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ABSTRACT
The well-known worldwide environmental
problems with organic tin compounds and
their use for antifouling purposes have been
focused mostly on their extremely high tox-
icity and hormonal disturbances to gastro-
pods and are described in several papers.
However, other investigations have shown
that also many other organisms are affected
in different ways from the cellular up to the
population level. For bivalves the earliest
described effects are shell deformation in
oysters. Furthermore, organotin compounds
are easily bioaccumulated and may interact
with internal physiological processes and
some of the effects are described and dis-
cussed in the present paper.

BACKGROUND
TBT was originally introduced in the late
forties as stabiliser in polyvinyl chloride.
Later it was used in order to control the
parasite disease bilharzia in tropical coun-
tries. TBT was then used to treat gastropods,
which are hosts for the parasites Schisto-
son1.a nlansoni, S. haematobium, and S.
japonicum. Due to its high toxicity to inver-
tebrates it was also used in different paint
formulations for antifouling purpose, some-
thing which showed to be very effective giv-
ing a long-Iasting prevention of biofouling
on ship hulls and saving a lot of money due
to lower fuel consumption, less frequent
cleaning and painting work and less air pol-
lution. TBT has also been used for many
other purposes: as wood preservative, as

slimicide on masonry, as disinfectant, and
as biocide in cooling systems, power station
cooling towers, pulp and paper mills, brew-
eries, Ieather processing and textile mills
(rPCS 1eeo).

However, it was soon found that TBT in-
teracts with the sex hormone balance in
marine gastropods even at extremely low
concentrations. AII this is known as the phe-
nomenon "imposex". Most of these effects are
induced during the early developmental
stages, i.e during the generally most sensi-
tive parts of the life cycle, but the changes
are irreversible giving disturbances which
last during a lifetime. The endocrine effe.cts
are most prominent in female gastropods
where TBT acts as an inhibitor of the trans-
formation of the male sex hormones testo-
sterone into female oestrogenic hormones
and also inhibits the excretion oftestoster-
one. This wiII result in high levels of testo-
sterone in the females leading to the devel-
opment of male characters.

Due to its environmental effects, restric-
tions have been placed on the use of TBT
compounds during the eighties in most coun-
tries of the world, and a decision on a total
ban of its use as a component in antifouling
paints has recently been taken internation-
ally.

EFFECTS ON BIVALVES
In comparison to other marine organisms it
seems as bivalves and especially their young
developmental stages are amongthe groups
most sensitive to TBT (Fig. 1). They could
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Fig. 1. Sensitivity of different system-
atic groups of marine organisms to
tributyltin. Filled circle: LC56 following
exposure for 96h or less. Open circle:
LC56 following exposure for more than
96h. Triangle: the lowest concentration
causing a sublethal effect. Copepods dis-
played separately because of greater
sensitivity than other crustaceans. A =
highest measured concentration in the
open sea. B = highest measured concen-
tration in open estuary. C = highest
measured concentration in marinas.
Redrawn after IPCS, Env. Health Cri
teria No. 116. WHO, 1990.

the oxidative phosphorylation and the ten-
dency of TBT to form complexes with amino
acids. These disruptions were found to oc-
cur at concentrations as low as 0.02 mg L-r.

Even aft,er the restricted ban of TBT paints
in France 1982 field investigations showed
that the occurrence of deformed shells
among the oysters rapidly decreased within
one to two years after the ban (Alzieu &
Portmann 1984).

GROWTH
One of the first field observations of
organotin effects was also a reduced or in-
hibited growth ofoysters. In laboratory ex- !

periments effects on pacific oysters were
found at concentrations above 0.05 mg/L
(Lawler & Aldrich 1987). For blue mussels
effects on shell growth were found at con-
centrations around 0.3 mg/L. (YaLkirs et al.

therefore serve as early indicators of this
kind of pollution.

The aim of the present paper is to give
more details about such effects in bivalves.

