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Abstract

The release of tributyltin (TBT) from maritime traffic represents one of the main problems of direct, diffuse, and continued contam-
ination of the marine environment.

In the present survey, the concentrations of TBT and dibultytin (DBT) in brackish waters, sediments, and the gastropods Nassarius

nitidus were evaluated in order to estimate the contamination of the southern part of the Venice lagoon.
TBT and DBT were determined by GC–MS/MS. Recent contamination of TBT was found in brackish waters near marinas, whereas

the highest concentrations of TBT and DBT were observed in surface sediments at dockyards and harbours. High content of organotin in
the gastropods sampled near the dockyards, harbours, and marinas showed a mobilisation from the sediments through the food web.

The present study allowed assessment of whether, despite the ban on the use of TBT paints, waters, sediments, and biota were still
being contaminated by organotin compounds in the southern Venice lagoon.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Butyltins, including tributyltin (TBT), are widely used as
biocides in antifouling paints. Evidence of the damaging
effect of organotin compounds (BTs) on the reproduction
and growth of various marine organisms has prompted
action by many countries to regulate or ban their use in
antifouling products. The widespread use of BTs as stabi-
lizers in the manufacture of polyvinylchloride (Blunden
et al., 1984), as a biocide in agriculture (Champ and Selig-
man, 1996), as a fungicidal in wood preserve (Bennett,
1996), and as a biocide in antifouling paints for vessels
(Hoch, 2001; Yebra et al., 2004) and for cooling pipes of
thermoelectric power (Bacci and Gacci, 1989; Bressa
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et al., 1999) has provided several points of entry for these
compounds into aquatic and terrestrial environments.

TBT gained widespread application as an effective anti-
fouling paint biocide on pleasure boats, large ships, and
docks in the 1970s and 1980s (Fent, 1996).

At present, the use of antifouling paints containing TBT
is restricted in many countries. In October 2001, MEPC/
IMO adopted a new International Convention on the Con-
trol of Harmful Antifouling Systems on Ships which will
prohibit the use of harmful organotins in antifouling paints
used on ships, and will establish a mechanism to prevent
the potential future use of other harmful substances in anti-
fouling systems. The resolution called for a global prohibi-
tion on the application of BTs, which act as biocides in
antifouling systems on ships, by January 2003, and a com-
plete prohibition by January 2008 (Reg. EC 782/2003).

Despite such restrictions, TBT persists in many areas
at levels considered to be chronically toxic to the most
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susceptible organisms (Stäb et al., 1995). The release of BTs
into terrestrial and aquatic environments has decreased,
but inputs still occur, and previously contaminated sites
continue to act as sources (Ritsema, 1994; Stäb et al.,
1995). The BTs compounds have been routinely found in
both estuarine and marine waters, sediments, and biota
(Tas et al., 1996).

TBT is characterised by high toxicity, environmental
mobility, and a tendency to accumulate in living systems
(Fent, 1996). Chronic toxic effects on oysters (shell defor-
mation; Alzieu, 1998, 2000), and in neogastropods and
mesogastropods (imposex; e.g., Ellis and Pattisina, 1990;
Gibbs et al., 1991; Stewart et al., 1992; Horiguchi et al.,
1994) occur at aqueous concentrations of a few ng L�1,
and most susceptible marine algae and zooplankton species
are negatively affected at a few hundred ng L�1 (Huang
et al., 1996). It is widely recognised that TBT, as an endo-
crine disruptor, compromises reproductive capacity and
sexual development, increasing incidence of masculinisa-
tion, in numerous fish species (Meador, 1997; McAllister
and Kime, 2003; Shimasaki et al., 2003). The phenomenon
of imposex, a superimposition of male sexual organs (penis
and vas deferens) on female gastropods, is reported to
occur in more than 150 species belonging to 63 genera of
prosobranch gastropods (Schulte-Oehlmann et al., 2000),
and is positively correlated to TBT concentrations (Gibbs
et al., 1987). Despite the high concentrations of toxic BTs
found in aquatic invertebrates, little is known about the
accumulation and toxic effects of BTs in higher trophic ver-
tebrate predators, which may be exposed to these pollu-
tants via food ingestion (Hoch, 2001). In general, coastal
species exhibit higher butyltins accumulations than their
relatives from off-shore areas (Hoch, 2001). Despite this,
Borghi and Porte (2002) showed that organotin pollution
in the NW Mediterranean is not limited to circumscribed
coastal areas, but rather reaches the deep-sea environment
and inhabiting organisms (1000–1800 m depth).

At present, scarce information on organotin contamina-
tion in Italian waters, sediments, and biota, collected simul-
taneously, is available; most studies report data on
organotin compounds in a selected environmental matrix:
seawater (Bacci and Gacci, 1989; Caricchia et al., 1993;
Terlizzi et al., 1998), sediments (Cicero et al., 2004; Chiav-
arini et al., 2003), or gastropods (Terlizzi et al., 1998). Con-
tamination of BTs compounds in the lagoon of Venice was
reported by a few papers, focusing either on sediments
(Bortoli et al., 2003) or molluscs (Binato et al., 1998; Bos-
colo et al., 2004; Pellizzato et al., 2004).

