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Aim

The aim of the study is to update basic data regarding the concentrations of polychlorinated dibenzo-p-dioxins
(PCDDs) and dibenzofurans (PCDFs) in fatty fish from Sweden, used as food or in animal feed. The study deals
primarily with fish for which the Swedish National Food Administration has issued dietary recommendations
due to elevated levels of organic environmental contaminants. The data relates to a representative sampling of
various areas of the Baltic Sea, and the lakes Vanern, Vittern and Rebnisjaure. The aim of the study is to
provide:

-a current base of supporting material for discussion of the threshold values for PCDD/Fs in the EU member
states.

-current data for review of the Swedish NFA dietary recommendations concerning fatty fish.

-current concentration data of these contaminants for future monitoring.

Harmonised EU maximum levels have been established for PCDDs and PCDFs, and the maximum level set for
fish and fishery products is 4 pg WHO-PCDD/F-TEQ/g fresh weight (Council Regulation (EC) No 2375/2001).
For dioxin-like PCBs common EU maximum levels have not yet been established. However, during 2004 the
Commission will review the present maximum levels for PCDD/Fs the light of new data, with a particular aim to
include dioxin-like PCBs in the levels to be set. This report of dioxin studies does not include dioxin-like PCBs.
Analyses of these compounds will be presented in later interim reports (e.g. Interim Report 5).

About Interim Report 4

Interim Report 4 contains results from analyses on salmon, arctic char, rainbow trout, herring, sprat, turbot, cod
and vendace (roe) from several locations in the Baltic Sea and lakes Vianern, Vittern and Rebnisjaure. The fish
were caught during 2000, 2002 or 2003.

For all fish species included in Interim Report 4, except vendace, the analyses were carried out on muscle tissue
(fish meat) or muscle including skin (sprat and herring).

All the results in Interim Report 4 represent analyses of pooled samples. (Pooled sample = equivalent amounts of
muscle tissue or roe (only vendace) from several fish is mixed and used for analysis). This is a practice used to,
among other reasons, secure representation of a larger number of fish from the locations sampled.

Earlier investigations have shown that dioxin levels in fish from a single location can vary from year to year and
season to season (Bignert et al. 1994). It is also important to note that the concentrations of environmental
organic contaminants can vary considerably in individuals from the same location, depending on factors such as
fat content, size (age), gender, etc. The results presented in the table below can therefore only be seen as
representative of the sampling occasion in question.

Because dioxins and dioxin-like PCBs accumulate mainly in the fat of the edible parts of fish, the fat content of
the individual fish is of great significance to the contaminant levels.



The variation in the fat content of fish classified as fatty fish can vary greatly from individual to individual
depending on what time of year they are caught. Variations may be due to the fish having spawned (lower fat
levels), or to the fish having been caught during a foraging period (higher fat levels). When dioxin- and dioxin-
like PCB levels are expressed in pg WHO-TEQ/g fat, a 50% reduction of the fat content results in a doubling of
the contaminant concentrations in the fat. When dioxin- and dioxin-like PCB levels are instead given in pg
WHO-TEQ/g fresh weight, the levels do not vary greatly, despite a 50% reduction in fat, since the persistent
contaminant will be accumulated in the remaining part of the fish fat.

Because the variation in the fat content of fish can be so great, PCDD/F levels are in this report expressed in pg
WHO-TEQ/g fresh weight. The contaminant levels for fish muscle reported here show the actual amount of
PCDD/Fs present in this matrix, independent of fat content.

The study is designed to examine how age, size and gender can affect PCDD/F levels in fish. A more detailed
analysis of these variables will be carried out when the National Food Administration has access to additional
data. To statistically determine differences in concentrations between different locations and fish species, more
extended studies are required. The current ongoing study may be used as a basis for such future studies.

The results presented here, together with the PCDD/F levels in interim reports 1-3, represent the bulk of the
testing that has been performed within the framework of the project regarding "Study of dioxin levels in fatty
fish from Sweden".

Breakdown of dioxin analysis results by species of fish and location caught

It should be noted for the salmon caught at the different river sites along the coast that the name of the location is
only indicative of the catching area. The feeding grounds, and subsequently the areas where the salmon spend
most of its time is in the Baltic area proper, around the island of Gotland.

Salmon (Salmo salar)

From Lulea archipelago (Junkon)

The PCDD/F levels for pooled samples from this area slightly exceeded the maximum level. The concentration
varied between 4.9 and 5.9 pg WHO-TEQ/g fresh weight. These results can be compared with earlier results on
salmon from Lule river 2001 (7.8 and 3.1 pg WHO-TEQ/g fresh weight), presented in Interim report 2.

