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Poliution Monitoring Program along the East Coast ol the Upper Gull'of Thailand (phase 10)
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Abstract

Pollution Monitoring Program around the East Coast of the Upper Gulf (phase 10) was
22 stations in January and September 2002. Temperature, pH and dissolved oxygen were in
normal level. Dissolved oxygen was lower than standard 4.0 mg/L at Chaophraya River Mouth in
September. Salinity was lower at the end of the year than earlier, as 23.8 and 30.9 psu
respectively. The lbwest was at 4 main river mouth and vicinity. Nitrife, nitrate, phosphate and
silicate at the end of the year were lower than earlier. Chlorophyll a, b and ¢ were lower at the
earlier than the end of the year. Chlorophyll a and b were highest at 4 main River mouth.
Chlorophyll a4 and o at Bangpakong River mouth were correlated with plankton bloom.
Suspended solid level was highest the earlier than the end of the year. Oxidvisable organic matter
in sediment was not different between each sampling time, but highest at O cm1. depth than deeper
level. Heavy metal in sediment Copper, Cadmium and Lead were decreased from the past. The
highest heavy metal found at the East Coast of the Upper Gulf of Thailand between Sriracha to
Laemchabang Deep Sea Port. Heavy metal 1 sediment was higher at the end of the year than the
vearlier. There was no change of Chromium in sediment. Heavy metal in sediment was still lower

than standard for marine animal habitat.

~Kev werd : pollution monitoring program; the Upper Gulf of Thailand
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Figure 1 Sampling stations around the East Coast of the Upper Gulf of Thailand: 2002; 1)Maeklong
River Mouth 2) Tacin River Mouth 3) Chaophraya River Mouth 4) Sakulna 5) Bangpakon_g
River Mouth 8)Bangsaen 7)Bangphra 8)Siracha 9)Sichang island(North) 10)Sichang
- Island(East) 11)Sichang Island(West) 12)Sichang Island(South) 13)Laem Chabang 14)Nok
Island 15)Pattaya 16)Klam Island 17)MabTaput 18)Rayong River Mouth 19)Huahin

20)Petchaturi 21)Center of the Upper Gulf1 22)'Center of the Upper Gulf2
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HanIsANHI : X

1. ﬂmmwﬁyméqblﬁ (Table 2, Appendix Table 1.1-1.2)

qm‘ngﬁmmi{mzm AumAndeunnT Ay 29.6 ssmaFed swia-qeda
iy 28.7-31.0 eeuaden nazA R ndeufunnITIRY 29.8 svEmaFon ArdIae-
qaqmvhﬁ’u 28.9-31.7 04AUNAIFUT (Appendix Figurel.l) _

mmxﬁmmﬂ:m:m FuRAmAe LUAT ALY 30.9 psu MIdIEA-gIAAIITY 25.0-
© s psu AURABFEURUINEUITIAY 23.8 psu IR 1AA-gaAAIIRY 16.0-30.0 psu. (Appendix
i*“igurel.Z)

Amifunsa-swenimza  Aumdsludeuunsiauiiy 837 fAeiaa-gacn
sy 7.09-875  wazsumfsfeudunowsdy 819 adiga-geaaeiify 8.00-8.30
(Appendix Figurel.3)

USinmeendinuarmeir idmdudeunnsauniiy 434 fiadniu/das A iea-

1w a

EEAIIND 3.10-5.20 Nadniw/Aas tazAuRfuABsUAUEIILIIAY 505 aaniaas i

o @711’!@-q\iﬁﬁsifi'ﬁﬂ 4.00-5.80 HaAnsN/AnT (Appendix Figurel.4)

q

s i o " . Ve
anulilsddaveaimen  Aunfodounniiaummiy 5.4 mas AdIga-gaTamIny
15-9.0 as  LAZANRATABUAUINBUIINY 5.2 Q3 AIMIA-gagaMIAY 1.0-11.0 195
Table 2. Average, minimum and maximum of water quality around the east coast

of the Upper Gulf of Thailand : 2004

Temperature | Salinity pH DO Trans.
(celeius) {(psu) (mg/L) (m)
avg Jan(02 29.6 36.9 8.37 4.34 5.4

{min_max) (28.7-31.0) [(25.0-35.1){(7.99-8.75) |(3.10-5.20)| (1.5-9.0}

avg Sep02 29.8 23.8 8.19 5.05 5.2

(mm_max) (28.9-31.7) {(16.0-30.0)| (8.00-8.30) |(4.00-5.80)| (1.0-11.0)

AmsasInsE AL ImzEIs Ry il zmas Tuoonto @ 1 Mues uau seu=iio



2. dFuinsiae11s luthmen (Table 3, Appendix Table 2.1; 2.2)

21 wewusily Aundndounnsiay 91AY 0.02 yMAWIEA-GaAASTITY 0.01-0.03 WM
AURAUBOUNUIIOU T 0.02 uM ?iw‘ﬁq@-qdqﬂwhﬁu 0.01-0.04 pM(Appendix Figure 2.1)

22 lulasd fim?%mﬁ@uuﬂjmu WY 0,18 1M AdIgA-gaqariiiy 0.05-0.26 1M
HazA NN ARG UALIIOWIAY 015 pM m@‘ﬁqﬂ—qaqmﬁﬁu 0.07-0.31pM (Appendix Figurc
2.2) |

'
o

22 Twmsn  AuRdufouuns AN MY 045 (M fIgA-gIgAIING 0.09-1.57 M

uazAuRAsRUAUEIIUIIIAY 0.29 1M MIFIAA-ZIGAINIAY 0.05-0.98 1M (Appendix Figure

2.3)

23 eaa Aundedeuuniny sAY 013 M MEIGA-GIaRTIIRY 0.02-0.54 1M
HaA IR efou eIy 0.04 wM dwﬁwq@—qdq@ﬁhﬁu 0.01-0.20 pM (Appendix Figure
2.5)

24 $hnm mumAsdorunaian MU 2,13 uM MEIA-qetAriy 0.54-10.14 uM
AEA IR AGIA U UIEUAIRY 1.65 uM mﬁwfig@-qdqﬂwﬁﬁu 0.01-6.35 uM (Appendix Figure

2.4)

©Table 3. Average, minimum and maximum of nutrient (M) around the east

coast of the Upper Gulf of Thailand : 2002

Station Ammonia Nitrite Nitrate Silicate Phosphate

ave_Jan02 0.02 0.18 0.45 2.13 013
(min-max) (0.01-0.03) (0.05-0.26) (0.09-1.57) | (0.54-10.14) (0.02-0.54)

“avg_Sep02 0.02 0.15 0.29 1.65 0.04

: (vinin-max) (0.01-0.04) (0.07-0.31) (0.05-0.98) | (0.01-6.35) (0.01-0.20)

3. ﬂ?mmma%ﬂﬂﬁ (Table 4, Appendix Table3)

USinunaelsiad 8 smisludeuunsian Wiy 0640 TaAnfwaumas
;ﬁ;wqﬂ-qqqﬂnhﬁu 0.178-1.296 Haansw/ay.nias uazﬁmémﬁauﬁ’umauwﬁﬁ’ﬁ 0.333
FnAnS i au.nas M IEa-gaaaniiy 0.008-1.654 TaAnTwaL mas (Appeadix Figure 3.1)

inuanalsiad 1 ausfeludernnnan shfy 0735 Tadnfwaums M

Ara-gaaniiiy 0.178-1.935 Hadndwavu.mas uazAuRfufeusugioy $fy 0108

iaani/at nas AAIEA-gaaAniIny 0.008-0.528 Haan5/au mas (Appendix Figure 3.2)

arastafhi sz oMz pariudesaas Nioenvede1a uns wun szoe 10
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ar

Ysutueaelsflad ¥ aundelwdovunsian wiidy 0.192 Taansuaviuag m
AAA-gaganiInL 0.035-0.556 HAANTWADWAT uarAuRAsAoUAuYIY MIAY 0.125
_HafnSu/auuas A1ega-gaganiing 0.010-0.592 UadnTi/au.uas (Appendix Figure 3.3)

“Table 4. Average, minimum and maximum of chlorophyll (mg/cu.m) around the east coast of

the Upper Gult of Thadand : 2002

Chl a Chlb Chlc

avg Jan02 0.640 0.735 0.192
(min-max) (0.178-1.296) | (0.178-1.935) { (0.035-0.556)
avg Sep(2 0.333 0.108 0.125
(ﬁﬁn—max) (0.008-1.654) | (0.008-0.528) | (0.010-0.592)

4. YsuaeeneuuyIuaes (Table 5, Appendix Table 4; Figure 4)

Usmnanzneuuvauasy aundolu@euunnausiiiy 489 fadndudas adige-
- qeEAnIAY 2.40-6.20 dnaniu/ans wazAundudeuiumeusiiiy 2.10 Safndwdas
’-.':e‘ﬁqﬂ—qafgﬁmwﬁu 0-8.21 HadAnTu/Ans

Table 5. Average, minimum and maximum of suspended solid, (ing/1) around the east coast of the

