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bnm tl~CJ'U bVi!'J'U n'UnlJfl1 m~n1 'U n8'UVltr1l1'W'U11iJbb'U11 trlJ'lJeJ-:J nlJtl'Ul~eJ'U'lJ8-:J?f 1J1(i1 JU1~~~'U~ 
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fl'U n'U'tl~lJ1ru?f1JU1V1(lV1'U1'U~'U(i1~ n8'U 



Abstract 

Concentrations of monobutyltin (MBT), dibutyltin (DBT) and tributyltin (TBT) 

compounds were analyzed in sediment samples collected from twelve stations along 

the Eastern Seaboard of the Gulf of Thailand. The total butyltin (2:BTs) concentrations 
I 

ranged between <1 and 44.7 ng/g (wet wt). The overall concentration ranges found in 

the sediments were <1 - 32.5 ng/ g for MBT, <1 - 7.1 ng/g for DBT, and <1 - 12.2 ng/ g for 

TBT, on a wet weight basis. MBT generally prevailed in most of the samples, suggesting 

the occurrence of old inputs of butyltin compounds in the area. Butyltin compounds 

were also measured in some marine gastropods, such as Nossorius sp. and Chicoreus 

copucinus, where 2:BTs concentrations were found to range between <1 to 238 ng/ g (wet 

wt). The level of butyltin compounds in gastropod tissue samples tends to be related 

with that of the sediments and percentage of imposex incidence. 
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'U'VI'U1 

n1e:J'U'lJe:J'H1mlfl~l6'1~~1iVl1 6'11'J~..:Jn~11~~e:J~1 'U n~lJe:Jmln1 tlViti (organotin) 1~m~~1~6'11'J1(ilTUl 

ViflVi'U (Tributyltin; TBT) ~..:J~n'Ul~1fJ..:J:Wm'J1i'Lh~lfJ'lJUe:J~l..:Jll~1V1mfJ ~..:Jll~1'U'lh..:JtJ fl. Pl. 1960 

(Mensink, 1999; Harino, et 01., 2006) '.\Jlnm'JPimnri\..If1111~m:rnlVlmPll6'1(il1~'Ul16'11'J~..:Jn~11:W 

m'Jtl'Ul~e:J'Ufl..:J6'i~..:Jln~~e:JlJ llfl~1Ji'6'i..:Je..Jflm~Vl'UVll..:Jfl'U~m'1(ill1hvmlfJn~:k1 l'li'U n~lJlije:JfJ tlm tl V11e:J 
'U 't " 'U 

V1e:JfJVl~lfl~lb~fJ1V11e:Jtl'Jl n-!J m'Jru imposex Ae:J 61(9l1l ~Pll:W ~'.\J~:Wm'JvrOl1'Ul'J~'U'U~'U'vr'U~'lJe:J..:Jl~Pl~ 

(Pseudopenis) V11n:Wf1dlm'Ull'J..:JlJ1n'.\J~6'i..:Je..Jfl m~Vl'UVll..:Jfl'U~ e:Jm'J~'Uvr'Ui5llfl~ m'Jll~1'lJ m fJ~'U 5'lJe:J..:J, ., 

V1'U III 'l1'U 'U~ II ru ei l1e:J Ufl~/V11e:J IIV1~ ..:Je:J(9l 6'11V1 n'J'JlJV1U n 6'11 'Jn~lJ~..:Jn~11 '.\J~:W nl'J6'1~6'1:WlJl n 1 'U~'U" , , 

(Wattayakorn, 2008; Langston, et. 01., 2009) ~..:Jdm'J6'1~6'1lJ6'11'J1(9l'JihViflVi'U1'U~'U(il~ne:J'U~'U 

~'Un'Uu'.\J~fJV1fllfJe:Jtll..:J1Ji'lln tl~lJ1rum'Jtl'Ul~ e:J'U'lJe:J..:J6'11'J1(9l'JihViflVi'U~fl..:J~ UV1~..:JJ11'U'U~ n rut1'U 1 

'lJ'Ul~V11e:J'lJ-U~'lJe:J..:J(il~ne:J'U~'U f1dllJlU'Um~-vil..:J rllf1dllJlAlJ llfl~tl~lJ1ru6'11'JB'UVl~~ (Strand, et 01., 

2003; Hoch and Schwesig, 2004; Buggy, et. 01., 2006; Langston, et 01., 2009) 1'Uu'.\J~u'U 

(i..:J ll~111Ji':w.ve:J(9l nfl..:Jnl'Jl~ n1i~Vlln'U l~~fJ..:J~:W6'11'J1(9l'JihViflVi'U 1 'UV1mfJtl'J~ lVlPlll~l ll~ tl..:J:WBnV1m fJ 

tl'J~lVlmllJ~..:Jtl'J~ lVlPl1VlfJJi'lfJ ~tl..:JhJ:wm'Jf1d'UfllJm'J 1 i6'11'Jn~:wde:J ~1..:J lU'UVll..:J m'J ~..:Je:J1'.\J tl..:J:Wm'J1i, , 

1'Um'JPimn'J~ fJ~~ 1 mu~unl~fJ1Ji'vhm'JPimnm'Jln~f1dllJe:l~tl nii1Vll..:J l~Pl'lJe:J..:JV1e:JfJVl~ lfl~l 

l~fJl'U~llru'lllfJ~..:JVl~lflJi'1'U(il~1'Ue:Je:Jn'lJe:J..:Jeil11VlfJ l~e:JPim~n(i..:Jfll1m'U II 'J..:J'lJe:J..:Je..Jfl m~Vl'U'.\Jlnm'J101f, 



2 

DdVl~Vl'U (Tributyltin, TBT), 1V1DdVl~Vl'U (Oibutyltin, OBT) ll~~ hJl'UDdVl~Vl'U (Momobutyltin, 

MBT) 1'U~'U(i)~nv'U bb~~1'U~~:iJ~1(i) (VlvtJ'Vl~b(1~lb~hn~(i)~d~1-I'\Jnl'HnV1 Imposex) 1'U~'U~'lJltJ~~ 

'Vl~ b~(i)~l'Uvvn'lJv~eild1 'Vlm ~v bu'U-umJ~~'I1'\J~'U'U-Uv:lJ~l~tJm~bnV1fldl:lJ~V1tJ n~'Vll~b1-11"11'UVlv tJ~l 
" '" 

Pim~l~~~'\Jm~tJ'Ub~v'U'lJv~~l~n~:lJDdVl(1Vl'U 1~bbri 1(i)~DdVl(1Vl'U (Tributyltin, TBT), lV1-thVl(1Vl'U 

(Dibutyltin, OBT) bb~~ L:lJL'UDdVl~Vl'U (Momobutyltin, MBT) 1'U~'U(i)~nv'Ubb~~VlvtJ'Vl~bmhb~tJd 

'\J~bdru'lJltJ~~eild1'VltJ~l'U(i)~l'Uvvn 1'U~~VllV1'lJ(1'\J~ ~~tJv~ ~'U'Vl'\J~ bb(1~~~VllV1(i)~lV1. , 



3 

?ll,;),Je:J'lfl'U m,;)lm~~V1'Ve:J'l~'liJ~l(i)'vj~e:J~fl'Ul~~~mU'U?ll,;)~lJ'4~~~\llJ'U 1~'U iJ '1l'lB l U'U?ll,;) 

~1~11'l (biocide) iim';)ul1J11001'Ue:J(i)?l1'vj m,;)lJm,;)l~'Ul~e:m~~e.h~e:J ~e:J1.ul'l1'U~llrul'1ll~e:J 1~'Vi'e:J'l, ~ 

l~e:J 'Ue:Jml1ntffT'l1.uQ'Ul?l~(9)1'l'l~~V1vf'l1'Ul'l~l" l'll'U m~i'ltJ~l ll~~'l~'U'UVl~m~'U (water 

coolin~ tower) l~e:Jhj1iXl~~tJ'l'vj~e:J~'lii~1(i)5'U'l~1~~e:J'lm';) (foulin~ or~anism) l.ullJllm~ 

e:J1P1tJ e:J 8 ,J e:J'l fl'U m';)~ n~e:J'U 'Ill tJtJ ,;)~Vl ~V1 r11'tJl ';)'1 f n~ll~e:J'vj~e:Jl?lV1~H1 'Ul'l~ l~ ll" ~'Il':wtJ,;)t:'vj ~V1"', , , 

n~lJ~'4 nB'Ul'l~~ (or~anotin) lV1 m~~l~?ll,;)l(i),;)1J1Vl"Vl'U (TBT) ;'llu'U?l1';)~iitJ,;)~~l'l5[)1~~vh1iX 

iJm'l1.ue:J81'lll~~'vj~lfJ~'lll(9)l 'U'Ill'lU fl .Pl . 1960 'U e:JmnnumJ1m'Ue:J\Il?llVlm,;)lJm'll~'Ul~ml"l?ll,;), 

lm1J1Vl"Vl'U~'l1m'Um';)fn~1l'd'e:Jl:u (material and wood preservation) ll~~1.ulU'U?l1,;)~ll:ffv 

';)1 (slimicides) ~n~lfJ (Kannan and Tanabe, 2009) 

m';)"qJ~,;)'Ve:J'll~m.'l'U1U ti'U 'vj~vU~ll ruvhlVifJ'Ul~e:J ll1v l tJ~fJ'UlVi fJ'U n'U1 'Ull vr~'l~ii m ';)tJ'l~lJ'll~v 

'V'U1V1l~n ll'vj~'ll~lt:l~fJ'lllE;'l~ll'vj~'lviv'll~tJl (Kan-atireklap, et 01., 1997; ~~~';) "vlJllJ\Ilm, 

2544; Arai, et 01., 2008; Harino et 01., 2008) 1'UtJ'l~ll'lPllJ1lE;'ll~Wl~'UiJtJ~lJlru?l1';)1'Un~lJ1J1Vl 

E;'lVl 'UlJ 1 n 1 'U 'U~ II ru ~ lU'U vill~v'V'U1 V11 'vj ttl llE;'l ~iJ n~ n'l,;)lJl'll 'll~e:J?l'l~ l'U 'U ~ II ru~ lU'U II'vj~'l vi v'll~ fJ 1 
v ~ 

n11 (Sudaryanto, et. ai., 2004) mh'lhn(i)llJ~lnm'lPin~l'Vv'l Ko ll~~flrut: (1995) 1'UtJ,;)~bl'lPl 

rie:J'l n'l ~'U11tJ~lJlrum';)tl'Ubtie:J'U'Ve:J'l?l1';)n~lJ1J1VlE;'lVl'U'U~ blrue:i'livlJl~v llE;'l~vil\1vV1l~v1~iifll1lJ 
r ' '\I 

ll\ll n~1'1 fl'U v81'liJl1tJ 611rlru;'lerl~fJl~l?l'Uv II'Udlll'vj~ 'l~ vV1l~e:J'V'Ul~ l~ nn?lllJl'lf:llU'U II'vj~'l'Ve:J'l'Ve:J'l
v ~ 

tJ'Ul~v'U?l1';)1'Un~lJ1J1VlE;'lVl'Ul"li'Ufl'U ~lnm';)Pin~11~fJ Arai llE;'l~flru~ (2008) ~l~Pin~lm';)tJ'Ul~e:J'U, 

~'Urll~iJ m';)~ e:J V1 L~e:J'V 'U1V1l~ n L U'U~l'Ul'UlJ1 n 'U e:J n ~1 n1i~'llU'U'U~ IIru~ iJm';)';)~'U1 fJ'V e:J'l J ll~r1 e:J tJ ~ 

v81'l1'ln~flru~cn~tJ1~,;)lfJ'l1'U11fi'lLL:U111'U'U~llru~iJm'l,;)~'UltJJll~~ (~ood tidal flushin~ water) 
~ 
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• 

(;lVi'U1'U,)::: EJ::: {;] 1.:J I~Vh.:J':ill nVl1 b~e:),WU11'tJ~:lJ1 ru m')u 'U b~tl'U':il:::(;l Vl(;l.:J b~m::: EJ:::'Vll,nAl.:J':il 1 mhb~mnn 

:l1'U n ~11 fi eJ':ilVlbnU \911 tl (h .:J~tlEJ1n~vl1 b~eJiiu~:lJ1 rum ')u'U b ~ eJ'U'lJtl.:J ~1')n~~U1Vi (;lVi'U~.:J bb(;l:::U~~lru
.. \J , \J 

1'UJlb~eJ.:J':illn ~1,)~.:Jn~11iifl11~~1:lJ1,)()1 'Um')(;l:::(;llEJ,l111il\TtlEJ (Wattayakorn, 2008) ~.:Jd1 'U 

~.:J bb1Vl~tl~ (,llbb(;l:::jVl~eJl'1::: neJ'U~'U) eJ1':iliim')u'U b~ eJ'UVI~tl m,)~:::~~'lJtl.:J~1')U1Vi(;lVi'U1'Uu~:lJ1ru~ 

bbl'1nl'l1.:Jfl'U ;ff'UflUVI(;llEJi1':il~EJ tl5b'll'U f11fl11~bA~ f11fl11~bU'Un,)Vl-v11.:J (pH) 'lJ'U1VlI'1:::ntl'U&i'U 

bb(;l:::U~:lJ1ru~1,)B'U'Vl~~1'U~'U bU'UI'l'U (Lan~ston and Pope, 1995; Shim, et. 01., 1999; Strand, 

et 01., 2003; Hoch and Schwesi~, 2004; Lan~ston, et oi., 2009) 

d 1 ' cJ , ~ , cJ
':illnm')f"1m~n VlEJ Lan~ston and Pope (1995) 'WU11'Vlfllfll1~biJ'UmVl - Vll.:J (pH) 'Vl 

b U'Un(;ll.:J (~ 7) ~1,)1mU1Vi(;lVi'U ':il :::iifl11~~1:lJ1,)()1 'Um')(;l:::(;ll (.11 'U,l11vl:lJ1nVllnbU~EJUbViEJU flU 

M111:::~iin1,)b~~VI~'Q(;lVl(;l.:J'lJeJ.:Jf11 pH 'UeJn':illnd':illnn1')Pim~l'lJtl.:J Hoch and Schwesi~ (2004), 

1'U~tl.:Ju nu~ nl')lvl,)lEJ .:Jl'U1111 nl,)VlVliu'lJeJ.:J~l,)11'1,)U1Vi(;lVi'U1'U~'UI'1::: neJ'U':il :::iif11~lndjtleJ ~1 'U 
~ ~ ~ 

U1Vi(;lVi'U ':ill nm,)'VlVl(;leJ.:Jn1,)VlVl~U'lJeJ.:J~l,)11'1,)U1Vi(;lVi'U1'U&i'UI'1::: neJ'U1Vl EJ Hoch and Schwesi~ 
\J 

(2004) ~1Iil'U-rUf11 pH ~ 6 b'Vhfl'Ubb(;l:::'VlVl(;leJ.:Jb~tliif11fl11~bA~~~'UbbU')lu~.:Jbb{;]'lIl.:Jfll1~bA~ 

o fi.:J 32 °joo 'WU11n1,)VlVl~U'lJeJ.:J~1,)11'l,)U1Vi(;lVi'U1'U&i'UI'l:::neJ'U':il:::(;lVl(;l.:J b~tlr11fl11~ bA~ b~~:lJ1n:l1'U 
~ 

l'1:::ntl'U~.:Jii11nl'Vlmf"1~~1'l1V1(;llEJvil'U1Iil'vhn1')Pim~nfi~fl11~ b~tl~1EJ~~~n~11 b'li'U Shim bb(;l::: fl ru::: 

