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Summary 
On behalf of the Norwegian Environment Agency, the Norwegian Institute for Air Research 

(NILU) in collaboration with Norwegian Institute for Nature Research (NINA) and Norwegian 

Institute for Water Research (NIVA) analysed air, soil and biological samples from the 

terrestrial and urban environment for various inorganic and organic contaminants in 2017. The 

purpose of this report is to provide an updated assessment of  pollution present within the 

terrestrial urban environment in Norway to evaluate potential environmental hazards caused 

by a densely populated urban area, and to provide information to ongoing regulatory work at 

both national and international level.  

 

The project had the following key goals:  

- Report concentrations of the chosen environmental pollutants in several  trophic  

levels of a terrestrial food web 

- Compare the concentration of the various pollutants across samples and species 

- Evaluate potential trophic  magnification of the different compounds.  

with a food chain approach 

- Evaluate how land-living species are exposed to a variety of pollutants  

 

This report pre sents the findings from the fif th year of the urban terrestrial programme.  

 

A broad cocktail of pollutants, consisting both of persistent organic pollutants, organic 

phenolic pollutants, biocides, pesticides, UV compounds, emerging and legacy PFAS, 

siloxanes, chlorinated paraffin s, organic phosphorous flame retardants and metals (see Table 

2, page 36) were measured in air, soil and biota samples . Comparison across samples and 

species were performed in addition to biomagnification  from lower to higher trophic levels.   

 

The average of sum concentration s of the dominant  contaminant gr oup for each matrix  in the 

investigated species in 2017 was as follows (on a wet weight basis): Note that pesticides were 

only measured in sparrowhawk eggs. SumToxicMetals below is the sum of Hg, Cd, Pb and As. 

 

- Air  :   SumSiloxanes >> SumCPs >SumOPFRs>>SumPCBs 

- Soil  :   SumToxicMetals > SumCPs > SumPFAS  

- Earthworms :   SumToxicMetals >> SumPFAS >SumCPs 

- Fieldfare  :   SumPFAS~SumCP> SumPhenols ~ SumToxicMetals > SumPCB 

- Sparrowhawk:   (Sum Pesticides) > SumPCBs > SumToxicMetals~SumPFAS 

- Tawny owl :   SumPhenols ~ SumPFAS ~ SumPCB> SumCPs> SumToxicMetals 

- Red fox :   SumBiocides > SumToxicMetals > SumCPs>SumPFAS~SumPCB  

- Brown rat  :   SumToxicMetals > SumBiocides> SumCPs ~ SumPCB > SumPFAS 

- Badger :   SumToxicMetals > SumBiocides> SumPFAS> SumCPs 

 

Contaminant data revealed larger variability  both in levels and composition between the 

various locations for soil, earthworm and partly fieldfare , than for birds of higher trophic 

levels and mammalian species. 

 

Below follows a short summary for each comp ound class investigated.  

 

Metals; concentrations were highest in soil. Of the biological matrices analysed, earthworms, 

brown rat  and badger liver s contained the highest amounts of the  heavy and toxic metals Hg, 

Cd, Pb and As. Earthworms from Frognerseteren  had Pb concentration of 337 70 ng/g ww, 

more than 30 times higher than the other sites. As in 2016, fieldfare egg from one sampling 
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site Kjelsås had Pb concentration of 206 ng/g ww, more than 20 times higher than the other 

sites. A general threshold for adverse physiological effects is set at 400 ng/g ww in bird 

blood. Direct comparison between bird egg and bird blood  concentrations are not 

recommended, but t his yearõs concentration in egg was below this threshold. A pproximately 

400 ng/g ww was detected in 2016 in fieldfare egg from Kjelsås.  The predicted -no-effect -

concentration of Pb for predator birds (for instance sparrowhawk) is set to  3400 ng/g in food 

(for instance fieldfare) . 

 

PCBs; data across all species and media revealed that s parrowhawk had the highest average 

concentrations of sumPCB of 460 ng/g ww followed by brown rat, red fox, fieldfare and tawny 

owl (228, 39, 36 and 34 ng/g ww). One sparrowhawk sample had a SumPCB value of 1300 ng/g 

ww.  Although this concentration is lower than a general reported NOEL value for wild birds of 

4000 ng/g for PCB, potential effects cannot be excluded due to different sensitivity among 

bird species. PCB 153 dominated in almost all sample types, with the excep tion of fox where 

PCB 180 dominated, and air where PCB 52 and 101 dominated. The air concentrations of PCBs 

at the urban sites were 5 -50 times higher than those measured at background air monitoring 

stations in Norway suggesting the urban area to be a sour ce for PCBs. One site had ten times 

higher air concentrations than the other indicating this to be a hotspot for PCBs in Oslo.  

 

PBDEs; The levels of PBDEs were lower in all environmental samples compared to PCB and 

PFAS. However, one sparrowhawk egg sample contained a SumPBDE of 100 ng/g ww where 

PBDE47, 99, 100 and 153 were the main contributors to the sum. This sum concentration is 

ten times lower than a threshold level for reduction of reproduction performance in osprey of 

1000 ng/g ww. The same egg sample with highest sumPBDE had highest SumPCB value. For 

sparrowhawk egg samples PBDE 100 had the highest concentrations, approximately the double 

of the concentration of 47, 99 and 153.  Sparrowhawk had the highest average sumPBDEs 

followed by fieldfare and t awny owl.  The passive air sampler could detected a few BDE-

congeners (i.e. 47 and 99) in urban air. The estimated air concentrations were up to 100 

times higher than those measured at background air monitoring sites suggesting the urban 

area to be a source for PBDEs. Especially high concentrations of PBDEs in air were observed at 

Alnabru. 

 

PFAS; The dominating PFAS compound was PFOS in all environmental samples and earthworm 

had the highest PFOS and average sumPFAS concentrations due to two samples from Alnabru 

and Fornebu with PFOS concentration  of 499 and 159 ng/g ww, respectively.  A recent study 

has revealed a LC50 of PFOS of approximately 540 mg/kg in earthworm  (Eisenia fetida ), 1000-

fold higher than our highest PFOS concentration. The sample from Fornebu also contained 

high concentrations of the long -chained carboxylates PFUnA and PFTriA, 261 and 159 ng/g 

ww, respectively.  The next highest average SumPFAS was measured in fieldfare. In agreement 

with what was found in 2016, fieldfare egg sample from Grønmo had very high sum of the 

branched and linear PFOS concentrations of 918 ng/g ww, which was 15 times more than the 

average sum of all other fieldfare samples . This PFOS concentration in fieldfare egg is lower 

than a recommended threshold value for PFOS of 1900 ng/g  ww in bird egg.  

 

New PFAS; only the compound PFECHS was found in detectable and small amounts in 

sparrowhawk eggs, fox liver, badger liver. Highest concentration was found in fox liver of 5 

ng/g ww.  

 

SCCP/MCCP: The chlorinated paraffins were found in most samples, but in lesser extent in 

sparrowhawk and tawny owl eggs. Highest concentrations were detected in soil, air, fieldfare , 

brown rat  and fox liver. One fieldfare sample from Bøler had a very high sum concentrat ion of 
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SCCP and MCCP of 1420 ng/g  ww where SCCP dominated with 1280 ng/g ww.  It is not known if 

these concentrations may pose a risk to fi eldfare . The estimated concentrations of CPs in air 

were not significantly higher , except SCCP at two sites, than those observed at background 

air monitoring sites in Norway.   

 

Cyclic siloxanes : Air samples had high levels of the compounds D4, D5 and D6 and not 

unexpected due to their high volatility. D5 was the dominating oligomer in the air samples 

and the est imated concentrations of D5 in the air were about ten times higher than those in 

background air. The highest SumSiloxane concentration was found at Slottsparken with 36 

ng/ day. The mean sum levels in the samples, except air, varied from <LOD to 38 ng/g ww 

where brown rat had highest concentrations.  The levels of D4, D5 and D6 in earthworms and 

fieldfare eggs as prey are not high enough to pose any risk for predators.   
 

OPFR: As with siloxanes, air samples had high loads of OPFR and ranged from 0.6 to  3.5 

ng/day . TCPP was the dominating  compound, and as with siloxanes, the sit e Slottsparken had 

the highest concent ration of TCPP and sumOPFR. For biological samples, t he one pooled 

earthworm sample had highest sumOPFR of 11 ng/g ww followed by soil, also pooled  samples, 

with 8 ng/g dw.  The compound TCP had highest concentration in earthworm (3.7 ng/g ww) 

which is not expected to give adverse effects.  

 
New BFR: This contaminant class was hardly found in any of the samples, only small amounts 

in the sparrowhawk eggs where DBDPE was most prevailing with detection in 6 of 10 samples 

with max concentration of 4 ng/g ww.  We have not been able to relate these levels to any 

known toxic effect of  DBDPE. 

 
Dechloranes ; were found in many of the samples, but at relatively low levels to the other 

dominating contaminants. Dechlorane plus anti and syn was the dominat ing congeners in air, 

soil and earthworm samples; but to some extent in the liver samples and especially in the 

bird eggs also the compounds Dechlorane 602 and 603 were detected . Of all dechlorane 

compounds, anti dechlorane  plus (anti -DP) was detected in highest concent rations in fox and 

rat livers with maximum concentration of  6 and 9 ng/g ww. Highest average sumDechloranes 

was found in soil of 2 ng/g d w. The levels were in general lower than found in other studies 

and we have not been able to relate these levels to any effect of dechloranes.  

 

Pesticides:  were only analysed in sparrowhawk eggs and average SumPesticides was 893 ng/g 

ww where ppDDE clearly dominated t he sum with an average of 874 ng/g ww.  This 

concentration is com parable wi th a reported PNEC of 870 ng/g ww associated with 20% 

eggshell thinning in osprey . 

 

UV compounds were not detectable in the pooled samples of bird eggs, but detected in soil, 

earthworm and liver samples.  EHMC was detected in soil, eart hworm and liver samples. 

Highest concentration was found in badger liver with 7 ng/g ww.  Effect levels for this 

compound is not found for terrestrial ecosystems.  

