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Introduction

The aim of this program is an ongoing monitoringre$idues of therapeutic agents,
illegal substances, pollutants and other undesrabbstances in Norwegian farmed
fish. The Norwegian Food Safety Authority (NFSAYyesponsible for the enforcement
of this directive in Norway, and the activity iscissed on both terrestrial and marine
food producing animals. On behalf of NFSA, The biadl Institute of Nutrition and
Seafood Research (NIFES) has been given the rabpityso carry out the analytical
work and to elaborate the report on species in @aduae, whereas The National
Veterinary Institute are responsible for the tdrrakpart. On this program NFSA has
planned and carried out the sampling for both pairtee program.

The activity as described in this report is conddctin accordance with the
requirements in Directive 96/23/EC "On measuremtmitor certain substances and
residue thereof in live animal and animal produast further as specified in the
directive 2002/657/EC on the implementation ofdabeve mentioned directive.

According to the directive 96/23/EC Annex |, subsis are grouped into A and B
components. These two groups differ in their rezaent to the sampling plan, thus
this report also refers to group A and B samples.the samples collected in 2008
these compound groups have been analyzed in fish:

Group A: Substances having anabolic effect and thioazed substances:
Al: Stilbenes, derivatives and their salts andreste
A3: Steroids
A6: Substances included in Annex IV to RegulatiBEC) No. 2377/90.

Group B: Veterinary drugs and contaminants:
B1: Antibacterial 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 A-compounds are illegal to use in animalended for food production. The
group A-samples were collected at the farms anld ifisall stages of growth are
sampled. Sampling was carried out by official irgpes with no prior notification.

The samples should be representative of the figtt #me in production in the
Norwegian aquaculture sector.



Group B-compounds are drugs for which a Maximum idRes Limit (MRL) is
established or a mandatory quarantine period aftatication is established, and also
contaminants of food safety concern. The group Mmpas were taken from
slaughtered fish at the slaughterhouses or theipagkants. These samples should be
representative of the commercially sold fish.

In 2008, NIFES used subcontractors for some paemsiethe Hormone Laboratory of
Oslo University Hospital, Aker was subcontractor tfiee determinations of stilbenes
and steroids, The National Veterinary Institute|oOwsas for the determination of
mycotoxins, and Eurofins was subcontractor for Pamblysis and the analysis of
selected therapeutic compounds.

Annette Bjordal was in charge of the analytical kyowhile Elin Kronstad was
responsible for the work related to sample receptistorage, preparation and
distribution within the institute. Manfred Torsvillnne Margrethe Aase and Vidar
Fauskanger carried out the sample pre-treatmeta.HRinnisdal, Felicia D. Couliard,
Lina Beyer Vagenes and Rosini Ngyen were respansdsl chemical analysis of the
medicine residues. Karstein Heggstad, Tadesse @aste Jannicke A. Berntsen,
Dagmar Nordgard, John Nielsen, Lene H. Johannes&séhElin @ye, Pablo Cortez,
Kari Breisten Seele, Kjersti Pisani, Tina C. Rosdydbseph Malaiamaan, Betty Irgens
and Elilta Hagos were responsible for extractideas-up and determination of the
organic contaminants. Jorun Haugsnes, Siri Bargbodja Lill Eidsvik, Berit Solli,
Edel Erdal and Laila Sedal carried out the analgéithe chemical elements. Eva
Torgilstveit, Annette Bjordal, Tina C. Rossvold,nki B.Vagenes, Rosini Ngyen,
Anette Kausland, Annbjgrg Bgkevoll and Anne Karyv&sen were responsible for
the day to day reports to the NFSA. Tone Galluzed &Anne Karin Godvik were
responsible for the bioassay for determination &k tantibacterial agents.
Determination of the synthetic antioxidants BHT, MHand Ethoxyquine was
performed by Kjersti Ask.

The scope for the project in 2008

According to current legislation, the minimum numbé&samples to be collected each
year must be at least 1 per 100 tons produced0@8 2his applied for salmon and
trout, whereas as a national measure the sampeaeney for other farmed species
was increased to one sample per 25 tons fish peaduOne-third of the fish were
sampled according to the requirements of the glwomponents and two-thirds of
the samples according to group B. Farms from giores with aquaculture activity,
and at least 10% of the total number of plants wereered by the sampling plan. The
sampling plan was designed to ensure statisticadlamness over all seasons and
regions. The samples were made anonymous at thelesaeteption in NIFES. Thus
the person performing the analysis was unabledotify the sample or the producer.
The samples submitted to the laboratory were eiffteen muscle tissue from five



fish, frozen liver from five fish or one guttedngle fish stored on ice. The muscle
samples were filets with skin or they were chopthwkin and backbone. Except for
the single fish, the samples were shipped frozeNI&ES in isolated boxes. These
samples were kept frozen until prepared for anslyBhe single fish samples were
intended for analysis for synthetic antioxidantdie3e single fish samples were
immediately filleted and prepared for analysis anval, or discarded if this could not
be done. Only the fillet part of each single fisasnanalysed. For practical reasons
some single fish samples were analysed for othematal parameters as well, but
then only for environmental pollutants in groupBkcept for the antioxidants where
there are only single fish samples, the pooled $&sgata and the single fish data are
considered equivalent. Both kinds of data are ¢netbin the statistical parameters
with the same weighting. The parameter “the nundbdrsh” is calculated from both
the single and the pooled fish samples to givereecbtotal number of fish. In 2008
there were 60 single fish samples.

On arrival to NIFES the filets or chops from theefifish samples were homogenized
to proper pooled samples with equal contributiazfreach fish. The advantage of
pooled samples is that a large number of fish am&luded in the surveillance. The
drawback is that the individual variability betwettre fish is lost in the pooling. The
observed standard deviations than reflect the biitiabetween the farms. The liver
samples were all analyses individually.

Table 1 provides an overview of the number of fieht were the basis for each
chemical and microbiological examination. The tatamber of fish in the data base
was 9066. From these 1692 pooled filet sampleQabdiver samples from individual
fish were prepared. The total number of analytitelasurements reported here is
9785.

All sample collection, submission and selectioriigli to each analytical method were
done according to a detailed plan set up by theAIH®&e plan was tailored to ensure
statistical independent and representative samplase some samples are included in
the data for more than one parameter, the totalafuime samples is less than the sum
of the samples analyzed for each parameter. [eoddka interpretation the significant
number is the sum of samples analysed for eachmetiea. As a general rule each
sample was to be analyzed for only one parametas Wwas implemented to mean
analysed by only one analytical method. Each aalytmethod often determines a
whole class of compounds or several closely relatedpounds at the same time. The
one sample - one analysis rule was given secondtyrio the other design criteria for
the sampling plan. Thus occasionally sample spgjtior analysis by more than one
analytical method was prescribed in the sampliranplThe statistical basis for the
results for each parameter (number of samplesiahyidre shown in Table 1. As far
as practical considerations and the number of ssnallowed for each data basis
included fish from several regions and most seasons



Table 1. Sampling data.

Substance group Parameter Number of Number of Number of
fish samples determinations
Samples Diethylstilboestrol 52
Al Dienoestrol 260 52 52
taken from Stilbenes Hexoestrol 52
the farms
with no pre- Nandrolon alfa 56
! 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
I ll'\g . Furazolidone 100
! e%\iner;gs. l_:uraltadon_e 100
v Nltrofurantome 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
faken from Ani bacterial S ack 5 0 5
the slaughter agents Oxytetracycline 35 7 7
House 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
a-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, a,Bandy 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 Ethoxyquine+ dimer
Others PFC (10) 22 10 10x10=100
PAH (13) 45 21 21*13=273
Nitrosamines 20 4 4
Sum* B fillets, 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 fillet A+B 8091 1692 8810
9066 2667 9785

Total sum, fillets, pooled and single fish and liver




Terminology

Tissue: The samples examined in this program were eitlier or muscle with skin
and bone. In the text this is referred to asetd! or "muscle”, as distinct from “liver
samples”.

Parameter: A chemical or physical property whose value dégs or characterises
the sample. In this report the term is used exedlgifor the concentrations of
chemical species of drugs, pollutants or addito@®aminating the sample.

Analyte: The chemical substance that is the subject getaf the chemical analysis.
Matrix: The non-analyte part of the sample.

For "Limit of quantification” and 'Limit of detection" the internationally
recognized abbreviations LOQ and LOD are used. i©@prmally higher than LOD
by a factor of 3.0 to 3.3. For compounds that degal in fish the LOD is most
relevant, since any detection of the compound With > 95% probability) would be
important information. For other compounds quéaediion is required. The LOQ is
the lower limit for a reliable quantitative measuent. Levels that are so low that they
cannot be quantified with acceptable reliabilitylviie reported as "less than LOQ",
for example: <2.Qug/kg. On the other hand, illegal compounds willpeleding on the
concentration, be reported as: “ND” (Not detectédgtected®, or the result will be
reported as the value of the measured concentrdiionas above the LOQ value.

Congener: In this context “congeners” refers to analogoasnpounds within the
classes PCB, PBDE, dioxins, furans and thoxaphdéiescongeners in each class are
closely related in molecular structure. A congerseusually not referred to by a
unigue name, but an ID number is used for idemiiion: PCB-147 or Tox-62.
Congeners are molecules with several halogen afohisrine or bromine) in their
structure. The differences between the congendhsnna class are the number and the
position of the halogen atoms attached to an ofiseridentical molecular structure.

Upper bound (UB) calculation: or "upper bound LOQ" calculation is a principte f

the calculation of sums and mean values from aicalytlata. In UB calculation, all
values below the LOQ are replaced with their ref\20Q value. UB calculation is
intended to prevent any methodological limitatidrean giving artificially low sums,

like if the number zero were used for these valueshe sum (Lower bound
calculation). When UB calculation is required, nueth with the most advanced
instruments will give lower (and also more correxttjns. Thus if UB is required there
is an incentive to have the samples analyzed by miost advanced methods.
Previously lower bound (LB) calculations were trem. Cheap methods with high

1 “Detected” for illegal compounds thus means thatconcentration is in the range from LOD to LOQ.