Salmon (Salmo salar)

From the Baltic Sea

The PCDD/F levels for pooled samples from this area were close to, or slightly exceeded, the maximum level.
The concentration varied between 2.3 and 5.4 pg WHO-TEQ/g fresh weight.

Salmon (Salmo salar)

From Givle Bay

The PCDD/F levels for pooled samples from this area slightly exceeded the maximum level. The concentration
varied between 4.9 and 5.8 pg WHO-TEQ/g fresh weight.

Salmon (Salmo salar)

From lakes Vinern and Vittern

The PCDD/F levels for the pooled samples of salmon from lakes Vénern and Vittern were below or at the
maximum level. The concentration varied between 1.5 and 4.0 pg WHO-TEQ/g fresh weight. These results can
be compared with earlier results on salmon from lakes Vanern and Vittern 2001-2002 (0.83 — 2.7 pg WHO-
TEQ/g fresh weight), presented in Interim report 3.

Salmon (Salmo salar)

Farmed, from Stockholm, Ormén

The PCDD/F level in the pooled sample of farmed salmon from Stockholm was below the maximum level (0.7
pg WHO-TEQ/g fresh weight).

Arctic char (Salvelinus alpinus)

From lake Rebnisjaure

The PCDD/F levels for the pooled samples of arctic char were below the maximum level (0.19 and 0.13 pg
WHO-TEQ/g fresh weight).



Rainbow trout (Oncorhynchus mykiss)

Farmed, from Stockholm, Ormén

The PCDD/F level in the pooled sample of farmed rainbow trout was below the maximum level (0.44 pg WHO-
TEQ/g fresh weight). This result can be compared with earlier results on farmed rainbow trout from Stockholm
archipelago 2001 (0.43 pg WHO-TEQ/g fresh weight), presented in Interim report 2.

Herring (Clupea harengus)

From Rugen

The PCDD/F levels for pooled samples of herring from this area were below or slightly exceeded the maximum
level. The concentration varied between 1.5 and 5.1 pg WHO-TEQ/g fresh weight.

Sprat (Sprattus sprattus)

From the Baltic Sea, W. Gotland and W. Bornholm

The PCDD/F levels for the pooled samples of sprat from these areas were below the maximum level. The
concentration varied between 2.4 and 3.8 pg WHO-TEQ/g fresh weight.

Turbot (Psetta maxima)

From NE. Gotland, Gotska Sandén, S. Marsé and Oland

The PCDD/F levels for pooled samples of turbot from these areas were below the maximum level (0.5-1.0 pg
WHO-TEQ/g fresh weight).

Cod (Gadus morhua callarias)

From the Baltic proper

The PCDD/F level in the pooled sample of cod was below the maximum level (0.7 pg WHO-TEQ/g fresh
weight).

Vendace roe (from Coregonus albula)

From Lake Vinern

The PCDD/F levels for pooled samples of vendace roe from this area were below or slightly exceeded the
maximum level (3.7 and 6.1 pg WHO-TEQ/g fresh weight).

Vendace roe (firom Coregonus albula)

From Lulea archipelago

The PCDD/F level in the pooled sample of vendace roe from this area was below the maximum level (1.9 pg
WHO-TEQ/g fresh weight). This result can be compared with earlier results on vendace roe from Luled/Réned
archipelago 2001 (2.2 pg WHO-TEQ/g fresh weight), presented in Interim report 3.



Table of results on dioxin levels in fatty fish from Sweden, Interim Report 4

WHO-TEQ levels of 17 dioxins and furans (pg/g fresh weight) in fish muscle, fish muscle + skin and fish roe from 52
pooled fish samples caught along the Swedish east and south coast and lakes Vanern, Vittern and Rebnisjaure year 2000-
2003. Values below LOD were set to 1/1 LOD in all calculations. Please note that there are large differences in age within
the species reported.