The Venice lagoon is subject to intense ship traffic due to
the presence of the harbours of Venice (2.32 · 106 t yr�1)
and of the port of Chioggia (1.0 · 106 t yr�1). Small ferries,
a fleet of 800 fishing boats (APAT, 2005), and the presence
of many marinas, dockyards and shipyards contributed to
the increase in maritime traffic, mainly in the central and
southern part of the lagoon, during the last decades. In
recent years, relevant dredging activities were carried out
in order to create a new commercial harbour in Chioggia,
and to construct the ‘‘MOSE’’ barriers against the flooding
at Chioggia inlet (1.4 · 106 m3 of estimated dredging
materials).

The present paper aims to evaluate the TBT and dibul-
tytin (DBT) contamination in the brackish waters, sedi-
ments, and gastropods – Nassarius nitidus – in the
southern part of the Venice lagoon, subjected in the last
decades to an increase in dockyards, shipping, and fishing
activities.

2. Materials and methods

2.1. Study area and sampling

The Venice lagoon is a transitional coastal environment
covering a surface area of 549 km2, and it is characterised
by low average water depth (�1 m) and tidal range
(<1 m). The lagoon is connected to the sea through three
inlets (Lido, Malamocco and Chioggia), and water
exchange with the Adriatic Sea is controlled by tidal fluxes.

Waters, sediments and gastropods (N. nitidus) were col-
lected in late spring–summer 2003 in the southern part of
the Venice lagoon, near the town of Chioggia (53,470
inhabitants). The sampling stations were defined as dock-
yards, harbours, marinas, centre town, and lagoon chan-
nels on the basis of their location and the activities
undertaken therein (Fig. 1). Water samples were collected
using Niskin water samplers (5 L capacity) at a depth of
approximately 1 m in navigable areas with a minimum bot-
tom depth of 1.5–2 m. The samples were filtered with GF/F
filters, and acidified to pH 2 with concentrated ultrapure
HCl.

Bottom sediments were sampled by an Ekman grab in
25 stations. The upper 2 cm were recovered and placed in
acid-cleaned glass containers, then homogenised in mortar
porcelain, sieved on a 200 lm mesh nylon screen, and
stored at �20 �C.

A pool of 25 specimens of dogwhelk (N. nitidus),
scavenger gastropods feeding on dead or decaying animals,
were caught by wire basket in 18 of the sediment sampling
sites. The shell length and the maximum diameter were
measured.

The mean length of the collected specimens was
25.5 ± 1.8 mm, and the mean width was 12.0 ± 0.7 mm.
All the specimens were sexually mature and were therefore
presumably at least 4 years old, according to Tallmark
(1980). The soft tissues of the molluscs were excised with
stainless-steel scalpel blades, thoroughly rinsed with MilliQ
water to remove extraneous impurities, and homogenised
using a blender (Ultraturrax). The homogenised samples
were stored at �20 �C. All samples were lyophilised for
72 h before analysis.

2.2. Reagents and standards

Dibutyltin chloride, tributyltin chloride, and tetrabutyl-
tin chloride (96%, 97%, and 96% purity, respectively) were



Fig. 1. Sampling stations in the southern Venice lagoon.
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purchased from Aldrich (Milwaukee, USA). Tropolone
and analytical grade solvents n-hexane, methanol, and
dichloromethane, were purchased from Carlo Erba (Milan,
Italy). Diethyl ether, hydrogen peroxide, anhydrous
sodium sulphate (Na2SO4), ammonium chloride (NH4Cl),
and ultrapure HCl were obtained from Carlo Erba (Milan,
Italy). Na2SO4 and Florisil 60–100 mesh were activated at
450 �C for 1 h and 160 �C for 24 h, respectively, before use.
The Grignard reagent (2.0 mol L�1 solution of methyl
magnesium bromide, CH3MgBr, 3 mol L�1 in diethyl
ether) was purchased from Aldrich (Milwaukee, WI,USA).
The internal standard tetrabutyltin chloride in methanol,
the tropolone solution (0.05 wt.%) in dichloromethane,
and the aqueous solution of NH4Cl (20 wt.%) were pre-
pared weekly and stored refrigerated at 4 �C.

2.3. Analytical procedures

Sediments were treated with concentrated hydrogen per-
oxide for 48 h, organic debris and shell fragments were
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removed by sieving (<2 mm), and grain-size analyses were
performed by a laser diffraction sizer (Malvern Mastersizer
2000 coupled with Hydro 2000s sampler unit). Sediments
were classified in accordance with Shepard (1954). Organic
carbon (Corg) and nitrogen (Ntot) were determined in sedi-
ments by using a CHNS–O elemental analyser, Fison
(Italy) model EA1108, calibrated with acetanilide as a stan-
dard. Corg was determined after removal of carbonates
with concentrated HCl, 1 N (Hedges and Stern, 1984).
Weight percentages of Ntot were determined following the
same procedure, but without acidification. Analytical pre-
cision of measurements was <2% for both Corg and Ntot.
Reference material BCSS (CNRC, Canada) was used to
assess the accuracy of the analytical data.

