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Appendix A. Dissolved Cd, Cu, Fe, Ni and Pb in The Gulf of Thailand and East Coast
of Malay Peninsula in wet season (September-October1995).

Station | depth (m)  Cd(nM)* ___ Cu(nM* _ Fe(nM)* NijnM)*  Pb(nM)*
1 0 0.071 7.87 58.37 3.81 0.48
24 0.285 13.69 39.35 11.55 3.81
3 0 0.036 14.16 17.50 2.81 0.34
28 0.294 97.57 53.68 1717 3.87
8 0 0.053 11.02 57.88 9,30 0.72
5 0.036 6.29 16.88 3.72 0.29
10 0.036 4.72 32.32 4,97 0.68
20 0.053 34.82 50.14 7.92 1.74
30 0.018 6.29 16.22 2,98 0.10
35 0.027 9.44 9.67 2,81 0.10
10 0 0.027 3.30 32.01 2,90 0.10
45 0.027 1.89 13.88 2,55 0.08
12 0 0,044 4.72 42.89 5.41 0.10
~ &5 0.044 4.72 35.90 3.37 0.34
17 0 0.027 4,72 20.86 3.68 0.34
40 0.083 6.28 19.74 4.59 0.63
20 0 0.018 2.45 20.22 3.29 0.13
' 60 0.036 1.42 16.53 2,34 0.04
24 0 0.027 2.80 13.50 260 0.08
26 0.027 1.92 156.37 2.47 0.08
28 0 0.018 3.158 17.41 2.60 0.10
60 0.027 157 13.88 225 0.10
28 0 0.009 1.89 8.93 2.29 0.06
55 0.038 1.08 6.72 1.86 0.06
31 0 0.009 2.99 87.71 277 0.08
26 0.044 22.90 81.32 4,72 0.18
.34 0 0.018 3.16 16.34 2.55 0.18
10 0.018 472 23.95 3.42 0.24
20 0.018 3.5 22.29 2.42 0.10
30 0.044 6.29 21.44 2.81 0.14
43 0.027 4.72 16.58 3.20 0.10
50 0.044 3.18 18.58 3.18 0.10
60 0.133 0.44 5§3.18 5.086 0.43
70 0.036 4.72 29.68 3.20 0.10
74 0.080 17.31 40.56 4.84 0.72
40 0 0.018 6.29 39.89 2.68 0.10
19 0.018 7.87 20.77 3.07 2.27
43 0 0.027 2.60 29.37 3.50 0.08
48 0.027 1.72 12.95 2.90 0.10
48 0 0.044 3.14 23.03 3.42 0.08
48 0.018 2.65 11.51 2.64 0.07

* data from Southeast Asian Fisheries Development Center, 1996



Appendix A. (Continue)

siation | depth (m) __Cd(nM)*___ CufnM)* _ Fe(nM)* __ Ni(nM)” Pb(nM)*
52 0 0.027 3.32 21.87 3.46 0.09
s 0027 2.34 22.48 337 0.13
54 o 0027 3.81 30.30 3.76 0.10
57 0.044 284 35.04 3.72 0.08
57 0 0.249 3.62 48.76 2.56 0.08
58 0.009 3.42 24.41 2.42 0.06
64 0 0.018 6.29 33.44 3.20 0.10
56 0.018 9.44 34,38 424 0.29

# data from Southeast Asian Fisheries Development Center, 1996
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Appendix B Sample preparation

1 Seawater sample

Seawater sample preconcentration, cobllt~-APDC (Ammonium-pyrrolidin-dithio-
carbamate) coprecipitation technique (Huizenga, 1981) were used. Seawater samples
are acidified to pH 3 for several days and several months before preconcentration.

Coblt reagent is added to the sample followed by the APDC reagent. The cobalt is

precipitated with the APDC and in the process other trace metals are brought down

with the precipitate, The precipitate is collected by filtation with Nuclepore 0.4 um

polycarbonate membrane then taken up in concentrated nitric acid and diluted with

distiled water. The concentrate is then stored for 24 hours before analysis.
Procedure of cobllt-APDC coprecipitation was

A. Weight the sample and subtract by the container weight to obtain the weight of
the sample.

B. Add 2.00 ml of cobalt reagent to sampie, cap the sample and shake it.

C.Add 2.00 ml of the APDC reagent and mix well. A yellow-green color should
form immediately,

D. Allow the sample to stand at least 30 minutes to allow the precipitate to from.

E. Collect the precipitate by hand vacuum filtration on Nuclepore 0.4 Um
membrane.

F. Dissolve the precipitate in 1 ml HNO,.

G, Dilute The sample with 4 ml of Milli-Q water.

H. Shake the sample several times.

I After 24 hours the sample is ready for AA analysis.

1.1 APDC reagent preparation

I. Dissolve reagent grade APDC (Ammonium-pyrrolidin-dithio-carbamate) in Milli-Q
water to yield a 2% APDC solution. With Fisher APDC (a solution prepared to
be 2.7% by weight will vield a soluion with 2% active APDC). Shake this
solution vigorously. for ‘5 'minutes,

I Let it sit untl the foam breaks up so that the solid can settle to the bottom
pour the solution into a separatory funnel leaving the solids behind discard the
solids.

II. Extract this solution with MIBK (methyl isobutyl ketone) in a ratio of 10:1 of
soluion to MIBK. Shake for five minutess The APDC-metal complexes are
insoluble in water but soluble in the MIBK.

V. Crack open the top of the separatory funnel and let the two phases separate
for at least one hour. |

V. Extract the APDC solution two more times with MIBK in a ratio of 20:1
solution to MIBK.

Vi. Keep the clean APDC solution refrigerated when not in use.
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1.2 Cobalt reagent preparation

l. Dissolve 0.425 g CoCl, 6H,0 (MW277.95) in 150 ml of 9 M HCL

I Wash the column (lem x 22 cm) of Dowex 1-x8 resin with 30 mi of‘
0.01M HCI

lil. Wash with 5 ml of 9 M HCl! to condition the column.

[V. Pass the solution from step 1 through the column at its natural flow rate.

V. Wash the column unth 20 ml of 9M HC! to wash through all the Ni and Mn.

VI. Elute the column with 40 ml of 4 M HCl .watch the color sequence discard
the initial solution which is blue. Collect the rose to pink colored solution (about
8 ml) Discard the clear solution that follows.

VIL. Dilute the clean cobait to 500 ml

2 Sediment sample

Sediment sample preparation, total decomposition with pressure cooker in the
microwave oven were used. Sediment samples were dried with freeze-dryer. The
samples were lightly ground in a agate mortar and pestle to break up the particles.

The sample were then sieved through 60 Lm. plastic mesh. Total decomposition

methods use hydrofluoric acid (HF) with concentrated oxidizing acids (aqua regia)

(Loring and Rantala, 1992). Total decomposition procedure was following.

A. Weight 10 mg. finely ground sample and transfer to a teflon bomb.

B.Add 1 ml of aqua regia ( HNO,: HCI, 1:3 v/v).

C.Add 2 ml of HF very slowly to avoid excessive frothing.

D. Close the bomb tightly and place the bombs .in the pressure cooker , place the
cooker along with a breaker containing 50 ml. water in the microwave oven.

E. Heat for 7 minute at full power (700 W.).

F. Remove the bomb from the heat source and cool it to room temperature in
cold water.

G.Add 30 ml of HBO, (56.4 g of HBO, in 900 mi milli-Q water shake
briefly. 8. Transfer the contents ‘into the 60 ml PE bottle.

