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Abstract 

Objectives: Advice regarding the health benefits of fish consumption has been complicated by 

reports that certain fish species like salmon are burdened with levels of organochlorine 

contaminants (OCs) that may be potentially harmful in man. The aim of this study was to 

determine changes in the levels of persistent organic pollutants (POP) in human plasma and 

adipose tissue and to examine associations between POP levels and dietary fat intake during 

consumption of farmed salmon.  

Methods: Twelve patients with non-alcoholic fatty liver disease consumed 380g farmed 

Atlantic salmon fillets for 15 weeks in an intervention study to examine the health benefits of 

farmed salmon.  Concentrations of POP: hexachlorobenzene (HCB), bis-2, 2-(4-chlorophenyl) 

-1,1-trichloroethylene (p,p’-DDE), polychlorinated biphenyls (indicator (id-PCBs), mono-

ortho PCBs (mo-PCBs), polybrominated diphenylethers (PBDEs), were measured in the 

salmon fillets, and in plasma and abdominal fat biopsies from the patients before and after 

intervention. Toxicity equivalent quantities (TEQs) for mo-PCBs were calculated. 

Results:  The concentrations of POPs in the salmon fillets were comparable to those typically 

found in farmed Atlantic salmon. 15 weeks consumption of these fillets was reflected in a 

significantly increased level of n-3 fatty acids in plasma. At the start of the study mean 

concentrations (ng/g lipid weight (lw)) of HCB, p,p’-DDE, sum id-PCBs, sum mo-PCBs, and 

sum PBDEs in plasma were 20±9, 115±136, 161±74, 24±12, and 3±2 and in abdominal fat 

21±10, 191±300, 268±135, 40±20, and 4±4 (ng/g  lw) respectively. After 15 weeks of salmon 

consumption the concentrations of POPs in samples of human plasma and abdominal fat had 

not increased but tended to decrease. The levels of CB156, CB167, sum mo-PCBs and sum 

TEQsWHO2005 of mo-PCBs in fat biopsies decreased significantly (p < 0.05). After adjustment 

for age plasma total n-3 fatty acids correlated positively and oleic acid (18:1 n-9) correlated 

negatively with sum id-PCBs. Linoleic acid (18:2 n-6), on the other hand correlated positively 

with p,p’-DDE, sum-PBDEs and sum mo-PCBs. 
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Conclusion: 15 weeks consumption of fatty fish did not affect the steady state levels 

of POPs in the study subjects. Significant associations were found between different plasma 

long chain fatty acids and different POP classes indicating that the latter have different food 

products as their main source for human exposure.  
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Introduction 

 The health benefits of eating fish are well documented and seafoods rich in PUFAs 

have attracted special attention in this respect (Horrocks & Yeo, 1999; Mori et al, 1999). Fish 

and fish oil have beneficial effects in relation to a range of metabolic disorders, such as heart 

diseases, hypertension, inflammatory diseases, various cancer forms and possibly also 

diabetes II (Gebauer et al, 2006; Hu et al, 2001). Fish oil will further increase the bleeding 

time, reduce platelet aggregation, modulate inflammatory response and decrease slightly the 

blood pressure. Epidemiological evidence further suggests that populations consuming 

relatively large amounts of fish have lower risk of cardiovascular diseases and reduced 

mortality than those consuming little or no fish (Connor, 2000). The extent to which all these 

beneficial effects are attributable to the consumption of fish per se or can be achieved by fish 

oil as such is still a matter of debate.  Furthermore, it is not clarified to what extent fish or fish 

oil may improve various disorders related to dyslipidemia and impaired inflammatory 

response such as fatty liver, ulcerative colitis and endothelial dysfunction among others. 

 Wild caught fish is still the most important source of seafood to humans, but farmed 

fish is getting increasingly important. However, advice regarding fish consumption has been 

complicated by reports that some fish species, such as farmed salmon, are burdened with 

potentially harmful levels of persistent organic pollutants (POPs), e.g.polychlorinated 

dibenzo-p-dioxins and dibenzofurans (PCDD/PCDFs), dioxin-like polychlorinated biphenyls 

(dl-PCBs), non-dioxin-like PCBs (ndl-PCBs), brominated flame retardants (BFRs) like 

polybrominated diphenyl ethers (PBDEs), and organochlorine pesticides (OCPs) like 

hexachlorobenzene (HCB) and bis-2, 2-(4-chlorophenyl)-1,1-trichloroethylene (p,p’-DDE) 

(Hites et al, 2004a; Hites et al, 2004b; Mozaffarian & Rimm, 2006). 

Due to their lipophilic properties organochlorines (OCs)  bioaccumulate and 

biomagnify in the food chain. For humans the main exposure route of OCs is through the diet 

(Ahlborg et al, 1992; Liem et al, 2000). In addition to dietary exposure, humans might be 
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exposed to particularly PBDEs through direct contact with dust, furniture and electric 

equipment (Darnerud, 2003; Sjodin et al, 2000). The total levels of OCPs, PCBs and PBDEs 

are higher in fish and other seafood, especially fatty fish and liver, than in most other foods, 

and fatty fish species such as salmon is thus an important source for POPs. In humans POPs 

are easily absorbed from the diet and distributed rapidly to fat rich organs and tissues.   

Since 2004 several scientific papers as well as articles in national and international lay 

press have indicated that consumption of farmed Atlantic salmon may pose health risks that 

detract from the beneficial effects of fish consumption. Studies by Hites and co-authors (Hites 

et al, 2004a) and Foran and co-authors (Foran et al, 2005) conclude that farmed salmon 

contains higher concentrations of POPs than wild salmon, and that the former should not be 

eaten more than a few times per year due to potentially increased cancer risk. The risk 

assessment methods used in these papers were developed by both the United States 

Environmental Protection Agency (U.S. EPA) and the International Agency for Research on 

Cancer (IARC), but deviates in several aspects from methods used by international bodies like 

WHO/JECFA and EFSA. Thus, this contradicts current advice to increase fish consumption, 

and the European Food Safety Authority (EFSA) has concluded that there is no difference in 

wild vs. farmed fish with respect to consumer safety and stated that fish consumption, 

especially of fatty fish (1-2 servings a week) benefits health {SACN/COT (Scientific 

Advisory Committee on Nutrition/Committee on Toxicity, 2004 1220 /id}(EFSA, 2005). In a 

recent comprehensive assessment of fish and other seafood in the Norwegian diet the 

Norwegian scientific committee for food safety support the current Norwegian 

recommendations regarding consumption of fish, i.e. to eat a variety of fish including 2 meals 

of fatty fish per week (Skåre et al, 2006)  

Currently, more than half the salmon sold globally is farm-raised in Northern Europe, 

Chile, Canada, and the United States (FAO, 2008;  Hites et al, 2004). 
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POPs exhibit a broad range of toxic and biological effects including cancer (Porta, 

2001; Porta, 2006; Safi, 2002). No human data are available for quantitative risk assessment 

of PCDD/PCDFs, PCBs and PBDEs. Data from animal studies have therefore been used. For 

the PCDD/PCDFs and the dl-PCBs a tolerable intake has been established (EC SCF 2001, 

WHO, 2001). A threshold approach was used to derive at a tolerable intake of 14 pg TEQs 

TCDD/kg body wt. per week based on the effects on the developing male reproductive system 

resulting from the maternal body burden, which appear to be the effect triggered at the lowest 

dose. In addition to effects on the developing reproductive system several toxicological 

effects of dioxins and PCBs have been observed in the thyroid gland, liver, immune system, 

as well as on behaviour and the development of cancer, but it is not possible to distinguish 

between the effects resulting from dioxins and dl- PCBs and the effects from ndl-PCBs. 

Dioxins have been classified as carcinogenic to humans (IARC 1997). For PCDD/PCDFs and 

dl-PCBs the site specificities for the highest increased incidences of neoplasms are liver, lung 

and oral mucosa. In the liver, an increased incidence of hepatocellular adenoma and 

carcinoma is found (Huang et al, 2006; Salonen et al, 1995; Zhang et al, 2001). For the ndl-

PCBs there are no reliable health based guidance values for human risk assessment (EFSA 

2005). 