TBT and DBT were determined in filtered waters (1 L),
sediments (500 mg), and molluscs (1000 mg) according to
Binato et al. (1998) and Caricchia et al. (1993). A gas chro-
matograph (Trace GC, Thermo Finningam, USA)
equipped with an automatic injector was connected to an
AS2000 (Thermo Finningam, USA) and fitted with a cap-
illary column Rtx-5MS (i.d. 0.25 mm, length 30 m, film
thickness 0.25 lm, Altech, USA). Gas chromatographic
separation was performed at 60 �C (1 min) with a heating
rate of 15 �C min�1 to 270 �C. The splitless injector port
was kept at a temperature of 270�C, and the transfer line
was kept at 280 �C. The carrier gas was helium at
1 mL min�1, and the injected sample size was 1.5 lL.

The fragmentation was obtained by Ion Trap (Polaris Q,
Thermo Finningam, USA) with the electron impact (EI)
source at a temperature of 270 �C, electron energy of
70 eV, and accelerating voltage of 1.1 kV. Full scan and
mass to mass (MS/MS) were operated under a programme
described in the literature (Binato et al., 1998). The frag-
mentation ions chosen were 193, 137, and 120 m/z, and
153, 135, and 120 m/z, respectively, for TBT and DBT.
The method involved extraction, derivatization, and clean
up steps before the GC–MS/MS analysis.

The extraction efficiency was evaluated by analysing
spiked, uncontaminated, filtered, brackish water (5, 10
and 20 ng L�1) and certified reference materials for biota
and sediments (CRM 477 and CRM 462), regularly ana-
lyzed together with the samples.

The recovery of TBT and DBT in spiked brackish water
samples was 97 ± 9% and 101 ± 12%, respectively. The
recovery levels of TBT and DBT in the CRM 477 and
Table 1
Sediment characteristics

Parameter Dockyards (n = 7) Harbour (n = 2) T

Sand (%) 23.5 ± 15.8 87.3a 38
Silt (%) 71.2 ± 15.2 11.5a 56
Clay (%) 5.3 ± 0.9 1.2a 4.
Corg (%) 2.0 ± 0.8 0.3 ± 0.2 1.
Ntot (%) 0.21 ± 0.11 0.05 ± 0.04 0.
Corg/Ntot (mol/mol) 11.4 ± 1.7 6.3 ± 1.3 9.

Average concentrations and standard deviations are reported.
a Grain-size analysis n = 1.
CRM 462 were 81 ± 16% and 82 ± 15%, respectively, for
the certified values.

The detection limits were approximately 5 ng Sn L�1 for
TBT and DBT in brackish water samples, and 4 ng g�1 for
TBT, and 8 ng Sn g�1 for DBT in sediments and biota.
TBT and DBT concentrations were expressed as ng Sn L�1

for water and ng Sn g�1 dry weight for sediments and gas-
tropods, respectively.

3. Results and discussion

3.1. Sediments characteristics

Sandy silt and silt were prevalent in the southern lagoon.
Clay (<2 lm) was present in reduced amounts (<7%) in all
sediment samples. Grain size progressively decreased from
the tidal inlet towards the inner areas of the lagoon and in
the lower energy zones. Very fine to medium sands were
found only in the marine area and in some sites near
Chioggia town. Most of the samples were characterised
by a high percentage of 2–8 lm particles (very fine silt).
The Corg/Ntot molar ratios calculated on the basis of the
Corg (0.3–3.1%) and Ntot (0.02–0.38%) contents ranged
from 5.3 to 13.7. Sandy silty sediments in dockyards were
the most enriched in Corg, whereas the sandy sediments
of harbours showed the lowest values of Corg (Table 1).
It cannot be excluded that the highest Corg/Ntot values
found in dockyards and centre town sediments were caused
by a local source of organic matter, such as the micro-frag-
ments generated by the use of antifouling paints (Yebra
et al., 2004).

The positive correlation between pelitic (<62.5 lm) con-
tents, Corg (R2 = 0.79, p < 0.05), and Ntot (r2 = 0.85,
p < 0.05) suggests a prevailing association of organic mat-
ter within the finer fraction of the sediments, as reported
for other North Adriatic coastal environments (e.g. Faga-
neli et al., 1991).

3.2. Organotins in the lagoon waters

Fig. 2 reports TBT and DBT concentrations in lagoon
waters at the different sampling sites. High levels of TBT
and DBT were detected in areas adjacent to vessel repair
facilities and shipyard hull washing/refinishing activities,
such as harbours and marinas, whereas lower, but consid-
own centre (n = 6) Marina (n = 4) Lagoon channels (n = 11)

.9 ± 37.0 40.1 ± 35.3 31.9 ± 15.1

.6 ± 34.2 55.7 ± 32.7 63.2 ± 14.2
6 ± 2.9 4.1 ± 2.7 4.9 ± 1.1
6 ± 1.1 1.2 ± 1.1 1.6 ± 0.8
20 ± 0.14 0.16 ± 0.11 0.25 ± 0.08
9 ± 2.1 9.0 ± 2.9 7.4 ± 1.7
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Fig. 2. Concentration (average and standard deviation) of TBT and DBT, expressed as ng Sn L�1 and percentage of TBT and DBT (right top corner) in
the lagoon waters at different sites.
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erable, concentrations were found at centre town and
lagoon channels (Fig. 2).

