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Summary

In this study the exposure level of PAH and other oil-derived pollutants were analysed in fish and
invertebrates from the coastal zone of the Faroe Islands.

Four species of fish: sculpins (Myoxocephal us scorpius), dab (Limanda limanda, cod (Gadus
morhua) and flounder (Plathichthys flesus) were sampled at two locations (Kaldbak and Kirkjubg)
and analysed for the biomarkers: EROD activity, CYP1A protein and DNA adducts in liver, PAH
metabolites in bile and vitellogenin in blood. Five invertebrate species: limpets (Patella vulgata),
blue mussels (Mytilus edulis), dogwhelks (Nucella lapillus), periwinkles (Littorina obtusata) and
horse mussels (Modiolus modiolus) were sampled at six locations and analysed for PAH and metals.
The sampling was performed three times in a year (late winter, spring and summer) to be able to
detect seasonal variation.

The fish results generally showed low levels of PAH exposure, although large variations were
found within the groups, especially in the EROD results. Also in the concentration of pyrene
metabolites in bile and in the the vitellogenin results from July large individual variability was seen.
The levels of CYP1A induction were influenced by gonadal development in flounder, dab and
sculpin, showing negative correlation between CYP1A induction and gonadal developement. The
cods sampled were immature and thus not influenced by spawning. Dab were found to be most
sensitive to the biomarkers of PAH exposure. Sculpins showed very low levels of CYP1A activity,
probably because the catalytic activity of the CYP1A enzymes had been destroyed. There was not
found significant correlation between PAH metabolite content in bile and induction of CYP1A.
Vitellogenin was analysed in cod and the results showed high levels compared to other studies from
reference areas.

The most suitable fish species to use as an indicator organism for the analysed biomarkers seem to
be dab or cod. Since the results of the biomarkers show large variation, probably due to small
sample sizes, it is suggested that either cod or dab is subjected to further investigation, by analysing
a larger number of individuals for the biomarkers, and minimizing the influence of other parameters
by sampling only in one season, not influenced by spawning.

The levels of PAH in invertebrates were found to vary between the stations, probably due to local
contamination. For all the species the seasonal pattern seemed to be that the highest PAH content
was found in winter (Dec.-Feb.) with lower levels in spring (Mar.-May) and lowest levels in
summer (June-Aug.). This pattern was seen for all the stations except in Trongisvagur, where the
highest content was found in May, and in Kaldbak where the content in blue mussel was at the same
level all three seasons.The highest PAH accumulation was found in blue mussels while horse
mussels and the snails had lower levels.

With regard to PAH analysis blue mussel seem to be the species best suited as indicator organism,
since it accumulates PAH to the greatest extent. For the metals it is not possible to pick one species
which is best suited. Different species accumulate different metals to various extents depending on
local factors, where availability of prey may be among the important ones. Thus it is not feasible to
base the chemical analyses in future investigations on one species only, but rather a selection of
species dependent on the characteristics of the location in question.
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1 Introduction

By opening the Faroese offshore area for hydrocarbon exploration activities, a need for
investigations on oil-derived pollution around the Faroe Islands has arisen. The area opened in the
1** licence round in August 2000 is located south east of the Faroe Islands. Although the drilling
operations take place far from the coast the possible effects from oil on the environment near the
coast of the Faroe Islands need to be elucidated.

Oil exploration activities can be an environmental threat due to the release of oil and other toxic
substances into the sea. Oil can be released by larger oil spill accidents at the drilling location, or
from tankers, if the oil is brought to land. Oil can also be released to the sea from regular shipping
and fishing operations. If an oil spill occurs far from the coast, the oil forms an oil slick on the sea,
which can drift with the wind and eventually reach the coast. During the drifting on the sea the oil
undergoes weathering and degradational processes, and the oil that reaches the coast will most often
be more or less degraded (Berresen, 1993).

Oil is mainly composed of saturated hydrocarbons, but contains variable amounts of polycyclic
aromatic hydrocarbons (PAH). Even though the PAHs only constitute a minor fraction of the crude
oil, they are very resistant against degradational and weathering processes (Borresen, 1993). This
makes them suitable for analysis as indicators of oil-derived pollution, since they can be found in
the environment long after visible traces of an oil pollution accident have disappeared.

PAHs are the main toxic components of the oil and several of the PAH compounds, such as
benzo(a)pyrene, are known to have carcinogenic properties and PAH has been linked to
observations of liver lesions and tumors in fish. PAHs can thus have serious long-term effects on
the organisms exposed to them.

The economy of the Faroe Islands is based on fisheries, and around 97% of the export is fish or fish
products. The coastal zone, being the habitat for several species of fish, invertebrates and seaweeds,
also functions as nursery areas of several fish species, some of which are economically important,
such as cod (Gadus morhua) and saithe (Pollachius virens). Pollution affecting organisms in the
coastal zone would, therefore, affect these fish species and by this possibly also the recruitment to
the economically important fish stocks and fisheries in the Faroe Islands. Oil-derived pollution in
the coastal area can thus have serious ecological and also economical effects to the Faroese society.

To be able to detect a possible effect from an oil exploration industry on the near shore
environment, the present level of oil-derived pollutants needs to be determined. This includes both
knowledge of the current status of concentrations of chemical substances derived from oil (mainly
PAH) or substances used in the oil exploration industry and released with produced water or drilling
mud at the drilling locations (e.g. metals and alkylated phenols), and effects of these on coastal
organisms.

Invertebrates are able to accumulate PAHs in their tissue, whereas vertebrates metabolize PAHs
efficiently. Therefore, chemical analyses of parent PAHs in the tissues of vertebrates is not a
suitable parameter. Instead the exposure and effects of PAH can be analysed by using biomarkers
by which, the response to the impact of contaminants is measured rather than the concentration of
the contaminant (Sandvik, 2002). Analyses of biomarkers are often more biologically relevant and
are mostly more cost-efficient than chemical analyses (Aas, 2000).



Purpose of the present investigation:

The aim of this work is to determine baseline levels of oil-derived pollutants in organisms living in
the coastal zone on the Faroe Islands, to which levels found in future monitoring investigations can
be compared, before a possible establishment of an oil industry beyond the explorative phase.

This is done by analysing biomarkers for PAH exposure in fish, and by measuring the
concentrations of PAH and selected metals in invertebrates. The biomarkers are: EROD activity,
CYPIA protein, and DNA adducts in liver and PAH metabolites in bile. In addition, vitellogenin is
analysed in fish as another biological effect marker of xenoestrogenic exposure, since compounds
with xenoestrogenic properties (such as alkylphenols) are used in the oil industry, and released to
the sea with produced water.

From the results of the analyses, the suitability of the species selected can be evaluated as indicator
organisms in future monitoring activities.

The effects of PAH in invertebrates will not be analysed, but the results of the chemical analyses
will be used to illustrate background levels of PAH in the waters around the Faroe Islands.



1.1 Polycyclic aromatic hydrocarbons

Polycyclic aromatic hydrocarbons (PAH) are compounds consisting of two or more fused benzen
rings lying in a single plane. The rings are said to be fused when they are sharing at least two
carbon atoms. The compounds can be divided into low-molecular-weight PAHs (LPAHs)
possessing two or three rings and high-molecular—weight PAHs (HPAHSs) possessing four or more

rings (Neff, 1979; Meador et al., 1995) (.
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Figure 1.1 Examples of low-molecular-weight and high-molecular-weight PAHs.

The main difference between LPAHs and HPAH is, however, more obvious, when looking at the

solubility in water rather than the difference in molecular weight. The solubility tends to decrease as
the molecular weight or number of aromatic rings increases, and usually alkylated PAHs have lower
solubility than unalkylated compounds, as well as more linear compounds generally are less soluble
than angular isomeres (e.g. anthracene is less soluble than phenanthrene, see Figure 1.1 and Table |

(Neff, 1979).




The solubility in water is correlated with the hydrophobicity (or lipofilicity), which can be
expressed by the octanol-water partition coefficient (K,y) =~ Generally the hydrophobicity of a PAH
compound increases with increasing molecular weight as shown in The compounds with
largest K, are the most lipophilic and hence have the highest particle affinity. The K, (generally
expressed as log Koy) is thus an important physical parameter when looking at the partitioning
behaviour of PAH in the environment (Meador et al., 1995)

Table 1.1 Octanol-water partition coefficients and molecular weights for commonly measured polycyclic
aromatic hydrocarbons in environmental samples (modified from Meador et al., 1995).

Solubility at 25°C,
Chemical MW Rings pg/l * Log Kgw*™*
Naphthalene 128,2 2 12500 to 34000 3,34
1-methylnaphthalene 142,2 2 3,88
2-methylnaphthalene 142,2 2 3,91
Biphenyl 153,2 2 3,98
Acenaphthylene 152,2 3 3420 4,08
Acenaphthene 154,2 3 4,08
Fluorene 166,2 2 4,22
2,6-dimethylnaphthalene 156,2 2 4,42
Anthracene 178,2 3 2,4x10™ 4,53
Phenanthrene 178,2 3 6,8x10™ 4,53
2,3,5-trimethylnaphthalene 170,3 2 4,83
1-methylphenanthrene 192,2 3 5,15
Pyrene 202,3 4 6,9x10” 5,07
Fluoranthene 202,3 4 5,24
Chrysene 228,3 4 5,77
Benz(a)anthracene 228,3 4 1,1x107 5,90
Benzo(e)pyrene 252,3 5 5,5x10° 6,10
Benzo(a)pyrene 252,3 5 5,5x10° 6,23
Perylene 252,3 5 6,39
Dibenz(a,h)anthracene 278,4 5 6,47
Benzo(b)fluoranthene 252,3 5 6,52
Benzo(Kk)fluoranthene 252,3 5 6,73
Benzo(ghi)perylene 276,3 6 1,0x10™° 7,03
Indeno(1,2,3-cd)pyrene 276,3 6 7,43

*From Nagpal, 1993 (see references therein)

**Mean value of measured or calculated values from several investigations (see Meador et al.,
1995 for individual values and references)

MW: Molecular weight in daltons

1.1.1 Sourcesof PAH

PAHs can be formed by incomplete combustion of organic material at high temperatures (pyrogenic
PAH) or by slow transformation of organic matter under pressure (petrogenic PAH). In addition, to
a minor extent, PAHs can be formed naturally by biosynthesis in microbes and plants (Neff, 1979,
Meador,1995; Aas, 2000). Petrogenic PAH mixtures contain many homologous series of PAH and
in each series the concentration of alkyl homologs is greater than the unalkylated parent compound
while pyrogenic PAH mixtures are dominated by the unalkylated parent compounds rather than

' The octanol-water partition coefficient is the ratio of the concentration of a chemical in octanol and in water at
equilibrium and at a specified temperature. Octanol is an organic solvent that is used as a surrogate for natural organic
matter.
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alkylated homologs in each homolog series (Neff, 1979; Meador et al, 1995). Pyrogenic PAH
consists mostly of HPAH while petrogenic PAH mostly consists of LPAHs (Meador et al. 1995).
PAH contamination originating from a petrogenic source show dominance of 2- and 3- ring
compounds (LPAHs) while pyrogenic PAH is dominated by 4- and 5- ring compounds (HPAHs)
(Meador et al., 1995; Neft, 1979; Aas et al., 2000b). Pyrogenic PAH can be released to the
environment naturally from forest fires and volcanic eruptions or from antropogenic sources such as
combustion of fossil fuels and industrial waste. Sources of PAH to the marine environment may
both be from deposition of airborne particulates from burning of fossil fuels (pyrogenic) and direct
discharge of oil to the sea by natural seepage, accidental releases or operational discharges of
produced water (petrogenic) (Aas, 2000). Produced water is a by product from oil production,
which is separated from the oil and gass and discharged to the sea. is. It is composed of the water
that is found naturally in the reservoir, and water that is injected into the reservoir to maintain the
pressure, and contains residues of oil along with other chemical substances such as metals alkylated
phenols and aromatic hydrocarbons (Meier et al., 2001). PAH from industrial waste generally has a
local distribution near the discharge point, while PAH in oil discharged with produced water can be
distributed widespread in the ocean (Aas, 2000). The main source of total PAH to the aquatic
environment is by petrolium spillage.

1.1.2 Bioavailability

By definition the bioavailable fraction of a compound is the proportion of the total concentration of
the compound that is available for uptake by aquatic organisms. The main variable controlling the
bioavailable fraction of PAH is organic carbon. In the aquatic environment PAHs are found both
dissolved and as particulates in the water column, and the partitioning af PAH into either of these
forms is due to their specific water solubility. Thus the distribution of these compounds in adsorbed
and in water phase differs for each PAH (Piccardo et al., 2001). The lighter PAHs (LPAHs) seem to
remain in the dissolved state to a larger degree than the heavier PAHs (HPAHs), which almost
always are bound to particles, due to their low solubility in water and high lipofilicity. The strong
particle affinity of heavier PAH can make them more unavailable for metabolism, as they are
deposited in the sediments to a greater extent than the lighter PAHs (Nzs et al., 1998).

1.1.3 Degradation of PAH

The most important mechanisms of degradation of PAH in the aquatic environment are
photooxidation, chemical oxidation and biological transformation by aquatic bacteria, fungi and
animals. Some organisms are able to completely oxidize aromatic hydrocarbons to carbon dioxide
and water and to use them as a source of energy. Others are not able to carry out the complete
oxidation, but are able to partially metabolize aromatic hydrocarbons into various oxygenated
metabolites when alternative growth substrate is available (cooxidation). Fungi and aquatic animals
possess a cytochrome P450 enzyme system, which is involved in the metabolism of aromatic
hydrocarbons. The metabolism of PAH by the cytochrome P450 enzyme system in fish is described

in section and

All these mechanisms of degradation require oxygen and hence PAH can be very persistent in
anoxic environments, for example when buried in deeper layers of sediments (Neff, 1979).

1.1.4 Acuteand long-term toxic properties of PAH

The toxic properties of PAH can be expressed either as acute toxicity or long term damage. Acute
toxicity is explained by reversible binding of PAH to lipofilic sites in the cell, such as cellular
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membranes and thereby interfering with cellular processes. The LPAHs have significant acute
toxicity to aquatic organisms, which HPAHs have not. This can probably be explained by their low
solubility in water. Within the LPAHs the toxicity generally increases with increasing molecular
weight. Within an aromatic series, the toxicity increases with increasing alkyl substitution on the
aromatic nucleus. (Neff, 1979)

Long term damage can be caused by metabolites of PAH, which being more reactive, hydrofilic and
electrophilic can bind covalently to macromolecules such as DNA, RNA and proteins in the cell and
cause damage such as mutagenis and carcinogenesis. The carcinogenic PAHs are mostly in the
four-to-six ring PAH groups. The degree of carcinogenisity of the PAH is related to structure and
reactivity of its major metabolites. Highly angular PAHs are more carcinogenic than linear and
more condensed forms (Neff, 1979), and the tendency to bind to macromolecules has been found to

be connected to the presence of a “bay region” on the PAH molecule (indicated by * on
(Pahlman & Pelkonen, 1987).

1.2 PAH in aquatic organisms

1.2.1 Uptake

Marine organisms can readily take up PAHs in the marine environment, due to the lipophilic nature
of the PAHs. The routes of PAH uptake in pelagic organisms include diffusion from the water
through the gills and skin and uptake through the intestine via the diet. For organisms living in or on
the sediment an additional route may be diffusion from the sediment through the skin (Meador et
al., 1995). The uptake is dependent on several factors such as concentrations of PAH in the
environment, the lipofilicity and solubility of the PAH compounds, wether it is dissolved or particle
bound along with food preferences and lipid content of the organism (Aas, 2000).

Mussels are filter-feeding organisms and can directly absorb lower weight PAHs through interstitial
filtered water, while heavier molecular weight hydrocarbons (four or more rings) are mainly
ingested in particulate form through the digestive system (Piccardo et al., 2001).

Fish can take up PAH from the water through the gills, and to a lesser extent through the skin, or
from ingestion through the intestine (Neff, 1979). The uptake routes depend on in which form PAH
is found in the water, wether in dissolved state or bound to particulates. PAHs dissolved in the
water will more easily be taken up by the gills than the particulate PAH, wheras the particle bound
PAH more easily are taken up through the intestine than the dissolved PAH compounds (Connel,
1988).

The uptake from water depends mainly on the diffusion over the body surface of which the gill
constitutes most of the body surface area (Randall et al., 1998). The rate of toxicant transfer
between the water and organism will depend on the lipofilicity (K,y) of the compound (Randall et
al., 1998). Factors that increase oxygen requirement (such as temperature rise or exercise) will also
affect the rate of water movement over the gill, and thus the rate of lipophilic chemical uptake,
since they are brought into contact with the gills by water flow (Connel, 1988). Hence, the transfer
of toxicant between the water and organism will vary with oxygen uptake (Randall et al., 1998;
Connel, 1988).
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Uptake via the food depends on the feeding rate, the concentration of toxicant in the food, the rate at
which food is processed by the gut, and the amount of toxicant absorbed versus the amount
excreted. The uptake over the gills is found to be the dominating route, while dietary uptake is
found to be limited (Randall et al., 1998; Neff, 1979). Studies of dietary uptake in fish generally
indicate low uptake efficiency and that uptake efficiency generally declines with increasing
chemical hydrofobicity (Meador et al., 1995). It is suggested that uptake from food can be ignored
when estimating toxicant body burden in water breathing animals under natural conditions when the
feeding rate is low, and thus uptake from food plays a minor role compared to the uptake from
water (Randall et al., 1998). The findings of DNA adducts in gill tissue also indicate that exposure
does take place via the passage of water over the gills and not only via the ingestion of food
(Ericson et al., 1998).

1.2.2 Elimination of PAH

Elimination of PAH can occur via passive diffusion through body surfaces — mainly the gills — or
actively via enzymatic degradation creating metabolites, which are more hydrofilic than the lipofilic
parent compound and hence can readily be excreted through the intestine and urine via the
liver/gall, kidney or digestive glands.

The elimination through the body surfaces includes mostly unmetabolized PAH and occurs when
concentrations in the external environment are lower than internal concentrations (Neff, 1979;
Meador et al., 1995; Knutzen, 1989). By the conversion of the PAH to a more hydrofilic metabolite
the ability to diffuse through the gill membrane is decreased and the elimination by the excretory
route is favoured. The rate of elimination can be affected by environmental factors (temperature and
salinity) and physiological factors (reproductive state, age, sex, stress and enzyme induction) in
addition to factors such as route of uptake, chemical hydrophobicity and exposure history (Meador
etal., 1995).

The enzyme system responsible for transformation of PAHs is the mixed function oxygenase
(MFO) system or cytochrome P-450 system, which is an electron transfer system located within the
endoplasmatic reticulum (the microsomal fraction) of the cell and responsible for metabolism of
many xenobiotics (see section .

The biotransformation process is occuring in two steps. Phase I, an oxidative step catalysed by the
cytochrome P-450 enzyme system, by which an oxygen atom is introduced into the molecule, and
phase I, in which a larger endogenous molecule (such as glucoronic acid, sulfate, glutathione etc.)
is conjugated to the oxidized compound by the aid of different transeferase enzymes. The created
metabolite is generally less toxic and can readily be excreated (Gokseyr & Forlin, 1992; Andersson
& Forlin, 1992).

Examples of oxidative reactions involved in the first step are hydroxylation, epoxidation,
deethylation, and demethylation as shown in Figure 1.2](Stegeman,1989; Payne, 1984).

13



o]

e " e S S

l:'_'q'_::‘:':f sow il E i ':'.F:"'.":::d-

ool il B gt c
ci 5.

A&LENIN IR OE i
rr j_.-\.._ oo gy
§ | Hpdinuyimiimn - r ]
e L TV - U '._l.-ﬂu"
e T L
BEMID (el PYREWE I-HYGAROGIFBERIO Ia) FYRENE
oo -
_[-.I { J_ g al_""'rlllu:“‘ ~ |.-h‘: w by DO
) L — i | | F i)
HySga ™ " a HE Ay
¥ - ETHOTYCOuia afay LPARE L Lo ERONE
|:|I'1I-I
- 5 T
- s ] Ty,
ﬂ-l;‘:h ! -'": T-Denvhyluiior D e D'."' ;] :-qu.-:'.h-:.:
g e L
FTHOLTRFEDRUF W REECRLFIN

Ciay
'g- !"l'l-]:r-lt: c t }'"—':""""_..""' Elion -.‘F % :n,-cn-:u'-cu_..i‘ LY
i | - i i i
I::-|:I = CHy i

BEW]FEET AMinE M WD

Figure 1.2 Common mixed-function oxydase reactions (Lee, 1981)

Vertebrates can metabolize PAH efficiently by enzymes of the cytocrome P-450 system. The
biotransforming processes have shown to be inducible in several fish species, when they are
exposed to PAH, by which the excretion capacity for these compounds is enhanced (Aas, 2000).
When taken up in fish, PAHs undergo a metabolic transformation, which creates a polar and more
water soluble metabolite and thereby enhances excretion. Excretion to the bile is the dominant
excretion route of metabolites of especially larger PAH molecules in fish (Meador et al., 1995).

In some cases, however, the biotransformation process can create metabolites that are more toxic
than the parental compound. Certain PAHs (e.g. benzo(a)pyrene) can by the fase I metabolism be
converted into highly reactive metabolites, such as epoxides, which are able to bind covalently to
macromolecules such as DNA. This leads to formation of adducts which eventually can cause
mutagenic or carcinogenic effects (Buhler & Williams, 1988; Ericson et al., 1998).
shows the dominant pathway of benzo(a)pyrene metabolism in fish.

In vertebrates the biotransformational processes mostly take place in the liver, which is the major
organ involved in metabolism of organic xenobiotics, but are also found to occur to some extent in
other extrahepatic tissues, such as kidney, heart and gills, in analyses of cod and scup, (Husey et al.,
1994; Stegeman et al., 1990). In some organs the induction is found to occur in selected cell types
such as endothelial cells in the heart and gills (Stegeman et al., 1990; Husey et al., 1994). The
response of different cells and organs to toxic effects after exposure to xenobiotics is suggested to
be determined by the different expression and function of P450 forms in those cells and organs
(Husoy et al., 1994).
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Figure 1.3 A: Metabolic activation of benzo(a)pyrene to dihydrodiol-epoxide metabolites via CYP1A and
epoxide hydrolase (Stegeman & Hahn, 1994), B: Adduct formation between activated benzo(a)pyrene (7,8-
diol-9,10-epoxide) and guanine (Sandvik, 2002).

Although molluscs generally appear to have low cytochrome P-450 monooxygenase activity
(Stegeman & Lech, 1991) mussels have been found to have ability to actively metabolize PAH
(Gilewicz et al., 1984; Livingstone & Farrar, 1985; Stegeman, 1985). P450 activities measured in
molluscan species appear to be concentrated in the endoplasmatic reticulum of the digestive gland
(Stegeman & Hahn, 1994; Moore et al.,1989). The activity is, however, low and significant PAH
transformation does not take place in mussels (Stegeman & Leech, 1991; Nas et al., 1998).
Molluscs are able to accumulate PAH in concentrations above the level of the ambient water (Neff,
1979; Moore et al, 1989), which makes them suitable as indicator organisms for analysis of PAH
accumulation

1.2.3 Accumulation of PAH in molluscs

Invertebrates have been found to have different ability to accumulate PAHs. Nees et al. (1995)
investigated the accumulation of highly and less soluble and carcinogenic PAHs (KPAHs) in
periwinkles, limpets, blue mussels and horse mussels. They found that limpets and periwinkles
accumulated relatively higher fractions of the low molecular weight compounds of relatively high
solubility and thereby led to underestimates of the KPAH in the ambient environment. Periwinkles
appeared to retain the KPAHs to a greater extent than the limpets. Blue mussels have also been
found to lead to underestimates of KPAH at some stations, but not at others, while horse mussels
were found to accumulate KPAH and other heavy PAHs effectively. Where blue mussels and horse
mussels were sampled at the same areas, the horse mussels had higher percentage of KPAH in 20
of 23 cases. Thus, mussels appear to be better indicators than snails, especially when looking at
potentially carcinogenic PAH (Nes et al., 1995). The same was found by Nas et al. (1998) where
horse mussels were found to have a relative affinity for the heavier PAHs, reflecting the sediment
profile, while periwinkle, limpet and blue mussel seemed to have rather similar profiles. Limpets,
periwinkle and blue mussels live on rocky shores, while horse mussel is subtidal and generally lives
partly buried in sandy or soft sediment substrates. Limpets and periwinkles are grazers while
mussels are filter-feeders. The habitat preference of the organism thus seems to be significant for
the PAH composition in the tissue, not the feeding behaviour (Nas et al., 1998).
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1.3 The Cytochrome P-450 — Mixed function oxygenase - system

The cytochromes P-450 comprise a superfamily of enzymes which function as mixed function
oxygenases (MFOs) involved in the metabolism of both endogenous compounds, such as stereoid
hormones, stereoids and fatty acids, and exogenous xenobiotics, such as PAH, polychlorinated
biphenyls (PCB) and various drugs (Parke, 1990). Many of them have shown to exhibit substrate
induced genomal regulation of their enzyme activity, following exposure of the animal to a specific
substrate or chemical (Parke, 1990).

The P450 system consists of several accessory enzymes sitting in the endoplasmatic reticulum
together with the P450 isoenzymes. The P450 isoenzymes all consist of a single polypeptide chain
with an iron-protoporphyrin IX loosely bound by hydrophobic forces, electrostatic and covalent
bonds. Four of the iron ligands are contained in the planar porphyrin ring, the fifth is a thiolate
group from a cysteine residue in the polypeptide backbone and the sixth is the site of oxygen
binding during the monooxygenase reaction cycle (Gokseyr & Forlin, 1992). Electrons from
NADPH (or NADH) are transferred to P450 through a flavoprotein, NADPH-cytochrome P450
reductase (or NADH-cytochrome bs reductase) to the P450 enzyme, which then inserts an atom of
oxygen into the substrate and reduces the second oxygen atom to form water (see
(Gokseyr & Forlin, 1992). The overall reaction is:

RH+ 0, +2H" +2¢ — ROH + H,0

Cytochrome P-450 is the terminal substrate binding component and determines the specificity of the
reaction, while NADPH-cytochrome ¢ reductase transfers reducing equivalents from NADPH to
cytochrome P450 (Andersson & Forlin, 1992).

The P-450 superfamily can be divided into families and subfamilies according to the percentage of
similarity of the amino acid sequences of the proteins produced (Nebert & Gonzales, 1990) (see

[Table 1.2]). The first four families P-450 1-4 are primarily hepatic, microsomal enzymes involved
in the catabolism of foregn compounds (Timbrell, 1991). The substrates and inducers for different

P450 gene subfamilies are shown in [[able 1.3

Table 1.2 Recommended nomenclature for the P450 system by Nebert et al. (1991), shown by the P4501A
subfamily

superfamily | P450

family P4501

subfamily P4501A

gene CYP1A1l, CYP1A2

mRNA CYP1A1, CYPIA2

protein CYPIA1, CYP1A2 (or P4501A1, P4501A2)

The italicized root symbol CYP (denoting cytochrome P-450) is used followed by the designation for the individual
P450 form. An Arabic number is denoting the family, a letter the subfamily and an Arabic number the individual gene.
At mRNA and protein level the non-italicized form is recommended, but for the protein the P450 1A1 form can also be
used (Nebert et al., 1991).
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Figure 1.4 The catalytic cycle of the cytochrome P450 monooxygenase (mixed function oxygenase) system.
(From Timbrell, 1991). RH: substrate. Step 1: Binding of the substrate to cytochrome P450, iron is in the
oxydized ferric state. Step 2: First electron reduction of the substrate-enzyme complex, the iron atom is
reduced from the ferric to the ferrous state, the reducing equivalents are transferred from the NADPH via
NADPH cytochrome P450 reductase. Step 3: Addition of molecular oxygen and rearrangment of the ternary
ferrous oxygenated cytochrome P450-substrate complex. The reduced cytochromes P450-substrate complex
binds oxygen and undergoes a rearrangement. Step 4: Addition of the second electron from NAPDH via P-
450 reductase (alternatively the electron may be donated from NADH via cytochrome bs reductase and
cytochrom bs). The complex then rearranges with insertion of one atom of oxygen into the substrate to yield
the product. The other oxygen atom is reduced to water, the other product.

Table 1.3 Induction in selected P450 gene subfamilies (redrawn from Stegeman & Hahn, 1994)

Gene family Selected protein Prominent
and subfamily members substrates® Common inducers® Mechanism
CYP1A 1A1 PAH, planar PCB, 7- PAH, planar PCB, BNF, Mostly transcriptional
ethoxyresorufin chlorinated dioxines
(e.qg.TCDD) and furans
1A2 Acetanilide, PAH, planar PCB, BNF, Transcriptional, post-
estradiol,caffeine chlorinated dioxines transcripptional (protein
(e.g.TCDD) and furans, ISF stabilization)
CYP2B 2B1 Barbiturates, steroids Barbiturates, non-planar Transcriptional
PCBs, DDT
CYP2E 2E1 Ethanol, Ethanol, ketones starvation, Transcriptional, post-
alkylnitrosamines diabetes transcripptional (protein
stabilization)
CYP3A 3A1 Steroids (6B- PCN Transcriptional
hydroxylase)
CYP4A 4A1 Lauric acid, Clofibrate, phthalates, PCBs Transcriptional

arachidonic acid

%The substrates listed are common ones for the forms indicated

bAbbrevations used: PAH - polynuclear aromatic hydrocarbons; BNF - B-naphthoflavone; DDT - dichlorodiphenyltrichloroethane;
ISF - isosafrole; PB - phenobarbital; PCB - polychlorinated biphenyls; PCN - pregnenolone-a-carbonitrile;
TCDD - 2,3,7,8-tetrachlorodibenzo-p-dioxin.
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The gene family inducible by planar molecules such as PAHs, is the P4501 family (Parke, 1990;
Stegeman et al., 1992). Other examples of planar compounds, which are able to induce the P4501
family are some congeners of PCB and polychlorinated dibenzo-p-dioxins (PCDD) (Figure 1.5). In
mammals, which is the species group most intensively studied, the P4501 family is found to
comprise only one subfamily (P4501A) with two genes CYP1Al and CYP1A2 (Nebert & Gonzalez,
1990). Until recently, evidence for only one subfamily has been found in teleost fish species and
analyses of DNA sequences have lead to the assumption that this subfamily corresponds to the
CYPIA1 family in mammals (Stegeman, 1989) and that the CYP1A2 gene has evolved by a gene
duplication event after the separation of fish and mammalian predecessors (Nebert & Gonzalez,
1990; Gokseyr & Forlin, 1992). Evidence of a second CYPIA gene (CYP1A3) has since been found
in fish (Berndtson & Chen, 1994). This gene is however not orthologous to the CYP1A2 gene in
mammals, but probably the fish CYP1AL precursor gene has undergone its own duplication event
separate from the mammalian duplication event (Berndtson & Chen, 1994).
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Figure 1.5 Examples of PCB and dioxin, which along with PAHs can induce the P4501A subfamily A: PCB
156, B: TCDD. (From Sandvik, 2002)

1.3.1 Induction of CYP1A

Inductive response is a process by which a chemical stimulates the rate of gene transcription
resulting in increased levels of messenger-RNA and synthesis of the P450 protein (Andersson &
Forlin, 1992). The induction of CYP1A involves a cytocolic ligand-activated transcription factor
(the Ah receptor), a 90 kDa heatshock protein and a nuclear translocation factor (ARNT) (see

. The chemical agent (inducer) binds as a ligand to the Ah receptor, which then
undergoes a transformational process involving the dissociation af a 90 kDa heatshock protein and
formation of a heterodimer between the Ah receptor-ligand subunit and the ARNT. The heterodimer
is then translocated to the nucleus and reacts directly with DNA and initiates transcription of the
P4501 genes followed by synthesis of mRNA and proteins (apoproteins; insertions of heme results
in active enzyme) (Stegeman et al., 1992; Stegeman & Hahn, 1994; Andersson & Forlin, 1992;
Sarasquete & Segner, 2000).
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Figure 1.6 The mechanism of CYP1A induction (Stegeman et al., 1992 (modified according to Stegeman &
Hahn, 1994). The inducer enters the cell and binds to the Ah receptor (AhR), which is subsequently
transformed to its activated form (HC-AhR*) involving the dissociation of a 90-kDa heat shock protein
(hsp90) and formation of a heterodimer between the AhR and the Ah receptor nuclear translocator (ARNT)
protein. The receptor-inducer complex enters the nucleus and binds to regulatory elements (XRE) in the
DNA stimulating the transcription of P4501A mRNA, which can be translated to proteins.

Ligands that induce Ah receptor mediated response are restricted to hydrophobic planar molecules
which fit into the binding site of the Ah receptor, which is suggested to be rectangular and have a
size of approximately 3x10 A. The most potent CYP1A inducer is 2,3,7,8-tetrachloro-dibenzo-
dioxin (TCDD) which fits most closely to this presumed binding site (Figure 1.7} (Landers &
Bunce, 1991; Sarasquete & Segner, 2000).

00003

Figure 1.7 Possible dimension of the binding site of the Ah receptor, fitting most closely to TCDD which is
the most potent inducer of CYP1A (Landers & Bunce, 1991).
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1.3.2 Factorsaffecting theinduction of cytochrome P-450

The induction of the cytochrome P450 system in fish can be affected by various factors. Biotic and
abiotic factors found to influence the P-450 level and activities in natural fish populations are:
Species, sex, reproductive stage, temperature, age, dietary factors, inducing agents and antagonistic
agents (Gokseyr & Forlin, 1992).

There can be large variations in the inductive response even between related species. When dab and
flounder are sampled at the same place or under same conditions, the MFO activity, measured as 7-
ethoxyresorufin-O-deethylase (EROD) assayj, is three to four times higher in dab than in flounder
(Kriiner & Westernhagen, 1999). Seasonal- and sex differences have also shown to be less
pronounced in flounder than in dab (Westernhagen et al., 1999).

In mammals males generally seem to have higher levels of hepatic P450 than females (Andersson &
Forlin, 1992) and this seems also to be the case in winter flounder (Pleuronectes americanus)
(Vandermeulen & Mossman, 1996; Edwards et al., 1988) and in dab (Limanda limanda) at least in
some of the stages of the reproduction cycle (Kriiner & Westernhagen, 1999; Lange et al., 1999;
Goksayr et al., 1992).

Seasonal variations in MFO activity can be linked to hormonal status, (e.g. levels of steroid
hormones), and change in the reproductive state can have influence on the sensitivity to induction of
the organism (Payne, 1984). Hence, seasonal effects often reflect to the different reproductive
periods (spawning, pre-and post spawning). Spawning is particularly important, as it can be a period
of marked biochemical, physiological and histological changes (Payne, 1984). However,
temperature can have indirect influence by modulating seasonal changes in physiology and
abundance of chemical or natural inducers can also vary seasonally (Payne, 1984).

Seasonal variations in MFO activity are differently expressed in males and females and the EROD
activity is found to be low, especially in females, in the spawning period (Kriiner & Westernhagen,
1999; Lange et al., 1998; 1999). The differences in MFO response between the sexes is most likely
due to the interaction of the MFO system with stereoid hormones in fish (Lange et al., 1999;
Edwards et al, 1988; Lindstrom-Seppd & Stegeman, 1995). Estradiol is a steroid hormone produced
by developing ovaries and has been suggested to suppress CYP1A expression in reproductively
active females (Stegeman & Hahn, 1994; Forlin et al.,1984; Stegeman & Woodin, 1984). This
explanation is supported by E:lle findings of an inverse relationship between EROD activity and
Gonadosomatic Index (GSI)~(Khan & Payne, 2002; Lange et al., 1998). Sex and seasonality of the
reproduction cycle have been found to be the most important variables influencing the MFO activity
in winter flounder (Vandermeulen & Mossman, 1996; Edwards et al., 1988).

In dab an inverse relationship has been found between temperature and EROD activity in the post-
spawning season and temperature appeared to have stronger influence on regional variability in
EROD activity than the organochlorine concentration, which were thought to be the main inducers
in this study (Sleiderink et al., 1995; Lange et al., 1998). However, in the spawning season
temperature and EROD activity showed positive correlation (Lange et al., 1998) and as the
temperature differences not could be explained by qualitative changes such as changes in enzyme
affinities and temperature optima, Lange et al. (1998) suggested, that the influence by temperature
on EROD activity occurs indirectly via its influence on the duration of the gonadal cycle.

* Gonadosomatic Index: (gonad weight/total weight)x100
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Temperature would thus have influence on the time of spawning, which is assumed to be coupled
with the seasonal variation in EROD activity.

It has been suggested that age and size of the fish are factors to be excluded when selecting species
for MFO measurements in monitoring (Edwards et al., 1988). However, Khan & Payne (2002)
found that higher activities were found in adult male than in adult female and juvenile winter
flounder.

1.4 Biomarkers

Biomarkers have been defined as “ Biological responses that can be related to an exposure to, or
toxic effect of, an environmental chemical or chemicals” (Peakall, 1994)

The effect of chemical contaminants can occur at different biological levels extending from the
molecular or biochemical level to the physiology of the individual organism and ultimately to the
level of population and ecosystem (Stegeman et al., 1992). The different levels are:

- ecosystem
- community
- population
- individual
- organ
- tissue
- cell
- organelle
- pathway
- molecules
(redrawn from Stegeman et al.,1992)

Changes at molecular level will underlie the effects at higher level of biological organisation and
can be used as an “early warning” signal of the effects of chemical pollution. There is an advantage
of measuring changes at the biochemical level, because the biochemical and molecular alterations
are usually the first detectable quantifiable responses to environmental change, and can serve as a
markers of both exposure and effect (Stegeman et al., 1992).

Certain criteria have been proposed to define biological responses that can serve as a biomarkers
(Stegeman et al., 1992):

1) The assay to quantify the biomarker should be sensitive, reliable, and relatively easy;

2) baseline data for the concentration/activity of the biomarker should be known in order to be able to
distinguish between natural variability (noise) and contaminant-induced stress (signal);

3) The basic biology/physiology of the test organism should be known so that sources of uncontrolled
variation (growth and development, reproduction, food sources) can be minimized;

4) All the factors, intrinsic as well as extrinsic, that affect the biomarker should be known;

5) It should be established whether changes in biomarker concentration are due to physiological
acclimation or to genetic adaption;

6) changed levels of the biomarker should be correlated with the “health” or “fitness” of the organism.
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1.4.1 Biomarkersof PAH exposure

. ‘
shows the fate of PAH when taken up in fish. PAH is transformed by the CYP1A system
into metabolites (Phase I), which can either be conjugated to an endogenous molecule (Phase II)

and excreted to the bile, or (if bioactivated during phase I) they can react with DNA creating
adducts. Each of these steps can be measured by different biomarker analyses.

Liver ]
Bile
CYP1A
DNA adducts
PAH —» PAH — % Com

metabolites onjugated

T Conjugatian > FAH
s metabolites

Figure 1.8 Illustration of the fate of PAH after being taken up in an organism, showing the connection
between different biomarker analyses (Aas, 2000)

Transformation of PAH into metabolites involves induction of the CYP1A system.
shows the steps of induction (formation of mRNA, protein and catalytic active enzyme) and each of
these steps can be analysed by a suitable assay to meaﬁure induction (Gokseyr & Forlin, 1992). The
formation of mRNA can be analysed by DNA probes™, CYP1A protein content by immunodetection
analysis (such as ELISA), and the enzyme activity can be analysed by catalytic assays (such as
EROD).

Level Nomenclature M arker

DNA — CYP1A1

v

mRNA — CYP1Al DNA probe
v

protein — P450 1A1 antibody
v

enzyme — EROD/AHH  catalytic assay

Figure 1.9 Different levels of induction of the cytochrome P450 system and markers which can be used to
detect it. (Redrawn from Gokseyr & Forlin, 1992)

EROD

The catalytic activity of the CYP1A enzyme can be analysed by the 7-ethoxyresorufin-O-deethylase
(EROD) assay. CYP1A catalyses the O-deethylation of 7-ethoxyresorufin, giving the product
resorufin which can be measured fluorimetrically. The resorufin formation depends on the presence

of enzyme, substrate, oxygen and the cofactor NADPH (see (Nilsen et al., 1998).

*mRNA analysis for measuring CYP1A expression involves cDNA probes for the CYP1A gene. cDNA are strong
cloned copies of otherwise fragile mRNA.
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Figure 1.10 The conversion of ethoxyresorufin to resorufin by CYP1A

The catalytic assays EROD and AHH (aryl hydrocarbon hydroxylase“l;lappear to be the most
sensitive catalytic probes when determining induction response in fish, showing low or undetectable
levels in untreated fish, but are higly induced by exposure to PAH type inducers (Gokseyr & Forlin,
1992). When the two assays (EROD and AHH) are analysed at the same time, the results are highly
correlated, and as the EROD assay is highly sensitive and easy and safe to perform, it is most often
preferred by researchers when studying PAH induction in fish and mammals (Buhler & Williams,
1989).

CYP1A protein

The measurement of catalytic activity has some disadvantages, because some conditions can lead to
underestimation or lack of detection even though induction has occurred. The catalytic activities are
sensitive to protein denaturation when conditions during sampling and storage are not optimal
(Forlin & Andersson, 1985; Kriiner & Westernhagen, 1999). The presence of some compounds,
endogenous or exogenous (especially organochlorines, heavy metals, and many xenoestrogens
(Sandvik, 2002)), can inhibit the catalytic activity. In addition the sample or tissue may be too small
to yield measurable catalytic activity. In such cases measurements of the CYP1A protein content
are of crucial importance (Gokseyr & Forlin, 1992). Measurement of CYP1A mRNA can also
complement catalytic assays, but as mRNA is also very susceptible to degradation, the information
gained by this method in environmental monitoring is limited compared to the immunodetectable
analysis of CYP1A protein (Gokseyr & Forlin, 1992).

