CHAPTER III

RESULTS

Distribution of Lead, Copper, Ziné and Iron in Seawvater.
O\

The concentrati%qg.}_ y ﬂ) namely lead, copper, zinc
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ND - 1.61 and 0.05 - 15.77 ng/1 for samples collected in October
1988, June-July 1989, November 1989 and May 1990, respectively. On
the average, the concentration observed in May 1990 was the highest

and in October 1988 was the lowest.



Table 3-1 Concentrations of particulate lead in seawater off

Ban Nong Faeb, Mab Ta Phud, Rayong Province.(in pg/1)

Sampling Period
Station
Oct, 88 Jun & Jul, 89 Nov, 89 May,90
C-1 = 0.16 0.08 0.60
c-2 - WBESAL  0.35 0.27
c-3 - 0.3+ 0.74 -
Cc-4 = QJOO 0.88 -
C=5 . > = =
Cc-6 = F 0.34 15.717
Cc-1 — 0, 06 0.07 0.17
SB-01 0.0 ) 0.15 0.42
SB-02 0.70 0.02 0.08
SB-03 4 0.04 0.03 0.07
SB-04 fiFf o0 0.19 0.08
SB-05 F ¥ o.ég, 0.02 0.07
SB-06 N 0 1.61 0.10
SB-07 4 ' “0.02, 0.15 0.22
SB-08 0. 24000 0.03 0.94
SB-09 0. DAsles), 0.02 0.13
SB-10 0. . 0.0L—, 0.01 0.09
SB-11 0. =0 1= 0.00 0.07
SB-12 0. G 0.0Iﬁi;; 0.05 0.18
SB-13 . 0. 0305 =1 = ATt 0.01 0.10
SB-14 I 0.07 0.02 0.09
SB-15 -;0.28 0.04 0.0 0.80
SB-16 ~0.24 0.27 0.0 0.75
SB-17 59330 0.28 9;04 0.05
Average 01k 0.17 0.21 1.00
Range 0.02-0£30 NDB' =0%96 0.00-1361 0.05-15.77
Remark - : No sample

ND 1 “Not'detected

Oct, 1988 : Obefore ship-breaking activities started

Jun & Jul, 1989 : during ship-breaking activities

Nov, 1989 : during ship-breaking activities

May, 1990 : after ship-breaking activities finished



Table 3-2 Concentrations of parQiculate copper in seawater off

Ban Nong Faeb, Mab Ta Phud, Rayong Province.(in pg/1)

14932 2 bH2 A

Sampling Period
Station - -
Oct, 88 Jun & Jud ,89, Nov, 89 May, 90
c-1 - 0,06 ND ND
Cc-2 - 0.08 0.35 ND
c-3 = _ 0.59 0.52 -
c-4 g 0L 00 0.46 -
77/l : :
Cc-6 r o i 2.00 12.11
c-1 = - 0.05 0.16 0.14
SB-01 r ~0.03 ND 0.29
SB-02 . f | 0.3 i 0.04 ND
SB-03 J 000 0.01 ND
SB-04 A7 DO 4 0.17 ND
SB-05 N e, 0.00 ND
SB-06 A OO 0.01 ND
SB-07 0.05" = N i, ND 0.00
SB-08 0.05 —= = ND ND
SB-09 0.00 ND T 0.03 0.02
SB-10 4 0.00 0.00° o&gg ND
SB-11 . 20.00 0.00 J 0.00
SB-12 L7/ ND 0.16 ND 0.18
SB-13 -0.01 0.03 002 0.03
SB-14 - ND 0.14 0.11
SB-15 ND ND 0.03 0.30
SB-16 0.16 ND 0.00 0.12
SB-117 0.08 ND 0.01 1.05
Average 0.02 0.06 0.17 0.68
Range ND -0.16 ND -0.59 ND -2.00 ND -12.11
Remark ' - : No sample

ND : Not detected

Oct, 1988 : before ship-breaking activities started

Jun & Jul, 1989 : during ship-breaking activities

Nov, 1989 during ship-breaking activities

May, 1990 after ship-breaking activities finished
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Table 3-3 Concentrations of particulate zinc in seawater off

Ban Nong Faeb, Mab Ta Phud, Rayong Province.(in pg/1)

S§mpling Period
Station iy
oct,88 . |Jun & Jn1,88) Nov,89 May, 90
Cc-1 - 2,21 0.28 2.49
Cc-2 - 2.63 0.99 ND
c=3 = 355 1.84 -
c-4 — g 0L 00 7.36 -
Cc-5 / % - o
c-6 = 3187 100.08
c-7 - £ N384 5.62 812
SB-01 3£ FIF 088 0.47 1.07
SB-02 _ 4;* 14854 0.45 0.08
SB-03 2 / A0 0.45 0.06
SB-04 Sl B S § 2.40 0.02
SB-05 0.5 F 15 o.gg‘f‘ " 0.57 0.05
SB-06 105 F s 08l 0.87 0.69
SB-07 l.79i‘5¢ - 0.5 1.14 0.35
SB-08 2.70 'S=—U0TEu. ND 0.15
S$B-09 0.79 FERLUACS 77 0.33 0.19
SB-10 o 0 Sl 0L20% =i 0 . ND
SB-11 30.26 0.38 o.ﬁ.- 0.05
SB-12 L70.85 0.20 0.31 0.49
SB-13 0.46 0.18 049 1.65
SB-14 - 0.61 0.17 1.06
SB-15 0.86 0.28 0.87 0.09
SB-16 1790 1.68 0.34 0.39
SB-17 1.92 1/12% 0.64 0.17
Average 1.17 1.35 1.29 5.61
Range 0.26-2.70 0%11-7.25 ND -7.36 ND -100.08
Remark @ - : No sample

