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1. INTRODUCTION 

The EC Council Regulation No 2375/2001 of November 2001 which took force on 20.07.2002 in the Member States has laid down the limits for dioxin level in fish which amounts to 4 pgTEQ/g in wet weight, therefore practically banning the use of the Baltic herring and salmon for human consumption. Both Sweden and Finland were allowed to make use of a transition period as it was expected that the population is continuously kept informed of the dioxin level in the fish of the Baltic Sea and the mentioned countries shall submit reports concerning the dioxin monitoring and measures implemented to decrease the amount of dioxins transferred into the human body on annual basis. 

Estonia has unofficially informed the European Union of its intent to apply for a transition period for the approximation and implementation of the Council regulation No 466/2001/EC, laying down the limits for dioxin level, which has been supplemented with the EC Council Regulation No 2375/2001/EC, as laid down with Article 5.2, Part 5, Annex 1 to the Regulation No 466/2001/EC, applicable until 31.06.2006. According to the Decree of the Government of the Republic of 17.09.2002 the Ministry of Agriculture has initiated a survey to determine the dioxin level in fish caught from the Baltic Sea. 

Estonia, like Sweden and Finland, must comply with the following requirements for the transition period to be applicable: 

- being prepared to submit annual regular reports to the EU concerning the testing of dioxin level in fish caught from the Baltic Sea; 

- application of respective internal systems for informing the consumers; 

- committing oneself to take measures necessary for preventing the products with a dioxin level exceeding the permitted limits being placed on the markets of the other EU countries and submitting the said information to the EU Commission before the association with the EU; 

- submitting a pre-accession review the concerning the testing of dioxin level in fish caught from the Baltic Sea to the Commission. 

The dioxin level in the muscles of the Baltic herring, caught from Estonia’s coastal sea, determined in the spring of 2002, was lower than the maximum limits. The dioxin content in the muscle of Baltic herring, aged up to four years, was less than 1 pgTEQ/g in wet weight while the respective indicator in fish aged seven years and less was, as a rule, 1 – 2 pgTEQ/g in wet weight. The concentration accounted for 2.6 pgTEQ/g in wet weight only in the oldest fish – seven-eight years old – that were caught from the open sea. Nevertheless, the results were not good enough to assess the suitability of such Baltic herring for human consumption as there were only eight samples and the fat content of the herring was very low, as it is normal in spring. Also, as laid down with the HELCOM methodology, only the muscles of the fish were tested which account for an essential, but nevertheless, not the complete part of the fish which is used for human consumption. 

These circumstances were taken into consideration as the present research on the dioxin level in the Baltic herring and sprat in Estonian coastal sea in autumns 2002 was conducted. 

2. MATERIAL AND METHODOLOGY 

2.1. Fish samples 

In the end of September – beginning of October, 2002, fish samples were taken for testing the dioxin level were collected from four areas of Estonian coastal sea – central and western part of the Gulf of Finland, Gulf of Riga and open sea. The fish for testing was caught using industrial trawlers. The amount of material, necessary for chemical testing, was relatively large – 200 g. Therefore, each samples contains 9 to 35 individuals, the exact number depends on the size of the fish. The measurements of the fish were used to include them in or reject from the sample. The length, gender, weight, maturity of the gonads of the fish was determined, using biological methods; otoliths were removed to determine the age of the fish. The head, tail fin and viscera were removed from the analyzed fish. Therefore, the summarized dioxin level in all the parts of fish, used for human consumption, was determined. The initial data for biological testing of the fish is given in Annex 1. 

2.1.1. Open part of the Baltic Sea 

The fish were caught from the open part of the Baltic Sea, to the west from island Saaremaa (ICES square 29/II) on October 3, 2002. Baltic herrings and sprats with an average size, dominating in catch, were chosen for the sample (herring, respectively, samples B2 and B3 and sprats samples B4 and B5). The largest herrings, represented in the catch, were selected to make up a separate sample (B1) (Table 1). The maturity stage of the gonads of the herring rated from II-III to III, most of the fish were females. The average age of the Baltic herring in samples B2 and B3 was respectively 4.5 and 3.8 years, whereas the average age in sample B1 was 6.1 years (herrings aged 10 years and under were also present in the sample). The maturity stage of the sprats was mostly II-III. The females were dominant in sample B4 (respective numerical rate 19/11), while the male fish dominated in sample B5 (ratio 11/19). The average age of the sprats in samples was respectively 2.5 and 2.7 years. 

Table 1 

Average length and weight of fish in samples collected from the open part of the Baltic Sea 

	Fish
	Sample
	n
	Length (cm)
	
	Weight (g)
	

	
	
	
	avg ± SE
	Limits
	avg ± SE
	Limits

	Herring
	B1
	9
	17.6 ± 0.2
	16.8 – 18.3
	37.4 ± 1.0
	31.8 - 41.7

	
	B2
	12
	16.1 ± 0.3
	14.7 – 17.5
	29.3 ± 1.3
	23.1 - 36.8

	
	B3
	12
	15.5 ± 0.3
	14.1 – 16.9
	27.4 ± 1.3
	21.3 - 33.7

	Sprat
	B4
	30
	12.0 ± 0.1
	10.5 – 13.1
	11.2 ± 0.2
	9.1 – 13.1

	
	B5
	30
	12.0 ± 0.1
	11.1 – 13.1
	10.9 ± 0.2
	9.3 – 13.2


2.1.2. Western part of the Gulf of Finland 

The fish were caught from the western part of the Gulf of Finland, Lohusalu-Paldiski area (ICES square 32/I) on September 24, 2002. Baltic herrings and sprats with an average size, dominating in catch, were chosen for the sample (herring, respectively, samples T2 and T3 and sprats samples T5, T6 and T7). The largest herrings and sprats, represented in the catch, were selected to make up separate samples (T1 and T4, Table 2). The maturity stage of the gonads of the herring was mostly II. The average age of the Baltic herring in samples T2 and T3 was respectively 2.5 and 1.8 years, whereas the average age in sample T1 was 3.3 years. The number of female and male fish was equal in samples T1 and T3 while female fish were dominant in sample T2. The maturity stage of the gonads of sprats was mostly II; female fish were dominant in all the samples. The average age of the sprats in samples T5, T6 and T/ was two to three year while the average age in sample T4 was 3.8 years. 

