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ABSTRACT
Larvae of the muricid Thais bitubercularis
(Lamarck, 1822) reared from eggcapsules
collected at Phuket Island, Thailand were
exposed to different concentrations of
tributyltin (TBT). Both mortality and swim-
ming behaviour of the larvae were affected
in a dose dependent manner after 24 hours
exposure. The lowest-observed effect concen-
tration (LOEC) was 0.01 pgTBT I-1 and the
LC56 was between I and2 TrgTBT I-l based
on nominal concentrations.The short expo-
sure period of 24 hours and relatively low
LOEC suggest that recruitment may be re-
duced as a consequence of TBT contamina-
tion in harbour areas ofPhuket Island.

INTRODUCTION
Recent years have seen the publication of
an increasing body of evidence implicating
tributyltin (TBT) compounds used in anti-
fouling treatments, as the causative agent
in a number of growth anomalies observed
in marine animals.

TBT is particularly toxic to certain mol-
luscs, for which NOELs (no observable ef-
fect levels) for several species are below
0.001 pg TBT f1 making it the most toxic
compound ever deliberately released to the
sea (Goldberg 1986).

The best known and documented effect
specifically induced by TBT is "imposex" in
neogastropods (e.9. Gibbs et al. 7991), and
shell thickening in oysters (e.9. Alziett. et al.
1986).
The first incidence of imposex in female gas-

tropods was discovered in Nucella lapillus

in 1969 (Blaber 1970), but it took another
decade before it was causally linked to the
presence of TBT (Smith 1981). Since then
imposex has been observed in 132 species of
gastropods (Fioroni et aL.7997).

Among the bivalves a number of different
effects of TBT contamination have been ob-
served. Fisher et al. (1999) found that
Crassostrea uirginica had lower resistance
to the protozoan pathogen (Perhinsus
marinus) after exposure to sub-lethal con-
centrations of tributyltin oxide (TBTO).
Lawler & Aldrich (1987) found that oxygen
consumption, feeding rate, and growth of C.
glgos spat were harmed by sub-Iethal con-
centrations of TBTO. Pittiz et ol. (1995) in-
vestigated the declining populationsn of
Scrobicularia plana at a number of Euro-
pean locations and concluded that TBT lev-
els above 0.2 pS Sn I-1, which is lower than
the ambient level at many locations, harmed
the embryonic development.

The catastrophic effects ofTBT on the oys-
ter culture in France from 1977-1981 are
well documented (e.g. Alzieaet aL.1986), and
triggered the first legislation to reduce the
use of TBT in 1982. Since then similar leg-
islation has been implemented in mostWest-
ern countries. The effect has been declining
concentrations of TBT in the water and sedi-
ment plus the recovery of different
populations of organisms such as Nucella
Iapillus (Evans 1991) and oyster (Alzieu,
1991). In Southeast Asia, TBT have been
used uncontrolled in antifouling paints since
the mid 1960's despite the fact that TBT has
negative effects on growth, survival and re-
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cruitment of commercially important mol-
luscs.

Toxicity tests ofTBT have been performed
on a number of organisms from algae
(Fargasovd 1998), tunicates (Cima &
Ballarin 1996), crustaceans (Thain 1983)
and fish (Fent & Meier 1994). Only a few
studies have examined low level effects of
organotins on invertebrate larval stages due,
in part, to diffrculties which arise in cultur-
ing the larvae (Lapota et al. 1993).

The toxicity of organotin compounds to dif-
ferent animals depends not only on the spe-
cies but also the developmental stage. In
general, earlier stages of an organism are
much more sensitive than adults (Mensink
et aI.1996).

The most well studied invertebrate larvae
with respect to toxicity tests are the oysters.
In toxicity experiments with the larvae of
C. uirginica and C. gigas over 48 hours LC5s
values from 1.3-1.6 pgTBT l-1 were found
(Thain, 1983; Roberts, 1987). OnIy a few tox-
icity tests have been done with gastropod
larvae despite the fact that imposex in
neogastropods is the most used indicator of
TBT contamination.

The muricid Thais bitubercularis has been
used as an imposex indicator to monitor TBT
contamination in Singapore (Tan 1997) and
in Phuket, Thailand (Bech 1999a). Declin-
ing populations of this species have been
noted at the most contaminated stations at
Phuket. The reason could be mortality
among the adults, lack of recruitment due
to sterilisation of the females or increasing
mortality among the pelagic larvae. ?.
bitubercularis with imposex stage 5 have
been observed at Phuket with aborted egg
capsules in the capsule gland. This can be
fatal ifthe gland ruptures, as has been ob-
served for Nucella lapillus (Gibbs & Bryan
1986), and it could certainly result in re-
duced recruitment if the females are unable
to spawn.