ND : Not detected

Oct, 1988 : before ship-breaking activities started

Jun & Jul, 1989 : during ship-breaking activities

Nov, 1989 : during ship-breaking activities

May, 1990 : after ship-breaking activities finished



Table 3-4 Concentrations of particulate iron in seawater off

Ban Nong Faeb, Mab Ta ?hud, Rayong Province.(in pg/1)

Sampling Period
Station ‘ET
Oct,88 |Jun & Jﬁ;{§94 Nov, 89 May, 90
c-1 ~ 318.07 L 114.79 239.92
c-2 - 609.79 156.67 206.15
c-3 S— 695|. 82 108.84 -
c-4 — 0.00 59.55 -
c-5 =" 4 j -~ -
Cc-6 0 4 57.09 1053.91
c-7 - 4 4 ;9647 27.00 370.11
SB-01 3;,05#3 /1 f 5076 28.47 91.14
SB-02 2 Fy. TLY 2792 13.90
SB-03 1987 F ™ 2547 19.06 13.90
SB-04 20198 F| 48568 47.16 27.95
SB-05 20.4F F 244939804 18.15 12.73
SB-06 18. + 78108 27.94 30.61
SB-07 42.508 £ 21.L;i;_ 39.10 32.24
SB-08 22.21F ddes-in 200l 19.66 11.75
SB-09 6.63 *?fll.agﬁf- 30.62 13.36
SB-10 16.48 e TESAISSSE 25,49 9.58
SB-11 10.49 18.94 WY 5.1
SB-12 TE=63 3253 13 g 19.39
SB-13 ~/9.93 8.13 16.4 23.60
SB-14 + 46.90 11.96 24.45
SB-15 52.61 5.54 14:06 11.52
SB-16 324,171 86.78 21.84 18.22
SB-17 277 468 37463 R .72 34.93
Average 57.86 106.05 39.95 108.81
Range 6.63-324.71|5.54-695-82 |11.21-156.67}9,58-1053.91
Remark® - : No sample

ND : Not detected

Oct, 1988 : before ship-breaking activities started

Jun & Jul, 1989 : during ship-breaking activities

Nov, 1989 : during ship-breaking activities

May, 1990 : after ship-breaking activities finished
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1.2 Coﬁper.

The average concentrations were 0.02, 0.06, 0.17
and 0.68 ng/l, and f&nges were ND - 0.16, ND - 0.59 , ND - 2.00
and ND - 12.11 ng/l1 for samples collected in October 1988, June-
July 1989, November 1989 and May 1990, respectively. On the

average, the concentration observéﬁj}n May 1990 was the highest and

= _aF

in October 1988 was the lowest. P
J
1.3 “

‘..,..-"'
@pf#f#ferage concentratlons were 1.17, 1.35,
1.29 -and 5.6l W/w

and rangps NerenONe - 2.70, 0.11 - 7.25 ,
ND - 7.36 and ND - 100 ug/I ﬁor ;amples collected in October 1988,

June-July 1989, Nove eg 1939 an&”ﬂéy 1990, respectively. On the

<l
average, the concentraﬁﬁon_observedmiq May 1990 was the highest and

i

-

in October 1988 was the lowest s

l.4hl§?on. X

The average concentrations were 57.86, 106.05,

39.95 and 108.81 Ing/1; jafid) ranges were/ 663 = 324571, 5.54 - 695.82,
11.21 - 156.67 and 9.58 - 1053.91 g/l for samples collected
in October’ 1988," June=July 1989, ‘November!'1989 ‘.'and May 1990,

respectively. On the average, the concentration observed in May

1990 was the highest and in November 1989 was the lowest.

2. Dissolved Form.

The results of dissolved 1lead, copper, =zinc and
iron concentration in seawater samples are shown in Tables 3-5,

3-6, 3-7, and 3-8. The ranges of concentration were : lower than



Table 3-5 Concentrations of dissolved lead in seawater off

" Ban Nong Faeb, Mab Ta Phud, Rayong Province.(in nug/1)
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Sampling Period
Station T
Oct, 88 Jun & Jul,89 Nov, 89 May, 90
c-1 - 0452 0.06 7.76
Cc-2 - 0.49 0.63 0.28
c-3 = 1.10 0.74 -
c-4 " t 0.40 v
Cc=5 o . =
c-6 / g ) 0.79 3.53
c-1 - 4008 0.06 11.36°
SB-01 14 ~1.43 0.12 0.44
SB-02 B 0834 0.12 0.34
SB-03 082 § 2241 0.15 0.08
SB-04 24 L0584 0.15 0.15
SB-05 0'3‘? b Y | e 0.13 0.28
SB-06 0.08 e /N 0.40 0.31
SB-07 0.18° 350, 0.13 0.48
SB-08 0.34 — O B ND 0.12
S$B-09 0.16 0. Q%1 sl 0.07 0.23
SB-10 0.10 0.09" o.£4 0.11
SB-11 4002 0.26 0.03 0.25
SB-12 \ 010 0.07 0.11 1.47
SB-13 “0.13 0.14 0.04 0.24
SB-14 - Py 0.03 1.78
8B-15 0.30 0.10 0.08 0.75
SB-16 0,34 0.12 0.12 0.50
SB-17 0.12 7.61 0.06 0.17
Average 0.16 1.91 0.19 1.46
Range 0.02-0.34 0.02-22.41 420.03-0.79 0.08-11.36
Remark ' - No sample

ND Not detected

Oct, 1988 : before ship-breaking activities started

Jun & Jul, 1989 : during ship-breaking activities

Nov, 1989 during ship-breaking activities

May, 1990 after ship-breaking activities finished



Table 3-6 Concentrations of dissolved copper in seawater off

Ban Nong Faeb, Mab Ta Phud, Rayong Province.(in ug/1)

