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4. CONCLUSIONS
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and disturbances of the sediment during sampling and pretreat--
ment can influence the distribution patterns of pollutants.

- The F'b-21Cj rnczthod using the c.r.s. model in connection With  the

c.i.c. rnric~e I. c;eem!s to be the most appropriate meth:od  07 d .s t i n q
sedinier~ts of an age of 1,~s~ than 2@@ ye.z;rc. -i-he ctse of Cs-1x4
or Cs--137 for 5edimerl.t  datinG ic, 1 imited becac!sr- no constant
f i lJ>\ of radiocec-ium can be -2.5 Fs,_!me :j or beC.s~_.,s the pea c:: of the
CS--13'7 c:oricentratiori re5Liltil3g frcm the high fal lout deposition
during 19&s - 1965 occcti;-z  in the sediment often indistinctly 3r-
vanished. Furthermore a recer:tly higher or a changing sediment
accumulation r&I te cannot be identified a:;d due to mixing of
:%ed imer; t I .

ma '(1 et-‘ ; a 2. 2, t a n earl j.er 4Lifi-;p til7f p! e a 1:. cc;n:=e~ytf.~.tj_i3f:

appa~-ei>+].y* c)ccc:i-'.~~,  j.r-, ,2 d>?Qper- c;edimr2,-,t  1 a.;,:Ei;-  LI
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Table I: Dating results of Baltic sediments with the Pb-210 method

Station 00-3A BaV of 8Y15 (GDR-271) GDR-113 GDR-113

Coordinates 64'18.3'N
22'21.5'E

54'10.O'N
11'24.O'E

67°18.3'N
20'04.6'E

54O55.5'15
13'30.O'E

Date of sampling 1981-1X-27 1981-VII-15 1983-VII-3 1983-VII-5 1984-X1-19

Pb-210 concentration
at the-5 ediment surface 348242 13.5+16 350256 239226 219+26
(m8q.g d.w.)
mean Ra-226_ioncentra-
tion (mE?q.g d.w.) 44+12 24+3 108:32 2324 3125

8.9 13.3 3.4 19.9 18.4

Mixing depth (2,)
(cm)
Mass c$pth at ZK
(g.cm  I
C.R.S.-method

2.0 7.5 2.0 10.0 16.0

0.2 2.6 0.1 2.4 3.5

Sedimentation rate(S1)

(mg.cm-2,a'1) SE+-6 1451 70+3 125212
Sedimentation rate

(mg.cme2.a-1)

(S2)

2222 5023 3421 5923

Station

Co-ordinates

GCR-023 GDR-012

54'03.5'N
11°03.3'E

54'18.5'14
llO33.0'6

KY/ II

54011.7'N
13O34.3'E

Ariadne 33

54'12.5'14
13'34.0'E

58'44.O'N
1E030.0'E

Oate of sampling 1984-X1-18 1934-x1-10 1985-X-3 1985-X-3 1987-VIII-ll

Pb-210 concentration
at the sediment surface
(m8q.g'ld.w.  ) 128215 130215 123:14 SO+-12 560:62
mean Ra-226 concan-
tration
(m8q.g-1d.w.) 2554 2622 2122 22:5 69+-6
flux (m8q.cm-?a2~5) of

16.0 13.4 9.6 4.9 21.3

Mixing depth (2,)
(cm) 13.0 4.0 9.0 5.0

Mayc;esth at ZK(9 ) 4.2 1.8 2.8 1.2

C.R.S.-method
Sedime;$ation rate
(mg.cm .a-l)

(Sl)
68+6 81220 8652 3223 7129

Sedimentation rate
(mg.cm'2.a-l)

(S2)
5023 4527 4524 33%



Table II: Calculated deposition of Cs-137 radioactivity at the Saltic-Sea bottom in
dependence on the water depth(before 1986)

bottom area flcm*J
cumulative deposition of Cs-137 (TBq)

Depth zone Eelt Sea Baltic Proper Bay of Riga Gulf of Dothnian Bay of Baltic Sea,
(m) soft hard soft hard soft hard Finland Sea Bothnia total

bottom bottom bottom soft hard soft hard soft hard soft hard
bottom bottom bottom bottom

1 2 * 3 4 5 6 7 3 9 10 31 12 13 14 15

O-20

20-40

40-60

GO-80

80-100

103-120

120-150

150-200

)200

4,000 10,000 -
8.08 2.02 -

3 000 4,000 5,390
5.)46 0.73 9.65

13,300
22.50

39,800 500
8.04. 1.01

32,600 2,900
5.93 5.213

20,800 3,600
3.39 5.87

5,000 1,000
1.01 2.02

4,000 4,000
0.73 7.26

4,700
7.67

18,000 12,100 5,100
25.40 1.71 7.19

21,000 5,600 1,200
25.60 0.68 1.46

18,CDD
19.10

2,100
0.22

30
0.03

13,900
12,SO

7,300
5.34

1,700
0.82

sum of Cs-137-
deposition13 6

. 2.S 121.0 20.0 12.2 1.7 25.7 2.5 53.6 7.4 23.3 3.8 246.0 38.2

7.800 - 20,700
1:58 -

4,000 1,600
0.73 2.91

1,200 5,700
0.20 9.29

11,300
15.50

C,5CO
10.40

6,200
6.57

5,000
4..60

1 r.'3c)
1:&

500
0.24

4;10

7,200
1.31

5,600
0.94

3,200
0.82

1,100
0.13

4.00 11,.400
0.81

3,000
5.46

2,600
4. .24.

4,500
6.34

4,000
4.38

1,300
1.38

200
0.18

2;30

6,900
1.26

1,700
0.28

5,,900  94,700
11.90 19.10

19,800 58,700
36.00 10.70 L

30,400 29,500 2:
49.60 4.81 I

38,600 15,330
54..40

34.,700
42.30

25 r3C
27:;O

19,100
17.60

8,800
6.08

2,200
1.06

2.53

6,700
0.02

2,100
0.22

total: 284.2
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TableIII:Radionuclide  Concentrations in Sediments of the 8altic Sea in 1907

Station O a t e Water Layer Water LOSS on Sediment Concentration (8o.k9-1d.w.)
depth content ignition type
(ml (cm) (%I (%I Cs-134 es-137 K-40 Pb-210 Ra-226

1 2 3 4 5 6 7 8 9 10 11 12

25 7.8. 110 o-1

l-2

2-3

3-4

4-5

5-6

6-7

7-8

8-9

9-10

10-12

12-14

11 5.8. 56 o-3 35,38 3.73

3-6 35,38 3.16

6-9 32.06 3,19

9-12 27.44 2.72

12-15 26,99 2.46

15-18 26.52 2.19

18-21 26,22 2,43

25 7.8. 110 14-16

16-18

18-20

20-22

22-24

24-26

26-28

28-30

95,36 27.76
88,68 18.87
87,88 18.76
89.86 18.75
67,87 18.86
88,60 20.31
86,60 16.67
86,87 16.99
84,22 13.93
80.91 13.73
80.60 13.23

80,60 13.13

76,90 12.37

75,30 12.62

72,59 12.47

70.82 12.53

74.41 12.45

73,61 12.45

68.63 13.06

68,61 10.27

33 11.8. 319 o-1 93,16 20.16

l-2 83.80 15.69

2-3 79.22 9.30

3-4 75.58 9.35

4-5 72.15 8,98

5-6 74,93 8,91

6-7 71,71 e,49

7-8 67.74 7,27

8-9 66,20 7,I6

9-10 65.22 6,34

10-11 62.00 5,41

33 11.8. 319 11-12 61,63 5.42

12-13 60,05 6.15

13-14 63.27 6.60

37 12.8. 279 o-2 76.44

2-4 63.04

4-6 69.10

6-9 58.78

9-12 62.37

12-15 56.65

15-20 65.52

9.14

9.65

8.77

7.90

10.27

8.69

clay 1.8

-(Cl)

15,2

16,7

14.5

12.7

7.6

6.0

3*4

mud 141

56

-(c,26)

516

316

136

134

222

144

145

130

97.