To estimate the possible effects of
organotin pollution on the recruitment of Z,

bitubercularls acute toxicity tests were con-

ducted on the larvae ofthis species.

MATERIALS AND METHODS
In March 2000, T. bitubercularis was ob-
served spawning at Laem Mai Phai, Phuket
Island. The egg capsules were removed from
the rock surface and transported to Phuket
Marine Biological Center, where they were
placed in a tank with seawater and aera-
tion. After ten days the veliger larvae
emerged from the egg capsules. The larvae
were reared on algae for 5 days before the
experiment was initiated.

The experiment consisted of 8 different
treatments with three replicates of each
treatment.

Each of the 24 glass jars was frlled with
one litre seawater containing 20-40 lawae
of T. bitubercularis. The jars were placed in
a box frtted with running seawater to keep
the temperature fairly constant (29 x.2oC)
during the experiment. Tributyltin was dis-
solved in 50 7o acetone and diluted into two
stocks containing L0 pgTBT/ml and 0.1pg
TBT/ml. Using the two stocks the following
dilutions were prepared in triplicates: 0.0;
0.01; 0.1; L0;2.0;3.0; 5.0; 10.0; 20.0 and 40.0
p.gTB"t I-1 seawater. Furthermore a blank
containing 2 ml acetone, corresponding to
the highest volume used in the dilutions,
was prepared in triplicates. After 24 hours
the water of each jar was fiItered and the
larvae observed under a binocular micro-
scope. Live larvae were easily distinguished
from dead larvae because the cilia move-
ments of the velum could be seen even when
the velum was retracted into the transpar-
ent shell. The number of dead and live lar-
vae were counted in each jar. Larvae were
considered dead when they did not respond
to gentle prodding. Furthermore the number
of larvae actively swimming and the number
of larvae on the bottom with their velum
retracted were noted in each sample. Empty
shdlls without the remains of snail tissue
were considered dead before the initiation
of the experiment.

To obtain a straight line relationship in
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order to calculate the LC5g value it was nec-
essary to transform percentage kills into
probit-values (Walker et al. lgg6). The cal-
culations were done based on nominal con-
centrations of TBT.

RESULTS
The mortality of the larvae were signifi-
cantly affected by a concentration of 0.01
pg TBT l-1 (Tab. 1). A factor 10 increase from
0.01 to 0.1, and from 0.1 to 1.0 pg TBT l-1
resulted in a relatively low increase in mor-
tality. In the range from 1 to2 pg"IBTl-r aIl
Iarvae died.The LC56 value should be within
this range but due to the non-Iinear rela-
tionship between the TBT concentration and
mortality, transformed to probit-values, it
could not be established precisely.

The increasing concentrations had a sig-
nificant negative effect on the swimming be-
haviour of the larvae (Fig. 1). The majority
of the larvae in the control were actively
swimming with extended velum whereas
most larvae in the 1pg TBT l-1 dilution were
at the bottom with retracted velum. T]i'e 2
mI acetone in the control had a slight sig-
nificant effect on both swimming behaviour
and mortality.

Table 1. Mortality of T. bitubercularis lawae
after 24 hours exposure to different concentra-
tions of TBT.

concentration of rBT .-Morlalifr ,rpgr.r) '"'uil:11"T,'"

Control 13 f 2.4

Control + acetone

0.01

TBT concentraticn fig TBT I "li

Figure 1. Proportion of larvae actively swim-
ming with exposed velum after 24 hours expo-
sure to different concentrations ofTBT.

DISCUSSION
The results of this study demonstrate that
swimming behaviour (Fig. 1) and mortality
(Tab. 1) ofthe larvae of T.bituberculariswere
negatively affected by 24 hour exposure to
increasing concentrations ofTBT. The LOEC
(Iowest observed effect concentration) was
0.01pg TBT I-1. In the range from 1 to2 pg
TBT l-1 the mortality increased from 38 7o

to 100 Vo (Tab.1). The increasing TBT con-
centration reduced the proportion ofveligers
actively swimming using their velum (Fig.
1). Some larvae exposed to low concentra-
tions of TBT were lying on the bottom with
extended velum indicating that TBT could
harm the ability to swim or the buoyancy of
the larvae and thereby the distribution.

