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Summary

Within the National Monitoring of Contaminants in Biota, Stockholm University has analysed chlorinated
pesticides and PCBs (CLC), brominated compounds (BFR) and perfluoroalkyl substances (PFAS) since
the start of the time period (the earliest samples from the end of 1960s). However, from 2021 and 2022
the analyses will instead be performed by the Swedish Food Agency (CLC, BFR) and Swedish
University of Agricultural Sciences (PFAS). Therefore, there is a need for comparisons between the
laboratories in order to investigate if conversion factors will be needed for any of the substances. Thus,
the aim of this report was to compare concentrations of CLC, BFR and PFAS analysed at different
laboratories.

Samples from fish (marine and freshwater), blue mussels and guillemot eggs were analysed at the
different laboratories. Thereafter concentrations were compared using t-tests and conversion factors
were calculated.

Results for CLCs and BFRs showed, with the exception of BDE-100 and BDE-154, that differences were
small between Stockholm University and Swedish Food Agency.

We therefore recommend that no conversions should be used for the CLCs or BFRs, but suggest a re-
evaluation of BDE-100 and -154 at a later stage.

For most PFASs too many data points were below LOQ for reliable conversion factors to be calculated.
Differences were seen between Stockholm University and Swedish University of Agricultural Sciences
for I-PFOS, b-PFOS, and PFOS (sum of I-PFOS and b-PFOS) when considering all samples. However,
the samples were run in two batches at Stockholm University (separated time-wise, but also from two
different environments — freshwater and marine). When splitting the data into these two batches, only
one showed a significant statistical difference between the labs. Due to the few number of samples, the
possible batch effect and the relative small difference between labs (I-PFOS: 23% for all samples
combined), it is not recommended to apply conversion factors.

In this report, we conclude that no conversion factors will be used to adjust the data from the national
monitoring programmes for contaminants in marine and freshwater biota.
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Summary

Within the National Monitoring of Contaminants in Biota, Stockholm University has analysed
chlorinated pesticides and polychlorinated biphenyls (PCBs) (CLCs), brominated compounds
(BFRs) and perfluoroalkyl substances (PFASS) since the start of the time period (the earliest
samples from the end of 1960s). However, from 2021 and 2022 the analyses will instead be
performed by the Swedish Food Agency (CLC, BFR) and Swedish University of Agricultural
Sciences (PFAS). Therefore, there is a need for comparisons between the laboratories in order to
investigate if conversion factors are needed for any of the substances. The aim of this study was to
compare concentrations of CLC, BFR and PFAS analysed at different laboratories.

Samples from fish (marine and freshwater), blue mussels and guillemot eggs were analysed at the
different laboratories. Thereafter, concentrations were compared using t-tests and conversion factors
were calculated.

Results for CLCs and BFRs showed, with the exception of BDE-100 and BDE-154, that differences
were small between Stockholm University and Swedish Food Agency. We therefore recommend
that no conversions should be used for the CLCs or BFRs, but we suggest a re-evaluation of BDE-
100 and BDE-154 at a later stage.

For many PFASSs, too many data points were below limit of quantification (LOQ) for reliable
conversion factors to be calculated. Differences were seen between Stockholm University and
Swedish University of Agricultural Sciences for I-PFOS, b-PFOS, and PFOS (sum of |- and b-
PFOS) when considering all samples. However, the samples were run in two batches at Stockholm
University (separated time-wise, but also from two different environments). When splitting the data
into these two batches, only one showed a significant statistical difference between the labs. Due to
the few number of samples, the possible batch effect and the relative small difference between labs
(I-PFOS: 23% for all samples combined), it is not recommended to apply conversion factors.

In this report, we conclude that no conversion factors will be used to adjust the data from the
National Monitoring Programmes for Contaminants in Marine and Freshwater Biota.



Background

Every year, biota (fish, mussels and eggs) are analysed for more than 100 contaminants within the
national Swedish monitoring programmes for contaminants in marine and freshwater biota. Data
from the monitoring programmes are used to investigate temporal and spatial variability in
contaminants (Faxneld & Soerensen 2021; Soerensen & Faxneld 2020). The Department of
Environmental Science, Stockholm University (SU) has performed analysis of chlorinated
pesticides and PCBs (hereafter referred to as CLCs), brominated compounds (BFRs), and
perfluoroalkyl substances (PFASSs) since the start of the time series (earliest analysis from the end
of the 1960s). However, from 2021 (PFASs, CLCs and BFR in marine) and 2022 (CLCs and BFRs
in freshwater), the analyses will instead be conducted by the Swedish University of Agricultural
Sciences (SLU) (PFASs) and the Swedish Food Agency (SFA) (CLCs and BFRs). This
intercalibration study has been conducted in connection to the change of laboratories. The purpose
was to determine if the monitoring data from the old laboratory need to be associated with a
conversion factor to conform to the results from the new laboratories and ensure correct prediction
of temporal trends in the contaminant time series.

In addition to the above-mentioned changes of laboratories, some additional laboratory comparisons
were made in connection to the study. Umea University (UmU) currently analyses dioxins, furans
and dioxin-like PCBs for the monitoring programmes. For this study, they also analysed CLCs and
BFRs that were compared to SU and SFA data. Further, SFA analysed dioxins that were compared
to the analysis conducted at UmU. See Table 1 for detailed information about which laboratories
that analysed which compounds in the study.

In order to make the comparison relevant to the full range of conditions encountered in the
monitoring programmes, samples were selected from fish from both freshwater and marine
environments (five species) as well as mussels and bird eggs from the marine environment, in
Sweden and the Baltic Sea. Figure 1 shows a map including the stations that were used in the
intercalibration study and Table 2 gives information about the number of samples and species.

Table 1. Participating labs and the compounds they analysed in the intercalibration exercise.

SuU SLU UmuU SFA
Freshwater biota CLGCs, BFRs, PFASs CLCGCs, BFRs, CLCs, BFRs,
PFASs dioxins dioxins
Marine biota CLCs, BFRs, PFASs CLCs, BFRs
PFASs

Method

Preparation of samples

A homogenate was prepared for each pooled sample. The pooled sample was mixed with an IKA
Ultra-Turrax T 25 digital and then divided into two or three equal amounts dependent on the
number of analytical laboratories that were going to analyse the sample. Each pooled fish sample
consisted of 10-12 individuals, while the pooled mussel samples varied between sites depending on
the mussel size: 50 mussels from Kvadofjarden, 20 from Fjallbacka and 20 from Nidingen. Eggs
from guillemot were analysed individually; however, each egg was also mixed with the IKA Ultra-
Turrax T 25 digital and thereafter split into two jars, one for each laboratory.
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Figure 1. Locations of the lakes and marine and coastal stations where fish (F), mussels (M) and guillemot eggs
(G) were collected. Fish species: herring (H), cod (C), perch (P), pike (E), arctic char (S).

Table 2. Sampling stations, sample matrix and number of samples. A * indicates that samples were analysed
individually.