There is limited toxicological information about the most toxic PBDEs. PBDEs in fish 

may be a risk factor for thyroid hormone imbalances (Darnerud, 2003) and for neurotoxic 

effects (Eriksson et al, 2001), and it is of further relevance that the important role of thyroid 

hormones in cardiac function can be disrupted by PCDDs/PCDFs and dl-PCBs, PBDEs, and 

their metabolites. The PCDDs/PCDFs, dl-PCBs, and ndl-PCBs have also been implicated in 

the atherosclerotic and cardiomyopathic processes.  

Studies on fish consumption, with known levels of contaminants, and the resulting 

accumulation in human plasma and tissues are rare.  
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As part of a dietary study to examine health effects of a large consumption of salmon 

in patients with metabolic disorders, it was of interest to assess if it was possible to detect any 

accumulation of POPs. The purpose of the present study was therefore to examine levels of 

POPs in human plasma and in human adipose tissue after a weekly consumption of 380 g 

farmed Atlantic salmon (2 meals per week) for up to 15 weeks. 
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Methods  

The 15 week intervention trial was conducted at Haukeland University Hospital, Bergen, 

Norway during 2005.  

 

Study design. 

A total of 12 patients with non-alcoholic fatty liver disease (NAFDL) were included in this 

study. NAFLD is associated with insulin resistance, obesity, hypertension, 

hypertriglyceridaemia and diabetes mellitus and is thus related to the metabolic syndrome. 

The reason why these patients were included was that they all participated in a larger 

intervention study to investigate effects of a high consumption of salmon. 

The patients were all obese and they all agreed to undergo fat biopsies. Results from the 

larger clinical study will be published elsewhere. 

The Regional Ethics Committee approved the study protocol and all included subjects gave 

their written informed consent. 

 

Study diet 

The participants consumed two servings of 190 g salmon each week (totally 380 g) for 15 

weeks. The Atlantic salmon was produced by EWOS innovation, Dirdal, Norway. The fodder 

contained 30 % fat, with South-American fish oil as the lipid source. Study meals were 

prepared in the canteen at Haukeland University Hospital. The fillets were cooked and 

vacuum packed, ready for consumption at home. Durability of the fillets was 4 weeks when 

stored at 4˚C. The salmon fillet used in the study contained 13.9% fat, corresponding to a 

weekly consumption of 52 g salmon fat for each study subject.  
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Dietary restrictions 

Four weeks before intervention with salmon and during the study all subjects had to adhere to 

a diet very low in omega 3 products. Participants in the intervention trial were told to avoid 

omega-3 products, including salmon, trout, herring and mackerel, products of these species 

and nutritional supplements, but were allowed to eat white fish products.   

 

Dietary evaluation  

A validated food frequency questionnaire (FFQ) was filled in at the start and at the end of the 

study (Brantsæter et al, 2007a). It is a semi-quantitative questionnaire designed to capture 

dietary habits and intake of dietary supplements during the last year. The FFQ includes 

questions about intake of 255 food items, among them 10 questions about cold cuts and 

spreads made of fish/shellfish, 16 questions about fish/shellfish eaten for dinner, and four 

questions about cod liver oil/cod liver oil capsules/fish oil capsules.  

The questionnaires were optically read. Consumption frequencies were converted into food 

amounts (g/day) by the use of standard Norwegian portion sizes. FoodCalc (Lauritsen, 2005) 

and the Norwegian food composition table (Rimestad et al, 2001) were used for calculating 

nutrients from food. A database containing details of the declared content of supplements was 

developed for the calculation of nutrients from dietary supplements (Brantsæter et al, 2007b). 

 

Analytical procedures  

POPs were analysed in salmon fillet, in plasma and fat biopsies from the subjects 

participating in the study. 

The salmon fillet was kept at - 20°C until analyzed. It consisted of epaxial muscle that was 

skinned, homogenized, and pooled (n=7) before being analyzed for POPs. 
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Patient blood samples were drawn in a fasting condition on day 0 of the intervention and at 

the end of the study. The EDTA plasma was prepared within 1 h and kept at -70C until 

analyzed.  

 

Fat biopsies 

After collecting blood samples, a fat sample (approximately 0.1 g) was obtained by needle 

biopsy from the abdominal subcutaneous area under local anaesthesia. The tissue was frozen 

in liquid nitrogen, kept frozen at –70°C until analyzed. 

  

Chemical analyses 

Concentrations of hexachlorobenzene (HCB); bis-2, 2-(4-chlorophenyl)-1,1-

trichloroethylene (p,p’-DDE); indicator (id) polychlorinated biphenyls (PCBs) (id-PCBs), 

IUPAC nos.: CB138, 153, 170, 180 and 194, mono-ortho PCBs (mo-PCBs): CB105, 114, 

118, 123, 156, 157, 167 and 189, polybrominated diphenylethers (PBDEs): BDE28, 47, 99 

and 100 in pooled samples of salmon and individual samples of human plasma and biopsies 

were detected and measured at the Norwegian School of Veterinary Science, Oslo, Norway. 

 

Extraction and clean up 

During the whole sample preparation samples were protected from light because some of the 

PBDEs can be degraded by UV-light. The human biopsies (~0.1 g) were weighed, added 

internal standards CB29, 112 and 207, BDE77, 119, 181 and 13 C-BDE209 (Cambridge 

Isotope Laboratories, Inc., Andover, MA, USA), 10 mL of H2O, and solvents. After 

homogenization, with an Ike Ultra-TurraxTM (Janke & Kunkel, Gmbh & Co., KG, Germany) 

the lipids were extracted twice with cyclohexane and acetone (3:2) using an ultrasonic 

homogenizer (4710 Series, Cole Parmer Instruments Co., Chigaco, IL, USA). The plasma 

samples (~5 g) were weighed added the same internal standards, but were not homogenized 

Page 11 of 39

http://mc.manuscriptcentral.com/tfac  Email: tfac@csl.gov.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 
 

 12  

before extraction. The extracts were centrifuged for 10 min at 3,000 rpm (Allegra 6R 

Beckman Coulter). The supernatants of the extractions were merged and concentrated to 

about 1 mL using a Zymark (evaporation system (TurboWap II, Zymark Corporation, 

Hopkinton, MA, USA) at 400C, and by a gentle flow of nitrogen (pressure 0.6 bar). The 

samples were then transferred quantitatively to a conical, calibrated glass tube, and the 

solvents were vaporized by a gentle flow of nitrogen (pressure 0.6 bar) until stable weight of 

the glass and lipid. The lipid determination was done gravimetrically. Thereafter, the 

extracted lipid was re-dissolved with one mL of cyclohexane. For cleanup (i.e., removal of 

lipids) the lipid were treated twice with ultra clean (purity 96%) concentrated H2SO4 

(Scanpure, Chemscan AS, Elverum, Norway). The extracts were transferred to conical glass 

tubes and concentrated by a gentle flow of nitrogen to 0.5 mL final volume. The final extracts 

were transferred to amber GC-vials.  

 

Determination of POPs  

The separations and detections of the two organochlorine pesticides (OCPs) HCB, p,p’- DDE 

and id-PCBs were performed by high resolution GC (Agilent 6890 Series gas 

chromatography system; Agilent Technologies, PA, USA) equipped with an auto sampler 

(Agilent 7683 Series; Agilent Technologies), a dual column system with specifications SPB-

5 and SPB-1701, both 60 m, 0.25 mm i.d. and 0.25 µm film thickness (Supelco, Bellefonte, 

PA, USA) coupled to two 63Ni micro (µ) electron capture detectors (Agilent 6890 µ-ECD). 

Other details of the GC-ECD specifications have been described (Polder et al. 2008). The 

mo-PCBs and PBDEs were detected on a HRGC (Agilent 6890 Series), equipped with a 

SPB-5 column (60 m, 0.25 mm i.d., 0.25 µm film thickness; Supelco) and connected to a low 

resolution MS (LRMS) quadrupol detector (Agilent Technologies, Avondale, PA, USA), 

operating in selected ion monitoring (SIM) mode with negative chemical ionization (NCI). 