Table 2

Average length and weight of fish in samples collected from the western part of the Gulf of Finland

	Fish
	Sample
	n
	Length (cm)
	
	Weight (g)
	

	
	
	
	avg ± SE
	Limits
	avg ± SE
	Limits

	Herring
	T1
	14
	15.1 ± 0.1
	14.5 – 15.7
	23.3 ± 0.4
	20.8 - 26.6

	
	T2
	20
	14.0 ± 0.1
	12.7 – 14.7
	18.2 ± 0.5
	13.8 - 22.4

	
	T3
	20
	13.6 ± 0.1
	12.6 – 14.5
	17.3 ± 0.4
	14.2 - 20.9

	Sprats
	T4
	26
	12.6 ± 0.1
	11.8 – 13.5
	12.8 ± 0.2
	10.1 - 15.7

	
	T5
	26
	12.0 ± 0.1
	11.1 – 12.8
	11.7 ± 0.2
	9.4 - 14.0

	
	T6
	29
	12.1 ± 0.1
	11.4 – 12.8
	11.8 ± 0.2
	9.0 - 14.6

	
	T7
	35
	11.8 ± 0.1
	10.5 – 12.7
	11.2 ± 0.2
	8.5 - 14.4


2.1.3. Middle part of the Gulf of Finland  

The fish were caught from the central part of the Gulf of Finland, Kunda area (ICES square 32/II) on September 26, 2002. Baltic herrings and sprats with an average size, dominating in catch, were chosen for the sample (herring, respectively, samples K2 and K3 and sprats samples K4 and K5). The largest herrings and sprats, represented in the catch, were selected to make up a separate sample (K1, Table 3). The maturity stage of the gonads of both the herring and sprats was II-III. Male fish was dominant in all the samples of herring, especially among the larger fish. The number of female and male fish was equal in one sprat sample (K4) while male fish were dominant in the other sample. The average age of sprats in sample K1 was 4.5 years (limits two to eight) and respectively 3.4 and 2.6 years in samples K2 and K3. The average age of the sprats in sample K4 was mostly two years (average 2.6) while in sample K5 the respective age varied between one and two years (average 1.9).

Table 3 

Average length and weight of fish in samples collected from the middle part of the Gulf of Finland

	Fish
	Sample
	n
	Length (cm)
	
	Weight (g)
	

	
	
	
	avg ± SE
	Limits
	avg ± SE
	Limits

	Herring
	K 1
	14
	15.4 ± 0.2
	14.7 – 17.1
	23.6 ± 1.1
	18.9 – 34.7

	
	K 2
	20
	14.4 ± 0.1
	13.0 – 15.2
	20.1 ± 0.5
	15.6 – 24.0

	
	K 3
	20
	14.3 ± 0.1
	13.5 – 15.2
	19.3 ± 0.6
	15.3 – 23.9

	Sprat
	K 4
	35
	11.8 ± 0.1
	10.5 – 13.5
	11.0 ± 0.3
	8.1 – 15.9

	
	K 5
	35
	11.6 ± 0.1
	10.5 – 13.1
	10.3 ± 0.2
	7.8 – 13.7


2.1.4. Gulf of Finland 

Three samples of Baltic herring were collected from the Gulf of Finland – two average samples (R2 and R3) and one sample of larger fish (R1) (Table 4). The maturity stage of the gonads was II-III. The average age of larger herring was 3.8 years (limits two to five) while female fish were dominant in the sample (the ration of females and males respectively 8/4). The average age of fish was average size was 2.3 years (limits one to four) while the share of the male fish was somewhat larger in the samples (the respective female/male ratios in sample R2 8/10 and in sample R3 7/11). 

Table 4 

Average length and weight of Baltic herring in samples collected from the Gulf of Riga

	Sample
	n
	Length (cm)
	
	Weight (g)
	

	
	
	avg ± SE
	Limits
	avg ± SE
	Limits

	R 1
	12
	16.2 ± 0.1
	15.4 - 17.4
	28.9 ± 1.0
	25.0 - 37.0

	R 2
	18
	14.5 ± 0.1
	13.7 - 15.1
	21.3 ± 0.6
	16.1 - 26.1

	R 3
	18
	14.3 ± 0.1
	13.3 - 14.8
	20.4 ± 0.5
	16.4 - 23.0


2.2. Chemical testing methods 

The level of dioxin was determined in Germany, Neuherberg, GSF – National Research Center for Environment and Health; Institute of Ecological Chemistry. The laboratory has been accredited to test the respective chemical indicators (Deutscher Akkreditierungs Rat; DAC-P-0141-01-00; expires on 21.11.2006.a.). The isotope dilution method in combination with HRGC/HRMS was used. The concentration of seven polychlorinated dibenzodioxins and ten polychlorinated dibenzofurans was determined (Table 5). The detection limits have been given. The dry matter and lipid content, expressed as percentage, has been determined for each sample. Initial data, used for testing, have been given in Annex 2. 

Table 5. 

Dioxin content in muscle of Baltic herring and factors of toxic equivalent factors of thereof (TEF) 