Upper Gult of Thailand: 1999

Suspended solid
avg Jan02 4.89 o
{(min-max) (2.40-6.20)
avg Sep02 2.10
(min-max) (0-8.21)

5. USinuasdunsdluduayney (Table 6, Appendix Table 5)°

USinuassuniiluduazney  fidumdsiasdidiga-gagaludenunsny s
ANVOIATABUAY 0, 5, 10 1AY 15 URLAT WAL 1.36(0.33-1.76), 1.35(0.17-2.15), 1.23(0.44-
1.70) tng 1.57(1.57) % 1.m:ﬁﬂ'm‘aﬁrﬂuﬂzﬁw&qﬂ-qaq@iu1{‘3@14{711.&1&11 findnvesaznau
Au 0, 5, 10 uaz 15 UALIAT 91U 1.43(1.03-1.95), 1.41(0.98-2.02), 1.37(1.00-1.98) uaz

1.32(0.45-1.90) % #1ud1A1) (Appendix Figure 5)

asasrathssTaasummznusnay sihmzmas Tneonse w13 Thoa uuu s2o=110
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Table 6. Average minimum and maximum of oxidisable organic matter (%)

around the east coast of the Upper Gulf of Thailand : 2002

Oxidisalbe organic matter (%)

Ocm Sem 18cm 15cm

1.36 1.35 1.23 1.57

Cavg Jan02 | (0.33-1.76) | (0.17-2.15) | (0.44-1.70) | (1.57)

1.43 1.41 1.37 132
avg Sep02 | (1.03-1.95) | (0.98-2.02) | (1.60-1.98) | (0.45-1.90)

6. ﬂ?uwmiawzw.ﬂfﬂiuﬁumfuﬂﬂ@u (Table 7, Appendix Table 6.1-6.2)

| USinaeadiouluduazney aupiodeuunsiny mafy 0.460 ne/gm dry weight @1
énq@-qaqmﬁwﬁu 0.238-0.798 pg/gm dry weight azsmAudeuiueouviiy 0.288ug/am
dry weight @héﬁ@@—qaqmmﬁu 0.120-0.474 pg/gm dry weight. (Appendix Figure 6.1)

' USinameawnsluduaznou ausiedenunsiay 9dY 5.042 pg/em dry weisht o1
mf’f@ mmmmu 2.614-8.749 pg/gm dry weight 1o mmaamauﬂumwmmh 3,135 ;m/ﬁm
¢ dry weight ﬂWﬂﬂ@ ﬁﬁﬁ@l‘VHﬂ‘Ul 314-5.197 pg/gm dry weight (Appendix Figure 6.2)
Wsueeiluduazney  aundsieuunsiny iy 8.629 png/gm dry weight o1
ﬁwq@—qqq@nﬁ'wﬁu 4.808-11.694 pg/gm dry weight AR AR URLEE LML 5.022 jg/am
dry weight ﬁ?@%?@ﬂ-@d@@iﬁ?ﬁﬂ 0.299-9.579 pg/gm dry weight (Appendix Figure 6.3)

| Ususlasenluauazney ?im?éaiumauuﬂsmu MY 14.312 pa/gm dry weight
AR 1A- gAY 3.846-182.731 pgfgm dry weight tazAuRAndeufusnIfY 5.661
: ;Lg/gm dry weight ?"I'W%WEZ@-qumﬁiﬁIU 2.002-8.647 pg/gm dry weight (Appendix Figure 6.4)
Table 7. Average mintmum and maximum of heavy metal in sediment pg/gm dry

~ weight) around the east coast of the Upper Gulf of Thailand : 2002

Cadmium Copper Lead Chromium

0.460 5.042 8.629 14.312
avgFeb 02 (0.238-0.798) (2.614-8.749) (4.808-11.694) | (3.846-182.731)

0.288 3.155 5.022 5.661

aveSep 02 - (0.120-0.474) (1.314-5.197) (0.299-9.57%9) (2.002-8.647)
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7. YLIAASNBUD AL (Appendix Table 7) : R

2 ¥
=y ar . [ =) = a o < a
ynuawalinit 119w sz viatzne vanau sazaS 1 Hdnvuiluay
f - a o Pl A o =1 & o
Ay duuTnURIMsandug e lansusdunfenvesduns i (UaNIE2, tnaunily)
YTNNTIOAZIB YA (UNUAY, #531912, 1Nz AFaNaaz TUeon, Tne1mzas iy, 1iuaime, 1hn
¥ v
nithszeed taz 817 moaeunu2) Taslwdeuunsian vwaaznaumaseg U 0.25-

1.54 HaamaT UaZIADUALE18U M0 0.28-1.50 Naallas

8. INAIAADUHY (UTNIME ATz A3 T19)(Appendix Table 8.1, 8.2)

ATMUHUIMUUIIN AVINMUUUULIAUAAZAGY LAT % composition 1HUAAZAGY
9111 Appendix Table 8.1 1az 8.2 Taowuarnmunius diniz a9 szniraiou
UNTIANDITUIIAY WH.2545 By TUHI9 25,500-339,000 cells/lt. Tagwuamuiugaaaly
RoUgaINY Lmzmmwmmimaw?}ﬁ?svmagﬂ.mhq 73,500-603,900 cells/lt. (Appendix

Figure 7.1, 7.2) Tagnuadumngdugaga lu@sungainiou
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1 amnwiimaly -

= <
aytuazioisaing

¥ . £
aunmi Wuinuenineneuny Tuna2sss daulngegluszdvdad sialy

2 v v . . C % .
i Lﬁ@uﬁﬂ§1ﬂ3llia$ﬁuﬂ1ﬂu Wﬁuﬂ'“ﬂﬁﬂl!ﬂgﬂﬂlﬁwq@‘q(iq@ WWUWQ?(EN‘L‘N!_’Mmgiuszﬁu‘ﬁﬁ

. ] v 3
swqmiﬂmjﬁ_uq @aia 10 DAuda (Table 8, 9) (Utoompreugpron, 1994 ; Coastal water quality

section, 1991)

519974 (Table 9)

v LYY . .
pelTuinesndeuazanti lunisanyasslianaegwuinieeu s uns

Table 8 Comparison of water quality around the Upper Gulf of Thailand: from

1974-1992 (Utoompreugpron, 1994)

Date/Year Temp. Salinity Dissolved oxygen pH
(Celsius) (ppt) (mg/})
Oct. 1974 28.8-31.1 21.0-29.9 4.6-5.8 8.3
~ Apr. 1975 30.0-30.7 31.2-32.4 4.0-42 8.3
Apr. 1983 30.1-31.5 29.5-33.1 -
" Sep. 1983 29.9-31.1 9.1-33.1 - .
Apr. 1992 302-31.9 | 287-323 4.2-4.9 7.5-8.0
: Table 9 Water quality at some area around the east coast of !hé Upper Gulf of
- Thailand: 1982-1990 (Coastal water quality section, 1991)
Station Temp. Salinity pH DO Trans. | Phosphate| Nitrate
(Mg-atl) | (Jg-avl)
| Bangpakong | 28.501.10{30.75+2.49 7.93%0.50|7.0410.76| 0.58-£033 | 2.03 18.57
Cholburi |29.2011.40|28.836.69 |8.36£0.28/7.55%1.65/ 0.5510.24 | 0.94 7.14
Bangpra  [29.3072.20{31.071£2.40{8.3710.24|6.41F1.08| 2.81F0.81 |  0.41 15.71
Bangsaen | 29.30£1.40(30.001£6.06 |8.3810.25]6.700.85] 2.09%1 .09 - -
Sriracha | 28.7071.26|30.7142.66 |8.3010.176.7630.90| 2.71F032 | 1.34 0.36
Pattaya  |28.90£1.80(29.101.10(8.2710.21{6.65F0.75| 3.34%1 .49 - -

asasndissTamAvnsssmuinaunuilmuna: Suoonuaw i Touaon szusfite



19

Table Y{continuc)

Station Tenmp. Salinity pH Do Trans. | Phosphate| Nitrate
(He-ath) | (Mg-avh)
Laemchabang |28.80£1.10|30.8312.53|8.347+0.17/6.8140.75 2.760.50 |  1.88 12.57
SattahipPort |30.5041.20{31.80%1.17(8.1240.18|7.08£0.86| 4.2512.00 - 15.71
Average  [29.1511.43 130.3913.14 |8.26120.2516.8810.95 2.3940.85| 1.31 13.36
2. Usnunige1ms -

Ysnmmiqennsusnus neaesuuudiunysziin Indifvenuaneail od13’]sA

1 @ v T i == ; 4 1 9 A =Y ) 9 1] :‘
amwuUTun 114&\5]51/]&165146111%‘@‘53\11}(1Wﬂ}JﬂWHﬂ'ﬂ‘lﬂﬁﬁ‘Hﬂ Amzummlﬂaﬂmuum

1 ¥ v H
menanaziisngeniuinad lnaeen 1 Usinumgennstumsdnuassiieglugishige

s = 9 = Jd
ﬂ’JWliﬂEJlJﬂENWU]HUiL’Jmumﬂﬁl@ﬂ (Table 10)( Thong-ra-a ef al, 1987)

