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Introduction

The aim of thisprogramis an ongoing monitoring of residues of therapeutic agents,
illegal substances, paoliants and other undesiraldebstancesn Norwegian farmed

fish. The Norwegian Food Safety AuthoriiMFSA) is responsibldor the eaforcanent

of this directive in Norwayandthe activity is focused on both terrestrial andhrine

food producing animal€On behalf of NFSA, fie National Institute of Nutrition and
Seafood Research (NIFES) has been given the responsibility to carry out the analytical
work andto elaboratethe reporton species in aquaculture, wherédse National
Veterinary Instituteareresmnsible for the terrestrial parOn this program NFSAas
planned and carried out the sampling for both parts of the program.

The activity as described in this report is conducted in accordance with the
requirements in Directive 96/23/EC "On measuresnbnitor certain substances and
residue thereof I n | ive ani mal and ani me
directive 2002/657/EC on the implementation of the above mentioned directive.

According to the directive 96/23/EChex |, substances aggouped intoA and B
components. These two groups differ in their requirement to the sampling plan, thus
this report also refers to group A and B sampkas. the samples collected in 2008
thesecompoundyroups have been analyzedish:

Group A: Substares having anabolic effect and unauthorized substances:
Al: Stilbenes, derivatives and their salts and esters.
A3: Steroids
A6: Substances included in Annex IV to Regulation (EEC) No. 2377/90.

Group B:Veterinary druggnd contaminants:
B1: Antibactrial agents
B2a: Anthelmintics
B2c: Carbamates and pyrethroids
B2f: Other pharmacologically active substances
B3a: Organochlorine compounds
B3b: Organophosphorous compounds
B3d: Chemical elements
B3d: Mycotoxins
B3e: Dyes
B3f: Others

Group Acompunds are illegal to use in animals intended for food production. The
group Asamples were collected at the farrandfish in all stages of growtlare
sampledSampling was carried out byfizgial inspectorswith no prior notification

The samples shouldebrepresentative of the fish that are in production in the
Norwegianaquaculture sector



Group Bcompoundsare drugs for which aMaximum Residue Limit (MRL) is
established or a mandatory quarantine period after medication is estaldistiatso
contamnants of food safety concernThe group Bsampleswere taken from
slaughtered fish at the slaughterhouses or the packing plants. These samples should be
representative of the commercially sold fish.

In 2008, NIFES used subcontractors for some paramdiees-Hormone Laboratory of
Oslo University Hospital, Akerwas subcontractor for the determinations of stilbenes
and steroids, The National Veterinary Institute, Oslo was for the determination of
mycotoxins, andeurofins was subcontractor for PAH analysimé the analysis of
selected therapeutic compounds.

Annette Bjordal was in charge of the analytical work, while Elin Kronstad was
responsible for the work related to sample reception, storage, preparation and
distribution within the institute. Manfred Tarik, Anne Margrethe Aasand Vidar
Fauskanger carried out the sampte-treatment Rita Hannisdal, Felici®. Couliard

Lina Beyer Vagenes and Rosini Ngyen were responsible for chemical analysis of the
medicine residuesKarstein Heggstad, Tadesse T. Idsly, Jannicke ABerntsen,
Dagmar Nordgéard, John Nielsen, Lene H. Johannessen, Britt Elin @ye, Pablo Cortez,
Kari Breisten Seele, Kjersti Pisarliina C. Rossvold, Joseph Malaiamaan, Betty Irgens
and Elilta Hagos were responsible for extraction, clgarard determination of the
organic contaminantslorun Haugsnes, Siri Bargard, Tonja Lilld&vik, Berit Solli,

Edel Erdaland Laila Sedal carried out the analysis of the chemical elentevds.
Torgilstveit, Annette Bjordal, Tina C. Rossvold, Lina B.Vagenessiit Ngyen,
Anette Kausland, Annbjgrg Bgkevahd Anne Karin Syversen were responsible for
the day to day reports to tHéFSA Tone Galluzzi and Anne Karin Godvik were
responsible for thebioassay for determinatiorof the antibacterial agents.
Determinaion of the synthetic antioxidants BHT, BHA an#8thoxyquin was
performed by Kjersti Ask.

The scope for the project in 2008

According to current legislation, the minimum number of samples to be collected each
year must be at least 1 per 100 soprodued In 2008 this applied for salmon and
trout, whereas as a national measure the sample freqf@nother farmed species
was increased to one sample per 25 tsts produced. Onghird of thefish were
sampled according to the requirements of the grouprponentsaand twaothirds of

the samplesccording togroup B. Farms from all regions with aquacultactivity,

and at least 10% of the total number of plamsecovered by the samplingan. The
sampling plan was designed to ensure statistical randsnoes all seasonsand
regions.The samplesvere madeanonymous at the sample reception in NIFES. Thus
the person performing the analygias unale to identify the sample or the producer.
The samples submitted to the laboratory were eifteen muscleissue from five



fish, frozenliver from five fish or one gutted single fishstored on ice. The muscle
samples werélets with skin or they werechopswith skin and backbone Except for
the single fish the samples were shippé&wzento NIFES in isoladéd boxes. These
samples werdept frozenuntil prepared for analysid he single fishsamples were
intended for analysis for synthetic antioxidaniese single fishsampleswere
immediatelyfilleted andprepared for analysis on arrival, or discardedhig tould not

be done.Only the fillet part ofeachsingle fish vas analysedFor practical reasons
somesingle fish sampleswvere analysed for other chemical parameters as ivatl
then only forenvironmental pollutants in group Bxcept for the antioxiantswhere
there are onlginglefish samplesthe pooled sampletataand thesinglefish dataare
considered equivalentBoth kinds of dataare combined in the statistical parameters
with the same weighting. The fedfromimeht e r
the single and the pooled fish samples to give a correct total number dhfiZb08
there were 68inglefish samples.

On arrival to NIFES the filets or chops from the flveh samples were homogenized

to proper pooled samples with equaintribution from each fishThe advantagef
pooled samples thata large numberof fish canbe included in the surveillanc&he
drawback is that the individual variability between the fish is lost in the pooling. The
observed standard deviatiotienreflect the variability between the farms. The liver
samples were all analyses individually.

Table 1 provides an overew of the number of fish that wetke basis for each
chemical and microbiologit@xamination The total nmber of fish in the dathase
was9066 From thesd 692pooled filet samples ar@ir5Sliver samples from individual
fish were prepared. The total number of analytical measuremeagerted heras
9785

All sample collection, submission and selection of fish to each analytichbthetere

done according to a detailed plan set up by the NFSA. The plataiasdto ensure
statistical independent and representative samples. Since some samples are included in
the data for more than one parameter tthal sum of the samples is legsan the sum

of the samples analyzed for each parameter. For the data interpretation the significant
number is the sum of samples analysed for each paramster.general rule each
sample wado be analyzed for only one parametérhis was implemented tmean
analysed by only one analytical method. Each analytical method often determines a
whole class of compounds several closely related compounds at the same Tihee.

one sample one analysisule was given second priority to the other design caiter

the sampling plan. Thus occasionalbnple splittingfor analysisby more than one
analytical methodvas prescribedn the sampling planThe statistical basis for the
results for each parametemumber of sam@sand fish) are shown in Table As far

as practical consideratiorend the number of sampledlowed for eachdatabasis
included fish from severakegions ananostseasons.



Table 1. Sampling data.
Substance group Parameter Number of Number of Number of
fish samples determinations
Samples Diethylstilboestrol 52
taken from .Al Dienoestrol 260 52 52
Stilbenes Hexoestrol 52
the farms
with no pre - Nandrolon alfa 56
A A3 Nandrolon beta 56
notice Steroids Trenbolon alfa 280 56 56
Trenbolon beta 56
Chloramphenicol 510 102 102
Metronidazole 133
Hydroxy metronidazole 665 133 133
A6 -
lllegal drugs: Furazolidone 100
Annex Furaltadoqe 100
" N|'Frofurant0|ne 500 100 100
to Nitrofurazone 100
EEC 2377/90 Malachite green 120 24 24
Leuco malachite green 24
Sum of group A 2335 467 1196
Samples Flumequine 50 10 10
taken from . B1 . Florfe_nico! 45 9 9
the slaughter Anté1 baCIerlal Oxolinic acid 50 10 10
House gents Oxytetracycline 35 7 7
Teflubenzuron 95 19 19
Diflubenzuron 95 19 19
B2 Cypermethrine 95 19 19
Other veterinary Praziquantel 360 72 72
drugs Fenbendazole 150 30 30
Emamectin 280 56 56
Ivermectin 35 7 7
Deltamethrin 105 21 21
HCB
a-HCH
B-HCH
y-HCH
Heptachlor
Heptachlor-a
Aldrin
Oxy-Chlordane
Trans-Chlordane
Cis-Chlordane
o-Endosulfan 224 52 52x19=988
Endosulfansulfate
B-Endosulfan
B3a Cis-Nonachlor
Organochlorine Trans-Nonachlor
Compounds Toxaphene 26
Toxaphene 32
Toxaphene 50
Toxaphene 62
DDT, DDE og DDD :
orto-para and para-para congeners 754 162 162x6=972
Dioxins and
Dioxin like PCBs 458 98 98x29=2842
PCB-7 (+2) 467 100 100x7=700
PBDE (11) 23 15 15x11=165
HBCD, o, B and y 21 9 9x3=27
TBBPA 21 9 9
Pb
B3c Cd
Chemical elements Hg 851 175 175x4=700
As
B3d Mycotoxins Ochratoxin A 175 35 35
Malachite green 64
Leuco malachite green 320 64 64
B3e, Dyes Chrystal violet 64
Leuco Chrystal violet 320 64 64
Brilliant green 320 64 64
BHT
BHA 320 64 50x4=200
B3f Ethoxyquin+ dimer
Others PFC (10) 22 10 10x10=100
PAH (13) 45 21 21*13=273
Nitrosamines 20 4 4
Sum* B fi llets, pooled and from single fish , chemical method 5756 1225 7614
B (liver) Bl Quinolones 325 325 325
Microbiological Tetracyclines and amphenicols 325 325 325
screening of liver Sulphonamides 325 325 325
Total sum liver, three plate inhibition assay 975 975 975
Total sum B 6731 2200 8589
Total sum fil let A+B 8091 1692 8810
and liver 9066 2667 9785

Total sum | fillets,

pooled and single fish




Terminology

Tissue The samples examined in this pragr were either liver or muscieith skin
and bone.In the text thissreferredtoas" f i | | et s" or
sampl eso.

muscl e",

Parameter. A chemical or physical property whose value descriliresharacterises
the sample. In this report the term is used exclusively for the concentrations of
chemical species of drugs, pollutants or additives contaminating the sample.

Analyte: The chemical substance that is the subject or target of the chamatydis.
Matrix : The noranalyte part of the sample.

For "Limit of quantification” and 'Limit of detection” the internationally
recognized abbreviations LOQ and LOD are used. LOQ is normally higher than LOD

by a factor of 3.0 to 3.3. Fawompound that are illegal in fish the LOD ismost

relevant sinceany detectiorof the compound (i.e. with > 95% probability) would be
important information. Foother compoundgjuantification is required. TheOQ is

the lower limit for a reliablguantitativemeasurenent. Levels that are so low that they

cannad be quantified with acceptable reliability will be reported as "less than LOQ",

for exampl e: <2.0 €9/ kg. On the other hai
concentration, be repot ed as: i NDO etéched'tor thk eesudt witl led ) A
reported aghe valie of the measured concentration if it was above the LOQ value.

Congener I n t hi s ¢ ontreferd toafiatogonsgoenpoandssvithin the

classes PCB, PBDE, dioxins, furans and thoxaphenes. The congeners in each class are
closely reléed in molecular structureA congeneris usually not referred to by

unique name, but an ID numbé& usedfor identification: PCB147 or Tox62.
Congeners are molecules with several halogen atoms (chlorine or bromine) in their
structure The difference®etween the congeners within a class are the number and the
position of the halogen atorastached t@n otherwise identicaholecular structure

Upper bound (UB) calculation: or "upper bound LOQ" calculation is a principle for
the calculation of sumsnd mean values from analytical data. In UB calculation, all
values below the LOQ are replaced with their relevant LOQ value. UB calculation is
intended to prevent any methodological limitations from giving artificially low sums,
like if the number zero wer used for these values in the sum (Lower bound
calculation). When UB calculation is requireshethods with the most advanced
instruments will give lower (and also more correct) sums. Thus if UB is required there
IS an incentive to have the samples analyz®yy the most advanced methods.
Previously lower bound (LB) calculations were the no@heap methods with high

! fiDetected for illegal compoundshus means that the concentration is in the range from LOD to LOQ.