The content of TBT and DBT in harbours and marinas
sites is considerably high, even if comparable to those
reported for other harbour areas (Table 2).
Table 2
Comparison of TBT concentrations in waters of contaminated sites

Sites Year TBT
(ng Sn L�1)

DBT
(ng Sn L�1)

References

Southern Venice

lagoon dockyards,

Italy

2003 10–24 75–139 Present study

Southern Venice

lagoon harbours,

Italy

2003 237–586 <5–139 Present study

Southern Venice

lagoon marinas,

Italy

2003 273–572 16–95 Present study

Lucija marina,
Slovenia

2002 500–600 30–125 Nemanič
et al. (2002)

Marmugao harbour,
India

2001 145–345 8–43 Bhosle et al.
(2004)

Antwerp harbour,
The Netherlands

1993 765–1000 217–283 Reported by
Hoch (2001)

Cote d’Azur ports,
France

1995 7–459 <0.5–221 Tolosa et al.
(1996)

European harbours 1980 10–1500 nd Alzieu (1998)
Though regulations have reduced the levels of environ-
mental TBT in many countries, hull cleaning and painting
sites can still act as potential localized TBT sources (Page
et al., 1996). In fact, the measurements taken prior to
restrictions on TBT use in antifouling paints have shown
high levels of contamination in north American and Euro-
pean marinas (Bacci and Gacci, 1989; Alzieu, 1998), and
extremely high concentrations have been found in the
waters of harbours of countries where no regulations have
been adopted (Hassan and Juma, 1992; May Ming Lau,
1991).

The highest concentration of TBT found in the waters at
the marinas sites (572 ng Sn L�1), associated with a higher
percentage of TBT than DBT (Fig. 2), pointed to a recent
input, probably due to the illegal addition of TBT in anti-
fouling paints in boats smaller than 25 m, as also found
along the Portuguese coast (Santos et al., 2002, 2004).
Thus, the low aqueous solubility (1–10 mg L�1 for tributyl-
tin oxide and under 20 mg L�1 for more soluble salts, such
as halides), low mobility of triorganotins compounds in the
aquatic environment, and the easy adsorption onto sus-
pended particulate matter could facilitate the direct trans-
port and deposition of the contaminant in the sediment.
Regardless, TBT half-life in water is highly variable
depending on the environmental conditions of pH, temper-
ature, turbidity, and light, and it is estimated to range
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approximately from days to weeks (Alzieu, 1998). The
TBT/DBT ratio greater than 1 that we found in the waters
at all sites, and the absence of linear relationship
(r2 = 0.091, p = 0.327) between TBT and DBT concentra-
tions pointed to a widespread and recent TBT contamina-
tion in the southern Venice lagoon.

3.3. Organotins in sediments

The presence of detectable TBT and DBT in all loca-
tions demonstrated its widespread diffusion (Table 3).
The highest levels of TBT (39,300 ng Sn g�1) and DBT
(12,623 ng Sn g�1) have been found in sediments at one
dockyard site showing a recent input, probably due to
the use of TBT-based antifouling paints applied on boat
hulls, and a low control of the wastewater treatment in
the adjacent shipyard hull washing/refinishing activities.
The concentrations in the marinas, centre town, and
lagoon channels in this study were relatively higher for
the channels of the southern part of Venice lagoon (below
20.5 ng Sn g�1), compared to the values reported by Bor-
toli et al. (2003), but similar for the sites located in the cen-
tral Venice lagoon. A low but diffuse contamination of
TBT in coastal areas located in the Ligurian, Tyrrhenian,
Ionian, and Adriatic seas was found in sediments by Cicero
et al. (2004), and in the North-Western Sicilian coasts and
Ustica (3–27 ng Sn g�1 d.wt.) by Chiavarini et al. (2003).
The high concentrations of TBT and DBT in the dockyard
and harbour sediments found in this study are similar to
those measured in sediments of heavily industrialized areas
and harbours around the world (Page et al., 1996; Axiak
et al., 2000; Dı́ez et al., 2002; Shim et al., 2002).

The relationships between TBT and DBT shows that
TBT prevails over its degradation product. In fact, the rel-
ative percentage of TBT towards the sum of TBT and DBT
concentrations ranged up to 72% (marinas) and 98%
(harbours).

