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Nikom Prasertchiewchan 2008: Bioaccumulation Kinetics of Mercury-203, Cesium-134,
Strontium-85, Zinc-65, Cobalt-57 and Chromium-51 in Cockle (Anadara granosa). Master of
Science (Applied Radiation and Isotopes), Major Field: Applied Radiation and Isotopes,
Department of Applied Radiation and Isotopes. Thesis Advisor: Mr. Somchit Palakas, Ph.D.

125 pages.

In this study, radiotracer technique was applied to determine the bioaccumulation kinetics of
mercury-203, cesium-134, strontium-85, zinc-65, cobalt-57 and chromium-51 in cockle (Anadara granosa).
The laboratory experiments consisted of two parts; the uptake experiments with the activity concentrations of
respective radionuclides of 0.2311, 1.7756, 2.3666, 1.370, 0.910 and 0.0521 Bg/ml. Following to the uptake

experiment, depuration experiments were conducted under continuous flow seawater system.

The study on bioaccumulation kinetics of these radioisotopes revealed that, no accumulation of
cesium-134 and strontium-85 but 4. granosa could efficiently accumulate mercury-203, zinc-65, cobalt-57
and chromium-51. The uptake biokinetics of cobalt, zinc and chromium showed tendencies to reaching
saturation at 30.4, 16 and 26 d and were well fitted to one-component first-order kinetic model with the
estimated concentration factors of 729, 89.7 and 23.6, respectively. Bioaccumulation of mercury exhibited
linear model with the estimated concentration factors of 166.0. Distribution study of radioisotopes showed
that mostly of cobalt and chromium accumulated in shell, mercury mainly accumulated in visceral mass

whereas zinc showed the similarity of accumulation in shell and visceral mass.

Regarding depuration experiment, loss of cobalt-57, mercury-203 and zinc-65 from cockle exhibited
two-component exponential model with the calculated biological half life of the short components of 5.8, 5.1
and 8 days, respectively, and that of the long components was 124.6, 99.2 and 118.6 days, respectively.
Retention efficiency of these radioisotopes was 76.1, 87.7 and 166 %, respectively. Loss of chromium-51

exhibited one-component exponential model with the calculated biological half life of 15 days.

Since, 4. granosa could efficiently accumulate mercury, zinc, cobalt and chromium with long
retention time. In conclusion, this cockle could be used as a bioindicator for environmental monitoring these

radioisotopes and for assessment of coastal water quality
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standard deviation
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dC/dt = (k,xC,)+ (AEXIRXC,)—(k, +g)xC (4)
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MNN 6 ANHAUSNTAITIBINVDIVDIADIN
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! P}
msnwmnﬁ 1 YVHIAUASHIHUNVDINDULUATITTIUITUNITNADDN

YGLIGER Y ANUANG AN
(N5Y) (FUANAT) (FUANAT)
1 18.89 4.0 3.0
2 17.82 4.4 3.2
3 17.87 3.9 3.0
4 15.85 3.8 3.0
5 18.28 4.0 3.0
6 16.81 4.0 3.0
7 18.42 4.0 3.0
8 18.69 4.0 3.0
9 18.17 4.0 25
10 16.43 4.0 2.9
11 17.50 4.0 3.0
12 19.38 4.0 3.0
13 17.57 4.2 3.0
14 19.05 4.1 2.9
15 16.57 4.0 2.8
16 16.28 4.0 3.0
17 15.63 4.2 3.0
18 18.52 4.2 2.8
19 16.82 4.0 3.0
20 16.54 4.0 3.2
21 16.58 4.4 3.0
22 18.52 3.8 2.8
23 15.77 4.0 3.0
24 15.55 4.0 2.8
25 15.62 4.1 2.9

26 17.00 4.5 3.0



- :
MINNUINN 1 (7D)

GLIGER o ANUANG AN
(N5Y) (FUANAT) (FUANAT)
27 19.26 4.0 2.8
28 16.03 4.0 3.8
29 18.73 4.0 3.0
30 18.13 4.0 3.0
31 16.47 4.2 3.0
32 20.28 3.8 2.8
33 15.64 45 3.0
34 17.98 3.7 3.0
35 16.30 4.0 2.8

d’ 3 o A o ¥ o ~ a  J
MIWUINN 2 viinilaen 9dezniduasd luanilvosriosns

(M118: NTY)

NoLATY Ymin waen ovorr  dlwauil i
W W V930507
1 15.6 11.02 2.42 2.16 0.49
2 15.98 10.44 2.47 3.07 0.55
3 15.32 10.53 2.12 2.67 0.44
4 17.51 11.56 2.87 3.08 0.40
5 17.12 11.63 2.82 2.67 0.48

ANRDY+sd 16.3140.96  11.04+0.56  2.74+0.68 2.7340.38 0.47+0.06

Haee sd ADANITEAVUNINIFIY
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H 4 [
MSINUINN 3 MNULUAMNTUNIZV0e 1ATHeN-51 Tauean-57 danza-65uazalsan-203

v
=

Nazauludvesuninnminaaesmssuinlaadnuiiuadad

I Y]
Wuszeznal 26 7

SR dede i ANV UANTUANIN (Bg/m])
(g) Tasdlen-51  lavean-57  danzd-65  159n-203
0 1%3‘11/]3!,6 2.3666 0.0521 1.7765 0.2311
AMNUNUAN NI AN (Bg/g)
GLIGER Tasdlen-51  Javead-57  danzd-65  1sen-203
1 1 18.13 nd 1.74 32.90 1.70
2 18.73 nd 1.73 31.60 1.45
3 18.47 nd 1.80 29.70 1.21
4 18.35 nd 1.73 nd 2.15
5 18.21 nd 1.61 nd 1.35
2 1 19.31 14.10 3.00 60.10 11.70
2 17.08 nd 4.09 61.20 6.07
3 16.20 nd 3.68 64.70 5.64
4 17.42 nd 3.38 69.40 7.44
5 15.94 nd 3.53 68.10 2.82
3 1 16.31 19.40 5.58 85.00 11.90
2 19.27 21.50 3.71 nd 10.83
3 18.32 11.10 4.20 nd 5.23
4 15.86 nd 6.74 96.80 9.11
5 15.96 nd 5.61 90.60 6.68
4 1 18.70 nd 5.20 nd nd
2 19.19 nd 7.20 nd nd
3 16.38 nd 4.30 nd nd
4 15.89 nd nd nd 8.04
5 18.10 nd nd nd 5.22