LOQ values gave the lowest k&ims and LBmean valuesThusa food producer

would benefit if he chose an unfit laboratory to document his gtedu

UB calculation is in accordance with requirements from the EU for dioxirf.dasa

all contaminants a UB calculation will give a "worst case" value. UB calculation is
therefore a good choice for the assessment of risks associated with an undesirable
compound in food. In this report UB calculations are used for many types of
contaminants. UB calculation is documented in the Table headings.

Maximum residue limit (MRL): is the highest permitted concentration of legally
applied agents in products fromold producing animals. The MRLs are established in
accordance with the Council Regulation (EEC) 2377/90. The MRL is set for muscle
and skin in natural proportions for all agemtscept for oxytetracycline wheomly
muscleconcentrations are considered.

Minimum required performance level (MRPL): This is a maximum permitted
detection limitfor method used to determine this analyte in public surveillaite
MRPL value is established in accordance with tli¢) Commission Decision
2002/657/EC

Analytical methods

All data in this report are acquired from analytical methodsng modern and
advanced equipmeniThe methodsand the laboratory routineare accreditedn
accordance with the standal8O 17025,unless otherwise specified. A few nron
accredited rathods are still used. These methods are quality assured by the same
protocolas theaccredited methogdshough usually with a basis from fewer validation
experiments Accreditation of these methods is angwing process, priority given to
group A parameirs and to the methods with the highest number of samples analyzed.

Quality assurance: For all methods a quality control sample (QCS) with known
composition is included in each analytical series. A series is equivalent to the
analytical capacity for ongay. The exception is the dioxin method. This method is of
very high quality based on the isotope dilution principle. This provides a quality
assurance integral to the method. Thus the frequency of tBeaQdlysis is lowered to

allow a higher analyticalapacity.

For all methodshe QGS resultsare checked to be within poefined limits before the
results from a series are approved. With a certain frequency also a "blank analysis"
routine is performed. This is the full chemical analysis of a fictiti@uspde, a sample
without any sample material. Any positi v
contamination of reagents or equipment that could affect the results of real samples.
All methods are regularly verified by participation in inter labonatcomparative

2 Commission directive 2002/69/EC
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analytical tests, and by analyzing certified reference material of relevant test materials
(CRM). The results for the verification should be within-gedined limitsbeforethe
methodis approved for continued use.

The fillet samples araggregated or pooled samples made from five fish, egtinthe
exception of60 individual fish samples. In the microbiological assay for antibiotics,
liver samples are tested individually. The assay is a qualitative analysis and the results
are thereforé'detected" or "not detected". A negative test ("not detected ") for five
individual fish provides a more reliable and significant result than a negative test on a
pooled sample since any individual variation would have been levelled out in the
homogenisatin step. Any individual value above the LOD will be identified in the
individual analysis.A summaryof the analytical methods usesishown in Table 2.

Table 2. Summary of analytical methods.
Group of Compounds Matrix Method Screening Analytical Analytical Level of action Laboratory
substances principle method method method
LOD LOD LOQ
(wet weight) (wet weight (wet weight)
(ng/kg) in muscle) (ng/kg)
(Hg/kg)
Al Diethylstilboestrol Muscle+ GC-MS MRPL=2.0 MRPL=2.0 Use LOD Presence
Stilbenes skin AUs®
Dienoestrol Muscle GC-MS MRPL=1,0 MRPL=1.0 Use LOD Presence AUS
Hexoestrol Muscle GC-MS MRPL=2,0 MRPL=2.0 Use LOD Presence AUS
A3 Nandrolon alpha Muscle GC-MS MRPL=1,0 MRPL=1.0 Use LOD Presence AUS
Nandrolon beta Muscle GC-MS MRPL=1,0 MRPL=1.0 Use LOD Presence AUS
Trenbolon alpha Muscle GC-MS MRPL=3,0 MRPL=3.0 Use LOD Presence AUS
Trenbolon beta Muscle GC-MS MRPL=3,0 MRPL=3.0 Use LOD Presence AUS
A6 Chloramphenicol Muscle LC/MS n.a. 0.3 (MRPL) (1.0) Use LOD presence
Annex IV NIFES
substances Metronidazole Muscle LC/MS n.a. 1.0 (10.0) Use Presence
LOD NIFES
Metronidazole-hydroxy Muscle LC/MS n.a. 2.0 (10.0) Use Presence
LOD NIFES
Furazolidone Muscle LC/MS/M n.a. 0.5 (1.5) Use LOD Presence
S (MRPL?
=1,0) NIFES
Furaltadone Muscle LC/MS/M n.a. 0.5 (1.5) Use LOD Presence
S (MRPL=1,0) NIFES
Nitrofurantoine Muscle LC/MS/M n.a. 0.5 (1.5) Use LOD Presence
S (MRPL =1.0) NIFES
Nitrofurazone Muscle LC/MS/M n.a. 0.5 (1.5) Use LOD Presence
S (MRPL =
1,0) NIFES
B1 Oxolinic acid Liver 200 10 30 100 pg/kg®
Antibacterial NIFES
substances Flumegquine Liver 3-plate 200 10 20 600 pg/kg?
Screening NIFES
Tetracyclines Liver method 200 2.0 5.0 100 pglkg?
and NIFES
- - )
Florfenicol Liver HPLC-MS 200 0.2 0.5 1000 pg/kg NIFES
Sulfonamides Liver 400 n.a. n.a. 100 pg/kg?
NIFES
B2a Praziquantel Muscle LC-Uv n.a. 50.0 100 n.a.

Anthelmintics (DAD) NIFES
'MRPL = OMini mum r eigitigives tthe ninémurfleguirementsdoe theapability of theanalytical
mettodin terms of detection limits, in accordance with the Commission Decision 2002/65AEE University
Ho s p iHormonktoratorieE MRL = 0 Ma x i mu m the lghdstcerreittedl doméntradiofa legally

applied agenti products from fooghroducing animals, in accordance with the Council Regulation (EEC) 2377/90.
The MRL is set for muscle and skin | natural proportions for all agents except for oxytetracycline, where muscle is the
material for analysis.
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Table 2. Summary of analytical methods.

Group of Compounds Matrix Method Screening Analytical Analytical Level of action Laboratory
substances principle method method method
LOD LOD LOQ
(wet weight) (wet weight (wet weight)
(ug/kg) in muscle) (ug/kg)
(Hg/kg)
Fenbendazole Muscle HPLC-MS n.a. 25 5,0 n.a.
NIFES
Emamectin Muscle LC-MS n.a. 25 5,0 100 pg/kg?
NIFES
Ivermectin Muscle LC-MS n.a. 25.0 50 n.a.
NIFES
B2c Cypermethrine Muscle GC-MS n.a. 5.0 10,0 50 pg/kg?
Carbamates NIFES
and pyrethroids Deltamethrin Muscle GC/IMS n.a. 10 20 10 pg/kg? NIFES
B2f Diflubenzuron Muscle LC-MS n.a. 10 20 1000 pg/kg®
Other active NIFES
substances Teflubenzuron Muscle LC-MS n.a. 5 15 500 pgrkg? NIFES
B3a PCDD Muscle GC- n.a. <0.08 ng/kg 0,2 ng/kg 4 ng TE/ kg
Organochlorine HRMS NIFES
compounds non- and mono-orto Muscle GC- n.a. <0.08 ng/kg 0,2 ng/kg 8ng TE /kg
PCB HRMS (dioxin + dI
dioxin) NIFES
PCDF Muscle GC- n.a. <0.08 ng/kg 0,2 0,2 pg/kg
HRMS NIFES
PCB 28 Muscle GC-MS n.a. 0.02 0,06 n.a.
NIFES
PCB 52 Muscle GC-MS n.a. 0.03 0,09 n.a.
NIFES
PCB 101 Muscle GC-MS n.a. 0.03 0.09 n.a.
NIFES
PCB 118 Muscle GC-MS n.a. 0,03 0.09 n.a.
NIFES
PCB 138 Muscle GC-MS na. 0,04 0.12 n.a.
NIFES
PCB 153 Muscle GC-MS n.a. 0,03 0.09 n.a.
NIFES
PCB 180 Muscle GC-MS na. 0,05 0,15 n.a.
NIFES
HCH-alfa Muscle GC-MS n.a. 0,2 0.6 n.a.
NIFES
HCH-beta Muscle GC-MS na. 0.4 1.2 n.a.
NIFES
HCH-gamma Muscle GC-MS n.a. 2,0 2 n.a.
NIFES
HCB Muscle GC-MS n.a. 0,02 0,07 n.a.
NIFES
Heptachlor Muscle GC-MS n.a. 0.8 25 n.a.
NIFES
Heptachlor-a Muscle GC-MS n.a. 0.17 0,5 n.a.
NIFES
Aldrin Muscle GC-MS n.a. 0,2 0,6 n.a.
NIFES
Oxy-chlordane Muscle GC-MS n.a. 0.4 1,3 n.a.
NIFES
Trans-chlordane Muscle GC-MS n.a. 0.2 0,7 n.a.
NIFES
Cis-chlordane Muscle GC-MS n.a. 0.17 0,5 n.a.
NIFES
Alfa-endosulfan Muscle GC-MS n.a. 0.1 0,3 n.a.
NIFES
Endosulfansulphate Muscle GC-MS n.a. 0.17 0,5 n.a.
NIFES
Beta-endosulfan Muscle GC-MS n.a. 0.1 0,3 n.a.
NIFES
Cis-nonachlor Muscle GC-MS n.a. 0.2 0,7 n.a.
NIFES
Trans-nonachlor Muscle GC-MS n.a. 0,2 1,5 n.a.
NIFES
Toxaphene 26 Muscle GC-MS n.a. 0.8 1 n.a.
NIFES
Toxaphene 32 Muscle GC-MS n.a. 0.5 0,7 n.a.
NIFES
Toxaphene 50 Muscle GC-MS n.a. 0.8 2,5 n.a.
NIFES
Toxaphene 62 Muscle GC-MS n.a. 0.5 1,5 n.a.
NIFES
DDT-op Muscle GC-MS n.a. 0.06 0.2 n.a.
DDT-pp 0.08 0.2
DDD-op 0.03 0.1
DDD-pp 0.03 0.1
DDE-op 0.05 0.2
DDE-pp 0.04 0.1 NIEES

4 LoD and LOQ foHCH-betavary from series to series.
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Table 2. Summary of analytical methods.
Group of Compounds Matrix Method Screening Analytical Analytical Level of action Laboratory
substances principle method method method
LOD LOD LOQ
(wet weight) (wet weight (wet weight)
(ng/kg) in muscle) (ng/kg)
(Hg/kg)
PBDE, Polybrominated Muscle GC/MS n.a. 0.01 0.03
diphenylethers NIFES
HBCD, Muscle GC/IMS n.a. 0.2 0.5
hexabromocyclododeca
ne NIFES
TBBPA Muscle GC/IMS n.a.
tetrabrombisphenol-A NIFES
B3c Pb Muscle ICPMS n.a. 0.01 mg/kg 0.04 mg/kg dry 0.2 mg/kg
Chemical dry w. w. NIFES
elements Cd Muscle ICPMS n.a. 0.004 mg/kg 0.01 mg/kg dry 0.05 mg/kg.
dry w. W. NIFES
As Muscle ICPMS n.a. 0.01 mg/kg 0.03 mg/kg dry n.a.
dry w. w. NIFES
Hg Muscle ICPMS n.a. 0.01 mg/kg 0.03 mg/kg dry 0.5 mg/kg
dry w. W. NIFES
B3d Mycotoxins Ochratoxine A Muscle Immuno n.a. 0.06.t0 0.12 n.a.
affinity/ ua’kg
HPLC VI°
B3e, dyes Malachite green Muscle LC-MS n.a. 1.0 2.0 Presence
(MRPL=2.0)
Crystal violet NIFES
Malachite green-Leuco Muscle LC-MS n.a. 1.0 2.0 Presence
Crystal violet-Leuco (MRPL =
2.0) NIFES
B3f, other Ethoxyquin (EQ) Muscle HPLC-UV n.a. 0,2 0.6 n.a.
pharmacologica
lly active
substances NIFES
Ethoxyquin-dimer Muscle HPLC-UV n.a. 0,1 0.3 n.a.
NIFES
BHT Muscle HPLC-UV n.a. 14 45 n.a.
NIFES
BHA Muscle HPLC-UV n.a. 24 7.3 n.a.
NIFES
PFOS. perfluoroctane Muscle GCI/MS n.a. 1-3 3
sulphonate NIFES
PAH, benzo(a)pyrene Muscle GCI/MS n.a. not available not available 2.0 pg/kg 2007: sub
contractor

The Group A-compounds

The groupA samples were analyzed for hormdie substances in the groups
Stilbenes (A1) and steroids (A3) and foedhldrugs (A6).