LOQ values gave the lowest LB-sums and LB-meane&sld’hus a food producer
would benefit if he chose an unfit laboratory t@dment his products.

UB calculation is in accordance with requirememestf the EU for dioxin dafa For
all contaminants a UB calculation will give a "wbrsase" value. UB calculation is
therefore a good choice for the assessment of asksciated with an undesirable
compound in food. In this report UB calculationse ansed for many types of
contaminants. UB calculation is documented in thbl@ headings.

Maximum residue limit (MRL): is the highest permitted concentration of legally
applied agents in products from food producing atémrhe MRLs are established in
accordance with the Council Regulation (EEC) 230.7The MRL is set for muscle
and skin in natural proportions for all agents,eptdor oxytetracycline where only
muscle concentrations are considered.

Minimum required performance level (MRPL): This is a maximum permitted
detection limit for methods used to determine #nsalyte in public surveillance. The
MRPL value is established in accordance with the EWmmission Decision
2002/657/EC

Analytical methods

All data in this report are acquired from analticaethods using modern and
advanced equipment. The methods and the laboratarynes are accredited in
accordance with the standard ISO 17025, unlessrwaige specified. A few non-
accredited methods are still used. These methoelggaality assured by the same
protocol as the accredited methods, though uswuatly a basis from fewer validation
experiments. Accreditation of these methods israga@ng process, priority given to
group A parameters and to the methods with thedsighumber of samples analyzed.

Quality assurance: For all methods a quality coansample (QCS) with known

composition is included in each analytical seriés.series is equivalent to the
analytical capacity for one day. The exceptiorh&s dioxin method. This method is of
very high quality based on the isotope dilutionnpiple. This provides a quality
assurance integral to the method. Thus the frequehihe QCS analysis is lowered to
allow a higher analytical capacity.

For all methods the QCS results are checked toitevpre-defined limits before the
results from a series are approved. With a ceffteiquency also a "blank analysis"”
routine is performed. This is the full chemical lgs& of a fictitious sample, a sample
without any sample material. Any positive valuerfiddor this “sample” will reveal a

contamination of reagents or equipment that coéfiecathe results of real samples.
All methods are regularly verified by participatiom inter laboratory comparative

2 Commission directive 2002/69/EC
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analytical tests, and by analyzing certified refeee material of relevant test materials
(CRM). The results for the verification should bé&hm pre-defined limits before the
method is approved for continued use.

The fillet samples are aggregated or pooled sampéete from five fish each, with the
exception of 60 individual fish samples. In the mlwological assay for antibiotics,
liver samples are tested individually. The assay daialitative analysis and the results
are therefore "detected" or "not detected". A nggatest ("not detected ") for five
individual fish provides a more reliable and sigraht result than a negative test on a
pooled sample since any individual variation woulave been levelled out in the
homogenisation step. Any individual value above @D will be identified in the
individual analysis. A summary of the analyticathrods used is shown 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)
(ngrkg)
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 Flumequine Liver 3-plate 200 10 20 600 ug/kg”
Screening NIFES
Tetracyclines Liver method 200 2.0 5.0 100 pg/kg®
and NIFES
Florfenicol Liver HPLC-MS 200 0.2 0.5 1000 pglkg? 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 = "Minimum required performance limit”, givése minimum requirements for the capability of amalytical
method in terms of detection limits, in accordanitts the Commission Decision 2002/657/E@sker University
Hospital’s Hormonlaboratoriet;MRL = "Maximum residue limit”, the highest perngtt concentration of a legally
applied agents in products from food producing afémn accordance with the Council Regulation (EE&})7/90.
The MRL is set for muscle and skin | natural prajoors for all agents except for oxytetracycline, véhmuscle 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)
(ng/kg) in muscle) (ng/kg)
(Hg/kg)
Fenbendazole Muscle HPLC-MS n.a. 2.5 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 na.
NIFES
B2c Cypermethrine Muscle GC-MS n.a. 5.0 10,0 50 pglkg”
Carbamates NIFES
and pyrethroids Deltamethrin Muscle GC/MS 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 ug/kg” 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 8 ng 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 n.a. 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 n.a. 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 n.a. 0.4 1.2* na.
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 2,5 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 na.
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 na.
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 na.
NIFES
Cis-nonachlor Muscle GC-MS n.a. 0.2 0,7 na.
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 NIFES

LoD and LOQ for HCH-beta vary from series to serie
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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)
(na/kg) in muscle) (na/kg)
(Hg/kg)
PBDE, Polybrominated Muscle GC/MS n.a. 0.01 0.03
diphenylethers NIFES
HBCD, Muscle GC/MS n.a. 0.2 0.5
hexabromocyclododeca
ne NIFES
TBBPA Muscle GC/MS 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 Ethoxyquine (EQ) Muscle HPLC-UV n.a. 0,2 0.6 n.a.
pharmacologica
lly active
substances NIFES
Ethoxyquine-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. 2,4 7.3 n.a.
NIFES
PFOS. perfluoroctane Muscle GCIMS n.a. 1-3 3
sulphonate NIFES
PAH, benzo(a)pyrene Muscle GCIMS n.a. not available not available 2.0 ug/kg 2007: sub
contractor

The Group A-compounds

The group-A samples were analyzed for hormone-Bkdstances in the groups
Stilbenes (A1) and steroids (A3) and for illegaigk (A6).

Group Al and A3

The Al and A3 compounds diethylstilbestrol, dieeadt hexosterol and steroid
compounds were analyzed at the Hormone Labora®sfp University Hospital,
Aker. The analytical method consists of an enzynatydrolysis of the samples,
followed by extraction and fat removal. The hydmdg substances are further
cleaned-up with liquid / liquid extraction stepsdasolid phase extraction before
derivatization and analytical measurement on a IS/ Any positive findings would
be confirmed by a confirmatory method.

In the confirmatory methods the samples are th&engian additional clean-up by
HPLC before a derivatization step. The final anefitdetermination is on a GC/MS
also for the confirmatory method.

® The National Veterinary Institute
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This method is based on the Hormone Laboratorycsealited method for detection of
steroids and stilbenes in muscle tissue from teratanimals.

Group A6, Annex IV substances to council regulati®EC 2377/90, 26. June 1990.

Chloramphenicol and metronidazole were analyzeNIFES. The four nitrofurans,
furazolidone, furaltadone, nitrofurantoine andafitrazone were analyzed by
Eurofins.

Chloramphenicol (NIFES method 143)

Chloramphenicol is an antibiotic agent with acthaainst a broad spectrum of
microorganisms. It has been used in human andiratgmedicine since 1949, but
due to a rare but serious dose-independent adegfese (aplastic anaemia); this agent
is no longer authorized in the treatments of foomdpcing animals.
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Chemical structure of chloramphenicol.

Procedure: An internal standard (chloramphenicol-b&s added to the sample before
extraction with ethyl acetate. Fat was subsequeathoved from the extract by a
liquid/liquid extraction between aqueous saline hagtane. To separate the analytes
from the water-soluble components, a new liquiditigextraction step with aqueous
saline and ethyl acetate was performed. The sawgdeanalyzed by LC-MS, with a
reversed phase C18 column for separation. The coems were ionized by electro
spray ionization (API-ES) and detected as negating using the selected ion
monitoring (SIM) mode. Quantification was basedlom internal standard method
with a three point calibration curve.

Nitrofurans

This group of synthetic antibacterial agents amévdgves of nitrofurane. The
compounds have previously been widely used in wetgr medicine. In this report the
nitrofurans furazolidone, furaltadone, nitrofuranand nitrofurazone are included.
These agents are rapidly metabolized in the tissue thus the metabolites 3-amino-2-
oxazolidinone (AOZ), 3-amino-5-morpholinomethyl-2azolidinone (AMOZ), 1-
amino-hydantoin (AHD) and semicarbazide (SEM) artuded in the assay as well.
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Chemical structure of nitrofurantoine.

Procedure: The analytes were extracted with aqudoydrochloric acid and
derivatized with nitrobenzaldehyde. Solid phaserastion was then applied for
sample clean up. The analytes were determined bWIBOMS in the positive mode.

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

Chemical structure of metronidazole.

Procedure: Internal standard (dimetronidazole-D3s vadded to a homogenized
sample. The analytes were extracted by ethyl acataan alkaline environment. The
solution evaporated and re-dissolved in heptanmp&aclean up was performed by
solid phase extraction. The solution was then enspd to dryness and re-dissolved in
water, before analysis by LC-MS. A reversed phadd& Column was used for
separation, and the components ionized by elegiraysionization (API-ES) and
fragments detected as positive ions using the tsgleéon monitoring (SIM) mode.
Quantification was based on the internal standagthad with a three point calibration
curve.

Malachite green and its metabolite (NIFES method 264)
The method is described in the next section, utideegroup B compounds.

The Group B compounds
NIFES performed most of the group B analysis. Havegub contractors were used
for these groups of compounds:

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

Procedure: In this assay for antibacterial ageatsthree-plate microbiological
inhibition method was applied (NIFES methods no6,1007 and 108). Each plate
contains growth agar and are added a specific talctrain that is particularly
sensitive to these analytes. Pieces of liver sampleasuring 6 x 5 mm from five
different fish were carefully deposited in the agarface, before the plate is set to
incubation. If the samples contain residues ofbactierial agents, the bacterial growth
will be inhibited in a zone around each piece wélitissue. A transparent zone with
no bacterial growth surrounding the liver sampldigates a positive test. The liver has
a central function in distribution and eliminatiasf drugs from fish and other
vertebrates. Higher concentrations of these comgimare thus generally found in the
liver compared to muscle. Even though the sensitvi this bioassay is beyond those
found for chemical methods, the higher concentnatitound in liver enhance the
detection of antibiotics. Moreover, the method eato detect a wider range of
antibiotics than the more specific chemical methddiss makes the bioassay a useful
screening method. Any detection by the inhibitiesay will be verified by chemical
analysis of the corresponding fillet sample recgtagether with the liver sample.