(1999) 1vl'Vhn1')Pin'l'J1U~:lJ1ru~1,)1'Un~~ulVi(;lVl'U':ill ni'hVl'Ul&i'U~U~b1 ru Chin hae bay U')~ b'Vlf"1• 

bmVl~ bb(;l ~1vlvh m,)l bfl ,)1~~Vllfl11~61~~'Uih:::Vl11~U~:lJ1 ru~l ,)U1Vl(;lVl'U~~VI~Vl (tota l butylti n) 

{;]eJu~:lJ1ru~ 1,)B'U'Vl~EJ1'U1'l:::ntl'U~'U (particu late or~anic carbon) 'WUiifl11~61~-W'Ui5n'U b;a~Ul n 

n~11 fitlU~~lru ~1,)B'U'Vl~EJ1'U~'U~iiU~:lJ1 ru b~~:l1'Uiif,.J(;l (;] eJ m,)~:::~~'lJtl~~l,)1'U n~~U1Vl(;l Vl'Ub ~~ 
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" 
lJ1 n~'U llG'l ~ ~ 1 n n 1"j Pi n~ltJ~lJ1 ru llG'l~ n 1"j II~ ~ n "j~ ~1 EJ'lJ eJ~611 "j11i1 "jU1VlG'lVl 'U~ ~lVltT1'lJ eJ~~'U~ 

'U~ll ru Tolka estuary 

l~ EJ1l ~ eJ\I~ eJ n1 "j?l ~ ?llJ'lJ eJ\I?l1"jv)\I n~111'U ~'U "j1lJ 15 \I?l1"jB'U'Yl1~ llG'l ~'lJ'U1V11i1~ n eJ'U~'U 1V1tJ BuSSY 

llG'l~ f1ru~ (2006) 1v1'~mu'U 1 tJ1 'U'Yl1\1l~tJ1n'U?'ieJ~'Ufl11lJ~lJ-w'U(h '8\1'U1n mh\lij,rm~lrlqp~VI'j1\1 

tJ~lJ1rum"j61 ~61lJ'lJeJ\I?l1"j11i1 "jU1Vl"Vl'U ll" ~tJ~lJ1 ru611"jB'U'Yl1 ~ LVI EJ'U ~ll ru~iitJ~lJ1 ru?ll "jB'U 'Yl1~?1 \I n 
" 

eJ~l\1bn\i11lJ~ln~"m"jp;n~11V1EJ Shim llG'l~ f1ru~ (1999) ~'Ul1fl1f1l1lJ~lJ-w'Ulh~Vll1\1 

tJ~lJ1 ru B'U 'Yl1~?l1"j llG'l ~tJ~lJ1 ru m"j?l ~ ?llJ'lJ eJ\I?l1 "j1'U n ~lJU1VlG'lVl'UVI~eJ m "j61 ~ ?llJ'lJ eJ\I?l1"j11i1 "jthVlG'lVl'U, 

fleJ'Uaif1\1~1 'UeJn~ln;f BuSSY ll"~ f1ru~ (2006) n~'Ul11'U'U~llru~iim"jL~'UL~mu'UtJ"j~~115\lLLlJ~~ 

~'Ul1iifl1f111lJ ~lJ-W'U(5 n'U "j~Vll1\1tJ~lJ1 ru?ll"j11i1 "jU1Vl"Vl'U n'UtJ~lJ1 ru?ll "jB'U'Yl~ ~1 'U 1i1~ neJ'U ~'U LL~ fl1 

f111lJ~lJ-W'U5fleJ'U.u1\1~1 nl1'U~L1 ru 5'U 'l ~1v1'vh m"jp; n~lL 'll'U n'U ~\I;f~l ~EJ1v1'L?I'UeJ ll'U d 1 m"j~fl1 

fIl1lJ ~lJ-W'U lh~ Vll1\1tJ~lJ1 run 1"j?l~?llJ'lJeJ\I?l1"jU1Vl G'l Vi'ULlG'l ~tJ~lJ1 ru?ll "jB'U'Yl~~1'U~ 'Uiifl1UeJ EJ"\leJ1~ 

LU'U ~"L~ eJ\llJ1 ~ 1 ntJ~lJ1 ru'lJ eJ\I?l1 "j 11i1 "jU1Vl G'l Vl'U~ II~ ~n"j~ ~ 1 EJ G'l\l f.1~ \I LL 1 Vii{eJlJ n{;\ 11 ?'ieJVl1 njj n1"j
" 

(biodesradation) 8eJ EJ?I G'l1 EJ 1\i11\i1 EJ LL?I \I (photolysis) LLG'l ~ nl "j ~ \i1 'Il'U L\i1 EJ ~.~ jj-ul Ii1 (biolosical 

uptake) (Harino, et. o/., 1997; Lansston, et o/., 2009) nmmU'U611"j1V1thVl"Vl'U (Dibutyltin; 

DBT) Ll"~ 1lJ1'UU1VlG'lVl'U (Momobutyltin ; MBT) 1i11lJ~1V)'U?l1"j~\I?leJ\I\Jl1;f~~iifll1lJLU'UVl~ueJEJ 

nl1?11"j11i1"jU1VlG'lVl'U (Stewart and de Mora, 1990) eJ~l\1bn~?l1"j1V1U1Vl"Vl'U lL"~611"jLlJL'Uu1Vl 

G'lVl'U nf.1\1 e.J G'l'Yl1\1G'l'U ~eJ ~1i11.J11v1'L 'll'U n'U ?'ieJ 611lJ1"j()-a'ml11~Lfl VI m "j LtJ~ EJ'ULl tJ "\I'Yl1~ b~f"1'lJeJ\lVleJ tJ 

'Yl~bm.hL~EJ1L~f"1LiitJ1v1' (mum1w;1 f"1~?ll?1~, 2549)
j" 

2008) nl"j?lm EJ'lJeJ\I?l1"j1mU1Vl" Vl'U1 'U~'UIi1~ neJ'U~~1-ifL1G11~'U 1'U nl11'U.J1 1\i1 EJ f1~\I-iil li1'lJeJ\I?l1 "j 

11i1 "jU1 Vl G'l Vl'U1'U ~'U Ii1 ~ n eJ'U lLIi1 n ~1\1 n'U1 tJ1 'U LL~" ~ 'U ~ II ru eJ 1 ~ eJ ~1v1' 'U 1'U VlG'll EJU VI~€l?l ~?llJ eJ~1v1'L U 'U
" " 
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v1a~ a:u tJ cJv1 ~'Uv1 ~ n(1 ~1 tJ ~ ~ tlmJ a(1181~'li'1 wh1~ ~u':I'Vimlj'U Vi'a ~ a:u tJ cJ'U~ l 1 ru~h VIti'1~'U ~1 n 
~ ~ 

n1~Pin~lA~~;Ul~'lJe:J'Ial~1m-UTVi(1Vl'U (half times (months)) 'U~llru Poole Harbour ll(1~ 

Southampton Estuaries aVl~l'lJtJlrul~m (UK) 1VlEJ Langston, et oi., (2009) 1~~lEJ'Il'Ull 

Al l11V1'Ulllu'U'!JtJ'I nl~ l~'U l~tJ AJ111 II~ n 1911'1 n'U'lJ tJ~ n~ n ~~:u nl ~ l~'U l~ tJ ~l:uii 'I a f11"/'j i5~ ~:U'lJ l&i'!J tJ'I 
tI l" I tI 

'U~llru'l1'U1 :iJ(:.,J(1l91tJn1~Yll'U1EJfl~'I;Ul~'lJtJ'Ial~\il'lm'11 'UtJn~lnu Stang ll(1~flru~ (1992) ('51'1~ln 

Arai, et al., 2008) 1~~lEJ~1'Ull'U~llru~~'U~~ntJ'U~'U:iJlP1~ll~'U'!JtJ'I~n'Ul"/'j~EJ,:j (TBT-based paint 

chip) tJ~1?11 ll~'U~~~:iJn1~~tJ8amEJ'lJtJ,:jal~1~~-U1Vl(1Vl'U~'li'1 nllal~1mihVl(1Vl'U~tJ~&i Vl (a bsorbed) 
~ ~ 

" 
01., 1996; Wattayakorn, 2008) VI~tJ n1~m'U~~ntJ'U~'U:V'U1J1~lnn~m~:Un1~l~'Ul~tJ lb(1~n1~ 

'lJVl(1tJn~tJ'IJ11~ (Dowson, et oi., 1994; Smith, 1996; Reitsema, et 01., 2003) 'UtJn~lndn1~, 

lfl~tJ'U~'!JtJ,:j~~l'Vl~ l~VI'l11~'U (infaunal macro-organ ism) na l:Ul ~nYll1Vlal~1~~ihVl(1Vl'U ~ n 

tJ(1VltJ~tJ8mr'U1J1tJ'Ul~m.J1'UJ1'Vl~l(11~b-d'Un'U (Langston, et oi., 2009) ~lnU~~8~n~11:Ul 

'Ill 'I t'1'U lU'U(:.,J (1 Yll1 VIa 1~ n(1':uiJJ Vl(1Vi'U~~ nl'11,:j ll(1~ a ~a11 tJ 81 'U~ ~ ntJ 'U~'U a l:Ul ~n 8'tJ'U n «'U:Ul , ~ 

tJ'Ub~tJ'U1'U~~bblVl~tJ:u1~(i,:jbbiJll~~:iJn1~b~n1ii;,n~dll~ln~1:U (Langston, et 01. , 2009) ~,:jd~ln 

nl ~ ~ ~1 ~ &i Vl ~ l:Ul bA ~ 1 ~ v; tJ~:u 1 rua 1~ n (1' 11Ul Vl(1 Vl'UUnl'Vl81 P11a ~ fl~b a 'U tJ II 'U ~11 ~Vl?!J'U'lJ tJ'I, 

tJ~:Ulrual~1m-U1Vl(1Vl'U 191 tJtJ~1J1 ru-Ul Vl(1Vl'U ~J:U al1J1~mj,:j~am'U n1~run1~tJ'U b~tJ'U1~ Vll n:iJ 

~~a'J 'U 'lJ tJ,:j 1~ ~ -U 1 Vl(1 Vl'U1 'U ~ 'U v1:u 1 n bba Vl ~ ii,:j11 fJ,:j:iJ nl ~tJ (1 VltJ (1'tJ 8 a 1 ~~~ n (1'11 (1 'I a'~ 'I bb 1 Vl~ tJ:U 
~ 

(Sudaryyanto, et. 01., 2004; Arai and Harino, 2009) 
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VlEl-:J b1Ell-j1Ell~~5'U 'l~&lVl ~-:J1'UVl~ b~~-:JnfiEl~llJl'H1~~~lJ1'U ~-:Jij~ll'l~l-:J 'l 1'l1lJ'Vil-:Jl"liml-jl'Jlvi' ~-:J bb~ 

bb'W~-:JnI'lEl'U1tJ~'Ufi-:J~l'llb~tJ-:J~nvi'lml1'UlJ ~-:J~~1'lXbnVlfllllJe:JVltJn&l~l-:J'll'U~-:Jij~ll'l 

iTnlVl tJ 11"11?l I'l ~'Jl tJ-:J l'U fi-:J ~ ~ n ~~Vl'\JVll-:J ~U'1JEl-:J611'J ~-:J n~11 ~ El ~1'l1Vl ~ b~l-j m tJ '1JU Vl mYi b'li'U 

l-jEl tJ'Ul-:J'JlJ bijEllvi'-rU?ll 'J~'ln~11Vh1'IX bnVl fllllJe:JVltJ n&l'1J El-:J nl'J?l~l-:J btJ ~ El n fiEl btJ ~ El n (1 n?l ~1-:J bU'U i'U 
\J 

'Ul-:J'JlJ'1JUVl Crossost~f"a gigas U~blrue:il1 Arcachon 1'UtJ'J~bVlI"1r.Jf-:Jbl"1~ vh1'lXtJ~lJ1ru~~~~I'l'1JEl-:J 

l-jEltJ'Ul-:J~lJ~Vl~-:JEl~l-:JlJ1n vh1m'U blm~ Ell..n (tJfl .l"1. 1982) tJ'J~ bVlI"1r.Jf-:J bl"1?llvi''lXllJ1'lXijnl'Jli?ll'Jll'l'J 

thYi~Yi'LlflUb1El~ij'1J'U1Vlb~nn11 25 blJl'l'J (Alzieu, 1991) 'UeJn~ln;ivhl'IXl-jeJtJVl~b~ (gastropod) b'Wl"1 

.::::.I d IV <U i.I .::::.I ~ d <::::II I ~ 

blJtJlJnl'J'W\ilJ'Ulmm~b'Wl"1~bVltJlJ (pseudo penis) l-j'JeJVlb'JtJnlltJ'Jlnf)nl'Jru imposex (Bryan, et 

al., 1986; Bettin, et al., 1996) lVltJlvi'ihltJ-:Jl'Unl'Jbnv\fllllJe:JVltJn&l~-:Jn~11l'Ul-jeJtJVl~b~n~lJeJ'U~u, 

Mesogastropoda bb~~ Neogastropoda vi'11~nlJ1nn11 140 '1JUVl (Horiguchi, et al., 2001) 

tJ'Jl n!) nl'Jru-dbnVl~lnl-j eJtJVl~ b~ b'W1"1 bij tJ b~eJlvi'-rU?l1 'Jll'l 'JthYi~Yi'Ubb~TVh1'IX bnVlnl'JtJu~-:Jnl'J?l~l-:J 

fieJ~lJ'U beJ?llVl'JL~'U (estrogen) Wu ~-:JtJ 5n~tJ1~btJ~tJ'UfieJ~lJ'UbbeJ'U1mb~'U (androgens) 1tJ bU'U 

fieJ~lJ'UbeJ?llVl'Jb~'U estrogen) vh1'lXijtJ~lJ1ru testosterone b~lJlJ1nt'U~-:Jnl'Jb~lJt'U'1JeJ-:J~eJTIlJ'U 

testosterone ~~~mlll'IXbnVlnl'J~~'UleJlm~b'Wl"1~bVitJlJ (Bettin, et al., 1996) 6i'n~ru~e:JVltJn&l 
, \J 

ull'llvhl'lXl-jEltJVl~bm'Wl"1bijtJhJ?lllJl'J(1l1-:J 1 'lllvi' 'UeJn~ln-dl-jlnijnl'J?l~~lJ1'1Jl'UvleJUll'lllJ1nt'U\l~vhl 'IX 

vleJUll'llbb~mb~~vhl'IXl-jeJtJVl~bm'Wl"1bijtJ\Jl1tJ~-:Jl'U~~V\ (Gibbs and Bryan, 1986; ~uru.nl'l ~lJ-rl'lt1 

bb~~ flru~, 2549) vhl'IXtJ'J~'1Jlm'1JeJ-:Jl-jeJtJVl~b~ijtJ~lJlru~Vl~-:Jlvi' ~-:Jb'li'U nl'JPln~11VltJ Bryan bb~~flru~ 

~lvi'l~tJ1'U~'U~U~b1 ruVll-:J1'l ~l'Ul'lm~tJ-:Jlrfl'1JeJ-:JeJ-:Jnt)~ 'WU11l-jeJ V'1JUVl Nucella lapillus ijtJ~lJ1ru 

