S199TUNANTSIVY

NugAnUIUU TN UAUUSEINT 2555

q 9

i
b3IB

AMURAUNANIBNAVB B ENZLANLAYINNAINAITUBINUNISENIZANVDIRINTIN
53829 3: nswted liiaAURRUNANIIWA (Imposex induction)

luviesujianns

Occurrence of Imposex in marine gastropods due to antifouling

chemicals, 3" phase: Imposex induction in Laboratory

a a s o 4
YY1 UTTAYININg

A010uIENINGINMIN JaInNIaluNIINGIaY



ARRNISHUTZNA

Tasimsidemnuinunimamavesiesnzianidsaiinanansdesiunisinizfnvesdsdivin
svogdl 3: mawdoniliAsanuiaunfvnana (Imposex induction) luvesfuinns lesunuganyu
N153783N3usUUsEN LR UARUTEI1T 2555 ﬁ&ﬁmu%%’ammiaéwL%f\]qéwlﬁi‘iju Uiy
YOUOUNTTAN F09ANT1138 A5, faen Taiens Wuedgeildngaunlidusnuuasliteiausuus
Juuszlevdnaanuide veveunszauanznssun1sUsaliulasenis se9ansnansdangnsny U
ad uar fHemans11sd e Unilung ladans Aldnsunlisuunifdulsslenilunisudly
31891378 VBVRUNITEAMAIAIYINE ARSI INELS ANYINeImans wazandumaluladdinim
wazdmnssuitugmaniegnsgeitldlinrmeynszilunisliviesujifins  uonaniveveunm Au
U3 v wasidmihfiancuidenineinansimnviou Alddedsraunuwessunsanuazain

Mlrausmidulumeanuiseusaey



TunsfinwadaiflgvhnismeassinihldAaauisunfinaves funesmzialuana Nassarius
sp. (33 Nassariidae) 2 %ila fia N. livecens wa N. stolatus Inemssinanslasdrfiafivaaslssiiany
dudusineg addungnounseuagyinisdsaiunat 8 dailudiesujifinng iilendnumeainy
Anunfuazdnsniadnaufiaunddendn Tnevesvgiania N. livecens diothanidsdlungnounsei
fnsiduanslasnfiafiuaslsdianmdudu 10, 25, 50, 100, 500 wag 1,000 ulun3usensu uazifiy
fegrafiodesiulufuna 4 uag 8 FUnv wushanaiaaufiaund (% imposex) oejsEing
5.9 fla 33.3 way 11.8 fia 100 Woldud druredsvesszoznsiauianuiaunfinavos (vas
deferens sequence index: VDSI) fifnegsendng 0.06 §90.33 uag 0.24 88 1 Mua16iu vila N.
stolatus fvhmaidedungnounsefiiuaslnsinfiafiunaslsdfinnududu 25, 50, 100, 500 was
1,000 wilundusioniy MnnsiiufogiaiiolinsesiludUniii 4 uas 8 wushsnsinauinund
938119 45 19 77.8 WAz 46.7 fis 79.3 Waesldud druAedevesszezmsiaumiuiaunfmaos
(A1 VDSI) fiFagsening 0.45 4 0.78 uag 0.57 v 0.88 mud1diu ANURAUNAMADEAINNSANY Y

1%
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YBNANULLDIATILIANAINUFUNUS TLNI AR EVDITLHLASHAUIANMURAUN RN NANUNSAL AL
vasanslastananuluienesnsiailsinisnaasmuiianuduiusiunsluganimaassvemesmnzia

¥Una N. livecens (r2 = 0.64) way N. stolatus (r2 = 0.898)

AdAey: ANuRaUnALNANeY, a1stnstafiadiu, Nassarius livecens, Nassarius stolatus



Abstract

The objective of this study was to investigate imposex induction in 2 species of mud
snail Nassarius livecens and N. stolatus in the laboratory. The mud snails were exposed to
varied tributyltin concentration in the sediment for 8 weeks. N. livecens were reared in
sediment contaminated with tributyltin chloride at the concentration of 10, 25, 50, 100, 500
and 1,000 ng/g. The occurrence of imposex at 4 and 8 weeks were ranged from 5.9 to 33.3 and
11.8 to 100 percent, while the vas deferens sequence index (VDSI) were range from 0.06 to
0.33 and 0.24 to 1, respectively. N. stolatus were also reared in contaminated sediment at the
concentration of 25, 50, 100, 500 and 1,000 ng/g. After 4 and 8 weeks of rearing, the imposex
percentages were ranged from 45 to 77.8 and 46.7 to 79.3 percent while VDSI were ranged
from 0.45 to 0.78 and 0.57 to 0.88, respectively. The percentage of imposex and vas deferens
sequence index (VDSI) tended to be increased with higher level of contamination in both
species. Moreover, tributyltin accumulation in body tissue was also analyzed and showed the

high correlation with VDSI in N. livecens (" = 0.68) and N. stolatus (" = 0.898).

Key words: imposex, tributlytin, Nassarius livecens, Nassarius stolatus
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sEAUNSRAAURRUNANIINAYIean YNSRI JesnALl uuve oy
nzia vila N, livecens wag N. stolatus 31nA1sANWILUAN NS TTUBALA I
RNIRIEHEE

WesidudanuAaunfiniama (% imposex) wavARAveIsERUNSANAIY
NaUnAwmAaY (vas deferens sequence index; VDSI) dlovimsdsamesnzia
lin N, livecens Aiszsiunmsiuiieuvesanslnstrfaiuiiunnsefudunan 4
dmi
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AnunALNAes (vas deferens sequence index; VDSI) tiieyin1sidesviesngia
wiln N, livecens fiszsiunmsuuidieuvesanslnsdafafiufiuansefudunan 8
Faai

WesiludanuAaunfiniana (% imposex) waARAEveITERUNSANAIL
NaUnfLneneY (vas deferens sequence index; VDSI) devnsdemesmzia
wiln N. stolatus Aszdunsuuieuvesanslnstafaiuiiunnsrefuduna 4
dUanii

Wosidudanuinunfivnane (% imposex) wagAadsvessziunTAnaY
NaUnALAnes (vas deferens sequence index; VDSI) dlovinsiasmesvzia
%l N. stolatus Aisziunmsuuouvesanslnstifiafiufiunnsafudunan 8
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WoEuNZIa19M Nassaridae fithaldlunisine (n) Nassarius  livecens
(¥) N. stolatus

anuwazn1segeAuvaeszialuana Nassarius sp.
é’mamﬁﬁmws&fﬂumiﬁﬂmnﬁmﬁmﬁﬂﬁtﬁmmmﬁmﬂﬂamqLWﬂ
unuifstumeumsaaaslunguesuntuilufusenounarludditin
dnwazmsianmietheadisuiivinalndiuviewldlunesngiavia N,
livecens wieily (PV=viathagdiiiey, RT=N1un101uv37)
dnwagmsimuvietheadifieniiuinalndiuvienldluvessiavin N.
stolatus ey (PV=vigihegiiiey, RT=Auma1mvI1)
dnwagmswauefoizmalifisuvunadniiuinuiuasnvesiuem
Tunesnziaimeiile (PP=oTeizinaAgliley, RT=una1u)
anwugveengawal vila N. livecens (RT=Mum1ouwn, P=odyiy
e, V= vietead)

WosudnisiinanuRaun@niane (% imposex) lunosnziasia N,
livecens fivn1sidssluvediiinisifuansinstafiafiunaslsdiiai
Wudusnag WisuiflsuasdUaniii 4 way 8
miﬁ'ﬁumaﬁ'ﬂ’lzLWﬂﬁgLﬁwiﬁﬂ@Jmﬂm vas deference sequence index
(VDSI) vawmesvziawia N. livecens vhnsideshuteiidnsiivansing
Tafiafiunaelsaiiaududusieg WisuiisugedUamii ¢ way 8
dnauanuraunfnianalusses (stage) M9 idledomesnziavia N,
livecens lugansnnassfiiinisuuiiouresanslnstadafiunaolsdly
nefinududusnaiy Wuszeznan (n) 4 §ansi way (@) 8 dUani
USuunsazaunesarsinsdafaiuluiiefovemesvnyiavin .
livecens T\daedlutenaaeiifiuuunsuuidiouvesasinstafiaiiu
AaBlIALANAeY
ANUFLTUSTEnIeAIAN UL ItuNSAnAURAUNRN A (A1 VDSI)

warUSununsazauvesansiastinanululevesnziavia N. livecens
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d1sUnysy (siv)

Weosiudnsiinanuiaun@niand (%  imposex) lunesngiasdia N,
stolatus  hmsiaesdudediiinsiduansinstifiafivaalsafinany
Wudusnag Wisuiflsunansfinunludunvdl 4 uas 8
nsmuredelzinadiioulaggaine VDSI  vesieenziavia N.
stolatus  Tvhmsiaesduteiiinsdvasinsdifiaiivaaslsaiiny
dudusingg Wisuifsunantsfinuluduavi 4 uay 8
FndumnuRnunimanaluszey (stage) A oldemesmziaviia N,
stolatus luganismaaesiiinsuuiouresanslnsdadaiunasladly
nyefimnududusatu Wuszezog (n) 4 §Uav uaz () 8 dUani
USunaunisazauvesanstasifiaiuludeidoveswesnziasin N
stolatus Flasslutannassfifiusununisiudouvesanslnsiafiaiiu
AaolsATiuansneiy
ANNFNTUSTERIAIANUTULTIUNSIAnANEAUNGVaWA (A1 VDSI)
warUSunnisazanvesansinstiiiaiiunaslsaluiionesnziavie N,
stolatus
Wigulfigunisiiaanuindnaniunalunesnsiadifelsia N

livecens wag N. stolatus Watnilaensduanstnstinaiuaaslsad

AALTNTUA (WTunSUsONTL)
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dosruldlyinIonas/m3odsdiTindeg uunziiGouazTanseqfidndslungia dosiunsyniouves
Seuazfaniiliny arsdanandneglunguesunludiu (organotin)  Iaslannzanslasdafiaiiu
(tributyltin: TBT) 1Judrunasludfumdesiitinislduselovtogrsunsuaredaudtied a.a. 1960
(Mensink, 1999: Harino, et al., 2006) nasanfidnislduselovdarnaissananlulassozinamnis

v
o

nudrinisvuilenlufawindeuuazdiansenunisausednitlindusd1ag 019 nauvies Yan v3e
dninquasawideu (crustacean) Inenansznuniandanuddguazlasunansznuluaniig fe n1s
wilgnhlmAansiuasurlaanaAn3nlsenii imposex naMAe dninAlleazin1simussuy

ms?mﬁ'uimaum@' (pseudopenis/pseudo vas deference) M‘%@meﬁsmﬁﬂurﬁumﬁﬁ Inglanizoe

v v
U

aluneenzianifies (marine gastropods) MItn1siAAAURAUNARINA1L N WUTHUA Y
Lma'aﬂ"%ﬁmLLa:miUuL‘ﬁaumﬁumjuﬁaﬁaﬁuu’%nmmaﬁi&mLa TuA Vinumeilmeiadisiianisinge
NSVUEINZLEIUIN NG N1TABLT DA NTTOTDIRUNZIaTUA Y LLazU'%nmﬁuﬁqmaWﬂﬁmﬁﬂ
swdsRanssunisissatlunsgds (marine cage culture) Jagiiuansdananldgninliuds ognslsf
1w anslunguiiannsaazanlunznoudulfifunatnuezannsafanszaenduaudeuly
dawandouls vinlsidanaAnnansznuog

Tunsfinwiseesd 1 uag 2 vedlassmsanuinuninianavevesngiadfedfiAnainans
Josfunisinefinresdadi®n  Wn3seldvinisfinvinisfaanufinUnfnaneremesnzianiien
Uinameilmgiadiung fusenvessnlneg efnwidsmnuguussvesansgnuanmsldanslungulng

