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Abstract

Project Code : PDF/45/2540

Project Title  : Distribution and Accumulation of Hg in the Marine Environment of

The Eastern Coast of Thailand.

Investigators
Voravit Cheevaporn Dept. of Aquatic Sc. Burapha University.
Phuangkamol Nualsut Dept. of Agquatic Sc. Burapha University.
Saitip Savadhikul Dept. of Aquatic Sc. Burapha University.
Prof. Piamsak Menasveta Aquatic Resources Research Institute,

Chulalongkorn University

E-mail Address : voravit@bucc4.buu.ac.th

Project Period : August 1997- July1999

Objectives
1) To investigate the extent of Hg contamination in the marine environment and the
biomagnification of Hg in the economic marine animals of the Eastern Coast of
Thailand.

2) To assess the risk of marine animal consumption due lo the Hg contamination in

the Eastern Coast of Thailand.

Methodology

1) Thirty sediment cores were taken from 5 stations namely: Angsila, Sriracha, Laem-
Chabang, Pattaya, and Mabtapud for Hg analysis and studies regarding history of
Hg contamination in sedimentary column.

2) Marine organisms were collected from Angsila, Laem Chabang, and Rayong
province ( Ban Pae) by trawler and plankton net. The samples were kept for
bioaccumulation and biomagnification studies.

3) Samples were then analysed for Hg by Nitric acid digestion and measured by

means of Hydride generation Atomic Absorption Spectrophotometry ( Perkin Elmer
3300).



4) The data obtained was statistical analysis by ANOVA, Duncan's New Multiple

Range Test and Pearson Correlation analysis.

Results:

Thirty sediment cores were taken from 5 stations along the coastal line of
Chonbun and Rayong provinces. Mercury concentrations were then determined by
using a hydride generation atomic absorption spectrophotometer. Sediment texture was
analysed by wet sieving techniques, whereas the titration method was used for
determination of crganic carbon in the sediments. Results of the analysis revealed no
significant differences of the mercury level in each depth of the sedimentary column.
These findings indicated that there was no increase of the present-day anthropogenic
inputs of the mercury contamination when comparing with those of the previous day.
Furthermore, the results alsc demonstrated that there was a significant correlation
between the concentration of mercury and the texture of the sediments (%silt&clay) or
the total organic carbon contents in the sediments. The mercury content ranged from
4.80 — 37.49 ng/g, which was similar to the un-polluted sediment standard (50ng/g) and
lower than the world average value for sediment ( 300ng/g). In finding of the study, it
was also found that there were significant differences among the mercury level collected
from different seasons and also among those collected from different stations. These
temporal and spatial variations were due to different texiures of the collected sediments.
These findings supported the idea that clay —minerals and organic materials have
strong affinity with free mercuric 1ons. Horizontal distribution of mercury contamination in
the area showed higher concentration of mercury contamination in the urban area than
in the aquaculture area ( Angsila), tourist area ( Pattaya), and industrial areas ( Laem
Chabang and Mabtapud).

In a present study, biomagnification of Hg was found in the marine food-chain of
Angsila, Laem Chabang, and Rayong province. Hg levels tend to increase at higher
trophic levels and according to the animal's size ( i.e., While shrimp (Peneaus

merguiensis) , and Banded crevalle fish (Atule mate) ). The mechanism of this

accumulation was not well understood.



Discussion, Conclusion

Results of the studies indicated that there was no significant increase of the
present-day anthropogenic inputs of the mercury contamination when comparing with
those of the previous day. Furthermore, the results also demonstrated that there was a
significant correlation between the concentration of mercury and the texture of the
sediments (%silt&clay) or the total organic carbon contents in the sediments. Mercury
levels tend to increase at higher trophic levels in the food chain and according to the
animal's size. The calculation of PTWI ( Provisional tolerate-weekly intake) indicated
that the mercury levels of marine animals from the Easterm Coast of Thailand are

within safety limit.

Suggestions/Further Implication/Implementation

Results of the studies revealed that there was no significant increase of the Hg
levels in the marine sediments from the Eastern Coast of Thailand. However, the
results demonstrated that mercury levels tend to increase at higher trophic levels in the
marine food-chain and according to the animal’s size. Provisional tolerate weekly intake
(PTWI) value indicated that marine animal from the Eastern Coast are still safe for
consumption. For further studies, we recommend to extend the study areas to cover the

whole guif of Thailand.

Keywords
Mercury, Bioaccumulation, Biiomagnification, Food-chain, Sediment-core,

Provisional tolerate-weekly intake (PTWI)
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5. Alkoxy-alkyl mcreury, CH_,O-CHz-CHz-Hg'
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Froiruunsanyiuumdnidanas i mea el amsAafuanatatu Saamandig
Fnrsduandnnassiaveadeiiiie venvniitdimandoudiveni dnruiunsadiu
11 Uhnmweimiveudunisiasegundnin ninndeusvesiuaznen Fosd1asznig
BUMIA (pore water) FHIINWIAIBIYRIMS 1Az ﬂmmwﬂym1amﬁ§af’1’qumiﬁmassiam*iﬂﬂc'ifu

msUulougAuaznau (Elizabeth and Peter. 1992)