~Vl~-:JeJ~1-:JlJ1nl'Uu~blru~iJnl'Jb~'Ub1v?l-:J (Bryan, et. al., 1986)
'II 

B~l-:J1'JnmlJfi-:JbbiJ~~ij nl'J'J ~~Uli?ll'Jl~ 'JU1Yi~Yi'U bb~l ~-:Jij~l I'l n fJ-:Jfl-:Jlvi'-ru~~ m~VlU~B1vi' 

fi-:J bbiJ11~~ijbb 'UllUlJ'1JB-:JfllllJ'J'Ubb'J-:J~~Vl~-:J b~v-:J\llnfllllJ611lJ1'J(1l'Unl'J?l~?llJl-j1 eJl'l nfll-:Jnl'J'1JeJ-:J?ll'J, 

n~lJ-dl 'U~-:J bb 1 Vl~BlJ~-:J~1vi'n~11lJll 'U1'l eJ'U rfl'U n 1'J~~'U leJltJl~b'W1"1~bVitJlJ1'U l-jeJ tJVl~ L~ b'W1"1 bijm1'U
, \J 

LnVlt'Ulvi'LLiJ11ijnl'JtJ'UL~eJ'U'1JeJ-:J?l1'Jll'l'JU1Yi~Yi'U1'UtIll'UtJ~lJlruUeJtJ (Bryan, et al., 1986) B~l-:Jhn 

~fllllJ1'ULL 'J-:J'1J eJ-:JtJ'Jlf){)nl'J ru im posex ijfllllJ~lJ~'Ul5~eJtJ~lJlru nl'JtJ'Ub~B'U'1JeJ-:J611'Jl~'JU1Yi~Yi'U 

i1~~u'Ulvi'ijnl'JPlf)~l b.yleJ1oULU'U~'1Jii~lVlVll-:J~lJll'W (bioi ndicator) ~-:Jlvi'ijiTf)1Vl tJlI"11?l~ ~l-jmtJvll'U1vi', 
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nl'Jflm~I"lJe:J'l Smith (1996) 1~";ilCJ'lltJnl";i'Hill:l'l"lJe:J'lnl";ibnVl imposex bbm:nI";il:lVll:l-:J"lJe:J'lfl1 relative 

penis size index (RPSI) 1'UVle:JCJ'Vl:::bl:l"lJDVl Lepsiella scobina 'U~blru Porirua Basin 1'U\h:::b'Vli'1 

Dl6libbl:l'Uii lVlCJfln~lbu~CJ'UbViCJ'Un'U";i:::WJ1'lU fl.i'1 . 1988/1989 bbl:l::: U fl.i'1. 1994/1995 Ae:J'lil'lr1e:J'U 

bbl:l:::ml'l nI";ithU"lJlmb6'l:::thu 1i;;'tl";i 1m'ihVi6'l~'U 1 'Uu fl .i'1 . 1993 e:J~I'lbn(1)llJ~l1nC-ll:lnl";i~n~1hJ¥l'U 

nI";il:lVll:l'l"lJe:J'lbUe:J1b~'U~nI";ibnVl imposex bbvi¥l'UnI";il:lVll:l'l"lJe:J'l relative penis size index (RPSI) 1'U 

'U~blru~ bU'Uvilb~e:J~'UA1"lJ'U1Vl1Vlq! (Wellington Ha rbor) m~b~e:J'lm~ln;;'tl";i1mUl~l:l~'U~;;'t:::;;'tlle:J~ 

'U~blru Wellington Harbor m~()nm'U~'UllT'Illnn~m";ilJnI";ib~'Ub~mbl:l:::m";i"lJVll:le:Jn1~ 'Ue:Jn~lnm'U" , 

bU'UbbVl~-:J"lJe:J'lm";iU~e:JCJ;;'tl";iU'Ub~e:J'U 'Ue:Jn~lnd~lmlCJ'lI'U"lJe:J'l Reitsema bbl:l::: flru::: (2003) ~1~ 

~n~In1";ibnVl imposex "lJe:J'lVle:JCJ'Vl:::bl:l"lJDVl Thais orbita 'U~blru'llICJ~'lbiie:J-:J Perth 'Vll-:J~-:J(1):::1'U(1)n 

"lJe:J-:JU";i:::b'Vl i'1e:Je:J;;'tb(1)b~CJ ~1'Ul'U 16 ;;'tmti 1 'U'lil'lU fl .i'1. 1998 - 1999 bu~CJ'U bViCJ'Un'Uu fl. i'1. 1993 

¥l'U':hiieYmln1";ibnVll:lVll:l-:J 11 (,'Imti lVlCJ(,'Imu~f1'lfl'liiu~mru imposex (,'I'lAe:J~Vl~bU'UvilbViCJ'Ub1e:J" , 

CJl1nli 25 bllm ~-:Jbbviu fl .i'1 . 1991 

'U e:Jn~ lnfl1111~VlUn~~bnvI1'Un~llVle:J CJ'Vl:::bl:lbb~l~(1)l'Vl::: b6'l1'Un~lJ~'U1b'Ii'U1'Un~llfl-r(,'lb(1) b~CJ'U1~ 

ii";ilCJ'lI'UC-I6'lm:::'Vl'U~ln;;'tI";i1mUl~l:l~'Ub'li'Un'U 1~bbr1 iiC-l6'lvie:J osmoregulation 1'U~-:J (Lignot, et 01 ., 

1998) bbl:l:::iiC-ll:lvie:J";i:::'U'U~'U~'U6bbl:l:::";i:::'U'U.niJfllln'U1'U~~r)'Vl:::bl:lmllJbbe:Jll~¥le:J(1) (Jacobson, et 01., 
" 'V " " 

2011) 'Ue:J n~lnffi~ii";ilCJ'lI'Ul1(,'11";i(l)'ln~11(,'11111";i()m:::~'U1~umb¥li'1 biimnVl nI";ibu~ CJ'UbbU6'l-:J bU'Ub¥li'1~. " 

11ln~'U (Shimasaki, et 01., 2003) 

'IllCJ~'l1 'Ub "lJ(?)ehl1'VlCJ bb6'l:::eY'UVl'llJ'U 1'Ub"lJ(1)ehl1'Vl CJ(?)e:J'U'U'U1~ijnl";i~n~lu~mru nI";iU'Ub~e:J'U"lJe:J'ln~ll 

ul~l:l~'U1'UJ1'Vl:::L6'l'U~b1ruulnLLl.hh;nCJVl~n 1~Lbr1 UlnLuJJ1'U1-:JU";i:::n-:J UlnLblJJlb{fl¥l";i:::m UlnLLlJ 
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Jlvh~'U 'lhnbblJJlbblJnm)\l bbl:l~ 'l.hnfll:lf)\l 12 5'U111'U'Ih\lD 'VU'1. 2546 ~\l 'V'U'1. 25481~tJn'uJ 

mLJfI~~l:l~~YlU:lJbb 'U11 ,j'~n1';i1J'U b~f)'U~ln~'U 1'U'll1\lD Yl .I'l . 2546 Ylu:lJ1J~mrulmihVlmll'U f)~, ~ 

~'U~'llltJ~\lJllf1Vl~1'Uf)f)n'Uf)\lril11vltJlv1'ihltJ\l1'Un1';im1\l1~1J~mrulmthVll:lVl'U ';i1~ 19 

~mtj 1~tJ:lJn1';i~n~1n1';i1J'Ub~f)'U'Uf)\l~1';i1J';i~nf)U01Vll:lVl'U lv1'bbn lmD1Vll:lVl'U, 1~D1Vll:lVi'U bbl:l~ 1~ 
v I" tI tI 

1'UD1Vll:lVl'U 1'U1..hVl~bl:l fI-r\l bb ';in1 'U'll1\lD Yl.I'l. 2543 u~nrul'1\lbb~Ul'ULJ1\lVl';iltJ ~\lVll~'lll:lLJ, ~ ~\l1Jln 

l\il';iD1Vll:lVl'U 1'UJ1Vl~bl:l1'U'll1\l~f)m YlU:lJbb'U11,j'lJ1J~mrun1';itJ'Ub~f)'Ul:l~l:l\l ~\lb'll'Um';i~n~11 'Ub'UVl 

~\lVll~'lll:lU~ 'll1\lD Yl .I'l. 2546 :lJtJ~mru~l';i lmD1Vll:lVl'U 1'UJ1Vl~bl:l~ril1'lll:lU~ 13.2 'Ul1'Un-r~~f), , 

~l:l~~, 2547) bbl:l~1'UD Yl.I'l . 2548 Ylu:lJ1J~mrum';i1J'Ub~f)'U'Uf)\l~l';i lmD1Vll:lVl'U B~';i~'VIll\l,j'f)tJn 'h 
.-

~ 

5 ~\l 69 'Ul1'Un-rlJ~f)~Vl';i ~\lYlumn~~~~~mtjbbVll:llJUU\l ';if)\ll:l\lmfif) ril1f)~lJ « 5 ~\l 56 'Ul1'U, , 

~l:lVl~, 2549a) 'Uf)n\lln~~\l:lJ';iltJ\l1'U1J~mrulmD1Vll:lVl'U ~U~b1rubb'VIl:l~UU\l 1'l~';il'lll bn1~~i\l 

1'U'll1\lD D 2005 - 2006 '1i\l:lJAlf)~';i~Vlll\l 25 ~\l 34 'Ul1'Un-rlJ~f)~m (Wattayakorn, 2008) 
~ 

b'll'Un'U mh1fif)1'U'll1\lti Yl.I'l . 2543 YlU:lJ1J~lJlrulmD1Vll:lVl'U l'Ub'UVl~\lVll~';i~tJf)\l (mLJVll'Vj~ 1JlnJl 

';i~tJf)\l Ul'UbYl) f)~';i~Vlll\l 106 O\l 144 'Ul1 'Un-rlJ~f)~Vl';i bbl:l~U~nru1JlmblJJ1Vl';il~YlU 89 'Ul1 'Un-r~ 
~ 
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~.:Jvrr~ bV'l'lJJ~~ 'llJ:::~lUA~'iTtJ5 'lllJV'lJ ~JT\~!l151-U 'UflJI"1~5JJlJJ1'lJ V'lUl11'UU 2546 ij'lP~lJ1rumJ 

U'Ub~~'U~~J:::~11.:J u-ewnl1 2 fi.:J 20 'U11'Un-rlJ~~~m bbfl:::ijbb'UllUlJb~lJlJ1n~'Ub~~ijmJml~1~1'Uu 
'IJ 

'U ~ n~1nd~1 nmJ~Jl ~1~G'11J n~lJU lViflVi'U~'l11 tJ~.:J'VI::: bm)'UmJJ'U (~.:J~l~J::: 'U~.:J bb~::: ~.:J~l~Jl bn~)
• 'IJ 

1'U'lIl.:JU 2548 V'luiju~lJ1ru'lJ~.:J 1mU1Vi~Vi'U ~~J:::~11.:J u~tJnl1 5 fi.:J 140 'U11'Un-rlJ~~~m l~tJ 
" 

~'U~:::n~'UbU'UBmb~~.:J~-d.:J~G'11lJ1JtlnmnUG'11J1mU1ViflVi'UH (Sarradin, et 01. , 1995; de 

Mora, et 01. , 1995) U~lJ1ruG'11JuJ:::ne:JuulVi~Vi'U1'U~'U~:::n~'Uu~nruB111 'VItJ 1v1ijmJflim~1f1~.:JbbIn 

1'Uu fI .l"1 . 1995 (V'l.I"1 . ,2538) l~tJ Kan-atireklap Ufl::: flru::: (1997) V'lUU~lJ1ruU'Ub~~'U'lJe:J.:J1~JU1Vi~ 

Vi'U, 1~U1Vi~Vi'U bbfl::: llJl'UuTV1~Vi'U J:::~11.:J 4 fi.:J 4,500, 2 fi.:J 1,900 bbfl::: 7 fi.:J 410 'U11'Un-rlJ~e:J 

n-rlJ (J1~'I1mbVI.:J) ~1lJ(\'1vlU 1'U~'U~B111'VICJ~e:J'UU'U1v1ijmJf1f)'\~1~u~nruu1nulJJ1'Vh~'U bbfl:::U1n 

bblJJ1b~1V'lJ:::tJ1 V'lUrh1mU1Vi~Vi'U 430 bbfl::: 4500 'U1hm-rlJ~~n-rlJ (J1~'I1mbVl.:J) U~lJ1ru1~ulVi 

~Vi'Uijrh 14 bbfl::: 1600 'U11'Un-rlJ~e:Jn-rlJ (Jl~'I1mb Vl.:J) bbfl:::llJl'UU1ViflVi'UV'luiju~lJ1rue:J~~ 26 bb~::: 
'IJ 

400 'Ul1'Un-rlJ~e:Jn-rlJ (Jl~'I1mbVl.:J) (Kan-atireklap, et oi., 1997) ~BlJl1 'UU 2004 1v1ijmJflimn~ 

U~blruulmblJJ1G'11tJ~~n~.:J 4 G'11tJ (UlmblJ,11Ul.:JU:::n.:J u1mblJJlb~1V'lJ:::tJl ulmblJ,11'Vh~'U bbfl::: 

ulnbblJJlbblJn~B.:J) V'luiju~lJ1ru1mulViflVi'U 1~U1ViflVi'Ubbfl:::llJl'UU1ViflVi'U mn'U'lIl.:J 10 fi.:J 1,246,
'IJ 

6 fi.:J 368 bb~::: 5 fi.:J 293 'Ul1'Un-rlJ<11BnflJ (,11~'I1nuVI.:J) ;.:Ju~nruulmblJJ1'Vh~'UbU'Uu~nru~V'lUG'11J 

1~JU1Vi~Vi'U?I.:J?I~bjje:J~-U~CJUbViCJuJ:::~11.:JUlmblJJ1~.:J 4 U-v1.:J (Harino, et 01., 2006)
'IJ , 

U~blruBl11'V1CJ~.:J~:::1'UBBnriB'U.ul.:JiimJflim~n~mCJ'lIl.:JJ:::~11.:JtJ V'l .Pl . 2538 fi.:J V'l.I"1. 2548 

1'U~'U~ 16 G'1m-u 1~CJ1'U'lIl.:JtJ fI.Pl. 1995 (V'l .Pl . 2538) iimJflif)'\~l~u~nru Bl.:Jf1m ulnJ1J:::CJB.:J 

ulnJ1UJ:::bbi?l~ fl.:J.m::: bU'U ulmblJJ1~Jl!il bbfl:::f1f1B.:J1~ ill... V'luiju~lJ1 rumJu'U b~B'U'lJe:J.:J1~ JU1Vi~Vi'U 
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(J1WUmLVf~) V1l11~h~'Ul~w'W'UiJ n1 ~U'UL~a'U'lJa~ ~l~1m;::nVinViu~~~~~~th nmjJ1V1~1~ (Kan" , 

atireklap, et 01. , 1997) 1uu 'W .I"1. 25431~iJn1~Pimn1u'U~nru Ul'U'Ul~'Vl~lEJ ril~Pim 1"1~~1'll1 

(Ln1:::~aEJ) ril1a~1l 'W'VlEll ~V1~'U 11l'Um'W~ ulnJl~:::EJa~ Ul'UL'W ~~m:::L'U'U LL~~l1~~~ LL~:::uln, , , 

mjJ1V1~1~ l~EJ ~~'W~ ~allLllV1V11 (2544) LL~:::1~~lEJ~1'U~~U~lJ1ruthVi~Vi'U~1111l'W'UaEJ1'U'lh~ 18.19 , " 

~~ 233.6 'Ul1'Unrllvlanrll (Jl~,rmLVf~) 1~CJiJu~lJ1ru1V1~ihVinVi'Ua~~:::~ll~ 2.34 ~~ 114.54 
" 

LllV1V11, 2544) 

~:::~ll~ 3 ~~ 285, 4 i1~ 106 Lb~::: 6 i1~ 84 'Ull'Unrllvlanrll (JlwumLVf~) V1l11~lvr'U~~-du~lJ1ru1m 

ulVi~Vi'U'W'UlJ1n~rill'B~ll (285 'Ull'Unrllvlanrll) LL~:::LL~~mnj'~ (284 'Ull'Un rllvlanrll) ~~~l~EJ1~ , " 