Abiskojaure Fish Arctic char Lake 2 Muscle 2 Liver
Bolmen Fish Pike Lake 2 Muscle 2 Liver
Fysingen Fish Perch Lake 1 Liver
Horsan Fish Perch Lake 2 Muscle 2 Liver
Krankesjon Fish Perch Lake 2 Muscle

Skargélen Fish Perch Lake 2 Muscle 2 Liver
Stensjon Fish Perch Lake 2 Muscle 2 Liver
Stor-Tjultrasket Fish Arctic char Lake 2 Muscle 2 Liver
Storvindeln Fish Pike Lake 2 Muscle 2 Liver
Svartsjon Fish Perch Lake 2 Muscle

Hjartsjon Fish Perch Lake - 1 Liver
SE Gotland Fish Cod Marine 2 Liver

Fladen Fish Cod Marine 2 Liver

Rénefjarden Fish Herring Marine 2 Muscle

Gaviksfjarden Fish Herring Marine 2 Muscle 2 Liver
Byxelkrok Fish Herring Marine 2 Muscle 2 Liver
Abbekas Fish Herring Marine 2 Muscle 2 Liver
Kullen Fish Herring Marine 2 Muscle 2 Liver
Alands hav Fish Herring Marine 2 Liver
Kvadofjarden Mussels Blue mussels Marine 2 Soft body

Nidingen Mussels Blue mussels Marine 2 Soft body

Fjallbacka Mussels Blue mussels Marine 2 Soft body

Stora Karlsé Bird eggs Guillemot Coast 5 Whole egg

43 26

Total samples




Laboratory analysis

Stockholm University: Chlorinated and brominated compounds

The extraction method originates from the method described by Jensen and co-workers (Jensen et
al. 1983) where wet tissues are extracted with a mixture of polar and non-polar solvents. The
organochlorines are analysed on a gas chromatograph (GC) equipped with a p-electron capture
detector (Eriksson et al. 1994), allowing analysis of individual congeners. BFRs are analysed by a
GC connected to a mass spectrometer operating in electron capture negative ionization mode (NICI)
(Sellstrom et al. 1998). The sample’s fat content is determined after the extraction with acetone and
hexane with 10 % ether without heating (Jensen et al. 1983).

Quality control for organochlorines has continuously improved over the last 20 years, resulting in
accreditation in 1999. Assessment is performed once a year by the accreditation body SWEDAC.
The laboratory fulfils the obligations in SS-EN ICO/IEC 17025:2005. The accreditation is valid for
CB-28, -52, -101, -118, -153, -138, -180, HCB, p,p'-DDE, p,p'-DDD, p,p'-DDT as well as a-, - and
v-HCH in biological tissues. So far, the BFRs are not accredited but the analysis of BDE-28, -47, -
99, -100, -153, -154 and HBCDD are in many ways performed with the same quality aspects as the
organochlorines.

The Quality Assurance program is based on the Quality Manual, standard operation procedures
(SOPs) and supplements. The annual audit includes a review of the SOPs, reference materials,
proficiency testing, filing system, qualifications of the staff, up-to-date record of the training of the
staff (to be able to perform their assigned tasks), accredited methods and audit of the quality
program. The origin of all standards is well documented with known purity and certified
concentration with uncertainty for the solutions.

To control impurities in solvents, equipment and glassware, one blank sample is extracted together
with each batch of environmental samples.

Co-elution of PCB congeners and pesticides in GC analysis is dependent upon instrumental
conditions such as column type, length, internal diameter, film thickness and oven temperature. To
minimize possible co-elution, two 60 m columns are used in parallel, the commonly used 5 %
diphenyl - 95% dimethylpolysiloxane phase and the more polar 14 % cyanopropylphenyl — 86%
dimethylpolysiloxane phase. The only remaining known co-elution is for CB-138, which co-elutes
with CB-163 (Larsen & Riego 1990). Therefore, CB-138 is reported as CB138+163. PBDE and
HBCDD are analysed on a 30 m column, 5 % diphenyl - 95% dimethylarylenesiloxane phase (TG-
5SilMS), monitoring m/z 79 and 81.

When introducing a new matrix one of the samples is re-extracted with a mixture of more polar
solvents for control of no remaining contaminants in the matrix residual. Samples from new
matrices / new sampling locations are also examined for suitable surrogate standards. Three
laboratory reference materials (LRM) are used as extraction controls, chosen with respect to their
lipid content and level of contaminants. The controls consist of herring and pike respectively
salmon muscle, homogenised in a household mixer and stored in aliquots in airtight bags of
aluminium laminate at -80°C. At every extraction event one extraction control is extracted as well.



The laboratory has participated in periodic QUASIMEME proficiency testing since 1993 for PCBs
and pesticides, with two rounds every year, each one containing two samples. Around 95% of all
reported values have been satisfactory according to QUASIMEME, meaning they have been within
+/- 2 standard deviations of the assigned value. In 2000, the laboratory participated in the first
interlaboratory study ever performed for PBDEs and HBCDD, contaminants that since 2001 are
incorporated in the QUASIMEME proficiency testing scheme. Around 85% of the values the
laboratory has produced during the years have been satisfactory according to QUASIMEME.

Calculation of the uncertainty in the measurement is based on the Nordtest Report TR 537
“Handbook for calculation of measurement uncertainty in environmental laboratories”, where the
within-laboratory reproducibility is combined with estimate of the method and laboratory bias. The
within-laboratory reproducibility is calculated from LRM from more than 8000 PCB- and pesticide
values during a period of nearly 20 years and around 2000 BDE- and HBCDD values during nearly
15 years. The bias is estimated from proficiency testing of more than 8 samples during at least 4
years. The bias for PBDE is also used for HBCDD since no reliable proficiency testing (or certified
reference material) exists today. Finally, the expanded uncertainty is calculated, using a coverage
factor of 2 to reach approximately 95% confidence level (Table 3). The reproducibility for the PCBs
and pesticides follows the theory stated by Horwitz and Albert (2006) where the relative standard
deviation increases when the concentration level decrease. The reproducibility for PBDE and
HBCDD follows a function where the relative standard deviations increase first at the very lowest
concentration.

Table 3. Expanded uncertainty (%) at different concentrations.
CB-28, -101, CB-52 | HCH a, B,y | DDE & DDD | DDT PBDEs | HBCDD
-118, -153,
-138, -180, HCB

ng/g lw % % % % ng/g lw % %

2-50 36 49 40 43 0.2-1 73

4-50 52 >2 58

> 50 29 30 34 31 38 2-25 103
> 25 64

The quantification limit is estimated to approximately 2 ng/g fat weight for all analysed PCBs, a, 3,
v-HCH, HCB, DDE and DDD and 4 ng/g fat weight for DDT, 0.2 ng/g fat weight for PBDEs and 2
ng/g fat weight for HBCDD.

Swedish Food Agency: Chlorinated and brominated compounds

The laboratory is accredited according to SS-EN ICO/IEC 17025:2005 standard. The analytical
methodologies used for the analysis of PBDE, HBCDD, PCB and chlorinated pesticides (HCB, a-,
B-, y- HCH, p, p’-DDT, p, p’-DDD and p, p’-DDE) have, with some modifications, previously been
described (Tornkvist et al., 2011) and the extraction method originates as well from the method
described by Jensen and co-workers (Jensen et al., 1983). In brief, the samples were extracted with
acetone and hexane followed by a mixture of hexane and diethyl ether. The fat content was
determined gravimetrically after evaporation of the organic solvents and then re-dissolved in n-



hexane. The fat was removed from the extracts by sulphuric acid treatment and further clean-up and
fractionation was then made on a pre-washed silica gel column (4.5 g of 3% deactivated silica gel).

PBDE, HBCDD: A first fraction was eluted with n-hexane and a second fraction, containing the
BFR, was eluted with a mixture of dichloromethane/n-hexane (1:1 v/ v). The second fraction was
reduced and transferred to an amber GC-vial.

PCB, Chlorinated pesticides: A first fraction containing the PCB, HCB and p,p’-DDE was eluted
with n-hexane and a second fraction containing the rest of the pesticides was eluted with n-
hexane/diethyl ether (3:1 v/v). Both fractions were reduced and transferred to GC-vials.