VUIUNISREUIN AT Y (Methylation process)
=3 % . H =1 J = .
WRARTY  (Methylation) 1Huvurumsiifadulu@uaznou (Belliveau and Trevors,
4 = EUEE a
1989) 1isaninmsdsenaunsnasugiuuunisnmeniviaznaail 1dde Tasmuisodaou
Tl CH,Hg (Bothner. 1980, Jernelov. 1969) (CH,),Hg (Bothner. 1980, Jernelov. 1969) tag
1 dﬁ ' = ' a
Jusmusenfiannsoszineld (Spangler er al, 1973) uannntivduigymisllogludu
@znoU  (Bothner. 1980) senamsunfeudiod egluduazneulusives CH Hg
(Windom e al., 1976) %59 (CH,),Hg (Kolb et al., 1973) #3pmsotiunsoluzlvesniy
YUIUMTINANRaRFUE TN 19 2 Tunsu Ao
L miiaatu (Methylation) 17un15533 He 190U CH,- group
2. @ity (Demethylation) iHunisiadouie CH, -group 89n910 He 1udiuasu
vy lunisaesmiuiivuaznisiuilenvssmsdsenlufuazneuy
ar P =S ar o o d = 3/ J ar o
dgasinismamiantsu lulsenuazdsansiunisludunadenszvuiuvaisilode
wu pH wunludisssaznviaau amududuves CH,Hg vxguiie pH vonhduns iz (CH,)
r 1 1 wed M o ELRE =y -
Hg vrgndsvans il cHHg Tdfamm pH dAuwnzszialuanwi bifleendouludy
aznau (Jernclov. 1969)
Wood et al.,, (1968) THMINIANMIVUIUNTIRA@TUNIVY nonenzymatic lauaiasad
9a32U81 methanogenic bacterium AU methylcobalamin (Vitamin B12 - CH,) Al CH,-group
o o= o a . 1 vg o s Y w
asUldingaswiiansodunsizy viaminB12 Tdfezamnsadunsizd el Hg 1d
o oA a 1 ey = "
misdsenatiunidiazauludunadeummsognilfougiiluaisilsenduns o4
=Y 1) W A A o 4 =1 P
mnu*ﬂqua A TaouuatiF snamFod AT I mu (Methane-synthesizing  bacteria)
=3 o < = ar 1] ’ % o o
TaoldTaueay A Tudain B12 dludgio nauiimu (CH,-group) v:3uAItuTaueas (1)

: b LS ar o e + 1 5 = o
uargnindeudiode lJIudiuyseg He Toormufalauiaiiin (Methyl cobalamin) Aauans

Tuaunis
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CH, Methyl cobalamin

Co(lll) + Hg’ - Collll)

LATPI

+ CH,Hg or (CH,), Hg
A Dunlap (1971)

Akagi er al.(1977) WU31 Photomethylation 1unszuiumisvesasidmiaanninyiily

=4

HeCl, nlaomiu cH,Hg Tasl$5sdgansilalonan

K]

msazauvesmsisenlufunzneu
Tavzminninmsazanluduazneuusnainezsifnainsssusmandinisnsziives
o o o o PP e ar ar o cf«:; o 9 ar
pyrdifummudnivihiins tudevvedlanzinin dninsmaasiihaudiulangnin

1udaradeuvsigiuaznondsniw larsninluAauaznausINaINsIsUMIAN 1IN 1M

1
r=|

ar =y 1A o 4 o s =
Tanzaininluduazneuiidaninmnssiveauund  tievz I udnyuzusdnzuaivues
o ar = 1] & = dy as 1 e 1 9 act Sy é d- 3 as 2
Tostzanin uduazneu Idganuiu msusnnozdnaraitldanasisimsnianldnude nis
¥ W valus s = v @ =
as1vae UM NTuesTansnin luAuaznouNimswdsumlasa nududuluszdunnu
dal]lyl'd ) ”u“’1“m & L FIve 1(_@04:9
amirse i d1uianududuvadlavsminluduazneusuuuuinniiluazneuluszdudn
L u o voow i o A a & IS yas o a o
ad'lgorasl @ hanududuvosTanzininivinduluduazneuduuwiasinmsnizyiives
WUBE (Suess and Erlenkeuser. 1975 12 Bertine. 1976) A mduduvodTavrzuinluduarneu
: a o 1 LN c}l c;& o = =2 o =3
Fuuuannisnszshuenusdd 1u et uia YA uAznouIUDITTAUNNILEN
15211 20-30 .30 (Price er al., 1976)
o f=) “ o ) =
Menasveta 1Az Swangwong (1977) sWIns@nuIlsuaaeaneduns qaned uaadion
o = ' ;_v kd o < = G '
arny unar dsenluduaznsuninmidndmezer  TassihinsanyTualanzdanaiaty
a = =Y 1 ar @ o U é a
sedUANNANUBIALATNEY WA IR TsyI eI uvesdiendianadamns Ay
anpan  vazaiunduduvedTavenndy  ondu weelleniianuidudugiaauiowsine
= FT ) t = a « - a a
nganwa uaziaednduaaasiioneen . sinmsanelSinaTavzminluduaznsus
a 1 ' :a ; - o
Tt urasdiniieenTsanuaaaningsy eimsthwsou taz mamsasirasi ey
- 7 <3 l'—‘r ’ =] ) =1 ar é " =3 C;
duvedlavsminluduas nougetulundazll wSonandmionilaninisiy  anthropogenic