No. Species Gender Mean Mean Fat Location caught  Year No.of PCDD-TEQ PCDF-TEQ ) PCDD/F-

age weight  content caught indiv. in (pg/g fw) (pg/g fw) TEQ
years (64} (%) pool (pg/g fw)
(range)
94 Salmon F 2.0 6907 6.1 Lulea 2002 9 1.4 3.5 4.9
archipelago
95 Salmon M 1.9 (1-3) 5796 7.2 Luled 2002 11 1.6 3.6 5.2
archipelago
96 Salmon F 2.8(2-3) 9558 7.3 Luled 2002 10 1.8 4.1 5.9
archipelago
97 Salmon M 26(2-3) 10450 7.6 Luled 2002 10 1.6 3.9 5.6
archipelago
98 Salmon Mixed 1.9(1-2) 2500 4.8 Baltic proper 2002 8 0.7 1.6 2.3
99 Salmon Mixed 19(1-3) 4000 6.1 Baltic proper 2002 10 0.9 2.1 3.0
100 Salmon Mixed 2.0 3900 6.0 Baltic proper 2002 10 0.9 2.1 3.0
101 Salmon Mixed 2.0 6400 9.0 Baltic proper 2002 9 1.5 33 4.8
102 Salmon Mixed 2.0 6500 9.6 Baltic proper 2002 9 1.5 3.6 5.1
103 Salmon Mixed 25(2-3) 10100 9.3 Baltic proper 2002 6 1.7 3.7 5.4
104 Salmon Mixed 2.0(1-3) 5300 8.1 Gévle bay 2002 9 1.3 35 49
105 Salmon Mixed 14(1-2) 5200 8.2 Gévle bay 2002 10 1.6 4.1 5.7
106 Salmon Mixed 29(24) 10800 7.0 Givle bay 2002 7 L5 43 5.8
107 Salmon Mixed 2.8(2-4) 10600 7.3 Gévle bay 2002 6 1.6 4.1 5.7
108 Salmon Mixed NA 3279 6.1 S. Vinern, 2002 9 0.8 0.8 1.5
Dalbosjén
109 Salmon Mixed NA 4539 6.9 S. Vinern, 2002 10 0.9 0.9 1.8
Dalbosjon
110 Salmon Mixed NA 3254 6.0 N. Vénern 2003 10 1.4 1.2 2.6
111 Salmon Mixed NA 4614 8.0 N. Vinern 2003 7 22 1.8 4.0
112 Salmon Mixed NA 4863 9.4 N. Vittern 2002- 7 0.8 1.3 2.0
2003
113 Salmon Mixed NA 7629 10.5 N. Vittern 2002- 7 1.2 1.9 3.1
2003
114 Salmon Mixed NA 6175 43 S. Vittern 2003 8 1.2 1.8 3.0
115 Salmon Mixed 5.6 4536 2.4 Ormén 2002 10 0.3 0.4 0.7
Stockholm
(farmed)
116 Arctic Mixed 4.6 3790 1.4 Lake Rebnisjaure 2002 11 0.07 0.12 0.19
char
117 Arctic Mixed 33 1640 1.0 Lake Rebnisjaure 2002 22 0.05 0.08 0.13
char
118 Rainbow  Mixed 2.0 1401 4.9 Ormén 2002 10 0.2 0.3 0.44
trout Stockholm
(farmed)
119 Herring Mixed  3.7(2-5) 90.3 10.4 Rugen 2002 15 1.5 3.7 5.1
120 Herring Mixed 3.1(2-5) 74.2 10.1 Rugen 2002 15 1.3 33 4.6
121 Herring Mixed 3.6(2-7) 62.7 3.9 Rugen 2002 17 0.9 2.0 3.0
122 Herring Mixed  24(1-5) 59.2 7.0 Rugen 2002 18 0.5 1.2 1.6
123 Herring Mixed 2.4 (1-4) 54.2 2.4 Rugen 2002 20 0.5 1.0 1.5
124 Herring Mixed 2.8(24) 69.9 22 Rugen 2002 15 0.5 1.0 1.6
125 Herring Mixed 29(1-5) 49.6 7.2 Rugen 2002 36 0.5 1.3 1.8
126 Herring Mixed  2.7(2-5) 48.7 7.4 Rugen 2002 30 0.5 1.2 1.6
127 Sprat Mixed  4.1(1-8) 9.3 13.0 Baltic sea 2002 106 0.9 2.6 35
128 Sprat Mixed 42(2-9) 9.6 10.6 Baltic sea 2002 105 0.9 2.5 3.4
129 Sprat Mixed 4.2(2-9) 9.7 11.2 Baltic sea 2002 96 1.0 2.8 3.8
130 Sprat Mixed 3.9(2-8) 9.4 11.2 Baltic sea 2002 104 0.8 24 33
131 Sprat Mixed 4.9(2-8) 9.1 7.1 Baltic sea 2002 100 0.9 23 3.1
132 Sprat Mixed 4.1(29) 8.9 7.9 Baltic sea 2002 102 0.7 2.1 2.8
133 Sprat Mixed 2.5(2-3) 18 10.6 W. Bornholm 2002 16 0.7 1.6 2.4
134 Sprat Mixed 5(2-8) 9 9.1 W. Gotland 2002 22 1.0 2.7 3.6
135 Turbot F 7.5 (5-11) 704 0.9 NE of Gotland 2002 10 0.2 0.6 0.8
136 Turbot F 85(-14) 1116 0.9 NE of Gotland 2002 10 0.3 0.7 1.0
137 Turbot F 5.4 (4-8) 649 0.8 Gotska Sandon 2002 10 0.1 0.4 0.5
138 Turbot F 9.0 (5-13) 903 0.7 NE of Gotland 2002 10 0.2 0.7 0.9