Table 10 Nutrient ({Lg-at/l) at Laemchabung (the cast coast of the Upper Gulf of

Thailand : 1986-1987) (Thong-ra-a et al, 1987)

Month Phosphate Ammonia Nitrite Nitrate
January 1987 0.15 0.20 0.08 0.16
February 1986 0.21 1.46 0.14 0.02

March 1986 0.26 0.74 0.12 0.0t
April 1986 0.33 0.49 0.09 0.27
May 1986 0.64 0.52 (.28 0.16
June 1986 0.20 0.62 0.11 0.1
July 1986 0.39 0.56 0.19 0.21
August 1986 0.23 0.25 0.09 0.05
September 1986 0.08 1.07 0.11 0.02
October 1986 0.13 0.83 0.09 0.10
November 1986 0.41 1.67 0.14 0.02
December 1986 0.32 0.54 0.1 0.03
Annual average 0.28%0.17 0.747%0.75 0.13%0.08 0.1010.15

f liﬁ‘i')ﬂlﬁﬁ:'g‘lllﬂﬁin‘l nzAnTRAy IHnﬂl:lﬂ?\z")’llﬂﬂﬂ‘ﬂ'ﬂd'{l‘TJ‘ITI(IW'HHIN SzUzﬁlO




20

=y o s
3 1Suuaaslsvaa :

. 3/
USmaunanlsilaa v I vaz & ledTuredull Taolidigeusnahnmiihme

o @ T 3/1 dw a oo w o & o @
ddny wun lumsdnuiaseilsuimaae 1sWad e nag § Tanuduiuiededasuiuns

T a I A T Zl ] =
~ peuwasseeu vguaivsnahnuinhoesdznddugalanel

4, YSUIVALNBULYIUADY -

AN BB RAT I RIS aE 182533 Fa 2545 Tatsi Aount aiii
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Table 11 Median, minimum and maximum of suspended solid (mg/l) around the Upper Guif

of Thailand : 1990-2002

SS(mg/L) 1990 1991 1992 1994 1995 1996 1997 1998 2002

Median 3.00 3.66 6.00 3.28 4.53 4.60 560 426 3.0

Min 1.00 0.20 0.80 1.40 0.10 0.20 030 030 (.10

Max 28.00 5.79- 15.80 6.93 17.20 17.84 25.00 42.00 8.21

distribution pattern of suspended solid around the Upper Gulif of Thailand: 1990-2002

40 .
35 = —
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A Standard20mg/L
%,) 25 A_ 1 a Z
£ 20
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Figure 2 Distribution pattern of median, mummum and maximum; suspeaded solid (mg/L);

around the Upper Gulf of Thailand: 1990-2002
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Table 12 Suspended solid standard for Marine Life (from ASEAN-Canada CPMSII, 1999)

Country . ' SS(mg/l)

Indonesia <=23 ( Swimming, Diving
<= 80 (Mariculture, Conservation)

<= 200 ( Natural, Cooling )

Philippines 4 (Class SA)

5 ( Class SB, SC)

6 ( Class SD)
ASEAN proposed Marine Water Quality Criteria 50 ( only Malaysia)
Thailand 20 ( Swimming Water)
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Table 13 The distribution of some heavy metal in sediment (ppm dry weight) around

.the east coast of the Upper Gulf of Thailand : 1993 (Chenbumrung, 1994)

Average Minimum Maximum
cd 0.4510.17 o 131
Pb 12.8814.21 e 41.17
Cu 138910974 | 089 69.85
Zn 26.40% 15.06 4.82 113.58

Cadmiujm in sediment 1990-2002
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' Figure 3 Cadmium in sediment between 1990-2002.
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Copper content inscdiment 14190-2002
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Figure 4 Copper m sediment between 1990-2002.

’> ' Lead content in sediment 1990-2002

ug/pm
&
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Figure 5 Lead in sediment oetween 1990-2002

Table 14 Heavy metal in sediment Standard:
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INUAUINTFIN 573 :
Florida DEP .
0.68 523 187 1 013 | 302] 124 7.24 | MacDonale, 1994
SQG-TEL
tlorida DEP
421 16G 108 0.7 112 271 41.6
SQG-PEL
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Table 14(continue)
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Dralt SQG-lower 1598
HongKong 110
4 160 1 110 270 42
Dratt SQG-higher
Australia and New
ANZECC,
Zealand draft 1.5 80 65 0.15 | 30 200 20 .
I 1998
1ISQG-low !
Austraha and New
Zealand draft 9.6 370 270 1 220 410 70
ISQG-high
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- Table 15 % Frequency of Dominant and Red Tide phytoplankton found at Sichang Island

and Siracha ;2002

Oscillatoria sp. | Chaetoceros sp. | Skeletonema costatum | Cerativm furca | Noctiluca scitillans

Y%irequency_SI 23 68 3 17 35

%frequency SR 38 64 19 26 28

%Frequency of Dominant and RedTide Phytoplankton: Sichanglsland and Siruchu :2002

80

Sirequency_Si

| B %lrequency SR

Oscillatoria sp. Chaetoceros sp. Skeletonema Cerativm furca Nowtiluea weitillans

coxtatn

Figure 6 %Frequency of Domimnant and Red Tide Phytoplankton : Sichang [sland and

Siracha : 2002_

arasiaths sy mafun rmzausoa wilmeame=Timonvasa 1 Tnoaa sant szus o



IPAA1ID 1994

[N
e

Ed J Y U
ﬂuﬂmmwﬁwmﬂ&. 2534, 'iw&mammwﬁmzmnmm%m?ﬁm:mm’;uaaﬂ_

.61, 2530-2533. fhenun il NoNIRTFIUANNINAIIAG oY dinany
AMLATIUMITUIARDUNTINA. ATAGIAN 2534 76 1.
NummsmansuazasisthseTawanymah. 25400, 19010153380
sulszanaumuau Use§11 2534 1581 msasiufisiwanynnem
USNUTIERNzaes U0 0nU899 1 IMEADULIU 52029 1. 0101378
9
a o s =S s
NINNTNINN PN TUNMINGIAY. 61 M1,
------------- , 25400, 3161UMsITeN Ul sy InmuEuay syl 2535 1503 ms
asrEhsy iy mamznusnusewiinsasy Tusenye 913 Imeaeuiu
i X% Qs :’ r'd =N s
seoedl 2. aotuAsensnensmail PNInNINNINGIAY. 71 NN,
----------- -, 25408, T180UMIIVeUULTEIIMIANAY Uizl 2536 e ans
as1uthszTwaiynuanznusnanedmziaay Tuesnue 1817 Insasuy
] . 9
sreeh 3. aniudsennensmah vnaensalumIneds. 77 wih.
N aar oA o &% 4‘(
--------------- , 2541, Te0UN339ey UL sy uameinay Y31l 2537 1581 a1
arvthssluanymamnziauInumeilmzasziusenvese 1 lny
d’ @ e v :I o FN ar
aBuLUIrEch 4. 01T UITenTHeININA WBINTAUNMINGEE. 103
b
Hin.
BTy %325, 2524, uvasanuandsnaumerenzmesdueen. lu s1enuaiim
9 9
aar o [ SHoaa T o M o ar
2 m3dtenunmiuayns wnas e luinive, diinau
ANTATIUAITIVCUMIIA, N 101-114.
a 'Y o o Q‘ a wa a I =N =y
siggie Unndnd. 2524, undfiamsineiinemimeia. smnininanaaas
a s P a o :
NNNZID AUSINGFIAAT JHIAINTAUNTING A,
t =X ‘:; I'4 & S
dsegs qansza. 2537, msdnymailasunlaslseannsunasdas uniring
v o ¢
yiwdanmaas ueen. Tu M FuUUTINOEIAAT N NNUAENIFIA ATIN S
$94 aounnusanza mesazuud iy lusiing, 22-24 Faway 2537,
< ar o a [ (v @ 2 :’ 1
WA Waangad. 2537, TangiSinuteanazasiuiuas @ lutinnh ne. Tu
o - P ' a &4 ¥
MITHUIINGIARTNNNZALIHA ATIN 51599 ADTUATHUBIN LA 18

paznun I lusuiea, 22-24 A1MNAL 2537,

Msa sz Twanys e nasilmzaasSuesnuesn 1 Tnosouu sseehilo




¥ N Y
10 3laasso gyuwgnyng. 2537, ﬂmmwﬁﬁﬂmfhllﬂuatxﬁmam1;‘1uum‘u"1‘lm.
Vv ¥ 1
U M TUUINGNTAS VNN IR ATIN 54509 ADIUATHYOINZID
Tneuazuualdulusuiaa. 22-24 Taviau 2537,
11 133611 N84T, gD %nﬁsmiu 539550 FuAa uazd 1aasTu Audee. 2530,
mamsaﬂﬂmmwmaaumwaummu‘nmam 7ummumﬂ3m4ﬁ@d 113
9
:;i)z;ﬂmﬂmﬂma‘zﬂmmvms'wmﬂmmcﬂumum1%61. 7-9 ATNNIAY WAl
2530. M1 217-226.
= oo =t a o a d a Q'/ ) T 1
12. ansty eiedalss. 25270, Usinuans TsWaduinarkaziusenueiai ng
5 4 4 A - as ZJ @ =1
aoulu. Tu nisduunnsan 3 Fes Msdsegunminsnun i ne1nsi
P=P-% ] :I Y =1 by
39 TuI e, 26-28 1A 2527, NI 199-204.
--------------- , 25279, DISUNT NTLVBUAZAINYN YNV WNAIRROUTR T LT MY
y s U 1 s o’zj d' .& aas
tanzimazivssnueswed meeauly.  Ju msduuuased 3 589 115398

14

¥
Auawimazauamninensisaelutiuing. 2628 fluwen 2527,

M1 254-257,

14, gussy AnTTunyu aygassel MUt 2527. mszlmﬂautumhw sninludi
mmawmmﬂmmﬁwman Inoaeuly, Tunsfunsedt 3 a3t
A mwﬁy_ma:ﬂm s swensiiaanlininning. 2628 Tanan 2527, wih
102-128.