CYPI1A protein content can be measured with an enzyme-linked immunosorbent assay (ELISA),
which is a semiquantitative assay giving a relative measure of CYP1A in different samples. In the
ELISA procedure the antigen is immobilized on a microtiter plate. A primary antibody specific for
the antigen is allowed to bind to the antigen and a secondary antibody, conjugated to the enzyme
HRP, is allowed to bind to the primary antibody. The immunocomplex is then detected by addition
of a substrate, which is cleaved by the conjugated HRP generating a coloured reaction product,
which can be detected spectrofotometrically (Nilsen et al., 1998).

PAH metabolitesin bile

As most of the PAH taken up in fish is metabolised, chemical measurements of PAH in fish is not a
suitable parameter for analysis of PAH exposition (Aas, 2000). Instead the concentration of
metabolites, derived from PAH, can be estimated. When biotransformed by the CYP1AT1 system the
metabolites generally are hydrofilic and will readily be excreted. Excretion to the bile is the
dominant excretion route in fish of metabolites of, especially, larger PAH molecules (Meador et al.,
1995). Hence, analyses of PAH metabolites in bile is a suitable matrix for PAH exposure.

Since the PAHs and their metabolites display strong and characteristic fluorescent properties, semi-
quantitative measures of such compounds can be obtained by simple fluorescence analyses of bile

* BaP-hydroxylase (Buhler & Williams, 1989)
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samples. All PAH molecules absorb ultraviolet light followed by an emission of light of longer
wavelength. The optimal excitation and emission wavelenghts and signal intensity vary between
PAH compounds and are dependent on size, structure and eventual substituents and this variability
can be utilized in simple detection methods for PAHs (Aas, 2000.)

The PAH—metabolites in bile are mostly found as conjugated OH-PAH, which means that they are
bound to proteins. The protein bound metabolites can be released by treating the material with an
enzyme, B-glucuronidase/aryl sulfatase at 37°C. The proteins are precipitated by the addition of
alcohol. Selected metabolites can then be measured by HPLC with fluorescence detection.

The concentration of PAH metabolites in bile is however influenced by differences in bile density
(precence of bile proteins) between individuals. The filling and emptying of the gall bladder
depends on the feeding status of the individual fish (Aas, 2000). As the fish empties the bile into the
gastrointestinal tract during feeding, the gall bladder will be almost empty in the hours after
feeding. Shortly afterwards the gall-bladder fills up with water, and the bile first accumulating in
the gall bladder after feeding will be rather diluted (Ariese et al., 1997). After long periods of
fasting the bile fluid will be more concentrated and the fluorescence signal may be influenced by
accumulation of other metabolic products in the bile (Beyer, 1996). The feeding status, thus,
influences the bile density and thereby the concentration of metabolites in the bile (Aas, 2000). The
variations in bile densities can be minimized by normalizing the result for the bile pigment,
biliverdin. This can be done by measuring the absorbance in the bile at 380nm, as biliverdin has one
of its two major peaks at this wavelength.

DNA adducts

The traces of exposure can be detected by the formation of DNA adducts which can be quite
persistent in fish. Reactive metabolites of carcinogenic PAH (such as benzo(a)pyrene) can bind
covalently to DNA and the formation of hepatic DNA adducts has shown to be dose dependent and
to increase with time of exposure to PAH contaminated sediment (French et al., 1996; Aas et al.,
2000a). Hepatic DNA adducts in contrast to parent PAH reflect cumulative uptake of PAH in fish
(Meador et al., 1995).

Hence, the measurement of bile fluorescence and DNA adducts can provide complementary
information on short- and long -term exposure to PAH-like contaminants (Meador et al., 1995).

The formation of DNA adducts can be measured by the **P-postlabeling assay. By this method
DNA is hydrolyzed enzymatically to 3'-monophosphates followed by enrichment DNA adducts by
the selective removal of normal nucleotides and labelling with [**P]phosphate. The labelled adducts
are then separated by two-dimensional, thin-layer chromatography (TLC) on polyethyleneimine
(PEI)-modified cellulose sheets. The radiolabeled adducts can then be detected by autoradiography
and quantitated by liquid scintillation spectrometry or storage phosphor imaging (Reichert &
French, 1994)
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1.4.2 Biomarkersfor xenoestrogenic exposure

Vitellogenin

Vitellogenin (Vtg) is the egg yolk precursor, and is normally produced in the liver of mature female
fish in response to estradiol in the blood. 17p-estradiol (E;)is produced by developing ovaries. If
male or immature female fish are exposed to oestrogenic substances, their livers too will be
stimulated to produce Vtg and hence they can be used as a biomarker for environmental oestrogens
(Scott & Hylland, 2002). Examples of xenooestrogens are alkylated phenols, which are found in
large quantities in produced water from oil exploration activities (Meier, 2001). In addition to
induce vitellogenesis xenooestrogens also have an inhibitory effect on P450 expression (Sandvik,
2002).

Vtg can be measured by a competitive ELISA test. The principle in this test is that anti-vitellogenin
(antibody) in a polyklonal serum binds to vitellogenin (Vtg) in a solution in competition with a
known amount of Vtg, which is bound to the walls of a microtitre plate. An enzyme-conjugated
secondary antibody then binds to the primary antibody, which has bound to the Vtg on the walls of
the plate. By adding a colour substrate the enzyme conjugate will develop a colour and the the
colour end product can be measured by reading the absorbance by a platereader. The concentration
of Vtg can then be calculated from a standard curve. The more vitellogenin there is in the sample,
the less enzyme-conjugated antibody binds to the walls in the plate and the weaker is the colour
development.

1.5 Test organisms

The suitability of species chosen to be monitoring organisms has to be evaluated when performing
biomarker analyses. The selected species should be representative for habitat and biota and relative
stationary to be sure they are exposed to the actual pollution. Among these species the most
sensitive species should be selected (Aas, 2000).

In this project species of fish (teleosts) and invertebrates (molluscs) have been sampled as
monitoring organisms. Of the fish species shorthorn sculpins (Myoxocephal us scorpius), dab
(Limanda limanda), flounder (Platichthys flesus) and a coastal stage of atlantic cod (Gadus morhua)
called “reydfiskur” in Faroese (red fish) have been chosen. Dab, flounder and cod are used as
indicator organism in international monitoring programmes (JAMP)™ Shorthorn sculpin is
widespread in the arctic area aﬁd due to this and its stationary lifestyle it is used in as
indicatorspecies in the AMAP™ project.

Of the invertebrates species the gastropods: limpets (Patella vulgata), periwinkles (Littorina
obtusata) and dogwhelks (Nucella lapillus) and the bivalves: blue mussels (Mytilus edulis) and
horse mussels (Modiolus modiolus) have been chosen.

151 Fish
Where no other references is given the following text is based upon Joensen & Téaning (1969).

> The Joint Assessment and Monitoring Programme under the OSPAR agreement.
% Arctic Monitoring and Assessment Programme.
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Dab:

Dab (Limanda limanda) is common in the fjords, coves and sounds in the Faroes and is found from
the tidal zone to a depth of more than 150 m (not taken outside 200 m contour line). On the whole it
is a non-migratory fish and does not move any great distances. It leaves the shallow water to spawn,
though finds spawning grounds in the fjords and bays.

According to Joensen & Téning (1969) spawning starts April, reaches a peak around (end of) May
and continues to later in the summer. However, a study from 1996-97 (Dam, 2000) shows that
spawning occured as early as in March in 1996 and probably even earlier (in January-February) in
1997.

Males reach a length of about 30 cm, females longer (maximum males 38 cm, females 41 cm)
Maturity is reached at a lenght of 18 cm in females and a little less in males.

The diet consists for a large part of mussels (Abra, Axinus, Cardium etc.), smaller crustaceans
(gammarids, hermit crabs, smaller crabs), and finally bristle worms, echinoderms and smaller fish.
The alga Ulva commonly found in the stomach of dab.

Dab is important as foodstuff for predatory fish in the area (Cod, Halibut, Monk-fish).

Photo 1 Dab (Limanda limanda).

Flounder:

Flounder (Platichthys flesus) is found in probably all Faroese fjords and coves where there are
freshwater outfalls. Most of its lifetime it lives in the inner parts of the fjords or coves, where the
salinity is low (around fresh water outlets). It can frequently be found at depths as low as 0-3 m but
is likely to go to deeper water in the winter. Probably it seeks to more open parts or mouths of the
fjords or even the banks during the spawning season. Spawning occurs in winter or early spring
(until May).

In the Faroes flounder reaches a length of 38-40 cm (maximum 40-45). It feeds mostly on
crustaceans (gammarids, crabs etc.), snails and mussels (young Mytilus and similar forms), larvae
of aquatic insects and small fish.

Photo 2 Flounder (Platichthys flesus).
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Cod:

Cod (Gadus morhua) is one of the most common fishes in and around the Faroes. It is mainly found
within the 200-300 m contour line, but ranges from depths less than 1m to perhabs 700 m.

Near the Faroes it spawns to the north of the islands (Nordhavid). Spawning takes place at
temperature around 6-7°C. The main spawning season is from early March to May, April being the
most important month.

Until the age of 3 years (or more) the cod is rather stationary. When sexually mature the cod
migrates to “Nordhavid” (or other locations) to spawn. After spawning they disperse all over the
Faroe area and survivors will seek the spawning grounds again the following year.

Many reach sexual maturity at the age of 3 years, but the majority at the age of 4 years, some even
later. Cod feeds on nearly everything digestible it comes across. Sand-eel and herring are probably
the most favoured food with the addition of crustaceans, brittle star, mussels etc.

Cod, which lives among red algae, acquire an intense red colour and are called “reydfiskur” (red
fish). “The red fish” is stationary until approximately 1 — 1'% years of age, then it migrates to deeper
water ultimately to join the spawning population and live with cod on the continental shelf
(Steingrund, pers. comm.).

Photo 3 Coastal stage of cod (Gadus morhua).

Sculpin:

Sculpin (Myoxocephalus scorpius) is very common all around the islands in the stony or sea-weed
covered areas of the coastal region. It is often found near piers and similar places. Sculpins are not
good swimmers and thus very stationary. It is rare in deep parts of the fjord because of the soft
bottom in most of these places. It is found from the low water mark to a depth of ca.200 m,
although the number decreases notably from 20-25 m outwards.

The spawning season is from mid-winter until spring.

Sculpins feeds on crustaceans and will indeed take anything. Females reach a size of approximately
32 cm, males less. In Iceland they may reach length of 40 cm.

Photo 4 Sculpin (Myoxocephal us scorpius).
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15.2 Invertebrates

Where no other reference is given the following text is based upon Sparck & Thorson (1969)
(limpets, dogwhelks and periwinkles) and Hepner Petersen (1969) (blue- and horse mussels).

Limpets:

Limpets, (Patella vulgata), are abundant on almost every rocky coasts of the Faroe Islands and
mostly at the places mostly exposed by wave action. They are generally found above low water
mark (dry at ebb tide), down to a depth of no more than a few m. The larger specimens mostly have
a diameter of 30-40 mm (maximum found 61 mm). Limpets are grazers and feed on
microorganisms and algae which they scrape from the rocks with their rasping tongues (Hill, 2000;
Nas et al., 1998).

Photo 5 Limpets (Patella vulgata).

Dogwhelks:

Dogwhelks, (Nucella lapillus), are one of the most common littoral gastropods of the Faroe Islands
and are found in almost any place of the coasts in great numbers attached to the rocks above the sea
level together with P. vulgata. They have, however, sometimes been found below sea level (down to
-20 m). The height of specimens can be around 32-33 mm (maximum 37-39 mm). Dogwhelks are
carnivorous and typically feed on barnacles and mussels (Tyler-Walters, 2003).

Photo 6 Dogwhelks (Nucella lapillus).

Periwinkles:

Periwinkles, (Littorina obtusata), occur all around the northern as well as of the southern Islands of
the Faroes in depths of no more than 2-3 m, and not over the high water mark. The Faroese
specimens are rather large 10-13 mm (maximum 15,5 mm). Like limpets, periwinkles are grazers
and feed by scraping microalgae from the rock with their rasping tongues (Nas et al., 1998).
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Do

Photo 7 Periwinkles (Littorina obtusata).

Blue mussels:
Blue mussels (Mytilus edulis) are common along the coasts in and below the tidal zone (found down

to 50 m). They live attached to suitable substrata by fibrous byssus treads, sometimes occuring as
dense masses. Blue mussels are filter-feeders and feed on bacteria, phytoplankton, detritus and
dissolved organic matter which they filter from the water (Tyler-Walters, 2002; Nzs et al., 1998).

Photo 8 Blue mussels (Mytilus edulis).

Horse mussels:
Horse mussels (Modiolus modiolus) are commonly found down to a depth of 200 m. They live part

buried in soft sediments or coarse grounds or attached to hard substrata often forming extensive
beds. Like blue mussels, horse mussels are filter-feeders and feed on organic matter and particles
suspended in the water (Tyler-Walters, 2001).

"Photo 9 Horse mussel (Modiolus modiolus).
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Map 1 Map of the Faroe Islands showing the sampling stations for fish and inverebrates, and the stations
where temperatures have been measured by the Faroese Office of Public Works.
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2 Methods

2.1 Sampling of fish

Fish were sampled in Kaldbak and Kirkjubeur (see on page . The plan was to collect
sculpins in Kaldbak and dab in Kirkjubeur, but as there was a not negligible by-catch of other
species, these were taken as samples as well. The additional sampling included a coastal stage of
Atlantic cod, flounder and dab in Kaldbak, and flounder in Kirkjubgur. The only flounder samples
that were analysed were those from Kirkjubeur in February.

In Kaldbak the samples in the first sampling period were secured by fishing with fishing rods at the
quay, but as it turned out to be quite difficult to get enough samples and because of the close
vicinity to a fish processing plant, the sampling method was changed to fish-traps placed more
distantly from land. The traps normally were soaked for 24 hours, before they were taken up, but
sometimes 2-4 days elapsed.

In Kirkjubgur the sampling in the first sampling period was done by diving near the quay. In the
second and third sample period the fish were caught in fishing nets, which were set in Brandansvik
and were deployed for about two hours. Some of the fish was also caught by fishing rod from a
boat.

The fish were transported alive in containers with seawater to the laboratory, where the sample
preparation was done. [[able 2.1|gives a summary of the fish catches.

Table 2.1 Fish samples from Kaldbak and Kirkjubgur

Sampling Short-horn Cod —coastal | Flounder Dab
period sculpin variety (Platichthys (Limanda
(Myoxocephalus | (Gadus flesus) limanda)
SCOrpius) morhua)
Kaldbak Jan-Feb 02 6 - -
Apr-May ’02 12 12 8 -
July ’02 10 11 1 9
Kirkjubgur | Jan-feb ’02 6 -
Apr-May ’02 8 7
July °02 - 13

Grey shadow: Not analysed

Prior to dissection the weight and length of the fish were measured. Then the fish was killed with a
blow to the head. A blood sample of 1-5 ml was taken with a syringe and a BD vacutainer
containing heparin (LH 143 1.U.). The blood sample was kept on ice until centrifugation (5 min. at
3000 rpm). The plasma was transferred into a cryo tube with a pasteur pipette and frozen in liquid
nitrogen.

The liver and gall bladder were dissected. The gall bladder was transferred whole into a cryo tube

and frozen in liquid nitrogen. When the gall bladder was too big to fit in to a cryo tube, it was
pierced and the content carefully poured into the tube. The weight of the liver was recorded and
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three samples of liver, approximately 1 g each, were taken into cryo tubes from each fish (if there
was sufficient liver tissue) and frozen in liquid nitrogen.

Sex was determined and the gonads were weighed. The gonads and the rest of the liver and the
stomach, with contents, were stored in -20°C and registered in the Environmental Specimen Bank
for use in later studies.

Water temperature was not measured in connection with sampling, but the Faroese Office of Public
Works makes regular measurements of sea-water temperatures (one meter above the sea-floor) at
selected stations. The stations which are nearest to Kaldbak and Kirkjube are “Strendur” and
“Servagur” (see on page . The mean sea-temperature for each month during 2002 is
shown in attachment 1. The mean temperature in Strendur and Servagur respectively was 5,7-6,5°C
in January, 6,2°C in April (only measured in Strendur) and 10,7-10,2°C in July.

2.2 Analysisof fish samples

The analyses of the fish samples were performed at NIVA (Norwegian Institute for Water Reseach)
in the period from the 26™ of August to the 21 of September by Katrin Hoydal, under supervision
of the staff at NIV A, except for additional analysis of EROD activity in sculpin by HPLC method,
which were performed by the National Veterinary Institute in Norway, and the analysis for CYP1A
protein which were performed by NIVA.

The liver samples from the fish were analysed for EROD activity, CYP1A protein content and total
microsomal protein content.

Preparation of the samples was done by homogenisation to attain cell lysis without affecting
proteins and enzymes. The cytosol and organelles were separated with centrifugation as described
in section .

The protein content in the microsomal fraction of the liver was measured as described in section
p.2.3

The EROD activity was measured fluorimetrically as described in section

The CYP1A protein content was analysed by an enzyme-linked immunosorbent assay (ELISA)
(section

The bile samples were analysed for PAH-metabolites using HPLC (High Performance Liquid
Chromatography) with fluorescence detection. The preparation and analysis of bile samples are
described in section P.2.6land P.2.7|respectively.

The blood samples were analysed for vitellogenin content using an enzyme-linked immunosorbent
assay (ELISA) as described in section

2.2.1 Chemicals

7-ethoxyresorufin, resorufin, NADPH, Trizma base, Trizma Hydrochloride, Tween-20
(Polyoxyethylene sorbitan), and BSA (Bovine serum albumin) were obtained from Sigma-Aldrich
(St. Louis, MO, USA). Bovine gamma globulin (protein standard), protein assay reagent A (alkaline
copper tartrate solution) and B (diluted Folin reagent) were from BioRad Laboratories (Hercules,
CA, USA). Primary antibodies: Rabbit anti-cod Vtg, Polyclonal antibody, CS-1, Rabbit anti-
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wolffish Vtg, Polyclonal antibody, CS-3, Rabbit anti-Arctic char Vtg, Polyclonal antibody, PO-1,
Rabbit anti-sea bream Vtg, Polyclonal antibody, PO-2, anti-fisk CYP1A antibody (CP226) were
from Biosense laboratories (Bergen, Norway) and Secondary antibody: Goat anti-rabbit IgG
Horseraddish Peroxidase Conjugate (GAR-HRP) was from AmDEX (Jyllinge, Denmark).

2.2.2 Preparation of liver samples

The liver samples were thawed on ice and approximately 1 g of liver was weighed and put in a glass
homogenising tube. A 0,1 M K-phosphate homogenising buffer was added until 5 ml of solution
was obtained. The solution was homogenised using a motorised homogeniser (Potter-Elvehjem
type) with at least ten passes with a teflon pestle. The homogenate was transferred to centrifugation
tubes and centrifuged at 10000 X g at 4°C for 30 min. The supernatant (PMS™fraction) was collected
with a pipette, carefully avoiding the pellet and the floating lipid layer, transferred to new
centrifugation tubes and centrifuged at 48000 X g at 4°C for 120 min. The supernatant (cytosol
fraction) was removed and frozen at -80°C and not analysed in this context. The pellet (microsomal
fraction) was resuspended in 1,5 ml resuspending buffer and homogenised using a glas-teflon
homogeniser. The homogenate was transferred to eppendorf tubes and frozen at -80°C until analysis

for microsomal protein content (2.2.3), EROD activity (2.2.4] and CYP1A protein content (2.2.5}.

2.2.3 Proten

The microsomal protein content was analysed quantitatively by a modified method of Lowry et al.
(1951). The analysis is based on the two-step reaction of protein with an alkaline copper tartrate
solution and Folin reagent. The blue colored end product can be measured at 750 nm. A standard
curve was made using dilutions of Bovine gamma globulin protein standard in Tris buffer (0,125 —
1,00 mg/ml).

10 ul of diluted sample (the resuspended pellet obtained by the preparation of the liver samples) or
standard were added to a microtiter plate. Then 25 ul of alkaline copper tatrate solution and 200 pl
of diluted Folin reagent was added and the plate was mixed by the mixing function in the plate
reader. After incubation for 15 minutes the absorbance was read in the plate reader at 750 nm. The
protein concentrations in the samples could then be determined by comparison to the linear standard
curve.

Microtiter plate for the protein assay:
1 2 3 4 5 6 7 8 9 10 11 12

Blank [Std 2 [s 1 s 3 S 6 s 9 s1l |s14 |s17 |s19 [s22 |ref. G.m
Blank [Std2 |s1 [s4 |s6 [s9 |[s12 [s14 |s17 [s20 |s22 |ref.G.m
Blank [Std 3 [s 1 sd4 |s7 s 9 s12 |s15 |s17 [s20 |s23 |ref.G.m

Blank [Std3 |s2 [|s4 |s7 |[s10 |s12 |s15 |s18 |s20 |s23 |ref. G.m
Std1l |Std3|s2 |s5 [s7 |s10 |s13 |s15 [s18 |s21 |s23 Jref. L.l
Std1 [Std4 |s2 [s5 [s8 |s10 [s13 [s16 |s18 [s21 [s24 |ref. L.l
Std1 [Std4 |s3 [s5 [s8 |s11 [s13 |s16 |s19 [s21 [s24 |ref. L.L
Std2 |Std4 S3 |s6 [s8 [s1l1l |s14 [s16 |s19 [s22 |s24 |ref. L.l

s1-24: sample 1-sample 24
ref. G.m. and ref. L.I.: reference material of cod and dab respectively

I G mmo O W >»

7 Postmitochondrial supernatant
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2.24 EROD analysis

The EROD (7-ethoxyresorufin-O-deethylase) analysis was performed according to Eggens &
Galgani (1992), which is a modified version of the method described by Burke and Mayer (1974),
using a plate-reader. The reaction solution was made by diluting a stock solution of 0,2 mM 7-
ethoxyresorufin in dimethylsulfoxide (DMSO) in 0,1 M K-phosphate buffer and the absorbance at
450 nm was measured. A standard curve of 8 standard solutions (0 — 0,64 uM) was made of a 1 mM
stock solution of resorufin in DMSO diluted in K-phosphate buffer. The starting concentration
(highest standard concentration) of 0,64 uM was obtained by adding 50 ul of 10 uM resorufin in
DMSO to 5,2 ml K-phosphate buffer and the absorbance was read at 572 nm (exact concentration
was calculated using the extinction coefficient 73,2 mM™'cm™). The other standard solutions were
then made by dilution of this solution in K-phosphate buffer. A 2,4 mM NADPH stock solution was
made of 20 mg NADPH in 10 ml K-phosphate buffer. As ethoxyresorufin and resorufin are
sensitive to light, the EROD analysis was performed protected from direct light.

If necessary the samples were diluted in K-phosphate buffer. 275 pl of standard was added to 16 of
the wells (A1-B8) in a microtiter plate (dublicates of each standard). To the rest of the wells 50 pul
of buffer and 50 pl of sample (6 replicates) were added. To half of the wells containing sample
(three of the sample replicates) 10 ul of 0,32 uM resorufin standard was added. Then 200 pl of 7-
ethoxyresorufin solution (reaction solution) and, to initiate the reaction, 25 pl NADPH solution
was added to all the wells except for those containing standards.

Microtiterplate for EROD analysis:
1 2 3 4 5 6 7 8 9 10 11 12

Al 0 |0,01|0,02|0,04|0,08|0,16 (0,32 | 0,64 |Blank|Blank|Blank|Blank
B| 0 |0,01|0,02|0,04|0,08|0,16]|0,32| 0,64 |Blank|Blank|Blank|Blank
c| sl | s2 | s3 |s4 | s5 | s6 | s7 | s8 | s9 |sl0]|sll|sl2
D] sl | s2 | s3 | s4 | s5 | s6 | s7 | s8 | s9 |sl10]sll]|sl2
E|] sl | s2 | s3 | s4 | s5 | s6 | s7 | s8 | s9 |sl10]|sll|sl2
F]l sl | s2 | s3 | s4 | s5 | s6 | s7 | s8 | s9 |s10]|s11|sl2 ]
G| sl | s2 | s3 | s4 | s5 | s6b | s7 | s8 | s9 |sl0]|sll|si2)
H] sl | s2 | s3 | s4 | sb | s6 | s7 | s8 | s9 |sl0|sll|si2|
s1-12: sample 1-sample 12 *10 ul 0,32 uM resorufin added

The plate was read immediately in a plate reader at exitation wavelenght 530 nm and emission
wavelenght 590 nm, in 8 steps for appr. 4 minutes (238 sec.) of duration. The EROD values could
be calculated based on the formula (Nilsen et al., 1998):

pmol resorufin/min/mg protein = Fg/min x R/Fr x 1/Vg x 1/Cg

Fs/min = Increase in fluorescence per minute.

R = Amount of resorufin added as internal standard (pmol).
Fr = Increase in fluorescence due to resorufin standard.

Vs = Sample volume (ml).

Cs = Protein concentration of sample (mg/ml).

EROD analysed by HPLC
The sculpin results were dominantly negative which shows that the method used was not sensitive
enough for the sculpin analysis. The sculpin samples were, therefore, reanalysed at the National
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Veterinary Institute in Norway by HPLC detection as described in Ruus et al., 2002, with some
modifications. Description of the method is given in attachment 4.

225 CYPI1A protein

CYPIA protein content was analysed by an enzyme-linked immunosorbent assay (ELISA) using
Anti-fish (CP226) as primary antibody and Sigma goat anti rabbit IgG HRP conjugated (GAR-
HRP) as secondary antibody. Description of the method is given in attachment 5. The results
(absorbance at 450 nm) were normalized to the total protein content by dividing by the total protein
content measured (see section and attachment 6). The method is semi-quantitative and the
results are presented as abs/mg protein.

2.2.6 Preparation of bile samples

The gall bladder with content had been frozen in cryo tubes, and the first step was to remove the
bile out of the bladder. This was done with a syringe by which the content of the bladder was
transferred into new Eppendorf tubes. Several of the gall bladders however, contained insufficient
amounts of bile to be analysed.

For the preparation of the bile samples to be analysed using HPLC with fluorescence detection, 0,05
ml of deionized water, 20 ul of sample, 20 pl of B-glucuronidase/aryl sulfatase, and 10 pl internal
standard (triphenylamin) was added to the sample tubes. After mixing on a whirl mixer the samples
were incubated at 37°C for one hour. Then the samples were mixed again and centrifugated at 4000
X g for ten minutes. The supernatant was transferred to HPLC vials and put in a freezer (-20°C) until
analysis the next day.

The remaining bile (if any) was analysed for relative biliverdin content (see below).

2.2°7 PAH-metabolitesin bile

The concentration of PAH metabolites in bile was analysed by HPLC detection. The HPLC detector
used in analysing the prepared bile samples, was a Waters High Performance Liquid
Chromatograph consisting of: Waters 600 pump controller, Waters 470 Scanning Fluorescence
Detector, Waters 717 Autosampler, Waters 490 Programmable multiwavelength detector and a
Waters column oven. 25 pl of sample was injected into the column. The mobile phase consisted of
acetonitril (ACN, Rathburn HPLC-grade), starting with 40% ACN in H,O changing to 100% ACN
during the running of one sample. The flow rate was 1 ml/min. The analysing time per sample was
33 minutes. The temperature of the column was 35°C and there was a continuing degassing with
helium during the analysis. The fluorescence was measured with an excitation wavelength at 282
nm and an emission wavelength at 375 nm.

A standard curve of 11 standard solutions, each containing different concentrations of the
metabolites that were analysed: 2-OH-naphtalene, 1-OH-fenantrene, 1-OH-pyrene, 3-OH-B(a)P and
the internal standard: triphenylamin, was run prior to the samples, and one of the standards was run
between every ten samples. The results reflect by retention times and peak heights the presence and
the concentrations of the different metabolites. An example of the chromatogram for one of the
standard solutions is shown in attachment 3C. The sample concentrations are determined compared
to the standard curve and the level of the internal standard (triphenylamin). An example of a typical
chromatogram from running of a sample is shown in attachment 3C. To six of the samples however,
which were prepared one day later than the other, internal standard was not added, and thus the
results were found by running the standard curve again and comparing the values of the samples
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with the standard curve without adjusting for the internal standard. Results showing a peak less than
three times the background “noise” were excluded.

Normalization for biliverdin content in the bile

The remaining bile (if any) was analysed for relative biliverdin content by measuring the
absorbance at 380nm of the bile diluted in ethanol using a spectrophotometer, since biliverdin has
one of its two major peaks at this wavelenght. The concentrations of PAH metabolites found by the
HPLC analyses were normalized for the biliverdin content by dividing the results by the absorbance
at 380nm.

2.2.8 Vitellogenin in blood samples

Analysis of vitellogenin in cod

Blood samples from cod were analysed using competitive EL I SA (enzyme-linked immunosorbent
assay) as described in Scott & Hylland (2002).

The 96 well microtiter plates were coated by adding 100 ul of standard cod antigen (Vtg), in the
concentration 50 ng/ml, to the wells in the microtitre plate, except for the blanks and NSB (Non-
Specific Binding) wells, to which only coating buffer was added. The plates were sealed and
incubated at 4°C over night.

Microtiterplate for the analyses of vitellogeninin cod:
1 2 3 4 5 6 7 8 9 10 11 12 Sample diluted

A |blank|std. 2|std. 5| std. 7 | RF1 | RF2 | RF3 | RF4 | RF5 | RF6 | RF7 | RF8 |1:10
B | blank|std. 2|std. 5| std. 8 | RF1 | RF2 | RF3 | RF4 | RF5 | RF6 | RF7 | RF8 | 1:10
C | NSB |std. 3|std. 5| std. 8 | RF1 | RF2 | RF3 | RF4 | RF5 | RF6 | RF7 | RF8 |1:10
D | NSB |std. 3|std. 6| std. 8 | RF1 | RF2 | RF3 | RF4 | RF5 | RF6 | RF7 | RF8 |1:10
E |std. 1|std. 3|std. 6| std. 9 | RF1 | RF2 | RF3 | RF4 | RF5 | RF6 | RF7 | RF8 [1:100
F |std. 1|std. 4|std. 6| std. 9 | RF1 | RF2 | RF3 | RF4 | RF5 | RF6 | RF7 | RF8 |1:100
G |std. 1|std. 4|std. 7|std. 10| RF1 | RF2 | RF3 | RF4 | RF5 | RF6 | RF7 | RF8 |1:100
H |std. 2|std. 4|std. 7|std. 10| RF1 | RF2 | RF3 | RF4 | RF5 | RF6 | RF7 | RF8 |1:100

RF1-RF8: cod sample 1- cod sample 8.

Then the plates were washed three times with TTBS (Tris-buffered saline solution (TBS) with
0,05% Tween-20). A 250 pul blocking solution (1% Bovine Serum Albumin (BSA) in TBS without
Tween-20) was added to block any remaining protein-binding sites in the wells, and the plates were
incubated for 60 min. at room temperature. The plates were again washed three times and were then
ready for primary antibody incubation. The samples were diluted 1:10 and 1:100 in TBS with 0,1%
BSA. 100 ul TBS was added the blanks and 50 pl of TBS to the NSB wells. To all the other wells
50 pl standard or diluted sample were added. For each sample, an aliquot of sample, diluted 1:10,
was added to 4 wells and the sample dilyted 1:100 was added to 4 other wells. Primary antibody
50 ul of polyclonal cod antibody (CS-1)"was added to each well, except for the blanks. The plates
were sealed and incubated at 4°C over night.

The plates were washed three times with TTBS. Then 100 pl of secondary antibody (goat anti
rabbit/HRP conjugate) was added at a dilution 1:15000 in TBS with 0,1% BSA. Only TBS with

¥ Polyclonal (rabbit) antibody against antigen of Atlantic cod (Gadus morhua).
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0,1% BSA was added to the blanks. The plates were sealed and incubated for 6 hours at 4°C. After
washing 5 x 1,5 min. in TTBS the plates were ready for color development. 100 pl of TMB-plus
solution (0,04 % O-phenylene-diamine in 150 mM phosphate, 50 mM citrate buffer, pH 5,7, with
0,012 % hydrogen peroxide) was added to all the wells and incubated in the dark for 8-12 min.
before adding the stop solution (1 M H,SOy). The absorbance was read in a plate-reader at 450 nm
and the concentration of vitellogenin was calculated using the sigmoidal standard curve, the line
was fitted using the equation: y = (A-D)/(1+(x/C)®)-D.

Analysis of vitellogenin in sculpin and dab

Since there was no sculpin and dab antibody serum available, sculpin and dab samples had to be
tested against the available antibody serums (Arctic char, sea-bream, wolffish and cod) to see how
the sculpin and dab antigens reacted against them. For this purpose a capture EL|SA test was used
(Scott & Hylland, 2002; Specker & Anderson, 1994).

Deter mination of optimal antibody and dilutions

To find the optimal concentrations of antibody, 4 microtiter plates were coated by adding 100 ul of
samples diluted 1:1000 in coating buffer. The samples were taken from three sculpins and three
dabs: One reproductionally mature female (U4 and S9), one less reproductionally mature female
(U5 and S7) and one male (U21 and S13) of each species. For each plate two columns of each of
the selected samples were added. The plates were covered with plate-sealer and incubated at 4°C
over the night.

Microtiter plate for the optimalization study:
Dilution of primary
1 2 3 4 5 6 7 8 9 10 11 12 antibody

U4 U4 uUs US | U21 | U21 | S9 S9 S7 S7 | S13 | S13 |1:1000
U4 U4 U5s US | U21 | U21 | S9 S9 S7 S7 | S13 | S13 |1:2000
U4 U4 uUs US | U21 | U21 | S9 S9 S7 S7 | S13 | S13 |1:4000
U4 U4 U5S US | U21 | U21 | S9 S9 S7 S7 | S13 | S13 |1:8000
U4 U4 U5s US | U21 | U21 | S9 S9 S7 S7 | S13 | S13 ]1:16000
U4 U4 U5 U5 | U21 | U21 | S9 S9 S7 S7 | S13 | S13 |1:32000
U4 U4 U5s US | U21 | U21 | S9 S9 S7 S7 | S13 | S13 ]1:64000
U4 U4 U5 U5 | U21 | U21 | S9 S9 S7 S7 | S13 | S13 ]J1:128000
U: sculpin, S: dab.

I O moonw>»

Then the plates were washed three times with PBS (phosphate buffered saline solution) with 0,05%
Tween and blocking solution (2% Bovine Serum Albumin (BSA) in PBS) was added. After an
incubation for 60 min. at room temperature and an additional washing procedure, 100 ul of the four
different antibody serums diluted in 1% BSA in PBS were added to the four different plates. To
each row on the plate were added different dilutions of the antibody, the dilutions doubling for each
row from 1:1000 (row A) to 1:128 000 (row H). The plates were sealed and incubated at 37°C for 2
hours and after an additional washing procedure the secondary antibody could be added. 100 pl of
goat anti rabbit/HRP conjugate diluted 1:3000 in 1% BSA in PBS was added to each well and the
plates were sealed and incubated at 37°C for 1 hour. Then the plates were washed five times with
PBS solution with Tween and the developing procedure was done in the same way as for the
competitive ELISA except that the developing reaction lasted 14 min. for all the plates before
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adding the stop solution. The plates were read in the plate-reader at 450 nm and from the results the
best suitable primary antibody and the best suitable dilution could be chosen.

Par allelism between the response of standard and sample

The chosen antibody serums were CS-3 (wolffish) and CS-1 (cod). To test, if the reaction of sculpin
and dab were parallel to the cod, one reproductionally mature female (RF10, U4 and S9)and one
reproductionally immature male (RF13, U21 and S13) of the three species were chosen. Two plates
were coated with samples from those individuals with two columns for each individual. The
samples were diluted, the dilution doubled for each row from 1:1000 (row A) to 1:128000 (row H).

Microtiterplate for the study of parallellism:
Plate coated w.
1 2 3 4 5 6 7 8 9 10 11 12 sample diluted:

RF10|RF10|RF13|RF13| U4 U4 | U21 | U21 | S9 S9 | S13 | S13 |1:1000
RF10|RF10|RF13|RF13| U4 U4 [ U21 | U21 | S9 S9 | S13 | S13 |1:2000
RF10|RF10|RF13|RF13| U4 U4 | U21 | U21 | S9 S9 | S13 | S13 |1:4000
RF10|RF10|RF13|RF13| U4 U4 | U21 | U21 | S9 S9 | S13 | S13 |1:8000
RF10|RF10|RF13|RF13| U4 U4 [ U21 | U21 | S9 S9 | S13 | S13 |1:16000
RF10|RF10|RF13|RF13| U4 U4 | U21 | U21 | S9 S9 | S13 | S13 |1:32000
RF10|RF10|RF13|RF13| U4 U4 [ U21 | U21 | S9 S9 | S13 | S13 |1:64000
RF10|RF10|RF13|RF13| U4 U4 | U21 | U21 | S9 S9 | S13 | S13 |1:128000
RF: cod, U: sculpin, S: dab

I OGO T mooOw >

A capture ELISA test was performed, as described above, using the CS-3 antibody as primary
antibody for one plate at a dilution of 1:32000 and the CS-1 antibody as the primary antibody for
the other plate at a 1:16000 dilution. The secondary antibody was Goat anti Rabbit/HRP conjugate
diluted 1:12000 for both plates. The results were plotted to see if the shape of the curves of sculpin
and dab were parallel to the cod curve. If the curves were parallel, the cod standard curve could be
used as a standard to get the relative concentrations of vitellogenin in dab and sculpin.

2.29 Statistics

The results were tested for significant differences between means by using one-way ANOVA and
correlation between parameters was analysed using linear regression. All analyses were made by the
computer program SYSTAT, and significance level was set at 95% (P<0,05). When significant
difference was found, normal distribution of data was tested with a probability plot.
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3 Results of thefish study

shows the number and size of the fish caught, along with the Condition Factor Index
(CFI), Liversomatic Index (LSI) and Gonadosomatic Index (GSI). Sculpins from three periods were
analysed: January, March-May and July, while cod and dab were analysed from two periods:
April(-May) and July and flounder was only from February. Each fish species from one location
was analysed (either Kaldbak or Kirkjubg) except dab, which was analysed from two locations
(Kaldbak and Kirkjubg) in July. The individual data for the fish are given in attachment 6.

The length of the sculpins varied between 16,5-32,5 cm, and the weight between 66—600 g. The
length of the cod was from 35-58 cm and weighed 212-4050 g. The length and weight of the dabs
varied between 24,5-38 cm and 200-750 g, respectively and the flounders were between 29-42 cm
and 250-1334 g.

Table 3.1 Mean lenght and weight of fish caught in Kaldbak and Kirkjube from January to July 2002.

Species | Location | Date n Leg%th' We|gght, cFI® | Ls® | &SI
. Jan. '02 4 | Fomale| 295119 | 4961432 |19+03 41417 12.347.0
Sculpin | Kaldbak 2 | Male | 285407 | 3531297 |1,5+0,0 1,610.9 1,940.6
Mar-May'02| 9 | Female| 250450 2834145 | 1,640.3|1.3+0.3| 1.6+1,5
3 | Male | 245423 | 2304949 |15:03 12+0.1| 1,040.6
Tuly 02 8§ | Female, 256138 2894111 | 1.640.2|2.141.4] 1.0£0.5
2 | Male | 27,045.7 3844306 | 1.7+0.4|1.8+0,6) 1,140.4
Cod | Kaldbak | Apr-May'02 | 6 | Female| 44,6198 9651624 | 1.010.12.412.7) 05403
6 |Male | 42,0148 6991206 |0.940.113+0.8| 1.5+1.8
Tuly 02 6 | Female| 37.519.1 5774422 |0.9+0.0 14+0,5 04104
6 |Male | 428167 @ 122611476 |1,1+0,1 1,940.9| 0,310.6
Kaldbak | July 02 6 | Female| 30.1434 | 3114878 |1.1:02 1.510.5| 2.512.6
Dab 3 | Male | 28.040.5 226453 | 1.040.0 17404  0.4+03
Kirkjubo | APT- 02 4 | Female| 35343.0 5950179 13402 1.7402| 142433
4 | Male | 29517 | 2624624  |10+0.1 09402 0.6:10.4
July '02 11 | Female| 32,0423 3714937 | 1140,1|1,7+0,7, 12+0.5
> | Male | 30514 | 3404481  |12+0,0 15101 1,0+1.4

Flounder| Kirkjube | Feb. '02 0 | Female - - - - -
6 |Male | 32.8+48 5304403 |13+0.3/2.7+1.8| 10.249.2

* Condition Factor index: total weight/total length’
® Liversomatic Index: (liver weight/total weight)x100
¢ Gonadosomatic Index: (gonad weight/total weight)x100

As can be seen from the standard deviations there is great variation in the weights of the different
groups, and for cod also in the length. This is due to some large, outlying individuals, which skew
the sample pool. For the sculpins the variation in the weight can be due to the large variations in
stomach content which in some specimens could be a significant part of the weight. The length is
therefore a better variable to look at when comparing the size. Graphs of length versus weight for
the different species can be seen in attachment 7.
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The Gonadosomatic Index (GSI) is the weight of the gonads divided by the whole weight of the fish
multiplied by 100, and the seasonal course of the GSI can be used as a measure of the
reproductional cycle of the fish (Sabarowski et al., 1997).