(Jl~,rmLVf~) ,~an~ln-dcJ~1~V1~1~lLAJ1:::~U~lJ1ru'IJa~~1~ 1~U1Vi~Vi'U LL~::: 1111'UU1Vi~Vi'U ~lEJ ~~ 

'W'UiJrhmh:::vdl~ 6 i1~ 20 'Ul1'Unrllvlanrll LLn::: 7 i1~ 16 'Ul1'Unrllvlanrll (Jl~,rmLVf~) V1l11~l~'U 
" 

rn'UAllll~~~, 2549aJ' ~l n.uall~vr~millL~mU~EJ'ULVl EJ'Uu~lJ1ru'IJa~~1~ncillU1Vi~Vi'Uf1'U n1~Pimn1 u ,,, , 

'1il~LL~nl~CJ Kan-atireklap LLn::: Aru::: (1997) 'W'UlliJLL'Ul1,rll~~~~ (~U~ 2) 

'U~L 1 ru'lll EJ~~B'U miT'UiJ~lCJ ~ l'U L~EJl n'U n1 ~tJ'UL~ a'U'lla~ ~l ~ ncillU1Vi~Vi'U1~ EJ n111AJ'UAll, , 

ll~~~ (2549) 1'U'U~nruv11LVlEJ'UL~a1'UL'lJV1~~Wr~mnV1'1il~u 'W.I"1. 2548 'W'UiJtJ~lJ1ru~1~1mU1Vi~Vi'U 
" 
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n1';iPim~n1 'U'lhm';inl~CJ Kan-atireklap ll6'l~ flru~ (1997) ll~ 'mh:]bn\Pll:lJ'lJ';i~lVlP11VlCJfl\lfl\lijn1'.i 

tJ'Ul~ eJ'U'UeJ\I~l';i1mU';l'Vi6'l Vi'U AeJ'U-iJl\1~\ll~mtJ~mJ lViCJU nu'lJ ';i~lVlP1~'U1 'UlltlU lmS8CJ\Pl~1'Ue)'e:lnl~CJ\l1~
\J 

(Harino, et oi., 2006; 2008) ~\I-dfll1:lJ:lJlnUe:JCJ'Ue:J\I~1';ill\Pln~1\1 n'U1tJ1'U ll~6'l~~'Uvtt~CJ~l:lJl'.i()ml" 

'Wu~\l1'UU~ II ru~ij n1'.il~'U l~e:J/Yhl'Yi CJU l~eJ u ~ L1 ru~ lD'U II 'VIci\ll'Wl~l~CJ\I';il:lJ()\I~()1'U~~ lD'U LL'VIci\l 

vieJ\ll~CJl (''Il~'W'.i ~e:J:lJl:lJ\Pl\Pll, 2544; nJ:lJfl1Ufl:lJ:lJ6'lYl'B, 2547; nJ:lJfl1Ufl:lJ:lJ6'lYl'B, 2549; Kan, , , 

atireklap et oi. , 199~ ; Harino, et 01., 2006; Wattayakorn, 2008) 
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~':)VleJ~?!eJ\I~l (Kan-atireklap, et. 01., 1997; Tanabe, et. 01., 2000) bb~~VleJ~~lb~~l (Bech, 2002; 

Bech, et. 01. , 2002; 6TU1rl ?!l'J'HUb~eJ\I bb~~flru~, 2553) 'UeJfl~lfldiT.:)iim'J~m·nlu~\fllb~~\I~flti11~, ~ 

J1'UlJfl~lJY'l~'U 1~lJ1bb~~11'\4 (Harino, et 01., 2007a; Harino, et 01., 2007b; Harino, et oi., 200B) 

iilVlfl'Vl'U1'UVlvmblJ~\lJl Perno viridis vttti1Lnu~leJ~l\11'Uu~nru'tmJ~\lYI~ LfI~\I~.:)ri111VWLLfI~eJ'Umif'U 
\J 

'JllJ 21 ?!mi11'U'th\lu Y'lU';hU~lJ1rum'JU'UL~eJ'U'lJeJ\lm'J1J1VlflVl'U'JllJ (BTs) eJ~'J~Vll1\1 4 ~\I BOO 'U1 
I \J 

fl-rlJ (J1V1UmUfJfl), 1 ()\I BO 'U1L'Ufl-rlJl'1eJfl-rlJ (J1V1umU~fl) LLfI~ UeJ~fll1 3 ().:) 45 'U1L'Ufl-rlJ~eJfl-rlJ 

(J1V1Um U~ fl) 'UeJ fl ~1 fldiT\lY'lUl1 Lm~ \I~(91 'Jl~ Y'lUU~:l.J1 rum 'Ju'U L ~ eJ'U?!\I LU'UU~ L 1 ru~ii m'J L~'U b1eJ 
\J 

, " 
VI'U1LL'Li'U'jllJ~\lU~nruvhu'ULLVlci\lLY'l1~b~~\lBflti11~ (Kan-atireklap, et. 01., 1997) 

Chicoreus copucinus LU~~tIL.y;fJUn'U'J~Vll1':)'J~fJ~LlmneJ'ULLfI~VI~\lm'J?!~l':) Yacht Haven Marina 

1'U ~\lVl1V1f1 Ln(91 Y'llJl1V1~\I ~1fl m 'J?! ~l.:)vh L 1 mY'U VI eJ fJ 'VI ~ L~'lJ'D V1v).:) fl ~11 ii m 'J'W~'U1 eJ1 m ~LY'l f"1 rrL.y; fJlJ 
\J \J 

:l.J1fl;ff'U lV1mU~fJUb.y;~U~lfl1'h RPLI (relative penis len~th index) 'UeJfl~lfld~lflm'J1Lfl'J1~"hdeJ 

b6eJVleJfJ'VI~ bfl~ bnu~l eJ ~1\1~1fl ~~~vl1\1~1flvh L1 eJU 'J~:l.J1 ru 100 blJ (91 'JY'llr;hiiu~:w1 ru?!l 'J 1(91 'J1J1Vl flVl'U, 

lV11J1VlflVl'U bbfl~llJ1'U1J1VlflVl'U L~lJ:l.J1fl~'U(911lJ'J~fJ::nfl1~iim'J?!~1.:)vhL1eJ.Q ~lfl B.6 ()\I 21.6 'U1L'U 

fl1'lJl'1eJn1'lJ (J1V1umL~\I) bU'U 12.4 ()\I 1B .9 'U11'Ufl1'lJl'1eJn1'lJ (J1V1umb~':)) bbfl~ 6.6 ().:) 13.6 'U1L'U 

" 
fl1'lJl'1eJfl1'lJ (L11V1umL~':)) (911lJ~1V)U 

Bech, et. 01. (2002) 1ti1vl1m'J~m~n()\I m'J?!~?!lJ'lJeJ\I(ll'J n~lJ1J1Vl~Vl'U1'U bdm6eJVleJ ~'VI~bfl 

fldufinu m'J~n'tJ1m'J-w~'U1eJ1fJ1~LY'lf"1rrL.y;~lJ (imposex) 1'UVleJfJ'VI~b~'lJ'D~ Thais distinguendo
\J \J 

im posex) :w1U~eJ~1'Uu~ nru~iim~u'Ub~eJ'UVI~ eJii'J1fJ\l1'U fl1'J-W~'U1eJ1m~ bY'lf"1~b.y;fJlJ (jmposex) ~\I 
I 

1'U~\lVl1V1mnl'l LLfI~vl1m'J~V1(J)llJ(:.JmU'Unm 1 U Y'lu'.hii~V1;:11'Um'JbnV1 imposex b~lJ:l.J1fl~'U1'U'th.:) 
\J 

http:Y'lUU~:l.J1
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fl11~~~Yl't,H5 n'U'j~tJ~ b~m~b~~lJ1 n~'U1'U n1'jlht-'l€J tJVl~ b(;1~TU(;\e)tJ (transplantation) 'VI ~m)mln1 'j 

bn~ imposex €J ~1'l1 'j nm~bd€JPim~lbtl~tJ'U bVitJ'U'j~'VIll'l n1'j?l~?l~'lJ€J'l?ll'jn(;\~U1Yl(;1Yl'U1'Ub'ifmt€J, 

'VI€JtJ~:Wfnl~tJl1lJ1nnll 25 ij(;1~b~I'I'j bb(;1~-u€JtJnll 25 ij(;1~b~m 'W'Ull1'U'VI€JtJ~:W'lJ'U1~-U€JtJnll 25 

ij G'l ~ b~1'I'j :W m'j?l ~ ?l~'lJ€J'I?ll 'j1~U1 Yl G'l Yl'U bbG'l ~ llJ1'UU1 YlG'l Yltl bb(;1 ~ tl~lJl ruu 1Yl(;1 Yl'U 'j1lJ (total 

butyltin) lJlnnll1'U'VI€JtJ'lJ'Ul~lJ1nnll 25 ij(;1~blJm bbl?ihj'W'UmllJ bbl'l nl?il'l'j~'VIll'ltl~lJ1ru1mU1Yl 

(;1Yl'U1'U'VI€J tJ~'1?1€J'l'lJtll~ 

b~tJ11Jibbn 'lJiJ~ Babyonia areolata, Planaxis sulcatus bb(;1~ Littorina ardouiniana 'U~nru'Vh 

bVitJ'Ub~€J1'Ub'lJI'I~'l'VIl~'ll(;1'U~bb(;1~.n bnl'l 'W'Ulltl~lJlrum'jtl'U b~€J'U'lJ€J'l?ll'j11'1 'jU1Yl(;1Yl'U 1'U'VI€JtJVl~ b(;1'1liJ~, " 

'j~'VI11'l 14 - 35 'Ul1'Un~~I?i€Jn~~ (Jl'V1UnbbVl'l) tl~lJ1ru?ll'j 1~U1Yl(;1Yl'U bb(;1~ llJ1'Uu1Yl(;1Yl'U 1'Ub'if€J 

'VI€JtJ P. sulcatus iif11€J~'j~'VI11'1 51 - 94 'Ul1'Un~~I?i€Jn~lJ (Jl'V1UnbbVl'l) bb(;1~ 34 - 74 'Ul1'Un~~I?i€J 
" 

Yl(;1Yl'U bb(;1~1~1'UU1Yl(;1~'U 1'U'VI€JtJ'VI11'U Babylonia areolata bdm.h 1 tlb~tJ'I~'U~nrueil1~~~ ~'1'V1l~ 

'1l(;1'U~ 'j~'VI11'1 b~€J'UblJ~ltJtI 2551 0'1 b~€J'Uii'Ulf1~ 2552 dJ'U'j~tJ~nm~'l~'U 12 b~v'U '<Illne..J(;1, 

'j~'VI11'l'li1'l'j~tJ~ nm1'Um'jVl~(;1v'l ~'l?lllJ1'j tll'l'j1'<lll~?ll'j1mU1Yl(;1Yl'U 1~U1Yl(;1Yl'U bb(;1~llJ1'UU1Yl 

~Yl'U vtJb'U'l!l'lfll tI€JtJnl1 100'1 588.3 ± 23.04 ng/g, tlvtJnll 100'1 577.7 ± 119.2 'Ul1'Un~~I?i€J 
" 

n1'jPln~lm'jtl'Ub~€J'U'lJv'l?ll 'jn(;\lJU1Yl (;1Yl'U1'U ~l'Ilb~tJ'I(;1 nJi1 tJ Jlt1lJ'U~b 1 ru'lJl tJ~'lVl~ b(;1'lJ €J'I. " 
1VltJ:W'jltJ'Il'Um'j?l~?I~J'lJv'l?ll'jU1Yl(;1Yl'U'j1lJ (BTs) 1'Un(;\lJl1W Viti'll bb(;'1d(;1lJl €J~'j~Vdl'1 157-1030

CJfI ,,\J 'V 

ug/kg (Harino, et al., 2007a), 14-14,468 ug/kg (Harino, et al., 2007b) bb(;'1~ 16-1,152 uglkg 
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U1l1 f1!I91UlJ1 fl flllld€lltml~~€lltn~ ~'U1 'U€l ml1fldl~€l(1l ';il~~ fl~llU1 tJu l Vi tJU fll';i"~"lJ'lH)"l"l';iih 


Vl"'Vl'U1ulli'U'1ri)"l~(1l1l~tJ"l~ fl ~1 tJUlJ~"l"l:UflcilJd'WuiJfl1 ';iUUl~€lu""l1 'Ul1'\4 :IJ1 flflll'WtJ'U ll~~l~m 

\.I , \J \J 

(Harino, et at., 2008) 
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hllJ bb(;1~ brn~il'1 (b'IJVl~'IVllVlVl'J1Vl) ~'I1:1miJv1'1mhlbu'U1:1mi1b~en n\J~l~\fhJc;)ltl~l'1V1tlCJ'VI~b(;1C.h 

b~ en1'UlflJ'Irn'JfnllJ~VltJn~'VI1'1b'\AlP1'IJtl'lVltlCJ'VI~ b(;1~lb~m~ bnVl\lln1:11'JUtl'l fl'U m'Jbrn~ ~Vl'IJtl'l~\li1~l Vl 

1'UU~bl ru'IJl !:J~\l'VI~b(;1Vl~1'Utltln'lJtl\lri111'VI!:J'J~CJ~~ 1 ~bu'Urn'JP1m~l~m~ru~[)l!:J'Utln VI~tlP1mn nl'J 

tJ'Jlnfltll!:Jl~~U~'U5b'\AlP1~\ViCJlJ (Pseudopenis) (ru'IJ!:Jl tJ'J~~h~i'VI~'\AlcJ bb(;1~ U(;1'Ul\l -llCJ6'Ul11:1'V1B,
d..J , 'U d.J " 

2553) b~mu'U"hU'l~fnllJ~VltJn~'VI1\l b'\AlP1'IJtl\lVltlCJ'VI~ b(;1~lb~CJ1~bUW:·,J(;1\llnrn'JbVI~CJ11.hlJ tl\l1:11'J1'U 

n~lJ1Vl 'JU 1~(;1 Vi 'U 'Utln\ll nffi'U rn'JP1m~lA#\ld1~\nuC;)ltl ~l\lb~lJ b~lJ1'U1:1 miJ~'VICJ 1 ~'IVllVl'IJ(;1U~~l!:J, , " 
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v11B~1,:j~U(?1~ne:),uul'U1~tJ1i grab sampler (~U~ 4) v11B~1,:j~u~1~'<il~'\hwlbltJ,:jbtJw;mJ~~ 

l~Bvhn1jllfldl:;v1?llj1unfilJu1'V1Gl~U lbGl:;ij'<il~tJ~til'<il~ bMtJ1-i1B,:jn'UU~lJlru nljUUb~ 8U'lJ B~?llj nfilJ, . 
J1~nfi11 fiB U~lJl ru?l;j8UVl~ tJ1U~U bb~~'lJU1~ (?1~ n BU~U v11 B~l~~U(?1:; nBUbb~:;V!BtJVl~ bGleJl b~tJ1 ~ 

In'UlJlb~Blbflj1:;v1?llj1unfilJih~Gl~U'<il~th1 Ulb "tI1Ul?1lb'Ii lb~,:jj~V!'i1,:jjBnljllfldl:;v1. ~ 



20 

1. lLflJl~~LJ1mrui;11'J1'Un~1-J'OTYlfl~'U1~bbn 1mUl~fl~'U (Tributyltin; TBT), 1~Ul~fl~'U 

(Dibutyltin; DBT) LLfl~ l:wl'UU1~fl~'U (Momobutyltin; MBT) 1~EJt11mi;1n~bLfl~lLflJl~~~lmfl~tl~ 