Oxolinic acid and flumequine

Oxolinic acid and flumequine belong to a familysyhthetic antibacterial agents
termed Quinolones. These agents have been andesmenfy applied in the treatment
of bacterial infections in fish.
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Chemical structure of oxolinic acid.

Procedure: The analytes were extracted with adedeniwhere after analysis was
performed by LC-MS/MS in the positive mode.

Oxytetracycline
Oxytetracycline belongs to the tetracycline antibm It is a broad spectrum antibiotic
that is active against a wide range of bacteria.
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Chemical structure of oxytetracycline.

Procedure: The analytes were extracted with EDTécisiate buffer, and solid phase
extraction was used for sample clean up. The asmlyere determined by LC-MS/MS
in the positive mode.

Florfenicol (NIFES method 290)
Florfenicol belongs to a group of antibiotics teth@mphenicols. The compound has
found wide application in treatment of bacteriaadises in fish.
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Chemical structure of florfenicol.

Procedure: Internal standard (chloramphenicol-D&% wdded to the sample, and the
analytes were extracted with ethyl acetate. To weméat from the extract a
liquid/liquid extraction between aqueous saline aheptane were conducted.
Furthermore, to separate the water-soluble comgsreetiquid/liquid extraction step
with saline and ethyl acetate was performed. Theptawas analyzed by LC-MS. A
reversed phase C18 column was used for separatimhthe molecules were ionized
by electro spray ionization (API-ES), and detecsdegative ions using the selected
ion monitoring (SIM) mode. Quantification was basedthe internal standard method
with a three point calibration curve.

B2a, Anthelmintics

Diflubenzuron and teflubenzuron (NIFES method 138 and 139)
Diflubenzuron and teflubenzuron are both chitintegsis inhibitors used in treatment
against sea lice.

Procedure: Internal standard (diflubenzuron whdlulienzuron is determined, and
teflubenzuron when diflubenzuron is determined) wedded to the sample, and the
analytes were extracted with acetone. Heptane weg to remove fat. A solid phase
extraction was applied for further purification tie sample. The samples were
analyzed by LC-MS. A reversed phase column was udsedseparation, and the
components were ionized by electro spray ionizati@g?l-ES) and detected as
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negative ions using the selected ion monitoring/lShode. Quantification was based
on the internal standard method with a three pmafibration curve.

Iver mectin and Emamectin (NIFES method 130 and 131)
Ivermectin and emamectin belong to the class @rraectins. Emamectin is presently
used against external parasites on fish.

Molecular structures of two ivermectin forms.

Procedure: Internal standard (ivermectin when engéimeis determined, and
emamectin when ivermectin is determined) was adddde sample, and the analytes
were extracted with acetonitrile. Fat was removegebxtraction with heptane, and the
sample was further purified by solid phase extoactiThe sample was analyzed by
LC-MS. A reversed phase C18 column was used foaraéipn, and the components
were ionized by atmospheric pressure chemical @&ioa (APCI) and detected as
positive ions using the selected ion monitoringMBmode. Quantification was based
on the internal standard method with a three pmahbration curve.

Cypermethrine and deltamethrin
Cypermethrine and deltamethrin are synthetic pyoads used in bath treatment
against sea lice.
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Chemical structure of cypermethrine.

Procedure, cypermethrine and deltamethrin: The kEsmweere extracted with acetone.
The extracts were then cleaned up by a liquidigextraction, and further by gel
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permeation chromatography. The samples were arhlpgegas chromatography-
electron capture (GC-EC).

Fenbendazole (NIFES method 141)
Fenbendazole is a broad spectrum benzimidazolelamtitics used against intestinal
parasites in fish.
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Chemical structure of fenbendazole.

Procedure fenbendazole: The homogenized sampleexteacted with a solution of
methanol and water. Petroleum ether was used toveffiat from the extract. Sodium
dihydrogen phosphate and a mixture of diethyl é#tleyl acetate were then added to
the polar extract before shaking and centrifugateord the upper layer was collected
and vaporized. The sample was then dissolved miwien of acetonitrile and water
prior to analysis on LC-MS. A reversed phase coluvas used for separation, and the
components were ionized by atmospheric pressureniche ionization (APCI) and
detected as positive ions using the selected iamtoring (SIM) mode. Quantification
was based on the external standard method witrea foint calibration curve.

Praziquantel (NIFES method 140)
Praziquantel is an isoquinolin agent used agamessiinal parasites in fish.

e
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Chemical structure of praziquantel.

Procedure: Praziquantel was extracted from the gemaed sample by acetone.
Diethyl ether and hexane were then added to thha@x®fterwards the organic phase
was transferred and evaporated, following methaddition to remove fat. A reversed
phase column was used for separation, and prazigjuaas detected by LC-UV at a
wavelength of 205 nm. Quantification was basedheneixternal standard method with
a three point calibration curve.
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B3a, Organochorine compounds

This is a heterogeneous group of compounds thabiexhrange of chemical and
pharmacological properties. Several classes of comgs like PCBs, dioxins and
brominated flames retardants are found in this grdiney have in common a
tendency to persist in the environment and to actat® in the food chains. For this
reason they are not only of environmental conddey are food safety issues as well.
Regarding their chemical properties they are daflig and hydrophobic character.
For this reason they are found in fatty tissuesthag are extracted from the sample
with organic solvents.

Polychlorinated biphenyls (PCB)

PCBs are a group of compounds with low biodegrdiiyabin the environment.
Commercial PCB mixtures were previously producedhdarge scale for a variety of
industrial applications. The total global produntiof PCBs has been estimated to 1.5
million tons’. PCB production was banned by the United Stategy@ss in 1976 and
by the Stockholm Convention on Persistent Orgamiduiants in 2001. Today there
are regulations like EU directive 96/59/EC for gade disposal of remaining PCB or
PCB contaminated waste. In Europe PCB levels iml faind feed are monitored and
regulated 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 methods of sampling
and analysis for the official control of levels of dioxins and dioxin-like PCBsin certain foodstuffs
Commission Recommendation 2006/83/EC of 6 February 2006 concerning the reduction of the
presence of dioxins, furans and PCBs in feedingstuffs and foodstuffs.

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

Theoretically there are 209 possible congeneB@Bs. Most of these were present
only in minor quantities in the commercial mixtur@$e International Council for the
Exploration of the Sea (ICES) has selected sevegawers for the monitoring of the
marine environment. This list is known as PCB-7BFPCor ICES-7 and consists of
these PCB compounds: PCB-28, -52, -101, -118, -13383 and -180. Other
congeners, with a higher toxicity are determinedpast of the Dioxin method
described in the next section. In addition to thdividual values of the PCB-7
compounds NIFES also report their “upper bound” soatculated as described in a
previous section.

® Breivik K, Sweetman A, Pacyna JM, Jones KC (200R9wards a global historical emission inventory fo
selected PCB congeners - a mass balance appro@dbbhl production and consumption”. The Sciencthef
Total Environment 290: 181-198. do0i:10.1016/S0088701)01075-0
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The chemical structure of PCB-153.

Procedure (NIFES method 137):

The sample is weighed, and PCB-53 is added amtheal standard. The sample is
homogenized and freeze dried. Hydromatrix® is miketefore extraction to aid the
solvent penetration. Extraction with hexane undievaded pressure and temperature is
performed in an Accelerated Solvent Extractor (ARB®, Dionex, Sunnyvale, CA,
USA). Fat and other matrix components are remowedxidation in a separate layer
of sulphuric acid on silica in the extraction colunThe solvent is evaporated in a
TurboVap® Concentration workstation (Zymark, USA)dareplaced with a small
volume of isooctane. The sample is analysed on GCiMSIM mode with electron
impact ionization. Quantification is based on tmeeinal standards method. The
method determines the PCBs no. 28, 52, 101, 118,158 and 180. The LOQ values
for the compounds are listed in Table 7. The methaubt accredited.

Dioxins, furans, and the non-orto and mono-orto PCBs.

The dioxins and furans (PCDDs and PCDFs) have neeen industrially produced.
These compounds are created as unwanted by-pradugasious chemical processes,
or in the combustion in waste incineration plaritke EU regulation cited for the
PCBs are in effect for dioxins as well. Like theB¥C dioxins are a class of organic
compounds and the derivatives of the group ared¢abngeners. Like PCBs these are
identified by numbers. But structural names likeha figure below are used as well.
The congeners vary in toxicity. A small number loém are highly toxic. Also some
PCBs have a structure similar to these toxic diexifhese are the so called dioxin-
like PCBs (DLPCB). The UN health organization (WH®gated in 1998 a list of the
most toxic PCDDs, PCDFs and DLPCBs (a total of @hpgounds), and a related list
of their relative toxicity values (TEF-98). Thesstd are the basis for the monitoring
of these compounds in most countries. The TEF-98egaare relative to the most
toxic dioxin: The 2,3,7,8 TCDD. In 2005 the TEBtlvas revised and from January
2009 the TEF-05 list replaces the TEF-98 list. kmlother compounds the results are
reported as TEQ values rather than concentratibhs. TEQ value is the measured
concentration multiplied by the corresponding TEfue. Thus all 29 congeners are
reported in 2,3,7,6 PCDD equivalents. The “sum BT is the sum of the 29 TEQ
values, usually split in the sum TEQ for the diesxiand furans, and the sum TEQ
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values of the PCBs. These sums provide easy topmetevalues for the effective
amount of these compounds in the sample.

CI:©:0:©:CI
Cl (0] Cl
Chemical structure of 2,3,7,8 TCDD, the most toxic dioxin.