PBDE and HBCDD were quantified with a GC/MS (Agilent Technologies 6890N/5975N) in
electron capture negative ionization and selected ion monitoring mode (ECNI-SIM). 6 pul (2 x 3 pl)
was injected in pulsed splitless mode using a programmable temperature vaporizing (PTV) injector
with an initial temperature of 70 °C followed by rapid heating to 300 °C. The analytes were
separated on a DB-5MS (15 m, 0.25 mm id, 0.1 um film, JB&W Scientific) capillary column using
a ramped carrier gas flow. The PCB and chlorinated pesticides were quantified on a GC (Agilent
Technologies 6890N) equipped with dual capillary columns (Ultra-2; 50 m, 0.20 mm i.d., 0.33 pm
film and DB-17; 60 m, 0.25 mm i.d., 0.25 um film) and dual electron capture detectors (ECD).

Quality assurance: All solvents used were tested for trace amounts of analytes. The glassware was
either rinsed with acetone or heated in an oven at 450 °C for at least 3 h before use. Due to possible
UV induced degradation of the analytes, all sample extracts and standard solutions were stored in
amber glassware. A chemical blank was included in each extraction series to monitor background
levels. For each batch of samples, the corresponding blank sample levels of PBDE and HBCDD
were subtracted from the sample levels. A spiked in-house control sample was also included in each
extraction series. The limit of quantification (LOQ) varied between 0.15 and 20 ng/g lipid weight,
depending on the lipid content of the sample.

Stockholm University: Perfluoroalkyl substances

The analyses of perfluoroalkyl substances (PFASs) were carried out at the Department of
Environmental Sciences, Stockholm University. A sample aliquot of approximately 1.0 g
homogenized tissue in a polypropylene (PP)-centrifuge tube was spiked with 1.0 ng each of a suite
of mass-labelled internal standards (*¥0- or *C-labelled perfluoroalkyl sulfonates and carboxylic
acids). The samples were extracted twice with 5 mL of acetonitrile in an ultrasonic bath. Following
centrifugation, the supernatant extract was removed, and the combined acetonitrile phases were
concentrated to 1 mL under a stream of nitrogen. The concentrated extract underwent dispersive
clean-up on graphitised carbon and acetic acid. A volume of 0.5 mL of the cleaned-up extract was
added to 0.5 mL of aqueous ammonium acetate and volumetric standards **CsPFOA and 3CsPFOS
were added. Precipitation during overnight freezing occurred and the extract was centrifuged before
the clear supernatant was transferred to an autoinjector vial for instrumental analysis. Aliquots of
the final extracts were injected automatically on an ultra performance liquid chromatography
(UPLC) system (Acquity, Waters) coupled to a tandem mass spectrometer (MS-MS; Xevo TQS,
Waters). Compound separation was achieved on a BEH C18 UPLC column (1.7 um particles, 50 x
2.1 mm, Waters) with a binary gradient of ammonium acetate buffered acetonitrile and water. The
mass spectrometer was operated in negative electrospray ionisation mode. Quantification was
performed in selected reaction monitoring chromatograms using the internal standard method.
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The extraction method employed in the present study (with the exception of the concentration step)
has previously been validated for biological matrices and showed excellent analyte recoveries
ranging between 90 and 110% for PFCAs from Ce to C14 [Powley et al., 2005]. Recoveries during
this study were determined by spiked in-house fish control samples. The recoveries ranged between
95 and 127% for all analytes except PFTeDA with an average recovery of 64%. Method
quantification limits (MQLSs) for all analytes were determined either on the basis of blank extraction
experiments or if no blank contamination was detectable on the lowest calibration point and ranged
between 0.036 and 0.088 ng/g wet weight for the different compounds.

SLU: Perfluoroalkyl substances

The analyses of perfluoroalkyl substances (PFASs) were carried out at the Department of Aquatic
Sciences and Assessment, Swedish University of Agricultural Sciences (SLU) in Uppsala, Sweden.
A sample aliquot of approximately 0.5 g homogenized tissue in a Precellys® Evolution vial was
spiked with 0.5 ng each of a mixture of mass-labelled internal standards (}3C-labelled PFASsS,
13CsPFPeA, BCsPFHXA, B C4PFHpPA, 13CsPFOA, BCoPFNA, 13CsPFDA, BC7PFUNDA,
13C,PFDODA, BCoPFTeDA, BC3PFBS, *CsPFHXS, B*CsPFOS, 3CsFOSA). The samples were
homogenized and extracted twice with 3 mL acetonitrile in an ultrasonic bath followed by
centrifugation. The supernatant extract was transferred to a polypropylene centrifuge tube, and the
combined acetonitrile phases were stored at -20°C for ~12 h. Thereafter, the supernatant was
concentrated to ~1 mL under a gentle steam of nitrogen. Thereafter, graphitised carbon with acetic
acid was added to the concentrated extract for clean-up. A volume of 0.5 mL of the treated extract
was evaporated under nitrogen stream until dryness and 1 mL of methanol was added. Aliquots of
the final extracts were injected on a liquid chromatography (LC) system (Ultimate 300, Thermo
Fisher) coupled to a tandem mass spectrometer (MS-MS; TSQ Quantiva, Thermo Fisher).
Compound separation was achieved on a BEH C18 UPLC column (2.1 x 50 mm, 1.7 um particles,
Waters) with a binary gradient of ammonium acetate buffered water and acetonitrile. The mass
spectrometer was operated in negative electrospray ionization mode.

Recoveries were determined by spiking a pool of fish samples from the current study with a mixture
of native standards (PFPeA, PFHXA, PFHpA, PFOA, PENA, PFDA, PFUNnDA, PFDoDA, PFTIDA,
PFTeDA, I-PFBS, I-PFHXS, b-PFHXS, I-PFOS, b-PFOS, I-PFDS, FOSA) and the same mixture of
mass-labelled internal standards as for the natural samples. The recoveries ranged between 87 and
119%. Method quantification limits (MQLs) for all analytes were determined either based on blank
extraction experiments or if no blank contamination was detectable on the lowest calibration point
and ranged from 0.03 to 0.71 ng/g wet weight for the different PFASs.

Statistical evaluation

Prior to analysis, pairs of concentrations where at least one value was reported as below the limit of
quantification (LOQ) were removed from the dataset. For each contaminant analysed,
concentrations were compared by computing pair-wise differences of log-transformed
concentrations (natural logarithm) without accounting for source species or matrix. Log-
transformed differences are assumed to follow the relation



In(Cigp2) — In(Cigp1) = In(k) + e,

where k is the conversion factor on the original scale and e a zero-mean normally distributed
measurement error, statistically independent between samples. This corresponds to the log-linear
scale used for trend analysis in the monitoring programmes, where putative correction factors are to
be applied. The results (p-values) of t-tests of hypothesis In(k) = In(1) = 0 (no systematic
difference between labs) are reported in Table 5 together with corresponding confidence intervals
and estimates of k.

The results of the statistical tests are used to screen for contaminants where a correction may be
appropriate. We argue that differences that are not statistically significant at the 5% level are either
very small or too uncertain to be estimated with available data. When interpreting the remaining
statistically significant differences, we take a conservative approach recognizing the limitations of
the experiment. It is important to note that we cannot distinguish between persistent differences
between labs in need of correction, and more spurious ones related to for example within-batch
dependencies. Hence, potential causes are discussed with participating labs before a correction is
advised. Further, differences observed at very low concentrations are likely to diminish at higher
concentrations, hence we are reluctant to advise correction where the majority of measured
concentrations are below or close to the LOQ.

