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NOTE

Increasing levels of Tributyltin-induced
Imposex in Muricid Gastropods at Phuket
Island, Thailand

Michael Bech*
Department of Marine Ecology, Institute of Biological Sciences, University of Aarhus, Finlandsgade 14,
DK 8200 Aarhus N, Denmark

Tributyltin  (TBT)-induced imposex, or the (Linnaeus, 1758) (family Muricidaéjand a decade
masculinization of female gastropods, was used later it was linked to the presence of organdtin.

in an investigation of TBT contamination Numerous investigations have shown that there
around the major harbours at Phuket Island, is a significant correlation between incidence of
Thailand. From 21 stations along the south-east imposex and the concentration of TBT in the snalil
coast of Phuket Island a minimum of 50 speci- tissue of gastropods® the sedimerit or in the
mens of the muricid Thais distinguendawere  water! It has furthermore been shown in laboratory
collected and examined for the presence of experiments that imposex in neogastropods was
imposex in February—April 1996 and in January initiated and promoted by exposure of part-per-
—April 1998. The results showed clearly that billion (1:10°) concentrations of bis(tributyltin)
both the incidence and the distribution of oxide (TBTO} or TBT.> Because imposex devel-
imposex increased dramatically from 1996 to opmentis a TBT dependent matter, a scale for six
1998. In 1996, imposex was recorded at 10 species of gastropods has been developed to
stations within 3.5 km of the nearest port, butin  calculate TBT concentrations in seawater based
1998 imposex was present at 18 stations up to solely on biological measurements in terms of
7.5 km from the nearest port. A similar tendency ~ imposex® Little doubt now exists that TBT is the
to increase in the incidence and distribution of major organotin causing imposex in gastropbys.
imposex was found usingThais bitubercularis However, triphenyltin (TPT)-induced imposex has
and Morula musiva as indicators. Copyright been produced in the Japanese rock sfiblais

© 1999 John Wiley & Sons, Ltd. clavigera™ even thoughNucella lapillus did not
produce imposex when exposed to TPTA few
field observations have suggested that the causative
agent is not always TB¥>**but none of them has
proved this**

Imposex has mainly been observed close to ports,
ship yards, marinas and around mariculture facil-
ities where organotin compounds are used in
antifouling paints;>?° but it has also been found
in Bucinum undatun(Linnaeus, 1758) from the
open sea, in relation to the deep sea routes in the
INTRODUCTION North Seat o .

The dilemma of tributyltin is that its extreme
Imposex, or the masculinization of female gastro-effectiveness as an antifouling agent also makes it a

pods, was first observed iMucella lapillus Ppotent toxin of anthropogenic origin that threatens
seafood resources in coastal environméhtisiu-

merous investigations have shown that the presence
* Correspondence to: M. Bech, Department of Marine Ecology, of TBT is harmful to the culture of commercially
Institute of Biological Sciences, University of Aarhus, Finlandsgadeimportant molluscs such a€rassostrea g|gas
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Figure 1 Samplingsitesin 1996 and 1998 along the south-
eastcoastof Phuketlsland, Thailand. Notice the location of
PhuketHarbour (station 4), the deep-segort (station6) and
ChalongMarina (station15).

In ArchachonBay in Franceit was discovered
thatTBT causededucedsettlingof oysterspatand
declininggrowth ratesof adultoysters resultlngln
asignificantreductionof oysterculture2® Thiswas
thefirst reportof economiaconsequencesausedy
the use of TBT, which in 1982 led to the
implementationof legislationin Franceto reduce
the use of TBT-basedpaintsto boatslarger than
25m.*°

Since then similar legislation has beenimple-
mentedin Europe USA, Australia, New Zealand
and Japan®3! Subsequentinvestigations have
documentedhe positive effectsof this legislation
in terms of declining concentrationsof TBT in
water,sediment&andmollusctissue® In south-east
Asia, however thereis no restrictionon the useof
TBT-basedantifouling paints,despitethe fact that
these countriesderive a substantlalpart of their
incomefrom molluscculture®® Concernaboutthe
impact of TBT in south-eastAsia has been
expresseafter high levels of |mposexwerefound
in muricids from Smgagooré Malaysia®® Thai-
land®®3” andIndonesia®

The only pubhshedlnvestlgatlonon concentra-
tions of butyltin compoundsin sedimentsfrom