The carrier gas was Hydrogen (H2) 5.0 pure (Yara Industrial AS, Oslo). Further details for 

Page 12 of 39

http://mc.manuscriptcentral.com/tfac  Email: tfac@csl.gov.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 
 

 13  

detection of mo-PCBs and PBDEs were described by (Polder et al. 2008). The target ions 

used for the mo-PCBs were m/z 325.8 for CB123, -18, 114, 105; m/z 359.7 for CB156, 157, 

167 and m/z 395.7 for CB189. The target ions for PBDEs were m/z 79/81. The lowest limits 

of detection (LODs) were as follows: HCB: 0.005 ng/g ww in plasma, 0.022 ng/g w/w in 

salmon, 0.1-5 ng/g ww in fat biopsies; p,p’-DDE: 0.006 ng/g ww in plasma, 0.042 ng/g w/w 

in salmon, 0.3-11 ng/g w/w in fat biopsies; id-PCBs: 0.002-0.01 ng/g ww in plasma, 0.02-0.1 

ng/g w/w in salmon, 0.1-21 ng/g ww in fat biopsies; mo-PCBs: 0.001-0.002 ng/g ww in 

plasma and salmon, 0.04-3 ng/g in fat biopsies; PBDEs: 0.005-0.006 ng/g ww in plasma, 

0.003-0.005 ng/g ww in salmon, 0.11-3.4 ng/g ww in fat biopsies. Levels of POPs, lower 

than LOD, were replaced by half-LOD values.  

 

Analitical quality:  

The laboratory is accredited by Norwegian Accreditation for testing the analysed chemicals 

in biological material according to the requirements of the NS-EN ISO/IEC 17025 (TEST 

137). The results of recovery tests, performed on spiked whole blood of sheep ranged 

between 84-118% for OCs, 84-146% for mo-PCBs and 89-112% for PBDEs. Several blanks 

(solvents) and one blind (low fat milk) were included in every series. The laboratory’s own 

reference sample of seal blubber was analysed for each of the analytical for testing 

reproducibility over time. Deviation in response of the GC system was controlled by 

analysing a standard for every 10th sample. The coefficient of variation for determinations in 

the laboratory’s reference samples ranged between 7-24% for OCs, and 16-41% for the 

PBDEs. The analytical quality of the determinations of OCPs, PCBs and PBDEs was found 

satisfactory after participation in several relevant intercalibration tests: WHO, third round of 

coordinated exposure study on levels of PCBs, PCDD/PCDFs in breast milk (2000-2001); 

Quasimeme, Exercise 524, round 28, on PBDEs in human milk (2002) and AMAP ring-tests 

for PCBs and OCs in human serum (2001-2006). 
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Calculations and statistical analysis 

The estimated weekly intake (EWI) of the POPs, based on lipid weight, was calculated as 

follows: POPs concentrations in salmon fillet was multiplied with 380g consumed salmon per 

week, divided by the mean body weight of the patients (100kg) (Table 4). 

Statistical analyses were carried out in SAS (Statistical Analysis System) version 9.1 (SAS 

Institute, Inc., Cary, NC), Prism 4.0 and SPSS 14.0 for Windows. All p values were two-sided 

and values < 0.05 were considered statistically significant. Concentrations are given as means 

with standard deviations (SD). Signed rank test were used to demonstrate significant 

differences. Relationships between pairs of measures were assessed using Pearson and 

Spearman correlation coefficients. Spearman partial correlations were also computed to assess 

whether any relationships found between two variables still existed after adjustment for 

patients’ age.  
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Results 

Characteristics of the study population are given in Table 1. Three of the subjects included 

had hypertension and were treated with ACE-inhibitor and diuretics. One patient was treated 

with mesalazin for Crohns disease, 2 patients were treated with statins and 2 patients with 

metformin for diabetes mellitus. The patients increased their weight non-significantly from 

98±15 kg before the study to 100±16 kg at the end of the study (p = 0.4).  

 

Diet evaluation and fatty acid profile in plasma  

The dietary questionnaire revealed that the estimated intake of n-3 increased significantly, 

otherwise no changes in energy and proportion of nutrients intake were observed during the 

intervention study (Table 2). 

The fatty acid profile was measured in plasma samples to evaluate the subjects compliance 

with the study protocol. From Table 3 it can be seen that during the run-in period with dietary 

restrictions the plasma levels of n-3 fatty acids decreased significantly with more than 30% 

(p<0,05). During the study period most of the n-3 fatty acids consumed came from the study 

meals. Plasma n-3 levels increased as expected (Table 3). The same increase was observed for 

the ratio of n-3/n-6 fatty acid due to an increased content of EPA and DHA, but not of n-6.   

 

POP concentrations in salmon  

The concentrations (ng/g wet weight (ww)) of HCB, p,p’-DDE, PBDEs, id-PCBs and mo-

PCBs, and the concentrations (pg/g lw) of TEQs WHO1998, WHO2005 of sum mo-PCBs in salmon 

fillet are presented in Table 4. The EWIs, based only on consumption of 380g salmon per 

week, for sums of HCB, p,p’-DDE, sum PBDEs, sum id-PCBs and sum mo-PCBs were 5, 14, 

2, 27 and 10 ng/kg body weight, respectively. The EWI for TEQsWHO1998 of sum mo-PCBs 

was 1.4 pg/kg body weight, while the corresponding EWI for TEQsWHO2005 were 0.3 pg/kg 

body weight, respectively (Table 4).  
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POP concentrations in plasma and abdominal fat  

The concentrations (ng/g lw) of HCB, p,p’-DDE, PBDEs, id-PCBs and mo-PCBs in plasma 

and fat-biopsies are presented in Table 5 and 6. HCB and p,p’-DDE were detected in all 

samples. The id-PCBs and mo-PCBs were detected in >90% of the samples, but CB114 had a 

lower detection frequency in abdominal fat samples (>60%). PBDEs were found in low 

concentrations, approximately one order of magnitude lower than the other POPs. BDE47 was 

the major PBDE-congener, detected in 96% of the samples. The detection frequencies of 

BDE28, BDE99 and BDE100 were zero (0), 25 and 12% and 0, 54 and 30% in plasma and 

adipose tissue samples, respectively.  

No significant difference was observed in the plasma levels comparing week 0 and week 15. 

A large inter-individual variation in POP concentrations was found. Significant reductions of 

the concentrations of CB156, CB167 and sum mo-PCBs were observed in the fat-biopsies (p 

< 0.05) after 15 weeks of salmon consumption. TEQs of CB156, CB167 and of sum mo-

PCBs decreased similarly and with the same significant level (p < 0.05). The concentrations 

of all POP groups excluding HCB and sum PBDEs were significantly lower in plasma than in 

fat biopsies (Table 7). Within plasma there were positive correlations between all POP groups 

excluding PBDEs at week 15 (Table 8A). This was true also between plasma and fat biopsies 

(Fig.1 and Table 8B). Similar correlations were found also at week 0 and for POPs in the fat 

biopsies at week 0 and 15 (data not shown).  

Correlations between POP concentrations, fatty acid levels and age  

The data were further analysed for correlations between levels of id-PCBs in biopsies 

before the intervention, age and plasma levels of fatty acids. A significant correlation was 

found between age and id-PCBs in both biopsies (r = 0.78, p < 0.005) and plasma (p < 0.001) 

(Fig 2).  

After adjustment for age correlations were found between plasma levels of specific 

fatty acids and the plasma levels of different POPs. Total n-3 fatty acids correlated positively 
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and oleic acid (18:1 n-9) correlated negatively with sum id-PCBs (p= 0.027) respectively. 

Linoleic acid (18:2 n-6), on the other hand, did not correlate with these PCBs, but correlated 

positively with p,p’-DDE, sum PBDEs and sum mo-PCBs (p = 0.015, 0.0009 and 0.029, 

respectively) (Table 9). 

No significant correlations were found between increase in plasma levels of n-3, EPA, 

DHA and reduction in indicator PCB levels in biopsies (n-3: -r = 0.62, p = 0.1, EPA: r= -0.62, 

p = 0.1, DHA: -0.51, p = 0.2, respectively. 

No significant correlation was found between body weight and id-PCBs measured in 

biopsies (r = 0. 07, p = 0.84). (Data not shown). 

 

Discussion  

The main outcome of this study was that no accumulation of POPs could be detected 

in plasma or adipose tissue after consumption of fatty fish equivalent to two salmon meals per 

week (380g) for up to 15 weeks. The increase in plasma n-3 polyunsaturated fatty acid levels 

during the study period confirm intake of salmon during the intervention phase, as the plasma 

levels of EPA is used as a biomarker for the intake of  fatty fish.                                                                                                                                                                     

 The small number of subjects included in the study implies that the results should be 

evaluated with caution. However, the results obtained are in line with previous studies and are 

also in accord with results from a larger cohort of patients (data to be published).  

