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Sammendrag biotarapport 
Målet med denne studien har vært å gi en prognose for forventede trender i biota fra 
Grenlandsfjordsystemet. Vurderingen har vært begrenset til bentisk fauna (generelt) og 
vannsøyleorganismer, representert av filtrerende organismer (blåskjell). Andre organismer, som 
alger og fisk, er ikke vurdert. Studien er basert på modellerte og beregnede konsentrasjoner av 
relevante parametere i henholdsvis 2017 og 2027, og representerer det siste året for to 
modellerte 10-årsperioder (2008-2017 og 2018-2027). 

Vurderingen av bentisk fauna er uttrykt i form av forventet endring eller ingen endring, mens 
vurderingen av blåskjell angår definerte miljøkvalitetsstandarder (EQS) og tolererbart daglig 
inntak (TDI) hos mennesker. 

Dette arbeidet er et tillegg til de to foregående rapportene, av (Erichsen, 2019) som beskriver 
den hydrodynamiske modellen og modelleringsresultatene av økologisk status, og (Jonsson & 
Closter, 2020) som beskriver modellen for farlige stoffer og modellerer resultatene av kjemisk 
status (men begrenset til modellerte konsentrasjoner i henholdsvis sedimentene og i 
vannfasen). 

Vurderingen av forventede trender 2007-2027 av biota fra Grenlandsfjordsystemet har følgende 
konklusjoner: 

• Ingen vesentlig forbedring av bentisk fauna. Konklusjonen er basert på modellerte 
fysiokjemiske parametere, med veldig små endringer forventet for oksygenkonsentrasjoner 
ved havbunnen og forurensningsnivåer i sedimentene. 

• Ingen vesentlig forbedring av den kjemiske tilstanden i vannsøylen. Konklusjonen er basert 
på beregnede bioakkumuleringsnivåer av kvikksølv, PCB7 og dioksiner som overskrider 
deres EQS-verdier i biota i minst to av vannforekomstene som er vurdert, og det forventes 
ingen forbedring innen 2027. En interessant observasjon er at kvikksølvnivåer, som ikke 
kvalifiserer til god kjemisk status i vannsøylen, ikke kan relateres til modellerte 
kvikksølvkonsentrasjoner i vannfasen, som forblir innenfor normale bakgrunnsnivåer for 
kystvann. 

Vurderingen av mattrygghet fremhever at blåskjell fra samtlige vurderte vannforekomster ikke er 
trygge å spise grunnet innhold av arsen og kadmium. Tilsvarende som for kvikksølvinnhold kan 
dette ikke relateres til modellerte konsentrasjoner i vannfasen, som forblir innenfor normale 
bakgrunnsnivåer for kystfarvann både for arsen og kadmium. 

I denne studien er det antatt at det finnes blåskjell i alle vannforekomster, noe som imidlertid 
ikke er korrekt for Frierfjorden og Gunnekleivfjorden. Når det allikevel omtales blåskjell i alle 
vannforekomster skyldes det at filtrerende organismer (blåskjell) er brukt som en generell 
modellorganisme for å vurdere tilstanden, og sammenligne tilstanden mellom vannforekomster.  

Beregnede resultater er i full overensstemmelse med den registrerte kjemiske statusen, og 
understreker at tilnærmingen som ble brukt i denne studien er vitenskapelig relevant. 

Modellberegningene av fremtidige konsentrasjonsnivåer i biota for komponenter der 
sedimentene spiller en vesentlig rolle som kilde, er basert på generaliserte måledata for 
sedimentegenskaper og næringskjeder, og har en standardisert tilnærming til beregning av de 
ulike mekanismene for opptak, akkumulering og utskillelse. Beregningsresultatene er derfor en 
tilnærming, i særdeleshet i forhold til dioksiner, og vil være naturlige innspill til fremtidig fysisk 
miljøovervåkning, hvor de også kan bekreftes.  
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Summary biota report 
The aim of this study has been to provide a forecast of the expected trends in biota from the 
Grenland fjord system. The assessment has been limited to benthic fauna (generally) and water 
column organisms, represented by filter-feeders (mussels). Other organism groups, such as 
algae and fish, have not been considered. The study is based on modelled and calculated 
concentrations of relevant parameters in 2017 and 2027, respectively, representing the final 
years of two modelled 10 year-periods (2008-2017 and 2018-2027). 

The assessment of benthos is expressed in terms of expected change, or no change, whereas 
the assessment of mussels relates to defined Environmental Quality Standards (EQSs) and 
tolerable daily intake (TDI) in humans. 

This work is complimentary to the previous two reports by (Erichsen, 2019) describing the 
hydrodynamic model and modelling results of ecological status, and (Jonsson & Closter, 2020) 
describing the hazardous substances model and modelling results of chemical status, but 
restricted to modelled concentrations in the sediments and the water phase, respectively. 

The assessment of the expected trends 2007-2027 of biota from the Grenland fjord system 
concludes: 

• No significant improvement of benthic fauna. The conclusion is based on modelled 
physiochemical parameters, with very small changes expected for oxygen concentrations at 
the seabed, and contamination levels of the sediments. 

• No significant improvement of the chemical status in the water column. The conclusion is 
based on calculated bioaccumulation levels of mercury, PCB7 and dioxins exceeding their 
EQS values in biota in at least two of the water bodies which have been assessed, and with 
no expected improvement until 2027. Interestingly, mercury not qualifying for good 
chemical status in the water column cannot be related to modelled mercury concentrations 
in the water phase, which remain within normal background of coastal waters. 

The assessment of food safety highlights that mussels from all water bodies are not safe to eat 
regarding their contents of arsenic and cadmium. Analogous to mercury, this cannot be related 
to modelled concentrations in the water phase, which remain within normal background of 
coastal waters both for arsenic and cadmium. 

In this study it is assumed that there are mussels in all water bodies, which is not correct for 
Frierfjorden and Gunnekleivfjorden. However, when mussels are mentioned in all water bodies, 
it is because filter-feeders (mussels) have been used as a general model organism to assess 
the status, and to compare the status between water bodies.  

Calculated results are in full agreement with the registered chemical status, underlining that the 
approach used in this study is scientific relevant. 

The model calculations of future concentration levels in biota for components where the 
sediments play a significant role as a source are based on generalized sediment properties and 
food chain measurement data, and have a standardized approach for calculating the different 
mechanisms for uptake, accumulation and excretion. Therefore, the calculation results are an 
approximation, especially in relation to dioxins, and will be natural input for future physical 
environmental monitoring, where they can also be confirmed. 
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1 Introduction 

1.1 Background 

The aim of this study has been to provide a forecast of the expected trends in biota from the 
Grenland fjord system (Figure 1-1). The assessment has been limited to benthic fauna 
(generally) and water column organisms, represented by filter-feeders (mussels). Other 
organism groups, such as algae and fish, have not been considered. The study is based on 
modelled and calculated concentrations of relevant parameters in 2017 and 2027, respectively, 
representing the final years of the two modelled 10 year-periods (2008-2017 and 2018-2027). 
See (Erichsen, 2019) and (Jonsson & Closter, 2020) for details related to modelling. 

The assessment of benthos is expressed in terms of expected change, or no change, whereas 
the assessment of mussels is related to Environmental Quality Standards (EQSs) and tolerable 
daily intake (TDI) in humans. 

The assessment was limited to the five water bodies Gunnekleivfjorden, Frierfjorden, 
Voldsfjorden, Eidangerfjorden and Langesundsfjorden (Figure 1-1). 