Group Al and A3

The Al and A3 compounds diethylstilbestrol, dienesterbkexosteroland steroid
compoumls were analyzed at thélormone LaboratoryOslo University Hospital,

Aker. The analytical method consists of an enzymatic hydrolysis of the samples,
followed by extraction and fat removal. The hydrolyzed substances are further
cleanedup with liquid / liquid extraction steps and solid phase extraction before
derivatization and analytical measurement on a GC / MS. Any positidie@s would

be confirmed by confirmatorymethod.

In the confirmatorymethodsthe amples are then given an additional cleanby
HPLC beforea derivatizationstep Thefinal analytical determinatiors on a GC/MS
alsofor the confirmatory method.

® The National \éterinary Institute
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This method is based on the Hor mone Labor
steroids and stilbenes in muscle tissue fronegtnal animals.

Group A6, Anex IV substanceso council regulation EEC 2377/9026. June 1990.

Chloramphenicol and metronidazole were analyzed by NIFB& four nitrofurans,
furazolidone, furaltadone,tnbfurantoine and nitrofurazorveere analyzed by
Eurofins.

Chloramphenicol (NIFES method 143)

Chloramphenicol is an antibiotic agent with activity against a broad spectrum of
microorganisms. It has been used in human and veterinary medicine since 1949, but
due to a rare but serious dasdependent adbrse effect (aplast@naemid this agent

IS no longer authorized in the treatments of fpodducing animals.

OH OH
Cl
O HN
O o)

Chemical structure of chloramphenicol.

ProcedureAn internal standard (chloramphieal-D5) was added to the samjtlefore
extracton with ethyl acetate. Fat was subsequergiyoved from the extract by a
liquid/liquid extraction between aqueous saline and heptane. To separate the analytes
from the watessoluble components,reewliquid/liquid extraction step with agous

saline and ethyl atate wagperformed. The sampigasanalyzed by LEMS, with a
reversed phase C18 column for separafitre componentaereionized by electro

spray ionization (ARES) and detected as negative ions using the selected ion
monitoring (SIM) mode. Quantificain wasbased on the internal standard method

with a three point calibration curve.

Nitrofurans

This groupof synthetic antibacterial agerdasederivatives ohitrofurane The
compounds have previously been widely used in veterinary medigittes rgort the
nitrofurans furazolidone, furaltadone, nitrofurantoine and nitrofuraaoméencluded
Theseagents areapidly metabolized in the tissuenéthus thenetabolites @aamino2-
oxazolidinone (AOZ), aamina5-morpholinomethy2-oxazolidinone (AMOZ), 1
aminohydantoin (AHD) and semicarbazide (SEM) are included in the assal|
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Chemical structure of nitrofuran  toine.

Procedure: The analye were extracted with aqueous hydrochloric acid and
derivatized with nitrobenzaldehyde Solid phase extracih was then appliedor
sample clean up. The analytes wdetermined by.C-MS/MS in the positive mode.

Metronidazole and its metabolite (NIFES method 351)
Metronidazole is a synthetic antimicrobial compound that is used against infections
caused by amaobic bacteria and certain parasites.

AN

N

o

OH
Chemical structure of metronidazole.

Procedure: Internabtandard (dimetronidazel@3) was added to a hongenized
sample. The analytes weegtracted by ethyl acetate in an aikalenvironment. The
solution evapmatedand redissolveal in heptane. Sample clean up wesformed by
solid phase extraction. The solution was then evaporated to drgndsgdissolved in
water, before analysis by LC-MS. A reversed phase C18 columvas used for
seoaration, and the compents ionized by electro spray ionization (AES) and
fragmentsdetected as positive ions using the selected ion mamgtd®IM) mode.
Quantification wadpased on the internal standard method with a three point calibration
curve.

Malachite geen and itsnetabolite (NIFES method 264)
The method is described in the next sectiorgerthe group B compounds.

The Group B compounds
NIFES performed most of thgroup B analysis However, sib contractors were used
for these groups of compounds:

B3d: Mycotoxins The National Veterinary Institute in Oslo.
B3f: PAH: Eurofins
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B1, Antibacterial agents (antibiotics)

Procedure: In this assay for antibacterial agents, a -ghaée microbiological
inhibition methodwas applied (NIFES methods no. 106, 107 and 10&xchEplate
contains growth agar andre addeda specific bacterial strain that is particularly
sengive to these analytes.idtes of liver samplemeasuring 6 x 5 mnfrom five
different fishwere carefully deposited in thagarsurface,before the plate iset to
incubation. If the samples contain residues of antibacterial agents, the bacterial growth
will be inhibited in a zone around each piece of liver tissue. A transparent zone with
no bacterial growth surroundjrtheliver sampleindicates a positiveest. The liver has

a ceatral function in distributionand elimination of drugs from fish andhet
vertebrates. kjher concentrations of these compounds are gleuagrallyfound in the

liver compared to muscl&ven though the sensitivity of this bioassayeyond those
found for chemical methods, the higher concentrations found in liver enhance the
detection of antibioticsMoreover, themethod is able to detect wider range of
antibiotics tharthe more specifichemical methods. Thisakes the bioassayuseful
screening method. Any detection by the inhibitessaywill be verifiedby chemical
analysis of the corresponding fillet sample recetoggbthemwith the liver sample.

Oxolinic acid andlumequine

Oxolinic acid andlumequinebelong to a famiyl of syntheticantibacterial agents
termedQuinolones These agents have besmd are presentlgpplied in the treatment
of bacterial infections in fish.

o)
HO | >
N O

)

Chemical structure of oxolinic acid.

Procedure: The analytes weegtractedwith acetonitrile where after malysis was
performed byLC-MS/MS in the positive mode.

Oxytetracycline
Oxytetracycline belongs to the tetracycline antibiotics. It is a broad spectriboaati
that is active against a wide range of bacteria.


http://en.wikipedia.org/wiki/Chemical_synthesis
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Chemical structure of oxytetracycline.

Procedure: The analytegere extracted with EDTAsuccinate bufferand slid phase
extractionwasused for sample clean up. The analytesedetermined by.C-MS/MS
in the positive mode.

Florfenicol (NIFES method 290)
Florfenicol belongs to a group of antibiotiesmedamphenicolsThecompound has
found wide application in treatment of bacterial diseasésh.

MBDES F
)
m )H/CI
M

: H
OH Cl
Chemical structure of florfenicol .

Procedure: Internastandard (chloramphenicBl5) wasadded tathe sample, and the
analytes wereextracted with ethyl acetatelo remove fatfrom the extracta
liquid/liquid extraction between aqous saline and heptane were conducted
Furthermore, to sepamthewatersolublecomponents liquid/liquid extraction step
with saline and ethyl acetateasperformed. The sampleasanalyzed by LEMS. A
reversed phase C18 colummasused for separation, and the moleculeseionized

by electro spray ionizatiorAPI-ES), and detected as negative ions using the selected
lon monitoring (SIM) mode. Quantificationasbased on the internal standard method
with a three point calibration curve.

B2a, Anthelmintics

Diflubenzuron andeflubenzuror{NIFES method 138 ari39)
Diflubenzuron andeflubenzurorare bothchitin synthesis inhibitorased in treatment
against sea lice.

Procedure: Internal standatdiflubenzuronwhen teflubenzuronis determined, and
teflubenzuronwhen diflubenzuronis determined) waadded tothe sample, and the
analytes werextracted with acetonéleptane wasised to remove fat. Aolid phase
extraction was applied for further puification of the sampleThe sampls were

analyzed by IC-MS. A reversed phase column wased for sparation, and the
components weraonized by electro spray ionization (AES) and detected as


http://www.alanwood.net/pesticides/class_insecticides.html#chitin_synthesis_inhibitors
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negative ions using the selected ion moniyriSIM) mode Quantification wadased
on the internal standard method with a three point calibration curve.

Ivermectin andEmamectiNIFES method 130 and 131)
Ivermectin ancemamectinbelong to the class ohivermectinsEmamectin is presently
usedagainstexternalparasites on fish.

1a

H
Molecular structures of two  ivermectin forms.

Procedure: Internal standardvdrmectin when emamectin is determined, and
emamectinwhenivermectinis determinedvasadded to the sample, and the analytes
were etracted with acetotiile. Fatwasremoved by extractiowith heptane, and the
sample wadurther purified by solid phase extractiofhe sample waanalyzed by
LC-MS. A reversed phase C18 column wesed for searation, and the components
were ionized byatmospheric pressurehemical ionization(APCI) and detected as
positive ions using the selected ion monigr(SIM) mode. Quantification wdsased

on the internal standard method with a three point calibration curve.

Cypermethrineand deltamethrin
Cypermethrineanddeltanethrinare synthetic pyrethroids used in bath treatment
against sea lice.

R L
cl &\\\““ "'r;g/o
N

Chemical structure of cypermethrine .

Proceduregypermethrineanddeltamethrin The samplesvereextracted with acetone.
The extractswere thencleaned up by a liquid/liquiéxtraction, and further by gel
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permeation chromatographyfhe sample were analyzed bygas chromatography
electron capture (GEC).

Fenbendazole (NIFES method 141)
Fenbendazole is a broad spectioenzimidazoleanthelminticsused against intestinal
parasitesn fish.
/
o]

N =0
1
S H
Chemical structure of fenbendazole.

Procedre fenbendazoteThe homogenizedsamplewas extracted with a solution of
methanol and water. Petroleum etivasused to remove fdtom the extractSodium
dihydrogen phosphatend a mixture ofliethyl ether/ethyl acetate wetteenadded to
the polar extract before shaking and centatimn, andthe upper layer wasolleded
and vaporized. The sample wéhen dissolved in a solution of acetonitrile and water
prior to analysis on L&V/S. A reversed phase column wased for sparation, and the
components wer@nized byatmospheric pressure chemigahization (APCI) and
detected as positive ions using the selected ion mamgt¢8IM) mode. Quantification
wasbased on the external standard method with a three point calibration curve.

Praziquantel (NIFES method 140)
Praziquantel i&n isoquinoliragentused against intestinal parasites in fish.

NI
son
Chemical structure of praziquantel .

Procedure: Praziquantel wastracted fronthehomogenized sample by ace&

Diethyl ether and hexane were themtded to the extrachfterwards the organic phase
wastransferred and evaporatddllowing methanoladdtion to removefat. A reversed
phase column wassed for separation, apdaziquantelvasdetected by L&JV at a
wavelemgth of 205 nm. Quantification wdmsed on the external standard method with
a three point calibration curve.


http://en.wikipedia.org/wiki/Benzimidazole
http://en.wikipedia.org/wiki/Anthelmintic
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B3a, Organochorine compounds

This is a heterogeneous group of compounds that exhibit a rangernafcal and
pharmacologicgproperties. Several classes of compounds liked?@iBxins and
brominated flames retardants arerfdun this group. They have in common a
tendency to persist in the environment and to accumulate in the food ¢taitisis
reason they aneot only of environmental concern, they &ved safety issues as well
Regarding thie chemicalpropertieshey ae of lipofilic and hydrophobicharacter
For this reason they afeund in fatty tissues and they aetracted from the sample
with organic solvents.

Polychlorinated biphenyls (PCB)

PCBs are a group of compounds with low biodegradability in the emwieat.
Commercial PCB mixtures were previously produced on a large scale for a variety of
industrial applicationsThe total global production of PCBsdiseen estimated to 1.5
million tons’. PCB production was banned by the United States Congress irah€i76

by the Stockholm Convention on Persistent Organic Pollutants in 2Z@@ky there

are regulationsike EU directive 96/59/EQor the safe disposaif remaining PCB or

PCB contaminated wastin Europe PCB levels in food and feed are monitored and
regulted according to a number of EU regulations:

Commission Regulation (EC) No 1881/2006 of 19 December 2006 setting maximum levels for certain
contaminants in foodstuffs.

Commission Regulation (EC) No 1883/2006 of 19 December 2006 laying down metrerdgliofgs

and analysis for the official control of levels of dioxins and didikiem PCBs in certain foodstuffs
Commission Recommendation 2006/88/EC of 6 February 2006 concerning the reduction of the
presence of dioxins, furans and PCBs in feedingstuff$caustuffs.

Commission Recommendation 2006/794/EC of 16 November 2006 on the monitoring of background
levels of dioxins, dioxitike PCBs and nowioxin-like PCBs in foodstuffs

Theoretically there ar209 possible congeners of PCBdost of these were psent

only in minor quantities in the commercial mixtur&se International Council for the
Exploration of the Sea (ICES) has selected seozigenerdor the monitoring of the

marine environment. This list is known as RZBPCB7, or ICES and consistef

these PCB compounds PCB-28, -52, -101, -118, -138, -153 and -180. Other
congeners, with a higher toxicity are determined as part of the Dioxin method
described in the next section. In addition to the individual values of the7PCB
compounds NIFES alsoeport their Aupper boundo sum
previous section.