Results

Fat percentage

Despite the slight difference in methods, where fat percentage at SU is analysed in each sample
before samples are split into a sub-sample for CLC and a sub-sample for the BFR group while at
SFA fat percentage is analysed for each CLC and BFR sub-sample separately, the fat percentage at
SU and SFA were similar (Fig 2, 3; Table 5, Fig. S2, S4).

Chlorinated pesticides and PCBs

DDE, CB-101, CB-118, CB-138, CB-153 and CB-180 all had fewer than 20% of samples below
LOQ for both SU and SFA resulting in the most robust conversion factors. For the other chlorinated
pesticides, the frequency of samples below LOQ ranged from 30% to 100% (Table 4) with all
lindane and a-HCH samples below LOQ for at least one laboratory. In Table S1 the concentration
for LOQ for each compound and laboratory is given. The percentage of samples below LOQ was
for the various CLCs similar between the two laboratories indicating that the laboratories had a
similar detection range on samples. One potentially important thing to notice is that the LOQ for
cod and guillemot eggs (Table S1, see e.g. a-HCH and lindane) are higher for SFA samples than SU
samples (4 and 10 times higher respectively). However, this does not affect the results in this report,
because most concentrations are below LOQ for the same compound at both laboratories.

Paired t-tests showed no difference between concentrations from the two laboratories for 75% of the
compounds (Table 5). However, significant differences were found for CB-28, DDT and -HCH.

The conversion factor was close to 1 for all PCBs and chlorinated pesticides (range between 0.93
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and 1.28) except for CB-52 (1.45) and DDT (0.74) where the laboratories were further from each
other. Common for CB-52 and DDT are a high number of samples below LOQ (56%) resulting in a
smaller dataset where many samples are likely to be close to the level of detection. The same is also
true for the two additional compounds where the t-test showed a significant difference between
laboratories, CB-28 and 3-HCH, which both had 65% of the samples below LOQ. We therefore do
not recommend that these conversion factors are used as they might not be reliable or precise. For
the remaining compounds, the t-test showed no significant difference between the laboratories.
Further, the confidence interval on the calculated conversion factors overlapped with zero or (for
CB-101, CB-153 and DDE) were very close (<1.02). We therefore do not recommend the use of
conversion factors between the two laboratories for any of the CLC compounds.

Percent fat 4

DDTA

DDE

DDD

CB-524

CB-284

CB-180 1

Parameter

CB-153 1

CB-138+4

CB-118+

CB-101 1

BHCH 4

HCB 1

g,

e

Species
Arctic char
Blue mussel
* Cod
®  Guillemot egg
* Herring
Perch
Pike

1 2
log(SFA) - log(SU)

Fig. 2. Chlorinated pesticides and PCBs at SU and SFA. Deviation from zero means that: negative values = SU
has analysed higher concentrations, positive values = SFA has analysed higher concentrations. Data is presented

on log-scale.



Table 4. Number of samples that were quantified as below LOQ by the respective laboratories. Only samples
where more than 20% were below LOQ for at least at one of the laboratories are presented in the table.

su SLU SFA
HCB 13 (30%) 1 (2%)
A-HCH 43 (100%) 38 (88%)
B-HCH 28 (65%) 22 (51%)
LINDANE 43 (100%) 39 (91%)
DDD 16 (37%) 15 (35%)
DDT 207 (47%) 24 (56%)
PCB-28 28 (65%) 24 (56%)
PCB-52 24 (56%) 24 (56%)
BDE-28 188 (42%) 22 (51%)
BDE-47 0 9 (21%)
BDE-153 26 (60%) 6 (14%)
BDE-154 13 (30%) 4 (9%)
HBCDD 19 (44%) 3 (7%)
PFHXA 26 (100%) 26 (100%)
PFHPA 26 (100%) 20 (77%)
PFOA 15 (58%) 5 (19%)
PFNA 1 (4%) 13 (50%)
PFDA 0 14 (54%)
PFDODA 0 6 (23%)
PFTEDA 10 (38%) 12 (46%)
PFPEDA 11 (42%) 13 (50%)
I-PFBS 22 (85%) 22 (85%)
I-PFHXS 19 (44%) 22 (85%)
b-PFHXS 26 (100%) 21 (81%)
PFHXS 19 (44%) 18 (42%)
I-PFDS 25 (96%) 26 (100%)
b-PFDS 26 (100%) 26 (100%)
PFDS 25 (96%) 26 (100%)
I-FOSA 10 (38%) 15 (58%)
b-FOSA 14 (54%) 23 (88%)
FOSA 10 (38%) 14 (54%)

A plus 7 samples that could not be quantified
B BDE28 was not analysed in freshwater fish at SU
I-: linear; b-: branched

Analyses are performed on different types of tissues (Table 2), which could potentially influence
the analysis for the two laboratories differently. For PCBs, only cod and blue mussels stand out
suggesting that overall there is little difference in the results from muscle tissues. For cod and blue
mussels the contaminant concentrations is always higher at SFA (20-50%; Fig. 2). In this
intercalibration study cod is the only species where contaminants are measured in the liver and blue



mussels the only species where contaminants are measured in whole body, for all other species
concentration are measured in muscle. This could suggest that something with these matrices might
cause a difference in the measured concentration between the two laboratories.

Brominated flame retardants

For BDE-99 and BDE-100 almost all samples were above LOQ for both laboratories, however, at
SU BDE-100 was not quantified in Guillemot eggs and BDE-99 or BDE-100 was not quantified for
a few blue mussels. For the other BDE’s the frequency of samples that were below LOQ was
different for the two laboratories. For BDE-28 the frequency was not too different (42% resp 51%)
between SU and SFA, but for BDE-47 none of the SU samples were below LOQ while 21% were
below LOQ at SFA. BDE-153, BDE-154 and HBCDD had a higher frequency of below LOQ
samples at SU compared to SFA (Table 4). In Table S2 the concentrations for LOQ for each
compound and laboratory is given.

The t-tests showed no significant difference in concentrations of brominated compounds between
SU and SFA except for BDE-100 and BDE-154 (Table 5, Fig 3, Fig S3). The range of the
calculated conversion factors for BDE-28, BDE-47, BDE-99, BDE-153 were 0.99-1.07 and thus
close to 1. Since no significant difference is seen between the laboratories, no conversion is needed
for these compounds.

Both BDE-100 and BDE-154 have a high detection frequency (70-100%). In figure 3 it is seen that
concentrations of BDE-100 values from SU are higher while BDE-154 values are lower than those
from SFA giving conversion factors of 0.777 and 1.526, respectively (Table 5). One reason for the
higher values of BDE-154 reported by SFA could be that the analytical method applied is not
sufficiently specific for BDE-154. The separation of two often co-eluting congeners, BDE-154 and
BB-153 (bromobiphenyl-153) is not possible due to the shorter GC-column used (30 m instead of
50 m used by SU). If BB-153 is present in the samples analysed then the results from SFA are a
sum of BDE-154 and to some extent BB-153, despite efforts made to quantify only one part of the
double peak obtained. One reason for the higher values of BDE-100 at SU could be related to a
change of instrument around 2013. The comparison made at SU when introducing the new
instrument showed no significant differences but later intercalibration results showed that many of
the reported BDE-100 values were above the assigned values of the reference material. The internal
conclusion at SU after investigating possible explanations was that the higher values were due to
the new instrument although of the same mode and brand. Thus, results from SU could have been
underestimated since the instrument change, which would explain the discrepancy between results
from SU and SFA. We recommend that the differences between the two laboratories for the
measurements of BDE-100 and BDE-154 be investigated in more detail. Until we have more
information we recommend that no conversion factors are used for those compounds but this should
be re-evaluated at a later stage when more information has been gathered.