	No
	Polychlorinated dibenzodioxins and dibenzofurans
	TEF

	1
	2,3,7,8-tetrachlorodibenzodioxin (TCDD)
	1

	2
	1,2,3,7,8-pentachlorodibenzodioxin (PeCDD) 
	1

	3
	1,2,3,4,7,8-hexachlorodibenzodioxin (HxCDD)
	0.1

	4
	1,2,3,6,7,8-hexachlorodibenzodioxin (HxCDD)
	0.1

	5
	1,2,3,7,8,9-hexachlorodibenzodioxin (HxCDD)
	0.1

	6
	1,2,3,4,6,7,8-heptachlorodibenzodioxin (HpCDD)
	0.01

	7
	Octachlorodibenzodioxin (OCDD)
	0.0001

	8
	2,3,7,8-tetrachlorodibenzofuran (TCDF)
	0.1

	9
	1,2,3,7,8-pentachlorodibenzofuran (PeCDF)
	0.05

	10
	2,3,4,7,8-pentachlorodibenzofuran (PeCDF)
	0.5

	11
	1,2,3,4,7,8-hexachlorodibenzofuran (HxCDF)
	0.1

	12
	1,2,3,6,7,8-hexachlorodibenzofuran (HxCDF)
	0.1

	13
	1,2,3,7,8,9-hexachlorodibenzofuran (HxCDF)
	0.1

	14
	2,3,4,6,7,8-hexachlorodibenzofuran (HxCDF)
	0.1

	15
	1,2,3,4,6,7,8-heptachlorodibenzofuran (HpCDF)
	0.01

	16
	1,2,3,4,7,8,9-heptachlorodibenzofuran (HpCDF)
	0.01

	17
	Octachlorodibenzofuran (OCDF)
	0.0001


3. DIOXIN LEVELS IN BALTIC HERRING
The dioxin level in Baltic herring, collected from the coastal sea of Estonia in autumn 2002 (Table 6) only exceeds the limits established by EU in one sample, collected from the open part of the Baltic Sea. We should immediately stress that this sample consisted of the oldest fish with age that exceeded six years. Figure 1 shows that the dioxin level in Baltic herring increases simultaneously with the increase in age, length and weight. In spring 2002, only the muscle of Baltic herring was tested (samples without the skin) and therefore, the dioxin content of these respective samples was somewhat lower. Nevertheless, the correlation between the dioxin content and age of herring (length, weight) both in spring and autumn is fond to be statistically reliable (r2 exceeds 0.8 in all the cases). As we compare our own research data to the results of the Finnish researchers of dioxin content in Baltic herring in the northern part of the Baltic Sea (Hallikainen & Kiviranta, 2002), we can see a distinct correlation between the age of fish and dioxin level (Figure 2). 

The results provide sufficient grounds to conclude that the dioxin content only exceeds the permitted limits in fish older than five to six years. Although in Estonia, as a rule, fish age two to five years is caught, catching of Baltic herring may pose problems in spring as the fish coming in for spawning also include a considerable number of older fish. The further monitoring of dioxin level in Baltic herring can only be based on studies which are aimed at controlling whether the age distribution of dioxin content in fish has changed or not. Therefore, the number of herring samples could be reduced – it would be probably enough to collect eight to ten samples while the spring herring should be represented in these samples. 

Table 6

Dioxin level (pgTEQ/g) in Baltic herring in Estonian coastal sea in autumn 2002 

	Place
	Sample
	Age

(years)
	Content of lipids (%)
	Lipids per weight
	In wet weight

	Open part of the Baltic Sea
	B 1
	6.1
	12.2
	37.1
	4.5

	
	B 2
	4.5
	12.2
	27.8
	3.4

	
	B 3
	3.8
	12.1
	23.2
	2.8

	Western part of the Gulf of Finland
	T 1
	3.3
	7.6
	26.0
	2.0

	
	T 2
	2.5
	7.1
	14.0
	1.0

	
	T 3
	1.8
	8.1
	10.0
	0.8

	Central part of the Gulf of Finland 
	K 1
	4.5
	6.7
	29.2
	2.0

	
	K 2
	3.4
	8.6
	16.2
	1.4

	
	K 3
	2.6
	8.1
	16.3
	1.3

	Gulf of Riga
	R 1
	3.8
	10.4
	22.8
	2.4

	
	R 2
	2.3
	10.7
	13.1
	1.4

	
	R 3
	2.3
	10.6
	12.8
	1.4
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Figure 1. Correlation between dioxin level and age, length and weight in Baltic herring tested.
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Figure 2. Correlation between the dioxin content and age of fish.

4. DIOXIN LEVELS IN SPRAT 
None of the sprat samples, collected in autumn of 2002, exceeded the limits for the concentration of dioxin, established by the EU (Table 7). The average dioxin level in sprats aged from one to four years was 2.1 ± 0.3 (limits 1.6 – 2.6) pgTEQ/g in wet weight.  

According to the study carried out by Finnish researchers in 1994 – 1995, the concentration of PCDD and PCDF in fish aged from two to thirteen years was respectively 2.4 ± 0.3 and 13 ± 1 pg/g in wet weight (Vuorinen et al., 2002). While the dioxin level increased considerably simultaneously with the age of sprat, the average indicators don’t exceed the limits established by the EU, as shown by TEQ. The amount of information with later date, referring to the dioxin level in fish, is relatively limited. Some Swedish researchers (Bjerselius et al., 2002) have determined the dioxin level to be 2.7 pgTEQ/g in wet weight (the age of fish was three to four years, fat content 8.3%). Dioxin level in four sample of sprats, collected from the Gulf of Finland in February, 2002, varies from the limits of 0.88 (age one year, fat content 8.4%) to 2.98 (age five years, fat content 9.5%) pgTEQ/g in wet weight (Hallikainen & Kiviranta, 2002). 

The analysis of eight samples of sprat should be sufficient both for the testing of dioxin level in sprats and informing the consumers of the amount of dioxin consumed when eating sprats. Therefore, we can support the recommendation given by the Finnish researchers, disclosed in August last year, stating that the dioxin level in sprats is not dangerous for the health of humans. 

Table 7

Dioxin level (pgTEQ/g) in sprats in Estonian coastal sea in autumn 2002

	Place
	Sample
	Age

(years)
	Content of lipids (%)
	Lipids per weight
	In wet weight

	Open part of the Baltic Sea
	B 4
	2.5
	15.1
	16.1
	2.4

	
	B 5
	2.7
	14.6
	17.5
	2.6

	Western part of the Gulf of Finland
	T 4
	3.8
	11.5
	18.6
	2.1

	
	T 5
	2.9
	12.7
	16.3
	2.1

	
	T 6
	3.0
	12.3
	16.1
	2.0

	
	T 7
	2.5
	13.3
	13.0
	1.7

	Central part of the Gulf of Finland
	K 4
	2.6
	15.5
	10.6
	1.6

	
	K 5
	1.9
	15.7
	16.0
	2.5


5. SUMMARY  

Proceeding from the research results obtained by but our own and Finnish researchers we can state that the dioxin level in sprats does not exceeds the permitted limits and therefore, there is no need to establish limits on use of sprats for human consumption. Where it comes to Baltic herring, the consumption of fish older than five years should avoided while we shouldn’t forget another regulation of the European Union that bans the catching of small fish (less than 44 fish per kilogram). The further monitoring of dioxin level in Baltic herring can only be based on studies which are aimed at controlling whether the age distribution of dioxin content in fish has changed or not; eight to ten samples should be sufficient for that purpose. The dioxin level in older spring herring should be monitored. 