® Breivik K, Sweetman A, Pacyna JM, Jones KC (2002). "Towards a global historical emission inventory for
selected PCB congenera mass balance approach 1. Global production and consumption“ci€heeSof the
Total Environment 290: 18198. doi:10.1016/S0048697(01)0107%
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The chemical structure of PCB -153.

Procedure (NIFES method 137):

The sample is weighed, and PGB is added as the internal standard. The sample is
homogenized and feze dried. Hydromatrix® is mixed in before extraction to aid the
solvent penetration. Extraction with hexane under elevated pressure and temperature is
performed in an Accelerated Solvent Extractor (ASE 300®, Dionex, Sunnyvale, CA,
USA). Fat and other matrcomponents are removed by oxidation in a separate layer

of sulphuric acid on silica in the extraction column. The solvent is evaporated in a
TurboVap® Concentration workstation (Zymark, USA) and replaced with a small
volume of isooctane. The sample izalysed on GC/M3$n SIM modewith electron

Impact ionization Quantification is based on the internal standards method. The
method determines the PCBs no. 28, 52, 101, 118, 138, 153 and 180. The LOQ values
for the compounds are listed in TalBleThe methd is not accredited.

Dioxins,furans,and the nororto and moneorto PCBs.

The dioxins and furans (PCDDs and PCDFs) have never been industrially produced.
These compounds are created as unwantgardmjucts in various chemical processes,

or in the comlostion in wastencineration plantsThe EU regulation cited for the
PCBs are in effect for dioxins as wadllke the PCBs, dioxins are a class of organic
compounds and the derivatives of the group are called congeiker$CBs these are
identified by nunbers. Rit structural names like in the figure below are usgdvell

The congeners vary in toxicity. A small number of them are highly tétgo some

PCBs have a structure similar to thestoxic dioxins. These arthe socalled doxin-

like PCBs (DLPCB) The UN health organization (WHO) created in 1998 a list of the
most toxicPCDDs, PCDFs and DLPCRa total of 29 compounds), and a related list

of their relative toxicity values (TEB8). These lists are the basis for the monitoring

of these compounds imost countries. The TE®8 values are relative to the most
toxic dioxin: The 2,3,7,8 TCDD. In 2005 the TEF list vas revised and from January
2009 the TEFOS list replaces the TE®S8 list. Unlike other compounds the results are
reported as TEQ values raththan concentrations. The TEQ value is theasured
concentration multiplié by the corresponding TEF value. Thus all 29 congeners are
reported in 2,3,7,6 PCDD equivalentshe fAisum of TEQO is the
values, usually split in the sum TEQrfthe dioxins and furans, and the sum TEQ
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values of the PCBsThesesuns provide easy to interpret valsidor the effective
amount of these compounds in the sample.

Cl O Cl
Chemical structure of 2,3,7,8 TCDD, the most toxic dioxin.

Procedure: NIFES method n®28. The method is an adaptation to modern elgan
equipment of the U&PAs (Environmental Protection Agency) methods No. 1613 and
1668. A mixtureof 27 different *C-labelled internal standard compounds is mixed in
with a homogenized sample correspondiod g of fat. The sample is freeze dried.
Hydromatrix® is mixed in before extraction to aid the solvent penetration. Extraction
with hexane under elevated pressure and temperature is performed in an Accelerated
Solvent Extractor (ASE 300®, Dionex, Sunaje, CA, USA). Fat and other matrix
components are removed by oxidation in a separate layer of sulphuric acid on silica in
the extraction column. Further cleap is performed in a Powé&rep® instrument
(FMS-USA) where successive chromatographic stepsarried out in three columns:
"Multi-layered silica, basic alumina and activated charcoal. The mobile phase is
changed successively from hexane, 2% dichloromethane (DCM) in hexane, 50% DCM
in hexane, ethyl acetate and finally bdhish with toluene. e PCDD / PCDF and

the nonorto PCBs are collected with the toluene fraction. The rertm PCBs are
collected with the 50% DCM/hexane fractiofhe two collected fractions areeach
evaporated td0 ml in a TurboVap ® concentration Workstation (Zymark, )JSAvo
3C-labelled congeners are added to serve as "recovery stand@hgy'.are then
separatelyanalysed ira HRGC / HRMS instrument.

The method dtermines all the 29 compounds on the WHO list: 17 PCDD / PCDF
congeners, Four neorto substituted PCBs:PCB -77, 81, 126 and 169 and eight
moncorto substituted PCBs: PCBO5, 114, 118, 123, 156, 157, 167 and 189.The
internal standard method is based on the isotope dilution method according to the EPA
1613 and1668 standard metheanentioned above. The coentrations are weighted

by the TEF98 values to give TEQ values. And the sums of the TEQ values are
calcul ated for al | 29 congS&SmeTEQ ng /&®». an
Recovery data is calculated for each sample based on the recoveries raerhal i
standards relative to the two labelled recovery standards. There are individual LOQ
values for each congenérhe LOQ values for all the congeners are in the range of
0.006 to 0.2 ng / kg.

Polyhalogenated pesticides, including DDT and its met&dsoli

This is a group of compounds that include a wide range of complex molecular
structures. These molecules are designed by researchers to have a high biological
activity. Thus they are unwanted both feed and foodThey typically have several
chlorine atomsattached tane or more positions in the structure. Many of them are
persistenin the environmenand may have a profound potential for accumulation in

the food chain.

-
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Chemical structure of para -para DDT. Chemical structure of chlordane.

Procedure (NIFES method 263): A mixture OIC-labelled internal standard
compounds is mixed in with a homogenized sample. The sample is freeze dried. Then
Hydromatrix® is mixed in before extraction to aid the solvent penetration. Extraction
with hexane uder elevated pressure and temperature is performed in an Accelerated
Solvent Extractor (ASE 300®, Dionex, Sunnyvale, CA, USA). Evaporation aided by
nitrogen untilapprximately 0,4 ml is carried out in a TurboVap ® concentration
Workstation (Zymark, USA) fie concentrated sample is then mixed with a drop of
sulphuric acid, and the dark coloured acid is removed. This is repeated until no
coloured oxidation products can be seen in the sulphuric acid. “fG«abelled
pesticides are added to serve as "recogstagdards”. Final analysis is carried out by
GC/MS in negative chemical ionization and SIM mode. Quantification occurs by
internal standard method with isotope labelled internal standards. The analytical
recovery is estimated for each sample based orettmveries of the internal standards
relative to the two labelled recovery standards. There are individual LOQ values for
each of the compounds reportedlhese are the pesticides detered:
Pentachlorobenzene, threexachlorobenzenes: alfé#CH, betaHCH and gamma
HCH, DDT and its metabolites (ApDT, op-DDT, pp-DDD, op-DDD, pp-DDE and
op-DDE), heptachlor, heptachleA, aldrin, dieldrin, isodrin, mirex, oxghlordane,
transchlordane, cishlordane, endosulfaf, endosulfarB, endosulfarsulphate,
transnonachlor, cisnonachlor and the toxaphene congeners BXTox32, TOX

50, TOX-62, TOX42a, and the sum of TOX40 and TOX4llhe LOQ values are
listed in Table8.

Polybrominatedlémesretardants (BFR)

There are four main classes BFR: Polybrominatighenyl ethers (PBDE),
Tetrabromobisphenoh  (TBBPA), Hexabromocyclododecane (HBCD) and
Polybrominatedbiphenyls (PBB). The molecular structures of the PBBs and the
PBDEs are very close to the PCBs. Like the PCBs both the PBDEs and the PBBs have
209 posdile congeners. The only chemical differences between the structures of PCB
and PBB are that irthe latter bromine has replacecchlorine When production
changed from PBBs to the PBDE an oxygen atom was inserted in the molecular
structure to reduce toxicityDespite this safetyneasurethe PBDEs are still an
environmental and food safety concern. The PBBs have not been used much in Europe
and are now banned in the United States. The most common PBDE congeners in the
environment and in food are at presentDE47, PBDE99 and PBDELOO. NIFES

also measures the congeners no. 28, 153, 154 and 183. In addition to the individual
levels of these compounds NIFES report their upper bound sum: FBHEb6th lists,



23

PCB-7 and PBDE/, are based on tilmeobservedconcentations in marine samples
rather thanon their toxicology.As can be seen from the different compound ID
numbers e substitution patterns for the compournlshe two listsare different
However, due to the chemical and toxicological similarities oG8 and the PBDE
classedt is still natural to compare the values of these sums.

HBCD exists in three molecular isoméisomers=otherwise identical molecules with
different spatial arrangemestof their structure). They are -, U-, b-HBCD.
TetrabromobispbnotA (TBBPA) is the most widely used BFR. And it is more
common in Asia than in Europe and America. Due to the increasing trade and
transportthe levels in the environment are expected to incredse in Europe.

A T B B RsAwvditten by some authors as TBEBP

Br
Br

Br Br fo)
> ) \402/ N
HO OH Br - --Br,,
Br Br — CHy
Br Br

Chemical structure afiBCD Chemical structure ofBBPA Chemical structure afBDE

Procedure for PBDE. (NIFEBiethod238):

PBDE-139 is added as the internal stand&tgdromatrix® isaddedto aid the slvent
penetration.The sample isthen homogenized and freeze dried. Extraction with
hexane/Dichloromethane under elevated pressure and temperature is performed in an
Accelerated Solvent Extractor (ASE 300®, Dionex, Sunnyvale, CA, USA). Fat and
other matrixcomponents are removed by oxidation in a separate layer of sulphuric
acid on silica in the extractionell. The solvent is evaporated in a TurboVap ®
concentration workstation (Zymark, USA) and replaced with a small volume of
isooctane. The sample is aysd¢d on GC / MS in SIM mode with negative chemical
lonizing. Quantificationis according to thenternal standard method based on a five
point linear doseesponse curve.

Procedure for HBCCand TBBPA (NIFES metode350)

A mixture of °C-| a b e-| e +-HBCD aTBBPA is thoroughly mixed in with a
prehomogenized sample. A sequence of the solvents ace@ywtp-hexane and

saline water is used to extract the analyts. After centrifugation the organic phase is
isolated, collected angartially evaporated before it is-dissolved in hexane. Fat and

other matrix components are removed by oxidation with sulphuric acitC-fabelled
Arecovery standardo is added -t gbHBER sol u
and TBBPA using LC MS / MS with electro spray (ES) negative ionization mode and


http://de.wikipedia.org/wiki/Bild:Structure_
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with Multiple Reaction Monitoring (MRM). Quantification is based on the "isotope
dilution" method using 13@abeled internal standards. The analytical recovery is
estimated for each sample bassdthe recovery of the internal standards relative to
the recovery standard.

B3b, Organophosphorous compounds
No B3b compound was part of the program in 2008.

B3c, Chemical elements
Heavy metals

Living organisms requiresmall amounts of some metals their diet Iron, cobalt,
copper, manganese, molybdenum, and zinc are required by humans in minute
guantities. Excessive levels of these elements can damage the orgarikm.a v y
metal® usually r ef esuch asomertunyxplutonium, aedniedthatys
metals occur naturally in the environment with large geographical variations in their
concentrations. Today, anthropogenic sources of heavy metals, i.e. pollution, have a
significant contribution to the environment. From the environment heavy niigtzls

their way to food and feed production. From a food safety concern contamination
introduced during feed production is potentially more serious since this may occur
unexpected in a previously pure product. In Norway there has been an incident where
an inorganic mineral feed ingredient contaminated fish feed with cadmium. In this
study we focus on the toxic elememtsenic (As),cadmium (Cd)mercury (Hg), and

lead (Pb).

Procedure(NIFES method 197)

Two parallels are weighed from a homogenate oféhenp | e. They  tllat e fndi
Is broken down and dissolvedjth a mixture of extra pure nitric acid and hydrogen
peroxide. The digestion is performed by heating in a closed container in a microwave
heater (MilestondLS-1200). The analytes are measuge@ntitatively on an Agilent
7500C inductively coupled plasma mass spectrombZ#tMS). These elements were
measured: Arsenic, cadmium, mercury and lead. Rhodias wsed as an internal
standard and gold wasldedto stabilize mercuryAs part of the quigy control, two
certified reference materials (CRM) from National Research Council (Ottawa, Canada)
were analyzed in each analytical series: ‘Rofiepatpankreasf lobster) and Dorm

2 (muscle ofgrayfish.