The levels of POPs in the salmon fillets consumed were comparable to those typically 

found in farmed salmon  (Bethune et al, 2006; Knutsen et al, 2008; Hites et al, 2004b). 

The estimated weekly intake (EWI) of TEQs WHO1998 of sum mo-PCBs based on 380g 

salmon filet per week (1.4 pg/kg body weight/week) was lower than reported in a previous 

study (Bethune et al, 2006) and similar to the average exposure to TEQsWHO1998 from all fish 

and seafood in Norway (Norwegian Scientific Committee for Food Safety; Skaare et al. 2007) 

In 2005 the WHO 1998 TEF values were revised, resulting in increased, decreased and 
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unchanged TEF values for individual congeners of dioxins and dl-PCBs (non-ortho and 

mono-ortho PCBs) (van den Berg et al. 2006). In the present study both TEFsWHO1998 and 

TEFsWHO2005 were used in the calculation of EWIs. From Table 4 it can be seen that sum 

TEQsWHO2005 for mono-orthoPCBs was reduced by approximately 80% compared to the 

corresponding TEQsWHO1998. 

Associations between fish consumption and blood levels of dioxin-related compounds 

and PCBs have been reported in a.o. Scandinavian (Asplund et al, 1994; Kiviranta et al. 2002), 

and Japanese populations (Arisawa et al, 2003). Many factors are known to influence net 

absorbance of PCBs and other POPs, namely compound properties (a.o. susceptibility to 

metabolism), the individual´s fat status, exposure history (age play a role) and diet.  The 

plasma levels and pattern of POPs in the present study group were comparable with 

concentrations and congener profiles found previously in Norwegians and Europeans 

(Knutsen et al, 2008; Polder et al., 2008). The plasma concentrations of PCBs and DDE were, 

however, lower than what has been determined in a Norwegian population with high fish and 

fish-liver consumption (Furberg et al, 2002; Sandanger et al, 2006) and looking at a global 

scale considerably lower than in native Arctic and Russian  populations known to have a 

relatively high exposure to POPs through their diet (Arisawa et al, 2003 and references 

therein).  

The adipose tissue levels of indicator PCBs correlated with age of the patients, 

suggesting an  accumulation of PCBs with age, consistent with the results of previous studies 

(Arisawa et al, 2003; Furberg et al, 2002; Papke, 1998; Sandanger et al, 2006). Similarly, 

Sjodin et al. found a significant effect of age on the levels of PCBs for subjects with a high 

dietary intake of fatty fish from the Baltic Sea (Sjodin et al, 2000). This may be explained by 

the fact that the PCBs accumulate in the human fat due to their lipophilic properties, and that 

the median half-lives for these congeners are long, in the order of 7–9 years and the body 

burden of these substances increases with age (Steenland et al, 2001).  It is also reported that 
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biological half-lives of POPs are longer in obese persons (Flesch-Janys et al, 1996; Juan et al. 

2002). 

Due to bans and restrictions on use and output of  dioxins, PCBs and OCPs there has 

been a distinct decline in environmental contamination. In humans, up to 60% reductions in 

levels of dioxins and PCBs have been reported during the last couple of decades both in 

Norway and in Europe (Becher et al, 2002; Papke, 1998; Hagmar et al, 2006; Polder et al., 

2008). The age of the present study group ranged from 20 to 67 years, meaning that some of 

the study persons have lived through “rise and fall” of f.i. PCB concentrations in the 

environment and in food while others have been considerably less exposed. Thus, the large 

inter individual variation in POP concentrations could possibly be explained by the wide 

range in age of the study subjects. Differences in dietary habits and sex differences may also 

play a role.  

Considering the measured levels of POPs in the fat biopsy on a fat mass basis, and 

assuming a body fat content in the study population in the range 20 – 30%, it can be estimated 

that the dietary intake, on the average, is less than 1% of the contaminant level in the body fat. 

In evaluating the outcome of the present study, one should take into account exposure to 

POPs from other sources than marine food, the age distribution of the study population and 

further consider the long half lives of POPs, factors that have been discussed above.  

Realizing that several half lives may be required for achieving a steady state level of POPs in 

the human body, it is not unreasonable that the dietary exposure to POPs in the present study 

population will not affect this steady state level in the short term. In addition the n-3 PUFA 

plasma concentrations of the patients were fairly high 4 weeks before the intervention 

indicating that this patient group probably had a relatively high intake of these PUFAs via fish 

consumption or diet supplements before the intervention.  Thus, it should not be unexpected 

that this study, in which the subjects have consumed 380 g salmon weekly for 15 weeks, 

demonstrated non significant changes in POP plasma concentrations at the end of the study. 
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Similar results in pooled plasma samples were also recently demonstrated in a group of 

coronary heart disease (CHD) patients (Bethune et al, 2006).  

Examining the levels of POPs in biopsies from abdominal fat in the subjects (Table 6), 

significant reductions could be observed during the study period for CB156, CB167, sum mo-

PCBs, and sum TEQs of mo-PCBs. No relationship was found between increase in n-3 levels 

in plasma and reduction of CB 156, CB167 or sum mo-PCBs levels in the fat biopsies. There 

is no obvious explanation for the reduction in circulating concentrations (particularly of mo-

PCBs) in plasma and in fat biopsies observed in the study subjects. The mono-ortho 

substituted PCBs are less persistent than the id-PCBs and an increased metabolism, and/or 

excretion of these mono-ortho substituted PCBs is possible.  

The question if high intake of fatty acids from fish would influence the toxicokinetics 

of these contaminants is however unknown. Besides any effects on the toxicokinetics of 

POPs, the accumulation and distribution of these contaminants may be influenced by changes 

in the diet during the study period decreasing the exposure to the study subjects of 

contaminants from other food sources. Seasonal variations in the exposure of organic 

contaminants from other sources should perhaps neither be excluded.  

Much of the available literature addressing POP exposure and human health effects 

has relied upon blood (serum or plasma) for quantifying exposure. Adipose tissue has been 

suggested as the preferred matrix for human exposure since it represents cumulative internal 

exposure in comparison to blood that may represent more recent exposures. In the present 

study both plasma and adipose tissue samples were analyzed and significantly lower 

concentrations of all POP groups excluding HCB and PBDEs were found in plasma. Due to 

the lipophilicity of such compounds and the small amounts of lipids in blood this was not 

unexpected. There are, however, limited data with regard to distribution of dioxins and PCBs 

in human tissue. The liver and adipose tissues of both experimental animals and humans have 

been shown to sequester these compounds from blood in a dose dependent manner (World 
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Health Organization (WHO), 1998). Dose-dependent distribution of these POPs has been 

reported to be due to the induction of binding proteins in the liver (Van den et al, 1994). Iida 

et al.  (2007) have recently investigated the concentrations and distribution of PCDDs/PCDFs, 

dl-PCBs, and id-PCBs in blood, lung, liver, bile, pancreas, spleen, kidney and mesentery fat 

in human tissues from 20 donors. They demonstrated parallel levels of POPs in blood and 

tissues. Positive correlations were observed among the concentrations of dioxins in various 

tissues. They concluded that the congener levels in the lung, liver, pancreas, spleen and 

mesentery fat can be predicted from the blood levels. However, correlations between matrices 

for specific POPs have varied between studies and some authors have concluded that blood 

concentrations are poorly predictors of adipose tissue concentrations (Whitcomb et al, 2005). 

The findings of correlations between all POP groups excluding PBDEs in both plasma and 

adipose tissue as well as between the two matrices may point to different exposure routes for 

PBDEs compared to the other POPs. Human exposure routes to PBDEs have not been 

established but both diet and house dust are suspected routes of exposure while diet is the 

most important route for the other POPs (Harrad et al, 2006; Ohta et al, 2002). Thus, the 

present finding of positive correlations between all POP groups excluding PBDEs may 

suggest that plasma may be an acceptable proxy for quantifying POP exposure in human 

health studies when diet is the major source of POP exposure. 

 Fish and other seafood are natural sources of the marine n-3 fatty acids EPA and DHA, 

and the EPA concentration in plasma is considered a good biomarker for fish consumption. A 

positive correlation was found between total n-3 PUFAs and id-PCBs and sum PCBs (sum of 

id-PCBs and mo-PCBs) in plasma indicating that fish is a major source of PCBs. 