Procedure: NIFES method no. 228. The method isdaptation to modern clean-up
equipment of the US-EPAs (Environmental ProtecAgency) methods No. 1613 and
1668. A mixture of 27 differenfC-labelled internal standard compounds is mixed in
with a homogenized sample corresponding to 3 gabfThe sample is freeze dried.
Hydromatrix® is mixed in before extraction to altetsolvent penetration. Extraction
with hexane under elevated pressure and temperatyrerformed in an Accelerated
Solvent Extractor (ASE 300®, Dionex, Sunnyvale, QfSA). Fat and other matrix
components are removed by oxidation in a sepaagts lof sulphuric acid on silica in
the extraction column. Further clean-up is perinn a Power-Prep® instrument
(FMS-USA) where successive chromatographic stepsaried out in three columns:
"Multi-layered silica, basic alumina and activatedarcoal. The mobile phase is
changed successively from hexane, 2% dichloromet(f2€M) in hexane, 50% DCM
in hexane, ethyl acetate and finally back-flushhvigluene. The PCDD / PCDF and
the non-orto PCBs are collected with the toluemetion. The mono-orto PCBs are
collected with the 50% DCM/hexane fraction. The teallected fractions are each
evaporated to 10 ml in a TurboVap ® concentraticork$tation (Zymark, USA). Two
3C-labelled congeners are added to serve as "recatandards”. They are then
separately analysed in a HRGC / HRMS instrument.

The method determines all the 29 compounds on th#®OWst: 17 PCDD / PCDF
congeners, Four non-orto substituted PCBs: PCB 817 126 and 169 and eight
mono-orto substituted PCBs: PCB-105, 114, 118, 158, 157, 167 and 189.The
internal standard method is based on the isotdpgah method according to the EPA
1613 and 1668 standard methods mentioned abovecdieentrations are weighted
by the TEF-98 values to give TEQ values. And thenswf the TEQ values are
calculated for all 29 congeners, as an “upper bowsuodn (UB-Sum TEQ ng / kg).
Recovery data is calculated for each sample baseithe recoveries of the internal
standards relative to the two labelled recovernddeds. There are individual LOQ
values for each congener. The LOQ values for @&ldbngeners are in the range of
0.006 to 0.2 ng / kg.

Polyhal ogenated pesticides, including DDT and its metabolites.

This is a group of compounds that include a widegeaof complex molecular
structures. These molecules are designed by rémzartco have a high biological
activity. Thus they are unwanted in both feed amadf They typically have several
chlorine atoms attached to one or more positiontheénstructure. Many of them are
persistent in the environment and may have a prafquotential for accumulation in
the food chain.
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Chemical structure of para-para DDT. Chemical structure of chlordane.
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Procedure (NIFES method 263): A mixture OIC-labelled internal standard
compounds is mixed in with a homogenized sample. §dmple is freeze dried. Then
Hydromatrix® is mixed in before extraction to altetsolvent penetration. Extraction
with hexane under elevated pressure and temperatyrerformed in an Accelerated
Solvent Extractor (ASE 300®, Dionex, Sunnyvale, @fSA). Evaporation aided by
nitrogen until approximately 0,4 ml is carried data TurboVap ® concentration
Workstation (Zymark, USA) The concentrated sampléhen mixed with a drop of
sulphuric acid, and the dark coloured acid is resdovThis is repeated until no
coloured oxidation products can be seen in thehsuip acid. Two®C-labelled
pesticides are added to serve as "recovery stasidaFinal analysis is carried out by
GC/MS in negative chemical ionization and SIM mo@antification occurs by
internal standard method with isotope labelled rimaé standards. The analytical
recovery is estimated for each sample based orettweeries of the internal standards
relative to the two labelled recovery standardseréhare individual LOQ values for
each of the compounds reported. These are the cigesti determined:
Pentachlorobenzene, three HexachlorobenzenesH@lk- beta-HCH and gamma-
HCH, DDT and its metabolites (pp-DDT, op-DDT, pp-DPop-DDD, pp-DDE and
op-DDE), heptachlor, heptachlor -A, aldrin, diéhdrisodrin, mirex, oxy-chlordane,
trans-chlordane, cis-chlordane, endosulfan-A, enifns-B, endosulfan-sulphate,
trans-nonachlor, cis-nonachlor and the toxaphemgexmers TOX-26, Tox-32, TOX-
50, TOX-62, TOX-42a, and the sum of TOX40 and TOXZhe LOQ values are
listed in Table 8.

Polybrominated flames retardants (BFR)

There are four main classes BFR: Polybrominatedhatigl ethers (PBDE),
Tetrabromobisphenol-A  (TBBPA), Hexabromocyclododexa (HBCD) and
Polybrominated biphenyls (PBB). The molecular sutes of the PBBs and the
PBDEs are very close to the PCBs. Like the PCBB thet PBDESs and the PBBs have
209 possible congeners. The only chemical diffezsrimetween the structures of PCB
and PBB are that in the latter bromine has replaceldrine. When production
changed from PBBs to the PBDE an oxygen atom wasrted in the molecular
structure to reduce toxicity. Despite this safetgasure the PBDEs are still an
environmental and food safety concern. The PBBg mt been used much in Europe
and are now banned in the United States. The nowstmron PBDE congeners in the
environment and in food are at present: PBDE-4MDPB9 and PBDE-100. NIFES
also measures the congeners no. 28, 153, 154 &hdri&ddition to the individual
levels of these compounds NIFES report their uggoemnd sum: PBDE-7. Both lists,
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PCB-7 and PBDE-7, are based on their observed otnat®ns in marine samples
rather than on their toxicology. As can be seemfrine different compound ID
numbers the substitution patterns for the compoundshe two lists are different.
However, due to the chemical and toxicological Enties of the PCB and the PBDE
classes it is still natural to compare the valuebhese sums.

HBCD exists in three molecular isomers (isomergyewise identical molecules with
different spatial arrangements of their structureBhey are:o-, p-, y-HBCD.
Tetrabromobisphenol-A (TBBPA) is the most widelyedsBFR. And it is more
common in Asia than in Europe and America. Due he increasing trade and
transport the levels in the environment are expgkedte increase also in Europe.
“TBBPA” is written by some authors as TBBP-A.
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Chemical structure aiBCD Chemical structure ofBBPA Chemical structure afBDE

Procedure for PBDE. (NIFES method 238):

PBDE-139 is added as the internal standard. Hydirax®ais added to aid the solvent
penetration. The sample is then homogenized anezdredried. Extraction with
hexane/Dichloromethane under elevated pressurdesmperature is performed in an
Accelerated Solvent Extractor (ASE 300®, Dionexn®gvale, CA, USA). Fat and
other matrix components are removed by oxidatiom iseparate layer of sulphuric
acid on silica in the extraction cell. The solvemtevaporated in a TurboVap ®
concentration workstation (Zymark, USA) and repthosith a small volume of
iIsooctane. The sample is analysed on GC / MS in @idde with negative chemical
ionizing. Quantification is according to the intatrstandard method based on a five
point linear dose-response curve.

Procedure for HBCD and TBBPA (NIFES metode350)

A mixture of *C-labeledu-, p-, -v-HBCD andy-TBBPA is thoroughly mixed in with a
pre-homogenized sample. A sequence of the solvacg$one, Cyclo-hexane and
saline water is used to extract the analyts. Afemtrifugation the organic phase is
isolated, collected and partially evaporated befoig re-dissolved in hexane. Fat and
other matrix components are removed by oxidaticth sillphuric acid. A3C-labelled
“recovery standard” is added to the solution ptmmanalysis of the:-, -, y-HBCD
and TBBPA using LC / MS / MS with electro spray jE®gative ionization mode and
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with Multiple Reaction Monitoring (MRM). Quantifi¢@n is based on the "isotope
dilution" method using 13C-labeled internal stamidarThe analytical recovery is
estimated for each sample based on the recovettyeointernal 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 require small amounts of some feeita their diet. Iron, cobalt,
copper, manganese, molybdenum, and zinc are relquise humans in minute
guantities. Excessive levels of these elements daamnage the organism. “Heavy
metals” usually refer to toxic elements such ascongt;, plutonium, and lead. Heavy
metals occur naturally in the environment with &geographical variations in their
concentrations. Today, anthropogenic sources ofyhazetals, i.e. pollution, have a
significant contribution to the environment. Frohe tenvironment heavy metals find
their way to food and feed production. From a faadety concern contamination
introduced during feed production is potentially rengerious since this may occur
unexpected in a previously pure product. In Norntiere has been an incident where
an inorganic mineral feed ingredient contaminateti feed with cadmium. In this
study we focus on the toxic elements arsenic (éajmium (Cd), mercury (Hg), and
lead (Pb).

Procedure (NIFES method 197)

Two parallels are weighed from a homogenate ot#mple. They are “digested”, that
is broken down and dissolved, with a mixture ofr@xture nitric acid and hydrogen
peroxide. The digestion is performed by heating itlosed container in a microwave
heater (Milestone-MLS-1200). The analytes are measguantitatively on an Agilent
7500C inductively coupled plasma mass spectron{#tMS). These elements were
measured: Arsenic, cadmium, mercury and lead. Rimodvas used as an internal
standard and gold was added to stabilize mercusypat of the quality control, two
certified reference materials (CRM) from Nationa&search Council (Ottawa, Canada)
were analyzed in each analytical series: Tort-pdb@pankreas of lobster) and Dorm-
2 (muscle of grayfish).

B3d, Mycotoxins

Many foods and feeds are susceptible to mould canttion when stored under
inappropriate conditions. Mycotoxins may be formedoods, raw materials for food
production, or in animal feeds. Most moulds canagad high salt concentrations or in
relatively dry products, at water activities doven.8 (g value). A diverse range of
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moulds are able to produce toxic secondary metasolicollectively known as
mycotoxins. Three genera are particularly imporianteeds and foodsAspergillus,
Penicillium, andFusarium. In terms of acute toxicity the most commonly antgered
mycotoxins in food and feed are less toxic thanBb&ilinum toxins and many of the
algal toxins. However, long term low level exposig®f concern, since several of the
mycotoxins are carcinogenic and may influence thiendn immune response if
ingested.