Table 1 Imposexincidenceof T. distinguenddrom 21 sitesin 1996and 1998
Samplesize Imposex(%)
Stationno. andname 1996 1998 1996 1998
1.LaemNga 58 50 0 0
2. LaemMai Phai 53 61 0 62
3. LaemPhapPha 51 50 57.4 83
4. PhuketHarbour 50 50 89.67 100
5. LaemNam Bor 50 50 84 91
6. Deep-segort 88 60 65.79 100
7. Tin smeltingplant 54 61 34.38 68
8. TaphaoYai (west) 92 59 7.1 74
9. TaphaoYai (south) 95 51 0 62
10. Koh TaphaoNoi 50 58 0 32
11. Hotel CapePanwa 124 59 0 63
12. LaemPanwa 111 63 0 58
13.LaemYam Yen 52 51 50 71
14.LaemWing 51 61 22.2 62
15. ChalongBay (East) 16 50 57 58
16. Koh Lon (East) 52 50 5.56 4.3
17.Koh Thanan 56 50 0 34
18. Koh Lon (West) 58 61 0 14
19. Koh Aew 50 63 0 2
20.Koh Hey 50 50 0 0
21. Koh Maiton 50 50 0 0

2 A significantincreasevasfound between1996and 1998 (P < 0.001; Wilcoxon signed-rankest).

Copyright© 1999JohnWiley & Sons,Ltd.

Appl. OrganometalChem.13, 799-804(1999)



TRIBUTYL-TIN INDUCED IMPOSEXIN MURICID GASTROPODS 801
Table 2 Imposexincidenceof T. bitubercularisand M. musivafrom five sitesin 1996and 1998
Samplesize Imposex(%)
T. bitubercularis M. musiva T. bitubercularis M. musiva

Stationno.andname 1996 1998 1996 1998 1996 1998 1996 1998

1.LaemNga 59 58 50 50 21 79 0 0

3. LaemPhapPha 52 57 52 48 42 100 0 10

4. PhuketHarbour 32 51 40 41 100 100 19 62.5

5. LaemNamBor 50 42 50 23 41.4 100 0 0
15. ChalongBay 50 25 50 31 100 100 0 5

Thailand showedthat the deep-seaport on the
south-eastoastof Phuketlsland had the second-
highestlevel in the country.Furthermorethe high
concentrationsf TBT in sedimentsat Phuketwere
associatedmainly with harboursused by large
commercialvessels®

Thepreseninvestigationfocusesonthereported
TBT contaminatedreason the south-eastoastof
Phuketisland,andreportstheincidenceandchange
in TBT-inducedimposexlevels of three muricid
gastropodg$rom 1996to 1998.

MATERIALS AND METHODS

Along the south-eastoastof Phuketthreedifferent
sites of high boating activity were identified in

19963° The first site was the deep-seaport of

Phuket,which is the only port on the westcoastof

Thailand where large cruise ships and oiltankers
can go alongsidethe quay. The secondsite was
ChalongMarina,whichis thelargestmarinaon the
west coastof Thailand.The third site chosenwas
PhuketHarbour,which is usedby a large fleet of

fishing boats and ferries. In addition, several
shipyardsdischargetheir waste directly into the
harbour.

Twenty-one stations, including eight islands,
were selectedo represengradientsof contamina-
tion from the three identified hotspotsalong the
south-eastoastof Phuketlsland® Remoteislands
werechoserascontrolswhereTBT contamination
waspresumedo be absent(Fig. 1).

The muricid specimenswere collected at the
samestationson two occasionsn February—April
1996 andtwo yearslater in January—MarcH.998.
From eachof these21 stations,a minimum of 50
Thais distinguenda(Dunker and Zelebor, 1866)
were collectedin both 1996 and 1998 (Table 1).

Copyright© 1999JohnWiley & Sons,Ltd.

FurthermoreThaisbitubercularis(Lamarck,1822)
and Morula musiva(Kiener, 1836)were collected
at eachof five stationsin 1996andin 1998(Table
2). The sampleswnere preservedy deep-freezing.

Thetotallengthof eachsnailwasmeasuredrom
theapexto thedistalendof thesiphonalcanalto the
nearest0.5mm using callipers. The snail’s shell
was crushedwith a hammer;the soft parts were
removed gently, placed in a Petri dish and
examined using a binocular microscope. The
genderwas determinedby identification of the
sperm-ingestinggland and the capsulegland in
femalesand the presenceof the prostateglandin
males. In most specimens ovaries could be
distinguishedfrom testesby the colour as an aid
in determinatiorof gender.