H. Allow solutions to settle overnight the sample is ready for AA analysis.
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Appendix C. Concentration of Cd, Cu, Fe, Ni and Pb in The Gulf of Theiland and East Coest of Malay
Peninsula in dry season (April-May 1996)

station | depth(m) Dissolved (nM) Swuspended (nM)
Cd Cu Fe Ni Pb Cd Cu Fe Ni Pb Al
1 0 0.094 8.78 41.15 8.71 043 0.026 1.77 279.02 128 050 223.60
27 0.071 2.96 16,19 6,11 0.36 0.021 337 34474 120 049 195.86
2 0.064 501  47.67 ‘ 6.72 0.46 0.010 117 23171 129 050 93.65
0.112 688 5040 871 0.51 0.009 1.33 211,03 132 028 14439
10 0.077 640 8570  6.05 0.89 0.017 2.18 16570 139 032 13512
15 0.071 6.18 5980 7.13 0.51 0.013 1.25 21445 130 050 41.60
20 0.057 254 1963 486 0.37 0.013 2.08 292,16 106 030 271.21
27 0.086 542 5158 131 0.40 0.012 1.06 29790 135 041 117.79
3 0 0.077 737 5287 492 0.12 0.014 1.03 125.83 111 025 3137
5 0.070 519 3540 465 0.14 0.013 0.54 8663 0.72 0.27 18544
10 0.082 366 1692 3.19 0.08 0.008 0.63 8797 061 023 173.27
13 0.120 887 3036 175 0.15 0.016 090 23698 0.82 032 60.26
20 0.072 3.54 14.05 2.90 0.08 0.009 0.76 14583 079 032 139.50
31 0.070 320 2340 418 0.09 0.020 1.02 43995 122 031 153.86
4 0 0.066 3.38 19.51 3.0t 043 0.007 0.69 11726 0.70 0.28 83.44
15 0.088 310 14.05 249 0.40 0.012 0.84 11066 0.76 0.56 162.83
18 0.076 3.77 22,13 3.33 0.46 0.090 0.56 151.07 052 024 82,69
20 0.062 3.38 15.76 273 0.35 0.088 233 141.11 1.12 031 144.26
24 0.061 2.70 11.47 2.53 0.37 0.088 0.84 29728 115 046 nd
26 0.066 349 20.59 3.09 0.38 0.089 0.84 31244 096 022 17299
5 0 0.059 3.74 18.97 2,77 0.34 0,050 0.85 57.26 0.69 055 8210
10 0.076 887 21,54 3.06 0.53 0.090 0.75 24201 057 029 14.60
20 0.083 548 1427 356 0.48 0.090 0.63 5888 058 044 13623
26 0.061 2.95 13,82 2.86 0.52 0.090 064 6787 077 030 #4.70
29 0.062 3.42 16.18 2.82 0.44 0.015 1.08 103.59 1.01 0.65 37.56
6 0 0.060 5.12 51.51 6.65 0.39 0.008 0.74 44.59 081 0.59 3499
10 0.065 334 2873 626 0.40 0.007 0.84 4970 057 0.28 58.52
20 0.064 297 (5397 576 0.38 0.031 0.73 56.18 0.67 036 17.52
25 0.082 248 50.95 5.59 0.48 0.008 0.57 36.76 055 045 227.52
30 0.053 243 | 4036 521 0.44 0.012 1.86 3857 061 027 7554
40 0.060 2.63 20.93 8.20 0.43 0.011 0.51 12940 045 028 679
50 0.101 3.18 28.19 7.39 ‘ 0.54 0.017 1.15 44799 154 049 [81.97
7 0 0.079 2.84 1276  3.62 0.13 0.008 0.51 3289 056 030 10.60
45 0.097 4.15 23.85 4,60 0.07 0.017 0.83 13748  0.86 0.26 50.03
8 (4] nd nd nd ad ad 0.009 0.69 92.78 0.71 049 1393
37 0.098 8.57 41.68 4.25 0.13 0.014 0.77 29504 096 028 104.53
9 0 0.025 5.60 10.50 5.18 0.56 0.008 0.84 53.90 0.63 041 13170
20 nd 8.87 32.83 523 0.93 0.010 0.53 53.02 043 041 16494
35 nd 4.06 20.21 4.51 0.6} 0.016 0.69 2762} 095 030 161.62
10 0 0.089 2.61 37.53 1.96 0.56 0.009 0.82 10641 0.50 0.23 179.63
47 0.085 8.87 20.98 225 0.53 0.015 0.90 428.71 1.18 026 205.90

nd=no data
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Appendix C, (Continus)

_+ _station | dspthfm) Dissolved (nM) Suspendad (nM)

cd Ccu Fe Ni P cd Cu Fe Ni Pb A

1 0 0099 407 2069 404 057 0013 042 7278 048 035 23604
) 53 0.11S 674 2328 548 083 0017 112 33975 096 063 202.26
12 0 0078 407 3746 783 03] 0011 1.5 5279 034 065 21020
25 0067 382 2784 637 076 0015 086 13772 077 020 4965

57 0066 613 2879 693 064 0.016 450 360.04 050 063 20461

13 0 0134 183 2981 554 060 0.007 067 5634 069 065 203.03
40 0104 614 2480 566 075 0013 045 3297 055 021 20599

65 pd 812 2725 487 093 0019 050 421.66 1.07 051 16226

14 0 0028 459 1816 390 068 0.005 059  57.58 067 048 3433
4s 0088 588 2625 485 074 0012 030 4179 035 019 2025

60 ud gd od od  od 0015 0.67 46253 089 038 123.00

15 0 0072 465 1602 312 066 0.005 052 13211 068 019 141.77
X 0134 447 2075 302 076 0013 073 51094 096 034 20782

16 0 0078 887 1090 177 093 0006 054 8362 070 032 168.02
48 0434 454 1654 185 092 0020 089 45513 086 050 224.20

17 0 0071 334 1516 166 065 0.005 064 6305 061 034 1168
10 0.084 365 1801 241 078 0018 045 4488 052 036 1326

20 007% 311 1407 267 055 0007 032 5129 049 019 6218

30 0064 237 1451 198 043 0003 032 2635 041 034 2290

38 0063 180 870 205 037 0027 051 32546 069 022 12238

4s 0134 167 3689 184 051 0028 065 22163 098 035 11935

18 0 0087  3.67 2267 420 006 0007 046 7432 045 032 2549
60 009 318 5384 380 039 0001 070 453.59 078 035 21151

19 0 0052 271 1409 184 034 0.006 054 11382 075 057 5148
62 0093 - 3.57 1525 136 048 0005 059 30962 082 038 11985

20 0 0074 316 4744 312 016 0.005 037 8324 047 043 3774
&4 0110 236 1250 388 006 0005 089 31661 066 015 93.07

21 0 0059 246 3395 438 010 0002 081 35853 083 038 8585
68 034 247 942 _413 006 0.005 043 5436 055 013 9841

22 0 0.080° 1 3.030 17.43 <466 © 019 0010 037 - 8475 042 037 3646
56 0068 211 666 = 646 | 0.08 0011 = 069 © 36653 071 037 4292

23| o 0058 346 1916 446 010 0005 060 8585 048 028 78.10
35 0082 183 1146 594 013 0.002 093 © 599.46 157 065 238.54

2 0 0.061 215 919 | 219" 040 0005 064 35287 053 0.7 12878
10 0059 188 960 177 049 0005 064 32802 052 017 8233