Mycotoxins from the feed can be carried over toftble. As a part of this monitoring

program and also our monitoring program for fisadieour subcontractor the National
Veterinary Institute (VI) has performed annual gsa of mycotoxins. An improved

method specially developed by VI to determine mggimis with the highest relevance
for marine feed products was introduced this yAantal of 15 samples of fish muscle
from 2007 and 20 samples from 2008 were examingid respect to Ochratoxine A.

Both sets of data are included in the current riefidnis parameter was not included in
the 2007 report, since the method was not reatiyni for the report.

Procedure: The extract is cleaned up chromatogeajhi by an immunoaffinity
column. The analytical determination is performed HPLC with fluorescence
detection.

B3e, Dyes

Malachite green (MG), crystal violet (CV), brilliant Green (BG) and their metabolites.
These are triphenylmethane compounds. Historiciye of these compounds have
been used to treat fish and fish eggs against funfgtions in the fresh water phase.
In Norway MG have formerly been used to treat festigs. However, all three
compounds are considered toxic, and use in foodymiaog animals is now forbidden.
MG and CV are quickly metabolized in fish tissued are normally detected as their
“Leuco” derivative (LMG and LCV). If only MG or CVis found, without
simultaneous presence of LMG and LCV it may indicitat the fish have been
contaminategbost mortem.

| |
/N:, N.
O
2

Chemical structure of malachite green.
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Procedure (NIFES method 264, MG and LMG):

The samples are extracted with acetonitrile andhldiomethane in an acidic
environment. Solid phase extraction is used for@arolean-up. The method includes
a first scanning for presence of LMG by LC-MS. tfyaLMG is present, it is oxidized
to MG with PbQ. Total MG (MG+LMG) is quantified with LC-UV. A rearsed phase
column isused for separation, and MG is detected at a wagtieof 620 nm.
Quantification is based on the external standarthoskewith a three point calibration
curve.

Procedure (Eurofins, MG, LMG, CV, LCV and BG):

The samples are extracted with acetonitrile undeti@conditions. This is followed
by a sample clean up. The purified extract is aelyby LC-MS/MS in a positive
ionisation mode.

B3f, Others

This is a heterogeneous group of compounds thahatyzed as part of Norwegian
national measures. It includes the synthetic aitaoxs BHA, BHT and ethoxyquine,
the perfluorinated organic compounds (PFC) and qyaljc aromatic hydrocarbons
(PAH).

Synthetic anti oxidants

The synthetic antioxidants Ethoxyquine, BHT (4-nykt® 6-ditert-butyl-phenol) and
BHA (4-amino-2-hydroxy-benzoic acid) are approvear fuse in animal feed.
Antioxidants are necessary in feed ingredientsrevgnt s self ignition during bulk
transport and because oxidized fats in feed maye hewerse nutritional effects.
Antioxidants protect the feed ingredients saciligi, they are themselves oxidised.
Their oxidation products are primarily "dimers" ¢fhe parent compounds (two
molecules that are hooked together). For Ethoxyguirere is also to some extent
formed the de-Ethylated Ethoxyquine. The relativeargities of these molecular
species change from the feed as they are digestsorbed and metabolised in the
fish. In fish both the oxidized derivatives and tpharent compounds should be
measured. In this report the parent Ethoxyquinei@ndimer is reported, but for BHT
and BHA only the parent compounds. For all publistata on synthetic antioxidants
the "speciation" should be taken into account, tlee exact variants of these
compounds that are measured. However, this islnetya possible due to ambiguous
data presentation.

OH ~ ~ H
0o 0 N
The <>>< 0 =
OH OH

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

Ethoxyquine and its dimer are very unstable compsummaking it an efficient
antioxidant. Analysis must be performed carefudlysuring adequate shielding against
light and atmospheric oxygen. Pyrogallol, ascosduitl and EDTA are added from the
start to protect the Ethoxyquine against oxidatibhe samples are extracted with
acetonitrile mixed with ascorbic acid. The fat e textract is then saponified in a
mixture of ethanol, NaCl and NaOH at 100 °C. Thal@s and the other un-
saponifiables are separated from the polar phatie axane. The solvent is then
evaporated and the sample is re-dissolved in aitek®rcontaining 0.1% ascorbic
acid. Ethoxyquine and its dimer are quantified Inalgsis on reverse phase HPLC
with fluorescence detection. The method is acoedditith regards to Ethoxyquine and
its dimer. The method is so far not accreditedthar de-ethylated Ethoxyquine and
these data are not reported. Quantification isdasehe external standard method.

BHT (NIFES method 250)

The compound is easily destroyed by light and Iy Aithorough shielding against
light and atmospheric oxygen is required for anglgical step after the extraction
from the sample. Pyrogallol, ascorbic acid and EDarA added from the start of the
procedure to protect against oxidation. The analgtextracted with Acetonitrile
containing 0.1% ascorbic acid. After centrifugatiire extract is filtered through a
micro-filter before quantification using reverse ase HPLC and fluorescence
detection. Quantification is based on the exterstahdard method. The method
measures the BHT mother compound.

BHA (NIFES method294)

The compound is easily destroyed by light and Iy Aithorough shielding against
light and atmospheric oxygen is required for anglgical step after the extraction
from the muscle tissue. BHA is extracted direotith Acetonitrile with 0.1%
ascorbic acid. The BHA concentration in the extiaaneasured using reverse phase
HPLC with Acetonitrile as the mobile phase and rfkszence detection.
Quantification is based on the external standarthote The method measures the
BHA mother compound.

Perfluorinated compounds (PFCs).

These synthetic organo-fluorine molecules are ssath compounds that have fluorine
rather than hydrogen attached to their chemicatgire. But they also contain at least
one different atom or functional group. Thus, thesve properties similar to
fluorocarbons as they are fluorocarbon derivativesey have unique properties to
make materials stain, oil, and water resistant, tn®y are widely used in diverse
applications. Due to the exceptionally strong CelRdthey are very chemically inert,
useful for applications like waterproofing coatsbricants, surfactants, preservatives
and coatings on frying pans. From all these soutikescompounds will eventually
find their way into the environment. The cold ewdsyns in the Northern and the
Southern hemispheres will be their final recipienthese compounds bio-accumulate
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in the higher trophic levels of the ecosystems. iTh@rtness makes them very
persistent in the environment. They have a low eac¢akicity, but there is a rising
concern for effects from continuous exposure. Thenacal properties of these
compounds are an analytical challenge. Today analydata with increasing degree
of reliability are being published. These compouhage been determined in domestic
as well as wild animals and also in human tissileshblood [] and breast milkY.
There is a growing interest in these data from goress as well as researchers. There
is now an effort to change the use from compoundk leng molecular chains to
those with a shorter one to reduce the potentiabfo-accumulation. So far no
MRL or MRPL values have been established for therels in fish. In May 2009
Perfluorooctanesulfonic acid (PFOS) was includedhim Stockholm Convention on
persistent organic pollutants. The use of PFO%s#ricted in Europe']] In Canada
there is a proposed a ban on PFOS, the second adigmbposed for a complete ban
under the Canadian Environmental Protection At |

The structures of common PFC compounds are showabte 3.

" Calafat AM, Wong LY, Kuklenyik Z, Reidy JA, Needha_L (Nov 2007). "Polyfluoroalkyl chemicals in the
U.S. population: data from the National Health &hdrition Examination Survey (NHANES) 2003-2004 and
comparisons with NHANES 1999-2000". Environ Hedgrspect. 115 (11): 1596—-602.

8 LIN TAO (1) ; KANNAN Kurunthachalam; WONG Chung MARCARO Kathleen F. ; BUTENHOFF lohn
L., “Perfluorinated Compounds in Human Milk fromassachusetts, U.S.A”, Environmental science &
technology, 2008, vol. 42, no8, pp. 3096-3101

°® Renner R (January 2006). "The long and the sifqrerfluorinated replacements”. Environ. Sci. Trealh40
(1): 12-13.

1 Directive 2006/122/EC of the European Parliamewt af the Council of 12 December 2006

' Environmental Defence: "Stain Repellant Chemi&QS, Listed for “Virtual Elimination™ News Relse.
(April 21, 2008).
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Table 3. The structure of common PFC compounds.

Abbreviation Name Chemical structure
PFBS Perfluorobutane R FR F
Sulfonic Acid F
SO;H
F FF F

R FR FR FR F

PFOS Perfluorooctane
Sulfonic Acid FW
SOzH

FFF FF FF F

PFOSA Perfluorooctane R FR FR FR F o
Sulfonic Amide F S//
~
Frd e d e e d N
PFHxA Perfluorohexanoic R FR F ©
e SO
OH
F FF FF F
PFHpA Perfluorohepanoic EFEFE FE E O
F OH
F FF FF F
PFOA Perfluorooctanoic R FR FR F O
e S
OH
F FF FF FF F
PFNA Perfluorononanoic R FR FR FR F ©O
F OH
F FF F F
PFDcA Perfluorodeanoic R FRFR FR F Q
Acid S
OH
FFFFF FF FF F
PFUnA Perfluoroundecanoic R FR FR FR FR F O
Acid
F OH
FF F FF FF FF F
PFTeA Perfluorotetradecanoic R FRFR FR FR FR F ©O
Acid F

OH
FFF FFFFFF FF FF F

Procedure(NIFES method 349): A mixture of internal standards, eight of thérg
labelled analogues of the corresponding PFC, i®diir with a homogenized sample.
Extraction with methanol takes place in an ultrasdath. Solid remains are removed
from the extract by centrifugation and by the uka 6.45um nylon syringe filter as
the liquid sample is transferred to a clean viaClean-up is performed on the
ASPEC™ XL4 (Gilson, Middleton WI, USA) analyticablot using an OASIS®
WAX chromatographic column. The purified extractrsalyzed by LC / MS / MS and
guantified using the internal standard method.

PAH

“Polycyclic aromatic hydrocarbons” (PAH) is a dasf many compounds. The name
Is a description of their molecular structuresgéamolecules of multiple "aromatic"
rings. PAHs are found in fossil fuels, in the smdkam burning wood and in the
smoke and ash from industrial or incineration psses. In food PAH can be formed
from excessive heat treatment. Also smoked foodiymts have high levels of PAH.
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The class includes some of the most carcinogeaitc@r causing) compounds that are
known, as for example, Benzo (a) pyrene (BaP).