5 1 18.58 16.20 6.93 85.90 5.78
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MIINUINN 3 (AD)

SR fed i ANUTUTUANITUANIN (Bg/ml)
(2) Tasdlen-51  Javead-57  danzd-65  15en-203
0 ¥mzia 2.3666 0.0521 1.7765 0.2311
MANTUANINI N (Bq/g)
RGN Tasdew-51  lavead-57  danzd-65  15en-203
5 2 18.19 20.00 6.37 116.00 15.30
3 17.73 nd 7.19 109.00 5.66
4 17.41 23.70 8.28 85.00 8.37
5 18.40 16.20 8.36 117.00 6.65
6 1 16.09 11.80 6.71 111.00 11.70
2 18.78 21.20 9.32 96.20 17.30
3 16.83 16.80 6.82 122.00 14.80
4 17.06 27.00 7.42 97.70 21.90
5 16.88 17.60 10.30 115.00 5.57
7 1 17.83 13.80 11.50 104.00 7.08
2 18.72 16.80 9.58 117.00 18.90
3 18.21 28.50 13.00 147.00 25.60
4 18.62 18.40 12.10 113.00 8.29
5 16.32 29.10 12.80 115.00 19.30
8 1 17.50 13.80 11.50 104.00 7.08
2 18.35 16.80 9.58 117.00 18.90
3 16.35 28.50 13.00 147.00 25.60
4 15.93 18.40 12.10 113.00 8.29
5 16.57 29.10 12.80 115.00 19.30
9 1 16.22 26.40 15.10 106.00 24.80
2 19.31 31.30 12.00 97.70 34.50
3 17.80 28.80 16.40 157.00 9.57

4 18.35 18.90 11.20 143.00 16.60
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MIINUINN 3 (71D)

SR fed i ANUTUTUANITUANIN (Bg/ml)
(2) Tasdlen-51  Javead-57  danzd-65  15en-203
0 ¥mzia 2.3666 0.0521 1.7765 0.2311
MANTUANINI N (Bq/g)
RGN Tasdew-51  lavead-57  danzd-65  15en-203
9 5 18.41 28.30 13.10 150.00 14.20
10 1 18.52 30.50 14.40 139.00 12.80
2 16.19 29.60 15.40 112.00 23.10
3 16.19 25.80 15.90 120.00 22.90
4 15.94 24.20 14.40 132.00 9.16
5 16.30 nd 15.10 161.00 14.90
11 1 15.64 36.80 17.90 144.00 22.00
2 15.91 36.10 16.90 136.00 21.70
3 18.44 32.20 15.70 114.00 11.50
4 18.17 29.50 17.40 125.00 14.50
5 17.63 27.60 13.90 147.00 12.90
12 1 18.38 26.20 16.50 110.00 12.40
2 16.03 21.70 16.60 129.00 15.00
3 15.78 nd 16.20 139.00 8.67
4 17.73 nd 16.30 165.00 6.31
5 17.05 nd 13.90 121.00 23.50
13 1 18.44 33.60 17.50 147.00 14.10
2 18.31 34.90 18.40 137.00 38.90
3 18.47 25.80 17.40 189.00 15.20
4 18.34 18.10 13.70 159.00 16.20
5 18.22 20.10 15.30 146.00 21.90

14 1 18.08 32.00 20.50 132.00 19.60
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MIINUINN 3 (71D)

SR fed i ANUTUTUANITUANIN (Bg/ml)
(2) Tasdlen-51  Javead-57  danzd-65  15en-203
0 ¥mzia 2.3666 0.0521 1.7765 0.2311
MANTUANINI N (Bq/g)
RGN Tasdew-51  lavead-57  danzd-65  15en-203
14 2 16.04 30.90 19.10 154.00 4.44
3 16.71 32.00 18.60 146.00 31.50
4 17.07 35.60 17.80 142.00 27.10
5 19.61 33.10 17.30 155.00 31.70
15 1 18.10 40.30 21.60 141.00 19.90
2 16.36 38.60 19.10 153.00 35.60
3 16.19 38.60 20.70 149.00 26.00
4 16.94 nd 20.70 nd 11.10
5 17.62 nd 18.10 nd 46.60
16 1 16.39 nd 22.90 165.00 25.70
2 16.95 40.80 19.20 144.00 12.10
3 18.83 33.60 18.20 148.00 26.80
4 16.37 37.50 18.00 143.00 33.10
5 18.18 24.00 19.50 133.00 28.30
17 1 18.10 37.10 21.70 141.00 20.00
2 18.57 26.60 20.30 140.00 11.70
3 18.22 29.70 16.90 146.00 23.90
4 17.06 38.50 20.10 153.00 34.00
5 18.71 25.60 18.50 147.00 26.40
18 1 15.88 32.90 22.80 153.00 11.50
2 16.37 39.60 23.60 161.00 29.20

3 18.11 43.70 22.30 145.00 20.70
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MIINUINN 3 (71D)