20 0073 213 3117 166 040 0004 052 19421 046 065 63.99

28 0081 211 125 219 078 0007 147 62926 196 053 23641

25 0 0069 206 852 208 073 0.005 068 9600 026 0.1 2578
40 0084 236 1892 260 044 0.008 075 37121 084 020 169.82

nd=no datz



68

Appendix C. (Continue)

station | depth{m) Dissolved (nM) Suspended (nM)
Cd Cu Fe Ni Pb Cd- Cu Fe Ni Pb Al

26 0 0.064 234 18.62 210 0.64 0.001 0.88 44,68 0.57 0.17 2646
10 0.053 248 1202 274 0.72 0.001 0.42 32.26 0.16 0.26 56.80

20 0025 206 880 258 033 0007 033 4346 016 022 6044

30 0.048 1.92 10.83 236 0.63 0.00t 0.38 26.25_ 021 037 160.92

40 0.028 2.24 532 2.59 0.36 0.001 0.34 26.35 018 027 930

50 0.038 1.66 9.98 235 0.59 0.001 0.31 73.34 016 029 7397

63 0.088 1.99 5.65 2.49 0.37 0.002 0.49 37454 052 0.7 1268

27 0 0.074 435 7.83 4.05 0.17 0.003 0.58 74.89 196 013 171.54
55 0.102 231 9.09 3.22 0.20 0.006 0.54 83.02 021 010 5213

7 0.109 2.27 2830 438 0.29 0.002 0.54 329.14 1.22 0.17 24448

28 0 0.033 3.78 1490 5.38 0.33 0.005 0.45 54,82 015 0.65 1275
58 0.063 273 3335 343 0.38 0.002 0.73 527.50 096 0.17 137.86

29 [} 0.052 312 19.69 393 046 0.001 0.46 79.28 0.16 0.13 247.14
30 0.084 3.63 2395 4.68 0.74 0.045 1.25 449.41 1 116 0.13 190.56

30 0 0.073 3.59 2166 3.26 0.42 0.001 0.83 441.02 088 0.24 17836
24 0093 427 5980 879 056 0.001 220 498.63 112 020 14784

31 0 - 0.035 4,05 2596 194 0.26 0.001 0.80 181.61 063 050 17030
27 0,069 4.55 17.99 431 0.45 0.007 0.75 629.26 0.73 0.8 157.17

21 0 0.053 3.60 2107 181 083 0.002 056 31.89 03f 005 12612
40 0.043 177 117 166 048 0.002 0.61 2970 029 002 251.14

52 0.089 1.88 32.96 1.79 0.40 0.009 0.86 46662 196 023 205.64

1 0 0.063 - 309 2473 634 052 0.027 041 4188 043 002 5005
45 0057 272 4337 415 0.1 0.008 1.02 2130 023 002 856

" 0.082 2.27 15.88  4.57 0.17 0.010 0.67 464.15 069 020 125.74

34 0 nd ad nd ad  nd 0.001 0.40 58.18 021 004 18.82
30 nd nd nd nd nd 0.005 0.27 39.27 021 007 61.03

37 nd nd nd od nd 0.008 0.53 22.38 021 0.02 1385

60 nd nd nd ud ad 0.009 174 9851 026 007 26.01

70 nd nd od nd ad 0.006 0.64 411,68 0.63 0.18 149.34

7 ad ad od nd nd 0.035 1.13 37771 054  0.13 14457

3s 0 0.061 2.50 1045 4.50 0.06 0.004 0.69 42,39 0.17 0.05 19.89
50 0.063 242 12.61 4.57 0.1 0.005 0.32 3547 0.16- 002 3.75

70 0.082 2.65 13.79 445 0.18 0.005 0.49 396.64 047 017 8547

36 0 0.065 260 2095 < 435 014 0.004 050 4685 024 004 1840
65 0.063 170 1733 384 017 0007 059 41306 058 013 15611

72 0.049 193 1000 451  0.06 0.007 0.68 467.14 048 0.17 2932

37 0 0.057 290 4849 &7T1 0.4 0.003 565 11007 036 0.11 19.00
40 0064 253 1723 613 0.2 0.045 075 2627 019 002 1219

58 005 604 1030 392 0.12 0013 085 48489 075 020 13639

38 (i 0.067 358 2920 4.17 010 0,003 062 7484 038 002 3106
48 0.121 293 319 360 0.12 0.022 071 46372 112 013 108.99

nd=no data
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station | depth(m) Dissolved (nM) Suspended (nM)
cd Cu Fe Ni o Pb cd  Cu Fe Ni Pb Al
39 0 0.108 887 4064 429 012 0021 041 10236 035 002 1893
27 0073 319 5658 333 0.6 0009 080 59826 147 037 16081
o 0 0062 414 1485 871 OIS 0008 078 497.96 089 020 3651
0 0079 288 626 179 014 0006 141 48153 105 022 6739
20 0092 232 985 503 0.4 0043 072 45287 072 018 TLI
a 0 0025 654 nd 181 od 0009 073 10706 030 007 12.09
0 0060 331 627 871 008 0010 253 62926 188 040 25953
2 0 0069 382 1556 478 017 0006 078 13105 066 004 12879
30 0077 446 5980 806 020 0005 029 9935 033 002 6564
4 008 207 2521 398 0.4 0010 096 457.05 121 016 94.10
p 0 0078 381 2150 496 020 0004 050 7954 040 002 3549
35 0073 273 5226 445 044 0011 070 42549 078 009 10532
4 0069 288 2080 320 017 0011 058 43101 092 020 12489
“ 0 0079 349 247 371 013 0006 051 7727 033 002 1976
20 0064 159 2141 218 o012 0006 042 6509 033 002 2142
s3 0077 177 3152 236 0.2 0009 057 S1.83 099 007 16822
45 0 0060 242 4248 289  0.14 0004 032 11996 029 002 3055
1S 0041 160 5980 871 0.8 0005 034 4270 024 002 5142
ss 0053 178 2920 261 013 0008 LI9 62926 196 053 243.13
46 0 0032 22§ 3843 268 061 0042 056 14043 069 004 7260
0 0037 103 1712 244 038 0.008 0.65 15857 049 004 49.53
30 0036 176 1077 222 036 0008 027 11376 039 002 3592
40 0056 282 2138 348 093 0005 027 2944 033 004 2534
46 0064 145 4578 347 047 0016 092 4635 181 018 nd
p 0 0.048 284 20,80 3.51 0.06 0012 056 2130 056 007 60.08
58 0060 223 4664 288 O 0013 067 43832 068 012 4217
8 0 0051 325 1650 322 006 0083 0.1 43468 084 014 15185
s7- 0089 174 2768 303 008 sd  nd od sd 8d nd
49 0 0058 300 2284 246 043 0009 033 4198 033 002 5224
30 0034 167 3796 320 064 0005 043 2130 027 002 5858
$3 0050 193 2338 271  0s1 0015 086 5577 136 031 176.89
50 0 0063 238 1185 280 079 0015 565  S1851 045 052 7286
s0 | 0068 228 2578 203 050 0018 195 60281 144 025 15568
st 0 0071 .338 2164 27 o013 0014 145 9070 038 002 $534
10 0064 237 1983 328 008 0013 081 4824 031 005 3L8
25 ad ad nd o4 od 0051 138 2787 051 009 812
46 099 247 3836 39 0.5 0023 118 62926 139 004 14596
52 0 0065 332 3315 250 070 0013 088 8611 051 004 2349
8 006 176 1130 233 0.86 0.028 093 54732 107 004 11977

