Survey of Norway (NGU) are in possession of extensive data concerning the
amounts of heavy metals in geological material in the North (Bergstrom et al. 1986, Ottesen
et al. in prep). The sampling stations were selected to represent the natural variations.

3.1.2 Atmospheric pollution

The distribution of long-range atmospheric pollutants in Norway has been mapped, based on
monitoring of heavy metals and persistent organic pollutants (POPs) in ambient air at mete-
orological stations as well as concentrations of heavy metals in mosses (Steinnes ef al. 1994,
Oehme et al. 1995). The distribution gradients of these contaminants have been taken into
account in the selection of lakes.

3.1.3 Water quality

Water quality influences the behaviour of pollutants, in particular the mobility of heavy met-
als and their toxic impact on organisms within the ecosystem. Published data on water quality
in lakes in Norway (Henriksen et al. 1987) have been considered when selecting the lakes to
be monitored. Of particular interest are areas with similar atmospheric depositions, but differ-
ing geochemistry and water quality.

3.1.4 Precipitation pattern and lake morphology

Precipitation (wet deposition) plays an important role in scavenging most pollutants from the
atmosphere. Because of this, lakes in areas with high precipitation rates along the coast, as
well as those in areas of low precipitation in the inland are included in the sampling pro-
gramme. The lakes sampled should be deep enough for the existence of an accumulation area.
Accumulation areas do not occur at specific depths, but their location and distribution varies
with the area and morphology of the lake, as well as the ‘effective wind-exposure’. Topog-
raphical maps were therefore used to select lakes which were expected to have an accumula-
tion-area. Before sampling, the bottom morphology of the lakes concerned were documented
by echo-sounder. During the sampling it was verified whether a lake contained an appropriate
accumulation area and could be accepted for the programme.

3.1.5 State of pollution in the study-area

Most of the selected lakes are remote headwater lakes in areas with no local pollution. How-
ever, the lakes selected from the north-eastern part of the study area (Ser-Varanger) have pre-
viously been shown to be polluted by emissions from smelter industry close to the Russian-
Norwegian border (Rognerud et al. 1993). These lakes were monitored in order to follow lo-
cal contamination trends.
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3.2 Sediments

3.2.1 Sampling locations

AMAP report

An overview over the station numbers and lakes included in this investigation is given in
Figure 1 and Table 1. Their geographical position and morphological characteristics, as well
as the kind of samples collected and the year of sampling, are given in Appendix 1. Heavy
metals were analysed in sediment from 60 lakes. In addition, data material on heavy metals in
lake sediments from investigations in 1992 (Rognerud et al. 1993) are included, giving a total
number of 92 lakes investigated for heavy metals. Concentrations of POPs were analysed in

sediments from 22 lakes.

Table 1. Lakes and station numbers included in this investigation.

No. Lake name No. Lake name No. Lake name
FINNMARK TROMS

1 Storvatnet 32 Vuorasjav'ri 62 Svarthammervatnet
2 Hesteskovatnet |33 Avzejav'ri 63 Y.Karviksvatnet
3 Storvatnet 34 Lavvujav'ri 64 Storvatnet

4 Doggejav'ri 35 Guotkojav'ri 65 Josvatnet

5 . Saltvatn 36 S.Galdinjav'ri 66 Langfjordvatn

6 Hamnevatn 37 Ravdujav'ri 67 Tarnvatn

7 L. Havvatn 38 Gavdujav'ri 68 . Kaperdalsvatn
8 Lafjordvatnet 39 Rayvatn 69 Skevatnet

9 Kaifjordvatnet 40 St.Ingasjarvi NORDLAND

10 Skogsfjordvatnet (41 Vouddajav'ri 70 Langvatnet

11 Gussajav'ri 42 Vuostamusjav 'ri 71 Skallavatnet

12 Cullujav'ri 43 Gadgesuolojav'ri 72 Holmevatn

13 Kjasvatnet 44 Korpvatn 73 Vikvatnet

14 Vasavatnet 45 Gardsjeen 74 Storvatnet

15 Syltevikvatnet 46 Hundvatn 75 Ryggedalsvatnet
16 Oardujav'ri 47 Qdevatn 76 Storevatnet (Bleikvt.)
17 Hergevatn 48 Ellevatn 77 Agevatn

96 Magistervatn 49 Folvatn 78 Grenésvatn

18 Store Klaftvatnet |50 St. Spurvvatn 79 Markvatn

19 Diergejav'ri 51 St .Sametjern 80 Storvikvatnet

20 Galgutjav'ri 52 Coalbmejav'ri 81 Valnesvatnet

21 Maskejav'ri 53 L.Ropelvvatn 82 Nordlivatn

22 Baisjav'ri 54 Vegvatnet 83 Kilevatn

23 Suolujav'ri 55 Gravsjeen 84 Tennvatn

24 Laevvajav'r 56 Langvatnet SPITSBERGEN

25 Stourrajav'ri 57 Rabbvatnet 87 Revvatn

26 Stoppuluobbal 97 Haukesjoen 85 Istjerna

27 Doulbmajav'ri 58 Holmevatnet 86 Vann 210

28 Oksevatnet 59 Vaggatem 90 Barentsvann

29 Kibergvatnet 60 Bjernevatn 88 Kongressvann
30 Vuovddejav'ri 61 Midtre Pumpehusvatn (89 Linnévann

31 Cuolbmajav'ri

93 Rickardvannet
94 Hornsundet
95 Diesetvannet
BEAR ISLAND

91 Ellasjeen
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Figure 1. Lakes and station numbers included in this investigation
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3.2.2 Sample collection and treatment

Sediment samples were collected from a total of 94 lakes in the Counties of Nordland, Troms
and Finnmark, as well as at Bear Island and Spitsbergen. Samples were collected during the
summer, from 1992 to 1995. The sediment samples were taken from the deepest point in the
lake, using a sediment corer (Skogheim 1979). The sampler is equipped with exchangeable
plexiglas tubes (44 mm internal diameter), within which sediment cores may be transported in
an undisturbed condition to the laboratory for further treatment. Sediment cores were sec-
tioned into 1 cm thick slices at, or near the sampling site, then put into acid-treated polyethyl-
ene tubs (metals) or acid-treated and ignited glass jars (POPs), and frozen at -18 °C.

For metal-analyses, the upper 3 slices of each lake were analysed, together with the deepest,
“reference” slice, from about 20 cm depth. The latter is defined as the “reference layer”, likely
to have been deposited in pre-industrial times. The levels of metals in this reference layer are
therefore representative of background conditions.

To obtain sufficient sediment material for analysis of POPs, samples from the same sediment
depth were combined from several cores. In deep Arctic lakes with accumulation areas, sev-
eral slices from the same core depth can be combined provided that the cores are sampled
from the accumulation zone (as defined in Hékanson & Jansson 1983). Several studies con-
firm that analyses of separate samples give similar results if the cores are collected from the
accumulation area in a lake (Coker & Nichol 1975, Rognerud & Fjeld 1993).

3.2.3 Contaminant analyses

The sediment samples were then freeze-dried and analysed for loss of ignition, metals (Fe,
Zn, Ti, As, Hg, Ni, Cu), and polycyclic aromatic and organochlorine compounds (PAH ,
PCBs, HCBz, DDTs, HCHs, and other pesticides). All concentrations in sediment are given
as dry weights. In the case of concentrations below the detection limit, the value of the detec-
tion limit was used in the calculations and presentations. As a result of this conservative
treatment of the low concentrations, the values presented represent maximum possible con-
centrations for the sample in question.

Sediment dry weight was determined after drying the sediment at 105 °C at the NIVA labora-
tory in Oslo. Subsequently, the samples were combusted at 550 °C, and the loss of ignition
(LOI) was calculated from the weight loss. Statistical tests have shown that organic carbon
(OC), together with water from crystallised iron-hydroxide, are included in the values for
LOI. Organic carbon content was therefore estimated from the loss of ignition and the per-
centage of iron in the sediment (FeSE), using the formula OC = (LOI - 0.48 FeSE)/1.9 (Ran-
nem & Hongve 1980).

Metal content in sediments were analysed at the Institute of Energy Technology (IFE) in
Norway and at Svensk Grunddmnesanalys AB (SG) in Sweden. Freeze-dried sediment was
dissolved in nitric acid (0.5-1 g HNOs per 10 ml) under pressure (120 °C). Hg and Se were
analysed by neutron activating analyses (NAA), while all other elements were analysed using
an atom adsorption spectrophotometer (AAS).

PCBs, chlorinated pesticides and PAH in sediments were analysed at the Norwegian Institute
for Water Research (NIVA) and at the Norwegian Institute for Air Research (NILU). Both
laboratories have Norwegian Accreditation status, and conduct the analyses under the Euro-
pean Quality Assurance Protocol EN 45001 (CEN/CENELEC 1989). The two laboratories
were, however, using different methods.
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At the NIVA laboratory, the material was freeze dried and homogenised, after which PCB-53
was added as an internal standard. The sample was twice extracted with a mixture of cyclo-
hexane and acetone, using high energy ultrasonic disintegration (475 W). Samples were cen-
trifuged and the centrifugate /organic layer was evaporated and dried, for lipid weight deter-
mination. The samples were then dissolved with dichlormethane and further purified with gel
permeation chromatography followed by sulphuric acid treatment. Single components were
identified and quantified by a gas chromatograph (GC) with a 60 m capillary column and an
electron capturing detector (ECD). This method was used for the sediment samples collected
in 1993 and ‘94. Those were from Nordland and Troms Counties, as well as 3 lakes on Spits-
bergen and Bear Island. The detection limit was at 0.1 or 0.5 ng/g dry weight.

The NILU laboratory analysed the sediment samples from lakes in Finnmark, collected in
1995. NILU analysed more PCB congeners and persistent organic pesticides than NIVA
(Table 2). Some of the compounds could be analysed below 0.010 ng/g dry weight. The meth-
ods used (method NILU-O-2 and 3) were as follows: 5-30 g wet sediment was filtered to re-
move water. The filtered sediment was weighed, internal standards (C;s-marked isotopes)
were added and soxhlet extracted in a cleaned cellulose case with acetone.

For treatment for PCB and pesticide analyses, the sample was extracted again with cyclohex-
ane. After the extraction the filter and case were dried. Both extracts were mixed, sodiumsul-
phate was added and the sample was reduced to 1 ml. The sample was split in two. One frac-
tion was treated with acid (concentrated sulphuric acid) to analyse acid stable pesticides. The
other fraction was saponified (lye, ethanol and distilled water) for analyses of acid labile pes-
ticides. Each of the two organic fractions was reduced to 500 ml and eluted over sodium sul-
phate and silica with dietylether/hexane. The sample volumes were reduced again, recovery
standard was added and analyses were carried out by high resolution gas chromatography
coupled with mass spectrometry (HRGC/MS).

PCBs and DDTs were identified and quantified by two separate GC analyses. The gas chro-
matograph coupled with a high resolution mass spectrometer in electron-impact mode (EI).
Chlorinated pesticides were quantified by two separate GC analyses with low resolution mass
spectrometry and negative ionisation chemical ionisation (NICI). The identification of the
compounds with high and low resolution mass spectrometry was carried out in selected ion
monitoring (SIM), by registration of M and M+2 ions for each substance.

For treatment for PAH-analyses, the sample was further extracted with toluene. After extrac-
tion both filter and case were dried to decide the dry weight of the sample. The extracts were
mixed, concentrated and transferred to cyclohexane and liquid-extracted with dimethylfor-
mamide/cyclohexane. In addition, the end extract was cleaned by HPLC with a deactivated
silica column. The HPLC-extract volume was reduced, recovery standard was added, and the
sample was analysed by gas chromatography and low resolution mass spectrometry (GC/MS)
with electron impact mode (EI). One main fragment ion was registered for each PAH-
compound.
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Table 2. Contaminants analysed by the NILU and N'IVA laboratories, in sediment from Northern Norway.

PCBs (TUPAC-no.) Pesticides PAHs
NILU NIVA|NILU NIVA NILU NIVA
5-CB
TriCB 18 a-HCH a-HCH Naphthalene X
28 28 B-HCH 2-Methylnaphthalene X
31 y-HCH y-HCH 1-Methylnaphthalene X
TetCB 47 Chlordane Biphenyl X
52 52 Heptachlor 2, 6-Dimethylnaphthalene X
60 Heptachlor epoxide Acenaphthylene X
66 Oxychlordane OCs Acenaphtene X
74 trans-Chlordane 2,3,5-Trimethylnaphthalene X
PenCB 99 cis-Chlordane Dibenzofuran
101 101 |trans-Nonachlor Fluorene X
105 105 |cis-Nonachlor Dibenzotiophene
114 Dieldrin Phenathrene X
118 118 |Aldrin Anthracene X
123 Endrin 2-Methylphenathrene
HexCB 128 Trifluralin 2-Methylanthracene
138 138 |a-Endosulfan 1-Methylphenathrene X
149 0,p’-DDE Fluorantene X
153 153  |p,p’-DDE p,p’-DDE |Pyrene X
156 156 |o,p’-DDD Benzo(a)fluorene
157 p,p’-DDD p,p’-DDD |Retene
167 0,p’-DDT Benzo(b)fluorene
HeptCB 170 p,p’-DDT p,p’-DDT |Benzo(g,h,i)fluorantene
180 180 [Sum DDT Cyclopenta(c,d)pyrene
187 Benz(a)anthracene X
189 Chrysene/triphenylene X
209 209 Benzo(b,j,k)fluorantene X
Benzo(a)fluorantene X
HCBz Benzo(e)pyrene X
Benzo(a)pyrene X
Perylene X
Ind. (1,2,3 cd)pyrene X
Dibenz. (a,c/a,h) anthracene X
Benzo(ghi)perylene X
Antatrene
Coronene

3.2.4 Enrichment factors and pollution classes

The enrichment factor (Ky), or contamination factor expresses the relationship between the
concentration of a pollutant in the recent, surficial sediment layer (K) and the natural back-
ground concentration in the “reference layer” (Ko) (Hdkanson 1984):

Kf = K/K()

The Ky factor is a measure of the degree to which a sediment sample is enriched with an ele-
ment or component. When the concentrations in the reference sediment layer are below the
detection limit, and the conservative value of the detection limit is used, the calculated en-
richment factors may under-estimate the degree of enrichment.

In the interpretation of the results obtained, it must be emphasised that the enrichment factor
(Ky) and concentrations found in this study only reflect the concentrations and degree of en-
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richment of the metals analysed. These enrichment factors are not a direct measurement of
anthropogenic pollution, but also include the effects of all natural enriching and diluting proc-
esses in the sediment. However, the principle of expressing the degree of impact on the basis
of K¢ values is generally accepted, based on the hypothesis that anthropogenic pollution is of-
ten the most important cause of high Ky values, and the fact that the degree of enrichment is
the levels to which aquatic organisms are exposed, regardless of cause.

The classification of the degree of enrichment is presented in Table 1. The classification is a
modification of the terminology used in Holtan & Rosland (1992).

Table 1. Classification of the degree of enrichment, based on the enrichment factor (K)).

Degree of enrichment K¢ -factor
1 = Not or slightly enriched - <1.5

2 = Moderately enriched 1.5-3

3 = Markedly enriched 3-5

4 = Severely enriched 5-10
5 = Extremely enriched > 10

3.3 Fish

3.3.1 Sampling locations

Fish were collected from lakes on Spitsbergen and Bear Island as well as lakes and a river in
the inland parts of Finnmark County and a lake in Troms County. All the lakes sampled in
Finnmark are located in the municipality of Kautokeino. Appendix 1 as well as Table 2 and
Table 3 present the locations where fish samples were collected.

The lakes in Finnmark and on Bear Island may be considered as being remote lakes, unaf-
fected by local contamination sources. Pike were collected from the Kautokeino River in
Finnmark County, close to the settlement of Masi. Being located in the centre of a village,
Lake Finnsnesvatn in Troms County is subject to local pollution sources. It is a small and
shallow lake which has become relatively eutrophic.

3.3.2 Sample collection and treatment

Fish were collected using gill nets, approximately 20 fish per lake. The fish species used for
contaminant analysis were selected according to their importance for both human consump-
tion and the ecosystem. Fish length (fork length: from snout to the end of the middle ray of
the tail fin), weight, sex and stage of gonad development were recorded in the laboratory and
the age was determined. Age rings in otoliths (ear bones) were generally used for age deter-
mination, but annual rings in the opercular bone (gill cover) were used for perch and rings in
the shoulder bone (cleithrum) were used for pike.

The four species used for analyses of total mercury were as follows: whitefish (Coregonus
lavaretus L.), Arctic char (Salvelinus alpinus L.), perch (Perca fluviatilis L.), and pike (Esox
lucius L.). A summary of the locations, species and sizes of fish sampled is presented in Table
2. For analyses of Hg in fish muscle, samples were taken from 20 fish from each lake. Indi-
vidual samples were analysed. At least 10 g (wet weight) of the fish muscle tissue (dorsal ax-
ial muscle) was individually stored in plastic bags and frozen until analysis.
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Table 2. Locations and fish sampled for analyses of Hg in muscle tissue.
Averages are calculated from 20 fish collected from each lake.

Lake County Fish species Length Weight Age
(mm)  (g)  (years)

average average average
Avzejavri Finnmark  whitefish 202 128 6.3
S.Galdinjavri Finnmark  whitefish 222 146 8.0
Guotkojavri Finnmark  whitefish 250 201 7.3
Lavvujavri Finnmark  whitefish 219 161 7.8
Ravdujavri Finnmark  whitefish 349 458 7.9
Cuolbmajavri Finnmark  Arctic char 261 197 7.7
Ellasjeen Bear Island Arctic char 277 9.4
Gavdujavri Finnmark  perch 220 189 10.4
Vuorasjavri Finnmark  perch 207 130 7.8
Finnsnesvatn Troms perch 199 100 5.4
Kautokeino Finnmark  pike 597 1877 8.8
River

AMAP report

Levels of PCBs, pesticides and PAHs were analysed in muscle tissue from whitefish, perch
and Arctic char. An overview of the locations and fish sampled, as well as the lipid content in
the samples, is given in Table 3. Samples for analysis of organochlorines and PAHs were
taken from the dorsal axial muscle (approximately 10 g wet weight). Specially cleaned
equipment and vials were used for sample preparation and storage. Samples were frozen
(-18 °C) until analysis.

Some PCB analyses in char from Spitsbergen were carried out in individual samples, but
most analyses were carried out in pooled samples of muscle tissue. After the above described
biological determinations were muscle samples from two to six fish blended. Pooled samples

were taken from fish of the same size, sex and stage of maturity.
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Table 3. Data on samples of fish, analysed for POPs and PAHs and the percentage of extractable lipid in the
muscle tissue samples.
N = number of fish in pooled sample. * = sex not registered.

Sample Lake Location Species N  Sex Stadium % extrac-
code table lipid
1 Avzejavri Finnmark whitefish 3 f non-spawning 0.19
2 Avzejavri Finnmark whitefish 4 m non-spawning 0.69
3 Avzejavri Finnmark whitefish 5 f spawning 0.80
4 Avzejavri Finnmark whitefish 3 m spawning 0.93
5 Lavvujavri Finnmark whitefish 3 f+m  non-spawning 2.61
6 Lavvujavri Finnmark whitefish 5 f spawning 1.17
7 Ravdujavri Finnmark whitefish 2 f non-spawning 0.26
8 Ravdujavri Finnmark whitefish 5 f spawning 0.49
9 Gavdujavri Finnmark perch 3 m non-spawning 0.44
10 Vourasjavri Finnmark perch 5 f non-spawning 1.49
11 Vourasjavri Finnmark perch 5 f spawning 0.80
12 Vourasjavri Finnmark perch 2 m non-spawning 0.56
13 Vourasjavri Finnmark perch 4 m spawning 1.56
14 Ellasjeen Bear Island  A. char 1 f spawning 2.90
A Linnévann Spitsbergen  A. char 5 * non-spawning 4.2
B Linnévann Spitsbergen  A. char 1 * non-spawning 3.45
C Linnévann Spitsbergen  A. char 1 * spawning 4.43
D Rickardvannet Spitsbergen  A. char 1 * non-spawning 6.2
E Rickardvannet Spitsbergen  A. char 1 * non-spawning 1.08
F Rickardvannet Spitsbergen  A. char 1 * non-spawning 2.44
G Rickardvannet Spitsbergen  A. char 1 * non-spawning 2.52
H Linnévann Spitsbergen  A. char 6 * non-spawning 0.45
| Linnévann Spitsbergen  A. char 5 * non-spawning 0.37
J Kongressvannet  Spitsbergen  A. char 1 * non-spawning 3.97
K Kongressvannet  Spitsbergen  A. char 5 * non-spawning 1.22
L Kongressvannet  Spitsbergen  A. char 5 * non-spawning 0.89
M Hornsundet Spitsbergen  A. char 1 * non-spawning 6.16
N Diesetvannet Spitsbergen  A. char 5 * non-spawning 2.94

3.3.3 Contaminant analysis in fish

Muscle samples were analysed for mercury at the NIVA laboratory in Oslo. Concentrations of
total Hg in individual muscle samples were determined using cold vapour atomic adsorption
(CVAAS). This method was described for sediment above. The detection limit was 0.2 ng/g
wet weight, using 1 g wet weight muscle.