[

Uafiafiu  (TBT) seoweenziadifeissuddninvausidamninnse daduuinaniinslduselonl

5&% A

wansnafuiteiiuinderwalng vshamuiedud vnaiidunsussuiiutusudusoeiing
fuunaamzidsaduiu venandld@nwdseiunmstuidiouvesasnguiafiofiu 1éud lnstifiafiu
(T8T), lndafiafiu (DBT) war Taludafiafiu (MBT) Tufiunzneu uasvesngiaiifenfinsianunisia
Imposex U9l luituiidnuitldnarundredu arnmansanwinsdrseminunfnanes (sxez
7i 1) wuvesnsiafinaniaduRaUnfsiuau 13 9ia (@1ndivinisanen 32 9iia) Liun Hemifusus
ternatanus, Pugilina cochlidium, Chicoreus capucinus, Murex trapa, Morula musiva, Thais
lacera, Thais sp. 1, Thais sp. 2, Nassarius livescens, N. olivaceus, N. pullus, Nassarius sp. 1,
Nassarius sp. 2 Imaﬂ'wLa?{waqmiLﬁmmmﬁmﬂﬂamwaa%wumﬂw%nm‘ﬁLflu@jﬁauawiﬁa R

yipnnudnisiianuinUnfigailenSeuiiguiveindug ilavinn1s@nw Ae vila C. capucinus, N.



pullus waz N. livescens tnaanizwila N. livescens Inuindlidnaiun1siinauiaun@nianans 100
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g9 nudrdianuduiusiunanfeusnaniinisiudeuvesamsnguinfianuluszneunsegeasnuing

nsUuleuluiieviesneiagaduiu (dlven Usehugning, 2555)

Ya v =

Tunsideluseezi 3 Uu didedsaulanazfnwrnswdenihlifsanulinun@nanes (imposex

Y

induction) TuviesUjufn1g veaeenzialuana Nassarius sp. (39 Nasaridae) tlaaninviesneiaty

ananananInuininanuiaunfigaiadadivulduduiusiudsinunisuuleuresasnquiananuly

Y

duandey  ieAnwi s ismaiiedlunesnsiamedeloagluaninuinneuiingg

Vulowresanstasifiafiuniszduanududunazszasiianiuanaieiy wWesludeyadadiulunis
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Uszendlfidudiustaninwindeu (environmental indicator) wag/vseiludeyaiiioldlunisimun
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Bsnsrefanunsuulenvesasngudifiafivluiiuiilve siufsenaldidudeyalunisise iy

N153AN5938N15NHUNTUTUU IR A InaeusialUluowAn
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ngUszasA

Anwinismilgnhliinanuraunfiinaves (imposex induction) luvegnslanusiglana
Nassarius sp. 2 vila Alasvansinstafiafiu (tributyltin) anadudulazssuziiainuanaienulu
wosufuanis iieidudeyailesdulunisUszgndidudivsdaninuindon (environmental

indicator) ¥83n15UuLUauvedasnguTianu
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aa [

a1stestunisinizAnvesdsddinniediumnies @ntifauling  chemical) duansiuywd
WauBuiignsiduans@iaunn (biocide)  finisuunldlugnamnssunisiiuiionazgise Aoldn

U3namise laveuse wenainddsldiutansiqiifaddlunzia wu nsediavar wazszuunasidu

a ada

(water cooling tower) igluliinsssnsodudidindugflifesnis (fouling organism) LW11LA"E

91dweg Jasiunisunieu Preusendadrvrsesnwisensedanililunsia uasiielsendaieinds

<

lunsiiwse arsildwanludiunssaduarsididuniduesdussneuniaduaislunquiyndunid

a a

(organotin) Iagtanizarsngudafiadiu lawn arstasiafianu (tributylting  TBT), tadafiadiu

a

(dibutyltin;  DBT) way Wuludafiafiu (momobutyltin;  MBT) Fsarslasdafiadiuduansia
Uszansamiviliinnsldegraunsnanedauslugaed a.e. 1960 (Mensink, 1999; Harino, et al.,
2006) wonnnfewldlugaamnssuniniudeondanslasiafiafiuddddlunissnviieldl (material
and wood preservation) LLaﬂ%'LﬂumiﬁzhL%aﬂ (slimicides) 8neg (Kannan and Tanabe, 2009)

arsiiunldusslevdiannsoararsunsnszanelugiunndould arsfinanlddsoan

A A A

nsduleunilulinga wasAunznou lnsanizuinaidugise iseniinisiAusegs (Kan-

v

atireklap, et al., 1997; Sudaryanto, et. al., 2004) e‘z’iamsﬁ'ﬁwﬁwﬁﬂﬁazaﬂuﬁumzﬂaumﬂﬂdﬂ,u

v
o

duflesnnianuaunsalumsazarsinldiies wonainiinsaanefvesasseindinanneneuiy
THaarroudrsuiundiluh Gea3edin (Halflifewosanslnstafiafiufiazaulufungnoudeny
Uszunu 2.5 U (Kan-atireklap, et al., 1997 9199710 de Mora, et al., 1995) nsavaunseUuitou
anslasifiafiulufunzneuty aunseflesfounduandnimeials (resuspention) (Kan-atireklap,
et al, 1997 19910 Page et al, 1996; Wattayakorn, 2008) Inenismiumznaufuiuuiain
Aanssunaiiuie uagnisynaenietnlé (Dowson, et al., 1994; Smith, 1996; Reitsema, et al.,

2003) uena1niin1siAfeunvesdningiantniu (infaunal macro-organism) Aanunsavinlianslag

'
= '

Tatiugnianvdesnduanvuilouluihvzialimguiu (Langston, et al., 2009) 31ndadeiing1n
wdsfudunarhliarsngudafiaiiuinnfuazazaveglunsneufuaiusadounduanvulouly

Fwamasulanuginazinisdnldarsiiuarfiniu (Langston, et al., 2009; Wattayakorn, 2008)

[V v ' ¥
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Nafnsazananstastlrnanuludunznauvednmasnunglusudadevaleaga lown YSuiuns

Yuilouresansinstifafiuluuinaiug vuravievilnvewmgneuiu Audunsa-a1a A1AuLAL



WAz USHIENTBUNTE (AINT FotuAnI, 2544; wuUNNIUA Jansunng, 2548 679970 Langston and

Pope, 1995; Hoch, et al., 2004)

nansenuvasdnumieslunguiiiialiudeddizin

NI NNLNsITasinstifaiuegransateludied a.a. 1970 arsaanaileinisuuidou
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a

asddainden usnanavauludinarlungnouduud fedamansenuraninaiuadly

a

INDU
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' v
a aa [ (g

wonwilonnddTiaiidesnisida/Altiailifcsrariinnnzusnalifosdeviotan duqﬁamm

Lo

Tunzia shlvanssandnaunsaazanludadidinmaausiddorms saudunasineuluauddniaes
andnenun dwaliAneufiaundsieludsddia
UnNIneAanslasguiwansEnunIaUTesENsAiInannedn inglanatevia 919ty vy
unsu delddvanslnstnfiafiuliAnaufisunfiveanisaiadden ndnfe wiengnasadudy
nuazsusisdeutienay wenanylviinauiaUnfudazyilisigsunge Fafiinluves

9TUTn Crassostrea gigas U812 Arcachon TuUseimenIaay RS U URaRER O EUISTH

anategnaun tunaiseun @ a.d. 1982) UsewarSuaalavinulisinistdansinstifaiunuisenduune

v
= o

&0 25 wes (Alzieu, 1991) UananANNRRUARTIARTUN UDENE A0 LA a1sFnanddena
Vinlviveer e (gastropod)  neniledinisaunedeizimagiiies (pseudo  penis/pseudo  vas
deferens) %%aﬁl,%'aﬂiﬂﬂiﬂﬂgmiaj imposex (Bryan, et al.,, 1986; Bettin, et al., 1996) Tnglad
MenunMsAnnsRaunAfinaluvesmziangusuiy Mesogastropoda Lag Neogastropoda ¥ialan
11nn91 140 wila (Horiguchi, et al., 2001) Usingmsaiiiinainuesnsiamedodeldsuanslasdad
afundiliAnnssudinsadseesluwmealnsiau (estrogen) (Fudsuffseiidousesluuneulng
19U (androgens)  lUilusesluuiealnsiau (estrogen)  vinlvdiuSunusesluumalnainelsu
(testosterone) tunTudsnaifiuturessosluumalnanelsy awdniliAnmstamotorsmag
Jlew (Bettin, et al,, 1996) SnwarAnunidenaamniistuudazliannsameld (rreversible) 15
svoznsinauinUndldanansaantesacld fausiiesinludeduanneildfinsvudouasing
Tafiafiufinnu (Stoben, et. al., 1992b; Oehlmann, et. al., 1998) ﬁgaﬁymﬂLﬂuquLLiq%ﬁqma‘Lﬁma
nziawmellgliaunsoduiuslamuund nanAsnaannsimueiesmadiisuindnisimuuinaey
Tanamaiedlavinlinesnsamendislianunsandaly venandmniinsazaulvluviotldunniu
%ﬁﬂﬁviaﬁﬂszimeLLazﬁﬂﬁwaﬂwsLaLWﬁLﬁamaaﬂuﬁqﬂ (Gibbs and Bryan, 1986; aUadin fugmd

uay ey, 2549) yiliuseannsvesvieengiallusunuanas Autu n1sAnwIlag Bryan wazamg NlaI9e



Tufiufiugnumeng fuanideddvessangy wuimestlin Nucella lapillus FU5inaanasogasnnly
USnniifimsiiiuiSegs (Bryan, et. al., 1986)

ogslsfimudauiazinisseiuldanslasafiafiuudn AdTindsnddsunansenuegisdeiiodls
wineefuwlduvesauguussiianauiesanauansolumsazauvionndanisvesansnguily
Awandeudsiildnannanlunoudu mswannetusmalifioulunesnsiamadoduAntulduiiding

uiouvesansiastitafiuludunantdesy (Bryan, et al., 1986) AUTUKIIVBINITHMUIDIEILINAL

a = U s

Wey dauduiusiudsinunisyulewvesasinstnfiafiunaifeusinaiiinisdendnasasny

o ] o

dadhuduindsznnsiiinnnuiaundniana (% imposex) 81NTU UALIYAUAIUTULITIVBINT

[

9 o v a d' & v = v o a v = A gve o ad
‘WWU’]@’JUU%LWﬂQLV]EJ@JV]QQ@J']ﬂGUUWqﬂJVLUﬂ’JU %Qﬂ%ﬂUUUﬂUWUqﬁqa@ﬂﬂuﬂqiﬁﬂﬂqLW@ISULUUWSUUSU'JWV]'N

10 (bioindicator) Tunpengaviaieyin

'
a

usnnAMuAnUnATAnlunguresnzlaLd @ ingalunguaugiulunguaianidouldd
FEUNANTENUAINATs s TITiadiuguiu leun dnasie osmoregulation lufs (Lignot, et al., 1998)
wazilnadeszuvduiuduarssuugiiquiuludainsianguuenilnen (Jacobson, et al,, 2011)
wananildinenuiaisfingnamsonssdulidannadoianindisuutandumaduiniy

(Shimasaki, et al., 2003)

ArsAnwIaaIun1sainsyulauvesasinstinfaiuwaznisiinaiuiauniniwwaly

v ad o IS

= A =1
1128NsLan 1A ANDLUUAYUIIANIIVININ

(Y]

NNPANSENINUINANURAUNRINANDELANAINNS RS UANS IASUITaTY Uana1NTonsn

i
v € % v Aa s

nsindedianuduiusiuusnaunmsvudeu sujutninermanssslafnumnsiainsefuresany
Anunfnmanalunesnzianiisnfiolunisiieudisunanseny fagu TunisAnwiSsudiounis
Aakaznsimueiismagiieunsukasndsnsinuldansiasiafiafiu vee Smith (1996) lasneau
nMsanaveduosiduinisiiin imposex uaznsanasvasrdndiurwine Jorzmaiionlunosvziaine
FewderSsuiiivuiumes (relative penis size index; RPSI) luvieemeiavila Lepsiella scobina (33
Muricidae) U3t Porirua Basin Tuuszimnaiaduaus JesfinwiuSeuiieutuseningd a.e. 1988/1989
waz U A.A. 1994/1995 Aadaensuuaznasnisvuvisuazvinuldasinsiafaiu Tud a.e. 1993 ag1als
AnuaineanisAnuilinunisanaseadssidudnisiin imposex  uanunisanasues A1 RPSI Tu
uinaiduinieduduuelng (Wellington Harbor) mf\]Lﬁaqmﬂmﬂmﬂmﬁaﬁaﬁuﬁazauagju%nm
fananignmutunanfanssumaiudouasnsgaaen milulsemeiaduaudldldinmaiudeya
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78911289 Reitsema wag Az (2003) NlaANwINSIAR imposex vaswenzlasin Thais orbita (196
Muricidae) Ustanuvneilailad Perth mnailangiunnuasuseineaaamse 311 16 @0l tugaed e.a.