In Estonia, there is no valid data available on the other species of fish. Further monitoring should include salmons, but also pike and perch. As he last two species have been declared not to have hazardous dioxin level, a limited number of samples should be sufficient to serve this purpose. 

Some of the PCB compounds have toxic influence similar to dioxins (there are 12 such compounds). The European regulations lay down the limits for such compounds in 2004. According to literature, the content of PCB compounds similar to dioxins is rather high in fish, comparable to dioxin. As the respective limits are added to the established limits the content of hazardous substances in young Baltic herring will probably exceed the tolerance and therefore, the safe use of sprats for human consumption becomes questionable. Therefore, the level of such compounds should be determined simultaneously with dioxin level from 2003 and onwards. 
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ANNEX 1

Results of biological analysis of fish samples collected for the purpose of determining the dioxin level in such samples

Annex 1, Table 1  

Baltic herring collected from the open part of the Baltic Sea (ICES  29/II) on October 3, 2002 

	Identification of sample
	No
	Length 

(cm)
	Weight

(g)
	Age

(Year)
	Gender


	Maturity of gonads

	B1
	1
	16.8
	35.1
	5
	F
	III

	
	2
	17.6
	38.1
	3
	F
	III

	
	3
	17.8
	40.6
	9
	M
	III

	
	4
	16.8
	35.3
	5
	M
	III-IV

	
	5
	18.1
	37.2
	10
	F
	III

	
	6
	18.3
	39.3
	7
	M
	III

	
	7
	17.5
	37.7
	5
	F
	II-III

	
	8
	18.1
	41.7
	8
	F
	II-III

	
	9
	17.3
	31.8
	3
	F
	II

	B2
	10
	15.9
	26.9
	6
	F
	II-III

	
	11
	14.8
	23.1
	4
	M
	III

	
	12
	14.7
	23.5
	3
	F
	II-III

	
	13
	16.2
	29.1
	5
	F
	II-III

	
	14
	17.4
	34.2
	3
	F
	II-III

	
	15
	15.9
	28.0
	3
	F
	II-III

	
	16
	17.5
	36.8
	7
	M
	III

	
	17
	17.1
	35.9
	5
	F
	III

	
	18
	15.0
	25.8
	2
	F
	III

	
	19
	16.1
	30.4
	7
	F
	II-III

	
	20
	15.1
	24.4
	4
	F
	III

	
	21
	17.0
	33.0
	5
	F
	II-III

	B3
	22
	14.5
	21.5
	3
	M
	III

	
	23
	15.4
	25.7
	2
	F
	II-III

	
	24
	14.1
	21.3
	3
	M
	III

	
	25
	16.3
	31.1
	3
	M
	III

	
	26
	16.0
	32.4
	4
	F
	III

	
	27
	14.6
	22.4
	3
	F
	II-III

	
	28
	14.6
	23.7
	4
	M
	III

	
	29
	16.9
	32.1
	8
	F
	III

	
	30
	16.7
	33.7
	3
	F
	II-III

	
	31
	14.8
	24.3
	3
	F
	III

	
	32
	15.9
	28.4
	4
	F
	II-III

	
	33
	16.4
	32.2
	5
	F
	II-III


Annex 1, Table 2  

Baltic herring, collected from the western part of the Gulf of Finland (ICES  32/I) on September 24, 2002 