15, @330l Myl 2537, msumsasyoielangminluauazneuveenIne. lu
TN AATNNZAUTNE A5 5 Bee aniunmuoanza e
sazuul Tdulueman. 22-24 Faveu 2537.

16.  81ln snFinny, Syiing tyerwifad, ngsd 1ssamed nazduined 9343as.
2524, mamsiiassiTanglfinadeshimeanazaznoy. Tunisdun
afR 2 e mﬁ%’ﬂamﬂwn‘zmazﬂmnwm%”wmn'iﬁ%?‘m“lumm{wllm.

| FTANUANEATTNNIT I OLMIIA. 1111 229-246.
17, Smith, S.V., V. Dupra, J.I. Marshall Crossland and C.J. Crossland 2000. Estuarine

Systéms of the South China Sea Region : Carbon, Nitrogen and Phosphate
Fluxes. LOICZ Reports & Studies no.t4, 1 + 156 pages, LOICZ IPO, Texel,
The Netherland

18. Kawai, A., and Maeda, H. 1984, Oxygen consumption in the Bottom water
sediments/ related with the production of sulfides in the bottom sediments.

Bulletin of Japanese Socicty of Fisheries. 50: 119-124.

msasradhse T Rummzausnay uilmaaasYuounyo a1 Tnoao o szoeiio



20.

21.

22.

23.

24.

25.

26.

27.

28.

Loring, D.H. and Rantala, R.T.T. 1977. Determination of rcadily_oxidizable
organic matter in -Geochemical Analysis of Marine Scdiments and Suspended
Particulate Matter. Environmental Canada Technical Report. No.700. pp. 44-
47.

Parsons, T.R. , Maita, Y. and Lalli, M.C. 1984. A Manual of Chemical and
Biological Methods for Seawters Analysis. Pergamon Press. 172 pp.

Strickland,IJ.D.H. and Parsons, RT. 1972, A Practicai Handbook of Scawater
Analysis. Fishenies Research Board of Canada. 150 pp.

Thong-ra-a, W., Pinkaew, K., Musika, C. and WongsudaWan, W. 1996. A Baseline
Study on the Occurrence of Red Tide Plankton in the Coastal Waters from thc_'
Bang Pakong River Mouth to Sriraéha, Chonburi Province. Research Paper

72/1996. [nstiute of Marine Science, Burapha University. 40 pps.

v
°

AsuATLANNATY, 2543, S1euanIumsaitazndansilavuaiivmai U we,
2543 flpdn msfgmnmﬂyw ATUAILANNATY

AunT S9qm tiaz efsh gavs, 2544, n13l¥mstszfuaudeameiinainei
mssananeil : nadidnyfeniaray’ madssadnoeminensia
Fanafermai g nstansuaznglfse Towiedrsysanms Tao
Aot Iseninensmai ynasnsalumIneds o TswsyTada theau
ufa Tendafios T 6-8 TuaIAN 2545 |

Ay aivleems 2543, m'i’i?xﬂﬂzﬁamnn\ngw funfadedt 2 Bodlmi maden
F1Ine angInnemaas wnInedodeslmi 125 nih

GEF/UNDP/IMO and CMC, 2539, miziauerineadud s sdumssanmsmer
wunysems andfidlumsimusnast diaswasiividy
sadugnd lumssEunissanisethuuuysnnms Tau GEF/UNDPAMO
Taseamsdrugimadinsumsilesdunazmsdanmsnnzuam lunzianide
azuven uaz quinisfanissoil (CMC)

ASEAN-Canada C.PMS—H, 1999. Cooperative Program on Marine Science : AMWQC
for Tota! Suspended Solids (TSS) _

Coastdl Water Quality Section, 1991, Scawater Quulily. Status © East Coast Report
1987-1990 © Water quahty section [ Thatland National Environmental

Protection Comumnittee , 76 pp.

Asasa T T aan I REA LT N s nsaaz T seonuoe 13 Tnorouun seoz 10



29.

30,

MPP-EAS, 1999. Environmental risk assessment manualz A practical gude for
‘Tropical écosystem. MPP-EAS Techuical Report 21, 88p. GEF/UNDP/IMO
Regional Program for the Preveation and Management of Manne Pollution
Prevention in the East Asian Seas, Quezon City, Philippines.

Marine Water Quality Data Input Shect For Gulf.of Thatland Ficld,1997. unpublished

but donate to Group on July2001)

30

mrasauthsziwaivmenzausnanofmsan s Tusonuoew 0 bwas i szoziig



31

asaadis- YR Ny o zma s TNt s 1 esouun s2o=R1oe



Table 1.1 Average {minimum and maximum ) of water quality around the Upper Gul{ of

Thaiand: January 2002

(_ 5 ' Temperature Salimty _ DC
. Location (celeius) (psu) pH {mg/L) sediment_type
29.1 - 292 8.2 4.4
MEKRM (29.0-29.5) (28.0-29.8) (8.2) (4.3-4.6) black bard mud strong smell
291 29.1 8.6 3.9
TCRM (29.0-29.5) (29.0-29.2) | (8.5-8.7) | (3.3-4.2) black soft mud strong smell
29.1 292 8.6 36
CPRM (29.0-30.0) (29.1-29.2) | (84-8.7) | (3.1-44) black sott mud no smell
293 29.6 8.4 42 '
- SKCN {29.0-30.0) (29.0-31.0) | (8.2-84) | (4.0-4.3) black mud with bad smell
29.2 30.3 8.4 4.2
BPRM1 | (29.1-29.4) (29.0-31.0) 8.4 4.1-4.3) black mud with bad smell
29.6 30.5 8.4 4.3
© BPRM2 (20.0-30.0) | (29.031.5) | (84) | (4.244) black mud with bad smell
297 314 8.4 44 |
BSANI1 (29.5-30.0) (31.0-31.5) 8.4 (4.3-4.4) muddy fine sand with bad smell
20.0 313 8.4 4.7
BSAN2 (30.0) (31.0-31.6) 8.4) (4.6-5.0) mud with bad smell
29.9 31.0 8.4 5.0
BPRAL (29.5-30.0) (31.0-31.1) | (8.2-84) | (48-3.2) | coarse sand with shell fragment no smell
30.0 31.1 8.4 4.3
BPRA2 30.0) (31.0-31.2) | (8.3-8.5) | (4.2-43) | coarse sand with shell fragment no smell
29.9 31.: ! 8.4 44
SIRAL (29.5-30.0) (31.1-31.2) | (8.4-8.5) | (4.2-4.6) black nud with bad smell
30.0 ' 30.1 8.4 4.5
SIRA2 | (30.0) (29.5-31.2) | (8.3-8.5) | (4.3-4.6) black soft mud bad smell
29.8 29.8 8.3 44
SCIN (29.5-30.0) (29.5-30.0) | (8.3-8.4) (4..1-4.5) mudy with bad smeli
298 31.4 8.4 4.4
SCIE (29.1-30.0) (30.0-32.0) | (8.3-8.4) | (4.2-4.5) | coarse sand with shell fragment no smell
292 30.% 8.3 4.3
SCIw (28.7-29.5) (29.9-304) | (8.0-8.7) | (4.1-4.4) black muddy tine sand no smeli
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Table 1.1{continue)
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Temperature Salinty DO
Location {celcius) {psu) pH {mg/L} sediment_type
28.8 313 8.4 4.2
SCIS (28.8-29.0) (31.2-31.5) | {(8.2-8.5) | (4.2-4.3) sandy mud with shell fragment
29.1 313 .. 84 4.3
LCHH (28.9-30.0) (31.0-31.5) | (8.2-8.5) | (4.1-5.0) sandy mud with sheil fragment
29.9 3i.2 82 4.9 nuuddy line sand with shell fragment no
PTYA (29.0-31.0) (31.0-31.5) | (8.0-83) | (4.8-4.9) smell
30.8 314 8.4 4.5
KLAT (30.3-31.0) - | (31.3-31.5) | (8.3-84) | (4.3-4.6) muddy coarse sand with shell fragﬁlén.f
297 314 8.4 43
MTPH (29.5-30.0) (31.0-31.5) | (8.3-8.5) | (3.6-4.9) muddy coarse sand with shell fragnent .
. 29.9 31.06 84 4.5
RYRM (29.5-30.0) (31.0) 8.49) (4.3-4.9) | muddy sand with shel_l fragment no smell
29.8 31.2 8.4 4.6 .
HUHN (29.3-30.1) (31.0-32.1) | (8.3-84) | (4.3-4.9) black muddy {ine sand no smeli
. 295 31.6 8.3 4.2 black muddy fine sand with shell
PETC (29.0-30.0) (31.0-32.0) | (8.3-84) | (4.0-4.4) fragment no smell
294 30.0 8.3 4.2
CTG1 (29.0-29.5) (30.0-30.1) | (8.3-84) | 3.9-44) black muddy fine sand no smeil
coarse sand with black mud no smell
294 34.9 8.2 4.4 upper surface layer is 8 cm. under is
CTG2 {29.0-25.5) (34.5-35.1) | (8.2-8.3) | (4.3-4.5) yellow hard sediment
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Table 1.2 Average (minimum and maximum ) of water quality around the of the Upper Guif of

