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T:ble 4 Comparison of heavy metals accumulat ion in the muscle of fash

e o

in arcas 4 B8, 0C 'and D ( ppu dvy reignt )

_ Aren Analysis of
Metal ¥ord hs - % —
! A B C D varisnce

Yerob l 0 33 nN,28.-': 0.35 0.34 F=calculated
Cacmiwn | ¥y 0.24 0,34 0,40 0::57 = 0.19

Septenmber | 0424 0434 0.46 Q.12

|

March 20,55 21.91 20,69 5455 F=calculated
tooper | My 2.97 N1 2.93 2.84 = 0,30

Septembur | /4.20 509 6.25 3,90

Maxrch 61,28 V45.52 |'41.28 | 38.84 Fecalculated
Zine | Mar 57.86 | 2840 | 37.78 [106.61 = 1.60

SGI bOmbe.». 71 086 l 39 O’?"{' 49 .90 60 ¢O1

Marel. 345 197 | 3.20 | 2.9y | F-calculated
Tead | Moy 5,60 1351 | 3.8 1 47 = 1,30

September | 2.9 3.56 2.4D 5.94

March 26.52 27.63 21,78 6.40 F=calculated
nese Sertember | 6.85 44 3.74 2.98

Mar ~h 9.50 6.97 | 12.€4 6.45 |, F-calculated
Nicksl | Mey 5.66 | 4.33 | 3.06 | 6.44 I = 0,26

September | 3.40 344 | 4.63 1.67 [ F = 0.05 (3,8,

1 .
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Table 2 Comparisen of heavy metals between the muscle of demerseal

fish and pelagic fish ( ppm dry weight )

Month

Demersal fish

Pelegic fish

Metals
| . af.| b, Ity o5
X 3.0 X SaDs
March 0.32 |¥0.,15 | 0,35 |£0.16 | 48 | 0.66 | 2.02
Cadmium | May Okl 150,39 Go36 |20.09 | 38 | 1.46 | 2.04
September | 0,30 {$0,20 } 0.,28 |£0,13 | 18 | 0.26 | 2.10
March 1742 121051 | 14,79 |£8.64 | 48 | 0.87.] 2.02
Copp‘er May 2.38 121,46 | 3.93 [22.13 | 38 | 1.94 | 2.04
September | 75,05 {23.16 | 4.08 121.00 | 18 | 0.93 | 2.10
March L1460 216444 | 5130 [218.83 | 48 | 1.88 | 2,02
Zinc Mey 67.98 285,97 | 43.06 [*22,01 | 38 | 1.13 | 2.04
September | 60.64 [469.08 | 53.15 [+25.67 | 18 | 0.32 | 2.10
March R.96-TH17082¥97 |21.18 | 47 | 1.15 ] 2.02
Lead May B9 12403 1"'3.475120.98 | 38 § 1.17 | 2.04
September | 4.31 [%2.80 | 3.55 |[*1.57 | 15 | 0.68 | 2.13
March 10,11 |811.44 | 6.32 1£3.01 } 48 | 1.30 | 2.02
Manga~ | May 5.84 :‘6.39 3.80 {*2.60 }37 1'1.20 | 2.04
nese September 331 125,15 307 0 F1 8031 2M
March 21,02 [¥12.24 | 17.12 211,77 | 47 | 1.06 | 2.02
13ckel |May 3.24, }%2.35 2,52 |*1.60 38 11,97 | 2.04
September Leh2 |34.31 4,07 422,65 118 | 0.,22-} 2,10
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Table 3, Heavy metals concentration (ppm dry weight) in tissues of commercial fish from the

Upper Part of the Gulf of Thailand in March, May and September 1976.