1998 — 1999 wSsuwauiul .6, 1993 WUNLERTINTSARANAY 11 @011 tnean1uNgImsluSuna

¥
1 = A 04

imposex asfagafiduriniieusemdivdvunlng uazgreise Ml

19¢3lNaNNINNTIEIUNT YA

TnsUriadiu AuSeNTvuIne1INI 25 WA Aawed A.A. 1991

v =

wenvnfgeldnisAnwifeanisimuinisiinedetsinagidouluneengiainadensly
oslfuinisuaz/mioluaninsssumfiieAnwidanudunusseninsssdunisvulounazns

wawreleizmadiisnluvesveiaviiasiieg wWeodudeyalunisiieuiisuanulisenisnevaues

a a [ 1

(sensitivity) Aeanstastnfiafiu audunsAnwilag Barroso wazAmg (2002) AnwinisiinAau

(Y

RaunaniawalunesngLavsila Nassarius  reticulatus  MAUAIDEIIIINTITUVIANITUTLI
nziusenideuniievesseinalysanadaiuuinailivedssaunisiiaanuiaunfiniane

dow Tngthundesludmeianiinisvuideuvesaisinsinfiafiu 100, 250 wag 400 urluniu-fynse

a -1 oA 1 = a o 1 a a
895 (ng  Sn 1) wuddfleaneiuly 2 ey Lindndiuainulaun@niane 32, 22 wag 24

[V ) '
v

Westdus audiiu sadluieunsnnuanuinunfaniziinanududu 250 was 400 ng Sn U
UaNINIaINNSANYISERUNNsavaLveasinasluedanesnuiniinnsasauanunuusina
nsUuUoude 76, 359 uay 439 TBT-Sn ¢ (huifnuie) Tuduwessmsinwinavesnisvudouves
asladafiafiufinnnududu 500 ng sn U ldwuidnswamneloizsimaifion Duft wazans
(2005) levinnsAnwinisiieanuRanunaniandluiesngiasia N. reticulatus \uiu lngiiunes
NafI08199 NI TUTIRT Brittany  UseanerSauey wazthunasadunan 3 weu lufunzneud
vhudusavanslastaiafiufinududu 10, 25, 50, 75, 125, 250 and 500 ug TBT-Sn/kg Waitlu
nsAnwdsnanla@nuilunguansdsiazans (solvent control) fe @fifte gracial acetic acid
ANUNTY Sme/kg Tnadiaggaziiunn 1 ey 9nwan1sfnwinuiindnuuzanulauninig

a

welddausiganieunsnvasnsanulneiiuun it unuanududuresusinalnstafiadiu
ldduaddupznousgreiifoddymeada (p< 0.05) Feufiduldauonurimesmziadananlddu
nansznuanaslnstafiafiudawdiinansiinsvuiteululiinadosasinazaunsathunwaundy
inseafioniaitethunldlunisussiliu (assessment) Aunmvesiunznouls

p814l5fnu Rodriguez uay Ay (2010) levinsanwilaeiiuiiednaveenziavia N.

v
@

reticulatus \wetisUnfurludaas s (transplanted) eiufindnisvudouvesanstnstiianu
waneanulaeiaTaAIAu TNt uTesaIssananlufunsnaulandy 203, 571, waz 3,132 uily

nsusansy muaiau Tun1sAneisinaidledaasadual 75 T4 91NNANITANEINUINSUNUNIT



v

WnANARUARNISNA (imposex)  Tuiudl 14 wdsanfiilvaesluiuiinaass Tuiunainig
Julou 203 way 571 urlunsudansy Uy wunisiinAulaUnAnIuNAsNBMzLAE) Ao LAA
anwaretusnaliiey (pseudo penis) TAENTIUSIMAUENUINVBIAUAN (right tantacle) lned

laifinswmundu penis duct d@uluiiunginisuuileu 3,132 unlunsurensy  wudnwayAIY

AAUNA 3 wuu fe 1) Linvieuneadifiew (pseudo vas deferens) MusiiaunnuaavlAiuiuaT 2)

Andnuauzeerzmadifien (pseudo penis) waziin1siauwndu penis duct Mu3aiuaIweiiu

AU LA 3) wunsiinvietneadiiieuiusanuaua1auveIn unwarusalnaiurieily

1%

NHaNIANwlukAazuANUNISAR imposex LAuLANUINIBnIINSIARllgainanIuluiug

v v
|

Uoudsan (Wunquuni1sdutlou 3,132 wrlunsuaensy) 8959ms1n151A0 imposex

Y 9

AUNITUUL

o
o W a

Wt ueghituddyniadn venaniluusinasinaanuiien Relative  Penis Length Index
(RPL) waz Vas Deferens Sequence Index (VDSI) gandnuinaduse Tnsanuanisdnwifide
lﬁLauaLLuxdﬁ%miﬁaﬂénawmmza:uLawwlu‘ﬁuﬁ“]ﬁm31Jmﬁawaamﬂmﬁaﬁaﬁuqq
nansznuanasiasiananiuaenisiinauidaunfnanesluneenziacfonamiloay
LanIANULTIvRINSinwanaeiululaazyia (Stoben, et. al, 1992; Castro, et. al.,, 2012)
Tnevagiifssialaiaulenisnovauesgs faedanumnzandelfidududtnnnsdanin
(Rodriguez, et al., 2010) sialtun1sAnulag Stoben waz Aty (1992) AnwuUssuiisuaiiulase
nsnevaussredlsinstafiaiiu (TBT sensitivity) luvesmnsiasiin H. reticulata (19 Nassariidae)
way N. (apillus (39F Muricidae)  1nmsifiudiegnaninaunlaeiifegsnlinseianaieves
sryn1siaueitsnalfien (VDS; vas deferens sequence), AMERAILAINNETIIVDIDTEILLNAR
iesluvesnziamadesdeninueiedsveseorzmar (RPS; relative penis size), ALadsaIy
8?3%@&@5’8’33LWﬂ;§Lﬁ8ﬂuMaﬂwsLaLWﬁLﬁEJ (average female penis length) wagUsuiunsazay
vosanslnsafiafiunarladafiaivluideitesnduiunmenuduiug nansanwinuinluanim
nsvuidousaiin N (apillus uamsnrwiinunfunnndieia H. reticulata lunnA1nsiesen
agnslsimluuinafiinmsiudeousmesnsiamadevin H. reticulata aansaianioudnseents

v v
o @

AuRaUnfAuiy Nl§Ideldauswuzivesveiavivaesviatuiinumuizanlunisldduduiy

1%
Ya

n19%100 (bioindicator) usnanilieladnisAnwiuseuiisuanulisenisnevauessdeans
InsOnianiulunesnsiasiin H. reticulata waz N. lapillus TuiesufuRn15AI8TI91NNAN1ANY)
Aowtrudululumaierdunisfinvdseuiieulunaauin lneg@nuilddeesnsiansassyia

¥ i L a a Y v -1 |
Tudmglaniinsuuleuvesanslnstifiafiuinnududu 5, 50, 100 wag 500 ng TBT-Sn | wuan

nesnglavia N lapillus  Asud1siinIsnevausseansinsUIfafiunnnIesnsasin  H.



reticulata \iiefi9130191n1361 VDS U RPS agnalsfimunuiinisfiuturesanueveseteas
wafifioulunesnziameadis (female penis length) liunnsnafuszuing 2 windl

faiinnsnevauasdenisiniliiAneuinunfneneslasanslastafiafiudy wudidausd
szfuriiavosiiogluanaidvatufifinisnovaussfiunninefudaguauidoves Castro  wazane
(2012) AldFEnwUSsuiiisunmRnnfmanesluana Stramonita sp. (3 Muricidae) fie 4iin .
haemastoma Wag S. rustica lagviesnziansansdiauainunasdildnuanufiauniniame

o

wazthundadedunss (transplanting) SLuU%LUmVﬁS@ﬁﬁmiﬁiyﬁﬁ%@ﬂL%EJEJQL@NL?@’] 120 MU wagyin
nsiudeyanng 15 Ju MnuantsAnwmuimdniitiludadsndussezna 15 fu vesnsia
%iln S. haemastoma wunsiaAuAnUNRMIGNARY 90 Wesidus Tuvaedivdia S. rustica 83l
nuAMUARUNRLAY aegslsAniuadn S, rustica wuiimnuaunddledsaduat 30 Ju (38.5
Wodidusd) Tuvazdindin 5. haemastoma wunisiiads 100 Wedidusd uenainiauguusives
ANSAAAMURAUNBLNANBEINNSANYIAT RPLI, VDSI wag FPLI wu31wda S. haemastoma §in1g

ansianelesnagliieuunndt Neilgidelaasin S. haemastoma fiaulilunisnevauss

(sensitivity) 11AN3194A S. rustica

1%
a o

arufnUnifiAnanansinstafiafiutuuenainarldsulnensianimsaniofunzneu
LEnsiinAAnUNAFINaNEILIsaLAnaInnsAYemsATinsUudeuanslnsSafiafiude &
foyaanmsAnviuisufisusznitinaismosngialuihmsiaiifanuituduresasiasdafiafiu
5 uaz 50 TBT-5n ' wazmsneaedlaglddimeiaiflginsuudeuvesanslnstafiafiuusiinisle
gnsAsinnsUuddou 48.7 + 3.4 ug TBT-Sn kg ' wuinnismaassiiiinisliennsiifnisduitouans
InsTafiafiuiien VDS wazdSunamsavauvesansiestiiiafiuluiedefiuunnaussesnainis
Aotuiertungunimesssiideduimsaiidanududuasiasiafiafiu 50 TBT-sn 1 edls
fnnunsifinduvesetosmadiilesluvosnziamamde (female penis) wagen RPS wulieslung
Adeduimadidanududuaisinsdafiadiu 50 TBT-5n U (Stroben, et. al, 1992) uenanil
INNsAnEINsavauasinsdifiafiviasiienesvsialag Axiak uazamy (1995) Tunuiinisasay

vasasinsUafianudiulngnuly digestive gland uag gonad Fen1sidnisazausgiusianfing

11N191UBIN1NNNSIASUES NS DIN AN UIINDINNS



o [

nsfnenistnirlfiiaanuiaunfmanesiiielidudeidiansuuidiouvesanslng
Taiiadiuluuszmalng

Uszinalngldfinis@nwinsindeahliAnanuinunfinavesiilefnwdamansenunisay
vaastasdafiafiuuiu laun n1sfinwimesysialuied Muricidae lneg Bech way Ay (2002) L
Anwn1siauinIsinauAnunfueaes Tuvesnzia win Thais distinguenda TluSasdsnsn
Qfin Taenns dmesnziaviindinanainuinanigliveu Fuduuinadlifinsuuidouainans
nsdafiadiu (linunisiin imposex) dranudaduassnguie 1) ngunesnziavuiadniifianuen
Waentosniiudowiiy 25 fafmns uay 2) nquvosdiflvuialnginii 25 fadluns vesvsiatia
ananguinlufin tag uErhluudessiuinauannzniudaiuaoiiidnsuuidouvedlastad
afiugs (UTnadinuiidniaie imposex  lumeswdadana1n 100 Wedidud) arnduriiniaiy
Horailolinsginsianeiosmadifion Turiaszozing 1 9 udaaniivdes wansAnwimy
Wodidusin1siin imposex ifiumntumuszeznaiiinisnaass Insgrafeugninevesnisdne
(1Weufl 12) ngumesnziavuatiesniviewiniu 25 fadlwasnusasinisiinnuinunisesas 80