Unexpectedly, no correlation was found between the mo-PCBs and EPA which is in contrast 

to the finding of Arisawa et al. (2003) who found a positive association between plasma 

concentrations of EPA and TEQ concentrations of total dioxins, PCDDs/Fs and PCBs after 

having adjusted for age and other covariates.  
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The other class of polyunsaturated fatty acids (PUFAs), the n-6 fatty acids, are present 

in a great variety of foods (vegetables. oils, cereals and meat are rich in n-6 PUFAs) and the 

precursor for this class of PUFAs is linoleic acid which is found in relatively high 

concentration in plant oil.  Thus, linoleic acid may be used as a biomarker of the consumption 

of plant oil. Particularly soy oil is rich in linoleic acid, and due to extensive use of soy oil and 

soy beans in food and feed linoleic acid is the dominating polyunsaturated fatty acid in the 

Norwegian diet. Thus, the positive correlation between linoleic acid and the specific POP 

groups HCB, p,p’-DDE, sum PBDEs and sum mo-PCBs may suggest that other sources than 

fish, soy oil in particular, may be important sources for these POP groups.  

Oleic acid is a n-9 monounsaturated fatty acid for which the main food sources are 

various meat products, milk and cheese in addition to olive oil. The negative association 

between oleic acid and id-PCBs, in contrast to the positive correlation observed with n-3 

PUFAs, may indicate that these food groups at the expense of fish products will decrease the 

body burden of certain POPs. 

 

In summary, in the present intervention study consumption of fatty fish, equivalent to 

two salmon meals (servings) per week for 15 weeks, did not result in accumulation of POPs 

in plasma or adipose tissue and thus did not affect the steady state levels of POPs in the study 

subjects. Some of the POPs investigated even showed reduced levels in adipose tissue. The 

levels of POPs in the salmon fillets consumed were comparable to those typically found in 

farmed salmon. Plasma may be an acceptable proxy for quantifying POP exposure in human 

health studies when diet is the major source of POP exposure. 

According to significant associations found between different long chain fatty acids 

and the different POP groups after adjusting for age it may be assumed that fatty fish is a 

major source of exposure only for the id-PCBs which are the most persistent PCBs. For the 
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mo-PCBs other food sources than fatty fish may be more important. Unexpectedly, plant oil 

appear to be an important source for the PBDEs, p,p’-DDE and the mo-PCBs. 

  An expected increase in plasma n-3 (poly-unsaturated fatty acids) PUFA levels due 

to consumption of fatty fish was found. Thus, from a toxicological perspective there should be 

no risk associated with eating salmon in amounts equivalent to two meals per week. 

 
 
 
 
 
 
 
 
 

Acknowledgement. 

 
The authors are grateful to Bente Ruyter and Målfrid Bjerke, Nofima AS, Ås for performing 

plasma fatty acid analyses and to EWOS Innovation AS, Dirdal, for providing farmed salmon. 

The technical assistance of Randi Solheim,  Siri Føreid and Kine Bæk are highly appreciated.  

This work was financially supported by the Norwegian Research Council (NF 15429/130)  

and The Fishery and Aquaculture Industry Research Fund. 

 

 

 

 

 

 

 
 
 
 
 

 
 
 
 
 
 
 

Reference List 

 

Page 23 of 39

http://mc.manuscriptcentral.com/tfac  Email: tfac@csl.gov.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 
 

 24  

 

Ahlborg U, Hanberg A & Kenne K (1992): Risk assessment of polychlorinated biphenyls 
(PCBs). Nordic Council of Ministers. 

Arisawa K, Matsumura T, Tohyama C, Saito H, Satoh H, Nagai M, Morita M and Suzuki T 
(2003): Fish intake, plasma omega-3 polyunsaturated fatty acids, and polychlorinated 
dibenzo-p-dioxins/polychlorinated dibenzo-furans and co-planar polychlorinated 
biphenyls in the blood of the Japanese population. Int Arch Occup.Environ.Health 76, 

205-215. 

Asplund L, Svensson BG, Nilsson A, Eriksson U, Jansson B, Jensen S, Wideqvist U and 
Skerfving S (1994): Polychlorinated biphenyls, 1,1,1-trichloro-2,2-bis(p-
chlorophenyl)ethane (p,p'-DDT) and 1,1-dichloro-2,2-bis(p-chlorophenyl)-ethylene 
(p,p'-DDE) in human plasma related to fish consumption. Arch Environ.Health 49, 

477-486. 

Becher G, Haug LS, Nicolaysen T, Polder A and Skaare JU (2002): Temporal and spatial 
trends of PCDDS/PCDFS and PCBS in Norwegian breast milk - results from three 
rounds of WHO co-ordinated studies. Organohalogen Comp 56, 325-328. 

Bethune C, Seierstad SL, Seljeflot I, Johansen O, Arnesen H, Meltzer HM, Rosenlund G, 
Froyland L and Lundebye AK (2006): Dietary intake of differently fed salmon: a 
preliminary study on contaminants. Eur J Clin Invest 36, 193-201. 

Brantsæter AL, Haugen M, Alexander J and Meltzer HM. (2007a): Validity of a new Food 
Frequency Questionnaire for pregnant women in the Norwegian Mother and Child 
Cohort Study (MoBa). Maternal and Child Nutrition In press,  

Brantsæter AL, Haugen M, Hagve T-A, Aksnes L, Rasmussen SE, Julshamn K, Alexander A 
and Meltzer HM. (2007b): Self-reported dietary supplement use is confirmed by 
biological markers in the Norwegian Mother and Child Cohort Study (MoBa). 
Ann.Nutr.Metab. 51, 146-154. 

Connor WE (2000): Importance of n-3 fatty acids in health and disease. Am J Clin.Nutr. 71, 

171S-175S. 

Darnerud PO (2003): Toxic effects of brominated flame retardants in man and in wildlife. 
Environ.Int 29, 841-853. 

EFSA (2005): Opinion on the scientific panel on contaminants in the food chain on a request 
from the European Parliament related to the safety assessment of wild and farmed fish. 
The EFSA Journal1-118. 

Eriksson P, Jakobsson E and Fredriksson A (2001): Brominated flame retardants: a novel 
class of developmental neurotoxicants in our environment? Environ.Health Perspect. 
109, 903-908. 

FAO (2008): This information was obtained from the Fisheries Global Information System 
(FIGIS) of the Food and Agricultural Organization of the United Nations (available 
through www.fao.org). FAO 

Page 24 of 39

http://mc.manuscriptcentral.com/tfac  Email: tfac@csl.gov.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

http://www.fao.org)/


For Peer Review
 O

nly

 
 

 25  

Flesch-Janys D, Becher H, Gurn P, Jung D, Konietzko J, Manz A and Papke O (1996): 
Elimination of polychlorinated dibenzo-p-dioxins and dibenzofurans in occupationally 
exposed persons. J Toxicol.Environ.Health 47, 363-378. 

Foran JA, Good DH, Carpenter DO, Hamilton MC, Knuth BA and Schwager SJ (2005): 
Quantitative analysis of the benefits and risks of consuming farmed and wild salmon. 
J Nutr. 135, 2639-2643. 

Furberg AS, Sandanger T, Thune I, Burkow IC and Lun E (2002): Fish consumption and 
plasma levels of organochlorines in a female population in Northern Norway. J 

Environ.Monit. 4, 175-181. 

Gebauer SK, Psota TL, Harris WS and Kris-Etherton PM (2006): n-3 fatty acid dietary 
recommendations and food sources to achieve essentiality and cardiovascular benefits. 
Am J Clin.Nutr. 83, 1526S-1535S. 

Hagmar L, Wallin E, Vessby B, Jonsson BA, Bergman A and Rylander L (2006): Intra-
individual variations and time trends 1991-2001 in human serum levels of PCB, DDE 
and hexachlorobenzene. Chemosphere 64, 1507-1513. 

Harrad S, Hazrati S and Ibarra C (2006): Concentrations of polychlorinated biphenyls in 
indoor air and polybrominated diphenyl ethers in indoor air and dust in Birmingham, 
United Kingdom: implications for human exposure. Environ.Sci.Technol. 40, 4633-

4638. 

Hites RA, Foran JA, Carpenter DO, Hamilton MC, Knuth BA and Schwager SJ (2004a): 
Global assessment of organic contaminants in farmed salmon. Science 303, 226-229. 