The largest contributors to the environment areksand ash from industry, vehicles
and households. Farmed fish can be exposed thimughminated feed. Wild fish can
be exposed to PAHs from mineral oil products paiut Mineral oil can be
distinguished from other PAH sources by chemicallysis since some of their PAH
molecules will have ethyl or methyl groups like teches attached to their molecular
structure.

The large number of compounds in the class makgstaral PAH” analytical method
impractical or inaccurate. A selection of compouisd®quired. There are several such
lists in use. The US Environmental Protection Agenmblished a list of 16
compounds that is in wide use. The Norwegian Stah@aganisation has published
two lists, one for industrial PAH sources and ooeRAH from combustion sources.
The EPA-16 is designed to target combustion sowasesell. But due to its popularity
it is sometimes applied to samples and purposesvifoch it is wholly unsuited. A
well-compiled list of compounds will enable condgtrss to be drawn about the source
of the contamination.

The most commonly reported single PAH is Benzo(e)Rg. BaP is often used as an
analytical indicator or target for “PAH content”.f @ourse its carcinogenicity also
makes BaP a subject of interest itself. The EU d&isan upper limit for BaP at 2
ug/kg. In 2007 a single sample in this monitoringgram had values of PAH that
indicated a local contamination in feed or watertloa fish farm from which it was
taken. As for the rest, this monitoring program sagar documented that the levels of
PAH and BaP are low in Norwegian farmed fish.

(L

Chemical structure of benzo(a)pyrene

Procedure: The samples were analyzed for PAH bgiNbratanalyse / Eurofins. We
have not received answers to our inquiries on tray#cal principle underlying the
method.
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Table 4. Number of fish of each species and paragngtounting single fish and 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
no pre- Steroids l}ll_andtr)ollon b(lafta ggg
] renbolon 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 ggg 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
+aken Chemical Florfenicol 45 5 5 30 5
method Oxolinic acid 50 20 5 10 15
f:‘om h:he 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
Ivermectin 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
a-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, a, B,y 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
Ethoxyquine+ 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 werellected for analysis of
pharmacologically active substances under groufhfe samples were taken on the
facility without prior notice. The samples in thggoup are collected of fish in all
growth phases, not only from fish ready to be dheiged. Group A was analyzed for
substances that are not legal in food producingailsi. A total of 1196 determinations
were carried out in group A.

Group Al

The levels of the group Al substances diethylstiihiml, dienoestrol and hexoesterol
were examined in 52 pooled samples from a totaP@&d fish from four species.
Analysis was conducted by the Hormone Laboratostpo@niversity Hospital, Aker.
The detection limits (LOD) are listed in Table Be thumber of fish from each species
is listed in Table 4. None of the substances weteated.

Group A3

The levels of group A3 substances nortestosteraaadfolon) and trenbolon were
analyzed in 56 pooled samples from 280 fish from 8pecies. No single fish sample
is part of the data. Analysis was performed by Hh@mone Laboratory, Oslo

University Hospital, Aker. The detection limits @D) are listed in Table 2, the

number of fish from each species is listed in TahldNone of the substances were
detected.

Group A6 (annex IV to EEC 2377/90)

A total of 359 pooled samples from 1795 fish warglysed in this group. No
residues of A6/Annex IV drugs were detected in aaynple. The detection limits
(LOD) are listed in the Table 2.

Group B

There were a total of 1225 pooled and single fesmes of fillets from a total of
5756 fish for chemical analysis, and 975 individiisth liver samples for the inhibition
test. Samples were taken at the slaughterhouses fislh that were ready for the
market. A total of 8589 analytical determinationsrezconducted in class B.

Group B1, antibacterial agents

The antibacterial agents in class B1 was analyges tombination of chemical and
the three plate bioassay: Quinolones, ampheniteisacyclines and sulphonamides
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were measured in liver from 325 fish using threstgbioassay, giving a total of 975
determinations. These parameters were also analye&® pooled fillet samples,

representing 180 fish by four chemical methods. dévapounds were not detected in
any of the samples. In the microbiological assa&ydétection limit, LOD, is estimated
to be between 200 and 400 ug/kg for each of thesepounds. LOD for each

compound in the chemical analysis is listed inTable 2. No positive samples were
found in the B1 group.

Group B2a, anthelmintics, B2c, carbamates and pyreids and B2f, others.

The levels of the B2 substances teflubenzuron (BZfiflubenzuron (B2f),
cypermethrine (B2C), praziquantel, fenbendazoleajB2mamectin benzoate (B2a),
ivermectin (B2a) and deltamethrin (B2C) were detead in pooled fillet samples.
Emamectin benzoate could be detected in nine oftdatadly 56 examined samples
included in the monitoring program of 2008. Accoglto the analytical protocol, any
detection of drug residues above the LOD woulddie®wed by a re-analysis of the
same sample material in three replicates, and alsdysis of a backup-sample when
available. This program was followed for the ningsiive samples. Table 5 gives
more information on the positive samples. Residoésother agents or their
metabolites were not found in any of the samplesteCtion limits (LOD) for the
substances are specified in the Table 2.

Journal No. Geographic Initial analysis ( Re-analysis, average Backup sample
area of sampling ug/kg ) of three parallels ( ( pg/kg )
1g/kg )
2008-960/1 Hardanger 49and 21 6.6 79
2008-836/4 Bergen 44 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 Sunnmere 41 35 3.0
2008-673/3 Fosen 2,8 0 -
2008-878/6 Sunnhordland 28 17 27
2008-1718/7 Namsos 75 9.1
2008-1736/3 Namsos 7.9 8,0

Table 5. Information on samples positive for emartindenzoate.

Group B3a, Organochlorine compounds

In this group we find several well known contamitsaand groups of environmental
contaminants. In a context of food safety these pmumds usually are given much
focus and the consumers have taken a special shtier¢hem. All together there are
445 samples from 1968 fish in this group and 5708lydical determinations have
been carried out. The results are summarised ifidbé&es 6 to 10.
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DDT and its metabolites

The values are listed in Table 6. In the Table @pFCand pp DDT means the orto-
para and para-para DDT compounds. For severaleop#iameters there are values
below the LOQ. "Upper-bound LOQ" (UB) sum calcuatiis used in such cases. In
this report the data are for the first time presdnior each fish species separately.
There is a significant variation between the speciehis is consistent with their
variation in fat content. The chemical compoundshed group are lipofilic and water
phobic. They are found in fatty tissues.

UB-sum of DDT and its metabolites show a variatiomm the theoretical minimum
UB sum of 0.9ug/kg to a value of 17.3g/kg wet weight. The UB-sum mean value is
highest in salmon: 8.8g/kg wet weight followed by rainbow trout 7.8, totll.1 and
cod 0.9. This sequence is consistent with the datent in the fillets. The use of UB
calculation in the reports of 2007 and 2008 musttdleen into account when
comparing results with previous years: In 2003-20066& overall mean values
(including all species) varied from 10 to uf/kg wet weight. Thus there is a slight
decrease since 2003. The results correspond toefigweported in NIFES database
"Seafood Data" (www.nifes.no/sjomatdata). The hgjhelues in the whole period
since 2003 have been found for the pp-DDE compolihé. para-para compounds
have higher concentration than the orto-para comgeu

Table 6. Concentration (ug/kg wet weight) of DDTPID and DDE in the fillet. Pooled
and single samples (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="upper bound”, LOQ substituted for all values <LOQ in the calculation.
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PCB;

The values for the seven PCBs selected for marioeitoring by ICES are given in
Table 7. The sums, calculated as the "upper bo@-L(UB) in the 162 samples
ranged from the theoretical limit of 0.7 to 1u§/kg wet weight. In 2007 the range
was from 3.0ug/kg to 18ug/kg wet weight. In previous years the mean valuese
calculated for the entire dataset rather than &ehespecies. In 2007 the UB-mean was
8.5 ug/kg. Prior to 2007 the lower bound sums (LB) wesported: In 2006, 2005,
2004 and 2003 the LB-means were respectivelyu8/Rg, 8.5ug/kg, 9.2ug/kg and
8.3 ug/kg. The effect of the change to UB calculationeglligible because there are so
few data below the LOQ value. From 2003 to 20@8dbngeners PCB-138 and PCB-
153 were the largest contributors to the sum (emdhe report for 2004.) Like the
other lipofilic contaminants there is for PCB arsfgant difference in levels between
the examined species. The UB-sum PCB7 found instiiidy are similar to those that
have been reported in salmon fillet in the "Seafbatia*’databank. The effect of the
change to UB calculation is negligible becauseetlzge so few values <LOQ. There is
no obvious trend in the data for the period 2008&ftbr sum PCB. The EU has not
set any upper limit for these compounds in fishwideer, the Netherlands has set an
upper limit for both individual congeners and foetsum PCB7. The limit is set to 620
ug/kg wet weight in filet for the sum. The highesatue in this dataset was 15.5

Table 7. Concentration of the ICES PCB-7 compoundshe fillets of pooled and
single fish samples (ug/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="upper bound”, LOQ substituted for all values <LOQ in the calculation.

12 Online databasevww.nifes.no
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Hexachlor cyclohexane (HCH) and hexachl orbenzene (HCB)

The data for these two compounds are summaris@alite 8. In 2008 a total of 52
pooled and single fish samples from 224 fish wexaysed for alfa-, beta and gamma-
HCH. The levels of all were below their LOQ valuer feach of them. This is
consistent with the results from previous yearse @ata for HCB in the same samples
are summarised in Table 8. Only the two cod sampildéke 52 samples were below
the LOQ value. On a wet weight basis there is aceotration range from less than
LOQ value in cod (<LOQ) to 1.2g/kg in salmon. The range in 2007 was from <LOQ
to 3ug/kg and in 2006 from <LOQ to j2g/kg and in 2005 to 1.pg/kg. There is no
obvious trend in this time series. The sequencéhefmean values follows the fat
content in the fillets: Salmon Rainbow trout > Cod, as expected.