This work is complimentary to the previous two reports by (Erichsen, 2019) describing the 
hydrodynamic model and modelling results of ecological status, and (Jonsson & Closter, 2020) 
describing the hazardous substances model and modelling results of chemical status, but 
restricted to modelled concentrations in the sediments and the water phase, respectively. 

1.2 Assessed biota 

Benthic fauna represents an undefined group of invertebrates where diversity and density reflect 
the overall status of the benthic community. Benthos is usually included in monitoring programs 
in Norway and the results are expressed using different indices. Assessing the status of benthic 
fauns based on field sampling is complex, time-consuming and expensive.  

In this study, the traditional methodology for assessing the status of benthic communities is 
“challenged” with a much easier, more straight-forward and modelling-based approach. In our 
simplified approach, the status of benthic communities is assessed from modelled 
physiochemical properties in the sediments (contamination levels) and in the water at the 
seabed (oxygen concentrations). These two parameters, and oxygen in particular, are 
considered instrumental for the status of the benthos in the Grenland fjord system, where 
oxygenation of deep water (<50m) is governed by infrequent inflows of oxygen-rich water from 
Skagerrak (Erichsen, 2019). 

Mussels are considered particularly well-suited for assessing the chemical status of the water 
column for several reasons: i) Mussels feed by constantly filtering water, thereby exposing 
themselves to both dissolved and adsorbed hazardous substances. ii) Mussels are known to 
accumulate many different hazardous substances and have become established as sensitive 
indicators of marine pollution (Beyer & Co-authors, 2017). iii) Mussels occupy an intermediate 
position in the marine food web, allowing complicating factors related to biomagnification (i.e. 
successively higher levels up the food chain), that need to be considered when assessing 
bioaccumulation in predators or scavengers, to be overlooked. iv) Mussels are ubiquitous in 
coastal areas around the globe. 

The focus of our work has been on identifying trends (changes) in the modelled parameters that 
we have used to assess the status of biota from the Grenland fjord system. Whereas we believe 
that our simplified and model-based approach is detailed enough to assess and forecast the 
chemical status of entire water bodies, it excludes several parameters that may have a big 
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impact on the fauna locally. These factors e.g. include bioturbation, impact from invasive 
species and physical impact e.g. related to dredging and anchoring operations. 

 

Figure 1-1 The Grenland fjord system with its water bodies according to the numeration in the map, and 
chemical & ecological status according to registrations in https://vann-nett.no/portal/ 
(January 2020). From (Jonsson & Closter, 2020). 

https://vann-nett.no/portal/
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1.3 Assessed compounds 

Table 1-1 provides an overview of the 17 hazardous substances included in the assessment of 
biota. Refer to (Jonsson & Closter, 2020) for details regarding modelling of hazardous 
substances. 

Table 1-1 Compounds used in the model and for assessment of biota from the Grenland fjord system. 

Substance CAS Local industries with regulated emissions to sea 

Arsenic (As) 7440-38-2 Eramet, Stena Recycling (from 2007), Norsk Spesialolje (from 2018), 
Norsk Gjenvinning (until 2020) 

Cadmium (Cd) 7440-43-9 Eramet, Stena Recycling (from 2007), Norsk Spesialolje (from 2018), 
Norsk Gjenvinning (2011) 

Chromium (Cr) 7440-47-3 Eramet, Stena Recycling (from 2007), Norsk Spesialolje (from 2015), 
Renor (from 2017), Norsk Gjenvinning (until 2020) 

Copper (Cu) 7440-50-8 
Eramet, Inovyn, Stena Recycling (from 2007), Norsk Spesialolje 
(from 2015), Norsk Gjenvinning (until 2020) 

Mercury (Hg) 7439-97-6 Inovyn, Stena Recycling (from 2007), Norsk Spesialolje (from 2015), 
Eramet (until 2015) 

Manganese (Mn) 7439-96-5 Eramet 

Nickel (Ni) 7440-02-0 
Eramet, Inovyn, Stena Recycling (from 2007), Norsk Spesialolje 
(from 2015), Renor (from 2017), Yara (until 2019), Norsk Gjenvinning 
(until 2020) 

Lead (Pb) 7439-92-1 Eramet, Stena Recycling (from 2007), Norsk Spesialolje (from 2015), 
Norsk Gjenvinning (until 2020) 

Zinc (Zn) 7440-66-6 
Eramet, Stena Recycling (from 2007), Norsk Spesialolje (from 2015), 
Renor (from 2017), Norsk Gjenvinning (until 2020) 

Anthracene 120-12-7 Eramet, Renor, Stena Recycling (from 2007), Norsk Spesialolje (from 
2015), Norsk Gjenvinning (until 2020) 

Benzo(b,k)fluoranthene 205-99-2, 
207-08-9 

Eramet, Renor, Stena Recycling (from 2007), Norsk Spesialolje (from 
2015), Norsk Gjenvinning (until 2020) 

1,2-Dichloroethane (EDC) 107-06-2 Inovyn 

Hexachlorobenzene (HCB) 118-74-1 Inovyn 

PCB7 1336-36-3 Stena Recycling (from 2007), Renor (until 2016) 

PFOS 1763-23-1 Renor, Norsk Spesialolje (from 2015), Norsk Gjenvinning (until 2020) 

Tributyltin (TBT) 36643-28-4 Renor 

Dioxins 1746-01-6 
(TCDD) Inovyn 
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2 Input data 
The assessment is based on modelling results presented in (Erichsen, 2019) for oxygen 
concentration at the seabed, and in (Jonsson & Closter, 2020) for hazardous substances in the 
sediments and the water phase. Modelled data are combined with literature data regarding 
bioconcentration factors (BCFs), and established threshold levels; EQSs in biota, and TDI in 
humans.  

EQSs, TDI values and BCFs are presented in the following sections, and relevant modelling 
results are presented in the Results chapter. Refer to (Erichsen, 2019) and (Jonsson & Closter, 
2020) for all details regarding modelling results, including setting up the models. 

2.1 Initial set of bioconcentration factors 

BCFs used to estimate bioaccumulation in mussels are shown in Table 2-1. Calculations were 
made using two datasets, one for the geometric mean BCFs of relevant species, and one for the 
maximum BCF of relevant species. Whenever possible, BCFs specific for molluscs were 
preferred over more general BCFs. PCB7, dioxins and PFOS were, however, assessed using 
one general BCF, because more specific BCFs were not available for these compounds.  

Table 2-1 Initial set of bioconcentration factors (BCFs) for compounds included in the assessment of bioaccumulation 
in mussels. TE – toxicity equivalents. 

Compound BCF GeoMean BCF Max Reference BCF (data source) 

Arsenic (As) 350 350 (Zaroogian & Hoffman, 1982) (O.virginica) 

Cadmium (Cd) 994 17,560 (EU-dossier(Cd), 2005) (General BCF for aquatic invertebrates) 

Chromium (Cr) 130 192 (USEPA, 1980) (M.edulis, O.edulis, M.arenaria) 

Copper (Cu) 1854 10,784 (McGeer & Co-authors, 2003) (General BCF for aquatic organisms) 

Mercury (Hg) 1750 5300 (EU-dossier(Hg), 2005) (M.edulis) 

Manganese (Mn) 830 830 (Thompson & Co-authors, 1972) (General BCF for molluscs) 

Nickel (Ni) 157 340 (EU-dossier(Ni), 2005) (M.edulis, O.virginica) 

Lead (Pb) 61 925 (EU-dossier(Pb), 2005) (General BCF for molluscs) 

Zinc (Zn) 3957 21,499 (McGeer & Co-authors, 2003) (General BCF for aquatic organisms) 