. G = C; J v
input ¥a3 TavizydnluauaznowvindulunaasTl
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1. msdsenimuluduaznouna il

o W
o ar

Tuntsdneinsduteuvesmsdsonlunmaniniu  msdmsedilsummsdsenlu

:l L] 3 [P - ] = . ] ¥/ n’: dy FE
i luasalsdudriveventanmsdudeou'lda Fetimszmsdseniaauaiuiso lunis
A= ANAT (William and Cotfee. 1975) d3081wulunmsd@nyiusiin Lake Ontario 923111691

» v > ¥ »
anTuumstsenlufniwoaziiduais hilddhinswinsduileuuazyatlassaisdson
. L B = de [ ] o T 1

adlu Lake Onurio vadimnuasysenluduazneuszstaliinmsdwideu nazunaslano
= ' : . & ' v . < = o
amstsemiuusiiuiinsiiy  Niagara ¥99gN19AOUA YOS Lake Ontario 1183991031159

- 1 : ar o‘: = o =5
pritesdsenluniitdl Niagara (W wdszneu 4) aniunisasmunisYutlouvesaisdsanvenis

+

e =)

asvmenluAuaznauuas AIFIaA AN 1IUSEPA 1981vua 19

M1T13 3 ATUIUYRIMsYsennInia1eg

LRt fmugvetasilien (Ug/e) 1ONA1581394
¥ruflapnmaside 0.004-0.005 Knauer. 1976
‘UWUﬂﬂgﬁ‘i"llﬁJﬂ 0.02 Hornung er al., 1981
sroflanSilorsnan 0.02-0.08 WHO. 1986
g1TuIndinenTunaud 0.07 Campell and Loring. 1980
10t anng Tnaz Tuan 0.012-0.173 ESBMP. 1987
‘HWU?IQEJTNU 0.02-0.24 Moore and Ramamoorthy.

1984
y1asIgIuAuasneud il 0.05 Sadiq. 1992
nstludau
AT IUALNIHAUATAO Y 0.41 Burton. 1992
FIMSUIBTIAU
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Lake Ontario

surface water <01 01-02 ugHg/I

bottom water ‘: [: ‘m

<01 03-02 0.2-03 pgHg/i

sediment <1 1-2 2-3 >3 Hg [ppm]
quartz corrected

= =1 ~ . ~ ~ Dy
amdsznoy 5 Wivumoudsinwaidionlu Lake Ontario USIIME211

L = dy H = ' ' [} : ~ 1
Auaznay Fi¥himudeniaadesmsysonn nmii Niagara Nogni

ﬂmﬁrﬁ"ua@ N1 (Thomas, 1972)

I Az
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a1514 4 Usuaumisisenluauazneunzia

AR U 1001 T mslsen « tg/g) BNA139119
Georgia, USA (.27-1.70 Gardner et al | 1978
Mediterrancan, Turkish (.O2-0.34 Tuncel ef al, 1980

Puget Sound, USA (.01-05 Creceluss eral, 1975
San Francisco Bay 01-1.3 Olson and Cooper. 1976
Plyvm Estuary 0.02-2.61 Millward and Herbert 1951
Salt Marsh, USA 0.27-1.70 Gardner et al, 1978
Mersey Estuary 001-143 Craig and Morton, 1976
Clyde Extuary 0.05-531 Bardett and Craig. 1981
Thames Estuary 0.02-0.44 Stuth cral., 1973

Eust Pacitic Rise 0.02-0.24 Cox and MceMurtry, 1981
Southampton region 002-2.6 Armannsson ¢f af | TUXS
Haita Bay, Isracl 00609y Hornung oraf, 1984
Argentine Sca 0.04-0 64 Marcoveecho eral  Jusd
Balue Sca 0.0%8-0).80) Brugmann. 195%
Mediterancan, Western 0.07-1.62 Barvagh cr ol 19XN
Indian Ocean.India 0.04-0.0% Sunzgiry et al., 198N
Tyrrhenian Sca, Haly 0.10-11.0 Baldi ¢t al., 1979
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1 -~ A Bl (‘; ~u ’ C; A
Augadassarsuanynaziliiw 130 e MuTnunieesnTl 200.200 was vuzAwy
-4 -~ . v o : 4 o
AmugvosnnsonTuuinusniiununasogissdy 0.1-0.38 e Swaaihiniugamu
Nusnudanangmluileudrvmnlsonmiluatiann (Fujiki. 1950y Tusivunazuiin
1 : r;v N * ar -~ L) 1 ] ar
sonimilinslsend@o)unglussdugans 2010 e vinunanamusyusedy 10-59
Ly waluyinunihinsesaamnumoanlawuhnlSmeiisaasoghn 1222 pge Juvweh
acnouaumwilalndmeavuludTuunfios 0434 e
yane it U IunIow Drewent Estuany 18 Tasmania wunhinmiidunlovvos
anthonluszdauigalizcy 1030 e sadwaiwuludniuunas (Bloon:  aad
Avhing. 1977 Ju Sam Monmics Bay wuniiminiudlouvesansonnimwdiduaz now
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(A) MINAMATA FIRTH OF CLYDE
Kitamure, 1986 —_— Halcrow of al, 1973 ~ |
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|_(C)_LOS ANGELES

Kieln & Qoldbarg, 1970

(D) NEW HAVEN
Applaguist st sl 1871
[CJoz2s-05
[ oes-10
31015
[r;.- IRAE]

ppmHg

1km

PRl

[ ]*05
E___, 025-05

[ Jovozs
pomHg

ataznou 6 wanagUnuumInwInas neve MU onuTNune 0 Minamata Bay.