SR fed i ANUTUTUANITUANIN (Bg/ml)
(2) Tasdlen-51  Javead-57  danzd-65  15en-203
0 ¥mzia 2.3666 0.0521 1.7765 0.2311
MANTUANINI N (Bq/g)
RGN Tasdew-51  lavead-57  danzd-65  15en-203
18 4 18.61 32.90 20.20 169.00 11.90
5 18.06 nd 24.00 196.00 40.40
19 1 18.62 18.50 19.30 131.00 27.40
2 18.20 37.70 17.20 137.00 23.70
3 17.36 40.90 20.60 165.00 36.20
4 18.41 nd 22.90 128.00 19.10
5 18.20 nd 21.80 nd 30.00
20 1 16.98 44.60 24.40 159.00 47.90
2 18.60 15.80 18.60 146.00 19.20
3 16.33 46.40 26.30 190.00 40.60
4 17.37 25.30 19.70 159.00 35.30
5 16.22 39.00 24.20 144.00 37.70
21 1 16.93 nd 21.50 150.00 43.90
2 18.43 48.10 22.40 141.00 19.80
3 18.23 29.80 18.50 139.00 24.70
4 15.9 34.50 22.80 159.00 24.50
5 16.51 29.80 22.20 173.00 15.80
22 1 17.74 42.20 27.40 191.00 17.10
2 19.6 35.80 23.20 161.00 46.80
3 16.03 41.30 29.10 176.00 33.40
4 15.59 46.50 32.40 198.00 51.20

5 18.62 31.60 23.50 161.00 18.30
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MIINUINN 3 (71D)

SR fed i ANUTUTUANITUANIN (Bg/ml)
(2) Tasdlen-51  Javead-57  danzd-65  15en-203
0 ¥mzia 2.3666 0.0521 1.7765 0.2311
MANTUANINI N (Bq/g)
RGN Tasdew-51  lavead-57  danzd-65  15en-203
23 1 19.74 43.60 21.00 153.00 54.40
2 17.76 31.00 26.00 162.00 15.50
3 16.64 57.40 28.70 164.00 50.30
4 18.44 51.00 23.90 143.00 22.20
5 15.94 48.20 25.70 156.00 47.10
24 1 18.21 33.20 21.20 150.00 26.60
2 18.53 39.80 22.80 128.00 36.40
3 15.93 42.90 27.90 192.00 34.50
4 16.26 28.10 28.10 176.00 19.80
5 17.47 66.70 30.10 188.00 27.90
25 1 18.6 33.70 24.60 165.00 16.90
2 18.62 42.60 22.10 132.00 33.20
3 17.34 43.70 21.40 162.00 45.50
4 18.42 49.40 24.70 138.00 25.10
5 15.89 63.10 29.40 187.00 56.50
26 1 15.94 86.30 35.10 179.00 64.70
2 17.54 41.00 31.80 130.00 18.90
3 18.24 73.50 26.00 180.00 63.90
4 18.32 56.60 29.10 150.00 29.50
5 16.52 38.50 22.40 190.00 25.30

' [ i N o o 1 @ ~ J
HNELYR nd = Vlllf;ﬂilTﬁﬂ@]i’)%’m”lﬁllﬁ@"llﬂﬂ1ﬂﬂﬁN"U’ENﬂTi’J@IﬂiL3JEJ§J-51 Tnyean-57
o ' T W < ' @
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MIWUINT 4 A1 CF vodlasidon-51 lauean-57 d9ned-651a2159N-203 110N1TNAR04

v A Jou [ 3 [
ﬂ']ﬁi’].li!'lhlﬂaﬂﬂllllu@]ﬁﬂ?ﬁlﬂﬂﬂﬂﬂllﬂﬁﬂlﬂuigﬂgnaW 26 U

CF
il Tasifon-51 Tavean-57 FINLF-65 1l501-203
AURGY sd AunGY sd ARG sd AURGY sd
1 - - 33.05 1.33 17.68 0.91 6.80 1.60
2 - - 67.87 7.67 36.44 2.31 29.14 14.04
3 6.27 1.79 83.88 4927 51.14 3.32 30.07 16.54
4 - - 106.85 28.49 - - 28.69 8.63
5 8.04 1.52 142.53 16.67 57.77 8.98 36.14 17.45
6 7.98 2.38 155.74 30.89 61.04 6.29 61.68 26.50
7 9.01 2.97 226.41 26.37 67.13 9.19 68.52 34.23
8 11.05 2.15 240.69 23.73 70.62 8.79 65.51 24.59
9 11.30 1.99 260.27 41.45 73.63 15.20 86.26 42.58
10 11.63 1.27 288.68 12.48 74.79 10.65 71.71 26.90
11 13.71 1.70 314.01 30.70 75.02 7.72 71.48 21.55
12 10.12 1.34 305.18 21.67 74.79 11.78 57.01 28.86
13 11.20 3.22 315.93 36.79 87.63 11.40 91.99 44 .61
14 13.83 0.76 358.16 23.84 82.11 5.32 98.95 49.37
15 16.55 0.41 384.64 27.06 83.16 3.44 120.47 59.60
16 14.36 3.07 375.43 37.87 82.56 6.58 100.48 35.12
17 13.31 2.52 374.28 35.39 81.89 2.94 100.39 35.54
18 15.75 2.25 433.40 28.55 92.81 11.04 98.40 53.07
19 13.68 5.12 390.79 42.59 78.99 9.53 130.59 44.01
20 14.46 5.58 434.55 63.58 89.89 10.36 156.38 45.81
21 15.02 3.66 412.28 33.23 85.83 7.88 111.38 46.73
22 16.68 2.46 520.54 74.55 99.91 9.55 144 .35 68.08
23 19.54 4.17 481.00 54.60 87.63 4.69 164.00 76.77
24 17.81 6.29 499.42 73.16 93.94 15.31 125.66 28.75



MSHUINN 4 (910)

101

CF
i Tasifon-51 Tavean-57 FINLF-65 1l501-203
AURGY sd AungY sd ARG sd AURGY sd
25 19.65 4.58 469.10 60.25 88.31 12.51 153.35 68.43