Thailand: September 2002

Temperature Salinity . DO
Location (celcius) {psu) ph {mg/L) sediment_type
29.8 203 8.1 5.1
MKRM (29.7-29.9) (17.0-26.0) | (8.0-8.1) | (4.5-5.3) black soft mud strong smiell
29.7 18.1 &.1 52 black mud with shell fragment strong
TCRM - {29.5-29.9) (16.0-24.0) (8.0-8.2) (4.6-3.8) smell
299 18.1 8.2 5.3 solt black mud no smell, observed more
CPRM (29.6-30.7) (16.0-24.0) 8.2) (4.5-5.8) benthos than past
29.9 19.6 8.2 4.9
SKCN (29.7-30.0) (16.0-26.0) | (8.1-8.2) | (4.2-5.5) black soft mud no smell
304 17.0 8.1 5.0
BPRM1 (50.0-31.’)) (16.0-21.0) | (8.0-8.1) | (4.5-5.3) black soft mud strong smell
31.0 16.4 8.1 5:1
BPRM2 (30.5-31.7) (16.0-19.0) | (8.1-8.2) | (4.8-5.3) black soft mud strong smell
' 30.5 18.1 8.1 438
BSANI1 (30.1-30.8) (16.0-24.0) | (8.1-82) | (4.5-5.1) black sofl mud strong smell
30.1 163 8.2 48
BSAN2 (29.1-30.8) (16.0-18.0) (8.2-8.3) (4.5-5.1) black soft mud strong smell
30.1 19.9 8.2 4.4
BPRAL (28.9-30.5) (16.0-28.0) | (8.2-8.3) 4.0-4.7) sandy mud
30.5 173 8.2 % | ‘
BPRA2 (30.4-30.6) (16.0-21.0) 8.2) (4.3-5.6) coarse sand with shell fragment
304 18.1 8.2 5.0
SIRA1 (30.4-30.6) (16.0-24.0) | (8.1-82) | (4.3-5.6) black mud strong smel)
30.2 16.7 8.2 5.2
SIRA2 (29.8-30.6) (16.0-18.0) | (8.1-82) | (5.0-3.3) black muddy fine sand no smell
29.8 19.6 8.2 5.1
SCIN (29.7-30.0) (17.0-28.0) | (8.1-8.2) (4.8-5.3) biack soft mud strong smell
295 27.1 8.3 5.0
SCHLE (29.4-29.5) (26.0-30.0) 8.3) (4.2-5.3) coarse sandy mud with shelf fragment
30.1 25.7 8.2 53
SCIwW (30.1) (25.0-28.0) (8.2) (5.1-5.4) black muddy fine sand no smell
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Tablel.2(coutinue)
. Temperature Salinity DO N
Location (celcius) (psw) pH (mg/L) sediment type
29.7 26.2 8.3 5.1
SCIS (29.5-30.3) (25.0-30.0) (8.3) (4.6-5.5) mud with shell fragment strong smel}
29.8 28.3 8.2 5.4
LCHH (29.6-29.9) {18.0-30.0) (8.2) (4.6-5.6) black mud strong smell
29.7 30.0 8.2 5.2
PTYA (29.7-29.9) (30.0) (8.2) (4.6-5.5) soll muddy bine sand strong smell
298 30.0 8.2 513
KLAI (29.7-29.8) (30.0) (8.2) (5%1=5:5) coarse sandy mud with shell {fragment
29.6 30.0 8.2 4.9 coarse sand with shell fragment with
MTPH (29.4-29.9) (30.0) (8.2) (4.5-5.1) mud
29.9 28.4 83 S
RYRM (29.9-30.0) (28.0-29.0) (8.3) (4.8-5.5) mud with shell fragment no smell
293 28.6 8.2 5.2
HUHN (29.2-29.3) (28.0-30.0) | (8.1-83) | (4.8-5.5) soft mud with shell fragment no smeli
294 28.6 82 5.1 black soit mud with shell fragment no
PETC (29.3-29.4) (28.0-30.0) (8.1-8.2) (4.4-5.5) smell
29.5 28.6 8.1 312
CTG1 (29.4-29.5) (28.0-30.0) 8.1 (4.4-5.6) black muddy fine sand no smell
30.2 28.6 83 ot
CTG2 (29.7-30.6) (28.0-30.0) (8.3) (4.4-5.6) coarse sand with black mud no smell
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Temperature: the Upper Guitof Thailand: 2002

320

30.0 -

28.0

26.0

degree celcius

24.0

1.0 e - s S —

20.0 SN SR B M St S IR R [ o My g G i o [ 12 A IS S B

MEKRM CPRM BPRMI BSANI BPRAl SIRAlI SCIN  SCIW  LCHH KLAI RYRM DPETC . CTG2

Figure 1.1 Water temperature (degree celcius ) around the Upper Gulf of Thailand : 2002

Satinity : the Upper Guif'of Thailand: 2002
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Figure 1.2 Salinity (psu) around  the Upper Guif of Thailand : 2002
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pH: the Upper Gulf of Thailand: 2002
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Figure 1.3 pH around the Upper Gulf of Thailand : 2002

DO: the Upper Gulf of Thaitand: 2002
6_0 B T T T T BT L LT T L LT LT T T T TP P PR
2
PN B e 8
50 e A 82 = ﬁi\ ) ® :
4.0
3 30 T SO
& 4 Jun-02
2.0 . i -— —— Sep-02
1.0 — Rt -
00 T T T T T T T T T T T T T T T T T T T i i T I T I
MERM SKCN BSANI BPRA2 SCIN SCIS KLAI HUIN CTG2

Figure 1.4 Dissolved oxygen (img/l) around the Upper Guif of'fhailand 12002
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_Table 2.1 Average (minimum and maximum)} of nutrient (uM/L) around the cast coast of the