Sampling Period
Station -
Oct,88 |Jun & Jul,89( Nov,89 May, 90
c-1 - 0.48 1.67 0.59
c-2 = 0.44 0.29 0.42
Cc~3 - 0.67 0.29 -
c-4 o - 0.21 -
C-5 ,:/ t - =
C-6 y - 23.56 5.76
c-7 = 4 s 10358 0.18 0.89
SB-01 Y “0.27 0.18 0.85
SB-02 o2 rr " o.gir 0.20 0.34
SB-03 ol F ™ 285" 0.21 0.33
SB-04 . 208 iy ) 0.39 0.36
SB-05 0. ] 0.38" % 0.19 0.31
SB-06 0&S F | O.QDI 23.85 0.56
SB-07 0.34F .- Gl 0.46 0.42
SB-08 0.15 & 0. 424 0.22 0.41
SB-09 0.22 o 0.19 0.56
SB-10 0,220 =& (LSHNST, o.ﬁo 0.36
SB-11 .~40.35 0:22 0.2 0.48
SB-12 .';,6.27 0.27 t‘r.i-l’g 1.20
SB-13 .14 0.19 0 0.52
SB-14 ~ 0.30 0.44 0.64
SB-15 "0.15 0.30 0.26 1.05
SB-16 0423 0.65% 0.20 1.16
SB-17 0126 1765 0.18 0.87
Average 0.22 0.52 2.35 0.86
Range 0.11-0.35 0.16-2.55 0.15-23.85 $.0.31-5.76
Remark® - : No sample

ND : Not detected

Oct, 1988 : before ship-breaking activities started

Jun & Jul, 1989 : during ship-breaking activities

Nov, 1989 : during ship-breaking activities

May, 1990 : after ship-breaking activities finished



Table 3-7 Concentrations of dissolved zinc in seawater off

Ban Nong Faeb, Mab Ta Phud, Rayong Province.(in ng/1)

Sampling Period
Station — -
Oct,88 |Jun & Juli89) Nov,89 May, 90
c-1 - ND 3.64 1.98
c-2 - ND 3.42 0.06
c-3 - 0.66 2.70 -
Cc-4 = r 3.03 -
c-5 - o - - -
c-6 - 3 4,93 34.22
c-1 - i 4 00T 10.51 0.58
SB-01 },! . 142 2.28 0.55
SB-02 £.55 _0'%2 4 0.30 0.21
SB-03 l.ﬂg sAAUe™ 2.87 .27
SB-04 weay e WL 1! 7.07 0.21
SB-05 2.60 et W) 254 0.33
SB-06 2.59 21283185 25.76 5.44
SB-07 4.77; ——= N 6.69 0.45
SB-08 ND 2. Y22 0.56 0.417
SB-09 1.50 — 3 A 0.49 1.35
SB-10 _0.92 2 3545 2.74 0.21
SB-11 12.18 3.24 0.63, 0.42
SB-12 - 2.61 2.50 100 1.14
SB-13 1.38 4.61 10417 1.80
SB-14 - 3.44 1.65 3.73
S$B-15 0.717 3.76 1783 3.35
SB-16 1,01 9.81 0.58 2.85
SB-17 3407 11416 0.92 0.49
Average 1.82 3.07 3.81 2.86
Range ND -4.717 ND -11.16 }~0.30-25.76 §h 0.06-34.22
Remark & - No sample

ND Not detected

Oct, 1988 : before ship-breaking activities started

Jun & Jul, 1989 : during ship-breaking activities

Nov, 1989 during ship-breaking activities

May, 1990 after ship-breaking activities finished
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Table 3-8 Concentrations of dissolved iron in seawater off

Ban Nong Faeb, Mab Ta Phud, Rayong Province.(in ng/1)

Sampling Period
Station -~ -
Oct,88 Jun & Juli89 Nov, 89 May, 90
c-1 - 1.40 45.68 21.79
c-2 - 5.61 32.74 17.40
c-3 - 1.10 45.58 -
c-4 = 44,55 -
c-5 = o '3 — -
c-6 / ,, 38,72 21.69
c-1 = , A4 292 0.14
SB-01 gﬁﬁ{ “ND 1.61 5.34
SB-02 D 4 v 4 0.20 3.97
SB-03 'Ng . ;z’f& 4 0.25 4.02
SB-04 10,15 1.61 7.58
SB-05 13.3F L0394 4 0.30 3.20
SB-06 ND 18, 10.15 4.82
SB-07 6.19 | e f:n 4.89 6.48
SB-08 2.1 0.6F22k 1.69 13.04
SB-09 ND = .00 12.44
SB-10 ND ey [ 1.66 12.87
SB-11 10.43 0. 25 ND 10.13
SB-12 3.14 1.08 000 8.47
SB-13 «/ ND 0.86 ND 7.97
SB-14 - 1.23 ND 733
SB-15 0.02 2.64 130 15.717
SB-16 ND 0.80 0.90 13.60
SB-17 A 423 3499 ND 11.12
Average 1.69 1.99 10.17 9.96
Range ND -13.37 ND -12.53 ND -45.68 | 0.14-21.79
Remarka - No sample

ND Not detected

Oct, 1988 : before ship-breaking activities started

Jun & Jul, 1989 : during ship-breaking activities

Nov, 1989 during ship-breaking activities

May, 1990 after ship-breaking activities finished

42



43

0.01 ng/l or not detected (ND) to 22.41 nug/l for lead, 0.11 pg/l to
23.85 mng/1 for copper, ND to 34.22 pg/l for zinc, and ND to 45.68
pg/l for iron. The variations of concentration at each sampling

times are as follow :

2.1 Lead. :
/7
The average concentfﬁiions vere 0.16, 1.91,

d
0.19 and 1.46 ng/l, .and  ranges were 0.02 - 0.34 , 0.02 - 22.41,

ND - 0.79 and 0.00’ff :36 ug/& for samples collected in October

1988, June-July 1 5 oyembe;.IQBQ and May 1990, respectively. On
the average, the t‘zﬁéi fgiion served in June-July 1989 was the
' ,