For HBCDD the t-test showed no significant difference between SU and SFA and the 95%
confidence interval on the conversion factor overlap with zero. We therefore do not recommend the
use of a conversion factor (Table 5).

Looking at the species (biota) distribution for the different BDE’s in Figure 3 it is seen that perch
and pike are generally placed to the left of herring, cod, blue mussels, and Arctic char. For these



two subsets, perch and pike concentrations are reported to be 16-50% higher by SU than SFA
(depending on substance) and herring, cod, blue mussels, and Arctic char concentrations 10-50%
higher by SFA than SU (depending on substance) (Fig. 3, S3).
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Fig. 3. Brominated compounds analysed at SU and SFA. Deviation from zero means that: negative values = SU

has analysed higher concentrations, positive values = SFA has analysed higher concentrations. Data is presented
on log-scale.



Perfluoroalkyl substances

For PFOS, all values were above LOQ at both the laboratories. For I-PFOS all, except one SLU
value, were above LOQ, and for b-PFOS, all except two SU values were above LOQ. For the other
PFASs, many were below LOQ), at both SU and SLU or one of them (Table 4).

For some PFASSs, there were a high frequency of LOQs; therefore, conversion factors between SU
and SLU could not be determined for all PFAS substances. Out of 23 analysed substances, t-tests
could be performed for 17 (Table 5).

Figure 4 and Figure S5 illustrates which species and PFASs that were measured at higher
concentrations at SLU and SU, respectively. For almost all detected PFASS, regardless of species,
higher concentrations were measured at SLU than SU, ranging from 10 up to more than 1000 %
higher. This depended on species and substance, where the largest differences between laboratories
were seen for some substances in Arctic char. Thus, for PFASS, it is not possible to determine if
there is any species related biases between the laboratories.
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Fig. 4. PFASs analysed at SU and SLU. Deviation from zero means that: negative values = SU analysed higher
concentrations, positive values = SLU analysed higher concentrations.



Table 5. Result of the t-test comparing each compound analysed at SU and SFA/SLU. The t-test was done on log-
transformed data.

Compound n p value Conversion factor
(95% conf. Int.)

Fat% 42 0.719 0.988 (0.92; 1.06)
CB-28 11 <0.001 1.098 (1.07; 1.13)
CB-52 8 0.001 1.45 (1.25; 1.68)
CB-101 25 0.013 1.084 (1.02; 1.15)
CB-118 39 0.295 1.038 (0.97; 1.12)
CB-138 42 0.144 0.934 (0.85; 1.02)
CB-153 42 0.022 1.092 (1.01; 1.18)
CB-180 38 0.024 1.19 (1.02; 1.38)
DDD 26 0.064 1.274 (0.99; 1.65)
DDE 42 0.025 1.103 (1.01; 1.2)
DDT 14 <0.001 0.736 (0.66; 0.83)
HCB 29 0.153 1.062 (0.98; 1.15)
b-HCH 13 <0.001 1.286 (1.18; 1.41)
Fat% 42 0.147 1.051 (0.98; 1.13)
BDE-28 6 0.947 1.009 (0.74; 1.38)
BDE-47 32 0.844 0.991 (0.9; 1.09)
BDE-99 35 0.376 1.068 (0.92; 1.24)
BDE-100 33 <0.001 0.777 (0.68; 0.88)
BDE-153 15 0.468 1.068 (0.88; 1.29)
BDE-154 30 <0.001 1.526 (1.36; 1.72)
HBCDD 24 0.369 1.155 (0.83; 1.6)
b-FOSA 3 0.067 0.524 (0.25; 1.12)
I-FOSA 10 0.264 1.142 (0.89; 1.47)
FOSA 11 0.444 0.875 (0.6; 1.27)
I-PFBS 3 0.053 10.259 (0.93; 113.18)
I-PFHXS 4 0.03 3.035 (1.23; 7.49)
PFHXS 5 0.009 3.375 (1.65; 6.92)
b-PFOS 24 0.014 1.972 (1.16; 3.34)
I-PFOS 25 <0.001 1.225 (1.11; 1.35)
PFOS 26 <0.001 1.458 (1.2; 1.78)
PFOA 9 <0.001 8.932 (3.8; 20.98)
PFNA 13 <0.001 1.789 (1.51; 2.12)
PFDA 12 <0.001 2.517 (1.99; 3.19)
PFUNDA 25 0.08 1.121 (0.98; 1.28)
PFDODA 20 0.195 0.912(0.79; 1.05)
PFTrDA 24 0.129 1.21 (0.94; 1.54)
PFTeDA 12 0.738 0.907 (0.49; 1.69)
PFPeDA 10 <0.001 13.495 (6.57; 27.7)

Calculated conversion factors are seen in Table 5. Most substances had >50 % of their samples
below LOQ (<13 data points in Table 5), which resulted in calculated conversion factors that are
not reliable and they are not recommended for use within the monitoring program even when
significant differences are seen in the t-test. I-PFOS, b-PFOS and PFOS were the only substances
that showed a high detection frequency (90 — 100 %, equals to 24-26 data points in Table 5) and
showed significant differences between SU and SLU. For b-PFQOS, the difference between
laboratories was primarily seen for the samples with the lowest concentration (as measured by SU;
Fig. 4; Fig. S5 & S6). Since the bias is not systematic across samples, correction is not



recommended. For I-PFQOS, the bias was more systematic across all samples. In Figure 4, it is seen
that almost all I-PFOS comparisons were to the right of the zero line. When summing b-PFOS and
I-PFOS to the PFOS estimate, these discrepancies were combined resulting in a significant
difference between labs and a conversion factor of 1.46 (Tab. 5). The samples were analysed at SU
at two different instances (batch 1 and batch 2; Fig. S4), which also represented samples from two
different environments (freshwater and marine). Only batch 1 (freshwater) data showed a
significant difference for b-PFOS, I-PFOS and PFOS (n=15-16) resulting in conversion factors of
2.66, 1.32, and 1.65 (Tab. S4). Due to the small amount of samples and two sample batches for the
SU lab analysis (which in addition have different environmental signatures), it is not possible to
extract reliable information on whether the discrepancy between batches is due to a lab effect, a
batch effect or something else. Further, the difference for I-PFOS for the combined dataset (batch 1
and 2 combined) is 23% and thus relatively low (we focus here on the I-PFOS conversion factor to
avoid including the unsystematic bias found in the b-PFOS data). We therefore recommend that no
conversion factors should be used for b-PFQOS, I-PFOS and PFOS.

Conclusion

In this report, we conclude that no conversion factors should be used to adjust the data from the
National Monitoring Programmes for Contaminants in Marine and Freshwater Biota.

There were small differences in concentrations for CLCs and BFRs between SU and SFA, except
for BDE-100 and -154. For some of the other compounds, minor differences were seen; however,
those were small and usually within a narrow confidence interval. We therefore recommend that no
conversions are used for CLCs and BFRs, but for BDE-100 and -154 a re-evaluation at a later stage
is recommended.

For many PFASs, the measurements were below or very close to LOQ); thus, data was too limited to
calculate reliable conversion factors. For I-PFOS, b-PFOS, and PFOS, differences were seen
between SLU and SU but since the difference was relatively minor and a difference between the
two sample batches indicates some variability in results even within labs, we recommend that no
conversions are used for any PFASS.
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Appendix

Differences between UmU, SU and SFA

In a first stage of this study, samples for chlorinated pesticides, PCBs and brominated compounds
were also sent to UmU as a third laboratory and at the same time SFA also received samples for
dioxin analysis. These results are not used for the conversion factors between the laboratories since
it was decided that UmU should continue with the dioxin analysis and that SFA got the mission to
analyse chlorinated pesticides, PCBs and brominated compounds. However, these results are
included in this report, as a comparison.