Persistent organic pollutants and PAHs in fish samples were analysed at the NILU laboratory.

The laboratory at NILU (Norwegian Institute for Air Research) analysed PCBs and hexa-
chlorobenzene (HCBz) in the Arctic char from Spitsbergen. The PCB congeners analysed
were the 10 selected by AMAP: IUPAC No.'s 28, 31, 52, 101, 105, 118, 138, 153, 156, and
180. The NILU laboratory also analysed persistent organic pesticides, PCBs (26 congeners)
and PAHSs in fish from Finnmark and Bear Island. An overview of all components analysed in
fish is given in Table 4. Gas chromatography and mass spectrometry were used (Internal
method No.: NILU-O-2). In addition, extractable fat (extractable lipid) was measured in mus-
cle tissue.

Between 8-50 g fish muscle was homogenised. A sub-sample of this was taken for analysis of
lipid content. The sample was dried with sodium sulphate. Internal isotope-marked standards
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were added and the sample was eluated with cyclohexane/etylacetate. After drying, the sam-
ple was purified with gel permeation chromatography to remove lipids. The extract was
concentrated to 0.5 ml and fractionated on alumina with tert. butylmetylester and n-hexane. A
recovery standard was added to the extract, which was then analysed by gas chromatography
coupled with mass spectrometry (GC/MS).

PCBs and chlororganic pesticides were identified and quantified by the same methods as de-
scribed above for sediment.

After addition of internal standards, the samples for PAH-analyses were hydrolysed by boil-
ing in KOH and methanol/water. The hydrolysed sample was extracted with cyclohexane.
Subsequent the sample was liquid-extracted with dimethylformamide/cyclohexane. Further

treatment and analysis of the sample were carried out as described for sediment.

Table 4. Contaminants analysed in muscle tissue from fish.

PCBs (TIUPAC-No.) |Pesticides PAHs (ng/g)
TriCB 18 o-HCH Naphthalene
28 B-HCH 2-Methylnaphthalene
31 y-HCH 1-Methylnaphthalene
TetCB 47 Chlordane Biphenyl
52 Heptachlor 2, 6-Dimethylnaphthalene
60 Heptachlor epoxide |Acenaphthylene
66 Oxychlordane Acenaphtene
74 trans-Chlordane 2,3,5-Trimethylnaphthalene
PenCB 99 cis-Chlordane Dibenzofuran
101 trans-Nonachlor Fluorene
105 cis-Nonachlor Dibenzotiophene
114 Dieldrin Phenathrene
118 Aldrin Anthracene
123 Endrin 2-Methylphenathrene
HexCB 128 Trifluralin 2-Methylanthracene
138 a-Endosulfan 1-Methylphenathrene
149 0,p’-DDE Fluorantene
153 p,p’-DDE Pyrene
156 0,p’-DDD Benzo(a)fluorene
157 p,p’-DDD Retene
167 0,p’-DDT Benzo(b)fluorene
HeptCB 170 p,p’-DDT Benzo(g,h,i)fluorantene
180 Sum DDT Cyclopenta(c,d)pyrene
187 Benz(a)anthracene
189 Chrysene/triphenylene
209 Benzo(b,j,k)fluorantene
Benzo(a)fluorantene
HCBz Benzo(e)pyrene
Benzo(a)pyrene
Perylene
Ind. (1,2,3 cd)pyrene
Dibenz. (a,c/a,h) anthracene
Benzo(ghi)perylene
Antatrene
Coronene
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In this report, PCBs are referred to as 3,PCB, the sum of the so-called seven Dutch PCBs.
These seven congeners are selected to represent the different types of congeners present, and
are commonly used in monitoring studies. In our samples, they comprised 50 to 90% of the
26 PCB congeners analysed at NILU. This 2,PCB group is used to compare our results with
contamination levels published from other areas.

Levels of organochlorines in muscle tissue are presented on both a wet weight and lipid basis
(lipid normalisation, dividing contaminant concentration by concentration extractable lipid).
Concentration on wet weight basis are best to indicate the health risks and ecological effects,

while concentrations on a lipid basis better indicate the degree of contamination and changes
in time (Knutzen & Skei 1990).

3.3.4 Statistical analyses: Weighting of pooled samples

The data matrix for fish consists of contaminant analysis in single samples as well as pooled
samples. Pooled samples contain fish of same sex, maturity and of similar age. We expect
that there is less variance between the fish in the pooled samples than between those which
differ in age and maturity. The value from a pooled sample will be closer to a representative
average value than the value from a single fish. By means of weighting we obtain a lower
variance than if the fish had been analyzed individually, as each pooled observation is re-
peated as many times as the weight tells.

To obtain an estimate of the reduction of variance and to determine the weighting which gives
results most equivalent to a data set of individually analyzed fish, we used data from an arti-
cle by Hammar et al. (1993). The data in this article refer to fish collected from Blésjoen in
the central part of Sweden. Statistical analyses on pooled values from three to six individuals,
at the same maturity and age, were compared with analyses of individual values. From a theo-
retical point of view, weighting with N (the number of fish in the pooled sample), or the
square root of N, seemed to be the most convenient weighting.

We found that using N for weighting consistently gave a lower variance than the full data set,
leading to “decreased” significance levels. Because this decreases the total variance and pre-
serves the total number of observations, the calculated significance levels will be “too good”.

The square root of N is the rate by which the standard deviation of the mean of the pooled
samples (or standard error) decreases (SE =SD/VN). This is also a compromise between not
weighting and weighting with N. Running the data set with VN revealed some weaknesses in
the statistical computer programme used, Statistica. The programme rounded the weight (VN)
to an integer, with no detectable rule of rounding. For the small number of fish in the pooled
samples, 3 to 6, VN will be between 1.7 and 2.4. To approach this value we have chosen to
weight the values representing a group of individuals with two instead of VN

This double weighting tends to give a slightly higher standard deviation, which leads to more
conservative results of analysis. The error in the standard deviation was relatively small for
double weighting, except for the parameter fat; where the standard deviation decreased by
about one third.

A data matrix of unweighted groups tend to give a slightly lower significance level than for
an analysis based on a full data matrix.

It seems that double weighting of the pooled samples is preferable, as this gave significance
levels most equal to the full data set.
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4. Concentration determination factors in lake
sediments

4.1 Sources

4.1.1 Atmospheric sources

Many investigations have shown that Arctic regions, where local emissions are scarce, are no
longer pristine. They receive considerable amounts of chemical contaminants from point
sources in the south (Barrie 1986; Ottar 1989). Organochlorines, PAHs and heavy metals are
known to be transported from temperate latitudes either in the vapour phase or on aerosols.
Today, it is widely accepted that contaminants generally reach remote freshwater systems by
long distance atmospheric transport (Gregor & Gummer 1989; Barrie ef al. 1992; Steinnes et
al. 1994, Mackay & Wania 1995; Oehme et al. 1995).

4.1.1.1 Persistent organochlorine compounds

At the Norwegian Arctic islands and the Norwegian mainland, several studies of persistent
organochlorine compounds in ambient air have provided evidence of long-range transport of
such compounds (Oehme & Mang 1984; Ochme & Ottar 1984; Pacyna & Oehme 1988;
Oehme 1991). Transport of such compounds to the Norwegian Arctic is possible from source
areas in both North America and Europe (Oehme 1991). It is shown that semi-volatile or-
ganochlorines, such as hexachlorocyclohexane (HCH) and hexachlorobenzene (HCBz), in
Arctic air are comparable to those in regions closer to the source areas (Pacyna & Oehme
1988). Detectable concentrations of polychlorinated biphenyls (PCBs) and chlordanes have
also been determined in ambient air in the Norwegian Arctic (Oehme 1995). The processes of
particle deposition of heavy metals and POPs in polar regions are mainly determined by
physical factors such as particle size and distribution, surface roughness and wind force (Bar-
rie et al. 1992).

The pesticide HCH is a technical mixture of a-, 3- and y-HCH, the use of which has been
prohibited in most industrialised countries since the 1970’s, but which is still in use in devel-
oping countries. However y-HCH (lindane) is still used in most countries. As y-HCH is a
more polar compound than, for example the more hydrophobic PCBs, y-HCH has a lower
tendency to bio-accumulate in fish (Lockhart et al. 1992). The y-HCH concentrations in biota
from remote areas are typically lower than concentrations of PCBs or DDTs. DDT is an ex-
tremely toxic insecticide which is accumulated in biota and thereby magnified in the food
chain. The use of DDT in western countries has been strongly reduced since the 1970’s.

4.1.1.2 Heavy metals

Lead (Pb) is one of the heavy metal elements which is shown to be transported to and wide-
spread within Arctic areas. There are only few regions which are unaffected by lead, as a re-
sult of long-range atmospheric transport (Jaworski et al. 1987). Earlier investigations have
not revealed any large atmospheric point sources of lead in Norway (Riihling et al. 1987,
Anderson 1989; SFT 1993). Surveys of heavy metals in mosses and lake sediments conclude
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that lead deposition is still occurring, and that the main sources of deposited lead in Norway
are long range transport (Rognerud & Fjeld 1993; Steinnes et al. 1994).

Depositions of cadmium (Cd) in the Arctic are mainly due to long-range atmospheric trans-
port, but are also influenced by local emissions from smelter industry and by waste incinera-
tion of nickel-cadmium batteries. Studies of lake sediments show moderate enrichment in the
central mountainous areas of southern Norway, as well as in inland parts of Northern Norway
(Rognerud & Fjeld 1990). Regional moss investigations and precipitation studies have shown
that long-range transport of cadmium has decreased from 1977 to 1985. The main sources of
cadmium are mainly outside Norway (Steinnes et al. 1994).

Long distance atmospheric transport is suggested as being the primary source of mercury (Hg)
in remote areas of Norway (Rognerud & Fjeld 1993). Hg content in air is mainly in gaseous
form. Previous studies concluded that it is deposited along a decreasing gradient from the
south to the north (Iverfelt & Rohde 1988). Investigations in Norway have shown a high de-
gree of contamination in lakes in southern regions. A few lakes in Ser-Varanger, in Northern
Norway, show moderate Hg contamination (Rognerud & Fjeld 1993). In Scandinavia, it has
been demonstrated that most atmospheric input of Hg originates from the European continent
(Iverfelt & Rohde 1988).

Depositions of Nickel (Ni) and copper (Cu) in Norway are generally of local origin (Steinnes
1994). Some lakes along the Norwegian-Russian border in Ser-Varanger are moderately to
significantly contaminated with nickel. The main sources for this pollution are emissions
from the smelter industry at the Kola-peninsula (Rognerud & Fjeld 1993, Steinnes et al.
1994).

The deposition of the metals antimony (Sb) and arsenic (As) in Norway mainly occurs by
means of long range atmospheric transport. Depositions from local emissions of both Sb and
As are found in the County of Nordland. The Russian smelters contribute to depositions of As
in the eastern parts of Finnmark County (Steinnes et al. 1994).

Few data are available in Norway concerning the sources and deposition of the element tita-
nium (Ti). The depositions of zinc (Zn) in northern parts of Norway are mainly caused by
long range atmospheric transport (Steinnes et al. 1994).

There is no evidence of depositions of iron (Fe) and aluminium (Al) due to long range trans-
port. Studies of mosses show that elevated concentrations of these elements in specific areas
can be explained by contributions from local soil materials (windblown dust) or release from
soil due to acidification (Steinnes et al. 1994). In Nordland County, local Fe and Al deposi-
tion occurs due to smelter activity. In Ser-Varanger (East-Finnmark) mining activities con-
tribute to some of the depositions (Steinnes et al. 1994).

Research has shown that the increase of heavy metals such as lead, cadmium and mercury in
lakes in Scandinavia is a result of long-range atmospheric transport of pollutants from sources
in and outside Scandinavia. Depositions follow a decreasing gradient from the south to the
north (Riihling & Tyler 1973; Iverfelt & Rohde 1988; Steinnes ef al. 1989; 1994).

4.1.2 Background concentrations of POPs

Most persistent organic pollutants did not exist in the biosphere prior to their industrial syn-
thesis, which began about 50-70 years ago. Industrially produced organochlorine compounds,
such as PCBs and chlorinated pesticides (HCHs, chlordanes, DDTs, etc.) have no natural
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background concentrations. None of the compounds analysed in this study has a natural oc-
currence.

However, some organohalogens do have natural sources. Terrestrial ecosystems mainly pro-
duce chlorinated organic compounds, while brominated organic substances are dominant in
the aquatic environment. Algae, as well as bacteria and fungi, produce compounds such as
halogenated hydrocarbons, phenols, ketones, terpenes and C15 compounds (Kvernheim et al.
1992). The recorded amounts of organohalogens (measured as adsorbable organically bound
halogen, AOX) in runoff from bogs was high, comparable with heavily polluted rivers in
Europe (Asplund et al. 1989). It is therefor difficult to estimate true background levels and
very little effort has been made to do this (Kvernheim et al. 1992).

Polycyclic aromatic hydrocarbons (PAHs) are mainly formed by incomplete combustion of
fossil fuels, wood and tobacco, as well as by processes such as incineration of garbage, steel
and coal production and gasification. However, some PAHs can be formed naturally from
transformation of organic material by micro-organisms. One PAH with high natural back-
ground levels is perylene, which can be formed during breakdown of humic materials. There-
fore, in this investigation on contamination levels, perylene is excluded from the calculated
sum PAH.

4.1.3 Natural background values of heavy metals.

Concentrations of heavy metals in lake sediments are largely related to the natural geochemi-
cal content in the catchment area, in addition to deposition from anthropogenic sources. It is
therefore important to obtain data on natural background values and variations in heavy metal
content in the catchment areas. The geochemistry of the northern part of Norway has been
mapped by using overbank sediments as indicators of the geochemistry of the catchment ar-
eas. These inorganic sediments, deposited on the river banks during periods of flooding, are
considered to be reliable indicators of the geochemistry of the catchment areas (Ottesen et al.
1989). This material has been found to be sufficiently representative of the natural geochemi-
cal conditions, and the values represent 200-1000 year-old depositions (Ottesen et al. 1989).
Analyses were conducted on the sediment fraction less than 0.062 mm, which is similar to the
dominant particle size in lake sediments in the deposition areas (H8kanson & Jansson 1983).
For this study, data for Se, Ni, Pb and Zn were provided by Tore Volden, Norwegian Geo-
logical Survey, Trondheim. Regression analysis between concentrations in reference sedi-
ments and river bank sediments from 22 localities in same area show acceptable correlation
for Se and nickel (respectively -0.52, 0.69), while there was only poor correlation for lead and
zinc (r=0.25, r=0.11). The poor correlation for lead and zinc may be due to high content of
organic matter in the NGU data set (input by Sigurd Rognerud). Other explanations are the
high degree of local variation in geochemical composition in the area, as well as the relatively
large distance between the sampling stations in this study and those of NGU. In other studies
where the relationship between river bank sediments and lake sediments has been specifically
tested, a significant correlation was also found for lead (Rognerud & Fjeld 1993).
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4.2 Transport from catchment area to lake

Heavy metals may enter lakes by direct deposition on the water surface, as well as by run-
off/drainage from the catchment area. Lake sediments may comprise depositions from natural
sources in the catchment area, as well as atmospheric depositions on both the lake surface and
the catchment area. The part which is incorporated into lake sediments depends on the charac-
teristics of both the metals and the catchment area.

The transport of heavy metals from the catchment area to a lake usually follows one of two
different patterns (Bergkvist et al. 1989).

» Transport related to organic acids, mainly humic acids. Acidification and release of miner-
als in the catchment area have little effect for these compounds. In our investigation, this
transport mechanism is relevant for Pb, Hg, Cu, and Sb.

» Transport related to acidification and the subsequent release of the mineral fraction of the
catchment area. This transport mechanism may be of relevance for the heavy metals Cd,
Ni, Al, and Zn in the eastern part of Finnmark County (Ser-Varanger), which receives con-
tamination from the smelter industry on the Kola Peninsula.

Persistent organic pollutants, such as PCB, PAH, and orchanochlorine pesticides follow a dif-
ferent and more complicated transport- and deposition pattern, compared to most heavy met-
als. The most important property which distinguishes them from most metals are that most
components are volatile and can evaporate to the atmosphere.

After deposition on the catchment area, most persistent organic pollutants exist, under normal
conditions, in one of the following phases: vapour phase, adsorbed to atmospheric particles,
adsorbed on the soil surface, adsorbed to particles, associated with humic matter or dissolved
in the water phase. The mechanisms for transport and movement between the phases are de-
pendent, amongst others, on the distribution between these reservoirs (Barrie et al. 1992).

Gas exchange is dependent on chemical reactions with the soil surface, which includes the
solubility of the compounds and reaction with water, as well as absorption mechanisms with
the soil, water and ice (Barrie et al. 1992).

Substances in the environment will therefore be divided between the particulate and the gas
phase. With the exception of PCB-components, which have the capacity to evaporate from
the snow when the temperature rises in the spring and summer, the majority of persistent or-
ganic pollutants is transported from the catchment area to the lake under snow-melt in the

spring/summer and it is demonstrated that most compounds are adsorbed to humic substances
(Barrie et al. 1992).

Both PAH and organochlorine compounds which reach the lakes can be taken up by organ-
isms. Through natural processes they can deposit in the lake and accumulate in the bottom
sediment.

4.3 Geology and geochemistry

Northern Norway is underlain by the northern part of the Precambrian Baltic shield bordered
by the Caledonian fold belt to the west. The Precambrian basement is divided into gneisses
and supracrustal belts intruded by gabbro, anorthosite, and granite in the northeast. The Cale-
donides are a series of allochthonous thrust sheets or nappes overthrust to the east. The area
has been repeatedly glaciated by continental ice sheets during the Pleistocene. The valleys and
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areas with moderate relief are covered by till or glacio-fluvial gravels and sands. Bedrock is
well exposed in the west and at higher elevations (Eden and Bjerklund 1994)

The lakes on Svalbard and the one on Bear Island are located mainly on sedimentary rocks
(sandstones, shales, and calcareous rocks of Carboniferous, Triassic, Jurassic, and Cretaceous
age) or their metamorphic equivalents.

4.4 \Vegetation and soil in catchment areas

Atmospheric depositions of most persistent organic pollutants as well as lead, mercury, cop-
per, and antimony are strongly associated with humic substances, and adsorb readily to humic
soil particles. Acidification of the catchment areas does not influence the transport essentially
as long as it does not alter the decomposition rate of the humic layer (Bergkvist et al. 1989).
The extent and the thickness of the humic layer in the catchment area determine the capacity
of the catchment area to retain these substances. In this study, the proportion of bog and forest
areas in all catchment areas were mapped. Generally, the forest area of the catchment areas
was highest in the County of Nordland (average 41%). In Finnmark County, the forest area
reached an average of 26% of the catchment areas. The lowest percentage of forest in the
catchment areas was registered in Troms County (13%). The cover of bogs and mires in the
lake catchment areas show opposite trends. In Troms County the bog and mire areas were in
average 13% of the catchment areas. In Finnmark and Nordland Counties the areas were re-
spectively 7.5 and 6.3%.

4.5 Processes in lakes

Both persistent organic pollutants and heavy metals exist in particulate, colloidal and dis-
solved phases in lake water. The majority of pollutants are adsorbed to particles which, in
their turn, accumulate in lakes through sedimentation processes.

Heavy metals such as Pb and Hg and persistent organic pollutants are usually bound to or-
ganic matter or organic depositions (Forstner 1982; Barrie ef al. 1992).

The rate of sediment accumulation in Scandinavian lakes in wooded areas is usually between
0.7-1.7 mm/year (Rognerud & Fjeld 1993). Age determinations in lake sediments in the
northern part of Norway show that the sedimentation rate for sediment 5 cm or more below
the sediment surface is usually less than 1 mm/year (Norton 1986; Rognerud et al. 1993).
Based on this, it is likely that the top sediment (0-1 cm) has been deposited after the 1980’s,
while the reference sediment (sediment depth 19-20 cm) represents the pre-industrial era,
over 200 years ago.

