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Abstract : 
 
Polycyclic aromatic hydrocarbons (PAH) are environmental contaminants that pose significant risk to 
health of fish. The International Workshop on Integrated Assessment of Contaminant Impacts on the 
North Sea (ICON) provided the framework to investigate biomarker responses as well as contaminant 
concentrations side by side in marine ecosystems. Concentrations of the main PAH metabolites 1-
hydroxypyrene, 1-hydroxyphenanthren and 3-hydroxybenzo(a)pyrene were determined in bile by HPLC 
with fluorescence detection. Fish species under investigation were dab (Limanda limanda), flounder 
(Platichthys flesus) and haddock (Melanogrammus aeglefinus). A contamination gradient was 
demonstrated from the low contaminated waters of Iceland and off-shore regions of the North Sea 
towards higher concentrations in coastal areas. Concentrations of PAH metabolites differed primarily 
according to sampling region and secondarily to species. 
 

Highlights 

► PAH metabolites are useful for monitoring in marine fish species. ► A spatial gradient of increasing 
PAH contamination could be shown. ► Different fish species could join a pan-European assessment of 
PAH metabolites. ► Icelandic fish were used for the calculation of background assessment criteria. 

 
 

 

http://dx.doi.org/10.1016/j.marenvres.2016.02.014
http://archimer.ifremer.fr/doc/00317/42861/
http://archimer.ifremer.fr/
mailto:ulrike.kammann@ti.bund.de


2  

Please note that this is an author-produced PDF of an article accepted for publication following peer review. The definitive 
publisher-authenticated version is available on the publisher Web site.  

Keywords : PAH metabolite, Dab, Flounder, Haddock, Marine monitoring, Atlantic, North Sea 
 
 
 