B3d, Mycotoxins

Many foods and feeds ersuseptible to mould contaminatiowhen stored under
inappropriate conditions. Mycotoxins may be formed in foods, raw materials for food
production, or in animal feedslost moulds can grow at high salt concentrations or in
relatively dry products, at waterctivities down to 0.8 (@value).A diverse range of
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moulds are able to produce toxicsecondarymetabolites collectively known as
mycotoxins Three genera arparticularlyimportant infeeds andoods: Aspergillus
Penicillium, andFusarium In terms of aute toxicity the most commonly encountered
mycotoxinsin food and feed are less toxic than Baulinumtoxins and many of the
algal toxins. However, long terfaw level exposures of concern, since several of the
mycotoxins are carcinogenic and may linénce the human immune responsef
ingested

Mycotoxins from the feed can be carried over to the #sha part ofthis monitoring
programandalsoour monitoring program for fish fee@ur subcontractathe Naional
Veterinary Institute (Vlhas perfomed annual analysiof mycotoxins An improved
method speciallgevelopeddy VI to determinemycotoxins withthe highestrelevance
for marinefeedproductswas introduced this yeah total of 15 samples of fish muscle
from 2007 and20 samplegrom 2008were examined with respect chratoxire A.
Both sets of data aracluded in the current repoithis parameter was notcludedin
the 2007 reporsince the method was not readytime for the report

Procedure: The extract is cleaned up chromatograipidy an immunoaffinity
column. The analytical determination is performed IHRLC with fluorescence
detection.

B3e, Dyes

Malachite green (MG)grystal violet (CV), llliant Green (BG) and their metabolites
Theseare triphenylmethane compoundiistorically some of these corapnds have
been used ttreat fish and fish eggs against fungal infectionthe fresh water phase
In Norway MG have formerly been used to treat fish eddswever, all three
compounds are considered toxic, arse in foodproducng animals is now forbidden
MG and CV are quickly metabolized in fish tissue, and are normally detastbdir
fLeuca derivative (LMG and LCV). If only MG or CV is found, without
simultaneouspresence of LMG and LCV it may indicate that the fish hagenb
contaminategbost mortem

| |
/N: No
O
2

Chemical structure of malachite green.
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ProcedurgNIFES method 26AMG and LMG:

The samplesare extracted with acetonitrile and dichloromethane in an acidic
environment. Solid phase extraction is used for sarol@arup. The method includes

a first scanning for presence of LMG by IMS. If any LMG is present, it is oxidized

to MG with PbQ. Total MG (MG+LMG) is quantified with L&JV. A reversed phase
column isused for separation, and MG is detected at a wagtieof 620 nm.
Quantification is based on the external standard method with a three point calibration
curve.

ProcedurgEurofins MG, LMG, CV, LCV and BG:

The samplesare extracted with acetonitrilenderacidic conditions This is followed
by a sampleclean up. Thepurified extractis analyzed by LEMS/MS in a positive
lonisationmode.

B3f, Others

This is a heterogeneous group of compoutidd isanalyzed as part of Norwegian
national measures. It includes the synthetic antioxidants BHA, BHTetrayquin,
the perfluorinatedorganic compounds (R and polycyclic aromatic hydrocarbons
(PAH).

Synthetic anti oxidants

The synthetic antioxidant&thoxyquin BHT (4-methyl2,6-ditert-butyl-phenol) and

BHA (4-amino2-hydroxy-benzoic acid) are approved farse in animal feed.
Antioxidants are necessary in feed ingredients to prevent s self ignition during bulk
transport and because oxidized fats in feed may have adverse nutritional effects.
Antioxidants protect the feed ingredients sacrificially, they aesntelves oxidised.
Their oxidation products are primarily "dimers" of the parent compounds (two
molecules that are hooked together). Ebdhoxyquinthere is also to some extent
formed the deethylatedEthoxyquin The relative quantities of these molecidpecies
changdrom the feedas they areligested, absorbed antetabolised in the fishn fish

both the oxidizedderivativesandthe parent compounds should be measured. In this
report the parerEthoxyquinand its dimer is reported, but for BHT and BldAly the

parent compounds. For all published data on synthetic antioxidants the "speciation”
should be taken into account, i.e. the exact variants of these compounds that are
measured. However, this is not alwggssible due tambiguousiata presentation

OH ™~ ~ H
0 0 N
The ©>< /\O =
OH OH

Molecular structure of BHT. The two molecular structures of BHA.  Chemical structure of Ethoxyquin.
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Ethoxyquin(NIFES method 229)

Ethoxyquin and its dimer are very unstable compounds, makingnitefficient
antioxidant Analysis musbe performed carefully, ensuring adequate shielding against
light and atmospheric oxygen. Pyrogallascorbic acid and EDTA are added from the
start to protect thé&thoxyquin againstoxidation. Thesamplesare extractedwith
acetonitrile mixed with asebic acid. The fat in the extract is then saponified in a
mixture of ethanol, NaCl and NaOH at 100 °C. The analyts and the otker un
saponifiables are separated from the polar phase with hexane. The solvent is then
evaporated and the sample isdissolvedin acetonitrile containing 0.1% ascorbic
acid. Ethoxyquinand its dimer are quantified by analysis on reverse phase MRhC
fluorescence detection. The method is accredited with regarf@ghoxyquinand its
dimer. The method is so far not accreditedtf@ deethylatedEthoxyquinand these
data are not reported. Quantification is based on the external standard method.

BHT (NIFES method 250)

The compound is easily destroyed by light and by air. A thorough shielding against
light and atmospheric oxyges required for any analytical step after the extraction
from the sample. Pyrogallol, ascorbic acid and EDTA are added from the start of the
procedure to protect against oxidation. The analyte is extracted with Acetonitrile
containing 0.1% ascorbic acid.ftAr centrifugation the extract is filtered through a
micro-filter before quantification using reverse phase HPLC and fluorescence
detection. Quantification is based on the external standard method. The method
measures the BHT mother compound.

BHA (NIFESmethod294)

The compound is easily destroyed by light and by air. A thorough shielding against
light and atmospheric oxygen is required for any analytical step after the extraction
from the muscle tissue. BHA is extracted directly with Acetonitrile with%®
ascorbic acid. The BHA concentration in the extract is measured using reverse phase
HPLC with Acetonitrile as the mobile phasand fluorescence detection
Quantification is based on the external standard method. The method measures the
BHA mother compand.

Perfluorinated @mpounds (PFCs).

These synthatiorganefluorine molecules are aelass of compounds that have fluorine
rather than hydrogen attached to their chemical strudButetheyalso contain at least

one different atom or functional grou@hus, they have properties similar to
fluorocarbons as they are fluorocarbon derivatives. They have unique properties to
make materials stain, oil, and water resistant, dray are widely used in diverse
applicationsDue to the exceptionally strongEbond they are verghemically inert

useful for applications likevaterproofing coats, lubricants, surfactants, preservatives
and coatings on frying pans. From all these sources the compounds will eventually
find their way into the environment. The coldosgstems in the Northern and the
Southern hemispheres will be their final recipienffiese compounds bi@accumulate

in the highertrophic levels of the ecosystem3heir inertness makes them very
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persistent in the environmerithey have a low acute toxig, but there is a rising
concern for effects from continuous exposure. The chemical properties of these
compounds are an analytical challenfjeday analytical data with increasing degree

of reliability are being publishedhese compounds have been detaed in domestic

as well as wild animals and also in human tisdikesblood[’] and breast milK®].

Thereis a growing interest in these data from consumers as well as researchers. There
iIs now an effort to change the use from compounds with fapggcular chains to

those with a shorter one to reduce the potential forabaumulation . So far no

MRL or MRPL values have been established for their levels in fish. In R0&®@
Perfluorooctanesulfonic acid (PFOS) was included in the Stockholm Convemtion
persistent organic pollutantShe use of PFOS is restricted in Europg [n Canada

there isa proposed a ban on PFOS, the second chemical proposed for a complete ban
under the Canadian Environmental Protection At |

The structures of commdPFCcompounds arshown in Tables.

" Calafat AM, Wong LY, Kuklenyik Z, Reidy JA, Needham LL (Nov 2007). "Polyfluoroalkyl chemicals in the
U.S. population: data from the National Health and Nutrition Examin&iouey (NHANES) 2002004 and
comparisons with NHANES 1992000". Environ Health Perspect. 115 (11): 1i55@2.

8LIN TAO (1) ; KANNAN Kurunthachalam; WONG Chung M. ; ARCARO Kathleen F. ; BUTENHOFF lohn

L., Peffluorinated Compounds in Human Milk from Maskusetts, U.S.@&\ Environmental science &

technology 2008, vol. 42, no8, pp. 30986101

° Renner R (January 2006). “The long and the short of perfluorinated replacements". Environ. Sci. Technol. 40

(1): 1213
° Directive 2006/122/ECfcthe European Paaimentand of the Councilof 12 December 2006
“"Environment al Defence: "Stain Repellant Chemical,

(April 21, 2008).

PF
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Table 3 The structure of common PFC compounds.

Abbreviation Name Chemical structure
PFBS Perfluor obut ane E FE F
Sulfonic Acid F.
SO3H
F FF F
PFOS Perfluorooctane F FFE FEFE FE F

Sulfonic Acid F
SOzH

F FF FF FF F

PFOSA Perfluorooctane R FR FR FR F

Rk . (0]
Sulfonic Amide F Y
/P NH
F FF FF FF FO 2
PFHXA Perfluor ohexanoic R FR F O
Acid F.
OH
F FF FF F
PFHpA Perfluor ohepanoic FE FE FR F O
Acid
F OH
F FF FF F
PFOA Perfluoro octanoic R FR FR F O
Acid F.
OH
F FF FF FF F
PENA Perfluor ononanoic R FR FR FR F O
Acid
F OH
F FF FF FF F
PFDcA Perfluor odeanoic R FR FR FR F O
Acid F.
OH
FEF FF FF FF F
PFUNA Perfluor oundecanoic R FR FR FR FR F O
Acid
F OH
FF F FF FF FF F
PFTeA Perfluor otetrade canoic R FRFR FR FR FR F ©O
Acid F

OH

FFFFFFEFFF FF FF F

Procedure(NIFES method 349)A mixture of internal standards, eight of théfc

labelled analogues of the corresponding PF@jix2d in with a homogenized sample.
Extraction with methanol takes place in an ultrasonic #okid remais are removed

from the extract by centrifugationasand b
the liquid sample is transferred to a clean vial. Clganis performed on the
ASPECE XL4 (Gilson, Middleton W, USA)
WAX chromatographic column. The purified extract is analyzed by LC / MS / MS and
guantified using the internal standard method.

PAH

APol ycyclic aromatic hydrocarbonso (PAH)
Is a description of their molecular structs; large molecules of multiple "aromatic"

rings. PAHs are found in fossil fuels, in the smoke from burning wood and in the
smoke and ash from industrial or incineration processes. In food PAH can be formed
from excessive heat treatment. Also smoked fpamtiucts have high levels of PAH.

The class includes some of the most carcinogenic (cancer causing) compounds that are
known, as for example, Benzo (a) pyrene (BaP).
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The largest contributors to the environment are smoke and ash from industry, vehicles
andhouseholds. Farmed fish can be exposed through contaminated feed. Wild fish can
be exposed to PAHs from mineral oil products pollution. Mineral oil can be
distinguished from other PAH sources by chemical analysis since some of their PAH
molecules will haveethyl or methyl groups like branches attached to their molecular
structure.

The | arge number of compounds in the <cl as
impractical or inaccurate. A selection of compounds is required. There are several such
lists in use. The US Environmental Protection Agency published a list of 16
compounds that is in wide use. The Norwegian Standard Organisation has published
two lists, one for industrial PAH sources and one for PAH from combustion sources.
The EPALG6 is designedottarget combustion sources as well. But due to its popularity

it is sometimes applied to samples and purposes for which it is wholly unsuited. A
well-compiled list of compounds will enable conclusions to be drawn about the source
of the contamination.

The most commonly reported single PAH is Benzo(a)Pyrene. BaP is often used as an
anal ytical Il ndi cator or target for nPAH
makes BaP a subject of interest itself. The EU hassetipper limitfor BaP at 2

e g/ k@007 d single sample in this monitoring program had values of PAH that
indicated a local contamination in feed or water on the fish farm from which it was
taken. As for the rest, this monitoring program has so far documented that the levels of
PAH and B® are low in Norwegian farmed fish.

(L

Chemical structure of benzo(a)pyrene

Procedure: The samples were analyzedPidH by Norsk Matanalyse / Euiok. We
have not received answers our inquiries on the analyticakinciple underlying the
method.
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Table4. Number of fish of each speciemd parameter countingsingle fishand fillets.