It has been demonstrated that persistent organic pollutants and heavy metals differ in their
mobility and transformation capacities (chemical and biological) in sediment (Hart 1982;
Forstner 1982; Carigan & Tessier 1985; Andersson & Borg 1988; Barrie et al. 1992). This
implies that concentrations of a specific substance at a specific sediment depth are not neces-
sarily directly related to depositions during certain time-periods. The mobility varies with the
physical and chemical characteristics of the specific compound, as well as with the physical,
chemical and biological processes in the lake water and sediments. These effects should be
evaluated for each specific element or compound.
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5. Results of sediment investigations

5.1 General

In Norway, several studies of contaminants in sediments have been carried out over the last
decade, both on a national and regional basis. Rognerud and Fjeld (1990) carried out a na-
tional survey of heavy metals in lake sediments and mercury in fish in the late eighties. Skot-
vold and Rognerud (1993) carried out a study of heavy metals and POPs in lake sediments in
Northern Norway and Spitsbergen. Sediments from lakes on the border area between Norway
and Russia have been analysed for heavy metals (Rognerud ef al. 1993). However, there are
only limited data available on contaminants in lake sediments in the areas between the south-
ern and northern part of the Arctic region of the Norwegian mainland, and on the Norwegian
Arctic islands.

This study aims to augment the existing database on contaminants in the Arctic regions of
Norway, and includes heavy metals and persistent organic pollutants in sediments from a total
of 60 lakes in Northern Norway, Spitsbergen and Bear Island. In addition, data material on
heavy metals in lake sediments from earlier investigations (Rognerud et al. 1993) are in-
cluded, giving a total number of 92 investigated lakes. The lakes and their primary data are
presented in Appendix 1.

5.2 Organic carbon content

Figure 2 below shows the median levels and 85% confidence intervals for organic content
(OC) of the cores. The OC levels in lake sediments are significantly lower on the Arctic is-
lands Spitsbergen and Bear Island (2-5%) compared with the lakes on the Northern Norwe-
gian mainland (4-12%). On the Norwegian mainland, the OC content in cores from lakes in
Nordland and Finnmark Counties are generally higher than those from lakes in Troms
County.

QOrganic carbon content in sediment layers, Organic carbon in sediment layer,
lakes in North Norway lakes on Spitsbergen and Bjernaya
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Nordiand. 1-2 om [ Ellasjgen, 0-1 cm o
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Troms, 0-1 cm Spitsbergen, 0-1 cm k o
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Figure 2. Median levels of organic content (% OC in dry matter) in sediments from lakes on the Northern Nor-
wegian mainland and Norwegian Arctic islands.
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5.3 Metal concentrations in sediment

5.3.1 Background concentrations of heavy metals

It would have been expedient to carry out sediment dating on all cores collected in the study,
but this goal was unrealistic due to the limited resources available. By carrying out the selec-
tive sampling strategy of using cores only from the accumulation zone in the lakes (Hakanson
& Jansson 1983), we feel confident that our reference samples are old enough to represent
background values, as has been demonstrated in other studies (Rognerud & Fjeld 1993).
Therefore, in this investigation reference sediments were defined as being representative of
the natural background values in the lakes. Reference sediments were collected from 20-30
cm depth, and are considered to represent the pre-industrial time period, approximately 200
years ago.

5.3.2 Enrichment levels and concentrations of heavy metals

5.3.2.1 Mainland Northern Norway

Figure 3 and Figure 4 show mean concentrations for all the elements studied. For the ele-
ments Hg and Se, the data on mean absolute concentrations from the Finnmark area cannot be
compared directly with those from the Nordland and Troms area, due to the different analyti-
cal methods used. Data from the Finnmark area are, however, comparable to the national
study carried out, as the same analytical methods were used (Rognerud & Fjeld 1990).

For the elements which can be compared between the different surveys, the content in the up-
per sediment layer for most heavy metals studied in the region are generally lower than those
found in the southern parts of Norway (except for Ni concentrations). For methodologically
comparable elements such as Pb and Cd, Rognerud & Fjeld (1990) found mean concentra-
tions which ranged between 125 - 225 mg/kg dry weight and 0.850 - 0.900 mg/kg dry weight
respectively in the south-eastern parts of Norway. In this study, the median concentrations in
the upper sediment layer ranged between 17-85 mg/kg dry weight and 0.450 - 0.750 mg/kg
dry weight respectively (Figure 3). Concentrations of Ni show an increase with latitude.
Rognerud & Fjeld (1990) showed the mean concentrations in the south-eastern part of Nor-
way to be 15 - 20 mg/kg dry weight. In this study, the median concentrations of Ni in the top
sediment were found to be from 25 - 58 mg/kg dry weight (Figure 3). For elements such as
Al, Cu, Fe, Sb, Zn, Ti and Se, no analyses have been carried out in national surveys with
which to compare the results of this study.
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Lead concentrations, lakes in North Norway
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Figure 3. Median concentrations of Hg, Pb, Cd and Ni (mg/kg dry weight) in lake sediments in Northern Nor-

way.
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Figure 4. Median concentrations of Cu, Se, Al, Fe, Sb, Ti, and Zn (mg/kg dry weight) in lake sediments in

Northern Norway.

SFT - Akvaplan-niva, Tromsg; 09.04.97

36



Contaminants in lake sediments and fish in Arctic regions of Norway

AMAP report

Figure 5 shows the median enrichment factors (Ky) for metals, based on values from all lakes
from the different areas. It is evident that that the upper sediment layers in lakes on the Arctic
parts of the Norwegian mainland are enriched with the heavy metals Hg, Pb, Sb, and Cd. The
central areas appear to be less enriched compared to the southern and northern parts of the
study area. However, such conclusions cannot be drawn for the other elements in this study
(Figure 6). The K¢ factors for Hg and Pb show an increase from the 2 - 3 cm layer to the 0 - 1
cm layer indicating that deposition of the metals has occurred in the region over the past dec-
ades. The other metals in this study do not show such a general trend.
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Figure 5. Median enrichment factors for Pb, Hg, Cd and Sb in lakes of Northern Norway.
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Figure 6. Median enrichment factors for Cu, Ni, Al, Se, Ti and Zn in lakes of Northern Norway.
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The average concentrations of most heavy metals in the upper layers of lake sediment studied
on the Arctic islands are generally lower than those found on the Arctic mainland. For Spits-
bergen and Bear Island the median concentrations of Hg were about 0.06 and 0.1 mg/kg, for
Pb 25 and 90 mg/kg and for Cd 0.5 and 1.3 mg/kg respectively (Figure 7). On the mainland,
the median concentrations of these metals ranged between 0.075 - 0.210 mg/kg, 17 - 85
mg/kg and 0.45 - 0.750 mg/kg respectively (Figure 3). In the lakes on Spitsbergen and Bear
Island, the median Ni concentrations were found to be 33 and 25 mg/kg respectively (Figure
8). The median concentrations of Ni in the upper sedimentary layers on the mainland were

found to be 25 - 58 mg/kg.

Lead concentrations,
lakes on Spitsbergen and Bear Island

Ellasjgen, 0-1 cm| o
Ellasjoen, ref| o
Spitsbergen, 0-1 cm|
Spitsbergen, 1-2 cm|
Spitsbergen, 2-3 cm|
Spitsbergen, 3-4 cm|

Spitsbergen, 4-5 cm| o
Spitsbergen, 5-6 cm| —o—
85%
Spitsbergen, ref. —a— 15%
0 20 40 60 80 100 © Median
Pb (mg/kg dry matter)
Antimony concentrations,
lakes on Spitsbergen and Bear Island
Ellasjgen, 0-1 cnf o
Ellasjgen, ref o
Spitsbergen, 0-1 ¢ —_—
Spitsbergen, 1-2 cm b—
Spitsbergen, 2-3 ¢ A
Spitsbergen, 3-4 ¢ H—
Spitsbergen, 4-5 cm Ho—
Spitsbergen, 5-6 ¢ HH
T 85%
Spitsbergen, ref.| +—o——m—— 15%
0 04 08 12 16 2 24 28 0O Medan

Sb (mgrkg dry matter)

Mercury concentrations,
lakes on Spitsbergen and Bear Island

Ellasjgen, 0-1 cm o
Ellasjgen, ref. o
Spitsbergen, 0-1 cm| _—_
Spitsbergen, 1-2 ¢ —o—
Spitsbergen, 2-3 cm| —o—
Spitsbergen, 3-4 cm| —0—
Spitsbergen, 4-5 ¢ —o—
Spitsbergen, 5-6 cm| —o—
T 85%
Spitsbergen, ref. bt 15%
0.02 004 006 008 01 012 014 © Medan
Hg (mg/kg dry matter)
Cadmium concentrations,
lakes on Spitsbergen and Bear Island
Ellasjgen, 0-1 cm o
Ellasjgen, ref. o
Spitsbergen, 0-1 ¢ —_—
Spitsbergen, 1-2 cm| =]
Spitsbergen, 2-3 ¢ o
Spitsbergen, 3-4 ¢ o
Spitsbergen, 4-5 cm| =]
Spitsbergen, 5-6 ¢ o
T 85%
Spitsbergen, ref. —_— 15%
0 02 04 06 08 1 12 1.4 0O Median

Cd (mg/kg dry matter)

Figure 7. Mean concentrations of Pb, Hg, Sb and Cd (mg/kg dry weight) in lake sediments on the Norwegian

Arctic islands.
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Figure 8. Mean concentrations of Fe, Al, Cu, Ni, Ti, Se and Zn (% of dry matter or mg/kg dry weight) in lake

sediments on the Norwegian Arctic islands.
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Figure 9 shows median enrichment factors (Ky), for metals, based on values from all lakes
sampled in the different areas on Spitsbergen and Bear Island. The figure shows the upper
sediment layers in lakes on Spitsbergen to be enriched by the heavy metals Hg, Pb, Se, Ti and
Zn. On Bear Island antimone (Sb) is the only element which is enriched in the upper sediment

layer.
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Figure 9. Enrichment factors (K for Zn, Ti, Se, Sb, Pb, Ni, Hg, Cu, Cd, and Al in lakes on the Norwegian Arc-

tic islands.
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5.3.3 Geographical distribution of heavy metals in sediment

Figure 10 to Figure 30 present the geographical distribution of concentrations and enrichment
factors of heavy metals in surface sediments in lakes on the mainland of Northern Norway
and the Norwegian Arctic islands, Spitsbergen and Bear Island. Both concentrations and
enrichment factors are presented.

Evaluation of the figures reveals that for a series of compounds, the concentrations were
highest along the coasts of Nordland and Troms Counties. This is the case for the following
elements: Al, Cd, Hg, Pb, Sb, Se, and Zn. Steinnes et al. (1994) also found elevated levels of
Pb, Sb and Se in mosses along the coast. For Hg, higher levels were also determined in
mosses along the northern coast of Finnmarken County (Steinnes et al. 1995). A significant
input of Se in Norway originates from the marine environment (Steinnes et al. 1994). Levels
of Pb, Sb, Cd, As, Zn and Hg in mosses were found to be mainly determined by long-range
atmospheric transport (Berg ef al. 1995). This coastal influenced distribution pattern will be
discussed more thoroughly in a following publication (Rognerud et al. in prep.).

The distribution patterns of concentrations of Hg and Se should be interpreted with care, as
sediments from Nordland and Troms were analysed using different methods than the other
sediments.

Some of the elements had elevated concentrations in Ser-Varanger: Hg (moderately to
strongly affected), Ni (moderately to strongly affected), Pb (moderately to very severely af-
fected). Not all metals were analysed in this area. This contamination can be related to the lo-
cal emission sources on the Kola Peninsula, mainly the nickel industry (Steinnes et al. 1994;
Rognerud et al. 1993 )

The distribution of mercury in sediment does not appear to be related to the distribution pat-
tern in mosses. Concentrations of Hg in mosses doubled from the inland of Troms and
Finnmark Counties towards the northern coast of Finnmark (Steinnes & Andersson 1991;
Steinnes et al. 1995). A possible explanation presented for this increase in Hg in the terres-
trial environment towards the north, is the increasing significance of dry deposition of Hg’,
under colder conditions where re-emission to the atmospheric is reduced. Our results of Hg in
the sediments do not show any significant gradient from the inland towards the coast. The
highest concentrations in surface sediment were found along the coasts of Nordland and
Troms Counties and in Ser-Varanger (0.2 - 0.45 pg/g, compared to concentrations mainly be-
low 0.1 pg/g in Finnmark County). Some lakes in these areas also had elevated enrichment
factors for Hg (strongly to severely affected). The higher levels in lake sediments along the
coast appear to be related to higher precipitation, relative to inland areas.

Enrichment factors for Pb were high in many lakes on the Lofoten-Vesterdlen and Senja Is-
lands, as well as in the municipalities of Kautokeino and Ser-Varanger.

Two lakes had elevated enrichment factors for many metals, these being Lakes ©. Kaperdal-
vatn (68) at Senja and Ryggedalsvatn (75) in Vesterdlen. These lakes were moderately to very
severely affected by Al, Cd, Cu, Fe, Hg, Pb, Sb, Se and Zn. In the top sediment, most metal
concentrations were only slightly higher than in surrounding lakes. Low concentrations of
most metals in the reference sediment layer lead to high enrichment factors (calculated from
the ratio between the concentration in the top layer and the concentration in the reference
layer). An example is the extremely low reference concentration of Zn in Ryggedalsvatn.
Only the concentrations of Cu in the top sediments of both lakes were significantly higher
than in surrounding lakes, while the concentrations of Cu in the reference sediments were
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low. Concentrations of Cd, Hg, Pb, Sb and Se in the top sediment of . Kaperdalvatn were in
the upper range of concentrations in surrounding lakes. The organic carbon content in the top
sediment of . Kaperdalvatn was relatively high and, together with the relatively low pH of
the water, this may account for the elevated levels in the sediment compared to the low con-
centrations in the low-organic reference sediment. Other reasons such as local sources are as
yet unknown.

Lake 3, Storvatn close to the town of Alta, also had elevated concentrations of heavy metals,
such as Ni, Cu and Pb in the top sediment. This is most likely to have originating from previ-
ous mining activities in the catchment area of this lake.
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82 [Nordlivatn 2.82
22 | Bai sj av' 52 | walbmejav' ri
S . 83 |Kilevatn 2.22
23 | Suolujav'r 53 | L. Ropel vvatn
e Ly 84 |Tennvatn 3.35
! 4
24 | Levvajav' ri 5. Vegvat net @ |revvatn 2. 60
25 | Stourrajav'ri 1.60 55 | G avsj gen 86 |Istjorna 1.9
26 | St oppul uobbal 1.20 56 | Langvat net a7 |vann 210 2 50
27 | Doulbmmjav'ri 57 | Rabbvat net 83 |Kongr essvann 1.55
28 | Kksevatnet 2.60 58 | Hol nevatnet 89 |Li nnevann 1 56
29 | Ki ber gvat net 59 | Vaggatem 90 |Barentsvann 2.79
30 | Wovddej avri 1.50 60 | B grnevatn o1 |B1asjee 1.13

o | o
Figure 10. Concentrations of aluminium (% of dry sediment) in surface sediments from lakes on the Northern
Norwegian mainland and Norwegian Arctic islands.
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1| storvatnet 0. 00 31 |Quolbmajav ri 0.00 61 |M dtre Pumpehusvatnet 0. 00
2 | Hesteskovatnet 0. 00 32 | Worasjav ri 0.00 62 | Svart hammervat net 0. 08
3| Storvatnet 0. 00 33 [Avzejav ri 0.00 63 | Y. Kar vi ksvat net 0. 43
4 | Doggej av'ri 0. 00 34 | Lavvujav ri 0.00 64 | St orvat net 0. 45
5| @ sal tvatn 0. 00 35 | Quotkojav'ri 0.00 65 | Josvatnet 0. 22
6 | Hamnevat n 0.55 36 | S Galdinjav'ri 0.00 66 |Langfjordvatn 0.31
7L Havvatn 0. 00 37 | Ravdujav' ri 0.00 67 |Tarnvatn 0. 92
8 | Laf jor dvat net 0. 00 38 | Gavduj av' ri 0.67 68 |@ Kaperdalsvatn 0. 60
9 | Kai fj ordvatnet 0. 00 39 | Reyvatn 0.00 69 | Skevatnet 0.79
10 | Skogsfj or dvat net 0.00 40 [st.ingasjarvi 0.00 70 ltangvatnet 0. 83
11 | aussajav'ri 0. 00 41 | Vouddaj av' ri 0.00 71 [skal | avat net 1. 01
12 |aullujav ri 0. 00 42 | wuost amusj av' ri 0.00 72 | tbimevatn 145
13 | Kj asvatnet 0. 00 43 | Gedgesuol oj av'ri 0. 00 73 fVikvatnet 0.82
14 | vasavatnet 0. 00 44 | Korpvatn 0.00 74 {Storvat net 0. 51
75 edal svat net 0.28
15 | syl tevikvatnet 0. 00 45 | Gardsj gen 0.00 B
76 | Storevatnet 0. 86
16 | Cardujav'ri 0. 00 46 | Hundvatn 0.00 o
7 evatn 0. 74
17 | Hergevatn 0. 00 47 | edevatn 0.00 -
78 |G enasvat n 0. 61
18 [ Store K gftvatnet 0. 00 48 | Bl levatn 0.65
79 | Markvatn 0. 77
19 | Diergejav ri 0. 00 49 | Folvatn 0.00
80 | Storvikvat net 0. 62
20 | Gl gutjav'ri 0. 00 50 [ St. Spurvvatn 1.44
81 [Valnesvat net 0.79
21 | Maskej av'ri 0. 00 51 | St.Sametjern 0. 00
82 |Nordlivatn 1. 22
isjav'ri 52 | Coalbmejav'ri 0.70
22 | Baisjav'ri 1.16 ) 83 | ki levatn 0. 68
23 | Suolujav'ri 0. 00 53 | L. Ropel vvatn 0.00 84 | Tennvat n 0. 63
R 4 )
24 | Levvaj av' ri 0. 00 54 | Vegvat net 0.00 a5 |Rewvatn 0. 00
25 | Stourrajav'ri 0. 00 55 | G avsj gen 0.00 86 |1stj orna 0. 00
26 | st oppul uobbal 0. 00 56 | Langvat net 0.62 87 |vam 210 0. 00
27 | Doulbmaj av'ri 0. 00 57 | Rabbvat net 0. 00 88 | Kongr essvann 0. 54
28 | Cksevatnet 0. 58 58 | Hol mevatnet 0.00 89 | Li nnevann 0. 21
29 | Ki ber gvat net 0. 00 59 | Vaggat em 0.00 90 | Barentsvann 0. 90
30 | uovddej av'ri 0. 00 60 | Bj grnevatn 0. 00 91 B 1asjee 1. 28

o |

Figure 11. Concentrations of cadmium(ug/g dry sediment) in surface sediments from lakes on the Northern
Norwegian mainland and Norwegian Arctic islands.
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1| Storvatnet *x x4 31 | Qiolbmajav ri 51.0 61 |Mdtre Pumpehusvatnet 87.0
2 | Hesteskovatnet 46.0 32 | Wuorasjav ri 37.0 62 | Svart hammervat net 83.9
3 | Storvatnet *k kx| 33 [Avzejav'ri 32.0 63 | Y. Karvi ksvat net i
4 | Doggejav:ri 10.0 34 |Lavvujaviri 10.0 64 | Storvat net il
5| @ saltvatn 35 | Quotkojav'ri 65 |Josvatnet 60. 1
6 | Harmevat n 49.0 36 | S Galdinjav'ri 66 |Langfjordvatn 87.3
7|L Havvatn 37 | Ravduj av' ri 67 |Tarnvatn *
8 | Lafjoradvat net 54.0 38 | Gavduj av' ri 68 |@ Kaperdalsvatn ol
9 | Kai fj ordvatnet 50.0 39 [ Reyvatn e 69 | Skovatnet 80.8
10 | skogsfjor dvat net 34.0 40 | St Ingasjaryvi i 70 fLangvat net 2.1
11 | qussajav' ri 2.0 41 [ Vouddaj av' ri 71 [skal | avat net 54.0
12 Jaullujav'ri 24.0 42 | uost amusj av'ri 34. 0 72 | tol mevatn 53.8
13 | Kj amsvatnet 24.0 43 | Gedgesuol oj av'ri 62. 0 73 [V kvatnet 1.2
14 [ vasavatnet 30.0 44 | Korpvatn 74 }Storvat net 16.0
75 edal svat net 63.0
15 [ syl tevikvatnet 17.0 45 | Gardsj gen R0
76 [Storevatnet 27.6
16 | Cardujav'ri 21.0 46 | Hundvatn o
77 evatn 44.4
17 | Hergevatn 47. 0 47 | @devat n
78 |G endsvat n 40.7
18 | Store K oftvatnet 35.0 48 | B levatn
79 [Markvat n 64.4
19 | D ergejav ri 36.0 49 | Fol vatn
80 |Storvikvat net 45.8
20 | Gal gutjav'ri 35.0 50 | St. Spurvvatn
81 [Valnesvatnet 49.3
21 | Maskej av'ri Hk ok 51 | St. Sametjern
b 82 [Nordlivatn 53.2
8 52 | albmejav' ri
22 1Balsiav il ! 83 [Kilevatn 17.4
! ! .
23 | Suolujav'ri 53 | L. Ropel vvatn 84 | Tennvat n 2.6
24 | Levvaj av' ri 54 [ Vegvat net 85 |Revvatn 13.0
25 | Stourrajav'ri 40. 0 55 | G avsj gen 86 |istj orna 250
26 | St oppuluobbal 29.0 56 | Langvat net 87 |vann 210 21.0
27 | Doulbmaj av'ri 57 | Rabbvat net 88 |Kongr essvann 11.0
28 | Gksevatnet 25.0 58 | ol mevatnet 89 | Li nnevann 42.8
29 | Ki ber gvatnet 59 | vaggatem 90 |Barentsvann i
30 | uovddej av'ri 61.0 60 | B @rnevatn 91 |B lasjee 33.9