 
Introduction 

 
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous contaminants in the marine environment (van 
der Oost et al., 2003). Because of some PAHs are known to be potent carcinogens, PAHs are generally 
regarded as a priority contaminants for environmental monitoring. Whereas PAH concentrations in 
water or sediment samples can be used to describe the contamination, the quantification of parent 
PAHs in fish tissues may lead to 
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an underestimation of the exposure level. This is due to the fast metabolic transformation 54 
of PAHs in fish as well as in many other vertebrates. During this enzymatic 55 
biotransformation PAHs and arising intermediate compounds such as epoxides may act as 56 
genotoxic carcinogens leading to e.g. DNA adducts (Aas et al., 2000) and neoplasia-57 
related aberrations or tumors in fish liver (Myers et al., 2003; Vethaak et al., 2009). The 58 
resulting hydroxylated and/or conjugated PAH metabolites are mainly excreted via bile 59 
fluid. Therefore, the concentration of biliary PAH metabolites in fish can be used as a 60 
marker for assessing the recent PAH exposure. The main metabolite in fish bile is 1-61 
hydroxypyrene which contributes up to 76 % of the sum of PAH metabolites. Other 62 
metabolites, detected in considerably lower levels in fish bile are 1-hydroxyphenanthrene, 63 
1-hydroxychrysene and three metabolites of benzo(a)pyrene (Ruddock et al., 2003). 64 
 65 
Biological effect monitoring including determination of PAH metabolites is part of 66 
international monitoring programmes, among them "OSPAR Joint Assessment and 67 
Monitoring Programme” (JAMP; OSPAR Commission, 2008) with dab and flounder as 68 
target species. PAH metabolites measured in fish bile are recommended for monitoring the 69 
PAH contamination of the North Sea. The analytical procedure is well documented and 70 
has been described in detail (e.g. Ariese et al., 2005a) and reviewed by Beyer et al. 71 
(2010). In addition an European quality assurance trial has been published (Kammann et 72 
al., 2013) and further quality assurance is performed under the lead of the ICES working 73 
group of biological effects of contaminants (WGBEC). With this comprehensive 74 
background PAH metabolites have become popular parameters in environmental 75 
monitoring in several European countries and are consequently part of recent international 76 
environmental assessments as well as recommendations (OSPAR Commission, 2008; 77 
HELCOM, 2013). The increasing international popularity of the method is based on a fast, 78 
easy and reproducible analytical procedure. It should be noted that HPLC analysis and the 79 
alternative gas chromatography-mass spectrometry (GC-MS) gave comparable results of 80 
PAH metabolites in fish bile (Ariese et al., 2005b; Kammann et al., 2013), so that effect 81 
thresholds determined by GC-MS are valid for HPLC too (ICES, 2011).  82 
 83 
In addition the matrix bile is attractive as a liquid which is free of lipids and can be 84 
subjected after a simple enzymatic deconjugation step to the HPLC device. Further on bile 85 
can be easily collected from almost every fish with a filled gall bladder. Just after feeding 86 
the bile is emptied into the intestine and the gall bladder starts to refill again. PAH 87 
metabolite data are available for many different marine fish species such as flounder 88 
(Vuorinen et al., 2006, Kammann 2007), dab (van Schanke et al., 2001; Devier et al., 89 
2013), cod (Karl et al., 2016; Ruus et al., 2012; Aas et al., 2000), turbot (Le Dû-Lacoste et 90 
al., 2013) and eel (Ruddock et al, 2003; Kammann et al., 2014). The concentration of PAH 91 
metabolites in fish bile includes information of bioavailability of PAH as well as the 92 
metabolic capacity of the animal. Therefore, PAH metabolites can be counted to both 93 
chemical and biological effects parameter. In contrast to many organic contaminants PAH 94 
do not accumulate in the fish and the concentration of PAH metabolites in the bile reflects 95 
exposure in the near past. 96 
 97 
The ICON project (Hylland et al., 2012; 2015) is a demonstration program for integrated 98 
marine monitoring including biological effects in European marine waters. ICON provided 99 
the frame to investigate biomarker responses as well as contaminant concentrations side 100 
by side in marine samples (Broeg et al., 2016). Several laboratories in charge for national 101 
monitoring joined this project to exchange knowledge and contribute to a joint assessment 102 
on European scale. This approach is in line with the goals of the EU Marine Strategy 103 
Framework Directive (MSFD, 2008). The MSFD requires that “Concentrations of 104 
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contaminants are at levels not giving rise to pollution effects” in order for Good 105 
Environmental Status to be achieved. Monitoring and assessment strategies concerning 106 
MSFD are currently under international discussion. ICES and OSPAR provide a detailed 107 
framework and example for environmental assessment as demanded by MSFD (Davies 108 
and Vethaak, 2012). A central part of the recommended strategy is a categorization of 109 
results by assessment criteria acting as (1) thresholds between background and elevated 110 
but acceptable levels (background assessment concentration, BAC), and (2) between 111 
acceptable and unacceptable levels (environmental assessment concentration, EAC).  112 
 113 
The aims of the present study are related to the integrated assessment addressed in 114 
ICON: (1) To compare levels of PAH metabolites in fish from NW European marine and 115 
estuarine waters; to (2) compare levels of PAH metabolites in different fish species and (3) 116 
to provide background concentrations needed for environmental assessment. 117 
 118 

Material and Methods 119 

Fish collection and bile sampling 120 

Fish were sampled during cruises of RV "Walther Herwig III" in 2008 by means of bottom 121 
trawling in the North Sea and western Baltic. The sampling stations are shown in Fig. 1. 122 
For this study adult female dab (Limanda limanda) with a body length between 20 and 26 123 
cm as well as adult male or female flounder (Platichthys flesus) with a body length 124 
between 24 and 31 cm were used. Haddock (Melanogrammus aeglefinus) of both sexes 125 
with body length between 28 and 45 cm were also included in the study. In the Dutch 126 
Wadden Sea adult male or female flounder with a body length between 24 and 30 cm 127 
were caught in September 2008 using a small beam trawl. Dab and flounder from the 128 
Seine estuary were sampled during cruises of the French ship “Gwendrez” in September 129 
2008 by means of bottom trawling. The body length was determined with 20 to 26.5 cm for 130 
dab and 24.5 to 31.5 cm for flounder (Table 1). All sampling campaigns took place in 131 
August or September and were in accordance with the OSPAR sampling strategy (OSPAR 132 
Commission, 2008). Fish were killed by a blow on the head and bile fluid was sampled 133 
using a 1 ml disposable syringe with a disposable hypodermic needle (0.6 x 30 mm). Bile 134 
samples of approximately 0.1 - 0.5 ml were immediately frozen and stored at –20 °C or 135 
lower until analysis. 136 
 137 
Chemicals 138 