nd=no datz



Appendix C. {Continue)
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station | depth(m) Dissolved (nM) Suspendsd (nM)
Cd Cu Fe Ni Pb Cd Cu Fe Ni Pb Al
53 0 0049 279 3477 228 082 0015 467 13682 082 004 4574
10 0.051 228 1642 220 057 0044 057 4402 134 022 4382
st 0056 1.4 2407 232 070 0032 113 62926 242 008 107.67
54 0 0032 343 2560 230 0.5 0042 042 3208 069 002 2898
60 0055 230 2815 3.3 057 0.013 049 39188 097 0.4 5949
55 0 0053 371 2404 330 006 0009 048 5777 055 007 5217
59 0.060 211 4934 318 0.5 0009 089 157.63 068 004 14237
56 0 0052 182 1546 262 0.14 0008 088 3287 066 004 9.62
60 0055 218 4731 339 019 0013 046 26764 096 013 213.14
57 0 0039 162 1858 302 019 0.005 047 11723 086 005 5.69
0 0.088 239 4977 361 020 0.009 051 3619 073 002 14347
59 0.067 240 1812 290 013 0007 049 40586 1.00 013 27534
58 0 0.064 298 1498 312 016 0,004 039 18144 064 009 106.66
60 0078  1.87 3827 311 017 0.007 044 32750 084 009 79.78
59 0 0053 223 1675 347 0.6 0.009 S65 4429 058 002 1470
63 0048 148 2256 308 0.3 0.002 029 6637 051 002 33.03
60 0 0.061 260 2678 318 0.8 0003 027 3032 064 002 17.98
57 0062 140 1252 312 007 0.006 0.46 20337 099 009 183.69
61 0 0.101 284 5431 432 051 0012 066 4743 109 009 188.97
20 0.046 274 5980 522 021 0005 055 2130 078 004 10101
48 - 0060 149 1666 275 0.1l 0.012 115 28608 137 013 48.03
62 0 0.043 256 4338 228 037 0.004 030 3058 094 004 1649
20 0031 124 438 193 029 0004 027 2171 080 002 12617
‘ 8 0039 182 1122 258 029 0004 199 25618 111 007 21155
63 0 0.034 295 824 316 025 0.010 050 4254 094, 004 97.5)
64 0037 135 1477 607 024 0.008 041 11491 196 009 83.37
& 0 0034 381 S87 380 023 0.008 041 6617 116 005 36.19
57 0.049 133 438 263 024 0.005 068 21706 151 014 184.26
65 0 0036 265 ~ 438 255 021 0.005 036 4675 093 0.05 39.26
64 0.031° " 1420 799 246 03 0,005 031 28077 116 007 3931
66 0 0,040 = 227 438 232 020 0,003 041 2130 083 007 845
70 0029 123 438 177 021 0.004 051 35412 139 002 4503
67 0 0.044 246 1249 310 085 0.006 030 © 6230 112 002 1512
30 0029 246 1616 - 262 0.56 0004 037 3823 125 004 5245
7% 0036 120 940 217 032 0,006 0.2 40736 094 012 6885
68 0 0.110 286 1982 366  0.08 0008 039 4434 068 005 4822
40 0.034  1.63 1874 241 006 0006 030 2484 060 002 6647
n 0045 129 1038 343  0.06 0.007 076 36764 121 009 53.03




Appendix C. (Continue)
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station

69

70

n

72

74

75

76

77

78

19

depth(m) Dissolved (nM) Suspended (nM)
Cd Cu Fe Ni Pb Cd Cu Fe Ni Pb Al

0 0.076 2.67 21.88 3.52 0.88 0.007 035 4849  0.59 006 4421
20 0.036 2.27 17.51 1.9 0.93 0.006 5.65 3602 062 028 2265
25 0.039 1.97 1661 338 0.72 0.025 1.17 3395 059 007 7739
40 0.049 1.93 1492 266 0.93 0012 0.80 11435 060 0.02 5854
45 0.044 1.98 30.35 296 0.84 0.009 0.56 241.08 070 0.02 109.07
64 0.064 1.65 2384 321 0.85 0.006 0.50 26207 069 002 47.26
0 0.046 1.50 6.63 179 0.26 0012 035 4534 056 0.02 6659
15 0.081 1.24 7.42 1.81 0.24 0.007 0.27 2646 054 004 91.69
38 0.055 1.03 7.11 1.70 0.40 0.010 045 24641 059 013 7034
0 0.054 5.50 13.63  1.89 0.30 0.009 0.60 232.53  0.66 0.09 100.64
15 0.075 3.71 518 337 0.42 0.019 1.40 178.08 054 0.04 125.19
30 0.045 1.26 7.74 233 0.39 0.008 1.11 25898 0.63 0.04 50.54
0 -0.025 2.52 3461 459 045 0.004  0.61 4178 064 002 7717
20 0.09t 1.59 28.03 3.31 0.45 0009 0954 3533 046 002 6178
34 nd 1.4 11.92 4.24 0.36 0.00%9 1.08 180.59 0.68 007 7136
0 0.047 3.38 26.33 14 0.07 0.004 0.89 49.03 034 0.02 8036
30 0.031 1.16 2s. " 3.8 0.12 0.031 0.49 42.39 062 004 6558
72 0.042 1.36 15.87 2,65 0.06 0.006 0.55 41765 074 0.04 6691
0 0.082 1.89 14.73 1.90 0.77 0.006 0.34 37.43 049 004 2118
25 0.047 1.03 18,17 - 166  0.60 0.005 043 30,69 055 0.02 43.25
66 0.041 1.03 537 1.84 0.81 0.006 0.50 28378 071 002 41.95
0 0.054 1.53 7.03 1.72 0.53 0.002 039 2130 050 004 6.10
10 0.032l 1.03 1052 1,66 0.70 0.007 0.39 2573 038 0.02 424])
0.057 1.03 12,53 1.66 0.77 0.006 054 28008 G.69 0.04 61.30

0 0.134 2.13 8.43 1.91 0.40 0.003 035 94.94 0.51 002 2020
10 0.076 1.81 10.58 2.10 0.55 0.007 0.74 9i .75 0.54 004 8328
26 0.032 1.39 10.14 1.99 0.72 0.007  0.40 3192 044 002 1771
0 - 0.056 2.39 1342 251 0.59 0.021 1.07 72.22 0.82 028 54.64
10 0.032 1.45 19.90 212 0.90 0.006 045 28.27 035 007 20.5]
48 0.032 1.65 24.28 1.98 0.60 0.016 0.9t 29293 0.65 002 12133
0 0.025 2.61 1945 2.03 0.55 0.007 5.65 8346 039 011 6922
28 0.025 4.58 3254 219 0.79 0.006 = 0.56 3502 036 004 4513
63 0.084 1.11 7.82 2.00 037 0.008 ' 5.65 381.98 057 011 14131
0 ' 0.087 2.67 19.15 2.4 0.87 0.009 242 8435 029 030 4521
10 0.073 2,27 14.13 2.27 0.64 0.004 059 58.04 028 005 31.54
20 nd nd nd od nd 0.007 047 4550 037 0.04 2249
25 0.073 1.88 17.07 212 0.28 0.008 0.52 82.34 046 0.10 1633,
30 0.059 1.78 11.86 1.95 0.33 0.009 040 6235 038 004 63.77
50 0.045 1.33 28.29 247 0.43 0.006 055 28441 071 004 5454
59 0.050 1.95 11.83 1.4 053 0.005 0.5 35642 054 0.04 105.67

nd=no data



Appendix C. (Continue)