 

Biocides;  were measured in fox, badger and rat livers and two of four compounds, 

Bromadiolone and Brodifacoum were found in high amounts and especiall y Bromadiolone with 

up to 4412 ng/ww in fox liver.  Compared to studies from Sweden and Finland, the 

concentrations of bro madiolone in red fox liver from Oslo were higher. Compared to a study 

measuring bromadiolene concent rations in confirmed poisoned foxes, the levels in red fox 

liver samples from Oslo area were higher.  
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Phenols;  were first and foremost detected in the bird eggs and the highest levels of phenols 

were surprisingly found in tawny owl eggs. When excluding semi-quantitative compounds the 

mean sumPhenols was 57 ng/g ww. None reported effect concentrations have been found for 

birds.  None of the phenols were detected in soil, earthworm, red fox or badger, and only 

Bisphenol A was detected in one sample of brown rat .  

 

Bioaccumulation calculations thr ough the use of TMF and data from all years, revealed as 

previous years that the typical hydrophobic and well known POPs such as PCBs, PBDEs had 

TMF well above 1, and high potential for magnification in the food chain earthworm -fieldfare -

sparrowhawk. TMF for PFOS and PFUnA were slightly above 1 and indicate d a moderate 

trophic magnification. The chlorinated paraffins, SCCP and MCCP, did not reveal potential for 

magnification  in this particular terrestrial food chain , but  other previous studies have 

indicate d the potential for biomagnification  in marine and freshwater food webs.  
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Sammendrag 

På oppdrag fra Miljødirektoratet  for året 2017 analyserte NILU (Norsk institutt for 

luftforskning ),  Norsk institutt for naturforskning (NINA)  og Norsk institutt for vannforskning  

(NIVA) en lang rekke uorganiske og organiske miljøgifter i luft, jord og dyrearter fra bynært 

og terrestrisk miljø. Formålet med studien var å gi  en oppdatert vurdering av 

forurensningssituasjonen og potensiell risiko for artene i bynære områder. Resultatene vil 

også kunne brukes i forbindelse med nasjonale og internasjonale reguleringer av stoffene.  

 

Prosjektet hadde følgende delmål:  

- Rapportere konsentrasjoner av de utvalgte miljøgifter på flere nivå av en terrestris k 

næringskjede og næringsnett.  

-  Sammenstille og vurdere fordeling av miljøgiftklassene på tvers av prøver og arter  

- Vurdere biomagnifisering spotensialet av forurensninger ved bruk av 

næringskjedetilnærming  

- Vurdere hvordan terrestriske arter er utsatt for en rekke miljøgifter  

 

Denne rapporten presenterer funnene fra det f emte året av det urbane terrestriske 

programmet.  

 

Et stort spekter av  kjemiske stoffer  ble analysert ; persistente organiske miljøgifter, 

bisfenoler, biocider, pesticider, UV forbindelser, regulerte og nye PFAS stoffer, siloksaner, 

klorerte paraffiner, organiske fosforflammehemmere og metaller  (se Tabell  2, side 36) i de 

ulike prøvene.  For hver stoffgruppe ble forurensingsnivået sammenlignet på tvers av arter og 

prøver. Resultatene har gitt en omfattende oversikt over både regulerte og mange andre nye 

kjemikalier som kan utøve risiko i et komplekst bymiljø.  

 

De mest dominerende miljøgiftgruppene  i 2017 prøvene er angitt som gjennomsnitt av sum 

konsentrasjoner i de ulik e miljøprøvene (på våtvektbasis). SumToxicMetals er summen av 

konsentrasjonen av Hg, Cd, Pb og As. 

 

- Luft   :   SumSiloxanes >> SumCPs >SumOPFRs>>SumPCBs 

- Jord  :   SumToxicMetals > SumCPs > SumPFAS  

- Meitemark :   SumToxicMetals >> SumPFAS >SumCPs 

- Gråtrost  :   SumPFAS~SumCP> SumPhenols ~ SumToxicMetals > SumPCB 

- Spurvehauk :   (Sum Pesticides) > SumPCBs > SumToxicMetals~SumPFAS 

- Kattugle  :   SumPhenols ~ SumPFAS ~ SumPCB> SumCPs> SumToxicMetals 

- Rødrev :   SumBiocides > SumToxicMetals > SumCPs>SumPFAS~SumPCB  

- Brunrotte  :   SumToxicMetals > SumBiocides> SumCPs ~ SumPCB > SumPFAS 

- Grevling :   SumToxicMetals > SumBiocides> SumPFAS> SumCPs 

 

Miljøgiftdata viste større variabilitet,  både i nivåer og sammensetning, mellom de forskjellige 

lokalitetene for jord, meitemark og delvis gråtrost , enn for spurvehauk og kattugle  og andre 

arter  som rødrev, brunrotte og grevling . 

 

Nedenfor følger en  kort oppsummering for hver komponentgruppe som ble analysert i 

prøvene. 
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Metaller; konsentrasjonene var høyest i jo rd. Av de biologiske prøvene inneholdt meitemark 

brunrotte og grevling  de høyeste konsentrasjoner av tungmetallene Hg, Cd, Pb og As. 

Meitemark fra Frognerseteren hadde Pb-konsentrasjon på 33770 ng/g ww, mer enn 30 ganger 

høyere enn de andre områdene. Som i 2016, gråtrostegg fra et reir ved Kjelsås had de en Pb-

konsentrasjon på 206 ng/g ww, mer enn 20 ganger høyere enn de andre lokalitetene.  En 

generell terskelverdi for fysiologisk skadevirkning er satt til ca. 400 ng/g ww i fugleblod.  

Konsentrasjon i fugleblod er ikke direkte sammenlignbart med fugleegg, men ingen 

gråtrost egg hadde konsentrasjon opp mot denne terskelverdien  i 2017. I 2016 ble det målt 

opp mot 400 ng/g i gråt rostegg fra Kjelsås. Predikert ikke -effekt konsentrasjon (PNEC) for Pb 

i rovfugl  (f.eks. spurvehauk) er satt til 3400 ng/g i byttedyr  (f.eks. gråtrost).  

 

PCB; Data på tvers av alle arter og medier viste at spurvehauk en hadde den høyeste 

gjennomsnittlige konsentrasjone n av sumPCB på 460 ng/g ww, etterfulgt av brunrotte, 

rødrev, gråtrost og kattugle ( 228, 41, 36 og 34 ng/g ww). En spurvehaukprøve hadde en 

SumPCB-verdi på 1300 ng/g ww. Selv om denne konsentrasjonen er lavere enn  en generell 

NOEL verdi for fugl på 4000 ng/g, så kan en ikke neglisjere at effekter kan oppstå s iden 

sensitiviteten kan være ulik mellom fuglearter. PCB  153 dominerte i nesten alle prøvetyper, 

med unntak av lever fra rødrev hvor PCB 180 dominerte, og luft hvor de mer flyktige PCB 52 

og 101 dominerte.  Luftkonsentrasjonen av PCB i Osloområdet var 5-50 ganger høyere enn 

nivåer målt på bakgrunnsstasjoner , som indikerer at byområdet er en kilde til PCB. En 

lokalitet hadde 10 ganger høyere konsentrasjoner enn de andre lokalitetene.  

 

PBDE; Nivåene av PBDEer var lavere i alle miljøprøver sammenlignet med PCB og PFAS. Men, 

en eggprøve fra spurvehauk inneholdt en SumPBDE på 100 ng/g ww hvor PBDE47, 99, 100 og 

153 ga størst bidrag til summen. Sumkonsentrasjon hos spurvehauk er ti ganger lavere enn en 

terskelverdi for reproduksjonseffekter hos fiskeørn på 1000 ng/ g ww. Samme eggprøve hadde 

også høyeste SumPCB-verdi. I spurvehauk dominerte PBDE 100, med omtrent de n dobbelte av 

konsentrasjonen av 47, 99 og 153. Spurvehauk hadde høyeste gjennomsnittlige sumPBDE 

etterfulgt av gråtrost og kattugle.  De passive luftprøvetakerne detekterte noen få BDE 

kongenere (BDE47 og 99) i bylufta. De estimerte luftkonsentrasjonene var opp til 100 ganger 

høyere enn konsentrasjoner fra bakgrunnsstasjoner, som indikerer at byområdet er en kilde 

til PBDE. Spesielt høye konsentrasjoner av PBDE i luft ble observert på Alnabru.  

 

PFAS; Den dominerende PFAS-forbindelsen var PFOS i alle miljøprøver og meitemark hadde 

den høyeste PFOS og gjennomsnittlige sumPFAS konsentrasjonen på grunn av to prøver fra 

Alnabru og Fornebu med PFOS konsentrasjon på henholdsvis 499 og 159 ng/g ww. Et studie 

har rapportert en LC50 verdi på ca. 540 mg/kg i mark ( Eisenia fetida ), over 1000 ganger 

høyere enn våre høyeste målte PFOS konsentrasjoner. Prøven fra Fornebu inneholdt også høye 

konsentrasjoner av henholdsvis de langkjedede karboksylatene PFUnA og PFTriA, 261 og 159 

ng/g ww. Den neste høyeste gjennomsnittlige SumPFAS ble målt i gråtrost.  I samsvar med 

2016 data, så viste også 2017 data svært høy sum av de forgrenede og lineære PFOS-

konsentrasjonene på 918 ng/g ww  for gråtrostegg  fra Grønmo, som var 15 ganger mer enn 

gjennomsnittet av alle andre gråtrostprøver. Denne PFOS konsentrasjonen i gråtrost er lavere 

enn en foreslåt t toksisk referanseverd i av PFOS på 1900 ng/g ww  i fugleegg.  

 

Nye PFAS; Bare PFECHS ble funnet i detekterbare og små mengder i spurvehaukegg, lever fra 

rev og grevling. Høyeste konsentrasjon ble funnet i lever fra rødrev på 5 ng/g ww.  

 

SCCP/MCCP; De klorerte parafinene ble funnet i de fleste prøver, men i mindre grad i 

spurvehauk- og kattugleegg. De høyeste konsentrasjonene ble funnet i jord, luft 
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(ng/sampler), gråtrost, og lever fra rotte og rødrev. En gråtrostprøve fra Bøler hadde en 

meget høy sumkonsentrasjon av SCCP og MCCP på 1420 ng/g ww hvor SCCP dominerte med 

1280 ng/g ww.  Det er ikke kjent om disse konsentrasjonene kan utgjøre en risiko for gråtrost. 

De estimerte luftkonsentrasjonene av klorparaffiner var ikke signifikant høyere, bortsett f ra 

SCCP ved to lokaliteter, enn det som har vært observert ved bakgrunnsstasjoner i Norge.  