o o o
Figure 12. Concentrations of copper (ug/g dry sediment) in surface sediments from lakes on the Northern Nor-
wegian mainland and Norwegian Arctic islands.
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3| Sstorvatnet 4.20 33 | Avzejav'ri rox 63 | Y. Kar vi ksvat net 7. 94
4 | boggejav'ri 3.20 34 |Lavvujaviri 4.30 64 [ St orvat net 5. 02
5| @ Sal tvatn 35 | Quotkojav'ri 65 |Josvatnet 4. 32
B 6 | Harmevat n 5. 40 | 36 |S Galdinjav'ri 66 |Langfjordvatn 4. 32
7L Havvatn 37 | Ravduj av' ri 67 |Tarnvatn 7.93
8 | Laf jordvat net 3.50 38 | Gavduj av' ri 68 |@ Kaperdalsvatn 5. 01
9 | Kai fj ordvatnet 9.30 39 | Reyvatn 69 | Skevatnet ]
10 [ Skogsfjor dvat net 1.30 40 [st. Ingasjarvi 70 jlangvat net i
11 | aussajav'ri 3.90 41 | vouddaj av' ri 71 [skal | avat net 9. 85
12 | Qul lujav'ri 4.30 42 | Wostanusj av'ri 9. 60 72 |folmevatn o
13 | Kj asvatnet 3. 80 43 | Gedgesuol oj av'ri 4. 00 73 |M kvatnet 5 08
14 | vasavatnet 2.60 44 | korpvatn 74 |Storvatnet w5
15 | syl tevikvatnet 3.30 45 | Gardsj gen 75 1Ryggedal svat net 8. 53
16 | Gardujav'ri Kk kK 46 | Hundvatn 76 |Storevatnet 4. 98
B B —_ 73 Ervey o
18 | Store K gftvatnet 0.45 48 | B levatn
79 [Markvat n 7.16
19 | Diergejav ri 3.60 49 | Fel vatn
20 | Gl gutjav ri *x ok 50 | St. Spurvvatn 80 1St orvikvatnet =2
81 |Valnesvatnet 5. 42
21 | Maskejav'ri HHH 51 | St. Sametjern 52 |Nordl ivatn W 62
22 | Baisjav ri 52 | Coalbmejav'ri 83 |Kilevatn wx x A
23 | Suolujav'ri 53 | L. Ropel vvatn 84 | Tennvat n e
24 | Lavvaj av' ri 54 | Vegvat net 85 |Revvatn PreT
25 | Stourrajav'ri 3.90 55 | G avsj gen 86 |istjorna 5. 30
26 | St oppul uobbal *xx 56 | Langvat net 87 |vann 210 4. 90
27 | Doulbmaj av'ri 57 | Rabbvat net 88 | Kongr essvann 1 49
28 | ksevatnet 4.50 58 | Hol nevatnet 89 |Li nnevann 2. 98
29 | Ki ber gvat net 59 | Vaggat em 90 |Barentsvann 4.17
30 | wuovddej av'ri 3.20 60 | B grnevat n 91 |E Iasjoe 2. 87
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Figure 13. Concentrations of iron (ug/g dry sediment) in surface sediments from lakes on the Northern Norwe-
gian mainland and Norwegian islands.
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1| Storvatnet 0. 069 31 | Quolbmajav ri 0. 058 61 |Mdtre Pumpehusvatnet
2 | Hesteskovatnet 0.012 32 [Wuorasjav ri 0. 064 62 | Svart hammervat net 0. 040
3| Storvatnet 0.270 33 | Avzejav'ri 0.170 63 | Y. Kar vi ksvat net 0. 160
4 | Doggej av'ri 0.019 34 |Lavvujav ri 0. 075 64 | Storvat net 0. 075
5 | @ sal tvatn 0.120 35 | Quotkojav'ri 0. 080 65 | Josvatnet 0. 085
6 | Hamnevat n 0. 081 | 36 |S Galdinjav'ri 0. 120 66 |Langfjordvatn 0.141
7L Havvatn 0.140 37 | Ravduj av' ri 0. 120 67 |Tarnvatn 0. 150
8 | Laf jordvat net 0.057 38 | Gavduj av' ri 0. 100 68 |@ Kaperdalsvatn 0. 189
9 | Kai fj ordvatnet 0.076 39 | Reyvatn 69 [Skovatnet 0. 109
10 | Skogsfjordvat net 0. 030 40 | st.Ingasj arvi 70 Langvat net 0.163
11 | aussajavri 0. 090 41 | vouddaj av' ri 0.100 71 | Skal | avat net 0. 165
12 fQullujav ri 0. 041 42 | wostamusjav ri 0. 036 72 |Folmevatn 0. 142
13 | Kj asvatnet 0. 060 43 | Gedgesuol ojav'ri 0. 025 73 | Vi kvatnet 0 431
14 [vasavatnet 0.037 44 | Korpvatn 0. 140 74 | Storvat net 0. 187
15 [ syl tevikvatnet 0.036 45 | Gardsj sen 0.190 75 {Ryggedalsvat net 0. 210
16 |Qardujav ri 0.028 46 | mundvat n 0. 240 76 | Storevatnet 0.224
i e gevet B o]l s
18 | Store K gftvatnet 0. 032 48 | El 1 evatn 0.270
79 |Markvat n 0. 097
S B . 49 1 Folvain 0130 80 [Storvikvatnet 0. 093
20 | Gil gutjav ri 0.130 50 | St. Spurvvatn 0. 140
81 [Valnesvat net 0. 159
21 | Maskejav'ri 0.120 51 | St. Sametjern 0.180 52 |rordl ivatn 0. 176
22 | Baisjav ri 0. 080 52 | Coalbmejav’ ri 0. 260 53 |K levatn 0. 202
23 [Suolujav'ri 0. 100 53 [ L. Ropel vatn 0. 180 84 | Tennvat n 0. 228
24 |Levvajav'ri 0. 060 54 | Vegvat net 0.140 85 |Rewvatn 0. 050
25 | Stourrajav'ri 0. 051 55 | G avsj gen 0. 120 86 |1stj orna 0. 050
26 | St oppul uobbal 0. 026 56 | Langvat net 0.110 87 |vann 210 0. 060
27 | Doulbmaj av'ri 0. 100 57 | Rabbvat net 0. 050 88 | kongr essvamn 0. 060
28 | ksevatnet 0. 026 58 | Hol nevatnet 0. 050 89 | Li nnevann 0. 080
29 | Ki ber gvat net 0. 050 59 | vaggatem 0. 120 90 |Barentsvann
30 | vuovddej av'ri 0. 052 60 | B grnevat n 0. 100 91 |E l1asjee 0.097 |
o | ||
Figure 14. Concentrations of mercury (ug/g dry sediment) in surface sediments from lakes on the Northern
Norwegian mainland and Norwegian islands.
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15 | syl tevikvatnet o 45 | Gar dsj gen o 75 |Ryggedalsvat net ool
16 | Gardujav'ri bbbl | 46 | Hundvatn AL 76 | St orevatnet :j:j
17 [ ergevarn 47 | @ievatn e (‘;GE" -
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19 | Diergejav ri bbbl | 49 | Fol vatn 50 | or vi kvat not .
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21 | Maskejav'ri el 51 | St. Sametjern fulallolld 62 |ordlivatn o
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25 | Stourrajav'ri il 55 | G avsj sen el 86 |Istj arna ok ko]
26 | St oppul uobbal ko 56 | Langvat net x| 87 |vann 210 e e
27 | Doulbmaj av'ri 57 | Rabbvat net ool 88 |Kongr essvann x s
28 | Cksevatnet rkx 58 | Hol nevatnet ol 89 | Li nnevann .
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Figure 15. Concentrations of nickel (ug/g dry sediment) in surface sediments from lakes on the Northern Nor-

wegian mainland and Norwegian Arctic islands.
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NORDLAND :
No. Name Pb No. Name Pb No. Nane Pb
—
1 [storvatnet 9.6 31 | Quolbmajavri 14. 0 61 |Mdtre Pumpehusvatnet 28.0
2 | Hesteskovatnet 7.6 32 | Worasjav ri 14.0 62 | Svart hammervat net 27.2
3 | Storvatnet 29. 0 33 | Avzejav'ri 31.0 63 | Y. Kar vi ksvat net 91.1
4 | Doggej av'ri 10. 0 34 | Lavvujav'ri 18. 0 64 | St or vat net 13.6
5| @ saltvatn 12. 0 35 | Quotkojav' ri 7.0 65 |Josvatnet 13.3
6 | Hamnevat n 19.0 36 | S. Gal dinjav'ri 42. 0 66 |Langfjordvatn 35.0
7|L Havvatn 52.0 37 | Ravduj av' ri 30. 0 67 |Tarnvatn 72.4
8 | Laf jor dvat net 16. 0 38 | Gavduj av' ri 22.0 68 |@ Kaperdalsvatn 57.5
9 | kai fj ordvatnet 32.0 39 | Reyvatn 69 | Skovatnet 52.5
10 | skogsfjor dvat net 16. 0 40 | St Ingasjarvi 22.0 70 JLangvatnet 54.4
11 | aissajavri 16.0 41 | Vouddaj av' ri 10.0 71 | Skal | avat net 84.9
12 |Qul lujav'ri 8.0 42 | Vuost anusj av'ri 18. 0 72 | Hol mevatn el
13 | g asvatnet 2.0 43 | Gaigesuol ojavri 5.0 73 |Vikvatnet 84.6
*xxx
14 | vasavatnet 18.0 44 | korpvatn 200 74 {Storvat net
75 edal svat net 23.6
15 | syl tevikvatnet 15.0 45 | Gardsj gen 25.0 Rag
76 | Storevatnet 74.0
16 | Cardujav'ri 12. 0 46 | Hundvatn 33.0 o
77 evatn 64.3
17 | Hergevatn 24.0 47 | edevatn 9.0 -
78 |G endsvatn 49.5
18 | Store K gftvatnet 9.5 48 | Bl levatn 62. 0
79 |Markvatn 71.6
19 | Diergejav ri 12. 0 49 | Fol vatn 41. 0
80 |Storvikvatnet 93.3
20 | GAl gutjav'ri 20.0 50 | St. Spurvvatn 47. 0
81 |Valnesvat net 71.8
21 | Maskejav'ri 10. 0 51 | St. Sametjern 40. 0
82 |Nordlivatn ool
i 52 | Coalbmejav'ri 82.0
22 |Baisjav'ri 22.0 il 53 |k levatn Tr o]
23 | Suolujav'ri 45. 0 53 | L. Ropel vvatn 29.0 84 | Tennvatn 2.6
24 | Levvajav'ri 9.0 54 | Vegvat net 32.0 85 | Rewvatn 73.0
25 | Stourrajav'ri 5.8 55 | G avsj gen 30.0 86 |Istj orna 23.0
26 | St oppul uobbal 17.0 56 [ Langvat net 46. 0 57 |vamn 210 2.0
27 | Doulbmaj av'ri 6.0 57 | Rabbvat net 26.0 88 |Kongr essvann 19.1
28 | Cksevatnet 21.0 58 | Hol nevatnet 61.0 89 |Li nnevann 29.2
29 | Ki ber gvat net 28.0 59 | Vaggat em 41. 0 90 |Barentsvann 14.7
30 | vuovddej av'ri 17. 0 60 | Bj grnevat n 37.0 91 |E lasjoe 89.0

o |

Figure 16. Concentrations of lead (ug/g dry sediment) in surface sediments from lakes on the Northern Norwe-
gian mainland and Norwegian Arctic islands.
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1| Storvatnet 0. 60 31 | Quolbmaj av'ri 0.28 61 | Mdtre Punpehusvatnet
2 | Hesteskovat net 0. 09 32 | Vuorasjav'ri 0.22 62 | Svar thammer vat net 0. 00
3| Storvatnet 0.67 33 | Avzejav' ri 0.47 63 | Y. Karviksvatnet 0. 04
4 | boggej av_ri 0. 25 34 | Lavvuj av'ri 0.41 64 | St or vat net 0. 00
5| @ saltvatn 35 | Quotkojav'ri 65 | Josvat net 0. 00
6 | Farmevat n 0. 44 36 | S. Gal dinjav' ri 66 | Langfj ordvatn 0. 06
7| L Havvatn 37 | Ravduj av' ri 67 | Tarnvatn 0.08
8 | Lafjordvatnet 0.41 38 | Gavduj av' ri 68 | @ Kaperdal svatn 0. 09
9 | Kai fj ordvat net 0.59 39 | Reyvatn 69 | Skovat net 0. 07
10 | Skogsfjordvatnet 0. 35 40 [ St. Ingasjarvi 70 | Langvat net 0. 10
11 | Qussaj av'ri 0.41 41 | vouddajav'ri 71 { Skal lavat net 0. 15
12 [auiujavri 0.18 42 | wuostamusjav ri 0.24 72 | tol mevatn 0.29
13 | K asvatnet 0. 35 43 | Gadgesuol oj av' ri 0.10 73 { M kvat net 0.19
14 | vasavatnet 0. 42 44 | Kor pvatn 74 ] Storvat net 0. 32
75 dal tnet 0. 00
15 | Syl tevikvat net 0.93 45 | Gar dsj gen Ryggedalsvatne
76 | St tnet 0. 19
16 | Garduj av'ri 0. 46 46 | Hundvatn orevatne
77 evat n 0. 88
17 | Hergevatn 1 20 47 | Aevat n A
78 | G gndsvatn 0.21
18 | Store K gftvatnet 0. 46 48 | El | evatn
79 | Markvat n 0. 06
19 | D ergejav'ri 0. 23 49 | Fol vatn
80 | St orvi kvatnet 0. 08
20 | Gil gutjav'ri 0.51 50 | St. Spurvvatn
81 | Valnesvat net 0. 83
21 | Maskej av'ri 0. 37 51 | St. Sametjern
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e e ! 83 | Ki levatn 0. 45
23 | suolujav'ri 53 | L. Ropelvvatn
84 | Tennvatn 1. 03
24 | Leevvaj av' ri 54 | Vegvat net
85 | Revvat n 1. 80
25 | st g 0. 09 55 | G avsj gen
owrraiav 1l " . 86 | Istj or na 0. 70
| | 5 Langvatnet
26 | St oppuluobba 0. 35 9 a7 | vann 210 0. 74
27 | Doulb : 57 | Rabbvatnet
Lo e 88 | kongressvann 0. 50
58 | Hol it net
28 | Gksevatnet 0.58 revatne 89 [ Li nnevann 0.26
59 | Ve t
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Figure 17. Concentrations of antimone (ug/g dry sediment) in surface sediments from lakes on the Northern
Norwegian mainland and Norwegian Arctic islands.
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1 |Storvatnet 1.40 31 | Quolbmaj av' ri 1.70 61 [ Mdtre Punpehusvat net
2 | Hesteskovat net 0.61 32 |Wuorasjav'ri 1. 90 62 | Svar thammer vat net 1.88
3 | Storvatnet 3.60 33 |Avzejaviri 3.90 63 | Y. KArvi ksvatnet 3.50
4 | oggej av_ri 0.95 34 | Lavvuj av'ri 0.90 64 | St or vat net 1.30
5| @ saltvatn 35 | Quotkojav'ri 65 | Josvat net 1. 90
6 [ Hamnevat n 2.50 36 | S Gal dinjav'ri 66 | Langfj ordvatn 6. 90
7 |L ravvatn 37 | Ravduj av' ri 67 | Tarnvatn 5. 10
8 [Lafjordvatnet 1. 80 38 [Gavduj av' ri 68 |4 Kaperdal svatn 6. 80
9 | kai fj ordvat net 2.40 39 [ Royvatn 69 | Skevat net 6. 60
10 | skogsfjordvatnet 1.80 40 | st. Ingasj arvi 70 { Langvat net 3.00
11 | aussajav’ri 1.50 41 | vouddajav'ri 71 { Skallavat net 5. 50
12 | Qi 1ujav' ri 1.90 42 | wostanusjav'ri 1.30 72 | Hol mevatn 5. 10
13 | K asvatnet 1. 20 43 | Gadgesuol oj av'ri 1.10 73 { M kvatnet 6. 11
14 | vasavatnet 0.75 44 | Kor pvatn 74 | St orvat net 5. 10
75 dal tnet 2. 20
15 | syl tevikvat net 3. 40 45 | Gardsj gen Ryggedal svatne
76 | St tnet 6. 91
16 | Qardujav ri 0.84 46 | Hundvatn or evatnef
77 evat n 4. 20
17 | Hergevatn 0.83 47 | @&evat n L
78 | G gnédsvat n 2. 30
18 [Store K sftvatnet 2.30 48 | Ellevatn
79 | Markvat n 2. 10
19 | D ergejav'ri 1.70 49 | Fal vat n
80 | Storvikvatnet 2. 80
20 | @l gutjav'ri 4.10 50 | St. Spurvvatn
81 | Valnesvat net 7.20
21 | Maskej av'ri 2.00 51 | St. Sametj ern
52 | coalb 82 | Nordlivatn 7.20
22 | Ba : albmej av' ri
e ey O ! 83 | Kilevatn 4. 40
23 | Suolujav'ri 53 | L. Ropelvvatn
84 | Tennvatn 7. 60
24 | Lavvaj av' ri 54 | Vegvat net
85 | Revvat n 1.70
25 | St g 1.30 55 | Gravsj gen
S aey [ " ! 86 | Istj orna 2. 10
26 | St |uobbal 2.40 5 Langvatnet
Ep omhe - 87 | Vann 210 0. 83
27 | Doulb : 57 | Rabbvatnet
omay vatne 88 | Kongressvann 1. 40
58 | Hol it net
28 | ksevatnet 1.40 nevat nef 89 | Li mmevam 0. 00
59 | Ve t
29 | Ki ber gvat net /aggat em 90 | Barent svamn
30 | wovddej av'ri 1. 00 60 | Bj grnevatn o1 | B 1asj se 170

Figure 18. Concentrations of selenium (ug/g dry sediment) in surface sediments from lakes on the Northern
Norwegian mainland and Norwegian Arctic islands.
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16 | Cardujav'ri 33 46 | Hundvat n 76 Zorevalnel
77 evatn
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|
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Figure 19. Concentrations of titane (ug/g dry sediment) in surface sediments from lakes on the Northern Nor-
wegian mainland and Norwegian Arctic islands.
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Figure 20. Concentrations of zinc (ug/g dry sediment) in surface sediments from lakes on the Northern Norwe-
gian mainland and Norwegian Arctic islands.
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2 | rest eskovat net 106 32 | uor asj av' ri 0.79 62 | Svar thammervat net 0. 74