LLni;11m:w11(91'Jn'JlvJ (Gas Chromatosraph) Bl~B~(911:W15'IJeJ~ Harino (2003) ('JLJ~ 5) 
i " 

t11~'U(91~ n eJ'U~~eJ~ nlJl Lfl'J l~~LJ'J~:w1ru 10 n-r:W:Wli;1 n~~l EJ eJ~'51(91'U LJ1:w1 ru 25 

ijfl~~m l~EJm'JL'IJ~l~lmfl~eJ~L'IJ~rlbtJ'ULlfll 10 'Ul'vhnm1'U LLEJ ni;11'Ji;1n~~ln~'U(91~neJ'Ul~EJ 

Lfl~eJ.:JVI~'ULVI~ EJ.:J (centrifuse) (91 ~ neJ'U ~'U VI ~.:J~1 n~LLtJ n eJ~'51(91'U eJ €I nm LL~l t11:Wli;1 n~ ~lEJ eJ~'5 

1(91'U5nfl~~ (6'ln~J16'1eJ~'JeJU) ~lmr'Ut11i;11'Ji;1n~~1~mt:-Ji;1:wnU6'll'Jfl~fl1tJ 25% Nacl LLfl~ 50 

:Wfl. 'lJeJ~6'll'Jfl~mEJ 0.1 % tropolone 1'U benzene fl.:J1'Un'JlmLtJn'IJ'U1~ 1,000 :Wfl. b'IJ~l 

dJ'ULlfl1 10 'U1Vi ~lm1'ULLEJn.rr'U organic layer tleJn:w1LLfl~6'ln~Bnfl~~l~EJ 25 :Wfl. 'lJeNi;11'J 

0.1 % tropolone-benzene 

j 

il16'11'J~6'ln~1~~ln15nl'J.ul.:J~'U (organic layer) L~:wJhEJ 2 :Wfl. 'lJtl.:J6'll'J 3.3% 

tetrabutylammonium hydrogensulphate LLfl~ 40 :Wfl. 'lJeJ.:J6'll'J 16% sodium sulphite 

L~eJnl~~.zrfllvJ~ (Desulphur) L~:W anhydrous Na2S04 fl~1'U Orsanic layer L~eJnl~~Jl 

eJeJmL~lfl~tl~:Wlrufl.:JLVI~eJ 0.5 :Wfl . ~lmfl~eJ.:Jni'U'J~LVlmL~.:J (rotary evaporator) t11?l1'J~ 
... 

1~:w1tl-rutl1m(91'J6'll'J1Vf1.~ 5 :Wfl . ~lEJnl'JL~:WLU'U'1i'U ~lmr'UL~:W 3 :Wfl. 'lJtl.:J6'll'Jfl~fl1EJ 

n-propYlmagnesium chloride in diethylether (ca.2M) LL~lL'IJ~lLU11 10 'U1Vi 1mh~Jl 

veJn~l'U~LiJ'U Aqueous phase m'Vhn1'J6'ln~ ~lEJ 20 :Wfl. 'lJeJ.:J6'll'J 

benzene 1'U hexane Bn6'leJ.:J'JeJu 

6'll'J orsanic layers ~l~ill:w1'Jl:wn'ULLfl~nl~~JleJeJn~lEJnl'JL~:W?ll'J anhydrous 

Na2S04 ~lmT'Ut111tlfl~tl1m(91'Jl~mfl~eJ.:Jni'U'J~LVlmL~.:J H1~tl1m(91'Jtl'J~:Wlru 0.5 :Wfl. LLfl~ 

tl-rU1~ijtl1:w1(91'J 5 :Wfl. ~lEJ hexane ill?ll'Jm~tlth'U Florisil Sep-Pak cartridse m~~l.:J 

~lEJ Hexane tl~:w1(91'J 5 :Wfl. LL~l VI~.:J~ln~?ll'Jlli'leJ~l.:J~l'U Florisil LU'U~L1EJU~eJmL~11~ 

L~:W~ltJ?ll'J 10 :Wfl. 'lJeJ.:J?ll'J 10 LtleJ~L~'U(91 benzene 1'U hexane L~eJ~l'U Florisil Bnfl~.:J 

Vlii.:J 6'll'Jfl:::fl1EJ~.:JVI:W~~~l'U florisil LL~1t111tlfl~tl1:Wl(91'J~lmfl~eJ.:J rotary evaporator 1~ 
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11'i\J~1l1mhjbi1'U 0.5 1161. '<iJ1ntY'Ub&im'l11 0.1 1161.'lJtJ~?l11 internal standard (TeBT, 

2 mg/U, bb61~tJ~\JtJ~ll1ml~cJn11b&ill hexane bvim,h1tJlbA11~~l'i'rWbA~v~bbn?llm1l11m 

m1~~~VnUb~111h((Abll~~n~b'VlAb~tJ~ (GC-FPO) ~tJ1tJ 

v 

HCl tJ~ll1ru 10 1161 . bb61~ ?l11 Acetone tJ~ll1ru 50 1161. bU'Ub1611 5 'Ul'Vi '<iJ1n-U'Ubbtln?l11 

,j1?111?1n~~11'i'1l1c-'!?lll nU?l1161~mtJ 25% Nacl bb61~ 50 1161. 'lJv~?f11 0.1 b tJv1b~'U~ 

tropolone-benzene 1'UmlmbcJn'lJ'U1~ 1,000 1161. '<iJ1ntY'Ub'lJchdJ'Unm 5 'Ul'Vi '<iJ1ntY'UbbcJn 

~'U organic layer vvnll1bb61~?fn~5nAf~1~tJn11b&ill?f11 25 1161. 'lJv~?f11 0.1 btJv'h~'U~ 

tropolone-b¥nzene 1mbtln?l11B'U'Vl~~vvnll1 

?f11~?fn~11'i''<iJ1n~'U~v'U-if1~~'U (Organic layer) 1Vfb&ill anhydrous Na2S04 bviv 

fh;ij'~J1vvn61~tJ~1l1ru61~bVl~v 0.5 1161 . I'i'lmA~v~ni'U1~bVlmbVf~ (rotary evaporator),11 

v 

I'i'ltJn11b&ill benzene '<iJ1n-u'Ub&ill 3 1161. 'lJv~ 

?f1161~mtJ n-propylmagnesium chloride in diethylether (ca.2M) bb~lb'lJ~~lbU1110 

'U1Vi 1'Uri1~J1muAllBruVl[lij ~ 40 B~i'llb"llm:atJ?f '<iJ1ntY'UC-.!?llll'i'ltJ 10 1161. 'lJv~?f11 1 N 
" " 

H2S04 bb61~ J1ni'UtJ~1l1(Yl1 40 1161.1'U mlmbtln'lJ'U1~ 250 1161. tJ(;\vtJ1nVfbwn~'Ubb~1'11111 

bbtJn organic phase BBn ~l'U~bU'U Aqueous phase ,j1111?fn~ 1'i'1tJ 10 1161. 'lJv~?l11 10 

btJB~b~'Uvl benzene 1'U hexane 5n?fv~1BU 

6'111 organic layers ml'i',j11l11111n'Ubb61~fh~'~J1vtJnl'i'ltJn11b&ill?f11 anhydrous 

Na2S04 '<iJ1ntY'U,j11tJ61~tJ~ll1ml~mA~v~ni'U1~bVlmbVf~ 1V11I'i'tJ~1l1mtJ1~1l1ru 0.5 1161. bb61~ 

tJ1'u1VfijtJ~1l1~1 5 1161 . 1'i'1tJ hexane ,j1?f11mvntJt:.h'U Florisil Sep-Pak cartridge ~11'i'~1~ 

1'i'1tJ Hexane tJ~1l1(Yl1 5 1161. bb~l VI~~'<iJ1n~?f11v11v~1~t:.i1'U Florisil bU'U~b~tJU~vmb~l 1V! 

b&illl'i'ltJ?f11 10 1161. 'lJB~?f11 10 btJv~b~'U~ benzene lu hexane bvivt:.i1'U Florisil BnA~~ 

VI-d~?f1161~mtJ~~Vlll~~t:.i1'U florisil bb~1,j11tJ61~tJ~ll1ml'i'lmA~v~ rotary evaporator 1V11vi' 

tJ~1l1mhjbi1'U 0.5 1161. '<iJ1ntY'Ub&ill?f11 0.1 1161 . 'lJv~?f11 internal standard (TeBT, 2 mglU, 



22 

LL61~tH'UtJ~~lm1V1tJn1':iL&1~ hexa ne LYim.h1tJ1Lm1~~~"wLfl~B ,mti"1fl':i~11m m1YJ~~Bfl'U 

L'I"b~1yJ1m~VI~ n~LVlflL~B~ (GC-FPD) ~BltJ 

1'U n 1 ':i ~ n~11~1 Lfl ':i 1 ~~tJ':i::; ~'Vl5 f11'W1 'Un 1 ':il Lfl ':i1::;~VI~ B ~B tJ" ~ n 1'j n ~'Ufi'U (L'lJB~L~'U ~ 

recovery) 1V1tJn1':iL&1~"1'jmm~1'U~'Vl'j1'Ufl11m-iJ~-iJ'U (1 ug/ l) 6l 'lltJhJ1ll1 mll'l LL61::;vh n1'jlLm1~~ 

~1 tJ1Bn1 'jL~tJ1tl'U~1~yh n1'j1 Lm1::; ~Illl B~ 1'l (~':)16n1'j~1~mi11-iJ1 'Wl'U) ~'l'IJ'j~~'Vl5f11'W1 'Un1'j 

% recovery 

~'U~~nB'lJ 

1~1'lJihV161Vl'U 

81.6 ± 6.9 

1V1U1Yi61Yi'U 

81.8 ± 17.0 

1mU1Vl61Vl'lJ 

88.4 ± 3.1 

VlBtJ'Yl~L61 86.6 58.8 ± 12.7 42.3 ± 7.2 

2. 1Lfl'j1 ~~'1.I'lJ 1V1 B'Ufl1fl ~'lJ ~~ n B'Ut otl16 n1'j~ B'U1ll1 B ~1'l ~'U LL ~ \l ~1'lJ ~ ~ LLn ':i \l '1.I'lJ1V1 2.000,, 
.d v II .<::It. 

1.000, 0.500, 0.250, 0.125 LL61~ 0.063 ~~. L'WBVl1"VI"1'U'1.IB\l'1.l'U1V1~~nB'lJLL(i)61~'1l'lJVlm~mm~1'U... 
I o<::It.q 0 v .d d I 

mn61 Wentworth LL61~ 15 hydrometer method ?l1V1'j'U'1l'U1V1~~nB'U'VlL61nm1 0.063 ~~ . (silt LL61~ 

clay) (Boyd, 1995) ,

VlBtJ'Vl::; L"eJ1L~m (imposex) ~lCJ 1V1 CJU11ll1B ~l\lVlB CJ'Vl::; L61:IJ1LL'lit'U?l1'j61~611tJ MgCl2 L~Bvh1~?l61'U 

(Swennen and Horpet, 2008) U1IllT€l~1\l~1~mLLCJn~1'ULtrBBBn\llm'IJ~Bn1V1CJHrlB'lJm~L'Vl1~ 

LtJ~Bnm)CJe:mn LL61~~lLL'Um'WI"1'1lB\lVlBCJ'Vl~L611V1CJ~\lLn~LdB\lIi1'U\llnn1'jVl~'1.IB\l ovary ll61~ testis VI 
~ ~ 

! 

n1':itJ'j1nJl'1lB\lBlm~~m~''U5 vlBU1?1LtJ1~ (vas deference) Ll"~vlBU1hJ \lln~'Um1\l?lB'UVln1'j':..I , ~ 

3. 

4. 
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Sediment (10 ~) Aquatic or~anism OQ ~) 

HCl 

Acetone Acetone 

Homollenate 

Centrifugation at Centrifugation at 

3000 r.p.m 3000 r.p.m 

Supernatant Supernatant 

25% NaCl Distilled water 25% NaCl Distilled water 

Benzene containing Benzene containing 

0.1 % tropolone 0.1 % tropolone 

Extract 

Tetrabutylhydrogensulphate 

Sodium sulphite 

Oesulfer Concentration 

IPropyl magnesium chloride 

Propylation 

Distilled water 

Hexane containing 10% benzene 

.Extra.ct 

I 
Erorisil column cbromatQ~raphy 

GC-EPO 

(U~UtJ'Willf1 Harino, 2003) • 
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~'U'V) n(l mij yf~ dtJ~lJ1ru(ll J~~n~11~m1 ~Yfuihfhn ru~ ll(il mi1~n'U1tJ1 'U ll~ E;1 ~~'U~VI~ €lll~E;1~(Imij~ 
o "" .,J

vnn1JllImn (l?l1J1~'Vl 1) 

" ~lm.JE;1mJ~m~ntJ~lJ1ru(llJ{hVlE;1Vl'UJ1:W (BT5 = TBT+DBT+MBT) YltJrfI~ll~ tJe:1tJnl1 1 ~~ 
f LI, I 

44.7 'U11 'Un1:W~eJn1:W (t.l1wumUCJfI) (lmijViYltJl1iJtJ~lJ1ru(llJ{hVlE;1Vl'UJ1:W(l·:rVi(l~ (I'll maximum)
" . 

fleJ (lmijllVlE;1lmU~ 44.7 'U11'Un1:wtlieJn1:W (lhvl'umuCJn) JeJ~E;1~:lJ1fleJ(lmijlll~J1'll1 (38.2 'U11'Un1:W 

~eJn1:W (J1V11JmUCJn)) llE;1~(lmiju1'UlYl/(l1'U(I'U (20.3 'U~ll 'Un1:wtlie:Jn1:W) 1'U?i1'U'lJeJ~(lmijA~m~ltJ'U
• 

tJ ,.,J 1" (' ou.fl 'Ufl1'Vl(ilJ1~YltJ ~~~~~ fl1 maximun) ~~'U 17.5, 17.45, 15.8, 10.4,9.2,9.1,8.6, 4.7 llE;1~ 3.6 

'U11'Un1:W~eJn1:W (J1V11JmUCJn) l?l1:W~l~tJ ((il1J1~~ 1) eJ~l~hnl?l1:WldeJrl1'U1ruri1ltl~CJYltJl1(1mli~iJ 

tJ~:lJ1ru{hViE;1Vl'UJ1:W(l~~(I~fleJ(lmijlll~J1'll1 (21.0 'U11'Ufl1:wtlieJn1:W (J1 VI 1Jm uCJn)) JeJ~E;1~:lJ1fleJ(lmij" . 
llVlE;1:wtlU~ U1'UlYl/(l1'U(I'U lm~~-u~ ~'VlCJ1 lm~lcJ A~m~ltJ'U ri1~~m l~l'VIE;111 ln1~.u1~ :lJ1tJ(il1Yl~ 

'1 1 ... , .,J ,.,J IOU' 
llE;1~ 'Vl1b(l:W b~CJ:Wfl1ltlE;1CJeJCJ'Vl 16.3, 10.4, 7.9, 7.9, 7.0, 6.3, 4.6, 4.3, 2.3, 1.7 llE;1~ 0.9 'U1b'Um:W(ileJ

