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Introduction 
The Baltic Sea is heavily polluted with environmental contaminants and fatty fish have high concentrations of 
dioxins and PCB. The largest salmon from the southern Baltic Sea exceed EU maximum levels for dioxins and 
dioxin-like PCB in muscle meat of fish and as a consequence they cannot be sold commercially.1 This situation has 
impact on commercial fishing and consumer health. 
 
Dioxins and PCB are chlorinated organic environmental contaminants, which are persistent and accumulate through 
the food chain. The compounds accumulate in the adipose tissue of the fish but as the fat is not equally distributed 
removal of skin, subcutaneous fat and particularly fatty tissues of the fish can reduce its total content of 
contaminants.2,3,4 Smoking of fish can also change the concentration of fat accumulating compounds in fish tissue.5,6 
 
The purpose of the study was: 
(1) Measurement of dioxins and PCB in various weight classes of Baltic salmon from Danish catching areas. 
(2) Investigation of changes in levels of dioxins and PCB in salmon fillets due to fat trimming and smoking. 
(3) Finding appropriate risk management measures aimed at commercial fishery and fish consumers. 
 
 
Materials and Methods 
Several investigations of Baltic salmon relevant for the Danish fishery have been carried out and in this study results 
from two investigations are reported.  In a pilot study the effects of different trimming and smoking procedures were 
explored and later dedicated trimming studies were conducted.  
Samples: Salmon were caught in the Southern Baltic Sea in ICES square number 25 in 2004 and 2006. After 
removal of the guts the cleaned weight was measured and the salmon were allocated to different weight classes. For 
the pilot study 20 salmon from the weight class 5-6 kg were used. For the deep trimming study seven weight classes 
from 2 to 11 kg were included and 77 salmon were used. 
Design: The salmon were divided in an un-processed fillet (left-hand side) and a processed fillet (right-hand side). 
The chemical analyses were performed on individual fillets in the pilot study and pooled samples of seven fillets 
from each weight class in the deep trimming study. 
Smoking procedures:  Hot-smoking: The salmon was dried for 2 hours at 40°C, smoked for 2 hours at 60°C, and 
then smoked for 1 hour at 70°C. Cold-smoking: The salmon was dried for 2 hours at 26°C and smoked for 5.5 hours 
at 26°C. 
Trimming procedures: Step 1: Division into left and right fillet. Step 2: Removal of fins, etc. For the right fillet only: 
Step 3: Removal of skin and adipose tissue from the dorsal fin area and the belly (minimal trimming). Step 4: 
Removal of the dark muscle and other fatty muscular tissue (extensive fat trimming). The last step was only used for 
samples that were subjected to the so-called deep trimming. 
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Analysis: The requirements for the analysis of dioxins and PCB as stated in the EU legislation were followed.7 
Congener specific determination were obtained for the seven 2,3,7,8-chloro substituted PCDDs, the ten 2,3,7,8-
chloro substituted PCDFs, the four non-ortho PCB (PCB77, 81, 126 and 169), eight mono-ortho PCB (PCB105, 
114, 118, 123, 156, 157, 167 and 189) and six marker PCB (PCB6: PCB28, 52, 101, 138, 153 and 180). After fat 
extraction, the fat was cleaned up on a multi-layer column containing sulphuric acid coated silica, and separated into 
two fractions (a) PCDD/F and non-ortho PCB and (b) di- and mono-ortho PCB (manually or automated by the use 
of a PowerPrep system from FMS). Dioxins and PCB were determined by gas chromatography interfaced to a high 
resolution mass spectrometer (GC-HRMS) using a 60 m DB5-column and at 10,000 mass resolution. Amount of 
extracted fat was determined gravimetrically. WHO TEQ is calculated using TEF1998 values. 
Quality assurance: Two laboratories have been involved in the analyses. The Danish National Food Institute and the 
Danish Veterinary and Food Administration, Region East. Comparative test among the labs showed good 
agreement. The laboratories have regularly participated with satisfactory results in proficiency tests. 
 
 
Results and Discussion 
In the pilot study the results for the minimal trimming showed a reduction in the dioxin content by 5% to 20% while 
the extensive trimming showed a reduction by 38% to 50% (figure 1). Hot smoking of the salmon fillets resulted in 
increased levels of dioxins and PCB measured on fresh weight basis of 10% to 30%. Cold smoking showed on 
average no change in the content of dioxins and PCB. 
 
 

 
Figure 1 Difference in levels of WHO-TEQ dioxins between the un-processed left and processed right salmon fillet. 
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Figure 2 WHO-TEQ dioxins of un-processed left salmon fillets and deep trimmed right fillets. EU maximum level 
for dioxin in muscle meat of fish at 4 pg WHO-TEQ/fresh weight is shown as an arrow. 
 

 
Figure 3 WHO-TEQ dioxins and PCB of un-processed left salmon fillets and deep trimmed right fillets. EU 
maximum level for the sum of dioxins and PCB in muscle meat of fish at 8 pg WHO-TEQ/fresh weight is shown as 
an arrow. 
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The effect of extensive trimming was investigated on fillets from salmon over a wide range of weight classes. In 
figure 2 the measured concentrations of dioxins in the un-processed left fillets and deep trimmed fillets are displayed 
and in figure 3 the corresponding concentrations of the sum of dioxins and PCB are shown. In the seven investigated 
weight classes, from 2 kg to 11 kg, the decrease was on average 28% with respect to dioxin content and 30% with 
respect to the sum of dioxins and dioxin-like PCB. The loss of weight by processing of the fillets was in total 32%-
33% on average within each weight class, and the extensive trimming contributed 16%-17%. 
 
If the analytical uncertainty is taking into account the measured concentrations of dioxins in the extensively trimmed 
fillets of salmon meet the current maximum limit for dioxins at 4 pg TEQ/g fresh weight. From approximately 6 kg 
cleaned weight and above the limit is met only by a small safety margin. 
 
The measured concentrations of the sum of dioxins and dioxin-like PCB show that several of the extensively 
trimmed fillets significantly exceed the current maximum limit at 8 pg TEQ/g fresh weight. This relates to a cleaned 
weight of the salmon of approximately 6 kg and above. 
 
The regulatory aspects of the findings resulted in a Danish order, which state that salmon from the Danish catching 
areas in the Baltic Sea can only be sold if the cleaned weight is 5.5 kg at a maximum, and if the fillets have 
undergone an extensive trimming procedure.8 
 
In addition dietary guidelines were issued aimed at fish consumers and certain risk groups: Women of childbearing 
age, pregnant or breastfeeding can eat a maximum of one portion (approximately 125 g) of salmon from the Baltic 
Sea per month. All other consumers can eat a maximum of two portions per month. 
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