Figure 3.1]and [Fable 3.1|shows the GSI of the fish sampled and the periods with increased gonad
development can be distinguished. The female sculpins from January, the male flounders from
February and the female dabs from April had increased gonadal development, whereas in cod, only
males from April-May showed a slightly increased gonadal development. The GSI was significantly
higher in female than in male dab from April-May (P=0,0002). In sculpins from January the
difference between males and females was not significant.
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Figure 3.1 GSI in fish species from Kaldbak and Kirkjube

3.1 P4501A induction

Induction of the P4501A (CYP1A) system was measured as catalytic activity by the 7-

ethoxyresorufin-O-deethylase (EROD) assay, and in sculpin and cod also as CYP1A protein content
by ELISA test.

3.1.1 P4501A activity

[Table 3.2|and [Figure 3.2|show the mean values of EROD activity in the fish samples. As seen from
the standard deviations variations are very large.
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Table 3.2 Mean CYPI1A activity in fish from Kaldbak and Kirkjube measured
by the 7-ethoxyresorufin-O-decthylase (EROD) assay.

Species | Location | Sampling | Gender | n EROD
period (pmol/min/mg protein)
meantstd.dev range™
Sculpin | Kaldbak | January Female 4 0,4+0,2 (0,2-0,7)
Male 2 7,1 (0,1-14,1)
March-May| Female 9 2,1+4,6 (0,0-14,3)
Male 3 0,2+0,1 (0,1-0,2)
July Female 8 7,2+18,2 (0,1-52,2)
Male 2 0,3 (0,3-0,4)
Cod Kaldbak | April-May | Female 6 65,2+110,0 (1,3-286,8)
Male 6 64,3+78,2 (0,3-218,5)
July Female 6 42,0+54,9 (2,8-151,9)
Male 6 36,5+28.9 (2,0-83,6)
Dab Kaldbak | July Female 6 | 139,2+159,8 | (3,8-420,8)
Male 3 27,5+12,2 (19,7-41,5)
Kirkjubg | April Female 4 3,2+1,5 (1,5-5,1)
Male 4 83,0+27,7 (43,1-106,0)
July Female 11 | 199,4+263,5 | (30,6-868,3)
Male 2 94,9 (67,2-122,7)
Flounder | Kirkjubg | February | Male 6 23,8+15,2 (1,2-37,3)
*range: min-max values
EROD
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Figure 3.2 Mean CYP1A activity in fish from Kaldbak and Kirkjube measured by the 7-ethoxyresorufin-O-

deethylase (EROD) assay.

EROD activity was analysed in sculpin from Kaldbak in January, March-May and July. Of the fish
species analysed sculpin showed the lowest EROD activities. The single values ranged from 0,0 to

52,2 pmol/min/mg protein in females and from 0,1 to 14,3 pmol/min/mg protein in males. The
females had lowest mean activity in January and highest in July. Males had highest activity in
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January, the values being at the female July level, while male March-May and July levels were at
the female January level. The number of samples is, however, low, and variability high, and the
difference in EROD activity between females and males is not statistically significant in any season
(P>0,05).

EROD activity was analysed in cod from Kaldbak in April-May and July. In cod there appeared to
be no difference in EROD activity between females and males. The levels seemed to be higher in
April-May than in July, but not significantly higher. The levels were higher than in sculpins,
ranging from 0,3-218,5 pmol/min/mg protein in males and 1,3-286,8 pmol/min/mg protein in
females.

Generally, the highest EROD activities were found in dab, with the highest mean activity in females
from Kirkjube in July. The highest single value of 868,3 pmol/min/mg protein was found in a
female dab caught in Kirkjube in July. However, the values show large variation and the lowest
values for dabs in this period on this location was 30,59 pmol/min/mg protein, in a female. The
female dabs seemed to have lower activity in April than in July, (although the difference was not
significant) the activity in males was at the same level both periods. The EROD activity in dab
ranged from 1,5-868,3 pmol/min/mg protein in females and 19,7-122,7 pmol/min/mg protein in
males.

In July dabs were analysed from two stations: Kaldbak and Kirkjubeur, and in both females and
males the mean activities were higher in Kirkjube than in Kaldbak. The differences between
locations were not significant in either of the sex groups, but in males the difference was almost
significant (P=0,06).

Flounder was only analysed from Kirkjube in February and all specimens were males. The EROD
activity ranged from 1,2-37,3 pmol/min/mg protein with a mean activity of 23,8 pmol/min/mg
protein.

3.1.2 CYPI1A protein

CYPIA protein was analysed in sculpin and cod. The results are shown in [Table 3.3 fand the number
of individuals analysed (n) is in some of the groups lower than the number sampled, because of
lack of liver tissue.

Table 3.3 CYP1A protein content in sculpin and cod from Kaldbak measured by ELISA test.

Species Location |Sampling period Gender | n CYPI1A (abs/mg protein)
meantstd.dev range
Sculpin | Kaldbak January Female 4 0,084+0,04 (0,045-0,146)
Male 2 0,162 (0,141-0,183)
March-May Female 9 0,159+0,03 (0,132-0,212)
Male 3 0,182+0,04 (0,148-0,226)
July Female 3 0,128+0,02 (0,109-0,152)
Male 2 0,150 (0,145-0,154)
Cod Kaldbak April-May Female 6 0,058+0,01 (0,036-0,073)
Male 5 0,068+0,06 (0,054-0,068)
July Female 5 0,067+0,01 (0,058-0,081)
Male 6 0,077+0,02 (0,053-0,098)
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Figure 3.3 Content of CYP1A protein in sculpin and cod measured by ELISA test.

As shown above the mean values of CYP1A protein are generally higher in sculpins than in cod.
For both cod and sculpins the mean values were lower in females than in males, but the difference
between sexes was not significant (P>0,05). The level in females in January was significantly lower

than in females in March-May (P=0,01).

3.1.3 EROD vs. CYP1A protein

Since the EROD and CYPI1A protein analyses are measurements of the catalytic activity and
concentration of the same proteins the two parameters would be expected to be correlated, if the
catalytic activity has not been destroyed or suppressed. Figure 3.4 and Figure 3.5 show EROD
activity versus CYP1A protein activity in sculpins and cod respectively.
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Figure 3.4 The correlation between CYP1A activity and CYP1A protein content in sculpin. (CYP1A activity
was measured by the 7-ethoxyresorufin-O-deethylase (EROD) assay and CYP1A protein content by ELISA

test.)
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Figure 3.5 The correlation between CYP1A activity and CYP1A protein in cod. (CYP1A activity was
measured by the 7-ethoxyresorufin-O-deethylase (EROD) assay and CYP1A protein content by ELISA test.)

As seen in the figures the two parameters do not seem to be correlated in either of the species
(r*=0,003 in cod and r*=0,018 in sculpin).The low EROD results in sculpin compared to the CYP1A
protein results indicate that the catalytic activity has been destroyed in the sculpin samples and
hence that the analysis of CYP1A protein is a better indicator of CYP1A induction in these samples

than EROD.

3.1.4 CYPIA induction versus Gonadosomatic I ndex

The CYP1A induction can be affected by the gonadal maturation (Kriiner & Westernhagen, 1999;
Lange et al., 1998; 1999; Edwards et al, 1988; Lindstrom-Seppd & Stegeman, 1995). This is most
likely due to the presence of sex steroids, which have been found to suppress the MFO expression
(Forlin et al.,1984; Stegeman & Woodin, 1984). Hence the MFO activity will be low in pre-
spawning and spawning females, when the GSI is high.

To investigate the correlation between these parameters, the EROD activity has been plotted versus
the GSI for the different species in their spawning seasons. shows the EROD activity
versus GSI in flounder from February.
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Figure 3.6 CYPI1A activity (measured by the 7-ethoxyresorufin-O-deethylase (EROD) assay), versus GSI in
male flounder in February 2002.
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As the figure shows there is significant negative correlation between EROD and GSI in flounder

(P=0,0002; r°=0,98) ([Figure 3.6).
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Figure 3.7 CYP1A activity (measured by the 7-ethoxyresorufin-O-deethylase (EROD) assay versus GSI in
dab from April 2002

In dab from April the results of EROD activity versus GSI are grouped into males and females,
where the females have high GSI and low EROD activity and males have low GSI and high EROD
activity . The values of EROD and GSI in female dab are not significantly correlated,
although the EROD activity is low when the GSI is high and vice versa. The difference in EROD
activity in female dab in April and July is not significant (P>0,05), while the GSI is significantly
higher in April than in July (P=0,0000).

In sculpins the CYP1A protein content has been plotted against GSI instead of EROD, as these
results seem to be more reliable than the EROD results as a measure of the MFO activity in
sculpins. The CYPIA protein content and GSI are significantly correlated when lumping females
and males (r’=0,93 and P=0,002) and for females only (r’=0,96 and P=0,02).
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Figure 3.8 CYP1A protein content (measured by ELISA test) versus GSI in sculpins from January 2002.
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3.2 PAH metabolites

Of the PAH metabolites analysed (2-OH-naphtalene, 1-OH-fenantrene, 1-OH-pyrene, 3-OH-B(a)P)
only 1-OH-pyrene was found in non-negligible amounts. OH-pyrene is the major biotransformation
product of pyrene in teleosts (Beyer, 1996). [Table 3.4Jand Figure 3.9 show the content of 1-OH-
pyrene found in the fish.

Table 3.4 1-OH-pyrene (measured by HPLC detection) in the bile of fish from Kaldbak and Kirkjube

Sampling 1-OH-pyrene norm.
Species Location| period |Gender| n 1-OH-pyrene (ng/kg) n | (pgkeg/abs 380nm)
mean+std.dev range mean+std.dev
Sculpin Kaldbak | January Female | 4 43,7+24,1 (15,2-72,8) 4 2,81+0,7
Male 1 18,3 - 1 1,9
March-May| Female | 4 18,7+12,2 (4,5-33,7) 3 0,9+0,6
Male 2 5,3 (4,7-5,9) 1 0,5
July Female | 7 21,4+29,3 (1,8-81,0) 4 0,3+0,4
Male 1 23,0 - 1 1,5
Cod Kaldbak | April-May | Female| 6 14,0+12,7 (4,6-39,2) 6 0,7+0.,4
Male 6 10,5+3,6 (5,0-15,0) 4 0,6+0,4
July Female| 3 10,4+10,8 (4,0-22,8) 3 0,6+0,5
Male 5 11,1+12,6 (3,5-33,4) 4 0,9+1,1
Dab Kaldbak | July Female | 6 14,1+17,9 (3,8-50,1) 5 0,2+0,2
Male 3 27,8+24,3 | (13,2-55,8) 3 0,4+0,2
Kirkjube | April Female | 2 2,4 (2,2-2,6) 1 0,7
Male 3 8,349,2 (2,9-18,9) 2 3,7
July Female | 7 4,8+4,3 (0,9-11,2) 5 0,5+0,6
Male 2 2,0 (1,2-2,7) 1 0,4
Flounder | Kirkjube | February | Male 1 322,0 - 1 6,1

Several of the gall bladders contained too small amounts of bile to be analysed, and, therefore, the
numbers of individuals analysed (n) is somewhat lower in most of the groups than the number
sampled.

As the measurement of the concentration of metabolites in bile can be influenced by differences in
bile density (caused by concentration of bile in the gall bladder after prolonged periods of
starvation), the results were normalized by dividing the results by the absorbance at 380nm (see
section 2.2.7). The normalized results are shown in [Table 3.4](grey shaded), but as this resulted in
even less number of samples (n) due to small amounts of bile fluid, those results are not treated
further.

Only one of the flounders had enough bile to be analysed and the 1-OH-pyrene concentration was
much higher in this individual than other groups. The concentration in flounder was 322,0 ng/kg
which is nearly 3,5 times higher than the second highest single value of 72,8 ng/kg found in a
female sculpin in January. However, when looking at the normalized data ( grey shaded),
the difference between the level in flounder and in sculpins in January is not as big, indicating that
the bile fluid in this particular flounder is highly concentrated.

Disregarding the flounder, the highest values of 1-OH-pyrene were found in sculpins, ranging from
4,5-72,8 ng/kg. In male groups the numbers analysed were only 1 or 2 and although the mean
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values seem to be higher than in the female groups the male values were within the range of the
females.

The range of 1-OH-pyrene in cod was between 3,5-39,2 pg/kg, and there did not seem to be any
difference between males and females or season.

In dab the values of 1-OH-pyrene ranged between 1,2-18,9 in Kirkjube and between 3,8-55.8 in
Kaldbak. There seemed not to be any difference between the values in males and females in any of
the groups.
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Figure 3.9 Mean concentrations and standard deviations of 1-OH-pyrene in the fish samples (measured by
HPLC detection.

In July dab from both Kaldbak and Kirkjube was analysed and the 1-OH-pyrene content was
significantly higher in dabs from Kaldbak than in dab from Kirkjube (P<0,05).

3.2.1 CYPI1A induction versus pyrene

PAH compounds metabolized by the cytochrome P450 enzyme system may be excreted by the
organism via the bile. Hence, if the PAH exposure has occurred recently a correlation between
CYPI1A induction and concentration of PAH metabolites in bile would be expected.

The correlation between EROD or CYP1A protein and 1-OH-pyrene in the fish groups not affected
by spawning are shown in [[able 3.5|and [(able 3.6)

49



Table 3.5 Correlation between CYP1A activity and 1-OH-pyrene for different fish groups. (CYP1A activity
measured by the 7-ethoxyresorufin-O-deethylase (EROD) assay and 1-OH-pyrene by HPLC detection).

EROD vs pyrene f(x) r P(2 tail)
Cod Kaldbak |April-May -0,0108x + 12,994 0,01 0,74
July -0,104x + 16,294 0,18 0,29
Dab Kaldbak |(July -0,0515x + 23,91 0,13 0,34
Kirkjubg |July 0,0164x + 1,9834 0,41 0,06

Table 3.6 Correlation between CYP1A protein and 1-OH-pyrene for different fish groups. (CYP1A protein
measured by ELISA test and 1-OH-pyrene by HPLC detection).

CYP1A protein vs pyrene f(x) r’ P(2 tail)

Sculpin Kaldbak [March-May 0,0015x + 0,1455 0,56 0,09
July 0,0003x + 0,1198 0,23 0,52

Cod Kaldbak |April-May -0,0006x + 0,0671 0,34 0,07
July 0,0007x + 0,0654 0,23 0,27

The PAH metabolite content in the bile and the CYP1A induction in the liver does not seem to be
correlated for the species caught in either of the locations. Only the correlation between EROD and
OH-pyrene in dab from Kirkjube in July was nearly significant (*=0,41; P=0,06) (Figure 3.10}, as
well as the correlation between CYP1A protein and OH-pyrene in sculpin from Kaldbak in March-

May (1*=0,56; P=0,09) (Figure 3.11).

EROD versus 1-OH-pyrene

12
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=
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1-OH-pyrene, ug/kg

(=2 S =)
|

Figure 3.10 The correlation between 1-OH-pyrene and EROD activity in dab from Kirkjuba. (CYP1A
activity measured by the 7-ethoxyresorufin-O-deethylase (EROD) assay and 1-OH-pyrene by HPLC
detection).
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Figure 3.11 The correlation between 1-OH-pyrene and CYP1A protein content in sculpin from Kaldbak in
March-May. (CYP1A protein measured by ELISA test and 1-OH-pyrene by HPLC detection)

3.3 Vitellogenin

The results from the vitellogenin analyses in cod are given in [[able 3.7|and Figure 3.12] Two
samples from the group of females in April-May were discarded because their optical density values
were below the standard curve, both when diluted 100x and 10x. These should have been
reanalysed undiluted, but this was not done.

The levels seem to be higher in July than in April-May and the variations seem to be larger in July.
There was no significant difference between females and males.

Table 3.7 Vitellogenin in cod from Kaldbak measured by ELISA test.

Sampling
period Gender | n Vtg (ng/ml)
meantstd.dev. (range)
April-May | Female | 4 1978+347 (1563-2394)
Male 6 1758,3+452 (1163-2445)
July Female | 6 324043101 (784-8790)
Male 6 2595+2017 (798-6070)
Vitellogenin in cod
7000,0
6000,0 T
= 5000,0 1 _
%) 4000,0 O Females
g 3000,0 OMales
> 2000,0 - — T
1000,0 = +
0.0 L1
April-May July

Figure 3.12 Vitellogenin in cod from Kaldbak
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Since there was no sculpin and dab antibody serum available, only cod were analysed for
vitellogenin. Sculpin and dab antigens were however tested against the available antiserums to see
which of them gave the best reaction. Against the two antigens, which gave the best response (cod
and wolffish), the sculpin and dab antigens were tested along with cod antigens to see if the
response matched the cod response and a relative value could be measured. The response in dab did
match the cod response, whereas the sculpin response did not. The results are given in attachment 8.
Relative vitellogenin, values therefore, can be measured in dab using cod antibody, but this was not
done because of lack of time and resources.
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4 Methods

4.1 Sampling of invertebrates

Invertebrates were sampled on 6 places on the Faroe Islands: Hvannasund, Svinair, Kaldbak,
Velbastadur, Kirkjubgur and Trongisvagur (see on page . Sampling was performed three
times, in Desember 2001/February 2002, March/May 2002 and in June/August 2002.
Approximately 50 limpets (Patella vulgata), blue mussels (Mytilus edulis), dogwhelks (Nucella
lapillus) and approximately 100 periwinkles (Littorina obtusata) were sampled by hand in the
littoral zone, wearing talcum-free gloves, and put in PE plastic bags (Minigrip®). The limpets were
loosened from the rock with a knife. The samples were stored in a freezer (-20°C) until further
preparation. The blue mussels from the two last sample periods, however, were placed in a small
container with sea water for appr. 24 hours in order to empty their stomachs, before they were put in
plastic bags and frozen. This depuration procedure was not followed for the samples from the first
sampling period.

Individuals of all species were not found at all stations. In Kirkjubgur horse mussels (Modiolus
modiolus) were sampled instead of blue mussels, and since they are living in the sub-littoral the
sampling was done by scuba diving. All the horse mussels were placed in a container with sea water
for approximately 24 hours before the sample preparation. The species sampled at each station are

shown in [[able 4.1

Table 4.1 Invetrebrate species sampled at the different stations. Sampling was performed in Dec’01/Feb’02,
Mar-May'02, June-Aug’02.

Hvannasund | Svinair Kaldbak |Kirkjubgur |Velbastadur |Trongisvagur
Blue mussels
(Mytilus edulis) ) X X X
Limpets
(Patella vulgata) X X X X X X
Dogwhelks
(Nucella lapillus) X X = = = )
Periwinkles
(Littorina sp) X X ) 8
Hor se mussels x
(Modiolus modiolus)

The brackets mark that the species were not found at all three sampling periods.
Grey shadow: Not analysed.

The individuals of the samples were divided into two size groups, each group constituting one
pooled sample. The length of the shell for each individual was measured and the soft part was
removed from the shell. For the periwinkles only the largest and the smallest individuals for each
group were measured. For the blue mussels and horse mussels the adductor muscles were cut and
the mussels were set on a piece of water-absorbing paper for 5-10 minutes to drain sea-water, which
has been trapped in the shells, before removing the soft part from the shell. For dogwhelks and
periwinkles the shell had to be crushed before the soft part was removed. The weight of the pooled
samples was recorded.
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4.2 Analysisof invertebrate samples

The analyses of invertebrates were performed by NIVA (Norwegian Institute for Water Reseach).
The invertebrate samples were analysed for 23 different PAHs (for the individual compounds, see
attachment 10B) and the metals Ag, As, Ba, Cd, Cr, Cu, Ni, Pb, Sr, Zn and Hg, along with analysis
of dry matter and fat content. For each group (each species each station each season) two pooled
samples were analysed except for the periwinkles, where only one pooled sample was analysed for
each station each season.

42.1 PAH

The analysis for PAH in invertebrate tissue was performed by gas chromatograph/mass selective
detector (GC/MSD). Prior to the analysis the samples were saponified with KOH/methanol and
PAHs were extracted with pentane. The method is described in attachment 9B.

422 Metals

All the metals, except mercury and chromium were analysed by Inductively Coupled Plasma Mass
Spectrometry (ICP-MS). The samples were digested with nitric acid prior to analysis by Perkin-
Elmer Sciex ELAN 6000 ICP-MS. Mercury was analysed by Perkin-Elmer FIMS-400 and P-E
amalgam system. Chromium was analysed by atom absorbtion using Perkin Elmer-A Analyst 700.
Description of the methods is found in attachment 9C-9E.

4.3 Analysisof cod livers

Additionally 20 samples of cod liver (stored at -80°C), from the fish study, were analysed for DNA
adducts by the **P-postlabeling assay (section and livers (stored at 20°C) from four
individuals of cod, representing different levels EROD activity, were analysed for dioxin
(PCDD/PCDF) and PCB (non-and mono—ortho chlorinated PCBs and marker PCBs: CB 28, 52,
101, 118, 138, 153 and 180) (section .3.2).

4.3.1 DNA adducts

Liver samples from 20 cods from Kaldbak were measured for DNA adducts by the **P-postlabelling
assay by Institute of Applied Environmental research (ITM) at Stockholm University, Sweden.
Description of the method is given in attachment 11.

4.3.2 Polychlorinated biphenyls and dioxins

Four individual cod liver samples, representing the range of EROD activities found, were analysed
for dioxin (PCDD/PCDF) and PCB (non-and mono—ortho chlorinated PCBs and marker PCBs: CB
28,52,101, 118, 138, 153 and 180) by ERGO Forschungsgesellshaft in Hamburg, Germany. The
analyses were performed using high resolution gaschromatography and high resolution mass
spectrometry (HRGC/MS), and description of the methods can be seen in attachment 12.

The results of the analyses for dioxins and non-and mono—ortho chlorinated PCBs were calculated
to toxic equivalents (TEQs) by dividing the concentrations by toxic equivalency factors (TEFs)™for
these compounds in fish (Van den Berg et al., 1998).

? TEFs have been established by WHO, as a measure of the toxicity of dioxins and dioxin-like compounds for
humans/mammals, birds and fish, based on excisting litterature data (Van den Berg et al., 1998).
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5 Resultsof invertebrate study

5.1 PAH ininvertebrates

All the invertebrate samples were analysed for 23 different PAHs (see attachment 10B). The figures
below show the PAH Cﬁtent in the different species as the sum of the concentration of PAH found
and the sum of KPAHs ™ -on a wet weight basis. Results for the individual pooled samples can be
seen in attachment 10B. The PAH concentrations were also calculated on a lipid weight basis, but
this did not change the pattern of accumulation to any extent and is thus not shown here.

The PAH content in periwinkles (Littorina obtusata) from two stations were analysed. Periwinkles
from Hvannasund were analysed from all three seasons, whereas in Svindir only periwinkles from
July were measured.

Littorina obtusata

60
50 A

O Sum PAH
[l Sum KPAH

30 A
20 -

po/kg w.w.

0 — ||
Jan. ‘ Apr. ‘ July July

Hvannasund Svinair

Figure 5.1 Sum of PAHs and KPAHs in periwinkles (Littorina obtusata), analysed by GC/MSD.

As shows, the content of PAH in periwinkles varied seasonally with highest levels in
January and lowest in July. Some of the PAHs measured in January in Hvannasund were KPAHs
whereas KPAHs were not found at this station in other periods or, in Svindir in July. The sampling
of periwinkles in Hvannasund was, however, performed closer to the innermost part of the fjord in
January than in the other periods, and are, therefore, probably more exposed to local pollution.
Comparing the two stations shows that the levels in Svindir seem to be higher than in Hvannasund
in July, although the difference is small.

PAHs in dogwhelks (Nucella lapillus) were analysed from the same stations and periods as the
periwinkles 1 . The levels of PAH in dogwhelks were also found to be highest in January

and lowest in July, although the differences between April and July were small. In dogwhelks the
levels were lower in Svindir than in Hvannasund in July. The concentrations seemed to be a little
lower than in periwinkles. There were not measured any compounds from the KPAH group in
dogwhelks.

' KPAH: PAH compounds with potential carcinogen properties for humans according to IARC (1987). Listed in
IARC’s categories 2A or 2B (likely or potential carcinogens).
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Nucella lapillus

O Sum PAH

B Sum KPAH
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Jan. Apr. July July
Hvannasund Svinair

Figure 5.2 Sum of PAHs and KPAHs in dogwhelks (Nucella lapillus), analysed by GC/MSD.

Limpets (Patella vulgata) were analysed at four stations in all three seasons (see Figure 5.3). The

highest values were found in Trongisvagur, with the highest level of sum PAHs in May. The

analyses from Hvannasund showed the same seasonal pattern as in dogwhelks and periwinkles,
although the values were somewhat lower in limpets. KPAHs were found in Hvannasund in January
and in Trongisvagur in all three seasons, however at low concentrations. The highest concentration

of KPAHs was found in Trongisvagur in July, although this was not the period with highest
concentration of sum PAH.
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Figure 5.3 Sum of PAHs and KPAHs in limpets (Patella vulgata), analysed by GC/MSD.
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PAH was analysed in blue mussels (Mytilus edulis) from the same stations and seasons as in
limpets, except that blue mussels from Kaldbak were analysed, instead of from Velbastadur (no
mussels were found in Velbastadur), and that no blue mussels from Hvannasund in July were
analysed (not found). As shown in the concentrations of PAHs in blue mussels are
roughly 10 fold higher than in the other species analysed. The relative PAH accumulation between
stations show the same pattern as in limpets, with highest levels in Trongisvagur and May being the
month with highest values at this location. KPAHs were found at all stations all seasons except in
Svinair in July. The highest values of KPAHs were found in Trongisvagur in January, although this
was not the month with highest level of sum PAH.

Mytilus edulis

1375
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600 -
500 O Sum PAH
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Mar. Mar.
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Jan. | Apr. Jan. July ‘ Jan. July

July ‘ Jan. | May

Hvannasund Svinair Kaldbak Trongisvagur

Figure 5.4 Sum of PAHs and KPAHs in blue mussels (Mytilus edulis), analysed by GC/MSD.

Horse mussels (Modiolus modiolus) were only sampled in Kirkjubgur. The PAH concentrations are
highest in February and lowest in May, and are at the same level as in periwinkles, dogwhelks and
limpets and lower than in blue mussels. Kirkjubgur and Velbastadur are two stations not far from
each other, and can probably be regarded as one station. Comparing the concentrations in horse
mussel with the concentrations in limpets from Velbastadur, show that horse mussels seem to
accumulate PAHs to a higher level than limpets.

M odiolus modiolus
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25 4
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) — [ 1]
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po/kg w.w.

Kirkjube

Figure 5.5 Sum of PAHs and KPAHs in horse mussels (Modiolus modiolus), analysed by GC/MSD.
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5.1.1 Fat content

The fat content was lowest in spring for all the species except in periwinkles and horse mussels
where the fat content was lowest in winter and summer respectively.

5.2 Metalsininvertebrates

All the invertebrate samples were analysed for 10 metals. Seven of the metals (Ba, Cd, Cr, Cu, Hg,
Pb and Zn) are used in monitoring of pollution from oil/gas-fields in the Norwegian off-shore sector
(Nilssen, 1999) and only these will be treated here. The results from all the metal analysis for the
individual pooled samples can be seen in attachment 10C.

The metal results did not show a general pattern of seasonal variation, but differences between
seasons varied with species and metals. The figures below show the concentrations of metals as
means for all three seasons for the different species at the different stations expressed on a wet
weight basis. The concentrations were also calculated on a dry weight basis, but that did not change
the distribution pattern to any extent. The dry matter content and fat content can be seen in
attachment 10A.

The concentrations of the various metals were found at very different levels. The concentrations of
barium are shown in Barium was generally found at very low concentrations. As shown
by the standard deviations the values varied between seasons, especially in periwinkles from
Hvannasund, limpets from Svindir and in horse mussels from Kirkjube (periwinkles and dogwhelks
from Svinair were only analysed in July). None of the species analysed seem to accumulate barium
to a greater extent than the others, and none of the stations seem to yield higher barium
concentrations than the others.

Mean Ba
0,35
03 1 T
025 T _l T I: Littorina
: = Nucell
§ 02 _ ucella
> :I:I O Patella
= 0,15 4 1 .
3 ol B Mytilus
’ E Modiolus
0,05 1 ﬁ i
O 1 T T T
Hvannasund Svinair Velbastadur/ Kaldbak Trongisvagur
Kirkjubgur

Figure 5.6 Concentrations of barium (means of seasons) in different species at each location, analysed by
ICP-MS.

shows the concentrations of cadmium for the species at each stations. The highest levels
were found in dogwhelks from Hvannasund and in limpets and horse mussels from Velbastad and
Kirkjubg respectively. In blue mussels on the other hand, the cadmium concentration was very low
at all stations. In Hvannasund the dogwhelks had a much higher concentration of cadmium than the
other species, whereas in Svinair the concentrations in dogwhelks were at the same level as in
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periwinkles and limpets. Velbastadur and Kirkjubgur seem to be the stations with highest cadmium
concentrations.

Mean Cd
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Hvannasund Svinair Velbastadur/ Kaldbak Trongisvagur
Kirkjubgur

Figure 5.7 Concentrations of cadmium (means of seasons) in different species at each location, analysed by
ICP-MS.

As shows the levels of chromium concentrations generally were low in the species
analysed. The highest values were found in periwinkles, but the difference between seasons was
large in Hvannasund (large standard deviations). The concentrations seemed to be highest in
Hvannasund and Trongisvagur and lowest in Velbastadur, although the differences were not large.
The concentration pattern between species seemed to be the same in Hvannasund and Trongisvagur
(limpets and blue mussels) but a different pattern was seen in Svindir.

Mean Cr
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Figure 5.8 Concentrations of chromium (means of seasons) in different species at each location, analysed by
atom absorbtion, AAnalyst 700.

The accumulation of copper obviously differed between the species analysed (Figure 5.9).
Periwinkles and dogwhelks clearly accumulate copper to a much greater extent than the other
species analysed. The concentrations in limpets, blue- and horse mussels were generally low and
there seemed not to be any difference in copper exposure between the stations.
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Figure 5.9 Concentrations of copper (means of seasons) in different species at each location, analysed by
ICP-MS.

Mercury was found in low concentrations at all stations (. Dogwhelks seem to
accumulate mercury to the greatest extent. Hvannasund and Svindir showed the same pattern of
accumulation between species, but in Trongisvagur the content in blue mussels was higher,
compared with the content in limpets, than in Hvannasund and Svinair. When looking at the
concentrations in blue mussels the Hg exposure was highest in Trongisvagur, but when looking at
the accumulation in limpets the exposure was highest in Hvannasund. Mercury was however
accumulated in very low concentrations, as mentioned above.
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Figure 5.10 Concentrations of mercury (means of seasons) in different species at each location, analysed by
FIMS 400 and amalgam system.

shows the accumulation of lead in the various species. Horse mussels seemed to have
the largest accumulation of lead, although the accumulation generally was low in all species
analysed. The second highest accumulation was seen in blue mussels in Hvannasund and
Trongisvagur, where the blue mussels had higher concentration than the limpets. In Svinair
however, the accumulation was low and at the same level in all four species analysed. The highest
exposure of lead seemed to occur in Kirkjube, Trongisvagur and Hvannasund although the levels
generally were low.
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Figure 5.11 Concentrations of lead (means of seasons) in different species at each location, analysed by ICP-
MS.

Zinc was generally found in very high concentrations in the species analysed, at all stations (
. The highest accumulation seemed to occur in dogwhelks followed by blue mussels and horse
mussels whereas the accumulation in periwinkles and limpets was found to be lower. The highest
exposure of zinc seemed to occur in Trongisvagur although differences between stations were not
large.
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Figure 5.12 Concentrations of zinc (means of seasons) in different species at each location, analysed by ICP-
MS.

5.3 Resultsof additional analysesin fish liver

5.3.1 DNA adducts

The formation of DNA adducts in liver cells has shown to be correlated to long-term exposure of
PAH. Liver samples of 20 of the cods were analysed for DNA adducts by the **P-postlabeling
assay. DNA adducts were not detected in any of the samples analysed (see Table 5.1).
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Table 5.1 DNA adducts in cod samples

DNA adducts
Fish nr. Gender  Sampling period (nmol/mol nucleotides)
Rf1 F Apr.-May <1.4
Rf2 M Apr.-May <1.1
Rf3 F Apr.-May <1.3
Rf4 M Apr.-May <1.3
RfS M Apr.-May <1.3
Rf6 M Apr.-May <1.4
Rf7 M Apr.-May <1.2
Rf8 F Apr.-May <0.9
Rf9 M Apr.-May <1.2
Rf 10 F Apr.-May <1.0
Rf11 F Apr.-May <1.3
Rf 12 F Apr.-May <1.1
Rf 13 M July <0.9
Rf 14 F July <1.0
Rf 15 M July <1.0
Rf 17 M July <1.0
Rf 19 F July <0.7
Rf20 M July <1.0
Rf 23 F July <0.9
Rf24 M July <0.7

The limit of detection for quantification of DNA adducts was considered as a spot-specific (area/zone), corresponding
to 1.5 times the representative background (spot/area/zone) on the same autoradiogram.

5.3.2 PCB and dioxin in cod

Along with PAHs, dioxins and certain PCB compounds (the non-and mono—ortho substituted
congeners) are known to be inducers of CYP1A (Parke, 1990; Stegeman et al., 1992), and the levels
of PCB (non-and mono—ortho PCBs and marker PCBs) and dioxins (PCDD/PCDF) were analysed
in the liver of four individual cods, which had been found to have different levels of EROD activity.
The concentrations of PCDD/PCDFs and non- and mono-ortho PCBs have been calculated in
toxicity equivalents (TEQ) for fish according to the WHO-system (Van den Berg et al., 1998) and
the levels are shown in

Dioxins and non- and mono-ortho PCBs in cod
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Figure 5.13 Dioxins and non- and mono-ortho PCBs (analysed by HRGC/MS) in four individuals of cod,
shown as TEQ for fish. Rf 8-24: ID of the cods analysed (see attachment 6).
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shows the proportions of the TEQ of the different compound groups within the four
individuals. The level of total TEQ was highest in Rf 24, which also had the highest levels of dioxin

like PCBs, whereas the highest level of dioxin (PCDD/PCDF) was found in Rf 10. The lipid content
in the fish was: Rf 8: 47,0%, Rf 10:35,3%, Rf 19: 35,7%, Rf 24: 40,8%.

In order to see if the CYP1A induction found is a response to the levels of dioxins and PCBs have
been plotted against the EROD activity and CYP1A protein content.
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Figure 5.14 Dioxins and non- and mono-ortho PCBs (analysed by HRGC/MS) versus CYP1A activity
(measured by the 7-ethoxyresorufin-O-deethylase (EROD) assay) in four individual cods.
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Figure 5.15 Dioxins and non- and mono-ortho PCBs (analysed by HRGC/MS) versus CYP1A protein
(measured by ELISA test) in four individual cods.

As shown in [Figure 5.14|and [Figure 5.15|neither EROD activity nor CYP1A protein content seem
to be correlated to either of the compound groups measured or to the total TEQ.

CYPI1A protein is however found to be correlated to the concentration of marker PCBsm(r2=O,92;

P(2 tail)=0,04), although only one of the congeners included in marker PCBs (CB 118) is among
the PCBs believed to induce CYP1A (Figure 5.16). EROD is not found to be correlated to marker

PCBs.

"'"The sum of the concentrations of seven congeners: CB 28, 52, 101, 118, 138, 153, 180.
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CYP1A protein vs conc. of marker PCBs
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Figure5.16 Correlation between CYP1A protein (measured by ELISA test) content and concentration of
marker PCBs (analysed by HRGC/MS) in four individuals of cod.
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6 Discussion

The results show, by analyses of biomarkers, the levels of PAH contamination in fish in the coastal
zone of the Faroe Islands, along with the concentrations of PAH and metals in selected invertebrate
species.

Discussion of fish results

The plan was to sample fish over three seasons in one year to be able to determine seasonal
differences. Because of difficulties with the sampling, only sculpins were sampled in all three
seasons, whereas dab and cod only were sampled in spring and summer and the only flounders
analysed were those from Kirkjube in late winter (February). This means that data on seasonal
variation are limited for cod and dab and seasonal differences cannot be determined in flounder in
this study.

Variation

The results generally showed large variations within the groups. Especially the EROD results,
measuring the catalytic activity of the CYP1A system, varied within the groups, but also the data on
concentration of pyrene-metabolites and the vitellogenin from July. The large variations are
probably, in part, due to the small sample sizes. The sample sizes were between 6 and 12
individuals in each group, split on species, location and season. Moreover, these groups have
furthermore been divided into females and males. Larger sample sizes would facilitate statistical
analyses. Vandermeulen & Mossman (1995) also found large variation in the groups when
analysing for MFO activities in winter flounder (Pleuronectes americanus) although they had 30
individuals (males and females) in their groups. They explained the variation as individual
physiological differences or differences in inductive response.

Variability in metabolite content in bile can be affected by inter-individual exposure or by
differences in the feeding status of the fish (Varanasi & Collier, 1991; Beyer, 1996; Ariese et al.,
1997) resulting in differences in bile density. Normalising for bile density by dividing the PAH
metabolite concentration found in the bile with the absorbance of the bile at 380 nm, reduced
variation for some groups, but in other groups the variation increased. However, many of the fish
did not have a sufficient amount of bile to allow the measurement of the absorbance at 380nm and
the sample numbers for normalized data thus became very small, making it difficult to compare
them to the un-normalized data. It has been shown that errors are introduced by normalizing the
data (Aas et al., 2000b), as the coefficient of variation (Std.dev./mean) increases by normalisation
with respect to biliverdin concentrations. This is more pronounced for groups with low PAH
exposure.

Variation between seasons was seen in CYP1A induction in connection with spawning. The levels
of biomarkers, not influenced by spawning, did not vary significantly between seasons.

I nfluence of spawning

The CYP1A induction was influenced by gonadal development in female sculpin and dab and in
male flounder with low levels of EROD activity or CYP1A protein content in groups with increased
GSI. Cod did not show elevated GSI in either of the two sampling periods and was thus not
influenced by spawning.
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An inverse relationship has been shown to occur between GSI and EROD in the periods of
developing ovaries in flounder (Khan & Payne, 2002) and in dab (Lange et al., 1998). This was
confirmed in this study for dab and flounder and in sculpin with respect to GSI and CYP1A protein
content. In April the EROD activity in female dab was only 3,8% of that in males, and 1,6% of the
activity in females in July. In male dab the April activity was 87% of that in July. In dab the GSI in
males was significantly lower than in females in April. This is, however, normal, as shown by
Saborowski at al. (1997). They found that maximum GSI in male dab did not exceed 3,0 at any of
the monthly sampling dates during the reproduction cycle.

Lindstrom-Seppéd & Stegeman (1995) found that GSI in pre-spawning flounder was three times
higher in females than in males and EROD activity in females was only 3,5% of that in males. This
is similar to our results in dab and can be explained by the fact that hormonal factors such as
oestradiol suppress CYP1A induction in female liver (Lindstrom-Seppéd & Stegeman, 1995).

Our results for male flounder show GSI levels ranging from 2,7 to 25,7 (Figure 3.1 [and attachment
6) and an inverse relationship between CYP1A activity and GSI. This indicates that androgens also
can suppress CYP1A induction, although previous studies on this have shown unclear results. Some
have shown suppression of CYP1A induction by androgens others have not (Andersson & Forlin,
1992; Stegeman & Woodin, 1984). The role of androgens on the CYP1A expression probably
differs between species (Andersson & Forlin, 1992).

It can be concluded, that CYP1A induction is suppressed in specimens with increased gonadal
development and, therefore, sampling of specimens for measurements of CYP1A induction are
should not be performed during the pre-spawning and spawning periods.

The reproductive cycle is divided into four periods: Pre-spawning, spawning, post-spawning and
resting —(Sabarowski et al., 1997). The sampling in the present study was performed only 1-3 times
a year for each species. As we do not have monthly samples it is difficult or impossible to
distinguish between different reproductive periods, and the maximum level of GSI cannot be
determined with any certainty. An increase in GSI for one species can reflect both the pre-spawning
and spawning period.

According to Joensen & Téning (1969) the spawning period in flounder and sculpin is from winter
to early spring, whilst spawning in dab starts in April (peaks in May). This is consistent with the
findings of an increased GSI in female sculpin in January, in female dab in April and in male
flounder in February. Monthly measurements of GSI in dab from the same area as in this study,
were performed in 1996-97 by Dam (2000). The results showed that the spawning season seemed to
peak in March (or February) in 1996 and even earlier in 1997 (January - February). Hence the time
of spawning can vary between years. Our results show a GSI of approximately 14 in female dab in
April. This is at the same level as the peak in GSI shown by Sabarowski et al. (1997) indicating that
dab from April in our study were at or near at their peak in GSI and thus in the beginning of their
spawning period.

12 The reproductive cycle in dab can be classified into four periods: Pre-spawning, spawning, post-spawning and
resting. The pre-spawning period is characterised by an increase in ovary weight (and thereby in GSI), whereas the
spawning period is characteized by a decrease in GSI due to the release of eggs. The beginning of the spawning period
is defined as the maximum GSI of females. In the post-spawning period the gonad tissue is resorbed an remains in a
state of resting until the pre-spawning period (Sabarowski et al., 1997).
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Biomarker levels

The levels of biomarkers, not influenced by gonadal developement, did not vary significantly
between seasons and the mean levels of the biomarkers measured, after excluding the individuals
with elevated GSI, are summarized in [able 6.1|and [Figure 6.1] The flounders measured were all
influenced by gonadal development and are not included in the figure and table below.