INFLUENCE ON SETTLING
AND DEFORMATION

OF SHELLS
Concerning bivalves the first reports ofef-
fects were from oyster cultures along the
French and Spanish coasts in the 1970s,
where very poor spatfalls were reported to-
gether with observations of malformed shells
close to harbours and heavy trafficked ship
routes (FiS. 2) and a correlation was found
with the use of TBT. Alzieu and co-workers
(1982) give detailed descriptions ofthe kind
ofeffects observed. The reason for shell ab-
normalities in oysters was explained by a
disturbed calcification due to inhibition of

Fig. 2. Abnormal growth in the oyster Crassostrea gigas after exposure to organotin. A. normal shape from an
unpolluted area. B. abnormal growth.
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1987). In a mesocosm study by Stenalt et al.
(1998) the effects of a gradient of TBT on
larvae of blue mussel (Mytilus edulis) werc
investigated. After 15 days the mean shell
length of the postlarvae was significantly
reduced at a concentration of 2.3 ng/L (Q.002
rnglL), showing that larval forms could be
extremely sensitive to TBT pollution.

BIOACCUMULATION
Bivalves are known to easily bioaccumulate
organotins. In gills of European oysters
(Ostrea edulis) from an oyster culturing area
inArchachon Bay, France a maximum level
of 17 rngl kg dw was reported in the early
1980s, before the ban (Alzieu 1981; IPCS
1990). In blue mussels (Mytilus edulis L.)
levels of 3 to 5 mgikg have been reported
from Italian and Spanish waters in 1994-
1995, e.g. years afber the restricted ban of
the compound (Rivaro et al.1997; Morcillo
et al. 1997). However, seasonal fluctuations
may be great.

For sediment-associated bivalves (detritus
feeders) there are few bioaccumulation data.
For these organisms one may expect high
Ievels due to a high adsorption of TBT to
organic particles, and for one species,
Nuculana pernula, there are still unpub-
lished data showing very high accumulation
of TBT in comparison to other investigated
marine filter-feeding and detritus-feeding
bivalves from the same area (J. Jacobsen,
pers. comm.). To use the constant for distri-
bution between octanol and water (Il*) for
the prediction or estimation of bioaccumu-
lation of TBT is not accurate as the accu-
mulated compound is not only deposited in
the fat tissue but some TBT will also be
bound to SH-groups of proteins in other tis-
sues. Furthermore, since there is a great
variation between species in the accumula-
tion, metabolic activity and degradation ca-
pability between different species, it is also
difficult to stipulate any general biocon-
centration factor (BCR based on concentra-
tion in dry tissue in water). Such factors
should therefore rather be determined for

each species and occasion.Arange ofbiocon-
centration factors in bivalves from 1000-
500000 is given in literature.

Another question of importance is whether
anybiomagnifrcation of TBT compounds oc-
curs; i.e. if the products or their degrada-
tion compounds are transferred and further
concentrated along the food chain. Although
organotin degradation in bivalves is consid-
ered as slow there is no evidence from lit-
erature data, which shows that uptake from
food, and water may result in any
biomagnification. Thus, studies of short food
chains like phytoplankton-Mytilus edulis
did not indicate any biomagnifrcation (Bryan
& Gibbs 1991). Similarresults were obtained
in a recent Japanese study with TBT and
its degradation products in different food
chains (Takahashi et ol.1999). However, for
triphenyltin, another organic tin compound
used in paint formulations there are indica-
tions of biomagnification (Mensink et q,l.

1997).
Several authors have investigated depu-

ration of TBT from contaminated bivalves.
For example Waldock & Thain (1983) re-
ported that in Pacific and European oysters,
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Fig. 3. Concentration of organotin in freld-exposed blue
mussel (Mytilus edulis) during an accumulation and
depuration period. Redrawn after Zoulian and Jensen
(1989).
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transferred to clean water after TBTO-ex-
posure, there was a loss of 50Vo after some
weeks due to degradation and./or elimina-
tion.Also blue mussel (Mytilus edulis)trans-
ferred from a polluted to an unpolluted area
showed a 50 Vo decline of accumulated or-
ganic tin after 40 days (Fig. 3) (Zoulian &
Jensen 1989).