The rate of TBT degradation in sediments was evaluated
to be much slower with respect to the water column. The
half-life of TBT in sediments depends on the nature of
the sediments (Stewart and de Mora, 1990) and on the
form of TBT (e.g. oxide, hydroxide, halide, carbonate, or
sulphate) (Hoch, 2001). For example, if TBT was present
in sediments from TBT-containing paint particles, it would
be very resistant to biodegradation (Page et al., 1996).
Moreover, where TBT is present from TBT-containing
paint residue, the release of the toxic component from
Table 3
TBT and DBT concentrations at the surface sediments

Sites TBT (ng Sn g�1)

N Average Min Max

Dockyards 7 8057 87 39,300
Harbours 2 1857 966 2747
Marinas 5 159 43 517
Centre town 5 267 21 817
Lagoon channels 11 280 22 1001
copolymer paints is controlled by percolation (free associ-
ation antifouling paint) or by gradual erosion (self-polish-
ing antifouling paint) through the coat of paint (Hoch,
2001). The use of antifouling TBT paints was widespread
in the past in the dockyards and shipyards around the
lagoon (ARPAV, 2004). While TBT concentrations in
waters around the world have declined since restrictions
on TBT use in paints, TBT contamination in sediments,
in consequence of its long half life which ranges from 4
months to more than 8 years, has remained relatively high
(Page et al., 1996; Alzieu, 1998, 2000).

The ratio of the TBT concentration in sediment to TBT
concentration in water (TBTsed/TBTwater) was calculated to
evaluate an apparent sediment–water distribution coeffi-
cient (Fig. 3). Much higher values of the TBTsed/TBTwater

ratio than that determined in Boothbay Harbour and Port-
land sediments by Page et al., 1996 (2.8 L g�1) have been
found in dockyards and harbour sites of the southern Ven-
ice lagoon (Fig. 3), whereas the lowest values were found in
the marinas ( 0.1–0.4 L g�1). Therefore, the elevated sedi-
ment–water distribution coefficients observed in the field
reflect the presence of TBT containing paint particles from
hull refinishing.

A positive relationship (r2 = 0.725, p < 0.001) was found
between TBT concentrations and Corg in sediments with a
content of Corg higher than 0.9%. The highest contents of
TBT and DBT, 26,962 ± 17,449 ng Sn g�1 and
7212 ± 7653 ng Sn g�1, respectively, were found in two
sites of dockyard sediments and not included in the rela-
tionship, but correspond to higher values of Corg. We
hypothesize that the high Corg and TBT concentrations in
the sediments near the contaminated sites could be due to
the presence of microparticles of antifouling paint residues
in the sediments. These could be generated by self polishing
antifouling paints which are made of a polymer matrix,
such as vinyl, epoxy, acrylic, or chlorinated rubber poly-
mers (CEPE, 1999), to which TBT is chemically bonded.
Since the levels found in sediments at dockyards sites were
two or three orders of magnitude higher that those found
in harbour sediments, they could acts as a potential source
for future TBT contamination of the lagoon. In fact, pollu-
tant residues associated with undisturbed buried sediment
are not readily bioavailable until resuspended into the
water by natural or human activities (Hoch et al., 2003).
There is evidence that the resuspension, either via mechan-
ical resuspension or by dredging operations in dockyards
and marinas sediments, can release TBT into the water col-
DBT (ng Sn g�1)

St. Dev. Average Min Max St. Dev.

14,752 2213 20 12,623 4632
1259 37 29 44 11
201 202 2 950 418
325 9 2 18 7
289 18 2 142 42



Fig. 3. Ratio of sediment–water distribution coefficient. Sediment TBT concentration to the water TBT concentration (TBTsed/TBTwater) and sediment
DBT concentration to the water DBT (DBTsed/DBTwater) concentration.
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umn with possible adverse effects on the biota (Page et al.,
1996). The strong relationship (r2 = 0.944, p < 0.001)
between TBT and DBT, in particular at the dockyards,
may indicate that both the TBT and DBT in the highly
contaminated sediments originate from the same sources,
such as antifouling paints, with respect to the other sites.
The mean TBT/DBT ratio evaluated for dockyards sites
was 4.1 ± 3.6, similar to that reported by Tolosa et al.
(1996) in the anoxic sediments of highly contaminated
Spanish harbours (4.3 ± 2.9).

High TBT/DBT ratios and no significant relationship
between TBT and DBT for lagoon channels and centre
town sediments may reflect the presence of a recent input
of TBT from the water column. However, the tendency
of TBT to accumulate in sediments implies that the degra-
dation processes will have greater importance in determin-
ing the persistence of the TBT in marine environments.
Sediments are a sink for TBT, and TBT has been found
to accumulate to concentrations which can probably inhi-
bit biological degradation (Stewart and de Mora, 1990).

A TBTsed/TBTwater ratio much higher than the DBTsed/
DBTwater ratio (Fig. 3) points to a stronger association of
TBT with sedimentary compartments than DBT. The
absence of a relationship between TBT concentration in
sediments and TBT concentration in waters, and the posi-
tive relationship between TBT concentrations and higher
content of organic carbon in the sediments suggests that
adsorption in the sediments could be driven by the hydro-
phobic character of TBT (Hoch et al., 2003). The positive
relationship (r2 = 0.63, p < 0.01) between DBT content in
water and DBT in sediments at the contaminated sites,
such as the harbours, marinas, and centre town (Fig. 4),
suggests that desorptive processes occur differently than
for TBT, for which no correlation was found between the
concentrations in sediment and waters. DBT is lost to over-
lying waters from sediments more easily than TBT due to
its higher solubility in water (Hoch, 2001).