60

62

mud

39

1E

11

-(C6)

mud -(f6)

silt

96

48

18

9.0

6,I

3.0

9.2

-(f-3)

-(G3)

5.0

-(L_3)

silt

silt 506 1533

140 486

14.3 132

7.7 119

538

660

606

523

620

520

820

866

850

740

720

900

960

920

880

950

860

870

760

740

695

942

900

965

980

.
-(r:)3

62,2 -

26.6 -

4.0 -

470

457

348

422

297

344

260

217

236

182

204

II6

103

146

150

160

124

91

116

449

348

-321

196

181

166

187

148

145

114

114

101

11,s

11.8

IO.6

12.2

11,6

9.0

9.8

23

32

34

43

29

34

67

55

62

76

57

60

79

78

82

79

69

58

63

60

70

66

49

59

44

49

33
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tableIIZ:(contlnued)

1 2 3 4 5 6 7 8 9 10 11 12

5 0 14.8.

82 29.8.

96

101

31.8.

96 31.8.

1.9.

106 o-2 64.44 11.54

2-4 66.86 10.97

4-6 59.59 8.67

6-9 61.56 8.14

9-12 63.65 8.24

12-15 61.73 8.57

15-18 60.66 8.01

16-21 59.39 9.45

21-24 63.74 7.37

170 o-1 94.59 22.24

l-2 92.42 19.70

2-3 64.41 13.49

3-4 65.83 11.47

4-5 83.60 10.84

5-6 78.37 9.89

6-7 77.54 11.15

7-6 76.89 10.74

6-9 75.29 9.13

9-10 75.84 9.81

10-12 61.46 13.39

12-14 80.55 12.60

47 o-2

2-4

4-6

6-8

8-10

10-12

12-15

15-18

47 18-21

21-24

24-27

27-30

72.67 16.84

76.61 16.56

66.68 16.30

70.34 16.53

65.95 15.93

74.23 15.16

64.66 13.93

72.37 13.78

65.93 13.71

73.48 14.34

73.05 14.19

68.22 13.69

19 O-l 71.61 14.01

l-2 70.17 12.47

2-4 68.28 11.11

4-6 62.30 6.08

6-9 58.90 8.02

9-12 57.60 7.79

12-15 53.95 5.32
15-16 51.44 4.69

mud

silt

clay

191 579 760

14.6 78.9 880

6.3 35.2 850

5.6 22.0 920

5.7 13.0 984

4.9 9.6 914

3.2 9.8 934

3.2 6.0 960

-(Cl.5) 3.1 970

mud -(ClO)

c l a y

mud

mud

mud

c l a y

17.8

19.6

12.1

4.3

2.9

-(<1.4)

22.0

10.1

3.9

-(52)

267

172

69

44

26

19

-(S6;

111 813

120 841

104 648

75.0 770

64.6 850

25.2 850

9.3 890

4.5 a70

2.9 830

2.0 790

1.8 860

1.8 840

154

106

62.6

39.0

20.0

7.1

3.7

660

690

738

740

740

740

690

690-('1.7)

70

69

43

67

52

61

58

68

52

60

58

50

ei

48

46

69

64

61

22

20

25

22

26

21

24

25

25

19

20

21

27

30

16

19

19

23

21

18
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Table 111 a: Deposition of artifical radionuclides at the sea bottom

('referred to the date of sampling)

Station Deposition (Bq.m -2 )
Code cs-134 Cs-137 (total) cs-137 other nuclides

(1986/87)
-

11 52 2,630

25 53 1,110

33 <4 305
37 3,710 14,170

160

160

(1OP
11,240 Co-60: 62

Sr-90: 325'
Ru-106: 1,480
Ag-1lOm: 210

50 1,320 4,250

82 c4 685

96 285 2,750

101 190 2,950

4,000

UOP
860

575

1.n o t e s :  (,..) estimated value

2( . . .)  Sr-90, total
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TableIV: Calculated "d -values of Cs-I37 in dependence on the
salinity

Sea area average water Salinity corres- value of
depth ponding to
(n) water depth

i<d (Cs-137)

(%o)

Belt Sea 10 20.0 2.900

Baltic Proper 65 10.0 9.300

Gulf of Riga 23 7.0 13.200

Gulf of Finland 38 6.3 14.930

Bothnian Sea 62 5.5 15.800

Bay of Bothnia 43 4.5 17.700

Table V: A comparison betweeen calculated and ineasured Cs-137
deposition at Baltic sediments in the period May 1986
to August 1987

Sea area soft bottom Removal rate
area
0-J)

b--1)
Cs-l37-deposition
c a l c u l a t e d measured

(3q.m’2)

Belt Sea 7.3 E 09 0.14 560 575

Baltic Proper 9.9 r 10 0.36 1040 850

Gulf of ,Riga 7.3 E 09 0.28 1240

Gulf of Finland 1.6 E 13 0.19 4070 58Sc)

Bothnian Sea 4.3 E 10 0.12 8810 7530

8ay of Bothnia 1.6 E 10 0.22 3233 39613

8 493288H
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Radioactivity in Biota from the Baltic Sea after
the Chernobyl Accident

W. Feldt, G. Kanisch and G. Nagel

Bundesforschungsanstalt fiir Fischerei
Labor ftir RadioSkologie der Gewtisser

Hamburg

1. Introduction

As a result of the fallout after the Chernobyl accident the inventory of artificial
radionuclides in the marine environment of the Baltic Sea increased.

To obtain information about the increase of radioactivity in marine biota, in 1986,
1987 and 1988 during three cruises of the FRV "Walther Herwig" to the Baltic Sea
samples of fish, as well as few samples of benthic animals and aquatic plants were
collected.
Fish was sampled in the region between loo and 190 E.

2. Materials and methods

On some 50 to 60 stations per cruise, each time carried out in December, the biota
samples were collected by bottom trawls (1 hour per station). The fished areas were
similar in the three years. Fig. 1 shows as example the stations of the 1987 cruise.

The most abundant species of marine fish was the cod. Herring was caught less
frequently. Fishes were dissected on board (flesh, liver, skin, gonads or whole fish),
and stored deep frozen after pooling several specimen into one sample. 1986 and
1987 at least one sample for a station, where fish could be caught, was obtained. In
December 1988, single samples from two to four stations were pooled into one sample
for measurement. Few samples of benthos and aquatic plants were collected in De-
cember of 1987 and 1988, but only in the western Baltic Sea.

For radioactivity measurements, each biota sample of 5 to 10 kg fresh weight was
dried at 130°C and ashed at not more than 46COC. All ashed samples were measured
by low-level gamma-ray spectrometry using Germanium detectors with relative effi-
ciencies between 20 and 30 X (counting time between 24 to 70 hours). Depending on
the amount of ash, radiochemical analyses of ooSr and/or plutonium isotopes follo-
wed for the greater part of the samples. 9oY-oxalate  precipitates were measured
with low-background gas flow beta-counters (counted 4 times 500 min). For the mea-
surement of 23aPu and 239/24oPu surface barrier detectors were used after chemical
separation (counting time 7 to 11 days).

3. Results of radioactivity measurements

3.1 Results for fish

The main radionuclides, detected by gamma-ray spectrometry were 137Cs, 134Cs and
11omAg.  The results for these nuclides as well as for the nuclides goSr, 23aPu and
za9/24oPu determined radiochemically are presented in the tables 1, 2 and 3
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for the years 1986, 1987 and 1988, respectively. In these tables, a simple statisti-
cal evaluation is given for each year without differentiating between sampling
areas.

The most abundant fish was cod, from which in all three years fillet and liver was
analyzed. 1987 also samples of skin and gonads were analyzed. Much less samples were
obtained of herring being analyzed as fillet or whole fish samples. Few other fish
species were dab, whiting, plaice and flounder.

The most important radionuclides in fish after the Chernobyl accident were the ce-
sium isotopes. Among all analysed fish, the highest activity contents were found in
cod. Considering different organs, the cod fillet samples showed the highest activi-
ties of cesium. As can be seen from the tables 1 to 3, the cesium isotopes in cod
fillet increased from Dec. 1986 to Dec. 1987, however, only 137Cs increased until
Dec. 1988, but not 134Cs. A similar behaviour was found for cesium in cod liver.
Other organs of cod, from which a larger number of samples was analyzed only in
Dec. 1987 (table 2), revealed lower activity contents for cesium compared to fillet.