72

station | depth(m) Dissolved (nM) . Suspended (nM)
Cd Cu Fe Ni Pb Cd Cu Fe Ni Pb Al
80 0 nd 3.16 20.21 3.00 0.27 0006 045 103.93 048 002 71.24
15 0.075 213 13.23 3.09 0.36 0.0108 0.51 98.11 036 0.06 88.6)
3t 0.032 2.67 30.79 3.36 0.38 0.010 1.16 149.09 0.7.4 0.11 134.66
81 0 0.043 2.50 17.58 3.56 0.59 0.005  0.68 76.47 073 0.02 69.07
10 0.060 196 4143 3.04 0.62 0.007 047 78.86 057 002 7.3
53 0.046 1.85 34,07 3.56 0.50 0.007 0.49 10643 063 0.11 9613

nd=no data
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Appendix D. Cd, Cu, Fe, NI and Pb in sediments in The Guff of Thailand and East Coast of Malay
Peninsula in dry season (April-May 1996) and wet season (September-October1995).

Dry season (April-May 1996) Wet season (Septernber-October 1985)
station | Cd(ug/g)® Cu(ugig)* Fe(%)* Ni(uglg) Pblug/g)® Cd(ug/g)* Cu(ug/g)*® Fe(%)* Pb(ug/g)*
1 0.42 29.10 1.00 16.91 5290 0.24 11000 282 17.50
2 nd nd nd nd nd 0.51 210.90 229 16.40
3 0.10 56.00 1.70 33.64 38.20 0.24 18.90 3.10 21.70
4 0.14 40,00 1,51 35.80 40,10 0.26 17.50 217 16.70
5 0.26 37.00 0.91 30.79 68.50 0.48 25.50 2.58 27.80
6 0.24 40.00 1.28 33.84 43.10 0.53 19.40 2.31 20.20
7 0.24 41.00 1,54 48,81 44.20 0.47 28.90 1.91 17.70
8 0.18 61.00 0.99 27.20 43.40 0.52 29.50 2.49 17.60
9 0.15 19.70 1.40 16.76 74.30 0.34 13.00 1.87 17.90
10 0.17 33.00 0.92 26,57 28.90 0.45 23.40 1.79 15.00
11 0.57 27.00 1.21 33.34 46.70 0.30 23,70 1.73 14.50
12 0.35 48.00 1.26 42.07 51.60 0.34 17.00 1.75 16.30
13 0.55 44.00 117 31.61 36.10 0.29 19.00 1.86 13.90
14 0.26 37.00 1.14 32.26 52.40 0.53 18.30 1.86 18.10
15 0.33 23.00 0.89 28.77 29.10 0.71 19,40 2.01 16.20
16 0.27 28.00 1.07 32,87 42.60 1.03 39.00 2.58 23.30
17 0.33 31.00 1.85 38.91 29,00 0.80 32.30 2.56 23.10
18 0.94 39.00 1,77 35.34 §1.20 0.39 23.20 2.47 24,00
19 0.32 26.00 111 31.18 43.10 0.30 16.80 2.01 16.40
20 0.21 15.00 0.89 30.27 24.40 0.35 19,30 1.60 14.40
21 0.25 17.00 1.03 26.59 21.10 0.36 16.50 1.56 11.80
22 0.15 23.00 1.10 3246 17.00 0.65 31.60 2.30 14.90
23 0.15 25.00 1.61 36.93 26.70 0.80 31.90 2.57 14.50
24 0.06 17.00 0.87 25.71 24.20 0.27 10.80 2.21 12.60
25 0.16 17.80 1.38 34.05 20.20 0.30 11,70 2.54 22.90
26 0.13 19.10 1.05 28.92 16.70 0.32 15.90 2.09 9.01

27 0.13 17.90 0.96 28.04 15.50 nd nd nd nd
28 0.19 17.60 1.03 25.33 19.50 0.30 16.60 1.86 7.02
29 0.06 13.80 0.85 24.89 17.10 0.83 15,70 2.04 8.26
30 0.10 13.10 1.34 27.20 21.90 0.40 11.40 2.49 19.30
31 0.14 12.80 0.95 23.09 15.90 0.42 777 1.71 14.30
32 0.08 16.30 0.78 20.87 10.80 0.58 15.20 1.70 18.20
33 0.08 18.00 1.00 25.21 20.40 0.39 19.50 1.55 9.10
34 0.01 17.90 1,34 20.96 17.90 0.29 23.60 222 17.00
35 0.18 21.00 2,38 52.61 22.50 0.81 25,90 3.09 18.40
36 0.29 22.00 1.68 38.81 21,80 0.42 21.40 217 16.80
37 0.22 17.90 1.43 31.89 16.30 0.26 19.60 248 18.60
38 0.44 15.10 1.54 24,07 13.40 0.27 12.80 1.63 10.60
39 0.07 24.30 1.18 19.51 16.40 0.38 17.90 1.8 18.10
40 0.07 10.50 1.40 15.69 15,30 0.39 16.40 218 20.40
41 0.36 14.20 1.48 22,44 20.40 0.24 15.40 2.00 9.88

®data from Shazli et al, 1997, nd=no data
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Appendix D. (Continue)

Dry season (April-May 1996) Wet season (September-October 1995)
station | Cd(ug/g)® Cu(ug/g)® Fe(%)* Ni(ug/g) Pb{ug/g}® Cd(ug/g)® Cu(ug/g)® Fe(%)* Pb(ug/g)®
42 0.23 1740 063 2440  32.60 0.86 19.80 224 1010
43 0.53 1280 132 2220 2270 0.28 1440 165  10.70
44 0.20 2680 072 2491 1890 0.44 1900  1.80  13.00
45 0.37 1970 200 3190  28.10 0.30 2010  3.04  19.60
48 0.22 1740 138 3035  22.80 0.32 19.50 2.57  18.10
47 0.12 1700 152 2237 1850 0.29 16.00 214 1280
48 0.29 21.00 185  27.09  91.00 0.33 1720 277 9.24
49 0.14 16.90  1.67 2584  20.00 0.30 1880 254  11.00
50 0.10 4330 128 2743 1450 0.36 1500  1.81 1820
51 0.29 1590  1.24 2048  26.60 0.40 1580 208  18.60
52 0.36 1880 132 1523  30.80 0.39 4580  1.81  10.10
53 0.32 16.00 143 2495  26.40 0.48 3660 227 249
54 0.24 1560 122 2418 2130 0.24 1520 247 19.10
56 0.35 1870 146 1916  33.60 0.30 1500 202  7.30
56 0.15 1800 216 2428  34.50 031 2880 218  14.60
57 0.51 19.00 184 2255 3150 0.27 1630 227  14.40
58 0.36 1440 138 2285  13.80 0.36 13.80 170 1610
s9 | o0as 1190 1.01 1546  19.20 0.26 1350 142 1430
60 0.07 11.80 118 1582  11.80 0.39 1280 189  17.20
61 0.07 1450  1.43 2239 9.29 0.64 1.50 1.9 684
62 0.22 1270  1.04 1865 9.38 0.22 970 190 1240
63 0.51 1260 114 2012 7.68 0.31 1080 204 817
84 0.29 18.00  1.48 2286 7.98 0.27 1340 203 16.50
85 0.07 1200 082 1972 5.24 0.23 1410 180  6.78
86 015 1360 203  40.17 9.61 0.54 1810 245  9.05
67 0.51 1860 226 4338  16.00 0.24 13.90 257 447
68 nd 1360  1.25 nd 11.10 0.25 1080 216  7.43
69 0.44 1290 088 4435 8.09 0.17 13.80 223  11.00
70 007 1670 077  27.68  28.80 069 1410 188  17.90
717 | o038 16.90 © 1,06 1 (2687 -~ 13.50 1.02 1340 071 21.80
72 nd 1240 1.20 nd 12.40 0.54 13.80 211 21.60
73 nd 1030 114 3470 8.97 0.32 1310 133 1230
74 0.15 11.50 © 4.01 . 3545 _ 1050 110 1530 © 1.87  10.40
75 nd 1290  0.70 nd 12.90 0.35 1810 231 1280
76 0.80 1100 171 3100  21.40 0.43 1000 1.03  13.30
77 0.22 1510  1.80  41.88 9.80 0.28 1230 1.5  17.80
78 0.29 1350  1.14  50.06 8.10 0.38 1200 196  13.20
79 0.36 1690  1.60 3521 12.20 031 1130 244 . 17.40
80 0.73 13.40 099 2240 1870 0.37 1210  1.56  27.20
81 nd 1660 117 nd 38.60 0.23 1130 214 890