Muscle Gonad Digestive organ " Ziver

Heavy Metals

Range Mepn Range Mean Range Meen Range - -#een
Cadmium 0.05-0.81 0.30 0-.1 9=11.,62 0.86 0.55-18.55 2.39 0,19-78.85 iz )1
Copper 0.75-48.08 5403 3.09-117.65  12.63 2,86=114.,22 12,21 0,70-361.27 . 2C.54
Zine 11.75-450.00 42,35 31.54=3765.06 161,74  30.45-9090.91 1 26,11 11,12-89285.71 153.71
Lead 0.87-24.12 L 0.30-54.35 8.37 0.95=184.24  6.96  2.,12-60,74 12,72
Mangenese 0.50-52.75 3,52  2.04=111.54 16,89 1496=607.06  34.98 1.17-535.00 23.14
Nickel 0.37=34437 L67  (.98-137.44 11,05  1.20-150.94 12.45 0.37=488.44  19.43
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Table 4 . Comparison of cadmium levels (ppm dry weight ) in tissue

of squidiin March

Common name Length Body Tentacle
Thai English ( 'em ) Range Mean Rangec Meen

1 4
winnme Squid 12.5-23.5 0+30-0.87 0.55 0.64-1.02 0.50
Winway Cuttle fish '1040-16.0 0.22-0.34 0.28 0.33-0.43 0.37
WINNT DY Cuttle fish 16.5-18.9 Os34 . 7, 0.3h4 0,20 0.29

Table 5. Comparison of cadmium levels (ppm dry weight ) in tissue. of squidiin May
Common name rength Body Tentacle
Thai £nglish ( em ) Eange Mean Range Hean
1 4
uﬁnnaqg Squid 13,0-38.5 0.54-9,66 1.88 0.54-4 .47 1.52
Wﬁﬂﬁﬂu Cuttle fish 12.0=17.8 O.44-0.76 0.54 0.42-0.69 0.51
WiINNTZARY  Cuttle fish 14.5-23.0 0.59-8.91 2.29 0.49-1.69 0.91

1976.

1976.

W<

y
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Teble 6  Comparison of cadmium levels (ppm dry weight) in tissue oi squidsin eptember 1976.
Common name uength Body I'entacle
Thai snglish (em ) hange Mean Ronge Mean
) .
WNNaTeY Squid 10.5-18.0 0.34-2.91 0.82 0.29<1.77 0.82
Vjﬂﬂﬂn Cuttle fish 125 0625 0.25 0.1%0 0.16
A ;
LINNT 2D Cuttle fish 1840-19.0 0.34 0.34 0.34-0.69 0.61

—

fable 7 . Comparison of copper levels(ppm dry weight) in tissue., of squidsin March 1976.

Commion name Length Body Tentacle

Thai Znglish (em ) range iiean Range lhean
e ,
AUNNAY Sqguid 12.5-23.5 10.87-29.62 2212 11.75=36 .79 224,60
Wlinven Cuttle fish 10.0-1640 Be62-24,12 16.75 15.,06~-51.52 2713

.|
‘MUNNTTNBY Cuttle fish 16.5-18,0 Lo.62 40,62 39,00 39.00




Table 8.  Comparison of copper levels (ppm dry weight) in tissue of squid.in May 1976,
Common name wength Body Tentacle
Thai inglish (em ) kange Hean Range Hean
1 4
%ﬁﬂﬂﬁ?ﬂ oguid 13.0-38.5 7+25-13,62 1030 2.37-192.67 9.69
viinvay Cuttle fish 12.0-17.8 7.75-50.50 19.03 12.61-36.96 21.88
ANNTZABY Cuttle fish 14.5=23.0 12.00 %500 42.50 42.50

Table G-.

Comparison of copper levels (ppm dry wgight) in tissu«~

>f squids;in ceptenmbsr 1976.

Common name Length Body Tentacle
lThai English { em ) RKange l Mean Range Mean
.. Y .
winnas Squid 10.5-18.0 bo4s- 7.12 6.05 9.43-16.25 12.21
winwaL Cuttle fish 17.5 7.00 7.00 7.75 7.75
AN TZADY Cuttle fish 18.o-d§.o 13.,00- 15,87 14,81 22,97-36.50 23,10

‘-*:‘A . o

9¢



Table 40. Comparison of zinc levels (ppm dry weight) in tissue

of equidsin March 1976.

commen name Length Body Tentacle
Thai English ( em ) kange bean Range liean
v L A -
winnay Squid 12.5-23.5 52.46-76.75 58.26 15.75-113.50  53.85
winney Cuttle fish 10.0-1640 51.37-87.25 62.13 53,61-138.40  89.59
WinNIzAy  Cuttle fish 16.45-18.0 67400 67.00 73.62 73.62

Table 14

Conparison of zinc levels {ppm dry weight) in tissue

of squidiin hay 1576.