The cesium contents in other fishes like herring, whiting or dab were found to be
lower than in cod (data available only for 1986 and 1987). Cesium in herring fillets
also increased from Dec. 1986 to Dec. 1987. Results for other fish species shown in
the tables, cannot be discussed well because of their very low number of available
samples.

In December 1986 significant amounts of the isotope 11omAg were detected in few
samples of cod liver. The radioactivity of this nuclide, which can be clearly attri-
buted to the Chernobyl fallout, was even higher than for 137Cs in liver. Despite of
its physical half-live of only 250 days, 1lomAg increased from Dec. 1986 to Dec.
1987. However, it then decreased from Dec. 1987 to Dec. 1988 by a factor of 0.34,
which is very similar to a value of 0.36 obtained for physical decay of this nucli-
de.

1lomAg was not observed in cod fillet. One whole fish cod sample as well as measure-
ments of other whole fishes (herring, dab, whiting) indicated, that it might be
found in whole fish samples with low activities due to accumulation in certain or-
gans like liver.

9oSr determinations from 1986 and 1987 (table 1 and 2) in cod fillet yielded very
low mean activity contents of 4 to 5 mBq/kg wet weight. If analyses would have
been made on edible parts, generally consisting of more than fillet (parts of the
skin, etc.), the 9oSr activity would have been at least one order of magnitude
higher, as can be seen from anlyses of whole fishes as well as from measurements of
cod skin (table 2).

The 9oSr activities measured in fillet of herring showed higher values, because
here the fillet cannot be dissected in the same manner as for cod from other parts
of organs generally having higher amounts of 9Wr (small bones).

Measurements of plutonium isotopes were made only on a part of the samples. Apart
from few weak detections of plutonium in cod fillet, which may be doubtful, most of
the measurements yielded values below the detection limits. Thus, for the most im-
portant fish in the Baltic Sea, it can be concluded, that activity contents for
238pu  and 239/24Opu in fillet are at least lower than 1 mBq/kg wet weight. From
the data presented in tables 1 and 2, it cannot be disproved, that this conclusion
is also true for other fishes like herring and dab.
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3.2 Results for low-activity nuclides in cod liver

To obtain better estimates of eoSr and plutonium in cod liver, ashes of the 1987
samples from different stations were pooled to represent total fresh weights from
5 to 20 kg. The pooled ashes at first were remeasured by gamma-ray spectrometry
with counting times of 9600 minutes and then analyzed for 9oSr and plutonium. The
results for nuclides not already given for unpooled samples in tables 1 to 3 are
presented in table 4. The nuclides 6oC0, 65Zn and 1oamAg were detected with very
low activities.
Especially the long-lived loa=Ag, clearly being identified by three gamma lines
(half-live 127 years) emphasizes the silver accumulation in the cod liver, the latter
already being indicated by accumulation of Chernobyl derived IlomAg. The mean
value of llomAg/loamAg was 2100 (13% la SD, referenced to the Chernobyl accident).
roarnAg can partly be expected to be derived from nuclear weapon's fallout, as it
was also found in decapods by investigations in the Northeast Atlantic before the
Chernobyl accident (Feldt et al., 1985). However, the results of model calculations of
reactor inventories with the KORIGEN code (Wiese, 1989; Fischer and Wiese, 1983),
showed that the dominant part of the inventories of 11onAg and 1oamAg resulted
from neutron activation of many kilograms of natural silver used within neutron
flux detectors (Van Dam, 1986; Rao et al., 1978). The resulting ratio llomAg/loamAg
depends on the activation duration; a value of 2100 would correspond to an silver
activation of roughly half a year.
The mean of the 9oSr activity is slightly lower than in cod fillet. 65Zr-1 was detec-
ted weakly in three samples from stations belonging to areas D and E (see fig. 1).
23aPu and 239/24oPu  (only the latter is shown in table 4) were found to be less
than the very low detection limits for all samples but one. Thus, 239/24oPu in cod
liver can be expected to be less than 0.1 mBq/kg wet weight.

3.3 Development of cesium isotopes in cod after Chernobyl

In the preceeding chapter, activity data were discussed without considering diffe-
rences between areas. For the discussion here, five areas (coded A to E, see fig. 1)
have been selected, where in all three cruises from Dec. 1986 to Dec. 1988 samples
of cod were collected. Mean activity contents for 137Cs and 134Cs in cod fillet are
presented in table 5, ordered by date and area as well as vice versa.

In Dec. 1986, the largest activities were found in area A, the most western area,
where the water depth is lower than in more eastern parts of the Baltic Sea. In
the following two years, 137Cs did not decrease significantly, however, because of
physical decay this was the case for 134Cs. In Dec. 1986, higher cesium concen-
trations in seawater were observed in this area A (DHI, 1987) than in more eastern
areas. Another reason for lower cesium activities in cod fillet in areas B to E in
Dec. 1986 is the greater water depth in these areas. Because of incomplete vertical
mixing, here the bottom feeding cod could accumulate only a smaller part of the
Chernobyl fallout activity deposited to the water surface.

Until Dec. 1987, the activity of the two cesium isotopes in cod increased in areas
B to E. Mean values for 137Cs ranged from 12 to 15 Bq/kg, which were significantly
higher than in the area A, the higher values being attributed to the areas D and
E (fig. 1). One reason for this increase is the southward directed transport of
higher contaminated water masses from the southern part of the Bothnian Sea
through the Aaland Sea (Nies, 1988) into these areas. Another reason is, that now
more radioactivity is available to the cod by depth penetration of the nuclides
within one year.

9 493288H
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Until Dec. 1988, the activity of 137Cs in cod again slightly increased in areas B to
E. Mean values now ranged from 16 to 19 Bq/kg, the higher values coming from areas
D and E. However, 134Cs did not increase during this time.

4. Results for gamma emitters in benthos and aquatic plants

Table 6 shows the results for artificial radionuclides obtained by gammaspectrome-
tric measurements on few samples of benthic animals and aquatic plants. It is ob-
served that besides 137C.5, 134Cs and 1loPAg being detected in mussels and the
sample of seastars, the nuclides 6oC0, 1o6Ru and 125Sb were more or less good de-
tectable in aquatic plants.

5. Estimation of dose to man by consumption of Baltic Sea fish

The estimation of the individual dose to man by consumption of fish is based on
the results of radioactivity measurements in fish.

Differing estimates for the annual consumption of marine fish in our country lie
between 12 and 14 kg. A smaller part thereof consists of cod and herring. For
these two species, only a small part is caught in the Baltic Sea. Thus, using a
value of 12 kg for the annual consumption of fish overestimates the consumption of
Baltic Sea fish significantly. As cod is the dominant fish in the Baltic Sea with
the higher cesium activity compared to herring, we use its cesium activity for cal-
culations. With the mean values of 134Cs and 137Cs for Dec. 1988 from table 3, the
annual effective dose equivalent is calculated to be roughly 0.004 mSv (0.4 mrem>.
Because of activity contents of 9oSr being lower by at least three orders of
magnitude compared to 137Cs, the contribution of 9oSr can be neglected.
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Table 1 : Radioactivity in Baltic Sea Fish in December 1986
Results from the "Walther  Her-wig" cruise in December 1986;
(N: number of measurements; nd: number < detection limit)

Sample Nuclide N nd min. value max. value Mean
%/kg ww &/kg ww BQ/kgww

Cod: fillet Sr-90 28 12 < 0.0015 0.0091 0.0040
cs-134 29 0 0.67 2.6 1.4

(Gadus morhua) cs-137 29 0 4.4 9.3 5.9
Pu-238 17 16 < 0.00011 0.00040 < 0.00040
Pu-239 17 15 < 0.00018 0.0028 < 0.0028

Cod: whole fish 22-90 1 0 0.060
Ag-1lOm 1 0 0.60
cs-134 1 0 1.6
cs-137 1 0 4.8

Cod: liver Sr-90 3 1 < 0.0010 0.0042 0.0027
Ag-1lOm 5 0 1.7 2.6 2.1
cs-134 5 0 0.21 0.25 0.23
cs-137 5 0 0.80 1.1 0.91
Pu-238 2 2 < 0.00014 < 0.00015
Pu-239 2 2 < 0.00019 < 0.00023