	Identification of sample
	No
	Length 

(cm)
	Weight

(g)
	Age

(Year)
	Gender


	Maturity of gonads

	1
	2
	3
	4
	5
	6
	7

	T1
	1
	15.6
	25.1
	2
	M
	II

	
	2
	15.4
	22.6
	3
	F
	II

	
	3
	14.8
	21.7
	3
	M
	II

	
	4
	14.9
	23.0
	3
	F
	II

	
	5
	15.7
	26.6
	4
	M
	III

	
	6
	14.8
	23.0
	3
	M
	III

	
	7
	14.5
	20.8
	4
	F
	III

	
	8
	15.3
	22.0
	3
	M
	II

	
	9
	15.6
	25.3
	7
	M
	II

	
	10
	14.9
	23.4
	3
	M
	III

	
	11
	14.6
	22.4
	2
	F
	II

	
	12
	15.0
	23.1
	3
	F
	II-III

	
	13
	15.1
	23.8
	4
	F
	II-III

	
	14
	14.7
	23.0
	2
	F
	II

	T2
	15
	14.2
	17.0
	2
	F
	II

	
	16
	14.1
	20.4
	3
	F
	II

	
	17
	14.4
	20.3
	3
	F
	II

	
	18
	14.7
	22.4
	3
	M
	III

	
	19
	14.0
	15.7
	2
	F
	II

	
	20
	13.2
	16.3
	2
	F
	II

	
	21
	14.3
	18.5
	4
	F
	II

	
	22
	14.3
	17.6
	3
	F
	II

	
	23
	13.5
	17.3
	3
	F
	II

	
	24
	14.6
	21.1
	2
	M
	II

	
	25
	14.4
	19.8
	2
	F
	II

	
	26
	14.5
	19.2
	2
	F
	II

	
	27
	12.7
	13.8
	1
	F
	II

	
	28
	13.3
	17.4
	2
	F
	II

	
	29
	13.4
	17.2
	2
	M
	II

	
	30
	14.0
	19.9
	3
	M
	III

	
	31
	13.7
	17.6
	1
	M
	II

	
	32
	14.1
	19.7
	3
	F
	II

	
	33
	14.7
	18.3
	6
	F
	III

	
	34
	13.0
	15.4
	1
	F
	II

	T3
	1
	12.6
	14.2
	1
	F
	II

	
	2
	13.9
	19.1
	3
	M
	III

	
	3
	13.6
	18.3
	1
	M
	II

	
	4
	13.5
	16.8
	1
	M
	II

	
	5
	13.9
	17.1
	3
	F
	II

	
	6
	13.7
	17.0
	1
	F
	II

	
	7
	14.2
	19.6
	2
	F
	II

	
	8
	13.2
	17.3
	2
	M
	III

	1
	2
	3
	4
	5
	6
	7

	T3
	9
	14.5
	20.9
	3
	M
	III

	
	10
	13.6
	17.7
	1
	F
	II

	
	11
	14.5
	17.5
	2
	F
	II

	
	12
	13.5
	15.6
	2
	M
	II

	
	13
	12.8
	14.5
	1
	M
	II

	
	14
	12.7
	14.5
	1
	F
	II

	
	15
	13.1
	15.8
	1
	M
	II

	
	16
	14.2
	19.9
	2
	F
	II

	
	17
	14.3
	19.3
	3
	M
	III

	
	18
	13.3
	16.0
	1
	M
	II

	
	19
	14.3
	19.5
	3
	F
	II

	
	20
	13.1
	14.9
	1
	F
	II


Annex 1, Table 3  

Baltic herring, collected from the central part of the Gulf of Finland (ICES  32/II) on September 26, 2002  

	Identification of sample
	No
	Length 

(cm)
	Weight

(g)
	Age

(Year)
	Gender


	Maturity of gonads

	1
	2
	3
	4
	5
	6
	7

	K1
	1
	15.6
	18.9
	7
	M
	II-III

	
	2
	15.1
	25.1
	3
	M
	II

	
	3
	15.7
	27.3
	3
	M
	II-III

	
	4
	14.8
	21.0
	5
	F
	II-III

	
	5
	16.4
	26.7
	8
	M
	II-III

	
	6
	16.0
	25.3
	5
	F
	II

	
	7
	15.0
	21.7
	3
	M
	III

	
	8
	14.9
	21.2
	2
	M
	II-III

	
	9
	15.0
	19.8
	4
	M
	II-III

	
	10
	14.8
	23.8
	3
	M
	II

	
	11
	14.7
	19.1
	5
	M
	II-III

	
	12
	15.7
	23.7
	4
	M
	III

	
	13
	17.1
	34.7
	7
	M
	III

	
	14
	15.0
	22.5
	4
	M
	III

	K2
	1
	14.2
	19.8
	3
	M
	II

	
	2
	14.3
	19.1
	3
	F
	III

	
	3
	15.0
	19.9
	3
	M
	III

	
	4
	15.1
	21.4
	3
	M
	III

	
	5
	14.9
	22.2
	3
	F
	III

	
	6
	15.1
	21.8
	5
	F
	II

	
	7
	14.7
	21.5
	3
	M
	III

	
	8
	14.4
	20.9
	3
	M
	III

	
	9
	15.2
	22.6
	5
	M
	III

	
	10
	14.7
	20.4
	4
	M
	II-III

	
	11
	14.1
	19.5
	3
	F
	II

	
	12
	14.8
	24.0
	3
	M
	III

	
	13
	13.0
	15.6
	3
	M
	III

	
	14
	13.9
	17.9
	3
	F
	II-III

	
	15
	14.6
	21.0
	3
	F
	II-III

	
	16
	14.6
	18.9
	8
	M
	III

	
	17
	14.2
	18.6
	3
	F
	II

	
	18
	14.5
	22.5
	2
	M
	III

	
	19
	13.5
	16.0
	1
	M
	II

	
	20
	13.9
	17.5
	3
	M
	III

	K3
	1
	14.0
	19.0
	2
	F
	II

	
	2
	14.2
	21.0
	3
	F
	III

	
	3
	14.4
	18.4
	2
	M
	II

	
	4
	15.0
	23.1
	4
	F
	III

	
	5
	14.7
	19.7
	5
	M
	III

	
	6
	15.2
	21.7
	1
	M
	II

	1
	2
	3
	4
	5
	6
	7

	K3
	7
	14.0
	17.5
	2
	M
	II

	
	8
	13.6
	15.3
	3
	M
	III-IV

	
	9
	13.8
	16.2
	1
	F
	II

	
	10
	13.9
	19.9
	3
	F
	III

	
	11
	14.7
	23.9
	3
	M
	III-IV

	
	12
	14.1
	17.9
	2
	M
	III

	
	13
	15.1
	21.6
	5
	M
	III

	
	14
	14.8
	22.5
	2
	M
	III

	
	15
	14.5
	19.8
	2
	M
	III

	
	16
	15.0
	21.7
	2
	F
	II-III

	
	17
	13.5
	17.8
	3
	F
	II-III

	
	18
	13.6
	16.6
	3
	M
	II

	
	19
	13.9
	16.1
	1
	M
	II

	
	20
	13.7
	17.1
	3
	M
	III


Annex 1, Table 4  

Baltic herring, collected from the Gulf of Riga (ICES  28/V) on September 25, 2002 