In figure S7 a scatter plot is shown for all dioxins, furans and dioxinlike PCBs between UmU and
SFA. In Figure S8 it is seen that SFA generally is reporting lower values compared to UmU, except
for fat percentage, which instead is higher at SFA.

Most chlorinated pesticides and PCBs were similar between the three laboratories, however, DDD
was reported lower at UmU and fat percentage was also reported lower at UmU for perch and pike,
which both are lean fish (Fig. S9).

Brominated compounds varied slightly more between laboratories and between species than
chlorinated pesticides and PCBs (Fig. S10). However, the largest difference was the lower fat
percentage measured at UmU for perch and pike, which might be due to a difficulty of analysing in
lean fish.
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Fig S1. Scatter plot for the chlorinated pesticides, PCBs and fat percentage between SU and SFA, all species
are included in the graphs (log scale). The black line represents the slope = 1.
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Table S1. Limit of detection (LOQ) for CLCs from respective laboratory and compound, ng/g Iw.

Lab Species Samplingsite HCB AHCH BHCH LINDAN DDE DDD DDT CB-28 CB-52 CB-101 CB-118 CB-153 CB-138 CB-180
SU Clupea harengus Abbekas 2% 2.87 2% 2.87 2% 2% 4* 2% 2% 2% 2% 2% 2% 2%
SuU Clupea harengus Abbekas 2% 2.93 2% 2.93 2% 2% 4* 2* 2% 2* 2% 2* 2* 2%
SFA Clupea harengus Abbekas 1.1 1.1 1.1 11 1.1 2.1 2.1 11 1.1 11 11 11 11 1.1
SFA Clupea harengus Abbekas 1.1 1.1 11 1.1 11 2.1 2.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
Su Salvelinus Abiskojaure 2% 3.82 3.82 3.82 2% 3.82 5.73 3.82 3.82 3.82 3.82 2% 2% 3.82
SuU Salvelinus Abiskojaure 2% 2.63 2.63 2.63 2% 2.63 3.94 2.63 2.63 2.63 2* 2* 2* 2.63
SFA Salvelinus Abiskojaure 0.61 0.61 0.61 0.61 0.61 1.2 1.2 0.61 0.61 0.61 0.61 0.61 0.61 0.61
SFA Salvelinus Abiskojaure 11 1.1 11 1.1 11 2.2 2.2 1.1 1.1 1.1 1.1 1.1 1.1 1.1
Su Esox lucius Bolmen 2% 6.08 6.08 6.08 2% 2% 9.12 6.08 6.08 2% 2% 2% 2% 2%
SU Esox lucius Bolmen 2% 5.91 5.91 5.91 2% 2% 8.86 5.91 5.91 2* 2* 2* 2* 2%
SFA Esox lucius Bolmen 1.6 1.6 1.6 1.6 1.6 3.2 3.2 1.6 1.6 1.6 1.6 1.6 1.6 1.6
SFA Esox lucius Bolmen 1.5 1.5 1.5 1.5 1.5 3 3 1.5 1.5 1.5 1.5 1.5 1.5 1.5
SU Clupea harengus Byxelkrok 2% 3.08 2% 3.08 2% 2% 4* 2% 2% 2% 2% 2% 2% 2%
SU Clupea harengus Byxelkrok 2% 2.88 2% 2.88 2% 2% 4% 2% 2% 2% 2% 2% 2% 2%
SFA Clupea harengus Byxelkrok 2 2 2 2 2 3.9 3.9 2 2 2 2 2 2 2
SFA Clupea harengus Byxelkrok 1.8 1.8 1.8 1.8 1.8 3.6 3.6 1.8 1.8 1.8 1.8 1.8 1.8 1.8
SFA Mytilus edulis Fjallbacka 0.85 0.85 0.85 0.85 0.85 1.7 1.7 0.85 0.85 0.85 0.85 0.85 0.85 0.85
SFA Mytilus edulis Fjallbacka 0.96 0.96 0.96 0.96 0.96 1.9 1.9 0.96 0.96 0.96 0.96 0.96 0.96 0.96
Su Mytilus edulis Fjallbacka 2.84 2.84 2.84 2.84 2% 2% 4% 2.84 2% 2% 2% 2% 2% 2%
SU Mytilus edulis Fjallbacka 3.14 3.14 3.14 3.14 2% 2% 4* 3.14 2% 2* 2* 2* 2* 2%
Su Gadus morhua Fladen 2% 1.33 1.33 1.33 2% 2% 4% 2% 2% 2% 2% 2% 2% 2%
Su Gadus morhua Fladen 2% 1.26 1.26 1.26 2% 2% 4% 2% 2% 2% 2% 2% 2% 2%
SFA Gadus morhua Fladen 9.1 9.1 9.1 9.1 9.1 18 18 9.1 9.1 9.1 9.1 9.1 9.1 9.1
SFA Gadus morhua Fladen 9 9 9 9 9 20 20 9 9 9 9 9 9 9
SU Clupea harengus Gaviksfjarden 2% 4.09 4.09 4.09 2% 2% 4* 4.09 4.09 2% 2% 2% 2% 2%
SU Clupea harengus Gaviksfjarden 2% 34 34 34 2% 2% 4% 34 34 2% 2% 2% 2% 2%
SFA Clupea harengus Gaviksfjarden 0.7 0.7 0.7 0.7 0.7 1.4 14 0.7 0.7 0.7 0.7 0.7 0.7 0.7
SFA Clupea harengus Gaviksfjarden 0.76 0.76 0.76 0.76 0.76 1.5 1.5 0.76 0.76 0.76 0.76 0.76 0.76 0.76
SuU Perca fluviatilis Horsan 5.21 5.21 5.21 5.21 2% 5.21 7.81 5.21 5.21 2% 2% 2% 2% 2%
SuU Perca fluviatilis Horsan 2% 4.6 4.6 4.6 2% 4.6 6.9 4.6 4.6 2* 2* 2* 2* 2%
SFA Perca fluviatilis Horsan 1.3 1.3 1.3 1.3 1.3 2.6 2.6 1.3 1.3 1.3 1.3 1.3 1.3 1.3
SFA Perca fluviatilis Horsan 1.2 1.2 1.2 1.2 1.2 2.4 2.4 1.2 1.2 1.2 1.2 1.2 1.2 1.2
SU Perca fluviatilis Krankesjon 5.69 5.69 5.69 5.69 2% 2% 8.53 5.69 5.69 2% 2% 2% 2% 2%
SU Perca fluviatilis Krankesjon 5.31 5.31 5.31 5.31 2% 2% 7.96 5.31 5.31 2* 2* 2* 2* 2%
SFA Perca fluviatilis Krankesjon 1.6 1.6 1.6 1.6 1.6 3.2 3.2 1.6 1.6 1.6 1.6 1.6 1.6 1.6
SFA Perca fluviatilis Krankesjon 1.6 1.6 1.6 1.6 1.6 3.2 3.2 1.6 1.6 1.6 1.6 1.6 1.6 1.6
SuU Clupea harengus Kullen 2% 1.37 1.37 1.37 2% 2% 4* 2% 2% 2% 2% 2% 2% 2%
SuU Clupea harengus Kullen 2* 1.18 2% 1.18 2% 2% 4* 2* 2% 2* 2% 2% 2% 2%
SFA Clupea harengus Kullen 0.24 0.24 0.24 0.24 0.24 0.49 0.49 0.24 0.24 0.24 0.24 0.24 0.24 0.24
SFA Clupea harengus Kullen 0.29 0.29 0.29 0.29 0.29 0.57 0.57 0.29 0.29 0.29 0.29 0.29 0.29 0.29
Su Mytilus edulis Kvadofjarden 2% 3.03 2% 3.03 2% 2% 4% 3.03 3.03 2% 2% 2% 2% 3.03
SuU Mytilus edulis Kvadofjarden 2* 2.65 2% 2.65 2% 2% 4* 2.65 2.65 2* 2* 2* 2* 2%
SFA Mytilus edulis Kvadofjarden 0.77 0.77 0.77 0.77 0.77 1.5 1.5 0.77 0.77 0.77 0.77 0.77 0.77 0.77