Herring: fillet Sr-90 6 0 0.014 0.22 0.053
Cs-134 6 0 0.80 1.1 0.93

(Clupea harengus) Cs-137 6 0 3.5 4.3 3.9
Pu-238 3 3 < 0.00024 < 0.0011
Pu-239 3 3 < 0.00030 < 0.0018

Herring:whole fish Sr-90 2 1 < 0.0019 0.021 0.011
Ag-1lOm 2 0 0.051 0.087 0.069
cs-134 2 0 1.0 1.2 1.1
cs-137 2 0 3.9 4.4 4.2
Pu-238 1 1 < 0.00045
Pu-239 1 1 < 0.00056

Dab: fillet Sr-90 1 0 0.048
cs-134 1 0 1.3

(Limanda limanda) cs-137 1 0 4.4

Dab: whole fish Sr-90 1 0 0.11
Ru-106 1 0 0.31
Ag-1lOm 1 0 0.033
cs-134 1 0 1.1
cs-137 1 0 3.5
Pu-238 1 1 < 0.00026
Pu-239 1 0 0.0013

Plaice / Flounder Sr-90 3 0 0.022 0.035 0.030
fillet cs-134 4 0 0.79 0.89 0.82

(Pleuronectes pl. cs-137 4 0 2.7 3.5 3.1
and Pu-238 1 1 < 0.00047
Platichthys fl.) Pu-239 1 1 < 0.00078

Whiting: fillet Sr-90 1 0 0.0045
Ag-1lOm 1 0 0.067

(Merlangius merl.) Cs-134 1 0 2.0
cs-137 1 0 8.2
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Table 2 : Radioactivity in Baltic Sea Fish in December 1987
Results from "Walther Herwig" cruise in December 1987;
(N: number of measurements; nd: number < detection limit)

Sample Nuclide N nd min. value max. value Mean
Bq/kg ww Bq/kg * Bq/kg ww

Cod: fillet Sr-90 50 4 < 0.0029 0.013 0.0052
Ag-1lOm 62 60 < 0.011 0.041

(Gadus morhua) Cs-134 62 0 1.7 7.6 4.0
Cs-137 62 0 6.5 23.8 13.8
Pu-238 25 25 < 0.00021 < 0.0036
Pu-239 25 25 < 0.00036 < 0.0045

Cod: liver Ag-1lOm 52 0 0.91 10.6 2.74
Cs-134 52 0 0.31 1.1 0.69
cs-137 52 0 1.25 3.87 2.36

Cod: gonads Sr-90 2 1 < 0.013 0.0076 0.0071
Ag-1lOm 5 3 < 0.044 0.10 0.054
cs-134 5 0 1.0 3.0 2.2
cs-137 5 0 3.8 10.7 7.9
Pu-238 2 2 < 0.00080 < 0.00090
Pu-239 2 2 < 0.0011 < 0.0013

Cod: skin Sr-90 7 0 0.23 0.35 0.29
Ag-1lOm 14 13 < 0.037 0.096
cs-134 14 0 1.4 3.2 2.1
cs-137 14 0 4.9 10. 7.1
Pu-238 7 7 < 0.00050 < 0.0022
Pu-239 7 6 < 0.00084 0.0031

Herring: fillet Sr-90 5 0 0.0046 0.013 0.0088
cs-134 9 0 0.40 2.6 1.8

(Clupea harengus) cs-137 9 0 3.2 8.9 6.8
Pu-238 2 2 < 0.00082 < 0.00089
Pu-239 2 1 < 0.0010 0.0030

Herring:whole fish Sr-90 2 0 0.064 0.075 0.069
Ag-1lOm 2 0 0.11 0.11 0.011
cs-134 2 0 2.4 2.7 2.6
cs-137 2 0 8.2 8.8 8.5
Pu-238 1 1 < 0.00036
Pu-239 1 1 < 0.00060

Dab: fillet Sr-90 1 0 0.037
cs-134 1 0 0.92

(Limanda limanda) cs-137 1 0 4.1

Sugar kelp Sr-90 1 0 1.4
Ag-1lOm 1 0 0.46

(Laminaria saccha. Cs-134 1 0 5.5
cs-137 1 0 23.

(%/kg dry !!I Pu-238 1 0 0.012
Pu-239 1 0 0.063
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Table 3 : Radioactivity in Baltic Sea Fish in December 1908
Results from "Walther Herwig" cruise in December 1988;
(N: number of measurements; nd: number < detection limit)

Sample

Cod: fillet
(Gadus morhua)

Cod: liver

Flounder: fillet
(Platichthys fl.)

Dab: fillet
(Limanda limanda)

Herring: fillet
(Clupea harengus)

Nuclide N nd min. value max. value Mean
BQ/kgm Bq/kg ww BQ/kg ww

Sr-90 7 0 0.0028 0.0117 0.0056
Cs-134 8 0 1.40 4.81 3.77
Cs-137 8 0 7.70 20.9 16.7
Pu-238 4 4 < 0.00024 < 0.00025
Pu-239 4 4 < 0.00042 < 0.00043

Ag-108m 5 0 0.0088 0.015 0.011
Ag-1lOm 5 0 0.45 1.45 0.93
cs-134 5 0 0.34 0.73 0.57
cs-137 5 0 1.70 3.17 2.57

cs-134 1 0 1.72
cs-137 1 0 7.87

Sr-90 1 0 0.032
cs-134 1 0 0.66
cs-137 1 0 3.55

Sr-90 1 0 0.0034
cs-134 3 0 0.337 2.46 1.21
cs-137 3 0 2.40 10.8 5.84

Table 4 : Further nuclide activities in pooled samples
of cod liver from December 1907
Samples were pooled over different stations

Sample 6oCo 65Zn 9oSr 108mAg 239/24Opu

number .
Bq/kg wet weight + lo SD (X)

9.26&3 +23. <3.50E-2
4.14E-3 f25. 2.87B-2 f23.
5.09E-3 +18. 2.25E-2 +25.
5.23E-3 222. <1.89E-2
5.85E-3 f18. <1.71E-2
3.97E-3 +28. <2.01E-2
5.00E-3 +24. 4.38E-2 +19.

3.68E-3 +27. 9.60E-3 +lO. <2.5E-4
2.41E-3 +21. 6.663-3 k8.2 <5.1E-5
<2.333-3 5.82E-3 kg.0 <7.7E-5
2.16E-3 +14. 6.76E-3 kg.4 <4.OE-5
2.58E-3 k7.4 5.23E-3 f9.4 <4.9E-5
3.88E-3 k7.0 6.82E-3 k8.9 <7.7E-5
4.09E-3 k8.0 8.45E-3 f9.4 1.3E-4+18.
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Table 5 : ffean cesiue contents (m/kg wet) in cod fillet
from 5 different areas in the Baltic Sea

(134Cs/137Cs  is the ratio of the means;
activity values calculated for date of sampling;
see fig. 1 for the 5 areas )

Date Area Stations 137cs 134cs 134csp  3 7 c s

ordered by date and area

12/86 A l-9 8.0 2.3 0.29
B 12, 58, 59 6.4 1.7 0.27
C 44-46 5.6 1.4 0.25
D 27-32 5.9 1.5 0.25
E 49-56 4.8 0.8 0.17

12187 A 1-5 8.0 2.0 0.25
B 6-10, 56-60 11.9 3.2 0.27
C 44-53 13.3 3.8 0.29
D 15-19 15.1 4.5 0.30
E 30-39 14.5 4.2 0.29

12/88 A l-2 7.7 1.4 0.18
B 6-8 17.1 3.9 0.23
C 15-17, 41-43 15.9 3.6 0.23
D 30-33 19.4 4.5 0.23
E 47-50,23-24,26-28 19.3 4.4 0.23

ordered by area and date

12/86 A l-9 8.0 2.3 0.29
12/87 l-5 8.0 2.0 0.25
12/88 l-2 7.7 1.4 0.18

12/86 B 12, 58, 59 6.4 1.7 0.27
12/87 6-10, 56-60 11.9 3.2 0.27
12/88 6-8 17.1 3.9 0.23

12/86 C 44-46 5.6 1.4 0.25
12/87 44-53 13.3 3.8 0.29
12/88 15-17, 41-43 15.9 3.6 0.23

12/86 D 27-32 5.9 1.5 0.25
12/87 15-19 15.1 4.5 0.30
12/88 30-33 19.4 4.5 0.23

12/86 E 49-56 4.8 0.8 0.17
12/87 30-39 14.5 4.2 0.29
12/88 47-50,23-24,26-28 19.3 4.4 0.23



Table 6 : Artificial gamma emitters in benthic aniaals and in aquatic plants
Samples from area A (Fig. 1)