 

Sykliske siloksaner; Luftprøvene hadde høye nivåer av forbindelsene D4, D5 og D6 og ikke 

uventet på grunn av  høy flyktighet av disse forbindelsene . D5 var den dominerende i 

luftprøver og de estimerte konsentrasjoner av D5 i luften var omtrent ti gang er høyere enn i 

bakgrunnsområder. Den høyeste SumSiloksan-konsentrasjonen ble f unnet på Slottsparken med 

36 ng/dag. De gjennomsnittlige S umnivåene i prøvene, unntatt luf t, varie rte fra <LOD til 38 

ng/g ww hvor brun rotte hadde høyeste konsentrasjo ner. Nivåene av D4, D5 og D6 i meitemark 

og gråtrostegg som byttedyr er ikke høye nok til å utgjøre noen risiko for rovdyr.  

 

OPFR: Som for siloksanene så viste også OPFR høye nivåer i luft fra 0.6 til 3.5 ng/dag.  TCPP 

dominerte, og som med siloksaner hadde Slottsparken den høyeste konsentrasjonen av TCPP 

og sumOPFR. Samleprøven av meitemark hadde høyeste sumOPFR konsentrasjon på 11 ng/g 

ww etterfulgt av jord, også kun en samleprøve, med 8 ng/g dw .  Forbindelsen TCP hadde 

høyeste konsentrasjon i meitemark (3.7 ng/g ww) , som ikke er forventet å gi skadelige 

effekter.  

 

Nye BFR: Denne gruppen ble nesten ikke funnet i noen av prøvene, bare små mengder i 

spurvehaukeggene hvor DBDPE dominerte med deteksjon i 6 av 10 prøver med maksimum 

konsentrasjon på 4 ng/g ww.  Rapporterte effektkonsentrasjoner er ikke funnet  for denne 

forbindelsen.  

 

Dekloraner ; ble funnet i mange av prøvene, men i relativt lave nivåer sammenlignet med de 

andre dominerende miljøgiftklasser. Dekloran pluss anti og syn var de dominerende 

forbindelser i luft -, jord - og meitemarkprøvene, men  forbindelsene Dekloran 602 og 603 ble 

også funnet i de andre prøvene og dominerte i  fugleeggene. Anti -DP ble funnet i høyeste 

konsentrasjoner og dominerte i lever fra rotte og rødrev med maksimumskonsentrasjoner på 

hhv 6 og 9 ng/g ww. Høyeste gjennomsnittlige sumDekloran ble funnet i jord på 2 ng/g 

tørrvekt. Konsentrasjone ne var generelt lavere enn det som er rapportert fra andre s tudier, 

og vi har ikke kunnet relatere  til skadelige effekter.  

 

Pesticider; ble kun analysert i spurvehaukegg og gjennomsnittlig SumPesticider var 893 ng/g 

ww hvor ppDDE fullstendig dominerte summen med et gjennomsnitt på 874 ng/g ww.  Denne 

konsentrasjonen er sammenlignbar med en rapportert PNEC på 870 ng/g ww assosiert med 

20% eggskallfortynning hos fiskeørn. 

 

UV-forbindelser; ble kun analysert i samleprøver og ikke påvist i prøver av fugleegg, men 

funnet i jord, meitemark og leverprøver. EHMC ble påvist i  jord, meitemark og leverprøver. 

Høyeste konsentrasjon ble funnet i grevlinglever med 7 ng/g ww.  Data med 

effektkonsentrasjon er ikke funnet.  

 

Biocider; ble målt i lever fra rødrev, grevling og rotte. To av fire forbindelser, Br omadiolon 

og Brodifacoum, fu nnet i høye mengder og spesielt Bromadiolone med opptil 4412  ng/g ww i 

lever fra rødrev.  Sammenlignet med studier av bromadiolon i rødrev fra Sverige og Finland så 

var de målte konsentrasjonene av bromadiolon i rødrev fra Oslo området høyere. Bromadiolon 

i enkelte rødrevprøver fra Oslo var også høyere enn konsentrasjoner fra et studie med 

bekreftet bromadiolon -forgiftet rødrev.  
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Fenoler;  Ingen komponenter ble de tektert i jord, meitemark, rødrev  og grevling. 

Komponenter ble først og fremst funnet  i fugleeggene av gråtrost, spurvehauk og kattugle. 

Kattugle hadde overraskende høyest sum konsentrasjoner (57 ng/g ww ). Om disse 

konsentrasjonen har skadelige effekter er ikke kjent.  Kun en prøve fra rotte hadde detekterte 

mengder av Bisfenol A.  

 
Bioakkumulasjonsberegninger ved bruk av trofisk magnifiseringsfaktor ( TMF) og data fra alle 

år, avslørte som tidligere år at de typiske hydrofo be og velkjente POPene, som PCB og PBDE, 

hadde TMF godt over 1 og høyt potensial for magnifisering i næringskjeden meitemark - 

gråtrost -spurvehauk. TMF for PFOS og PFUnA var litt over 1 og indikerer en moderat trofisk  

magnifisering. De klorerte paraffiner, SCCP og MCCP viste ikke potensial for  magnifisering, 

heller det motsatte med høyeste konsentrasjon ved lavere trofiske nivåer.   
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Abbreviations  
BAF    Bioaccumulation factor  

BSAF    Biota-soil accumulation factor  

BFR    brominated flame retardants  

CA    concentration addition  

CI    confidence interval  

dw    dry weight  

EI    electron impact ionization  

ESI    electrospray ionization  

EAC    ecotoxicological assessment criteria  

EQS    environmental quality standard   

ww    wet weight  

GC-HRMS   gas chromatography ð high resolution mass spectrometry  

GC-MS    gas chromatography ð mass spectrometry 

ICP MS    inductive coupled plasma ð mass spectrometry   

LC-MS    liquid chromatography ð mass spectrometry 

LOD    limit of detection  

lw    lipid weight  

LOEL    lowest observed effect l evel 

MEC    measured environmental concentration  

M-W U  MannðWhitney U test  

MCCP    medium-chain chlorinated para ffins  

N    detected/measured samples  

NCI    negative chemical ionization  

NOEC    no observed effect concentration  

NOAEL    no observed adverse level 

NOEL    no observed effect  level  

NP-detector    nitrogen -phosphorous detector 

PBDE    polybrominated diphenylethers  

PCA    principal component analysis  

PCB    polychlorinated biphenyls  

PCI    positive chemical ionization  

PEC    predicted environmental concentration  

PFAS    perfluorinated alkylated substances  

PNEC    predicted no effect concentration  

PNECpred   predicted no effect concentration for predator  

PSA    primary/secondary amine phase  

SCCP    short-chain chlorinated paraffins  

SSD    species sensitivity distribution  

SIR    selective ion reaction  

SPE    solid phase extraction  

STU    sum toxic unit  

TL    Trophic level  

TMF    Trophic magnification factor  

UHPLC    ultra high pressure liquid chromatography  
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1. Introduction  

1.1 Background and objectives  
The main objective of this monitoring study was to investigate the concentrations of selected 

organic and inorganic pollutants and their bioaccumulation potential and possible adverse effects 

in species living in a t errestrial and urban ecosystem. The urban sites were chosen in or in the 

near vicinity of Oslo. The results from this study will feed into the evaluation of potential 

environmental hazard s and ongoing regulatory work , at both national - and international le vel. 

The project had the following key goals:  

 

¶ Report concentrations of chosen environmental pollutants in several trophic levels of the 
terrestrial food chain  

¶ Evaluate the bioaccumulation potential of pollutants in the terrestrial food chain  

¶ Evaluate the total exposure in terrestrial animals  

¶ Evaluate how land-living species are exposed to a variety of pollutants  

¶ Evaluate trends in various pollutants over time  

1.2 Investigated samples  

Sparrowhawk ( Accipiter nisus ).  

The sparrowhawk is a small bird of prey w ith a widespread distribution in Norway. It feeds 

mainly on birds of small to medium size, and thrushes ( Turdidae ) are preferred prey (Haftorn 

1971, Hagen 1952). It commonly occurs close to human habitations, where it can breed in 

different types of forest  patches. Most of the population migrates to south -western Europe 

during winter, but some individuals stay, and often feed on small garden birds during winter 

(Haftorn 1971). The sparrowhawk is on top of a terrestrial food -chain (invertebrates -small birds-

sparrowhawk) and is therefore subjected to bioaccumulation of persistent organic pollutants 

(POPs). The sparrowhawk is a protected species in Norway, so the collection of eggs for analysis 

was carried out under a special license issued by the Norwegian Env ironment Agency. The 

species nests in stick-nests in forests or forest patches and lays 4-6 eggs. It has been documented 

that the sparrowhawk is one of the species most affected by environmental pollutants in Europe 

after World War II (Bennington 1971, Ben nington 1974, Burgers et al. 1986, Cooke 1979, Newton 

& Bogan 1978, Newton et al. 1986, Ratcliffe 1960), and also in Norway (Bühler & Norheim 1981, 

Frøslie et al. 1986, Holt & Sakshaug 1968, Nygård et al. 2006, Nygård & Polder 2012). Estimated 

trophic leve l 4.  

 

Tawny owl ( Strix aluco ) 

The tawny owl is a medium sized owl, nesting at Østlandet, Vestlandet and in Trøndelag in 

Norway. Its habitat is connected to forest borders in cult ivated  areas, parks and old gardens. It is 

nesting in hollow trees, also in ci ties. In absence of hollow trees, it can nest in nestboxes. The 

Tawny owl lays 3-4 eggs, early in spring (March, April). Voles and other rodents contribute with 

almost 75% to its diet, with birds as an additional prey. Frogs, squirrel and other small owl 

species have been observed as prey too. The adult birds are mostly stationary, reflecting local 

pollution in its eggs. The Tawny owl is a protected species and only one egg from each nest was 

taken, under permission from the Norwegian Environment Agency. Es timated trophic level 3.  
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Fieldfare ( Turdus pilaris ) 

The fieldfare is a member of the thrush family and  is a common breeding bird in Eurasia. It is a 

migratory species; birds that breed in the northern regions migrate to the south and south -west 

in the winter. The majority of the birds that breed in Norway spend the winter months in south -

west Europe (Bakken et al. 2006). It is omnivorous, with its diet mainly consisting of 

invertebrates during spring and summer, especially earthworms. The diet changes more to 

berries, grain and seeds during autumn and winter (Haftorn 1971). Estimated trophic level 3.  