Common name Length
Thai English ( em )
MG Squid 13.0-38.5
viinuau Cuttle fish 12.0-17.8
WIMISAEY  Guttle fish 14,5-23.0

Body

.ienge Mean

Tentacle

Range Mean

31.25- 80.37 46,24

40.12-116,00 58.20

62.50- 68.90 65.62

61.18-79.24 68.74
63.78-78.12 69. 12
76.72-80.37 78.52

A



Table 12 Comparison of ziac levels (ppm dry weight) in tissue of squid:in September 1976.

Common name Length Body Tentacle
Thai Lnglish (em ) Range Mean Range , Mean

1 4 .
winnant Squid 10.5-18.0 44,93-70.25  53.87  5.65-.97.62  67.75
Winwau Cuttle fish 17.5 382.75 382.75 121.12 12412
WINNT 2084 Cuttle fish 18.0-19,0 Lz,00-62,50 51.84 85.14-129.27 101.05

Table 43. Coumparison of lead levels (ppm dry weight) in tissue of squidsin March 1G76.

Common name Length Body Tentacle

Thai inglish ( em ) Range Mcan Range Mean
"
WUNNAIE Squid 12.5-23.5 1.20-4,12 2.23 1.53-7.87 2.76
v Cuttle fish 10,0-16,0  2,12-k.62 275 E5e526 3,2k

a
WNNTeNdY - Cuttle fish 16.5-18.0 2412 2.12 2.25 2425

8¢



Table 44. Colparison of lead levels (ppm dry weight) in tissue of scuidsin May 1976.

Ccmmon name Length Body Tentacle

Thai Engiwh ( cm ) Range Mean Range héan
oo
wunnat Squid 13.0-38.5 1.62-5.87 3.72 1.62-4,.12 2.3k
yiinuey Cuttle fish 12.0-17.8 2. 12-8.37 k.18 1.09-5.87 3.87
NN T 2089 Cuttle fish h4.5-23.0 1093-2.87 255 2.87-3,72 .27 °

Table 15. Comparison of lead levels (ppm dry weight) in tissue of squidiin September 1976,

Common name Length Body Tentacle
Thai English ( em ) Range Mean Range lean
1 4
Mﬁﬂﬂﬁ’)ﬂ Squid 10.5=-18.0 3.56-5.60 4,48 1.56~1Q.7Ll- 3.92
winvex Cuttle fish 1745 3450 3,50 4,50 4450

W
O

WINNTZABY Cuttle -£ish 18,0998 . = S.37 5,37 2.62-12.07 5.62°

e



Table 16 Comparison of manganese levels (ppm dry weight) in tissae of squidsin March 1976.

Common name Length Body Tentacle
Thai English “( cm ) : Ranze Mean Range Mean
4
Winnae Squid 12.5-2345 2,12-k4,62 3.5 1e32-5.23 2.79
wWinweu Cittle fish 10.0-16.0 046i~14.50 2.26 %% 31771 4,85

AMINNTZAAY Cuttle fish 1645-1840 b, 12 - 4,12 4,12 S 412

Tzble )7  Comparison of mangznese levels {ppm dry weight) in tissue of squidein May 1976.

Common name Length Body Tentacle
Thai English ( om ) Range Mean Range lean
P,
winnas Squid 13.,0-38.5 2.12- 3.75 2.24 1458--20.33 k.50
g,
- HInwel Cuttle fish 1240-17.8 0462-10437 2.39 5.23-20.86 ke85

NI ZNDY Cutt\Ie fish 1445-2%.0 4,87~ 4.90 4,88 255 4,87 3,66
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Table 18

Comparison of manganese lcvels (ppm dry weight) in tissue

of squid¢in September 1976.

Common name Length Bedy Tentacle

Thai English ( cm ) Range Mean Range Mean
a 1 4
ninnae Squid 10.5-18.0 1.25-2.50 1.80 0.92-3.75 1.91
wnveN Cuttle fish 17.5 7.50 7.50 3.75 3.75
WINNT2ABY Cuttle fish 18.0-19.0 0e50=1.25 0.79 2.50-6.38 4,05
Table 49  Comparison of .nighko¥ 1lsvels (ppu dry weight ) in tissue; of squidsin Merch 1976.