<

TureNenNLLavuIANINAI1 25 TaaLUAT NUBAIINISAA 86.4 LUasidusiilallSauwiaunuaia

neulaseliny imposex Loy

v
= =

wanndiin1sAnwinansenuvesansnauiifianiusienesninu Babylonia areolata (31f

Babyloniidae) lag S5uin gassauses uarane (2553) lngdwesnzialuidesnuiinuengau Jamin

v v
1 A Y

YaU3 seninafewuwiey 2551 89 weudiunau 2552 1Wuszesiaiidu 12 e nansdnwinud

a a

wnliunsarauvesasnguinfiaiuluvesngiasiadinaniiuuindunuyiesseziailunmaaes
Feanusansidnansiastafiaiiu ladifiafiu uavlulutfiadiu eglugiee Wesndn 10 fs 588.3 =

23.04 WlunSusensy, wewnI1 10 89 577.7 + 119.2 wnlunsusansy way Usenin 10 09 550.5 +

[ | a

238.01 wlunsusansy mudiy wenNUEIMUANAILVRIAIUTULIIVBINISAR iImposex UNTUDN

A28 UBNANNNTANYILUSITUIIRLAINBENINUGILN1TANINSIUREUN AR AANURAUN AN WA

(Y]

lwieslUAns Fainsfnwilae nalndud a3adan (2549) Anwinisiinanuiauninianavey
warnsiasuaninvesarsiuludnfiadiu ladiianu uag nsdiaiiu Tluneeninu (8. areolata)
wiendleany 1 Ulugnaasilelinsiduarsinsinfiafiu 2 seduaududude 5 wag 10 lulasniy

Aedns Han1sAnwInuImeenIuinITiRueTesnafisuludua1in 2 veenisnaasisaes

v v
o

FEAUANTNTY waTLLBYIINITNAADIIUNTENIFUANTEELLIAMUNITAN YT (112 T) NUIWMBENIY

)}

NS TITAienunTu walinuinvuinvesededrsiiisudanuuanaieaiuetied

o
o

pd1A NN AYIIdeITTAUANLITNTY uanandladnisAnwilunesniiu B.  areolata lay

=e
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Muenpo hag awz (2010) Fsdnwinisiiaaudaundviameluiesufifinisidunan 6 weu g

v
v v

MN9ags eI UluiInelan AU udueIdns b stinanuiau Lty 1, 10, 50, 100 way

1%
@

500 ng as Sn/l wlldsEnwimuaiuyamivaunldladnisdivaisingadduteneass Ineainua

ANSANYINUINETSbRsUINaRua1ursadnliAnAuRaUnAnIanealure I ulafILaRAIY

' v
= =

dudu 1 ng as S/ Tnsarwfinundduunldudutulunmesssfiiusununsuilouiigaduues
svavaInsaefiuiutu IneSouiieuannisdnwien vas deference sequence index (VDSI)
og1alsARgAdenudnaT VDSI maennisnaasstiosniiudewiniu 3 Jsuansimesvziaviadanandl
anublunisnevauesseasinsiofiafiudoudiai (ow TBT  sensitivity) wena1niainwa

n1sAnwINUIMMeEnIIUINITHRILITEIzInAisy (pseudopenis) lulABUNABILALAIUNFIIN

' '
a1 =

Sun1sneaed waglinuirlinsiwweiuismaiioy NUeneaeanududy 1 ng as Sn/l

v
1% (% ] a a

agalsfinunisnwivesnsiad Lisniiodudydyinnisuwdeuvesarsnguiiiafiuly

v v [

duwndeuvasuszimdalnedalineudnados uananntivesneiausazyiinidnwusiuniogenfasiaiu

[

Fudiiaunnin 1 vida (Bech, 2002) 99nnnsAnEIALRRUNRM N AYEIDENELER LTI n1N
miﬁaqﬁ’umimwamaq?qﬁ%%mﬂmié’ﬁawﬁwawzLaLLazﬁuﬁqioﬁ’%’umamww?nmmaﬁjq
AAREIUBDN HYNNNSANEIR081IMRENELa 32 YA nuAUARUNANAYEY 13 YUa LALA
Hemifusus ternatanus, Pugilina cochlidium, Chicoreus capucinus, Murex trapa, Morula musiva,
Thais lacera, Thais sp. 1, Thais sp. 2, Nassarius livescens, N. olivaceus, N. pullus, Nassarius sp.
1, Nassarius sp. 2 IngAidsvesnsifinanuinndaznunnlutinuiidugieuasvinge dauind
wudwﬁﬂmﬁmquﬁam%uLﬁauﬁwﬁmﬁluqﬁléfﬁwmsﬁﬂm Ao ¥ln C. capucinus, N. pullus wag N.
livescens Taelanizviia N. livescens finsranuinfidadrunisiinauiaunfimevesis 100
Wosiiud Tuaniiluvavats (e YseRvining uar dawa Fesudans, 2553) uenaniainnis
Asgiuiiunisiuiteuvesaanguiafafiuainvesnsialuiad Nassaridae (1§uf Nassarius
livescens wag N. pullus) haz #eenzlaid Muricidae (vlla Chicoreus capucinus)  WuUlliualil

wiusiuesidudnisiinnnuRaunfimaves nanAeusaninuininanuiaunfimanesgeaznud

Amsazanasnaudananuluilovesnziageineiduiu  (dven Useivgning, 2555) 909133

v Y
o a A =

slananitudsanuaulalunis@nenideasell Ae n1sAnwinisimieniliinnnuRaundinaves

lunesnzia dna Nassarius sp. \aeg vieevziadana Nassarius sp. \Uunesvsiafionfouazilediieg

v
a a

USLIURENBUAUNTDUSIUMIANIIEAILAnTulNasludwesldtn  Audunsdaiswazendediain

Juewns  vesnzangudsnanladnis@neilunarssidanuinddnsinisfinanuiaunfinanes
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donnasdnunsUulauvesanstastiiaiu (Stroben, et. al.,, 1992; Barroso, et al., 2002; Duft,

v

et. al., 2005) wazau15atunlndudIIani9d1nn (bioindicator) faiuniinis@nerluwsila N,

kraussianus (Marshall, et. al., 2003) N. nitidus (Rodrigueza, et. al., 2009) N. vibex (Lima-

v oy
v

Verde, et. al., 2010) N. reticulatus (Rodrigueza, et. al., 2010) Nauneensiagana Nassarius sp.

1% a

' & \ o A ° & ado ¢ X | H Y N va o
Wnagludnngunieiianunsaiundudviainaaiunisalinsvudeuluduiilngld afideaula
Anwveevziayin N. livecens waz N. stolatus ierdudeyailossulunisfnwmanudullivie

ANumnnzanluni1suseiduaniunisainisvuilauannarstastninanulaglgainuiaunfinisne

v
v

wee Wuidian1edininsely
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ATAAUN15IY

nsAnenswigailfiaanuinUndwanes

niteadailddndunisAnumesnziaaesiisluana Nassarius sp. (39A Nassaridae) Teun
N. livecens wag N. stolatus (gﬂﬁ 1) s?faLflwawzLaﬁwumﬁaayjmmwmmL%@ﬁﬁ%ﬁﬁﬂﬂﬁﬂ%déf
th fidnvnzidounodelulaauvdonsie (sUfl 2) udunidansuasenasddinduems (scavengen)
Tnedognmesnzaiildlunsinwezidonifivanuinaiinmsiulousmiousnainuiingia
AuAAUNRMANEERN NeanatdosriaiiotinnsssuTALEY  AeufiaxluAnuldinmn
asndeumAlaensTlaausae 7 Weddus vesuniiFoumaslss (MeCl,) anntudauenne Tngly
nsanwagldianzvesnsameadiowiniu venanilgvinisaseaeuidedunouimesnziamendle
dufinsWaute¥orzmadifion (pseudo  penis) 3ol vnldusingmsimune feswadioufag
nsdmdeniitefnsmsmisnilifeaufinunfimanasely uenanivesnzaiivinnsindenuda

o = a v s a & a e A o o= & v = 1%
ﬁ]guumﬂmuqﬂﬂjquﬂqjLUaaﬂﬂ’JUL?aiLu&Jiﬂ’]aULU@iL‘W@U‘UWﬂLﬂumagaﬂigﬂ@Uﬂqﬁﬂﬂﬂqﬂaﬂ

1. MsAnwn s biaanuRaundnisnalunesnziasin N. livecens

wounLlavin N. livecens gmﬁuéf’aasm:msamu‘%nmmwmmmzuaa FINTARNTI VONLAT
dnfnwazdadenameduiuiy fMegrmesnvadlofnuenumandineufinziluidedudnaaeiu

v

szthuinideduieslfiinisneuiisysvaniniindeuyUssunn 1-2 dUan 9ntuasinuIwUudes

[

Tudmeaeshiingnaunsieuinauvingiu (U7 3) dag 30 f (2 91) Teendumsneasananuadldesil

u

e nguil 1 Ae aveaesnldlaiinsivanslasinimiueaslsdadlunsiy Msesssusd)

=

® ngudl 2 Ae greaeslilaliniswanslasiafiadiunaslsduainisiiueniuea (ethanol) e
Anwfawavesansfildidudvhazarvanslastafiafiulunsfinwiaiel Gmseidmldiuae
9NUNINTBUIUAZUNTIVLIAAT 500 luAsau fou Malndinnifiuansdinaiadlunieuaig

Uapeald 24 lusnautiunly

® nguil 3 fie Anaaesniimanaslasdaifiusaelsaninnududusiieadunsesssuei
Mnnuvasseiuiunselungu 1 waz 2 Inensiengniiunldazinanseuniunzunsd

] Y g ' A a v A a a s .
U191 500 luAseu neultuiu wazwusdudueieifunsaisinstiaiunaslsa (Sigma-
Aldrich) 1¥n15azanga2eLaM1UDa (Langston and Burt, 1991; Duft, et. al, 2005) Tupu
WuUTUA 10, 25, 50, 100, 500, 1,000 Unlunsusansy Wawinanslastinaiunaslsntunsie

wanazUaneiiall 24 $lus neunazimznaunsglulglunisvaass
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2. MsAnwMsunieiiannuiaundnsnaluesnsasia N. stolatus

fedrvesnzavila N, stolatus gniivannuinumeunesvasn Jninayvsainsiy tny
Fogameemeiafiaviindnyardndenamnsiaiutouiy antuiuwenmasaziluingedy
sesUftRnsneudszana 12 SUniieuuanmundounoufiasdlunladssneassdas 30
nsrefinltlunsasdvaassazgninunseuriunzunss 500 luasou Aeutaziuuvadudugite
dusheansiastafiafiuraslse (Sigma-Aldrich) fivhnisavatedaeienniuea (Laneston and Burt,
1991; Duft, et. al, 2005;) luarandudusiieg Ieud 25, 50, 100, 500, 1,000 wlundusendy nty
deduanslasifiaiuraslsiudiazudesiiald 24 dalus Aeuflazihnznounseluldlunismeass

TuNSNAaD WAL ENLLANIADITTANUILLAINDUNALVDY D INIANABALIALAL IIBINS

9 Y

1%

(Hevay) unveeneadlaniay 1 ASY dmziaiieuludiieweenganaanyavinn1snaasdainiy

v v
[ o

\Wnndeagsening 32 -34 uazdrmeanudunsaniedszning 8.3 - 8.5 lunseinwassiliinisiiendy
wan 8 dUanvt Insaninudeyaiiefnwinisimuelzwadifeuuaznisazavansinstoiaiulunes