Anthracene 260 1900 

GeoMean: (EU-Dossier(Ant), 2005) (M.baltica) 
Max: (Miljødirektoratet, Kvalitetssikring av 
miljøkvalitetsstandarder. Veileder M-241/2014, 2014) (General for 
molluscs) 

Benzo(b,k)fluoranthene 57,981 273,000 (EU-dossier(PAHs), 2005) (P.viridis, D.polymorpha) 

1,2-dichloroethane (EDC) 3.1 13 (REACH-dossier(EDC), u.d.) (General bcf for fish) 

Hexachlorobenzene (HCB) 6542 10,000 (EU-dossier(HCB), 2005) (General BCF for bivalves) 

PCB7 24,950 24,950 (Miljødirektoratet, Kvalitetssikring av miljøkvalitetsstandarder. 
Veileder M-241/2014, 2014) (General BCF for aquatic organisms) 

PFOS 2790 2790 (Miljødirektoratet, Kvalitetssikring av miljøkvalitetsstandarder. 
Veileder M-241/2014, 2014) (General BCF for aquatic organisms) 

Tributyltin (TBT) 3298 11,400 (EU-dossier(TBT), 2005) (C.gigas, O.edulis) 

Dioxins 41,540 TE 41,540 TE (Miljødirektoratet, Kvalitetssikring av miljøkvalitetsstandarder. 
Veileder M-241/2014, 2014) (General BCF for aquatic organisms) 
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2.2 EQS values 

Seven of the 17 modelled compounds have defined EQS values in (unspecified) biota, 
according to Table 2-2 below. Predicted bioaccumulation levels in mussels were compared with 
defined EQS values to assess the chemical status in the Grenland fjord system. 

Table 2-2 Defined EQS values in biota for compounds included in the assessment. WW – wet weight, 
TE - toxicity equivalents. 

Compound EQS biota 
(µg/kg WW) 

Mercury (Hg) 20 
Anthracene 2400 
Hexachlorobenzene (HCB) 10 
PCB7 1.0 
PFOS 9.1 
Tributyltin (TBT) 150 
Dioxins 0.0065 (TE) 

2.3 TDI values 

An attempt was also made to assess food safety of mussels inhabiting the Grenland fjord 
system. Defined values of tolerable daily intake (TDI) were used to calculate a safe consumption 
level of mussels from the different water bodies under assessment (Table 2-3). 

In the assessment, one portion of mussels was defined to 115 grams (wet weight of soft parts), 
representative for blue mussels and according to (Mattilsynet, 2015). The body weight of an 
adult human was set to the unisex standard value of 60 kg. 

Table 2-3 TDI values for compounds included in the assessment. TDI values are expressed in μg per 
kg bodyweight and day. 

Compound TDI Reference 
Arsenic (As) 1 (RIVM, 2001) 
Cadmium (Cd) 0.5 (RIVM, 2001) 
Chromium (Cr) 5 (RIVM, 2001) 
Copper (Cu) 140 (RIVM, 2001) 
Mercury (Hg) 2 (RIVM, 2001) 
Manganese (Mn) 60 (WHO, 2001) 
Nickel (Ni) 50 (RIVM, 2001) 
Lead (Pb) 3.6 (RIVM, 2001) 
Zinc (Zn) 500 (RIVM, 2001) 
Anthracene 40 (RIVM, 2001) 
Benzo(b,k)fluoranthene 5 (RIVM, 2001) 
1,2-dichloroethane (EDC) 14 (RIVM, 2001) 
Hexachlorobenzene (HCB) 0.16 (RIVM, 2001) 
PCB7 0.01 (RIVM, 2001) 
PFOS 0.03 (Miljøstyrelsen-notat, 2015) 
Tributyltin (TBT) 0.08 (Miljøstyrelsen, 2013) 
Dioxins 2.50E-06 (TE) (RIVM, 2001) 
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3 Results 
In the following we present the results of the assessment of predicted trends for biota inhabiting 
the Grenland fjord system. The assessment compares modelled data in 2017 and 2027, 
representing the last year of the two modelling periods (2008-2017 and 2018-2027). 

Biota included in the assessment are: 

• Benthic fauna (generally). The assessment is based on modelled oxygen concentrations at 
the seabed, and modelled sediment contamination levels of 17 hazardous substances 
(chapter 3.1). 

• Filter-feeders (mussels). The assessment is based on modelled concentrations of 17 
hazardous substances in the water phase, and calibrated bioaccumulation factors (chapter 
3.2). 

The assessment of mussels takes into account modelled, average total concentrations 
(dissolved and adsorbed to particles) of the entire water body, including water depths not 
naturally inhabited by mussels. The assessment could, however, also be made site-specific 
and for a defined water depth by extracting relevant data from the modelling results. 

3.1 Benthic fauna 

3.1.1 Predicted oxygen conditions at the seabed 
Figure 3-1 summarises modelled concentrations of oxygen at the seabed for the two scenarios 
2008-2017 (calibration scenario) and 2018-2027 (forecast scenario), as well as the modelled 
change from 2017 until 2027.  

The model predicts minimal changes in oxygen concentrations at the seabed from 2017 until 
2027. The deepest parts of Frierfjorden and Eidangerfjorden are predicted to remain below the 
threshold for hypoxic conditions (<2 ml O2 per litre seawater) during the entire period 2008-
2027.  

Oxygen 2008-2017 Oxygen 2018-2027 Change 2017-2027 

   

Figure 3-1 Average, modelled oxygen concentrations at the seabed 2008-2017 (left), 2018-2027 
(centre), and modelled change from 2017 until 2017 (right). 
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3.1.2 Predicted sediment contamination levels 
Sediment contamination levels of 17 hazardous substances; 9 heavy metals and 8 organic 
compounds (Table 1-1), have been modelled for the same two scenarios as for oxygen 
described in the previous section. The results were presented in (Jonsson & Closter, 2020) and 
are only summarised here. 

The sediments of the Grenland fjord system are expected to recover slowly regarding 
contamination levels. All modelled compounds show a similar trend, with an expected 0.1 – 
0.5% reduction of the contamination levels in the deepest parts of Frierfjorden, Eidangerfjorden 
and Langesundsfjorden each year, and little or no change expected for the sediments at smaller 
water depths. 

The predicted recovery rate will not improve the chemical status of the sediments until 2027 
(and probably many years ahead). A representative example is shown in Figure 3-2 for mercury. 

The water body Gunnekleivfjorden is an exception, however, this is related to physical capping 
of Gunnekleivfjorden in 2023, resulting in significantly lowered sediment contamination levels. 

Refer to (Jonsson & Closter, 2020) for further details on predicted sediment contamination levels 
2008-2027, including input data used to run the model. 

 

Figure 3-2 Modelled change of mercury in the sediments of the Grenland fjord system from 2017 until 
2027. From (Jonsson & Closter, 2020). 

  



 

12 levels of hs in biota for the grenland fjord system / HEJO 

3.2 Mussels 

3.2.1 Modelled concentrations of hazardous substances in the water phase 
Table 3-1 summarises modelled concentrations of hazardous substances in the water phase, 
divided in the different water bodies under assessment. Concentrations presented in Table 3-1 
express average concentrations in the entire water body during the last year of each modelled 
scenario, respectively 2017 and 2027. Modelled concentrations represent total concentrations in 
the water phase, both dissolved and adsorbed to particles. 

The model predicts only small differences in water concentrations between 2017 and 2027. 
Manganese is an exception, with water concentrations expected to drop as much as 50% by 
2027, mainly as a result of lower discharges from Eramet Porsgrunn (Jonsson & Closter, 2020). 