SFA
SU
SU
SFA
SFA
SU
SU
SFA
SFA
SsU
SU
SFA
SFA
SU
SU
SFA
SFA
SU
SU
SU
SU
SU
SFA
SFA
SFA
SFA
SFA
SU
sU
SFA
SFA
SU
SsuU
SFA
SFA
SU
sU
SFA
SFA
SU
sU
SFA
SFA

Mytilus edulis
Mytilus edulis
Mytilus edulis
Mytilus edulis
Mytilus edulis
Clupea harengus
Clupea harengus
Clupea harengus
Clupea harengus
Perca fluviatilis
Perca fluviatilis
Perca fluviatilis
Perca fluviatilis
Gadus morhua
Gadus morhua
Gadus morhua
Gadus morhua
Uria aalge

Uria aalge

Uria aalge

Uria aalge

Uria aalge

Uria aalge

Uria aalge

Uria aalge

Uria aalge

Uria aalge
Perca fluviatilis
Perca fluviatilis
Perca fluviatilis
Perca fluviatilis
Salvelinus
Salvelinus
Salvelinus
Salvelinus

Esox lucius
Esox lucius
Esox lucius
Esox lucius
Perca fluviatilis
Perca fluviatilis
Perca fluviatilis
Perca fluviatilis

Kvadofjarden
Nidingen
Nidingen
Nidingen
Nidingen
Ranefjarden
Ranefjarden
Ranefjarden
Ranefjarden
Skargolen
Skargolen
Skargolen
Skargolen

SO Gotland
SO Gotland
SO Gotland
SO Gotland
Stora Karlso
Stora Karlso
Stora Karlso
Stora Karlso
Stora Karlso
Stora Karlso
Stora Karlso
Stora Karlso
Stora Karlso
Stora Karlso
Stensjon
Stensjon
Stensjon
Stensjon
Stor-Tjultrasket
Stor-Tjultrasket
Stor-Tjultrasket
Stor-Tjultrasket
Storvindeln
Storvindeln
Storvindeln
Storvindeln
Svartsjén
Svartsjon
Svartsjén
Svartsjon

0.66
3.61
3.78
11
1.6
2*
2*
0.75
1.2
5.11
4.44
13
1.4
2*
2*
9.2
7.3
2*
2*
2*
2*
2*
20
20
24
23
22
4.67
5.04
15
1.4
2*
2*
0.72
0.69
2*
2*
15
14
5.1
4.77
14
1.3

0.66
3.61
3.78
1.1
1.6
4.07
3.39
0.75
1.2
5.11
4.44
13
1.4
3.47
3.54
9.2
7.3
1.96
191
1.92
1.97
1.99
20
20
24
23
22
4.67
5.04
1.5
1.4
4.56
3.97
0.72
0.69
5.71
4.97
15
1.4
5.1
4.77
1.4
13

0.66
3.61
3.78
11
1.6
4.07
3.39
0.75
1.2
5.11
4.44
13
1.4
2*
2*
9.2
7.3
2*
2*
2*
2*
2*
20
20
24
23
22
4.67
5.04
1.5
1.4
4.56
3.97
0.72
0.69
5.71
4.97
1.5
1.4
5.1
4.77
1.4
1.3

0.66
3.61
3.78
1.1
1.6
4.07
3.39
0.75
1.2
5.11
4.44
13
1.4
3.47
3.54
9.2
73
1.96
191
1.92
1.97
1.99
20
20
24
23
22
4.67
5.04
15
1.4
4.56
3.97
0.72
0.69
5.71
4.97
15
1.4
5.1
4.77
14
1.3

0.66
2*
2%
11
1.6
2*
2%
0.75
1.2
2*
2%
13
14
2*
2%
9.2
7.3
2*
2%
2*
2%
2*
20
20
24
23
22
2*
2%
15
14
2*
2%
0.72
0.69
2*
2%
15
14
2%
2%
14
13

13
3.61
3.78
2.3
3.2
2*
2*
1.5
24
5.11
4.44
2.5
2.7
2*
2*
19
15
1.96
191
1.92
2*
1.99
20
20
24
23
22
2*
2*

2.8
4.56
3.97
1.4
1.4
5.71
4.97
3.1
2.7
2*
2*
2.9
2.5

13
5.42
5.68
2.3
3.2
4%
4%
15
24
7.66
6.67
2.5
2.7
4%
4%
19
15
4%
4%
4%
4%
4%
20
20
24
23
22
7,00
7.56
3
2.8
6.84
5.96
14
1.4
8.57
7.45
3.1
2.7
7.65
7.16
2.9
2.5

0.66
3.61
3.78
11
1.6
4.07
3.39
0.75
1.2
5.11
4.44
13
1.4
2*
2*
9.2
7.3
2*
2*
2*
2*
2*
20
20
24
23
22
4.67
5.04
15
1.4
4.56
3.97
0.72
0.69
5.71
4.97
15
14
5.1
4.77
14
1.3

0.66
3.61
3.78
1.1
1.6
4.07
3.39
0.75
1.2
5.11
4.44
1.3
1.4

2*
9.2
7.3
2*
2*
2*
2*
2*
20
20
24
23
22
4.67
5.04
1.5
1.4
4.56
3.97
0.72
0.69
5.71
4.97
1.5
1.4
5.1
4.77
1.4
13

0.66
2*
2*
11
1.6
2*
2*
0.75
1.2
5.11
4.44
13
1.4
2*
2*
9.2
7.3
1.96
191
1.92
2*
1.99
20
20
24
23
22
4.67
5.04
15
1.4
4.56
2*
0.72
0.69
2*
2*
15
14
2*
2*
14
1.3

0.66
2*
3.78
11
1.6
2*
2%
0.75
1.2
2*
2%
13
1.4
2*
2%
9.2
7.3
2*
2%
2*
2%
2*
20
20
24
23
22
2*

15
1.4
4.56
2*
0.72
0.69
2*
2*
15
14
2%
2*
14
1.3

0.66
2*

1.1
1.6
2*
2%
0.75
1.2
2*
2%
1.3
1.4
2*
2%
9.2
7.3
2*
2%
2*
2%
2*
20
20
24
23
22
2*
2%
1.5
1.4
2*
2%
0.72
0.69
2*
2%
1.5
1.4
2%
2%
1.4
13

0.66
2*
2%
1.1
1.6
2*
2%
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0.66
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* these LOQ numbers are based on an estimated LOQ for a specific compound, but not sample specific.



Table S2. Limit of detection (LOQ) for PBDE’s from respective laboratory and compound, ng/g lw.