Activities in EQ/kg wet or dry f la SD (%)

Sample Base Date 6oCo 106h 1lOmAg 125Sb 134cs 137cs

Mussels
Cyprina islandica wet 12/88 0.039 +31. <0.26 0.36 25.2 <0.084 0.084 f13. 0.51 f7.7
Cyprina islandica wet 12/88 <0.035 <0.24 0.10 210. <0.063 0.070 +13. 0.36 27.9

Seas tars
Asterias rubens dry 12/88 0.21 f33. <l.l 0.41 fll. <0.32 0.68 f8.5 3.66 27.4

Aquatic plants
Laminaria sacchar. 1) dry 12/87 <0.24 3.2 f14. 0.46 f13. 5.45 k5.3 22.9 f7.4
Laminaria sacchar. dry 12/88 0.27 f25. 3.0 +18. <0.16 2.0 +11. 3.36 k6.1 16.8 f7.0
Fucus vesiculosus dry 12/88 2.18 k6.1 20.7 k8.0 0.79 f10. 19. 25.8 2.27 +12. 14.7 f7.1

1) see table 2 for soSr and plutonium



-133-
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As in previous years, also in the period from 1986 to

1988, fish samples were taken by the National Board for
Atomic Safety and Radiation Protection from commercial
catches in the Baltic. These fish samples were fractionated

into the fractions flesh, skin plus bones and guts, and
examined by means of gamma spectrometry.

In the following only the results of the flesh fraction
are discussed because the others play no role for consumption.
In 1986, fish samples from coastal waters of the GDR were only
taken on 7 and 8 May since in that year sampling from inland
waters had priority. Cesium enrichment in fish is inhibited
by high potassium concentration as found in coastal waters.
Hence, compared with freshwater with a lower content of
potassium, the radiocesium concentrations in fish at the same
level of water contamination were expected to be lower.
Despite a relatively high water contamination of 300 mBq/l
the Cs-137 concentration in the samples taken in May 1986
still agreed with the values of previous years. This is due
to the fact that cesium is mainly taken in by food, and the
active ion regulation via the gills is negligible. This is
why cesium-134 with concentrations of about 0.5 Bq/kg (wet
weight) could only be detected in few samples.

Due to the mentioned influence of potassium on cesium en-

richment the Cs-134 and Cs-137 concentrations in fish flesh
determined in 1987 and 1988 were distinctly lower than in the
same species of fish from inland waters (Fig. I).

As the accumulation of cesium in fish also depends on the
position of the species within the food chain, the piscivorous
fish perch, pike-perch and pike consequently have the highest
radiocesium concentration. This is illustrated by the example
of an inland water of the GDR (Lake Mueggelsee) in Pig. 2.

As regards the mentioned piscivorous freshwater fish from
coastal waters, radiocesium concentrations of between 7 Bq/kg
(wet weight) and 79 Bq/kg (wet weight) were measured.
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In contrast, the concentrations in non-piscivorous fish only

ranged from 6 Bq/kg to 19 Bq/kg (wet weight). The lowest en-
richment was found in marine fish with concentrations in
fish flesh lying between 5 Bq/kg and 9 Bq/kg. A higher radio-
cesium concentration of 16 Bq/kg was only detected in cod
flesh (piscivorous marine fish).

Strontium-90 measurements in selected fish samples in
the period from 1986 to 1988 showed no detectable increases
compared with measurements of previous years.

For the determination of the ingestion dose resulting
from the consumption of fish from the Baltic Sea and the
GDR's coastal waters, only the radionuclides Cs-134 and Cs-137
were considered because strontium in fish flesh is not enriched
under brackish-water and salt-water conditions.

For the year 1986 in which fish samples were taken from
the above-mentioned waters only on 7 and 8 May, the ingestion
dose during the period from January to May 1986 was estimated
on the basis of the 1985 values. For the period from June to
December 1986, the radiocesium concentration of samples taken
in 1987 was used. This calculation can be substantiated by the

results of fish samples from inland waters. From autumn 1986
to late 1987, a nearly unchanged fish contamination was stated,
The real values of radiocesium concentration in the fish flesh
of the analyzed samples served as the basis for calculation for

the years 1987 and 1988.

The calculation of the individual effective dose equivalent

resulting from the consumption of fish from the Baltic Sea and
the GDRfs coastal waters is given in Fig- 3 where a differenti-
ation is made between persons with a medium and a maximum con-

sumption rate. The group with the maximum consumption rate com-

prised about 3000 persons representing fishermen and their
families. Fig. 3 shows tha t in 1986 the ingestion doses at a

medium and a maximum consumption rate are higher by a factor
of 3 and 4, respectively and in 1987 by a factor of 7 and 6,
respectively than in 1985. On the basis of values measured in

fish samples in 1988 a slight decrease in the fish flesh conta-
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mination could be established. Compared with 1985, the effec-
tive ingestion dose equivalents for medium and maximum con-
sumption rates in 1988 were higher by a factor of 3 and 4,
respectively. As against 1987, the ingestion dose to the

population only amounted to 53 per cent and to the group of
fishermen to 79 per cent in 1988. The reason for it is to be
seen in the reduction of water contamination due to mixing up,
in the appearance of steady states and in the decrease of
Cs-134 concentration due to physical decay.

The ingestion dose caused by the consumption of fish from
the Baltic Sea and the coastal waters corresponds in about to
that resulting from the medium consumption rate for fish from
inland waters (adults 8kg/year  of which about 65 per cent of
saltwater fish).

This result is not in contradiction to the contamination

values shown in Fig. 1, since the consumption of fish from
extensively used inland waters is very low. Most of the fish
come from aquacultures where they are fed with only slightly
contaminated fodder so that the contamination values are very
low too. In this way the relatively high contamination values
of wild fish are compensated.
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Fig. 1 Concentrations of radioactive cesium(Cs-134,Cs-137) in perch
and mach(flesh) in 1986and 1987 (maximum values)
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Table 1: Calculation of ingestion doses resulting from consumption of Baltic fish in 1986

fish species Concentration Consumption rate Ingesr*on per capita effective
cs-134 cs-137
(Bq.kg-'f.w.) (kg per man and Liq;x4 ) cs 137

equivalent dose
- - (Sv)

year)

non-piscivorous
fish, marine 0.7
spratt, herring,
flounder, dab

piscivorous fish,
marine

cod 1.5

non-piscivorous
fish, fresh-water 1.5

roach, bream

piscivorous fish,
fresh-water 5.2

perch, pike-perch,
pike

other species 1.8

4.4 1.80 1.26 7.92 1.24 E-7

8.00 5.60 35.20 5.53 E-7

9.2 0.30
3.00

5.8 0.20 0.30 1.16 2.02 E-8

1.00 1.50 5.80 1.01 E-7

21.2 0.40

8.50

6.7 0.30
9.50

0.45 2.76 4.35 E-8
4.50 27.60 4.35 E-7

2.07 8.47 1.45 E-7

44.20 180.20 3.09 E-6

0.54 2.01 3.52 E-8
17.10 63.65 1.12 E-6

I
r
P
0
I

Remarks: upper values -
lower values

mean consumption, Sum: 3.68 E-7
- maximum consumption Sum:

population: 16,7 Mill.
5.3 E-6

fishermen: 3,000
population dose: 6.146 man.Sv
collective dose
(fishermen): 1.6 . loo2,: man.Sv



Table 2: Calculation of ingestion doses resulting from consumption of Baltic fish in 1987

fish species Concentration Consumption rate
cs-134_l cs-137 (kg per man and
(Bq.kg f.w.) year)

per capita effective
equivalent dose

cs-137 (Sv)

non-piscivorous
fish, marine 1.2

spratt, herring,
flounder, dab

piscivorous fish,
marine 2.6

cod

non-piscivorous
fish, fresh-water 2.5

roach, bream _

piscivorous fish,
fresh-water 8.9

perch, pike-perch,
pike

other species 3.0

5.6 1.80 2.16 10.08 1.68 E-7

8.00 9 . 6 0 44.80 7.45 E-7

13.7 0.30 0.78 4.11 6.67 E-8

3.00 7.80 41.10 6.67 E-7

9.0 0.20 0.50 1.80 3.19 E-8

1.00 2.50 9.00 1.6OE-7

32.9 0.40 6.67

8.50 75.65

10.0 0.30 0.90

9.50 28.50

32.83 5.77 E-7

279.65 4.93 E-6

3.00 5.44 E-8

95.00 1.72 E-6

Remarks: s. Table 8 Sum: 8.98 E-7
Sum: 8.22 E-6

Population dose: 14.997 man.Sv
Collective dose
(fishermen): 2.5.10°2 man.Sv



Table 3 : Calculation of ingestion doses resulting from consumption of Baltic fish in 1988

fish species Concentration
cs-134. cs-127
(Bq.kg-'f.w.)