In Gunnekleivfjorden, water concentrations of TBT and dioxins are expected to be, respectively, 
20% and 37% lower in 2027 than in 2017 as a result of the sediment capping, whereas 
concentrations of PCB7, HCB and PAHs (anthracene and benzo(b,k)fluoranthene) are expected 
to remain approximately at the same levels in 2027 as in 2017. 

Regarding EQS, the results suggest that water concentrations of PCB7 and dioxins (expressed 
as TE) remain above their defined EQS-AA values during the entire modelling period 2008-2027 
(numbers marked with pink colour in Table 3-1).  

Five of the modelled compounds; copper, manganese, lead, zinc and benzo(b,k)fluoranthene 
are predicted to remain above their defined background concentrations in coastal waters in at 
least two of the five water bodies under assessment (numbers marked with yellow colour in 
(Table 3-1). For benzo(b,k)fluoranthene, the model predicts the water concentration to remain 
above its defined background level in coastal waters in all five water bodies under assessment, 
and during the entire modelling period 2008-2027. 

EQS-AA values and thresholds for background concentrations in coastal waters were taken 
from (Miljødirektoratet, Grenseverdier for klassifisering av vann, sediment og biota. Veileder M-
608/2016, 2016), except for manganese (OSPAR, 2005). 
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Table 3-1 Modelled, total concentrations in the water phase 2017 and 2027. The results express average 
concentrations in entire water bodies during the last year of each modelled scenario; respectively 2017 for 
the calibration scenario (2008-2017), and 2027 for the forecast scenario (2018-2027). Numbers shaded 
yellow indicate higher than background concentrations defined for coastal waters, whereas concentrations 
shaded with pink indicate higher than EQS-AA concentrations defined for coastal waters. 
Ant – anthracene, BF – benzo(b,k)fluoranthene, EDC – 1,2-dichloroethane, HCB – hexachlorobenzene, 
PCB7 – index of 7 PCB congeners, PFOS - perfluorooctanoic acid, TBT – tributyltin. The compound group 
“dioxins” was modelled using the properties of TCDD. 

 Gunnekleivfjorden Frierfjorden Voldsfjorden Langesundsfjorden Eidangerfjorden 

Substance 2017 2027 2017 2027 2017 2027 2017 2027 2017 2027 

As 0.103 0.104 0.087 0.085 0.108 0.101 0.077 0.077 0.078 0.078 

Cd 0.010 0.010 0.014 0.014 0.012 0.011 0.015 0.015 0.014 0.014 

Cr 0.069 0.069 0.066 0.063 0.081 0.074 0.053 0.052 0.053 0.053 

Cu 0.412 0.418 0.234 0.231 0.324 0.320 0.168 0.168 0.173 0.173 

Hg 0.0006 0.0005 0.0006 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005 0.0005 

Mn 0.280 0.135 1.391 0.748 7.881 4.371 0.229 0.173 0.289 0.214 

Ni 0.211 0.211 0.280 0.265 0.308 0.274 0.251 0.250 0.252 0.250 

Pb 0.058 0.058 0.026 0.025 0.040 0.040 0.014 0.014 0.015 0.015 

Zn 2.140 2.170 1.138 1.122 1.649 1.617 0.844 0.842 0.871 0.868 

Ant 1.68E-04 1.67E-04 1.62E-03 1.62E-03 9.40E-04 9.33E-04 1.89E-03 1.89E-03 1.87E-03 1.87E-03 

BF 2.03E-04 2.00E-04 1.07E-04 1.03E-04 2.16E-04 2.14E-04 4.17E-05 4.10E-05 5.99E-05 5.89E-05 

EDC 5.67E-05 1.32E-05 9.10E-03 1.03E-03 3.21E-03 7.62E-04 4.94E-04 6.23E-05 5.69E-04 6.69E-05 

HCB 1.88E-05 1.84E-05 4.42E-05 5.19E-05 4.29E-05 4.84E-05 4.96E-06 5.34E-06 6.80E-06 7.21E-06 

PCB7 8.86E-04 8.84E-04 2.92E-04 2.92E-04 7.68E-04 7.68E-04 8.74E-05 8.74E-05 1.14E-04 1.14E-04 

PFOS 3.43E-07 8.92E-07 3.93E-06 1.38E-05 4.81E-06 1.44E-05 1.49E-06 2.48E-06 4.81E-06 4.49E-06 

TBT 1.57E-06 1.25E-06 7.02E-06 4.55E-06 2.15E-05 2.09E-05 7.82E-07 5.34E-07 1.10E-06 7.60E-07 

Dioxins 4.15E-08 2.53E-08 2.75E-07 2.21E-07 2.29E-07 1.84E-07 5.35E-08 4.35E-08 6.60E-08 5.37E-08 

3.2.2 Calibration of bioaccumulation factors 
Because the initial set of BCFs presented in Table 2-1 almost exclusively are obtained from 
laboratory experiments, and in many cases in other organisms than mussels, the BCFs were 
calibrated against measured levels in blue mussels collected in 2015 (Fagerli & co-authors, 
2016). Field data from 2015 represent 6 measurements (pooled samples) from two different 
sites in the Grenland fjord system (Figure 3-3). Reported levels in blue mussels 2015 include all 
compounds used in the model except EDC. Based on the initial set of BCFs (Table 2-1), 
calculated bioaccumulation levels in mussels were within the span of measured concentrations 
2015 for 8 out of 16 compounds. Minor adjustments of the bioaccumulation factor (BAF) used to 
calculate bioaccumulation levels in mussels where, however, made for 4 of these compounds. 

For arsenic, chromium, mercury, manganese, nickel, lead and TBT calculated levels were lower, 
or much lower than measured levels in 2015. For PCB7, calculated levels were slightly higher 
than measured levels in 2015 (Table 3-2). 

Thus, for several of the modelled compounds, more representative bioaccumulation factors 
(BAFs) obtained from mussels exposed to relevant concentrations in the Grenland fjord system 
had to be used in the assessment. While the initial set of BCFs proved robust for copper, 
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anthracene, benzo(b,k)fluoranthene and dioxins, more representative BAFs were calculated for 
the remaining 12 compounds. BAFs were obtained by combining modelled water concentrations 
in the water body Eidangerfjorden in 2017 (Table 3-1), and measured levels in blue mussels in 
2015 (Fagerli & co-authors, 2016). For EDC this could not be confirmed against measured data, 
why the highest reported BCF (13) was used in the assessment (Table 2-1).  

Table 3-3 shows the final set of BAFs used in the assessment. 

 

Figure 3-3 Mussel sampling stations in 2015 (Fagerli & co-authors, 2016). 
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Table 3-2 Validation of BCFs used to estimate bioaccumulation of hazardous substances in mussels representative 
of Eidangerfjorden, with measured levels in blue mussels from two sites in the Grenland fjord system in 
2015 (Figure 3-3). All numbers in µg/kg WW. 
Green numbers indicate lower than measured bioaccumulation levels, red numbers indicate higher than 
measured bioaccumulation levels, and black numbers indicate that calculated bioaccumulation fall within 
the span of measured levels in 2015. 

Substance 
Calculated bioaccumulation Measured bioaccumulation 

BCF (GeoMean) BCF (Max) Lowest Highest 

Arsenic (As) 27.3 1697 15,240 

Cadmium (Cd) 14.3 252 226 2420 

Chromium (Cr) 6.9 10.3 75.0 4391 

Copper (Cu) 321 1870 1031 12,262 

Mercury (Hg) 0.90 2.7 20.0 35.0 

Manganese (Mn) 240 1671 16,041 

Nickel (Ni) 39.5 85.5 196 1618 

Lead (Pb) 0.9 13.9 188 1581 

Zinc (Zn) 3445 18,715 14,388 136,470 

Anthracene 0.48 3.5 <0.5 <0.5 

Benzo(b,k)fluoranthene 3.5 16.3 2.8 5.5 

Hexachlorobenzene (HCB) 0.04 0.07 0.06 0.15 

PCB7 2.8 0.99 1.74 

PFOS 0.01 <0.10 0.10 

Tributyltin (TBT) 0.004 0.013 7.2 9.0 

Dioxins 0.003 TE 0.002 TE 0.004 TE 

Table 3-3 Final set of bioaccumulation factors (BAFs) used to predict bioaccumulation in mussels from the Grenland 
fjord system. 