Class of compounds # fish Salmon Rainbow Turbot Halibut Cod Arctic Pollock
Trout char
Samples Al Diethylstilboestrol 260 220 10 30
taken Stillebenes Dienoestrol 260
from the Hexoestrol 260
farms with A3 Nandrolon alfa 280 245 25 5 5
o pre - Steroids Nandrolon beta ggg
N Trenbolon alfa
notice Trenbolon beta 280
A6 Chloramphenicol 510 440 30 15 25
lllegal drugs:
Annex Metronidazole + metabolite 672 581 40 5 25 11
't:)/ Furazolidone 500 200 35 15 50
EEC 2377/90 Furaltadone 288 400 35 15 50
Nitrofurantoine 500 400 35 15 50
Nitrofurazone 500 400 35 15 50
Malachite green + metabolite 120 70 35 5 10
Samples B1 Flumequine 50 20 5 10 15
taken Chemical Florfenicol 45 5 5 30 5
method Oxolinic acid 50 20 5 10 15
frlom t:te on muscle Oxytetracycline 35 35
slaughter B1 Quinolones 325 280 10 35
House Microbiological Tetracyclines and
assay on liver amphenicols 325 280 10 35
Sulphonamides 325 280 10 35
B2 Teflubenzuron 95 95
Other Diflubenzuron 95 95
veterinary Cypermethrine 95 95
drugs Praziquantel 360 340 15 5
Fenbendazole 150 125 25
Emamectin 280 250 5 20 5
Ilvermectin 35 35
Deltamethrin 105 90 15
B3a HCB
Organochlorine a-HCH
compounds B-HCH
y-HCH
Heptachlor
Heptachlor-a
Aldrin
Oxy-Chlordane 224 199 15 10
trans-Chlordane
Cis-Chlordane
o-Endosulfan
Endosulfan-sulfate
B-Endosulfan
Cis-Nonachlor
Trans-Nonachlor
Toxaphene 26
Toxaphene 32
Toxaphene 50
Toxaphene 62
DDT, DDE og DDD 754 649 75 5 25
orto-para + para-para
Dioxins + 458 402 50 6
Dioxin like PCBs
PCB-7 467 407 55 5
PBDE (10) 23 18 5
HBCD, o, B, v 21 16 5
TBBPA
B3c Pb
Chemical Cd 851 701 70 5 5 55 15
elements Hg
As
B3d Mycotoxins 175 160 10 5
B3e, Dyes Malachite green: MG+LMG 320 265 55
Crystal violet + metabolite 320 265 55
Brilliant green 320 265 55
B3f BHT
Others BHA 50 50
Ethoxyquin+ dimer
PFC-10 22 17 5
PAH 45 40 5
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Results and discussion

Group A

A total of 467 fillet samples from 2335 fish were collected for analysis of
pharmacologically active substances under group A. Thelsamere taken on the
facility without prior notice. Thesamples in this groupre collected of fish in all
growth phases, not only from fish ready to be slaughtered. Groupsanalyzed for

substances that are not legal in fooddurcing animals. A total of 119feterminations

were carried out in group A.

Group Al

The levels otthe group Al substancediethylstilboestral dienoestrol anthexoestrol

were examined in 52 pooled samples from a total of 260 fish from four species.
Analysis was conducted by the Hormone Laborat@sip UniversityHospital Aker.
Thedetection limits (LOD) are listed in Table 2, the number of fish frooh especies

is listed in Table 4None of the substances were detected.

Group A3

The levels of group A3 substance®rtestosterom (nandrolon) andrénbolon were
analyzed in 56 poolesamples from 280 fish from five speci®® single fish sample

is part of the data. Analysis was performbg the Hormone Laboratory, Oslo
University Hospital, Aker. The detection limits (LOD) are listed in Table 2, the
number of fish from each specieslisted in Table 4. None of the substances were
detected.

Group A6 (annex IV to EEC 2377/90)

A total of 359 pooled samples froml7% fish were analysed inhis group. No
residues of A6/Anex IV drugs were detected in any sample. The detection limits
(LOD) are listed in the Table 2.

Group B

Therewere a totalof 1225 pooledand single fishsamples of fillets from a total of
5756fish for chemical analysjsand975 individualfish liver samplegor the inhibition
test. Sampleswere taken at the slaughthousedsrom fish that were ready forthe
market. A total oB589analytical determinationseveconductedn class B.

Group B1, antibacterial agents

The antibacterial agents in class B1 was analyses by a combination of chemical and
the three plate bioaay: Quinolonesamphenicolstetracyclinesand sulphonamides
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were measured in liver from 325 fish using three plate bioassay, giving a total of 975
determinations. These @aneters were also analyzed in B6oled fillet samples,
representing 18@sh by four chemical methods. The compounds were not detected in
any of the samples. In the microbiological assay the detection limit, LOD, is estimated
to be between 200 and 400 ug/kg for each of these compounds. LOD for each
compound in the chemical analysidiged in the Table€. No positive samples were
foundin the B1 group.

Group B2a,anthelmintics B2c,carbamatesand pyrethroidsand B2f, others.

The levels of the B2 substancegflubenzuron (B2f), diflubenzuron (B2f),
cypermethring(B2C), praziquangl, fenbendazoléB2a), emamectinbenzoate(B2a),
ivermectin(B2a) anddeltamethrin(B2C) were determined in pooled fillet samples.
Emametin benzoatecould be d&ected in nine of the totally 56xamined samples
included in the monitoring program of 2008ccording to the analytical protocol, any
detection of drug residues above ti@D would be followed by a ranalysis of the
same sample material in three replicates, and also analysis of a {sackple when
available. This program was followed for thaen positive samples. Tabk gives
more information on the positive samplefkesidues of other agents or their
metabolites were not found in any of the samples. Detection limits (LOD) for the
substances are specified in the Table

Journal No. Geographic Initial analysis ( Re- analysis, average Backup sample
area of sampling ua/kg ) of three parallels ( (uag/kg)
ug/kg)
2008 -960/1 Hardanger 4,9 and 2,1 6,6 7,9
2008 -836/4 Bergen 4.4 6,2 6,2
2008 -971/2 Bergen 6,3 8,9 9,0
2008 -940/7 Ytre Helgeland 2,8 0 -
2008 -781/6 Sgre Sunnmgre 4,1 3,5 3,0
2008 -673/3 Fosen 2,8 0 -
2008 -878/6 Sunnhordland 2,8 1,7 2,7
2008 -1718/7 Namsos 7,5 9,1
2008 -1736/3 Namsos 7,9 8,0

Table5. Information on samples positive f@mamectinbenzoate.

Group B3a, Organochlane compounds

In this group we find several well known contaminants and grougsivifonmental
contaminants. In a context of food safety these compounds usually are given much
focus and the consumers have taken a special interest in them. All togetiecare

445 samples from 188 fish in this group and A3 analytical determinations have
been carried out. The results are summarised in the Taek.
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DDT and its metabolites

The values are listed in Tab&e In theTable OpDDT and pp DDT meansé orte

para and parpara DDT compounds. For several of the parameters there are values
belowthe LOQ. "Uppetbound LOQ" (UB) sum calculation is used in such cakes.

this reportthe data ardor the first timepresented for each fish species separately.
There is a significant variation between thgecies This is consistent with their
variation infat content. Thehemicalcompounds of this group are lipofilic and water
phobic. They are found in fatty tissues.

UB-sum of DDT and its metabolites show aigtion from the theoretical minimum
UBsumof® ¢ g /akaue ofd7.3 € g/ kg .WeelUB-suemmegrhvaluas
highest in saimon8.8¢ g / k g w dallowseddy ragirtbow trout 7.8, turbot 1.1 and
cod 0.9 This sequence is consistent with the fat content in the filléts.use of UB
calculation in the reports 0f2007 and 2008must be taken into account when
comparing results with previous yearB1 20032006 the overall mean values
(including all speciesy ar i ed from 10 t o ustheredsga/sligit wet
decreasesince 2003 The reslts correspond to figures reported in NIFES database
"Seafood Data" (www.nifes.no/sjomatdata). The highwedtiesin the whole period
since 2003have been found forthe ppDDE compound. The paf@ara compounds
have higher concentration thdre orto-paracompounds.

Table6. Concentration (ug/kg wet weight) of DDT, DDD and DDE in the fillet. Poole
and singlesamples (ug/kg w.w.)
op- DDT pp- DDT op- DDD pp- DDD op- DDE pp- DDE UB- sum
DDT
LOQ 0.18 0.24 0.09 0.09 0.15 0.12 0.9
Salmon
N 141 141 141 141 141 141
UB- Mean 0.3 1.0 0.3 2.3 0.2 4.7 8.8
Min | <LOQ | <LOQ <LOQ <LOQ <LOQ 1.1 2.2
Max 1.3 2.2 1.0 5.5 3.7 9.7 17.3
Rainbow
trout
N 15 15 15 15 15 15
UB- Mean 0.2 1.0 0.2 2.3 0.2 4.0 7.8
Min 0.2 0.49 <LOQ 1.1 <LOQ 2.0 4.1
Max 0.2 1.6 0.6 3.9 0.2 6.5 12.2
Cod
N 5 5 5 5 5 5
UB- Mean - - - - - - 0.9
Min | <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.9
Max | <LOQ <LOQ <LOQ 0.1 <LOQ 0.2 0.9
Turbot
N 1 1 1 1 1 1
Value 0.2 <LOQ <LOQ 0.1 <LOQ 0.24 1.0

UB=6upper bound tutedfor &lQaluesu<bGQtin the calculation.
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PCB;

The values for the seven PCBs selected for marine monitoring by ICES are given in
Table 7. The sums, calculated as the "upper beu®@f)" (UB) in the 162 samples

ranged fromthe theoretical limtof 0.7o0 15. 5 e€eg/ kg wet wei ght .
was from 3.0 e€g/ kg to 18 e©€g/ kg wet weigh
calculated for the entire dataset rather than for each species. 1th200B-mean was

85¢ g/ kg. Prior to 2nmsQLB) were eepoltenl:wre2006,02005,n d s
2004 and 2003 the LBlhems wer e respect8velygg/ Bg9 g2
8.3 e€g/kg. The effect of the change to UE
few databelow theLOQ value From 2003 to 208 the congeners PCB38 and PCB

153 were the largest contributors to the sum (error in the report for 2004.) Like the
other lipofilic contaminants there is for PCB a significant difference in levels between

the examined species. The ¢Bm PCB7 found inhis study are similar to those that

have been reported in salmon fillet in the "Seafood Datatabank The effect of the

change to UB calculation is negligible because there are so few values <LOQ. There is

no obvious trend in the data for the period 2@088 for sum PCB. The EU has not

set any upper limit for these compounds in fish. However, the Netherlands has set an
upper limit for both individual congeners and for the sum PCB7. The limit is set to 620

eg/ kg wet weight i n tivdlukiethisdatasetwhshl®5 sum. Tt
Table7. Concentration of the ICES PCH compounds in théillets of pooledand
single fish samplegug/kg w.w.).
PCB 28 PCB 52 PCB 101 PCB 118 PCB 138 PCB 153 PCB 180 UB Sum
PCB 7
LOQ 0.06 0.09 0.09 0.09 0.12 0.09 0.15 0.7
Salmon
N 87 87 87 87 87 87 87
UB- Mean 0.3 0.6 1.2 0.8 1.6 1.7 0.4 6.7
Min 0.09 0.2 0.4 0.3 0.5 0.5 <LOQ 2.1
Max 0.9 1.1 2.4 1.6 4.3 4.5 1.4 15.5
Rainbow
trout
N 11 11 11 11 11 11 11
UB- Mean 0.3 0.6 1.1 0.8 1.6 1.7 0.4 6.4
Min 0.1 0.3 0.6 0.4 0.9 0.9 0.2 3.4
Max 0.4 0.9 1.9 1.2 2.7 2.7 0.7 10.4
Cod
N 1 1 1 1 1 1 1
Value | <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.7

UB=6upper boundé, LOQ substituted for all values <LOQ in the calculation.