Firth of Clyde, Losx Angeles 182 New Haven (Wittmann. [983)
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=1 ' 1 : ) o B Bl A 4 [ &
Limuniai)senlu Lake Ontario 923370z ual 1906-1943 TU5mamindu 3-4ma7 39
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2. msAnuITavyTnumsdienluduaznousid ne

»
PINMTANINITINI NI DI0vesa3Usen T uniiud mszomeuais Picharn (1977) 510
+ ' = =) Y o F- c!' ' = o
11U WUAMMTUTONUTNUMAIMINAUNAURDBIININ 0.012-0.264 g /g uaziilTings
vinwlwdeaazougamnnssuueneninmsanyi luuvsazneudunudiimumsdsend
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1&s51usu BB de lua

M1519 5 naaddSuiwesdsenluduaznouusnuen meuas

L=}

o
Hunndifus

=1

anudianya USinmmsusen (Ugig) | 1onasdias
Dramitinalzng 0.041 aB33 il ANFFoNUY naz
qaastl imutinge, 2527
ﬂWﬂlLiJ'*L{WUNIJ::ﬂQ 0.033 Polprascrteral., 1979
ﬂmuﬂﬁvmnﬂzm 0.62 Cheevaparanapivat. 1979
thasiiniadzng 14 e, 39 Tainu AT, 2539
drniiaena 23 wa. 39 1 AT NI 2539
dinii i 0.017 ATITU ANTFoNLL U
AI5TM U9, 2527
1.|1ﬂ!51jﬁ~111'1%11 0.02% Polprasert et al., 1979
ﬂiﬂlul"lfﬂ'h?]ll 1.09 Checvaparanapivat. 1979
iy 11 3a. 39 Tuw NIV, 2539
Yrnsaii i 21 e, 39 Tuwy ASHIBINT 2539
.
iz 0.023 Polprasert et al., 1979
ﬂmmh‘ivu%'m'i:m 2.2 Cheevaparanapival. 1979
IIWSTOMBULY 12 1.0, 39 Taiwu AT, 2539
IINTEOIRBUDU 22 WA 39 Taiw ASNIDIN. 2539
Umuﬁﬂ’fmu’ﬂam 0.031 Polprasert et al., 1979

29



i
ihnuitinasy

0.66 Cheevaparanapivat. 1979
Thnmiiusinaes 12 5.0, 39 Tsimwy AFNIDINT. 2539
Thnuitusinass 21 w.a. 39 1 ASIIEINI. 2539
ﬂmun'ﬁgmw‘vsu? 0.007 A533) ANTHOINBY 1ay
92330 18ULI59. 2527
‘1J1ﬂmjﬁv1ﬂs1mu‘%' 0.014 A5390 ANFFoinyn naz
q2530 1Aulg9. 2527
217 IMeAsUUY 0.030 Polprasert et al., 1979
817 INgRo UL nil-1.2 810w AnTInyIeTAML.
2524
8717 INgAauaI
22 Mar.- S Apr, 1977 ().04-37 NRCT. 1974-1976
811 Ine
20-30 Oct. 1973 nil-43.9 NRCT. 1974-1976
9-11 Apr. 1974 nil-16.2
29 Qct.- 2 Nov. 1974 0.3-0.6
27-30 Jan. 1975 0.01-0.29
15-18 Apr. 1975 0.01-0.07
27-30 Jul. 1975 0.01-0.13
27-31 Oct. 1975 0.01-0.07
1-4 Mar. 1976 0.001-0.003
22-29 Mar. 1976 0.002-0.004
11-18 May. 1976 0.150-0.33
26-29 Sep. 1976 0.001-0.006
22-31 May. 1977 0.03-0.14
£-11 Jun, 1977 0.02-0.67
u%‘nmﬁéﬂswm’mmmﬂ‘mu? 0.026-0.28 Pescod. 1975
aundvluduaznauveslan 0.3 Rankama and Sahama.

1960
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A a o .
N5 AT 1R a15U50N (Loring ef al.,

N15090A10813AUNENDY (digestion) 171D

1990)
1. Fsdtedsauaznau 0.5 ndulaluviagdsuy (Flask) vuia 250 Haddas

=N I - 9/ @ ar = G 9/ Ll =y aoay
2. 16unsa luanidudunaznsadaysmdudua’ll 10 uag siindansan

AT
3. 1sunEuiInwdeuRiguinil 60°C uiu 3 $aug

P=% :f a 1w & o aa ::( Qy vq wda P =gt 2 = g
4 mausu 1dsnas 50 daddas dsneIihiigunguugifositessenisTngizide

T (n1wilsznay 9)

Faduarnou 0.5 niulaluwiagdyuy vuia 250 ua.
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(Loring et al , 1590)
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Where V = Total volume of digestion solution (ml)
X = Determined weight of metal in sample aliquot A (Llg/g)
A = Sample aliquot (ml)

W = Sample weight (g)