The hydroxylated PAH standards 1-hydroxypyrene (1OHPyr) and 1-hydroxyphenanthrene 139 
(1OHPhen) were supplied by Dr. Ehrenstorfer GmbH (Augsburg, Germany) as certified 140 
solutions. Acetonitrile (hypergrade for HPLC), methanol (gradient grade, for HPLC), 141 
ethanol (absolute), trifluoroacetic acid (spectroscopic quality) and ß-142 
glucuronidase/arylsulfatase (30/60 U/ml) were purchased by VWR International GmbH 143 
(Darmstadt, Germany). Ascorbic acid and 3-hydroxybenzoapyren (3OHBAP) as neat 144 
certified reference material (BCR 343) were purchased by Sigma-Aldrich (Taufkirchen, 145 
Germany) and water in HPLC gradient grade quality was purchased by J.T. Baker 146 
(Netherlands). 147 
 148 
Treatment of bile samples 149 

PAH metabolites in bile samples were determined as described by Kammann et al (2014). 150 
Briefly, 25 µl bile was mixed with 95 µl water and 5 µl of an enzyme solution containing ß-151 
glucuronidase/arylsulfatase (30/60 U/ml). The resultant mixture was shaken for 2 h at 37 152 
°C. The reaction was stopped by addition of 125 µl ethanol containing 5 mg/ml ascorbic 153 
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acid. The final solution was centrifuged (5 min, 700 x g). The clear supernatant was 154 
transferred to HPLC vials, stored at 10°C in the auto sampler and used for HPLC analysis 155 
at the same day.  156 
 157 

HPLC analysis for PAH metabolites 158 

The concentrations of the three metabolites were determined using a LaChrom HPLC 159 
system (Merck Hitachi) comprising a quaternary pump (L-7100), an auto sampler (L-7200) 160 
and a fluorescence detector (L-7480). Samples were chromatographed on a Nucleosil 161 
100-3 C18 (3 x 125 mm) reverse phase column equipped with a 10 x 3 mm guard column 162 
filled with the same material. Standard solutions were diluted in acetonitrile containing 5 163 
mg/ml ascorbic acid and stored in the dark. Calibrations consisting of five standard 164 
concentrations were repeated daily with every sample batch. The initial mobile phase was 165 
acetonitrile/0.1% trifluoroacetic acid 50/50 (v/v) pumped with 0.5 ml/min. After 10 min the 166 
solvent composition progressively changed to 60/40 within 4 min and afterwards to 100% 167 
acetonitrile over 2 min. The gradient remained on this level for additional 3 min and 168 
returned to the initial composition within 1 min. The excitation/emission wavelength pairs 169 
for 1OHPyr and 1OHPhen were 346/384 and 256/380nm respectively. The wavelength 170 
pair used for 3OHBAP was 380/430nm.  171 
 172 
Quality assurance and statistics 173 

The limit of detection (LD) and the limit of quantification (LQ) were calculated from a 174 
standard curve according to DIN 32645 (DIN, 1994) with a confidence level of 99 %. 175 
Considering the dilution of the sample during sample preparation a LD of 0.68 and a LQ of 176 
4.50 ng/ml bile were determined for 1OHPyr. For 1OHPhen (3OHBAP) a LD of 0.10 (4.06) 177 
and a LQ of 0.33 (12.92) ng/ml were calculated respectively. All results, including those 178 
below LD or LQ, were used for mean calculation. No substitution by LD or 0.5 LD was 179 
performed. A fish bile sample as laboratory reference material was included in every 180 
sample batch to monitor the stability of the method (variation coefficient 15% for 1OHPyr). 181 
External quality assurance was performed by an intercalibration exercise of the method 182 
leading to a mean z-score of -0.5 for 1OHPyr (Kammann et al., 2013). 183 
Significant differences in 1OHPyr concentration between species were tested with the 184 
post-hoc test: Fisher least significant difference with a p-value of 0.05 using STATISTICA 185 
6.0 (Stat Soft, USA) 186 
 187 
Calculation of BAC  188 
BACs were calculated separately for each species and specific for different PAH 189 
metabolites. The strategy used is in accordance with ICES (2011) and Davies and 190 
Vethaak (2012): BAC is defined as the 90th percentile of concentrations measured in a 191 
reference area assuming that the level in this area is close to background concentration. 192 
The upper 10 percent are excluded to eliminate possible outliers. 193 
 194 