Hites RA, Foran JA, Schwager SJ, Knuth BA, Hamilton MC and Carpenter DO (2004b): 
Global assessment of polybrominated diphenyl ethers in farmed and wild salmon. 
Environ.Sci.Technol. 38, 4945-4949. 

Horrocks LA and Yeo YK (1999): Health benefits of docosahexaenoic acid (DHA). 
Pharmacol.Res. 40, 211-225. 

Hu FB, Manson JE and Willett W (2001): Types of dietary fat and risk of coronary heart 
disease: a critical review. J Am Coll.Nutr. 20, 5-19. 

Huang X, Hites RA, Foran JA, Hamilton C, Knuth BA, Schwager SJ and Carpenter DO 
(2006): Consumption advisories for salmon based on risk of cancer and noncancer 
health effects. Environ.Res. 101, 263-274. 

Iida T, Todaka T, Hirakawa H, Hori T, Tobiishi K, Matsueda T, Watanabe S and Yamada T 
(2007): Concentration and distribution of dioxins and related compounds in human 
tissues. Chemosphere 67, S263-S271. 

Juan CY, Thomas GO, Sweetman AJ, Jones KC.  An input-output balance study for PCBs in 
humans. Environ Int.;28(3):203-14. 2002. 

Kiviranta H, Vartiainen T and Tuomisto J (2002): Polychlorinated dibenzo-p-dioxins, 
dibenzofurans, and biphenyls in fishermen in Finland. Environ.Health Perspect. 110, 355-361. 

Knutsen HK, Kvalem HE, Thomsen C, Froshaug M, Haugen M, Becher G, Alexander J and 
Meltzer HM (2008): Dietary exposure to brominated flame retardants correlates with 

Page 25 of 39

http://mc.manuscriptcentral.com/tfac  Email: tfac@csl.gov.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 
 

 26  

male blood levels in a selected group of Norwegians with a wide range of seafood 
consumption. Mol.Nutr.Food Res. 52, 217-227. 

Lauritsen J (2005): FoodCalc. Version Current 1 August Internett: 

http://www.ibt.ku.dk/jesper/foodcalc (accessed July 5, 2005),  

Liem AK, Furst P and Rappe C (2000): Exposure of populations to dioxins and related 
compounds. Food Addit.Contam. 17, 241-259. 

Mori TA, Bao DQ, Burke V, Puddey IB, Watts GF and Beilin LJ (1999): Dietary fish as a 
major component of a weight-loss diet: effect on serum lipids, glucose, and insulin 
metabolism in overweight hypertensive subjects. Am J Clin.Nutr. 70, 817-825. 

Mozaffarian D and Rimm EB (2006): Fish intake, contaminants, and human health: 
evaluating the risks and the benefits. JAMA 296, 1885-1899. 

Ohta S, Ishizuka D, Nishimura H, Nakao T, Aozasa O, Shimidzu Y, Ochiai F, Kida T, Nishi 
M and Miyata H (2002): Comparison of polybrominated diphenyl ethers in fish, 
vegetables, and meats and levels in human milk of nursing women in Japan. 
Chemosphere 46, 689-696. 

Polder, A., Gabrielsen, G.W., Odland, J.Ø., Savinova, T.N., Tkachev, A., Løken, K.B., Skaare, 
            J.U. (2008) Spatial and temporal changes of chlorinated pesticides, PCBs, dioxins 

(PCDDs/PCDFs) and brominated flame retardants in human breast milk from 
Northern Russia. Sci Tot Environ. 391: 41-54. 2008. 

Papke O (1998): PCDD/PCDF: human background data for Germany, a 10-year experience. 
Environ.Health Perspect. 106 Suppl 2, 723-731. 

Porta M (2001): Role of organochlorine compounds in the etiology of pancreatic cancer: a 
proposal to develop methodological standards. Epidemiology 12, 272-276. 

Porta M (2006): Persistent organic pollutants and the burden of diabetes. Lancet 368, 558-559. 

Rimestad AH, Borgejordet Å, Vesterhus KN, Sygnestveit K, Løken EB, Trygg K, Pollestad 
ML, Lund-Larsen K, Omholt-Jensen G & Nordbotten A (2001): Den store 
matvaretabellen. Gyldendal. 

Safi JM (2002): Association between chronic exposure to pesticides and recorded cases of 
human malignancy in Gaza Governorates (1990-1999). Sci.Total.Environ. 284, 75-84. 

Salonen JT, Seppanen K, Nyyssonen K, Korpela H, Kauhanen J, Kantola M, Tuomilehto J, 
Esterbauer H, Tatzber F and Salonen R (1995): Intake of mercury from fish, lipid 
peroxidation, and the risk of myocardial infarction and coronary, cardiovascular, and 
any death in eastern Finnish men. Circulation 91, 645-655. 

Sandanger TM, Brustad M, Sandau CD and Lund E (2006): Levels of persistent organic 
pollutants (POPs) in a coastal northern Norwegian population with high fish-liver 
intake. J Environ.Monit. 8, 552-557. 

Sjodin A, Hagmar L, Klasson-Wehler E, Bjork J and Bergman A (2000): Influence of the 
consumption of fatty Baltic Sea fish on plasma levels of halogenated environmental 
contaminants in Latvian and Swedish men. Environ.Health Perspect. 108, 1035-1041. 

Page 26 of 39

http://mc.manuscriptcentral.com/tfac  Email: tfac@csl.gov.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

http://www.ibt.ku.dk/jesper/foodcalc


For Peer Review
 O

nly

 
 

 27  

Skåre JU, Alexander A, Frøyland L, Hemre G-I, Jacobsen BK, Lund E & Meltzer HM. 
(2006): A comprehensive assessment of fish and other seafood in the Norwegian diet. 
Norwegian Scientific Committee for Food Safety. 

Steenland K, Calvert G, Ketchum N and Michalek J (2001): Dioxin and diabetes mellitus: an 
analysis of the combined NIOSH and Ranch Hand data. Occup.Environ.Med 58, 641-

648. 

Van den BM, De Jongh J, Poiger H and Olson JR (1994): The toxicokinetics and metabolism 
of polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) and their 
relevance for toxicity. Crit.Rev Toxicol. 24, 1-74. 

Whitcomb BW, Schisterman EF, Buck GM, Weiner JM, Greizerstein H and Kostyniak PJ 
(2005): Relative concentrations of organochlorines in adipose tissue and serum among 
reproductive age women. Environmental Toxicology and Pharmacology 19, 203-213. 

World Health Organization (WHO) (1998): Assessment of the health risks of dioxins: re-
evaluation of the tolerable daily intake (TDI). Executive Summary of the WHO 
Consultation.  

Zhang X, Naidu AS, Kelley JJ, Jewett SC, Dasher D and Duffy LK (2001): Baseline 
concentrations of total mercury and methylmercury in salmon returning via the Bering 
Sea (1999-2000). Mar Pollut.Bull. 42, 993-997. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page 27 of 39

http://mc.manuscriptcentral.com/tfac  Email: tfac@csl.gov.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 
 

 28  

LEGEND TO FIGURES. 

 
 

Fig 1.   Correlation between mo-PCBs in plasma and fat biopsies before intervention in 

patients with non-alcoholic fatty liver disease. (r = 0.63, p < 0.05). 

 

Fig 2.  Correlation between age and id-PCBs in plasma before intervention in patients with 

non-alcoholic fatty liver disease. Regression line:  Sum idPCBs = -42.87362 + 

4.610354*AGE.    p < 0.001. 
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Table 1. 

 Characteristics of the study population  

 No of patients 12 

Age (median and range) 44 (20-67) 

Sex  (male/female) 3/9 

Steatosis hepatis 12 

BMI (kg/m
2
) 33±5.2 

Diabetes mellitus type II 2 

Crohns disease 1 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 29 of 39

http://mc.manuscriptcentral.com/tfac  Email: tfac@csl.gov.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 

 

 2  

 

Table 2.  

 Estimated intake of fat (g/day) before and during a weekly consumption of 380 g farmed 

Atlantic salmon for 15 weeks. 

 

Values are given as gram daily intake of total fat or groups of fatty acids.  Data are calculated  

based on a diet questionnaire as described in materials and methods. Significant differences 

were determined by a signed rank test.  * p<0.05 between, before and after intervention. 