The major release of DBT into the water phase could
also be a consequence of extreme and near-continuous
anthropogenic disturbances to the sediments resulting from
a combination of dredging, salt marsh reclamation, and
local techniques in clam harvesting, even if natural pro-
cesses, such as tidal flushing, were not excluded. The higher
release of DBT in water favoured by the resuspension pro-
cesses could explain why the ratios of DBTsed/DBTwater

found in our work are lower than those reported by others
authors (Hoch, 2001; Hoch et al., 2003).

As the BTs, and particularly TBT, are associated to the
sediments and have a long residence time, they could dif-
fuse far from their sources by the relevant anthropogenic
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disturbances to the sediments, such as dredging, salt marsh
reclamation, and local techniques of clam harvesting of
Tapes philippinarum. This activity causes re-suspension of
huge amounts of small-sized particles with direct conse-
quences on sediment morphology and indirect damage to
benthic organisms (Pranovi and Giovanardi, 1994; Pranovi
et al., 1998; Sorokin et al., 1999; Sfriso et al., 2001; Pellizz-
ato and Da Ros, 2005). Moreover, the strong net loss of
sediment, the retreat of marsh, and the increase of the fetch
and mean depth of the lagoon (Day et al., 1999) could
enhance the resuspension due to storms.

3.4. Organotins in gastropods

Desorbed TBT is not the only bioavailable form, and it
is important to stress that the presence of TBT in sediments
does not necessarily imply safe removal from the system.
TBT can be directly ingested from contaminated sediments
by scavanger organisms such as gastropods.

TBT in body burden of N. nitidus content varied
between <4 and 976 ng Sn g�1, whereas DBT ranged from
<4 to 1428 ng Sn g�1. The lower concentrations of TBT
and DBT have been found in the lagoon channels with
respect to the other sites examined (Fig. 5). The relative
incidence of DBT on the sum of TBT and DBT in gastro-
pods tissues was significantly higher (Test U Mann–Whit-
ney, p < 0.001) in harbours, town centre, and lagoon
channels than in dockyards and marinas, suggesting an
older input in these latter sites. Thus, Nassarius reticulatus

collected from Portuguese coast yielded tissue concentra-
tions of TBT varying between 20 and 1368 ng Sn g�1 at
harbours, enclosing ports, marinas, and shipyard sites
(Barroso et al., 2000), whereas at the polluted sites of SW
England were measured to have concentrations of TBT
from several hundred up to a maximum of 3000 ng Sn g�1

in N. nitidus before the partial ban (Bryan et al., 1993).
TBT concentrations in gastropods from contaminated sites
of the lagoon are comparable or slightly higher than those
found in other countries (Bryan et al., 1993; Barroso et al.,
2000; Barreiro et al., 2001). The absence of a linear corre-
lation between BT content in gastropods and BTs concen-
tration in waters, and the absence of correlation between
BT content in gastropods and BTs content in the sedi-
ments, suggest that the contamination of gastropods occurs
mainly through the food chain, rather than directly from
water or sediments. The diet of these predatory gastropods,
that may include organotin contaminated prey organisms
such as animal carcasses and bivalves (Binato et al.,
1998; Bortoli et al., 2003; Boscolo et al., 2004; Cacciatore,
2007), could explain the high TBT and DBT content found
in N. nitidus.

Concentrations of TBT and DBT observed in our study
of N. nitidus were comparable or slightly higher than those
found for Hexaplex trunculus (Neogastropoda, Muricidae)
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in the northern Venice lagoon reported by Pellizzato et al.
(2004). The predominance of TBT with respect to DBT in
the bivalve mussel Mitylus galloprovincialis was reported,
by Boscolo et al. (2004), for a site close to the shipyard
activities in the same area of study. The persistence of the
TBT form in mussels at marina sites could suggest the lim-
ited capability of bivalves to metabolise TBT with respect
to gastropods and their ability to accumulate it (Laughlin
and Linden, 1985; Wade et al., 1988). Although the highest
toxicity of the butyltins compounds is due to the trisubsti-
tuted species, it should be considered that DBT and MBT
are also toxic compounds for aquatic organisms (Kannan
and Falandysz, 1997; Stäb et al., 1995; Hoch, 2001). Higher
stages of the imposex affect N. nitidus in the study area
(unpublished results) and similarly high imposex stages
were found in H. truculus from the central Venice lagoon
(Pellizzato et al., 2004).