3 | st or vat net 0. 62 33 | Avzejav ri 0. 50 63 | Y. Karviksvat net 0.91
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13 | K asvat net 0. 83 43 | Gadgesuolojav'ri 74 | S or vatnet 0. 68
14 |Vasavat net 1. 50 44 | Korpvat n 75 | Ryggedal svat net 1. 60
15 [ syltevi kvatnet 0.76 45 | cardsj gen 76 | St or ovat net 0. 98
16 |Qardujav'ri 0. 61 46 | Hundvat n 77 | Agevat n 0. 89
17 | Hergevatn 0.57 47 | edevatn 78 | @ gnasvatn 0. 87
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26 | St oppul uobbal 1. 00 56 | Langvat net 87 | Revvatn 1.15
27 | Doul bnejav'ri 57 | Rabbvat net 88 | Kongressvann 1.27
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Figure 21. Enrichment factors for aluminium in surface sediments from lakes on the Northern Norwegian
mainland and Norwegian Arctic islands.
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1 st or vat net 100 31 | quol brmj av'ri 1. 00 61 | M dt re Pumpehusvat net 1. 00
2 | test eskovatnet 1 00 32 | worasjavri 1. 00 62 | Svarthamervat net 0. 89
3 | or vat net 1 oo 33 | Avzejav:ri 1,00 63 | Y. Karviksvat net 2.37
4 | mggejavri 100 34 | Lawujav'ri 1. 00 64 | St or vatnet 0. 97
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6 | ramevatn 110 36 | s @ldinjavri 1. 00 66 1 Langfj ordvatn 2.05
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9 |Kaifjordvatnet 1. 00 39 | Reyvatn 1 00 :z f::;:;'n:; i jz
10 | Skogsfj or dvatnet 1. 00 40 | St.Ingasjarvi 100 71 | scal favatnet o1
11 |Qussajav'ri 1. 00 41 | Vouddaj av' ri 1. 00 72 | Hol mevat n 2.70
12 |Qullujav' ri 1. 00 42 | Wuost amusj av ' ri 1. 00 73 | Vi kvat net 1. 51
13 | Kj asvat net 1. 00 43 | Gedgesuolojav'ri 74 | st or vatnet 1. 27
14 | vasavat net 100 44 | Korpvatn 1. 00 75 | Ryggedal svat net 4.01
15 [syltevikvatnet 1.00 45 | Gardsjoen 1. 00 76 | St or evat net 151
16 |Gardujav ri 1. 00 46 | Hundvat n 1. 00 77 | Agevatn 0. 36
17 |Hergevatn 1. 00 47 | @devatn 100 78 | @ snasvatn 0.94
18 |Store Klgftvatnet 1. 00 48 [E levatn 1. 30 79 | Markvatn 1. 81
19 fOiergejav ri 100 49 | Folvatn 1.00 80 | St or vi kvat net 104
20 |GAlgutjav ri 1.00 50 { S Spurvvatn 2. 40 81 | valnesvatnet 2.79
| 21 |maskejav ri 1.00 51 | St.Sanmetjern 1. 00 82 | nordlivatn 1. 69
22 |Baisjav'ri 1. 93 52 | Goal bnej av'ri 1.32 83 | ki levatn 0. 88
23 |Suolujav'ri 1. 00 53 | L. Ropel vvatn 1. 00 84 | Tennvatn 1. 32
24 |Lawvajav ri 1. 00 54 | vegvatnet 1. 00 85 | I1stj or na 1. 00
25 |Stourrajav'ri 1. 00 55 | @ avsjgen 1. 00 86 | vann 210 1. 00
26 | St oppul uobbal 1. 00 56 | Langvat net 1.24 87 | Revvat n 1. 00
27 | Doul bnajav'ri 1. 00 57 | Rabbvat net 1. 00 88 | Kongressvann 1.23
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30 |vuovddejav ri 1. 00 60 | B ernevatn 1. 00 91 | El lasj ge 1.23

Figure 22. Enrichment factors for cadmium in surface sediments from lakes on the Northern Norwegian
mainland and Norwegian Arctic islands.
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4 | mggejavri 0 50 34 | Lawujav'ri 0. 77 64 | St or vatnet 0. 85
5 | @ sal tvatn 35 | ot koj av' ri 65 | Josvat net 1. 02
P F— oo % | S ol di njav 1 66 | Langfj or dvat n 1.05
7]l Hawatn 37 | Ravdujav il Z; ;é”;\;z‘e:da\svaln : zz
8 | Lafj ordvat net 0. 78 38 | Gavdujav'ri
9 |Kaifjordvatnet 2.78 39 | Reyvatn 0. 56 :z f::;:;'n:; i i;
10 | Skogsfj or dvatnet 0. 85 40 | St.Ingasjarvi 0. 48 71 | scal favatnet 0. 86
11 |Qussajav'ri 1. 12 41 | Vouddaj av' ri 72 | ot mevat n 1. 16
12 |Qullujav' ri 2. 40 42 | Wuost amusj av ' ri 0. 81 73 | Vi kvat net 1. 19
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15 [syltevikvatnet 1. 00 45 | @ardsjgen 76 | St or evat net 104
16 |Gardujav ri 0.95 46 | Hundvat n 77 | Agevat n 0. 34
17 |Hergevatn 0. 53 47 | @devatn 78 | @ snasvatn 0. 90
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| 21 |maskejaviri 5. 06 51 | St.Sanmetjern 82 | Nordlivatn 0. 91
22 |Baisjav'ri 52 | Goal bnej av'ri 83 | Ki levatn 0. 14
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27 |Doul bmajav'ri 57 | Rabbvat net 88 | Kongressvann 1. 05
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30 |vuovddejav ri 1.17 60 | B ernevatn 91 | El lasj ge 1.15
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Figure 23. Enrichment factors for copper in surface sediments from lakes on the Northern Norwegian mainland

and Norwegian Arctic islands.
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12 |Qullujav'ri 2. 05 42 | Wuost amusj av ' ri 2. 25 73 | Vi kvat net 5. 39
13 | Kj asvat net 1.71 43 | Gedgesuolojav'ri 74 | st or vatnet 6. 23
14 | vasavat net 195 44 | Korpvatn 2. 80 75 | Ryggedal svat net i
15 [ syltevi kvatnet 2.12 45 | Gardsjgen 2.38 76 | st or evat net 2.07
16 |cardujavri 1. 47 46 | Hindvat n 4. 00 77 | Agevat n 3. 00
17 |Hergevatn 2. 39 47 | @devatn 120 78 | @ snasvatn 2. 00
18 |Store Klgftvatnet 1. 00 48 [E levatn 4. 50 79 | Markvatn 3.34
19 [Diergejav’ri 1.81 49 | Felvatn 2. 60 80 | st or vi kvat net 1.82
20 |GAlgutjav ri 148 50 { S Spurvvatn 233 81 | valnesvatnet 2.65
| 21 |maskejav ri 2. 03 51 | St.Sanmetjern 3. 60 82 | nordlivatn 1. 91
22 |Baisjav'ri 1. 60 52 | Goal bnej av'ri 2.17 83 | ki levatn 8. 78
23 |Suolujav' ri 2. 00 53 | L. Fopel vvatn 2. 25 84 | Tennvatn 2. 75

24 |Levvajav' ri 1.20 54 | Vegvatnet 2. 33 85 | Istj or na

25 |Stourrajav'ri 0. 46 55 | @ avsjgen 2. 40 86 | vann 210
26 | St oppul uobbal 1. 00 56 | Langvat net 2. 20 87 | Revvat n 2. 00
27 | Doul bnajav'ri 2. 00 57 | Rabbvat net 0. 56 88 | Kongressvann 1. 50
28 | Gksevat net 2. 00 58 | Hol mevat net 1. 00 89 | Li nnévann 1. 60
29 | Ki bergvat net 1.00 59 | vaggatem 2. 40 | 90 | Barentsvann 1.33

30 | wuovddejav'ri 1.49 60 | B ernevatn 2. 00 91 | Bl lasj ge

_ |

Figure 24. Enrichment factors for mercury in surface sediments from lakes on the Northern Norwegian main-
land and Norwegian Arctic islands.
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L[St or vat net 103 31 | quol brajav'ri 0.78 61 | M dt re Punmpehusvat net
2> | rest eskovatnet 0 81 32 | worasj av' ri 0. 43 62 | Svar thamervat net 0. 76
3 | st or vat net 3. 45 33 | Avzej av' ri 0. 62 63 | Y. Karviksvat net 0. 31
4 | coggej av ri 0 88 34 [Lawujavri 1,41 64 | St orvatnet 0. 63
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21 [Maskejav ri 0. 48 51 | St.Sanetjern 1.14 82 | Nordli vatn 3. 89
22 |Baisjav'ri 1.22 52 | Ooal bnejav'ri 1.26 83 | ki levatn 0. 07
23 |Suol ujav' ri 1. 00 53 | L. Ropel vvatn 1. 26 84 | Tennvatn 2.17
24 |Levvajav ri 1.74 54 [ vegvatnet 1.15 85 | Istj orna 0. 92
25 |Stourrajav'ri 1.17 55 | @ avsjgen 1. 60 86 | vann 210 1. 00
26 | St oppul uobbal 0. 51 56 | Langvat net 1. 67 87 | Revvat n 1. 10
27 |Doul bmajav'ri 57 | Rabbvat net 1. 60 88 | Kongressvann 1. 00
28 |ksevat net 1.43 58 | Hol mevat net 2. 00 89 | Li nnevann 0. 97
29 |Ki bergvat net 127 59 | vaggatem 1.31 | 90 |Barentsvann 0. 85
30 |vuovddejav'ri 0. 54 60 | B or nevatn 6. 31 91 | H lasj ge 128

o “

Figure 25. Enrichment factors for nickel in surface sediments from lakes on the Northern Norwegian mainland
and Norwegian Arctic islands.
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15 | Sylt evi kvatnet 1.58 || 45 | Gardsjeen 5. 00 76 | St or evat net 6 a3
. oxwn
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17 | Hergevatn 1. 14 47 | edevatn 4. 50 78 | @ onasvatn 3. 19
18 [Store Klgftvatnet 1. 90 48 | Ellevatn ool 79 | Markvatn 4.14
19 |Diergejav ri 12.00 49 | Folvatn el 80 | St or vi kvat net 4.38
20 |&Algutjav ri 8. 00 50 | St.Spurvvatn el 81 | val nesvatnet 2.39
21 | Maskejav ri 4.17 || 51 | st.sametjern ol g [ hordli vatn 7. 40
22 |Baisjav'ri 4. 40 52 | Coal bnej av'ri 2. 16 83 | ki levatn 6. 79
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24 |Lewvajav'ri 1.50 54 | vegvatnet 2.91 85 | Istj orna 0. 96
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Figure 26. Enrichment factors for lead in surface sediments from lakes on the Northern Norwegian mainland
and Norwegian Arctic islands.
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10 [skogstj or dvatnet 1.13|] 40 | st.ingasjarvi [ PE— 3 05
11 |Qussajav ri 1. 64 41 | Vouddaj av' ri 72 | Hol mevat n 7. 35
12 |aullujav ri 0. 95 42 | Vuost amusj av " ri 8. 57 73 | vi kvat net 4 63
13 | K asvat net 1. 06 43 | Gadgesuolojav'ri 74 | =t or vatnet 2 15
14 |Vasavat net 1. 40 44 | Korpvat n 75 | Ryggedal svat net 1. 00
15 | Syltevi kvatnet 0.94|| 45 |cardsjeen 76 | St or evat net 4 83
16 |cardujav ri 0.84 | 46 | Hundvatn 77 | Agevatn 0. 86
17 |Hergevatn 0. 86 47 | @devatn 78 | @ onasvatn 3. 01
18 |Store Klgftvatnet 0. 35 48 [ El levatn 79 | Markvatn 0. 58
19 |Diergejav ri 9.201] 49 |Fplvatn 80 | Stoorvi kvat net 1.56
| 20 |Glgutjav ri 1.31 50 | St.Spurvvatn 81 | val nesvatnet 20.69
| 21 |Maskejav ri 2.85 51 | St.Sametjern 82 | Nordlivatn 3, 89
22 |Baisjav'ri 52 | Coal brej av'ri 83 | ki levatn 1. 45
23 |Suol ujav' ri 53 | L. Ropel vvatn 84 | Tennvatn 7.57
24 |Leevvajav' ri 54 | Vegvatnet 85 | Istj orna 1.11
25 [Stourrajav'ri 2. 62 55 | @ avsjgen 86 | vann 210 0. 99
26 | St oppul uobbal 5. 00 56 | Langvat net 87 | Revvat n 1.73
27 |Doul bmajav'ri 57 | Rabbvat net 88 | Kongressvann 1.16
28 |Cksevat net 1.41 58 | Hol mevat net 89 | Li nnévann 1. 16
29 | Ki ber gvat net 59 | vaggatem | 90 | Barentsvann 0. 92
30 |vuovddejav'ri 1.33 60 | Bj or nevatn 91 | B | asj ge 119
_I ol
Figure 27. Enrichment factors for antimone in surface sediments from lakes on the Northern Norwegian
mainland and Norwegian Arctic islands.
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Figure 28. Enrichment factors for selenium in surface sediments from lakes on the Northern Norwegian
mainland and Norwegian Arctic isl

SFT - Akvaplan-niva, Tromsg; 09.04.97

62




Contaminants in lake sediments and fish in Arctic regions of Norway AMAP report

Spitsbergen Enrichment Factors for Ti
K4

. . e

=

29
20
21 Q";‘j

19 42 1
e
43 57_/ 44
54 46
51
Ser Varanger
59 ﬁ

91

ol

47

FINNMARK
38
37)
Enrichment Factors
No Data
[ <1.5 Not or slightly enriched
- 1.5 -3 Moderately enriched
3-5 Markedly enriched
@ 5-10 Severely enriched
S .
NORDLAND . 10  Extremely enriched
No. Na e Ti
—
31 | Quol bnaj av'ri 1. 25 .
No. Name Ti 2w — T (5, e i
orasjavri .
| Storvatnet 075 ) 61 | M dtre Punpehusvatnet
- 33 [Avzejavri 0. 65
62 | Svar t hammer v atnet
2 | Hesteskovatnet 1.64 N
T storvatnet oo 34 | Lavvujaviri 0. 65 63 | Y. Karviksvat net
- 35 | Quot koj av' ri 64 | Storvatnet
£ 4| Doggej av' ri 1.22 -
36 | S Galdinjav ri 65 | Josvatnet
5| @ Saltvatn
37 | Ravdujav'ri 66 | Langfjor dvat n
6 | Hamnev at n 1.54
T vovenin 38 | Gavdujav'ri 67 | Tarnvatn
- 68 | @ Kaper dal svatn
8 | Laf j or dvat net 0.71 |39 | Reyvatn po p
gvatnet
9 | Kai fjordvatnet 1.07] 40 | St.1ngasjarvi -
| angvatnet
10 | skogsf j or dvatnet 0.24) 41 | Vouddaj av' ri T Toear
N N tnet
11 | cussaj av' ri Tool 42 | wuost amusj avri 142 pEpREavalie
72 | Hol mevat n
12 | cul lujav' ri 0.94f 43 | Gadgesuolojav ri 73 | Vi kvatnet
13 | Kj ®svatnet 0.81) 44 | Korpvatn 74 | Stor vatnet
14 | vasavatnet 7.444 45 | Gardsjgen 75 | Ryggedal svat net
15 | syl tevikvatnet 0.520 46 | Hundvat n 76 | Stor evat net
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Figure 29. Enrichment factors for titane in surface sediments from lakes on the Northern Norwegian mainland
and Norwegian Arctic islands.
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Figure 30. Enrichment factors for zinc in surface sediments from lakes on the Northern Norwegian mainland
and Norwegian Arctic islands.
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5.4 Persistent organic pollutants and PAHs in sediment

5.4.1 PCBs and HCBz

PCB concentrations in surface sediment from Northern Norway are low. Figure 32 shows that
the concentrations of the "Seven Dutch" PCB congeners (2;PCB) in sediments of investi-
gated lakes on the Norwegian mainland were all below 15 ng/g dry wt. The highest >;PCB
levels on the Northern Norwegian mainland were found in some lakes in the Nordland and
Troms Counties, as well as in Ser-Varanger. Surface sediments in lakes in the rest of
Finnmark had >;PCB concentrations below 3 ng/g dry wt.

The highest concentration of >;PCB in surface sediment was recorded in Lake Ellasjoen on
Bear Island, 32.7 ng/g dry wt. Compounds PCB-138, PCB-153 and PCB-180 made up the
largest part of this sum value (respective concentrations 9.4, 12.9, and 5.0 ng/g dry wt.).

PCB content in lake sediments (top layer) in North Norway
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Figure 31. Maximum concentration of 2;PCB in surface sediment (0-1 or 0-2 cm) from lakes on the Norwegian
Arctic islands and the Northern Norwegian mainland.

The concentrations of HCBz in surface sediments are presented in Figure 32. HCBz concen-
trations in sediments from Nordland, Troms, Spitsbergen and Bear Island were below 1.5
ng/g dry wt. The levels in Finnmark were significantly elevated (betwen 1.5 and 5.5 ng/g dry
wt.) compared to the Arctic islands and the other Northern counties. In Arctic lakes in North
America, levels of HCBz in the surface sediment ranged from 0.1 to 1.8 ng/g dry wt. (Muir et
al. 1995). It has to be remarked that the samples from Finnmark were analysed by the NILU
laboratory, while the other samples were analysed at NIVA. The recovery percentage of the
Finnmark samples was quite low, between 37 and 52% and some samples were below the re-
quired 5 times the blind value, due to small amounts of sample.
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HCB content in lake sediments (top layer) in North Norway
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Figure 32. Maximum concentration of HCBz in surface sediment (0-1 or 0-2 cm) from lakes on the Norwegian
Arctic islands and the Northern Norwegian mainland.

In addition to sum concentrations, also levels of individual congeners are of interest. Sum
concentrations of PCBs and HCBz indicate pollution levels as well as their regional distribu-
tion. Of the PCBs, a total of 209 congeners are known, which have different structures, fate
and behaviour. It is therefore important to know the levels of individual congeners in the in-
vestigated sediments.

Table 5 presents the minimum, maximum and average concentrations of the individual PCB
congeners, as well as HCBz in all the surface sediments sampled.

Most of the 26 PCB congeners analysed in the samples from Finnmark were detected in the
majority of the samples. The only congener which was not detectable in any of the samples
was PCB-123, while PCB-114 and PCB-157 were detectable in only a few samples. Only in a
few samples could concentrations of individual congeners be quantified to a satisfactory de-
gree of accuracy, as most of these were present in very low concentrations. The reported con-
centrations did not exceed the quality standard of five times the blind value, due to low back-
ground concentrations and limited amounts of sample. The averages were calculated using all
reported (maximum present) concentrations.

From the lakes in Finnmark, most congeners could be quantified in the lakes with the highest
PCB concentrations, Andrevann and Ropelvvatn in Ser-Varanger. Also in Haukesjoen and in
Langvatn some (mainly lower chlorinated) PCBs could be quantified.
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Table 5. Minimum and maximum concentration, as well as averages of all sediment samples, for HCBz and the

individual PCB congeners analysed in this investigation.

< = below detection limit or not quantifiable.

Compound PCB Min. Max. Average
(IUPAC-no.) (pg/2) (pg/2) (pg/2)
HCBz 100 5427 1989.6
PCBs:
TriCB 18 < 592 1634 572.1
28 < 155 4361 1475.3
31 < 103 3087 1062.5
TetCB 47 < 2038 383 143.2
52 < 495 3400 683.0
66 < 0.06 1985 702.2
74 < 0.06 1070 385.4
PenCB 99 < 299 655 185.4
101 < 68.1 2100 512.0
105 < 1.05 1200 162.1
114 < 131 13.6 6.8
118 < 325 3700 405.1
123 < 1.4 80.3 10.7
HexCB 128 < 0.18 535 58.2
138 < 0.16 9400 826.9
149 < 674 1863 388.8
153 < 83.1 12900 1012.5
156 < 1.5 1100 156.6
157 < 1.02 55.5 6.9
167 < 149 227 22.4
HeptCB 170 < 164 1111 113.4
180 < 339 5000 522.3
187 < 307 1038 179.1
189 < 036 75 10.8
209 100 500 336.4
ners
>7PCB 598.7 32700 5437.1

Zsigma(lO)congeners = Tupac No. 28, 31, 52, 101, 105, 118, 138, 153, 156, 180
2. 7PCB= Iupac No. 28, 52, 101, 118, 138, 153, 180.
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5.4.2 Pesticides

Detectable concentrations of only y-HCH (lindane), trans- and cis-nonachlor, p,p’-DDE and
2DDT were quantified in almost all lakes in Finnmark. Levels of pesticides in the surface
sediments were generally very low (Table 6). Concentrations of y-HCH, 2DDT and p,p’-DDE
in surface sediment from lakes in Northern Norway are presented in Figure 34, Figure 35 and
Figure 33 respectively.