Results 195 

Three PAH metabolites 1OHPyr, 1OHPhen and 3OHBAP were determined in 231 196 
individual bile samples. The concentrations in individual fish ranged from <LD to 654 ng/ml 197 
for 1OHPyr (Table 1, Table 2), the dominating metabolite in all fish species. The highest 198 
mean concentration per species and location of 1OHPyr, 373 ng/ml, was analysed in 199 
flounder from the river Alde in UK, where also the highest mean level per species and 200 
location for 1OHPhen, 22 ng/ml, was found. However, seven individual fish (= 3%) from 201 
the North Sea locations P01, N01 and from the western Baltic (B12) exhibited 1OHPhen 202 
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concentrations of 24 ng/ml or higher. The concentrations of 3OHBAP were generally low 203 
and came below LQ or even LD in most samples. Highest levels of 3OHBAP were 204 
detected in fish from the western Baltic with a mean per species and location of 22 ng/ml 205 
for flounder and a maximum individual concentration of 60 ng/ml. Fish from the German 206 
Bight as well as from the Seine estuary exceeded the LQ for 3OHBAP showing a higher 207 
level of contamination of the carcinogenic benzo(a)pyrene in these areas compared to the 208 
off-shore regions of the North Sea or Iceland. 209 

In general fish from the rivers and estuaries exhibited the highest PAH contamination 210 
followed by fish from coastal areas and off-shore marine regions (Fig. 1). Lowest 211 
concentrations of PAH metabolites were found in fish caught close to Iceland. Low 212 
contaminated areas might be regarded as contaminated close to background values. The 213 
sampling positions were grouped in 7 regions (Table 1) exhibiting increasing mean 214 
concentrations of 1OHPyr in the order Iceland ≈ North Sea off-shore < Dutch coast < 215 
German Bight < western Baltic < Seine Estuary France ≈ Alde river UK. The order of 216 
increasing mean concentrations for 3OHBAP was different: Dutch coast ≈ Iceland ≈ Alde 217 
river UK ≈ North Sea off-shore < German Bight < Seine Estuary France < western Baltic. 218 

[Figure 1] 219 
 220 
[Table 1] 221 

 222 

Discussion 223 

For environmental assessments on European scale it might be advantageous to include 224 
results from different fish species and habitats in one evaluation. In this case problems 225 
arising from biological differences have to be balanced with the benefit of the bigger 226 
geographical coverage. Most studies are focussed on one species only to rule out the 227 
possible biologic bias. Our results indicate that for PAH metabolites an assessment across 228 
different species might be appropriate in the future: It is evident from Table 1 that 229 
differences in 1OHPyr concentrations between the species are low compared to regional 230 
differences in the present study. However, with the limited set of data this hypothesis 231 
needs to be confirmed. Further we showed that the two flatfish species dab and flounder, 232 
which live in close association with PAH-containing sediment, are not higher contaminated 233 
than the pelagic haddock. No significant difference between dab and haddock in Iceland or 234 
in the North Sea off-shore region could be found. This leads to the possibility that the 235 
difference of pelagic or benthic life style might not be crucial for PAH metabolite 236 
concentrations in the bile. However, it should be taken into account that this assumption is 237 
based on a single sampling occasion, might not hold for regions with higher contamination 238 
and therefore needs further work. We tentatively conclude that assuming bigger regional 239 
differences in PAH contaminations, more than one fish species might be included in a 240 
regional assessment. However, this factor is increasing the variance of the dataset and 241 
should be carefully considered. 242 

PAH metabolites reflect the level of general PAH contamination and show a clear gradient 243 
from pristine locations (Iceland and North Sea off-shore) over coastal marine areas (Dutch 244 
coast, German Bight, western Baltic) to European rivers and estuaries in UK and France. 245 
In the present study the contamination of 1OHPyr ranges over two decades from 3 ng/ml 246 
in Icelandic haddock to over 300 ng/ml in dab and flounder from France and UK. The 247 
overall contamination levels in the regions are in good accordance with previous studies 248 
on dab (Devier et al., 2013), cod (Karl et al., 2016) and flounder (Vuorinen et al., 2006, 249 
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Ruczyńska et al., 2011). In comparison, fresh water fish like the European eel can exhibit 250 
1OHPyr concentrations above 3000 ng/ml (Kammann et al., 2014). 251 