Consumption rate per capita effective
equivalent dose

cs-137 (84

non-piscivorous
fish, marine

herring, flounder

piscivorous fish,
marine

cod

non-piscivorous
fish, fresh-water

roach, bream

piscivorous fish,
fresh-water

perch, pike-perch

orher species

1.3 6.6 1.8

8.0

2.6 13.4 0.30

3.00

0.20 0.32 1.62 2.65 E-8

1.6 8.1 1.00 1.60 8.1 1.32 E-7

6.6 29.1 0.40 2.64 11.64 1.96 E-7

8.50 56.1 247.35 4.17 E-6

1.0 4.7 0.30 0.30 1.41 2.34 E-8
9.50 9.50 44.65 7.42 E-7

2.34 11.88 1.94 E-7

10.40 52.8 8.63 E-7

0.78 4.02 3.90 E-8

7.80 40.20 6.55 E-7

Sum: 4.79 E-7
Sum: 6.56 E-6

Population dose: 8.0 man.Sv
Collective dose
(fishermen): 1.97.10g2 man.Sv
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Intercomparison of Radionuclides Determined in a Baltic Sea Sediment Sample

V. Noshkin,  S. Ballestra,  J.J. Lopez, P.P. Parsi, 0. Vas
International Atomic Energy Agency

International Laboratory of Marine Radioactivity
2 A. Prince Hereditaire Albert

MC 98000 Monaco

Introduction

In 1988 the International Laboratory of Marine Radioactivity (ILMR)
prepared and distributed 3 new marine materials with quantities of some
man-made and natural radionuclides for intercomparison and certification.
One was a sample of Baltic Sea sediment (IAEA-306) that was distributed to
102 scientists who were requested to prepare 3 aliquots from the sample
and measure as many man-made and natural radionuclides as possible using
analytical methods available to them. All participants were informed that the
expected range in concentration for the man-made radionuclides was 0- 100
Bq kg-! Results have been received from 84 participants including 15 sets
of results from laboratories in member states with representatives to the
Group of Experts on Monitoring Radioactive Substances in the Baltic Sea
(MORS 1.

An interim report ,issued  in March 1989, indicated that some of the
reported concentrations were far from the acceptable mean values
determined from a statistical analysis of the data base then available. All
participants were informed of the interim results and urged to look over their
data and inform us of any errors. There were severai replies and the affected
data was corrected according to the instructions provided. All other results
remain as originally submitted.

Some of the concentrations of radionuclides in the global data base and
the MORS data base are compared herein to assess the quality of results being
generated by the MORS member state laboratories participating in this
exercise. A more detailed analysis of results from individual laboratories
is being prepared and will be appear in a subsequent IAEA publication from
this laboratory during 1989.

Samole  Co1 lect ion and Processing

The 0 to 5 cm surface layers from a series of sediment cores collected in
the Baltic Sea during a cruise in October-November 1986 on the R/V GAUSS
(Deutsches Hydrogra p hisches  fnstitut of Hamburg, Federal Republic of
Germany), were combined to yield a sample of approximately 30 kg in weight.
The material was returned to the laboratory where it was freeze-dried and
ground in a laboratory mill. The powdered sediment was next passed through a

! rm  diameter sieve and further homogenized by mixing in a stainless-steel
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rOla[lnC CrUP.-i; ‘. > for one !Neek. An ailquot  of the materlai  was removed and
sjeved. 85% of the material was found in the 63um to 2SOpm size range while
the remanning  materia! was equally divided between the fractions <63um and
>250um. Tne moisture content was determined to be 0.9% of the dry weight at
the time of samp!e preparation. Plastic bottles were filled with 100 g of the
sed!ment ,and labelled with the code name !AEA-306.

Homoaene!ty  Tests and Resuits

Prior fo releasing any lntercomparison material from ILMR, it is a
requirement to assure that the radionuclides are distributed among the
samples in a manner that satisfies a homogeneity test. Ten bottle were
se!ectea at random from the prepared lot of 140 bottles. The amount of 4oK
and 134, i 37ts oresent in the individual samples was determined
instrumentally by gamma spectrometry. Plutonium and americium were
chemica! ‘y separated from the samples, plated onto stainless steel disks, and
measured by alpha spectrometry. Homogeneity was determined using one way
analysis of variance and it was concluded that the material satisfied the
homogeneity criteria for the radionuclides measured.

Evaluation of Results

The concentrations of the specific radionuclides measured by the 84
participants were collated and all “less than” values were segregated from
the results. The remaining concentrations of the specific radionuclides were
checked for the presence of outliers by a non parametric statistical test. The
application of this test to sets of data is performed on a computer using a
commercially available statistical software application. Table i is a
summary of only of the results for the radionuclides that were determined by
MORS member state participants showing the number of reported and accepted
results, number of out1 iers, most reliable estimates of the mean- median
values, and the confidence interval about the true median (summaries for
radionuclides reported by other laboratories but not by MORS  participants
will appear in the final report from this laboratory). The confidence intervals
were determined using the number of measurements that passed the
statistical test for outliers and a statistical table defining the two-sided
95% confidence limits for the median of any continuous distribution.
Computed median concentrationns  are considered to be the most reliable
estimators of the true values. Further details of the data evaluation
procedure for ! AEA 306 w i 11 be described in our final report but previous
reports on the certification procedure used at ILMR may also be consulted for
information (for example, IAEA/AL/O 12, Dec. 1988).

Results and Discussion

Table 2 shows the MORS member state contributors identified by an
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Table 1

Summary of Data for Radionuclide Concentrations in lntercomparisan Baltic Sediment. IAEA 306. Reference date 1 Jan 1988.

Radionuclide

Measured

239Pu

238P~

241Am

4OK

137cs

t34cs

106P.1~

125Sb

90Sr

23su

238U

234nI

234?1

23c)Th

226&i

214Pb-Bi

2 lOf?J

2 1OPa

232Th

22fiRa-AC

22STh

--.

--___
* of Reported

Results

30

23

29

69

76

72

23

14

18

11

15

7

8

7

25

34

16

13

13

25

17

24

-_---_
* of Outlicrs  or

.ess than Value!- -  -

4

5

9

8

6

a
16

0

4

0

3

c)

1

0

4

9

1

0

1

(3

2

2

’ Accepted Mean

Results :oncentration

Standard

Deviation 3

Ioefficient  01 tledtan Confidence limits
Varia tton X Zoncentratior a = 0.05

26 5.8 0.5 8 5.8 5.5-6.3
18 0.16 0.04 24 0.17 0.14-0.19

20 1.9 0.3 17 1.9 1.6-2.1

61 799 105 13 785 757-827

70 201 17 8 201 194-206

64 52 6 12 53 50-54.3

7 18 10 55 16 2.1-31

14 4.8 0.9 19 4.9 3.8-5.4

14 4.6 1.2 25 4.8 3.5-6.0

1 I 7.5 3.8 50 6.4 2,7-12.4

12 73 6 9 75 65-77.4

7 83 22 27 77 65-127

7 81 4 5 82 76-86

7 60 4 6 62 53-63

21 87 29 33 84 64-102

25 71 16 23 70 61-81

15 462 103 22 435 381-535

13 393 113 29 407 305-489

12 49 4 8 48 46.6-53

25 51 7 14 50 47-54.5

15 50 5 10 SO 45-54

22 43 16 36 48 29-54

Ba/ka



Table 2. Results from tlORS Member State Participants-IAEA 306

Radionuc--._
c^fjde  4 2 3 9 P U--.-

3

4

13

2 2

23

30

31

33

3 6

50

6 4

6 5

6’3

?5

at

--._
j.S*O. 1*

3.lfO.3'

:,.7iO.2*

?.7*0.3*

~,3LtO.9’(

j .0*0.3 *

3.4*0.2  *

de Conce- - -
238F’u

,18~0.01’

,13+0.02’

.14*0.03’

.19iO.O3’
,! .G&u  6 w

.18*0 04'

!f8tiOll 8t__.