Especially when working with TBT a criti-
cal question is the availability of the chemi-
cal to the test organism, because TBT has
adhesive properties reducing the effective
concentration with time. The calculations in
the present experiment were based on nomi-
nal concentrations achieved by dilution ofa
stock solution with a known TBT concentra-
tion, and not the actual concentration of
available TBT in the water.

The only way to overcome the problem of
declining TBT concentrations due to adhe-
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sion was to use a flow through system where
a known TBT concentration passes through
the test chambers during the entire expo-
sure period. The disadvantage with this sys-
tem is of course the problem with the huge
amount of wastewater involved.

Due to lack of analytical equipment it was
not possible to measure the TBT concentra-
tion after the 24 hours exposure time to es-
timate the significance of adhesion, but re-
sults from other studies have demonstrated
the importance of adsorption of tributyltin
onto surfaces of containers and suspended
materials. Adsorption is mainly due to the
hydrophobic properties of TBT and to a
lesser extends its univalent charge. Laugh-
lin et al. (1989) found a 50 7o decrease in
TBT concentration from nominal concentra-
tions in seawater wiLhin24 hours. In a simi-
Iar experiment the actual concentration of
TBT decreased in the range of 14.2-22.8 7o

of the nominal concentration in 48 hours
(Horiguchi et ol. L998). This decline in TBT
concentration could be caused by adsorption
of the chemical to the wall of the jars or to
particles in the water.

Therefore, it is important to notice that
the use of nominal TBT concentrations will
result in an overestimate of the actual TBT
concentrations responsible for the observed
effects.

Horiguchi et al. (1998) made 24 hour acute
toxicity tests on the larvae of Thais clauigera
and found a LC5s of 8.6 pg TBT l-1 , which
is higher than the values obtained in the
present study with Z bitubercularls. Their
experiment was conducted at a lower tem-
perature (22.5 x.1 oC) which may explain
this difference. Furthermore, species specific
differences in sensitivity to TBT even within
the same genus is a well-documented phe-
nomenon (e.9. Bech 1999b; Tan 1997).

According to Horiguchi et q,l. (1998) the
TBT concentrations in the Japanese inshore
waters are mostly below 0.0lqtg l-1 apart
from areas with high levels of shipping ac-
tivities. These levels were considerably lower
than the 48 hours LC5s values of ?.

clauigera. But they noticed that the larvae
had abnormal swimming behaviour at much
lower concentration and concluded that TBT
pollution may have influenced the recruit-
ment of T. clauigera at the hotspots.

In the present experiment abnormal swim-
mingbehaviour and slightly increasing mor-
tality were noted at 0.01 pgTBT 1-1. Expo-
sure over longer periods will reduce the LC5s
and NOELs (tto obr"*able effect levels) as
it has been shown in 48 and 96 hours acute
toxicity tests with the larvae of Crassostrea
uirginica and Mercenaria mercenariu
(Roberts 1987). With increasing exposure
time the LC5s becomes less until a median
Iethal threshold concentration is reached
(Walker et al.1996).

In a survey conducted from 1995 in Thai
waters very high levels of TBT contamina-
tion were observed in the sediments of the
major ports. The second highest level (3.9
pgTBT g-1 dry weight sediment) was found
in the present study area in the deep sea
port in Phuket (Kan-atireklap et al, 1997).
Tonge/ ol. (7996) surveyed the harbour ar-
eas of the west coast of Peninsula Malaysia,
south ofthe present study area, and found
from 0.003 to 0.216 pg TBT l-1 in the water
column. Furthermore they compared the
TBT concentration in the water with the
sediment concentration at the same stations
and found that the concentration in the sedi-
ment was roughly a factor 1000 higher than
the water. Based on the results of this ex-
periment it is not possible to state that the
TBT concentration in the Phuket area
harms the recruitment of the larvae of Z
bitubercularis because the ambient TBT lev-
els are unknown. But extensive studies us-
ingT. distinguenda and 2 bitubercularis as
indicators during the last four years have
demonstrated widespread and increasing in-
cidence of imposex in the area around
Phuket (Bech, 1998, 1999a,b).

The fact that the NOEC from the present
experiment, below 0.0L pg TBT l-1, was an
overestimate, because it was based on nomi-
nal concentrations, the short exposure time
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