12 Online databasevww.nifes.no


http://www.nifes.no/
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Hexachlorcyclohexane (HCH) anddxachlorbenzene (HCB)

The data for these two compounds are summarised in 8alme2008a total of52

pooledand single fistsampledrom 224 fishwere analysed faalfa-, beta andjamma

HCH. The levels ofall were below thar LOQ value for eachof them. This is
consistent with the results from previous years. The data for iIH@i2 same samples

are summarised in Tab& Only the two cod samples of the 52 samples vbetew

the LOQvalue On a wet weight basis there isancentratiorrange from less than
LOQvalue in cod (<LOQ)td . 9 &gdlmomThe range in 2007 was frosh OQ

to 3 e€g/ kg and in 2006 from <LOQ to 2 ¢€g
obvious trend in this time serieShe sequence of the mean values follows the fat

o

content i n t he nbowttolte €Cosl,;as eSpedtechon a Rai

Other pesticides

These 52 samples were analysed for other pesticides as well. The results for the
compounds heptachlor, aldrin, chlordane, nonachlor, endosulfan and toxaphene and
molecular variants of these are summarisedable8. All except the five compounds

Cis chlordane, transonachlor, toxaphene 26xaphene 50 and xaphene 62 were
below their LOQvalues in all samples and all the speciiso amongthese fivea
significant number ofalues were less thahear LOQ values Thuseven in salmon

and rainbow trouthe UB-mean values are close to thiem of theLOQ values except

for cischlordane and transonachlor. These low levels are consistent with the
findings from previous yeardlo measurable concentration wiasind in cod for any

of these compounds
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Table 8 Concentration of other pesticidas fillets of pooled and single fish samplégg/kg w.w.)

Alfa - Gama HCB Heptachlor Heptachlor Aldrin Oxy - Trans- Cis-
HCH HCH -A chlordane chlordane chlordane
LOQ 0.6 2.0 0.07 2.5 0.5 0.6 1.3 0.7 0.5
Salmon
N 47 47 47 47 47 47 47 47 47
UB- Mean - - 1.3 - - - - - 1.0
Min | <LOQ | <LOQ 0.7 <LOQ <LOQ <LOQ <LOQ <LOQ 0.6
Max <LOQ <LOQ 1.9 <LOQ <LOQ <LOQ <LOQ <LOQ 2.1
Rainbow
trout
N 3 3 3 3 3 3 3 3 3
UB- Mean - - 1.3 - - - - - 0.8
Min | <LOQ <LOQ 11 <LOQ <LOQ <LOQ <LOQ <LOQ 0.7
Max | <LOQ | <LOQ 1.4 <LOQ <LOQ <LOQ <LOQ <LOQ 0.9
Cod
N 2 2 2 2 2 2 2 2 2
Values | <LOQ | <LOQ | <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Endo- Endo- Endo- Trans- Cis- Toxa- Toxa- Toxa- Toxa-
sulfan-a | sulfan- sulfan - b nonachlor nonachlor phene- 26 phene- 32 phene- 50 phene- 62
sulphate
LOQ 0.3 0.5 0.3 0.5 15 1.0 0.7 2.5 1.5
Salmon
N 47 47 47 47 47 47 47 47 47
UB- Mean - - - 1.6 - 1.2 - 2.6 15
Min | <LOQ <LOQ <LOQ 0.8 <LOQ <LOQ <LOQ <LOQ <LOQ
Max <LOQ <LOQ <LOQ 2.6 <LOQ 2.0 <LOQ 3.9 2.0
Rainbow
trout
N 3 3 3 3 3 3 3 3 3
UB- Mean - - - 1.4 - 1.1 - 2.6 -
Min | <LOQ <LOQ <LOQ 1.0 <LOQ 1.0 <LOQ <LOQ <LOQ
Max <LOQ <LOQ <LOQ 1.7 <LOQ 1.3 <LOQ 2.8 <LOQ
Cod
N 2 2 2 2 2 2 2 2 2
Values | <LOQ | <LOQ | <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
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Dioxins, furans and dioxin like PCBs

There are a total of 29 compounds in this class. The weighted sums of these 29, the
sum WHOTEQ (ng/kg) w.w. are summarised in TaBleAll figures in thetable are
calculated as the "upper boubh®Q" sum (UBsum) and they are weighted with
toxicity factors to give TEQ value# total of 98 single fish and pooled samples were
analysed for a total of &5ish from salmon, rainbow tround arctic charFor the 17

dioxin and furan compounds (PCD® PCDF) thesum values ranged fron®.1
NngTEQ/kg to 05 ngTEQ/kg w.w The upperlimit in the EU for tle sumis 4
ngTEQkg w.w. The mean of their sums wasthe rangd).2-0.3 ngTEQ/kg w.wfor

eachof the three species. Bothe mears andthe range are very consistent with the
values found each year since 2004, even if the data from these years are not split up in
separate figures for eadish speciesThe means in these years are respectively:, 0.25
0.32 0.3and0.3ngTEQ/kg w.w There seems to be no trend in this perida single

fish datain this periodwereclose to or abovéhe EU'supper limitof 4.0 ngTEQ/kg

W.W.

The dioxin-like PCBs compounds (DLPCB) are PCB congeners witham@hmone

orto molecular structure. There are a total of 12 of these compounds. The figures for
the sum of the DLPCB levels range from3 @ 1.7ngTEQ/kgwetweight. Their mean

was 0.7ngTEQ/kgin all three species. Both mean and range are consistent with the
values faind each year since 2004. The meansesdhyears are respectively: (L8),
1.2and0.9ngTEQ/kg w.w There is no obvious trend in this period. There isimper

limit for the sum of th®LPCBs

The figures for the total sum of TEQ range from 0.4 tor®&y2ZEQ/kg w.w The mean
has a range from 8.to 1.0ngTEQ/kg w.win these speciedhis is a factor of 10
below the limit. The means in the years@2007 were respectively: 1.2,1, 1.5and
1.3 ngTEQ/kg w.w The upper limitin the EU for the total sumfolrEQs is 8.0
ngTEQ/kg w.w No single fish datan this period were close to or abae EU's legal
limit. Thefigures show no apparent trendthis period The results correspond well
with figures reported in NIFES online database "Seafood Data".

The results confirm that the levels of DLPCB are higher than the PEODF levels.
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Table9. levelsof dioxins, furans (PCDDsDFs) and the dioxindike PCBs(ng TEQ/kg

W. W.)
Sum Sum Sum Non Mono Sum Totd
PCDDs | PCDFs | PCDD+ | orto orto DLPCBs | sum
PCDF PCBs | PCBs TEQ
LOQ™ - - - - - -- -
EU- limit 4.0 8.0
Salmon
N 86 86 86 86 86 86
UB- Mean 0.09 0.2 03 0.5 0.2 0.7 1.0
Min 0.04 0.07 0.1 0.2 0.07 0.3 0.4
Max 0.2 0.3 0.5 1.2 0.5 1.7 2.2
Rainbow
trout
N 10 10 10 10 10 10
UB- Mean 0.09 0.2 0.2 0.2 0.5 0.7 1.0
Min 0.07 0.1 0.2 0.2 0.7 0.5 0.7
Max 0.12 0.2 0.3 0.3 0.4 0.9 1.2
Arctic
Char
N 2 2 2 2 2 2
UB- Mean 0.06 0.1 0.2 0.5 0.2 0.7 0.8
Min 0.06 0.1 0.2 0.6 0.2 0.5 0.7
Max 0.07 0.1 0.2 0.4 0.2 0.8 1.0
*UB: Allsums andaverages ar apper boundé calcul ations.

**LOQ: All LOQ values are related to the individual congeners, NIFES has not established a LOQ values for their sums.
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Table 10. Concentrations oftie brominated flame etardants, PBDE, HBCD and TBBFA
(ug/kg wet weightin the fillet of single and pooled fish samples.
PBDE 28 | PBDE47 | PBDE99 | PBDE 100 | PBDE 153 | PBDE 154 | PBDE 183 UB- Sum
PBDE 7
LOQ* 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.021
Salmon
N 14 14 14 14 14 14 14 14
UB- Mean 0.04 0.8 0.15 0.16 0.02 0.10 0.01 1.3
Min 0.02 0.53 0.09 0.10 0.02 0.06 <LOQ 0.8
Max 0.07 1.3 0.30 0.26 0.04 0.15 0.02 2.0
Rainbow
trout
N 1 1 1 1 1 1 1 1
Value 0.04 0.64 0.13 0.13 0.03 0.08 <LOQ 1.0
PBDE 66 | PBDE 119 | PBDE 138 | Sum HBCD Alfa Beta Gama TBBP- A
HBCD HBCD HBCD
LOQ 0.003 0.003 0.003 0.5 1 1 1 1
Salmon
N 14 14 14 14 8 8 8 8
UB- Mean 0.04 - - 0.5 - - - -
Min | 0.01 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Max | 0.10 <LOQ <LOQ 0.6 <LOQ <LOQ <LOQ <LOQ
Rainbow
trout
N 1 1 1 1 1 1 1 1
Value 0.03 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
UB: AlIl sums and averages are o6upper boundé calculations.

**LOQ: All LOQ values are related to the individual congeners, NIFES has not established a LOQ values for their sums.
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Brominated flame retardants (BFR)

The results for the brominated flame retardants are summarised in DaBl¢otal of

15 samples of single and pooled salmon and rainbow $eoupledrom a total of 23

fish were analyseddBCD is determined in two metks: SumHBCD is determined

as part of the PBDE method. But, the individual HBCD compounds with names alpha

beta and gamm&dBCD are determined in a separate method. Unfortunatieiy

second method has higher LOQ values, higher than the levels in thesured

samples. Thus no actual figures were reported for the individual HBCD compounds.
Total HBCD in salmon shows the Ud/erage 00.5¢e g/ kg and a range f
0. 6 ¢ g /Likeghe wmdiwdual HBCD datéhe TBBRA values are below the LOQ

value n all samples. The values forthe sumPBDE r ange from 0.8 to
in salmon In rainbow trout thesinglev al ue was 1.0 €9/ kg w. w.
include a few lean fish. Still the 2007 v er age is 1.5 e€g/ kg w.
the 2008 vhue of 1.3 €9/ kg w. w. given the ana
structures from the PBDE class to the PCB class makes it natural to compare the data
from these classeSumPBDE-7 levels are less than 20% of the sum PCRgvels.

Also, the PBDE ompounds are the least toxic of the two classes.

Group B3b,0Organophosphorous compounds
No B3b compound was part of the project in 2008.

Group B3c, Chemical elements

The analytical values for the elements are summarisedlalsle 11. They were
determined irl75 poolecand single fislsamples made from the filets of 851 fish.

Arsenic (As)

In Table 1L we see that the arsenic levels in the fillet of farmed fish ranged from
<LOQ to 3.1 mg/kg w.w. The WHneanranged from 1.4 mg/kg w.mn pollock to 1.9

in cod.In the period 2002007 the average levels were respectively: 2.1, 2.0, 1.4, and
1.6 mg/kg w.w. (all except 2007 were calculated asalBrage). Thus the level of
arsenic in fillets has in this period been fairly constant. The levels in the lean species
cod and pollock are naignificantlydifferent from the others.
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Table 11. Concentrations of the heavy metals (As, Cd, Hg and Pb)
(mg/kg w.w.)in the fillet of single and pooled fish samples.

Arsenic (As) Cadmium (Cd) Mercury (Hg) Lead (Pb)
LOQ** 0.03 0.01 0.03 0.015
EU- limit - 0,05 0,5 0,3
Salmon
N 145 145 145 145
UB- Mean 15 - 0.04 -
Min <LOQ <LOQ 0.02 <LOQ
Max 2.80 0.06 0.17 0.02
Rainbow
trout
N 14 14 14 14
UB- Mean 1.7 - 0.05 0.02
Min 1.10 <LOQ 0.04 <LOQ
Max 3.10 <LOQ 0.08 010
Cod
N 11 11 11 11
UB- Mean 1.7 - 0.10 -
Min 0.77 <LOQ 0.03 <LOQ
Max 2.40 <LOQ 0.14 <LOQ
Pollock
N 3 3 3 3
UB- Mean 1.4 - 0.08 -
Min 1.20 <LOQ 0.08 <LOQ
Max 1.60 <LOQ 0.09 <LOQ
Halibut
N 1 1 1 1
Value 1.8 <LOQ 0.08 <LOQ
Turbot
N 1 1 1 1
Value 1.7 <LOQ 0.09 <LOQ

Cadmium
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In 2005, a Cd contaminated feed ingredient led to Norwegian farmed fish being
banned from the Russian market from alleged elevated values of Cd found in
Norwegian farmed salmon. But none of the sampleb/sea in the framework of this
project in 2005 and 2006 showed measurable concentrations of cadmium (all <LOQ),
and in 2007, we found that 158 of a total of 184 values were <LOQ. Now, the 2008
data show that 162 of a total of 175 are below measurable rdoaitens. The
maximum measured value was this year 0.06 mg/kg aetually 0.55 mg/kg)In

2007 the maximum value w&01 mg/kg w.w.. The EU'apper limit is 0.05 mg/kg

w.w. Taking into consideration the measurement uncertainty 28%tin this
concentation rangehis valuedoesnot qualify for a legally norcompliant statudt is

still the highest value we have measured in a Norwegian farmeaddigiart of this
project The value was found in a salmon sample. Theav&age value in 2007 and
2008 exggerates the apparent differencempared toprevious yearsvhere lower
bound calculations were usestill the possibility of an increasing trend in Cd levels
cannot be ruled out from these findings.