" 

n1:W (Jl'VI1JmuCJn) l?l1~~l~tJ (JtJ~ 6)
" 

ldeJ~~lJru1mJllYl~m~~lCJ'lJeJ~(l1J1(ilJ{hViE;1Vl'U (TBT) 1'Un1J~m~lfl~~dYltJiJrheJ~J~Vll1~ 

tJeJCJfll1 1 i;l~ 12.2 'U11'Un-r:wtlieJn1:W tJ~:W1ru(llJ1m\hViE;1Vl'Um1~1~1~(I~(I~ (ri1 maximum) ~ " . 
(lmijllVlE;1:wtlU~ JeJ~E;1~:W1fle:J(lmijlll~J1'll1 (11.2 'U11'UfI-r:wtlieJn-r:w) llE;1~A~m~lUu (11.03 'U11'UfI-r:w

• 

~e:Jn-rll) ?h'U 1 'U(lmijth'UlYl/(l1'U(I'U l~1V1E;111 ln1~1cJ llE;1~ ~'VlCJ1 iJri1(1~(I~'lJeJ~tJ~:lJ1rumJtJ'Ul~eJ'U" . 
(l1J1mD1VlE;1VltJ~~d 8.8,8.7, 6.95 llE;1~ 6.1 'U1t'Un1:W~e:Jn-r:w (J1V11JmU(JfI) l?l111~l~tJ ((il1J1~~ 1) 

yf~dlijeJ~~l Jru1ri1ltl~ CJ llGl1YltJl1(1 t:l1ijlll~J1'lllYltJiJtJ~:w1rum JtJ'Ul~eJ'U'lJeJ~ (11 J1(il J'U1VlE;1 Vl'Ull 1n~~~ 
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(7.3 'Ul1'UnrlJ~BnrlJ (thMUmUEJn)) )B~l.l~lJ11~llri ~miJ-wVlEJ1 (5.7 'Ul1'UnrlJ~BnrlJ (thMUn 

lUEJn)) ~miJul'Ul'Y'l/~l'U~tJ l~1V1l.l11 A~m::;l'U'U llVll.llJQU~ iirillQ~EJ~ilA)1::;Vl1~iifh1n~lAEJ~n'UAB, 

mh~VI';h~ 4.4 -4.0 'Ul1'UnrlJ~Bn-rlJ (J1V1UmU£Jn) lll.l~~miJln1::;1~iiriln1)LJ'Ul~v'UlQ~EJB~~ 2.3 
~ ~ 

'Ul1'UnrlJ~BnrlJ (Jl~UmUtJn) (111w;h~'U mh~hn~l~BYi~l)rul~V1~l'U (lLJB1l~'UI'l) 'UB~n1) 

LJ'U l~B'U'UB~~l)1~ )UTVll.l Vl'Uvl BLJ~lJ1ruUl 'Vll.l 'Vl'U)llJ (~BT5) 'Y'I'U'1l~miJl~lV1l.l11ii ~V1~l'U'Uv~~l) 

1~)U1Vll.l'Vl'UlJ1n~~V1 (97.6 %) )B~l.l~lJ1AB~t:11iJ-WVltJ1 (72.9 %) ~miJA~m~l'U'U (65.3 %) ~(l1'U, , 

Ul'Ul'Y'l~l'U~'U (42.1 %) ~t:11Uf'1~)l'lll (34.5 %) ~miJln1~l~ (33.0 %) lll.l::; ~miJllV1l.llJQU~ (24.7 

%) ()LJ~ 7) 
~ 

Ul'Vll.l'Vl'Ulll.l~llJ 1 'U{h'Vll.l'Vl'U ~~~l) ~1 nl.l1~-d~~iifl1llJltJ'UYi'lj~~vtJl.l~llvl 8~A~~~CJl.l m~Vl'UVll~l.l'Uvl B 

~~ii~i{)llll.l~o/Tmll1~\nV1fl1llJc:JV1LJn~Vll~l'Y'If'1'Uv~VlB£JVl~ll.leJll~m1~ (nrunu'Ul'l f'1~~l~~, 2549) ~l) 

lV1U1Vll.lVl'U (OBT) iiLJfjlJ1run1)LJ'Ul~B'UBci):mll~ tJvtJnll 1 ~~ 7.1 'Ul1'UnrlJvlBnrlJ 'Y'I'Uiiril~~~V1 
~ ~ , 

~~t:11Uf'1~)l'lll )B~l.l~lJ1AB~t:11iJlnl~l~ 0 .6 'Ul1'UnrlJ~BnrlJ (Jl'MUmUcJn)) llm::-WVltJ1 0.6 'Ul1'U 

nrlJvlvnrlJ (J1V1umUtJn)) ~l'ULJ~lJlru~l)llJ 1 'UU1'Vll.l'Vl'U (MBT) 1'U~'U{)l~nv'U~llJ1)flml~'Y'I'U1'U"ln 

~t:11U~vilf)1)Pim~nlV1£J'Y'I'Uvci1'U'1h~ril tJvtJnll 1 ~~ 32.5 'Ul1'UnrlJ~vnrlJ 'Y'I'Uiiril~~~V1~~mu 
~ ~ , 

llVll.llJQ,j~ )B~l.l~lJ1Av~miJf'1~)l'lll 09.9 'Ul1'UnrlJ~vn-rlJ (J'lVIumutJn)) lll.l~ ln1~~o/T~ 05.8 'Ul 

l'UnrlJvlvn-rlJ (J1V1umutJn)) ({)ll)l~~ 1, )LJ~ 6) 
~ 
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25.0 

.T8T 
20.0 

0 08T 

15.0 
o )\)18T 

~ 

il! 

,! 10.0 

~ c 
5.0 

0.0 

~tJ~ 6 tJ~jJ1 ru?ll'j1~'jihVi~Vi'U hl'OTVi~Vi'U LL~~llJ1'Uu1Vi~Vi'ULU~fJ 1'U~'U~~ nv'Uu~L1ru'(jlfJ~'l~l'U 

~~l'Uvvn'l.lv'lBI.l1vltl ('(j~u~ - ml(>l), 

100% 

80% 

60% 

4.0% 

20% 

0% 

o MBT • 08T • TBl" 

'jtJ~ 7 ;;1(>lG'l1'U (LtJv1L~'U~i) 'l.Iv'l?l111~":iUTVhl'Vi'U 1(>lU1Vi(1Vi'ULL(1~llJl'UiJ1Vi(1Vi'ULU~fJ 1'U~'U(Jl~nv'U
'\J 

U~L1ru'(jlfJ~'l~1'U(Jl~l'Uvvn'l.lB'lBl11vm (OZ1~U~ - I'l'jl(>l), 



26 

cO 

&lrn'U fvo1BT DBT TBT LBTs n Mean(BTs)±sd 

eh-1P1m <1 - 9.2 <1 <1 <1 - 9.2 2 4.6±6.5 

cO 

1"l'J'J1'li1 3.5 - 19.9 <1 - 7.1 4.6 - 11.2 8.1 - 38.2 3 21.0±15.5 

d <OJ 

Ln1~~'li-:J <1 - 15.8 <1 <1 <1 - 15.8 2 7.9±11.2 

Ln1~1~ <1 - 8.9 <1 - 1.6 <1 - 6.95 <1 - 17.4 3 7.0±9.2 

LLVlmJuU-:J <1 - 32.5 <1 <1 - 12.2 1.4 - 44.7 5 16.3±17.2 

<OJ 

'V'lVlEJ1 <1 - 2.7 <1 - 1.6 5.2 - 6.1 5.2 - 10.5 2 7.9±3.7 

:lJ1U\JlTV'l~, <1 - 8.6 <1 <1 <1 - 8.6 4 1.7±3.8 

U1'UL'V'l/~1'U~'U <1 - 11.5 <1 <1 - 8.8 8.8 - 20.3 3 10.4±1.4 

" f'1-:Jm~LU'U, <1 L 6.5 <1 <1 - 11.0 <1 - 17.8 3 6.3±4.9 

" L'\l1Vlfnl <1 <1 <1 - 8.7 <1 - 9.1 4 4.3±3.9 

vh1~:IJ <1 - 3.6 <1 <1 <1 - 3.6 4 0.9±1.8 

" ln1~'li1-:J <1 - 4.7 <1 <1 <1 - 4.7 3 2.3±2.3 
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Nassariidae (1vi'LLn Nossarius livescens LL6'1~ N. pullus) LL6'1~ 'We)tJ'Vl~L6'11-lPl Muricidae ('llD~,. 

Chicoreus capucinus) L~e:mn n 1 'Unl'JPin't':l1f111lJ~~tJn~'Vll-lL'\t'jPl'IJ 'fNVlf) tJ'Vl~ Lmh L~ tJl~ Ln~\ll mn~ 

Uf)-ln\ml'JLnl~~ ~'lJf)-l~-liJ~1(P11'U'u~Llru'llltJ~-l'Vl~L6'1(P1~1'Uf)f)n'IJf)-le)111'VltJ: 'J~tJ~~ 1 nl'J~l'Jl\l'llD~ 

'IJ f)-lVi f) tJ'Vl ~LmJl L~ tll LL6'1~ ~'U ~vtt vi'1''U t-J 6'1 m~ 'Vl 'U,!'U'\t'j'UllVi f) tJ 'Vl~ L6'11 'U n ~ lJ c;1-l n ~11ii~~~1'U 'lJf)-l nl'J Ln ~ , 

mllJ~~tJ n~VI~f) nl'J'WIllJ'U1 f)ltll ~ L'\t'jPl~LVitJlJ 1 'UVI f) tJ'Vl~ L6'1L'\t'jl"i LiitJ (% imposex) i;'I-l L~mVi tJ'Un'U'lli1~ 
~ ~ 

5'U'l~1vi'yhnl'JPimn1'U'li1-lL1~lL~tJ1n'U (ru'lltJ1 tJ'J~~'t':I~'Vl1''\t'j~ LL6'1~i16'1'Ul\1 imi'Ul1~'Vl~, 2553) 

f)~1-l1 'Jtl m 'Unl'JPin't':l1f1#-l,~'1vi''Vl~~f)-l111V1f)tJ'Vl~ L6'1'1Ji1~ Morula musiva ~-lLtJ'U'lli1~Vlf)tJ~Y'l'Ufl1llJ 

~V\tJ n ~'Vll-l LY'lf'l'Uf) tJlJl'Vl1 nl 'J1 LfI'Jl ~~VlltJ~m rui;'ll 'J1'Un~,lJ'th~ 6'1~'UL 'li'U n'U 

\llnnl'JPin't':llV1f)tJ'Vl~L6'11'Ui;'I~6'1 Nossarius sp. (l~Pl Nassariidae) ~1vi'Ltl'Util1mh~\llni;'lrn-U 

LL Vl6'1lJ{;nJ-l A~m~L 'U'U l~~h'VImlLL6'1~ Lnl~.ul~ '\t'j'UtJ~mrui;'ll'Jn~lJth~6'1~'U'J1lJ (L:BTs) iJfllf)~'J~Vlll~, , ~ 

Uf)tJnll 1 ~~ 238.1 'Ulb'Un1'lJ~f)n1'lJ (tllViiTmutJn) L~B~\ll'JrulLtJ~tJ'ULVitJ'Unl'JtJ'UL~f)'U'lJf)-li;'ll'J 

U1~6'1 ~'U 'J1 m~Vlll-li;'lrn-u'\t'j'UiJn1'JtJ'UL~f)'Um n~ i;'I~~i;'I rn-u LL 'VI6'1lJuU-l (238.1 'U lb 'U n1'lJ ~Bn1'lJ), 

'Jf)-l6'1~mAmn1~.ul~ (115 'Ulb'Un1'lJ~f)n1'lJ) LL6'1~L~1V16'111 (7.3 'Ulb'Un1'lJ~Bn1'lJ) mlJ~lc;1'U ~~dL~f) 

1Lfl'Jl~~.uf)lJ6'1L tJ~tJ'U LVitJ'U'J~Vlll~tJ~mrui;'ll'J1mUl~6'1~'U 1V\U1~6'1~'ULL6'1~blJ b 'Uu1~6'1~'U1 'Ui;'Im-u 
~ 

LL Vl6'1lJuU-lLL6'1~ Ln1~.ul~ Y'l 'Ul11'ULdf) Ltf)Vlf)tJ'Vl~ L6'1'lli1~c;1-ln~11iJtJ~mrunl'Ji;'I~i;'IlJ'lJf)-l i;'Il'J blJ 1'UU1~6'1~'U 

mn~i;'Imf)~6'1-llJ1Af)i;'Il'J1V\U1~6'1~'ULL6'1~1(P1 'JU1~6'1~'U ~-l1'Ui;'I rn-uLLVl6'1lJuU-liJ~~~l'U/'t!~mrui;'ll'JllJ1'U, , 

10.9 'Ull'Un1'lJ~f)n1'lJ '-f)~l~hnm'Ui;'Im-UL~lV1m11vi'r-t6'11'U'Vll-l(P1'J~n'U.ullJ n~11Af) '\t'j'U1(P1'JU1~6'1Vi'U1'U 

Ldmtf)Vlf)tJ1'U~V\~1'U/tJ~mrulJlnnlli;'11'J1~U1Vi6'1Vi'ULL6'1~blJ1'Uu1Vi,,~'U ((P11'Jl~~ 2) 

\11 n n1 'J1 L fI'J 1 ~ ~tJ~lJl ru i;'Il 'JU 1 Vi (;l Vi 'U1 'U Vlf) tJ 'Vl ~ L6'11-lPl Muricidae \11 n VI f) tJ'Vl ~ L (;l'll U~ 

Chicoreus capucinus (\I1ni;'l rn-U~-lm~ b'U'ULL6'1 ~i;'Im-u'Vhbi;'IlJl~ tJVlf)tJ'Vl~L6'1'lli1V\c;1-lmh1 iJn'\t'j'Um~tJ 

f)tJl 'Uth'lJltJL(;l'U) LL6'1~Vlf)tJ'Vl~L6'1'lli1~ Morula musiva (\llni;'lm-ULnl~1eJ'\t'j'ULnl~m~tJf)cJmlJVll~~'U)
~ ~ 

http:Jf)-l6'1~mAmn1~.ul
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~"~'u ~~:nA1lQ~tJ 31.7 ± 28.0 'U11'Un-r:W~eJn-r:w (Jl'VI-umutJn) V1eJtJVI~l"'lJiJVI Chicoreus 

capucinus 1'Ui;lfnUrl~m~lU'LI~u:n'\.J~m run1'JtJ'Ul~eJ'U'lJeJ~1:w1'U'01~"~'U (51.5 'U11'Un-r:W~eJn-r:w), 

mnn111mth~,,~'U (7 .9 'U11'Un-r:W~eJ n-r:w) ll"~lV1U1Vl"Vl'U bl(il1 'UV1eJtJ'lJiJVI~~ mi11~1n(lm'i1~1n 

(lmu'Vh1(l:w~u:ntJ~mrul(il'Ju1~"~'U (13. 7 'U1htn-r:W~eJn-r:w) mnn11tJ~mru1:w1'UD1~"~'U (11. 9 'U1 

1'Un-r:W~eJn-r:w) lb"~lV1DTYifl~'Um:W~1~u ~1'U1'UV1eJtJVI~l"'lJiJVI Morula musiva ~1n(lmUln1~lc.i~u 

:n'\.J~mrulmD1~"~'Umnn111:w1 'UlD1~fI~'Ull"~lV1D1~flVl'Ub'li'Ufl'U ((il1'J1~~ 3) 
.. 