 

Earthworms ( Lumbricidae ) 

Earthworms are animals commonly living in soil feeding on live and dead organic matter. Its 

digestive system runs through the length of its body. It conducts respiration through its skin. An 

earthworm has a double transport system compo sed of coelomic fluid that moves within the 

fluid -filled coelom and a simple, closed blood circulatory system. Earthworms are 

hermaphrodites, having both male and female sexual organs. Earthworms form the base of many 

food chains. They are preyed upon by m any species of birds (e.g. starlings, thrushes, gulls, 

crows), mammals (e.g. bears, badgers, foxes, hedgehogs), and invertebrates (e.g. ground 

beetles, snails). They are found almost anywhere in soil that contains some moisture (Macdonald 

1983). Lumbricus terrestris was the most common species  in the samples. Estimated trophic level 

2 (Hui et al. 2012). Sampling sites for earthworm were Alnabru, Slottsparken, Fornebu, VEAS, 

and Frognerseteren. 

 

European Badger (Meles meles)  

The European badger is a predator and is the  second largest member of t he family Mustelidae, 

next to the wolverine . It can be up to 80 cm in length and up to 16 kg during the autumn when it 

has plenty of food. The most important food item is earthworm , but it is an opportunistic feeder . 

The badger can be found in Østlandet and Sørlandet and up to Trøndelag in Norway, and also 

detect ed in southern part of Nordland county. It is not an uncommon inhabitor  in more 

populated areas and cities. Estimated trophic level: 3  

 

Red fox ( Vulpes vulpes ) 

The red fox is the most abundant carnivore in Europe and is widespread. It is found over most of 

the world. It inhabits most of Norway, from the mountains, through the forests and the 

agricultural landscape and is also found in the cities. It primarily fe eds on rodents, but it is a 

generalist predator feeding on everything from small ungulate calves, hares, game -birds and 

other birds, reptiles and invertebrates, to human offal. Estimated trophic level 3 -4. 

 

Brown rat ( Rattus norvegicus ) 

The brown rat is on e of the most common rats in Europe. This rodent can become up to 25 cm 

long. The brown rat can be found wherever humans are living, particularly in urban areas. It is a 

true omnivore, feeding on everything from bird eggs to earthworms and human waste. The  

brown rat breeds throughout the whole year, producing up to 5 litters a year. Estimated trophic 

level: 3 -4. 

 

Soil 

Soil samples were taken from the surface layer (0 -10 cm), combining three subsamples to o ne 

combined sample per location . The location s for soil samples were the same locations as for the 

earthworm samplings to ma ke direct comparisons possible.  
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Air  

For the second time in the urban terrestrial program , air samples were collected using passive 

air samplers (PAS) at the five  locations chosen for soil - and earthworm sampling (Alnabru, 

Slottsparken, Fornebu, VEAS, and Frognerseteren). Two types of PAS adsorbents were used at all 

sites: i) polyurethane foam ( PUF), and ii) polystyrene-divinylbenzene copolymeric resin ( XAD). 

The PAS were deployed over a period of three  months (June to September 2017) giving time -

weighted average concentrations over that time period .  

1.3 Investigated pollutants  

In this study a total of 150 compounds were investigated . These included 11 metals, 7 PCBs, 16 

PFAS, 14 PBDEs, three siloxanes (D4, D5 and D6), chlorinated paraffins, organic phosphorous 

compounds (OPFRs), UV compounds, biocides and phenolic compounds, together with the stable 

isotopes Ɵ15N, Ɵ13C and Ɵ34S. Some pesticides (DDT and its breakdown products, HCB and HCH 

isomers) were analysed in sparrowhawk egg samples. OPFR and UV compounds were measured in 

a selection of pooled samples, representing the species covered within the project. An overview 

over the analysed compounds is given in Table 1 

Table 1: Overview over analysed compounds. 

Parameters  Abbreviation  CAS number 

Metals      

Chromium  Cr  7440-47-3 

Nickel  Ni  7440-02-0 

Copper Cu  7440-50-8 

Zinc Zn  7440-66-6 
Arsenic  As  7440-38-2 

Silver  Ag  7440-22-4 

Cadmium Cd  7440-43-9 

Lead Pb  7439-92-1 

Total -Mercury  Hg  7440-02-0 

Polychlorinated biphenyls (PCB)    

2,4,4' -Trichlorobiphenyl 28  PCB-28 7012-37-5 

2,2',5,5' -Tetrachlorobiphenyl 52  PCB-52 35693-99-3 

2,2',4,5,5' -Pentachlorobiphenyl 101  PCB-101 37680-73-2 

2,3',4,4',5 -Pentachlorobiphenyl 118  PCB-118 31508-00-6 

2,2',3,4,4',5' -Hexachlorobiphenyl 138  PCB-138 35065-28-2 

2,2',4,4',5,5' -Hexachlorobiphenyl 153 PCB-153 35065-27-1 

2,2',3,4,4',5,5' -Heptachlorobiphenyl 180  PCB-180 35065-29-3 

Per- and polyfluorinated substances (PFAS)  
 

  

PFCA (perfluorinated  carboxylate acids)  
Perfluorinated butanoic acid  

 
PFBA 

 

Perfluorinated hexanoic acid  PFHxA 307-24-4 

Perfluorinated heptanoic acid  PFHpA 375-85-9 

Perfluorinated octanoic acid  PFOA 335-67-1 

Perfluorinated nonanoic acid  PFNA 375-95-1 

Perfluorinated decanoic acid  PFDcA 335-76-2 

Perfluorinated undecanoic acid  PFUnA 2058-94-8 
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Perfluorinated dodecanoic acid  PFDoA 307-55-1 

Perfluorinated tridecanoic acid  PFTriA 72629-94-8 

Perfluorinated tetradecanoic acid  PFTeA 376-06-7 

Perfluorinated hexadecanoic acid  PFHxDA 67905-19-5 

Perfluorinated octadecanoic acid  PFOcDA 16517-11-6 

PFSA (Perfluorinated sulfonates)  

Perfluorinated butane sulfonate  

 

PFBS 

375-73-5 

Perfluorinated pentane sulfonate  PFPS 2706-91-4 

Perfluorinated hexane sulfonate  PFHxS 355-46-4 

Perfluorinated heptane sulfonate  PFHpS 375-92-8 

Perfluorinated octane sulfonate  
Perfluorinated octane sulfonate  (branched)  

PFOS 
brPFOS 

2795-39-3 
 

Perfluorinated nonane sulfonate  PFNS 17202-41-4 

Perfluorinated decane sulf onate  
Perfluoroundecane sulfonate  
Perfluorododecane sulfonate  

Perfluorotridecane sulfonate  
Perfluorotetradecane sulfonate  

PFDcS 
PFUnS  
PFDoS  

PFTrS  
PFTS 

67906-42-7 
 
 

 
 

nPFAS (polyfluorinated neutral compounds)  
N-Methyl perfluorooctane sulphonamide  

N-Ethyl perfluorooctane sulfonamide  
N-Methyl perfluorooctane sulfonamidoethanol                                    
N-Ethyl per fluorooctane sulfonamidoethanol  

6:2 -Fluorotelomer alcohol  
8:2 -Fluorotelomer alcohol  
10:2 -Fluorotelomer alcohol  

12:2 -Fluorotelomer alcohol  
Perfluorooctane sulfonamide  

 
meFOSA 

etFOSA 
meFOSE 
etFOSE 

6:2 FTOH 
8:2 FTOH 
10:2 FTOH 

12:2 FTOH 
PFOSA 

 
31506-32-8 

4151-50-2 
24448-09-7 
1691-99-2 

647-42-7 
678-39-7 
865-86-1 

39239-77-5 
754-91-6 

New PFAS 

6:2 Fluortelomersulphonate  
8:2 Fluortelomersulphonate  
10:2 Fluortelomersulphonate  

2,3,3,3-Tetrafluoro-2-(1,1,2,2,3,3,3-heptafluoropropoxy)propanoic 
acid 
Potassium 1,1,2,2 - tetrafluoro -2- (perfluorohexyloxy) ethane 

sulfonate  
Potassium 2-(6-chloro1,1,2,2,3,3,4,4,5,5,6,6 - 
dodecafluorohexyloxy) - 1,1,2,2 -tetrafluoroethane sulfonate 

Monochlor inated PFOS 
Monochlorinated PFOA  
Monochlorinated PFHxS  

Sodium Dodecafluoro-3H- 4,8-dioxanonanoate                                                                                        
Cyclohexanesulfonic acid  

 

6:2 FTS 
8:2 FTS 
10:2 FTS 

HFPO-DA 
 
F53 

 
F53B 
 

Cl-PFOS 
Cl-PFOA 
Cl-PFHxS 

NaDONA 
PFECHS 

 

27619-97-2 
481071-78-7 
 

13252-13-6 
 
754925-54-7   

 
73606-19-6 
 

777011-38-8 
335-63-7 
 

958445-44-8   
67584-42-3   

PAPS 
6:2 Fluorotelomer phosphate monoester  
8:2 Fluorotelomer phosphate monoester  

6:2 Fluorotelomer phosphate diester  
8:2 Fluorotelomer phosphate diester  
 

 
6:2 monoPAP 
8:2 monoPAP 

6:2 diPAP 
8:2 diPAP 

 
57678-01-0 
57678-03-2 

57677-95-9 
678-41-1 
 

Polybrominated diphenylethers (PBDE) and other FRs      

2,2',4,4' -Tetrabromodiphenylether 47  BDE-47 5436-43-1 

2,2',4,4',5 -Pentabromodiphenylether 99  BDE-99 60348-60-9 

2,2',4,4',6 -Pentabromodiphenylether 100  BDE-100 189084-64-8 

3,3',4,4',5 -Pentabromodiphenylether 126  BDE-126 366791-32-4 

2,2',4,4',5,5' -Hexabromodiphenylether 153  BDE-153 68631-49-2 

2,2',4,4',5,6' -Hexabromodiphenylether 154  BDE-154 207122-15-4 

2,2õ,3,3õ,4,5õ,6-Heptabromodiphenylether 175  BDE-175 446255-22-7 

2,2',3,4,4',5',6 -Heptabromodiphenylether 183  BDE-183 207122-16-5 

2,3,3õ,4,4õ,5,6- Heptabromodiphenylether 190  BDE-190 189084-68-2 

2,2',3,3',4,4',5,6' -Octabromodiphenylether196  BDE-196 446255-38-5 

2,2õ,3,3õ,5,5õ6,6õ-Octabromodiphenylether 202  BDE-202 67797-09-5 

2,2',3,3',4,4',5,5',6 -Nonabromdiphenylether 206  BDE-206 63936-56-1 
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2,2õ,3,3õ4,4õ,5,6,6õ-Nonabromodiphenylether 207  BDE-207 437701-79-6 