EPA = Eicosapentaenoic acid,  DHA = Docosahexaenoic acid  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dietary fat intake 

                Before inclusion 

                          n= 8 

Median (P25, P75)          Mean (SD) 

              During study period 

                       n = 10 

 Median (P25, P75)           Mean (SD) 

Total fat intake  69.7 (61.6,91.0) 75.3 (17.7) 73.3 (57.0,85.8) 73.4 (20.1) 

EPA/DHA  0.56 (0.34,0.78) 0.73 (0.69) 2.29 (2.26,2.36)* 2.30 (0.05) 

Total n-3 1.9 (1.4,2.9) 2.2 (1.1) 3.76 (3.60,4.07)* 3.87 (0.38) 

18:2 n-6 10.9 (9.4,14.6) 12.5 (4.6) 10.3 (7.3,14.9) 11.1 (4.2) 

Ratio n-6/n-3 6.0 (4.7,7.3) 6.0 (1.6) 2.6 (2.0,3.6)* 2.8 (0.9) 

Total monounsaturated  23.2 (21.1,33.3) 26.3 (7.6) 26.0 (20.1,33.0) 26.4 (7.1) 

Total saturated  27.1 (23.0,28.6) 26.8 (4.0) 23.6 (19.6,29.6) 25.3 (8.9) 
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Table 3. Plasma levels of specific fatty acids, groups of fatty acids and n-3/n-6  fatty acids 

ratio in the study subjects before inclusion, after  4 weeks run-in and at the end of the study.  

 

 Week  -4 

%  w/w 

Week  0 

%  w/w 

Week  15 

%  w/w 

P value 

-4 and 0/ 0 and 15 

EPA   1.26 ± 0.83   0.79 ± 0.33   1.26 ± 060 P <0.05   / =0.11 

DHA   3.19 ± 1,18   2.17 ± 0.67   2.79 ± 0.92 P <0.05   / =0.26 

Total n-3   5.88 ± 1,88   3.89 ± 1,15   6.17 ± 1,64 P <0.05   / <0.05 

Total n-6 33.18 ± 3,39 32.85 ± 3,39 30.44 ± 2,24 P = 0.73  / =0.19 

Ratio n-3/n-6   0.18 ± 0.05   0.12 ± 0.03   0.20 ± 0.05 P < 0.005/ <0.01 

Oleic acid 20.03 ± 2,48 21.97 ± 2,76 22.82 ± 1,99 P < 0.01  / =0.64 

Total saturated 33.25 ± 2,40 31.47 ± 2,49 31.09 ± 2,35 P = 0.16  / =0.95 

 
Values are given as w/w % determined as described in materials and methods.  

Significant differences were determined by a signed rank test, and are given as differences 

between week -4 and 0/week 0 and 15. ( n = 8 – 11). 

EPA = Eicosapentaenoic acid, DHA = Docosahexaenoic acid  
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Table 4       

Concentrations of OCs (ng/g wet weight (ww)), PBDEs and TEQs (TEFWHO1998
1
 and 

TEFWHO2005
2
) (pg/g ww) in farmed Atlantic salmon. The estimated weekly intake (EWI) was 

based on consumption of 380g salmon/week and body weight of 100 kg.   

         

POP ng/g wet weight EWI (ng/kg/week) 

HCB 1.36 5.2 

p,p'-DDE 3.55 14 

   

BDE47 0.34 1.3 

Sum PBDEs
3
 0.59 2.3 

   

PCB153 2.77 11 

Sum id-PCBs
4
 7.09 27 

   

PCB118 1.61 6.1 

PCB156 0.18 0.7 

Sum mo-PCBs
5
 2.70 10 

   

TEQsWHO1998 pg/g EWI (pg/kg/week) 

Sum mo-PCBs 0.37 1.42 

 

TEQsWHO2005    

Sum mo-PCBs 0.08 0.31 

   
1
 Ref: Van den Berg et al., 1998   

2
 Ref: Van den Berg et al., 2006   

3
 Sum PBDEs = BDE28, 47, 99,100   

4
 Sum id-PCBs = CB138, 153, 170, 180 and 194 

5
 Sum mo-PCBs = CB105, 114, 118, 123, 156, 157, 167 and 189 
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Table 5. 

Concentrations of OCs, PBDEs (ng/g lipid weight (lw)) and TEQsWHO2005
1
 of mo-PCBs (pg/g 

lw) in plasma before and after intervention 
          

      Week 0   Week 15  Difference   

POP   N. Median  Mean±SD Median  Mean±SD Median  Mean±SD  P
1
 

          

Lipid % 12 0.67 0.68±0.2 0.64 0.63±0.1 -0.03  -0.05±0.1 0.380 

          

HCB  12 19 20±9  20 20±7  0.5  -0.2±3  0.569 

p,p’-DDE 12 68 115±136 64 117±150 0.2  2±28  0.677

  

BDE 47 12 1 2±2  1 2±2  0.03  -0.±0.3  0.910 

Sum PBDEs 12 2 3±2  2 3±2  0.1  -0.2±0.6 0.677

  

PCB138 12 40 41±19  39 40±15  0.76  -0.78±7 0.677 

PCB153 12 66 67±29  64 66±24  0.88  -0.63±11 0.622 

PCB170 12 11 12±7  11 12±6  0.335  0.08±2.3 0.424 

PCB180 12 35 36±18  39 37±16  2.1  1.1±6  0.064 

PCB194 12 5 6±3  5 6±4  0.0  0.5±3  0.677 

Sum id-PCBs 12 160 161±74  162 161±63  6  0.3±26  0.151

           

PCB105 12 2 2.3±1.2  2 2±1  0.0  -0.1±0.3 0.622 

PCB114 12 0.45 0.5±0.3  0.5 0.5±0.2  0.01   0.004  0.424 

PCB118 12 11 11±6  10 11±5  -0.03  -0.3±1.6 0.850 

PCB156 12 5 6±4  6 6±3  0.04  -0.1±0.8 0.970 

PCB157 12 1 2±0.9  1 2±0.8  0.0  -0.04±0.2 0.791 

PCB167 12 2 2±1  2 2±1  0.0  -0.05±0.3 0.970 

PCB189 12 0 0.5±0.3  0 0.5±0.3  0.0  -0.02±0.1 0.569 

Sum mo-PCBs 12 26 24±12  24 24±11  -0.02  -0.6±3  0.970

  

          

TEQPCB105 12 0.07 0.1±0.04 0.07 0.06±0.03 0  -0.003±0.01 0.622 

TEQPCB114 12 0.01 0.02±0.01 0.02 0.02±0.01 0   0±0.003 0.424 

TEQPCB118 12 0.33 0.3±0.2  0.3 0.3±0.2  -0.001  -0.01±0.05 0.850 

TEQPCB156 12 0.2 0.2±0.1  0.2 0.2±0.1  0.001  -0.004±0.02 0.970 

TEQPCB157 12 0.04 0.05±0.03 0.04 0.05±0.02 0  -0.001±0.01 0.791  

TEQPCB167 12 0.1 0.06±0.04 0.06 0.06±0.03 0  -0.002±0.01 0.970 

TEQPCB189 12 0.01 0.02±0.01 0.01 0.02±0.01 0  -0.001±0.003 0.569 

Sum TEQs
1
  

mo-PCBs 12 0.8 0.7±0.4  0.7 0.7±0.3  -0.001  -0.02±0.1 0.970

         
1 

Ref: Van den Berg et al., 2006 
2
 P-value for difference: Signed Rank test.  

For sum id-PCBs, sum mo-PCBs, sum TEQs of mo-PCBs: see Table 4 
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Table  6.          

Concentrations of OCs, PBDEs (ng/g lipid weight (lw)) and TEQs WHO2005
1
 of mo-PCBs (pg/g 

lw) in adipose tissue before and after intervention.  
 