Upper Gulf of Thailand: January 2002

Station Ammonia Nitrite Nitrate Silicate Phosphate
0.02 0.18 1.57 | 5.68 0.22
MKRM (0.01-0.02) (0.10-0.26) | €0.45-227) | (2.39-9.79) (0.02-0.34)
ool 023 | 083 3.27 0.54
TCRM (0.01) (0.08-0.37) | (0.48-1.19) | (0.10-6.44) (0.41-0.66)
0.01 0.19 0.94 10.14 0.34
CPRM (0.01-0.02) (0.09-0.28) | (0.34-1.53) | (8.56-11.73) (0.31-037)
0.01 (.10 112 2.21 0.16
SKCN (0.01-0.02) (0.05-0.20) | (0.20-2.04) | (0.10-7.68) (0;02-0.3 1)
0.03 0.17 0.78 6.88 0.36
BPRM1 (0.02-0.03) (0.17) (0.43-1.12) | (2.04-11.73) | (0.34-0.37)
0.03 0.17 0.88 6.62 | 0.07
BPRM2 (0.03) (0.15-0.19) _(0.64—1‘13) (3.10-10.14) (0.04-0.1 1)
0.02 0.26 0.15 0.89 0.20
BSANI (0.01-0.02) (0.15-0.37) | (0.11-0.18) | (0.45-1.33) (0.02-0.38)
0.02 0.22 0.36 0.81 .22
BSAN2 £0.02-0.03) (0.15-0.29) | (0.31-0.41) | (0.63-0.98) (0.02-0.42)
0.02 0.15 0.12 1.25 0.20
BPRAI (0.01-0.02) (0.13-0.18) | (0.10-0.12) (0.45-15) {0.02-0.66)
. (.02 0.12 0.20 0.72 0.26
BPRA2 (0.01-0.02) (0.05-0.19) 1 (0.18-0.23) | (0.10-1.33) (0.02-0.38)
(.02 0.20 0.53 0.63 . 033
SIRAI (0.02) (0.15-0.26) | (0.16-0.90) | (0.10-1.16) (0.03-0.63)
0.02 0.26 0.1 0.54 .08
SIRA2 (0.01-0.03) (0.13-0.3%) | (0.05-0.17) | (0.45-0.63) (0.05-0.10)
0.02 0.12 0.15 0.98 0.02
SCIN (0.01-0.02) (0.05-0.16) | (0.11-0.20) (().63- 1.33) (0.02)
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Table 2.1(continue)
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Station Ammonia Nitrite Nitrate Silicate Phosphate
0.01 0.12 0.19 0.75 0.02
SCIE (0.01) {0.07-0.15) | (0.14-0.23) | (0.45-1.16) (0.02-0.03)
L 0.01 0.13 0.15 0.57 0.02
SCIwW (0.061-0.02) (0.07-0.18) 1 (0.09-0.20) | (0.28-0.98) {0.02)
0.02 0.2t 0.15 0.92 0.03
SCIS (0.01-0.02) (0.07-0.28) | (0.06-0.26) | (0.10-1.33) (0.01-6.05)
0.02 0.14 0.20 0.81 0.02
LCHH - (0.02) (0.07-0.18) | (0.18-0.22) | (0.45-1.33) (0.61-0.03)
0.02 0.24 0.25 1.04 0.05
PTYA (0.02) (0.17-0.29) | (0.10-0.42) | (0.45-1.51) (0.02-0.09)
0.01 0.17 0.09 0.98 0.02
KLAI (0.01) (0.09-0.26) | (0.06-0.12) | (0.45-1.51) (0.01-6.02)
0.02 0.17 0.11 0.75 0.03
MTPH (0.01-0.02) (0.08-0.26) | (0.07-0.15) | (0.28-1.33) (0.03)
0.02 0.15 0.22 [.39 0.04
RYRM (0.01-0.02) (0.07-0.21) | (0.22-0.23) | (0.10-2.92) (0..02—().06)
0.02 0.20 0.59 0.86 0.04
HUHA (0.01-0.02) (0.05-0.36) | (0.23-0.82) | (0.10-1.33) (0.02-C.06)
0.02 0.21 0.47 1.74 0.07
PETC (0.02-0.03) (0.08-0.40) | (0.33-0.61) | (1.51-2.04) (0.02-0.13)
0.02 ~ 0.6 0.66 1.22 0.04
CTGl (0.01-0.02) (0.05-0.27) | (0.23-0.90) | (0.45-1.86) (0.02-0.06)
0.02 0.16 0.40 1.57 0.02
CTG_2 (0.01-0.02) {0.05-0.26) | (0.17-0.79) | (1.33-1.86) (0.02-0.03)
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 Table 2.2 Average (mmimum and maximum) of nutrient (uM/L) around the cast coast of the

Upper Gulf of Thatland: September 2002

Station Amnionia Nitrite Nitrate Silicate Phosphate
0.04 0.13 0.34 4.09 0.03

MKRM (0.02-0.07) (0.07-0.18) (0.25-0.48) | (0.45-6.79) (0.01-0.07)

| 0.02’ 0.13 | 0.22 | 6.27 0.04 .

TCRM {0.02) (0.11-0.16) (0.16-0.28) | (4.68-7.85) (0.03-0.05)
0.02 0.27 0.23 4.86 0.05

CPRM (0.01-0.02) (0.26-0.28) (0.15-0.31) | (3.27-6.44) (0.02-0.09)
0.02 0.15 0.14 0.78 0.01

SKCN (0.01-0.03) (0.15-0.28) (0.01-0.41) | (0.60-3.10) (0.01-0.09)
0.02 0.20 0.98 6.00 0.06

BPRM1I {0.01-0.02) (0.15-0.26) (0.01-1.94) | (1.51-10.49) (0.05-0.06)
0.02 0.12 0.60 1635 0.04

BPRM2 _(0.01-0._02) (0.05-0.19) | (0.10-1.09) | (2.92-9.79) (0.00-0.09)
0.01 0.15 0.28 0.97 0.03

BSANI] (0.01-0.02) (0.15) (0.11-0.45) | (0.60-1.33) (0.01-0.05)
0.01 0.09 0.50 1.85 0.63

BSAN2 (0.01) (0.09-0.10) (0.05-0.96) | (0.25-3.45) (0.02-0.05)

0.01 0.12 0.05 0.13 0.01.

BPRAI (0.01) (0.08-0.16) (0.01-0.11) | (0.08-1.51) (0.00-0.02)
0.02 0.08 .23 1.23 0.04

BPRA2 (0.01-0.02) (0.07-0.10) (0.20-0.26) | (0.06-2.39) (0.02-0.05)
0.02 0.23 0.66 0.39 0.01

SIRA1 (0.02) (0.17-0.28) (0.09-1.22) | (0.25-0.54) (0.01-0..02)
0.02 0.08 0.25 2.08 0.20

SIRA2 {0.01-0.02) (0.07-0.10) (0.07-0.43) | (0.89-3.27) (0.02-0.38)
0.03 0.13 0.i2 0.78 0.01

SCIN (0.01-0.0%) (0.07-0.17) (0.07-0.22) | (0.45-1.33) (0.01-0.02)
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" Table 2.2(continue)
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Station Ammonia Nitrite Nitrate Silicate Phosphate
0.02 0.14 ©0.20 0.60 0.01
SCIE (0.02) (0.07-0.26) | (0.06-0.49) | (0.10-0.85) | (0.01-0.02)
0.02 0.14 016 0.40 0.02
SCIW (0.02) (0.07-0.20) | (0.07-0.31) | (0.25-0.540 | (0.02-0.03)
0.02 0.12 0.42 0.04 0.03
SCIS 0.01-0.02) | (0.07-0.17) | (0.02-121) | (0.02-0.07) |- (0.02-0.05)
0.01 0.07 0.09 0.48 0.01
LCHH (0.01-0.02) | (0.00-0.15) | (0.01-0.18) | (0.04-1.33) (0.01)
003 0.21 0.08 0.04 0.01
PTYA (0.02-0.03) | (0.07-0.37) | (0.01-022) |  (0.04) (0.01-0.02)
0.02 0.16 0.05 0.03 0.01
KLAI (0.01-0.02) | (0.07-0.26) | (0.01-0.11) | (0.01-0.04) | (0.01-0.02)
0.02 0.13 0.07 0.01 0.0
MTPH 0.01-0.02) | (0.07-0.17) | (0.02-0.11) |  (0.01) (0.01-0.02)
RYRM * * * * *
0.02 0.26 0.17 0.01 0.04
HUAH 0.02-0.03) | (0.15-036) | (0.01-039) |  (0.01) 0.02-0.06)
0.02 0.31 0.87 1.16 0.14
PETC 0.01-0.02) | (0.08-0.59) | (0.29-1.94) | (0.10-3.10) | (0.01-0.41)
0.04 0.13 0.27 0.98 0.04
CTG! - (0.01-0.09) | (0.07-0.17) | (0.08-0.42) | (0.45-151) | (0.02-0.09)
0.02 0.13 0.07 0.04 0.02
CTG2 (0.02-0.03) | (0.07-0.19) | (0.02-0.11) (0.01-0.09)

© * o sample

(0.01-0.07)
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Figure 2.1

Average ammonia (uM/L} around the east coast of the Upper Gulf of Thailand: 2002
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Figurc 2.2 Average nitrite(uM/L) around the cast coast of the Upper Guif of Thailand : 2002
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- Figure 2.3 Average nitrate(uM/L) around the east coast of the Upper Gulf of Thailand : 2002
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Figure 2.4 Average silicate (uM/L) around the east coast of the Upper Gulf of Thailand : 2002
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Figure 2.5 Average phosphate (uM/L) around the east coast of the Upper Gulf of Thailand :