Decabromodiphenylether 209  

New BFR 

Decabromodiphenyl ethane  
2,4,6 -tribromophenyl ether)  
Ɯ-1,2 -Dibromo -4-(1,2 -di-bromo -ethyl)cyclohexane  

Ɲ-1,2 -Dibromo -4-(1,2 -di-bromo -ethyl)cyclohexane  
ƞ/Ɵ- 1,2 -Dibromo -4-(1,2 -di-bromo -ethyl)cyclohexane   
2-bromoallyl 2,4,6 -tribromophenyl ether   

Pentabromotoluene  
Pentabromoethylbenzene   
Hexabromobenzene   

2,3 -dibromopropyl 2,4,6 -tribromophenyl ether   
2-Ethylhexyl 2,3,4,5 -tetrabromobenzoate   
1,2 -Bis(2,4,6 -tr ibromophenoxy)ethane   

2,3,4,5 -tetrabromophthalate  

Dechloranes 

Dechlorane plus  
Dechlorane plus syn  
Dechlorane plus anti  

Dechlorane 601    
Dechlorane 602  
Dechlorane 603  

Dechlorane 604  
Dibromo -aldrin  

BDE-209 

 

DBDPE 
ATE (TBP-AE) 
a-TBECH  

b-TBECH  
g/d-TBECH 
BATE 

PBT 
PBEB  
HBB  

DPTE  
EHTBB  
BTBPE  

TBPH (BEH /TBP) 

 

DP 
syn-DP 
anti -DP 

Dec-601 
Dec-602 
Dec-603 

Dec-604 
Dba 

1163-19-5 

 

84852-53-9 
3278-89-5 
3322-93-8 

 
 
99717-56-3 

87-83-2 
85-22-3 
87-82-1 

35109-60-5 
183658-27-7 
37853-59-1 

26040-51-7 

 

13560-89-9 
135821-03-3 
135821-74-8 

3560-90-2 
31107-44-5 
13560-92-4 
34571-16-9 
20389-65-5  

Cyclic Siloxanes  D4 556-67-2 

 D5 541-02-6 

 D6 540-97-6 

Chlorinated paraffins  SCCP  

(C10-C13)  

85535-84-8 

 MCCP  
(C14-C17)  

85535-85-9 

Phosphorus organic flame retardants ( OPFR)   

Tri(2 -chloroethyl)phosphate  

Tris(2 -chloroisopropyl) phosphate  
Tris(1,3 -dichloro -2-propyl)phosphate  

TCEP 

TCPP/TCIPP 
TDCPP/TDCIPP 

115-96-8 

13674-84-5 
13674-87-8 

Tri s(2-butoxyethyl) phosphate  

2-etylhexyldi phenyl phosphate  
Tricresyl phosphate  
Tri -n-butylphosphate  

Tri -iso-butylphosphate  
Triethyl phosphate  
Tripropyl phosphate                                       

Triiso butyl  phosphate  
Butyl diphenyl phosphate  
Triphenyl phosphate  

Dibutylphenyl phosphate  
Trixylylphosphate  
Tris(4 -isopropylphenyl)phosphate  

Tris(4 -Tert -butylphenyl)phosphate  
Tris(2 -ethylhexyl)phosphate  

TBEP/TBOEP 

EHDP/EHDPP 
TCP 
TBP/ TnBP 

TBP/TiBP 
TEP 
TPrP/TPP 

TiBP 
BdPhP 
TPP/TPhP 

DBPhP 
TXP 
TIPPP/T4IPP 

TTBPP 
TEHP 

78-51-3 

1241-94-7 
1330-78-5 
126-73-8 

126-71-6 
78-40-0 
513-08-6 

126-71-6 
2752-95-6 
115-86-6 

2528-36-1 
25155-23-1 
26967-76-0 

78-33-1 
78-42-2 

UV compounds   

Octocrylen  
Benzophenone -3 
Ethylhexylmethoxycinnamate  

UV-327  
UV-328  
UV-329  

OC 
BP3 
EHMC 

UV-327  
UV-328  
UV-329 

6197-30-4 
131-57-7 
5466-77-3 

3864-99-1 
25973-55-1 
3147-75-9 

Biocids    

Bromadiolon  
Brodifacoum   

Flocumafen   
Difenacoum   

 28772-56-7 
56073-10-0 

90035-08-8 
56073-07-5 

Phenols 
Bisphenol A  
Bisphenol S  

 
Bis-A 
Bis-S 

 
80-05-7 
80-09-1 
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Bisphenol F  

Hexafluorobisphenol A  
Bisphenol BP 
Bisphenol B 

Bisphenol Z 
Bisphenol AP 
Bisphenol E 

Bisphenol FL  
BIsphenol P 
Bisphenol M 

Bisphenol G 
Bisphenol TMC 
 

Nonylphenol  
Octylphenol  
Tetrabromobisphenol A  

 
Ethoxylates  
Octylphenol MonoEthoxylate  

Nonylphenol MonoEthoxylate  
Octylphenol DiEthoxylate  
Nonylphenol DiEthoxylate  

 

Bis-F 

Bis-AF 
Bis-BP 
Bis-B 

Bis-Z 
Bis-AP 
Bis-E 

Bis-FL 
Bis-P 
Bis-M 

Bis-G 
Bis-TMC 
 

 
 
TBBPA 

 
 
OPEO 

NPEO 
OPEO2 
NPEO2 

 

1333-16-0 

1478-61-1 
1844-01-5 
77-40-7 

843-55-0 
1571-75-1 
2081-08-5 

3236-71-3 
2167-51-3 
13595-25-0 

127-54-8 
129188-99-4 
 

104-40-5 
1806-26-4 
79-94-7 

 
 
51437-89-9 

104-35-8 

Pesticides    

HCB 

a-HCH 
b-HCH   
g-HCH   

o,p -DDT   
p,põ-DDT  
o,p-DDE   

p,põ-DDE  

 118-74-1 

319-84-6 
319-85-7 
58-89-9 

789-02-6 
50-29-3 
3424-82-6 

72-55-9 
   

1.3.1   Metals including Hg  

Because of their high degree of toxicity,  even at low concentrations, mercury (Hg), lead (Pb) 

cadmium (Cd) and arsenic (As) are considered priority metals that are of environmental and 

public health significance  (Tchounwou et al. 2012; AMAP, 2009). This group is therefore of main 

focus in this report and defined as the group ôtoxic metalsõ. These metallic elements are 

considered systemic toxicants that are known to induce multiple organ damage, even at lower 

levels of exposure.  Best studied is the uptake of metals from soil to inverte brates (Heikens et al. 

2001). The impact these metals have on humans and animals is well known, and all four  metals 

are considered as environmentally hazardou s compounds (Latif et al. 2013) . Recently, there has 

been an increased use of silver as nanoparticles. Nanotechnology makes it possible to combine 

silver (Ag) with other materials, such as different polymers. As a result, Ag now can be found in a 

variety of new products, which again lead to alteration of emission sources and patterns. 

Adsorbed Ag may have long residence time in the organism (Rungby 1990). Arsenic is also known 

as a toxic metalloid (Klaassen 2008). Among the different metals determined in the present 

work, Hg, Pb and Cd have a potential to bioaccumulate (Connell et al. 1984; La tif et al. 2013). 

However, Hg (as methyl-mercury (MeHg)) is the only metal with high bioaccumulation potential 

through food -chains. 

1.3.2   Polychlorinated biphenyls (PCB)  

Polychlorinated biphenyl s (PCBs) have been used in a variety of industrial applications sin ce the 

1930s. PCBs were used in Norway until the 1980s, in cooling agents and insulation fluids, as 

plasticizers, lubricant oils, hydraulic fluids and sealants among others. Use of PCBs was banned 

in Norway in 1980. They are known to degrade very slowly in  the environment, are toxic, may 

bioaccumulate and undergo long-range environmental transport (Gai, et al. 2014). As a result , 
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PCBs are recognized as persistent organic pollutants and are regulated under the Stockholm 

Convention. They are widely distribute d in the environment and can be found in air, water, 

sediments and biota. Most PCBs are poorly water soluble, but dissolve efficiently in lipid -rich 

parts of organisms (hydrophobic and lipophilic). They can affect the reproduction success, impair 

immune response and may cause defects in the genetic material. PCBs can be metabolized in 

organisms and form metabolites causing hormonal disturbances. This study includes the group of 

PCBs found to be dominating in most environmental samples, the non -dioxin like P CBs, the so-

called PCB7 group.  

1.3.3   Polybrominated diphenylethers (PBDE)  

Polybrominated diphenylethers (PBDEs) is a group of additive flame retardants with a wide 

variety of uses in plastics/ polymers/composites, textiles, furniture, housings of computers and  

TVs, wires and cables, pipes and carpets, adhesives, sealants, coatings and inks. There are three 

commercial PBDE products, technical or commercial penta -, octa and decabromodiphenyl ether. 

These are all technical mixtures containing different PBDE congen ers. Tetra -, penta -, hexa- and 

heptaBDE congeners were listed in the Stockholm Convention in 2009, due to being persistent, 

bioaccumulative , and are toxic chemicals that can undergo long -range environmental transport 

(Darnerud, 2003; Law et al., 2014) . As a result, the commercial penta - and octa-PBDE mixtures 

were globally banned and listed in the Stockholm Convention. The use of commercial decaBDE 

was banned in Norway in 2008. In the same year a restriction on the use of commercial decaBDE 

in electrical an d electronic products entered into force in the EU. A restriction on the 

manufacture, use and placing on the market of decaBDE in EU enter into force in 2019. In North -

America voluntary agreements with the industry have led to reduced use of decaBDE. Globa lly, 

commercial deca-BDE is still widely used and remains a high production volume chemical. 

However, an agreement for including decaBDE in the Stockholm Convention as a persistent 

organic pollutant was settled in May -2017.  

 

The tetra - and pentaBDE congeners BDE 47 and 99, which were the main components of 

commercial pentaBDE mixtures, are among the most studied PBDEs. The early documentation of 

congeners of the technical mixtures penta - and octa-BDE detected in the Arctic was one of the 

main reasons to ban production, import, export, sales and use of products with more 0.1 % (by 

weight) of penta -, octa - and deca-BDE in Norway. The regulation and banning of the PBDEs, and 

most probably better waste handling, have resulted in a decrease of most BDEs, except BDE 209, 

the main component of commercial decaBDE, over time (AMAP 2009; Helgason et al. 2009). 