Table 6.1 The mean values for biomarkers measured, when individuals with elevated GSI (>2) have been
excluded. CYP1A activity measured by EROD analysis, CYP1A protein content measured by ELISA test, 1-
OH-pyrene concentration measured by HPLC analysis.

EROD CYPI1A protein | 1-OH-pyrene| Vitellogenin
(pmol/min/mg protein) | (abs/ mg protein) (ng/kg) (ng/ml)
Kaldbak | Sculpin 4,2+11,5 0,14+0,04 18,6+21,2
Cod 46,8+63,0 0,07+0,02 11,8+10,2 2541+1983
Dab 113,5+143,1 20,5+20,4
Kirkjubs| Dab 159,7+216,1 5,2+5.,5
EROD
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CYP1A induction

Dab seems to be the species most sensitive to measurements of CYP1A activity by EROD analysis,
followed by cod, whereas the activity in sculpins, generally, was very low. When using the
fluorescence plate-reader method, most of the EROD results in sculpins were undetectable. This
was also observed by Stephensen et al. (2000), who analysed EROD activity in sculpins on Iceland
by the fluorescence plate-reader method. Others have found elevated levels of EROD in sculpin (e.g
Ruus et al., 2002, using HPLC detection method). The results of the measurements of CYPI1A
protein content, on the other hand, were high (relative to the content in cod), indicating that the
catalytic activity had been destroyed or suppressed. The loss of catalytic activity could be due to
non-optimal freezing, transport and storage conditions (Stephensen et al., 2000) since EROD
activity has been shown to be sensitive to such conditions (Forlin & Andersson, 1985). If the lack of
catalytic activity is due to the freezing, transport and storage conditions, the sculpins seem to be
more sensitive than the other species analysed in this project, as all fish samples were treated the
same way and the other species showed higher EROD activity.

Other contaminants such as heavy metals (e.g. cadmium) (Gokseyr et al., 1989; Beyer et al., 1997,
Sandvik et al., 1997) or some organochlorines can also inhibit the CYP1A activity. Heavy metals
can affect the heme synthesis, resulting in distorted forms of cytochromes P450 with no enzymatic
activity. The distorted forms of cytochrome P450 will however still be detected by
immunochemical analysis of CYP1A protein (Gokseyr et al., 1989).

Some PCBs have been shown to be able to inhibit the catalytic activity of induced P-450 by acting
as an alternate substrate (Gooch et al., 1989). Gooch et al. (1989) found that the EROD activity
decreased dramatically when concentrations of the coplanar PCB congener 3,3°,4,4” TCB (CB 77)
exceeded 2 mg/kg.

Sculpin caught in the same area as in the present study, have been analysed for PCB concentration
in liver from 1999 to 2001 in connection with the AMAP™-project and relatively large
concentrations have been found with the sum of seven PCB congeners ranging between 1-3 mg/kg
of lipids for the size group corresponding to the present study (Hoydal et al., 2003). Of the
congeners analysed in the AMAP study only three are in the group of coplanar PCBs (CB 105,118,
and 156). The sum of the concentrations of these three congeners was 0,02 and 0,06 mg/kg w.w. in
two pooled samples in 2001 in the size group corresponding to the present study. These levels are
much lower than the effect levels reported by Gooch et al., indicating that the low levels of CYP1A
activity in sculpin are not due to inhibition by the concentration of PCB in the liver. However,
sculpins have not been analysed for PCB in 2002 and CB 77 was not among the congeners analysed
in 2001. Further investigation are needed to reveal the relationship between EROD inhibition and
PCB in sculpins.

The EROD activity in flounder at reference stations have been reported to be 91+41 pmol/min/mg
protein (Addison & Edwards, 1988) and 39+19 pmol/min/mg protein (Stegeman et al., 1988) in
Langesundfjorden and 4+1 pmol/min/mg protein (Beyer et al., 1996) in Serfjorden in Norway. Our
results in flounder are comparable to Stegeman et al. (1988) although one should bear in mind that
our results are influenced by spawning and hence the exposure is possibly underestimated.

" The Arctic Monitoring and Assessment Program



The EROD results in female dab from July, both from Kaldbak and Kirkjubg, exceed these levels.
In males the results seem to be comparable. However, EROD has been found to be 3-4 times higher
in dab than in flounder when sampled under same conditions (Kriiner & Westernhagen, 1999).
Taking this into consideration the dab results seem to be comparable to the results of Stegeman et
al. (1988). Ruus et al. (2003) reported levels of EROD in dab ranging from 123-529 pmol/min/mg
protein. The mean level from Kaldbak in our study is much lower and the mean levels in Kirkjube
are at the lower end of this range. However, variations are large and some of the individual results
are at the higher end of or above this range. The earlier reported higher EROD activity in male
compared with female dab (Kriiner & Westernhagen, 1999; Lange et al., 1999; Goksayr et al.,
1992) was not found in this study.

Ruus et al. (2003) reported EROD concentrations in cod from reference stations in the range 9-95
pmol/min/mg protein. Our mean levels in cod are at the same level or lower, although a few
individual values are above that range (see attachment 6). A study of the pollution status of the
harbour of Torshavn included analyses of EROD activity in cod (the coastal stage “reydfiskur”) in
June, and found a mean concentration of 68 pmol/min/mg protein (Dam & Danielsen, 2002).
Comparing this with the present results from July shows, that the EROD activity in cod from
Kaldbak is lower. This was expected, because the harbour of Torshavn has considerable industrial
activity and cod from the harbour of Torshavn should, therefore, be more exposed to EROD
inducers than cod from Kaldbak

No correlation was found between the EROD activity and CYP1A protein content in cod and
sculpin. Lack of correlation between these two parameters indicate that the catalytic activity has
been destroyed or suppressed, since they measure the content and catalytic activity of the same
proteins. As mentioned above, this indicates that the low EROD activity in sculpin is due to
catalytically inactive enzymes, which also explains the lack of correlation between the EROD
measurements and the CYP1A protein. It is more puzzling that there was no correlation between
these parameters in cod, as several individuals had high EROD activities but relative low CYP1A
protein content. Gokseyr et al. (1989) found good correlation between EROD activity and ELISA
CYPI1A protein in dab, but not in flounder and plaice (Pleuronectes platessa).

The EROD activity was generally higher in females than in males in the species analysed, except in
the spawning season, when the CYP1A induction was inhibited in females, probably due to
increased levels of steroid hormones. This is not in accordance with the general finding that males
have higher EROD activity than females. For the CYP1A protein contents, on the other hand, the
mean values were higher in males than in females in all the groups analysed.

PAH metabolites

1-OH-pyrene was the only metabolite detected in bile of the fish analysed. OH-pyrene is the major
biotransformation product of pyrene in teleosts (Beyer, 1996). The pyrene metabolite concentration
in sculpin, cod and dab are low compared to data from Norway in 1997-2001 (Ruus et al., 2003)
(normalized data). In the study of the pollution status of the harbour of Térshavn PAH metabolites
were also analysed in cod. The results showed a mean concentration of 1-OH- pyrene of 66 ng/kg
(ranging between 45-120 pg/kg) (Dam & Danielsen, 2002). As expected, this is at a much higher
level than the results of the present study, which had a mean around 11pg/kg in July (ranging
between 3,5-33,4 ng/kg).
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Only one flounder had a sufficient amount of bile to allow analysis and the concentration of OH-
pyrene found was markedly higher than in the other species. Since there was only one measurement
it is impossible to say if the OH-pyrene content is higher in flounders in general or only in this
individual. The EROD activity was low in this individual, and combined with the findings of a high
density of biliverdin in the bile sample, this indicates that the pyrene metabolites do not stem from a
recent exposure but are rather a result of concentration of the bile fluid and of PAH metabolites in
it. When the fish has been fasting for a long period the bile fluid gets more concentrated and this
affects the results of PAH metabolite concentration in the bile (Varanasi & Collier, 1991; Beyer,
1996; Ariese et al., 1997).

DNA adductsin cod

There were not detected any DNA adducts in the liver of the cod analysed. This is in accordance
with the low levels of metabolites found in the bile, as the formation of DNA adducts is correlated
with concentrations of PAH metabolites in bile (Aas et al., 2000a). In the study of the pollution
status of the harbour of Térshavn, DNA adducts were found in the range 2,7-31 nmol/mol, with a
mean level of 15 nmol/mol (Dam & Danielsen, 2002). DNA adducts have been shown to reflect the
cumulative uptake of PAH in fish (Meador et al., 1995; French et al., 1996) and as no DNA adducts
were detected in this study, it indicates that the cod analysed has not been exposed to heavy PAHs
to a great extent.

EROD versus pyrene

No correlation between EROD activity and OH-pyrene content in bile was found in any of the
species analysed. Correlation between the two parameters would indicate recent contamination of
PAH (Ruus et al., 2003). Aas et al. (2000a) found significant correlation between EROD activity
and PAH metabolites in bile in cod exposed to crude oil. Cod exposed to 1 ppm crude oil in water
for 30 days, showed a rapid increase in PAH metabolites in bile, measured by fixed wavelength
fluorescence analysis, during the first 3 days, followed by a slower increase until day 30. Significant
difference between control and exposed groups was seen after 12 hours of exposure. EROD activity
for the same groups showed the same pattern of a rapid increase during the first 3 days followed by
a slower increase until day 30. After one week depuration in clean water the PAH metabolite
content was much reduced, although still significantly higher than in the control group, whereas
EROD had only decreased by 50% (Aas et al., 2000a).

The lack of correlation between CYP1A activity and PAH metabolites in bile, can be due to other
inducing agents, since EROD activity also can be induced by other planar molecules such as dioxins
and planar PCBs (non- and mono-ortho PCB) in addition to PAH. Also the time elapsed since the
exposure can be an important factor explaining the lack of correlation, since the concentration of
PAH metabolites in bile can decrease rapidly due to evacuation of the bile from the gall bladder in
connection with digestion of food (Aas et al., 2000a; Varanasi et al., 1989) and PAH metabolites in
gall probably have a shorter half life than EROD (when dealing with single exposure) (Aas et al.,
2000a). On the other hand, chronic exposure to CYP1A inducers, probably can lead to normal
EROD levels, due to adaption (Bello et al., 2001)

PCB/dioxin in cod

Analysis of the livers of four individual cods for dioxins and planar PCBs - expected to induce
CYPIA (non- and mono-ortho PCBs) - did not show any correlation with EROD activity, or with
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CYPIA protein content. Only the concentration of the marker PCBs™; which are not expected to
induce CYP1A showed correlation with CYP1A protein content. This correlation may be explained,
by a common source of both planar and non-planar PCBs, where the metabolic active compounds
have been metabolized and excreted, whilst the more persistent congeners (such as CB 153) are
retained in the lipids of the organism and give a cumulated picture of the exposure history. However
since there are only four samples, the statistical basis is weak and it cannot be ruled out that a
correlation would have been found if the exposure of dioxins and planar PCBs was higher.

A fact that makes the matter more complicated is that certain PCBs also can inhibit the catalytic
activity of CYP1A (Gooch et al., 1989), but this would however not influence the measurement of
CYPI1A protein concentration.

Vitellogenin

Vitellogenin (Vtg) levels were only measured in cod, because this was the only species, where
antibodies were available. The vitellogenin concentrations did not differ significantly between sexes
or seasons. This should be expected, as the fish are believed to be immature and no gonadal
maturation should be going on in the females. The vitellogenin levels are however very high.
Hylland and Haux (1997) analysed vitellogenin in cod exposed to sewage effluents and seawater.
The vitellogenin in their unexposed control group did not exceed 100 ng/ml, whereas the mean
result of the present study is 2430 ng/ml, with individual concentrations ranging from 800 ng/ml to
almost 9000 ng/ml. In Apr.-May the mean level was 1846 ng/ml and in July 2917 ng/ml. Mean
levels of vitellogenin in cod from the harbour of Térshavn was 4948 ng/ml (Dam & Danielsen,
2002). This is much higher than the results from Kaldbak, and indicates, as was expected, that cod
from Kaldbak has been exposed to xenoestrogens to a much lesser extent as the cod from the harbor
of Torshavn. Further investigations are needed to explain why the level of vitellogenin in juvenile
cod from the Faroese area have been found to be at a much higher level than in other areas.

Comparison of locations

Dab was analysed from both Kaldbak and Kirkjube in July making it possible to compare locations.
The results from the two locations show that the OH-pyrene concentrations in dab from July were
higher in Kaldbak than in Kirkjubg. For EROD activity the mean values were higher in Kirkjube
than in Kaldbak. This is in accordance with the observed lack of correlation between EROD activity
and level of OH-pyrene and indicates that the PAH contamination that created the pyrene
metabolites is not due to recent exposure, and EROD activity may have been induced by other
contaminants, for instance PCBs.

Discussion of invertebrate results

PAH
Generally the seasonal differences in PAH concentration in the different species showed the same
pattern within the stations, but varied between the stations.

For all the species the seasonal pattern seemed to be that the highest PAH content was found in
winter (Dec.-Feb.) with lower levels in spring (Mar.-May) and lowest levels in summer (June-
Aug.). This pattern was seen for all the stations except in Trongisvagur, where the highest content

' The sum of the concentrations of seven congeners: CB 28, 52, 101, 118, 138, 153, 180
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was found in May, and in Kaldbak where the content in blue mussel was at the same level all the
seasons analysed.

The seasonal patterns of the PAH concentrations did not seem to be related to the lipid content or
water content and the seasonal differences in accumulation mainly seem to be related to exposure at
the location, and not to physiological differences in the organisms. The results of the PAH analysis
in invertebrates is summerized in the table below:

Mean of sum PAH in invertebrates in ug/kg v.v. at the different locations

Hvannasund | Svinéir Kaldbak |Kirkjubgur/| Trongisvagur
Velbastadur
Littorina 23,7+22,3 10,73 na na na
Nucella 19,7+13,3 2,58 na na na
Patella 9,9+8.2 4,03+3,9 na 0,63+1,10 68,7+50,0
Mytilus 270,2+114,5 | 54,61+50,7 | 100,4+49,07 nf 709,0+541,0
Modiolus nf nf nf 10,42+10,69 nf

nf: Species not found at the location
na: not analysed

When looking at PAH, Trongisvagur seem to be the most polluted area followed by Hvannasund.
The differences in PAH pollution, probably, reflect the human activities going on in and around the
fjord and how sheltered the location is. Locations more exposed to surfe should have a faster
removal of compounds, due to enhanced dilution and evaporation.

The highest PAH accumulation was found in blue mussels. Horse mussels and the snails had lower
levels. Mussels have been shown to accumulate KPAHs to a greater extent than snails (Nes et al.,
1995; 1998; Knutzen & Sortland, 1982) and should be better indicators of PAH pollution. Horse
mussels have been shown to accumulate a larger fraction of the KPAHs found in the ambient
environment than the blue mussels (Nas et al., 1995; Nes et al., 1998). In this study KPAHs were
not found in horse mussels, but in blue mussels at all stations and in periwinkles in Hvannasund and
in limpets in Hvannasund and Trongisvagur. The results indicate that Kirkjubeur is a relatively
“clean” station, not contaminated by heavy PAHs. Horse mussels and blue mussels were not
sampled at the same stations, and their relative uptake cannot be directly compared in this study.
The accumulated fraction of PAHs being KPAHs in limpets and periwinkles was lower than the
corresponding fraction in blue mussels, which is in accordance with the results of Nees et al. (1995)
who showed that limpets and periwinkles accumulate a relatively larger fraction of the low
molecular PAHs than the high molecular PAHs. The difference in habitat preference has been
shown to be a stronger predictor than the feeding mode in the uptake of PAHs (Nes et al., 1998). In
the present study blue mussels had a much higher PAH accumulation than snails, although all live
in the littoral zone. Blue mussels from Hvannasund were, however, found partly buried in soft
sediment and this could probably lead to a higher uptake from the sediment.

PAH and metals have previously been analysed in blue mussels from Svinair and limpets from
Kirkjubg in 1996-97 (Dam, 2000). The total PAH content in blue mussel was found to be 3,8 ng/kg
w.w. in June and 22,3 pg/kg w.w. in Desember (Dam, 2000). These results show as in the present
study, that the levels are higher in winter than in summer, but the levels in 1996 were much lower
than in the present study, in which the mean levels were 6,8 pg/kg w.w. in July and 117,5 pg/kg
w.w. in January. One explanation of this could be the lower fat content in the specimens from 1996-
97. In 1996-97 the fat content was 2 % of wet weight of the soft parts in September and less than
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1% in June and Desember 96 and March *97 (Dam, 2000). The lowest fat content was, however,
found in Desember 96 (aproximately 0,1-0,2 %) when the highest PAH content was found. In the
present study the fat content in blue mussels from Svindir was 2,7% both in January and July and
2% in March. However, since the PAH results from the present study not seemed to be related to
the fat content, the difference can probably rather be explained by an enhanced industrial activity in
or around the fjord (e.g. in connection with sea-farming) during the last years.

In limpets from 1996 the total PAH level was found in the range 0,6-5,7 pg/kg w.w. with the
highest level in June and the lowest in March (Dam, 2000). In the present study limpets from
Kirkjubeur were not analysed but from Velbastadur which is located 4 km to the northwest along
the coast from Kirkjubeur (see on page . The mean total PAH content in limpets from
Velbastadur was 1,9 pg/kg w.w. in Desember 2001, whereas no PAHs were detected in March and
July. From these two analyses the mussel results indicate an increase in PAH pollution whereas the
limpet results do not. The disagreement in the results could be due to local variations or differences
in sensitivity between the species.

Metals

Although a large number of samples have been analysed representing different species, locations
and seasons, it is difficult to pick out the place with highest exposure of metals and the most
suitable species to be used as test organism in monitoring activities, partly, because all species have
not been analysed at all stations all seasons, but also because the relative accumulation compared
between species within the stations is not always the same.

The results show, that for the metals copper, zinc and partly for mercury (in Hvannasund and
Svinair) the accumulation ratio between species seems to be similar for the different stations. For
barium, cadmium (in Hvannasund and Svinair), chromium and lead, on the other hand, the
accumulation ratio compared between species seems to differ from station to station.

The levels of cadmium were highest in limpets and horse mussels fromVelbastadur and Kirkjubgur
and in dogwhelks from Hvannasund. In 1996 cadmium levels were found to be much higher in
limpets from Velbastad and Kirkjube (7-10 mg/kg w.w.) than in limpets from Kaldbak (around 2
mg/kg w.w.) whereas the copper content was approximately two times as high in limpets from
Kaldbak (3,5 mg/kg w.w.) as in Velbastad and Kirkjube (1-1,5 mg/kg w.w.) (Dam, 2000). Limpets
from Kaldbak were not analysed in the present study, but in limpets from Velbastadur the mean
level of cadmium was 5,12 mg/kg w.w (31,5 mg/kg d.w.) and the mean level of copper was 1,1
mg/kg w.w (7,1 mg/kg d.w.) which are at the same level as in 1996, although somewhat lower.

There are large differences between the different molluscan species with respect to the
accumulation of metals. Dogwhelks and periwinkles had a much higher copper content than the
other species analysed. Also zinc was found in highest concentrations in dogwhelks. In 1997
dogwhelks and limpets from “Gamlarzatt”, a location between Kirkjubeur and Velbastadur, were
analysed for cadmium and copper content (Dam, 2000). The results showed that the dogwhelks
accumulated around 6 times as much cadmium as limpets (157,8 and 24,5 mg/kg d.w. respectively),
and 19 times as much copper (265,0 and 14,2 mg/kg d.w. respectively) when the results were
presentent on a dry weight basis. The levels in limpets from Velbastadur in the present study show
higher cadmium levels and lower copper levels than in “Gamlaratt” in 1997 (see above).
Dogwhelks from Velbastadur or Kirkjubg were not analysed in the present study, but the different

75



accumulation in these two species found in the study from 1996 (Dam, 2000) is confirmed, as the
dry weight results of dogwhelks and limpets from Hvannasund showed that the copper content in
dogwhelks was 13 times the content in limpets, and the cadmium content in dogwhelks was around
5 times the content in limpets.

The cadmium content in blue mussels was low in the present study (0,18 mg/kg w.w. in blue
mussels from Svinair) and the copper content varied between 1,42 and 4,39 in blue mussels for all
the stations (mean copper level in Svinar 1,68 mg/kg w.w.). The cadmium and copper levels in blue
mussel from the study from 1996 were at the same level as in the present study, although the
cadmium results were a little higher (cadmium: 0,22-0,32 mg/kg w.w. and copper: 1,6-3,2 mg/kg
w.w.) (Dam, 2000). The copper content in blue mussel from several locations around the Faroe
Island were compared in Feb-March 1996. In that study the highest copper content was found in
blue mussels from Svinair (3 mg/kg w.w.) and the lowest level was found in Trongisvagur
(approximately 1,5 mg/kg w.w) (Dam, 2000). This is in accordance with the results of the present
study as the mean copper content in blue mussel from Svinair was 2,8 mg/kg w.w and from
Trongisvagur 1,7 mg/kg w.w.

The concentration of lead was highest in horse mussels from Kirkjubg. Since the concentration of
lead in limpets from the near by site Velbastadur was much lower it appears that horse mussels may
accumulate lead to a greater extent than limpets. The analyses of lead in the study from 1996
showed similar levels as in the present study.

The mercury levels in limpets were generally low in the present study and at the same level as in
blue mussels, except in Trongisvagur where the blue mussels had higher concentration than limpets.
The mercury content was at the same level as found in the study from 1996 (Dam, 2000).

Although the feeding mode is not the important factor when regarding PAH uptake (Nzs et al.,
1998) it could possibly be relevant for the metal uptake, since these are mainly found as ionic
compounds and thus are not free to diffuse over biological surfaces. Given that the mussels are
filter-feeders, limpets and periwinkles are grazers, and dogwhelks are carnivores feeding on other
invertebrates, the uptake of cadmium, mercury, and zinc, and possibly also the uptake of lead, could
indicate connection to different feeding modes since the uptake of these metals are similar for
limpets and periwinkles but different for dogwhelks and mussels. The accumulation of zinc in the
two mussel species are quite similar relative to the accumulation in limpets, although the habitats
are different and they are found at different depths. The accumulation of zinc in the species which
feed by grazing (herbivores) is also similar, indicating that the feeding mode is significant for the
uptake. The relative high concentration of zinc in dogwhelks can be due to bioaccumulation effects
as it feeds on other invertebrates.

The pattern for mercury uptake seems to be the same as for zinc, except that the uptake in mussels
is at the same level as in periwinkles and limpets. However in Trongisvagur the uptake in blue
mussels relative to limpets shows the same ratio as for zinc.

Cadmium concentration in dogwhelks is high in Hvannasund (41 mg/kg d.w.) in comparison to
Svinair (5,6 mg/kg d.w.), however these concentrations are still low compared to dogwhelks in
“Gamlaraztt” with 157,8 mg/kg d.w.) (Dam, 2000). The diet of dogwhelks can possibly be very
variable, dependent on available prey. The metal exposure from ingestion of food will thus vary to
the same extent. The cadmium accumulation in blue mussels is, however, very low, and in horse
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mussels high. Feeding mode seems, therefore, not to be a determining factor for the uptake of
cadmium. The same seems to apply for barium, chromium and copper.

The organism accumulating cadmium to the greatest extent seems to be dogwhelks and probably
horse mussels, whereas blue mussels accumulate very little. Periwinkles seem to be accumulate
chromium to high concentrations and copper is also accumulated to high levels by periwinkles as
well as dogwhelks. For mercury the accumulation is highest in dogwhelks and for lead horse
mussels and blue mussels have the highest accumulation. The accumulation of zinc is highest in
dogwhelks followed by blue mussels and horse mussels. These results can be taken into account
when selecting species for analysis for metal pollution. However, to what extent the accumulation
in the different species reflect the metal levels in the ambient environment is not known from this
study.

According to Molver et al. (1997) the environmental condition of fjords and coastal waters can be
classified by the concentration of pollutants in organisms living in the location in question. The
locations are classified into five classes, from insignificantly-slightly polluted (class I) to

strongly polluted (classV). shows the result of the classification of the locations\ta‘zom
the present study by the levels of metals and PAHs in blue mussels.

Table 6.2 Results of classification of the environmental condition of locations, by levels of metals and PAHs
in blue mussels according to Molver et al. (1997).

Blue mussel: Cd Ctr Cu Hg Pb Zn sumPAH sumKPAH B(a)P
Hvannasund Jan. I II II I II II I I I
Apr. I I 11 11 I I 11 I 11
Svinair Jan. I I I I I I I I I
Mar. I I 11 I I I I I I
July I I I I I I I I I
Kaldbak Jan. I I I I I I I I I
Mar. I I 11 I I I I I I
July I I I I I I I I I
Trongisvagur Jan. I I I I o I 11 v 11
May I I I I o I 11 I 11
July I I I I I I I I I

Class I: Insignificantly-slightly polluted
Class II: Moderatly polluted

Class III: Markedly polluted

Class 1V: Strongly polluted

Class V: Very strongly polluted

From the table it is shown that the Hvannasund and Trongisvagur are moderately to markedly
polluted with regard to PAH, whereas Svindir and Kaldbak are slightly to moderately polluted. The
same is found for the metals although some of them are at a class I level in Hvannasund and
Trongisvagur also. Svindir and Kaldbak are only insignificantly to slightly polluted by metals
except for copper and zinc, by which they are moderately polluted. Both zinc and copper are
regularly analysed in connection with monitoring of pollution from fish-farming, since zinc is added
to the feed of farmed salmon and trout, and the net-cages surrounding the fish are treated with
copper to prevent fouling. Studies have shown that the level of copper and zinc is elevated in the

'> Only locations where blue mussels were found.
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close vicinity of fish-farms (Olsen, 2002). As a conclusion Hvannasund and Trongisvagur are
moderately to markedly polluted, whereas Kaldbak and Svindir are slightly to moderatly polluted
with regard to metals and PAHs.
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7 Conclusion

The present investigation shows the level of several biomarkers in different fish species and
conclusions with respect to the suitability of the different species as test organisms for the different
biomarker analyses can also be drawn from the results.

The levels of CYP1A induction and the content of 1-OH-pyrene in bile, seem to be at levels
comparable to or lower than the levels reported from clean reference sites in Norway, although
there are large variations in the results with some high individual levels. The measurements of DNA
adducts in cod liver were all below detection limit. The vitellogenin levels in cod were relative high.

According to this study, the species best suited for biomarker analyses is dab (Limanda limanda) or
cod (Gadus morhua). Dab seems to be the species most sensitive to measurements of CYP1A
activity of the species analysed. The MFO measurements in dab are however, highly influenced by
spawning and differ between males and females. If dab is to be used as indicator organism in
biomarker analyses, sampling should be performed in the non-spawning (resting) period (July or
Aug.-Sept.).

Cod seems to be somewhat less sensitive to CYP1A induction showing lower levels than dab, but
are immature when living near the coast and thus not influenced by seasonal differences in the
reproduction cycle or difference between the sexes. It also speaks in favour of choosing cod that in
this study all the biomarker analyses have been performed on cod, whereas CYP1A protein content
and vitellogenin were not analysed in dab. No vitellogenin and CYP1A protein data are thus
available for dab near the Faroese coast at present.

Sculpins did not respond well to the analysis of CYP1A activity, probably due to an enhanced
sensibility to protein denaturation during sampling, freezing and storage and are thus not among the
best suited indicator organisms for PAH exposure, although they showed good response to the other
parameters analysed.

The results showed large variation and a larger number of samples and individual analyses are
required in order to determine the baseline levels of the biomarkers, which is a necessary prerequisit
for detection of small scale changes in biomarker levels in future assessments.

It is, therefore, proposed that one of the species responding well to the biomarkers analysed in the
present study (cod or dab), is subjected to further investigations with a larger number of individuals
analysed and with efforts directed at minimizing the influence of parameters that affect variability.
One way to minimize the effects from influencing parameters, is to collect samples once in a year in
a season not influenced by gonadal development.

The different analyses of the fish did not seem to be correlated, showing the importance of
analysing several biomarkers to get an adequate picture of the PAH exposure. It is particularly
important to support the analyses of CYP1A activity with analyses of CYP1A protein content, since
the results of CYP1A activity can be underestimated due to protein denaturation or inhibition of the
catalytic activity. Also the analyses of DNA adducts and the results of PAH metabolites in bile
complement each other by giving information of long- and short term exposure to PAH.
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The analyses of ambient levels of PAH and selected metals in invertebrates provide a suite of
background data to which results from future chemical analyses of these parameters can be
compared.

The levels of PAH vary between the stations, probably due to local contamination. With regard to
PAH blue mussel seem to be the species best suited as indicator organism, since it accumulates
PAH to the greatest extent. For the metals it is not possible to pick one species which is best suited.
Different species accumulate different metals to various extents depending on local factors, where
availability of prey may be among the important ones. Thus it is not feasible to base the chemical
analyses in future investigations on one species only, but rather a selection of species. The actual
species chosen for a coastal zone chemical pollution assessment will depend on the characteristics
of the location in question.

80



8 References

Aas, E. (2000) Biomarkers for polyaromatic hydrocarbon exposure in fish. Dr. Scientist. Thesis. Department
of Fisheries and Marine Biology, University of Bergen, Norway.

Aas, E., Baussant, T. Balk, L. Liewenborg, B. and Andersen, O.K. (2000a) PAH metabolites in bile,
cytochrome P4501A and DNA adducts as environmental risk parameters for chronic oil exposure: a
laboratory experiment with Atlantic cod. Aquatic Toxicology 51: 241-258.

Aas, E., Beyer, J. and Goksgyr, A. (2000b) Fixed wavelength fluorescence (FF) of bile as a monitoring tool
for polyaromatic hydrocarbon exposure in fish: An evaluation of compound specificity, inner filter effect and
signal interpretation. Biomarkers 5:9-23.

Addison, R.F. and Edwards, A.J. (1988) Hepatic microsomal mono-oxygenase activity in Platichthys flesus
from polluted sites in Langesundfjord and from mesocosms experimentally dosed with diesel and copper.
Mar. Ecol. Prog. Ser. 46: 51-54.

Andersson, T., Forlin, L. (1992) Regulation of the cytochrome P450 enzyme system in fish (review). Aquat.
Toxicol. 24:1-20.

Ariese, F., Burgers, 1., Oudhoff, K., Rutten, T. Stroomberg, G. and Vethaak, D. (1997) Comparison of
analytical approaches for PAH metabolites in fish bile samples for marine and estuarine monitoring. Institute
for environmental studies, Vrije Universiteit, Amsterdam, Netherlands.

Bello, S.M., Franks, D.G., Stegeman, J.J., and Hahn, M.E. (2001) Acquired Resistance to Ah Receptor
Agonists in a Population of Atlantic Killifish (Fundulus heteroclitus) Inhabiting a Marine Superfund Site: In
Vivo and in Vitro Studies on the Inducibility of Xenobiotic Metabolizing Enzymes. Toxicol. Sci. 60: 77-91.

Berndtson, A.K. and Chen, T.T. (1994) Two unique CYP1 genes are expressed in response to 3-
methylcholanthrene treatment in rainbow trout. Archives of Biochemistry and Biophysics 310 (1): 187-195.

Beyer, J. (1996) Fish biomarkers in marine pollution monitoring. Evaluation and validation in laboratory and
field studies. Dr. scient. Thesis. Department of Fisheries and Marine Biology, University of Bergen, Norway

Beyer, J., Sandvik, M., Hylland, K., Fjeld, E., Egaas, E., Aas, E., Skare, J.U. and Gokseyr, A. (1996)
Contaminant accumulation and biomarker responses in flounder (Platichthys flesus L.) and Atlantic cod
(Gadus morhua L.) exposed by caging to polluted sediments in Serfjorden, Norway. Aquat. Toxicol. 36(1-2):
1-139.

Beyer, J., Sandvik. M., Skare, J.U., Egaas, E., Hylland, K., Waagbo, R. and Goksayr, A. (1997) Time- and
dose-dependent biomarker responses in flounder (Platichthys flesus L) exposed to benzo[a]pyrene,
2,3,3',4,4',5-hexachlorobiphenyl (PCB-156) and cadmium. Biomarkers, 2:35-44.

Barresen, J.A. (1993) Olje pa havet. Ad Notam Gyldendal, 308 pp.

Buhler, D.R. & Williams, D.E (1989) Enzymes involved in metabolism of PAH by fishes and other aquatic
animals: oxidative enzymes (or phase I enzymes) In: Varanasi, U. (Ed.). Metabolism of polycyclic aromatic

hydrocarbons in the aquatic environment CRC Press, Boca Raton, FL, pp 151-183.

Buhler, D.R., and Williams, D.E. (1988) The role of biotransformation in the toxicity of chemicals. Aquatic
Toxicology 11(1-2): 19-28.

81



Burke, M.D. and Mayer, R.T. (1974) Ethoxyresorufin: Direct fluorometric assay of a microsomal O-
dealkulation which is preferentially inducible by 3-methylcholanthrene. Drug Metab. Disp. 2: 583-588.

Connel, D.W. (1988) Biomagnification by aquatic organisms: a proposal. Chemosphere 19:1573-1585.

Dam, M. (2000) Integrated ecological monitoring in the coastal zone: Environmental pollutants. Food and
Environmental Agency, Faroe Islands, 2000:2. ISBN 99918-940-3-9

Dam, M. and Danielsen, J. (2002) Havnarvag 2002 — ein kanning av dalkingarsteOuni & Havnarvag og Yviri
vi0 strond 4 sumri 2002. Térshavnar Kommuna, Tekniska deild.
http://www.torshavn.fo/index.asp?ID={6A2EC3B7-86FB-4B2A-83C8-0A0A7C95B64D}

Edwards, A.J., Addison, R.F., Willis, D.E. and Renton, K.W. (1988) Seasonal variation of hepatic mixed
function oxidases in winter flounder (Pseudopleuronectes americanus). Mar. Env. Res. 26: 299-309.

Eggens M.L. and Galgani F. (1992) Ethoxyresorufin-O-deethylase (EROD) activity in flatfish: Fast
determination with a fluorescence plate-reader. Marine Environmental Research 33 (3): 159-221.

Ericson, G., Lindesj60d, E. and Balk, L. (1998) DNA adducts and histopathological lesions in perch (Perca
fluviatilis) and northern pike (Esox lucius) along a polycyclic aromatic hydrocarbon gradient on the Swedish
coastline of the Baltic Sea. Can. J. Fish. Aquat. Sci. 55: 815-824.

Forlin, L. And Andersson, T. (1985) Storage conditions of rainbow trout liver cytocrom P450 and
conjugating enzymes. Comp. Biochem. Physiol. 80B (3): 569-572.

Forlin, L., Andersson, T., Koivusaari, U. and Hansson T. (1984). Influence of biological and environmental
factors on hepatic steroid and xenobiotic metabolism in fish: interaction with PCB and B-naphthoflavone.
Marine Environmental Research 14 (1-4): 47-58.

French, B.L., Reichert, W.L., Hom, T., Nishimoto, M., Sanborn, H.R. and Stein, J.E. (1996) Accumulation
and dose-response of hepatic DNA adducts in English sole (Pleuronectes vetulus) exposed to a gradient of
contaminated sediments. Aquatic Toxicology 36 (1-2): 1-16.

Gilewicz, M., Guillaume, J.R., Carles, D. Leveau, M. and Bertrand, J.C. (1984) Effects of petroleum
hydrocarbons on the cytochrome Pyso content of the mollusc bivalve Mytilus galloprovincialis. Marine
Biology 80, 155-159.

Goksgyr, A. and Forlin, L. (1992) The cytochrome P-450 system in fish, aquatic toxicology and
environmental monitoring. Aquatic Toxicology 22: 287-312.

Gokseyr, A., Husay, A-M., Larsen, H.E., Klungseyr, J., Wilhelmsen, S., Brevik, E.M., Andersson, T.,
Celander, M., Pesonen, M. and Forlin, L. (1989) Evaluation of biochemical responses to environmental
contaminants in flatfish from the Hvaler Archipelago in Norway. Marine Environmental Research 28 (1-4):
51-55.

Gokseyr, A., Larsen, H.E., Blom, S. and. Forlin, L. (1992) Detection of cytochrome P450 1A1 in North Sea
dab liver and kidney. Marine Ecology Progress Series 91: 83-88.

Gooch, J.W., Elskus, A.A., Kloepper-Sams, P.J., Hahn, M.E. and Stegeman, J.J. (1989) Effects of ortho- and

non-ortho-substituted polychlorinated biphenyl congeners on the hepatic monooxygenase system in scup
(Stenotomus chrysops). Toxicol. Appl. Pharmacol. 98: 422-433.

82



Hill, J.M. (2000) Patella vulgata. Common limpet. Marine Life Information Network: Biology and
Sensitivity Key Information Sub-programme [on-line]. Plymouth: Marine Biological Association of the
United Kingdom. [cited 14/10/03]. Available from: http://www.marlin.ac.uk/species/Patvul.htm

Hepner Petersen, G. (1969) Marine lamellibranchiata. In The Zoology of the Faroes, vol. I1I, part 1. (Ed.
Spérck, R. and Tuxen, S.L.), 1928-1971.

Hoydal, K., Olsen, J. And Dam, M. (2003) AMAP Faroe Islands 1999-2001, POPs. In: Hoydal, K. and Dam,
M. (Ed.) AMAP Greenland and the Faroe Islands 1997-2001. Vol.3: The environment of the Faroe Islands.

Husey, A.M., Myers, M.S., Willis, M.L., Collier, T.K., Celander, M. and Gokseyr, A. (1994)
Immunohistochemical Localization of CYP1A-Like and CYP3A-like Isozymes in Hepatic and Extrahepatic
Tissues of Atlantic Cod (Gadus morhua L), a Marine Fish. Toxicology and Applied Pharmacology 129 (2):
294-308.

Hylland, K. and Haux, C. (1997) Effects of environmental estrogens on marine fish species. Trendsin
analytical chemistry 16: 606-612.

Hylland, Ketil, Norwegian Institute of Water Research (NIVA).

Joensen, J.S. and Téning, J.V. (1969) Marine and freshwater fishes. In: Sparck, R. and Tuxen, S.L. (Ed.) The
Zoology of the Faroes, vol. III, part 1. 1928-1971.

Kahn, R.A. & Payne, J.F. (2002) Factors Influencing EROD Activity in Feral Winter Flounder (Pleuronectes
americanus) Exposed to Effluent from a Pulp Mill in New Foundland. Bull. Environ. Contam. Toxicol. 68:
794-800.

Knutzen, J. (1989) PAH I det akvtiske miljo — opptak/utskillelse, effekter og bakgrunnsnivéer. NIV A-rapport
0-87189, 107 pp. ISBN 82-577-1497-6.

Knutzen, J. and Sortland, B. (1982) Polycyclic aromatic hydrocarbons (PAH) in some algae and
invertebrates from moderately pooluted parts of the coast of Norway. Water Research 16, 421-428.

Kriiner, G; Westernhagen, H.v. (1999) Sources of measurements error in assays of EROD activity of fish for
biological effects monitoring. Helgoland Marine Research 53 (3-4): 250-256.

Landers, J.P. and Bunce, N.J. (1991) The Ah receptor and the mechanism of dioxin toxicity.
Biochem. J. 276: 273.

Lange, U., Gokseyr, A., Siebers, D. and Karbe, L. (1999) Cytochrome P450 1A-dependent enzyme activities
in the liver of dab (Limanda limanda): kinetics, seasonal changes and detection limits Comparative
Biochemistry and Physiology Part B 123 (4): 361-371.

Lange, U., Saborowski, R., Siebers, D., Buchholz, F. and Karbe, L. (1998) Temperature as a key factor
determining the regional variability of the xenobiotic-inducible ethoxyresorufin-O-deethylase activity in the

liver of dab (Limanda limanda). Can. J. Fish. Aquat. Sci. 55: 328-338.

Lee, R.F. (1981) Mixed funktion oxygenases (MFO) in marine invertebrates. Marine Biology Letters 2: 87-
105.

83



Lindstrom-Seppa, P. and Stegeman, J.J. (1995) Sex differences in cytochrome P4501A induction by
Environmental exposure and B-naphthoflavone in liver and extrahepatic organs of recrudescent winter
flounder. Marine Environmental Research 39: 219-223.

Livingstone, D.R. and Farrar, S.V. (1985) Responses of the mixed function oxidase system of some bivalve
and gastropod molluscs to exposure to polynuclear aromatic and other hydrocarbons. Marine Environmental
Research 17: 101-105.

Lowry, O.H., Rosenbrough, N.J., Farr, A.L. and Randall, R.J. (1951) Protein Measurements with the Folin
Phenol Reagent. J. Biol. Chem. 193: 265-275.

Meador, J.P., Stein, J.E., Reichert, W.L., and Varanasi, U. (1995) Bioaccumulation of polycyclic aromatic
hydrocarbons by marine organisms. Rev Environ Contam Toxicol 143: 79-165.