2002
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: Table 3 Avcrage (minimum and maximum) of chiorophyll a, b and ¢ (mg/cu.m) around th
5 east coast of The Upper Gulf of Thailand : January and Scptemb(_:r 2002
Chla Chlb Chic
- Station Jan-02 Sep-02 Jan-02 Sep-02 Jan-02 Sep-02
_ 1.224 1.336 0.394 0.411 0.528 0.592
OMKRM | (1.184-1.264) | (1.276-1397) | (0.393-0.394) | (0.383-0.439) | (0.527-0.530) | (0.575-0.609)
0.930 1.087 0.132 0.175 0.100 0.010
TCRM | (0.892-0.968) | (0.952-1.223) | (0.109-0.155) | (0.120-0.229) | (0.079-0.121} (0‘009—0.0'1'2)
| 1296 | 1395 0556 | 0272 0162 | 0368
CPRM (1.264-1.3?8) (1.391-1.400) | (0.455-0.656) | (0.243-0.301) | (0.152-0.171) | (0.262-0.475)
0.785 0.719 0.168 0.358 0.050 0.022
.SKCN (0.698-0.873) | (0.563-0.875) | (0.065-0.270) { (0.238-0.477) | (0.027-0.074) | (0.011-0.032)
0.466 1.935 0.356 1.654 0.243 0321
BPRM1 | (0.453-0.479) (0.300-0.412) (0.206-0.281)
0.381 1.201 0.206 0.973 0.199 | 0.137
BPRM?2 (0.381) (0.206) {0.199)
0.283 0.379 0.098 0.183 0.013 0.068
BSANI | (0.223-0.344) | (0.317-0.441) | (0.067-0.129) | (0.173-0.193) | (0.006-0.021) (0.068)
0.506 0.441 0.088 0.191 0.029 0.086
BSAN2 | (0.194-0.819) | (0.403-0.479) | (0.005-0.171) | (0.096-0.286) | (0.007-0.050} | (0.047-0.114)
0.920 0.717 0.125 0.159 0.036 0.063 -
BPRAL | (0.819-1.021) | (0.697-0.738) | (0.079-0.171) {0.057-0.069)
BPRA2 0.691 0.734 0.338 0.382 0.144 0.090
0.578 0.50¢ $.240 0.097 0.194 0.037
- SIRAL (0.312-0.844) | (0.459-0.552) | {0.058-0.422) { (0.086-0.108) | (0.133-0.254) (0.0.27-0.048)”
SIRA2 0.178 0.691 0.047 0.343 0.043 0.095
0.189 0.329 0.130 0.008 0.043 0.104
SCIN (0.179-0.199) | (0.317-0.341) | (0.078-0.181) | (0.002-0.013) (0.024;0;061) (0.102-0.106)
0.197 0.301 0.106 0.083 0.050 0.072
SCIE (0.175-0.218) | (0.280-0.321) | (0.089-0.122) | (0.05§-0.116) | (0.027-0.072) | (0.041-0.103}
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Table 3 (continuc)
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Chla Chlb Chlc
Sta_tion Jan-02 Sep-02 Jan-02 Sep-02 Jan-02 Scja—()Z
0.507 0.411 0.214 0.499 0.121 0.065 .
SCIW | (0.439-0.575) | (0.165-0.658) | (0.208-0.21) | (0.187-0.811) | (0.109-0.132) | (0.058-0.072) |
0191 | 0403 0.035 0.147 0.008 0203
SCIS | (0.1770205) | (0386-0420) | (0.001-0.071) | (0.143-0.151) | (0.006-0.011) (0.184-0.222)
0.202 0.347 0.102 0.225 0.061 0.085 |
LCHH | (0.197-0.208) | (0.310-0.383) | (0.097-0.107) | (0.196-0.255) | (0.041-0.081) (0_062—0.168) -
0.497 0.316 0.244 0.326 0.241 0103 |
PTYA | (0.438-0.557)  (0.297-0.335) | (0.168-0.319) | (0.284-0.367) | (0.006-0.477) | (0.031-0.175)
0.346 0.178 0317 0.122 0.050 0.073
KLAI | (0.281-0.410) | (0.165-0.191) | (0.195-0.440) | (0.066-0.178) | (0.024-0.076) (0.035-0.11):
1.020 0.156 0.027 i
MTPH | (0.844-1.196) * (0.142-0.170) % (0.025-0.030) *
1.012 0.184 0.078
RYRM | (0.890-1.133) * (0.133-0.234) * (6.067-0.089) *
1.101 1.201 0.130 0.392 0.094 014 |
HUAH | (1.057-1.146) | (1.163-1.239) | (0.066-0.193) | (0.294-0.490) | (0.060-0.128) | (0.105-0.123) |.
1.198 1.121 0.149 0.031 0.032 0.020
PETC | (1.141-1.254)  (0.976-1.266) | (0.137-0.162) | (0.001-0.061) | (0.031-0.033) | (0.019-0.020) |
0.541 0.416 0.228 0.297 0.022 004 |
CTG1 | (0.513-0.570) (0.156-0.299) | (0.171-0.422) | (0.017-0.027) | (0.023-0.025)
0.759 0.054 0.138 |
CTG2 | (0.618-0.899) % * (0.086-0.190) | *

* no sample

(0.012-0.095)
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Chlorophyll a @ the Upper Guitof Thaland: 2002
2,000 oot e st AR e
3
f“ ¥~ Noctiluca bloom :
P
1.500 I —— — — e ——
] s
‘ . N7A ; 3 M .
= / i : P ‘
= ¥ \\ ! § .‘o/ (% T Jun-02
5 1.000 Y Ea— - \ |
i EJ i ! \1 |
E ; \ h ¥ Sep-02
& " A
%
1
\ 1
0.500 X ;
5
0.00C T T T T T TR T T =T T T e T T
MKRM  SKCN  BSANL  BPRA2  SCIN SCIS KLAI HUAH CTG2
Figure 3.1 Average chlorophyll a (mg/cu.m) arcund the Upper Gulf of Thailand : 2002
Chloropliyli b : the Upper Guif of Thailand: 2002
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Figure 3.2 Average chlorophyll b {mg/cu.m) around the Upper Gulf of Thailand : 2002

aaud reiwanem mzausouy ez e et 1 Tnuasusi szos#10



48

1.500

1.000

mg/cu.m

0.500

0.000

Chlorophylic : the Upper Gulf of Thailand: 2002

—¢—
-
¥
A
AR
f( f : :
N 7 oa 7 :
BN N . - 4(\ DA 0 B
Y ¥ b e
T T T T T T T T T T T T T T i e T T T T T T
 MXRM SKCN BSANI  BPRA2 SCIN SCIS KLAI HUAH CTG?2

Figure 3.3

Average chlorophyli ¢ (mg/cu.m} around the Upper Gulf of Thailand: 2002
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Table 4  Suspended solid (mg/l) around the cast coust of the Upper Gull of Thatland :

January and September 2002

nig/l

location ievel | Jan-02 Sep-02
MKRM sur 5.80 2.86
MKRM bot 5.80 2.43
TCRM sur 5.80 2.99
TCRM | bot 5.70 2.48
CPRM sur 5.00 1.77
CPRM bot 5.30 1.74
SKCN sur 5.50 1.44
SKCN bot 5.10 2.11
BPRMI sur 5.40 8.21
BPRMI bot 5.80 e
BPRM2 sur 5.90 2.00
BSAN1 sur 4.70 1.68
BSANI bot 4.50 1.‘94
BSAN2 sur 5.60 1.68
BSAN2 bot 5.70 %
BPRAI sur 5.50 1.34
BPRAI bot 5.50 296
BPRAZi sur -4.90 1.65
BPRA2 bot 5.00 *
SIRAL sur 4.70 1S
SIRAZ2 sur 6.00 1.95
SIRAT bot 5.80 1.81
SCIN sur 2.60 110
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Table 4(continuc)

mg/l

location fevel | Jan-02 Sep-02
SCIN bot 2.70 1.89
SCIE sur 3.30 1.70
SCIE bot 3.10 1.74 -
SCIW s.ur 3.50 1.4}
SCIw bot 5.88 3.20
SCIS sur 3.07 1.85
SCIS bot 2.80 3.03
LCHH sur 3.69 1.74
LCHH bot 2.70 1.92
PTYA sur 5.90 1.26
?TYA bot 6.00 1.92
KLAI sur 5.40 1.59
KLAI bot 6.20 1.66
MTPH sur 4.90 &
MTPH bot 5.00 *
RYRM sur 5.60 i
RYRM bot 2.40 *
HUHA sur 5.10 1.98
HUHA bot 5.10 1.15
-'?ETC Suf 4.50 2.38
PETC bot 5.00 2.81
CTG1 sur 5.60 2.70
CTGI bot 6.00 2.60
CTG2 sur 4.90 *
CTG2 bot 4.50 *

® 0 sample
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E Suspended solid : the Upper Gultof Thailand: 20062
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Figure 4 Suspended solid (mg/l) around the Upper Guif of Thailand: 2002
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Table 5

Avcrage oxidisable organic matter (%) around the Upper Gulf of Thailand : January and
September 2002
%organic matter
Location Jan-02 Sep-02
MKRM 1.52 1.25
TCRM 1.46 1.51
CPRM 1.24 1.65
SKCN 1.31 1.58
BPRM1 1.53 1.64
BPRM?2 1.56 1.48
BSAN1 1.20 1.51
BSAN2 1.24 1.35
BPRAI 1.23' 1.44
BPRA2 | 1.47 1.11
SIRA1 1.45 1.38
SIRA2 1.24 0.96
SCIN 1.09 1.43
SCIE [.53 1.52
SCIw 0.80 1.91
SCIS 1.66 1.51
LCHH 132 1.26
PTYA 1.66 1.21
KLAI 116 1.62
MTPH 1.21 1.12
RYRM 1.55 1.20
HUHA 1.36 1.07
PETC 142 1.10
CTGI 1.42 1.17
CTG2 1.69 1.38
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Oxidisable organic matter in sediment : the Upper Gulfof Thailand: 2002
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Figure 5 Average oxidisable organic matter in sediment (%) around the Upper Gulf of

Thailand 2002

arrasEhzwanymemzeysnam i lmsaas Tusonsasd n Ineao i szozdio




Table 6.1  Hcavy metal (ug/gm dry weight) in sediment around the Upper Gull of Thailand :

