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José Ignacio Garcı́a Alonso2 , Najoua Trigui-El Menif1
1. Department of Biology, Laboratory of Environment Biomonitoring, Group of Applied and Fundamental Malacology, Faculty of Sciences of Bizerta,
University of Carthage, 7021 Tunisia. E-mail: lahbibyoussef@yahoo.fr
2. Department of Physical and Analytical Chemistry, Faculty of Chemistry, University of Oviedo, Julłan Claverła 8, 33006, Oviedo, Spain
Received 01 October 2010; revised 20 January 2011; accepted 04 March 2011

Abstract
Imposex and butyltin burden were assessed in Nassarius nitidus, Bolinus brandaris and Hexaplex trunculus collected at five stations
in the Bizerta lagoon. Biological analysis showed that imposex followed type (a) in N. nitidus (distal evolution), against type (d) in the
two muricids (proximal evolution). Imposex indices were higher in sites located nearby sources of tributyltin and N. nitidus was the
least aﬀected species of the five sites, followed by B. brandaris and H. trunculus. Butyltin analysis showed lower accumulation in N.
nitidus followed by H. trunculus and B. brandaris. This study has allowed the gathering of data on imposex in a snail studied for the
first time in Tunisia (N. nitidus). It suggests the possibility of using such snail as a complementary species for organotin monitoring
programs in the Mediterranean and further confirmed that H. trunculus is the most suitable species for such investigations.
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The chemical tributyltin (TBT) is a biocide that has been
widely used in anti-fouling paints for ships since 1970s
(Bennett, 1996). It has been considered one of the most
toxic substances and most potent androgenic compounds
deliberately introduced into the marine environment (Morcillo and Porte, 1998). The use of TBT in northern
Mediterranean waters started to be partly restricted in 1982
and was completely restricted in 2008. In the southern
Mediterranean countries, no legislation has been passed
for banning TBT use, and all countries do not adhere
to the Antifouling System (AFS) convention. In the case
of Tunisia, no local legislation is currently in discussion
on the use of TBT-based antifouling paints. Nevertheless,
it seems that Tunisian paint manufacturers are aware of
the harmful eﬀect of TBT on aquatic organisms, since
available products in the Tunisian market do not list TBT
as an ingredient and note that the product is TBT-free. This
suggests that pollution likely comes from sediment stocks,
possible illegal use, or foreign boats coming from countries
not imposing a TBT ban, which render TBT still available
to organisms. In this case, monitoring studies are the sole
method to detect and measure the trend of TBT pollution.

Imposex is the superimposition of male characters (penis and vas deferens), onto female dioecious gastropods
(Smith, 1971); caused by exposure to sub-lethal concentrations of organotin compounds, mainly TBT and its
derivatives. Imposex has been used widely to monitor
TBT pollution, especially in those species showing a
good correlation between the degree of the morphological
alterations, with the concentration of TBT. Amongst these,
one of the species used most widely in Mediterranean
waters is the banded murex Hexaplex trunculus (Axiak et
al., 2003; Terlizzi et al., 2004; Lemghich and Benajiba,
2007; Abidli et al., 2009; Lahbib et al., 2009a, 2009b).
Two other muricids have also been subjected to similar
investigations in some studies namely the purple dye
murex Bolinus brandaris (Solé et al., 1998; Ramón and
Amor, 2002; Lemghich and Benajiba, 2007; Abidli et
al., 2010; Vasconcelos et al., 2010) and the oyster drill
Stramonita haemastoma (Spence et al., 1990; Rilov et
al., 2000; Lemghich and Benajiba, 2007; Lahbib et al.,
2010). The dogwelk Nassarius nitidus was first studied in
Sweden (Magnusson et al., 2005) followed by Italy and
Spain (Pavoni et al., 2007; Berto et al., 2007; Rodrı́guez
et al., 2009), where it was suggested as a suitable species
for monitoring TBT contamination, mainly in lagoon environment; but it was never studied in Tunisia. Recently,
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the cone Conus mediterraneus, the cyclope nassa Cyclope
neritea and the variable dogwhelk Nassarius mutabilis
have been subjected to an imposex study in the Lagoon of
Bizerta (Lahbib et al., 2010). According to these authors,
imposex was found at advanced stages in Conus mediterraneus (VDS reaching 4) compared to Cyclope neritea and
Nassarius mutabilis (VDS 1).
Increased knowledge of imposex within N. nitidus, is
needed to better test its potential as a bioindicator of
organotin contamination in coastal waters. For that reason,
we aim in the present study to extend the geographical
range of previous investigations to the Tunisian coast by
assessing imposex response for the first time in this species
and comparing it with that of two sympatrically living
gastropods mainly used in imposex surveys, H. trunculus
and B. brandaris. The information gathered in this article
could also act in the future as a database to monitor TBT
contamination trend in the southern Mediterranean waters.