Woltanzlaludumnyii 4 way 8 YpINISLAeS

N153ATANISRnANRaUNRINABELAZNSEZANYREN T I sU il

nMnTzinmsinauiauninanaluneseiariies (mposex) wN5dUAI9E1
esnyialuLiazYAN1IINaes Mntuidedmesnzautluasazats 7 wWesidud MeCl, witevh
T¥aau (Stroben, et al., 1992b; Swennen and Horpet, 2008) thheghanuenduilossnanidon

IngldfounszimeiUionviogasn NTURTIEOUNISHRIVI TEIRINARLAEY (psudo penis, psudo

v
a = o '

vas  deference) nelandesganssad lnggainduieiiiaduduniufeiiuiusingeTetzineg

o a a

(penis) s’?q%aaﬂJu%nmﬁmﬁ’ué”mdwuaqf"hummﬂ wseiin1sUTIngvieunegdiiey (pseudo  vas
deferens) mnnuinisimwiadersinadiiendsnanazinnstuiinuagiunmdesiduduonis
WAnANRAUARMISNAYEIOY (%  imposex) Aoty UenNHaEANYITEIUNTSAR imposex 1oy
JipszdanaisvessyiunsiinanulnUnfmenesvien VDSI (vas deferens sequence index)
97199991NN15ANBI1909 Stroben wag Aty (1992)

Fregraveenzialy §Uaif 4 uazdUn1vidl 8 Wevihnisnsrvasunsfnauiaunfintsuen

wdrazihlufusnnlilugurudaiiodnlunaaeumusunaansiastafiaiiu laen1sieszimeiesos

uwialasuilansnsam (Gas Chromatograph) 81989m1135984 Harino (2003) sialy
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JUN 1 MeeNLLa9d Nassaridae Nuunlglunis@nw (n) Nassarius livecens (@) N. stolatus

e

JUN 2 dnwairnsegendevesvieeneialuana Nassarius sp.
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a o A o = N 08§ v a a a
EU'V] 3 @Wﬂa@ﬂmu’]ﬂqﬁlﬂUﬂqiﬁﬂUqﬂqiLﬁuaauqlﬁLﬂﬂﬂquNﬂUﬂ@Wl’NL‘Wﬁ

nsdeszianslunguiafiafiuanesnziacifeuazaznaunsig

Tumsineilinuaslunduitfiafivlunesnsiadufewazagnaunsiodu asiunade
wazdinsesiseiadosufalasunlasnsinl (Gas Chromatograph) $1484m 1538984 Harino (2003) (3U7
a)

a a a

s seiansiunguiafiaiuanvesnzia

Tievesnziariiisafidosnsinsed indusfuans 1 N HCL Y3unm 10 fiadans uas
@13 Acetone U3unau 50 faddns unan 5 widl mﬂﬁ?ul,wﬂmsaﬁ’m‘[msm%‘lawuqumfjm (centrifuge)
3,000 SeUsEUNT ileusnansveaIBanILEY avmsatdsrUIuMsTsiuEnaSmil (afesn 2
39U)

Wransataildunauivansazans 25 Wesidus Nacl Yuims 250 faddns uaz 50 fadans

vp9E1s 0.1 LWosidua tropolone-benzene lunsisuwenauin 1,000 fadans anduwendunai 5

a ' v a 1 a A . & | A g a a a
UIMN LLagﬂa@UIWLﬂﬂﬂqiLLﬂﬂﬂjUﬁqiaumiﬂ (Organlc Layer) NUULENFIUNUUAITBUNIEDDNUN @150
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a

wdethinatadnaddagnisiivans 25 dadans vesdns 0.1 Westius tropolone-benzene wedu
nan 5 wikazsensnassunadesnudnas tlusinfuduusn

ansiafinldanntuneudnediu (oreanic layer) thadiugie anhydrous Na,SO, titerndnih
gonuaranUSinmauvaeuszuna 0.5 Taddns Meln3esndussimewis (rotary evaporator) 11ansil
IuUsusSunnsansiild 5 faddns  sensiiu benzene anthudy 3 fadans vesasazats n-
propylmagnesium chloride in diethylether (ca.2M) WaLvELU19) 10 W Tuéﬁﬂﬁﬂmqumﬂgﬁ 7
40 aerwaldoa antuNELde 10 fadans 18915 1 N H,SO, uay dnduUsums 40 faddns lu
nBnenUsuns 250 dadans UaesBlruenduudathuuen organic phase #en @iy Aqueous
phase thiunainfe fie 10 Tadans vesans 10 wWesiiun benzene Tu hexane Bnaossau

@5 organic layers fildannnisafdnaduasinnsiuiusarindatieandaonisiivans
anhydrous Na,50, antuthlvanusinasinewniesndussmeuis TildUsinnsusyana 0.5 fadans
warUSuliiusuns 5 9addns Mo hexane 1hansfildlusnu Florisil Sep-Pak cartridge #ilé@nede
Hexane U31105 5 §addns udy wdanndiansiiegneiiu Florisil \uiiSeusesuds iudaeans 10
fiadans vesns 10 wWeddud benzene T hexane s Florisil Snadanilsansazaneriomuniisiu
florisil udthlUanU3amseaeLaIas rotary evaporator TldUsanmslsdiiu 0.5 fadans annduidivans

0.1 ua.99%@1% internal standard (TeBT, 2 mg/L), wazUsuusuinslaenisiiy hexane Wloly

A0 o

Fpszrmeesadiatasunlasnsfinsetumsulnlawssnfmawnes (GC-FPD) #old

slangviasiunguinfiafiunnfunznay

a

azneunseifein1sinsziuszana 10 nfu watadsesdlay Ui 25 faddns lne
Aswgnduian 10 uitentu Lonansanalagia ey uvIes (centrifuge) mynouRundsaind
yaunapenu L natadeerdlaudnads (afadhaessev) antuthasarindilad s sumaui
ansavane 25 Wosidum Nacl way 50 faadns vesarsavate 0.1 wWesidus tropolone Tu benzene
adlunsreuenauia 1,000 fadans wenduna 10 widt udrseliinnisuenduainiuwen organic
layer sonuuaraindnadslne 25 fadans veeans 0.1 wWeddus tropolone-benzene

thansfianaléanniznisdnediu (oreanic layen) Wiiude 2 fiaddns vesans 3.3 wWeodidud
tetrabutylammonium hydrogensulphate way 40 dadans vesa1s 16 Wosidud sodium sulphite
iordadals (Desulphur) Wiy anhydrous Na,SO, ashu Oreanic layer Lilerdmiesnudlan
USinaaande 0.5 Jadans fewn3eanduseimewsia (rotary evaporator) thansiildiunusuusunasans

Tilg 5 fedans MeMSBNULTY nUURN 3 Hadans 10981588818 n-propylmagnesium chloride

in diethylether (ca.2M) waaigiu1e 10 uii lugramuangamgil 91 40 sarwalld ANTUHAY
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fe 10 fadans o9 1 N H,S0, way inaudsunns 40 Jaddns Tu nsieuenauin 250 Jadans
pasli g useusndy organic phase 8en @iy Aqueous phase ¥Wnn1sala Aae 20 Tadans

289d15 10 Wasidus benzene Tu hexane dnaasau

v
[

#15 oreanic layers 7ildiansufusazidmiesndaenisiinans anhydrous Na,50, 910t
ilvandsunstaeiniosndussmenis WlEUSuesUszana 0.5 fiaddns wasuSulviiusunns 5
fiad3m3 Mo hexane thansiildluniu Florisil Sep-Pak cartridge 7iléan9se Hexane Usuas 5
fiadansudn ndsanitansiegnamu Florisil \uiiSeudesuds Thduseans 10 fiaddns vosas 10
Woddum benzene lu hexane titerinu Florisil Snafanils ansazanestamundininy florisil wéaihluan
US1nnsfeLedes rotary evaporator 1léUsinasliiiu 0.5 fadans sntanfivans 0.1 fadans vos
a1sinternal standard (TeBT, 2 mg/L), kagUsuuTunslaensiiin hexane dWowlUinsesideinies
uwhdlasinlasnsiliserumsulnlawsdnfmames (GC-FPD) dely

lums@nwlaiesgsiussansamlumsiansivsesosagnsndudu (1Wesidus recovery)
Tasnsifuansuinsguiinsuanududu (1 ug/) aslulumegauazinsiinsiesisneisnsiiediu
Flgvinsiaszisegne (F5nsfildnandnei) Selszansamlunsinszvanslastafiafiufiend

81.1+9.1 Wasidus
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Sediment (10 g) Aquatic organism (10 g)
HCl
Acetone Acetone
Extract Homogenate
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 Extract
Tetrabutylhydrogensulphate
Sodium sulphite

Desulfer Concentration
Propyl magnesium chloride

Propylation

Distilled water
Hexane containing 10% benzene

Extract

Frorisil column chromatography

JUN 4 wulstupeunisainanslunguesunlufulufungneunasludedain

(USuu5931n Harino, 2003)
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NANISANE

INNSANBIRNYEANURAUNANAYEEYS O N YA NEUBNTDIN TR TEILINALLAEUY DS

a a a

weenzia ¥lA N. livecens way N. stolatus Watnilaganslasiafiafiuaaslsnturiesujiinisuasla

AnwndSeuisuniunisanelag Stroben way Ang (1992) THIAILUNTEAUNISHIANISHAILINISIAR

ANuRAUNFMIaneeanlalu 4 sy Ae (15197 1)

M5NA 1 sEaunsiiaanuRaunfnAvesvseanvugn SRR TENZNALLIeUYa e nELa ¥ila N.

livecens uaz N. stolatus 9nnsfnwituaninsssusAwazluresufusins

3ZAUNTITAA ANWAULNITAN

0 Liindnuaginund Asliiusinganuaevsesioivinaglunosvziamedey

1 a) \ndnvaredisnagiliieu (pseudo penis) PIAENTIUTIUF YA
@1 (right tantacle) Salaifinswamndu penis duct
b) Liusingeieisimegifiey (pseudo penis) wivsingviewregiiies (pseudo vas
deferens) fiusadlndiiuvienly

2 a) Usingeieizinagiiiey (pseudo penis Uag penis duct) fiusausuasiiunn
Aurualivsngrietheaiiiey (pseudo vas deferens)
b) Usinganuazeiuivinaliiuy (pseudo  penis) fiusaduaaiuaduY
uazUsIngviotheadifien (pseudo vas deferens) iusnailndiusietiily

3 Usingeieizinagifiey (pseudo penis Uag penis  duct) fiusiaduanafinun
fur (UTnafoafuiiusing penis iweg) wagnunsianviethegdiionszming
vihalndnuviele

4 Usngaluizmaiius (penis wag penis duct) LLazﬂaﬁﬂaq%Lﬁauﬁm’sL%'amiamm

7i ventral channel 284 capsule grand




@

JUN 5 dnwagnsitmumietheadiieunusnadndiuvetld (sedunaiia 1b) lunesvsiayila A,

livecens iy (PV=viotnegdiiey, RT=A1UAIN1UUI1)

JUN 6 dnwaiznsimuviaieglviennusalndiuerld (sedunisfia 1b) luneenziavilia N,

stolatus wneiile (PV=viouregaifigy, RT=Muneiuy3n)

20



JUT 7 dnvagnsimune feszmedisnuunndnivsuaiuansunvesiium (seaunsdie 1a) lu

vegnziamaily (PP=a3gizinaiios, RT=A1UAA1UYI1)

@

JUN 8 dnwaizvieenziaumar ¥lia N. livecens (RT=AuUaMuY, P=aiewineg, V= vietead)

21
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nsBn linaauRaUnfnanaluneensarfelvida N. livecens

neuiazdmesnzaumageuluieslfianisiadnisfnyilesuieitunisiinauraung
wevey (imposex) lunoengiasda N. livecens MAUIMNUSNAUMALARZ DY J9TANSI WUdAdILATS

LRANURAUNFRLNANDE 22.7 % LagSeaUagnIsnamnuRaUnfinIang (A1 VDSI) davinnu 0.29 (n

[V V]
o

= 38) visdlanmsliasgvisgauanuRaunAluvesnziaviia N. livecens lusssumalinuindinsiaun
wnnItuszesi 2 (119199 1) Tngvuianeenziaiiin1snsiaiaiivuineglugie 16.05 89 26.8