Substance BAF Reference 

Arsenic (As) 40,000 Calculated from measured levels 2015, and modelled water concentrations 2017 

Cadmium (Cd) 40,000 Calculated from measured levels 2015, and modelled water concentrations 2017 

Chromium (Cr) 2000 Calculated from measured levels 2015, and modelled water concentrations 2017 

Copper (Cu) 10,784 BCF max (Table 2-1) 

Mercury (Hg) 50,000 Calculated from measured levels 2015, and modelled water concentrations 2017 

Manganese (Mn) 5000 Calculated from measured levels 2015, and modelled water concentrations 2017 

Nickel (Ni) 2000 Calculated from measured levels 2015, and modelled water concentrations 2017 

Lead (Pb) 20,000 Calculated from measured levels 2015, and modelled water concentrations 2017 

Zinc (Zn) 50,000 Calculated from measured levels 2015, and modelled water concentrations 2017 

Anthracene 260 BCF GeoMean (Table 2-1) 

Benzo(b,k)fluoranthene 57,981 BCF GeoMean (Table 2-1) 

1,2-dichloroethane (EDC) 13 BCF Max (Table 2-1) 

Hexachlorobenzene (HCB) 15,000 Calculated from measured levels 2015, and modelled water concentrations 2017 

PCB7 10,000 Calculated from measured levels 2015, and modelled water concentrations 2017 

PFOS 5000 Calculated from measured levels 2015, and modelled water concentrations 2017 

Tributyltin (TBT) 1,000,000 Calculated from measured levels 2015, and modelled water concentrations 2017 

Dioxins 41,540 (TE) BCF GeoMean/Max (Table 2-1) 
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3.2.3 Bioaccumulation in mussels 
Minor changes in modelled water concentrations 2017-2027 described in the previous section 
are reflected by minor changes in calculated bioaccumulation levels in mussels during the same 
period. Seven out of 17 modelled hazardous substances have been awarded EQS values in 
biota (Table 2-2). Calculated bioaccumulation levels in mussels highlight that three of these; 
Mercury, PCB7 and dioxins are expected to accumulate in mussels to levels above their defined 
EQS values in biota. 

For mercury, levels above the EQS (20 µg/kg WW) were calculated for mussels inhabiting all 
water bodies under assessment (Figure 3-4), although modelled mercury concentrations fall 
under natural background levels in coastal waters in the entire fjord system and for the entire 
modelling period 2008-2027 (Table 3-1). There is no clear trend over time, mercury levels in 
mussels are predicted to remain stable until 2027. 

For PCB7, levels above the EQS (1 µg/kg WW) were calculated for mussels inhabiting all water 
bodies except Langesundsfjorden. The highest PCB7 levels were calculated for mussels 
inhabiting Gunnekleivfjorden and Voldsfjorden, whereas calculated levels for mussels in 
Eidangerfjorden are just above the EQS (Figure 3-4). Analogous to mercury, PCB7 levels in 
mussels are predicted to remain stable until 2027. 

For dioxins, levels above the EQS (0.0065 µg TE/kg WW) were calculated for mussels 
inhabiting Frierfjorden and Voldsfjorden, but not for mussels inhabiting Gunnekleivfjorden, 
Eidangerfjorden and Langesundsfjorden (Figure 3-4). Bioaccumulation levels are expected to 
drop slightly between 2017 and 2027, reflecting the decrease in modelled water concentrations 
during the same period (Table 3-1). 

The assessment of food safety is based on the defined tolerable daily intake (TDI) in humans. 
As mentioned in chapter 2.3, food safety is assessed from the consumption of one portion of 
mussels. If the amount of hazardous substance in one portion of mussels exceeds the defined 
TDI, mussels are considered not safe to eat. 

The assessment gives a good correlation between the EQS and TDI for dioxins and PCB7. For 
dioxins, the TDI stands out as the slightly more conservative measure, whereas this is the 
opposite for PCB7. 

No correlation is found between the EQS and TDI for mercury. Calculated bioaccumulation 
levels are above the EQS in all 10 cases (2 assessment years and 5 different water bodies), at 
the same time mussels are regarded safe to eat (1 portion) based on TDI in all 10 cases. It thus 
seems that the EQS has been set deliberately low for mercury, which may be based on 
biomagnification issues related to this heavy metal. 

Interestingly, mussels from all water bodies under assessment are considered not safe to eat 
regarding their arsenic and cadmium contents, although modelled water concentrations of both 
heavy metals are within natural background levels in seawater (Table 3-1). There are no defined 
EQS values in biota for arsenic and cadmium to compare with, but the fact that calculated 
bioaccumulation levels exceed the threshold for food safety using TDI reflects i) firstly, very high 
bioaccumulation of arsenic and cadmium (and heavy metals in general, Table 3-3) in mussels, 
and ii) secondly, the high toxicity of arsenic and cadmium in humans, resulting in very low TDIs 
(1.0 and 0.5 µg per kg bodyweight and day, respectively). 

In mussels from Gunnekleivfjorden, it is predicted that lead accumulates to levels rendering 
mussels medium safe to eat (<2 portions) regarding their lead content. Regarding predicted 
bioaccumulation levels in Voldsfjorden, including levels of TBT and manganese, these are to be 
interpreted with some scepticism due to insignificant resolution in the model for this area. 

In Table 3-4 through Table 3-8 calculated bioaccumulation levels and food safety of mussels are 
presented separately for the five water bodies Gunnekleivfjorden, Frierfjorden, Voldsfjorden, 
Eidangerfjorden and Langesundsfjorden. 
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Gunnekleivfjorden 

Table 3-4 Calculated bioaccumulation and food safety of mussels inhabiting Gunnekleivfjorden 2017 (upper panel) 
and 2027 (lower panel). Compounds with defined EQS values in biota (Table 2-2) are marked with blue 
text.  
Colour code: Green – calculated level below EQS or safe for human consumption; Red - calculated level 
above EQS or unsafe for human consumption; Yellow - calculated level medium safe for human 
consumption (<2 portions). 