54

January 2002
Cadmium Copper Lead Chromium
Location (ug/gm dry wt) | (ug/gm dry wt) | (ug/gm dry w) (ug/gm dry wt)
MKRM 0.608 6.662 8.487 6.766
TCRM 0.471 5.164 9.103 7.866
CPRM 0.324 3.547 9.682 9.455
SKCN ().438 4.803 7.449 5.321
BPRMI 0.324 3.549 8.173 8.109
BPRM2 4 0.335 3.671 9.305 7.989
BSANl 0.520 5.699 8377 9.349
BSAN2 * * £ *
BPRAI1 0.597 6.539 9.817 8.632
BPRA2 0.364 3.988 5.443 4.340
SIRAL 0.645 7.073 10.343 9.235
SIRAZ 0.321 3.523 4808 4.025
SCIN 0.482 5.286 9.318 8.722
SCIE 0.798 8.74% 11.045 9.995
SCIwW 0.323 3.540 7.548 5.392
SCIS 0.405 4.436 8.173 6.081
LCHH ¢.310 3.393 7.525 5.168
PTYA 0.686 7.‘521 9.943 8.592
KLAI 0.704 7.712 11.694 182.731
MTPH 0.608 6.661 11.364 10.147
RYRM 0.484 5.303 8.595 6.059
HUAH 0.238 2.614 5.945 3.981
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Table 6.1 (Continue)

0
w2

Cadmuum Copper Lead Chromuum
Location (ugfamdry wty | {ug/lgm dry wt) | (ug/gm dry wt) (ug/gm dry wt)
PETC 0.362 3.964 8.4i6 7.381
CTGI 0307 3.366 6.892 3.846
0.387 4.245 9.656

CTG2

4.311

* no sample
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Table 6.2 Hcavy metal (ug/g dry weight) in sediment around the Upper Gulf of Thailand :

56

September 2002
Cadmium Copper Lead Chromium
Location (ug/gm dry wt) | (ug/gm dry wt) | (ug/gm dry wi) (ug/glﬁ dry wt)
MKRM 0.284 3.112 8.494 6.094
TCRM 0.255 2.796 8.269 5.679
CPRM 0.148 1.622 9.408 8.647
SKCN 0.201 2.206 6.624 3361
BPRMI1 0.201 2.204 6.316 '7.385
BPRM2 0.287 3.140 6.429 6.378
BSANI 0.213 2339 9.579 7.127
BSAN2 0.320 3.503 5.379 6.670
~ BPRAI 0.321 3518 4801 8.038
BPRA? " * - x "
SIRAI 0.353 3.865 4.103 5.888
SIRA2 0.271 2.966 2.602 3.227
SCIN 0.401 4390 6.291 7.356
SCIE * * * #
SCIW 0.320 3.507 4.786 4.674
SCIS 0.474 5.197 4.137 5.278
LCHH 0.120 1314 0.299 2..002
PTYA .0.391 4.289 3.219 5.880
KLAI * * * *
MTPH * # * *
RYRM * * * *
-
HUAH 0.202 2214 0.907 3373
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Table 6.2(continue)

57

Cadmium Copper _ Lead Chromium
Location (ug/gm dry wt) | (ug/gm dry wt) | {ug/gm dry wt) (ug/am dry wt)
PETC 0.388 4.254 2.581 6.480
CTG! 0.321 3515 1.199 4.016
CTG2 * * * *

“* no sample
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Figure 6.1 Cadmium in sediment (ug/gm dry weight ) around the Upper Gulfof Thailand

2002
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Figure 6.2 Copper 1n sediment (ug/gm dry weight ) around the Uppér Gulf of Thaitland 2002
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Lead in sediment : the Upper Gulfof Thailund : 2002
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Figure 6.3 Lead in sediment (ug/gm dry weight) around the Upper Gulf of Thailand 2002

| Chromium in sediment : the Upper Gulfof Thailand : 2002
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Table 7 Meun grain size of sediment (mm ) around the cast coast of the Upper Gulf of

Thailand ; 2002

Statton | Jan-02 | Sep-02

MKRM mud mud

TCRM mud mud

CPRM mud Mud

SKCN mud Mud

BPRM1 mud Mud

BPRM?2 mud Mud

BSAN! mud Mud

BSAN2 0.25 Mud

BPRAI mud Mud

BPRA2 1.54 . 1.50

SIRAL mud Mud

SIRA2 0.43 Mud

SCIN mud Mud

SCIE 0.46 0.47

SCIV\’ mud Mud

SCIS mud Mud

LCHH 0.50 0.51

PTYA 0.87 0.67

KLAI 0.84 0.59

MTPH 0.31 0.28
RYRM 0.72 - 0.87
HUAH mud © Mud
PETC mud Mud
CTGI 0.48 0.54
CTG2 mud Mud
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Table 8.1 Total density(cells/lt), total group density{cells/lt) and. % group composition :

Sichang Island :2002

cells/it %
date |locatellotal_densitybluegreen| diatom dinoflagellateprotozoafebluegreendiatom %dinoflagellatet“iprotozoa
Jan-02| SI | 31,000 | 19,500 |31,500 o * 3824 | 61.76 * *
ieh-02| ST | 99.000 ¥ 157,000| 42,000 * * 57.58 4242 *
Mar-02| SI | 25,500 *|21,000] 4,500 i E 82.35 17.65 *
Apr-02| SI | 58,500 Y 146,500] 12,000 * ’ 79.49 20.51 *
May-02 SI | 69,000 ¥ |55,500) 13,500 3 . 80.43 19.57 *
Jun-02| SI | 102,000 | 4,500 36,000, 61,500 § 441 35.29 60.29 ¥
Jul-02| SI | 103500 | 16,500 |73,500| 13,500 * 15.94 | 71.01 13.04 *
Aug-02| SI | 153,000 | 19,500 |78,000| 55,500 i 1275 | 50.98 36.27 *
Sep-02| SI | 189,000 | 33,000 |58,500| 97,500 ; 1746 | 30.95 51.59 *
Oct-02| SI | 339000 | 6000 [273,0000 60,000 4 1.77% "Me0Ey 17.70 *
Nov-02| SI | 288,000 | 3,000 [222,000 63,000 v 104 | 77.08 21.88 *
Dec-02| SI | 132,000 * {129,000 * 3,000 * 97.73 * 2.27

* pot found
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Table 8.2 Total density(cells/It), total group density(cells/l6) and % group : Siracha - 2002

cell/lt , %
date [locatgtotal_densitypluegreen| diatom |dinoflagellateprotozoafvebluegreendiatomPdinoflagellateoprotozoa
Jan-02| SR | 78,000 24,000 148,000 6,000 * 30.7.7 | 61.54 7.69 *
I'eh-02] SR | 122,250 6,000 |68,000] 48,250 * 491 55.62 39.47 *
Mar-02| SR 73,500 * 61,500 12,000 . * 83.67 16.33 *
Apr-02| SR | 138,000 * (124500 13,500 * F 90.22 9.78 *
May-02 SI.(. 147,000 | 15,000 105,000, 27,000 * 10.20 71.43 i8.37 * !
Jun-02| SR 139,500 9,000 |90,000| 40,500 ¥ 6.45 64.52 29.03 - *
Jul-02 | SR | 181,500 | 49,500 |109,500| 22,500 % 27.27 60.33 1240 *
Aug-02] SR | 208,500 | 48,000 {96,000 64,500 . 23.02 46.04 30.94 *
Sep-02| SR | 480,000 | 60,000 282,000 138,000 * 12.50 58.75 28.75 *
Qct-02| SR 77,000 | 42,000 321,000 114,000 5 8.81 67.30 23.90 *
Nov-02| SR | 603,900 | 57,000 504,900 42,000 8 9.44 83.61 6.95 *
Dec-02| SR | 453,000 | 33,000 372,000, 27,000 21,000 7.28 82.12 5.96 4.64

* not found
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i cellsAlt phytoplankton density : Sichang istand:2002
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Figure 7.1 Total density (cells/It) of each group compare to total phytoplankton :Sichang Istand

2002
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Figure 7.2 Total density (celis/It) of each group compare (o total phytoplankton :Siracha 2002

mrrasrarhizlwansmmsauinamiodezan: Tuesnvesea tnoseuuu szuziiio




. y i L. o I, s - v S Y
- X & a s L ,
" s L 3 N - y g .
- y J. . L : o i » - . y. d £ . R,
- - o NTSRN T L | - : g . y
| A e H - o1 )
4 i r 3 o g ol . My
v ] “o o Wb Ry L
» M o e A LN S
f ’ _ <1 e o.u___..._.r__u_I WL
. - ] - .~ » I
' ’ - s Bl LA IS _
y _-... 4 . - . L i) il d ) !
. . » W T4 A
™ g
. - ) F o N b | » -
& -4 < | ~ &k P i - & b '
- [ - 4 e
- 1 . - . o — .




	ปกนอก
	ปกใน
	สารบัญ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	บทนำ
	วัตถุประสงค์
	อุปกรณ์และการดำเนินการวิจัย
	ผลการศึกษา
	สรุปและวิจารณ์ผล
	เอกสารอ้างอิง
	ภาคผนวก