Spatial trends of PBDEs in arctic seabirds and marine mammals indicate that Western Europe and 

eastern North America are important source regions of these compo unds via long-range 

atmospheric transport and ocean currents. The tetra to hexaBDEs biomagnify in arctic food webs 

while results for the fully brominated PBDE congener, BDE 209 or decaBDE, are more ambiguous. 

Several lines of evidence show that also BDE-209 bioaccumulates, at least in some species. The 

available bioaccumulation data largely reflects species and tissue differences in uptake, 

metabolism and elimination, as well as differences in exposure and also analytical challenges in 

measuring BDE-209. Moreover, in the environment and biota, BDE 209 can debrominate to lower 

PBDE congeners that are more persistent, bioaccumulative and toxic. PBDE concentrations are 

often lower in terrestrial organisms compared to marine top predators (de Wit et al . 2010 and 

references herein).  

 

New brominated flame retardant s (New BFR) 

As a result of the regulation of the penta - and octaBDEs and more recently decaBDE, new non-

PBDE BFRs have been introduced into the market. Firemaster 550 (containing BEHTBP) is a 
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replacement  product for PentaBDE (Venier and Hites, 2008) and was introduced to the market in 

2003 (Stapleton et al., 2008).  Saytex 8010 (Albemarle) and Firemaster 2100 (Chemtura), which 

are common trade names for decabromodiphenyl ethane (DBDPE) is a replacement for  the 

DecaBDE and was introduced into the market in the mid -1980s (Umweltbundesamt, 2001).  

  

1.3.4   Per- and polyfluorinated alkyl substances (PFAS)  

Per- and polyfluorinated alkylated substances (PFASs) have been widely used in many industrial 

and commercial applications. The chemical and thermal stability of a perfluoroalkyl moiety, 

which is caused by the very strong C-F bond, in addition to its hydrophobic and lipophobic 

nature, lead to highly useful and enduring properties in surfactants and polymers. Polymer 

applications include textile stain and water repellents, grease -proof, food -contact paper and 

other food contact materials used for cooking. Surfactant applications that take advantage of 

the unparalleled aqueous surface tension ðlowering properties include  processing aids for 

fluoropolymer manufacture, coatings, and aqueous film ðforming foams (AFFFs) used to extinguish 

fires involving highly flammable liquids. Numerous additional applications have been described, 

including floor polish, ski waxes, and water -proof coatings of textile fibers  (Buck et al 2011). 

Since they are so persistent and hardly degrade in the environment, and due to their widespread 

use, PFASs have been detected worldwide in the environment, wildlife, and humans. Scientific 

studies focus on how these substances are transported in the environment, and to what extent 

and how humans and wildlife are exposed and their potential toxic effects (Butt et al. 2010; 

Jahnke et al. 2007; Kannan et al. 2005; Stock et al. 2007; Taniyasu et al. 2003; Tri er et al. 2011; 

de Wit et al. 2012).  Studies have revealed the potential for atmospheric long-range transport of  

PFAS (Ahrens et al, 2011; AMAP Assessment 2015). Toxic effects on biological organisms and 

humans where for example discussed by Gai et al. (2014), Hagenaars et al. (2008), Halldorsson et 

al. (2012), Newsted et al. (2005), and Whitworth et al. (2012). Polyfluorinated acids are 

structurally similar to natural long -chain fatty acids and may displace them in biochemical 

processes and at receptors, such as PPARƜ and the liver-fatty acid binding protein (L -FABP). 

Perfluoroalkanoates, particularly PFOA, PFNA and PFDA, but not PFHxA, are highly potent 

peroxisome proliferators in rodent livers and affect mitochondrial, microsomal, and cytosolic 

enzymes and proteins involved in lipid metabolism. Beach et al. (2006) reported an increased 

mortality for birds (mallards Anas platyrhynchos and northern bobwhite quail Colinus 

virginianus ) and a reduced reproduction success have been observed. PFOA and other PFAS are 

suspected to be endocrine disruptors and exposure during pregn ancy has induced both early and 

later life adverse health outcomes in rodents. Associations between PFOA exposures and human 

health effects have been reported. PFOS, its salts and PFOSF are listed in the Stockholm 

Convention and are recognized as persistent organic pollutants. However globally, the 

production and use of PFOS, its salts and PFOSF is still allowed for certain applications. In 

Norway, PFOS and PFOA are banned, and the C9-C14 PFCAs and PFHxS1 are on the Norwayõs 

Priority List of Hazardous substances as well as being included in the candidate list of substances 

of very high concern for Authorization in ECHA.  

 

New PFASs 

In addition, more than 3000 PFASs are on the global market for intentional uses, and the 

chemical identities of many are yet unknown (Wang et al., 2017) . Emissions and leakage to the 

environment are unavoidable, and sooner or later, environmental co ncentrations will be 

reported. For example, in a recent study (MacInnis et al 2017) perfluoro -4-

                                                 
1 https://echa.europa.eu/documents/10162/40a82ea7 -dcd2-5e6f-9bff -6504c7a226c5 
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ethylcyclohexanesulfonate (PFECHS) was detected for the first time in an atmospherically 

derived sample, and a potential source was attributed to aircraft hydraulic system leakage. Also, 

Pan reported the occurrence and bioaccumulation of hexafluoropropylene oxide t rimer Acid in 

surface water and fish (Pan et al., 2017).  Gebbink et al.  2017, published findings of the PFOA 

replacement chemical GenX at all downstream river sampling sites with the  highest 

concentration (812 ng/L) at the first sampling location downstream from a production plant in 

The Netherlands, proving the necessity of measuring for a broad range of emerging PFAS.  

1.3.5   Cyclic volatile methyl siloxanes, (cVMS) 

There are concerns about the properties and environmental fate of the three most common 

cyclic siloxanes D4, D5, and D6 (Wang et al., 2013) . These compounds are used in large volumes 

in personal care products and technical applications and are released to the environment either 

through volatilization to air or through wastewater effluents. Once emitted to water, they can 

sorb to particles and sediments or be taken up by aquatic biota. They are persistent in the 

environment, can undergo long -range atmospheric transport, and can ha ve high concentrations 

in aquatic biota , but often lower in the terrestrial environment. There is still limited knowledge 

on their toxicity, but D4 has been shown to display endrocrine disrupting effects. D4 and D5 are 

listed on Norwayõs priority list with the aim to stop emissions of these substances within 2020. 

The European Commission has published its Regulation to restrict the use of 

octamethylcyclotetrasiloxane (D4) and decamethylcyclopentasiloxane (D5) in wash -off cosmetic 

products in a concentration  equal to or greater than 0.1% by weight.  

 

1.3.6   Chlorinated paraffins (CPs)  

CPs have been produced since the 1930s and the world production of chloroparaffins was 300,000 

tonnes in 2009. Chloroparaffins are used in coolants and lubricants in metal manufacturin g 

industry and as plasticizers and flame-retardant  additives in plastic, sealants, rubber and leather 

(KEMI, 2013, WHO 1996). The non-flammability of CPs, particularly at high chlorine contents, 

relies on their ability to release hydrochloric acid at eleva ted temperatures, thereby inhibiting 

the radical reactions in flames (WHO, 1996).  

 

 There exist some data on SCCP and MCCP detected in Norwegian environment and other parts of 

the world, including Arctic.  In air collected at Bear Island (Norway), concentra tions were 1.8 to 

10.6 ng/m 3 (Borgen et al. 2003) . In a screening study (Harju et al., 2013) , SCCP and MCCP were 

detected in Norwegian Arctic biota. Levels of SCCPs were found to dominate compared to MCCPs 

in polar bear and seal plasma, kittiwake eggs, cod  liver and polar cod. However, the opposite 

trend was observed for glaucous gull plasma and eider duck eggs where MCCPs were found at 

higher concentrations. The data indicat ed that SCCP and MMCP biomagnified in Arctic food webs 

with TMF > 1. A recent subtr opical marine food web study also indicated tha SCCP and MCCP 

biomagnified with t rophic magnification factors for ×SCCPs and ×MCCPs were 4.29 and 4.79 (Zeng 

et al 2017). In a Canadian freshwater study in Lake Ontaio and Lake Michigan , SCCPs and MCCPs 

were found to biomagnify between prey and predators from both lakes with highest values 

observed for Diporeia -sculpin (Lake Ontario, C15Cl9 = 43; Lake Michigan, C10Cl5 = 26). Trophic 

magnification factors for the invertebratesĬforage fishĬlake trout food webs  from the same study  

ranged from 0.41 to 2.4 for SCCPs and from 0.06 to 0.36 for MCCPs (Houde et al., 2008) . SCCPs 

and MCCPs have been found in sediments from landfills in Norway at levels of up to 19,400 and 

11,400 ng/g ww with peak lev els associated with waste deposition from mechanical and shipping 

industries (Borgen et al., 2003). CPs have been detected in biota samples collected in Norway, 

SCCPs ranged from 14 to 130 ng/g wet weight (ww) in mussels and were also detected in moss 
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samples (3ð100 ng/g ww), revealing the potential transportation of SCCPs in the atmosphere 

(Borgen et al., 2003).  In fish livers collected from samples in the North and Baltic Seas, SCCPs 

and MCCPs ranged from 19 to 286 and <10 to 260 ng/g ww (Geiss et al. 2010; Reth et al. 2006).  

In a recent study ( Yuan & de Wit, 2018),  SCCP and MCCP were measured in Swedish terrestrial 

birds and animals; SCCP and MCCP concentrations in starling were 360 and 310 ng/g lw, 

respectively ; in peregrine falcon SCCP and MCCP were 580 and 410 ng/g lw. Bank vole had 420 

and 30 ng/g and lynx had 820 and 750 ng/g lw for SCCP and MCCP, respectively. SCCP was 

included in the POPs Regulation (EC) 850/2004 by the amendment (EU) 2015/2030 in 2015. So far 

MCCPs are not globally regulated, however, SCCP has recently been included in the Stockholm 

Convention, and a global regulation will be effectu ated within November 2019.  

1.3.7   Organophosphorous flame retardants ( PFR) 

The global use of phosphorous containing flame retardants in 2001 was 186000 tonne s (Marklund 

et al., 2005). Arylphosphate is used as a flame retardant, but also as a softener in PVC and ABS. 