Am241

1.6*0.1r

l.61*0.20*
2.4iO.2"

1.96iO.4'

RBL. 1 ’

1.7*0.1'

2.4*0.2*

--
230Th_--_-_
59k5'

63*6*

5hk4~

kg dry w-__.-__
40E

655*36"

711*7"

137cs

170*9’

l83t3'

:tected

134cs
47*3"

45*3'

ty: * al

106Ru_-
31*6'

12*2* 6.1*0.5' 6.5*0 57’ 95*6'

701*13' 179s3" 51*1'
830*10' 218*3' 62*2'
754k6" 190*16' 49*4'

3.8*1.1' 3.5*0.2'

5.3*1.5'

ll*l’

1 1.5*0.6’

766*7'

82l*li'

I~z.fL39'

763*19"

896*6'

2.7*0.5* 77*3* 83*4*

690*80'

711*18

Jc??*/*P__I-
226Raa-...--

139*2"

209*7'

218i4'

178*2'

23Oi2'

10Sf4

174*11’

192k2’

228* 19’- -
2 14Pb-Bi

82*5”

53*2’

56*1'

54*2'

6&l'

43*1'

62*3'

19Y.Y

372s.

58*l'

ZH'

210Pb

5.6*0.1'

99*6'

6*2'

4.4*0.1'

6*1'

12.4*1.3’

21OPo

241*7"

407*7*

232Th

47*3* -

i28Ra-At

38*6"

48i2'

45*1'

60*2'

228Th

54i2"

102*5"

358*2'

Ml*52 44*1'

94*4

501*9"

313*18* 47*4'

51*3' j35*34' 45*2'

83.8*3'

113*3' 76*2’ 119*32' 118*18* 44*1*

45*4*

49*2*

45*4*

51*3’
74+X’

18 speck- -
125Sb

netry ;

YOSr  -

l-1208

16*11'

54il'

46*2' 19*2'

iamm8  s- -
235U

EC tror nt
-.I-

238U cL- -
6 7 * 1 *

:try; ’ beta- - - -
!34Th-234mPr

tun  ting- - -
23411_-
78*2'

77*3'

127*15'

65*2 * 76~2~

69i.4” 7923'
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ass!cned  code number. , 9-e ana;)1 /ljc;?l measurement techniques used; and
concintratinns  of specific radionuclides reported. The I”1ORS results are a
subset of the global data base and outliers, as identified from the statistical
tests with at! results, are shown in italics. Each HORS participant Is
encouraged to compare their individual results with the computed median
values for the radionuciides listed in tab!e 1 and to review their  procedures

iers are evident in the data.

values for 4o K concentrations from the 69 reporting !aboratories,
including 13 participants from MORS member states, were determined by
gamma spectrometry. Eight results failed the non parametric test and were
designated as outliers. Two outliers were reported by labs 36 and 81 from
MORS member state participants.

134- 137Q

137Cs and i 34Cs  concentrations were reported by 76 and 72
investigators, respectively. Except for iab 65, all participants determined the
concentration of the two radionuclides by gamma spectrometry. Six values
were rejected as outliers including the one low concentration from lab 65. A
t-test was used to compare the sample means of the global data set and the
MORS data set. The correlation among the sets of results was significance
showing that the two samples (MORS and Global data sets) come from a
population of data with the same mean. This was also the case when the two
sets of results for 4oK were compared.

Only I8 measurements of gOSr were provided for the Baltic Sea sediment
of which 14 were accepted after removing outliers. One value from MORS
participating lab “33 was approximately 20 times higher than the median
value computed from the accepted results.

Plutonium 239+240 and Americium 241

Plutonium was determined by 30 laboratories and only 4 values were
rejected at outliers. No results from the MORS participants were rejected.

The situation for 241Am is less satisfactory. The mean (median) value of
1.9 Bq/kg shown for 241Am in table I (global data set) was generated after
removing 9 less than numbers and outliers from the combined alpha and
gamma spectrometry results. A t-test was used to compare the mean value
for 241 Am measured directly by gamma spectrometry with the value
determined by alpha spectrometry following radiochemicai separation. The



-148-

mean (and medjan)  vsi!.j? ileter:nineG  from the concentrations measured b y
gamma spectrornetry (2.34) was higher than the mean value determined by
alpha counting (1.83) and the probability of the two data sets coming from the
same population of results is very small (significance ,053). There appears to
be a systematic difference between the mean values for the low
concentration of 24! Am determined by the different analyticai  methods. At
this time we recommend that the computed median value for 241Am shown in
table 1 be viewed as an information value. Yost results from the I”1ORS
participants were determined by gamma spectrometry.

Radlonuclides in the Uranium-238 and Thorium-232 Decay Series

The well known daughter radionuclides of the 238U decay series are shown
in table 3. There was !5 reported measurements of 238U by alpha
spectrometry along with 8 determinations of the 234U alpha activity in 7
instances the gamma activity from the decay of 234Th (t l/2=24. Id) was

measured and there were 7 determinations of the 230Th alpha activity
Outliers from the data sets were rejected and t-tests were conducted to
compare computed mean values between the first 4 members of the decay
chain. The 238U shows a strong correlation with *34Th,  the most immediate
daughter, but is poorly correlated with the 234U (significance = ,005).
Likewise the 230Th activity is taken from a population of data different from
that of 234U. These analytical results indicate that 234U is enriched over
both its parent (238U) and daughter (230Th) in the sediment.

The 25 reported results for 2*6Ra were generated either by the radon
emanation technique or by direct measurement of the 186 keV photopeak from
the decay of 226Ra. Another 34 participants measured the gamma activity
from the 214Pb or 214Bi daughter decay products. We assume equilibrium
exists among all
that the 226

226Ra daughter products in the sample but a t-test indicates
Ra data set and the 214 -Pb BI daughter data set are from

different populations; the mean from the daughter gamma data being 23%
lower than the mean of the 226Ra activity measured directly. We have no
immediate explanation for this difference. Again we suggest that these “best”
median values be used only for information at this time.

21°Pb  was determined from the direct measurement of the 47 keV
activity by gamma spectrometry and, assuming equilibrium, from the * 9

amma
*PO

alpha activity following radiochemical separation. Both data sets are
correlated and come from populations with the same mean. Therefore the
best value for the 21* Pb concentration is generated from the combined
resuits generated by both methods. The best values are for: mean, 4392 100;
median, 434; and a confidence internal of 384-489.