' N
%PSB iwas./the lowest.
A4 .-. ")'J;;i p;

highest and in Oc

I [ “ff
y A
2.2 Copper. 4id Sdda
(s - e
The average qgg?entrations vere 0.22, 0.52,
o A _‘-:f'?‘-.'-_"—.-

2.35 and 0.86 ug/l, and ‘ranges were 0.11 0L 35 , 0.16 - 2.55,
- -

0.15 - 23.85 andﬁE,3l - 5.76 ng/l fog salplesuéollected in October
1988, June-July 1989, November 1989 and May 1990, respectively. On
the average, .the.concentration.observed. in-November 1989 was the

highest and in October 1988 ‘was' the lowest.
21 LN 2ihe.

The average concentrations were 1.8§, 3.07, 3.8)
and 2.86 ng/1, and ranges were ND - 4.77 , ND - 11.16 , 0.30 - 25.76
and 0.06 - 34.22 ug/l1 for samples collected in October 1988, June-
July 1989, November 1989 and May 1990, respectively. On the
average, the concentration observed in November 1989 was the highest

and in October 1988 was the lowest.
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2.4 Iron.

The average concentrations were 1.69, 1.99,
10.17 and 9.96 wug/l, and ranges were ND -l13.37, ND - 12.53,
ND - 45.68 and 0.14 - 21.79 ng/l for samples collected in
October 1988, June-July 1989,: November 1989 and May 1990,

respectively. On the average, ﬂpﬁﬁ;fconcentrations observed in

=

November 1989 was the highest agg ifi-OCtober 1988 was the lowest.

— |

™ # |
Distribution of Disig,# dOrganie¢ Carbon in Seawater.

e

The dissoi:jij:;yéﬁibcaiﬁbn content in the same seawater

ed apd éhé:results are shown in Table 3-9.

i ddad

.
samples were also determi

The average concentr tions ii§ “each sampling period were

) # i

&

6.90, 5.10, 4.68 and .1zfﬁ§C/1{1{§%F ranges were 1.97 - 11.94 ,
A ‘e desd A

-

1.91 - 8.65 , 2.17 - 27.37and 7.08 ~32.16 mgC/1 .
e -
b X £

e -

Variation of LeaﬁJ:Co er, Zinc and Iron Concénérations in 24 Hour.

4 .
et —

Two sets of Seawater sample;were collected at station SB-10
(Figure 1-1) ons Juner21-22, 1989 and, November 23*24, 1989. The
samples were collected at every 4 hours-within 24 hour period at 1
meter debth. The concentrations of lead, copper,;zin¢ and iron
were determined both in dissolved and particulate forms. The

fesnlts are thown 1% Babled 3-10, %11, 319 and 3~13.

The average lead, copper, zinc and iron concentrations both
in dissolved and particulate forms and their standard deviations are

as follow :
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Table 3-9 Concentrations of dissolved organic carbon in Seawater
off Ban Nong Faeb, Mab Ta Phud. (mgC/1)
Sampling Period
Station - — -
Oct, 88 Jun & Jud 89, Nov, 89 May, 90
c-1 - 4,56 3.87 17.41
c-2 3 533 4.70 25.67
c-3 - 6.05 4.72 -
Cc-4 = T 393 -
c-5 - t - -
c-6 & - 27:37 32.16
c-1 e 4 1 5778 4.66 22.80
SB-01 3/51 5,50 3.98 10.85
SB-02 18 7.30ﬁ 2.39 8.60
SB-03 7483 J 300 3.89 10.40
SB-04 8.07 o 2l 4 5.56 9.89
SB-05 6.5 e 2.30 7.05
SB-06 8.45 g N 4.76 11.50
SB-07 5.930 - 3.63:f}ﬁ 4.07 8.94
SB-08 8.65 — D 3.68 8.46
SB-09 11.95 7 A QA 3.22 7.93
SB-10 1.97 &85 2.58 8.63
SB-11 47,53 8.65 3&;; 9.48
SB-12 . 6.89 6.06 231 8.09
SB-13 “6.71 4.70 2.91 8.39
SB-14 r 5. 05 3.68 7.74
S$B-15 3.95 3.73 Vo ¥ 11.56
SB-16 2026 1.9% 4.46 10.95
SB-17 7.38 6158 2.98 8.02
Average 6.90 5.10 4.68 12.12
Range 1.97-11.95 | ¥F.91-8.65 2.17-27.37 §.7.05-32.16
Remark " - No sample

ND Not detected

Oct, 1988 : before ship-breaking activities started

Jun & Jul, 1989 : during ship-breaking activities

Nov, 1989 during ship-breaking activities

May, 1990 after ship-breaking activities finished
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Table 3-10 Variation of particulate lead, copper, zinc and iron
concentrations in seawater in 24 hours at station SB-10
on June 21-22, 1989. (in ng/l)

Metal
Time ‘Lft
Pb 4 . Zn Fe
,’{E;f
15:00 0.05 O ) e 0.72 32.60
19:00 o0 N Ovodemis 0.65 32.64
23:00 . O+ 01 n 0.01 0.71 37.09
03:00 o Off \ 0.00 0.38 26.76
07:00°"] x 0.00 0.37 28.48
11:003A 4 ! 10.00 0.02 22.35
15:00° 0 03 : 4. 0.00 0.14 32.39
1 £ 3 ™
Avera ;“ 1 Q.01 0.43 30.33
SD (&) 4# w 0.01 0.26 4.48
L
Remark SDA,E) -‘: Staﬁdard deviation
2N