The significant relationship (r2 = 0.755, p < 0.001) found
between the TBT and DBT concentrations in gastropods
suggests that most of the DBT residues in N. nitidus tissues
have originated from TBT. However, the ratio of concen-
trations of TBT and DBT found in biota with respect to
those found at the sediments (TBTbiota/TBTsed and
DBTbiota/DBTsed, respectively) showed ratios higher than
1 in all sites analyzed. The highest accumulation of DBT
compared to TBT could be explained by an elevated
metabolisms of TBT in molluscs, though little is known
about the biodegradation in these organisms. A possible
exposure to DBT from different sources other than mari-
time activities could not be excluded a priori. A higher con-
tamination of DBT compared to TBT can originate from
industrial applications, since MBT and DBT are exten-
sively used as polyvinyl chloride (PVC) stabilizers and cat-
alysts for polyurethane foams and silicone resins (Fent,
1996). However, in the southern Venice lagoon, the indus-
trial activities are very scarce with respect to those in the
north. Also, the urban sewage discharged in the southern
part of the Venice lagoon cannot be excluded to contribute
to the contamination of the aquatic environment (Fent,
1996), though more data are needed to test the importance
of this source.

4. Conclusions

Notwithstanding the increasing efforts to outlaw the
TBT in antifouling paints, there is evidence of a persistent
contamination in the aquatic environment. The results of
this study showed that in the southern Venice lagoon there
is still evidence of high TBT and DBT contamination in
waters and sediments due to the increase of dockyards,
shipping, and fishing activities. Natural and anthropogenic
factors, such as tidal fluxes, clam harvesting, the capital
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dredging for the construction of both the new Chioggia
harbour and the mobile barriers against flooding at the
Chioggia inlet, may well facilitate the diffusion of pollu-
tants in uncontaminated sites.

The accumulation of TBT in sediments appears to be
favoured by the accumulation of organic matter in the con-
taminated sites. Resuspension processes probably enhance
a higher release of DBT than TBT from sediments into the
water.

Significant contamination of TBT and DBT in the scav-
enger gastropod, N. nitidus, at dockyards, harbours, and
marinas testifies to the continuous, even if not massive,
input of BTs in the southern part of the lagoon. The higher
content of DBT than TBT in gastropods is probably due to
the greater mobility of DBT than TBT in the aquatic sys-
tems. The persistance of BTs in sediments and their diffu-
sion, through resuspension by storms and by the
enhanced anthropogenic activities, could facilitate the
mobilization of these contaminants and their transfer to
invertebrates and fish. There is a need to investigate, in
future research, the release of BTs from sediments and their
accumulation in the trophic chain.
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Barreiro, R., González, R., Quintela, M., Ruiz, J.M., 2001. Imposex,
organotin bioaccumulation and sterility of female Nassarius reticulatus

in polluted areas of NW Spain. Marine Ecology Progress Series 218,
203–212.

Barroso, C.M., Moreira, M.H., Gibbs, P.E., 2000. Comparison of
imposex and intersexes development in four prosobranch species for
TBT monitoring of a southern European estuarine system (Ria de
Aveiro, NW Portugal). Marine Ecology Progress Series 201, 221–232.

Bennett, R.F., 1996. Industrial manufacture and applications of tributyltin
compounds. Tributyltin: a case study of an environmental contami-
nant. Cambridge Environmental Chemistry Series. Cambridge Univ.
Press, Cambridge, pp. 21–61.

Bhosle, N.B., Garg, A., Jadhav, S., Harjee, R., Sawant, S.S., Venkat, K.,
Anil, A.C., 2004. Butyltins in water, biofilm, animals and sediments of
the west coast of India. Chemosphere 57, 897–907.

Binato, G., Biancotto, G., Piro, R., Angeletti, R., 1998. Atomic
absorption spectrometric screening and gas chromatographic–mass
spectrometric determination of organotin compounds in marine
mussel: an application in samples from the Venetian Lagoon.
Fresenius Journal Analytical Chemistry 361, 333–337.

Blunden, S.J., Hobbs, L.A., Smith, P.J., 1984. The environmental
chemistry of organotin compounds. Environmental Chemistry. The
Royal Society of Chemistry, London, pp. 49–77.

Borghi, V., Porte, C., 2002. Organotin Pollution in Deep-Sea Fish from
the North-western Mediterranean. Environmental Science Technology
36, 4224–4228.

Bortoli, A., Troncon, A., Dariol, S., Pellizzato, F., Pavoni, B., 2003.
Butyltins and phenyltins in biota and sediments from the Lagoon
Venice. Oceanologia 46, 7–23.

Boscolo, R., Cacciatore, F., Berto, D., Marin, M.G., Giani, M., 2004.
Contamination of natural and cultured mussels (Mytilus galloprovin-

cialis) from Northern Adriatic sea by tributyltin and dibutyltin
compounds. Applied Organometalllic Chemistry 18, 614–618.

Bressa, G., Caravello, G.U., Da Villa, G., Sisti, E., 1999. Organotins in
mussels and sediments from the lagoon of Venice. Fresenius Environ-
ment Bulletin 8, 107–115.