METABOLISMAND
DEPURATION

The capacity of bivalves to metabolise TBT
has been studied by different scientists. Lee
(1985) and Ebdon et al. (1989) found that
transformation of TBT was very low in oys-
ters (Crassos trea uirginico) compared to that
in fish, crabs or shrimps. In a Spanish in-
vestigation (Morcillo et al. 1997) the ratio
TBTIDBT in molluscs was considered as an
indicator of the age of a TBT input. Differ-
ent ratios in separate species collected in the
same area, 3.6 in clams, 0.8 in mussels and
1.2 in snails were suggested to reflect that
the metabolic rate varies between species,
but may also be a result of different expo-
sure or availability. The soft-shelled clam
Mya arenarlo was found to have a very lim-
ited ability to metabolise TBT but seems to
tolerate quite high levels of exposure (Kure
& Depledge 1994).

TOXICITY AND MODE
OF ACTION

It has been shown that TBT inhibits
oxidative phosphorylation in mitochondria
which leads to a disturbance of synthesis of
ATP, swelling and rupture of mitochondrial
membranes and altered ion transport across
lipid membranes (IPCS 1990).
Acute effects
Toxicity values from many different marine
species ofbivalves show variations between
1 and 2000 mgll,. Larval stages are gener-
aIIy more sensitive to TBT than adult bi-
valves (FiS. 1). Thain (pers. com.) reported
a 48 h LC5s value for oyster larvae of 7.6 pgl
L compared to 1800 pgfi'for adults. For mus-
sels (Mytilus edulis) corresponding figures

were 23 and300 pglLrespectively. However,
at extended exposure (66 days) an LC5s
value as low as 0.97 p.glL was reported for
blue mussels (Valkirs et al.Ig87).

Chronic effects
Canadian measurements of tissue accumu-
lation and enerry budgets (Scope for growth)
in soft-shelled clams (Mya arenaria) and
blue mussels (Mytilus edulis) (Unpubl.) in-
dicated that Mytilus is a more efficient
metaboliser of TBT lhanMya. The scope for
growth index, i.e. a calculated sum of en-
erry available for growth and reproduction)
was also lower for Mya; an 80% reduction
after three months, while for Mytilus therc
was a 307o increase compared to the control
group. Sublethal effects manifested as aten-
fold increase of haemolyrnph protein content
inMytilus was reported after 60 days at 0.7
rr'glL.In another study (Oubella 1997) se-
rum from wild oysters and clams from TBT-
contaminated sites showed increased levels
of cellular peptidase, which indicate a
destabilisation of lysosomes and thereby a
change in the immune system. An impair-
ment of the phagocytic activity of hemocytes
was also reported in three bivalve species,
Mytilus edulis, Mya arenaria and Mactro-o
meris polynyma (Botchard et ol. 1999). It
was also found that dibutyltin (DBT) had a
higher immunodepressive activity than
tributyltin, a frnding which may indicate
that DBT could be the active form ofbutyltin
inside cells (Bouchard et al. 1999).

ENDOCRINE EFFECTS
Any endocrine effects in bivalves are not
reported. In a recent paper Morcillo et al.
(1999) reported that the levels ofsexual hor-
mones were similar in mussels from polluted
and unpolluted sites along the Catalan coast
(Spain).

STATE OF THE ART AND FUTURE
The International Maritime Organisation
(IMO) recently (November 1999) decided
that all use of TBT for antifouling purpose



Phuhet Marine Biological Center Special Publication 21(1): 127-132 (2000) 131

should be banned and phased out during
2003-2008. In spite of this, the levels of
organotins in the environment will only de-
crease slowly, thus having an impact for sev-
eral years in contaminated areas close to
harbours and marinas.

CONCLUSIONS
* Bivalves are sensitive to exposure of
organotin
* Bivalves generally accumulate more TBT
than gastropods and especiallyhigh concen-
trations are found in detritus feeders.
* Bivalves have a low capacity to metabo-
Iise TBT
* There is no evidence for biomagnification
of TBT in the food chain
x Effects are mostly manifested as a de-
creased larvae settling decreased growth
and shell deformation
* A total international ban oforganotins for
antifouling purpose has recently been taken.
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