VI~ lfl ~u11A eJ'U.u1~:n bb tn1U:W1'\.J1'UVl1~ b~m fl'U mil1f1 eJ U~ l1 ru~:nA1'\.J~lJ1ru(l1'JU1~"~'U'J1:W1'U 

(il~neJ'U~'U(l~~~~Ubb 'U11u:w'\.J~mruih~"~'U'J1:W1'Ub\1mteJV1eJtJVI~bfl(l~v11m'Ii'll fl'U ('J'\J~ 8 bb"~'JtJ~ 
~ ~ ~ ~ 

l'\.J~ tJU bVi CJU flU n1'J~~'U1eJltJ1~ b~1"1 ~lV1 tJ:w (im posex) ~u11t-JfI n1 'J?1 mnllJA eJ tJ(lvVlfl ~€J~fl'Uf1eJ~U 

'\.J~mrun1'J'\.J'Ul~€J'U'lJ€J~(l1Tlh~fI~'Ubb~:nn1'JbilVll'\.J€J1b~'U~ imposex ~A€J'U.u1~~1 ((il1'J1~~ 3) 
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Vll11\l~ 2 U1:IJlru6'111n~:lJU1Vi6'lVi'U lJlbbn lmU1Vi6'lVi'U (TBT), 1~U1Vi6'lVi'U (DBT) bb6'l~ 1:IJ1'UulVi6'lVi'U, 

(MBT) 1'U'\lmveJlb~m ('Ul1'Un-r:IJM€Jn-r:IJ (lhv'ttJmuvn)) 1'Ul\ll'l Nassariidae 

"ljij~'Vie:JtleJ1b~t:Jd 
cO 

lilm'U MBT DBT TBT % % 

imposex imposex 

tJ 2553 tJ 2554 

Nossarius livescens 

~ 

bb'VI6'l:IJQU\l 156.9 47.9 33.3 100 95 

(n == 33) (n == 20) 

0/ 

b~l'V1ml < 1 <1 6.6 29.2 

(n = 24) 

Nossarius puUus 

0/ 

fl\lm~bU'U, <1 <1 <1 33.3 0 

(n == 3) (n = 18) 

0/ 

b~l'V1ml <1 3.1 4.9 83.3 70 

(n == 18) (n == 10) 

0/ 

bn1~'lll\1 80.3 23.8 10.9 
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MBT DBT TBT % imposex 

U2553 

Chicoreus capucinus 

" fl ,m'J:-5bUU
• 51.5 <1 7.9 19.4 

(n = 36) 

'\Ih1G1lJ 11.9 <1 13.7 29.2 

(n = 23) 

Morula musiva 

bn1:-5hl <1 <1 6.0 4.8 

(n = 21) 
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~~----

- -&-- RT<; (Scdirn,- nt) 

35 1 

30 -' o % imr:osex U2553 

25 ~ 
20 1 
15 ~ 

1
! 

10 

.5 ~ 
o +-__U~__-L__,-__~__~__-,__~__~__~ 

ChiCO(~'u copucl,,"S Morula mil siva Chlcorell, cap"clnus 
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A-:)m~bU'U vhl?llJ bb6'1~ bfl1~.ul-:) iJAlfldllJb~lJbQ~tJeJ~~ 24.S±10A, 26.0±1.0, 32.0±3.0, 29.3±2.6, , " 

27.8±S.9, 24.8±9.1, 32.3±1.9, 32.2±2.4, 26.8±6.1, 28.2±S.7 (l]llJ~lv1'U (~'\J~ 12) 1'Ll~TUAlfldllJ 

dJ'Llm~-b'U~ (pH) '1JeJ-:)J1Yl~16'1'U~blru~vllfl1'jLn'Ul'lleJ~1-:)iJA1'j~Vll1-:) 7.3 ~-:) 8.7 vr-:)dAlfldllJdJ'Ll 

m~-b'U?lbQ~tJ'1JeJ-:)6'lmihil-:)P1m ~~'jl'(jl Lfl1~~i-:) bfl1~1~ :IJl'U(9lT'I'l~ th'Llb'W-6'll'Ll?l'Ll L~lVlml A-:), , 

m~L 'U'Ll vhl?!lJ Lb6'1~ bfl1~il-:) iJA1(9l1lJ~1v1'Uv1-:)d 8.0±OA, 8.4±O.1, 8.1±O.2, 8A±O.3, 8.3±O.2, 

8.1±O.2, 7.9±O.2, 7.S±O.3, 7.9±O.1 Lb6'1~ 7.6±O.1 (~'\J~ 13) 

30 -

25 

20 

15 

10 -

5 

o 

http:bfl1~.ul
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9.0 

A. S 

75 

7.0 

65 

tJ~:U1 ru"l';1B'UVI~m'U~'UI'l~n e:J'U'lJe:J~ll~(l ::;6'lmUYfui1tJ~lJl ru~ bll'l n ~1~ fl'U ~1 n nl';ll bfl';ll::;~~U 

i1riTe:)~';I~vdl~ 0.12 ~~ 11.44 btJB1l~'Uii ~ui1tJ~lJ1ru6'l~~6'lmubnl::;il~ (bu~tJ S.57±3.6 ltJe:J1~~'Uii)
~ ~ 

4.92±0.09, 3.7S±2.76, 1.79±1.S1, 1.32±0.47, 1.13±1.0S, 1.02±0.S9, 1.02±1.14, 0.6S±0.39, 

~~ ~ 0 ....

bb(l~ 0.22±0.OS bl(l~ O.22±O.03 btJ e:J'Jb'Il'U1'l 1'l1lJ(l1~U (';I
tJd

VI 14)
" 

10.0 

8.0 

6.0 

4.0 

2.0 

00 

http:O.22�O.03
http:0.22�0.OS
http:0.6S�0.39
http:1.02�1.14
http:1.02�0.S9
http:1.13�1.0S
http:1.32�0.47
http:1.79�1.S1
http:3.7S�2.76
http:4.92�0.09
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B~r1U'.i:;nB'U'UB~'U\J1~(i):;nB\J~h.JiJfl11:Wlll'ln~1~n\J1\J'U~b'Jru~vhrn'.iflmn lrn:;~i~ lrn:;1~ 

II VI (\ :w QU~ :w 1 'U \Jl1 OW ~ U1 W OW /?\ 1 \J ?l \J II (\ ~ l ~1 VI (\ 11 iJ B~ r1 u '.i ~ n B 'U ~ 1 \J1VI nh tJ \J 'Yl '.i 18 fi B 
, v 

v v , 

VI.:J U'U\J 1 ~\Jl:; n B\J ~W·) B \J·ih.:JiJ Ad 1:W~:W oWwj n'Uu~:w 1ru ~\J YI~ 8?l1'.i n ~11 fi B 'U ~ l1 ruYiiJ 

luB1l~\Jr?1l'l:;nB\J(\~ l58~mnOW'UiJu~mru?l1'.iB\J'Yl~tJ~?\.:Jvl18 ('.iu~ 15)
'V 'V 

sand Silt Clay 

64.8 15.7 19.5 

39.8 54.2 6.1 

ln1~~,r.:l 98.8 1.2 

ln1~hj 98.2 1.8 

98.6 1.4 

:lJ1tJmw~• 90.8 9.2 

94.6 5.4 

67 .4 16.0 16.6 

., 
L:ij1Vim1 93.6 6.4 

33.8 43.9 22.3 

60.6 19.0 20.3 
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1'U(91:::m)'u~hJ'j:::Vi'h:j(1m\1ffiJi''Vilm'j~m'n1'Um'jl~tJflf~d hiYi'\.ril(1e:lV1fl~B~n'U mhlAe:l 1'U\J~nru~ 

:i'i(11'jB'U'Vl~~ (1~hJ1Ji'ihJ~~lrum'ju'UL~B'U'lJe:l~(11'jmhJi'hVi~Vi'Uln nm~hJJi'ltJ ('jU~ 16) e:l~I~bn~
" , " 
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LL~~1~Vfv~L~m~ v'lhm'1v~n\J1lJ1'!XL ~~CJ~Vl~v~~li~lVl (fouling) 'llu~~h;~v~ n1'JmLnl~LL~~Uv~ tlU 

nl':i t:-ln~vu vr~;1VllniJnl':iLnl~'llv~ L~~ CJ~Vl~v ~~li:U1Vl LL uu Lnl~~~lJ1VlI"1CJ v~:5lul'Um n~~'Vh1~ 
"j' \J 

i'ULU~v~L~v L~~~1'Unl':iL~'UL~vmn~'U (http://www.md.go.th)G.1l.:ili1~mhl~~f.ivCJ 1u~~u~ vt! 

vvnm~lnu~L1 ru~'Vl1L~v'JJ1~~iJ:U1Vl~1lJ~~U':i~G'1~A 1i1~,r'Un~ m':ilJu~ L lru'lllCJ ~~Vl~v n~m':ilJ(1h~ 1 

'Vll~'Vl~L~~L~CJ1L~v~tlunl':i1i~tl'UL~~CJ~ v5L'li'U n'<\Jm':ilJnl':iL~'UL~v eJvim~v ., ~vlJ~~t:-lflvivu~lJlru 
\J 

u~L 1 ru'lll CJ ~ ~'Vl~LflillrlVl:6'Uflfl n'll fl~ eJl11'Vl CJiJn~ m':ilJ'Vll~'Vl~L~~Vlm nVlfllCJvr~'Vh LVi CJUL~fl 

'll'Ul~1Vlqj LLVl~~U':i~lJ~~'UU1'U LL Vl~~'V1v~L~CJ1LLfl~LLVl~~L~1~LiCJ~~VllJl1'Unl':i~n~lrlf~dVl':il~~U 

mmruG'1l':itiTViflV1'U':illJ (BT s) ~Vl nfh~vCJ 
\J 
1'UVl~ nfl'U~'U'Vl 

, 
nG'1mULLvi~u1'Uu~mru~ LLVl nvil~tlUl~CJiJf'il 

U~Llru~'U~,r'U1 'll'Ul~Vl~fl'llU~Vl~nv'U~'U u~mruB'U'Vl~~G'1l':i (Strand, et 01., 2003; Hoch and 

Schwesig, 2004; Buggy, et. 01., 2006; Langston, et 01., 2009) ~lnnl':i~n~l'llUl~Vl~nv'U~'U 

LLfl~U~lJlruG'1l':iB'U'Vl~CJ1'UVl~nv'U~u~ull LLvifl~G'1mulimllJ LLVl nvil~ tl'U vr~;1Luv 1L~'UvlB'U'Vl~~G'1l':i 

r1vUil~~lJ~'Ul5tl'UflU'll'Ul~Vl~nv'U~'U n~11f1fl U~Llru~liLuv1L~'Uvl silt+clay ~~~~liu~mruB'U'Vl~~ 

G'1l':i~r1fl'Uil~G'1~VlllJ1Uvll m'li'Utl'U (':iU~ 15) fl~l~1 ':inmlJLl1m U~CJULViCJu-iJfllJ~U~mruB'U'Vl~~G'1l':i 
\J \J \J 

Vl"llL~v~lJl~ln1'ULLvi~~~'U~iJ~n'\'1ru~nl':i1iu'j~lCJ'll.u~LLVl nvil~tl'Uvh1'!X1i1flnlG'11 'Unl'jU'UL~fl'UVl~v 

nl':iLL~~m~~lCJG'1l':ithV1flV1'Ufl~~l'Uu~LJru,r'U 'l1lJL'V1ltlU 

(44.7 'Ull'Un~lJvifln~lJ) ':iv~~.:Jmf)flG'1miJP1~':il'lll (38.2 'Ull'Un~lJvivn~lJ) vr.:J;1Ll1fl~~l':irulf'ilLU~CJ 

Lu~ CJULVi CJU tluG'1miJ ~'U~'Vh nl':i~n'\'1l~'\..d lU~lJl ruiJ1V1~V1'U ':illJiJf'ilG'1~~U~ L 1 ruG'1 mUP1~':il'lll (21.0
\J 

'U1l'Un~lJvieJn~lJ) 'jfl~fl.:J:I.nf)flG'1mULLVl~lJUU.:J (16.3 'Ullun~lJv1vn~lJ) (m':il.:J~ 1 LL~~ ':iU~ 6) ~ln 
\J 

nl':iPl n~11~CJ~tJ l'UlJ1L MCJltlUn l':iU'UL ~ vU'llfl.:JG'1l'jli1.:Jn~ l1Unl'VlCJ1I"1l?1Vl1Vlf11 CJ'V1l'U1vlLG'1'UflLL'Udl 

u~Llru~iJnl'jU'UL~fl'UG'1.:J ~~iJrll llJ LMCJl L~fl~~lJ~'U5tlUrll llJVl'Ul LL ,j'U'lJv~ n ~m':ilJ nl 'jL~'UL~fl LL~ ~/
\J 

http://www.md.go.th)G.1l.:ili1~mhl~~f.ivCJ
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~~mU'U~b~e:J (Ko, et o/. , 1995; Kan-atireklap, et o/., 1997; Sudaryanto, et. o/., 2004; Arai, 

et oi ., 2008; Harino, et o/., 2008) ~-:J~'U~vtl~n~11lJ1.v1.:J~'UnlJfl~nd';ilJm';ib~'Ub~e:J~rie:J'U-ih.:Ji;'1.:J
" 

f u 

e:hle:JVllJ f"1~';i1'll1 bb(l:::bm:::~-rr-:J 'V'ltJlJm';ilJ'Ubue:J'U'(Je:J-:Jth~(lVl'U';illJe:J~';i:::~ll.:J 13 ~-:J 454 'U1l'Un~lJ~e:J , " 

n~lJ (J1~11mb~-:J) ~.:Ji;'1m-W~'V'ltJm';ilJ'Ub~e:J'Ui;'1-:Jf1e:Ji;'1m-WeJ11e:JVllJ (454 'U11'Un~lJ~e:Jn~lJ) ';ie:J-:J(I-:JlJ1f1e:J" , 

tJ~blru~bU'Ubb ~~-:Je:J(;1i;'11~nd';ilJ~lJ m';i b~'U b~e:J'(J'U,htJ~'UA1~'U1bb 'l1'U bb(l:::eJb~e:J ~-:Jd~tJ~blrueJb~e:Jm~ , "" 
bflVl m';ilJ'U b ~e:J'U1~~lnm';ivl1f111lJi;'1:::mVlYle:J.:J b~e:Jvl11~bb~'U~~lJi;'11';i1m'ChVl(lVl'Ue:J ~~1 tJ (l-:J~(;1:::ne:J'U ~'U 

" " 

D1Vl(lVl'U ~lnbJlJm'JlJ(lVllJcimm1'J1(;1';iD1Vl(lVl'Ub~lJi;'11';ivl.:Jn~11~:::iJlJ~lJ1ru~(lVl(l.:J e:J~1.:J1'Jn~i;'11'J 

1mD1Vl(l Vl'U~i;'1 :::i;'1lJ1'U ~'U(;1::: ne:J'U\l:::~e:J-:Jl-iJ b 1(l1';i::: EJ:::~~.:J1'U m';i~e:J EJi;'1(11 EJ~-:Jfl ~-:J~1 (;1 '(Je:J.:Ji;'11 'Jvl-:J nci11 

m\l'U1'U~(l1m~e:J'U~~e:Jm\l1.vbU'Ubl(11~(llEJU (Arai, et oi., 2008) 'Ue:Jn\llnd~-:JbblJl1~:::lJm';i~llJli 

(ll'Jvl-:J n~11 bb~l bb~~l n~'U(;1:::ne:J'UV.:JlJn1';i(l :::i;'1lJ(ll ';ivl-:J n~11e:J ~ bb(l::: (;1::: n e:J'U1~t1 n f11'U~'UlJ1 e:J 1\l vl11~(l1 'J 
" " 

1(;1'JD1Vl(lVl'UmltJlJ1lJ'Ub~e:J'Ul'U~-:JbblVl~e:JlJ1~ (Kan -atireklap, et o/., 1997 e)l.:J~ln Page et at. , 

1996; Wattayakorn, 2008) tJ~b1rubm(llJQU-:JtT'UbU'UtJ~b1ru~bflEJ';i1tJ-:J1'Ul1iJm';ilJ'Ub~e:J'U'(Je:J-:J(l1';i 