Taauuns (\@ay 21.5 + 2.5 Tadiuns)

Tumsfnwildimesmsiaria N. livecens ldedlugnanosiiiuinunsuudeuresanslag
Jatiafiunaelsafifienududusineg uarlugnaasenguaunu (ganmaaosdilivsosssumni wava
nsneaesfiuaisioniusadsliiduiiiiazans) Inevesmziafiiundnunluudazyanisaaosd
Aedsnnuenidoneglutag 17.7 fs 19.6 fadluns (13797 2 wag 3 MARYIN) HANSANINULAR

1Y a

AuraUnFnAvesluynyan1IAaeAlanIINSIiauanseiy LasiilaluTeueunan1sAnuily

€

YA 4 wazdUn1uifl 8 1a99NnISUNIsNAaaInuUlNddadlIu (Uasidus) va9ni1siinauiaunfiuin

oMt

v |

YURUTLELIAMALANUIUTUVDIAS ST TIaTIURaa bsAT bALANasluUNI 18N TYINN15AN Y wanannil

WlUTUMEUSNTIAUTULTIVRINISNALAEAIINANRREVBITEAUNSIAAAURAUNR (A1 VDSI) Wuin

¥

ASNAANURAUNAMILNELUMBENZEYTA N. livecens UNNTUANUTLELLIALALAIUUSUIUAILLIUUY

1% '
@ [ aad a !

vosasinsiiiafiudliinasiuuiu (5UN 9 uay 10) Malldnwaranuiinunfniindiulvgazdu

'
al

WuuNsRIYBwnegRLien (pseudo vas deferens) Nusianilnafuvietild (1b; U7 5)

100 ®

- afma N lvecens Wi
B0 | el lvecens W3
a
E
3 07 .\..___
>
I"*.“
’ S~ S ¢
20 4 P S < -
[ 7 ® ”’ ‘X’
\.____,_—- L.
i Xemar . _ae=X
0 el PYL e | : :
Cl c2 10 25 50 100 500 1000

JUT 9 WasiusinmsifinanuiaunAname (% imposex) luneenziaila N. livecens fiviinisidedlu

vaniinsifuansinstifiafiunaslsananuidntuniee) WssuiisurwdUavii 4 uas 8
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JUN 10 mswaweTeizinariieulagnaine vas deference sequence index (VDSI) ¥asveenzia
w80 N. livecens Mvinnsidesluteniinsiiuansiastivialiuaaslsninnududunie wWisuiisudis

#UAYT 4 wa 8

NansANwIINYANAaeINaNnUANYTonguATIFALaslnsTRatiuluiennans NFIINAL
Wunan 4 &anvt gan1smeaesdilinsesssusd (C1) wunsifnasiiaunfiaves 5.0 Wedidus
wilsmunsideeruinuniluganimeassiiinnnfuasionuea (C2) sghdlsfnundmnnsidsady
ne 8 &Uaii asranumaineruiaunfmenesluisaesganisasoinduauasfonududndiy
14.3 uaz 8.0 wWedidud sudiiy eiliflenisufisuiunnineuisunfimavoslusssusfnyig
WesidudnisiAatiosndn efiansanausunssesmsiinanuiinundmaesluduavid 8 vesnns
vieaes nuilugAnINAaBailinsesTINuR (C1) uas yansveassiiiinisiiuansienuea (C2) did

VDSI 8¢l 0.14 way 0.08 Awa1dU JaardenarudlowToudisuiunisfinwainresnsiafivivain

FITUPIRUTINUINEANUTULTIVBINTHRAANNEAUNATENTN

HansAnwluganaaenguninisiuaisinstiianiuaaslsanunsimuieioismaiionly

q

nnyansnaassesiivnliuvealesidudnisiiannuiaunfunlunudiduaududuresansiiy

6 =

aslumsng wannstiviegadiornnsdentunal 4 et nuliesidudvesnisiine Tuazanery
= = 1 1 § 2 a o a a a 1

Jieslunesnziameiileagszning 5.9 - 33.3 Wesidud uazlidnsmaiinanuiaunfinmanauinndy
gannaedbunguAIuA (3UN 9, 115197 2 manwan) lnglugnaaesninisivaistastfianiuaaslny
avududu 10, 25, 50, 100, 500 uaz 1,000 wilunsusiensy wuilesidudvesnisiine Jezimer]
Wiy 5.9, 21.1, 15.8, 33.3, 21.4 uaz 25.0 Wasifus mudiu AnuguwsweinIsinnulauning

wAnaannIsiiesluduamin 4 lagTnainan VDSI duilAagsyning 0.06 - 0.33
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(%

nRansANludUanin 8 nunisiianisiauneieizinainesluneenziamadeiiugin

Fulunnyanismaaeuazildnnisiinanuraundmanadisannniwanisinuludavi 4 (5 9)

9 9

=

Ao fesidudvesasnsiimueieizinadifiensgsening 11.8 - 100 wWesidus lneganisvnasafid

AsuANansnsTfaniuaaslsaimuL Uy 10, 25, 50, 100, 500 kag 1,000 wnlunsusansy ddnaiu

msviaefoismalifion 11.8, 389, 33.3, 57.1, 583 uaw 100 wWasifud muddy (15197 3

' v
aa

AARUIN) FadnsauiaUnAliinduilslUseuinguivlusssuvianuindiiiesyanimaassniins

o
o

Yuouvosastastiiadiulunznaunsie 10 ulunsusensy windunilaranuiaunftesninly

555U7 dluganisnaaesdununldadiuanuiaunanuinnd

WANANTIINNITANIANUTUTIVBINTANANUERUNANAvRENUINlUdUAYT 8 e VDSI

¥
¢ @

WnTunludUain 4 (5Un 10) lnedragsendng 0.24 - 1.0 (m151991 3 A1ARWIN) Neiliilanah

laneuisuiunsifnauiaundlusssuviinuintuganimaaesiinisuuilouvesaslnsdod
anulupgnaunsiy 10 ulundusansy i1 VDSI dauniin1sinlusssuyd wituygan1snnaeaiingg
Yudauwwiiu 25 wilunfudensu waggandnidu nuhidianugunsweimsiiannuiaun@iuinniivie

a1

fifn VDSI gandnladnunlusssuyd

fawsnasnszeznatediviinsinuasnuindidadan (%) vesszezanufiaunAmanesain
Y winuiimstauanigaluszesd 2 by @Feusngdnuuretosmadiileu (pseudo penis) 7
Unasuanafumiun warusingvietheadiiien (pseudo vas deferens) uiiaindiuvieyinly)
delumsfinuadsiinulugamanaassiifimaiuasinstnfiafiuadunseficnududu 100 wiluni

n3u (3U7 11)
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0% - — —} — — — — — —
80% I
| B :tA%e 3
60% -
] stage 2
40% ]
[]stase 1
20% []stage 0
0%
S | | |
cL 10 25 50 100 500 1000
(n)
100% - — — j mEmEeEEEE
a0% -
— W :tace 3
60%
[l stace 2
10% - —
° - [ stage 1
20% - []stage 0
0% | | | I
1 2 10 25 50 100 300 1000
()

JUN 11 daduanurauninaneluszey (stage) A199 ileidesvieamelayia N. livecens Tuganis

a

NeapIniin sUuiUauvesasinstitaniuaaslsalunsenanututusnaiu Wussezia (n) 4 o

way (v) 8 dUmni
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nsavauvesansinsiafaiulunesnzianfieaviia N. livecens

Tun1s@nwasatilavinnsiasievinisazauyusunuansinstnfianuluiilonesnsiaviin N.
livecens ayugiun1sAnydnwauzANURaUnfinIguande NIlneensaNMIALANZUBELALNIIY
sssuvdniunlglunisiaee lRunundasiemguny wuladsay 14.4+15.2 ulunsumensy (U1min

Wen) waztasnin 1 ulunsusiansy Wudneia) anudinu

e sgivTinaaslesiifanululevesveaelin N livecens ndaniiladedly
szuunpasulunian 4 dUnvi vesnzianguauauidewensesssuAnudvsunaasiastafiaiu

1%

108.8 wlunSusansy (U1ntine

|

Jon) vesmzialuyanisnaassiiinseioniuea wufldnsazaution
i 1 wilundudensy Whndniden) luganimesesildifuaslastifiafiuraslsdiinmadudu 10,
25, 50 waz 100 wlundusionsa wnlthmesmsazavasluievessousinaanslnstifaiufildifuas
ufinalaidaiau (Uil 12) Fofiusinunisasanluiloviesnsiadl 164.4, 144.4, 66.7 wae tioandn 1 w1
Tun3usiensy Whwiinden) audi Tuduesdidesdildiiuasinsdafiafiunaslsffinnududu 500
WA 1,000 ulunsumansy vy wudﬂﬁﬁhmiazaﬂmﬁamwmawﬁawﬁ’wqq Ao 4,011.3 way 3,940.2

Plunsumansy Wmtnden) auansu

4,500 _
M1 TRT wi —
4,000 - [ — -
[ |
3,500 - W BT w8 I
= 3,000 |
c = [ ]
o0 [ |
Y o5nn |
= 2,500 =
-
4] ||
£ 2000 =
€ s e
© 1,500 - I =
o S
1,000 - —] >
©
©
500 3
o | 2
— — | =
~A4 ~n 4m Enl = M E ¥ aYal [ a¥al 4 AAA
w1l A 1w ] iV FARLY) LUV 1,VUuv

JUN 12 Yunaunisavauvesansiastifiafiuluiletovemesnziaviin N. livecens Nlaidedlute

Aa a & A a a ¢ o
V]ﬂaENWNU?N”I‘EU?]']?UUL‘Uausﬂaqaqﬁlmﬁuaﬂa‘WUQa@li@LL@ﬂquﬂu
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MnuansAnsudioldiinmadsaiung 8 duninuiunldunsazanvesansiasdafiadu
diduanduansiil 4 egrdlsfnlinunsfisduludnaaesidssiunsesssuni (Ul 12) Uhinuas
nstaiefivludeibonesiidedugnaassndunuuiidsdunnesssufuasgnmvanosiiiude
lovuea wullen 9.1 oy 94.4 wilundudensu wiiniden) auddu dauganisvasesiildiiuas
Insdafiafiuraslasfinrndudu 10, 25, 50, 100, 500 wilunusionsu Sunuiidnsavauegludede
weunzauUSu 958.5, 142.5, 354.0, 610.8, way 4,159.2 urlunsusansy (wtinden) mudisu
MnuamsleTzimsazanluidasyanimaassilensisuifieuiunisazauvesanslastfiafiuluile
yesinmgilusssuminuididnisuudounnnimnganisvaasseniiuluganisvaasailildih

Y

a13laY (YNdeaenTusTsun®) wirtuninsdudeuluilleneunziatosni

v &

WefnwitanuduiusseniteanugulswesnsinauraUniinavesyila N. livecens #o

= A a a & & A R 2] 2 A A o

USununsazauvesansinsiifiaiiuluilleiovesnzianuindanuduiusiu ¢ = 0.64) na1de el
nsazauansanaluillovesiuduiivuiliuizuansdnvaranurauniniindulaegaindaie

Y94328ENSAAAURAUNG (A1 VDSI) NgaiissnnTumaliemeg (Uf 13)

1/1/
’//
080 —
¢ 0 /,/”
0.60
_ *
2 —
a0 | . . — y = -7E-08x% + 0.0005% + 0.1763
0.40 o )
-~ Rz = 0.56388
o
0.20 .-
o
2
T T 1
- 500 1,000 1,500 2,000

TBT in tissue (ng/g wet weicht)