Other pesticides

These 52 samples were analysed for other pesti@adewell. The results for the

compounds heptachlor, aldrin, chlordane, nonacldndosulfan and toxaphene and
molecular variants of these are summarised in Ta&bAdl except the five compounds

Cis chlordane, trans-nonachlor, toxaphene 26, toxag 50 and toxaphene 62 were
below their LOQ values in all samples and all thecses. Also among these five a
significant number of values were less than thédvalues. Thus even in salmon
and rainbow trout the UB-mean values are clos@éd¢osum of the LOQ values except
for cis-chlordane and trans-nonachlor. These lowelte are consistent with the

findings from previous years. No measurable comaéioh was found in cod for any

of these compounds.
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Table 8. Concentration of other pesticides in éts of pooled and single fish samples (ug/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 19 <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 1.1 <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 1.5 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 1.5
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
ftrout
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 clasg Whighted sums of these 29, the
sum WHO-TEQ (ng/kg) w.w. are summarised in Tabl&®figures in the table are
calculated as the "upper bound-LOQ" sum (UB-suny #rey are weighted with
toxicity factors to give TEQ values. A total of 8Bgle fish and pooled samples were
analysed for a total of 458 fish from salmon, rawkirout and arctic char. For the 17
dioxin and furan compounds (PCDD + PCDF) the surtuesaranged from 0.1
NgTEQ/kg to 0.5 ngTEQ/kg w.w. The upper limit inetieU for the sum is 4
NngTEQ/kg w.w. The mean of their sums was in thegead.2-0.3 ngTEQ/kg w.w for
each of the three species. Both the means andatige rare very consistent with the
values found each year since 2004, even if the fdaita these years are not split up in
separate figures for each fish species. The meatiese years are respectively: 0.25,
0.32, 0.3 and 0.3 ngTEQ/kg w.w. There seems todbeamd in this period. No single
fish data in this period were close to or aboveEhks upper limit of 4.0 ngTEQ/kg
W.W.

The dioxin-like PCBs compounds (DLPCB) are PCB @&rggs with non-and mono-
orto molecular structure. There are a total of ithese compounds. The figures for
the sum of the DLPCB levels range from 0.3 to JTEQ/kg wet weight. Their mean
was 0.7 ngTEQ/kg in all three species. Both meahrange are consistent with the
values found each year since 2004. The means $e tywars are respectively: 0.8, 1.0,
1.2 and 0.9 ngTEQ/kg w.w. There is no obvious trienithis period. There is no upper
limit for the sum of the DLPCBSs.

The figures for the total sum of TEQ range from @42.2 ngTEQ/kg w.w. The mean
has a range from 0.8 to 1.0 ngTEQ/kg w.w in thgsecies. This is a factor of 10
below the limit. The means in the years 2004-20@vewespectively: 1.2, 1.1, 1.5 and
1.3 ngTEQ/kg w.w. The upper limit in the EU for thetal sum of TEQs is 8.0

ngTEQ/kg w.w. No single fish data in this periodrevelose to or above the EU's legal
limit. The figures show no apparent trend in thésipd. The results correspond well
with figures reported in NIFES online database 18&e@ Data".

The results confirm that the levels of DLPCB arghleir than the PCDD/PCDF levels.
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Table 9. levels of dioxins, furans (PCDDs/ DFs)athe dioxins-like PCBs (ng TEQ/kg

W. W.).
Sum Sum Sum Non Mono Sum Total
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
frout
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: All sums and averages are“upper bound” 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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Table 10. Concentrations of the brominated flametardants, PBDE, HBCD and TBBP-A
(Hg/kg wet weight) in the fillet of single and pasd fish samples.

PBDE-28 | PBDE-47 PBDE-99 | 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: All sums and averages are “upper bound” 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 retardantssaremarised in Table 10. A total of
15 samples of single and pooled salmon and rainbouwt samples from a total of 23
fish were analysed. HBCD is determined in two mdthd&Gum HBCD is determined
as part of the PBDE method. But, the individual HBE&mpounds with hames alpha-
beta- and gamma-HBCD are determined in a separatbooch Unfortunately, this
second method has higher LOQ values, higher thanlekels in the measured
samples. Thus no actual figures were reportedherindividual HBCD compounds.
Total HBCD in salmon shows the UB-average of iigfkg and a range from <LOQ to
0.6 ug/kg w.w. Like the individual HBCD data the TBBPvAlues are below the LOQ
value in all samples. The values for the sum PBDOB&Rge from 0.8 to 2.0g/kg w.w

in salmon. In rainbow trout the single value wag jg/kg w.w. The data from 2007
include a few lean fish. Still the 2007 UB-averagd..5ug/kg w.w, close enough to
the 2008 value of 1.83g/kg w.w. given the analytical uncertainty. The i&amity in
structures from the PBDE class to the PCB classesétknatural to compare the data
from these classes. Sum PBDE-7 levels are less20%m of the sum PCB-7 levels.
Also, the PBDE compounds are the least toxic otweeclasses.

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

Group B3c, Chemical elements

The analytical values for the elements are summdrie Table 11. They were
determined in 175 pooled and single fish sampledenfimom the filets of 851 fish.

Arsenic (As)

In Table 11 we see that the arsenic levels in ilet Df farmed fish ranged from
<LOQ to 3.1 mg/kg w.w. The UB-mean ranged from rhg/kg w.w. in pollock to 1.9

in cod. In the period 2004-2007 the average lewele respectively: 2.1, 2.0, 1.4, and
1.6 mg/kg w.w. (all except 2007 were calculated_Bsaverage). Thus the level of
arsenic in fillets has in this period been fairbnstant. The levels in the lean species
cod and pollock are not significantly differentrinahe others.
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Table 11. Concentrations of the heavy metals (Ad, 6g and Pb)
(mg/kg w.w.) in the fillet of single and pooled fisamples.

Arsenic (As) | Cadmium (Cd) | Mercury (Hg) Lead (Pb)
LoQ** 0.03 0.01 0.03 0.015
EVU-limit -- 0,05 0,5 0,3
Salmon
N 145 145 145 145
UB-Mean 1.5 - 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 0.10
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
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Cadmium

In 2005, a Cd contaminated feed ingredient led towegian farmed fish being
banned from the Russian market from alleged elevatglues of Cd found in
Norwegian farmed salmon. But none of the sample$yaad in the framework of this
project in 2005 and 2006 showed measurable coratats of cadmium (all <LOQ),
and in 2007, we found that 158 of a total of 18tu&a were <LOQ. Now, the 2008
data show that 162 of a total of 175 are below mm@dde concentrations. The
maximum measured value was this year 0.06 mg/kg. faatually 0.55 mg/kg). In
2007 the maximum value was 0.01 mg/kg w.w.. ThesHigper limit is 0.05 mg/kg
w.w. Taking into consideration the measurement taogy of +25% in this
concentration range this value does not qualifyaf¢ggally non-compliant status. It is
still the highest value we have measured in a Ngravefarmed fish as part of this
project. The value was found in a salmon sample. UB-average value in 2007 and
2008 exaggerates the apparent difference comparguievious years where lower
bound calculations were used. Still the possibilityan increasing trend in Cd levels
cannot be ruled out from these findings.

Mercury

Table 11 shows that the concentration of total mmgrcanged from 0.02 to 0.2 mg/kg
w.w in 2008. This is identical to the range in 200he UB-average ranged over the
analysed species from 0.04 to 0.09 mg/kg w.w. Tigldst value was found in the
single turbot. In contrast the EU's upper limi0iS mg/kg w.w. for these products.

Lead

The data are summarised in Table 11. Only thregoksnout of 175 had measurable
concentrations, all rainbow trout. The UB-calcutateean for trout was 0.02 mg/kg
w.w. The EU has from 2006 in the "Commission regofa(EC) No 1881/2006 of 19
December 2006 setting maximum levels for certamtaminants in foodstuffs” set the
limit for lead to 0.3 mg/kg, in “muscle meat ofHis

Trends since 2003

In the class of heavy metals the measured leveis haen more or less stable over the
years since 2002. In this time period a total d68ingle or pooled fish samples have
been analysed. For all these samples the maximiue ¥ar arsenic was 6.3 mg/kg
w.w. There is currently no EU upper limit for argenrhe concentrations of cadmium
were in all samples since 2002 less than or equ@lGl mg/kg w.w. accept for one
single sample from 2008. That sample was, withenahalytical uncertainty, found at
the value of the EU upper limit for cadmium of 0.60/kg w.w. For mercury, all
values since 2002 were less or equal to 0.23 mg/kg The EU upper limit for
mercury is 0.5 mg/kg w.w. The levels of lead werall samples since 2002 less than
or equal to 0.1 mg/kg w.w. The EU upper limit feadl is 0.3 mg/kg w.w. Thus, based
on 1030 samples made from more than four thousé&sid e conclude that no
incompliant sample was found. And that Norwegianmiad fish are well below the
EU upper concentration limits for the heavy metals.
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Group B3d, Mycotoxins

The 20 samples from 2008 were analysed for ochirs#goR by a new analytical
method adapted to marine samples. Of the 20 samplesvere salmon, 2 were
rainbow trout and one sample was from cod. In atli6 samples for fish muscle
from 2007, not previously reported are includedeheAll samples were pooled with
material from five fish each. Ochratoxin A was migtected in any of the samples
examined.

Group B3e, Dyes

The components in the B3e group were collected exaimined both as A and B
samples. In total 88 pooled samples from 440 figtewexamined with respect to
malachite green and its leuco form. Crystal violetico crystal violet and brilliant
green were each examined for in 64 samples fronpd20ed fish. No residues of any
of these agents were detected.