Sdata from Shazli et af, 1997, nd=no data



Appendix E. Environment varisbles in The Gulf of Thailand and East Coast of Malay Peninsula
in dry season (April-May1996).

Depth ®Nitrate  "Phosphate *Fluorescenc  “salinity Do *H
station (m) (uM) (uM) (Voly) (pw) (ml/l)

1 0 0.19 0.23 3.81 32.25 4,39 8.20
27 0.13 0.21 3.99 32.25 4.09 8.19

2 0 0.08 0.17 1.19 32.26 nd 8.23
S 0.13 0.32 1.11 32.26 4.40 8.23

10 0.13 0.17 1.80 32.24 4.42 8.24

15 0.10 0.23 2.45 32.25 4.40 8.23
20 0.13 0.16 3.18 32.25 439 8.24
27 0.12 0.15 3.20 32.25 436 8.24

3 0 0.27 0.14 1.10 32.19 nd 8.23
0.21 0.14 1.16 32,19 4.34 8.22

10 0.18 0.33 1.15 32.14 4.39 8.23

15 0.17 0.20 1.15 32.16 4,39 8.23

20 0.31 0.21 1.27 32.17 4.39 8.23

31 0.21 0.20 1.86 32,18 437 8.23
4 0 0.22 0.14 0.96 32.03 nd 8.24
15 nd nd 0.90 32.04 4,40 8.23

18 0.23 0.15 0.92 32.08 4.40 8.23
20 nd nd 0.98 32,12 4.38 8.23

24 nd nd 1.17 32.14 4,34 nd
26 nd nd 1.31 32.14 4,33 8.23
5 0 0.32 0.4 nd 32.06 nd 8.20
10 0.26 0.26 nd 32,07 443 8.20

20 0.28 0.40 nd 32.09 4,37 8.21
26 0.35 0.27 nd 32.13 441 8.20

29 031 0.17 nd 32.25 432 8.15

6 0 0.50 0.42 nd 32,01 nd 8.21
10 0.27 0.37 nd 32,00 442 8.21
20 0.39 0.33 nd 32,00 4,44 8.02

25 0.28 0.2t nd 32,31 4.45 8.21
30 0.31 0.19 nd 3237 4.4 8.20
40 0.28 0.15 nd 32.26 nd 8.19

50 1.13 0.21 nd 32.54 ad 8.08

7 ] 0.30 0.16 0.63 31.88 4,40 8.19
45 1.64 0.21 341 32.23 4,00 8.13

8 0 0.49 0.21 0.81 3217 4.39 8.20
37 0.35 0.12 5.01 32.08 4,35 8.19

9 0 0.50 0.12 0.79 32.12 nd 8.14
20 0.44 0.09 0.82 32.07 4.44 8.13

35 0.79 0.09 330 32,13 4.09 8.09

10 0 0.66 0.09 0.80 31.93 4.4] 8.16
47 2.00 0.18 5.75 32.21 342 8.06

® data from Southeast Asian Fisheries Development Center, 1997, nd=no data
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Appendix E (Continue)

Depth Nitrate  *Phosphate "Fluorsscenc  “salimity D0 %H

station (m) (uM) (uM) (Voly) (psw) (mll)
1 0 0.58 0.11 0.72 31.85 439 8.16
53 0.84 0.15 9.19" 32.19 431 8.10
12 0 0.57 0.12 0.69 31,75 437 8.16
25 0.52 0.06 0.79 31.87 441 8.16
57 1.25 0.12 5.53 32.42 nd 8.08
13 0 0.62 0.11 0.70 31.64 4.42 8.18
40 0.53 0.05 1.01 31.92 4.61 8.18
65 1.81 0.15 4.09 3237 3.74 8.09
14 0 0.52 0.06 0.60 31.63 4.43 8.20
45 0.60 0.13 1.37 31.93 4.45 8.18
60 2.06 0.16 5.18 3231 3.88 8.10
15 0 0.20 0.19 0.71 31.65 4.48 8.19
s3 1.78 0.23 5.46 32.28 .00 8.08
16 0 0.22 0.12 097 31.94 4.40 8.19
48 6.08 0.53 398 3236 3.27 7.98
17 0 0.28 0.10 0.95 32.00 nd 8.15
10 0.25 0.09 1.03 32.00 445 8.16
20 0.36 0.11 097 31.83 444 8.15
30 0.24 0.13 1.04 31.86 4.58 8.16
38 0.37 0.17 265 32.09 3.95 8.11
4s nd nd 4.96 32.28 2.13 7.88
18 0 0.23 0.10 0.63 31.94 439 8.19
60 1.52 0.20 4.07 32,13 3.42 8.10
19 0 1.76 0.18 0.53 31,79 438 8.11
62 0.36 0.11 4.64 32.08 nd 8.10
20 0 0.28 0.13 0.69 31.74 436 8.20
64 1.27 0.33 5.99 3234 nd 8.07
21 0 0.42 0.23 0.72 31,74 4.41 8.18
68 0.20 0.40 4.10 32.91 3,02 8.02
2 0 0.28 0.10 0.48 31.93 4.40 8.20
56 035 0.11 4.03 32.51 3.61 8.14
23 0 0.25 0.10 0.71 31.72 4.42 8.18
kL 0.61 0.14 51 32.01 423 8.14
24 0 0.23 0.10 1.06 31.87 4.41 8.20
10 0.18 0.11 1.05 31.83 445 8.20
20 0.21 0.10 1.28 31.87 4.50 8.20
28 0.24 0.21 2.87 31.85 435 8.17
25 0 0.22° 0.10 0.67 31.89 4.40 8.19
40 0.21 0.09 1.44 32,20 421 8.15

® data from Southeast Asian Fisheries Development Center, 1997, nd=no data



Appendix E (Continue)

Depth ®Nitrate  ®Phosphate *Fluorescenc  “salinity *DO %H
station (m) (uM) (uM) (Volt) (psw) (ml/})