Excellent correlations are evident among the 232Th decay series
radionuclides determined both by alpha counting following radiochemical
separations and by direct gamma counting techniques. In this sample of Baltic
Sea sediment all the 232Th daughter products appear to be in equilibrium
with the parent radionuci ide.
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Table 3. Uranium Decay Products

23811  (alpha 4.15 & 4.20 MeV)

234Th (gamma .063 & ,093 MeV; 3.5 & 4%; & D)

234mPa 03)

234U (alpha 4.72 & 4.77 MeV)

230Th (alpha 4.62 & 4.68 MeV)

226Ra (aipha  4.60 & 4.72 MeV; gamma 0.186-4%)

222Rn (alpha 5.49 MeV)

2 18Po (alpha 6.00 MeV)

2 14Pb (gamma 0.295- 19%; 0.352-36%; & J3)

2 14f3i (gamma 0.609-47%;  1.12- 17%; 1.76- 17%; &f))

2 14Po (alpha 7.69 MeV)

2 1 OPb (gamma 0.047-4%;  &13)

21OBi 03)

2 1 OPo (alpha 5.305 MeW

206Pb stable
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Although a few outliers were identified in the MORS data set, the
majority of results reported are of reasonable quality and in agreement with
the global set of results, There appears to be some unresolved differences
in concentrations  for specific radionuclides determined by more than one
detection technique. This is not a problem unique to the MORS data set but
applies to all reported results for radionuclides such as 241Am and 226Ra
(and daughters). The results in this report may be subject to some further
small revision that will appear in the final report for IAEA-306.
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BALTIC SEA ENVIRONMENT PROCEEDINGS

No. 1

No. 2

No. 3

JOINT ACTIVITIES OF THE BALTIC SEA STATES WITHIN THE FRAMEWORK OF
THE CONVENTION ON THE PROTECTION OF THE MARINE ENVIRONMENT OF THE
BALTIC SEA AREA 1974-1978
(1979)*

REPORT OF THE INTERIM COMMISSION (IC) TO THE BALTIC MARINE
ENVIRONMENT PROTECTION COMMISSION
(1981)

ACTIVITIES OF THE COMMISSION 1980
- Report on the activities of the Baltic Marine Environment
Protection Commission during 1980

- HELCOM Recommendations passed during 1980
(1981)

No. 4 BALTIC MARINE ENVIRONMENT BIBLIOGRAPHY 1970-1979
(1981)

No. 5A ASSESSMENT OF THE EFFECTS OF POLLUTION ON THE NATURAL RESOURCES
OF THE BALTIC SEA, 1980
PART A-l: OVERALL CONCLUSIONS
(1981)*

No. 5B ASSESSMENT OF THE EFFECTS OF POLLUTION ON THE NATURAL RESOURCES
OF THE BALTIC SEA, 1980
PART A-l: OVERALL CONCLUSIONS
PART A-2: SUMMARY OF RESULTS
PART B: SCIENTIFIC MATERIAL
(1981)

No. 6

No. 7

No. 8

No. 9

WORKSHOP ON THE ANALYSIS OF HYDROCARBONS IN SEAWATER
Institut fur Meereskunde an der Universitat Kiel, Department of
Marine Chemistry, March 23 - April 3, 1981
(1982)

ACTIVITIES OF THE COMMISSION 1981
- Report of the activities of the Baltic Marine Environment
Protection Commission during 1981 including the Third Meeting
of the Commission held in Helsinki 16-19 February 1982

- HELCOM Recommendations passed during 1981 and 1982
(1982)

ACTIVITIES OF THE COMMISSION 1982
- Report of the activities of the Baltic Marine Environment
Protection Commission during 1982 including the Fourth Meeting
of the Commission held in Helsinki l-3 February 1983

- HELCOM Recommendations passed during 1982 and 1983
(1983)

SECOND BIOLOGICAL INTERCALIBRATION WORKSHOP
Marine Pollution Laboratory and Marine Division of the National
Agency of Environmental Protection, Denmark, August 17-20, 1982,
Ronne, Denmark
(1983)

a---_-----------

+ out of print
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No. 11

No. 12

No. 13

No. 14

No. 15

No. 16

No. 17A

No. 17B

No. 18

No. 19
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TEN YEARS AFTER THE SIGNING OF THE HELSINKI CONVENTION
National Statements by the Contracting Parties on the
Achievements in Implementing the Goals of the Convention on the
Protection of the Marine Environment of the Baltic Sea Area
(1984)

STUDIES ON SHIP CASUALTIES IN THE BALTIC SEA 1979-1981
Helsinki University of Technology, Ship Hydrodynamics Labora-
tory, Otaniemi, Finland
P. Tuovinen, V. Kostilainen and A. Hamalainen
(1984)

GUIDELINES FOR THE BALTIC MONITORING PROGRAMME FOR THE SECOND
STAGE
(1984)

ACTIVITIES OF THE COMMISSION 1983
- Report of the activities of the Baltic Marine Environment
Protection Commission during 1983 including the Fifth Meeting
of the Commission held in Helsinki 13-16 March 1984

- HELCOM Recommendations passed during 1983 and 1984
(1984)

SEMINAR ON REVIEW OF PROGRESS MADE IN WATER PROTECTION MEASURES
17-21 October 1983, Espoo, Finland
(1985)

ACTIVITIES OF THE COMMISSION 1984
- Report on the activities of the Baltic Marine Environment
Protection Commission during 1984 including the Sixth Meeting
of the Commission held in Helsinki 12-15 March 1985

- HELCOM Recommendations passed during 1984 and 1985
(1985)

WATER BALANCE OF THE BALTIC SEA
A Regional Cooperation Project of the Baltic Sea States;
International Summary Report
(1986)

FIRST PERIODIC ASSESSMENT OF THE STATE OF THE MARINE ENVIRONMENT
OF THE BALTIC SEA AREA, 1980-1985; GENERAL CONCLUSIONS
(1986)

FIRST PERIODIC ASSESSMENT OF THE STATE OF THE MARINE ENVIRONMENT
OF THE BALTIC SEA AREA, 1980-1985; BACKGROUND DOCUMENT
(1987)

ACTIVITIES OF THE COMMISSION 1985
- Report on the activities of the Baltic Marine Environment
Protection Commission during 1985 including the Seventh Meeting
of the Commission held in Helsinki 11-14 February 1986

- HELCOM Recommendations passed during 1986
(1986)+

BALTIC SEA MONITORING SYMPOSIUM
Tallinn, USSR, lo-15 March 1986
(1986)

* out of print
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N o .  2 0

No.  21

No. 22

No. 23

No. 24

No. 25

No. 26

No. 27A

No. 27B

No. 27C

No. 27D

No. 28

FIRST BALTIC SEA POLLUTION LOAD COMPILATION
(1987)*

SEMINAR ON REGULATIONS CONTAINED IN ANNEX II OF MARPOL 73/78 AND
REGULATION 5 OF ANNEX IV OF THE HELSINKI CONVENTION
National Swedish Administration of Shipping
and Navigation; 17-18 November 1986, Norrkoping,
Sweden
(1987)

SEMINAR ON OIL POLLUTION QUESTIONS
19-20 November 1986, Norrkoping, Sweden
(1987)

ACTIVITIES OF THE COMMISSION 1986
- Report on the activities of the Baltic Marine Environment

Protection Commission during 1986 including the Eighth Meeting
of the Commission held in Helsinki 24-27 February 1987

- HELCOM Recommendations passed during 1987
(1987)+

PROGRESS REPORTS ON CADMIUM, MERCURY, COPPER AND ZINC
(1987)

SEMINAR ON WASTEWATER TREATMENT IN URBAN AREAS
7-9 September 1986, Visby, Sweden
(1987)

ACTIVITIES OF THE COMMISSION 1987
- Report on the activities of the Baltic Marine Environment
Protection Commission during 1987 including the Ninth Meeting
of the Commission held in Helsinki 15-19 February 1988

- HELCOM Recommendations passed during 1988
(1988)

GUIDELINES FOR THE BALTIC MONITORING PROGRAMME FOR THE THIRD
STAGE; PART A. INTRODUCTORY CHAPTERS
(1988)

GUIDELINES FOR THE BALTIC MONITORING PROGRAMME FOR THE THIRD
STAGE; PART B. PHYSICAL AND CHEMICAL DETERMINANDS IN SEA WATER
(1988)

GUIDELINES FOR THE BALTIC MONITORING PROGRAMME FOR THE THIRD
STAGE; PART C. HARMFUL SUBSTANCES IN BIOTA AND SEDIMENTS
(1988)

GUIDELINES FOR THE BALTIC MONITORING PROGRAMME FOR THE THIRD
STAGE; PART D. BIOLOGICAL DETERMINANDS
(1988)

RECEPTION OF WASTES FROM SHIPS IN THE BALTIC SEA AREA
- A MARPOL 73/78 SPECIAL AREA
(1989)

* out of print
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N o .  29 ACTIVITIES OF THE COMMISSION 1988
- Report on the activities of the Baltic Marine Environment
Protection Commission during 1988 including the Tenth Meeting
of the Commission held in Helsinki 14-17 February 1989

- HELCOM Recommendations passed during 1989
(1989)

No. 30 SECOND SEMINAR ON WASTEWATER TREATMENT IN URBAN AREAS
6-8 September 1987, Visby, Sweden
(1989)
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