In addition to the above, the compounds which were detectable, but in only a few lakes, were:
0-HCH, trans- and cis-chlordane, o,p’-DDE, 0,p’-DDT and p,p’-DDT.

The following compounds were not detected at all in the top sediments: 3-HCH (<8.88 to
<0.18 ng/g), chlordane (<0.08 ng/g), heptachlor (<0.57 ng/g), dieldrin (<0.9 to <0.03 ng/g),
aldrin (<0.78 ng/g) and endrin (<0.19 ng/g). Only in Langvatn was dieldrin detectable, at
1.1 ng/g. Since so many compounds were not quantifiable in different samples, these were not
presented in diagrams.

Levels of pesticides in surface slices of sediment from Arctic lakes in Canada (Muir et al.
1995) are also presented in the following table.

Table 6. Minimum, maximum, average and median concentrations of all pesticides analysed in sediment sam-
ples from Northern Norway, under this investigation. For comparison are also the range of concentrations
found in Arctic lakes in Canada (Muir et al. 1995) presented.

< = below detection limit or not quantifiable. Averages were calculated using those concentrations, which can
be considered as the maximum present concentrations.

Pesticides Min. (pg/g) Max. Average Median Range
(pg/2) (pg/g)  (pg/z)  Canadian
(pg/g)
a-HCH <24.7 826 239.2 169.6 20-2070
B-HCH <177 <8878 2082.6 <1302  <10-1700
y-HCH 66.1 1241 334.4 359 10-620
Chlordane <2 <86.1 19.3 <11
Heptachlor <29.2 <565 215.4 <171 <10-520
trans-Chlordane <2.2 83.6 21.8 <16 <10-460
cis-Chlordane <11.9 177 65.5 57.7  <10-1200
trans-Nonachlor 19.1 955 166.3 69.9 40-670
cis-Nonachlor 22 351 97.8 69.5 <10-660
Sum Chlordanes <58.7 <1330.8 351.4
Dieldrin <31.1 1119 241.7 110 50-3170
Aldrin <61.2 <784 277.0 <251
Endrin <14.1 <191 59.9 <51.9
o.p-DDE <3.86 <65.1 21.7 14.9
p.p -DDE 64.2 4300 673.7 400 40-5070
o.p’-DDD 6.79 194 82.6 69.6
p.p’-DDD 26.7 944 283.0 200  <10-4790
o.p’-DDT <1.61 358 64.6 42 <10-900
p.p-DDT <2.41 579 169.1 100 <10-460
Sum DDT <119 <3846 1135.6 100-10000
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y-HCH concentrations in the sediment ranged from 0.07 to 1.2 ng/g dry weight (Figure 33).
The average concentration in the samples from Northern Norway was 0.3 ng/g dry weight.

AMAP report

In surface sediments from 8 Arctic lakes in Canada, the concentrations of y-HCH were in the
same range, between 0.01 and 0.62 ng/g dry weight (Muir et al. 1995). Three of those lakes

had concentrations over 0.20 ng/g dry weight.

The concentrations of a-HCH in our lakes varied from 0.02 to 0.83, while those in the Cana-

dian lakes were between 0.02 and 2.07 ng/g dry weight (Muir ef al. 1995). Five of these lakes

had concentrations below 0.50 ng/g dry weight.

gamma-HCH content in lake sediments (top layer) in North Norway
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Figure 33. yHCH in surface sediment from lakes on the Northern Norwegian mainland.
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Concentrations of 2DDT in the top sediment varied between 0.1 and 3.8 ng/g dry weight
(Figure 34). The average concentration over all the investigated lakes in Finnmark was
1.1 ng/g dry weight. The most abundant compound was p,p’-DDE (Figure 35), while o,p’-
DDE had the lowest concentrations. o,p’-DDE, o0,p’-DDT and p,p’-DDT were only detectable

in some of the samples.

Similar levels were found in Arctic lake sediments in Canada. In 8 lakes, concentrations of
2.DDT ranged from 0.1 to 10 ng/g dry weight, with an average of 3.2 ng/g dry weight (Muir et
al. 1995).

Sum of DDT content in lake sediments (top layer) in Finnmark
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Figure 34. Concentration of 2DDT in surface sediment from lakes on the Northern Norwegian mainland.

p,p DDE content in lake sediments (top layer) in North Norway
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Figure 35. Concentration of p,p 'DDE in surface sediment from lakes on the Northern Norwegian mainland and
a Norwegian Arctic island.
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5.4.3 PAHs

The PAH concentrations were generally low. Figure 36 shows the sum concentrations of the
analysed PAH compounds, except perylene, in the surface sediment layers of the investigated
lakes. The highest 2PAH levels in surface sediment were found in Nordland (4 to 7 ug/g dry
wt.). In Troms, Finnmark and Ser-Varanger, the 2PAH concentrations were low, between
0.1-1.0 pg/g dry wt. Concentrations of 2PAH in the lakes on Spitsbergen and Bear Island
were somewhat higher (0.9 resp. 1.2 pg/g dry wt.) than the low levels found in Northern
Norway.

Concentrations of all individual compounds were highest in sediments from Nordland. The
concentrations of naphthalenes were lower in samples from Finnmark and Ser-Varanger than
in Troms, Nordland, Bear Island and Spitsbergen.

All analysed compounds were quantified in sediment samples from Nordland, Bear Island
and Spitsbergen, but some of the (heavier) compounds could not be detected in samples from
Troms. In the sediment samples from Finnmark, the heavier PAH compounds (benzofluoran-
thenes, benzopyrenes and heavier ones) were quantified in all surface sediments. The most
volatile and semi-volatile PAHs, on the other hand, were present in all samples from
Finnmark, but it was not possible to quantify the concentrations in the samples available.
These concentrations did not fulfil the laboratory requirement of being a factor of 10 above
the blind-sample value. The actual concentrations are most likely to be below the reported
concentrations (A. Mikalsen, NILU, pers. comm.). Thus, the PAH concentrations presented
here represent maximum levels of PAHs present in the surface sediment.

PAH content in lake sediments (top layer: 0-2 cm) in North Norway
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Figure 36. Concentration of 2PAH (minus perylene) in surface sediment (0-1 or 0-2 cm) from lakes on the

Norwegian Arctic islands and the Northern Norwegian mainland.
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6. Contaminants in fish

6.1 Mercury (Hg) in fish

Samples for analyses of Hg in fish muscle were collected from 8 lakes in Finnmark County
(no local contamination sources), Kautokeino River (some local contamination), Lake Ellas-
joen on Bear Island (no local contamination), and Lake Finnsnesvatn (situated in urban sur-
roundings).

After a presentation of Hg concentrations in different fish species (0), the concentrations will
be discussed further and correlated to different parameters, such as fish length (0) and Hg lev-
els in the lake sediments (0). In remote areas Hg concentrations can vary greatly. Geographi-
cal characteristics of the lake can also have a strong influence on the Hg concentrations
(Dellinger et al. 1995). Other chemical parameters influencing the accumulation of Hg in fish
are, for example, the pH and organic matter content in the water and Se levels in the sediment
(Rognerud & Fjeld 1990). In paragraph 0. the consumption of fish with these concentrations
is discussed.

6.1.1 Concentration levels

The recorded Hg concentrations in fish from the Northern Norwegian mainland and from EI-
lasjgen on Bear Island, are shown in Figure 37. The highest concentrations of Hg occurred
among the predatory fish species, pike and perch. The concentrations of Hg in whitefish were
lower and were similar in all the lakes sampled.

Mercury concentrations in fish from Northern Norway

Kautok. river, pike b o 1
Finnsnesvatn, perch Hg—
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Figure 37. Hg concentrations (ug/g wet weight) in muscle tissue of fish from Northern Norway.
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6.1.1.1 Pike

The concentration of Hg in pike from the Kautokeino River varied between 0.09 and 0.52
ng/g wet weight, according to individual size (Figure 37, Table 7). The average concentration
in the sampled pike was 0.24 pg/g wet weight. There was no difference in level of Hg con-
tamination between pike caught upstream or downstream of the small village of Masi.

In Lake Iso Valkjérvi (Finland) the concentrations of Hg in pike ranged from 0.2 to 1.4 ng/g
wet weight (Rask & Verta 1995). It was suggested that the concentrations depended on the
size of individuals, but no data on this were presented. Since this makes correction for the
fish lengths impossible, is it difficult to compare these levels directly with those in our study.

In remote lakes in Canada, Hg concentrations in pike were on average higher than those
found in this study. In the case of four lakes within the Johnny Hoe River system, the average
values were as follows: 0.74, 0.45, 0.35 and 0.48 pg/g wet weight (Stephens 1995). The pike
in the Canadian study were of larger average sizes (68, 77, 69 and 51 cm respectively), which
contributes to higher average Hg concentrations. Adjusted for body length, pike from two of
the Canadian lakes (Keller Lake and Lac Taché) contained the same concentrations as those
in our study, while pike from two other lakes (Lac Ste. Thérése and Tseepantee Lake) had
slightly higher concentrations.

6.1.1.2 Perch

Of the three lakes where Hg was analysed in perch, the highest concentrations in muscle tis-
sue were seen in fish from Lake Gavdujavri (Figure 37, Table 7). The average concentrations
in perch were 0.05 pg/g wet weight in Finnsnesvatn, 0.09 pg/g in Lake Vourasjavri, and 0.19
pug/g in Gavdujavri. The average lengths of the analysed perch increased in the same order.
The concentration in perch from Gavdujavri ranged from 0.07 to 0.43 pg/g. Concentrations in
perch from the Lake Iso Valkjirvi in Finland varied from 0.1 to 0.7 pg/g wet weight (Rask &
Verta 1995).

6.1.1.3 Whitefish

The average concentrations in whitefish muscle tissue were below 0.13 pg/g wet weight for
all lakes (Figure 37, Table 7). The highest analysed concentration in whitefish was 0.16 pug/g
(in Lavvujavri). All sampled whitefish in this investigation had concentrations of Hg which
were far below the levels of restricted consumption (further discussed in section 0).

Concentrations total Hg in whitefish in Lake Iso Valkjérvi in Finland were between 0.06 and
0.14 ng/g (wet weight) (Rask & Verta 1995). Concentrations in whitefish from Canada were
for four lakes: 0.27, 0.06, 0.07, and 0.10 pg/g wet weight. The lengths of these fish ranged
from 30 to 55 cm (Stephens 1995).

6.1.1.4 Arctic char

The average concentrations in muscle tissue from Arctic char were 0.04 and 0.12 pg/g wet
weight for Cuolbmajavri in Finnmark and Lake Ellasjeen on Bear Island respectively (Table
7). The average lengths were 26 and 28 cm.

The concentrations of Hg in char from Cuolbmajavri and Lake Ellasjeen were lower than
those from Hazen Lake on N. Ellesmere Island, Canada. There the average concentration in
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muscle tissue from 45 fish was 0.18 = 0.09 pg/g (Muir & Lockhart 1993a). In Amituk Lake,
N.W.T. Canada, 28 cm long fish had a Hg-concentration about 0.5 pg/g wet weight (Lockhart
1995).

Table 7. Data on fish sampled for this investigation and the Hg concentrations in muscle tissue (average, stan-
dard deviation and confidence interval).
Averages are calculated from 20 fish collected from each lake.

Lake Fish species Length Weight Age Hg (ng/g)
(mm)  (g)  (years)

average average average — average st. dev 95% conf. interval
Avzejavri whitefish 202 128 6.3 0.063 0.016 0.056 0.069
S.Galdinjavri whitefish 222 146 8.0 0.079 0.021 0.070 0.089
Guotkojavri whitefish 250 201 7.3 0.086 0.029 0.073 0.099
Lavvujavri whitefish 219 161 7.8 0.102 0.041 0.083 0.120
Ravdujavri whitefish 349 458 7.9 0.123 0.023 0.113 0.134
Cuolbmajavri Arctic char 261 197 7.7 0.043 0.009 0.039 0.047
Ellasjoen Arctic char 277 9.4 0.119 0.050 0.097 0.141
Gavdujavri perch 220 189 10.4 0.189 0.076 0.156 0.222
Vuorasjavri perch 207 130 7.8 0.092 0.037 0.076 0.108
Finnsnesvatn perch 199 100 5.4 0.053 0.028 0.041 0.065
Kautokeino pike 597 1877 8.8 0.239 0.130 0.182 0.296
River

6.1.2 Correlation between Hg concentration and fish length

Methylmercury is not easily dissolved in water, but it tends to bind to proteins. Fish do not
have an effective mechanism to excrete methylmercury and, like POPs, it is known to bioac-
cumulate in freshwater biota. Concentrations in fish often depend on the size of the fish
(Knutzen & Green 1995), best described by their lengths (Rognerud & Fjeld 1990).

6.1.2.1 Pike and Perch

From Table 8, it is evident that in the case of pike and perch, there is a significant correlation
(p<0.05) between fish length and the concentration of Hg in muscle tissue. For Arctic char
and most whitefish, the Hg concentration was not significantly correlated with the length of
the fish. The correlation between Hg levels and perch length was stronger for the lake with
the largest fish (Gavdujavri) than for Lake Finnsnesvatn, which had a stunted population of
small perch. Those small fish did not feed on other fish and were on a lower trophic level.

One explanation for the difference between fish species could be that perch and pike gener-
ally have different feeding habits from most Arctic char and whitefish. Pike and perch, espe-
cially the larger individuals, are predatory fish, feeding on prey fish and invertebrates. Most
Arctic char and whitefish feed on a lower trophic level, with zooplankton or bottom-dwelling
animals being the main food sources.
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Table 8. Spearman rank order correlation between fish length and mercury concentration (Hg) in muscle tissue
for each lake.

Lake Fish species N R p-level
Avzejavri whitefish 20 0.22 0.34
S.Galdinjavri whitefish 20 -0.13 0.58
Guotkajavri whitefish 20 0.48 0.03
Lavvujavri whitefish 19 0.11 0.65
Ravdujavri whitefish 20 0.08 0.73
Coulbmajavri Arctic char 19 0.21 0.39
Ellasjeen Arctic char 20 -0.12 0.62
Gavdujavri perch 20 0.74 0.00
Vuorasjavri perch 20 0.65 0.00
Finnsnesvatn perch 20 0.46 0.04
Kautokeinoelva pike 20 0.86 0.00

The concentration of Hg in pike appeared to increase with body size, for fish larger than
about 50 cm (Figure 38). The same applies to perch above about 20-25 cm. Hg concentrations
over 0.3 pg/g were found in pike with a length of over 65 cm and a body weight of over 2.0
kg.

In the case of perch, the highest concentrations were recorded in the largest individuals
(Figure 39). Hg concentrations in the largest perch in Gavdujavri (31 and 32 cm long and a
weight of 0.5 kg) were 0.30 and 0.43 ng/g wet weight respectively.
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Figure 38. Hg concentrations in muscle tissue (wet  Figure 39. Hg concentrations in muscle tissue versus
weight) versus length of pike from the Kautokeino  length of perch from Lake Gavdujavri.
River.

6.1.2.2 Whitefish

For whitefish, there was no significant correlation between body length and the concentration
of Hg in the fish muscle. Thus, larger fish do not necessarily contain higher levels of Hg than
smaller fish. However, in Avzejavri there was a slight trend for fish which would spawn the
coming autumn to have higher Hg concentrations than non-spawning fish of the same length
(Figure 40). This was not the case for whitefish from the other lakes, e.g. Lake S. Galdinjavri
in Figure 41.
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Mercury concentration versus length, Mercury concentration versus length,
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Figure 40. Hg concentrations in muscle tissue versus Figure 41. Hg concentrations in whitefish muscle tis-
length of whitefish from Lake Avzejavri. sue from Lake S.Galdinjavri.

Red symbols indicate those of the fish caught in august,
which will spawn during that following autumn.

The Hg concentration in spawning whitefish was found to be significantly different from that
in non-spawning individuals (p = 0.0001) (Table 9). There was also a significant length dif-
ference between spawning/non-spawning fish. When the effect of body length on Hg concen-
tration was removed, by using length as a co-variable in ANOVA, the difference in Hg
concentration between spawning and non-spawning fish was no longer significant at a 5%
level (p = 0.074). This indicates that the Hg concentration in the muscle tissue was primarily
related to the length, rather than the state of maturity of the individuals.

Comparing whitefish from all the lakes investigated, statistical analysis showed that there
were no significant differences in Hg concentrations between male/female whitefish. Neither
was there a significant length difference between male/female individuals (Table 9).

Table 9. Results from statistical correlation analyses of Hg concentrations in different groups from the whole
material of whitefish.

Mean values Mean values
Hg (ng/g) Length (mm)
non-spawning 0.075 198
spawning 0.100 280
p-level 0.0001 2.2%107
female 0.091 257
male 0.090 244
p-level 0.96 0.33

6.1.3 Comparison of Hg concentrations in sediment and in fish

6.1.3.1 Perch

There appeared to be a positive relationship between Hg concentration in the perch and that in
the sediment. Although the perch were collected from two lakes unaffected by local conta-
mination, Lake Gavdujavri contained the highest Hg concentration in the sediment (0.100
ug/g), compared with 0.064 pg/g in Vourasjavri (Table 10). The concentration of Hg in perch
was also higher in Lake Gavdujavri (average: 0.19 pg/g) than in Lake Vourasjavri (0.09
ug/g). However, this observation should be treated with some caution, due to the scarcity of
data available.
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6.1.3.2 Whitefish

Whitefish from four of the lakes were of similar sizes (10-35 cm), but fish from Ravdujavri
were significantly larger (32-39 cm), although the average age was similar. In general, two
types of whitefish are found in Finnmark, one utilising mainly benthic organisms as prey
while the other mainly feeds on plankton in the pelagic zone. The bottom feeding whitefish
tend to grow to a larger body size than the pelagic-feeding type. The whitefish from Ravdu-
javri are likely to belong to the bottom-feeding type, being significantly larger at a similar
age.

Figure 42 shows that there is no positive correlation between the concentration of Hg in sedi-
ment and the average Hg concentration in whitefish. In the previous section, it was shown
that there was no correlation between the length of the whitefish and the Hg concentration in
the muscle tissue. The higher concentration in Ravdujavri could be explained by different
feeding habits between the whitefish populations. It is known from literature that the con-
tamination in fish increases with the trophic level of their prey (Kidd et al. 1995).

Mercury in whitefish versus mercury in lake sediment
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Figure 42. Hg concentrations in whitefish versus Hg concentration in the top layer (0-1 cm) sediment.

Selenium

The lowest Hg concentration in fish sampled from the lake with the highest levels of Hg in
sediment can partly be explained by the Se concentrations in the sediment. The concentration
of Se appears to reduce the uptake of mercury by biota (Schindler et al. 1995; Rognerud &
Fjeld 1990). It may function as an antagonist, occupying the same binding sites as mercury.
Rognerud & Fjeld (1990) also found a negative correlation between the concentration of Se in
the sediment and the concentration in fish from the same lake. In this investigation, we know
the Se concentration in two of the lakes with whitefish (Table 10). Although based on scarce
data, a similar trend is indicated. The lake with the fish with the highest concentrations of Hg
has the lowest concentrations of Se in the sediment, while the sediment in the lake with the
lowest Hg concentration in the whitefish has the highest levels of Se.
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Another factor influencing the mercury concentrations in fish is the content of organic matter
in the water (Rognerud & Fjeld 1990). However, organic matter in the water was not analysed
in this study.

Table 10. Some characteristics of the sediment (top layer 0-1 cm) and the catchment areas of the lakes from
which fish were analysed for Hg contamination.
Se: Selenium , sed.: sediment, LOI: Loss of ignition (%), OC: Organic carbon content (%).

Navn Hgsed. Sesed. LOI% OC% Lake L.A.S Lake Catchment Swamp Wood
pg/g dry pg/g dry  sed. sed. depth m area area km’ area (%) area
wt. Wt m km’ (%)
Avzejav'ri 0.170  3.90 33.0 174 23 361 1.63 166.4 30 30
S.Galdinjav’ri  0.120 37.0 195 396 0.52 2.29 19.1 70
Guotkojav’ri 0.080 222 11.7 425  0.81 3.19 7.8 27.5
Lavvujav'ri 0.075  0.90 27.0 142 6 476  1.47 29.1 15.5 0
Ravdujav’ri 0.120 15.7 8.3 432 0.78 8.4 4 14
Cuolbmajav'ri  0.058 1.70 15.9 8.4 8 548  0.63 5.1 0 0
Ellasjoen
Gavdujav’ri 0.100 17.8 9.4 441 275 53.4 15 0
Vuorasjav'ri 0.064 190 25.8 13.6 8 345  2.55 41.9 9.3 50
Finnsnesvatn 0.13 947 484 4 5 0.014 0.34

6.1.4 Limits for consumption

In accordance with the latest EU guidelines, Norway has established new guidelines for mer-
cury levels in fish products (Social and Health Department 1995). Thus the average concen-
tration of Hg in fish products used for consumption should not exceed 0.5 mg/kg wet weight.
For pike and lipid-rich species, a higher maximum limit of 1.0 mg/kg wet weight is defined.