MsINTIEHveyanaadd
A a 3 P o =] as = . o g
ieennilodons 3 Ao ga aowud uaz awdniluiledonedi (Fixed Factors) Asriunis
naaoaduiunuy All fixed factor ANOVA Taeld Analysis of Variance (ANOVA) NAT0LAI
nanavowaazilede Taeldldsunsu SPSS/PC’ (Staustic Packsge for the Social Sciences) for
Windows 95 uﬁ:m‘%‘ﬂmﬁﬂummﬁﬂﬁ’aﬁ%mm Duncan ’s New Multiple Range Test (DMRT) Taw
~ as ar o ) . -
15 Tsunsy Statistica HazTiAs1zHauTUTUT (Correlation Coefficient) vo4UTuInmsUson
[ = o < =g o o R g/ u‘/’ 9t I o .
aodsuiuemsuousunsounzidofisua SilvClay WiauNav1aun1iiduasIsinsasy (Linear

regression)
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1.1.4 HANIIANYI

HAN1INADDI
=] e LY =Y . o o =%
viInnisanuIMsdwdeuvesmsdsenluunsduazneuuinusisianziadaniaras
F= -1 a [} v =N as ar
HeE 52689 INATUNUAI0E19 5 a0l A8 819FAT AT91%1 uHauRUs WHLT 1Az BILATYA
= e A = a o i ¥ A =
aoiaz 3 9 MenlSowmsulu 2 99 Ao gedu (feuaniay 2540) uazgAud HaUNUIAN
o = g |- = 9 é’i =) o “'/
2541 Tagims uas 1zl T msdsenluauaznou flrunisdezeauiinuausesyiyy min
TasTladimes szuvlalasd SuunuuieeyninduazneudIs3s Wet Sieve @3589
. o o o = = o Y ol
Wittmann. 1983 (A1ARUIN §) LAY TIHUAYBIAIS UBUBUNTIAI87TT lAATAVDY Gaudelic

et al., 1974 (MAHUIN 9) Han1snaasd lduaasluniwdsznoud 11, 12, 13, 14 1ag 15 uazna

wwe 11 3o
HUIAN 1, U 1Y # L!ﬂxﬁ’llﬂ?ﬂﬁﬁ;ﬂ lﬂﬂ\‘lﬁf’) 11]14

MTUENINTTIBUB 15U 5N NANAZNDUMNUUIAS (Vertical Distribution)
»
N | P < o =
aoitieafa (U manItesuITy)
. = ¥ oy o g ar
uuunisunsnsgnevedaisdsenaruanuanlugaud adoundasnmin
Usumansiseniisagluyiv 13.60 - 37.49 ng/g uazaunfolugquadianwmay 21,88 + 7.17
ng/g Arunadunuigduuunsmsnsznevesmsdsen uand eduminanuin dsmmms
Usaniiaoglurie 4.8% - 13.83 ng/g uazdundevesmsysenawaimdnluggruiifunmiy
=1 1 ¢ 2y ~ = @ oA '
843 + 297 ngg v lAITIumsUsemmdsauanuanluggudsiiargeninluggru
(mwilseneu 1)
ar = dy e ¥ i ny '
fnyuzazneuluusnaibiuTnaulunseldihamd) wodfenvsesulnn uaz
P = at ks L4 . Iy = 1 1
wynldeneoiuamin nlesiwud SilvClay Jugquiwazgeruiinieglusie 4507 - 72.87 %
o & a" o . = U 1
naz 0.88 - 8.07 % Aud19y Wedirudves SilvClay, Sand naz Gravel 1Indolugaudlinnniny
61.94 % , 37.60 % har 0.4 % awdwy drulvajrnilu sivClay uazluggeumsiamiiy

=

2,90 %, 90.1 % 1AL 7.56 % AIAWY s HNUINlesisudues SivClay Tugaudaiisiga

nilugarlu
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= - o o o 4 = L] ] : ar ¥

Uimudunidmsvenluggudwazgeduiameglusig 17.08 - 22.80 % tminuds

uaz 8.15 - 9.01 % Wiminuie awdy aundovestTuumsveudunsdlugaudwazgariu
A ' or : @ : o o s ‘:§

IR UMY 20.20 + 2.23 % Windnuds uag 8.67 + 0.46 % Mminuds mwd Wy Fyouisoagyl

] - o o < - : & x J
Idsuumiveusuns dluduaznauiiu ldlugaudsdisiganinlugaru

aoia3s1s1 (uTnufomis Tlinzd49)

ﬂ?mmmsﬂsawﬁwﬂuqquﬁ’aﬁﬁﬂnf’ﬂﬁmﬁ'ﬂuqaﬂuuazﬁﬁwqan}'mnﬁmﬁﬁa 2
na (nwszney 12) aviradiwulugguiuazgeduid iy 24.44 ngg feawdn 6
FUAILAT 1Az 18.36 ng/g TAITNAN 3 wuALAT Awd Wy tazdgeaaivulugaudunzgg
elulinuniny 33.88 ng/g FA1AN 10 1URINAT 18T 29.06 ngg fnwdn 8 wuRmas
a1y ﬂ'imﬁiEﬂut]@.uﬁ’mﬁ:rmrluﬁﬁuﬁﬁu 28.18 + 2.77 ng/g Uag 25.53 + 3.31 ng/g AWAAL
TaoiiSinamsdsenawaawania indsundasnmin