2017 
  Concentration  Bioaccumulation Food safety 
Compound µg/l (tot) (µg/kg WW) (kg/d) 
Arsenic (As) 1.0E-01 4114 0.01 
Cadmium (Cd) 9.6E-03 385 0.08 
Chromium (Cr) 6.9E-02 138 2.2 
Copper (Cu) 4.1E-01 4442 1.9 
Mercury (Hg) 5.6E-04 28.2 4.3 
Manganese (Mn) 2.8E-01 1399 2.6 
Nickel (Ni) 2.1E-01 421 7.1 
Lead (Pb) 5.8E-02 1153 0.19 
Zinc (Zn) 2.1E+00 107020 0.28 
Anthracene 1.7E-04 0.04 55010 
Benzo(b,k)fluoranthene 2.0E-04 11.8 25.5 
1,2-dichloroathane (EDC) 5.7E-05 0.0007 1138826 
Hexachlorobenzene (HCB) 1.9E-05 0.28 34.1 
PCB7 8.9E-04 8.9 0.07 
PFOS 3.4E-07 0.002 1050 
Tributyltin (TBT) 1.6E-06 1.6 3.1 
Dioxins (TE) 4.2E-08 0.002 0.09 

2027 
  Concentration  Bioaccumulation Food safety 
Compound µg/l (tot) (µg/kg WW) (kg/d) 
Arsenic (As) 1.0E-01 4165 0.01 
Cadmium (Cd) 9.7E-03 388 0.08 
Chromium (Cr) 6.9E-02 139 2.2 
Copper (Cu) 4.2E-01 4509 1.9 
Mercury (Hg) 5.5E-04 27.3 4.4 
Manganese (Mn) 1.3E-01 674 5.3 
Nickel (Ni) 2.1E-01 421 7.1 
Lead (Pb) 5.8E-02 1157 0.19 
Zinc (Zn) 2.2E+00 108518 0.28 
Anthracene 1.7E-04 0.04 55236 
Benzo(b,k)fluoranthene 2.0E-04 11.6 25.9 
1,2-dichloroathane (EDC) 1.3E-05 0.0002 4877668 
Hexachlorobenzene (HCB) 1.8E-05 0.28 34.8 
PCB7 8.8E-04 8.8 0.07 
PFOS 8.9E-07 0.004 404 
Tributyltin (TBT) 1.3E-06 1.3 3.8 
Dioxins (TE) 2.5E-08 0.001 0.14 
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Frierfjorden 

Table 3-5 Calculated bioaccumulation and food safety of mussels inhabiting Frierfjorden 2017 (upper panel) and 
2027 (lower panel). Compounds with defined EQS values in biota (Table 2-2) are marked with blue text.  
Colour code: Green – calculated level below EQS or safe for human consumption; Red - calculated level 
above EQS or unsafe for human consumption; Yellow - calculated level medium safe for human 
consumption (<2 portions). 

2017 
  Concentration  Bioaccumulation Food safety 
Compound µg/l (tot) (µg/kg WW) (kg/d) 
Arsenic (As) 8.7E-02 3465 0.02 
Cadmium (Cd) 1.4E-02 562 0.05 
Chromium (Cr) 6.6E-02 132 2.3 
Copper (Cu) 2.3E-01 2523 3.3 
Mercury (Hg) 5.6E-04 28.0 4.3 
Manganese (Mn) 1.4E+00 6953 0.52 
Nickel (Ni) 2.8E-01 559 5.4 
Lead (Pb) 2.6E-02 513 0.42 
Zinc (Zn) 1.1E+00 56917 0.53 
Anthracene 1.6E-03 0.42 5688 
Benzo(b,k)fluoranthene 1.1E-04 6.2 48.4 
1,2-dichloroathane (EDC) 9.1E-03 0.12 7098 
Hexachlorobenzene (HCB) 4.4E-05 0.66 14.5 
PCB7 2.9E-04 2.9 0.21 
PFOS 3.9E-06 0.02 91.6 
Tributyltin (TBT) 7.0E-06 7.0 0.68 
Dioxins (TE) 2.8E-07 0.01 0.01 

2027 
  Concentration  Bioaccumulation Food safety 
Compound µg/l (tot) (µg/kg WW) (kg/d) 
Arsenic (As) 8.5E-02 3410 0.02 
Cadmium (Cd) 1.4E-02 553 0.05 
Chromium (Cr) 6.3E-02 127 2.4 
Copper (Cu) 2.3E-01 2487 3.4 
Mercury (Hg) 5.8E-04 29.0 4.1 
Manganese (Mn) 7.5E-01 3740 1.0 
Nickel (Ni) 2.6E-01 530 5.7 
Lead (Pb) 2.5E-02 504 0.43 
Zinc (Zn) 1.1E+00 56103 0.53 
Anthracene 1.6E-03 0.42 5695 
Benzo(b,k)fluoranthene 1.0E-04 6.0 50.2 
1,2-dichloroathane (EDC) 1.0E-03 0.01 62815 
Hexachlorobenzene (HCB) 5.2E-05 0.78 12.3 
PCB7 2.9E-04 2.9 0.21 
PFOS 1.4E-05 0.07 26.1 
Tributyltin (TBT) 4.5E-06 4.5 1.1 
Dioxins (TE) 2.2E-07 0.01 0.02 
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Voldsfjorden 

Table 3-6 Calculated bioaccumulation and food safety of mussels inhabiting Voldsfjorden 2017 (upper panel) and 
2027 (lower panel). Compounds with defined EQS values in biota (Table 2-2) are marked with blue text.  
Colour code: Green – calculated level below EQS or safe for human consumption; Red - calculated level 
above EQS or unsafe for human consumption; Yellow - calculated level medium safe for human 
consumption (<2 portions). 

2017 
  Concentration  Bioaccumulation Food safety 
Compound µg/l (tot) (µg/kg WW) (kg/d) 
Arsenic (As) 1.1E-01 4334 0.01 
Cadmium (Cd) 1.2E-02 470 0.06 
Chromium (Cr) 8.1E-02 161 1.9 
Copper (Cu) 3.2E-01 3489 2.4 
Mercury (Hg) 5.8E-04 29.2 4.1 
Manganese (Mn) 7.9E+00 39406 0.09 
Nickel (Ni) 3.1E-01 616 4.9 
Lead (Pb) 4.0E-02 809 0.27 
Zinc (Zn) 1.6E+00 82430 0.36 
Anthracene 9.4E-04 0.24 9825 
Benzo(b,k)fluoranthene 2.2E-04 12.5 23.9 
1,2-dichloroathane (EDC) 3.2E-03 0.04 20138 
Hexachlorobenzene (HCB) 4.3E-05 0.64 14.9 
PCB7 7.7E-04 7.7 0.08 
PFOS 4.8E-06 0.02 74.9 
Tributyltin (TBT) 2.2E-05 21.5 0.22 
Dioxins (TE) 2.3E-07 0.01 0.02 

2027 
  Concentration  Bioaccumulation Food safety 
Compound µg/l (tot) (µg/kg WW) (kg/d) 
Arsenic (As) 1.0E-01 4055 0.01 
Cadmium (Cd) 1.1E-02 453 0.07 
Chromium (Cr) 7.4E-02 147 2.0 
Copper (Cu) 3.2E-01 3446 2.4 
Mercury (Hg) 5.9E-04 29.4 4.1 
Manganese (Mn) 4.4E+00 21856 0.16 
Nickel (Ni) 2.7E-01 548 5.5 
Lead (Pb) 4.0E-02 797 0.27 
Zinc (Zn) 1.6E+00 80855 0.37 
Anthracene 9.3E-04 0.24 9891 
Benzo(b,k)fluoranthene 2.1E-04 12.4 24.2 
1,2-dichloroathane (EDC) 7.6E-04 0.01 84799 
Hexachlorobenzene (HCB) 4.8E-05 0.73 13.2 
PCB7 7.7E-04 7.7 0.08 
PFOS 1.4E-05 0.07 25.1 
Tributyltin (TBT) 2.1E-05 20.9 0.23 
Dioxins (TE) 1.8E-07 0.01 0.02 
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Eidangerfjorden 

Table 3-7 Calculated bioaccumulation and food safety of mussels inhabiting Eidangerfjorden 2017 (upper panel) and 
2027 (lower panel). Compounds with defined EQS values in biota (Table 2-2) are marked with blue text.  
Colour code: Green – calculated level below EQS or safe for human consumption; Red - calculated level 
above EQS or unsafe for human consumption; Yellow - calculated level medium safe for human 
consumption (<2 portions). 