26 22.28 6.36

554.32 94.79 93.38 14.06

166.02 77.01

WA sd A dIUdouUIIATIIY
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MU 5 Mnutuan IS uIzves Inslion-51 Tauean-57 danzd-65 uazsen-203 (Bg/g) Minaeazauluaivoonsininnisnaaed

v A Jou o [ ] [
m’iﬂmua"lﬂaﬂﬂuuu@'NmﬂuixEJSL’Jm 59 U

MAUTUANINT NN (Bg/g)

Sl Fr06197 1 Fro6ai 2 Fro61ad 3 Frodai 4 Fr061ad 5
e co  “zn 203Hg e co  “zn 203Hg e co  “Zn 203Hg e co  “zn 203Hg e co  “zn 203Hg
0 62.80 24.10 180.00 51.70 36.60 29.70 164.00 17.20 57.00 33.20 191.00 56.20 57.00 33.20 191.00 56.20 47.20 30.40 182.00 25.40
1 58.00 24.00 184.00 50.90 36.00 29.80 153.00 16.50 50.00 31.40 170.00 39.20 50.00 34.20 187.00 4430 47.00 29.90 170.00 24.90
2 53.20 23.10 174.00 51.10 3550 2930 158.00 17.60 56.20 32.00 198.00 57.40 46.00 32.10 182.00 40.00 42.00 3090 177.00 25.60
3 45.00 22.50 141.00 45.00 35.00 28.00 143.00 15.10 50.00 30.00 165.00 52.00 35.00 30.00 159.00 50.00 35.00 28.00 175.00 21.10
4 42.80 21.20 130.00 43.40 36.00 2830 129.00 14.00 54.80 28.00 138.00 4890 36.30 2840 140.00 3690 3440 27.00 128.00 20.10
5 47.20 20.50 121.00 43.20 34.60 27.40 88.40 1420 49.00 27.00 102.00 4530 3490 26.80 113.00 3190 32.00 27.50 111.00 24.00
6 37.70 20.00 129.00 40.20 33.00 2430 111.00 14.00 43.80 28.00 102.00 31.80 4290 24.50 119.00 42.50 3420 26.00 73.10 19.50
7 38.80 19.60 98.00 43.60 30.00 2590 81.60 14.00 31.00 29.10 101.00 3790 51.10 28.20 101.00 51.20 30.00 2520 77.50 21.50
8 35.00 20.90 107.00 4420 26.20 23.50 64.50 14.60 40.70 28.60 9090 39.50 3740 2690 9440 48.70 28.00 24.60 9590 23.10
9 32.00 19.70 99.80 41.30 29.00 22.60 47.50 1440 3420 2690 9940 34.60 39.20 26.50 101.00 49.80 34.70 25.80 80.10 20.20
10 36.60 18.40 101.00 40.40 26.70 21.60 69.90 12.80 2520 28.70 97.10 35.10 4240 2470 7850 4230 26.50 2620 80.00 20.70
11 32.60 18.80 9230 38.00 21.60 2270 5830 12.10 23.00 26.50 94.10 35.70 33.50 24.80 86.20 51.00 30.00 2540 7430 20.70
12 3320 17.50 85.50 38.00 31.50 21.60 54.10 13.30 21.00 2590 89.80 32.40 31.00 24.80 74.10 46.50 32.00 26.10 6820 19.70
13 2990 17.00 8090 37.40 2830 24.00 71.80 14.80 21.80 25.10 6630 31.20 2420 2320 63.80 46.10 3500 2520 6290 21.00
14 33.00 16.70 88.70 37.10 1820 2230 63.20 12.00 1940 2370 73.50 30.80 4490 2290 7330 4290 2220 23.10 66.20 20.10
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MAUTUANINTUNIZ (Bg/g)

fudi Fr0619f 1 §106197 2 §r06197 3 Fr06197 4 Fro61ad 5
Cr o “Zn 203Hg Cr co  “Zn 203Hg Cr co  “Zn 203Hg e co  “Zn 203Hg e co  “Zn 203Hg
0 62.80 24.10 180.00 51.70 36.60 29.70 164.00 17.20 57.00 33.20 191.00 56.20 57.00 33.20 191.00 56.20 47.20 30.40 182.00 25.40
15 25.00 1730 7690 39.00 18.00 20.20 49.10 12.00 19.00 2340 78.00 31.60 33.80 21.70 67.80 44.80 20.10 2420 5440 20.60
16 33.00 1520 6880 35.80 19.00 21.00 51.50 14.10 20.00 25.10 7790 2990 2460 2120 68.80 39.50 18.20 21.90 54.50 19.80
17 30.00 16.60 66.10 40.30 22.00 1830 39.70 12.70 24.00 22.80 49.30 31.50 3220 2140 56.60 4390 19.10 23.10 59.20 21.20
18 27.00 15.00 5450 35.60 23.00 19.70 4290 12.10 22.00 23.80 6530 29.80 34.00 20.80 62.50 41.50 26.10 2220 60.50 24.70
19 23.00 15.60 5530 3440 2090 1940 38.60 12.60 18.00 23.10 67.60 28.50 36.00 22.80 7490 42.00 23.00 19.80 50.40 18.20
20 22.00 1620 4930 36.80 27.00 19.60 16.90 13.20 17.00 22.70 56.40 2940 36.50 20.50 46.40 41.50 21.00 2230 51.10  20.00
21 21.00 11.10 38.00 27.80 29.00 1830 4420 999 40.00 2190 5560 27.00 34.00 20.00 37.20 30.30 32.00 21.00 41.80 15.30
22 22.00 15.00 57.80 33.50 28.00 19.60 51.60 11.80 29.00 2220 5530 30.60 31.00 20.50 48.70 40.40 29.00 22.60 49.90 17.40
23 19.00 1590 53.10 35.60 28.00 20.10 41.20 11.20 28.00 2320 37.70 27.80 33.60 21.20 17.00 39.40 28.00 20.10 56.10 18.40
24 21.30 1530 4790 32,70 28.00 1890 37.40 1090 28.00 22.00 51.80 29.00 29.30 21.80 47.60 39.40 28.00 22.10 48.40 18.70
25 nd 1540 5150 3230 nd 19.90 36.10 10.60 nd 2130  39.60 29.30 nd 21.30 18.80 37.10 nd 2120 4240 17.30
26 nd 13.30 3270 30.20 nd 19.90 30.00 12.10 nd 20.90 39.60 30.00 nd 19.50 36.40 35.20 nd 21.30  39.80 17.10
27 nd 14.80 41.60 27.40 nd 19.20  26.60 10.10 nd 19.50 42.40 25.40 nd 20.50 37.70  39.10 nd 19.50  54.60 18.00
28 nd 14.10 3490 32.50 nd 1730 29.70 11.80 nd 20.50 33.20 2640 nd 20.30  43.10 33.40 nd 20.50  55.30 16.00
29 nd 14.10  36.90 30.20 nd 19.00 30.00 9.21 nd 20.00 36.40 26.00 nd 20.30  21.90 35.40 nd 20.00 58.10 15.00
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MAUTUANINTUNIZ (Bg/g)