Snpuzaznevyinuiiiulaaunzdon & Tndumunas irsuezlu aguIn Wi
ﬁﬂgﬂaamnu?nmﬁﬁwnmﬁuﬁaaémﬂmw‘qwﬁuﬁagimﬁ'u nlefiyud SilvClay HAiganimn
qonil Taoilnlesiwud sivclay Tugauduazgaruiiaiagiuge 33.56 - 85.22 % uoz 57.13 -
74.14 % AWAFY AURAOYBS SilvClay, Sand 10z Gravel Tugaudamazgarduiismiiiy 63.64
% .36.19 % Uz 0.17 % ATUHIRY 1A 69.08 % , 30.92 %5 1aZ 0.00 % ATUA I c?am;ﬂ‘lﬁa’w
fnymsAunzneus 2 qg%ammﬁfr@fhuhny%mﬂu SilvClay

Usmadunidmiveulugaudmazgaduiisiegluyis 2933 - 30.97 % ANETEIA
waz 26.17 - 26.92 % vinniauts anrddy Fhm?;waqﬂ?mmﬂﬁuau%’mﬁﬁuqauﬁaua:qg
ufi AL 20.50 + 112 % tinninata uaz 26,59 + 038 % Hminna amdwy Taviidr
Inddsaiulunnaszdvarmdnuasimganimaanidfininedon Tasagindn 1050w

o = A o < ddvc;’: M b ar
RIS UUdUNIO IuAuAzNnauvoITmItitNe 2 galinilndiRvadunn

amiurannly (w3meaay 108153997 Thai Oil)
‘1] - a 1]:. P @ 1 o
vinnvidszaeun 13 Usinumsdseniiviulugaedadisigannggruluuiessdu
<2 ‘. = 9 1 1 ar s =
arwan mdgaiinuluggudozgaduiinisiiiy 9.99 ngg AN @n 1 wudmas) nos
P = < o e 4 1 = "o
1304 ng/g 1ANWAN 2 mwudas awddy nazeigagaivu uggudaazggeluiiaisidy

. o1 <3 = = o s v
2810 ng/g A UAN 3 EUAUAT LAY 20.61 ng/g ‘ﬂﬂ'ﬂllﬁﬂ 10 FYUALILAT @118l
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A aoluggudanazggeuianiIny 21,18 + 5.59 ng/g 1102 16.40 + 2.34 ng/g ATNAIAD
ar < = = o o R =] v
dnyurAuarneuduns wimnid nesivud SilvClay Tugaudwazgarduiiniaglu
BI9RSY - 19.75 % 10 0.82 - 2564 % A1ud 101 AURAuYed SilvClay, Sand 1az Gravel 1ung
pAAzAHUIAMMIAY Lxd 5 | 68,94 % uag 29.22 % MUAWY 1oz 1.61 %, 91.99 % ung
o @ P o a ' : [ n‘: =1 '
7.00 % AM@ AU Vadnyus auaznauivuduligoniilu Sand 98 2 99 vinaTazmiu A
o o ) o '
Wesiud SilvClay Tugaudaganiilugaru
= = 's P ] ) : o
Ysuadunidms voulugguidsiazgaduiinieglusia 1041 - 10.82 % thminings
Hag 5.01 - 10.08 % wimninnis mud iy AnndsvenlTiumsususunidluggudaazge
o LY : a oy a o o 4 =
AuTaui iy 10,09 + 0.53 © duninmia uay 6.80 + 2.85 % unninuia awdidu Falsun

m3uoudunsdluauaznauiimugandaiinigin inluggel

Vgl (S oaAIauInie)
o e ¥ oA . o = T =
Uimumsdieniivuluggudsiinmaam nluggdulusmssdua  man adaannulu
P="I i e ca' = o c; <5
q-@llﬁduaznﬂrlmmmnﬂu 127 ngig NATIHUAN 16 UALAT UDE 491 ng/g A NMAn 4
yuAas  awdny nazmgigaivnuluggudiazgadulin iy 3300 ng/g 91A3WAN 5
= = =2 o & o v a = 1
WUAINAT UAT 1063 ng/g $AITNAN ¥ xuAas ad 1Ry anndelugandanazggrluiiaisn
MU 21,49 + 630 ng/p AT 7.51 = 185 ng/g AdIau (nvilizney 14)
o ~ = W F4 Fd . 4 P>
dnymuzarnewduTaauunswdmidy wesivud SilvClay Tuggudaazgaruil
A10gIu% 19 0.99 - 5,98 % 1Az 0.79 - 18,14 % AWA U ANNRLVET SiluClay, Sand 10E Gravel
Tugandazqaehiin sty 250 %, 67.41 % 0az 30.058 % AWHIAD 10T 5.15 %, 90.15 %
iz 2891 % AR Y anyaz Aauasnaudulvasziu Sand 311 2 79
Py = e o o [ + : a
Ysumwaunigmivaulugguisagaduiisioglug 19 5.42 - 15.02 % dnninnfanag
:’ [ ¥ o @ ' q‘ = a oy o W P=
3.68 - 7.35 % UMNINU Ay Auedoveslimumsveusunioluggudiuazgaduin
e o)'r g @ :‘ a o @ 3 a
WA 9.54 + 4.96 % WIMUNINGG 1Az 568 + 1.86 % dnnlnnis amddy Tavhaundoues

= o = < o = a o t 1
Yimaisneusunigluduarnauiinuluggedailaiganinlungrelu

a0 #Inun e (uinwTseu TP
P 1 = : ' ] ‘é '
vinnlsgnaui 15 wunlsuumiadseniwulugaudaiingeninlugaru dan
M o v = a {
Agenwulungudunzggruiaminy 10.28 nyg AR WH0 10 19UANAT 1A 4.80 ng/g NHI