They are also used as flame retardants in hydraulic oils and lubricants. Some PFRs are known to 

be very toxic. PFRs can be either inorganic or org anic, and the organic PFRs can be divided into 

non-halogen PFRs and halogenated PFRs. In the halogenated PFRs chlorine is the most common 

halogen (Hallanger et al., 2015). In this study both halogenated and non -halogen organic PFRs 

are included. The chlori nated OPFR compounds are thought to be sufficiently stable for short - 

and medium-range atmospheric transportation (Regnery and Püttmann, 2009), and observations 

of PFRs in the marine environment (Bollmann et al., 2012) and in remote areas (Aston et al., 

1996; Regnery and Püttmann, 2009, 2010), such as glacier-ice in the Arctic and particulate 

organic matter in Antarctic (Ciccioli et al., 1994; Hermanson et al., 2005) suggests that some 

PFRs are subject to long-range tr ansport (Möller et al., 2012).  

 

1.3.8  Dechloranes 

Under the common term dechloranes we find different dechlorane structures and the closely 

related dibromoaldrine (DBALD). All of them are used as flame retardants or are impurities of DP 

and are polycyclic and highly chlorinated (or partly brominated) compounds. As the production 

of these compounds start with hexachlorocyclopentadiene (HCCP) they are chemically closely 

related to Mirex and a lot of other pesticides.    

 

There is a growing international interest in dechlorane related compounds  with an increasing 

number of scientific papers and reports on this compound group. A review study in 2011 on 

Dechlorane Plus (DP) summarized the available information as following: Dechlorane Plus (DP) is 

a high production volume and very persistent compo und. DP is a global contaminant and has 

recently been detected along a pole -to-pole transect of the Atlantic Ocean. There seems to be 

one production site in North America and at least one in China. Beside DP there are other closely 

related compounds in the  environment. These DP analogues have also been detected globally. 

Modelling data are in agreement with available environmental data, proposing DP and analogues 

to be persistent, bioaccumulative, and long -range transported (Sverko et al., 2011).  A recent 

Norwegian screening study from the Oslo area reported detectable concentrations of  syn- and 

anti -DP in rat liver samples, in influent, effluent and sludge from Vestfjorden Wastewater 

Treatment Plant (Veas)  and in indoor house dust samples (Schlabach et al.,  2017a).  

 

In a screening study of Arctic biota samples Dec-602 was found in detectable concentrations in 

glaucous gull, kittiwake and polar bear. S yn- and anti -DP were only detected in ringed seal and 

polar bear samples (Schlabach et al., 2017b).  
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1.3.9   Alkyl phenols and bisphenols  

Nonyl- and octylphenols are used in manufacturing  antioxidants , lubricating oil  additives, laundry 

and dish detergents , emulsifiers , and solubilizers.  Nonylphenol has attracted attention due to its 

prevalence in the environment and due to its ability to act with  estrogen-like activity. Nonyl- 

and octylphenols are also precursors of the degradation products alkylphenol ethoxylates.  

 

Waste water treatment plants are one of the main sources of nonyl - and octylphenols besides 

degradation in the environment (Loyo -Rosales et al., 2007). Nonylphenol is rated harmful and 

corrosive, as well as harmful for the aquatic ecosystem (Preuss et al., 2006).  

 

Bisphenol A (Bis-A) is an industrial chemical with high production volumes used in the production 

of polycarbonate plastics and epoxy resin s. Due to its versatile use, Bis -A is a pollutant found in 

all ecosystems worldwide (Fromme et al. 2002). Especially the endocrine disrupting capability is 

of concern. Following opinions of scientists, pu blic and regulators, manufacturers have begun to 

remove bisphenol A from their products with a gradual shift to using bisphenol analogues in their 

products. In t hese days two of the analogues ð bisphenol S (Bis-S) and bisphenol F (Bis-F) have 

been mostly used as bisphenol A replacements. Bis-S is used in a variety of applications, for 

example as a developer in a thermal paper, even in the products marketed as òBPA-free 

paperó(Liao et al., 2012) . Bis-S is also used as a wash fastening agent in cleaning products, an 

electroplating solvent and constituent of phenolic resins (Clark, 2000). Bis-F is used to make 

epoxy resins and coatings such as tanks and pipe linings, industrial floors, adhesives, coatings 

and electrical varnishes (Fiege et al., 2 000). The brominated version, tetrabromobisphenol A, is 

used as one of the major brominated flame -retardants.   

 

The restrictions for the use of Bisphenol A by the polymer industry triggered its replacement 

with bisphenol S (Bis-S) in thermal paper and o ther products. Bisphenol F (B is-F) and bisphenol B 

(Bis-B) can replace Bis-A in the production of epoxy resin and polycarbonate. They have been 

detected in canned foods and soft drinks. In addition to these analogues, bisphenol AF ( Bis-AF) 

has broad application in the manufacture of phenolic resins or fluoroelastomers. Annual 

production is assumed to be in the range of 5 to 300 tons in the USA (Yang et al. 2014). 

Unfortunately, those new bisphenol compounds could have similar deleterious effects as B is-A. 

Recent studies have indeed demonstrated possible estrogenic activity similar to that of B is-A 

(Rosenmai et al. 2014).  

1.3.10   UV compounds 

Concern over our contribution to the loads of environmental contaminants originating from our 

use of personal care products is continuing to grow. Due to their continuous release via 

wastewater effluent, personal care products have been termed pseudo -persistent (Barceló  & 

Petrovic, 2007) irrespective of their PBT characteristics. The increase in public awareness over 

the dangers of over-exposure to sunlight has lead to an increase in products available to protect 

us. The first reported environmental occurrence of an organic UV filter was over 30 years ago 

when benzophenone was determined in the Baltic Sea (Ehrhardt et al.,  1982), although personal 

care products were not identified as the source. UV filters and UV stabilizers all absorb UV light 

and in general can be loosely divided into 2 categories; UV filters used in personal care products 

to protect hair and cutaneous me mbranes from sun damage, and UV stabilizers used in technical 

products such as plastics and paints to protect polymers and pigments against photodegradation, 

and to prevent discolouring. Many of the compounds are used for both purposes and frequently 
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used in combination to extend the UV range protection provided. It is widely reported that UV 

filters and stabilizers used in personal care products enter the aquatic environment indirectly via 

sewage effluent discharges and directly from water sports activitie s causing them to wash 

directly from skin surfaces into receiving waters (Langford et al., 2015). UV filter occurrence can 

be season- and weather dependent, higher concentrations were detected in wastewater 

influents in summer than in winter (Tsui et al., 2014) and receiving waters have demonstrated 

the same patterns of distribution with higher concentrations in hot weather than in cold 

(Langford and Thomas, 2008).  

 

Benzotriazoles  

Orthohydroxy benzotriazole UV stabilizers are heterocyclic compounds with a hydroxyphenyl 

group attached to the benzotriazole structure. This class of UV stabilizers has a broad range of 

physico-chemical properties enabling them to absorb or scatter UV light as well as reflect it, 

making them very useful for UV protection. The ozo ne layer is efficient at removing UV radiation 

below 280 nm so benzotriazoles have been developed to absorb the full spectrum of UV light 

from 280 nm to 400 nm.  

 

Bioaccumulation has been observed in the marine environment in Japan for this group of UV 

stabilizers (Nakata et al., 2009). UV -320 (2-(3,5-di-t -butyl -2-hydroxyphenylbenzotriazole) for 

example is considered to be a PBT compound and has been banned from manufacture or use in 

Japan. Filter -feeding and sediment -dwelling organisms contained some of the  high 

concentrations indicating sorption to particulates is a likely sink for some benzotraizole UV 

stabilizers. UV 328 was found in breastmilk of women in Korea by Lee et al.  2015, emphasising 

human exposure of these chemicals.  

 

BP3 (Benzophenone -3) 

Benzophenones have a high stability in UV light and absorb UV light in the UVA and UVB range. 

Benzophenones interact with the estrogen and androgen receptor and induce vitellogenin in 

male fathead minnow ( Pimephales promelas), although in vitro BP-3 was up to 100,000 times 

less potent than estradiol. BP -3 demonstrated some limited agonistic activity at the androgen 

receptor, but significant anti -estrogenic activity in vitro. Androgen receptor antagonist activity 

using yeast cells possessing the androgen receptor was equally as potent as flutamide. It is 

possible that the estrogenic activity may have resulted from demethylation of BP -3 to the 4 -

hydroxy metabolite, which is a more potent estrogen receptor agonist than the BP -3 (Kunz and 

Fent, 2006).  

 

ODPABA (2-eth ylhexyl -4-dimethylaminobenzoate)  

ODPABA absorbs UV light only in the UVB range. ODPABA has a half-life of 39 hours in seawater 

and the presence of organic matter may inhibit photolysis (Sakkas et al., 2003).  

 

 

EHMC (Ethylhexylmethoxycinnamate)  

EHMC is the most commonly used UV filter in sun lotions and is used in over 90% of those 

available in Europe. It has demonstrated multiple hormone activities in fish with gene expression 

profiling showing antiestrogenic activity compared to estrogenic/antiandrogenic activity usi ng 

VTG induction (Christen et al., 2011; Fent et al., 2008). EHMC is lipophilic and accumulates in 

biota showing a tendency to bioaccumulate through different trophic levels (Fent et al., 2010).  
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OC (Octocrylene)  

OC absorbs light in the UVB range and short wavelength UVA light also, and is frequently used to 

protect other UV filters from photodegradation in the UVB range. OC was one of the main UV 

filters detected during the Screening 2013, found in treated wastewater, sludge, sediments and 

cod liver, indicating bioavailability ,  but no biomagnification (Thomas, 2014).  

1.3.11  Biocides 

Rodenticides are classed as biocides, and in Europe they are regulated by the EU Biocidal 

Products Regulation (EU) no 528/2012. The first -generation rodenticides were introduced for 

pest control in the 1940s , but after some rodents developed resistance to these compounds, 

second-generation anticoagulant rodenticides (SGARs) were developed and introduced in the 

1970s. The SGAR group includes brodifacoum, bromadiolone, difenacoum, difethialone, and 

flocoumafen. They act as vitamin K antagonists and interfere with the synthesis of blood clotting 

agents in vertebrates making them vulnerable to haemorrhage (Stone et al. 2003; 

Vandenbroucke 2008).  

 

Compared to the first generation of rodenticides such as warfarin, SGARs are more likely to have 

effects on non -target species due to their extremely slow elimination rate from the target 

species and their higher vertebrate liver toxicity. They are likely to accumulate in non -target 

species which consume either bait or poisoned prey. Exposed rodents for example, can survive 

for several days after consumption of SGARs and continue to consume bait which in turn 

increases their body burden allowing an even gre ater exposure potential to non -target predators. 