	Identification of sample
	No
	Length 

(cm)
	Weight

(g)
	Age

(Year)
	Gender


	Maturity of gonads

	1
	2
	3
	4
	5
	6
	7

	R1
	1
	16.2
	26.3
	5
	M
	III

	
	2
	16.1
	25.9
	2
	F
	II

	
	3
	16.1
	32.2
	4
	F
	III

	
	4
	15.6
	25.0
	3
	F
	II

	
	5
	16.1
	27.5
	4
	F
	II-III

	
	6
	15.4
	25.0
	4
	F
	II

	
	7
	15.8
	29.1
	4
	M
	III

	
	8
	17.4
	37.0
	4
	F
	III

	
	9
	16.2
	28.8
	2
	M
	II

	
	10
	16.1
	29.2
	3
	F
	II-III

	
	11
	16.1
	27.4
	5
	F
	II

	
	12
	16.9
	33.9
	5
	M
	III

	R2
	1
	15.1
	22.8
	2
	M
	II

	
	2
	13.7
	16.1
	2
	F
	III

	
	3
	14.2
	21.1
	2
	F
	II-III

	
	4
	14.9
	23.3
	3
	M
	III

	
	5
	14.2
	19.9
	3
	F
	II-III

	
	6
	15.1
	26.1
	4
	M
	III

	
	7
	13.8
	18.0
	1
	F
	II

	
	8
	15.1
	25.4
	3
	M
	III

	
	9
	14.6
	22.6
	2
	F
	III-IV

	
	10
	14.1
	18.6
	2
	F
	II-III

	
	11
	14.2
	22.1
	3
	M
	III

	
	12
	14.4
	20.0
	2
	M
	III

	
	13
	14.6
	22.3
	2
	F
	II-III

	
	14
	14.8
	23.8
	2
	M
	III

	
	15
	14.2
	17.6
	2
	F
	II-III

	
	16
	14.2
	21.7
	2
	M
	III

	
	17
	14.6
	21.7
	2
	M
	III

	
	18
	14.4
	20.6
	2
	M
	III

	R3
	1
	13.3
	18.2
	2
	M
	III

	
	2
	14.8
	23.0
	3
	M
	III

	
	3
	14.3
	20.8
	2
	M
	III

	
	4
	14.6
	21.7
	3
	M
	III

	
	5
	13.6
	18.3
	2
	M
	III

	
	6
	14.7
	22.6
	2
	F
	II-III

	
	7
	14.4
	20.5
	3
	M
	II-III

	
	8
	14.8
	22.5
	2
	M
	III

	
	9
	14.8
	22.0
	2
	F
	II

	
	10
	13.9
	18.3
	2
	M
	III

	
	11
	13.8
	18.8
	2
	F
	II

	
	12
	14.1
	18.8
	2
	F
	II

	1
	2
	3
	4
	5
	6
	7

	R3
	13
	14.6
	21.2
	3
	F
	II

	
	14
	13.9
	18.4
	2
	M
	III

	
	15
	14.5
	20.9
	4
	M
	III

	
	16
	13.4
	16.4
	1
	F
	III

	
	17
	14.6
	22.4
	2
	F
	II

	
	18
	14.6
	22.6
	2
	M
	III


Annex 1, Table 5  

Sprats collected from the open part of the Baltic Sea (ICES  29/II) on October 3, 2002 

	Identification of sample
	No
	Length 

(cm)
	Weight

(g)
	Age

(Year)
	Gender


	Maturity of gonads

	1
	2
	3
	4
	5
	6
	7

	B4
	1
	12.7
	11.8
	3
	F
	III

	
	2
	12.2
	12.3
	3
	F
	II-III

	
	3
	12.6
	13.1
	3
	F
	III

	
	4
	11.7
	11.9
	2
	M
	II-III

	
	5
	11.6
	10.9
	2
	M
	II-III

	
	6
	12.1
	11.8
	3
	F
	II-III

	
	7
	11.9
	9.6
	2
	F
	II

	
	8
	12.2
	12.8
	3
	F
	II-III

	
	9
	12.0
	11.3
	3
	F
	III

	
	10
	11.3
	10.1
	1
	M
	II-III

	
	11
	11.7
	11.1
	2
	M
	II-III

	
	12
	12.6
	12.4
	3
	F
	II-III

	
	13
	12.5
	11.7
	3
	F
	III

	
	14
	12.0
	10.4
	2
	M
	III

	
	15
	12.0
	11.0
	2
	F
	II-III

	
	16
	11.5
	11.2
	2
	F
	II-III

	
	17
	11.5
	11.0
	2
	F
	II-III

	
	18
	13.0
	11.9
	5
	F
	II-III

	
	19
	11.4
	9.2
	2
	M
	II-III

	
	20
	12.1
	11.2
	2
	F
	II-III

	
	21
	10.5
	9.1
	1
	M
	II-III

	
	22
	11.9
	10.5
	3
	F
	II-III

	
	23
	11.5
	10.4
	1
	M
	II-III

	
	24
	11.5
	10.7
	2
	M
	II-III

	
	25
	12.4
	12.0
	3
	F
	II-III

	
	26
	11.7
	10.9
	2
	M
	II-III

	
	27
	12.0
	12.3
	3
	F
	II-III

	
	28
	11.5
	10.1
	2
	M
	III

	
	29
	13.1
	13.1
	5
	F
	II-III

	
	30
	12.1
	10.7
	3
	F
	III

	B5
	1
	11.4
	9.8
	2
	M
	II-III

	
	2
	11.7
	9.3
	2
	M
	II-III

	
	3
	11.6
	11.4
	2
	M
	III

	
	4
	11.6
	10.1
	2
	M
	III

	
	5
	12.0
	10.3
	3
	M
	III

	
	6
	11.5
	10.2
	3
	M
	II-III

	
	7
	12.1
	12.2
	2
	F
	III

	
	8
	11.3
	10.7
	2
	M
	II-III

	
	9
	11.9
	9.7
	3
	M
	III

	
	10
	12.2
	11.5
	3
	F
	II-III

	1
	2
	3
	4
	5
	6
	7

	B5
	11
	12.0
	10.6
	3
	M
	III

	
	12
	12.1
	11.7
	3
	M
	III

	
	13
	12.5
	12.5
	3
	F
	II-III

	
	14
	12.2
	11.2
	3
	F
	II-III

	
	15
	11.1
	10.6
	2
	M
	III

	
	16
	12.1
	11.4
	2
	F
	II-III

	
	17
	12.9
	13.2
	3
	F
	II-III

	
	18
	12.6
	12.2
	3
	M
	III

	
	19
	12.2
	9.6
	3
	F
	II-III

	
	20
	12.1
	11.1
	3
	M
	III

	
	21
	11.3
	9.3
	2
	M
	II-III

	
	22
	11.3
	9.5
	2
	M
	II-III

	
	23
	11.4
	10.5
	2
	F
	II-III

	
	24
	11.6
	10.4
	2
	M
	II-III

	
	25
	11.8
	10.7
	2
	M
	III

	
	26
	13.0
	13.2
	5
	F
	II-III

	
	27
	12.6
	12.3
	4
	F
	II-III

	
	28
	13.1
	12.8
	5
	F
	II-III

	
	29
	11.7
	9.9
	2
	M
	III

	
	30
	11.8
	9.9
	2
	M
	II-III


Annex 1, Table 6  

Sprats, collected from the western part of the Gulf of Finland (ICES  32/I) on September 24, 2002 