1(;1 ';i Dl Vl (lVl'U (l .:J~-:J(l1'Jvl-:J n~ 11e:J1~ V-:Jfl -:JlJn1';i(;1 nA1.:J e:J~1~b~ B-:J ~ 1 n(ll b~(;1~1~nci 11lJ 1.v1-:J ~ 'U" ", 

11n1 'VIEJ 1f"11(l(;1{~m EJ'Vh'U1~bi;'1'U e:Jbb'U:::l1 ~ln'V'lU tJ~lJ1ru(ll';i1(;1 'JDlVl(lVl'U ~tJ'Ub~e:J'U1'U~-:J bb1Vl~e:JlJ~.:J 

~~B ~Vl~l 'U (ratio) '(J e:J-:J(l1 ';i1(;1 'JD lVl (I Vl'Ubd VblJ~ EJU bVI EJtJ nulJ~lJ1 ruth Vl (lVl'U 'JllJiJtJ~lJ1rulJ1 n m\l 

bbi;'1Vl.:J1~~-:Jv-:JiJm'JtJ(lVltJ~e:JtJi;'11';i1mD1Vl(lVl'U(I-:J~~-:Jbb1Vl~e:JlJ (Tanabe, et. at., 2000; Sudaryyanto, 
" 

et. at., 2004; Harino et at., 2006; Arai and Harino, 2009) ~-:J\lln~(lm'JPim~1'V'ltJl1~Vl~1'U'(Je:J-:J 

1mD1Vl(tVl'U~e:J (l1'JD1Vl(lVl'U'JllJ (l'U(l m-w bb ~(llJQU-:J/f"1~'J1'll1 ~bflEJiJn1'J'J1EJ .:J1'Um';i'V'ltJ (ll';ivl-:J n~11 

(l-:J) iJ~Vl~1'U~1li(l-:J11n ~.:Jm~ bU'U bb'Ull trlJ~bbi;'1Vl-:J~-:J n1';itJ(tVltJ~ e:JEJi;'11'Jvl-:J n~11~~ e:JiJ m'JtJ'U b ~e:J'U(l-:J~
" " " 

http:m\l'U1'U~(l1m~e:J'U~~e:Jm\l1.vb
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fh1~·h.ibn'U 10 'lnL'Un1'll~tJ~m mlll.JJ::::n1f1flru::::n'l'l1ln1'l~-:)bb1V1~tJllbbl-1-:)'1l1~ mJ'U~ 27 ('W.f1 .2549) 

b~tJ-:) fh\tmVl1J1\il'l~l'Uflrum'W'li'l'Vl::::b~ ~'Wll'W1'U'l1'1ln:U:Ul'Ub'Umn tnJ'\J'tJ'l::::n1f1~lhJ b~ll~ 124 \iltJ'U.. , , 

ibml::::'VI1'U'VImJ'Vl::::b~e-Jlb~tnJllt1 '1lUVI Nassarius livescens, N. pullus, Chicoreus capucinus bb~:::: 

Morula musiva ~-:):Ulnn1'lbl.J~tI'U bVitl'U.utJll~'l::::'VI'il-:)U~1J1ru'lhVi~Vi'U1'U~'U\il~ntJ'Ubb~~1'ULdtJ'VItJtI 
\J 

n1'lP1 mnn1'lbnVlfl1111~Vll.Jn~'Vl1-:) b ym1 'U'VI tJtI'Vl~ b~'1lUVI Nassarius nitidus bb~~n1'l?l~?lll'lJtJ-:)?ll'l'lJtJ-:) 

?ll'l~'UnB'U'Vl~~ (1\ilTO'iVi~Vi'U bb~~?ll'l~lnm-:)) 1'UbdmdmljtJtI 1'Ub'lJ\il~'U~ Venice Lagoon l.J'l~b'Vlf1, 

~1 Vas Deferens Sequence Index; VDSI bL~~ reLative penis Length index; RPLI) :u~'W'Uijn1'l 

?I~?I11?ll'l1'Un~1l'lhVi~Vi'UlllnJllm'1i'Un'U (Pavoni, et al., 2007) tJ~l-:)hn~:Ulnn1'lP1m~nLVltI Shim, 

bb~~flru~ (2000) eJl-:):Uln Bech (2000) 1Jl'l1t1-:)1'Ul1'V1tJtI'Vl~b~'1lUVI Thais clavigero ~bnVlfl1111 

~Vll.J n~'Vll-:)b'Wf11J1ni'i-:) 100 bl.JtJ1b~'U~ :Ulnn1'lP1mnu~lllru1\il'lulVi~Vi'U1'U'VItJ tI'Vl~ b~'W'Ul1ijn1'l?l~?I11 

~-:)bL~ 23 i'i'l 508 'U1L'Un1'llvltJn1'll ~-:)dm~tJ1JlL?I'Umb'Udlnl'm~?I11'lJtJ-:)?I1'l\Ol-:)n~111'U'VItJtI'Vl~bm1'Uij
\J 

fl1111Lb\il n~l-:)n'U1l.J1'ULb~~~'1lUVI~-:):u~ijfl1111?ll1J1'lfl1 'U n1'l'lJ~VI?ll'l (detoxify) 1mulVi~Vi'UtJtJml1n 

~1-:)n1t1hj b'Yl1n'U 'UtJn:Ulnd1'Ubb~~~'lJUVltJ1:u1Jl~'U?ll'l\Ol-:) n~11hj b'Yl1n'UL ~tJ-:):Ul nfl1111bblil n~l-:)'lJtJ-:) 
d~ ..."1 v./ 1'"'

m'VI1'l'Vln'U'VI'ltJu:U:U tltJ'U 1 VI 

1'Un1'lP1mnfl~-:)d'W'Ul1'V1tJtI'Vl~ b~'1lUVI Nossarius sp. fltJ'U.ul-:)ij n1'l?l~?I111'UbdtJ'VItJ tlfltJ'U.ul'1 

?I-:) ~'1dtJ1:Ub~tJ-:):Uln'VItJtJ'Vl~b~'1lUVldmPltltJ~'U~b1 ru~'U'Vl~b~~-:)iT'Iij~n'\1ru~u~tlllVl mPlWllt111'i'\il~ntJ'U 
\J \J , 

~'U 'UtJn:UlndiT-:)ij'W~~m'l1ln1'ln'UtJ1'V11'lLb'U'Un'U'Illn~'1mjilil (scavenger) (Swenen, et. al., 2001) 

~-:)tJ l:um tJ nlf1~:U~1Jlf'U ?I1'ln~llU1Vi ~Vi'U1Jl:Ul n'W ~ ~ m'lll\Ol-:)n~11 1'U 'VIe:) tI 'Vl~ b~'1lUVI Chicoreus 

capucinus LtJ'UBn'1liJVI~'lTnl'VltJ1m?l1il1'V1~ltJ'Yh'U1Jlb?l'Umb'U~1'Un1'lbtJ'U~'1lU~lV1n1'll.J 'Ub ~tJ'U'lJtJ-:)?ll'l 
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1(91 'jDl~!;1~'U~\ll 'U'Ill\1J1!;1\1'1tj ueJV1~ l!;16(j'U~~\I m111 ~~~'Umra1eJ~'U~ II ru~l'1tjih~t!lmJ~\I ~dhJ~mru 

?11'jB'UV1~ ~u~:lJ1 n~\I~t!~~\I n~11 u1~ lZJlJ II 'Itj ~\I~iJ n1'j?1~?1:IJ'(J u\l?11'j1{11'jDl~!;1~'U1J1'Uun~1 nd'ltj ueJ 
" 

V1~l6'l'(jU~~\I n~11ltJ'Ui(911n'Uldu l~eJ1J1lA eJiJ'j1 eJ\l1'U':i1ntJl ~~eJ\I~'U ll6'1~'Itj u eJ?1 meJ 1 l tJ'Um'ltj1'j~\I i(9l1 

V1~l6'l~\I n~11iJ~n'l3ru~m'j nu m'ltj1'j II'U'Um u\l nU~\lmumi'1~~~11i1-r'U?11'j1mDl~6'l~U?1\1ll6'l~ri1eJV1u~ 
" 

:lJ18\1vil\11'1im'ltj1'j11i1 (Bech, 2002) 

.
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1. ~lnfl1J;hml~"'v11tlcil,:j~'WIP1~m),U'U~b1ru'l.f18~,:jeiTJ1VW(ihu~~i1. .Jtltln ~1'W1'W 12 ?lmu 

(l'Ub'1J~~,:j'j.ijl(il 'l.ffj'U~ J~8eJ,:j ~'U'Vl'U~ Lbfj~~,:j'j.ijl(il~Jl(il) 1ti1bbn ?lmueil,:j~m bfl1~~-rr,:j P1~Jl'l.fl bb'j.ijfj:IJ, , 

1?l:IJ bbfj~ ?lmULfl1~.ul,:j J~Wil,:j'll1,:j~C)'\j.f)lf1:IJ-b:IJ'\j18'W bLfj~nJn!lll'l:IJ-~,:j'j.ijll'l:IJ ~ . P1 . 2554 ~'U:n"lJ 
,

1'Un~:lJth~fj~'W1'U~~ ntl'W~'W'Vln(\mu ~,:j~'U1'WtJ~:lJlru~bblP1 n~l-ln'U1tJ1'Wbb~fj~~'W~ tJ~:lJlruth~fj~'U, , 

UeJ8n11 1 (i,:j 7.1 'Ul1'Un-r:IJ~tln-r:IJbbfl~Utl8n11 1 (i,:j 12.2 'Wl1'Wn-r:IJ~tln-r:IJ (JlmTmu8n) m:IJ&h~'U 

~,:j-dtJ~:IJ1 ruih~fl~'UJ1:IJbO~V?l,:j(\(il~'U~ MI1UP1~Jl'l.fl (21. 0 'Ul1 'W n-r:IJ~ tln-r:IJ (JlwumU8 n))
'\J , 

11/ '1 1 "'" ,ddbfl1~'l.fl,:j :IJ1'U~l~(il bbfj~ 'Vll?l:IJ (ilV:lJfllbOflVtlV'Vl 16.3, 10.4, 7.9, 7.9, 7.0, 6.3, 4.6, 4.3, 2.3, 1.7 
, '\J 

bbfl~ 0.9 'Wl1'Wn-r:IJ~tln-r:IJ (JlmTmuv n) ~1:IJ~1(i)'U tlcil,:j1Jn~b~mtJ~ 8'U L Vi8'Un'Ufl1JPin'\jl1 'WneJ'U 

'j.ijUl-d~'U11:nbb 'U11U:lJfl1J"~":IJ'1Jtl,:j"lJ(i),:jn~11~fl(ilUtlVfl,:j,-

Nassariidae (1Ji'bbn Nossorius livescens bbfl~ N. pullus) bbfl::: V!tl8'Vl~bm,:jP1 Muricidae ('l.f'W(il 

Chicoreus copucinus) ~,:j ~'U:nfl1JtJ'Wb~tl'WB~J~'j.ij11,:j Utlvw,h 1 (i,:j 238.1 'Wl1'Wn-r:IJIJIBn-r:IJ 

(JlmTm uvn) ~,:j bdBYi~lJrul btJ~v'U bViV'U.utl:IJflJ~'j.ij11,:jtJ~:IJ1ru?llJn~:IJ'lh~flYi'W1'W~'WIP1~ neJ'W Lbfl~1'U
'\J , 

dfeJ'j.ijtlV'Vl~bfl ~'U11AeJ'U.ul,:j:nbb'U11U:IJ1 tJ1 'W'Vll,:jb~mn'W n~11~eJ 'U~b1ru~:nAltJ~:IJ1ru?llJth~fl~l.JJ1:IJ 

1'U1P1~ ntl'W~'W(\,:j~~~'U bb'W11U:lJtJ~:IJ1ruiJ1~fl~'WJ1:IJ1'Wbifmttl'j.ijtlV'Vl~bfl?l,:jJi'1m'll'Wn'W 
'\J '\J 

http:MI1UP1~Jl'l.fl
http:P1~Jl'l.fl
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n1'1:t1lvw 

nrunu'U~ fl~611?1~ . 2549. n1~bn~ Imposex bb~:Hml~btl~tJ'U?1m'W'lJe:J~?11~1JJ1'U{}rYi(;1'V1'U 1~u1'V1(;1'V1'U 

bbm:1mu1'V1(;1'V1'U1'UVle:JtJ'I.nl'U . iVl tJl'U'W'U 5iVltJlfllMl~JJ'\.·'I1Uru'V1~ ?11'lJli'lJliVltJl m?1~~ 

~~bb1~iKe:JJJ U~'V1(11iVltJ1"'tJ JJVlliVltJl"'tJ'IJ~'Wl. 188 Vlth. 
\J 

mJJ fn'U~JJJJ(;1~~. 2549. 1m~n1~~~(I11:wm1\l61e:J'U ~ run 1'WJ1Vl:: b(;1 :Wlmn1~bb(;1:: bbj;..J'Utl5U~n1~ 

-;ij~ n1 ~ nl~Hf?11~tl~:: n e:J'U ~ 'U n B'U Vl ~ EJ'lJU ~1(11 ~U (;1 'Yim11 VI-r'Uth:: b Vl fl1 Vl tJ. m::Vl~1~• 

i 

ru'lJtJl th::~~~Vl-r'W~ bb(;1::U(;1'Ul\l -llmi'Uli?1Vli. 2553. fnl:w~~tln~Vll~b'Wfl'lJe:J~Vle:JtJVl::bm.hb~tJ1~ 
~ , 

d 
Vl 1 

?1UrusVl(l1 ~:w-r~tJ nrun,r'U~ fl~611?1~ 'W~~-r~tJ ~l~~b\ltJl~'Ul bb(;1::1~'W~Pi 1ii1~'U5-lltJ . 2549., , , 
i 

?1fl1'Un1~run1~1.u?11~1(11~ih'Yi(;1'V1'Ubb(;1:: n1~bn~ Imposex 'lJe:J~Vle:J tJ n~:w Gastropod 1'U 

th::bVlfl1VltJ. 11~?11~iVltJ1m?1~1'U~'Wl . 11(1): 97-104. 
\J 

'" '" "" 1 v ~ld v d '".Q\l~Vl1~'lJ(;1'U~ th::bVlfl VltJ. 1~1?11~?1151~ru?1'lJ:WVll1VltJl(;1tJ'U~'Wl. uVl 5 O'U'UVl 1 VI'Ul 39-49. 
• ,\J 
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• CURRENT RESEARCH PROJECTS: 

Research Project currentLy conducted durin~ 1998 - 2003 as followin~ : 

1 Project TitLe: "Biodiversity of Marine Spon~es Associated with Reef CoraL Habitats 

aLon~ the inner part of the Eastern GuLf of ThaiLand (ChoLburi-Trad Province)" 

Funded by : The Biodiversity Research and Trainin~ Pro~ram of ThaiLand (1998-2000). 

2 Project TitLe: "Research and DeveLopment on Production of the New EconomicaLLy 


Marine MoLLusc : Spotted BabyLon (BabyLonia areolata) for Rehabilitation and 


Conservation of an EconomicalLy Fishery Resources" 


Funded by : NationaL Research Council of ThaiLand. (1998 - 2000) 
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3 Project Title: "(F\esearch and Development on Production and Economic Outputs for 

growing-out of Juveniles Spotted Babylon Juvenile, Babylonia areolata Link 1807, to 

Marketable Size in Ponds and Muddy Flat By Using Various Types of Culture Techniques 

Funded by : National Research Council of Thailand. (2003 - 2004) 
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