Meier, S., Klungseyr, J. and Svardal, A. (2001) Alkylerte fenolers hormonelle innvirkning pa torsk. Notat,
Havforskningsinstituttet, Bergen.
http://www.imr.no/ __data/page/3859/Alkylerte fenolers hormonelle innvirkning paa torsk.pdf

Molver, J., Knutzen, J., Magnusson, J., Rygg, B., Skei, J. and Sgrensen, J. (1997) Klassificering af
miljekvalitet i fjorder og kystfarvann. Veiledning 97:03. Statens fourensningstilsyn. ISBN 82-7655-367-2.

Moore, M.N., Livingstone, D.R. and Widdows, J. (1989) Hydrocarbons in marine molluscs: biological
effects and ecological consequences.In: Varanasi, U. (ed). Metabolism of polycyclic aromatic hydrocarbons
in the aquatic environment CRC Press, Boca Raton, FL, pp 291-328.

Nas, K., Knutzen, J. and Berglind, L. (1995) Occurence of PAH in marine organisms and sediments from
smelter discharge in Norway. The science of the total environment 163: 93-106.

Nas, K., Oug, E. and Knutzen, J. (1998) Source and species-dependent accumulation of polycyclic aromatic
hydrocarbons (PAHSs) in littoral indicator organisms from norwegian smelter-affected marine waters. Marine
Environmental Research 45 (2), 193-207.

Nagpal, N. K. (1993) Ambient Water Quality Criteria For Polycyclic Aromatic Hydrocarbons (PAHs).
Ministry of Environment, Lands and Parks, Province of British Columbia
http://wlapwww.gov.bc.ca/wat/wq/BCguidelines/pahs/pahs-01.htm

Nebert, D.W. and Gonzalez, F.J. (1990) The P450 gene superfamily.In: Frontiers in Biotransformation, Vol.
2. Principles, Mechanisms and Biological Consequenses of Induction. Taylor & Francis, pp 35-61.

Nebert, D.W., Nelson, D.R., Coon, M.J., Estabrook, R.W., Feyereisen, R., Fujii-Kuriyama, Y., Gonzalez,
F.J., Guengerich, F.P., Gunsalus, I.C., Johnson, E.F., Loper, J.C., Sato, R., Waterman, M.R. and Waxman,
D.J. (1991) The P450 superfamily: update on new sequences, gene mapping, and recommended
nomenclature. DNA Cell Biol. 10, 1-14.

Neff, .M. (1979) Polycyclic aromatics in the aquatic environment — Sources fates and biological effects.
Applied Science Publishers, London

Nilsen, B.M., Berg, G. and Goksgyr, A. (1998) Induction of Cytochrome P450 1A (CYP1A) in Fish— A
biomarker for environmental pollution. In: Phillips, I.LR. and Shepard, E.A. (Ed.) Methods in molecular
biology, vol. 107. Cytochrome 450 Protocols, Humana Press Inc., Totowa, NJ, pp. 423-438.

Nilssen, 1. (1999) Environmental monitoring of petroleum activities on the Norwegian shelf; Guidelines.
Statens forurensningstilsyn, Neringslivsavdelingen, pp 123. ISBN 82-7655-164-5.

84



Olsen, J. (2002) Kanningar av sedimenti i sambandi vi0 alivinnuna. In: Mikkelsen, B., Hoydal, K., Dam, M.
and Danielsen, J. Feroya Umhvervid i Telum 2001. Heilsufradiliga starvsstovan, rapport nr. 2002:1, pp130.

Pahlman, R. and Pelkonen, O. (1987) Mutagenicity studies of different polycyclic aromatic
hydrocarbons: the significance of enzymatic factors and molecular structure. Carcinogenesis 8:
773-778.

Parke, D.V. (1990) Induction of cytochromes P-450 — General principles and biological consequences. In:
Frontiers in Biotransformation, Vol. 2. Principles, Mechanisms and Biological Consequenses of Induction.
Taylor & Francis, pp 1-34.

Payne, J.F. (1984) Mixed funktion oxygenases in biological monitoring Programs: Review of potential
usage in different phyla of aquatic animals. In: G. Persoone, E. Jaspers, and C. Claus. (Ed.) Ecotoxicological
testing for the marine environment. State. Univ. Ghent and Inst. Mar. Scient. Res., Bredene, Belgium. Vol. 1.
625-655.

Peakall, D.B. (1994) Biomarkers: the way forward in environmental assessment. Toxycology and
ecotoxicology news 1: 55-60.

Piccardo, M.T., Coradeghini, R. and Valerio, F. (2001) Polycyclic aromatic hydrocarbon pollution in native
and caged mussels. Marine Pollution Bulletin 42 (10) 951-956.

Randall, D.J., Connell, D.W. Yang, R. and Wu, S.S. (1998) Concentrations of Persistent lipofilic compounds
in fish are determined by exchange across gills, not through the food chain. Chemosphere 37 (7): 1263-1270.

Reichert WL, and French B. (1994) The **P-postlabeling protocols for assaying levels of hydrophobic DNA
adducts in fish. NOAA Tech. Memo. NMFS-NWFSC-14. National Technical Information Service,
Springfield, VA. 89 pp.

Ruus, A., Hylland, K. and Green, N. (2003) Joint Assessment and monitoring Programme (JAMP).
Biological effects methods, Norwegian monitoring 1997-2001. NIV A report O-80106, 139 pp. ISBN 82-
577-4313-5

Ruus, A., Sandvik, M., Ugland K.I. and Skaare J.U. (2002) Factors influencing activities of
biotransformation enzymes, concentrations and compositional patterns of organochlorine contaminants in
members of a marine food web. Aquatic Toxicology 61 (1-2): 73-87.

Saborowski, R., Koprivnjak, J-F., Sisak, M.M., Sahling, G., Buchholz, F., Lum, K.R., Schneider, R. (1997).
Ascorbic acid in the gonads of North Sea dab (Limanda limanda) during the reproductive cycle. Canadian
Journal of Fisheries and Aquatic Sciences 54, 2847-2852.

Sandvik, M. (2002) Biomarkers in fish: their application in laboratory and field studies. Dr. Scientist Thesis.
National Veterinary Institute, Oslo, Norway.

Sandvik. M., Beyer, J., Gokseyr, A., Hylland, K., Egaas, E. and Skaare, J.U. (1997) Interaction of
benzo[a]pyrene, 2,3,3',4,4',5-hexachlorobiphenyl (PCB-156) and cadmium on biomarker responses in
flounder (Platichthys flesus L). Biomarkers 2 (3):153-160.

Sarasquete, C. and Segner, H. (2000) Cytochrome P4501A (CYP1A) in teleostean fishes. A review of
immunohistochemical studies. The Science of the Total Environment 247: 313-332

85



Scott, A.P. and Hylland, K. (2002) Biological effects of contaminants: Radioimmunoassay (RIA) and
enzyme-linked immunosorbent assay (ELISA) techniques for the measurement of marine fish vitellogenins.
| CES Techniques in Marine Environmental SciencesNo. 31: 1-21.

Sleiderink, H.M., Beyer, J., Everaarts, J.M. and Boon, J.P. (1995) Influence of temperature on cytochrome
P450 1A in dab (Limanda limanda) from the Southern North Sea: Results from field surveys and a
laboratory study. Marine Environmental Research 39, 67-71.

Spérck, R and Thorson, G. (1969) Marine gastropoda, Prosobranchiata. In The Zoology of the Faroes, vol.
I, part I. (Ed. Spérck, R. and Tuxen, S.L.), 1928-1971.

Specker, J.L. and Anderson T.R. (1994) Developing an ELISA for a model protein — vitellogenin. In
Biochemistry and Molecular Biology of Fishes, vol. 3, pp. 567-578 (Ed. Hochachka, P.W. and Mommsen,
T.P.) Elsvier Science.

Stegeman, J.J. & Hahn, M.E. (1994) Biochemistry and molecular biology of monooxygenases: current
perspectives on forms, functions, and regulation of cytochrome P450 in aquatic species. In: Malins, D.C.,
Ostrander, G.K., (Ed.). Aquatic toxicology. Boca Raton: Lewis Publishers, 1994: 87-203.

Stegeman, J.J. & Lech, J.J. (1991) Cytocrome P-450 monooxygenase systems in aquatic species: Carcinogen
metabolism and biomarkers for carcinogen and pollutant exposure. Environmental Health Perspectives 90,
101-109.

Stegeman, J.J. (1985) Benzo(a)pyrene oxidation and microsomal enzyme activity in the mussel (Mytilus
edulis) and other bivalve mollusc species from the Western North Atlantic. Marine Biology 59, 21-30.

Stegeman, J.J. (1989) Cytochrome P450 forms in fish: catalytic, immunulogical and sequence similarities.
Xenobiotica 19 (10): 1093-1110.

Stegeman, J.J. and Woodin, B.R. (1984) Differential regulation of hepatic xenobiotics and steroid
metabolism in marine teleost species. Marine Environmental Research 14 (1-4): 47-58.

Stegeman, J.J., Brouwer, M., Di Giulio, R.T., Forlin, L., Fowler, B.A., Sanders, B.M. and Van Veld, P.A.
(1992) Molecular responses to environmental contamination: Enzyme and protein systems as indicators of
chemical exposure and effect. In: Biomarkers. Biochemical, Physiological, and Histological Markeres of
Antropogenic Stress. Setac, pp 235-333.

Stegeman, J.J., Woodin, B.R. & Gokseyr, A. (1988) Apparent cytochrome P-450 induction as an indication
of exposure to environmental chemicals in the flounder Platichthys flesus. Marine Ecology Progress Series
46: 55-60.

Stegeman, J.J., Woodin, B.R. & Smolowitz, R.M. (1990) Structure, function and regulation of cytocrome P-
450 forms in fish. Biochemical Society Transactions 18, 19-21.

Steingrund, Petur, The Faroese Fisheries Laboratory
Stephensen, E., Svavarsson, J., Sturve, J., Ericson, G., Adolfsson-Erici, M. and Forlin, L. (2000)
Biochemical indicators of pollution exposure in shorthorn sculpin (Myoxocephalus scorpius), caught in four

harbours on the southwest coast of Iceland. Aquatic Toxicology 48 (4): 357-571.

Timbrell, J.A. (1991) Principles of biochemical toxicology, 2™ ed. Taylor & Francis, London, Washington
DC.

86



Tyler-Walters, H. (2001) Modiolus modiolus. Horse mussel. Marine Life Information Network: Biology and
Sensitivity Key Information Sub-programme [on-line]. Plymouth: Marine Biological Association of the
United Kingdom. [cited 14/10/03]. Available from: http://www.marlin.ac.uk/species/Modmod.htm

Tyler-Walters, H. (2002) Mytilus edulis. Common mussel. Marine Life Information Network: Biology and
Sensitivity Key Information Sub-programme [on-line]. Plymouth: Marine Biological Association of the
United Kingdom. [cited 14/10/03]. Available from: http://www.marlin.ac.uk/species/Mytedu.htm

Tyler-Walters, H. (2003) Nucella lapillus. Dog whelk. Marine Life Information Network: Biology and
Sensitivity Key Information Sub-programme [on-line]. Plymouth: Marine Biological Association of the
United Kingdom. [cited 14/10/03]. Available from: http://www.marlin.ac.uk/species/Nuclap.htm

Van den Berg, M., Birnbaum, L., Bosveld, A.T.C., Brunstrom, B., Cook, P., Feeley, M., Giesy, J.P.,
Hanberg, A., Hasegawa, R., Kennedy, S.W., Kubiak, T., Larsen, J.C., van Leeuwen, F.X.R., Liem, A.K.D.,
Nolt, C., Peterson, R.E., Poellinger, L., Safe, S., Schrenk, D., Tillitt, D., Tysklind, M., Younes, M., Warn,
F., and Zacharewski, T. (1998) Toxic equivalency factors (TEF) for PCBs, PCDDs, PCDFs for humans and
wildlife. Environmental Health Perspectives 106 (12): 775-792.

Vandermeulen, J. H. and Mossman, D. (1996) Sources of variability in seasonal hepatic microsomal
oxygenase activity in winter flounder (Pleuronectes americanus) from a coal tar contaminated estuary. Can.
J. Fish. Aquat. ci. 53: 1741-1753.

Varanasi, U., Reichert, W.L., and Stein, J.E. (1989) 32P-postlabeling analysis of DNA adducts in liver of
wild English sole (Parophrys vetulus) and winter flounder (Pseudopleuronectes americanus). Cancer Res.
49: 1171-1177.

Westernhagen, H. von, Kruener, G. and Broeg, K. (1999) Ethoxyresorufin O-deethylase (EROD) activity in

the liver of dab (Limanda limanda L.) and flounder (Platichthys flesus L.) from the German Bight. EROD
expression and tissue contamination. Helgoland Marine Research 53 (3-4): 244-249

87



List of attachments

Pages

Attachment 1  Sea temperatures 1
Attachment 2 Reagents and solutions used in the biomarker analyses 2
Attachment 3 Raw data from analyses

3A  Protein results 2

3B EROD results 5

3C  PAH metabolites results 4

3D  Vitellogenin in cod 1
Attachment 4 Method and results of EROD analysis by HPLC 1
Attachment 5 Method and results of CYP1A protein analysis by ELISA 3
Attachment 6 Fish data 3
Attachment 7  Fish length versus weight 1
Attachment 8 Vitellogenin in sculpin and dab 3
Attachment 9 Methods for invertebrate analysis 5

9A  Analysis of dry matter content

9B Analysis of PAH

9C Analysis of heavy metals

9D Analysis of mercury

9E Analysis of chromium
Attachment 10 Invertebrate data

10A  Invertebrate biological data 2

10B  Invertebrate PAH data 2

10C  Invertebrate heavy metal data 2
Attachment 11 Method and results of DNA adduct analysis 3
Attachment 12 Method for analysis of PCB and dioxin 3
Attachment 13 PCB and dioxin in cod

13A PCDDs/PCDFs 4

13B  Non-ortho and mono-ortho PCB 4

13C "Marker" PCB 1

88



Attachment 1 Sea temperatures

Attachment 1:

Sea-temperatures:
The figure is showing the sea temperature at to locations on the Faroe Islands (Strendur and
Servagur) during 2002, based on measurements performed by The Faroese Office of Public works.
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Mean sea-temparature at “Strendur” and “Servagur” in 2002 (data obtained from The Faroese Office of
Public Works).

Strendur | Jan Feb | March | April | May | June | July | Aug Sept Oct Nov Dec
mean 58 52 4,9 6,3 7,8 101 | 10,7 | 116 | 111 | 103 8,5 7,7
std.dev. 042 | 042 | 039 | 039 | 0,71 | 106 | 084 | 0,73 | 0,26 | 0,19 | 0,41 | 0,56

Sarvagur | Jan Feb | March | April | May | June | July | Aug Sept Oct Nov Dec

Mean 65 | 58 | 61 80 | 90 | 102 | 110 | 109 | 100 | 88 | 81
Stddev. | 064 | 037 | 1,18 011 | 051 | 056 | 043 | 015 | 088 | 035 | 030
Difference* | -0,73 | 0,56 | -1,14 | | 022 ] 1,14 | 046 | 0,69 | 0,14 | 034 | 029 | 0,44

*Strendur + Servagur
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Attachment 2 Reagents and solutions

Attachment 2

Overview of reagents and solutionsused in the biomarker analyses:

Protein:

0,1 M Tris buffer: 12,70 g Trizma base (Sigma T-1503) C4H;;NO3, FW 121,1 mol/g
2,36 g Trizma Hydrochloride (Sigma T-3253) C4H;;NO; - HCI, FW 157,6 mol/g
in dH,O to 1 liter, pH 7,96 at 5°C.

Reagent A: alkaline copper tartrate solution (BioRad protein assay reagent A, catalog 500-0113)
Reagent B: diluted Folin reagent (BioRad protein assay reagent B, catalog 500-0114)

Bovine gamma globulin protein standard (BioRad)
EROD:
0,1 M potassium-phosphate buffer: 8,71g K,HPO4
30 ml 0,1M KH,PO4
in dH,0 to 500 ml, pH 7,91-8,03.
50 nM NADPH (Sigma N-1630) in buffer
0,2 mM 7-ethoxyresorufin (Sigma E-3763) in DMSO

10 uM resorufin (Sigma R-3257) in DMSO (for standards solutions)

Vitellogenin:
Competitive ELISA:

0,05 M Carbonate/bicarbonate coatingbuffer: 1 coating buffer capsule (Fluka, cat.no.21851) in
dH,0O

TTBS with Tween-20, pH 8,7: 17,4g Trizma base (Sigma T-1503)
8,8g Trizma Hydrochloride (Sigma T-3253)
292,4g NaCl (Sigma S-7653)
in 10 liter dH,O + 5ml Tween-20 (Polyoxyethylene sorbitan,
Sigma P-1379)
Blocking solution: 1% BSA (Bovine serum albumin, Sigma A-7906) in TTBS (without Tween-20)
Stop solution: 1M H,SO4

Primary antibody: Rabbit anti-cod Vtg, Polyclonal antibody, CS-1 (Biosense) diluted 1:100 000 in
0,1% TTBS/BSA.

Secondary antibody: Goat anti-rabbit IgG Horseraddish Peroxidase Conjugate (GAR-HRP,
AmDEX AX01-0301X) diluted 1:15 000 in 0,1% TTBS/BSA.
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Attachment 2 Reagents and solutions

Developing solution: TMB plus substrate (Kem-en-Tech 4390A)
Capture ELISA:

0,05 M Carbonate/bicarbonate coating buffer: 1 coating buffer capsule (Fluka, cat.no.21851) in 100
ml deO

PBS (Phosphate buffered saline), pH 7,2: 8,90g NaHPO4
2,72g NaHPO4 (3,13g - H,0)
87,66g NaCl
in in 10 liter dH,O
Blocking solution: 2% BSA in PBS
Primary antibodies: Rabbit anti-cod Vtg, Polyclonal antibody, CS-1 (Biosense)
Rabbit anti-wolffish Vtg, Polyclonal antibody, CS-3 (Biosense)
Rabbit anti-Arctic char Vtg, Polyclonal antibody, PO-1 (Biosense)
Rabbit anti-sea bream Vtg, Polyclonal antibody, PO-2 (Biosense)
diluted 1:1000 — 1:128 000 in 1% BSA in PBS.
CYP1A protein:

0,05 M Carbonate/bicarbonate coatingbuffer: 1 coating buffer capsule (Fluka, cat.no.21851) in
dH,O

TTBS: 20 mM Tris-buffer, pH 8.5,
with 0.5 M NaCl (292 g), to 10 L in dHO;

with 5 mL Tween- 20
Blocking solution: 1% BSA in TTBS (without Tween-20)
Antibody-buffer: TTBS med 0.1% BSA

Stop solution: 3 N HCl eller 3 N HySO4

Primary antibody: anti-fisk CYP1A antibody (CP226) (Biosense C02401201).

Secondary antibody: Goat anti-rabbit IgG Horseraddish Peroxidase Conjugate (GAR-HRP,
AmDEX AX01-0301X) diluted 1:15 000 in 0,1% TTBS/BSA.

Developing solution: TMB plus substrate (Kem-en-Tech 4390A).
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Attachment 3A:

Protein results:

Attachment 3A

Sample ID |Mean, |Std Dev |CV Dil.Factor |Protein,
pg/mL mg/ml

ul 599,2| 7.342 1.225 5 2996
u2 878,2| 5.507 0.627 5 4391
UK} 823,3|30.97 3.762 5| 41165
U4 834,5|13.07 1.566 5| 41725
U5 re.an. 805,5| 9.534 1.184 10 8055
U6 712,5|33.07 4.642 5| 35625
u7 899,4|11.71 1.301 5 4497
U8 re.an. 644,4|22.22 3.448 10 6444
U9 641,6/9.116 1.421 5 3208
u1o0 916,7|42.84 4.673 5| 4583,5
ull 614,8| xxxx* ke 5 3074
Uiz 503,1| 2.596 0.516 5| 2515,5
ui3 549 16.49 3.003 5 2745
ui4 827,6|29.37 3.549 5 4138
uis 606,1|9.828 1.621 5|  3030,5
uie6 617,4|25.70 4,162 5 3087
U1z 1171]7.930 0.677 5 5855
uis 976,5| 30.31 3.104 5| 48825
u19 969,5| 31.40 3.239 5| 48475
U20 re.an. 605,5|27.73 4.580 10 6055
U21 re.an. 744,8| 14.36 1.929 10 7448
u22 873,5/9.828 1.125 5| 43675
U23 re.an. 610,5/17.28 2.830 10 6105
u24 806,9| 51.07 6.329 5| 4034,5
ref.G.m. 577,6| 13.32 2.306 5 2888
ref.L.. 786,1/11.90 1513 5 3930,5
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Protein results

Sample ID|Mean, Std Dev |CV Dil.Factor |Protein,
pg/mL mg/ml

SK1 352,8/13.82 3.916 7,000f 2469,6
SK2 611,7|19.60 3.204 7,000 42819
SK3 506,2| 24.71 4.881 7,000 35434
SK4 513,3/19.24 3.748 7,000 3593,1
SK5 626,7|16.17 2.581 7,000f 4386,9
SK6 481,8| 9.401 1.951 7,000 3372,6
RF1 750,8| 26.77 3.565 7,000 5255,6
RF2 re.an. 318,6/2.715 0.852 7 2230,2
RF3 609,9/ 20.13 3.301 7,000 4269,3
RF4 483,1| 23.63 4.892 7,000 33817
RF5 486,7| 13.65 2.804 7,000f 3406,9
RF6 598,4| 4.062 0.679 7,000, 4188,8
RF7 361,7/13.12 3.626 7,000 2531,9
RF8 458,3| 8.124 1.772 7,000 3208,1
RF9 380,3/13.12 3.449 7,000 2662,1
RF10 219/ 1.535 0.701 7,000 1533
RF11 665,7|17.30 2.599 7,000 4659,9
RF12 531,9| 14.65 2.753 7,000 37233
RF13 421,1/8.124 1.929 7,000f 2947,7
RF14 482,3| 12.57 2.606 7,000 3376,1
RF15 540,8| 13.65 2.523 7,000 3785,6
RF16 483,1| 13.82 2.860 7,000 33817
RF17 554,9 14.81 2.668 7,000 3884,3
RF18 648 18.61 2.872 7,000 4536
ref.G.m. 576,2| 18.61 3.230 7,000 40334
ref.L.. 767,7| 35.97 4.686 7,000 5373,9




Attachment 3A

Sample |Mean, Std Dev |CV Dil.Factor |Protein,
ID pg/mL mg/ml
RF19 436,3| 4.147 0.951 7| 3054,1
RF20 342,2/11.30 3.303 7| 23954
RF21 849,8/ 16.59 1.952 7| 5948,6
RF22 634,4| 18.08 2.849 7| 44408
RF23 378,3| 24.43 6.458 7| 2648,1
RF24 377/ 13.44 3.564 7 2639
S7 517,7/19.07 3.683 7| 36239
S8 508,7|11.52 2.264 7| 35609
S9 847,1/ 24.63 2.908 7| 5929,7
S10 546,7/14.11 2.580 7| 38269
S11 541,2/ 19.20 3.547 7| 37884
S12 611,8/7.678 1.255 7| 42826
S13 390,6| 1.920 0.491 7| 27342
S16 614,5/11.52 1.874 7| 43015
S31 643,5/22.11 3.436 7| 45045
S32 760,2| 31.46 4.139 7| 53214
S33 659,8| 29.03 4.400 7| 46186
ref.G.m. 553,4| 9.598 1.734 7| 38738
ref.L.l. 762 7.837 1.028 7 5334
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Protein results

Sample |Mean, Std Dev |CV Dil.Factor |Protein,
ID pg/mL mg/ml
u25 646,1 15.44 2.390 7| 45227
U26 484,4/1.619 0.334 7| 3390,8
u27 854,5| 19.89 2.328 7| 59815
u28 875| 18.39 2.101 7 6125
S34 584,8/ 9.914 1.695 7| 4093,6
S35 673,2/14.84 2.204 71 47124
S36 857,3 9.847 1.149 7| 6001,1
S37 765,7| 23.96 3.129 7| 53599
S38 803,1| 22.84 2.844 7| 5621,7
S39 638,6| 28.78 4.507 7| 4470,2
S41 618| 5.837 0.944 7 4326
S42 479,7|22.95 4.785 7| 33579
S43 325,5/12.85 3.948 7| 22785
S44 710,5| 18.67 2.628 7| 49735
S45 412,4{7.419 1.799 7| 2886,8
S46 382,5/1.619 0.423 7| 26775
S47 666,6| 1.619 0.243 7| 4666,2
S48 519,9/11.33 2.180 7| 3639,3
S49 587,2| 5.837 0.994 7| 41104
S50 530,2/12.22 2.305 71 37114
S51 666,6| 16.43 2.465 7| 4666,2
S52 275,9 9.847 3.569 7| 19313
S53 506,8| 5.837 1.152 7| 35476
ref.G.m. 579,7|21.42 3.694 7| 40579
ref.L.l. 787,2/11.67 1.483 7| 55104




Attachment 3B:

EROD results:

kode| EROD (pmol/min/mg protein) CV(%)
Ul -1,56 -16,29
U2 -1,06 -27,87
U3 -0,74 -74,50
U4 -1,11 -23,21
U5 -0,74 -15,78
U6 6,50 43,16
U7 -1,30 -9,22
U8 -0,81 -13,41
U9 -1,58 -19,38
U10 -1,04 -24,58
Uil -2,06 -23,66
Ui2 -2,26 -26,71
Ui13 -0,35 -24,69
ui4 -0,17 -36,08
U15 0,51 30,27
Ul16 -0,18 -81,98
ki 4,30 23,00
Ui8 -0,16 -24,49
U19 -0,12 -84,69
U20 -0,37 -29,64
u21 -0,05 -78,42
U22 1,15 37,02
U23 -0,10 -77,46
U24 -0,17 -68,16
U25 7,96 64,36
U26 -0,04 -587,42
u27 0,17 43,24
U28 -0,07 -61,97
SK1 1,16 46,00
SK2 14,78 24,36
SK3 37,30 37,73
SK4 16,51 10,73
SK5 37,34 38,72
SK6 35,43 13,26

Attachment 3B EROD results
kode EROD (pmol/min/mg protein) | CV(%)
S7 3,22 21,66
S8 3,05 11,85
S9 1,49 19,07
S10 43,10 26,37
reS11 87,11 24,64
reS12 95,63 29,93
S13 105,95 11,04
S16 5,09 36,32
S31 3,81 36,43
S32 19,72 32,68
reS33 222,75 3,81
S34 64,85 27,62
reS35 420,77 12,64
S36 21,14 46,63
S37 41,54 30,88
S38 9,29 37,11
reS39 113,53 46,63
reS41 205,87 30,88
reS42 46,66 37,11
S43 43,45 42,24
reS44 264,61 27,07
S45 38,11 24,64
S46 30,59 29,93
S47 52,48 4,06
S48 122,67 29,29
reS49 868,32 9,16
reS50 494,47 25,38
reS51 84,86 42,24
S52 63,60 16,81
S53 67,17 16,08

Grey shaded re-analysed by HPLC fluorescense detection
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EROD (pmol/min/mg

kode protein) CV(%)
RF1 18,47 29,53
RF2 39,20 21,02
RF3 18,45 12,76
RF4 0,26 46,48
RF5 32,19 10,88
RF6 32,02 6,16
RF7 218,47 16,86
RF8 1,35 20,88
RF9 63,61 5,81
RF10 12,83 4,63
reRF11 286,83 27,28
RF12 53,29 3,66
RF13 45,15 10,25
RF14 25,96 12,53
RF15 20,86 6,59
RF16 13,02 20,55
RF17 18,78 46,26
RF18 32,92 7,92
RF19 151,92 10,77
RF20 83,55 6,29
RF21 1,99 29,70
RF22 2,83 10,26
RF23 25,15 6,78
RF24 48,44 27,84

Attachment 3B
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Attachment 3B

Example of standard curve for EROD measurements:

EROD results

antatt mengde (pmol) UM replikate malinger (over tid) gjennomsnitt beregnet mengde (pmol) korrigert fluorescens
0 0 23 23 23 23 23 22 22] 22 22,5 0 0
0 0 23 220 23 23 221 22 22 22
2,75 0,01 36 36 36 36/ 35 35 35 35 35,5625 1,897199454 13,0625
2,75 0,01 37 36 36 36 35 35 350 35
55 0,020 62 61 61 61 61 60 60 60 61,9375 3,794398907 39,4375
55 0,021 64 64 64 64 63 62 62 62
11 0,04 112 111] 110 110 108 107/ 108 108 110,6875 7,588797814 88,1875
11 0,04 114 114 112 113 112 110, 111} 111
22 0,08 212 210 208 209 206/ 203 205 205 210,625 15,17759563 188,125
22 0,08 218 216| 215 216 213 210 212 212
44 0,16 411] 408 404 405 401] 395 400 397 407 30,35519126 384,5
44 0,16 419 417 413 415 409 403 408 407
88 0,32 796 790 783 785 776| 763 772 770 785,625 60,71038251 763,125
88 0,32| 805/ 801 796 799 790| 776/ 785 783
176 0,64] 1568 1559| 1542| 1551 1529 1503 1520 1520 1603 121,420765 1580,5
176 0,64 1701 1692| 1682 1682 1659 1636 1654 1650
1233 y= 12002 slope (fra graf)
1400 E2_q 12,902 13,0278
2 1200 ff
@ 1000 forventet FU av spike (3.2 nmol)
: o e
= s o
200 -"'/'
1] 4/" T T T T T T
0 20 40 G0 a0 100 120 140
resorufin (pmol)
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Example of the EROD measurments of sample U1:

Attachment 3B

EROD results

kode 0 34 68 102 136 170 204 238alle tider slope intercept r-sq unntatt to fgrste slope intercept r-sq
Ul 2 -3 -4 -4 5 -6 -6 -5 -0,015 -2,5 0,793 -0,010 -3,4 0,514
Ul -1 -1 -2 -3 -3 -5 -4 -4 -0,016 -0,9 0,810 -0,013 -1,5 0,584
Ul 3 4 -5 -4 5 -7 -6 -6 -0,013 -3,3 0,716 -0,011 -3,8 0,439
Uulr 30 3029 29 28 27 28 27 -0,013 30,2 0,860 -0,012 29,9 0,700
Ul 26 26 25 25 24 22 23 23 -0,016 26,2 0,813 -0,015 26,1 0,631
UL 26 26 25 26 24 23 24 24 -0,011 26,2 0,642 -0,010 26,0 0,386

Fs/min = Increase in fluorescence per minute = mean of the slopes for the different measurements for one sample/60

reagens  antatt kons (mM) absorbans beregnet kons kommentar

7-ER 0,01375 0,06 absorbans ved 450 nm

Resorufin 0,01 0,51 0,006899 absorbans ved 572 nm, ekstinksjonskoeffisient 73.2
NADPH 2,5

fortynning i brgnn (alle volum i pL)

buffer
prove
NADPH
spike

200
50
25
10
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Attachment 3B EROD results

Example of EROD calculations:

forventet ikke- korrigert uench-

K 0-verdi fo.rvep tet FU FU : malt | korrigert | korrigert sloge Eorrigert protein _[EROD
ode . :malt FU . : fortynning |(pmol/min/mg

(protein) (intercept) FU ((_)— slope I(aIIe intercept | (minus 2 ERO_D (ug/ml) protein)

verdi) verdier) farste) |(pmol/min/mL)

Ul -2 1,4000 1,4212 | -0,0141 | 1,3817 | -0,0118 -2 2996 0,33 -1,56
U2 -3 1,2949 1,2894 | -0,0142 | 1,2948 | -0,0129 -2 4391 0,33 -1,06
U3 -2 1,3376 1,3448 | -0,0102 | 1,3149 | -0,0081 -1 4117 0,33 -0,74
U4 -4 1,3570 1,3744 | -0,0132 | 1,3503 | -0,0120 -2 4173 0,33 -1,11
U5 -8 1,4933 1,4889 | -0,0153 | 1,4870 | -0,0143 -2 8055 0,33 -0,74
U6 5 1,4786 1,5068 0,0540 | 1,4611 | 0,0550 8 3563 0,33 6,50
U7 -4 1,5314 1,5252 | -0,0149 | 1,5295 | -0,0137 -2 4497 0,33 -1,30
U8 -1 1,4933 1,5252 | -0,0130 | 1,4767 | -0,0123 -2 6444 0,33 -0,81
U9 0 1,2486 1,2383 | -0,0170 | 1,2628 | -0,0147 -2 3208 0,33 -1,58
U10 -2 1,3909 1,4052 | -0,0130 | 1,3949 | -0,0122 -2 4584 0,33 -1,04
Uil 0 1,5008 1,5252 | -0,0161 | 1,4865 | -0,0148 -2 3074 0,33 -2,06
Ui2 1 1,3619 1,3744 | -0,0166 | 1,3366 | -0,0148 -2 2516 0,33 -2,26

EROD (pmol/min/mg protein)= "quench-korrigert EROD (pmol/min/mL)"/("protein (mg/ml)"/1000)/"fortynning"
guench-korrigert EROD (pmol/min/mL)= ("korrigert slope (minus 2 fgrste)"/ "slope (fra graf)")*60*20*("forventet FU:malt FU (0-verdi)")
korrigert slope (minus 2 farste)= mean of: "slope(minus 2 farste)"

forventet FU:malt FU (0-verdi)= "slope (fra graf)"/(mean: U1d-U1f — mean: Ula-Ulc)
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Attachment 3C PAH metabolite in bile-HPLC

Attachment 3C:

M easurement of PAH metabolitesby HPLC
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Example of chromatogram from running of a standard (standard 2)
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Attachment 3C PAH metabolite in bile-HPLC
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Attachment 3C PAH metabolite in bile-HPLC

Attachment 3C:

Measurment of PAH metabolites in bile by HPLC:

2-OH- 3-OH- |Abs 2-OH- [1-OH- [1-OH- 3-OH-

napht. 1-OH-fen. [1-OH-pyr. ftriphen. B(a)P  [380nm  |normalized napht. [fen. pyr. triphen. B(a)P |Abs 380nm jnormalized
Sk 1 322 24,98 2,552 52,961 6,0791 U 18 5,879 24,98 0,21
S7 2,58 24,98 0,296 3,927, 0,657 U 19 12,94 24,98 0,325 13,837 0,935318
S 10 2,898 24,98 -2,331 25,957 0,1116 U 20 81,04 24,98 1,249
S 11 3,072 24,98 0,113 U 21 22,99 24,98 0,326 14,948 1,537798
S 13 18,85 24,98 2,6035 7,2406| U 22 39,25 24,98 0,179
S 16 2,226 24,98 U 23 5,344 24,98 0,27 22,22 0,240504
S 31 50,11 24,98 97,137,  0,5158 U 25 1,784 24,98 0,123
S 32 14,26/ 24,98 0,337 60,742 0,2348 U 26 6,346) 24,98 0,332 75,3 0,084276
S 33 12,65 24,98 0,409 U 27 2,91 24,98 0,338 21,513 0,135267
S 34 5,263 24,98 0,406 40,097 0,1313 RF 1 11,01 24,98 0,641 16,665 0,660426
S 35 7,791 24,98 0,375 41,309 0,1886 RF 2 11,57 24,98 0,392
S 36 55,8 2,609 94,627 0,5896 RF 3 13,22| 24,98 0,391 11,716| 1,128542
S 37 13,22 24,98 0,724) 42,218 0,3132 RF 4 7,486 24,98 0,458 25,957 0,2884
S 38 3,795 24,98 0,304/ 18,079 0,2099 RF 5 12,06| 24,98 0,361 10,1 1,193663
S 39 5,084 24,98 29,694 0,1712 RF 6 12,18) 24,98 0,522 19,594, 0,621466
S 43 0,939 24,98 0,289 21,917| 0,0428 RF 7 14,96| 24,98 0,536 31,007 0,482568
S 44 3,211 24,98 13,837 0,2321 RF 8 7,429 24,98 0,494 17,271 0,430143
S 45 1,614 24,98 0,282 4,08 0,3956 RF 9 4,981 24,98 0,264
S 46 1,086 24,98 0,296 4,08 0,2662 RF 10 39,21 24,98 0,478 30,906/ 1,268589
S 48 2,746) 24,98 0,385 7,752 0,3542 RF 11 8,871 24,98 0,525 21,715 0,408519
S 50 11,19 24,98 0,285 7,191 1,5554 RF 12 4,555 24,98 0,365 21,715 0,209763
S 51 9,992 24,98 0,582 RF 13 6,832 24,98 0,326 17,372 0,393277
S 52 5,803 24,98 0,268 RF 14 22,83 24,98 0,385 20,099 1,135927|
S 53 1,164 24,98 0,268 RF 15 33,42 24,98 0,382 12,827| 2,605442
U 1 36,83 10,659 3,4548 RF 17 4,736 24,98 0,167
U 3 4,449 50,11 0,787 27,876 1,7977 RF 19 4,019] 24,98 0,342 13,13 0,306093
U 4 15,16 1,269 5,292 2,8647 RF 20 3,455 24,98 0,45 10,807 0,3197
U 5 72,75 0,936 24,846 2,928 RF 23 4,209 24,98 0,347 17,978 0,234119
U 6 18,35 0,943 9,828 1,867 RF 24 7,195 24,98 0,264 22,624 0,318025
U 7 33,74 24,98 0,42 21,412 1,5758
U 8 15,37 24,98 0,329 23,836 0,6448 Grey shaded: no internal standard added, calculated from standard curve 2
U 10 4,709 24,98 0,284 8,772 0,5368
U 16 21,21 24,98 1,68 41,749 0,508 3-OH-B(a)P: Results not included, since the peaks were not 3 times the
U 17 4,515 24,98 0,218 background levels
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Attachment 3C PAH metabolite in bile-HPLC

Q 5] Q [ o
c c c é ra
2 f= &; 3 = Standardkurve 1
E = o > 1
© ] [ T
g S = o O
c L ) 5| s 700
T T “ IS
o) @ GO0 -
Std. kurve [C, ~ - chi A @ 2-0H-naphtalene
1 ug/kg B 1-OH-fenantrene
Std.2 180 618,82 69,1 256,1 272,2 171,22 T 01-0H-pyrene
Std.3 90 579,07| 64,66 239,6 282,3 160,22 300 4 Oriphanylamin
Std.4 45| 253,76/ 28,33 105 288,3| 70,21 200 A 2 OLLBlaP
Std.5 18 40,48 48,61 57,13 3454 515 . W 3-OR-Bl)
Std.6 9 6554 7,32 27,12| 267,8 18,13 T
Std.7 4,5 6554 7,32 27,12| 267,8 18,13 U L
Std.8 1,8 395 4,74 557 324 5,02 EE EE EE E E I
Std.9 09 598 067 247 2747 165 e - S
Std.10 0,45 0,97 1,16 1,37 353,2 1,23
Std.11 0,18 1,31 0,15 0,54 263,2 0,36
gtd' kurve Standardkurve 2
Std.2 180 618,82 69,1 256,1 171,22
Std.3 90| 579,07| 64,66 239,6 160,22 700
Std.4 45| 253,76| 28,33 105 70,21 BO0 +
Std.5 18 4048 4861 57.13 515 500 A m2-OH-naphtalene
Std.6 9 6554 7,32 27,12 18,13 400 1 0 1-OH-fenantrene
Std.7 45 6554 7,32 27,12 18,13 300 4 0 1-0H-pyrene
Std.8 1,8 395 4,74 557 5,02 200 m3-0H-Bia)P
Std.9 09 5,98 067 247 1,65 100 4
Std.10 0,45 0,97 1,16 1,37 1,23 0 - T
[ [n] = L ] P (am] (3] _ -—
Std.11 0,18 1,31 0,15 0,54 0,36 = =5 =5 =5 =5 =5 = = —
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Attachment 3D:

Vitellogenin in cod:

Attachment 3D

Sample ID |Mean value|Std Dev |CV mean OD [Dil.Factor
RF1 1563 416,4 26,64 2,713 100
RF2 1954 340,2 17,41 2,596 100
RF3 5,98E+06|8,53E+06 1427  0,2645 100
RF4 1163 339,8 29,23 2,85 100
RF5 1956 790,9 40,43 2,613 100
RF6 2445 1072 43,84 2,501 100
RF7 1497 707,2 47,23 2,75925 100
RF8 2394 694,3 29 2,49625 100
RF9 1535 555,9 36,22 2,601 100
RF10 1,69E+05] 60786 35,87| 0,43125 100
RF11 2066 668,9 32,37 2,48925 100
RF12 1889 572,3 30,3 2,52425 100
RF13 6070 7463 1229 2,1365 100
RF14 2169 1035 47,72| 2,47875 100
RF15 2560 928,3 36,27 2,39875 100
RF16 4967 1678 33,79 2,04475 100
RF17 797,9 249,3 31,25 2,15775 100
RF18 783,5 262,5 33,5 2,164 100
RF19 1589 460,7 28,99 11,9265 100
RF20 1257 610,1 48,54 2,02475 100
RF21 1177 156,2 13,26 2,028 100
RF22 1142 133,5 11,68 2,038 100
RF23 8790 1299 14,78 1,1745 100
RF24 3707 783 21,12] 11,5695 100

Grey shaded: not included (to low measurements)
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Attachment 4 EROD — HPLC method

Attachment 4:

Method for EROD analysis by HPLC performed by the National Veterinary Institute in Norway

The 1,5 ml incubation mixture contained 0,1 M sodium phosphate buffer (pH 7,8), 5 ul 7-
ethoxyresorufin(0,5 mM dissolved in DMSO) and 10 pl NADPH (10 mM). Reactions were initiated
by adding 100 pul of microsomal protein solutions (corresponding to appr. 0,4 mg protein) and
stopped with 1,5 ml of ice-cold methanol. The incubation time was 20 min. The vials were
centrifuged at 3100 rpm for 30 min and the supernatant was transferred to HPLC vials. Resorufin
was then quantified against known standards by the use of HPLC (5 pl injections, mobile phase:
40:60 v/v acetonitrile:water, flow:1.0 ml/min). The column used was a Symmetry® C18 (3.9 x 150
mm, 5 pm; Waters, Milford, MA, USA) and resorufin was detected on a Shimadzu RF-10A XL
(Shimadzu, Kyoto, Japan) fluorescence detector. Excitation was at 535 nm and fluorescence
emission was measured at 585 nm.