The lengths of both male penis and female
pseudo-penisveremeasuredo the nearesf.1mm
usinganeyepiecgyraticulemountedon abinocular
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Figure 2 Proportionof femaleT. distinguendawith imposex
in eachsamplein 1996and 1998. Stationnumberscorrespond
to Fig. 1 andTable1.
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Figure 3 Distribution in 1996 and 1998 of female T.
distinguendawith imposexin relationto the nearespresumed
sourceof TBT.

microscope. The total length of a penis was
measured from the beginning of the penial
flagellum to the baseof the penis. The imposex
frequency was calculated as the proportion of
females with imposex comparedwith the total
numberof femalesin the sample.A relative penis
sizeindex(RPSl)wascalculatecas(meanlengthof
female penesx 100)/(mean length of male
penes)® Juvenilesnails(T. distinguendadessthan
20mm, T. bitubercularislessthan 25mm and M.
musivalessthan 15mm) were not includedin the
imposex measurementdecauseof difficulties in
the determinatiorof gender.

RESULTS

In 1996,two very distinct peaksof imposexlevels
of T. distinguenda were observed: one as a
combinedeffect of the deep-segort and Phuket
Harbour, and the secondaround Chalong marina
(Fig. 2). The deep-se@ortandPhuketHarbourare
only separatedby a shallowbay 4 km wide.

The presenceof imposexin T. distinguendain
1996 was clearly localized aroundthesetwo hot-
spotsand the distribution was limited to approxi-
mately 3.5km from thesesourcesf TBT (Fig. 3).

The relative penissize index (RPSI)is a useful
measuremento distinguishbetweentwo stations
with 100% imposex,but in this investigationthe
RPSlvalueswereexcludedrom thetablesbecause
they addedno further informationto the imposex
incidence.

Copyright© 1999JohnWiley & Sons,Ltd.

In 1998 the peaks of imposex levels of T.
distinguendaverelocatedaroundthesamesitesbut
the levels were much higher than thosefound in
1996 (Fig. 2 and Table 1). Additionally, the
distribution range of imposex from the hotspots
had beenextendedconsiderably—from3.5km in
1996to approximately7.5km in 1998 (Fig. 3). In
1996imposexwasrecordedht 10 stationsalongthe
south-east coast of Phuket whereas in 1998
imposexwas recordedat 18 stations.The average
level of imposexat the 21 stationswas 22.5%in
1996 and 49.4% in 1998. A similar pattern of
increasedncidenceof imposexwasalsoobserved
for T. bitubercularisand M. musivabetween1996
to0 1998(Table2).In 1996T. bitubercularisshowed
imposexlevelsof 100%at two of the five stations,
but in 1998 100% imposex was found at four
stations(Table 2). Although T. bitubercularisis a
more sensitive indicator of imposex than T.
distinguendaits distributionis lesswidespreadat
Phuketbecausd canonly befoundat stationswith
muddy water. Of the three muricids tested, M.
musivais the leastsensitiveindicator of imposex.
The only incidenceof imposexin M. musivain
1996wasrecordecat PhuketHarbour(station4). In
1998, low levels of imposex was furthermore
recordedat stations3 and 15 (Table 2).

DISCUSSION

The resultsof this investigationshow clearly that
boththeincidenceanddistributionof TBT-induced
imposexhaveincreasediramaticallyfrom 1996to
1998alongthe south-eastoastof Phuketlsland.

In 1996 the incidence of imposex in T.
distinguendaand T. bitubercularisshoweda clear
localization around the deep-seaport, Phuket
Harbour and Chalong Marina. In 1998 both the
incidenceandthedistributionof imposexincreased
at moststations.

The averageincidence of imposexin T. dis-
tinguendafrom all stationsdoubledfrom 1996to
1998.The dramaticincreasdan imposexlevelscan
hardly be explainedsolely by increasingshipping
activitiesor currentpatternsn thearea.Theremay
be someothercontributingfactorinvolvedrecently
as two yearsis a relatively short timescale. A
thresholdlevel for the developmenbf imposexby
the muricids may have been exceeded.From a
translocatiorexperimentdonein 1996,where300
taggedT. distinguendavere movedfrom a station
without imposex(station21) to the deep-seaort,
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16% imposex (n=60) was found after three
monthsjndicatin%thatthedevelopmenof imposex
is relatively fast?