fuil Fro61ad 1 Fr0619f 2 Fr06197 3 Fr0619f 4 Fro61ad 5
Cr co  “zn 203Hg e co  “zn 203Hg or co  “zn 203Hg e co  “zn 2OSHg Cr “co  “zn 203Hg
0 62.80 24.10 180.00 51.70 36.60 29.70 164.00 17.20 57.00 33.20 191.00 56.20 57.00 33.20 191.00 56.20 47.20 30.40 182.00 25.40
30 nd 14.00 3430 31.40 nd 17.30 2630 10.50 nd 22.70  40.70  28.80 nd 20.10  29.60  34.90 nd 22.70  50.50 17.00
31 nd 13.20 40.40 30.10 nd 17.00  26.10 9.29 nd 19.70  39.00 24.50 nd 19.80 40.20 35.60 nd 19.70  53.30 16.00
32 nd 13.90 4520 28.10 nd 18.50 33.70 11.30 nd 2140  38.70  26.30 nd 20.60  36.50 37.00 nd 21.40  50.40 14.00
33 nd 13.60 31.70  29.80 nd 18.10  34.30 9.66 nd 19.60 10.60 22.50 nd 18.70  30.80 36.40 nd 19.60 54.80 18.00
34 nd 12.80 3890 29.10 nd 19.30 25.50 12.80 nd 21.40 35.00 23.70 nd 21.00 17.20 36.30 nd 21.40 48.60 19.00
35 nd 13.30  31.70  30.60 nd 18.30  31.30 9.43 nd 21.80 4030 25.70 nd 19.90 45.10 36.20 nd 21.80 52.50 17.00
36 nd 13.40 3790 28.30 nd 18.30  38.00 9.99 nd 20.20 3930 25.40 nd 18.50 30.30 36.40 nd 20.20 48.20 16.00
37 nd 13.40 3270  27.00 nd 17.70  30.70 11.30 nd 22.60 37.00 26.60 nd 1890 3430 35.30 nd 22.60 48.60 19.00
38 nd 13.30 4320 29.80 nd 17.30 2930 10.50 nd 18.60 36.00 24.70 nd 19.30  33.00 33.40 nd 18.60 17.10 15.00
39 nd 13.80 40.10 28.40 nd 17.60  29.00 8.99 nd 20.20 38.00 26.70 nd 19.10 3130 32.20 nd 18.00 52.50 15.00
40 nd 9.92 41.00 21.90 nd 17.20  27.80 9.79 nd 20.00 4030 23.50 nd - - - nd 18.50 41.10 17.00
41 nd 12.40 4420 2590 nd 17.70  31.70 9.84 nd 21.10 39.00 23.70 nd - - - nd 18.00 39.60 15.00
42 nd 11.90 30.80 23.90 nd 16.30  29.00 9.28 nd 20.70  38.90 23.60 nd - - - nd 17.00 41.40 19.00
43 nd 1520 3520 28.70 nd 18.50  26.00 9.73 nd 19.80  36.30 23.30 nd - - - nd 16.00 43.20 15.00
44 nd 13.30  39.70 27.10 nd 16.70  27.00 9.03 nd 19.10 35.00 21.90 nd - - - nd 17.00 42.10 14.00
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MAUNUAN NI UNIZ (Bg/g)

Tl Fr0619f 1 Fr0619f 2 Fr0619f 3 Fro619fi 4 Fr06137 5
ICr co  “zn 203Hg Cr co  “zn 203Hg Cr Co Zn Hg Cr Co Zn Hg Cr co  “zn 203Hg
0 62.80 24.10 180.00 51.70 36.60 29.70 164.00 17.20 57.00 33.20 191.00 56.20 57.00 33.20 191.00 56.20 47.20 30.40 182.00 25.40
45 nd 13.60 35.00 29.00 nd 19.20 26.00 10.90 nd - - - nd - - - nd 16.00 35.00 19.00
46 nd 13.30 32.00 25.30 nd 17.60 29.70  8.62 nd - - - nd - - - nd 15.00 46.00 15.00
47 nd 13.30  36.00 25.30 nd 17.60 29.70  8.62 nd - - - nd - - - nd 18.00 46.00 16.00
48 nd 12.70 4220 25.70 nd 18.20 2440 893 nd - - - nd - - - nd 17.00 45.50 14.00
49 nd 1450 3220 28.20 nd 17.20  21.00 7.86 nd - - - nd - - - nd 19.00 32.50 16.00
50 nd 11.70  30.30 27.80 nd 16.60  23.00 7.96 nd - - - nd - - - nd 16.00 40.90 16.00
51 nd 12.60 38.50 26.30 nd 17.10 27.00 9.38 nd - - - nd - - - nd 15.00 44.00 18.00
52 nd 13.30 41.60 27.00 nd 17.10  28.30  9.02 nd - - - nd - - - nd 14.00 47.70  15.00
53 nd 13.30 41.60 27.00 nd 17.10  28.30  9.02 nd - - - nd - - - nd 14.00 47.40 19.00
54 nd 11.70  27.60 25.30 nd 17.50  25.00 10.60 nd - - - nd - - - nd 13.00 50.60 15.00
55 nd 13.00 37.70 23.10 nd 15.10 29.60 9.81 nd - - - nd - - - nd 15.00 49.10 14.00
56 nd 11.50 34.00 27.00 nd 1540 26.00 9.11 nd - - - nd - - - nd 16.00 41.50 17.00
57 nd 12.40 29.50 27.30 nd 1490 21.00 9.83 nd - - - nd - - - nd 15.00 37.00 18.00