No. Species Gender  Mean Mean Fat Location caught  Year No.of PCDD-TEQ PCDF-TEQ ) PCDD/F-
age weight  content caught indiv.in  (pg/g fw) (pg/g fw) TEQ
years (€] (%) pool (pg/g fw)
(range)
139 Turbot F 6.7 (5-11) 720 0.6 S. Marso 2002 9 0.1 0.4 0.5
140 Turbot F 105 (5- 1012 0.6 Oland 2002 10 0.2 0.7 0.8
13) Kérehamn
141 Cod Mixed 3.4(-5) 1224 0.6 Baltic proper 2002 11 0.1 0.1 0.2
142 Vendace F - - 6.10 Lake Vinern 2002 - 1.9 1.8 3.7
roe’ N. Djurd
143 Vendace F - 27.7° 132 Lake Vénern 2002 88 29 32 6.1
roe
144 Vendace F - 16.6° 11.9 Luled 2000 69 0.6 1.3 1.9
roe archipelago
Fish = for all fish species in this report, testing was carried out on muscle tissue (fish meat), or the muscle including fish

skin (herring and sprat). All analyses in this report have been done on pooled samples (pooled sample = an equivalent
amount of material from several fish is mixed and used for analysis).
* final product. ° Mean weight of the Vendace.

Comments from the Swedish National Food Administration on the results in relation to dietary
recommendations concerning fatty fish from the Baltic Sea

The National Food Administration’s dietary recommendations concerning fatty fish from the Baltic Sea remain
at present unchanged. In the end of 2004 the European Commission (EC) are planning to set maximum levels for
dioxin-like PCBs based on reported background levels from the member states. During 2005 and 2006 the
National Food Administration will revise the dietary recommendation concerning fatty fish from the Baltic Sea.

Conclusions based on comparison of the results from this part of the study and earlier reported studies on fish
(not included in interim reports 1-3) should be made with care owing to differences in size, season and location
caught, etc.

Participants in the study

This investigation is conducted by the Swedish National Food Administration in cooperation with the Swedish
National Board of Fisheries, Umeé University (Environmental Chemistry, Dept. of Chemistry), the Swedish
Museum of Natural History, the Swedish Board of Agriculture and Uppsala University (Dept. of Environmental
Toxicology). Government has allocated special funding for the study.

References

Andersson, O., Atuma, S., Linder, C-A., Bergh, A. and Hansson, L. (1997). Organiska klorforeningar i fisk -
Resultat fran orienterande undersdkningar 1985-1995 (‘Chlororganic compounds in fish — Results from
introductory studies’). National Food Adminstration, Report 2/97.

Bignert, A., Olsson, M., de Wit, C., Litzén, K., Rappe, C. and Reutergérdh, L. (1994). Biological variation — An
important factor to consider in ecotoxicological studies based on environmental samples. Fresenius J. Anal.
Chem. 348:76.

Council regulation no. 2375/2001 amending no. 466/2001 setting maximum levels for certain contaminants in

foodstuffs

Links

Council regulation no. 2375/2001 amending no. 466/2001 setting maximum levels for certain contaminants in
foodstuffs

NFAs recommendations on intake of fish




Further information

Emma Ankarberg, Toxicologist, +46 18 17 57 93

Per Ola Darnerud, Toxicologist, + 46 18 17 14 52

Arne Andersson, Government Inspector, +46 18 17 56 41

Updated: 2004-03-09
Information: Toxicology division
National Food Administration
Box 622, SE-751 26 Uppsala,
tel: +46 18 175500