2017 
  Concentration  Bioaccumulation Food safety 
Compound µg/l (tot) (µg/kg WW) (kg/d) 
Arsenic (As) 7.8E-02 3121 0.02 
Cadmium (Cd) 1.4E-02 574 0.05 
Chromium (Cr) 5.3E-02 107 2.8 
Copper (Cu) 1.7E-01 1870 4.5 
Mercury (Hg) 5.0E-04 25.2 4.8 
Manganese (Mn) 2.9E-01 1447 2.5 
Nickel (Ni) 2.5E-01 503 6.0 
Lead (Pb) 1.5E-02 301 0.72 
Zinc (Zn) 8.7E-01 43526 0.69 
Anthracene 1.9E-03 0.48 4949 
Benzo(b,k)fluoranthene 6.0E-05 3.5 86.4 
1,2-dichloroathane (EDC) 5.7E-04 0.007 113593 
Hexachlorobenzene (HCB) 6.8E-06 0.10 94.1 
PCB7 1.1E-04 1.1 0.53 
PFOS 4.8E-06 0.02 74.9 
Tributyltin (TBT) 1.1E-06 1.1 4.4 
Dioxins (TE) 6.6E-08 0.003 0.05 

2027 
  Concentration  Bioaccumulation Food safety 
Compound µg/l (tot) (µg/kg WW) (kg/d) 
Arsenic (As) 7.8E-02 3114 0.02 
Cadmium (Cd) 1.4E-02 573 0.05 
Chromium (Cr) 5.3E-02 106 2.8 
Copper (Cu) 1.7E-01 1865 4.5 
Mercury (Hg) 5.0E-04 25.1 4.8 
Manganese (Mn) 2.1E-01 1068 3.4 
Nickel (Ni) 2.5E-01 500 6.0 
Lead (Pb) 1.5E-02 298 0.72 
Zinc (Zn) 8.7E-01 43405 0.69 
Anthracene 1.9E-03 0.48 4949 
Benzo(b,k)fluoranthene 5.9E-05 3.4 87.8 
1,2-dichloroathane (EDC) 6.7E-05 0.001 965726 
Hexachlorobenzene (HCB) 7.2E-06 0.11 88.7 
PCB7 1.1E-04 1.1 0.53 
PFOS 4.5E-06 0.02 80.1 
Tributyltin (TBT) 7.6E-07 0.76 6.3 
Dioxins (TE) 5.4E-08 0.002 0.07 
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Langesundsfjorden 

Table 3-8 Calculated bioaccumulation and food safety of mussels inhabiting Langesundsfjorden 2017 (upper panel) 
and 2027 (lower panel). Compounds with defined EQS values in biota (Table 2-2) are marked with blue 
text.  
Colour code: Green – calculated level below EQS or safe for human consumption; Red - calculated level 
above EQS or unsafe for human consumption; Yellow - calculated level medium safe for human 
consumption (<2 portions). 

2017 
  Concentration  Bioaccumulation Food safety 
Compound µg/l (tot) (µg/kg WW) (kg/d) 
Arsenic (As) 7.7E-02 3096 0.02 
Cadmium (Cd) 1.5E-02 582 0.05 
Chromium (Cr) 5.3E-02 105 2.9 
Copper (Cu) 1.7E-01 1815 4.6 
Mercury (Hg) 5.0E-04 25.2 4.8 
Manganese (Mn) 2.3E-01 1147 3.1 
Nickel (Ni) 2.5E-01 502 6.0 
Lead (Pb) 1.4E-02 280 0.77 
Zinc (Zn) 8.4E-01 42213 0.71 
Anthracene 1.9E-03 0.49 4877 
Benzo(b,k)fluoranthene 4.2E-05 2.4 124 
1,2-dichloroathane (EDC) 4.9E-04 0.006 130717 
Hexachlorobenzene (HCB) 5.0E-06 0.07 129 
PCB7 8.7E-05 0.87 0.69 
PFOS 1.5E-06 0.01 241 
Tributyltin (TBT) 7.8E-07 0.78 6.1 
Dioxins (TE) 5.4E-08 0.002 0.07 

2027 
  Concentration  Bioaccumulation Food safety 
Compound µg/l (tot) (µg/kg WW) (kg/d) 
Arsenic (As) 7.7E-02 3090 0.02 
Cadmium (Cd) 1.5E-02 582 0.05 
Chromium (Cr) 5.2E-02 105 2.9 
Copper (Cu) 1.7E-01 1811 4.6 
Mercury (Hg) 5.0E-04 25.2 4.8 
Manganese (Mn) 1.7E-01 865 4.2 
Nickel (Ni) 2.5E-01 500 6.0 
Lead (Pb) 1.4E-02 278 0.78 
Zinc (Zn) 8.4E-01 42125 0.71 
Anthracene 1.9E-03 0.49 4877 
Benzo(b,k)fluoranthene 4.1E-05 2.4 126 
1,2-dichloroathane (EDC) 6.2E-05 0.001 1037144 
Hexachlorobenzene (HCB) 5.3E-06 0.08 120 
PCB7 8.7E-05 0.87 0.69 
PFOS 2.5E-06 0.01 145 
Tributyltin (TBT) 5.3E-07 0.53 9.0 
Dioxins (TE) 4.4E-08 0.002 0.08 
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Trends for compounds not reaching good chemical status 
Mercury 

 
PCB7 

 

Dioxins (TE) 

 

Figure 3-4 Calculated bioaccumulation of mercury, PCB7 and dioxins (TE) in mussels from the 
Grenland fjord system. Calculations are based on average, modelled concentrations in the 
water phase in 2017 and 2027, respectively, and on BAFs according to Table 3-3. The 
broken red line in each panel indicates the defined EQS value in biota. 
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3.2.4 Comparison with registered chemical status 
The previous section showed that calculated bioaccumulation levels in mussel disqualify all 
water bodies considered in the assessment from reaching good chemical status until 2027. 
Mercury has been calculated to exceed its EQS value in biota (20 µg/kg WW) in mussels from 
Gunnekleivfjorden, Frierfjorden, Voldsfjorden, Eidangerfjorden and Langesundsfjorden both in 
2017 and in 2027. Furthermore, calculated levels of PCB7 exceed its defined EQS value in biota 
(1 µg/kg WW) in all assessed water bodies except Langesundsfjorden. Finally, dioxins are 
expected to exceed its EQS value in biota (0.0065 µg/kg WW) in two water bodies, Frierfjorden 
and Voldsfjorden. 

In the following sections, the assessed chemical status of each water body, based on calculated 
bioaccumulation levels in mussels, is compared with current registrations (February 20201) for 
the 7 compounds with defined EQS values in biota. The overview shows that the assessed 
chemical status in 2017 and 2027 agrees with the currently registered chemical status in all 
cases where a comparison is possible (9 registrations).  