Group B3f, Others

BHA, BHT and Ethoxyquine (synthetitic antioxidants)

The results are summarised in Table 12. The coratet range for BHT was: 0.4-
24.5 mg/kg and the mean was 5.4 mg/kg. All figdoeshe synthetic antioxidants are
on a wet weight basis. In 2007 the range was 0.4-frfg/kg. and the mean was 4.8
mg/kg. In 2006, the range was 0.8 - 9.5 mg/kg &edmean was 3.8 mg/kg. In 2005,
the range was 0.10-3.8 mg/kg. and the mean wasmg/Bg. Thus in all these years
there has been an increasing trend. The rangetef#® unexpected high variability.
But unlike the other parameters these are all sirfiglh samples, thus a higher
variability should be expected. Japan has an uppérof 10 mg/kg w.w. for BHT. In
2008 10% of the samples in this project were alibedimit while in 2007 3% were
above and in 2006 the highest value was just bétewimit. Thus the increasing trend
Is confirmed.

As can be seen in Table 12, the values for BHA veggaificantly lower. The range
was 0.006-0.08 mg/kg w.w., and the mean was 0.0&gritke last year. Japan has a
value for BHA at 0.5 mg/kg w.w. Thus, there is asiderable margin with respect to
this limit.

The data for ethoxyquine are summarised in TableAllZigures are on a wet weight
basis. Some states in Germany have establisheppan limit for ethoxyquine of 0.01
mg/kg, with a legal basis in the pesticide reguladi Japan has an upper limit of 1
mg/kg. Both limits concern only the mother compoumat the dimer or the sum of the
Ethoxyquines. When it comes to food safety the sgnthe most appropriate
parameter. We see in the Table that the rangeeo$um of ethoxyquine and its dimer
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were 0.2-2.5 mg/kg in 2008 while in 2007 it was-0.2 mg/kg. The means were
respectively 0.7 and 0.6 mg/kg. In 2006 the range 1 mg-1.8 mg/kg and the mean
was 0.6 mg/kg. In 2005, the range was 0.3-0.5 mgfidgthe mean was 0.4 mg/kg.
Thus the levels of Ethoxyquine are considerablesloiivan those of BHT, and they do
not reflect the same trend in the period. The commagon of the metabolite has
throughout this period been higher than the matbenpound. The German limits for
parent compound was exceeded in more than 50%edamples in 2007 and by more
than 75% of the samples this year. The Japanegadinot exceeded in any sample.

These are relatively high analytical level, espécid BHT is compared with the
levels of the environmental pollutants publishedhrs report. But unlike these the
synthetic antioxidants have been approved for mgead after a through toxicological
assessment. A “carry over” effect from feed to misatvell documented and this
knowledge has been part of the toxicological assess Thus the synthetic
antioxidants are not the same kind of a food safetycerns. The EU has established
an upper limit for the sum of antioxidants in tleed of 150 mg/kg. Compared to the
highest value found in these fish, 24.5 mg/kg BiW&,see that the “carry over” effect
from feed to fish fillet can be significant. Duettee steadily increasing trend observed
for BHT this group of compounds should be giveruialso next year.

Table 12. Concentrations of synthetic anti-oxidanisthe fillet of single fish samples (mg/kg w.w.).
BHT BHA Ethoxyquine Ethoxyquine dimer Sum

Ethoxyquine
N 50 50 50 50 50
UB-Mean 5.4 0.02 0.04 0.6 0.7
Min 0.41 0.006 0.003 0.2 0.2
Max 24.5 0.08 0.2 2.2 2.5

Table 13. Concentrations of PFC compounds in thitefis of single and
pooled samples of fish (ug/kg wet weight); N=9 salmand 1 rainbow trout.
Compound Max value LOQ
PFBS <LOQ 4,5

PFOS <LOQ 3
PFOSA <LOQ 15
PFHxA <LOQ 6

PFHpA <LOQ 4.5

PFOA <LOQ 1

PFNA <LOQ 1

PFDcA <LOQ 1

PFUnA <LOQ 1

PFTeA <LOQ 15
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The PFC class

Table 13 lists the results for the Perfluorinateganic compounds. There are seven
single fish and two pooled samples in the data, salnples were salmon. No

guantifiable concentration was found for any of tmenpounds in the nine samples
analysed. The LOQ values are listed in the tables s consistent with the results

from the 84 samples in 2007. The LOQ values ramnga fL-4.5ug9/kg w.w.

The PAH class

Table 14 summarises the results for the PAH comg®ufwenty-one samples were
analysed, twenty of them salmon and one rainbowt.trGalculation of the mean is
performed by the UB procedure. Benzo[A]Pyrene (BiaRthe most focused single
PAH due to its carcinogenic effect. The EU has jgpeu limit for fish fillet at 2ug/kg
w.w. for this compound. None of the twenty samglasg measurable levels of BaP.
This is consistent with the results from 2007 wloetly one of 84 samples had a
measurable level. Most of the 13 PAH compoundsnteddiave no measurable value
in the 20 samples. Only phenantrene and fluoremenaasurable in more than 50% of
the samples. These two have lower carcinogenictsfiean Benzo[A]Pyrene.

If these results are compared to the 2007 datg kemind that one of the samples in
2007 was obviously contaminated, to the point hatfected all the maximum values
in Table 16 of the 2007 report.

Table 14. Concentrations of PAH compounds in fikefug/kg wet weight) ;
N=20 Salmon and 1 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 1.4
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 -- 6 147 9.5 9.4
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Summary

With the increasing production volume of farmedfia Norway the marine part of

the EU Directive 96/23/EC monitoring program is nextensive. This report is based
on a total of 9066 fish and 9785 analytical deteations. Like in the report for last

year, all sums and mean values found in the tadlescalculated according to the
"upper bound-LOQ" principle (UBLOQ): the value bietrelevant LOQ is substituted
in the calculation for all values below the LOQ wal Individual values are still

reported as “<LOQ”, less than the LOQ. UBLOQ cadtidns give a "worst case”

figure that is a good basis for contaminants riskeasment. As a result of the UB-
calculation the sums, and mean values in this tepitirbe systematically higher than

in the reports prior to the 2007 report.

The group-A samples are intended for analysis afsithat are banned from use in
food producing animals. For that reason these smsnple collected by official
inspectors on the farm location with no prior noation. Samples for group-A
determinations are taken in all growth stages effith and should be representative
for the fish in production. The group-B samplesamalyzed for compounds for which
an upper limit is established, or for compoundshvétmandatory withdrawal period
from medication or for compounds that for othersmee are monitored. The group B-
samples are taken from fish in the slaughterhousethe packing plants. These
samples should be representative for the commbBr@ahilable Norwegian farmed
fish.

No detectable residues of the pharmacologicalliva&gents in group A were found.
For the veterinary drugs in group B, nine out ofeéd@mined samples were found to
contain emamectin benzoate. The highest concemirdtbund in one individual
sample was 9.1 pg/kg wet weight (w.w.). The presdRL for this agent is 100
Hng/kg. For all other therapeutic agents in grou@itibacterials, anthelmintics, other
sea lice agents and dyes), no residues were detecte

The mycotoxin ochratoxine A was not detected in ahthe 35 pooled samples made
from 175 individual fish.

The persistent organic pollutants (POPs) have padrof this program for years. The
number of compounds and compound classes are ssttea this period. The levels
found for the dioxins (PCDDs and PCDFs), DLPCBs,BPC and the organic
pesticides were similar to the results from thisgpam for the years 2003 to 2007, and
also to the corresponding values found in the enldatabase: "Seafood data"
(www.nifes.no).

The brominated flame retardant compounds and contgolasses PBDE, HBCD and
TBBP-A are included in the program. The PBDEs amacturally similar to the PCBs.
But the sum PBDE-7 amount to less than 20% of #leevfor the sum PCB-7. Their
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toxicity is also lower. All samples analyzed for BBA had levels below 1.(g/kg
w.w. Total HBCD has the UB-mean of 0.5 and a maxmwalue of 0.6ug/kg w.w.

In the class of heavy metals over the years sif§2 2 total of 1030 samples have
been analysed. For all these samples the maximlue ¥ar arsenic was 6.3 mg/kg
w.w. The concentrations of cadmium were in all ¢heamples less than or equal to
0.01 mg/kg w.w. accept for one single sample thahin the analytical uncertainty,
was found at the value of the EU upper limit. Theels of mercury were below or
equal to 0.23 mg/kg w.w. The levels of lead wesslIthan or equal to 0.1 mg/kg w.w.
The EU upper limits for cadmium, mercury and leael @05, 0.5 and 0.3 mg/kg w.w.
respectively. Thus, based on 1030 samples made rirore than four thousand fish
we conclude that no incompliant sample was founad #at Norwegian farmed fish
are well below the EU upper concentration limitstfee heavy metals.

The synthetic antioxidants are legal additivessb feed. It can be concluded from the
results that there is a significant transfer oftegtic antioxidants from the feed to the
fish fillets. For BHT, the results also show tha¢re has been a steady increase in the
levels for the last few years. A national upperntim Japan is now exceeded by fish in
the present data set. For BHT about 10% of thetfdlamples exceed the Japanese
limit while the year before 3% exceeded the limi. national upper limit for
ethoxyquine in some German states is exceeded bg than 75% of the samples in
2008, while the year before more than 50% exce¢aedimit. Due to the observed
increasing trend for these compounds, they shoeldjisen a high priority in the
monitoring in the next years.

Ten PFC compounds (perfluorinated organic compouadsincluded in the program.
This class is characterized by a low acute toxiany very high degree of persistence
in the environment. For all the ten compounds éwels in the nine samples were less
than their LOQ values. This confirms that the lsvef PFCs are low in Norwegian
farmed fish.

Thirteen PAH compounds are included in the progrEinis class is of interest because
some of the compounds are carcinogenic. The mostnpaarcinogenic of the
analysed compounds is benzo[A] pyrene (BaP). Tampound is the only one with
an established upper limit. The concentrations aP Bre below the limit and below
the LOQ in all of the twenty samples analysed i@&0n the majority of the samples
only fluorene and phenantrene are found in meaku@ncentrations. These are far
less potent health hazards than BaP.