JUN 13 anuduniussevinsAnnuunsslunsiinanuiauninana (A1 VDSI) uwavdIunaunisagay

Y

Yasansinsinnaniuluilovesnsiavila N. livecens
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nsBnilinaauRaUnfnanaluneensarfelvida N. stolatus

wesnziaviln N stolatus Mldlunsfinuilagniidiegisunainaeunesnasn Jamin
aunsasnsy neunavihuldlunimeasdlatinsfinymdnsnisfinanuiaundinanes (% imposex)
lngnegngiafiiundnwiivuinainugiiuionagsening 15.04 fia 20.9 adwns (@he 18.5 + 1.13
a a SNo a a & ¢ i A Y a a a
fiadluns) nuldaduanuraunfaves 19.23 Wesldud lagAafesedunisiinanuRaunaniane
(A1 VDS HAwiniu 0.31 MIdaNn1sANYIUaN NS ITUMANUANNTULTIVRIN TR TN

Wienladiiuszesn 2 (115799 1)

KamsAnwINIsTae i smadisundsainnsdemesnzialudidesidnsiuanslngtn
fiafiunaslsiadlunsesssumafianadudu 25, 50, 100, 500 uaz 1,000 wilunfusiensu Wunan 4
dUam nuauRaunElunnganisnnaes wasnuiiesidudvesnisimunetesnadiiedlunesveia
wALlleagszning 45.0 - 77.8 Wesidud (g‘ﬂ‘ﬁ 14) lngusiagyAn1snaaaanunIsiin 45.0, 60.0, 53.3,

50.0 uae 77.8 wWasidus aud1du AnuguwsweinsiinauiauninianandsanitedudUanii 4

o 1%
Y o ' '

lagdna1nen VDSI W A18g581319 0.45 - 0.78 (JUM 15 uazn13199 4 aranwin) vsildlng

dnwazAuiaunAfinesdusuunsimuiviodiediifiey (pseudo vas deferens) fiunadlnaiuvie

1hly (1b; 3Ui 6)

- = =M. stolatus WA
80.00 e stolatus WS D A
=O="1 stolatu Py A
yd ~
/ <
¥ 60.00 i d R o
@ 60.00 4 o A~ V4 -
= T TN L e
o - ~— =&
E g ~0
< 40.00 B
G\
20,00
0.00 . . . .
aC M tNals’ [=a¥al kN aTals!
5 5 10 5

JUT 14 Wesi@udnsiiaanuiaunfimane (% imposex) lunesnziauia N. stolatus Avhnsidedlu

vandnsfuansinstifiafiuraslsananuidutusige iWisuiisunanisanwludunivi 4 uas 8
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i = s &

[ ¥ (Y ¢ al v [ Y 1 1
nnsiiuteyaluduanin 8 wulliesidudvesnisiauneiedzimaiionagssning 46.7 -

79.3 Wefldust Tnsusazyanismaassdisinisinaslasdafiafiunaslsdfiannadudu 25, 50, 100, 500
waz 1,000 ulundusionsu ddndiumsiawedetsinadiiion 57.9, 57.1, 46.7, 79.3, uay 62.5
Wosidust pudiiu (19197 5 mesuan) ludurssmiusuussoamaineufiaunfinavesiiioidios
Jurian 8 dUnvi wiazganisvmaaesiian VDSI Wity 0.58+0.5, 0.57+0.5, 0.60+0.8, 0.83+0.5 uaz

a1

0.88+0.99 auaau Fudiuladnden VDS  iindu auaududuresansitliifuadluusuualduly
Fautn dadrunsiineorsinadinesluvesnsiamadieluduanin 8 liiwunnIuainduavin 4 Tu
ganvaaesninisfnatsaadudy 25 wag 500 urlunsudensy Wity (YN 14) egelsAa e
VDS wunnulunisnaaesiidnisiisansinstiiiafiuaaslsd 25, 500 uaz 1,000 urlunusensu (U
7115)  egulsimuainuanisineluiesufiRnisillewssuiisuiunsfinmainuesziaiiiiuain
a v S S < 3 a a a ! !
sTIURUAIMUINTER I (Wesidud) warannuguusavesnisiinaulaund (A1 VDSI) genitlunnym

N1INNABY

- e stolatus VWG

—— . stolatus YWE

VDSl

25 50 100 500 1000

¥
-] a

JUN 15 msiaweTeizinagiiieulagnainey VDS veveengiavila N. stolatus Nvihnsidesluleiil

Y

L3

msfuanslastifiafiuraslsniinududunisg Wisufsunansdnuluduanii 4 uay 8

'
a

lunsfnwianuiiaunfmaveslusiia N stolatus wuimsimueNuraUnftassesn 3 Ao
Usngensmadifieniivinasuasiumiurnuasnumsiauveiiegifieussninsuinalng
futetly Ganulugvanoadssiiivanslastfiafiuaddunmefinnududu 500 uilunfudensu e
Aesruliduna 4 §Uani uas Tugnasesifiniafiuanslastafieduiinnududu 100 uaz 1,000 un

Tunsusansy wioassweenziailusseziia 8 dUaim (5U# 16)
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100% - —— — — - —
80%
W:iae3
A0%% -
W stace 2
a0% - —
o | | stage 1
20% B [Jstage 0
0% |
25 50 100 500 1000
(n)
100% - R
80%
| BEREE)
60%
B stgce 2
a0t 4
) [ stage 1
20% — [Istage O
0% I

25 50 100 500 1000

()

'
[N
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nsavauvasansinsiafafiulunesnzianfiedvsiia N. stolatus

o
g

neanziavia N. stolatus lusssuwfuy lavin1snsiainnisazauansinstifiaiunuindan
Booni1 1 uilunda/ndy hwinden) sedannsieszilsunansavauvesansiasinfiafiuluiie
nevzia vsanildidsaiune 4 Uai luganisneaesdilffuasiastafiafiunaslsdiiany
WYY 25, 50, 100, 500 wag 1,000 wilunsusAansy wuilwultesnisazadluidovesnsiafiudy
mauUSinaansilaLAnasiy (gﬂﬁ 17) AeflUsinansavadludevesnyiai 44.9, 137.9, 97.2, 896.3

way 1,049.5 unlunsusensy Wrndnlen) auaiay

MnMsIeEiUinumsazauesasinsirfiaivludonesdiodsaduna 8 Uanwi wuil
wunliumsazauvesUSunaasinsirfaivludodofivunnfunuanududuvesansildifuadude
yasosLaziisnnniuannsnuludUamid a (Uit 17) satlyanismaaesiifinaifuaslastfiaiu
aaolsafiaududy 25, 50, 100, 500 waz 1,000 Wilundusendy awnsanTIanulsunaaslesdnd
anuludlewdo toendn 1, 1122, 131.7, 719.2 uaw 1,501.7 uilunSustensu huinden) augisy

wananillawSeuiieulsnunisasauvesasinstifianuainuanismaaesluiosujuianisnuingen

& W ] a
mﬁ‘tJuLUauaj\im”lmaEJ”m/lLﬂUf\]”lﬂﬁiiu%ﬂmluvlﬂsqﬂﬂﬂiwwaaﬂ
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neaasNivsuansvuideuresastnstiianiuraslsaiunnanany
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WefnwfsanuduiussenineanusuuswesmsiiaauRaunfmelunesyiln N, stolatus
' a A a a X & A v o fw 2 ' & A o
saUsuiunsazauvesasasiifanuludaonuindanuduniusiu ¢ = 0.898) naifAe wlailnis
avauanssananiulevesiinduiivuiliunzuansdnwugauinuninundulagnainAladeves

seEgMaAnANNRAUNG (AN VDS)) gaifisanntumalusme (U 18)
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JUN 18 Aanuduiusseninsanusulsslumsiinanuiaunfmeaves (A1 VDSI) wazUSununsazay

YasansinsUinafiunaslsmiulloveenziasiin N. stolatus

Tunis@EnwiesetidiofansudseuisunavainistniliinmnuRaUnfmanaslngniseiy
arsinfafiuraslsnasiunsienldidemeenziasin N. livecens wag N. stolatus WUIMEIINNLAL
nesvzialuna 4 dUani vesnziavila N. stolatus WuilnsuinAuRaUnG unni1wda N. livecens

N o

naname egneavila N, stolatus wuildadiuauiaung (%  imposex) lulsazyan1snaasset
593319 45.0 §9 77.8 wWesiud Tuvmedl i N livecens wu 15.8 f 33.3 Wesidud uenanil
AedesTEEyMINAUIALARUNRIWAveY (1 VDSI) luneevziain N, stolatus  fiAoglurag
0.45 3 0.78 Baildingand1 wlla N. livecens finsra¥milrneglurae 0.16 713 033 (U 19) Wlesinns
Ainswinisianneoswedifiouludunii 8 vl N livecens wudadiumnuiiaund egszning

333 §iv 100 wWoesidus uazdlen VDSI agszning 0.33 fis 1 dauwilla N, stolatus wuildndiuainy

AnUNAuazA1 VDS| agsening 46.7 fit 79.3 WWesidud wag 0.57 83 0.88 muadu swiia N. stolatus
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wuflesidudnisiinanuiaunfnagan VDSl 11nn31 N. livecens Tuganisnaasandnisuwleu 25,
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anUs1gNanISANE

Tumsfnwadsilld@nvivisuiisunsifeanufinunfnenessening ana Nassarius — sp.
18ur ¥ila N. stolatus uag N. livecen tnsmaidnanslastofiafiunaelsdadlunsefininududusing
waziialfifsmesnzianuinannsodmidlfiAansiaue Sosmadifienld Tnevesngiaditunides
Huansdadunnuianfuniumuddunnududuiilfifuadly (Uil 19) venanddamuiinuald
aruduiusssrinsnsavauUinalasiafieiuludonesnsateusinanisuudeudiiumniuves
a3 (U 12 war 17) viesmeiawiin N, stolatus wag N. livecen iilavhnsidedlugnaassiifinng
Vudouresanslnsdafiefiunaslsdfimududuintunuinludanid 4 +da N. stolatus Fnsins
AinANUEAUNAMIGNA (imposex) 11NN N. livecen WaglAUTULTIVBIN SRS T IZNAL gy
(A1 VDSI) gand1 dmsunantsfnuluduansiil 8 tufianuuandlsiresdaauiin uidsdlugvaaoaiis
nsuudlaush (25 uax 50 wlundusiensa) wiia N. stolatus azuansauRnUnfsnnni stivesvza
Tuanalfefuonaiaulenisnevausssearslnsdafiafufiuandreiu fusulunisdnwiluana
Stramonita sp. Ao ¥HA S. haemastoma Wa S. rustica 1 Castro wagAmy (2014) wuavila S.
haemastoma fimnulilunisevaussdeiiniy nanfe Wesvsznalunsimue formad foudy
N1 upgilenuguussvesnisiautefoasmadifiessnnnidoegluannafisadu dlunsnevaues
Alivirduienadewnainanuuaniimisaisyine (physiological responses) ANAINITATUNTT
azauansldsudly (bioaccumulation  factors) Auasalunisidnaisudandasueonain
$79M8 (excretion rate for xenobiotic) v3ednuazidensiuemsiiamiziaizasvesidazvie
(specific feeding habits) (Castro, et. al., 2012 81931 Gibbs, et. al., 1997) aenalsnatun1sAneIns

wilghiinanuRaUnfimavesluriesljUansaseiudinasimsifemaaadluanylnaleaiu us

POUNZLANIADITRAUIUNINAUAELNAITID19YI I llaunsaUS s uieulagadaauin

TunsAnwadeiiuenainasiinunisiniliifnauRaunimemeslngnisiiuansinsonfiafiu
aaolsdfiaudutusiisqudn Tiinsdnwndumunuvienguitlildfinnfuasiinailunesnsia
%in N. livecens $me Aodsslnglinsieansssued arnualunisinwnuinvesnziasdin . livecens
finsWauneuisunfmevesld Tneluduawit 4 wulmnufinund 5 Wesidud waviilededduaunse
W 8 dUavinuiiauiinundviane 14.3 Wesidud felanuiinundiiiniueraioswinain
arueseaiomesneiaudsdluios fifing feillainsaueuuslng Nias wazany (1993) &sld
Anwinstniilinanuiinundnaneluvesnesiayia Lepsiella vinosa TuvieaufUinnis wuives

nzasianananinauRaunddiodssluinngailileinisvuilauansinstifaduuiu wanani

Adeldsenuinnisivesnziagniiaausswuni@eunaslsdalsaisieadniiliiaimuiaiy
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Haund (imposex) Ioiilpsanasasnanviliiinnsifistiuvessesiuumalnanelsutnnsidgssluu