SO1
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MAUNUAN NI UNIZ (Bg/g)
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Q 1 c!'
AIVYNN 5

51 57 65

203

51

57

65

203

51

Cr Co Zn Hg Cr Co Zn Hg Cr co  “zn 203Hg Cr co  “zn 203Hg Cr co  “zn 203Hg
0 62.80 24.10 180.00 51.70 36.60 29.70 164.00 17.20 57.00 33.20 191.00 56.20 57.00 33.20 191.00 56.20 47.20 30.40 182.00 25.40
58 nd 11.60 38.78 2990 nd 15.10 23.00 793 nd - - - nd - - - nd 14.00 35.00 17.00
59 nd 12.10  30.00 23.00 nd 1530 25.00 9.18 nd - - - nd - - - nd 14.00 32.80 18.00
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d’ 9 = J [ = A A
ATTNNUINN 6 iE]EJag"lJENIﬂiLMEﬂJ-SI Iﬂ‘UE]EIG]-57 AINTH-65 LLaZ‘]J‘iE]‘I/]-ZOS naoasay

(J L= Jou W
r11!{5]7.]‘”?]EJLLﬂiQi]"I'ﬂ'ﬂ"li‘i/lﬂiﬂﬂ\1ﬂ"li51]‘]J‘L!’Jvl,ﬂf;‘i&a] HUUAIN

[

a g Y]
ailuszeznan 59 U

fovay
fuii Tasfion-51 Tnvoan-57 FINLF-65 1/50%-203
ARG sd AuRGY sd ARG sd AunGY sd
0 100 - 100 - 100 - 100 -
1 92.99 5.44 99.17 3.08 95.17 5.05 88.20 13.13
2 90.01 7.70 97.84 2.37 97.84 3.33 95.05 13.42
3 87.23 10.24 92.09 1.76 86.26 6.53 87.88 341
4 75.21 14.45 88.39 4.26 73.35 3.15 79.43 8.24
5 76.97 16.73 85.97 5.23 58.94 5.68 79.59 13.86
6 71.15 7.63 81.69 4.63 59.04 12.58 73.63 9.77
7 68.61 18.60 84.80 2.72 50.51 4.75 81.78 8.77
8 69.53 3.40 82.79 3.42 49.70 7.35 83.65 7.84
9 67.43 6.86 80.71 3.18 46.67 10.78 78.66 10.24
10 61.19 12.60 79.22 6.60 46.93 6.34 74.36 7.21
11 56.57 4.03 78.50 3.40 44 41 6.38 75.92 10.51
12 55.64 9.35 76.78 5.52 40.75 6.32 73.76 9.58
13 50.41 11.63 75.94 5.88 38.28 5.59 75.72 12.39
14 52.42 16.35 72.15 3.25 40.21 5.15 70.36 9.45
15 4723 10.54 71.05 5.38 35.78 5.97 72.45 10.09
16 44.19 7.82 69.05 5.42 35.28 4.56 70.53 11.05
17 45.94 7.29 67.92 5.44 29.78 5.06 73.88 10.54
18 47.56 6.73 67.19 5.00 31.32 3.23 76.60 15.90
19 46.67 9.77 66.69 2.26 31.31 6.18 67.38 9.82
20 39.94 4.13 67.34 4.19 23.92 7.85 70.56 10.60
21 36.00 5.20 60.59 8.85 23.92 4.02 54.81 4.69
22 37.00 4.36 66.24 5.06 29.09 2.76 65.65 6.74
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$ovay
i Tasifon-51 Tavoan-57' FINH-65" 1/501-203
AnGY sd ARG sd ARG sd Aunge sd

23 39.65 8.05 66.70 2.24 22.82 8.91 65.20 9.18
24 37.66 5.29 66.35 3.75 25.61 1.77 64.39 8.42
25 - - 65.79 2.55 20.90 6.87 62.07 6.15
26 - - 62.79 6.02 19.62 1.62 62.42 6.80
27 - - 62.14 2.38 22.25 5.09 59.47 10.93
28 - - 61.42 3.70 21.34 5.45 60.17 8.08
29 - - 61.93 2.93 20.25 7.39 56.05 6.42
30 - - 63.99 7.30 19.93 4.96 60.41 5.70
31 - - 59.16 3.71 21.82 4.84 56.43 8.13
32 - - 63.37 4.63 22.54 3.68 57.56 8.17
33 - - 59.44 341 18.06 8.86 57.89 11.59
34 - - 63.24 6.29 18.24 6.62 62.45 13.69
35 - - 62.82 6.23 22.05 442 58.22 8.41
36 - - 60.05 4.54 21.43 3.89 57.16 7.77
37 - - 62.91 8.02 20.18 3.69 60.57 10.94
38 - - 57.76 2.33 17.48 5.24 56.22 6.97
39 - - 58.82 1.46 21.02 492 54.21 4.53
40 - - 55.04 9.34 20.85 2.71 52.01 12.16
41 - - 58.45 5.06 21.52 2.26 52.13 7.68
42 - - 55.63 5.32 19.48 2.60 54.24 14.57
43 - - 59.41 4.75 19.54 3.24 53.15 7.93
44 - - 56.22 0.98 19.99 3.13 49.75 7.30
45 - - 57.90 6.14 18.18 2.01 64.76 9.43
46 - - 54.60 498 20.39 4.24 52.70 5.53
47 - - 57.89 2.34 21.13 3.71 54.01 7.80
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$ovay
i Tasifon-51 Tavead-57 FIN2q-65 1501-203
ARG sd ARG sd ARG sd ARG sd