Mercury

Table 11 shows that the concentration ofabmercury ranged from 0.02 to 0.2 mg/kg
w.w in 2008. This is identical to the range in 2007. ThedyBrage ranged over the
analysed species from 0.04 to 0.09 mg/kg witwe hghest valuewasfound in the
single turbot. In contrast the EUlpper limitis 0.5 mg/kg w.w. for these products.

Lead

The data are summarised in Table Only three samples out of 175 had measurable
concentrations, all rainbow trout. The Walculated mearor trout was 0.02 mg/kg
w.w. The EU has from 2006 in the "Commissionuiagion (EC) No 1881/2006 of 19
December 2006 setting maxi mum | e \wsethes f
limit for |l ead to 0.3 mg/ kg, in Amuscl

or
e
Trends since 2003

In the class of heavy metals theasuredevels have beemore or less stablever the

years since 2@ In this time period a total df030singleor pooled fishsamples have

been analysed. For all these samples the maximum value for arsenic wag/l&g3

w.w. There is currently n&U upperlimit for arsenic The oncentrations of cadmium

were in all samplesince 20Q less than or equal .01 mg/kg w.w. acceptfor one

single sample from 2009 hatsamplewas, within the analytical uncertainty, found at

the value of the EU upper limfor cadmiumof 0.05 mg/kg w.w. For mercury, all
valuessince 2002were lessor equalto 0.3 mg/lkg w.w. The EU upper limit for

mercury is 0.5 mg/kg w.wlhe levels of lead wena all samples since 2@0ess than

or equal td.1 mg/kgw.w. The EU upper limifor leadis 0.3 mg/kgw.w. Thus, based

on 1030 samples made from more than four thousand fish we conclude that no
incompliant sample was found. And that Norwegian farmed fish are well below the

EU upper concentration limits for the heavy metals.
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Group B3d, Mycotoxins

The 20 sampke from 2008 were analysed fochratoxineA by a new analytical
method adapted to marine samples. Of the 20 samples, 17 were salmon, 2 were
rainbow trout and one sample was from cod. In addition15 samples for fish muscle
from 2007, not previously reportede included here. All samples were pooled with
material from five fisheach Ochratoxin A was not detected in any of the samples
examined

Group B3e, Dyes

The components in the B3e group were collected and examinedabothand B
samples. In total 8®ooled samples from 44fish were examined with respect to
malachite green and ilgeucoform. Crystal violet,leucocrystal violet and brilliant
green wereeachexamined for in 64 samples from 320 pooled fish. No residues of any
of these agents were deted

Group B3f, Others

BHA, BHT andethoxyquin(syntheticantioxidants)

The results are summarised in Tablz All samples were salmorAll data for the
synthetic antioxidants are on a wet weight basis.concentrationangefor BHT was
0.4-24.5 mgkg and the mean was 5mg/kg In 2007 the range was 014.4 mg/kg
and the mean was 418g/kg In 2006, the range was 0-8.5 mg/kg and the mean
was 3.8 mg/kg In 2005, the range was 0-BB mg/kg and the meanvas 2.3 mg/kg
The range reflects an unmected high variabilityBut unlike the other parameters
these are all single fistamples For that reason aloree higher variability should be
expected There is no EU or national Norwegian MRL for BHT in food. However,
Japan hasraMRL of 10 mg/kg w.w.for BHT. In 2008 10% of the samples in this
project were above thRIRL while in 2007 3% were above and in 2006 the highest
value was jusbelowthe MRL.

The rangeof BHA concentrationsvas 0.0060.08 mg/kg w.w., and the mean was 0.02
mg/kg like last yearThere is no EU or national Norwegian MRL for BHA in food.
However,Japan hasraMRL for BHA of 0.5 mg/kg

The data forethoxyquinare summarised in Tabl@.1it was recently established that
this (accredite)d method overestimates the true analyticallue Thus the true
concentrations are below the values listed in the table.igthes casdor the 2007 and
2006 repod as well There is no EU or national Norwegian MRL in food for
ethoxyquin. However,@ne provincial states in Germany have estab&d an MRL

for ethoxyquinof 0.01 mg/kg, with a legal basis iU pesticide regulations. Japan has
anMRL of 1 mg/kg. Both limits concern only thgarentcompound, not the dimer or
thar sum.



The levelsof ethoxyquinin the analysedish are all less than @ mg/kg w.w.The

concentration oéthoxyquin dimeis higher tharthat ofthe parentcompound.

Table 12. Concentrations of synthetic antioxidants in the filletinflividual salmonsamples.

(mg/kg w.w.).
BHT BHA Ethoxyquin Ethoxyquin dimer Sum
Eth oxyquin
N 50 50 50 50 50
UB- Mean 5.4 0.02 0.04" 06" 07"
Min 0.41 0.006 0.003 " 02" 02"
Max 245 0.08 02" 22" 25"

*) All values for

The EU has established apper limitfor the sum of antioxidants in feed 150 mg/kg

ethoxyquin ar e

overestimated

and

s houl duesb e

read as

ol ess

w.w. Since 1996NIFES has conducted surveillance program on fish feeds and fish
feed ingredients on behalf of the Norwegian F&adetyAuthority. None of the feed
samples analysesb farexcee@dthe upper limit

The PFC class
Table B lists the results for the Perfluorinated organic compounds. Thesewaa
single fish and two pooled samples in the data, all sam@essalmon.No

guantifiableconcentration was found for any of the compounds in thesanmgpés

analysed. The€OQ values are listed in the tablghis is consistent with the results
from the 84 samples in 2007. The LOQ values range frdm 15

Table 13. Concentrations of PFC compounds in the filkeof single and

pooled samles offish (ug/kg wet weight); N=%almon andl rainbow trout

Compound

Max value

LOQ

PFBS

<LOQ

4,5

PFOS

<LOQ

PFOSA

<LOQ

15

PFHxXA

<LOQ

PFHpA

<LOQ

4.5

PFOA

<LOQ

PENA

<LOQ

PFDcA

<LOQ

PFUNA

<LOQ

PFTeA

<LOQ

15

v/ kg

t

h
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The PAH class

Table ¥ summarises the results for the PAH compouidsenty-one samples were
analysed, twenty of them salmon and one rainbow trout. Calculation of the mean is
performed by the UB procedure. Ben2dPyrene (BaP) is the most focused single
PAH due to its carcinogeneffect. The EU haan upper limitfor fishfiletat 2 € g/ kg
w.w. for this compound. None of the twenty samples had measurable levels of BaP.
This is consistent with the results from 2007 when only one of 84 samples had a
measurable level. Most of th& PAH compounds reported have no measurable value
in the 20 samples. Ongghenantrenandfluoreneare measurable in more than 50% of
the samples. These two lelower carcinogenic effects than BepiPyrene.

If these results are compared to the 2007, datep in mind that one of the samples in
2007 was obviously contaminated, to the point that it affected all the maximum values
in Table 16 of the 2007 report.

Table 4. Concentrations of PAH compounds in fille{gig/kg wet weight) ;
N=20 Salmon and Rainbow trout.
Compound LOQ Min. Max. UB- mean Rainbow trout EU- Limit
Value value salmon 1 sample
salmon salmon
Flurene 0,5 <LOQ 5.2 2.8 14
Phenantrene 0,5 <LOQ 5.7 1.8 2.0
Antracene 0,5 <LOQ 0.6 0.5 <LOQ
Fluranthene 0,5 <LOQ 0.8 0.5 0.9
Pyrene 0,5 <LOQ 1.2 0.6 <LOQ
Benzo[a]antracene 0,5 <LOQ <LOQ -- <LOQ
Chrysene/ trifenylene 0,5 <LOQ <LOQ - <LOQ
Benzo[b]fluoranthene 0,5 <LOQ <LOQ - <LOQ
Benzo[K]fluoranthene 0,5 <LOQ <LOQ - <LOQ
Benzo[a]pyrene 0,5 <LOQ <LOQ - <LOQ 2.0
Indeno[123 - cd]pyrene 0,5 <LOQ <LOQ - <LOQ
Dibenzo[ah]anthracene 0,5 <LOQ <LOQ - <LOQ
Benzo[ghi]perylene 0,5 <LOQ <LOQ - <LOQ
UB- Sum of PAH - 6 14.7 9.5 9.4
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Summary

With the increasing production volume of farmed fish in Norway the marine part of
the EUDirective 96/23/EC monitoring program is now extensiMais reportis bagd

on a total 0f9066fish and 9785analyticaldeterminationsLike in the report for last

year, all sums and mean values found in thbles are calculated according to the
"upperboundLOQ" principle (UBLOQ): the value of the relevant LOQ is substituted

in the calculation for all values below the LO@lue Individual values are still
reported as A<LOQO, LOQ eakcdationshgaver a "tvdrse cade'O Q .
figure that is a ga basis for contaminants risk assessment. As a result of the UB
calculation the sums, amdeanvalues in this report will be systematically higher than

in the reports prior to the 2007 report.

The groupA samplesare intendedor analysis of drugs thatre banned from use in

food producing animals. For that reason these samgulesollected by official
inspectors on the farm location tino prior notification Samples fo groupA
determinationsare taken in all growth stages of the fish and should pesentative

for the fish in productionThe goup-B samples are analyzed for compounds for which

an upper limitis established, or for compounds with a mandatwitiidrawal period

from medicatioror for compounds that for other reasons are monitoFed group B
samples are taken from fish in the slaughterhouses or the packing plants. These
samples should be representative for the commercially available Norwegian farmed
fish.

No detectable residues thfe pharmacologically active agents in group A weren.

For the veterinary drugs in group B, niaet of 56 examined samples were found to
contain emamectin benzoate. The highest concentration found in one individual
sample was 9.1 pg/kgvet weight(w.w.). The present MRL for this agent is 100
ng/kg. For all other therapeutic agents in group B (antibacteaalthelmintics other
sea lice agents and dyes), no residues were detected.

The mycotoxinochratoxine Awasnot detected in any of tH#5 pooled samplemade
from 175 individual fish.

The pesistent organipollutants(POP$ have been part of this program fe@ars The
number of compounds and compound classes are increatiad period The levels
found for the dioxins(PCDDs and PCDFs), DLPCBCB7 and the organic
pesticides were simitao the results from this program for the years 2003 to 207
also to the corresponding valudsund in the online database: "Seafood data"
(www.nifes.no).

The brominated flame retardant compouadd compound classes PBDE, HBCD and
TBBP-A are incluekd in the program. The PBDEs are structurally similar to the PCBs.
But the sum PBDE amount to less than 20% of the value for the sum-PCBheir
toxicityisas o | ower . Al l samples analyzed for
w.w. Total HBCD hasthe UBheanof 0. 5 and a maxi ma.m valu



48

In the class of heavy metatwer the years since 20@ total of 1030 sampleshave
beenanalysedFor all these samples the maximum valder arsenicwas 6.3 mg/kg

w.w. The concentrations of cadmium were in thlksesamples less than or equal to
0.01 mg/kg w.w. acceptfor one single sampléat, within the analytical uncertainty,
was found at the value of the Hupper limit. The levels ofmercurywere below or
equalto 0.23 mgkg w.w. The levels of lead werless than or equal @1 mg/kgw.w.

The EU upper limits for cadmium, mercury and lead are 0.05, 0.5 and 0.3 mg/kg w.w.
respectively.Thus, based o030 samples made from more thdaur thousandish

we conclude that no incompliant sample was found. And that Norwegian farmed fish
are well below the EU upper concentration limits for the heavy metals.

The synthetic antioxidants are legal additives to fisk.fekecan beconclude from the
results that there is a transfer of synthetic antioxidanta the feed to the fish fillets,
in particular for BHT.A national uppetimit in Japanfor BHT is now exceeded by
fish in the presentdata setThe analyticallevels of BHA andethoxyquinare lower
than those of BHT.There is noEU or national Norwegiarupper limit for these
compounds in food.

Ten PEC compoundsgerfluorinatedorganic compounds) are included in the program.
This class is characterized by a lowtsctoxicity and very high degree of persistence
in the environment-or all the ten compounds the leveldhe nine samples were less
than their LOQvalues This confirms that the levels &fFG are low in Norwegian
farmed fish.

Thirteen PAH compoundseaincluded in the program. This class is of interest because
some of the compounds are carcinagemhe most potent carcinogenof the
analysed compounds benzoA] pyrene(BaP). This compound is thenly one with

an establishedpperlimit. The concetrations of BaP are below the limit and below
the LOQ in all of the twenty samples analysed in 2008. In the majority of the samples
only fluoreneand phenantrenare found in measurable concentrations. These are far
less potent health hazards than BaP.