SGARs are considered high potency anticoagulants and the substances are retained in the liver 

for 6 -12 months after exposure, compared to up to 1 month for warfarin, a first -generation 

rodenticide (Eason et al. 2002).  

 

Exposure can occur indirectly as a result of avian and mammalian predators consuming exposed 

target or non -target rodent species (secondary poisoning), or directly through consumption of 

the baits (primary poisoning). The use of SGARs has been extensive in Norway and Europe. As a 

result of the risk assessment of the SGARs under the Biocidal Products Regulation (EU 528/2012), 

several risk mitigation measures have been implemented in Norway and other European 

countries. Limited data are available  on the occurrence of SGAR residues in non-target species in 

Norway (Langford et al., 2013). However, monitoring data show that SGARs are found in non-

target animals throughout Europe (Laakso et al. 2010; Elmeros et al. 2015).  The environmental 

occurrence of brodifacoum was investigated in New Zealand (Ogilvie 1997). Aerial application of 

brodifacoum was used on a small island to eradicate rats. After an  aerial application of cer eal-

based bait, no residues were detected in water or soil, or in the beetles f ound on the bait 

although it is possible that the sampling campaign was not extensive enough. However, residues 

were detected in one anthropod ( Gymnoplectron spp), and in the livers of one owl ( Ninox 

novaeseelandiae) and one parakeet ( Cyanoramphus novaezelandiae). Clearly, it is difficult to 

draw conclusions from such a small study, but it does highlight the potential of exposure. The 

occurrence of residues in the anthropod s raise concerns about insectivore exposure whereas 

other studies have all focused on  carnivorous species such as raptors and vultures.  

 

In a previous study of Norwegian raptors (Langford et al, 2013), brodifacoum, bromadiolone, 

difenacoum and flocoumafen were detected in golden eagle ( Aquila chrysaetos) and eagle owl 

(Bubo bubo) livers a t a total SGAR concentration of between 11 and 255 ng/g in approximately 

70% of the golden eagles and 50% of the eagle owls examined. In the absence of specific golden 

eagle and eagle owl toxicity thresholds for SGARs, a level of >100 ng/g was used as a potential 
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lethal range, accepting that poisoning may occur below this level. Thirty percent of the golden 

eagle and eagle owl livers contained total SGAR residue levels above this threshold.  

1.3.12  Stable isotopes  

Stable isotopes of carbon and nitrogen can be used to define the trophic position of an organism 

as well as assess the carbon sources in the diet of the organism (Peterson and Fry, 1987). The 

isotope ratio of carbon results in a unique signature, which is propagated upwards to the 

predators (DeNiro and Epstein 1978). The differentiation between terrestrial and marine diet is 

possible as well (Hobson and Sealy 1991). Predators feeding mostly on marine organisms will 

show a higher accumulation of 13C than predators from the terrestrial food chain. The  

comparison of carbon signatures of organisms from the same food chain will also give the 

possibility to identify their diet. The enrichment of the heavier 15N-isotope in relation to the 

lighter 14N-isotope in the predators, compared to the prey, is used to define the relative position 

in a food chain of an organism. Subsequently, the correlation between concentrations of 

pollutants relative to their trophic concentration can be used to estimate biomagnification (Kidd 

et al. 1995).   
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2. Methods  

2.1 Sampling  

The main objective of the project was to assess the presence of the targeted contaminants  in a 

terrestrial ur ban environment in  Norway, and to assess the bioaccumulation  potential  of the 

contaminants. A variety of locations were chosen for sampling of air, soil , earthworms and, when 

possible, fieldfare eggs, reflecting the different area uses in an urban setting: Alnabru, an 

industrialised  site; Slottsparken , an urban park surrounded by traffi c; Frognerseteren, a popular 

skiing area, also used for international competitions ; Fornebu, an area with a former national 

airport , and VEAS, Norwayõs largest sewage treatment plant. The different species included in 

the study were selected to represent different trophic levels, from primary consumers 

(earthworm) via secondary consumers (fieldfare and badger) to a top predator (sparrowhawk). In 

addition, two  omnivore generalist s representing a truly urban environment, the red fox  and the 

brown rat , w ere chosen. The tawny owl is also top predator, feeding primarily on s mall rodents. 

Sparrowhawk and tawny owl eggs were used in this study to giv e insights to  how terrestrial top 

predator s within both urban and rural habitats are affected by pollution levels  and their 

biomagnification potentials . An overview over the analyse d species and samples is given in Table 

2. All samples were sampled and handled according the guidelines given in OSPAR/ JAMP, 2009.  

 

Table 2 Location and selection of samples (Coordinates can be found in the Appendix) . 

 
Air  
Air concentrations were measured using t wo types of p assive air samplers (PAS) at five  locations; 

Fornebu, VEAS, Alnabru, Slottsparken, and Frognerseteren, the same sites as for soil and worms.  

The PAS were prepared , deployed and retrieved by NILU personnel. Each sampler type was 

exposed for three months (June -September 2017) according to standard routines in the guidance 

document for the Global Monitoring Plan, GMP (UNEP, 2015). Field blanks for air samples were 

continuously included . These were transported a nd stored together with the exposed samples 

and give information about any contamination during sampling or storage.  

 

Sample type  No. of 
samples 

Location  Date Sampling strategy  

Air  

 

5 Oslo 2017 Passive air samples 

Soil  5 Oslo 

 

2017 Pool of individual samples 

Earthworms ( Lumbricidae ) 5 

 

Oslo 

 

2017 Pool of individual samples 

Fieldfare ( Turdus pilaris ) 

 

10 Oslo 

 

2017 Pool of 2 eggs from same nest 

 

Sparrowhawk ( Accipiter nisus ) 

 

10 Oslo 

 

2017 Fresh eggs 

 

Brown rat ( Rattus norvegicus ) 9 Oslo 2017 Pool of 2 individual samples for 6 

samples 

 

Tawny owl ( Strix aluco ) 

 

7 Oslo 2017 Addled eggs 

 

Red fox ( Vulpes vulpes ) 

 

10 Oslo  2017 Individual liver samples  

Badger (Melis melis)  3 Oslo 2017 Individual  liver samples 
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The two types of PAS were chosen to collect  a wide spectrum of volatile and semi-volatile 

contaminants;  i) PUF disks were used to collect semi-volatile non -polar contaminants  (i.e. PCBs, 

PBDEs, nBFRs, CPs, and OPFRs), and ii) XAD was used to collect more volatile and more polar 

contaminants (i.e. siloxanes and PFAS). While XAD is considered a pure gas-phase sampler, the 

PUF-PAS can also sample particle -associated compounds to some extent although with lower 

accuracy. Some particle-associated compounds (e.g. BDE-209) are collected by the PUF-PAS but 

the results should be considered as less certain due to the uncertainties of the uptake in the 

sampler (which is not designed to sample particles, but gases)  (Bohlin et al., 2014; Melymuk et 

al., 2016) . The PUF disk and the XAD are placed in metal container s specially designed for each 

sampler type to  control the uptake of chemicals. The use of PAS for volatile -semivolatile organic 

contaminants is considered as a good sampling strategy for screening at several sites 

simultaneously (Melymuk et al., 2016) . It is important to highligh t that the PAS are designed as 

complementary tools to active air samplers and that the PAS provide semi -quantitative levels 

which should be treated with caution in further analyses. The data from PAS can be compared 

between sampling sites when normalized to ng/day or further converted to estimated 

concentrations in air (pg/m3). Conversion to estimated concentrations is done using class -

specific uptake rates obtained from calibration studies (Bohlin et al. 2014; Melymuk et al., 

2016). The estimated concentrations in air can be compared w ith data from active air samplers 

in previous studies. However, a direct comparison to data from active samplers used at 

monitoring stations (for example Zeppelin and Birkenes stations) should be done with caution as 

the accumulation in PAS and the applied  uptake rates introduce factors of uncertainty.  

 

For the targeted pollutants  in this study there are published uptake rates from calibration 

studies for PCBs, PBDEs, cVMS and CPs but not for PFAS, OPFRs and dechloranes (Bohlin et al., 

2014; Krogseth et al., 2013 ; Li et al., 2012 ). For PCBs and CPs, an uptake rate of 4 m3/day is 

used in this study (Harner et al., 2006; Bohlin et al., 2014; Li et al., 2012) . For PBDEs an uptake 

rate of 2 m3/day is used (Bohlin et al., 201 4) and for siloxanes an uptake rate of 0.5 m3/day  was 

used (Krogseth et al 2013a).  Data from the passive air samplers in this study are presented as 

ng/day for all targeted pollutants and as estimated air concentrations (pg/m3) for the pollutants 

with uptake rates. Due to t he uncertain ty of uptake rates, it is first recommended to make a 

relative comparison of levels (ng/ day) across sites for  the vario us pollutant  groups in this present 

study. For comparison to air concentrations from active air samplers the estimate d air 

concentrations  are used.  

 

 Deployed 2017 Retrieved 2017 Number of exposure 

days 

Alnabru June 27 September 20 85 

Frognerseteren (Holmenkollen)  June 23 September 20 89 

Slottsparken (Dronningparken) June 23 September 20 89 

Fornebu June 27 September 20 85 

VEAS June 23 September 20 89 
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Figure 1. Air samples (PUF and XAD) at one sam pling site  

 

Soil  

Soil samples were collected at  the same five locations  as air samples (Figure 2). The upper layer 

of 0-10 cm of soil was sampled. The different locations varied between forest soil 

(Holmenkollen), and urban soil characterized by little plant debris and artificial fer tili sation 

(Slottsparken),  and potent ial i ndustrial ly affected soil (Alnabru, Fornebu , VEAS).  
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Figure 2: Locations for soil& earthworms (yellow icon ), air samples (grey icon), fieldfare ( blue-green icon), rat (brown 

icon) and red fox (orange icon) . 

Earthworms  (Lumbricidae ) 

Earthworms were collected at the same five locations in Oslo as the  soil samples to allow a 

direct comparison ( Figure 2). All pooled samples consisted of up to 10 individuals. To purge their 

guts, earthworms were kept in plastic containers lined with moist paper sheets for three days 

before being frozen at -21°C. 

 

 
  

 

Figure 3: Habitat (left), soil profile (middle ) and waste (isolation cables ) in the ground (right)  of the soil and worm 

sampling-site at Al nabru.  
































































































































































































