Highest 3OHBAP concentrations in the Baltic (Table 1) underline the general high 252 
contamination of this area (Karl et al., 2016) as well as with carcinogenic benzo(a)pyrene, 253 
which might be harmful for the organisms in this ecosystem. The concentrations of 254 
3OHBAP determined in the present study are in line with Ruczyńska et al., 2011 and 255 
Ruddock et al., 2002. In European guidelines only the PAH metabolites 1OHPyr and 256 
1OHPhen are mentioned for environmental monitoring. Other metabolites are present in 257 
marine fish bile samples as well but are usually so low concentrated that they are touching 258 
the LQ or LD. It is challenging to include censored data in a big assessment and data on 259 
3OHBAP are scarce. However, in the present study we could show that, 3OHBAP is not 260 
always distributed like the main metabolite 1OHPYR. In fact both metabolites may exhibit 261 
different spatial patterns. The direct relation of 3OHBAP levels in bile and genotoxic effects 262 
in fish blood has been shown by Brinkmann et al. (2010). Our results indicate that 263 
toxicological relevant PAH metabolites like 3OHBAP should be included in future 264 
monitoring programmes, especially in the Baltic Sea, and cannot be substituted by 265 
1OHPyr. Future quality assurance trials as well as threshold levels or 3OHBAP have to be 266 
established to reach this goal. 267 

To assess the possible harm of PAH contamination for the organisms the measured 268 
concentrations of PAH metabolites were compared to internationally agreed EAC as 269 
published by ICES (Davies and Vethaak, 2012). In the present study only 7 single fish 270 
exceed the EAC for 1OHPyr, 483 ng/ml calculated for cod, but no fish exceeds the EAC of 271 
745 or 909 ng/ml calculated for turbot and halibut respectively (Davies and Vethaak, 272 
2012). Even if those thresholds have been calculated for other marine fish species, this 273 
comparison indicates that the PAH contamination in the fish under investigation does not 274 
rise big concern in general. The respective EAC for 1OHPhen is not exceeded in any 275 
case. To the authors knowledge no such thresholds for “unacceptable effects” exist for 276 
dab, flounder or haddock. However, it cannot be excluded that PAH together with other 277 
contaminants or environmental threats may produce synergistic effects which may lead to 278 
harm for the organism. It should also be noted that some flounder from UK and France 279 
exceed the EAC calculated for cod pointing on a possible contamination problem in these 280 
regions. Furthermore EAC for 3OHBAP are completely missing. 281 

As described above the pristine area of Iceland was identified as low contaminated. We 282 
propose this region as reference area to calculate BAC for dab and haddock. This is also 283 
supported by findings of Hylland et al. (2016) in the same region. The BAC presented in 284 
Table 2. are in good accordance with levels published before (Lyons et al., 2010, Davies 285 
and Vethaak, 2012). Due to concentrations of 3OHBAP below LD in many samples from 286 
Iceland no BAC could be calculated for this metabolite. 287 

[Table 2] 288 

 289 

Conclusions 290 

This study points out the usefulness of PAH metabolites as monitoring tool in marine fish 291 
species which was recently underlined by recommendation of PAH metabolites as core 292 
indicator by HELCOM (2013).  293 
It could be shown that a gradient of increasing contamination exist from pristine areas like 294 
Iceland and the off-shore regions in the North Sea towards coastal and estuarine areas in 295 
Europe. This study also provides indications to possibly combine marine fish species to a 296 
joint pan-European assessment of PAH metabolites. The levels of 1OHPyr in Icelandic fish 297 
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are generally low and can be regarded as background and have consequently being used 298 
for the calculation of BAC. 3OHBAP should be considered as additional PAH metabolite in 299 
future monitoring as soon as assessment criteria for this parameter are available. 300 
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Figure Captions 419 
 420 
Fig. 1  Mean values of the PAH metabolite 1-hydroxypyrene (1OHPyr) in dab: Iceland, 421 
France, North Sea, German Bight and western Baltic. 422 
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Table 1.: Origin of samples, species, number (n), fish length and concentrations of PAH metabolites 1-hydroxypyrene (1OHPyr), 1-hydroxyphenanthrene 
(1OHPhen) and 3-hydroxybenzo(a)pyrene (3OHBAP) given as mean, minimum and maximum per station in ng/ml. Values below limit of detection or limit of 
quantification were substituted by “<” and the respective thresholds after mean calculation . n.d.: not determined. 