26 0 0.28 0.13 0.53 17 4.42 8.21
10 0.25 , 012 054 3171 442 8.21

20 034 0.13 0.57 1) 4.42 8.21

30 0.28 0.10 0.68 3171 439 8.20

0 0.29 0.13 0.99 1 420 821

50 0.30 0.12 1.19 31.90 nd 8.19

63 1.16 0.16 5.00 32.93 nd 8.10

27 0 0.23 0.10 0.60 3173 nd 8.19
55 2.50 0.28 4.17 33.66 3.29 8.10

7 322 0.43 331 33.74 3,78 8.10

28 0 od nd 0.70 3170 . 4.44 8.21
58 2.65 0.39 6.82 33.17 4.23 8.10

29 0 0.32 0.15 0.81 31.87 442 8.21
30 0.40 0.17 1.08 32.30 444 8.19

30 0 0.21 0.13 5.02 31.86 a7 8.16
24 0.33 0.14 3.91 31.85 4.00 8.13

31 0 0.36 0.19 0.74 32.00 4.43 8.18
27 0.28 0.16 2.24 3230 438 8.15

32 0 043 0.19 0.69 21.93 4.41 8.19
40 031 0.22 2.18 32.88 nd 8.07

52 2.22 0.28 5.55 3342  od 8.08

33 0 0.42 0.15 0.66 N7 443 8.16
45 0.51 0.21 1.49 33.36 356 . 8.04

7 317 0.31 2.47 33,75 4.04 8.06

34 0 0.35 0.14 0.53 31.93 4.40 8.17
' 30 0.23 0.12 1.0 33.85 4.26 8.15
37 . 022 0.11 0.96 33.88 4.19 8.15

60 0.69 017 1.51 33.36 3.99 8.14

70 1.48 0.28 4.10 33.86 3.81 8.12

77 1.15 0.22 437 33.86 nd 8.11

35 0 0.42 012 | 050 32.63 nd 8.17
50 038 0.13 1.64 33.64 439 8.13

70 0.66 017 474 33,80 428 8.11

36 0 034 0.11 0.60 32.40 439 8.18
65 0.98 0.15 433 33.80 4.27 8.11

7 0.92 0.14 533 33.80 4.10 8.11

37 0 0.42 0.14 0.88 3212 438 8.20
40 0.44 0.08 1.0 33.43 386 815

58 0.65 0.10 3.61 33.74 436 8.12

38 0 0.49 0.1 0.70 3178 443 8.22
48 0.53 0.15 4.69 3332 4.20 8.13

® data from Southeast Asian Fisheries Development Center, 1997, nd=no data



Appendix E (Continus)

*Depth ®Nitrate  *Phosphate “Fluorescenc ®alinity DO *H
station (m) (uM) (uM) (Volt) (psw) (mll)

39 0 0.42 0.15 1.20 31.75 4.42 8.22
27 0.45 0.11° 2.92 3235 437 8.18

40 0 0.42 0.09 1.85 31.92 nd 8.20
10 0.43 0.10 1.97 31.92 4.42 8.20

20 039 0.10 1.93 31.91 4.45 8.20

41 0 037 0.08 0.84 31.86 439 8.17
40 0.51 0.12 3.13 33.24 4.02 8.10

42 0 041 0.08 0.54. 32.06 439 8.2
30 0.50 0.10 084 13.46 4.42 8.21

49 0.47 012 6.10 33.67 nd 8.17

43 0 031 0.08 0.68 32.44 od - 8.25
3s 0.42 0.14 3.51 33.60 427 8.21

49 038 0.1 433 33.61 447 8.18

44 0 0.38 0.09 0.68 32.55 nd 8.24
20 0.63 0.13 0.64 33.21 4.46 8.23

52 0.43 0.18 412 33.70 4.26 8.18

45 0 0.47 0.10 0.66 32,51 nd 8.18
15 0.62 0.12 0.58 33.21 439 8.18

55 037 0.15 2.60 33.91 nd 8.16

46 0 0.40 0.10 047 33.39 ad 8.21
10 0.48 0.11 0.45 33.71 439 8.21

30 0.23 0.07 0.58 33,81 4.48 8.20

40 033 0.09 1.10 33.92 4.49 8.19

46 0.55 0.11 1.90 33.92 nd 8.19

47 0 0.33 0.06 0.48 33.67 437 8.20
58 0.28 0.13 421 33.86 4.49 8.19

48 0 039 0.16 0.59 32.87 nd 8.08
57 0.52 0.20 2.96 33.91 439 8.06

49 0 0.50 0.10 0.68 32.41 4.40 8.18
30 042 0.13 0.64 33.96 446 8.16

53 0.42 0.09 3.36 33.86 435 8.14

50 0 0.41 0.09 0.64 32.27 436 8.20
50 0.48 0.16 3.89 33.61 4.08 8.14

51 0 044 0.10 0.50 2.3 nd 8.20
10 0.41 0.10 0.58 32,28 4.40 8.20

25 0.50 0.12 0.70 33.16 448 8.13

46 0.55 0.17 5.58 33.41 3.91 8.12

52 0 0.45 0.85 0.74 " 32,07 nd 8.19
38- 0.52 0.11 5.29 3331 3.85 8.10

53 0 0.39 0.08 0.44 31.49 nd 8.21
10 0.43 0.10 0.73 32,09 ad 8.21
51 039 0.06 3.25 33.81 436 8.17.

® 4ata from Southeast Asian Fisheries Development Center, 1997, nd=no data



Appendix E (Continue)

®Depth Nitrate . Phosphate  “Fluorescenc  “salimty DO %H

station (m) (uM) (uM) (Vol) (psw) (mi/l)
54 0 0.39 0.68 0.45 2.7 436 8.22
040 * 0.07 3.10 33.88 od 8.17
55 0 0.42 0.14 0.46 13.44 437 8.21
59 - 042 0.10 - 2,06 33.86 nd 8.18
56 0 0.41 0.07 0.53 33.70 nd 8.22
0.44 0.07 3.51 33.89 od 8.19
57 0 045 0.10 0.50 33.66 nd 8.20
30 036 007 0.67 33.69 438 8.20
59 0.42 0.09 242 33.88 4.49 8.18
58 0 049 0.08 0.41 33.37 437 8.21
60 0.39 0.06 2.26 3379 4.98 8.18
59 0 0.41 0.06 0.22 32.66 nd 8.22
6 0.41 o1 1.66 33.82 436 8.19
60 0 0.45 0.12 0.22 3233 439 8.2
57 0.35 0.08 235 33.86 435 8.19
61 0 0.72 0.03 0.28 32.12 4.40 8.19
20 0.43 0.03 0.58 33.63 4.52 8.19
48 0.62 0.02 2.70 33.78 4.43 8.14
62 0 0.68 005 029 32.28 ad 8.20
20 0.67 0.06 0.50 33.66 4.50 8.19
58 0.73 0.06 2.47 33.84 4,33 8.18
6 0 0.33 0.17 0.65 3236 439 8.20
0.27 0.03 235 33.82 od 8.17
64 0 0.13 0.03 0.44 32,52 440 8.19
57 0.38 0.10 271 33.80 441 8.17
65 0 0.19 0.0 0.69 32,13 4.44 8.19
64 1.25 0.06 2.96 33.84 4.47 8.15
66 0 0.27 011 0.63 32.53 441 8.22
70 1.57 0.12 2.81 33.93 nd 8.18
67 0 030 0.04 0.60 32.63 od 8.22
30 0.23 od 0.98 33,78 4.66 8.21
76 1.41 0.02 2.58 34,01 430 8.16
68 0 0.25 0.02 0.22 3260 4.40 8.21
40 0.43 0.05 0.34 33.68 4.60 8.21
7 1.44 0.01 07 33.94 450 8.17
69 0 0.44 0.05 120 32.77 4.46 8.21
20 0.33 0.01 1.16 33.36 4.55 8.21
25 0.28 0.02 112 33.76 461 8.21
40 037 0.05 222 33.75 4.47 8.19
45 0.40 0.03 300 BT 4.42 8.19
64 034 nd 2.40 3.77 435 8.19