Table 3-11 Variation of ﬁarticulaté&i@ad copper, zinc and iron
concentrations In seawage; in 24 hours at station SB-10
on November -23<24, 1989, (in ug/l{{

A )
Y X )
Tl Metal ||
Time =
Pb Cu Zn Fe
13:000 0.01 0.00 0.00 18.24
17:00 0.19 0.02 0.93 32.12
21:00 0.16 0.12 0.72 41.69
01:00 0.07 0:12 0157 38.58
05:00 0.13 0.25 0.54 26.50
09:00 0.14 0.00 0.35 30.57
13:00 0.04 0.03 0.39 31.41
Average 0.11 0.07 0.50 31.30
SD (&) 0.06 0.08 0.27 7.13

Remark SD (%) : Standard deviation
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Table 3-12 Variation of dissolved lead, copper, zinc and iron
concentrations in seawater in 24 hours at station SB-10
on June 21-22, 1989. (in ng/1)

¢ 8tandard deviation
o
& uI‘J" ‘ILJ’J.._‘.

Table 3-13 Variation of‘hiééolvedfiiaﬁ, copper, zinc and iron

E—

concentrations in seawater. in 24 hours at station SB-10
on November-23<24, 19894 {im ng/1)

Remark

Metal

Time - %Iéﬁ

Pb ! Zn Fe

y;i;f

15:00 i) 1620 2.11 0.00
19:00 359 |+ 0+29 6.43 0.26
23:00 L0680 | | 0w23 1.54 0.00
03:00 r_,,,--rr 0. || 0.28 1.72 0.42
07: 00 ) 493 \ 0.00 2.86 0.00
11:00 7 Hif 4 0l 1.99 1.
15:00 190960, | s 41.07 16.97 0.11

rF rre - -
Averag L T B 4.80 . 0.29
SD (%) 6433 5 3.43 5.21 0.41

i il

Y. ¥
T Metal
Time ~ o
Pb Cu Zn Fe

13:00 @17} 0.23 0.62 0.09
17:00 0.13 0.38 0.86 0.93
21:00 0.24 0.36 3.41 35.69
01:00 0 .49 0 26 1:43 43.27
05:00 0.24 0.64 5.07 5.717
09:00 0.13 0.23 2.95 7.24
13:00 0.04 0.30 2.74 1.66
Average 0.20 0.34 2.44 13.52
SD (%) 0.13 0.13 1.46 16.72

Remark SD () : Standard deviation
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1. Particulate Form.

Ranges of particulate metal concentration were : ND to
0.19 pg/1 for lead, ND to 0.25 ng/l for copper, ND to 0.93 ng/l  for
zinc, and 18.24 to 41.69 ng/l for iron. The variations of

concentration at each sampling period are as follow :

1.1 June 1989. 17,

F >
-

-

Theaverages ‘ﬁnd ranges were : 0.03 £ 0.02 and
— n

ND - 0.07 ng/1 for;iz;jffo oV ¢ p 01 and ND - 0.03 ng/1 for copper,
0

0.43 = 0.26 and 0 1% ug)l for zinc, and 30.33 + 4.48 and

22.35 - 37.09 pg/1 rpn," ==

—_ )

B y
j" W ‘B '
imum eoncehtratlon of lead at 0.07 ug/l1 was

|,J ¢ 44 Fa‘ld p

found at 19:00 hr.

11100 hptfthe minimum concentration was
found. The maximum conc@ntratlon 6£'@opper at 0.03 ng/1 was found

at 19:00 hr. At 03: 00, 07: 00, Il?@b“and 15:00 hr, the minimum
A £

concentrations hie nd. of zinc at

0.72 wug/l was '?pund at 15:00 hr. At 11:00 hr, the minimum
concentration was found. The maximum concentration of iron at

37.09 ug/l1 was found. at 23:00 hr. At 11:00-hr, the minimum

concentration was found.

1.2 November 1989.

The averages and ranges were : 0.11 £ 0.06
and 0.01 - 0.19 wng/1 for 1lead, 0.07 £ 0.08 and ND - 0.25 g/l
for copper, 0.50 £ 0.27 and ND - 0.93 ug/1 for zinc,

and 31.30 + 7.13 and 18.24 - 41.69 pg/l1 for iron.

The maximum concentration of lead at 0.19 pg/l was
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found at 17:00 hr. At 13:00 hr, the minimum concentration was
found. The maximum concentration of copper at 0.25 ng/l was found’
at 05:00 hr. At 13:00 and 19:00 hr, minimum concentrations were
found. The maximum concentration of zinc at 0.93 ng/l was found at
17:00 hr. At 13:00 hr, the minimum concentration was found. The
maximum concentration of iron at 41 69 ng/1 was found at 21:00 hr.

At 13:00 hr, the minimum concentratlon wﬂs found.
o

2. Dissolved Foam,

Rangess of dxssolved metal concentration were ¢ 0.04

ng/l to 18.96 ug/l,&G;fiead, ND_ton 10410 #g/1 for copper, 0.62 g/l

J

to 16.97 wng/l1 for Lﬂc, nd ND to 43.27 ng/l1 for iron. The

variations of concen;fa;aon at each sampllng period are as follow :

A dia

y e Eri
2.1 June 1989. —

- § A 1.3.1‘

et Y-

-;gpe averages and rangeséuwere : 6.11 £ 6.33
- J jy
and 0.93 - 18.96 pa/l1 for lead, 1.74 £ 3.43 and ND - 10.10 pg/1l for
copper, 4.80 i_i5.21 and 1.54 - 16.97.;ug/1 for zinc, and

0.29 £ 0.41land ND - 1.23 ng/l ‘for "iron.