Area Station  Position Species n Length [cm] 1OHPyr [ng/ml] 1-OH-Phen [ng/ml] 3-OH-BAP [ng/ml] 

 

code  

 

 mean min max mean min max mean min max mean min max 

Iceland 

I16 
63°40.00'N 
16°10.00'W 

dab 11 24.2 21 26 7.64 <4.50 13.72 1.88 <0.10 3.45 <4.06 <4.06 <4.06 
haddock 22 39.3 33 45 <4.50 <0.68 18.58 <0.33 <0.10 1.58 <4.06 <4.06 <4.06 

I20  
64°00.00'N 
22°15.00'W 

dab 15 23.9 21 26 9.69 <4.50 24.41 0.65 <0.10 3.66 <4.06 <4.06 19.90 

flounder 2 30.7 30 31 18.36 15.21 21.51 0.38 <0.10 0.68 <4.06 <4.06 <4.06 
haddock 22 36.9 32 44 6.63 <4.50 20.32 <0.33 <0.10 1.99 <4.06 <4.06 <4.06 

North Sea. 
off-shore 

GB3  
54°55.00'N 
06°15.00'E 

dab 9 23.3 21 24 43.55 20.75 92.58 1.45 <0.10 2.86 <4.06 <4.06 <12.92 

N04 
54°25.00'N 
02°00.00'E 

dab 9 22.4 21 24 8.16 4.77 11.86 1.22 <0.10 3.27 <4.06 <4.06 <4.06 

N06  
56°15.00'N 
01°44.00'W 

dab 8 22.1 21 23 11.56 4.74 30.27 1.08 <0.10 4.63 <4.06 <4.06 <12.92 

haddock 5 32.8 28 37 6.43 <4.50 9.16 <0.33 <0.10 0.65 <4.06 <4.06 <4.06 

N11 
55°30.00'N 
06°49.00'E 

dab 6 22.8 20 24 39.53 15.65 66.26 3.45 1.77 5.48 <12.92 <4.06 <12.92 

P01  
55°22.00'N 
04°40.00'E 

dab 12 22.9 21 24 26.39 10.81 59.92 6.11 <0.10 39.87 <4.06 <4.06 <4.06 

P02 
56°16.00'N 
02°40.00'E 

dab 11 22.5 20 25 13.93 <4.50 25.82 <0.10 <0.10 <0.33 <4.06 <4.06 <4.06 

North Sea 
Dutch coast 

- 
53°30.00'N 
06°00.00'E 

flounder 13  n.d.  n.d.  n.d. 76.99 44.48 148.36 1.96 0.55 4.15 <4.06 <4.06 <4.06 

North Sea 
German Bight  

GB1  
54°04.00'N 
07°43.00'E 

dab 2 22.0 22 22 88.48 42.78 134.18 2.38 2.04 2.72 <12.92 <4.06 <12.92 

N01  54°15.00'N 
07°25.00'E 

dab 8 23.1 21 25 83.21 12.75 430.33 5.83 0.59 24.32 <12.92 <4.06 25.58 

Western Baltic  B12  
54°12.00'N 
11°22.00'E 

dab 14 23.9 23 25 115.06 81.61 175.56 4.32 2.71 7.45 15.03 <12.92 25.41 

flounder 24 28.4 25 31 209.21 77.08 653.72 7.93 2.71 33.77 22.44 <12.92 60.32 

France 
Seine Estuary 

F03 
51°30.00'N 
00°30.00'E 

dab 4 24 20 26 345.38 272.57 416.59 2.31 0.91 3.36 <12.92 <12.92 <12.92 

flounder 18 27  25  32 316.49 158.43 587.03 7.49 1.95 13.10 <12.92 <12.92 22.94 
UK 
Alde river 

-   flounder 16 27.7 24 31 373.24 207.65 653.87 22.46 8.21 56.02 <4.06 <4.06 <12.92 

All     231 27.9 20 45 100.87 <0.68 653.87 4.33 <0.10 56.02 <12.92 <4.06 60.32 
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Table 2.: PAH metabolites 1-hydroxypyrene (1OHPyr) and 1-hydroxyphenanthrene (1OHPhen) in fish caught in 
Iceland area. Mean, standard deviation (SD) and BAC= background assessment concentration =90th percentile. N: 
number of fish. 

species N 1OHPyr [ng/ml] 1OHPhen [ng/ml] 

  

 

Mean SD BAC Mean SD BAC 

dab 26 8.82 4.83 13.72 1.17 1.26 3.42 

haddock 44 4.81 4.66 10.13 <0.33 0.51 0.64 
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