The developmentof imposexis an irreversible
proces$’ specifically induced by organotincom-
poundswith threealkyl groupsattachedto the tin
atom,suchasTBT, TPT andtricyclohexyltin®3 In
themarineenvironmenthemainorigin of TBT and
TPT is consideredo befrom the usein antifouling
paints. It is not likely to be causedby the tin
smeltingplant(station7) locatedl km southof the
deep-seaport, becausethe imposex level of T.
distinguendaat that stationwasconsiderablyjower
thanthelevel atthe deep-segortin both1996and
1998(Tablel).

Becauseimposexis irreversibleand T. distin-
guendacan developimposexin a relatively short
time, the high level of imposexrecordedn 1998is
not necessarilya productof a steadyincreasein
TBT; it could be causedby one shortexposureof
the snails to high concentrationsof TBT in the
periodfrom 1996to 1998.0nepossiblesourceof a
sudden discharge of TBT could be from the
shipyards located in the narrow channel that
constitute Phuket Harbour (station 4), where the
highest levels of imposexwere recordedfor all
threespecies.

Among the muricid gastropodsmainly species
belongingto the genusThais have beenusedas
indicators of TBT contamination in tropical
areas®3*3To cover a large areawith different
habitatsand water quality it is often necessaryo
use different species. In this investigation T.
distinguendawas chosenmainly becauseit was
the most abundantmuricid and presenton all
stations.Becauseof species-specifidifferencesin
sensitivity to TBT-induced imposex>* it is not
possibleto compareimposexlevelsfrom different
speciesunlessthey were collectedfrom the same
station. T. bitubercularis has been used in an
investigationfrom Singaporevhereimposexevels
of 100% and sterilization of this specieswere
recorded®® M. musivais the leastsensitiveof the
speciesstudied and was only included in this
investigation becauseit could be found in high
numbers, and becauseit was previously found
reliableasanindicatorof TBT in aninvestigation
from Malaysia®®

An optimalindicatorof TBT shouldbesensitive,
easyto examineandwidely distributedin the area
in questionandin thatrespecfT. distinguendaand
T. bitubercularis should be consideredas good
indicatorsin future studiesin the south-easAsian
region becausdhey are sensitiveto TBT, easyto

Copyright © 1999JohnWiley & Sons,Ltd.

examine, and widely distributed in south-east
Asia**

Few publicationson TBT havebeenmadefrom
thesouth-easfsianregion,andfrom tropicalareas
in general*® Approximately 600km southof the
presentstudy area,on the west coastof Malaysia,
TBT levelsup to 216.5ng TBT g~ * sedimentwet
weightwerefoundin 199242

The first paper on TBT concentrationsin
sedimentsfrom Thailand showedthat amongthe
20 major ports of Thailand, the deep-segort of
Phuket had the second-highestoncentrationof
TBT in the sediment(3900ngTBT g~ * sediment
dry weight)3° The sedimentsamplesanalysedin
thatinvestigationwerecollectedfrom the deep-sea
port of Phuketlsland in March 1995 (station 6),
where the presentsamplesof gastropodswere
collected(S. Kan-atireklap,EasternMarine Fish-
eries DevelopmentCenter, Rayong 21160, Thai-
land, personalcommunication).The TBT level
from 1995in thedeep-seaortwasatenfold higher
thanthe concentrationsneasuredn the Archachon
Bay in France,whereoysterculture was severely
reduced from 1977 to 1981%° In view of the
increasing imposex incidence recorded in the
present study, it seems clear that the TBT
concentrationsat PhuketIsland are a dangerto
themolluscanaquaculturéndustryin the area,and
to the environmentn general.

The legislationto reducethe useof TBT-based
antifouling paints to ships greaterthan 25m in
lengthimplementedn Europe,the USA, Australia
and New Zealand has had significant positive
effects in terms of declining imposex levels in
severalspeciesof gastropodsand declining con-
centrations of TBT in organisms, water and
sediment® The absenceof similar legislationin
thecountriesof south-easfisiacouldposeaserious
threatto the economicallyimportant aquaculture
industry of molluscsin the nearfuture.

Thesefindings stronglyindicatethatimposexis
an effect of TBT as the highest incidence of
imposexin both1996and1998werefoundcloseto
themainareasf shippingactivitiesatthe deepsea
portandfishingport(Tablel). Similarly thehighest
levelsof imposexof both T. bitubercularisand M.
musivawerefound at the fishing port (Table 2).
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