The maximum concentration of lead at-18.96 ng/l was
found ‘at "15:00° hr. ' At 07:00 hr, ‘the “minimum concentration was
found. The maximum concentration of copper at 10.10 pg/l1 was found
at 15:00' hr, At 05:00 hr, the minimum concentration was found. The
maximum concentration of zinc at 16.97 pg/l was found at 15:00 hr.
At 23:00 hr, the minimum concentration was found. The maximum
concentration of iron at 1.23 pg/l was found at 11:60 hr. At 23:00

and 07:00 hr, minimum concentrations were found.
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2.2 November 1989.

The averages and ranges were : 0.20 % 9.13
and 0.04 - 0.49 ug/l for léad, 0.34 + 0.13 énd 0.23 - 0.64 pg/l1 for
copper, 2.44 + 1.46 and 0.62 - 5.07 ng/l for =zinc, and

13.52 + 16.72 and 0.09 - 43.27 ng/l1 for iron.

¥ “r
The maximum concenfgigfgp of lead at 0.49 ng/l1 was
found at 01:00 hr... AL 13:00.hr, the minimum concentration was
found. The maximﬁﬂZépnc tration of copper at 0.64 ng/l was found

at 05:00 hr. At 13: d 09:00§hr, the minimum concentrations were

fation of zine at 5.07 pg/l vas found at
e pingmum concentration was found. The

&l id %

maximum concentration of iron at 43.27 ug/l was found at 01:00 hr.

found. The maximum

05:00 hr. At 13:00°h

At 13:00 hr, the minimum ceoncentration was found.

i _‘.:',"'.'-\._"_il_'“

Concentrations of)Lead Copper, Zinc and Iron in Bivalves.

p & =
Y A
Pen shells, Atrina vexillum, were sampled in June 1989 and
i e

November 1989. The. pen shells samples were bought from a local
fisherman who |collected them firom the'coastal area nearly Ban Pla,
Mab Ta Phud, Rayong Province:. The concentrations observed and the

average concentrations are shown in Table 3-14.

The average concentrations of lead, copper, zinc and iron in

pen shell (Atrina 'vexillum) of two samples in June 1989 were

13.86 + 5.93 wug/l for lead, 95.92 £ 6.71 ng/l1 for copper,
306.82 + 43.65 ug/l for zinc and 184.85 % 301.10 ng/l for
iron. The ranges were 9.56 to 24.08 ng/l for lead, 86.66 to 105.55

pg/l1  for copper, 242.33 to 348.39 pg/l for zinc and 0.78 to 705.97
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Table 3-14 Concentrations of lead, copper, zinc and iron in pen shells,
Atrina vexillum. (pg/g dry wt.)

Sample Metal(ng/g)
Date
No. Pb f Cu Zn Fe
1 Jun, 1989 11'°°i‘wfi96 .49 242.33 705.97
2 Jun, 1989 9.56 10555 348.39 30.26
3 Jun, 1989 | 10.79 95.00 345.40 3.31
4 Jun, 1989 24.l 8 86.66 291.16 0.78
Average Jug,&qﬁ'f* 13 I86 95,92 306.82 184.85
SD (%) 5.?3 6.71 43.65 301.10
5 Nov Freg r 33.22 263.31 987.00
6 jf /WD, 36. 25 269.02 | 477.54
Average Ng,/r’ o ND3,' 34.74 266.17 | 1732.27
SD (%) - Nn“* 1.51 2.86 254.73

Remark  SD {;jf' ,“3?’ Sggndard deviation

e,

—

Table 3-15 Average concentrutlons %nd‘concentratlon factors (C.F.)
of _lead, copper, zinc and iron/in seawater and

pen \shells, Atrina vex = XY )
4 pA2E XL LS .
June 1989 " November 1989
Metal| Seawatér|Pen shell C.F.* Seawater|Pén shell c.F.*
(ng/1) (ng/qg) (ng/1) | fng/9)
Pb 2.23 13.86 6,220 0.09 ND ND
Cu 0:52 95 .92 11184,000 5.55 34.7 6,260
Zn 3.74 306.82 827000 5.89 266.117 45,200
Fe 1.74 184.85 | 106,000 2.48 732.21 295,000

Concentration of metal in pen shell

o ( ng/g )
C.F. (Concentration Factor) =

Concentration of metal in seawater
( ng/g )
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pg/l1 for iron. In November 1989, the average concentrations were
ND for 1lead, 34.74 % 1.51 pg/1l for copper, 266.17 + 2.86 ng/l
for zinc and 732.27 % 254,73 pg/l for iron, and the ranges were‘a
ND for lead, 33.22 to 36.25 ng/l for copper, 263.31 to 269.02 ng/1
for zinc and 477.54 to 987.00 pg/l for iron respectively. The

concentration factors of | lead, copper, zinc and iron in

Atrina vexillum are shown in Tablé“§;?§,

A -
It can _bess seen thmt both zinc and iron were highly

accumulated in theég:égeﬁglls. Ylghest zinc concentrations detected

were 248.39 and :gzkpﬁjug/gdry;y;. for sampling periods June 1989
, /] ="

and November 19 ) cpivéiy:‘ For irom concentrations, the

maximum observed in the en shells vere 705.07 and 987.00 ng/g dry

T f

The maximum concéﬁfratloﬁ%féctors of zinc and iron were
e _‘-_!_g:‘=u—-1_

observed in pen §hells. ngh concentratlondiactors of zinc were

8.20 x 104 andné 52 x 10 for sampling pepiods June 1989 and
November 1989 respectively. For concentratiom factors of iron, the
maximum values ;were.- 1:06 x 105 and;; 2.95.x 105 for sampling
periods June;1989 and November 1989. Cohcéntration factors of 1lead
and copper ere, akso-observeds | The .concentration factors of lead
were 6.22 x 10° and not detected for sampling period June 1989 and
November 1989. The concentration factors of copper vwvere
1.84 x 105 and 6.26 x lO3 for sampling period June 1989 and

November 1989 respectively.
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Survey of Current Characteristics

The current velocity observed on June 21-22, 1989 and
November 23-24, 1989 are shown in Tables 3-16 and 3-17. The
directions and  speeds of current in June 1989 show less

variations than in November 1989.

f
/7
Result of Leaching Experiments. -~

o -
Concentrat%:ffzgj four hkavy metal in seawater , both before

and after experi 4 Jare \shown in Table 3-18. After the

experiments, both thefp %iqﬁlqtglsnd dissolved forms of metals were

/ -

-
e | .5 ¥
o ,

&d f.l

analyzed.