	Identification of sample
	No
	Length 

(cm)
	Weight

(g)
	Age

(Year)
	Gender


	Maturity of gonads

	1
	2
	3
	4
	5
	6
	7

	T4
	1
	12.3
	13.0
	3
	F
	II

	
	2
	13.0
	14.2
	4
	F
	II-III

	
	3
	12.5
	12.5
	3
	F
	II

	
	4
	12.7
	13.9
	4
	F
	II

	
	5
	12.4
	12.7
	4
	F
	II

	
	6
	13.1
	14.2
	6
	F
	II

	
	7
	13.3
	13.5
	5
	M
	II

	
	8
	12.7
	13.1
	3
	F
	II

	
	9
	13.5
	14.2
	8
	F
	II

	
	10
	12.6
	11.0
	4
	M
	II

	
	11
	11.9
	12.7
	3
	F
	II

	
	12
	13.0
	13.1
	5
	F
	II-III

	
	13
	12.3
	12.6
	3
	F
	II

	
	14
	12.6
	12.6
	3
	F
	II

	
	15
	12.5
	13.2
	3
	F
	II

	
	16
	12.5
	12.7
	3
	F
	II

	
	17
	12.7
	11.8
	3
	F
	II

	
	18
	13.0
	13.0
	5
	F
	II

	
	19
	12.2
	12.3
	3
	F
	II

	
	20
	12.8
	13.1
	4
	M
	II

	
	21
	12.2
	11.8
	5
	F
	II

	
	22
	12.0
	11.9
	3
	F
	II

	
	23
	11.8
	10.1
	2
	M
	II

	
	24
	12.3
	12.5
	3
	M
	II

	
	25
	13.5
	15.7
	5
	F
	II

	
	26
	12.0
	11.8
	3
	F
	II

	T5
	1
	12.2
	11.5
	4
	F
	II

	
	2
	12.5
	14.0
	3
	F
	II

	
	3
	12.4
	13.2
	3
	F
	II

	
	4
	12.0
	12.4
	3
	F
	II

	
	5
	12.5
	12.8
	4
	F
	II

	
	6
	11.7
	11.8
	3
	M
	II

	
	7
	11.8
	11.2
	2
	M
	II

	
	8
	12.5
	11.1
	3
	F
	II

	
	9
	12.2
	11.7
	3
	F
	II

	
	10
	12.8
	11.4
	4
	F
	II

	
	11
	11.8
	11.8
	3
	F
	II

	
	12
	11.1
	9.4
	2
	M
	II

	
	13
	12.5
	12.6
	3
	F
	II

	
	14
	11.8
	11.4
	2
	M
	II

	1
	2
	3
	4
	5
	6
	7

	T5
	15
	11.4
	10.3
	2
	M
	II

	
	16
	11.5
	10.7
	2
	M
	II

	
	17
	12.1
	12.9
	3
	F
	II

	
	18
	12.7
	12.8
	4
	M
	III

	
	19
	11.7
	12.2
	2
	F
	II

	
	20
	12.3
	10.9
	3
	M
	II

	
	21
	12.0
	12.0
	4
	F
	II

	
	22
	11.9
	10.9
	2
	M
	II

	
	23
	12.0
	11.7
	3
	F
	II

	
	24
	12.0
	12.3
	3
	M
	II

	
	25
	11.4
	10.2
	2
	M
	II

	
	26
	12.1
	11.7
	4
	M
	III

	T6
	1
	11.4
	10.4
	2
	M
	II

	
	2
	11.5
	11.2
	2
	F
	II

	
	3
	12.4
	11.8
	3
	F
	II

	
	4
	12.5
	13.1
	4
	F
	II

	
	5
	11.9
	11.1
	3
	F
	II

	
	6
	11.7
	10.3
	2
	F
	II

	
	7
	11.7
	10.6
	3
	M
	II

	
	8
	12.0
	11.9
	3
	M
	II

	
	9
	12.0
	12.0
	2
	F
	II

	
	10
	11.5
	11.0
	3
	M
	II

	
	11
	12.2
	14.6
	3
	F
	II

	
	12
	12.6
	14.0
	4
	F
	II

	
	13
	11.6
	11.1
	3
	F
	II

	
	14
	11.5
	11.2
	2
	F
	II

	
	15
	11.7
	11.3
	2
	M
	II

	
	16
	12.0
	12.6
	3
	F
	II

	
	17
	12.5
	12.9
	3
	F
	II

	
	18
	12.6
	11.8
	4
	F
	II

	
	19
	11.7
	9.0
	3
	M
	II

	
	20
	12.6
	12.1
	3
	F
	II

	
	21
	12.7
	12.3
	3
	M
	II

	
	22
	11.9
	12.8
	3
	M
	II

	
	23
	11.8
	10.1
	3
	M
	II

	
	24
	12.5
	12.2
	3
	F
	II

	
	25
	12.5
	10.4
	3
	M
	II

	
	26
	12.8
	14.6
	5
	F
	II

	
	27
	11.9
	11.2
	3
	M
	II

	
	28
	12.1
	11.8
	3
	F
	II

	
	29
	12.7
	14.1
	4
	F
	II

	T7
	1
	12.1
	12.6
	3
	F
	II

	
	2
	11.8
	11.3
	3
	F
	II

	
	3
	11.0
	8.6
	2
	M
	I

	
	4
	11.4
	10.7
	2
	M
	II

	
	5
	11.3
	10.0
	2
	M
	II

	
	6
	12.1
	13.7
	3
	F
	II

	
	7
	12.1
	12.3
	3
	F
	II

	
	8
	12.2
	13.0
	3
	F
	II

	
	9
	11.2
	10.7
	2
	F
	II

	1
	2
	3
	4
	5
	6
	7

	T7
	10
	12.4
	13.2
	3
	M
	II

	
	11
	11.5
	10.8
	3
	M
	II

	
	12
	12.0
	10.9
	3
	F
	II

	
	13
	11.7
	11.7
	2
	F
	II

	
	14
	12.2
	10.9
	3
	F
	II

	
	15
	12.7
	14.4
	3
	F
	II

	
	16
	12.0
	11.5
	3
	M
	II

	
	17
	11.3
	9.9
	2
	M
	II

	
	18
	12.2
	13.2