The lowest recommended concentration of Hg in fish muscle is the Danish limit of 0.3 mg/kg
fresh muscle, which was proposed as the EU-directive (Knutzen & Skei 1990).

The Norwegian Health Directory has previously issued recommendations for the frequency of
consumption of fish with different levels of contamination. These recommendations were
based on advice from the “Joint Expert Committee on Food Additives” from the World
Health Organisation (WHO) and FNs food organisation (FAO). Fish with a Hg concentration
over 1 mg/kg should only occasionally be consumed, while fish with concentrations between
0.3 and 0.5 mg/kg should not be consumed more than 3-4 times per week (Rognerud & Fjeld
1990).

All char and whitefish, as well as the small to medium size perch and pike in this investiga-
tion, contained Hg concentrations below 0.3 mg/kg wet weight. Only the largest pike (in the
Kautokeino River) and the largest perch (in Gavdujavri) had concentrations above 0.3 mg/kg

(0).
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6.2 Organic pollutants in fish

Organochlorine pollutants (PCBs and persistent pesticides) and PAHs were analysed in fish
from Spitsbergen, Bear Island and Finnmark. Concentrations of these components as well as
the percentage extractable lipid (fat) were determined in muscle tissue from both individual
fish and pooled samples (between 2-6 fish). The pooled samples consisted of fish of similar
sex and maturity (spawning/non-spawning). A number of pooled samples were analysed from
most lakes in Finnmark and on Spitsbergen (Table 3).

Other studies did not detect a significant correlation between organochlorine concentration
and fish length or weight for whole data sets (e.g. Wilson et al. 1995). Neither did Wilson
find a clear distinction between mean organochlorine concentration for male and female fish.
Therefore, this report presents levels of contaminants in fish expressed as averages for each
lake. Lake averages were calculated from the pooled samples by weighting the concentration
in the pooled sample with two.

6.2.1 Lipid content

Levels of organochlorines in muscle tissue are presented both on a wet weight and lipid basis
(per gram extractable lipid). The most hydrophobic compounds are accumulated mainly in
association with the lipid fraction, while the more polar organochlorines tend to accumulate
in other tissues (Schmitt et al. 1990). Although concentrations of organochlorines are often
presented on a lipid basis, the use of lipid normalisation is not unambiguous. Lipid normalisa-
tion does not generally reduce the standard deviation in the material (Muir & Lockhart 1993b;
Hammar et al. 1993). Lipid normalisation can lead to erroneous interpretation of the results,
if the contaminant concentration does not vary in direct proportion to the lipid content (Her-
bert & Keensleyside 1995). Care should be taken when comparing results from different
methods of lipid or fat analysis, which may extract different fractions of the lipids in the sam-
ple.

The lipid content in muscle tissue depends on various size and condition traits (Hammar et al.
1993). An overview of the fish samples analysed, as well as the lipid contents in the samples
is presented in Table 3.

Lipid contents in muscle tissue from whitefish ranged from 0.19 to 2.61% of the wet weight,
with most samples containing less than 1%. In perch, the lipid contents ranged from 0.44 to
1.56% and in Arctic char from Spitsbergen and Bear Island from 0.37 to 6.2%.

The percentage of extracted lipid in whitefish from Northern Sweden was similar to the levels
in our study, 0.66% (Jansson et al. 1993). The lipid content in whitefish from Canada was
higher, and varied between 1 and 3.5% (Evans 1994; Kidd et al. 1994). Lipid concentrations
in Arctic char from Northern Sweden ranged from 0.9 to 1.9% (Andersson et al. 1988).

6.2.2 PCBs and HCBz

6.2.2.1 PCB levels

PCB concentrations were the highest in muscle tissue from Arctic char from Bear Island. The
total concentration of the seven Dutch PCBs (2.7PCB) was 1292 ng/g on a wet weight basis
and on a lipid basis 50 000 ng/g extractable lipid (Figure 43 and Figure 44). This sample was
reanalysed several times by the NILU laboratory for quality control, resulting in the same ex-
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tremely high level. This level is several times higher than the worst case reported from the
American Arctic. Even if this concentration is based on a limited material (one fish), and
needs to be verified, this level is so high that it must be classified as alarming. In order to find
a possible explanation for those values a new investigation on Bear Island was conducted in
1996. Samples were collected from a large range of fish sizes, as well as from their prey
items.

In Arctic char from Spitsbergen, the >;PCB ranged from 2.4 to 34.4 ng/g w.w. and from 64 to
5182 ng/g extractable lipid. Concentrations of over 1500 ng/g lipid were recorded in small
sized Arctic char from Lakes Linnévann and Kongressvatn on Spitsbergen.

Low concentrations were measured in whitefish; all below 1 ng/g w.w. and between 45 and

200 ng/g lipid. In perch, concentrations of >;7PCB were higher than in whitefish, up to 6 ng/g,

with averages for the two lakes of 2 and 3 ng/g w.w. and 25 to 700 ng/g lipid respectively.
PCB content in fish from North Norway

Spitsbergen:
Diesetvannet m} A. charr, 1
Rickardvatn 0 A. charr, 4
Linnévann - A. charr, 5
Hornsundet [m} A. charr, 1
Kongressvatn o A. charr, 3
Bear Island: Ellasjgen o | A. charr, 1
Finnmark: F
Vuorasjavri Y perch, 4
Gavdujavri [m} perch, 1
Ravdujavri m} whitefish, 2
L javri HH hitefish, 2
avvujavri _ whitefis| T Max
Avzejavri o whitefish, 4 Min
e e o o & ot O weighted
— N OOONOD AN O<OND OO O OoOCTD O
S cocasco N Q 85B3D § average

sum of 7 PCBs (ng/g wet weight)

Figure 43. Minimum, maximum and average concentrations of 2;PCB in muscle tissue (ng/g w.w.) of fish from
lakes on the Northern Norwegian mainland and a Norwegian Arctic island.

The number behind the fish species refers the number of (pooled or individual) samples from that lake, used to
calculate weighted average concentrations.

SFT - Akvaplan-niva, Tromsg; 09.04.97 80



Contaminants in lake sediments and fish in Arctic regions of Norway AMAP report
PCB content in fish from North Norway
Spitsbergen:
Diesetvannet [m} A. charr, 1
Rickardvatn — - A. charr, 4
Linnévann 0— 1 A.charr, 5
Hornsundet O - A. charr, 1
Kongressvatn — - A. charr, 3
Bear Island: gjasjgen |:|- A. charr, 1
Finnmark: Vuorasjavri - e | - perch, 4
Gavdujavri - u] - perch, 1
Ravdujavri HIH - whitefish, 2
Lavvujavri (m] - whitefish, 2
Avzejavri —— | whitefish,a - m‘
Nevmes 33588 555288 883 [ weied
T Ao © 903 average

sum og 7 PCBs (ng/g extracted fat)

Figure 44. Minimum, maximum and average concentrations of 2,PCB in muscle tissue (ng/g lipid) of fish from
lakes on the Northern Norwegian mainland and a Norwegian Arctic island.
Explanation of the number behind the fish species in previous figure.

Arctic char from three remote lakes in the Northwest Territories in Canada had average
2PCB (90 congeners) concentrations of 7.3 + 1.8, 71.0 + 48.6 and 289 + 118 ng/g w.w., in
Buchanan Lake, Amituk Lake and Char Lake respectively (Muir & Lockhart 1993a). These
levels are similar and higher than the levels found in fish from the remote lakes on Spitsber-
gen. The concentration of 27PCB in Arctic char from Bear Island was approximately one or-
der of magnitude higher than those recorded in the Canadian lakes. However, one remote Ca-
nadian lake which is known for high concentrations of organochlorines is Lake Laberge. The
average concentration (£ S.D.) of 2PCB in male lake trout from this lake was 1177 + 1219
ng/g w.w. and 14300 = 21760 ng/g lipid (Muir & Lockhart 1993b, a).

The average concentrations of sum PCBs (unspecified congeners) in Arctic char from North-
ern Sweden ranged from 700 to 3000 ng/g lipid, in fish which had 1.2-1.6% extractable lipid
(Andersson et al. 1988). In the polluted Lake Vittern in South Sweden, muscle samples from
Arctic char with a mean weight of 741 g (560-1007 g) were pooled. The recorded concentra-
tion of 2;PCB was 3 612 ng/g lipid in Arctic char with 5.3% extractable lipid (Jansson et al.
1993).

The concentrations of 2PCB in the muscle tissue of whitefish from Finnmark were lower
than in whitefish from Canada. In whitefish from the Mackenzie River (Ft. Good Hope) the
2PCB ranged between 2.3 and 11.2 ng/g w.w. (Lockhart et al. 1992). Average concentrations
of 2PCB in whitefish from three Yukon lakes were 280, 6.4 and 21 ng/g w.w. (Kidd et al.
1994). The 2PCB (11 of the heavier congeners) in whitefish from the Great Slave Lake was
5.5 ng/g w.w. (Evans 1994). Concentrations of PCB in whitefish from Finnmark (< 200 ng/g
lipid) were also lower than in whitefish from Northern Sweden (580 ng/g lipid). Examples of
PCBs concentrations on lipid basis in whitefish from the Northwest Territories in Canada
were 38 + 6 ng/g lipid in Lake Laberge and 672 * 122 ng/g lipid in Fisherman Lake (Muir &
Lockhart 1993a).
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6.2.2.2 Arctic char from Spitsbergen

Arctic char on Spitsbergen show some typical growth patterns. Land-locked populations in
particular have a slow growth rate and a high longevity. One of the effects of growth of the
fish on contamination levels is growth dilution (Hammar et al. 1993). Large, slow growing
fish generally accumulate higher concentrations of organochlorines than smaller, faster-
growing fish do (Schindler et al. 1995). The oldest fish in our material was 22 years old at the
time of capture, and contained very high >;PCB concentrations of 34 ng/g w.w. and 4% lipid.

In the Lakes Linnévann and Kongressvannet, very small fish were collected, which were 9
years old and weighed only 15 g. The pooled samples of these land-locked ‘dwarf forms’ con-
tained very little lipids (0.45 and 0.98% respectively), compared to larger specimens from the
same lakes (between 3.5 and 4.5% extractable lipids). The concentrations of 27PCBs in these
dwarf fish were around 20 ng/g w.w. and from around 2000 to over 5000 ng/g lipid.

Spearman rank order correlations showed that there was a significant negative correlation be-
tween the PCB concentrations in Arctic char from Spitsbergen and their lipid content, weight,
and growth (p < 0.0001; R = circa -0.8; here double weighting was used for pooled samples).

Sum of 7 PCBs content against weight,
fish caught at Spitsbergen

Natural logarithm of PCB7
ng/g extracted fat)

m]

1.6

0 100 200 300 400 500 600 700 800 900 1000
weight (g)

Figure 45. Concentration of 2;PCB (ng/g lipid) in Arctic char from Spitsbergen versus the weight of the fish.
Squares: stationary char, circles: anadromous char.
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6.2.2.3 HCBz levels

The HCBz concentration in Arctic char from Bear Island was 1.3 ng/g w.w. or 45 ng/g ex-
tractable lipid. In Arctic char from Spitsbergen, the HCBz concentrations ranged from 1.1 to
6.8 ng/g w.w. and from 26 to 322 ng/g extractable lipid (Figure 46 and Figure 47). For these
latter samples, the laboratory registered that the recovery was less than the required 40%. The
highest recorded concentration, 6.8 ng/g w.w., was in a fish (900 g, 2.4% lipid) from Rickard-
vatnet. Other fish from this lake had HCBz concentrations of 1.2-1.4 ng/g w.w.

In whitefish, the minimum concentration was 0.04 ng/g w.w. and the maximum was 0.28
ng/g w.w. In perch, the concentrations ranged from 0.07 to 0.14 ng/g w.w.

>CBz (sum of tetra- and pentachlorobenzene and HCBz) concentrations in Arctic char from
Northern Canada were between 3.1 and 5.5 ng/g w.w., in fish with 4.1 to 4.6% lipid (Muir &
Lockhart 1993a). Arctic char from Finnish Lapland, with 0.4 to 2.9% lipid, had ZCBz con-
centrations between 1 and 2.5 ng/g w.w. (Korhonen et al. in prep.). In Arctic char from
Northern Sweden, the lipid based concentration, 18 ng/g lipid, was lower than the levels we
recorded on the Arctic islands (M. Olsson, unpublished manuscript). In lake whitefish from
Northern Sweden, the HCBz concentration, 0.09 ng/g w.w., was at a similar level as in North-
ern Norway (Jansson et al. 1993).

HCBz content in fish from North Norway

Spitsbergen:
Diesetvannet m] A. charr, 1
Rickardvatn | — | A. charr, 4
Linnévann H— A. charr, 5
Hornsundet u] A. charr, 1
Kongressvatn Ha— A. charr, 3
Bear Islana: Ellasjoen u] A. charr, 1
Finnmark:
Vuorasjavri H— perch, 4
Gavdujavri u] perch, 1
Ravdujavri| i whitefish, 2
Lavvujavri u] whitefish, 2 - Max
Avzejavri [————— whitefish, 4 Min
o weighted
I © O+ N < © o N < © 0O
© © oo o o oo ~ average
o O o

HCBz (ng/g wet weight)

Figure 46. Minimum, maximum and average concentrations of HCBz in muscle tissue (ng/g w.w.) of fish from
lakes on the Northern Norwegian mainland and a Norwegian Arctic island.

The number behind the fish species refers the number of (pooled or individual) samples from that lake, used to
calculate weighted average concentrations.
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Spitsbergen:
Diesetvannet ul
Rickardvatn 0
Linnévann I T |
Hornsundet o
Kongressvatn -
Bear Island: )
) Ellasjgen O
Finnmark:
Vuorasjavri [F——o———
Gavdujavri |
Ravdujavri 00—
Lavvujavri [ ——m
Avzejavri e B ey |
<t LO O o o O OO0 o o O
— N o <t 0O O o o O
N o <

Figure 47. Minimum, maximum and average concentrations of HCBz in muscle tissue (ng/g lipid) of fish from

HCBz content in fish from North Norway

HCBz (ng/g extracted fat)

lakes on the Northern Norwegian mainland and a Norwegian Arctic island.
Explanation of the number behind the fish species in previous figure.

AMAP report

A. charr, 1
A. charr, 4
A. charr, 5
A. charr, 1
A. charr, 3
A. charr, 1
perch, 4
perch, 1
whitefish, 2

whitefish, 2 7T~ Max
Min

o weighted

average

whitefish, 4
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6.2.3 Organochlorine pesticides

6.2.3.1 HCHs

The concentration of y-HCH in fish from Finnmark was evenly distributed, with both perch
and whitefish containing y-HCH concentrations of around 0.05 ng/g w.w. (Figure 48). The
concentration of y-HCH in Arctic char from Bear Island was higher, at 0.18 ng/g w.w.

When y-HCH concentrations were calculated on an extractable lipid basis, the concentrations
were in the same range for all samples. Average concentrations were between 4 and 15 ng/g
extracted lipid. The maximum concentration was 22 ng/g lipid. The concentration in Arctic
char was 6.3 ng/g extracted lipid, slightly lower than most perch and whitefish samples.

Of the other HCH compounds, B-HCH was not detectable in any of the samples (detection
limits varied, depending mainly on the amount of material, from <0.02 ng/g to <0.40 ng/g
(w.w) for whitefish and perch samples and <1.24 ng/g for char from Bear Island).

The levels of a-HCH were not quantifiable in most samples, as concentrations were below
0.06 ng/g w.w. Concentrations of d-HCH which could be quantified in whitefish and perch
samples were less than 0.10 ng/g. In Arctic char from Bear Island, the concentration of a-
HCH was 0.40 ng/g w.w.

gamma-HCH content in fish from Finnmark and Bear Island

Bear Island:
Ellasjgen o A. charr, 1
Finnmark:
Vuorasjavri Fo— perch, 4
Gavdujavri m| perch, 1
Ravdujavri Hd whitefish, 2
Lavvujavri i whitefish, 2
T Max
Avzejavri |  b—o— whitefish, 4 Min
) ) ) ) O weighted
0 0.04 0.08 0.12 0.16 0.2 average

gamma-HCH (ng/g wet weight)

Figure 48. Minimum, maximum and average concentrations of Y HCH (ng/g w.w.) in muscle tissue of fish from
Northern Norway.

The number behind the fish species refers the number of (pooled or individual) samples from that lake, used to
calculate weighted average concentrations.

Concentrations in whitefish from Northern America were generally higher than in Finnmark.
Concentrations of 2HCH in whitefish from the Mackenzie River (Ft. Good Hope) were be-
tween 0.5 and 2.0 ng/g (Lockhart et al. 1992). The mean concentration of 2HCH in whitefish
from the Yukon Lakes Laberge, Fox and Kusawa were 1.7, 0.7 and 0.5 ng/g w.w. respectively
(N =6, 5 and 9) (Kidd et al. 1994).

SFT - Akvaplan-niva, Tromsg; 09.04.97 85



Contaminants in lake sediments and fish in Arctic regions of Norway AMAP report

In lake trout from Schradar Lake in Alaska, the concentration of a-HCH + y-HCH was
1.0 £ 0.6 ng/g w.w. (11 samples ranged from 0.2 to 2.4 ng/g) (Wilson et al. 1995).

The average concentration of y-HCH in whitefish from Northern Sweden was 16 pg/g ex-
tractable lipid (N=15) (Andersson et al. 1988).

6.2.3.2DDTs

All concentrations of 2DDT in perch and whitefish from Finnmark were below 1 ng/g w.w.,
with average concentrations between 0.17 and 0.6 ng/g w.w. (Figure 49). Of the DDT com-
ponents and their metabolites, the largest proportion was made up of p,p’-DDE. The concen-
tration of p,p’-DDE comprised approximately 80% of the 2DDT concentration in perch and
whitefish. The concentration of >DDT in Arctic char from Bear Island was two orders of
magnitude higher, at 76.4 ng/g w.w. This extremely high concentration was also confirmed by
reanalyses. p,p’-DDE made up about 97% of the 2DDT concentration.

DDT content in fish from Finnmark and Bear Island

Bear Island:
Ellasjgen g A.charr, 1
Finnmark:
Vuorasjavri || 1 | perch, 4
Gavdujavri m} perch, 1
Ravdujavri Hd whitefish, 2
Lavvujavri o whitefish, 2
Max
Avzejavri b—o0— whitefish, 4 Min
o weighted
D AN M TLIOE0 AN O OO o O OOCm™
g S © Socas A average

sum of DDT (ng/g wet weight)

Figure 49. Minimum, maximum and average concentrations of 2DDT (ng/g w.w.) in muscle tissue of fish from
Northern Norway.
The number behind the fish species was explained in Figure 48.

In whitefish, concentrations of 2DDT on a lipid basis were all below 90 ng/g lipid (Figure
50). The highest concentrations in Finnmark were in perch from Gavdujavri, 125 ng/g lipid.
Arctic char from Bear Island had a 2DDT concentration of 2 634 ng/g lipid.
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DDT content in fish from Finnmark and Bear Island

Bear Island:
Ellasjgen of A. charr, 1
Finnmark:
Vuorasjavri b——0— perch, 4
Gavdujavri | perch, 1
Ravdujavri o whitefish, 2
Lavvujavri Hd whitefish, 2
Max
Avzejavri b——m— whitefish, 4 Min
o weighted
°© 9 3988E@ 8 983|388 ;
- N O I OO~ < 8 average

sum of DDT (ng/g extracted fat)

Figure 50. Minimum, maximum and average concentrations of 2DDT (ng/g extractable lipid) in muscle tissue
of fish from Northern Norway.

The concentrations of 2DDT in whitefish from the Mackenzie River were between 0.2 and
3.6 ng/g w.w., which is higher than those in our samples from Finnmark. In three Yukon
lakes, average concentrations of 2DDT in whitefish were 155, 6.1 and 15 ng/g w.w. (Kidd et
al. 1994).

In whitefish (N=15) from Northern Sweden, the average concentration of 2DDT was 450
ng/g lipid (Jansson et al. 1993). The concentrations in Arctic char from Northern Sweden
were between 200 and 2600 ng/g extractable lipid (Andersson et al. 1988).