The resultsf shown"the Hiihﬁleaching rates of scrap-iron.
Riarens '/
The amounts leached were 1,69, 0.52, 203.35 and 18.19 ng/1 for

dissolved lead, copper, zinc and iﬁ?ﬁ;tﬁppectively. For particulate

forms, the hquén down amounts were 349.41£,-15.01, 193.08 and
37 "

152,496.50 pg/1 Yah Teady COppErsiZiNENERPIcRr’ respectively.

; -
e "

Recovery Yield'of ‘the Solvent Extraction Method.

The limitation of the solvent “éxtraction method which was
used for the- determination"of 'lead, I'copper, zinc and iron
concehtrations in dissolved form were determined. Triplicate
experiments were carried out and the results are shown in Tables
3-19, 3-20, 3-21 and 3-22. The average percentage recoveries of
the method for lead, copper, zinc and iron were 91.57 , 94.19,

94.04 and 98.05, respectively.



Table 3-16 Current velocity observed at station SB-10
: on June 21-22, 1989.

Depth
Date Time Surface (2 m) m?wmuam Bottom (18 m)
r
Speed [Direction ; Direction| Speed |Direction
(w's) | {(degree) hw%-Aﬁéigi;) (ws) | (degree)

21/06/89| 15:00 | 0.200°0" 2710 | = =l - -
21/06/89| 16:00 | 0.243+1"" 270 - = - -
21/06/89| 17:00 o%w}w - - ~
21/06/89| 18:00 | 0. 33215 280 0.158 | 270
21/06/89| 19:00 o.g /2;3 56 | 270 0.146 | 280
21/06/89| 20:00 | 0. o' /-} “0.080 50 0.095 | 310
21/06/89| 21:00 0.234/ /170082 ||, \310 0.047 | 120
21/06/89| 22:00 | 0. |77 0.0954 |« 50 0.080 60
21/06/89| 23:00 | 0.13 , 01497 | 85 0.173 )
21/06/89| 24:00 | o. 140122 |, \60 0.128 70
22/06/89| 01:00 | 0.116 § A30° “}" 0.138' " 90 0.112 60
22/06/89| 02:00 | 0.088°| £ 80 /1 0.13| 30 0.110 | 130
22/06/89| 03:00 | 0.088 | & 150~ 0.092 |+, 20 0.180 | 160
22/06/89| 04:00 | 0.088 B0 0.082°1 % 80 0.136 150
22/06/89| 05:00 | 0.161 | 150 | 0.106 | +150 0.106 | 110
22/06/89| 06:00 | 0.156 | 95 | 0.173 | 93 Jp.uz 9
22/06/89| 07:00 [ 0219 | 120 0.164 | 100 .| /0.15 )
22/06/89| 08:00 | 0% 100 0.259{ 100 | 0,222 90
22/06/89| 09:00 319 4] 0.300 9 |0.179 91
22/06/89| 10:00 | 0.312 9 0.300 91 | 10.143 91
22/06/89| 11:00 | 0.234 0 0.215 0 [0.098 9
22/06/89| 12:00 | 0.186 0 0.138 92 0.113 | 120
22/06/89| 13:00' [0 0.156 0 03136° [ 110 03118 | 180
22/06/89| 14:00 | .0.083 80 0.162 | 290 0.094 | 272
22/06/89| 15:00/( 0.113 | 27 0.247| 21 0.201 | 270
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Table 3-17 Current velocity observed at station SB-10
on November 23-24, 1989.

Depth
Date Time Surface (2 m) Midj,—depth (8 m) Bottom (18 m)
! y |
Speed |Direction a AP!( ion| Speed |Direction
(nv/s) | (degree) (nVS)'ﬁjézsﬁée) (n/s) | (degree)

23/10/89| 13:00 | 0.069°| 310 | 0.095 {170 | 0.132 | 140
23/10/89| 14:00 o.uz-*f"'/w 71 0.041 . 280 0.058 | 110
23/10/89| 15:00 | 0.15 . 149 45 0.241 | 270
23/10/89| 16:00 | 0.061 A/ ole'| 100 0.227 | 120
23/10/89| 17:00 | 0.279" ﬂ A 0304 | 200 [%0.106 | 300
23/10/89| 18:00 | 0.055 b 0091 9 [ 0.122 | 100
23/10/89| 19:00 o.?/ _0.179 [\ 100 0.094 | 210
23/10/89| 20:00 | 0.155 ;o.gg,‘l 90 . | 0.146 | 300
23/10/89| 21:00 o.g .04 20 | 0.128 | 300
23/10/89| 22:00 | oO. 10082 |, 200 "0.17a| 2%
23/10/89| 23:00 | 0.074 S10.0m° (Y 210 | o.116 [ 285
23/10/89| 24:00 | 0.063°| (250 /} 0.132,| 270 0.126 | 300
24/10/89| 01:00 | 0.068 | /120 { 0.087 |+, 300 | 0.129 | 270
24/10/89| 02:00 | 0.068 | 270 | 0.198 | 280 | 0.082 | 280
24/10/89| 03:00 | 0.059 [ 290 | 0.106 | 3.270 0.210 | 280
24/10/89| 04:00 | 0,201~ 105 “| 0.257 | " 180 p-572 160
24/10/89| 05:00 | .0:249 | 185 0.990 | 55 40,403 | 280
24/10/89| 06:00 | (0779290~ | 0:180 (=220} 10/158 | 130
24/10/89| 07:00 | 0°201 | 200 | 0.210 | 120 | 0.088 [ 29
24/10/89| 08:00 | 0.152 | 200 | 0.101 | 300 | 0.107 | 2%
24/10/89| 09:00 | 0.I144 | 200 | 0.144 | 295 [ 0.068 | 150
24/10/89| 10:00 | 0.186 f=. 180 | 0.106.f 300 0.156 | 270
24/10/89| 11:00, (7 0.106 {7} 280 © | C0w122 (141260 7| 0077 | 280
24/10/89| 12:00 | 10.094 | 270 (.} 10.092 | 300 0.083 | 210
24/10/89| 13:00| 0.064 | 260 | 0.070 | 230 | 0.029 | 280