(Ruus et al., 2002)

EROD in sculpin analysed by HPL C:

EROD-aktivitet
Ulke | Picomol "malt" |picomol/ml |protein (ug/ml): |picomol/min mg protein:
Ul 0,003 0,6 2996 0,300400534
u2 0,001 0,2 4391 0,068321567
U3 0,009 18 4117 0,655897
u4 0,005 1 4173 0,359496705
U5 0,005 1 8055 0,186219739
U6 0,167 334 3563 14,06315789
u7 0,002 0,4 4497 0,133422282
us8 0,001 0,2 6444 0,046554935
U9 0,001 0,2 3208 0,093516209
uU10 0,003 0,6 4584 0,196356496
U1l 0,001 0,2 3074 0,097592713
U1z 0,001 0,2 2516 0,119260584
U13 0,006 1,2 2745 0,655737705
ui14 0,007 14 4138 0,507491542
uU15 0,022 4,4 3031 2,177858439
u16 0,009 1,8 3087 0,874635569
u17 0,28 56 5855 14,34671221
u18 0,003 0,6 4883 0,184331797
u19 0,002 0,4 4848 0,123775142
u20 0,002 0,4 6055 0,09909166
u21 0,007 14 7448 0,281954887
u22 0,046 9,2 4368 3,159702347
u23 0,004 0,8 6105 0,196560197
u24 0,005 1 4035 0,371793283
u25 0,787 157,4 4523 52,20332987
u26 0,012 2,4 3391 1,061696355
u27 0,007 14 5982 0,351082504
u28 0,004 0,8 6125 0,195918367
Blank 0,001*

* Blank er trukket fra prgvene
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Attachment 5 CYPIA protein - ELISA

Attachment 5:

M easurement of CYP1A protein with ELISA (enzyme-linked immunosor bent assay):

100 pl of coating buffer was added to the A1-D1 wells of the 96 well microtiter plates whereas 100
ul of reference sample was added to the E12-H12 wells. To the rest of the wells 100 pl of diluted
sample was added (sample 1 in A2-D2, sample 2 in E2-H2, sample 3 in A3-D3 etc.) The plates
were sealed and incubated at 4°C over the night.

Then the plates were washed three times with TTBS (Tris-buffered saline solution (TBS) with
0,05% Tween-20). A 300 pul blocking solution (TBS with 1% Bovine Serum Albumin (BSA)) was
added to all wells, and the plates were incubated for 30-60 min. at room temperature. The plates
were again washed three times with TTBS. Then 100 pl of primary antibody (Anti-fish (CP226))
diluted 1:1000 in TTBS with 0,1% BSA, was added to all the wells and the plates were sealed and
incubated at 4°C over the night. The plates were washed three times with TTBS and 100 pl of
secondary antibody (Sigma goat anti rabbit [gG HRP conjugated (GAR-HRP)) diluted 1:3000 in
TTBS with 0,1% BSA, was added to all wells. The plates were sealed and incubated at 4°C for 6-8
hours. After washing 5 times in TTBS, 100 pul of TMB-plus solution (0,04 % O-phenylene-diamine
in 150 mM phosphate, 50 mM citrate buffer, pH 5,7, with 0,012 % hydrogen peroxide) was added
to all the wells for color development, and the plates were incubated in the dark for 8-12 min.
before adding the stop solution (1 M H,SOj,). The absorbance was read in a platereader at 450 nm.

Primary antibody: Anti-fish (CP226)
Secondary antibody: Sigma goat anti rabbit IgG, HRP conjugated (GAR-HRP)

1 2 3 4 5 6 7 8 9 10 11 12
Alblank |s. 1 s. 3 s.5 s. 7 s. 9 s.11 [s.13 |s.15 |s.17 [s.19 [s.21
Blblank |s.1  |s.3 |s.5 s.7 15,9 |s.11 [s.13 [s.15 [s.17 s.19 [s.21
Chlank |s.1 |s.3 |s.5 s.7 s.9 |s.11 [s.13 |s.15 [s.17 [s.19 |s.21
Dlblank |s.2 |s.3 |s.5 s.7 5.9 |s.11 [s.13 [s.15 [s.17 [s.19 [s.21
E|Ref. |s.2 s.4 s.6 s. 8 s.10 [s.12 |s.14 |s.16 [s.18 [s.20 |s.22
FIRef. |s.2 [s.4 |s.6 s.8 [s.10 [s.12 |s.14 |s.16 [s.18 [s.20 [s.22
G|Ref. s.2 s. 4 s. 6 s.8 s.10 [s.12 |s.14 |s.16 |s.18 |s.20 s.22
HRef. |s.2 I|s.4 |s.6 .8 [s.10 [s.12 |s.14 |s.16 [s.18 [s.20 s.22

s.1-s.22: sample 1-sample 22
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Results of CYP1A protein measurments:

Attachment 5

CYPIA protein - ELISA

corrected corrected
kode Abs mean | for blank | cv (%) kode Abs mean | for blank | cv (%)
BI 0,239| 0,243| 0,252| 0,224 0,24 0,00 4,9 Ul 0,707| 0,664| 0,677 0,715/ 0,69 0,45 3,5
Ref. RF11 | 0,905/ 0,909 0,897| 0,897| 0,90 0,66 0,7 u2 1,563 1,694 1,735/ 1,596 1,65 141 4,9
ref. RF11 0,902 0,848 0,869 0,878| 0,87 0,63 2,6 U3 0,947| 0,946 1,008 0,975/ 0,97 0,73 3,0
Ref. RF11 | 0,905/ 0,909 0,897| 0,897| 0,90 0,66 0,7 U4 0,883| 0,977 1,034| 0,946| 0,96 0,72 6,6
Ref. U10 1,923 1,913| 1,752 1,928| 1,88 1,64 4,5 U5 1,771 1,677 1,724| 1,606 1,69 1,46 4,2
Ref. U10 1,658 1,709 1,654 1,607| 1,66 1,42 2,5 U6 1,925 2,11 2,12| 2,142 2,07 1,83 4,8
Ref. U10 1,923 1,913| 1,752 1,928| 1,88 1,64 4,5 u7 2,414 2,37| 2,249 2,41 2,36 2,12 3,3
RF1 0,897 0,912| 0,933 0,878| 0,91 0,67 2,6 us 1,788 1,839 1,923 1,849 1,85 1,61 3,0
RF2 U9 2,56| 2,486| 2,606 2,36| 2,50 2,26 4,3
RF3 0,999 0,986| 0,951 0,95/ 0,97 0,73 2,6 u10 1,965 1,811 2,029 2,02| 1,96 1,72 52
RF4 0,9 0,9 0,924| 0,965| 0,92 0,68 3,3 Uil 1,653 1,618 1,61 1,546/ 1,61 1,37 2,8
RF5 0,834| 0,812 0,816| 0,873| 0,83 0,59 3.3 U1z 1,613 1,54/ 1,551 1,627 1,58 1,34 2,8
RF6 0,758 0,833| 0,874 0,824 0,82 0,58 5,8 u13 1,7/ 1,609 1,622 1,504| 1,61 1,37 50
RF7 0,843 0,851| 0,876/ 0,891 0,87 0,63 2,6 ui4 2,358 2,211| 2,433| 2,232 2,31 2,07 4,6
RF8 0,714| 0,69 0,763 0,72 0,48 5.2 uis 1,574 1,499 1,59 1,584 1,56 1,32 2,7
RF9 0,778 0,769 0,772 0,785| 0,78 0,54 0,9 uli6 1,854 1,671 1,86/ 1,759 1,79 1,55 5,0
RF10 0,514| 0,639 0,669, 0,56| 0,60 0,36 12,0 u17 1,837 1,706| 1,777 1,8/ 1,78 1,54 31
RF11 0,94/ 0,92| 0,88] 0,881 0,91 0,67 3,3 uis 1,735 1,647 1,804 1,69 1,72 1,48 3,9
RF12 0,774| 0,894| 0,799 0,789 0,81 0,57 6,7 u19 1,531 1,48 1,451 1,409 1,47 1,23 3,5
RF13 0,972| 0,952 0,99 0,874 0,95 0,71 54 u20 1,734 1,694, 1,78 1,823 1,76 1,52 3,2
RF14 0,897| 0,863 0,83| 0,845| 0,86 0,62 3,4 u21 1,743 1,639 1,716| 1,657 1,69 1,45 2,9
RF15 0,911| 0,927| 1,479 1,562 1,22 0,98 28,6 u22 1,325 1,27 1,33 1,397 1,33 1,09 3,9
RF16 0,809 0,765| 0,876 0,82 0,58 6,8 u23
RF17 0,908 1,001 1,01 0,97 0,73 5,8 u24 1,687/ 1,838 1,81 1,795 1,78 1,54 3,7
RF18 0,975| 0,946| 0,935| 0,903| 0,94 0,70 3,2 u25
RF19 0,863| 0,861 0,887 0,881 0,87 0,63 15 uU26
RF20 0,764 0,784| 0,757 0,77 0,53 1,8 u27
RF21 0,904| 0,926| 0,942 0,97| 0,94 0,70 3,0
RF22 0,859 1,186| 1,104( 1,05 0,81 16,2
RF23
RF24 1,276 1,243 1,189 1,06 1,19 0,95 8,0
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Calculations of CYP1A protein results:

Attachment 5

CYPIA protein - ELISA

protein CYP1A protein CYP1A

kode (ug/ml) totalvolum (abs/mg kode (ug/ml) totalvolum (abs/mg
coating bfjprgve (uL)| (mL) |absorbance| protein) coating bf|prgve (uL)] (mL) |absorbance| protein)

Ul 2996 4985 17 5 0,45 0,045 RF1 5256 4990 10 5 0,67 0,067
u2 4391 4990 11 5 1,41 0,141 RF2 2230 4980 22 5
U3 4117 4990 12 5 0,73 0,073 RF3 4269 4990 12 5 0,73 0,073
U4 4173 4990 12 5 0,72 0,072 RF4 3382 4985 15 5 0,68 0,068
us 8055 4995 6 5 1,46 0,146 RF5 3407 4985 15 5 0,59 0,059
ué 3563 4985 14 5 1,83 0,183 RF6 4189 4990 12 5 0,58 0,058
u7 4497 4990 11 5 2,12 0,212 RF7 2532 4980 20 5 0,63 0,063
us 6444 4990 8 5 1,61 0,161 RF8 3208 4985 16 5 0,48 0,048
U9 3208 4985 16 5 2,26 0,226 RF9 2662 4980 19 5 0,54 0,054
Ul0 | 4584 4990 11 5 1,72 0,172 RF10 | 1533 4965 33 5 0,36 0,036
ull | 3074 4985 16 5 1,37 0,137 RF11 | 4660 4990 11 5 0,67 0,067
ulz | 2516 4980 20 5 1,34 0,134 RF12 | 3723 4985 13 5 0,57 0,057
ul3 | 2745 4980 18 5 1,37 0,137 RF13 | 2948 4985 17 5 0,71 0,071
Uul4 | 4138 4990 12 5 2,07 0,207 RF14 | 3376 4985 15 5 0,62 0,062
Ul5 | 3031 4985 16 5 1,32 0,132 RF15 | 3786 4985 13 5 0,98 0,098
ulé | 3087 4985 16 5 1,55 0,155 RF16 | 3382 4985 15 5 0,58 0,058
Ul7 | 5855 4990 9 5 1,54 0,154 RF17 | 3884 4985 13 5 0,73 0,073
Ul8 | 4883 4990 10 5 1,48 0,148 RF18 | 4536 4990 11 5 0,70 0,070
Ul9 | 4848 4990 10 5 1,23 0,123 RF19 | 3054 4985 16 5 0,63 0,063
U20 | 6055 4990 8 5 1,52 0,152 RF20 | 2395 4980 21 5 0,53 0,053
u21 | 7448 4995 7 5 1,45 0,145 RF21 | 5949 4990 8 5 0,70 0,070
u22 | 4368 4990 11 5 1,09 0,109 RF22 | 4441 4990 11 5 0,81 0,081
u23 | 6105 4990 8 5 RF23 | 2648 4980 19 5
u24 | 4035 4990 12 5 1,54 0,154 RF24 | 2639 4980 19 5 0,95 0,095
u25 | 4523 4990 11 5
u26 | 3391 4985 15 5
u27 | 5982 4990 8 5
u28 | 6125 4990 8 5
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Attachment 6 Fish data
Attachment 6:
Fish data
CYP1A
EROD 1-OH- protein
Length (Weight Gall Gonads |Protein (pmol/min/mg|pyrene Abs Vtg (abs/mg
Species ID Date Location |(cm) (9) Gender |(g) Liver (9) |(9) (ng/ml) protein) (ng/kg) 380nm |(ng/ml) [protein)
Gadus morhua Reydfiskur 1 22-04-2002|Kaldbak 35 424 F 0,74 5,12 0,91 5256 18,47 11,01 16,67 1563 0,067
Gadus morhua Reydfiskur 2 22-04-2002|Kaldbak 36,2 496 M 0,36 13,82 9,23 2230 39,20 11,57 1954
Gadus morhua Reydfiskur 3 22-04-2002|Kaldbak 51 1322 F 0,75 12,50 8,66 4269 18,45 13,22 11,72 0,073
Gadus morhua Reydfiskur 4 01-05-2002|Kaldbak 49 994 M 1,66 5,73 31,06 3382 0,26 7,49 25,96 1163 0,068
Gadus morhua Reydfiskur 5 01-05-2002|Kaldbak 43 758 M 0,86 8,56/ 3407 32,19 12,06 10,10 1956 0,059
Gadus morhua Reydfiskur 6 01-05-2002|Kaldbak 37,6 528 M 0,48 7,26/ 4189 32,02 12,18 19,59 2445 0,058
Gadus morhua Reydfiskur 7 06-05-2002|Kaldbak 40,5 550 M 0,81 4,37 22,58 2532 218,47 14,96 31,01 1497 0,063
Gadus morhua Reydfiskur 8 06-05-2002|Kaldbak 49,5 1236 F 1,54 29,15 4,64 3208 1,35 7,43 17,27 2394 0,048
Gadus morhua Reydfiskur 9 06-05-2002|Kaldbak 45,5 870 M 0,35 10,99 0,39 2662 63,61 4,98 1535 0,054
Gadus morhua Reydfiskur 10 06-05-2002|Kaldbak 58,5 1918 F 2,13] 149,53 21,27 1533 12,83 39,21 30,91 0,036
Gadus morhua Reydfiskur 11 07-05-2002|Kaldbak 38 502 F 0,54 5,41 1,86 4660 286,83 8,87 21,72 2066 0,067
Gadus morhua Reydfiskur 12 07-05-2002|Kaldbak 35,5 388 F 0,27 3,68 0,85 3723 53,29 4,56 21,72 1889 0,057
Gadus morhua Reydfiskur 13 10-07-2002|Kaldbak 43,5 884 M 0,57 16,00[- 2948 45,15 6,83 17,37 6070 0,071
Gadus morhua Reydfiskur 14 10-07-2002|Kaldbak 30,5 242 F 0,22 3,27 0,77 3376 25,96 22,83 20,10 2169 0,062
Gadus morhua Reydfiskur 15 10-07-2002|Kaldbak 33 365 M 0,47 4,86|- 3786 20,86 33,42 12,83 2560 0,098
Gadus morhua Reydfiskur 16 11-07-2002|Kaldbak 36,5 470 F 0,22 9,40 0,13 3382 13,02 4967 0,058
Gadus morhua Reydfiskur 17 11-07-2002|Kaldbak 27,5 212 M 0,11 2,44} 3884 18,78 4,74 797,9 0,073
Gadus morhua Reydfiskur 18 11-07-2002|Kaldbak 29,5 250 F 0,07 2,37 0,31 4536 32,92 783,5) 0,070
Gadus morhua Reydfiskur 19 12-07-2002|Kaldbak 47,5 1014 F 1,19 19,94 3,04 3054 151,92 4,02 13,13 1589 0,063
Gadus morhua Reydfiskur 20 16-07-2002|Kaldbak 72 4050 M 1,10, 113,49 61,64 2395 83,55 3,46 10,81 1257 0,053
Gadus morhua Reydfiskur 21 16-07-2002|Kaldbak 30,5 270 M 0,15 3,09]- 5949 1,99 1177 0,070,
Gadus morhua Reydfiskur 22 16-07-2002|Kaldbak 30,8 288 F 0,13 3,25 0,59 4441 2,83 1142 0,081
Gadus morhua Reydfiskur 23 16-07-2002|Kaldbak 50 1198 F 1,25 9,96 13,92 2648 25,15 4,21 17,98 8790
Gadus morhua Reydfiskur 24 17-07-2002|Kaldbak 50 1576 M 1,46 48,53 4,69 2639 48,44 7,20 22,62 3707 0,095
Platichtys flesus Skrubba 1 05-02-2002(Kirkjubg 42 1334 M 1,69 83,96 343,00 2470 1,16 321,95 52,96
Platichtys flesus Skrubba 2 05-02-2002(Kirkjubg 34 514 M 0,45 11,97 73,87 4282 14,78
Platichtys flesus Skrubba 3 05-02-2002(Kirkjubg 30 344 M 0,25 8,19 9,20 3543 37,30
Platichtys flesus Skrubba 4 05-02-2002(Kirkjubg 30,5 394 M 0,08 8,70 49,60 3593 16,51
Platichtys flesus Skrubba 5 05-02-2002(Kirkjubg 29 250 M 0,20 3,76 6,90 4387 37,34
Platichtys flesus Skrubba 6 05-02-2002(Kirkjubg 31,5 346 M 0,20 6,14 11,08 3373 35,43
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Attachment 6 Fish data
CYP1A
EROD 1-OH- protein
Length |Weight Gall Gonads |Protein (pmol/min/mg|pyrene Abs Vtg (abs/mg
Species ID Date Location |(cm) (9) Gender |(9) Liver (9) |(9) (ug/ml) protein) (ng/kg) 380nm |(ng/ml) |protein)
Myoxocephalus scorpius|ulka 1 15-01-2002|Kaldbak 28 488 F 0,70 23,69 94,91 2996 0,30 36,83 10,66 0,045]
Myoxocephalus scorpius|ulka 2 15-01-2002|Kaldbak 29 374 M 0,27 8,24 8,58 4391 0,07 0,141
Myoxocephalus scorpius|ulka 3 15-01-2002|Kaldbak 30 536 F 0,84 27,98 63,86 4117 0,66 50,11 27,88 0,073
Myoxocephalus scorpius|ulka 4 16-01-2002|Kaldbak 28 438 F 0,32 20,88 65,90 4173 0,36 15,16 5,29 0,072
Myoxocephalus scorpius|ulka 5 16-01-2002|Kaldbak 32 520 F 0,79 7,88 14,96 8055 0,19 72,75 24,85 0,146
Myoxocephalus scorpius|ulka 6 23-01-2002|Kaldbak 28 332 M 0,21 3,04 4,67 3563 14,06 18,35 9,83 0,183
Myoxocephalus scorpius|Ulka 7 23-03-2002|Kaldbak 25,5 244 F 0,21 3,47 3,09 4497 0,13 33,74 21,41 0,212
Myoxocephalus scorpius|Ulka 8 19-04-2002|Kaldbak 32,5 482 F 0,54 3,45 26,28 6444 0,05 15,37 23,84 0,161
Myoxocephalus scorpius|Ulka 9 22-04-2002|Kaldbak 22 148 M 0,03 1,73 0,48 3208 0,09 0,226
Myoxocephalus scorpius|Ulka 10 22-04-2002|Kaldbak 25| 208 M 0,40 2,30 3,08 4584 0,20 4,71 8,77 0,172
Myoxocephalus scorpius|Ulka 11 01-05-2002|Kaldbak 28 430 F 0,15 4,49 4,96 3074 0,10 0,137
Myoxocephalus scorpius|Ulka 12 01-05-2002|Kaldbak 25,5 336 F 0,09 4,77 4,42 2516 0,12 0,134
Myoxocephalus scorpius|Ulka 13 01-05-2002|Kaldbak 24 232 F 0,15 3,43 1,65 2745 0,66 0,137
Myoxocephalus scorpius|Ulka 14 01-05-2002|Kaldbak 16,2 66| F 0,09 0,73 0,62 4138 0,51 0,207
Myoxocephalus scorpius|Ulka 15 06-05-2002|Kaldbak 28| 384 F 0,15 5,52 4,55 3031 2,18 0,132
Myoxocephalus scorpius |Ulka 16 06-05-2002|Kaldbak 27 298 F 0,28 4,37 3,23 3087 0,87 21,21 41,75 0,155]
Myoxocephalus scorpius|Ulka 17 06-05-2002|Kaldbak 18,5 78 F 0,08 1,16 1,15 5855 14,35 4,52 0,154
Myoxocephalus scorpius |Ulka 18 07-05-2002|Kaldbak 26,5 334 M 0,33 4,14 3,89 4883 0,18 5,88 0,148
Myoxocephalus scorpius|Ulka 19 10-07-2002|Kaldbak 26,6 340 F 0,28 17,90 3,85 4848 0,12 12,94 13,84 0,123
Myoxocephalus scorpius [Ulka 20 10-07-2002|Kaldbak 18,5 90 F 0,07 1,17 0,43 6055 0,10 81,04 0,152
Myoxocephalus scorpius |Ulka 21 10-07-2002|Kaldbak 23 168 M 0,33 2,33 1,40 7448 0,28 22,99 14,95 0,145
Myoxocephalus scorpius|Ulka 22 10-07-2002|Kaldbak 24,5 246 F 0,26 4,39 1,50 4368 3,16 39,25 0,109
Myoxocephalus scorpius [Ulka 23 11-07-2002|Kaldbak 29,5 342 F 0,57 3,11 5,82 6105 0,20 5,34 22,22
Myoxocephalus scorpius|Ulka 24 11-07-2002|Kaldbak 31 600 M 0,10 13,34 8,08 4035 0,37 0,154
Myoxocephalus scorpius|Ulka 25 12-07-2002|Kaldbak 23,5 200 F 0,24 6,48 1,61 4523 52,20 1,78
Myoxocephalus scorpius|Ulka 26 12-07-2002|Kaldbak 30 440 F 0,48 6,82 7,52 3391 1,06 6,35] 75,30
Myoxocephalus scorpius|Ulka 27 12-07-2002|Kaldbak 28| 378 F 0,50 6,18 4,20 5982 0,35 2,91 21,51
Myoxocephalus scorpius|Ulka 28 18-07-2002|Kaldbak 24 276 F - 3,45 2,16 6125 0,20
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Attachment 6 Fish data
CYP1A
EROD 1-OH- protein
Length (Weight Gall Gonads |Protein (pmol/min/mg|pyrene Abs Vtg (abs/mg
Species ID Date Location |(cm) (9) Gender |(g) Liver (9) [(9) (ug/ml) protein) (ng/kg) 380nm |(ng/ml) |protein)
Limanda limanda Sandsprgka 31 | 11-07-2002|Kaldbak 27,5 200 F 0,49 4,70 3,82 4505 3,81 50,11 97,14
Limanda limanda Sandsprgka 32 | 11-07-2002|Kaldbak 27,5 224 M 0,40 4,10 0,65 5321 19,72 14,26 60,74
Limanda limanda Sandsprgka 33 | 11-07-2002|Kaldbak 24,5 220 F 0,19 2,56 1,79 4619 222,75 12,65
Limanda limanda Sandsprgka 34 | 11-07-2002|Kaldbak 31 332 F 0,73 3,68 4,81 4094 64,85 5,26 40,10
Limanda limanda Sandsprgka 35 | 11-07-2002|Kaldbak 32 308, F 0,39 3,12 5,29 4712 420,77 7,79 41,31
Limanda limanda Sandsprgka 36 | 12-07-2002|Kaldbak 28,5 232 M 0,49 4,77 0,35 6001 21,14 55,80 94,63
Limanda limanda Sandsprgka 37 | 16-07-2002|Kaldbak 28 222 M 0,53 2,83 1,78 5360 41,54 13,22 42,22
Limanda limanda Sandsprgka 38 | 16-07-2002|Kaldbak 32,5 386 F 0,56 7,03 29,78 5622 9,29 3,80 18,08
Limanda limanda Sandsprgka 39 | 16-07-2002|Kaldbak 33 420 F 1,10 5,88 6,93 4470 113,53 5,08 29,69
Limanda limanda Sandsprgka 7 06-04-2002(Kirkjubg 35,5 692 F 1,11 13,24 68,26 3624 3,22 2,58 3,93
Limanda limanda Sandsprgka 8 06-04-2002(Kirkjubg 36,5 592 F 0,57 9,57 94,99 3561 3,05 23,26
Limanda limanda Sandsprgka 9 06-04-2002(Kirkjubg 38 750 F 14,01] 129,62 5930 1,49
Limanda limanda Sandsprgka 10 | 06-04-2002(Kirkjubg 32 348 M 1,22 2,41 2,40 3827 43,10 2,90 25,96
Limanda limanda Sandsprgka 11 | 06-04-2002(Kirkjubg 28,5 220 M 0,20 2,41 2,34 3788 87,11 3,07
Limanda limanda Sandsprgka 12 | 06-04-2002|Kirkjubg 29 212 M 1,71 1,13 4283 95,63
Limanda limanda Sandsprgka 13 | 06-04-2002(Kirkjubg 28,5 268 M 0,57 2,81 0,36 2734 105,95 18,85 2,60,
Limanda limanda Sandsprgka 16 | 11-04-2002|Kirkjubg 31 344 F 0,52 5,09 47,21 4302 5,09 2,23
Limanda limanda Sandsprgka 41 | 23-07-2002(Kirkjubg 35 458 F 0,19 4,86 4,45 4326 205,87
Limanda limanda Sandsprgka 42 | 23-07-2002|Kirkjubg 32,5 432 F 0,87 7,48 6,64 3358 46,66 21,01
Limanda limanda Sandsprgka 43 | 23-07-2002(Kirkjubg 35 466 F 0,41 9,58 7,37 2279 43,45 0,94 21,92
Limanda limanda Sandsprgka 44 | 23-07-2002(Kirkjubg 33,5 358 F 0,88 4,45 5,53 4974 264,61 3,21 13,84
Limanda limanda Sandsprgka 45 | 23-07-2002(Kirkjubg 33 458 F 1,13 12,95 2,99 2887 38,11 1,61 4,08
Limanda limanda Sandsprgka 46 | 23-07-2002(Kirkjubg 33,5 440 F 1,73 11,91 4,01 2678 30,59 1,09 4,08
Limanda limanda Sandsprgka 47 | 23-07-2002|Kirkjubg 32 420 F 1,17 6,72 5,82 4666 52,48
Limanda limanda Sandsprgka 48 | 23-07-2002(Kirkjubg 29,5 306 M 0,46 4,55- 3639 122,67 2,75 7,75
Limanda limanda Sandsprgka 49 | 23-07-2002(Kirkjubg 30 258 F 2,85 4,25 4110 868,32 7,19
Limanda limanda Sandsprgka 50 | 23-07-2002|Kirkjubg 30 288 F 0,49 3,15 4,58 3711 494,47 11,19
Limanda limanda Sandsprgka 51 | 23-07-2002(Kirkjubg 28,5 204 F 0,20 2,19 0,26 4666 84,86 9,99
Limanda limanda Sandsprgka 52 | 23-07-2002|Kirkjubg 29 300 F 0,02 6,15 2,21 1931 63,60 5,80
Limanda limanda Sandsprgka 53 | 23-07-2002(Kirkjubg 31,5 374 M 0,16 5,92 7,55 3548 67,17 1,16
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Attachment 7

Curvesof length versusweight for the different fish species:
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Attachment 8:

Attachment 8

Vitellogenin in sculpin and dab

Vitellogenin in sculpin and dab
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Vitellogenin in sculpin and dab
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Parallellism:

Attachment 8

CS-1
T
25 Joe T
r& ¥ ] -oug
2 S —8—HAT-cod
\‘\\ HLM -=culpin
1.5 .
\\ H&1 -sculpin
1 —— HIH -clab
0s " —ae—HA1-dab
I:I T T . T T . T T T .
0 20000 40000 E0000 0000 100000 420000 440000
C5-3
]
25 —s— HU1 codd
2 —=—HA1-cod
HILH -=zculpin
15 & _
’\\ H&1 -zculpin
1 \\ —+— HUM -dab
0s —a— HAT -dab
! T
m: -
04 : . = . . —
n 20000 40000 G0000 20000 400000 120000 140000

HU1: Reproductionally mature female

Page 3 of 3

HA1: Reproductionally immature male

Vitellogenin in sculpin and dab




Attachment 9 Methods for invertebrate analysis

Attachment 9:

Methods for analyses of PAH and metals in invertebrate samples at NIVA (Norwegian Institute for
Water Research).

A: Analysisof dry matter content:

NIVA-metode nr. Analysevariabel: M &leenhet: L abdatakode:

B3-1 Totalt terrstoffinnhold mg/l, mg/kg TTS TGR, TTSV,
og glader est TGR-V

Tittel:

Bestemmelse av totalt terrstoffinnhold og dets glederest i vann, slam, sedimenter og
biologisk materiale.

Anvendelsesomr ade:

Denne metoden benyttes ved bestemmelse av totalt innhold av terrstoff og dets gloderest 1
alle typer vann, slam og sedimenter, samt biologisk materiale. I vann er nedre
bestemmelsesgrense 0,02 g/l, 1 faste prover er grensen avhengig av innveid prevemengde.

Prinsipp:

Toerrstoffinnholdet bestemmes ved at en kjent mengde prove torkes til terrhet ved 105 °C,
og den gjenverende rest veies. Deretter glades dette ved 550 °C, og den gjenvarende rest
veies. 550 °C er en hensiktsmessig temperatur for destruering av organisk materiale uten at
vesentlige mengder uorganisk stoff gér tapt. Glederesten av terrstoff for slam, sedimenter
og biologisk materiale oppgis pa terrvektbasis.

I nstrument(er):

Thermaks 4115 varmeskap, Naber Multitherm N11/R gledeovn, Sartorius R 200 D vekt.

Aluminiumskaler minimum 20 ml.

M aleusikker het:

Tre sedimentpraver benyttet til kontroll av repeterbarheten ga felgende standardavvik for
TTS og TGR: 2,3 0g 5,0, 5,2 og 3,6, 5,7 og 3,5. For TTS-V, 9 bestemmelser ved
dobbeltanalyse av naturlig prove ga middelavvik mellom parallellene pa 3,2 %, md
standardavvik 5,2 %.

Referanser:

NS 4764. Torrstoff og gladerest 1 vann, slam og sedimenter. 1980, 1. utgave.
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Attachment 9 Methods for invertebrate analysis

B: Analysis of PAH:

NIVA-metode nr. Analysevariabel: M aleenhet: L abdatakode:

H2-4 Polyar omatiske ug/kg t.v. PAH-B, PAH16-B
hydrokarboner

Tittel:

Ekstraksjon og opparbeiding av PAH 1 biologisk materiale.

Anvendel sesomr ade:

Metoden benyttes for bestemmelse av PAH 1 biologisk materiale fra det vandige miljo som
fisk, muslinger og krabbe. Deteksjonsgrensen avhenger av provemengden. Denne metoden
benyttes sammen med metode H 2-1.

Prinsipp:

Provene tilsettes indre standarder. Biologisk materiale forsapes forst med KOH/metanol.
Deretter ekstraheres PAH med pentan. Ekstraktene gjennomgar sé ulike renseprosesser for
a fjerne forstyrrende stoffer. Tilslutt analyseres ekstraktet med GC/MSD. PAH
identifiseres med MSD ut fra retensjonstider og forbindelsenes molekylioner.
Kvantifisering utferes ved hjelp av de tilsatte indre standarder.

I nstrument(er):

Hewlett Packard modell 5890 Series II, med column injector og HP autosampler 7673.
Systemet er utstyrt med HD modell 5970 B masseselektiv detektor, og kolonne HP-5 MS
30mx 0,25 mm i.d. x 0,25 pm.

M aleusikker het:

Se NIVA-dokument nr. Y — 3.

Referanser:

Grimmer, G. og Bohnke, H., 1975. Jour. of the AOAC, Vol. 58, No. 4.

Page 2 of 5



Attachment 9 Methods for invertebrate analysis

C: Analysis of heavy metals:

NIVA-metode nr. Analysevariabel: M &leenhet: L abdatakode:
E 83 Metaller,-MS ng/l Me/MS
Tittel:

Grunnstoffbestemmelse med ICP-MS.

Anvendelsesomr ade:

Metoden angir bestemmelse av en rekke elementer 1 ferskvann, salpetersyreoppsluttet biota
og sedimenter: Li, (Be, B, Na, Mg), Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, (Ga, Ge), As, Se,
(Rb), Sr, (Y, Zr), Nb, Mo, Ag, Cd, (In), Sn, Sb, (Cs), Ba, (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb,
Dy, Ho, Er, Tm, Yb, Lu, Ta, W), Re, Tl, Pb, Bi, Th og U, de i parentes er ikke akkreditert.
Konsentrasjonsomréadet for metoden for de ulike elementene uten fortynning av preven kan
fis oppgitt ved laboratoriet.

Prinsipp:

Prover konservert med salpetersyre introduseres med en peristaltisk pumpe og overfores til
en aerosol 1 forsteveren. Denne blir fort til argonplasmaet som atomiserer og ioniserer
proven. Etter plasmaet passerer proven to seriekoblete koner 1 et omrdde med redusert trykk
hvor plasmagassen fjernes. lonestrammen fokuseres med en elektrisk ionelinse for den
introduseres til det kvadrupole massespektrometeret for separasjon basert pé
masse/ladningsforholdet. lonene méles med en pulstellingsdetektor basert pa en diskret
dynode multiplikator.

I nstrument(er):

Perkin-Elmer Sciex ELAN 6000 ICP-MS, utstyrt med P-E autosampler AS-90, AS-90b
provebrett og P-E Rinsing Port Kit.

M aleusikker het:

Se NIVA-dokument Y-3.

Referanser:

Perkin-Elmer: ELAN 6000 Hardware Guide, Part No. 0993-8969, og ELAN 6000 Software
Guide, Part No. 0993-8968.
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Attachment 9 Methods for invertebrate analysis

D: Analysisof mercury:

NIVA-metode nr. Analysevariabel: M &leenhet: L abdatakode:

E 4-3 Kvikksalv ng/l, ng/g Hg/L, Hg-Sm, Hg-B,
Hg/H

Tittel:

Bestemmelse av kvikkselv i1 vann, slam og sedimenter og biologisk materiale med Perkin-
Elmer FIMS-400.

Anvendel sesomr ade:

Metoden omfatter bestemmelse av kvikkselv i renvann, samt avlegpsvann, biologisk

materiale slam og sedimenter oppsluttet i salpetersyre. Biologiske prover, slam og sediment
fryseterres fortrinnsvis. Ved terking av prever i varmeskap ma ikke temperaturen overstige
80°C. Nedre grense er for renvann 1,0 ng/l, oppsluttet renvann 10 ng/l, avlepsvann 0,1 pg/l,

faste prever 0,005 pg/g.
Prinsipp:

Kvikkselv ma foreligge pd ionisk form i prevelesningen for at kalddampteknikk skal kunne
benyttes. Nér reduksjonsmiddelet (SnCly) blandes med preven blir det ioniske kvikkselvet

omformet til metallisk kvikkselv (Hg). En inert baeregass (argon) transporterer kvikkselvet
til spektrofotometeret. En fordel med denne teknikken er den gode separasjonen av
analytten fra matrisen, slik at ikke-spesifikk bakgrunnsabsorpsjon og matriseinterferenser er
minimale. Kvikkselvet oppkonsentreres 1 et amalgameringssystem.

I nstrument(er):

Perkin-Elmer FIMS-400 med P-E AS-90 autosampler og P-E amalgamsystem.

M aleusikker het:

6 mélinger av Draobaksjevann tilsatt 20 ng/l Hg ga middelverdi 21,1 og standardavvik 0,52 ng/l. Tilsvarende
for faste materialer: 10 malinger av DORM-1 (fiskemuskel) 0,798 + 0,074 pg/g, ga 0,835 og 0,054 ng/g, 7
malinger av MESS-2 (sediment) 0,092 + 0,009 pg/g, ga 0,086 og 0,003 pg/g.

Referanser:

B. Welz, M. Melcher, H.W. Sinemus, D. Maier: Pico-trace determination of mercury using
the amalgamation technique. Norsk Standard, NS 4768. Vannundersekelse. Bestemmelse
av kvikkselv ved kalddamp atomabsorpsjonsspektrometri Oksidasjon med salpetersyre. 1.
Utg. 1989.
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E: Analysisof cromium:

NIVA-metode nr. Analysevariabel: M aleenhet: L abdatakode:
Ag, Al, Cd, Co, Cr, Cu,
E 2-5 Metaller, grafittovn ug/l Fe, Mn, Mo, Ni, Pb, Sr,
atomabsor pgon V,Zn
Tittel:

Bestemmelse av metaller ved atomabsorpsjon — atomisering i Perkin-Elmer A Analyst 700
grafittovn.

Anvendelsesomr ade:

Denne metoden skal benyttes ndr metallkonsentrasjonene 1 lasningene er sa lave at de ikke
kan bestemmes ved atomisering i flamme uten oppkonsentrering. Provene kan vaere naturlig
vann, ekstrakter, eller oppslutninger av slam, sedimenter og biologisk materiale. Tabell 1
angir nedre og evre grense (Ug/l) for bestemmelse av de enkelte metaller med grafittovn,

ndr det injiseres et provevolum pa 20 pl direkte 1 grafittroret.
Prinsipp:

En passende mengde prove (20-50 pl), konservert med salpetersyre, overfores til et
grafittrer som oppvarmes elektrotermisk. Ved trinnvis gking av temperaturen etter et
program tilpasset for hvert enkelt metall, gjennomfoeres terking, foraskning og atomisering.
Som lyskilde benyttes en hulkatodelampe, der katoden inneholder det metallet som skal
bestemmes, eller en elektrodeles lampe (EDL). Lampene avgir et linjespektrum som er
spesifikt for lampen og det metallet som skal bestemmes. Lyset absorberes selektivt av
dette elementets atomer ndr det passerer gjennom den atomiserte proven.
Metallkonsentrasjonen bestemmes ved a jevnfore provens absorbans med kjente

kalibreringslesningers absorbans.
I nstrument(er):

Perkin-Elmer atomabsorpsjonsspektrometer A Analyst 700, tilkoblet grafittovn av typen HGA og preveveksler
AS 800. Instrumentet styres med Dell Pentium 2 PC, og resultater skrives ut pa en Laserjet 1100.

M aleusikker het:

Se NIVA-dokument Y-3.