Gunnekleivfjorden 
Compound Registered status (2020) Assessed status (2017) Assessed status (2027) 

Mercury (Hg) Unknown Not good Not good 

Anthracene Unknown Good Good 

Hexachlorobenzene (HCB) Unknown Good Good 

PCB7 Unknown Not good Not good 

PFOS Unknown Good Good 

TBT Unknown Good Good 

Dioxins (TE) Unknown Good Good 

Frierfjorden 
Compound Registered status (2020) Assessed status (2017) Assessed status (2027) 

Mercury (Hg) Not good Not good Not good 

Anthracene Unknown Good Good 

Hexachlorobenzene (HCB) Good Good Good 

PCB7 Unknown Not good Not good 

PFOS Good Good Good 

TBT Good Good Good 

Dioxins (TE) Unknown Not good Not good 

 
1 www.vann-nett.no  

http://www.vann-nett.no/
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Voldsfjorden 
Compound Registered status (2020) Assessed status (2017) Assessed status (2027) 

Mercury (Hg) Unknown Not good Not good 

Anthracene Unknown Good Good 

Hexachlorobenzene (HCB) Unknown Good Good 

PCB7 Unknown Not good Not good 

PFOS Unknown Good Good 

TBT Unknown Good Good 

Dioxins (TE) Unknown Not good Not good 

Eidangerfjorden 
Compound Registered status (2020) Assessed status (2017) Assessed status (2027) 

Mercury (Hg) Not good Not good Not good 

Anthracene Unknown Good Good 

Hexachlorobenzene (HCB) Unknown Good Good 

PCB7 Unknown Not good Not good 

PFOS Unknown Good Good 

TBT Unknown Good Good 

Dioxins (TE) Unknown Good Good 

Langesundsfjorden 
Compound Registered status (2020) Assessed status (2017) Assessed status (2027) 

Mercury (Hg) Not good Not good Not good 

Anthracene Good Good Good 

Hexachlorobenzene (HCB) Good Good Good 

PCB7 Unknown Good Good 

PFOS Good Good Good 

TBT Unknown Good Good 

Dioxins (TE) Unknown Good Good 
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4 Discussion and conclusions 
The main aim of this study has been to forecast the trends of biota in five water bodies of the 
Grenland fjord system; Gunnekleivfjorden, Frierfjorden, Voldsfjorden, Eidangerfjorden and 
Langesundsfjorden. The assessment has been limited to benthic fauna (generally), and filter-
feeders in the water column (mussels). The study is based on modelled and calculated 
concentrations of relevant parameters in 2017 and 2027, respectively, representing the final 
years of two modelled 10 year-periods (2008-2017 and 2018-2027). See (Erichsen, 2019) and 
(Jonsson & Closter, 2020) for details related to modelling. 

The expected trend of benthos has been assessed from the modelled physiochemical 
environment on the seabed; Oxygen concentrations and sediment contamination levels of 17 
hazardous substance. 

The expected trend of mussels has been assessed from modelled concentrations in the water 
phase of 17 hazardous substances, and bioaccumulation factors calibrated against a dataset on 
blue mussels. Calculated bioaccumulation levels in mussels are compared with defined EQS 
values in biota (7 compounds), and defined TDI (all compounds). 

Parameters not included in the assessment e.g. include the impacts from fishery, invasive 
species and mechanical disturbance e.g. related to anchoring operations. 

4.1 Benthic fauna 

Modelling results predict no significant improvements of the physicochemical environment at the 
bed until 2027.  

Oxygen concentrations at the seabed are expected to remain below the threshold for hypoxic 
conditions (<2 ml O2 per litre seawater) in the deepest parts of Frierfjorden and Eidangerfjorden 
(Figure 3-1) also in 2027. It is well-known that oxygenation of deep water in the Grenland fjord 
system is regulated by irregular and infrequent intrusions of seawater from the Skagerrak. Below 
approx. 50 m, exchanges of deep-water occur even more irregularly, but on average every 2-4 
years (Molvær & Stigebrandt, 1991). 

The sediments of the Grenland fjord system are expected to recover slowly regarding 
contamination levels. A modelled improvement of 0.1 – 0.5% per year is typical for the deepest 
parts of Frierfjorden, Eidangerfjorden and Langesundsfjorden. At shallower water depths, little or 
no change is expected for the sediments until 2027. The predicted recovery rates will not 
improve the chemical status of the sediments until 2027 (and probably many years ahead). A 
representative example is shown in Figure 3-2 for mercury. 

However, the water body Gunnekleivfjorden is an exception. This is related to physical sediment 
capping of Gunnekleivfjorden in 2023, resulting in significantly lowered sediment contamination 
levels. 

Because the physicochemical environment in terms of oxygenation and sediment contamination 
levels is not expected to improve significantly until 2027, a significant improvement of benthic 
fauna is not expected. In conclusion, the ecological status of the Grenland fjord system 
regarding benthos is not expected to improve until 2027.  



 

26 levels of hs in biota for the grenland fjord system / HEJO 

4.2 Mussels 

Calculated bioaccumulation levels in mussels highlight that mercury, PCB7 and dioxins are 
expected to accumulate in mussels to levels above their defined EQS values in biota in at least 
two of the water bodies under assessment, whereas calculated bioaccumulation of anthracene, 
HCB, PFOS and TBT pass for good chemical status in all water bodies under assessment. 

For mercury, calculated bioaccumulated levels remain above the defined EQS in biota in all 5 
water bodies under assessment. For PCB7, levels above the EQS were calculated for mussels 
inhabiting all water bodies except Langesundsfjorden, with the highest PCB7 levels expected in 
mussels inhabiting Gunnekleivfjorden and Voldsfjorden. For dioxins, levels above the EQS were 
calculated for mussels inhabiting Frierfjorden and Voldsfjorden, but not for mussels inhabiting 
Gunnekleivfjorden, Eidangerfjorden and Langesundsfjorden.  

The assessment of food safety using TDI shows good correlation between the EQS and TDI for 
dioxins and PCB7, whereas no correlation is seen between the EQS and TDI for mercury. The 
EQS for mercury has presumably been set low based on biomagnification issues of this heavy 
metal. 

While calculated bioaccumulation of PCB7 and dioxins can be linked to pollution, Table 3-1 
shows that modelled water concentrations of mercury fall within natural background levels in 
coastal waters. Modelling of sediment contamination levels has shown that the sediments in 
most parts of the Grenland fjord system are significantly contaminated regarding mercury 
(Jonsson & Closter, 2020), however, this is not reflected in elevated concentrations in the water 
phase. Bioaccumulation of mercury beyond the defined EQS in biota is thus related to i) 
hyperaccumulation of mercury (and other heavy metals) in mussels, and ii) a low EQS value 
related to high toxicity and biomagnification issues related to mercury. 

Analogously, the assessment of food safety also highlights that mussels from all water bodies of 
the Grenland fjord system are not considered safe to eat regarding their contents of arsenic and 
cadmium, although modelled water concentration fall within natural background levels in coastal 
waters (Table 3-1). 

In conclusion, the assessment shows that no significant improvement regarding bioaccumulation 
levels in mussels is expected until 2027 (Figure 3-4). Furthermore, calculated bioaccumulation 
in mussels reflects the registered chemical status, underlining that the used approach is of high 
scientific relevance. The assessment has thus filled several gaps in the registrations of chemical 
status in the water bodies under assessment. 

4.3 Conclusions 

The assessment of the expected trends 2007-2027 of biota from the Grenland fjord system 
concludes: 

• No significant improvement of benthic fauna. 
The conclusion is based on modelled physiochemical parameters, with very small changes 
expected for oxygen concentrations at the seabed, and contamination levels of the 
sediments. 

• No significant improvement of the chemical status in the water column. 
The conclusion is based on calculated bioaccumulation levels of mercury, PCB7 and 
dioxins exceeding their EQS values in biota in at least two of the water bodies which have 
been assessed, and with no expected improvement until 2027. Interestingly, mercury not 
qualifying for good chemical status in the water column cannot be related to modelled 
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mercury concentrations in the water phase, which remain within normal background of 
coastal waters. 

• The assessment of food safety highlights that mussels from all water bodies are not safe to 
eat regarding their contents of arsenic and cadmium. Analogous to mercury, this cannot be 
related to modelled concentrations in the water phase, which remain within normal 
background of coastal waters both for arsenic and cadmium. 

• Calculated results are in full agreement with the registered chemical status, underlining that 
the approach used in this study is of high scientific relevance. 
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