Table 3-18 Concentrations of lead, copper, zinc and iron leached from
: scrap-paint, ‘iron oxide, scrap-iron, scrap-iron left lying

on the beach.

*
Type Fe
Diss. Diss. Part.
1 0.11 0.00 15.15
I 0.03 0.96 | 53003.44
III 1.69 18.19 | 152496.50
v 3.60 24.75 617.75
Seawater| 0.15 0.67

AU INENINYINS
ARIAIN TN INY Y
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. “Table 3-19 Recovery vield of the solvent back-extraction method for

dissolved lead in seawater (ng/l1).

1 2 3
Conc. of [Conc. Percent Conc. of |Conc. ./ [Percent Conc. of |Conc. Percent
Standard |Observed |Recovery |Standard (X)seLVeé‘r_Eecovery Standard |Observed|Recovery
0.25 | 0.2495 | 100.05 0.24 | 0.2410 98.46 0.24 | 0.2411 98.86
0.51 | 0.4562 90.12 050 | 0.3988 80.23 0.49 | 0.3979 81.17
2.42 | 2.1137 87.18 2.49 | 2.0344 81.60 2.45 | 1.9960 81.44
4.89 | 4.7487 9Tl 1 4,98 /1 4.6917 94.19 4.87 | 4.8123 98.78
9.79 | 9.1713 93.654"1 45,88 %.4779 95.91 9.81 | 9.3070 94.86
il 4 =
Average Bl U £ 04 90.08 91.02
SD + 4,63 ‘ = | 7.62 8.06
i
Average y f ‘ “?l 57
Remark  SD () : $tagfard deviation

B’ i .

Table 3-20 Reépﬁery yield of the solvent bagk}extraction method for
dissoclved copper in seawater (ug/l).

i 2 3
Conc. of|Conc. Percent |Conc. of |Conc. Percent |Conc. of |Conc. Percent
Standard |Observed |Recovery |[Standard |Observed|Recovery |Standard|{Observed|Recovery
0.25 " |10.2515 § © 100.83 0.2¢ 14~0.2447 99.94 0.24 " |.0.2342 96.05
0.51 | 0.4849 95.79 0.50 | 0.4469 89.91 0.49 | 0.4412 90.00
2.42 | 2.3059 9.11 2.49 | 2.2501 90.25 2.45 | 2.2215 90.64
4.89 | 4.6264 94.61 4.98 | 4.8483 97.33. | 4.87 | 4.7121 9.72
9.79 | 8.3626 85.39 9.88 | 8.9104 90.16 9.81 | 9.8189 | 100.07
Average 94.35 93.52 94.70
D+ 5.00 4.26 3.83
Average 94.19
Remark  SD () Standard deviation
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Table 3-21 Recovery yield of the solvent back-extraction method for .
dissolved zinc in seawater (nug/l). '
1 2 3

Conc. of|Conc. Percent  |Conc. of |Coac, . |Percent  |Conc. of |Conc. Percent

Standard |Observed |Recovery |Standard|Observed|Recovery |Standard |Observed|Recovery
0.25 | 0.2226 89.24 0.24 2434 99.44 0.24 | 0.2391 98.06
0.51 | 0.7979 | 157.61 0.50 .4460 89.72 0.49 | 0.4518 92.18
2.42 | 3.0120 | 124.24 249 | 2.4811 99.51 2.45 | 2.2172 90.46
4.89 | 4.6956 96,03" | 4,95/ /| 4.7528 95.42 4.87 | 4.6378 95.20
9.79 | 8.8464 90.3}.»'* 9.88 %.1481 92.57 9.81 | 8.6184 87.84
Average 111,49, R 92.75
SD + 26,35 — 3.83 3.5%
Average 94.04

i & i
Remark  SD () : $tandard deviation’
a4 """:"*.
] 2220
‘.;I"..:\_I =
Table 3-22 Reégﬁvery yield of the solvent nac'i{_-;:extraction method for
dissclved iron in seawater (ng/l)-
1 2 3

Conc. of |Conc. Percent Conc. of |Conc. Percent Conc. of |Conc. Percent

Standard |Observed |Recovery |Standard {Observed |Resovery |Standard{Observed|Recovery
0.25" |10.5402 '} 7 216.57 0.24 (~0.2449 | 200,03 0.24" 11.0.2377 97.46
0.51 | 1.2371 | 244.38 0.50 | 0.4967 99.92 0.49 | 0.5045 | 102.92
2.42 | 4.0088 | 165.36 2.49 | 2.6285 | 105.42 2.45 | 2.0968 85.55
4.89 | 6.7907 | 138.87 4,98 | 4.8257 9.88 4.87 | 4.7703 97.92
9.79 [13.1200 | 133.97 9.88 | 9.7372 98.53 9.81 | 9.4105 95.91
Average 179.83 100.16 95.95
SD + 43.60 2.87 5.711
Average 98.05

Remark  SD () Standard deviation
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