Referanser:

Norsk Standard, NS 4780. Metalller i vann, slam og sedimenter. Elektrotermisk atomisering
1 grafittovn. Generelle prinsipper og retningslinjer. 1. Utg. 1988. NS 4781.
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Attachment 10A Invertebrate biological data

Attachment 10A:

Invertebrate biological data

ID of
pooled Sample M ean Dry Lipid
Species sample Date L ocation n weight, g| length, cm | matter | pr.w.w.
% %

Littorina obtusata |L. Hv. 1A |29.01.02 [Hvannasund 100 25,9 1,2-1,8%* 27,9 0,41
Littorina obtusata |L. Hv. 2A  |09.04.02 [Hvannasund 100 30,4 1,2-1,7* 21,2 1,28
Littorina obtusata |L. Hv. 3A |22.07.02 [Hvannasund 100 30,8 1,3-1,7* 22,9 1,59
Littorina obtusata [L. Sv.3A |05.07.02 |Svinair 100 37,8 1,2-1,8* 24,6 1,51
[Nucella lapillus NI. Hv. 1A {29.01.02 |Hvannasund 35 29,4 2,8 25,3 2,33
[Nucella lapillus NI. Hv. 1B {29.01.02 |Hvannasund 37 22,7 2,5 24,8 2,48
[Nucella lapillus NI. Hv. 2A ]09.04.02 |Hvannasund 52 453 29 21 1,99
[Nucella lapillus N1. Hv. 2B |09.04.02 [Hvannasund 50 34,6 2,7 21,5 1,89
[Nucella lapillus N1. Hv. 3A [22.07.02 [Hvannasund 46 44 .4 2,9 21,4 2,05
[Nucella lapillus N1. Hv. 3B [22.07.02 [Hvannasund 46 35,1 2,6 22,1 2,45
[Nucella lapillus NI. Sv. 3A  |05.07.02 |Svinair 32 72,9 3,7 23,5 2,47
[Nucella lapillus NI1. Sv. 3B |05.07.02 |Svinair 33 34,7 2,9 25,8 2,4
Patella vulgata Pv. Hv. 1A [29.01.02 [Hvannasund 30 179,0 4,7 16,1 0,83
Patella vulgata Pv. Hv. 1B [29.01.02 [Hvannasund 30 190,9 4,7 15,7 0,87
Patella vulgata Pv. Hv. 2A |09.04.02 [Hvannasund 30 185,7 4,7 15,5 0,71
Patella vulgata Pv. Hv. 2B |09.04.02 [Hvannasund 30 153,5 4.4 16,5 1
Patella vulgata Pv. Hv. 3A [22.07.02 [Hvannasund 28 214,6 4.9 17,1 1,65
Patella vulgata Pv. Hv. 3B [22.07.02 [Hvannasund 30 150,4 4.4 16,6 1,25
Patella vulgata Pv. Ve. 1A [19.12.01 [Velbastadur 30 161,7 4.4 15,8 1,03
Patella vulgata Pv. Ve. 1B [19.12.01 |Velbastadur 35 132,3 4,0 15 0,83
Patella vulgata Pv. Ve. 2A [19.03.02 |Velbastadur 22 178,9 5,0 15,7 0,89
Patella vulgata Pv. Ve. 2B [19.03.02 |Velbastadur 22 128,1 4,6 15,4 0,78
Patella vulgata Pv. Ve. 3A [05.07.02 |Velbastadur 25 152,2 4.4 17,9 1,34
Patella vulgata Pv. Ve. 3B [05.07.02 |Velbastadur 25 122,8 4,1 17,8 1,35
Patella vulgata Pv. Sv. 1A [25.01.02 |Svinair 25 175,2 4,7 16,6 1,34
Patella vulgata Pv. Sv. IB [25.01.02 |Svinair 25 123,6 43 16,9 1,34
Patella vulgata Pv. Sv.2A [19.03.02 |Svinair 25 174,6 5,0 17,2 1,09
Patella vulgata Pv. Sv. 2B [19.03.02 |Svinair 25 132,7 4,5 16,6 0,99
Patella vulgata Pv. Sv.3A [05.07.02 |Svinair 19 132.,4 4,6 19 1,64
Patella vulgata Pv. Sv. 3B [05.07.02 |Svinair 20 98,5 42 18,4 1,42
Patella vulgata Pv. Tr. 1A [27.01.02 |Trongisvagur 25 187,8 4,9 16,4 1
Patella vulgata Pv. Tr. IB [27.01.02 |Trongisvagur 26 128,7 43 17,3 1,09
Patella vulgata Pv. Tr. 2A  |18.05.02 |Trongisvagur 20 120,2 4,6 18,9 0,94
Patella vulgata Pv. Tr. 2B [18.05.02 |Trongisvagur 20 93,1 43 20,5 1,03
Patella vulgata Pv. Tr. 3A  [20.07.02 |Trongisvagur 25 121,2 43 18,8 1,25
Patella vulgata Pv. Tr. 3B [20.07.02 |Trongisvagur 25 91,9 4,0 18,7 1,14
Mytilus edulis Me. Hv. 1A |29.01.02 |Hvannasund 7 30,9 5,8 16,8 2,25
Mytilus edulis Me. Hv. 1B {29.01.02 |Hvannasund 10 15,6 4,3 16,3 2,53
Mytilus edulis Me. Hv. 2A |09.04.02 |Hvannasund 19 156,5 6,4 16,2 2,08
Mytilus edulis Me. Hv. 2B 09.04.02 |Hvannasund 23 63,0 4.6 14,9 1,36
Mytilus edulis Me. Sv. 1A [25.01.02 |Svinair 25 89,7 5,2 18 2,87
Mytilus edulis Me. Sv. 1B [25.01.02 |Svinair 25 45,5 4.4 17,9 2,6
Mytilus edulis Me. Sv. 2A [19.03.02 |Svinair 25 95,8 5,4 15,6 2,06
Mytilus edulis Me. Sv. 2B |19.03.02 |Svinair 25 57,4 4.7 15,1 2,03
Mytilus edulis Me. Sv. 3A |05.07.02 |Svinair 25 68,7 4.7 18,4 2,64
Mytilus edulis Me. Sv. 3B [05.07.02 |Svinair 25 51,9 43 18,1 2,75
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Attachment 10A Invertebrate biological data

ID of
pooled Sample Mean Dry Lipid

Species sample Date L ocation n weight, g| length, cm | matter | pr.w.w.

Mytilus edulis Me. Ka. 1A (02.01.02 |Kaldbak 25 50,0 4,4 16,7 2,22
Mytilus edulis Me. Ka. 1B |02.01.02 |Kaldbak 25 37,4 4,2 17,3 1,85
Mytilus edulis Me. Ka. 2A 22.03.02 |Kaldbak 25 95,4 5,2 18,9 2,08
Mytilus edulis Me. Ka. 2B [22.03.02 |Kaldbak 25 41,7 4,0 16,6 1,6
Mytilus edulis Me. Ka. 3A (16.07.02 |Kaldbak 15 82,1 6,3 18,8 2,29
Mytilus edulis Me. Ka. 3B |16.07.02 |Kaldbak 15 51,1 5,5 18,8 2,21
Mytilus edulis Me. Tr. 1A [27.01.02 |Trongisvagur 25 494 4,6 14,5 1,64
Mytilus edulis Me. Tr. 1B [27.01.02 |Trongisvagur 26 35,4 42 14,5 1,52
Mytilus edulis Me. Tr. 2A [18.05.02 |Trongisvagur 25 84,2 5,2 15,6 1,72
Mytilus edulis Me. Tr. 2B [18.05.02 |Trongisvagur 25 52,0 43 16,5 1,94
Mytilus edulis Me. Tr. 3A [20.07.02 |Trongisvagur 25 66,4 4,9 15,2 1,79
Mytilus edulis Me. Tr. 3B [20.07.02 |Trongisvagur 25 434 4,2 15,6 1,46
Modiolus modiolus [Mm. Ki. 1A 05.02.02 [Kirkjubg 11 111,8 8,3 17,4 1,6
Modiolus modiolus [Mm. Ki. 1B |05.02.02 [Kirkjubg 10 94,0 7,1 20 1,87
Modiolus modiolus [Mm. Ki. 2A |18.05.02 [Kirkjubg 12 240,5 9,6 16,8 1,93
Modiolus modiolus [Mm. Ki. 2B |18.05.02 [Kirkjubg 16 209,5 8,0 17,8 1,52
Modiolus modiolus [Mm. Ki. 3A |11.08.02 [Kirkjubg 8 149,9 9,3 14,2 1,23
Modiolus modiolus [Mm. Ki. 3B |11.08.02 [Kirkjubg 11 141,6 7,7 16,4 1,76

*range
n=Number of individuals in pooled sample.
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Attachment 10B Invertebrate PAH data
Attachment 10B:
PAH in invertebratetissue (ng/kg v.v):
— — F — DT = —
E§ & & 5Eg £ g£Eg 3 § £ § & & £ 25&s&8 2 B pN@GBE g E ©
z £ £ Qs g S FE= B 5§ £ &8 8 8 ST RS © € o g $£8 S 3 =&
g 3 &2 T v s = s " g= & 3§ 5 & & 3
o« B N m & 5] ) = KS)
= = N s 5 m om c A <
N — 2 m - S
ID - @
Rings 2 2 2 2 2 2 2 2 2(3) 3 3 3 34) 4 4 444 4 5 5 5 5(6) 6 6
_g % L. Hv. 1A 3,2 4,1 1,5 <0,5 084 <05 0,62 1 0,5 8,9 0,85 7,5 2,4 15 0,71 1,3 <10 <05 <05 <05 <05 <05 <05 4842 0,71
g é L. Hv. 2A 2,2 23 098 <05 <05 <05 2,1 <0,5 <0,5 4 <0,5 24 0,59 3,1 <0,5 <05 <10 <05 <0,5 <05 <05 <05 <05 17,67 0
= © |L. Hv.3A <1,1 098 <0,5 <0,5 <05 <0,5 L5 <0,5 <0,5 1,7 <0,5 087 <05 <05 <05 <05 <1,0 <05 <05 <05 <05 <05 <05 5,05 0
L. Sv.3A 6 1,6 0,7 <0,5 <05 <0,5 1,7 <0,5 <05 0,73 <0,5 <0,5 <05 <05 <05 <05 <I,0 <05 <05 <05 <05 <0,5 <05 10,73 0
é NL. Hv. 1A 7,6 4,6 3,3 1,2 093 <0,5 <0,5 2,3 1,4 7,8 <0,5 3,8 1,7 35 <0,5 <05 <10 <05 <05 <05 <05 <05 <0,5 38,13 0
'é NL Hv. 1B <3,0 49 3,2 1,1 1,6 <05 <0,5 3 1,6 9,1 0,52 5,1 2,1 32 <0,5 <05 <10 <0,5 <0,5 <0,5 <05 <05 <0,5 35,42 0
E NL. Hv. 2A 2,1 2,1 2 <05 <0,5 <0,5 <0,5 0,68 <0,5 4,6 <0,5 1,7 095 053 <05 <05 <1,0 <05 <05 <05 <05 <0,5 <0,5 14,66 0
T‘:‘ﬁ NL Hv. 2B 1,1 1,4 1,4 <05 <05 <05 <05 0,67 <0,5 32 <0,5 1,2 083 <05 <05 <05 <1,0 <0,5 <05 <05 <05 <05 <0,5 9,8 0
Z |NL Hv.3A <1,1 1,5 1,7 <0,5 <0,5 <0,5 <0,5 <0,5 <0,5 34 <05 1,2 LI 0,69 <05 <05 <1,0 <05 <05 <05 <05 <05 <05 9,59 0
NI. Hv. 3B 0,67 1,4 1,2 <0,5 <05 <05 <05 054 <05 34 <05 1,3 14 097 <05 <05 <10 <05 <05 <0,5 <0,5 <05 <0,5 10,88 0
NL Sv. 3A 0,8 0,74 <05 <05 <05 <05 <05 <05 <05 0,73 <05 <05 <05 <05 <05 <05 <1,0 <05 <05 <05 <05 <05 <05 227 0
NI Sv. 3B <14 095 054 <05 <05 <05 <05 <05 <0,5 14 <05 <05 <05 <06 <05 <05 <10 <05 <05 <05 <05 <05 <05 2,89 0
ﬁé Pv. Hv. 1A 0,65 0,83 <05 <0,5 1,1 <05 <0,5 <0,5 <0,5 3,1 <0,5 53 <0,5 28 <05 0,71 <1,0 <0,5 <0,5 <05 <05 <0,5 <0,5 14,49 0
%ﬂ Pv. Hv. 1B 0,98 0,58 <0,5 <0,5 0,61 <05 <0,5 1,1 0,53 3,7 <0,5 8,4 <0,5 4,8 0,51 1,6 <1,0 0,73 <0,5 <0,5 <05 <0,5 <0,5 23,54 0,51
< [Pv.Hv.2A 0,65 0,67 <05 <05 0,62 <05 0,62 <05 <05 1,9 <0,5 39 <0,5 1,9 <0,5 <05 <10 <05 <05 <05 <05 <05 <0,5 10,26 0
g Pv. Hv. 2B 0,71 <0,5 <0,5 <0,5 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <1,0 <05 <05 <05 <05 <05 <0,5 0,71 0
& |Pv.Hv.3A <0,6 <0,5 <05 <05 <05 <05 0,66 <05 <05 1,1 <0,5 2 <0,5 1,2 <0,5 <0,5 <10 <05 <05 <05 <05 <05 <05 4,96 0
Pv. Hv. 3B <0,6 <0,5 <0,5 <05 <05 <05 <05 <05 <0,5 1,2 <0,5 2,8 <0,5 1,3 <0,5 <05 <10 <0,5 <0,5 <0,5 <05 <05 <0,5 5,3 0
Pv. Ve. 1A LI <0,5 <0,5 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <1,0 <05 <05 <05 <0, 5 <05 <0,5 1,1 0
Pv. Ve. 1B 2,7 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <1,0 <05 <05 <05 <05 <05 <05 2,7 0
Pv. Ve. 2A <0,7 <0,5 <05 <0,5 <05 <0, 5 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <1,0 <05 <05 <05 <05 <05 <0,5 0 0
Pv. Ve. 2B <0,7 <0,5 <05 <0,5 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <1,0 <05 <05 <05 <05 <05 <0,5 0 0
Pv. Ve. 3A <0,7 <0,5 <05 <0,5 <05 <0, 5 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <1,0 <05 <05 <05 <05 <05 <0,5 0 0
Pv. Ve. 3B <0,7 <0,5 <0,5 <0,5 <05 <0, 5 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <10 <05 <0,5 <05 <05 <05 <0,5 0 0
Pv. Sv. 1A 4,5 1,1 067 <05 <05 <05 <05 <05 <05 0,64 <05 099 <05 082 <05 <05 <1,0 <05 <05 <05 <05 <05 <0,5 38,72 0
Pv. Sv. 1B 64 <05 <05 <05 <05 <05 <05 <05 <05 0,5 <0,5 LI <0,5 0,69 <05 <05 <1,0 <05 <05 <05 <05 <0,5 <0,5 8,78 0
Pv. Sv. 2A 0,7 0,6 0,6 <0,5 <0,5 <0,5 0,6 <05 <0,5 0,5 <0,5 0,8 <0,5 <05 <05 <05 <1,0 <05 <05 <05 <05 <05 <0,5 3,8 0
Pv. Sv. 2B 0,83 0,7 <0,5 <05 <05 <05 <05 <05 <05 <05 <05 0,71 <05 <0,7 <05 <05 <1,0 <05 <05 <05 <05 <05 <0,5 2,24 0
Pv. Sv. 3A <0,7 <0,5 <05 <0,5 <05 <05 <05 <05 <05 <05 <05 063 <05 <07 <05 <05 <1,0 <05 <0,5 <05 <05 <05 <05 0,63 0
Pv. Sv. 3B <0,7 <0,5 <0,5 <0,5 <05 <05 <05 <05 <05 <05 <05 <05 <05 <0,7 <05 <05 <10 <05 <05 <05 <05 <0,5 <0,5 0 0
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Attachment 10B Invertebrate PAH data
— — ¥ — D = —

£E £ & 5 EE § gZ2E£ 5 § £ § & & £ >Fasf & & pwaG:s g g £
z £ = 2 g S g B 5 S5 0§ T ST RS T & og g8 2 F k&
g 7 & 002 T . s @ s """ 8= & B8 5 & 5 3

= s G B N sl 5 5 3 2 RS

q g N s o} m m < a R

N — T m 5

ID - o

Rings 2 2 2 2 2 2 2 2 2(3) 3 3 3 3(4) 4 4 444 4 5 5 5 5(6) 6 6
gn Pv. Tr. 1A 096 084 067 <05 074 <05 <05 071 057 45 <05 59 1,1 43 079 <05 <10 14 <05 <05 <05 <055 <0,5 2248 0,79
S |pv.Tr 1B 33 1,1 08 <05 077 <05 <05 079 06 54 05 478 086 54 092 21 <1,0 22 <05 <05 <05 <05 065 30,17 092
& [Pv.Tr.2A 092 23 1 <05 46 <05 <05 17 35 19 18 37 35 21 1 46 <10 19 <05 <05 <05 <0,5 053 119,7 1
2 |pv.Tr.2B 1,7 34 14 <05 97 <05 <05 14 36 25 2 44 43 23 1 55 15 2 <05 <05 <05 <05 064 1427 25
&~ |pv. Tr. 3A 08 1,8 15 08 21 <05 13 1,1 16 89 065 10 356 095 25 1,9 24 <05 <05 084 <0,5 086 48,66 3,69
Pv. Tr. 3B 2 2 15 08 12 <05 13 097 16 11 09 11 2 57 1 24 <10 24 <05 <05 <05 <05 068 4853 1
2 Me. Hv. 1A 1,9 5 33 43 15 45 064 23 77 29 53 59 28 84 13 15 18 14 3,5 41 38 0,64 4 346,7] 389
2 |[Me. Hv. 1B 26 42 24 25 72 28 13 18 73 28 49 62 36 9 20 23 21 18 6 54 65 096 54 3835 545
2 Me. Hv.2A 24 41 25 21 59 24 056 11 45 17 33 45 17 50 76 95 97 84 2 28 18 <05 21| 2117 21,1
;» Me. Hv. 2B 1,7 27 16 14 27 14 <05 66 31 11 22 26 12 31 57 79 81 65 17 19 19 <05 1,8 1389 174
Me. Sv. 1A 062 14 09 12 46 08 <05 10 35 12 26 24 79 23 21 41 54 47 073 21 1,1 <05 L7 11435 933
Me. Sv. 1B 084 14 08 14 37 08 <05 12 34 13 22 25 18 24 23 4 6 51 068 23 13 <05 1,7 1198 103
Me. Sv. 2A 065 1,6 1,1 12 14 053 <05 22 12 39 07 63 32 5 078 1,6 18 22 <05 09 <05 <05 0,65 3691 2,58
Me. Sv. 2B 0,57 1,5 098 1 17 058 <05 23 13 4 11 74 37 58 1 18 28 28 <05 12 056 <05 075 42,84 436
Me. Sv. 3A 23 095 0,54 <05 <05 <0,5 <05 <05 064 12 <05 087 <05 <0,5 <05 <0,5 <1,0 <0,5 <05 <0,5 <05 <0,5 <05 65 0
Me. Sv. 3B 24 089 052 <05 <05 <05 <05 <05 0,61 1,3 <0,5 091 0,51 <05 <0,5 <05 <10 <05 <05 <05 <05 <05 <0,5 7,14 0
Me.Ka. 1A | 0,73 14 084 13 44 <05 <05 7 23 48 11 89 52 10 13 <055 24 24 <05 076 <05 <05 0,69 5552 3,7
Me. Ka. 1B 0,72 21,1 14 42 12 23 47 9 18 54 12 38 32 71 49 62 4 08 13 088 <05 13| 1585 15
Me. Ka. 2A 14 27 17 15 76 s0,76 s052 97 44 12 25 16 24 23 4 43 4 32 <05 073 <05 <05 <0.5/s124,01 8
Me. Ka. 2B m m m m m m 06 14 66 11 25 14 22 22 48 5 39 28 <05 0,66 <05 <05 <05 1099 8,7
Me. Ka. 3A 4 12 8 15 42 23 <0,5 3,7 2,2 33 <0,5 6,3 2,6 35 052 08 <10 <05 <0,5 <0,5 <05 <05 <0,5 127 0,52
Me. Ka. 3B 13 13 072 06 14 05 <05 22 1,1 35 08 76 26 32 <05 071 <10 <05 <05 <05 <05 <05 <0, 27,62 0
Me. Tr. 1A 14 56 33 382 56 22 96 19 72 15 33 140 110 43 29 49 27 77 55 44 15 48 5998 106
Me. Tr. 1B <10 42 22 22 66 13 1,7 82 12 56 12 27 98 8 34 26 51 21 82 57 63 12 56 4734 101
Me. Tr. 2A <10 75 43 61 70 i i 150 66 200 23 400 60 220 12 31 9 9 11 25 13 <05 14 1274 234
Me. Tr. 2B 21 95 55 75 87 12 i 210 77 220 28 440 65 240 12 34 10 98 1,6 24 12 <05 15 1476 248
Me. Tr. 3A L1 89 63 55 12 12 52 12 13 40 337 23 23 36 31 2 27 <05 079 <055 <05 081 2042 5.6
Me. Tr. 3B 49 69 57 43 84 s08 61 17 13 50 37 42 24 24 26 43 23 30,55 1 053 <05 1| s226,1| 5,98
é Mm. Ki. 1A 10 35 28 08 059 <05 1,1 <05 15 21 <05 <05 075 <05 <05 <05 <0 <05 <05 <05 <0,5 <05 <0, 2323 0
‘—g Mm. Ki. 1B 5,9 4,7 3,8 1,1 1,1 <0,5 1,5 <0,5 2.3 3 <05 <05 0,74 061 <05 <05 <1,0 <05 <05 <05 <05 <05 <05 24,75 0
g [Mm.Ki.2A | 086 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 0,69 <05 <05 <05 <1,0 <05 <05 <05 <05 <05 <05 1,55 0
é Mm.Ki.2B | 0,89 09 065 <05 <05 <05 <05 <05 <0,5 054 <0,5 <05 053 <05 <05 <05 <I,0 <05 <0,5 <05 <05 <05 <05 3,51 0
5 Mm.Ki.3A 11 24 16 1,1 08 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <05 <0 <05 <05 <05 <05 <05 <0, 7,02 0
S  |Mm.Ki. 3B 13 064 <05 <05 <05 <05 <05 <05 <05 0,55 <05 <055 <05 <05 <05 <055 <0 <05 <05 <05 <05 <05 <0,5 244 0

Grey shaded: PAH compounds with potential carcinogen properties for humans according to IARC (1987). Listed in IARC’s categories 2A or 2B (likely or potential carcinogens) - KPAHs
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Attachment 10C Invertebrate metal data

Attachment 10C:

Metals in invertebrate tissue

1D Dry matter Lipid-% Ag Ag Ba Cd Cr Cu Hg Ni Pb Sr Zn

%| % pr.w.w.| pg/gw.w.| pg/gw.w. pg/gw.w.| pg/lgw.w.| pg/gw.w.| pg/gw.w. pg/gw.w.| pg/gw.w. pg/gw.w.| pg/g w.w. pg/gw.w.

L. Hv. 1A 27,9 0,41 0,095 7,93 0,284 0,82 1,17 48,8 0,021 50,052 0,48 77,1 36,1

Littorina  |L. Hv. 2A 21,2 1,28 0,14 5,98 0,144 1,8 0,69 20,9 0,026 0,56 0,39 47 20,4
obtusata L. Hv. 3A 22,9 1,59 0,164 6,4 0,0905 1,98 0,16 16,3 0,021 0,436 0,11 36,8 24,9
L. Sv. 3A 24,6, 1,51 0,094 11 0,242 1,16 0,72 45,9 0,012 50,179 0,09 59,2 17,9

INL. Hv. 1A 25,3 2,33 0,136 9,75 0,118 9,95 0,84 25,3 0,073 50,253 0,16 35,5 114

NIL. Hv. 1B 24,8 2,48 0,139 10,8 0,207 8,43 0,34 28,8 0,076] <0,0026 0,17 51,8 111

INL. Hv. 2A 21 1,99 0,183 13,4 0,127 12,5 0,2 30,3 0,079 <0,0026 0,14 54 113

[Nucella NIL. Hv. 2B 21,5 1,89 0,16 11 0,0986 10 0,34 30,8 0,081 <0,0025 0,13 44,5 113
lapillus ~ |NI. Hv. 3A 21,4 2,05 0,12 9,31 0,114 8,18 0,24 30,9 0,066 50,023 0,09 33,8 123
INIL. Hv. 3B 22,1 2,45 0,081 8,45 0,197 6,25 0,32 24,3 0,051 50,029 0,09 33,5 117

INL Sv. 3A 23,5 2,47 0,048 29.4 0,115 1,79 0,3 25,9 0,042 0,118 0,12 14,4 87,2

INL Sv. 3B 25,8 2.4 0,03 21,3 0,144 0,932 0,17 22,1 0,04 50,133 0,13 16,9 93,2

Pv. Hv. 1A 16,1 0,83 0,05 4,42 0,183 1,59 0,15 1,32 0,028] 0,194 0,46 15,8 24,6

Pv. Hv. 1B 15,7 0,87 0,039 4,71 0,0633 0,971 0,24 1,44 0,038 0,336 0,19 11,5 28

Pv. Hv. 2A 15,5 0,71 0,055 4,07 0,0617 1,56 0,09 1,5 0,027 0,281 0,44 12,2 24,2

Pv. Hv. 2B 16,5 1 0,062 4,47 0,0649 1,78 0,1 1,75 0,027 0,298 0,47 11,4 27,5

Pv. Hv. 3A 17,1 1,65 0,049 3,66 0,0541 1,21 0,17 1,77 0,027 0,293 0,25 10,6 25,8

Pv. Hv. 3B 16,6 1,25 0,05 3,58 0,0684 1,29 0,11 1,79 0,029 0,273 0,25 114 27,9

Pv. Ve. 1A 15,8 1,03 0,11 3,72 0,0335 6,27 0,08 1,04 0,019 0,118 0,08 14,8 15,9

Pv. Ve. 1B 15 0,83 0,087 3,21 0,0303 4,18 0,05 0,921 0,017 0,121 0,11 14,1 19,7

Pv. Ve. 2A 15,7 0,89 0,079 3,37 0,0462 4,29 0,04 1,1 0,015 0,215 0,11 12,7 15,5

Pv. Ve. 2B 15,4 0,78 0,1 3,31 0,0471 5,2 0,11 1,14 0,019 0,22 0,1 15,9 16

Pv. Ve. 3A 17,9 1,34 0,094 4,26 0,0583 5,22 0,05 1,43 0,019 0,324 0,16 12,1 17,8

Patella Pv. Ve. 3B 17,8 1,35 0,094 3.9 0,0461 5,56 0,09 1,39 0,018] 0,335 0,13 14,6 14,6
vulgata Pv. Sv. 1A 16,6 1,34 0,04 7,73 0,0486 1,56 0,13 2,51 0,024 0,166 0,1 10,6 22
Pv. Sv. 1B 16,9 1,34 0,034 8,87 0,0501 1,85 0,25 3,11 0,022 0,267 0,1 11,2 224

Pv. Sv. 2A 17,2 1,09 0,029 7,6 0,115 1,79 0,32 3,91 0,012 0,686 0,1 11,4 19,9

Pv. Sv. 2B 16,6 0,99 0,027 7,73 0,173 1,95 0,24 3,73 0,015 0,42 0,13 11,3 20,7,

Pv. Sv. 3A 19 1,64 0,041 7,76 0,497 1,9 0,39 5,89 0,015 0,915 0,12 11,9 21,4

Pv. Sv. 3B 18,4 1,42 0,035 6,99 0,0582 1,82 0,11 4,03 0,017 0,319 0,1 10,5 22,4

Pv. Tr. 1A 16,4 1 0,038 4,93 0,138 0,726 0,13 2,26 0,028 0,196 0,46 14,5 35,5

Pv. Tr. 1B 17,3 1,09 0,034 4,51 0,259 0,76 0,3 2,51 0,02 0,253 0,46 19,2 38,4

Pv. Tr. 2A 18,9 0,94 0,031 4,98 0,159 0,862 0,16 2,99 0,021 0,271 0,56 21,3 35

Pv. Tr. 2B 20,5 1,03 0,035 5,28 0,204 0,865 0,34 3,61 0,026 0,404 1,22 21,6 40

Pv. Tr. 3A 18,8 1,25 0,051 4,94 0,0927 1,13 0,12 2,32 0,019 0,246 0,37 15 31,7

Pv. Tr. 3B 18,7 1,14 0,046 4,84 0,184 1 0,2 2,77 0,02 0,331 0,5 18,4 33,8
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Attachment 10C Invertebrate metal data

ID Dry matter Lipid-% Ag Ag Ba| Cd Cr Cu Hg Ni Pb Sr Zn

%| % pr.w.w. pg/gw.w. pg/gw.w. pg/gw.w. pg/gw.w.| pg/gw.w.| pg/gw.w.| pog/gw.w. pg/g w.w.| pg/gw.w. pg/gw.w. pg/gw.w.

Me. Hv. 1A 16,8 2,25 0,005 3,93 0,0988 0,125 0,32 2,13 0,031 0,157 0,89 16,4 66,5

Me. Hv. 1B 16,3 2,53 0,004 3,89 0,454 0,146 0,71 2,99 0,03 0,635 0,88 12 574

Me. Hv. 2A 16,2 2,08 <0,0025 6,22 0,0612 0,171 0,3 1,72 0,033 0,184 0,64 6,2 80,7

Me. Hv. 2B 14,9 1,36 0,003 6,88 0,062 0,2 0,29 1,87 0,03 0,226 0,62 5,85 77

Me. Sv. 1A 18 2,87 <0,0025 5,59 0,0438 0,165 0,15 2,23 0,012 0,101 0,12 8,98 54,3

Me. Sv. 1B 17,9 2,6 0,002 5,1 0,141 0,155 0,23 2,77 0,014 0,269 0,13 9 51

Me. Sv. 2A 15,6 2,06, 0,003 4,99 0,109 0,156 0,3 4,25 0,013 0,28 0,14 7,02 46,9

Me. Sv. 2B 15,1 2,03  <0,0024 5,17 0,0622 0,163 0,16, 4,39 0,015 0,135 0,14 7,49 55,2

Me. Sv. 3A 18,4 2,64 <0,0024 5,33 0,0356 0,22 0,05 1,65 0,011 0,071 0,1 7,51 46,2

Me. Sv. 3B 18,1 2,75 <0,0025 5,33 0,0374 0,201 0,11 1,7 0,012 0,115 0,14 8,39 52,6

Mytilus Me. Ka. 1A 16,7 2,22 0,004 2,49 0,0618 0,18 0,14 1,65 0,017 0,139 0,12 7,76 33,8
edulis Me. Ka. 1B 17,3 1,85 0,004 2,61 0,0988 0,165 0,24 1,85 0,02 0,244 0,12 10,4 36,9
Me. Ka. 2A 18,9 2,08 0,003 3,16 0,0513 0,145 0,16 1,46 0,015 0,129 0,14 11,4 38

Me. Ka. 2B 16,6 1,6 0,005 2,85 0,0798 0,147 0,26 2,05 0,017 0,321 0,14 10,3 30,8

Me. Ka. 3A 18,8 2,29 0,004 2,57 0,0449 0,18 0,07 1,48 0,011 0,0942 0,11 9,98 453

Me. Ka. 3B 18,8 2,21 0,004 2,58 0,0342 0,15 0,06, 1,57 0,013 0,104 0,08 9,43 38,9

Me. Tr. 1A 14,5 1,64 0,003 2,41 0,213 0,208 0,47 1,91 0,053 0,257 1,33 40 93,8

Me. Tr. 1B 14,5 1,52 0,024 2,33 0,239 0,242 0,78 2,26 0,056 0,501 0,99 20,7 75,5

Me. Tr. 2A 15,6 1,72 0,003 2,59 0,0648 0,207 0,33 1,56 0,046 0,41 0,9 12,8 71,7

Me. Tr. 2B 16,5 1,94 <0,0024 2,53 0,0629 0,21 0,18 1,58 0,04 0,12 0,79 10,3 72

Me. Tr. 3A 15,2 1,79 0,003 2,25 0,126 0,198 0,25 1,42 0,041 0,17 0,56 11,4 73,6)

Me. Tr. 3B 15,6 1,46 0,004 2,11 0,0714 0,198 0,33 1,49 0,043 0,22 0,58 13 71,7

Mm. Ki. 1A 17,4 1,6 0,074 3,07 0,125 8,84 0,09 4,02 0,026 0,885 1,25 8,13 64,5

Mm. Ki. 1B 20 1,87 0,128 2,96 0,0991 8,25 0,12 4,47 0,02 0,817 1,14 7,68 62,9

Modiolus  [Mm. Ki. 2A 16,8 1,93 0,376] 3,08 0,113 7,36 0,08 5,63 0,027 0,754 1,11 6,23 49,4
modiolus  |Mm. Ki. 2B 17,8 1,52 0,244 3,12 0,0784 591 0,09 5,51 0,025 0,632 0,91 6,91 41,2
Mm. Ki. 3A 14,2 1,23 0,671 3,27 0,159 10,3 0,12 5,12 0,031 1,03 1,86 6,66 65,7,

Mm. Ki. 3B 16,4 1,76 0,387 3,04 0,0939 6,17 0,08 6,01 0,02 0,628 0,83 5,63 52,4
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Attachment 11 DNA adducts

Attachment 11.
M easur ement of DNA adducts with 3P-postlabelling assay:

Liver tissue samples were semi-thawed and the DNA extracted and purified according to Dunn et
al., 1987; Reichert & French 1994, slightly modified as described in Ericson et al. 1998 and Ericson
& Balk 2000. DNA adducts were enriched using the Nuclease P1 method, 0.8 pg Nuclease P1/ug
DNA, and a 45 min incubation period (Reddy and Randerath 1986; Beach and Gupta 1992). Finally
the DNA adducts were radiolabelled using 5'-[y->>P]triphosphate([y-*P]JATP) and T,
polynucleotide kinase. Separation and clean up of adducts was performed by multidirectional thin-
layer chromatography (TLC) on laboratory produced polyethyleneimine cellulose sheets, described
as suitable for adducts formed from large hydrophobic xenobiotics, such as 4- to 6- ring, PAHs
(Reichert and French 1994; Ericson et al. 1999). Adducts were located and quantified by storage
phosphor imaging technology (PhosphorlmagerTMSI and ImageQuant 5.0). In addition, several
quality control experiments were performed parallel to the analysis of the cod samples. All these
quality assurance experiments strongly suggested a faultless assay for the DNA adduct
measurements.

The detection limit of DNA adducts was calculated for each individual sample, from the actual
background signal which was selected from a representative area of their respective autoradiogram.
A spot-specific (area/zone), corresponding to 1.5 times the representative background
(spot/area/zone) on the same autoradiogram was considered as the limit of detection, and limit of
quantification of DNA adducts.
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1074.
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areas. Cancer Res 1987;47: 6543-6548.

Ericson, G. and Balk, L. (2000) DNA adduct formation in northern pike (Esox lucius) exposed to a mixture
of benzo(a)pyrene, benzo(k)fluoranthene and 7H-dibenzo(c,g)carbazole: time-course and dose-response
studies. Mutation Research, 454, 11-20.

Ericson, G., Lindesj60d, E. and Balk, L. (1998) DNA adducts and histopathological lesions in perch (Perca
fluviatilis) and northern pike (Esox lucius) along a polycyclic aromatic hydrocarbon gradient on the Swedish
coastline of the Baltic Sea. Canadian Journal of Fisheries and Aquatic Sciences 55, 815-824.

Ericson, G., Noaksson, E. and Balk, L. (1999b) DNA adduct formation and persistence in liver and
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benzo(k)fluoranthene and 7H-dibenzo(c,g)carbazole. Mutation Research, 47, 135-145.

Reddy MV, Randerath K. (1986) Nuclease P1-mediated enhancement of sensitivity of **P-postlabeling test
for structurally diverse DNA adducts. Carcinogenesis 7:1543-1551.

Reichert WL, French B. (1994) The **P-postlabeling protocols for assaying levels of hydrophobic DNA
adducts in fish. NOAA Tech. Memo. NMFS-NWFSC-14. National Technical Information Service,
Springfield, VA. 89 pp.
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Attachment 11 DNA adducts

Autoradiograms from the DNA adduct analysis. Figures a, b, and ¢ show chromatograms from fish
nr. 6, 12 and 23 respectively. Figures d, e and f show the controls; d: Standard DNA, negative
control, e: Bequalm liver standard (from perch injected with BaP), f: Standard BaPDE adduct.
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Attachment 11 DNA adducts

DNA adduct levels in liver of Cod (Gadus morhua) from Kaldbak,
The Faroe Islands

(Reyodfiskur)
031203

Results: DNA adduct levels in all samples were below the detections limits.

DNA adducts
Fish nr. (nmol/mol nucleotides) For mean calculations

1 <1.4 0,7
2 <1.1 0,55
3 <1.3 0,65
4 <1.3 0,65
5 <1.3 0,65
6 <14 0,7
7 <1.2 0,6
8 <0.9 0,45
9 <1.2 0,6
10 <1.0 0,5
11 <1.3 0,65
12 <1.1 0,55
13 <0.9 0,45
14 <1.0 0,5
15 <1.0 0,5
17 <1.0 0,5
19 <0.7 0,35
20 <1.0 0,5
23 <0.9 0,45
24 <0.7 0,35
Average 0,54

Stdev 0,11
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Attachment 12:

Attachment 12

Analysis of PCB and dioxin

Methods for analyses of non- and mono-ortho PCBs and dioxins (PCDD/PCDF) in cod liver
samples at ERGO Forschungsgesellshaft (Hamburg, germany):

5 Analytical Procedures

51

PCODs/PCDFs and WHO-PCBs

Wa would ke to menbon, that the measurements are done by high resolution mass spec-
tromelry (HRMS), which guarantees high specificity and high sensitivity.

Prior the extraction following "*C-UL-abeled intemal standards are added to the sample:

In the following the analytieal procedures for the analysis of PCDDs/PCDFs, WHO-PCBs
and Marker-PCBs are shown.

Internal standards (-C-UL), PCDDs/PCDFs
B PCDDs . PCDFs= ]
(2,378 -Telra-CDD |2,3,7.8 Tetra-COF
12378 Penta-COD [1,2378 -Penta-CDF
_ o o 23478 -Panta-COF
1.234,7.8 ~Hexa-COD 1,234,788 ~Hexa-CDF
1,2,3,6,7.8 -Hexa-COD |1,2,36.7.8 -Hexa-CDF
1,2,3.7.8.9 =Hexa-CDD |1,2,3,7.8.8 -Hexa-COF
iz s o 2,346,748 -Hexa CDF
1234578 Hepla-CBD [1,2345,7.2 -Hepta-CDF
) _ . 1,;3.4,9’.5.9 -Hepta-CDF
1,2,3.4.6.7.8,9 Octa-CDD 11,2,3,4,6.7,8,8 “Dcta-COF
internal standards (C-UL), WHO-PCBs
Compound IUPAC Code
3344 TetraCB PCETT
e w 34.4°.5 -Tetra-CB PCB 81
5§ E 33445 -Penta-CB PCE 128
=0 334455 -Hexa-CB PCB 169
23344 -Penta-CB PCB 105
5 23445 -Penta-CB PCB 114
O | 23445 -Penta-CB PCB 118
P 23445 -Penta-CB PCEB 123
ﬁ 233 44,6 Hexa-CH PCE 156
3 233 445 - -Hexa-CB PCB 157
% 2344’55 -Hexa-CB PCB 167
= 23,344 55 -Hapta-CB PCE 189
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Attachment 12 Analysis of PCB and dioxin

After spiking, the samples are extracted/solved with appropriate solvents for uliratrace-
analyses (e.g. nanograde) by using a solid / lipid extraction.

The clean up is done on a multicolumn system (invalving carbon-on-glasfibre). The meas-
uremnent is done by means of high resolufion gaschromatography and high resolution mass

spectrometry (HRGC/HRMS) with VG-AuteSpec andlor Finnigan MAT 85 XL using DB-5
capillary columns.

For each compenent 2 isotope masses are measured. The quantification is caried out by
the use of intemallexternal standard mixtures (isotope dilution method), Following
PCDDs/PCDFs and PCBs are determined and reported.