Common name Length Body Tentacle

lThai Znglish (cm ) Range Mean Range Mean
nﬁnné&u Squid 12.5-23:5 2¢25-34,.37 16.17 1.5-35.82 11.43
wiinvey Cuttle fish 10.0-16.0 1.50-21.62 8.36 15.79-44 .86 26.61
WINNT 200 16,5-18,0  32.75 32,75 20,25 20425

Cuttle fish

vy



Table 29 Comparison of nickel levels (ppn dry weight) in tissue

of sgquidtin .ay 1976.

Common name Length Body Tentacle
Thai Znglish ( cm ) Range Mean Range k.ean
a v
nunnany Sguid 13.0-38.5 1.50-6.25 2.58 T1e 704 . 54 2.79
<
wunvay Cuttle fish 12.0-17.8 C.87=3.87 1.96 0.59=2.18 1401
5
Table 21 Comparison of nickel levels (ppm dry weight) in tissue of squids in .'eptember
Common name Length Body Tentacle
Thai English (cm ) Range Mean Qange Mean
a 4
wunnae Squid 1045-18.0 14 56-4 .00 2,55 2.80-~5.56 4,58
P
wunwau Cuttle fish 1725 7.62 7.62 L, 87 4,87
& .
NN TR Cuttle fish 18.0-19.0 1.37-3.50 2.19 0.51-4.87 2,11

.

1976
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Teble 22 Comparison of metel levels ( ppm dry weight ) in tissue of fish, sguid, shellfish und other species from the Upper Part of the Gulf of

Thailand in March 1976

o ca Cu Za o Mo N
i Range FHean Range Fean Range. Mean - Range _ lean Range kKean Range Hean
Fish ' 00,05-00.81 00,2%  1.50-48.08 ) 15.46  26.21-51.36 37.66  0.87-5.50 2.25  00.62-52.75 _ 6.80 . 00.75-45.87 . 18.19
Squid 00.22-00.87 00,37  8.62-40.62 24.69  58.26-67.00 62.36  1.20-4.62 2.35  00.62-.8.62 3.20 1.50-34.37  16.42
-~i3(.:§llop 78.60-03.42 8083 < 6.0919.50 10.90 53.50 53.50  0.87-1.96 1.31  63.27-80.50 71.37 3.54-19.50 8,31
liantis shrimp 50.84 50.84  65.90, 65.20 114.68 114,68 1.53 1.53 10.25 . 10.28 16.21 16.21
Seioning crab  12.19 12,19 69.50 69.50 19637 196.37  0.37 0.37  6.87 6.87  13.25 13.25

-~

Table 23. Comparison of metal levels ( ppm dry voizht' ) in timé of fish, sguid, shnntish und other speciesc from the Upper Pm of the Gulf of"
Thailand in May 1976. 1 A

ca

2.}

Ri

Cu Zn Fan

Comnon name

Range lean Range Medn Range hean iunge Hean daoge Kean Range kean-
Fish 00,05-0.81 00.24  00.75-10.37  1.59  12,38-120.50 38.09  0.89-7.12 3.18  0.62-26.72  3.12  0.37-8.87 2.13 |
~8quid 00,22-0.87 00,37 7.75-50.50 13,30 31.25-116.00 26.10 1.62-8.37 3.32 0.62-10.37 2.97. 6;87—6.25 2,22

—_ - .
S‘éa'llop 10.94 10,9 4.00 - 4,00 67.00 67.00 4,62 4,62 30.5 30.5 4,50 .° 4,50
Kzotis shrisp  $%.77 34.77 59.77 59.77 133.77 133.77 4.62-7.32 5.82 8.05 8.05 5.12 5.12 i
S"minc cmb - - " g - - - - - - - - - - - é
< AR : ! :
: 0 . . % » - N - v
% - ' ». 2 -‘ > e ;