9 = =3 e o r P ¥ L.
W (@n Disuamas) amddy naziigageinulugguduazgaeu dduviny
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22.98 ng/g NANNWAN 6 IHUAMAT 1A 10.75 ng/g NANWEN 10 IFUANAT AIWAIRU M-
o lungudaazgaduiif iy 17.60 + 4.39 ng/g 1az 7.03 + 1 89 ng/g MUAAY
a - = c’ La o . b
danvuzaznouiluTnaudunswiimamulesioud sivclay lugqudaazng
Autinioglugaa 384 - 6.53 % uwaz 067 - 1201 % MudaD dnbvuzauaznaulugaudiee
) 1 ri;? v c; 3 at
A sitvClay @rulugadusziilu sand Fan1nduuss SilyClay, Sand 182 Gravel Junauds
naz QAN NG 6522 <0 | 3430 % nas 0.03 % MUAAY 1oL 333 %, S48) @ uoy
40.22 % MUAAL
Py ~ o 4 = [ T ny G
Ysumadunisnmisvoulugaudawazgaduiilioglueig 384 - 653 % Wminuids

: @ o o 1 o ~ < = oo
Haz 5.00 - 6.07 % Anninmil Muddy fmasvoainunisveudunsdhugandaazgq

o) v G @ a o o ' ¢ ar =
fluumnnnu 541 + 140 % 1”111!!“!1?»3 HAZ 536 + 061 % UTHUMIHI @100 HEETRLY

o -~ oo - A Y A ' 5 W
ﬂ??ﬂ@uUUTﬁUiuﬂﬂﬂzﬂﬂU1Hﬂﬂ1Uﬂﬂuﬂl”ﬂWgJﬂjﬂUQ@d1HﬂﬂuaU

TSI NS0V 15UsoNa N 352110 (Horizontal Distribution)
NITUWINT S 11000315150 TUAHATNOLUTI TEHINY T (AN 0-1 1 BUALNT) Junaas

anit ngnagania baaiiinlizneud 1o uas 17

30 —
o Wet season

20 —
)
B
I -
o ‘
T |

10 —

o |
i l l l |
Angsila Sriracha Laem Chabang Pattaya Mabtapud

Mwsznou 16 nanansivE s oaa e iowii T (An oo I LTAT )

Tundaz amiil wnangely

44



vInnmlseneui 16 MsunsnszowvesdTunumsdsenluduaznouuSiufInn
Tugedu wudr aorlids i Hlsunumsdsennmimigeiagads 2529 ng/g 39903U1AD
-] ar ar ] = RIS =N An b
a0l umauatly, Whnel, A uay vuswa Flimumsdsonluauns eI

AU 15.65 ng/g, 7.87 ng/g. 188 ng/g 1Az 4.80 ng/g audwu  uaasliiiuniing 1dais

.
= [

i P o A > o P < o 1 = ar
Usemnnigeianmiia sindusnuinnududesiaiiuuinuguruiiegoido uaz
ar & 1 ' R & A A o o ot o =
dnvuzAuaznoudiuIngezily  SilyClay  FeldSuumsueudunidgeih 2692 %
diminuda druamitiunauniis, Winer, 913Fa) 1Az WIUAIMA dnyurduaznoudIulng

d'.d = L4 =Y PRI 34 oy o 3/
vuilu Sand AHUSINATUOUBUNTIRAIMNTY 10,08, 3.68. 9.01 uaz 607 % VMU

AN
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nunaniznuvemisdionluauaznouuinudnnihlunands wueniiags
nlinwmsdiongafiqaio 2084 nge vazganinhuahs sas amiiniaye T e an
Cdew iAo . nen -~
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Uszneu  17)  FanaoiiySuamsidsenidimhgannlugady  dnyusAuaznoui

amilas s warendmaiulngazdiu siyclay uazamifiuaive, Wil uay nwaunliy
& =y [} ] o ar r=9 =N = P=Y
dnvuzduaznoudiulugvnilu sand  dmiulSamsusuduvidusnurimihves
aniAT 11, 819F, VIVATHA, W1 uazuraunll TAWMINY 30.97, 22.80, 585, 8.12
»
nag 1032 % Wnninuva
d‘l P | 1) Y = o=y oy = 3/
wonfsouiou 2 g8 wun Tugauaansunamsdsenluduazneuuinadmiiga
ntugadu snduamiirauaifiiilsnumsdsenlugaduganilugauds tleannlu

gaduilfFunumsveudunidganilugands

2. HAMS AN IZVONANIITDF
=Y EaP-N ~ Vv ) )
21 wnsendsuemidsenannugn Taols  Analysis of Variance (ANOVA)
NAABUNINUAYT (Oneway ANOVA) mionfSouivunimavvaiasdsonaiussaunliuan

Tunaaz antinenaiugania #ai lananadanis1ei 7

o L4 ) . =
M1313 7 NaN1I A3 'Ii:‘ﬁﬂ'ﬂl]l!"d'iﬂi')uﬂ@iﬁWﬁﬂiﬂ%ﬂLlﬂuﬂzT]@UﬂﬁJﬂ’NNaﬂiuuﬂaﬁiﬁﬂ"lu