PCDDs/PCDFs
PCDDs PCDFs

2.3,7.8 -Tetra-CDD 23,78 -Tetra-CDF
1,2,3,7.8 Penta-CDD 12.3,7.8 “Penta-CDF
- 234,78 -Panta-CDF

123478 ~Hexa-CDD 1,234,778 -Hexa-COF
1,2,3,6,7.8 -Hexa-COD 1,236,728 -Hexa-CDF
1,2,3,7.8,0 “Hexa-CDD 1,23,7.89 -Hexa-COF
3 2,3,4,6,7,8 -Hexa-CDF
12.3467.8 “Hepta-CDD 1234678  -Hepta-CDF
L 11234785  -Hepta-CDF

1,2,3.4,6,7.8,9 -Octa-COD 12,34,678,9 -Octa-COF

WHO-PCBs
"Compound IUPAC Code

3344 Tetra-CB PCB 77

% 3,445 Tetra-CB PCE 81
i'g d 33445 -Penta-CB PCB 126
282 (334455 “Hexa-CB PCB 168
23344 PentaCB PCE 105
. 234.4°5 -Penta-CB PCE 114
= 2.3 445 -Penta-C8 PCE 118
23445 -Penta-CB PCR 123
233,445 -Hexa-CB PCE 156
233445 Hexa-CB PCE 157
é 2,3 44,55 -Hexa-Ch PCB 167
233 44 55 -Hepta-CB PCE 180

In addition to the single results, calculations of the toxicity equivalents (TEQ) according fo
the WHO-system are carriad out.
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Attachment 12 Analysis of PCB and dioxin

5.2 Marker-PCBs

Within the scope of the investigation, the PCBs 28, 52, 101, 118, 138, 153 and 180 are de-
termined. Before the extraction the following *C-UL-abeled internal standards are added to

the sample:

2 4, 4-TH-PCE (PCB-28) BC-UL
2,2 5,5 -Tetra-PCB (PCB-52) UL
2,2’ 4,5 5-Penta-PCB (PCB-101) Bo-UL
2,2',3,4.4 5-Haxa-PCB (PCB-138) Re-UL
2,2' 4,45 5-Hexa-FCB (PCB-153) BeuL
2,2°,3,4,4',5,5-Hepta-PCB (PCB-180) Ho-uL

After the spiking, the samples are extracted with appropriate solvents for ultratrace-
analyses (e.g. nancgrade). In the followng, a column dean up is performed. The measure-
ment is done by means of high resolution gaschrematography and mass speactrometry
(HRGEC/ME) using DB-5 capillary columns,

For each substance 2 isotope masses are measured. The quantificalion is carmied out with
the use of internal/external standard mixtures.
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Attachment 13A PCDDs/PCDFs in cod

Attachment 13A:

PCDDs/PCDFs in cod liver PCDDs/PCDFs in cod liver
Values in: pg/g (ppt)  lipid based Values in: ng/kg (ppt) fresh weight based
Analysis-No.: H-03-08-0473 Reydfiskur 8, Livur, Kaldbak, Analysis-No.: H-03-08-0473 Renofisk 8, Livur, Kaldbak, 06.02.2002,
Concentration WHO-TEF ~ WHO-TEQ LOD  WHO-TEF(fish) WHO-TEQ(fish)* Concentration WHO-TEF WHO-TEQ LOD WHO-TEF(fish) WHO-TEQ(fish)*
2.3.7.8-Tetra-CDD 0,32 1,000 0,318 1,000 0,318 2.3.7.8-Tetra-CDD 0,15 1,000 0,150 1 0,150
1.2.3.7.8-Penta-CDD 0,15 1,000 0,152 1,000 0,152 1.2.3.7.8-Penta-CDD 0,07 1,000 0,071 1 0,071
1.2.3.4.7.8-Hexa-CDD n.d. 0,100 0,009 ( 009 ) 0,500 < 0,045 1.2.3.4.7.8-Hexa-CDD n.d. 0,100 0,004 ( 0,04 ) 0,5 <0,021
1.2.3.6.7.8-Hexa-CDD 2,54 0,100 0,254 0,010 0,025 1.2.3.6.7.8-Hexa-CDD 1,19 0,100 0,119 0,01 0,012
1.2.3.7.8.9-Hexa-CDD 0,34 0,100 0,034 0,010 0,003 1.2.3.7.8.9-Hexa-CDD 0,16 0,100 0,016 0,01 0,002
1.2.3.4.6.7.8-Hepta-CDD 0,74 0,010 0,007 0,001 0,001 1.2.3.4.6.7.8-Hepta-CDD 0,35 0,010 0,003 0,001 0,000
OCDD n.d. 0,0001 < 0,001 (123 ) <0,0001 < 0,000 OCDD n.d. 0,0001 < 0,001 ( 058 ) <0,0001 < 0,000
2.3.7.8-Tetra-CDF 10,62 0,100 1,062 0,050 0,531 2.3.7.8-Tetra-CDF 4,99 0,100 0,499 0,05 0,250
1.2.3.7.8-Penta-CDF 3,51 0,050 0,176 0,050 0,176 1.2.3.7.8-Penta-CDF 1,65 0,050 0,083 0,05 0,083
2.3.4.7.8-Penta-CDF 0,71 0,500 0,354 0,500 0,354 2.3.4.7.8-Penta-CDF 0,33 0,500 0,167 0,5 0,167
1.2.3.4.7.8-Hexa-CDF 1,50 0,100 0,150 0,100 0,150 1.2.3.4.7.8-Hexa-CDF 0,70 0,100 0,070 0,1 0,070
1.2.3.6.7.8-Hexa-CDF 1,08 0,100 0,108 0,100 0,108 1.2.3.6.7.8-Hexa-CDF 0,51 0,100 0,051 0,1 0,051
1.2.3.7.8.9-Hexa-CDF n.d. 0,100 0,006 ( 006 ) 0,100 < 0,006 1.2.3.7.8.9-Hexa-CDF n.d. 0,100 0,003 ( 003 ) 0,1 <0,003
2.3.4.6.7.8-Hexa-CDF 0,86 0,100 0,086 0,100 0,086 2.3.4.6.7.8-Hexa-CDF 0,41 0,100 0,041 0,1 0,041
1.2.3.4.6.7.8-Hepta-CDF 0,26 0,010 0,003 0,010 0,003 1.2.3.4.6.7.8-Hepta-CDF 0,12 0,010 0,001 0,01 0,001
1.2.3.4.7.8.9-Hepta-CDF 0,08 0,010 0,001 0,010 0,001 1.2.3.4.7.8.9-Hepta-CDF 0,04 0,010 < 0,001 0,01 0,000
OCDF n.d. 0,0001 < 0,001 ( 012 ) <0,0001 < 0,000 OCDF n.d. 0,0001 < 0,001 ( 005 ) <0,0001 < 0,000
Total 2.3.7.8-PCDD 4,09 0,775 0,545 Total 2.3.7.8-PCDD 1,92 0,364 0,256
Total 2.3.7.8-PCDF 18,63 1,946 1,415 Total 2.3.7.8-PCDF 8,76 0,915 0,665
Total 2.3.7.8-PCDD/PCDF 22,72 2,721 1,960 Total 2.3.7.8-PCDD/PCDF 10,68 1,279 0,921
Total non-ortho PCB 538 15,554 0,787 Total non-ortho PCB 253 7,310 0,370
Total mono-ortho PCB 76113 11,199 < 0,381 Total mono-ortho PCB 35773 5,264 <0179
I TEQ (WHO) based on PCDD/PCDF in consideration of 100 % detection limit 2,721 1,960 I I TEQ (WHO) based on PCDD/PCDF in consideration of 100 % detection limit 1 279 0,921 I
I | - TEQ (NATO-CCMS) in consideration of 100 % detection limit 2,646 I I | - TEQ (NATO-CCMS) in consideration of 100 % detection limit 1,244 I
TEQ (WHO) based on PCDD/PCDF, non-ortho- and mono-ortho-PCB TEQ (WHO) based on PCDD/PCDF, non-ortho- and mono-ortho-PCB
| in consideration of 100 % LOD, lipid based 29,474 3,127 | | in consideration of 100 % LOD, fresh weight based 13,853 1470 |

TEQ, TEF (WHO) = Toxic equivalent resp. -factor by WHO for humans & mammals
n.d. = not detected, limit of detection (LOD) in (), n.a. = not analysed
(M) = maximum value, contains possible outside contamination

small differences on totals caused by computercalculations

TEQ, TEF (WHO) = Toxic equivalent resp. -factor by WHO for humans & mammals
n.d. = not detected, limit of detection (LOD) in (), n.a. = not analysed
(M) = maximum value, contains possible outside contamination

small differences on totals caused by computercalculations

*WHO-TEF(fish) inserted and WHO-TEQ(fish) calculated after recieving theresultsfrom thelaboratory. Other results calculated by the laboratory.
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Attachment 13A

PCDDs/PCDFs in cod liver

Values in: pg/g (ppt)  lipid based
Analysis-No.: H-03-08-0474 Reydfiskur 10, Livur, Kaldbak,
Concentration WHO-TEF ~ WHO-TEQ LOD IWHO-TEF(fish) WHO-TEQ(fish)*
2.3.7.8-Tetra-CDD 1,11 1,000 1,113 1,000 1,113
1.2.3.7.8-Penta-CDD 0,24 1,000 0,243 1,000 0,243
1.2.3.4.7.8-Hexa-CDD n.d. 0,100 0,009 ( 0,09 ) 0,500 < 0,046
1.2.3.6.7.8-Hexa-CDD 2,25 0,100 0,225 0,010 0,023
1.2.3.7.8.9-Hexa-CDD 0,37 0,100 0,037 0,010 0,004
1.2.3.4.6.7.8-Hepta-CDD 1,41 0,010 0,014 0,001 0,001
OCDD 2,73 0,0001 < 0,001 <0,0001 < 0,000
2.3.7.8-Tetra-CDF 30,59 0,100 3,059 0,050 1,529
1.2.3.7.8-Penta-CDF 4,07 0,050 0,203 0,050 0,203
2.3.4.7.8-Penta-CDF 1,12 0,500 0,558 0,500 0,558
1.2.3.4.7.8-Hexa-CDF 0,97 0,100 0,097 0,100 0,097
1.2.3.6.7.8-Hexa-CDF 1,05 0,100 0,105 0,100 0,105
1.2.3.7.8.9-Hexa-CDF n.d. 0,100 0,008 ( 0,08 ) 0,100 < 0,008
2.3.4.6.7.8-Hexa-CDF 1,22 0,100 0,122 0,100 0,122
1.2.3.4.6.7.8-Hepta-CDF 0,19 0,010 0,002 0,010 0,002
1.2.3.4.7.8.9-Hepta-CDF n.d. 0,010 0,001 ( 0,07 ) 0,010 < 0,001
OCDF n.d. 0,0001 < 0,001 ( 0,30 ) <0,0001 < 0,000
Total 2.3.7.8-PCDD 8,12 1,641 1,430
Total 2.3.7.8-PCDF 39,20 4,155 2,625
Total 2.3.7.8-PCDD/PCDF 47,32 5,796 4,055
Total non-ortho PCB 663 28,709 0,000
Total mono-ortho PCB 74619 10,305 < 0,000
| TEQ (WHO) based on PCDD/PCDF in consideration of 100 % detection limit 5,796 4,055 |
| | - TEQ (NATO-CCMS) in consideration of 100 % detection limit 5,677 |
| TEQ (WHO) based on PCDD/PCDF, non-ortho- and mono-ortho-PCB 44,810 4,055 |

in consideration of 100 % LOD, lipid based

TEQ, TEF (WHO) = Toxic equivalent resp. -factor by WHO for humans & mammals

n.d. = not detected, limit of detection (LOD) in (), n.a. = not analysed

(M) = maximum value, contains possible outside contamination
small differences on totals caused by computercalculations

PCDDs/PCDFs in cod
PCDDs/PCDFs in cod liver [
Values in: pg/g (ppt)  fresh weight based
Analysis-No.: H-03-08-0474 Reyédfiskur 10, Livur, Kaldbak,
Concentration WHO-TEF WHO-TEQ LOD |WHO-TEF(fiSh) WHO-TEQ(fish)*
2.3.7.8-Tetra-CDD 0,39 1,000 0,393 1,000 0,393
1.2.3.7.8-Penta-CDD 0,09 1,000 0,086 1,000 0,086
1.2.3.4.7.8-Hexa-CDD n.d. 0,100 0,003 ( 003 ) 0,500 < 0,016
1.2.3.6.7.8-Hexa-CDD 0,80 0,100 0,080 0,010 0,008
1.2.3.7.8.9-Hexa-CDD 0,13 0,100 0,013 0,010 0,001
1.2.3.4.6.7.8-Hepta-CDD 0,50 0,010 0,005 0,001 0,000
OCDD 0,96 0,0001 0,001 <0,0001 < 0,000
2.3.7.8-Tetra-CDF 10,80 0,100 1,080 0,050 0,540
1.2.3.7.8-Penta-CDF 1,44 0,050 0,072 0,050 0,072
2.3.4.7.8-Penta-CDF 0,39 0,500 0,197 0,500 0,197
1.2.3.4.7.8-Hexa-CDF 0,34 0,100 0,034 0,100 0,034
1.2.3.6.7.8-Hexa-CDF 0,37 0,100 0,037 0,100 0,037
1.2.3.7.8.9-Hexa-CDF n.d. 0,100 0,003 ( 003 ) 0,100 < 0,003
2.3.4.6.7.8-Hexa-CDF 0,43 0,100 0,043 0,100 0,043
1.2.3.4.6.7.8-Hepta-CDF 0,07 0,010 0,001 0,010 0,001
1.2.3.4.7.8.9-Hepta-CDF n.d. 0,010 0,001 ( 002 ) 0,010 < 0,000
OCDF n.d. 0,0001 0,001 ( 011 ) <0,0001 < 0,000
Total 2.3.7.8-PCDD 2,87 0,579 0,505
Total 2.3.7.8-PCDF 13,84 1,467 0,927
Total 2.3.7.8-PCDD/PCDF 16,70 2,046 1,431
Total non-ortho PCB 234 10,134 0,000
Total mono-ortho PCB 26340 3,638 < 0,000
| TEQ (WHO) based on PCDD/PCDF in consideration of 100 % detection limit ~ 2,046 1431 |
| | - TEQ (NATO-CCMS) in consideration of 100 % detection limit 2,004 |
| TEQ (WHO) based on PCDD/PCDF, non-ortho- and mono-ortho-PCB 15,818 1431 |

in consideration of 100 % LOD, fresh weight based

TEQ, TEF (WHO) = Toxic equivalent resp. -factor by WHO for humans & mammals

n.d. = not detected, limit of detection (LOD) in (),

n.a. = not analysed

(M) = maximum value, contains possible outside contamination
small differences on totals caused by computercalculations

*WHO-TEF(fish) inserted and WHO-TEQ(fish) calculated after recieving the resultsfrom the laboratory. Other results calculated by the laboratory.
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Attachment 13A

PCDDs/PCDFs in cod liver
\Values in: np/g (ppt)  lipid based
Analysis-No.: H-03-08-0475 Reydfiskur 19, Livur, Kaldbak,
Concentration WHO-TEF  WHO-TEQ LOD _ WHO-TEF(fish) WHO-TEQ(fish)*
2.3.7.8-Tetra-CDD 0,76 1,000 0,761 1,000 0,761
1.2.3.7.8-Penta-CDD 0,14 1,000 0,144 1,000 0,144
1.2.3.4.7.8-Hexa-CDD n.d. 0,100 0,003 0,03 0,500 < 0,015
1.2.3.6.7.8-Hexa-CDD 1,46 0,100 0,146 0,010 0,015
1.2.3.7.8.9-Hexa-CDD 0,45 0,100 0,045 0,010 0,004
1.2.3.4.6.7.8-Hepta-CDD 0,43 0,010 0,004 0,001 0,000
OCDD n.d. 0,0001 < 0,001 0,91 <0,0001 < 0,000
2.3.7.8-Tetra-CDF 17,28 0,100 1,728 0,050 0,864
1.2.3.7.8-Penta-CDF 2,64 0,050 0,132 0,050 0,132
2.3.4.7.8-Penta-CDF 0,50 0,500 0,250 0,500 0,250
1.2.3.4.7.8-Hexa-CDF 1,49 0,100 0,149 0,100 0,149
1.2.3.6.7.8-Hexa-CDF 0,90 0,100 0,090 0,100 0,090
1.2.3.7.8.9-Hexa-CDF n.d. 0,100 0,003 0,03 0,100 < 0,003
2.3.4.6.7.8-Hexa-CDF 1,06 0,100 0,106 0,100 0,106
1.2.3.4.6.7.8-Hepta-CDF 0,25 0,010 0,003 0,010 0,003
1.2.3.4.7.8.9-Hepta-CDF n.d. 0,010 < 0,001 0,04 0,010 < 0,000
OCDF n.d. 0,0001 < 0,001 0,11 <0,0001 < 0,000
Total 2.3.7.8-PCDD 3,24 1,103 0,940
Total 2.3.7.8-PCDF 24,12 2,461 1,597
Total 2.3.7.8-PCDD/PCDF 27,36 3,564 2,537
Total non-ortho PCB 1240 37,136 0,000
Total mono-ortho PCB 121019 16,626 < 0,000
| TEQ(WHO) based on PCDD/PCDF in consideration of 100 % detection limit 3 564 2537 |
| | - TEQ (NATO-CCMS) in consideration of 100 % detection limit 3,493 |
| TEQ (WHO) based on PCDD/PCDF, non-ortho- and mono-ortho-PCB 57.326 2537 |

in consideration of 100 % LOD, lipid based

TEQ, TEF (WHO) = Toxic equivalent resp. -factor by WHO for humans & mammals

n.d. = not detected, limit of detection (LOD) in (),

n.a. = not analysed

(M) = maximum value, contains possible outside contamination
small differences on totals caused by computercalculations

*WHO-TEF(fish) inserted and WHO-TEQ(fish) calculated after recieving the results from the laboratory.
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PCDDs/PCDFs in cod
PCDDs/PCDFs in cod liver
\Values in: pg/g (ppt)  fresh weight based
Analysis-No.: H-03-08-0475 Reydfiskur 19, Livur, Kaldbak,
Concentration WHO-TEF ~ WHO-TEQ LOD  |WHO-TEF(fish) WHO-TEQ(fish)*
2.3.7.8-Tetra-CDD 0,27 1,000 0,272 1,000 0,272
1.2.3.7.8-Penta-CDD 0,05 1,000 0,051 1,000 0,051
1.2.3.4.7.8-Hexa-CDD n.d. 0,100 0,001 ( 001 ) 0,500 < 0,005
1.2.3.6.7.8-Hexa-CDD 0,52 0,100 0,052 0,010 0,005
1.2.3.7.8.9-Hexa-CDD 0,16 0,100 0,016 0,010 0,002
1.2.3.4.6.7.8-Hepta-CDD 0,15 0,010 0,002 0,001 0,000
OCDD n.d. 0,0001 0,001 ( 0,32 ) <0,0001 < 0,000
2.3.7.8-Tetra-CDF 6,17 0,100 0,617 0,050 0,308
1.2.3.7.8-Penta-CDF 0,94 0,050 0,047 0,050 0,047
2.3.4.7.8-Penta-CDF 0,18 0,500 0,089 0,500 0,089
1.2.3.4.7.8-Hexa-CDF 0,53 0,100 0,053 0,100 0,053
1.2.3.6.7.8-Hexa-CDF 0,32 0,100 0,032 0,100 0,032
1.2.3.7.8.9-Hexa-CDF n.d. 0,100 0,001 ( 001 ) 0,100 < 0,001
2.3.4.6.7.8-Hexa-CDF 0,38 0,100 0,038 0,100 0,038
1.2.3.4.6.7.8-Hepta-CDF 0,09 0,010 0,001 0,010 0,001
1.2.3.4.7.8.9-Hepta-CDF n.d. 0,010 0,001 ( 0,01 ) 0,010 < 0,000
OCDF n.d. 0,0001 0,001 ( 004 ) <0,0001 < 0,000
Total 2.3.7.8-PCDD 1,16 0,394 0,335
Total 2.3.7.8-PCDF 8,61 0,878 0,570
Total 2.3.7.8-PCDD/PCDF 9,77 1,272 0,905
Total non-ortho PCB 443 13,258 0,000
Total mono-ortho PCB 43204 5,935 < 0,000
I TEQ (WHO) based on PCDD/PCDF in consideration of 100 % detection limit 1,272 0,905 I
| | - TEQ (NATO-CCMS) in consideration of 100 % detection limit 1,247 |
| TEQ (WHO) based on PCDD/PCDF, non-ortho- and mono-ortho-PCB 20,465 0,905 |

in consideration of 100 % LOD, fresh weight based

TEQ, TEF (WHO) = Toxic equivalent resp. -factor by WHO for humans & mammals
n.d. = not detected, limit of detection (LOD) in (),
(M) = maximum value, contains possible outside contamination

small differences on totals caused by computercalculations

Other results calculated by the laboratory.

n.a. = not analysed



Attachment 13A

PCDDs/PCDFs in cod liver

Values in: pg/g (ppt)

lipid based

Analysis-No.: H-03-08-0476

Reydfiskur 24, Livur, Kaldbak,

Concentration WHO-TEF  WHO-TEQ LOD  WHO-TEF(fish) WHO-TEQ(fish)*
2.3.7.8-Tetra-CDD 0,85 1,000 0,849 1,000 0,849
1.2.3.7.8-Penta-CDD 0,26 1,000 0,255 1,000 0,255
1.2.3.4.7.8-Hexa-CDD n.d. 0,100 0,009 ( 0,09 ) 0,500 < 0,043
1.2.3.6.7.8-Hexa-CDD 0,83 0,100 0,083 0,010 0,008
1.2.3.7.8.9-Hexa-CDD 0,16 0,100 0,016 0,010 0,002
1.2.3.4.6.7.8-Hepta-CDD n.d. 0,010 0,002 ( 019 ) 0,001 0,000
OCDD n.d. 0,0001 < 0,001 ( 087 ) <0,0001 < 0,000
2.3.7.8-Tetra-CDF 27,96 0,100 2,796 0,050 1,398
1.2.3.7.8-Penta-CDF 2,76 0,050 0,138 0,050 0,138
2.3.4.7.8-Penta-CDF 0,99 0,500 0,494 0,500 0,494
1.2.3.4.7.8-Hexa-CDF 0,36 0,100 0,036 0,100 0,036
1.2.3.6.7.8-Hexa-CDF 0,47 0,100 0,047 0,100 0,047
1.2.3.7.8.9-Hexa-CDF n.d. 0,100 0,007 ( 0,07 ) 0,100 < 0,007
2.3.4.6.7.8-Hexa-CDF 0,61 0,100 0,061 0,100 0,061
1.2.3.4.6.7.8-Hepta-CDF n.d. 0,010 0,002 ( 017 ) 0,010 < 0,002
1.2.3.4.7.8.9-Hepta-CDF n.d. 0,010 0,001 ( 0,07 ) 0,010 < 0,001
OCDF n.d. 0,0001 < 0,001 ( 015 ) <0,0001 < 0,000
Total 2.3.7.8-PCDD 2,09 1,214 1,158
Total 2.3.7.8-PCDF 33,15 3,583 2,185
Total 2.3.7.8-PCDD/PCDF 35,24 4,796 3,343
Total non-ortho PCB 1022 51,263 0,000
Total mono-ortho PCB 125275 17,199 < 0,000
| TEQ (WHO) based on PCDD/PCDF in consideration of 100 % detection limit 4,796 3,343 |
| | - TEQ (NATO-CCMS) in consideration of 100 % detection limit 4,670 |
| TEQ (WHO) based on PCDD/PCDF, non-ortho- and mono-ortho-PCB 73.258 3343 |

in consideration of 100 % LOD, lipid based

TEQ, TEF (WHO) = Toxic equivalent resp. -factor by WHO for humans & mammals

n.d. = not detected, limit of detection (LOD) in (),

n.a. = not analysed

(M) = maximum value, contains possible outside contamination
small differences on totals caused by computercalculations
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PCDDs/PCDFs in cod
PCDDs/PCDFs in cod liver
Values in: pa/g (ppt)  fresh weight based
Analysis-No.: H-03-08-0476 Reydfiskur 24, Livur, Kaldbak,
Concentration WHO-TEF  WHO-TEQ LOD  |WHO-TEF(fish) WHO-TEQ(fish)*

2.3.7.8-Tetra-CDD 0,35 1,000 0,346 1,000 0,346
1.2.3.7.8-Penta-CDD 0,10 1,000 0,104 1,000 0,104
1.2.3.4.7.8-Hexa-CDD n.d. 0,100 0,004 ( 0,04 ) 0,500 < 0,018
1.2.3.6.7.8-Hexa-CDD 0,34 0,100 0,034 0,010 0,003
1.2.3.7.8.9-Hexa-CDD 0,07 0,100 0,007 0,010 0,001
1.2.3.4.6.7.8-Hepta-CDD n.d. 0,010 0,001 ( 0,08 ) 0,001 0,000
OCDD n.d. 0,0001 0,001 ( 0,35 ) <0,0001 < 0,000
2.3.7.8-Tetra-CDF 11,41 0,100 1,141 0,050 0,570
1.2.3.7.8-Penta-CDF 1,13 0,050 0,056 0,050 0,056
2.3.4.7.8-Penta-CDF 0,40 0,500 0,202 0,500 0,202
1.2.3.4.7.8-Hexa-CDF 0,15 0,100 0,015 0,100 0,015
1.2.3.6.7.8-Hexa-CDF 0,19 0,100 0,019 0,100 0,019
1.2.3.7.8.9-Hexa-CDF n.d. 0,100 0,003 ( 003 ) 0,100 < 0,003
2.3.4.6.7.8-Hexa-CDF 0,25 0,100 0,025 0,100 0,025
1.2.3.4.6.7.8-Hepta-CDF n.d. 0,010 0,001 ( 007 ) 0,010 < 0,001
1.2.3.4.7.8.9-Hepta-CDF n.d. 0,010 0,001 ( 003 ) 0,010 < 0,000
OCDF n.d. 0,0001 0,001 ( 0,06 ) <0,0001 < 0,000
Total 2.3.7.8-PCDD 0,85 0,495 0,472
Total 2.3.7.8-PCDF 13,53 1,462 0,891
Total 2.3.7.8-PCDD/PCDF 14,38 1,957 1,364
Total non-ortho PCB 417 20,915 0,000
Total mono-ortho PCB 51112 7,017 < 0,000
| TEQ (WHO) based on PCDD/PCDF in consideration of 100 % detection limit 1,957 1,364 |
| | - TEQ (NATO-CCMS) in consideration of 100 % detection limit 1,905 |
| TEQ (WHO) based on PCDD/PCDF, non-ortho- and mono-ortho-PCB 29,889 1364 |

in consideration of 100 % LOD, fresh weight based

TEQ, TEF (WHO) = Toxic equivalent resp. -factor by WHO for humans & mammals
n.d. = not detected, limit of detection (LOD) in (), n.a. = not analysed
(M) =maximum value, contains possible outside contamination

small differences on totals caused by computercalculations



Attachment 13B

Attachment 13B:

non-ortho and mono-ortho PCB in cod liver

Non-ortho and mono-ortho PCB in cod

non-ortho and mono-ortho PCB in cod liver

Values in:  pg/g (ppt) lipid based Valuesin:  pg/g (ppt) fresh weight based
Analysis- Reydfiskur 8, Livur, Kaldbak, Analysis- Reydfiskur 8, Livur, Kaldbak,
No.: H-03-08-0473 06.02.2002 No- H03-08-0473 06.02.2002
non-ortho PCB non-ortho PCB
IUPAC-No. Concentration WHO-TEF  WHO-TEQ WHO-TEF(fish) LOD WHO-TEQ (fish) IUPAC-No. Concentration WHO-TEF WHO-TEQ WHO-TEF(fis) LOD  WHO-TEQ (fiih)
344 5Tetra-CB 81 7 0,0001 0,001 0,0005 0,004 344 5TetraCB 81 3 00001 < 0,001 0,0005 0,002
3344-TeraCB 77 326 0,0001 0,033 0,0001 0,033 3344-Tetra-CB 77 153 0,0001 0,015 0,0001 0,015
3,3,4,4' 5-Penta-CB 126 150 0,1000 14,960 0,005 0,748 3.3 4,4 5-Penta-CB 126 70 0,1000 7,031 0,005 0,352
3,3,4,45,5-Hexa-CB 169 56 0,0100 0,561 0,00005 0,003 33,4,4,55-Hexa-CB 169 26 0,0100 0,264 0,00005 0,001
Total non-ortho PCB 538 15,554 0,787] Total non-ortho PCB 253 7,310 0,370

mono-ortho PCB |

mono-ortho PCB |

IUPAC-No. Concentration WHO-TEF  WHO-TEQ WHO-TEF(fish) LOD WHO-TEQ (fish)

IUPAC-No. Concentration WHO-TEF WHO-TEQ WHO-TEF(fish) LOD  WHO-TEQ (fish)

2,3,3,4,4-Penta-CB 105 16414 0,0001 1641  <0,000005 < 0,082 23,3 4,4-Penta-CB 105 7714 0,0001 0,771  <0,000005 < 0,0386
2,3,4,4' 5-Penta-CB 114 1177 0,0005 0,588  <0,000005 < 0,006 2344 5Penta-CB 114 553 0,0005 0,277  <0,000005 < 0,0028
2,3,4,4 5-Penta-CB 118 46907 0,0001 4,691  <0,000005 < 0,235 2.3 4,4 5-Penta-CB 118 22046 0,0001 2,205  <0,000005 < 0,1102
23,44 5-Penta-CB 123 418 0,0001 0,042  <0,000005 (M) < 0,002 2 34,4 5-Penta-CB 123 196 0,0001 0020  <0,000005 (M) < 0,0010
2,334,4' 5,-Hexa-CB 156 6500 0,0005 3,250  <0,000005 < 0,033 2,33,4,4 5,-Hexa-CB 156 3055 0,0005 1528  <0,000005 < 00153
2,3,3,4,4 5-Hexa-CB 157 1810 0,0005 0,905  <0,000005 < 0,009 233,44 5-Hexa-CB 157 851 0,0005 0425  <0,000005 < 0,0043
2,3,4,455-Hexa-CB 167 2300 0,00001 0,023 <0,000005 < 0,012 2,3,4,4 55-Hexa-CB 167 1081 0,00001 0,011 <0,000005 < 0,0054
2,3,3/4,455-Hepta-CB 189 588 0,0001 0,059 <0,000005 < 0,003 233,44 55-Hepta-CB 189 276 0,0001 0,028 <0,000005 < 0,0014
Total mono-ortho PCB 76113 11,199 < 0,381 Total mono-ortho PCB 35773 5,264 < 01739

WHO-TEF = toxic factor, WHO-TEQ = toxic equvalent by WHO for humans & mammals
TEQ (WHO) in consideration of 100% detection limit
n.d. = not detected, limit of detection (LOD) in (), n.a. =not analysed,
(M) =maximum value, contains outside contamination
Small differences on totals result from computerroundings

WHO-TEF = toxic factor, WHO-TEQ = toxic equvalent by WHO for humans & mammals
TEQ (WHO) in consideration of 100% detection limit
n.d. = not detected, limit of detection (LOD) in (), n.a. =not analysed,
(M) =maximum value, contains outside contamination
Small differences on totals result from computerroundings

*WHO-TEF(fish) inserted and WHO-TEQ(fish) calculated after recieving the results from the laboratory. Other results calculated by the laboratory.
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Attachment 13B Non-ortho and mono-ortho PCB in cod

non-ortho and mono-ortho PCB in cod liver non-ortho and mono-ortho PCBin cod liver
Valuesin:  pg/g (ppt) lipid based Vaussin  pg/g (o) freshweight besed
Analysis- iskur 10, Livur, Kaldbak, is- skur 10, Livur, Kaldoak,
oo HEB08O0TA o 06.05.2002 ﬁ‘fys H0E080i74 o 06052002
non-ortho PCB non-ortho PCB
IUPAC-No. Concentration WHOTEF  WHOTEQ WHOTER(fich) LOD WHO-TEQ (fich) IUPAGND. Concertration WHOTEF WHOTEQ WHOTER(fid) LOD  WHOTEQ(fidh)
344 5TetraCB 81 13 0,0001 0,001 0,0005 0,006 344 5Tera(B 8L 4 00001 <0001 0,0005 0,002
3344-TetraCB 77 288 0,0001 0,029 0,0001 0,029 3344-TeraCB 77 102 00001 0010 0,0001 001
33,44 5Penta-CB 126 278 0,000 27,837 0,005 1,392 33,44 5Penta(B 126 98 01000 98% 0,005 0491
33,44 ,55-HexaCB 169 84 0,0100 0,842 0,00005 0,004 33,44 55-Hxa(B 169 30 00 0227 0,00005 0,001
Total non-ortho PCB 663 28,709 1431 Tota non-ortho PCB 24 10134 05H
mono-ortho PCB mono-ortho PCB
IUPAC-No. Concentration WHOTEF  WHOTEQ WHOTER(fich) LOD WHO-TEQ (fich) IUPAGND. Concertration WHOTEF WHOTEQ WHOTER(fid) LOD ~ WHOTEQ(fidh)
2,33 ,4,4-Penta-CB 105 13402 0,0001 1,340  <0,000005 < 0,067 233,44-PertaCB 105 4731 0,0001 0473  <0,000005 < 00237
2,344 5Penta-CB 114 1028 0,0005 0514  <0,000005 < 0,005 2344 5PentaCB 114 363 00006 0181  <0,000005 < 00018
2,3,44 5Penta-CB 118 48479 0,0001 4848  <0,000005 <0242 23,44 5PertaCB 118 17113 00001 1711 <0,000005 < 0085
2,344 5Penta-CB 123 768 0,0001 0,077  <0,000005 (M < 0,004 2344 5Perta(B 123 271 00001 0027 <0,000005 (M < 00014
23344 5-Hexa-CB 156 5236 0,0005 2618  <0,000005 <0,026 23344,5-Ha(B 15%6 1848 00005 0924  <0,000005 < 0,009
233,44 5-Hexa-CB 157 1616 0,0005 0,808  <0,000005 < 0,008 23344 5-Hea (B 157 570 00006 0285  <0,000005 < 0009
23,44 55-HexaCB 167 3425 0,00001 0034  <0,000005 <0,017 23,44 55-Ha (B 167 1200 000001 0012  <0,000005 < 0,000
233,44 55-Hepta-CB 189 667 0,0001 0067  <0,000005 < 0,003 233,44 ,55-HyaCB 189 235 00001 024  <0,000005 < 00012
Total mono-ortho PCB 74619 10,306 <0373 Total mono-ortho PCB 26340 3,638 < 01317
WHO-TEF =taxic factor, WHO-TEQ = toxic equvalent by WHO for humans & mammals WHOTH-=taxc factar, WHO TEQ=taxic equnvalert by WHO for humens & mamrels
TEQ (WHO) in consideration of 100% detection limit TEQMWHO) in consideration of 100%detection linit
n.d. =nat detected, limit of detection (LOD) in(), n.a. =not analysed, nd =nat detected, limit of detection (LOD) in (), na =nat analysed,
(M =maximumvalue, contains outside contarmination (M =maximumvalue, cortains outside contarmingtion
Sall differences on totals result from conputerroundings S differences on tatds resut fromoonputerroundings

*WHO-TEF(fish) inserted and WHO-TEQ(fish) calculated after recieving the resultsfrom the laboratory. Other results calculated by the laboratory.
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Attachment 13B Non-ortho and mono-ortho PCB in cod

non-ortho and mono-ortho PCB in cod liver non-ortho and mono-ortho PCBin cod liver
Valuesin  pg/g (ppt) lipid based Vauesin  pg/g (o) freshweight based
is- Reydfiskur 19, Livur, Kaldbak, is- Reydfiskur 19, Livur, Kalobak,
ﬁ;aiys HO3080475 12072002 ﬁ‘fys' HOBBOID 1207202
non-ortho PCB non-ortho PCB
IUPACNo, Concentration WHOTEF  WHO-TEQ WHOTER(fish) LOD  WHO-TEQ (fish) IUPAGND. Concentration WHOTEF WHOTEQ WHOTER(i) LOD  WHOTEQ(figh)
344 5TeraCB 81 34 0,0001 0,003 0,0005 0,017 344 5Tera(B 81 12 00001 0,001 0,0005 0,009
33,44-TetraCB 77 745 0,0001 0,075 0,0001 0,075 3344-TeraB 77 266 00001 0027 0,0001 0,027
33,44 ,5Penta-CB 126 361 01000 36,068 0,005 1,803 3344 5PenaCB 126 120 01000 12876 0,005 0,64
3,3,4,4,55-Hexa-CB 169 99 0,010 0,990 0,00005 0,005 33,44 55-HxaCB 169 3H 00100 033 0,00005 0,002
Tota non-ortho PCB 1240 37,136 1,900 Total nonrortho PCB 43 13258 0678
mono-ortho PCB nmono-ortho PCB
IUPACNo. Concentration WHOTEF  WHO-TEQ WHOTER(fish) LOD  WHO-TEQ (figh) IUPAGND. Concertration WHOTEF WHOTEQ WHOTER(id) LCD  WHOTEQ(figh)
2,3,3,44-Penta-CB 106 24226 0,0001 2423  <0,000005 < 0,121 233 ,44-PertaCB 105 849 00001 086  <0,000005 < 0043
2344 5Penta-CB 114 1526 0,0006 0,763  <0,000005 < 0,008 2344 5PertaCB 114 545 0,0006 0272 <0,000005 < 0003
23,44 5Penta-CB 118 76585 0,0001 7668  <0,000005 < 0383 2344 5PertaCB 118 27341 00001 2734 <0,000005 < 0137
2,344 5Penta-CB 123 1165 0,0001 0117  <0,000005 (M < 0,00 2,344 5PenaCB 123 416 00001 0042  <0,000005 (M < 0002
233,44 5-Hxa(CB 156 8341 0,0006 4171 <0,000005 < 0,042 233,44 5-HxaCB 156 2978 0,0005 1489  <0,000005 < 0015
233,44 5-HexaCB 157 2713 0,0005 1357 <0,000005 < 0,014 233,44 5-HxaCB 157 939 0,0006 0484  <0,000005 < 0005
2,3,44,55-HexaCB 167 5650 0,00001 0066  <0,000005 < 0028 23,44 55-HaCB 167 2017 000001 0020  <0,000005 < 0010
3,3,44,55-HepiaCB 189 812 0,0001 0081 <0,000005 < 0,004 233,44 ,55-HgpaCB 189 20 00001 002  <0,000005 < 0001
| Total mono-orthoPCB 121019 16,626 < 06 Totd mono-othoPCB. 43204 59% < 0216
WHO-THF = taxic factor, WHO-TEQ = toxic equvalent by WHO for humens & menmels WHOTEF =toxic factor, WHOTEQ = taxic equvalent by WHO for hurmarns & manmels
TEQ(WHO) in consideration of 100% detection linit TEQWHO) inconsideration of 100%0detection linit
n.d. =nat detected, limt of detection (LOD) in(), n.a. =nat analysed, nd. =nat detected, limit of detection (LCD) in (), n.a =nat analysed,
(M =meximumvalue, contains outside contarmination (M =meximumvalue, contains outside contarrinetion
Sl differences on totals result from computerroundings Sl differences ontatals result from conputerroundings

*WHO-TEF(fish) inserted and WHO-TEQ(fish) calculated after recieving the resultsfrom the laboratory. Other results calculated by the laboratory.
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Attachment 13B

nortortho and mono-ortho PCBin cod liver
Vauesin  poy/g (pet) lipid based
iS- Reyéfigar24, Livr, Kaldoek,
If(;:iys HG 80476 17.07.2002
non-ortho PCB |
IUPAGND, Concertration WHOTEF  WHOTEQ WHOTER(fish) LOD  WHOTEQ(fidh)
344 5TeraCB 81 13 00001 0,001 0,0005 0,006
3344-Tera(B 77 410 0,0001 (010740 0,0001 0041
33,44 5Perta(B 126 52 0,000 50,246 0,005 2512
3344 55-Hxa(B 180 9 00100 095 0,00005 0,005
Total non-ortho PCB 102 51,263 2564
mono-ortho PCB |
IUPAGNo. Concentration WHOTEF  WHOTEQ WHOTER(fish) LCD  WHOTEQ(fidh)
233,44-Perta(B 106 22283 00001 2220  <0,000005 <0111
2344 5PetaCB 114 1492 0,0006 0,746  <0,000005 <0007
23,44 5Penta:(B 118 8287 0,0001 8229  <0,000005 <0411
2,344 5PentaCB 123 1046 00001 0106  <0000005 M <0005
23344 5-Ha(B 156 8312 0,006 4406  <0,000005 <004
233,44 5-Hxa(B 157 2644 0,006 1322 <0,000005 <0013
2344 55-HxaCB 167 5639 0,00001 006  <0,000005 <0028
233,44,55-HytaCB 189 1067 00001 0107  <0,000005 <0005
Totd mono-othoPCB -~ 125275 17,199 < 064

WHOTH- =taxc factar, WHO TEQ=taxic equvalent by WHO far hurmens &nmamdls
TEQWHO) inconsideration of 100%odetection lirrt
nd. =nat detected, limit of detedtion (LOD) in (), na =not analysed,
(M =nmaximumvalue, contains outside contarination
Sl differences on tatals resuit fromoonputerroundings

*WHO-TEF(fish) inserted and WHO-TEQ(fish) calculated after recieving the resultsfrom the laboratory. Other results calculated by the laboratory.
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Non-ortho and mono-ortho PCB in cod

nonortho and mono-ortho PCB in cod liver

\auesin  pg/g (o) freshweight besed

AEySS oo Reydfiskur 24, Liwur, Keldosk,

No.: 76 17.07.2002
nonortho PCB

IUPACGND. Concertration WHOTEF WHOTEQ WHOTEH(fid) LD WHOTEQ(fish

344 5TeraCB 81 500001 0001 0,0005 0,003
3344-TeraCB 77 167 00001 0017 0,0001 0017
33,44 5PeaCB 126 26 01000 20500 0,005 1,025
3344 55-H>aCB 10 40 00100 038 0,00005 0,004
Tota non-ortho PCB M7 20915 1,04
monc-ortho PCB
ILPAGND. Gonoertration WHOTEF WHOTEQ WHOTER(fig) LD WHOTEQ(fish
233,44-PetaCB 106 DA 00001 09®  <0,000005 < 004
2344 5Perta(B 114 609 00006 034 <0000005 < 0003
23,44,5PentaCB 118 3H73 00001 3B/ <0000005 < 0168
2,344 5Perta(B 123 427 00001 0043  <0000005 < 000
233,44 5-Hxa(B 156 3B 000B 1,798  <0,000005 < 0018
233,44 5-H&aCB 157 109 00006 0530  <0,000005 < 000
23,44 55-HexaCB 167 2301 000001 O3 <0,000005 < 0012
23344 55-HpaCB 189 435 00001 004 <0000005 < 0002
Tota mono-ortho PCB 51112 7,007 < 0ZA

WHO TH- =tavic factar, WHO TEQ=taxic equvaent by WHOfor humans &menrdls

TEQWHO) in consideration of 100%6cketedtion linit

nd =nat detected, limit of detection (LCD) in(), na =nat analysed,
(M =nmaximumvalue, cortains autside contaringtion

Sl differences on tatals result fromconputerroundings



Attachment 13C Marker PCB in cod

Attachment 13C:

8.1.1 Polychlorinated Biphenyls (PCB) in cod liver
Values in: pg/kg (ppb) lipid based
Reydofiskur 8 Reydofiskur 10 Reyadfiskur 19 Reydofiskur 24

PCB #28 2 5 3 6

PCB #52 7 14 5 19

PCB #101 26 32 23 46

PCB #118 47 48 7 82

PCB #138 100 90 129 143

PCB #153 137 99 202 202

PCB #180 46 50 63 73

total 366 338 501 572

Polychlorinated Biphenyls (PCB) in cod liver
Values in:_ug/kg (ppb) fresh weight based

Reydofiskur 8 Reyaofiskur 10 Reydfiskur 19 Reydofiskur 24

PCB #28 1 2 1 2
PCB #52 3 5 2 8
PCB #101 12 11 8 19
PCB #118 22 17 27 a7
PCB #138 47 32 46 58
PCB #153 65 35 72 83
PCB #180 22 18 22 30
total 172 119 179 247

n.d. = not detected

n.a. = not analysed

(M) = maximum value, contains possible outside contamination
small differences on totals result from computerroundings
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