L)

LmiliAneToszmadifieuls (Spooner, etal., 1991 §1dlae Nias, et. al., 1993) egnslsimuna

nsAnwnguidedunsesssumdluieslfiinsvesnsiduasaideSeuiiudnsanuiiauniiu

A5 ATILUAIDE1UGTIUTIRNUINAN LUFRAIUNToEN I

yuaumsiivesnzaldsuasuutoutunenanmsldsuasinensuds o1aldsuannisiu
013l# (Maran, et.al., 2006) 9nn1sAnwlng Stoben uazAme (1992a) Wiaiies Hinia reticulata
Tuannedladldfimsuudouanslasiafiafiuudiinislformsdoiderlafiifiuasinstafiafiuasly
wuimesnzasafnaninisiauotsmadifomduieatuderhmadeduansifinsudeu
arslastafeduludmesadaudinldldlFomsitinisuudonfin Snutlinimesssnisdniiliie
aruAnunfinavosluriesufjoinis Tne Oehlmann ua Az (1998) wuiwiosmziaiiasduannaes
nauauanildldinsfuaslastafiafiu Snafuturesriadeszeranuiaunamama (A1 VDS)
orflosnansgmienisnaassldlivesuagifuomsdeenaiinisvudou ogslsfimununis
diuturasen vDSI Tududiute (adult) Aesdnetes wifunsmeseanguenuatlunesnziaszey Toseu
Flalewnsegrafenfuiuinisiuguresdn VDS Faiaunin (Oehlmann, et. al., 1998) Tun1s@nw
psilldlRdovanyfuommsuivesmziadunvias 1 at naenszeznanlun1sinudeeradudnuis
awmivilivesvzialdsuaslnsdafiafuuasilviAnnsiaune sl fendousiinagldlfidedu

ns1eRuastastinaiunaslssnniy  vetilevanilidusmisiiusunanisuuleautiseiiiodaind

ANLRANUDITLYLNITNAUIAMURAUNANINAADUTIIAN

pgslsARanmsiieTgiviinaunisaranvesanslasiafiefiulunesnsanguiliisdlunae
sssudnuidiedeaduna 8 & fvsinuaslastifeiuludedotosniifedeiinseily
&aidl 4 (Ul 11) ;nran1sAnenilroutisaonadestunisfinuiikiuunes Stoben  wavAmg
(1992a) I§vimsiaesmesnsiasiin Hinia reticulata Tfiuanansssumaluanneildiinsiuidieuves
aslastfiaiuluszovine 18 Wou wuidsunamesansinsfiaivluiedeanasetereiios

agslsfudinagyinisidesluanieilaiinisvudouasinsifiafiundfiniy AusuwsIvesnIm

¥
a =2

RaUnfNAndulinuINTwnlduanas

nsAnwALRaUnAmaveglugan1TaaeInguAIUANTFRLLALTELONIUBATULBAN YA ME
¥89f39azaneNUIulglun1sANYIASIT 91NNANISANYINULNISHAILIAMURAUARLL N, livecen
2z ¢ o

Wyl Ingundsanfineswesnziaidual 8 danu wuhinsiauneiesmadivien 8 Wesigus viall

INMsANYILAY Stroben Uay Ay (1992a) wudleniueaaunsailvaueafsvese Tetsinag
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Wiyl (average female penis length) uazendndruruneisisineEiiisuvamosnziameiufoniels

=l 9

auwuﬁ“lmwm;i (relative penis size) YIBENLLAYUA Hinia reticulate Lﬁmmﬂ‘ﬁu Faonueadunn
Wluinaneruiunsiuuueagduvessesluuleulasiay (androgen metabolism) 19 (Stroben, et al.,
1992a §19970 Murono and Fischer-Simpson, 1985) agslsfa Nias wazamy (1993) lasieauinlu
nsnAaeTiinnsnesdin (acetic acid) Fadusvhazaneildlunsanulfasansluhnzainuingh

TiAnanuiaundnamelauiy egdlsinnulunsdnyinavesidmazaisyanisnaassiilainisli

¥

9113 (Hevan) uivesnzauisiunimeaesitdedasliladnisiuanslag Gsnisinauiaung

a ¥ a

wemeefinnulululinziinannisldsuasngudafiafiusiunisenmsiiumednnmils

Tun1s@nwinisindedrvrliminanuRaunfmanssasstiduiiosnisanendasdunialu

¥
aa v a

weaufuRnswiiiy Fannsusuldidusedziamedinmuiassesdnsfinwiiudniesiunisnie

TiAnanuraun@manesluaninsssud wseiluneassidss (transplant) Tutunaiinisuuleuves

a a o a =

aslnstifiafiuiiuanateiy saudeinasiinnsfnwinansenuainnisiasuansinstifaniudiovesnyia

o

aglutisengaaiuniedvuafiuandeiu Fawavesuianserrergiuiaunsadmaianisneuaues

v

soansiulatuiy ieludeyalunmsusuldludvivinnely
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ayunansAnen

inmsAnensudeahlniannuinunfimanesseaisiasiafiafiunaslsdiunesnzia
%l N. livecen wae N. stolatus Tnenisiiuansssnaniaslunseiiaesionududusieg wuimes
nzaaewidnduunlduuanseuiauniinntunuanududuresansildiiuacly nansvnasaass
vegnzlaniin N. livecen Tugvaassifinisifulnstfiafiuaaslsdiianududu 10, 25, 50, 100, 500
way 1,000 wlunsusiansy dlodsadunan 4 §Uav wufliesi@udvesnisiine Jersnadiiiey 5.9,

21.1, 15.8, 33.3, 21.4 waz 25.0 wWosidud wazludun19ii 8 nulldnsinisiinanuRaunfnaosuin

Q

§f @ I3

uFaliUasiusvaInisiawingu 11.8, 38.9, 33.3, 57.1, 58.3 way 100 wWasidud auaisu uenainil

2

wuiinsifinduvesanadevesssaunsiauinuRaunfmenos (A1 VDSI) s (U 10) agndlshdtu
nsAnwIasalllavinnisidedluanznlalasinisidvansinstnfafiuraslsaaledanuinuiidesdunse
ad a a ay v = = a a P ° X
§55UFIRNAIUTANULAAANURAUNALS (5 D9 14%) Fa819LAR1nAULASEALIDUINLASILY
et fuRnisnieenalasuarsiuleuninerns annisinwinisasauvesansiastaianuluileves
NElaAIUARUNITNTIIaRUANRAUNANUNUT LIl duTlAIN AT auNINTUAINAILTNTUY B A ST LG
Wuadlundsninsideaduna 8 dani Galanadefinsianuldegszning 142.5 §3 4,159.2 unly

ASuABNSY (Wmdnlen) wanaINLFINUANNAUNUSTENINIARAEYD958ENISHAANURAUNG (AN

[ 2 a a a 4’4’ v 2
VDSI) AuUsununsazanvesansinstiaiiuluillonesnsianiy (r =0.64)

NMINAasiemeenzaviia N, stolatus lugneaesiinisiulastiafiuaaslsafiniy

WuTY 25, 50, 100, 500 waz 1,000 urlunsusonsy ndinaeaduial 4 e nulinauiaund

v
2 ! =

45.0, 60.0, 53.3, 50.0 waz 77.8 wWasiwus drulunisnsiadaludunvii 8 du duunldunisiisiuau

= A a

uildFauindaianisiinanuRaunfuwevies 57.9, 57.1, 46.7, 79.3, Uag 62.5 WosiGud auaau
oedlsAnnsarauvessinaansinstfiafivluienesveaduuliunndunuaududuveensils
Anadlundiannyimsidsadunan 8 §Uam %Qﬁﬂ"]LQ%SﬁMi’Jﬁ]WUl@T@jSBWjNﬁ@EJﬂ’J'W 199 1,501.7
wlundusionsy mtnden) wasnuanuduiusseninraasvessssznsiinauRaUnd (A1 VDSI)

U a a a a ‘3{ % 2
AulSunansazauvesasiastiaiululevesngianiy (= 0.898)

Wavihnswseusuanuhvesnisiiaanuiaundluanineiiinisuuidauwinduseninasian
MN1ANYINUI 98 N. stolatus TiAanuRaUnRnInnIbiaidesduiian 4 &asi eag19lshnuile
X =1 o & ' Y @ P a a oA °
Beuduseaziian 8 @Unn namnuwananallgaautnlae N stolatus SA1AuRaUnAnINIwilayin

nsideslugveaesisinisuudau 25, 50 waz 500 urlunsusensu
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AARNUIN

M3197 2 WesHuRANURAUNANILNA (% imposex) LagANadsuBIsEAUNISINAANLRAAUARLNARDE
(vas deferens sequence index; VDS) Lilavinnstiassneevziasia N. livecens Nszauni1suulouves

aslnstnfianiuraslsanuanareiuduial 4 Ui

. 5 AueIeniade
treatment U (A7) % imposex VDSI
(3131.)
C1 20 190+ 23 5.0 0.05+0.2
C2 19 19.1+ 2.1 0.0 0+0.0
10 17 193+ 2.8 59 0.06 + 0.2
25 19 189+ 19 21.1 0.21 04
50 19 183+ 19 15.8 0.16 + 0.4
100 18 184 + 2.1 33.3 0.33 + 0.5
500 14 196 + 1.2 21.4 0.21 +£0.4
1,000 12 178+ 1.2 25.0 0.25+0.5

M151991 3 Wesldudmuinunfiniand (% imposex) LagAadsvesszAunMinAuRnUnRNAEY
(vas deferens sequence index; VDSI) iavinnsidesneevziasila N. livecens Nszauni1suulouves

aslnstnnaniunaslssiwanataiudunan 8 dUa

. 5 AugUdeniaie
treatment U (A7) % imposex VDSI
(3131.)
(@ 14 185+ 2.1 14.3 0.14 +0.4
C2 25 182+ 2.1 8.0 0.08 £+0.3
10 17 18.1+ 1.6 11.8 0.24 +0.4
25 18 19.2 + 2.1 38.9 0.39 + 0.5
50 15 18.7 + 2.7 333 033+ 0.5
100 14 177+ 20 57.1 0.71 £ 0.6
500 12 19.4 + 1.8 58.3 0.58 + 0.5
1,000 3 175+ 19 100.0 1+0.0
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M131991 4 WesiduranuRaunAnane (% imposex) LavARdsvessEaunsiinauRaUnfwAReY
(vas deferens sequence index; VDSI) ilavinnisiaesveenziasiin N. stolatus Nszaunisuuilouuss

a15lnstananuraslsanuaneateiuduiian 4 e

. . anugwWaeniade
treatment U (A7) % imposex VDSI
(uy.)
25 20 18.41 £ 2.6 45.0 0.45 + 0.5
50 15 18.17 £ 0.9 60.0 0.60 = 0.5
100 15 1781+ 15 533 0.67 = 0.5
500 18 17.87 £ 0.8 50.0 0.63 + 0.8
1,000 18 17.96 £ 1.1 77.8 0.78 + 0.4

dl s & ¢ a a . ! = Y] a a a
A5 5 LUBSITUAAURAUNANIUNA (% imposex) LarAILRaBIBITEAUNITIARANNRAUARLNANDY
(vas deferens sequence index; VDSI) ilavinnisiagsesngiasiin N. stolatus Nszaun1suuoues

a1slnsiinaiuraslsanuanataiuiduiian 8 dUan

. 5 ausaeniaie
treatment U (A7) % imposex VDSI
()

25 19 18.6 £ 0.9 57.9 058 £+ 0.5
50 14 181 +1.3 57.1 0.57 £ 0.5
100 15 176 £+ 0.9 a6.7 0.6 £ 0.8
500 29 18.1 £ 1.1 79.3 0.83+0.5
1,000 8 177+ 14 62.5 0.88 +£ 0.99