In Canada, the average concentrations of 2DDT in whitefish from, for example, Lake La-
berge were 13 + 9 ng/g lipid and in whitefish from Great Slave Lake 44 + 6 ng/g lipid (Muir
& Lockhart 1993a).

Concentrations of 2DDT in Arctic char from the Lakes Buchanan, Amituk and Char Lake in
the North West Territories, Canada, were 3.7 £ 0.9, 31.2 + 14.9 and 114 * 52.9 ng/g w.w. re-
spectively (Muir & Lockhart 1993a). Concentrations of DDE in lake trout from Schrader
Lake, Alaska, ranged from 0.8 to 11.4 ng/g w.w. (Wilson et al. 1995). On a lipid basis, the
concentration of 2DDT in lake trout from Amituk Lake was 1870 + 3150 ng/g lipid (Muir &
Lockhart 1993a).

6.2.3.3 Chlordanes

The total concentrations of chlordane-related compounds (2chlordanes) were below 0.5 ng/g
w.w. for all samples from lakes on the mainland (Figure 51). The average concentrations per
lake were between 0.035 and 0.2 ng/g w.w. Concentrations in perch and whitefish were in the
same range. The concentration of 2chlordanes in Arctic char from Bear Island was more than
an order of magnitude higher, at 4.1 ng/g w.w.

The individual compounds which contributed most to the concentrations of 2.chlordanes were
trans- and cis-nonachlor, followed by oxychlordane and cis-chlordane. Chlordane, heptachlor
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and heptachlor epoxide were not detectable in the samples. In Arctic char from Bear Island,
oxychlordane and frans-nonachlor were the major contributors to 2chlordanes.

Content of chlordane related compounds in fish

from Finnmark and Bear Island

Bear Island:
Ellasjgen A. charr, 1
Finnmark:
Vuorasjavri —0— perch, 4
Gavdujavri u] perch, 1
Ravdujavri | Hd whitefish, 2
Lavvujavri o whitefish, 2
T Max
Avzejavri } n| | whitefish, 4 Min
) <t LOWOND — N M O~ o N M <W0 0 weighted
Q QLo o © cooco o average
O O O™

sum of chlordane related compounds (ng/g wet weight)

Figure 51. Minimum, maximum and average concentrations of 2chlordanes (ng/g w.w.) in muscle tissue of fish
from Northern Norway

The concentrations of chlordane related compounds on a lipid basis had the same pattern as
the distribution on wet weight base. All measured concentrations in perch and whitefish were
below 50 ng/g (lipid) and averages were below 25 ng/g (Figure 52). On a lipid basis, char

from Bear Island also contained by far the highest concentration of 2chlordanes, 142 ng/g.

Content of chlordane related compounds in fish
from Finnmark and Bear Island

Bear Island:
Ellasjgen o A. charr, 1
Finnmark:
Vuorasjavri o perch, 4
Gavdujavri u] perch, 1
Ravdujavri o— whitefish, 2
Lavvujavri Hol whitefish, 2
T Max
Avzejavri | | O | whitefish, 4 Min
L0 LIO wn 0 1O 10 W0 0 Weighted
L0 © Moo S o o oocooR average
~ N ™ < WO O MNOO

sum of chlordane related compounds (ng/g extracted fat)

Figure 52. Minimum, maximum and average concentrations of 2.chlordanes (ng/g extracted lipid) in muscle
tissue of fish from Northern Norway.

Explanation of the number behind the fish species in Figure 48.
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The sum of chlordane-related compounds in whitefish from the Mackenzie River (Ft. Good
Hope) were between 0.2 and 4.8 ng/g w.w. (Lockhart et al. 1992). This is partly higher than
in Finnmark. The concentration of >.chlordanes in whitefish from Lakes Laberge and Lut-
selk’e were 10.9 (= 5.7) and 4.2 (* 2.6) ng/g w.w. respectively (Muir & Lockhart 1993b;
Kidd et al. 1994).

The concentrations of 2chlordanes in Arctic char from the North West Territories were
higher than on Bear Island, 10.3 + 3.2 w.w. in Buchanan Lake, 43.8 + 10.3 w.w. in Amituk
Lake and 17.8 £ 7.9 w.w. in Char Lake (Muir & Lockhart 1993a).

6.2.3.4 Other pesticides

Dieldrin could not be detected in all whitefish and perch samples, but where dieldrin was de-
tectable, the concentrations in the two species were in the same range, ranging from 0.02 to
0.07 ng/g w.w. However, in most samples, the recorded value deviated more than 20% from
the theoretical value, due to interference or instrument noise. The recorded concentration of
dieldrin in Arctic char from Bear Island was 0.43 ng/g w.w., but some interference may also
have been present.

Concentrations of dieldrin in whitefish from the Mackenzie River were one order of magni-
tude higher than those found on Bear Island, ranging from 0.1 to 0.6 ng/g w.w. (Lockhart et
al. 1992). In Lake Laberge, the average concentration in whitefish was 0.3 (+ 0.2) ng/g w.w.
(Muir & Lockhart 1993Db).

The pesticides aldrin, endrin and trifluralin were not quantifiable in any of the samples ana-
lysed. Endosulfan was quantified in all samples, with concentrations ranging from 0.003 to
0.03 ng/g w.w.

6.2.4 Polycyclic aromatic hydrocarbons

In the fish samples, only the most volatile PAHs were detected, from naphthalene to pyrene
(Table 4). The sum of the quantified PAHs varied from 4.4 to 13.7 ng/g. Concentrations of
individual components in whitefish, perch and Arctic char were in the same range.

The components with the highest detected concentrations were as follows: naphthalene (1.4
to 4.7 ng/g w.w.), 2-metyl naphthalene (0.25 to 1.4 ng/g), 1-metyl naphthalene (0.19 to 1.3
ng/g), and phenanthrene (0.3 to 2.3 ng/g). The heavier PAHs, which include the carcinogenic
compounds, could not be detected in the samples available. These PAHs, from benzo(a)-
fluorene to coronene, were present in concentrations below 0.1 ng/g w.w.

Due to low concentrations of PAHs, and the restricted quantity of material, the recorded con-
centrations did not fulfil the quality criteria for these analyses. The measurements were below
the required concentration of ten times the concentration in the blind sample. Thus, the uncer-
tainty of the analyses is higher than 15%.

In general, the more volatile PAHs are detected in sediment and in fresh water fish (muscle
and liver) (Lockhart ef al. 1992). Fish metabolise PAHs readily and there may be large varia-
tions in concentrations between individual fish (Lockhart et al. 1992). A more appropriate
measure for PAH contamination of fish may therefor be analyses of metabolites of PAH in
the bile.
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Appendix 1. Primary data on the lakes included in this investigaton.

COUNTY/ISLAND |Map No.  Longitude Latitude Depth Elevation Lake Catchment Bog Forest Year Sediment Fish
area area area  area analysed for analysed for
No. Lake name m m.a.s.l km’ km’ % % HM. POP/PAH Hg POP/PAH
SPITSBERGEN
87 Revvatn B12 15.370 77.200 30 0.81 14.24 0 92 X
85 Istjerna C9 15.100 78.027 235 0.32 0.97 0 92 X
86 Vann210 C9 15.225 78.003 210 0.04 0.38 0 92 X
90 Barentsvann Eg 21.180 78.579 100  0.37 1.94 0 94 X X
88  Kongressvann B9 13.965  78.010 95 0.5 4.85 0 94 X X(PCBs)
89  Linnévann B9 13.810 78.050 10 3.54 38.84 0 94 X X(PCBs)
93  Rickardvannet A4 12.330 79.412 3.04 13.03 0 92 X(PCBs)
94  Hornsundet B12+C13  16.000 77.000 0 0 92 X(PCBs)
95 Diesetvannet A6 11.319  79.218 15 3.77 35.05 0 92 X(PCBs)
BEAR ISLAND
91 Ellasjeen D20 18.920 74.460 43 21 0.69 3.25 94 X X X X
FINNMARK
1 Storvatnet 183511 22.925 70.025 39 30 1.21 138.3 1 15 92/95 X X
2 Hesteskovatnet |1835 111 22.596 70.178 40 354 0.36 2.5 0 0 92 X
3 Storvatnet 1934 IV 23.469 69.891 50 94 1 139 10 86 92 X
4 Doggejav'ri 19351 24.540 70.375 14 285 275 14.7 8 0 92 X
5  @.Saltvatn 19351V 23.998 70.422 274 0.75 32.1 0 0 92 X
6  Hamnevatn 2036 IV 24.931 70.864 22 25  0.63 51 0 0 92 X
7  L.Havvatn 2036 111 24.935 70.693 324 0.69 8.9 0 0 92 X
8  Lafjordvatnet 20361 25.463 70.772 20 149  0.81 55.7 0 0 92 X
9  Kaifjordvatnet 22361 28.484 70.937 35 31 1.5 85.2 3 0 92 X
10 Skogsfjordvatnet [2236 II+1II 27.631 70.686 26 377 0.67 33 0 0 92 X
11 Gussajav'ri 22351V 27.070 70.453 10 56  0.31 69 6.7 47 92 X
12 Cullyjav'ri 21351V 26.178 70.315 15 132 1.5 93.2 4 50 92 X
13 Kjasvatnet 2136 111 26.164 70.591 37 47 425 66 4 40 92 X
14 Vasavatnet 2435 111 29.978 70.169 5 135 094 234 27 0 92 X
15  Syltevikvatnet 24361 30.396 70.537 10 21 0.75 125 7.7 0 92/95 X X
16  Oardujav'ri 23351 29.231 70.473 15 225 194 37.7 52 0 92 X
17  Hergevatn 2336 11 29.249 70.714 22 64 0.21 537 24 0 92 X
96 Magistervatn 233611 29.186 70.529 26 95 X
18  Store Kloftvatnet (2336 11 29.085 70.651 15 168  0.62 56 25 0 92 X
19  Diergejav'ri 23341V 28.543 69.964 10 172 1.62 1356 5.2 60 92 X
20  Galgutjav'ri 22351 28.002 70.347 12 95 1 7.5 24 60 92 X X
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COUNTY/ISLAND |Map No.  Longitude Latitude Depth  Eleva- Lake Catchment Bog Forest Year Sediment Fish
tion area area area  area analysed for analysed for

No. Lake name m masl  km’ km® % % HM. POP/PAH Hg POP/PAH

21 Maskejav'ri 223511 27.872 70.175 15 61 1.12 1529 18 80 92 X

22 Baisjav'ri 213511 26.777 70.023 284 098 30.3 3 14 92 X

23 Suoluyjav'ri 22351 28.002 70.409 8 094 94 44 50 92 X

24 Lavvajav'ri 21341V 26.008 69.883 434 0.75 163 8.9 0 92 X

25  Stourrajav'ri 2134111 25.889 69.703 23 114 92 X

26  Stoppuluobbal 193411 24.373 69.576 15 384 92 X

27  Doulbmajav'ri 193411 24.587 69.525 425  0.63 3.6 125 0 92 X

28  Oksevatnet 25351V 30.855 70.347 12 143 275 9.0 2 0 92 X

29  Kibergvatnet 25351V 30.989 70.310 42 025 32 38 0 92 X

30 Vuovddejav'ri 1934 111 23.435 69.582 18 418  0.49 57.4 6 2.4 92/95 X X

31 Cuolbmajav'ri 18331V 22.773 69.344 8 548  0.63 5.1 0 0 92/95 X X

32 Vuorasjav'ri 18321/ 23.204 68.984 8 345 255 419 93 50 92/95 X X X X
183311

33 Avzejav'ri 18321V 23.351 68.912 23 361 1.63 166.4 30 30 92/95 X X X X

34 Lavvuyjav'ri 19321V 23.655 68.951 6 476 147 29.1 155 0 92/95 X X X X

35 Guotkojav'ri 19331 24.081 69.455 425  0.81 32 7.8 275 92/95 X X

36 S.Galdinjav'ri 19321V 23.434 68.850 396 0.52 2.3 19.1 70 92/95 X X

37 Ravdujav'ri 2032 1II 24.693 68.680 432 0.78 8.4 4 14 92/95 X X X X

38 Gavdujav'ri 24.632 68.742 441 275 534 15 0 92/95 X X X X

39 Reyvatn 20341V 25.053 69.919 149  0.04 0.1 0 70 92 X

40 St.Ingasjarvi 20341V 25.065 69.901 133 0.66 7.4 2 70 92 X

41 Vouddajav'ri 2035 1II 24.819 70.012 291 1.2 14 5 3 92/95 X X

42 Vuostamusjav'ri (23341 29.037 69.881 12 230 1.5 46 3 292 X

43  Gazdgesuolojav'ri (2334 T+1I 28.889 69.742 10 131 2 5 25 51 92 X

44  Korpvatn 2534111 30.862 69.590 197 1 24 16 14 92 X

45  Gardsjeen 2534 111 30.855 69.714 82 0.6 9 3 17 92 X

46  Hundvatn 243411 30.541 69.566 171 0.5 144 16 70 92 X

47  @devatn 233311 29.001 69.061 88 2.7 289 22 68 92 X

48  Ellevatn 233311 28.908 69.138 120 11 50 10 68 92 X

49  Feolvatn 23331 28.928 69.256 177 23 11 10 75 92 X

50 St.Spurvvatn 23331 29.186 69.327 164 4.8 21,1 7.7 65 92 X

51 St.Sametjern 24331vV/  29.640 69.470 96 7.4 76 15 40 92 X
2434 110

52 Coalbmejav'ri 24341 30.546 69.787 221  0.16 1.7 0 0 92 X

53 L.Ropelvvatn 24341+11 30.188 69.765 52 1.1 47.4 4 30 92/95 X X

54  Vegvatnet 233411 29.264 69.660 101 0.3 1.6 0 15 92 X
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Appendix 1. Continued

COUNTY/ ISLAND Map No.  Longitude Latitude Depth Eleva- Lake Catchment Bog Forest Year Sediment Fish
tion  area area area  area analysed for analysed for

No. Lake name m masl  km’ km® % % HM. POP/PAH Hg POP/PAH

55  Gravsjeen 2434 11 30.609 69.735 118 1.5 145 05 10 92 X

56 Langvatnet 2434 11 30.554 69.721 87 0.8 15.2 0 115 92 X X

57 Rabbvatnet 2434 11 30.463 69.663 83 0.3 1.6 9 85 92/95 X X

97 Haukesjoen 23341 29.260 69.917 31 31 92/95 X

58 Holmevatnet 2434 111 29.716 69.663 241  0.06 0.4 0 0 92 X

59 Vaggatem 23331 29.269 69.275 51 92 X

60 Bjernevatn 24341V 29.453 69.799 98 2.1 7.1 3.5 50 92 X

61 Midtre Pumpehusvatn |2434 111 29.856 69.711 88 0.3 3.4 2 0 95 X

TROMS

62  Svarthammervatnet 1534 111 18.802 69.723 20 390  0.15 1.4 0 0 93/94 X

63 Y.Karviksvatnet 1534 1V 18.873 69.896 26 107 0.3 44 31 20 93/94 X

64  Storvatnet 1533 11 19.325 69.165 60 128 1.6 154 0.1 35 93/94 X X

65 Josvatnet 1734 111 21.262 69.569 36 72 0.5 26,5 0.1 10 93/94 X X

66 Langfjordvatn 1635 11 20.536 70.154 36 65 0.5 1.3 0 0 93/94 X X

67 Tarnvatn 14331 18.362 69.310 62 108 3.7 27.5 60 10 93/94 X

68 Q. Kaperdalsvatn 13331 17.386 69.280 33 199 0.5 21.2 0 4 93/94 X X

69  Skevatnet 1433 111 17.888 69.033 110 180 6.1 40.1 7 25 93/94 X X

NORDLAND

70  Langvatnet 1333 I/ 16.690 68.501 16 16 0.8 49.6 15 55 93/94 X X
1332 111

71  Skallavatnet 133211 17.310 68.513 22 164 0.3 43.1 20 60 93/94 X

72 Holmevatn 13311V 16.658 68.375 13 373 0.15 0.5 9 36 93/94 X X

73 Vikvatnet 1031 11 13.579 68.200 32 10 0.5 4.7 0 5 9394 X

74 Storvatnet 11311 14.544 68.321 25 17 1 33 4 42 93/94 X X

75 Ryggedalsvatnet 11321 14.785 68.759 72 22 0.8 8.4 1 3 93/94 X

76  Storevatnet (Bleikvt.) [1233 11 15.961 69.250 25 28 1.7 8.3 4 34 93/94 X X

77  Agevatn 1928 111 13.466 66.706 17.5 23 0.2 4.5 2 56 93/94 X

78  Grenasvatn 1928 111 13.674 66.750 37.5 83 1 6 2 62 93/94 X

79  Markvatn 19281 13.748 66.911 30 26 2.2 12.2 0 36 93/94 X

80  Storvikvatnet 1928 1 13.851 66.960 40 183 0.7 2.78 1 33 93/94 X

81 Valnesvatnet 2029 111 14.450 67.165 92 121 4.6 59.9 8 40 93/94 X

82  Nordlivatn 20291 14.774 67.422 30 55 0.12 13.9 4 30 93/94 X

83  Kilevatn 123111 15.967 68.130 65 94 5.9 19.1 20 60 93/94 X

84  Tennvatn 21301 15.961 67.762 54 339 1.0 43 4 71 93/94 X
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Appendix

Comparison of regression coefficients and significance level:

P C B

Full datamatrix unweighted groups  |Dobble weighting |N as weight

r ) r p r p r p

GROWTH -0.69 < .001 -0.74 < .001 -0.74 <.001 | -0.79 <.001
WEIGTH -0.68 < .001 -0.68 0.0017 -0.71  <.001 | -0.77 <.001
LENGTH -0.66 < .001 -0.68 0.0018 -0.71  <.001 | -0.76 < .001
AGE 0.49 0.007 0.51 0.02 0.53 0.012 0.58  0.0007
CONDITION  -0.39 0.032 -0.31 0.2 -0.43 0.046 -0.45 0.013
FAT% -0.27 0.143 -0.23 0.36 -0.32 0.15 -0.46 0.01

D D E

Full datamatrix unweighted groups  |Dobble weighting |N as weight

r p r p r ) r p

GROWTH -0.70 < .001 -0.74 < .001 -0.75 <.001 ] -0.79 <.001
WEIGTH -0.68 < .001 -0.69 0.0015 -0.72 <.001 | -0.77 <.001
LENGTH -0.67 < .001 -0.69 0.0015 -0.71  <.001 | -0.77 <.001
AGE 0.49 0.007 0.51 0.031 0.52 0.012 0.58  <.001
CONDITION  -0.40 0.03 -0.32 0.2 -0.35 0.08 -0.45 0.012
FAT% -0.28 0.13 -0.24 0.34 -0.33 0.14 -0.47 _ 0.009

Changes of different statistics using groups weighted with N instead of the individual values of the full

data set.

Valid N Mean Median Min Max. Quartile Quartile Range Variance STD
LENGTH 0% 0% -1% 0% 0% 1% 4% 12 % -11% -6%
WEIGHT 0% 0% -6 % 0% 0% 0% 11 % 17 % -11% 6%
GROWTH 0% 0% 7% 0% 0% 0% 7 % 10 % -12% 6%
FAT 0% 0% 2% 0% -32% 22 % 4% -33% 53%  -32%
PCB 0% 0% 0% 278 % 0 % 0% -16% -21% -12% 6%
PCB_FAT 0% -2% 13% 194 % 0% -17%  22% 23 % -11% 6%

Changes of different statistics using a reduced data set with double weighting of pooled observations
compared to using the full data set.

ValidN Mean Median Min Max. Lower Upper Quartile Variance STD.
Quartile Quartile  Range

LENGTH 27% 3% 4% 0% 0% 1% 3% -14% 1% 1%
WEIGHT 27% 7% -13% 0% 0% 2%  -11% -16% 4% 2%
GROWTH 27% -12%  -30% 0% 0% -14% 2% 7% -11% 5%
FAT 27% 4% 2% 0% -32% 2% 3% -14% 52% -31%
PCB FAT 27% 15% 15% 278 % 0% 29 % 0% -8 % 2% 1%
PCB 27% 16% 52% 194 % 0% 8% 8% -12% 5% 3%

The original data from the laboratory analyses for contaminants are given in two separate ap-
pendix reports.

Appendix report A: "Heavy metals, POPs and PAH in sediment from lakes in Northern and
Arctic regions of Norway. Analytical results from laboratory reports."

Appendix report B: "Mercury, POPs and PAH in fish from lakes in Northern and Arctic re-
gions of Norway. Analytical results from laboratory reports."
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