Station d.t. MS Effect MS Error F-ratio P-level

Wet Season

Angsila 9.20 26436 22 00K 1,190 0_353,\‘5
Sriracha 9.20 32834 43 958 0.747 (l_(v()_LM
Laem Chabang 9.20 17.5006 20082 (.863 0‘57[.\'\\
S 920 10312 19.426 0.531 0835
Mabtapud 9.20 10.737 9014 1191 “353.\\

IPry scason

Angsila 9.20 154,114 97.435 1.582 0088
Sriracha 9.20 23247 66814 0.348 0937
I.aem Chabang 9.20 93.900 137,308 0.6%4 0715
Pattay a 9.20 119.034 100,493 1185 0.356
\Mabtapud 9.20 S7.912 112,972 0.513 O848

P [ - = a o : -
mNEma NS 0 linanminiy Nizdunimdonu 95 nlo gy
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Y 4 v [ = Wer 11 1
1INA13193AT 1A NN TYI U WA P < 0.05 Tunaaaitivaagd 1@ lusiaam

.
ar M

I ] a P 1 o d.l & o o =

nanagediideddyiszAuaImFeiu 95 wesiwud ufedTuimvesaisdsenludu
3 ar =\ oA [ Y] =1 = [ 3 o

aznaulundazszauaIudn iilnnuuanaresiulunnanii 99 hisieruue e nani

nosuenTeuisulTinamsdsendeggnianaz ot lumeada

Tzl Smnamsdsenlufnunznaudeggmanazaniinisada

Wimsimsiliuamsdsenludueznsudenananazaniiilaold  ANOvA

NAToU 2 J581UY All Fixed Factors Had! 1@UaAIR4A15 199 8

M1519 8 #an1sasIEaIundsUstunaaiauuana eIl namsdsenluau

ATNIUIIN 5 01 11 2 09

Source of Vanience d.r. Sum of Squares Mean Square F-ratio F-Table
Season ! 2181.810 2181.810 115.353 3.94
Station 4 2689.170 672.292 35.544 2.46
Scason*Station 4 553345 318.336 7.314%* 2.46

Residual 100 1891.420 18.914

Total 109 7226.676 66.300

b= N & = - P o o 4
HUULHIF, * U0 HANATINH NITALAIBNTONU 95 osivua

a « 4 ] * 1 o w5 A
1 IR Il @999 8) Usingailianuuanawedisivsddyuead
as o o ' a Y e ' = v
Adumiutsninungmaazanil  saashinsnuisunudsenveaaazaniilugaudanls
Auaronluggeu oo anninanadovesanzaoiiiluse 2 9o denmalsznoud 18 Wi
UsmumisdsenluggruiinnTdugainilugguds aowlsiami 2 amdiidsunmesdsen

THUANANAUAD #3515 A i1 AR
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mwilsznou 18 nivnaaanuadovesmssenluudazaatinggnia

2.3 MINAADVANVANANIVOIAUNDOVDITsUTONNI 2 99 18875 Duncan s New
Multiple Range Test (DMRT) Tasyiimisufiouiouanadoaiun radanvosdsuaaisi)san

[ = 1 o b o =
auwnanuanssuIngnt lunaazge wanlanaaiqainimliznoui 19

Q9w
Auade 7.03 751 8.43 16.40 25.53
ORI TR TR R TR o fa MIGHESIK #3319
chuff&
Auade 17.60 2118 21.49 2188 2K.18
anii UAINA TIGHESIE WY 814/ #3511

] 3 9 ] - w o A a o o
TNJ]UH’“‘! lﬁu1ﬂlaﬁﬂdr1€]il1lll1 HOUNU NIZAUDINUITOL 95 l.lJEl‘EHﬂM

mudsznou 19 anand e asvesanili ugazge
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ar A a'; 4 o [] 3 1 - ~4 = 1

szauaNmreNy 95 nledisua  dvugaudmuISnumadsentuamiiainuandis
INAQUUBIAMTLIUMHA uraunfy Wnel uay onfa adnilsd iy AszAunude

o o o = o A =0 = = = J
it 95 nlesirud Tagnamilainneziidumasvenlsnamsdsongaigatazuanaianin
dd‘l n’; =] as v = =i ¢ A:; 5 Fy
aoiiouny 2 g uazamilnusIna Wnel taz snAalausdsveslSummsilsenlng

= ar u’: 9 v - A =8 ' ] = o o ar
Aoanuna 2 ge agd1dnsuumsdsenlugoiiad nmdmiguuandnodidodiigen
4 amtinmde ud lugaduanlas nsazuvauall ssidsuamisdsengandn 3 aoilin

as s

(maoaiud Ay
[ &) =1 1 c; 1 Ll =
2.4 #ans i oWRoUAIRanIz 13 19gg Iuldaz a1l
VINHAMTNABDITO 2.2 (A5 NN 8) wuhamiisasgamalufduiusiulumg
s a3 s ] a <« o o 1 = -
ana Aszdaunudenu o5 wefirud Ml liawnsonSeudendTinumsdsenludu
) =) W 1A 3 s o5 ' e
azneunoamiinarggmald uadielanaassiintsnageun)Jouiisuaundovesmsdson
seyainga lunaazaoiti laoiinsnSouioununde T9e35 Duncan 's New Multiple Range
= at 1 ﬂ'd [ Y]
Test (DMRT) nf5ouion 2 @061 wlanulsdsiuniidu ensoasinaninnisnaasy
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