48 - - 56.63 4.34 21.11 5.45 52.25 2.72
49 - - 60.19 2.29 16.18 2.93 54 .41 8.65
50 - - 52.36 3.68 17.78 4.30 44.66 7.93
51 - - 53.07 4.17 20.68 391 58.76 10.65
52 - - 52.94 6.08 22.19 4.55 54.57 3.88
53 - - 52.94 6.08 22.14 4.47 59.82 12.97
54 - - 50.08 8.19 19.46 7.22 56.54 6.71
55 - - 51.38 2.35 21.99 4.56 52.28 6.65
56 - - 50.73 2.64 19.18 3.48 57.37 8.28
57 - - 50.32 1.06 16.51 3.76 60.27 9.43
58 - - 48.34 2.40 18.27 3.85 56.96 10.44
59 - - 49.26 2.85 16.64 1.39 56.24 13.42

wineng () ldennsadmuanld tesminainuiuannsidmnamdasinaaevesnsia

sd AomaIudeuUUIATFIU

1 Y 1
"AUnaY 3 419819 ALATUN 45-59

1 Y ]
2 A1NAY 4 A19819 AR TUN 40-44
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4 a 4
MINWUINN 7 gasomsasaza1eoveanaaiia (Guillard F medium)

v
= %

NITAUANNIUVNUU F/2

GAERRLRY vhmin
NaNo, 42.074 g
NaH,PO,.H,0 3g
Na,Si0,.9H,0 16.50 g
Thiamin-HCI (Vit B1) 02¢g
Biotin (Vit H) 0.05 mg
Cyanocobalamine (Vit B12) 0.001 mg
FeCl,.6H,0 1.45 mg
MnCL,.4H,0 36.0 ¢
Na,Mo00,.2H,0 1.26 g
ZnSO,.7H,0 440 ¢g
NaEDTA 5.0 mg
CuSO4.5H20 1.96 g

~ a Y a 9 A
HNYLYiR 1. WlﬁEJ‘JJfﬂﬁa$ﬁ18’é)"l‘l/iﬁL!@]ﬁ%%uﬂﬁlﬁulﬁMWQ'i 1 ﬁﬁiiﬂﬂi%ﬂl’)ﬂ‘ﬂiiﬂﬂw1uﬂﬁ

X 1 ¥ %} Y 1 [ 4
ﬁwn%uaﬂ%’ummaﬁmumﬁﬂimﬁ’ammqﬂimuumaanummﬂ 0.22 pum

1 a a aa J g a o
2. Gl‘i’f’aﬁazammawuﬂ 1 Haaansaodinga 1 ans TuMSInZVegunaInaoy

N: aaa1 (2543)



v 9
M519RInN 8 Usunm Taneniin1ue o712 i9@IU09M08IATS A. granosa

111

Elements Average Body Weight (g)

0.53 1.12 1.58 2.21 4.75
Mg 4612 5418 4892 4282 5770
Cl 55912 51219 53409 49230 51470
Mn 10.8 18.0 10.7 12.7 11.0
K 1.02 4.7 1.00 1.10 9.91
As 18.7 18.0 20.2 19.2 18.8
Se 5.1 4.7 4.5 4.2 3.7
Br 21.5 211 223 187 209
Zn 236 2.7 206 192 185
Co 0.36 0.31 0.31 0.32 0.27
Fe 1770 1426 1946 1650 2075
Rb 7.2 5.6 6.7 6.0 5.8
Cr 4.2 3.7 4.7 2.5 2.8

#31: Tbrahim (1995)
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Tavgniin Fainaaos k (Lg'.d) NGAECRNOR

Cr P. viridis 0.039 Chong and Wang (2001)
R. philipinarum  0.028 Chong and Wang (2001)
S. virgatus 0.085 Wang and Dei (1999)
M. edulis 0.100 Wang and Fisher (1996)
A .granosa 0.068 miﬁﬂ‘kﬂﬁ
M. balthica 0.006 Lee et al. (1998)
P. amurensis 0.028 Lee et al. (1998)

Zn P viridis 0.637 Chong and Wang (2001)
R .philipinarum  0.234 Chong and Wang (2001)
A .granosa 0.210 miﬁﬂ‘]ﬁ‘ﬁ
S. virgatus 0.460 Wang and Dei (1999)
M. edulis 1.044 Wang and Fisher (1996)
M. balthica 0.091 Lee et al. (1998)
P. amurensis 0.425 Lee et al. (1998)

Co M. edulis 0.124 Wang and Fisher (1997)
T. logicornis 0.606 Wang et al. (1998)
N. succinea 0.016 Wang and Fisher (1998)
A .granosa 0.0468 miﬁﬂETﬁ

Hg N. succinea 1.26 Hg (I) Wang and Fisher (1998)
N. succinea 2.37 CH,Hg(II) Wang and Fisher (1998)
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H 1 v a [} @ [} g
M3WUINT 10 AIATITIANNTINNMITL Tanzninveanesaenuga1ee)