Bryan, G.W., Bright, D.A., Hummerstone, L.G., Burt, G.R., 1993.
Uptake, tissue distribution and metabolism of 14C-labelled tributyltin
(TBT) in the dog-whelk, Nucella lapillus. Journal Marine Biology
Association UK 73, 889–912.

Cacciatore, F., 2007. Esperimenti di trapianto di vongole (Tape philippin-

arum) in Laguna di Venezia: contaminazione chimica e condizioni
fisiologiche (in italian). Thesis, Università degli studi di Padova, 131 pp.

Caricchia, A.M., Chiavarini, S., Cremisini, C., Morabito, R., Ubaldi, C.,
1993. Analytical methods for the determination of organotins in the
marine environment. Internal Journal Environment Analytical Chem-
istry 53, 37–52.

CEPE Antifouling Working Group, Final Report, EC Project No.96/559/
3040/DEB/E2, 1999.

Champ, M.A., Seligman, P.F., 1996. An introduction to organotin
compounds and their use in antifouling coatings. In: Champ, M.A.,
Seligman, P.F. (Eds.), Organotin – Environmental Fate and Effects.
Chapman & Hall, London, pp. 1–25.

Chiavarini, S., Massanisso, P., Nicolai, P., Nobili, C., Morabito, R., 2003.
Butyltins concentration levels and imposex occurrence in snails from
the Sicilian coasts (Italy). Chemosphere 50, 311–319.

Cicero, A.M., Nonnis, A., Romano, E., Finoia, M.G., Bergamin, L.,
Graziosi, M., Balocchi, C., Focardi, S., 2004. Detection of tributyltin
(TBT) residues in Italian marine sediments. Chemistry and Ecology 20,
S319–S321.

Day Jr., J.W., Rybczyk, J., Scarton, F., Rismondo, A., Cecconi, G., 1999.
Accretionary dynamics, sea level rise and the survival of wetlands in
venice lagoon: a field and modeling approach. Estuarine Coastal Shelf
Science 49, 607–628.
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1991. Marine geology of the Gulf of Trieste (northern Adriatic):
geochemical aspects. Marine Geology 99, 93–108.

Fent, K., 1996. Ecotoxicology of organotin compounds. Critical Review
Toxicology 26, 1–117.

Gibbs, P.E., Bryan, G.W., Pascoe, P.L., Burt, G.R., 1987. The use of the
dog-whelk, Nucella lapillus, as an indicator of tributyltin (TBT)
contamination. Journal Marine Biology Association UK 67, 507–523.

http://www.arpa.veneto.it


D. Berto et al. / Marine Pollution Bulletin 55 (2007) 425–435 435
Gibbs, P.E., Spencer, B.E., Pascoe, P.L., 1991. The American oyster drill,
Urosalpinx cinerea (Gastropoda): evidence of decline in an imposex
adducted population. Journal Marine Biology Association UK 71,
827–838.

Hassan, M.A., Juma, H.A., 1992. Assessment of tributyltin in marine
environment of Bahrain. Marine Pollution Bulletin 24, 408–410.

Hedges, J.I., Stern, J.H., 1984. Carbon and nitrogen determinations of
carbonate-containing solids. Limnology and Oceanography 29, 657–
663.

Hoch, M., 2001. Organotin compounds in the environment: an overview.
Applied Geochemistry 16, 719–743.

Hoch, M., Azcarate, A., Lischick, J., 2003. Adsorption behaviour of toxic
tributyltin to clay-rich sediments under various environmental condi-
tions. Journal Environmental Toxicology and Chemistry 21 (7), 1390–
1397.

Horiguchi, T., Shiraishi, H., Shimizu, M., Morita, M., 1994. Imposex and
organotin compounds in Thais clavigera and T.bronni in Japan.
Journal Marine Biology Association UK 74, 651–669.

Huang, G., Dai, S., Sun, H., 1996. Toxic effects of organotin species on
algae. Applied Organometallic Chemistry 10, 377–387.

Kannan, K., Falandysz, J., 1997. Butyltin residues in sediment, fish, fish-
eating birds, harbour porpoise and human tissues from Polish coast of
the Baltic sea. Marine Pollution Bulletin 34, 204–207.

Laughlin, R.B., Linden, O., 1985. Fate and effects of organotin
compounds. Ambio 2, 88–94.

May Ming Lau, M., 1991. Tributyltin antifouling: a threat to the Hong
Kong marine environment. Archives in Marine Contamination and
Toxicology 20, 229–235.

McAllister, B.G., Kime, D.E., 2003. Early life exposure to environmental
levels of the aromatase inhibitor tributyltin causes masculinisation and
irreversible sperm damage in zebrafish (Danio rerio). Aquatic Toxi-
cology 65, 309–316.

Meador, J.P., 1997. Comparative toxicokinetics of tributyltin in five
marine species and utility in predicting bioaccumulation and acute
toxicity. Aquatic toxicology 37, 307–326.

MEPC, 2001. International Convention on the Control of Harmful
Antifouling Systems on Ships, IMO, London, 5 October 2001. (Web
site. <htpp://www.imo.org/homeasp>).
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