-~ &%



. i .
. » - (s
{ . -
¢ . & st v
. > gv . . P
. . . R :
P - . i .-
& =) 2 3 - 5 .
- . - .
R b p - - .
o . o k: X
B
. i o0
.
3 . b ’ .
& - f . / “
By 5, 3 A - -
2 e
~ . ’nﬂ .
. ” .
P = - L .
o L) - ' . .
¥ - & o .
¢ - . - Xk A o é .
3 : = 3 P - - - . S And
= . X G - o
5 . A - o . .
7 - - . B .
y % s
A - S - 3 g
2 "
4 . AR s
. i
R e o - S
s “ - .
- - - —
e < > p 3 2 . 5
-~ b :
3 R . -
- t .
—— - -
< -
- -
- be 2 % < 2, < % < - & -
R 3 S & S ok Lo gl N\ AT - o
% » e 5 ; £ X i

L g _Table 24. Comparison of metal levels ( ppm dry weight ) in tissue . of fish, squid, shellfish and other species from the Upper Part of the Gulf of

Eap AR R A : . Thailand in Jeptember 1976, .~ . '~

s ; ca - Cu < Zn w ¥a B
_Common name -

g i . Range ’ Hean Range Hean \ Runge Fean Rwoge” Hean Range Mean Range

kean

—

’

G0 aem © 00.02-0.58 0,25  1.00- 8,26  3.45 7.81-226:50 41,69  3.26-4.80 2.79  00.50-16.53  2.09- 1.12-11,57 3.55 |
- -Squid 00.25-2.91 041  KA5-16.87 470 83.00-382.75 102,25  3.50-5.60 8.38  00.50- 7.50 2,20  1.37- 7.62 3.49 -
; S : ; S Bcallop 45.62 45.62 7.75 7.75 Sh.62 - 54.62 “‘050 5.50 46.3% 46.84 4.50, '. “050 .

RS A [ " Mantis lhr}np - - . - - T = o = &= = - s
— : 1 Swimesing crabd 7.50-7.66  7.58 23.37-48.12  36.43 109.37-152.37 123.58 3.37-8.87 6.35 = 2.50-21.25  6.43 3.12- 6,25 4.71
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Table 25 Average concentration of heavy metals ( ppm dry weight ) in tissue of fish, squid,

shellfish and other species in March, May and September 1976.

C'ommon name Cd Cu an Pb .Mn Ni

Squid 00.38 ¥1.96 70.99 3.2k 2.75 5.03
Scallop 34,29 6.96 58.07 1.81 k6,72 5.52
Mantis shrimp 42,04 62.76 - 123.86 2.98 9.08 9.11
Swimring crab 9.61 50.32 155.78 ‘ 1.53 6.65 7.90
Fish 0.30 5.03 42435 3.15 3.52 4,67
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T T T 2.
L v ] .
1 I’mc?m standard Istandard | (M standardlt® / & % .-
Mg =t ' 1 '
t 0.D. ' ppm‘ (ppm) f 0.D. i ppm | Recovery
!
‘ | g 1 L ’
c' | x . I
Copper | 0.065 | o.75‘ 1.0 :'0.150 ¥ 4,69 | 94,0
4 |
Zinc : 0.230 ; 54254 1.0 1 0.270 6.18 1 93.0
Al | ;
Manganese; 0.035 : 0.55‘ 0.5 | 0065 V. 1,00 > 1 900 ’
Nickel : 0.110 | 1.67, 1.0 : 0.170 2:67 | ‘90.0
Lead 1 0,030 : 0. k2t 0.5 | 0.060 | 0.85 | 85.4 #
' | i
Cadmium | 0.020 | 0.03, 0.4\ 1 . 0.084% 1 0.1 : 85.0
- . l A \ : : '}
‘1 ) E ] 2= | X
NITNN 27 WdANAN Precision  dWTUl@Mzunasain
T & T g
Tons | pwinln  ( ug/g,ppm) | Precision
o ' ¥
" e
L 2 3 b : %
| 4 g
| ! {
Cadmium | 00.66 00,84 00.62 00,66 ‘ 10,08 1 +2.00
{
Copper l12.95 13.62 13.87 13,20 | +0.36 | +9.00
|
g
Zinc 1 73,08 72.79 72.18 72,06 f +0.42 | +10.50
} | : ,
4 Lead | 350 2,75 Xa12 3.37 | 0.28 : 47,00 #
Manganese ! 8.75 9,50 9.15 8.75 | 10.31 | +7.75
| ]
Nickel | 3.71 3,92 4,16 4,23 | 40421 | 45.25
i l |
1 A i
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