Tanrgwiin Tb,,(d) dainaana 1PNA1581909

Co 47-52 M. edulis Wang et al. (1996)
55-65 M. galloprovincialis  Fisher et al. (1996)
55-72 M. edulis Van Weers (1973)
124.6 A. granosa miﬁﬂ‘mﬁ

Zn 48-60 M. edulis Van Weers (1973)
44-66 M. edulis Wang et al. (1996)
41-52 M. galloprovincialis ~ Fisher et al. (1996)
118.6 A. granosa miﬁﬂ‘]ﬁ‘ﬁ

d' = v o 3y o A ~ a  J
AINNUINN 11 ﬂﬁlﬂdﬁﬂmﬂﬂﬂﬂ1 CF U9993878 MR Lﬂﬁﬂﬂl!a$@jwmﬂf‘l

i'lnad CF' CF

NUUUASTIT ilaen ooz FTuaui
Tnsilon-51 5x10° 30.9+6.4 52.249.4 .
TAvead-57 1x10’ 1032.2477.0 84.3435.1 85.4442.2
Fanzd-65 1x10° 154.9+36.3 185.1+33.9 1.340.2
U301-203 2x10° 41.649.0 1329.4+196.4 20.745.5

HINYLHA CF' 91n19n@15 IAEA Technical Report No.422
CF’ n'ldnnmanaansq

31: IAEA (2004)



Help File #nalyze Cale Setup Options HMode Quit 293K
=—————— 4.ford INI [ ——————
Id: Hreang( Andara granosa)-shell 84:13:85 am Jul @3, 20885
Sep 86, 2087
5:24:46 pm
fcquire: Off
Hode: PHA
Timer:  Real
Scale: Log
Group!  Full
Roi No: None
Roi: On |
Gaip: 8192 |4
Offset: 8 :

fAdc: Add
Display: 8192
Chn: 8

ket 12,28
Cts: @

Preset! oo Elapsed: 12626  Remaining: o

| Filename: ¢! \kpe_shel. spt |
Fl-ficquire F2-Erase F3-Preset Fd-Expand FS5-Ident Fé-Load F7-Save Esc-ROI

AWHUIND 1

aulaasurasileadnuiunssdinaspunuluvesuase
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MNUIND 3

AWHUIND 4

Help File f#nalyze Cale Setup Options Mode

Ouford THI Gammalvac

Quit 293K

I1d: blood cockle-meat

02:50:54 am Jul 82, 2085

[Sep 86, 2087
[EnES

| Acquire: OFf
|Hode:  PHA

| Timer:  Real
Scale:  Log
Group:  Full
Roi Mo: Mome ||
Roi: On sy
Gain: 8192 |y
Offset: B

fAdc: Add
Display: 8192
Chni 4182

keV: 1868.44 il
Cis: 8 Ll

Preset: 3668 Elapsed: 3688 Remaining: A [

|
Filename: c:\bc_meat.spt |
Fi-ficquire F2-Erase F3-Preset F4-Ewxpand F5-Ident F6-Load F?-5ave Esc-ROI

dulaasurasileadnuiuasadinasiusinnnalad
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Amersham ple
The Grove Centre

;

CALIBRATION

ISSUED Amersham ple ISSUED AEA Technology QSA GmbH
BY: Radiation & Radioactivity FOR: Isotrak
Calibration Laboratory Gieselweg 1
The Grove Centre D-38110 Braunschweig
White Lion Road Germany
Amersham
Buckinghamshire
HP79LL
—
Description  Product code: QCY44 Solution number: R5/19/7

This mixed radionuclide gamma-ray reference standard consists of a solution in 4M HCI of the nine radionuclides
listed below.

Measurement Reference time: 1200 GMT on 1 June 2005
and aceuracy
Mass of solution: 5.3493 grams

| Parent Gamma-ray | G ays: | Combmed ] Combined Expanded | Calibration | Calibration
radionuclide 7_?(?\%{ p;:;rscg;.‘:;d | m-ll;g;’-hmy un];i-gtcaiﬁty uncertainty | startdate | finish date
Cadmium-109 88.03 645 =0.1 % £3.1% =6.2% | 08/11/2004 | 11/11/2004
| Cobalt-57 122.1 579 +0.1% +0.8% +1.5% 09/12/2004 | 09/12/2004
I Cerium-139 165.9 674 0.1 % +0.7% +14% 07/10/2004 | 08/10/2004
I Mercury-203 279.2 1977 +0.1% +0.8 % £1.5% 03/02/2005 | 03/02/2005
- Tin-113 391.7 2062 +0.1% =2.0% £4.0% 23/11/2004 | 23/11/2004
Strontium-835 514.0 3907 0.1 % +1.3% £2.6% 13/01/2005 | 20/01/2005
| Caesium-137 661.6 2462 =0.1% +1.0% £1.9% | 06/01/2003 | 07/01/2003
Yttrium-88 898.0 6232 +0.2% =0.8% =1.6% 19/10/2004 | 21/10/2004
Cobalt-60 1173 3318 =0.1% +0.8% £1.5% | 16/12/2004 | 17/12/2004
Cobalt-60 1333 3320 +=0.1% +=0.8% =1.5% | 16/12/2004 | 17/12/2004
Yttrium-88 1836 6587 =0.2% =0.7% =14% | 19/10/2004 | 21/10/2004

The calibration date is provided for added information only, and must not be confused with the reference date. It is the

reference date that must be used in all calculations relating to the values of activity.
Approved

Signatory %@ 'Z» L__- ; iI::ior // d //7 Zoos™ -

« « Amersham

B D D Singleton Page 1 of 2 pages
This certificate is issued in accordance with the laboratory accreditation requirements of the United Kingdom
Accreditation Service. It provides traceability of measurement to recognised national standards, and to units of
measurement realised at the National Physical Laboratory or other recognised national standards laboratories. This
certificate may not be reproduced other than in full, except with the prior written approval of the issuing laboratory.
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