	3
	F
	II

	
	19
	11.7
	10.2
	2
	F
	II

	
	20
	10.8
	9.6
	1
	M
	II

	
	21
	11.5
	10.0
	2
	F
	II

	
	22
	10.5
	8.6
	1
	M
	II

	
	23
	12.0
	13.2
	3
	M
	II

	
	24
	11.4
	9.8
	2
	M
	II

	
	25
	11.5
	11.0
	2
	M
	II

	
	26
	11.7
	11.3
	2
	M
	II

	
	27
	11.8
	9.3
	2
	F
	II

	
	28
	12.0
	10.8
	3
	F
	II

	
	29
	12.5
	12.3
	3
	F
	II

	
	30
	11.0
	8.5
	2
	M
	II

	
	31
	12.2
	11.9
	3
	F
	II

	
	32
	12.6
	12.8
	3
	F
	II

	
	33
	11.8
	11.1
	2
	M
	II

	
	34
	12.1
	10.8
	3
	M
	II

	
	35
	12.3
	12.2
	3
	F
	II


Annex 1, Table 7  

Sprats, collected from the central part of the Gulf of Finland (ICES  32/II) on September 26, 2002 

	Identification of sample
	No
	Length 

(cm)
	Weight

(g)
	Age

(Year)
	Gender


	Maturity of gonads

	1
	2
	3
	4
	5
	6
	7

	K4
	1
	12.0
	12.1
	3
	F
	II

	
	2
	12.1
	11.2
	3
	M
	II

	
	3
	12.3
	10.4
	3
	F
	II

	
	4
	12.5
	11.8
	3
	F
	II-III

	
	5
	11.2
	9.8
	2
	M
	II

	
	6
	12.6
	11.3
	3
	M
	II

	
	7
	12.0
	12.0
	3
	M
	II

	
	8
	11.5
	9.4
	2
	M
	II

	
	9
	12.5
	12.0
	3
	M
	III

	
	10
	11.5
	12.2
	2
	F
	II-III

	
	11
	11.7
	10.3
	2
	F
	II-III

	
	12
	11.3
	10.3
	2
	F
	II-III

	
	13
	11.6
	9.1
	2
	M
	II

	
	14
	12.3
	12.2
	3
	F
	II-III

	
	15
	11.1
	10.7
	1
	F
	II-III

	
	16
	11.3
	10.2
	1
	M
	II-III

	
	17
	11.4
	10.9
	1
	F
	II-III

	
	18
	12.1
	11.2
	3
	F
	II-III

	
	19
	11.4
	9.6
	2
	M
	II

	
	20
	10.5
	8.1
	1
	M
	II

	
	21
	12.3
	10.8
	3
	F
	II

	
	22
	11.8
	9.8
	2
	M
	II-III

	
	23
	11.9
	10.1
	2
	F
	II-III

	
	24
	13.5
	15.9
	7
	M
	II

	
	25
	12.6
	12.4
	3
	F
	II-III

	
	26
	11.1
	11.0
	1
	F
	II

	
	27
	13.0
	13.9
	7
	M
	III

	
	28
	11.1
	9.7
	2
	M
	II

	
	29
	11.1
	11.8
	2
	F
	II-III

	
	30
	11.0
	8.4
	2
	F
	II-III

	
	31
	11.8
	13.0
	2
	F
	II-III

	
	32
	11.3
	8.3
	1
	M
	II

	
	33
	11.6
	10.4
	2
	M
	II

	
	34
	13.2
	13.3
	8
	F
	II-III

	
	35
	11.7
	12.2
	2
	F
	II-III

	K5
	1
	11.9
	11.0
	2
	M
	II

	
	2
	12.6
	11.7
	3
	M
	II

	
	3
	10.9
	10.0
	1
	M
	II

	
	4
	11.2
	9.8
	1
	M
	II

	
	5
	12.1
	11.8
	3
	F
	II-III

	1
	2
	3
	4
	5
	6
	7

	K5
	6
	11.5
	10.3
	1
	M
	II

	
	7
	12.6
	12.0
	3
	F
	II-III

	
	8
	10.9
	9.7
	1
	M
	III

	
	9
	11.2
	8.6
	1
	M
	II

	
	10
	11.7
	11.0
	2
	M
	II

	
	11
	11.6
	9.2
	1
	M
	II

	
	12
	12.2
	9.4
	3
	M
	II

	
	13
	12.4
	10.1
	3
	F
	II

	
	14
	11.1
	9.0
	1
	M
	II

	
	15
	12.4
	11.5
	3
	M
	II

	
	16
	12.5
	12.0
	3
	M
	II

	
	17
	11.3
	9.2
	2
	M
	II

	
	18
	12.0
	11.8
	3
	F
	II

	
	19
	11.3
	9.1
	1
	M
	II

	
	20
	11.4
	9.4
	2
	M
	II

	
	21
	10.9
	10.1
	1
	F
	II-III

	
	22
	11.5
	9.9
	2
	M
	II-III

	
	23
	11.7
	9.8
	2
	M
	II

	
	24
	10.8
	10.2
	1
	F
	II-III

	
	25
	11.4
	10.2
	2
	M
	II

	
	26
	10.7
	8.4
	1
	M
	II

	
	27
	11.6
	11.5
	2
	M
	II

	
	28
	13.1
	11.0
	6
	M
	II

	
	29
	11.1
	10.4
	1
	F
	II

	
	30
	12.6
	13.7
	3
	F
	II

	
	31
	11.1
	9.6
	1
	M
	II

	
	32
	10.9
	9.8
	1
	M
	II

	
	33
	10.7
	9.5
	1
	M
	II-III

	
	34
	12.5
	11.4
	3
	M
	II-III

	
	35
	10.5
	7.8
	1
	M
	II


ANNEX 2 

Dioxin concentration in Baltic herring and sprat in Estonian coastal sea  (on paper)
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