® data from Southeast Asian Fisheries Development Center, 1997, nd=no data



Appendix E (Continue)

Depth ®Nitrate  *Phosphate “Fluorescenc Oalinity DO »H

station (m) (uM) (uM) (Volt) (psw) (mi)
10 0 0.47 0.02 0.76 32.94 443 8.20
15 0.25 0.03 1.17 33.48 4.44 818
3 0.61 0.02 4 33,70 425 8.16
7 0 032 0.01 1.83 31.41 4.46 8.21
15 0.31 0.02 2.45 33.65 438 8.18
30 0.03 0.02 475 33.67 4.28 8.18
72 0 0.21 nd 0.72 3275 4.45 8.21
20 0.18 nd 0.84 33.69 423 8.22
54 021 . od 3.27 372 nd 8.17
7 0 028 nd 0.63 32.99 442 8.23
30 0.43 nd 0.95 33.56 4.50 8.25
7 1.18 od 2.64 33.91 4.46 8.20
74 0 0.25 0.03 0.50 33.09 nd 8.23
25 0.21 0.04 118 33.52 4.61 8.24
66 0.40 0.04 3.25 33.72 431 8.22
75 0 0.32 .11 0.64 33.02 4.43 8.23
10 0.18 0.06 0.59 33.31 4.45 8.24
54 0.22 0.05 4.10 3172 430 8.21
76 0 0.30 0.06 1.02 33.01 4.44 8.17
' 10 0.18 0.06 0.95 33.34 439 8.17
26 0.24 0.03 1.63 33.56 4.27 8.16
7 0 0.41 0.04 120 3332 4.48 8.20
10 0.57 0.02 1.02 33.54 451 8.19
m 0.58 0.01 3.39 3371 447 8.18
78 0 0.40 od 0.83 33.21 4.47 8.19
28 0.93 nd 136 33.55 4.52 8.20
63 2.94 nd 3.49 33.69 nd 8.18
79 0 1.59 nd 130 32.80 nd 8.19
10 2,06 nd 1.34 32.94 5.02 8.19
20 2,02 nd 1.50 33.53 5.00 8.19
25 0.96 nd 2.14 33.59 5.03 8.19
30 0.51 od 203 33.62 5.06 8.19
50 1.84 nd 402 33.68 4.85 8.18
59 1.25 nd 3.26 33.68 479 8.18
80 0 1.04 nd 1.07 1843 nd 8.17
15 1.10 nd 1.15 33.54 4.81 8.19
31 1.00 nd 3.98 33.66 4am 8.18
81 0 . 0.16 od 241 32.86 od 8.21
10 1.15 nd 1.91 33.13 5.16 8.21
53 1.35 nd 3.26 33.64 4.97 8.20

® data from Southeast Asian Fisheries Development Ceanter, 1997, nd=no data



Appendix F Vertical distribution of environment variables at station 2, 3, 4, 5, 6,17,
24, 26, 46, 51, 69 and 79

The environment variables, nitrate, phosphate, fluorescence, salinity, dissolved
oxygen and pH in the Gulf of Thailand and East Coast of Malay Peninsula were
determined in the same cruise by other researcher under the collaborative research
program between the SEAFDEC Training Department in Thailand and the Marine
Fishery Resources Development and Management Department in Malaysia.

Vertical distribution of nitrate showed that not much different in concentration
were found at various depth except at station 79 (FigureF-1). Nitrate concentration
varied between 0.03 and 2.94 pM with mean values of 0.43 UM and 0.93 uM
at the surface and the bottom, respectively. At staion 79 concentration of nitrate
was much higher than others staton the concentraton was 0.9-2.1(uM).
Concentration of nitrate at near by stations were also high implying a high input of
nitrate in this area. Enrichment of phosphate at depths were more obvious
(FigureF-2). Unfortunately no measurement of phosphate was done at station 79
and nearby.
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FigureF-1 Vertical profiles of nitrate (UM) station 2,3,4,5,6,17,24,
26,46,51,69 and79
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FigureF-1 (continue) Vertical profiles of nitrate (UM) station
2,3,4,5,6,17,24,26,46,51,69 and79
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FigureF-2 Vertical profiles of phosphate (UM) station 2,3,4,5,6,17,24,
26,46,51,69 and79
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FigureF-2 (continue) Vertical profiles of phosphate (M) station
2,3,4,6,6,17,24,26,46,51,69 and79

Vertical profiles of fluorescence showed that high concentration were found
in water column about 10 m over the bottom. (FigureF=3). The concentrations were
0-8.0 Volts. Shamsudin et al, 1997 collected water samples and measured the
concentration of choorophyll a, b and ¢ by spectrophotometry on board the vessel
and found a linea correlation of these pigments with observed fluorescence.
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FigureF-3 Vertical profiles of fluorescence(Volt) station

2,3,4,5,6,17,24,26,46,51,69

and79

(datafrom Southeast Asian Fisheries Development Center, 1997)
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FigureF-3 (continue) Vertical profiles of fluorescence(Volt) station
2,3,4,6,6,17,24,26,46,51,69 and79
(datafrom Southeast Asian Fisheries Development Center, 1997)

Salinity in the Gulf of Thalland and East Coast of Malay Peninsula was
between 31.5-34 psu. The average value in the Gulf of Thailand was lower than
the East Coast of Malay Peninsula, especially in the coastal area. The vertical profile
of salinity show that the salinity was increasing with depth (FigureF-4).
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FigureF-4 Vertical profiles of salinity (psu) station
. 2,3,4,6,6,17,24,26,46,51,69 and79
(datafrom Southeast Asian Fisheries Development Center, 1997)
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FigureF-4 (continue) Vertical profiles of salinity (psu) station
2,3.4,5,6,17,24,26,46,51,69 and79
(datafrom Southeast Aslan Fisheries Development Center, 1997)
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The dissolved oxygen concentration from the in situ sensor are shown in
FigureF-5, A slighly increase of dissolved oxygen in the subsurface layer as a result
of photosynthetic process were observed and then the concentration decreased at the
bottom layer.
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FigureF-5 Vertical profiles of dissolved oxygen (mi/l) station
2,3,4,5,6,17,24,26,46,51,69 and79
(datafrom Southeast Asian Fisheries Development Center, 1997)
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FigureF-5 (continue) Vertical profiles of dissolved oxygen (ml/l) station
2,34,5,6,17,24,26,46,51,69 and79
(datafrom Southeast Asian Fisheries Development Center, 1997)

The pH in the study areas was varied between 7.9 and B.2. The vertical
profiles of pH were similar to dissolved oxygen profiles (FigureF=-6) in which low
pH was observed at the bottom layer.
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FigureF-6 Vertical profiles of pH station 2,3,4,5,6,17.24,26,
46,51,69 and 79
(datafrom Southeast Asian Fisheries Development Center, 1997)
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FigureF-6 (continue) Vertical profiles of pH station
2,3.4,6,6,17,24,26,46,51,69 and79
(datafrom Southeast Asian Fisheries Development Center, 1997)
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