             Week 0          Week 15                    Difference    

POP  N Median  Mean±SD Median  Mean±SD Median  Mean±SD  P
1
 

            

Lipid % 12 79 73±23  78 71±22  -3  -1±35  0.850

            

HCB  12 18 21±10  19 20±8  -0.7  -1±4  0.266 

p,p’-DDE 12 109 191±30  117 185±214 -2  -6±29  0.677

            

BDE47  12 2.1 3±3  2 3±3  -0.6  -0.6±0.9 0.064 

Sum PBDEs 12 2.5 4±4  2 4±3  -0.5  -0.54±2 0.223

             

CB138  12 61 65±29  63 60±23  -3  -5±19  0.266  

CB153  12 96 100±46  100 91±35  -5  -9±32  0.380 

CB180  12 62 65±39  64 59±27  -4  -7±20  0.266 

CB170  12 24 26±15  25 24±11  -2  -2±7  0.204 

CB194  12 11 11±7  11 11±5.3  -0.7  -0.8±3  0.266 

Sum id-PCBs 12 258 268±135 277 245±99  -11  -23±80  0.339

             

CB105  12 4 4±2  3 3±2  -0.4  -0.5±0.9 0.110  

CB114  12 0.6 0.7±0.6  0.8 0.6±0.5  -0.1  -0.08±0.5 0.569 

CB118  12 16 16±8  13 15±8  -0.8  -2±3  0.176 

CB156  12 12 13±7.1  11 11±6  -1.1  -1±2             0.042* 

CB157  12 2.5 3±1.3  2.4 2±1  -0.2  -0.4±0.7 0.052 

CB167  12 2.8 3±1.7  2.7 3±2  -0.33  -0.5±0.7          0.042* 

CB189  12 1.1 1±0.7  0.75 0.9±0.7  -0.02  -0.2±0.4 0.339 

Sum mo-PCBs 12 37 40±20  38 36±17  -3.4  -5±7             0.042*

             

TEQPCB105 12 0.1 0.1±0.1  0.08 0.1±0.1  -0.012  -0.01±0.03 0.109 

TEQPCB114    12 0.02 0.02±0. 02 0.02 0.02±0.01 -0.002  0.002±0.01 0.569 

TEQPCB118 12 0.5 0.5±0.3  0.4 0.5±0.2  -0.02  -0.05±0.1 0.176 

TEQPCB156 12 0.4 0.4±0.2  0.3 0.4±0.2  -0.03  -0.04±0.07      0.042* 

TEQPCB157 12 0.07 0.07±0.04 0.07 0.07±0.04 -0.006  -0.01±0.02 0.052 

TEQPCB167 12 0.08 0.09±0.05 0.08 0.08±0.05 -0.01  -0.02±0.02      0.042* 

TEQPCB189 12 0.03 0.03±0.02 0.02 0.03±0.02 -0.001   0.005±0.01 0.339 

Sum TEQs
1
  

mo-PCBs 12 1 1±0.6  1 1±0.5  -0.1  -0.1±0.2          0.042* 

         
1 

Ref: Van den Berg et al., 2006 
2
 P-value for difference: Signed Rank test.  

For sum id-PCBs, sum mo-PCBs, sum TEQs of mo-PCBs: see Table 4 
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Table 7.   

Differences between concentrations of POPs in plasma samples and fat biopsies from the 

study subjects at start and end of the study. (n= 12) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pl as m a  F a t b io ps y  Di ffe re nc e s  

P a ra mete r W e ek  M e d ia n  M e a n  St.  d e v  M e d ia n  M e a n  St.  d e v  M e d ia n  M e a n  St.  d e v  P -v a lue *  

            

HCB  0  18 .7 2 6  19 .8 2 2  9. 1 26  18 .0 2 9  21 .4 3 3  9. 7 21  -0. 95 5  -1. 61 0  3. 7 07  0. 2 6 6 1  

p, pÕ-DDE  0  67 .6 6 3  1 1 4. 4 53  1 3 6. 3 56  1 0 9. 0 03  1 9 1. 1 77  2 2 9. 5 52  -41 .3 41  -76 .7 24  96 .6 6 9  0. 0 0 0 5  

S u m  BDEs  0  2. 4 67  3. 1 94  2. 0 83  2. 5 49  4. 1 81  4. 0 77  -0. 03 2  -0. 98 7  2. 2 04  0. 2 6 6 1  

S u m  id -PCBs  0  1 6 0. 0 75  1 6 0. 7 13  74 .3 2 1  2 5 8. 4 60  2 6 7. 7 37  1 3 4. 4 92  -99 .4 67  -1 0 7 .0 2 4  78 .6 2 9  0. 0 0 0 5  

S u m m o -P CBs  0  26 .3 2 2  24 .2 3 1  12 .4 8 3  37 .4 1 0  40 .1 9 3  20 .4 0 3  -11 .8 84  -15 .9 62  10 .2 4 5  0. 0 0 0 5  

            

HCB  15  20 .3 3 9  19 .6 5 1  6. 9 37  18 .6 6 1  20 .0 6 9  8. 1 77  -0. 21 6  -0. 41 9  2. 7 38  0. 7 9 1 0  

p, pÕ-DDE  15  63 .6 2 1  1 1 6. 8 18  1 4 9. 9 63  1 1 7. 2 38  1 8 4. 8 42  2 1 4. 2 06  -49 .1 47  -68 .0 25  66 .6 6 4  0. 0 0 0 5  

S u m  BDEs  15  2. 2 27  2. 9 98  1. 8 10  2. 3 87  3. 5 89  3. 0 28  -0. 52 8  -0. 59 0  1. 3 83  0. 2 6 6 1  

S u m  id -PCBs  15  1 6 2. 0 25  1 6 0. 9 82  62 .5 2 4  2 7 6. 9 48  2 4 4. 9 64  99 .2 8 5  -76 .5 99  -83 .9 81  49 .0 8 8  0. 0 0 0 5  

S u m m o -P CBs  15  24 .1 8 2  23 .5 8 3  10 .9 6 5  37 .5 6 8  35 .7 3 6  17 .2 6 0  -11 .5 38  -12 .1 53  7. 8 94  0. 0 0 0 5  

            

 

* Si g n e d  Ra n k T e st  

F o r s u m  id -PCBs  an d  s u m m o -PCBs: s e e  T a b le  4  
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Table 8A.  

Correlation  between different POPs in plasma samples from the study subjects at the end of 

the study.  (n = 12) * 

 

* Pearson and Spearman correlation coefficients. n.s = not significant 

 

 

Table 8B.  

Correlation between different POPs in plasma samples and fat biopsies from the study 

subjects at the end of the study.  (n = 12) * 

 

 

* Pearson and Spearman correlation coefficients.  n.s = not significant 

   For sum id-PCBs and sum mo-PCBs: see Table 4 

 

 

 

 

 

 

 

 

 

POPs in fat biopsies  POPs in plasma  sample 

 HCB p,pÕ-DDE Sum BDEs Sum id PCBs Sum mo PCBs 

HCB 0.93706  

<.0001 

n.s n.s 0.86713  

0.0003  

0.90210  

<.0001  

p,pÕ-DDE 0.76224  

0.0040  

0.95105  

<.0001  

n.s 0.81818  

0.0011  

0.85315  

0.0004  

Sum BDEs n.s n.s 0.81818  

0.0011  

n.s n.s 

Sum id PCBs 0.90909  

<.0001 

0.77622  

0.0030  

n.s 0.93706  

<.0001 

0.85315  

0.0004  

Sum mo PCBs 0.92308  

<.0001 

0.81818  

0.0011  

n.s 0.90210  

<.0001 

0.93706  

<.0001  

             

 

 HCB p,pÕ-DDE Sum BDEs Sum id-PCBs Sum mo-PCBs 

HCB - 

 
n.s. n.s. 0.91608 

<.0001 

0.91608 

<.0001 

p,pÕ-DDE n.s. - n.s. 0.72727 

0.0074 

0.72028 

0.0082 

Sum BDEs n.s. n.s. - n.s. n.s. 

Sum id PCBs 0.91608 

<.0001 
n.s. -0.12587 

0.6967 

- 0.93706 

<.0001 

Sum moPCBs 0.91608 

<.0001 

0.72028 

0.0082 
n.s. 0.93706 

<.0001 

- 
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Table 9.  
Summary of correlations after adjustment for age between plasma fatty acids in study subjects 

before inclusion and the plasma levels of selected contaminants at start of the study. (n= 12) * 

 

 

• Spearman partial correlations coefficients adjusted for age. n.s = not significant 

    For sum id-PCBs and sum mo-PCBs: see Table 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plasma fatty 

acids 
POPs in plasma samples 

 p,p’-DDE Sum BDEs Sum id-PCBs Sum mo-PCBs 

Sum n-3 n.s. n.s. 0.688 

p = 0.027 
n.s. 

C 18:1 n-9 n.s. n.s. - 0.739 

 P = 0.015 
n.s. 

C 18:2 n-6 0.737 

p = 0.015 

0.874 

p = 0.0009 
n.s. 0.683 

p = 0.029 
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