Lab Species Site BDE-28 BDE-47 BDE-99 BDE-100 BDE-153 BDE-154 HBCDD
SuU Clupea harengus Abbekas 0.18 0.2* 0.2%* 0.2* 0.18 0.2* 2%
SuU Clupea harengus Abbekas 0.18 0.2* 0.2* 0.2* 0.18 0.2* 2%
SFA Clupea harengus Abbekas 0.1 0.68 0.34 0.1 0.1 0.1 0.21
SFA Clupea harengus Abbekas 0.11 0.71 0.36 0.11 0.11 0.11 0.22
SuU Salvelinus Abiskojaure  0.24 0.2* 0.2* 0.2* 0.2* 0.2* 0.96
SU Salvelinus Abiskojaure  0.16 0.2* 0.2* 0.2* 0.2* 0.2* 0.66
SFA Salvelinus Abiskojaure  0.15 0.39 0.19 0.15 0.15 0.15 0.29
SFA Salvelinus Abiskojaure  0.15 0.4 0.2 0.15 0.15 0.15 0.29
SuU Esox lucius Bolmen 0.2* 0.2* 0.2* 0.2* 0.2* 0.2* 1.52
SU Esox lucius Bolmen 0.2* 0.2* 0.2* 0.2* 0.2* 0.2* 1.48
SFA Esox lucius Bolmen 0.15 0.89 0.45 0.15 0.15 0.15 0.27
SFA Esox lucius Bolmen 0.15 0.8 0.4 0.15 0.15 0.15 0.24
SuU Clupea harengus Byxelkrok 0.19 0.2%* 0.2%* 0.2%* 0.19 0.2%* 2%
SuU Clupea harengus Byxelkrok 0.18 0.2* 0.2%* 0.2%* 0.18 0.2%* 2%
SFA Clupea harengus Byxelkrok 0.23 1.6 0.78 0.23 0.23 0.23 0.47
SFA Clupea harengus Byxelkrok 0.23 14 0.67 0.23 0.23 0.23 0.41
SU Mytilus edulis Fjallbacka 0.18 0.2* 0.2* 0.2* 0.18 0.18 2%
SuU Mytilus edulis Fjallbacka 0.2 0.2* 0.2%* 0.2* 0.19 0.2 2%
SFA Mytilus edulis Fjallbacka 0.39 2.6 1.2 0.39 0.39 0.39 0.7
SFA Mytilus edulis Fjallbacka 0.5 3.4 1.7 0.5 0.5 0.5 1
SU Gadus morhua Fladen 0.2* 0.2* 0.2%* 0.2* 0.2%* 0.2%* 2%
SU Gadus morhua Fladen 0.2* 0.2* 0.2* 0.2* 0.08 0.2* 2%
SFA Gadus morhua Fladen 0.48 3.2 1.6 0.48 0.48 0.48 0.95
SFA Gadus morhua Fladen 0.46 3 1.5 0.46 0.46 0.46 0.91
SuU Clupea harengus Gaviksfjarden 0.26 0.2* 0.2* 0.2* 0.25 0.2* 2%
SuU Clupea harengus Gaviksfjarden 0.21 0.2* 0.2* 0.2* 0.21 0.2* 2%
SFA Clupea harengus Gaviksfjarden 0.08 0.52 0.26 0.08 0.08 0.08 0.16
SFA Clupea harengus Gaviksfjarden 0.07 0.48 0.24 0.07 0.07 0.07 0.15
SU Perca fluviatilis Horsan 0.33 0.2* 0.2* 0.2* 0.2* 0.2* 1.3
SuU Perca fluviatilis Horsan 0.29 0.2* 0.2* 0.2* 0.2* 0.2* 1.15
SFA Perca fluviatilis Horsan 0.15 0.85 0.42 0.15 0.15 0.15 0.26
SFA Perca fluviatilis Horsan 0.15 0.77 0.38 0.15 0.15 0.15 0.23
SuU Perca fluviatilis Krankesjon 0.36 0.2* 0.2* 0.36 0.35 0.36 1.43
SuU Perca fluviatilis Krankesjon 0.33 0.2* 0.2* 0.33 0.33 0.33 1.33
SFA Perca fluviatilis Krankesjon 0.15 0.96 0.48 0.15 0.15 0.15 0.29
SFA Perca fluviatilis Krankesjon 0.13 0.83 0.41 0.13 0.13 0.13 0.25
SU Clupea harengus Kullen 0.09 0.2* 0.2* 0.2* 0.09 0.2* 2%
SU Clupea harengus Kullen 0.07 0.2* 0.2* 0.2* 0.07 0.2* 2%
SFA Clupea harengus Kullen 0.02 0.16 0.08 0.02 0.02 0.02 0.05
SFA Clupea harengus Kullen 0.03 0.19 0.1 0.03 0.03 0.03 0.06
SuU Mytilus edulis Kvadofjarden 0.19 0.2%* 0.2%* 0.2%* 0.19 0.19 1.52
SU Mytilus edulis Kvadofjarden 0.17 0.2* 0.2* 0.2* 0.16 0.17 1.33
SFA Mytilus edulis Kvadofjarden 0.21 1.3 0.66 0.21 0.21 0.21 0.42
SFA Mytilus edulis Kvadofjarden 0.14 0.91 0.46 0.14 0.14 0.14 0.28
SU Mytilus edulis Nidingen 0.2* 0.2* 0.45 0.23 0.2* 0.23 1.81
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0.25

0.17

0.15

0.36
0.31
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0.34
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0.16
0.27
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111
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0.25
1.28
1.2
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* these LOQ numbers are based on an estimated LOQ for a specific compound, but not sample specific.



Table S3. Limit of detection (LOQ) for PFAS from respective laboratory and compound, ng/g ww.

Lab SuU SLU

PFHXA 0.041 0.709
PFHPA 0.041 0.151
PFOA 0.041 0.165
PENA 0.041 0.067
PFDA 0.041 0.094
PFUNDA  0.041 0.033
PFDODA  0.041/0.152* 0.054
PFTRDA 0.041/0.189* 0.164
PFTEDA 0.041 0.027
PFPEDA 0.041 0.199
LPFBS 0.036 0.171
LPFHXS 0.039 0.088
BPFHXS 0.039 0.088
PFHXS 0.039 0.088
LPFOS 0.088/0.078* 0.027
BPFOS 0.039 0.027
PFOS 0.088/0.078* 0.027
LPFDS 0.04 0.091
BPFDS 0.04 0.091
PFDS 0.04 0.091
LFOSA 0.067/0.058* 0.13

BFOSA 0.042 0.13

FOSA 0.067/0.058* 0.13

*marine/freshwater

Table S4. Result of the t-test comparing PFOS, b-PFOS and L-PFOS analysed at SU and SLU divided into
marine and freshwater samples. The t-test is done on log-transformed data. Only SU analysed samples at two
different time points (batches).

Compound n Region Batch analysed SU p value Conversion factor (95% conf.
Int.)
b-PFOS 16 Freshwater 1 0.015 2.66 (1.25; 5.68)
b-PFOS 8 Marine 2 0.613 1.08 (0.76; 1.55)
b-PFOS 24 All 142 0.014 1.97 (1.16; 3.34)
I-PFOS 15 Freshwater 1 >0.001 1.32(1.17; 1.48)
I-PFOS 10 Marine 2 0.221 1.10 (0.94; 1.29)
I-PFOS 25 All 1+2 >0.001 1.23(1.11; 1.35)
PFOS 16 Freshwater 1 >0.01 1.65 (1.24; 2.18)
PFOS 10 Marine 2 0.154 1.20 (0.92; 1.56)
PFOS 26 All 142 >0.001 1.46 (1.20; 1.78)