1 Materials and methods
1.1 Survey on imposex
In June 2010, a total of 350 snails belonging to three
species, N. nitidus (82), B. brandaris (128) and H. trunculus (140) were sympatrically sampled at five stations in
the Bizerta lagoon (Fig. 1). Sampling was performed using
fishnets at Menzel Abderrahmen (MA), Menzel Bourguiba
(MB) and Lagoon centre (LC) and on foot at El Azib
(EA) and Menzel Jemil (MJ). In the laboratory, individuals
were sacrificed after being frozen for 30 min at –20°C.
After thawing, the shell was measured to the nearest 0.01
mm and broken with a bench vice. The soft tissues were
carefully removed and the mantles were longitudinally
cut to reveal the pallial oviduct in females. Sexes were
determined according to the presence or absence of the
capsule gland, vagina and penis. Imposex was quantified
using the following indices: (1) the imposex incidence or
frequency (I%= (percentage of imposex-aﬀected females)/
total number of females in the sample), (2) the vas deferens
sequence index following the scheme of Stroben et al.
(1992) for prosobranchs and that of Lahbib et al. (2007)
N
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updated for H. trunculus (VDSI = sum of imposex stage
values of all females/total number of females) (Gibbs et
al., 1987), and (3) the relative penis length index (RPLI)
in each female (RPLI = female penis length/average male
penis length). Calculation of statistical tests were conducted using the software Sigmastatr 3.5 for Windows. The
paired sample t-test was used to compare diﬀerences in
RPLI and the Chi-square and Mann Whitney rank sum
tests for comparing I (%) and VDSI, respectively.
1.2 Analytical method
Five females were selected for each species, the operculum was removed and the soft body was finely ground
in glass bottles using a T 18 basic Ultra-Turraxr disperser
(IKAr , Germany) at 6000 r/min. Thereafter, tissues were
freeze-dried, weighed and maintained at –20°C in the
dark until analysis. Approximately 150 mg of sample (two
replicates) were spiked with a diluted solution of the 119 Snenriched spike of MBT, DBT and TBT and immediately 4
mL of a mixture of acetic acid and methanol (3:1) (g/g)
were added in 7 mL glass vials with screw cap (Supelco,
Bellefonte, PA). The vials were introduced in a thermostatic bath at 37°C for at least 2 hr under mechanical shaking.
During the derivatization, 2 mL of acetate buﬀer to adjust
the pH to 5.4, 2 mL of hexane and 300 µL of a 2% (W/V)
sodium tetraethyl borate in 0.2 mol/L NaOH were added
to 1 mL of the extractant for the ethylation of the organotin
compounds. Then, the vials were centrifuged at 3000 r/min
for 5 min to allow a better phase separation. The organic
layer was transferred to a 2 mL chromatographic vial with
a Pasteur pipette. The hexane phase was evaporated under
a gentle stream of argon until nearly dry (a few micro
liters). Finally, 2 µL of this final volume were injected
into GC-MS system. The used instrument is an Agilent
Model 6890N gas chromatograph (Agilent Technologies,
Waldbronn, Germany) fitted with a splitness injector and
a HP-5MS column (30 m × 250 mm i.d. × 0.25 mm)
and equipped with an Agilent Model 5973 Network MSD
mass spectrometric detector (Agilent Technologies, Tokyo,
Japan).

2 Results
2.1 Imposex expression

LC

MB

EA

5 km
Fig. 1 The studied snail Nassarius nitidus and the map of sampling
stations in the Bizerta lagoon (MA: Menzel Abderrahmen, MB: Menzel
Bourguiba, LC: Lagoon Centre, EA: El Azib, MJ: Menzel Jemil).
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Imposex was observed in the three species through
diﬀerent pathways (Tables 1, 2). In N. nitidus, four stages
were recorded following the pathway a (Fig. 2a) starting
from VDS 1a (a bud penis behind the right ocular tentacle)
to VDS 4 (a penis and a full vas deferens from the penis
base to the vaginal aperture) (Table 2). In B. brandaris and
H. trunculus, similar imposex pathway (type d) with five
stages, from VDS 1d (a vas deferens sequence halfway
between the penis site and the vagina) to VDS 4.3 (the
vas deferens passes the vaginal opening) were recorded,
except VDS 2e which was only reported in B. brandaris
(Table 2, Fig. 2b). This new stage is characterized by the
development of a vas deferens sequence at the vagina that
evolves toward the right ocular tentacle (proximal imposex
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Species
Menzel Abderrahmen (MA)
N. nitidus
B. brandaris
H. trunculus
Menzel Bourguiba (MB)
N. nitidus
B. brandaris
H. trunculus
Lagoon Centre (LC)
N. nitidus
B. brandaris
H. trunculus
El Azib (EA)
N. nitidus
B. brandaris
H. trunculus
Menzel Jemil (MJ)
N. nitidus
B. brandaris
H. trunculus

Table 1

Imposex data in the studied gastropods from five sampling stations

S

N

SL

PL

M
F
M
F
M
F

4
13
13
17
11
19

26.2 ± 0.9
25.7 ± 0.9
59.5 ± 3.6
59.1 ± 4.5
59.7 ± 4.3
58.1 ± 4.5

14.8 ± 1.1
1.2 ± 0.4
10.8 ± 1.9
1.9 ± 1.4
18.1 ± 1.5
3.0 ± 1.8

M
F
M
F
M
F

2
11
10
12
8
14

26.4 ± 0.5
26.0 ± 0.7
60.2 ± 3.3
58.1 ± 4.1
58.9 ± 4.7
57.2 ± 4.6

15.3 ± 1.5
1.8 ± 0.5
11.3 ± 1.4
2.6 ± 1.3
18.7 ± 3.0
3.6 ± 1.7

M
F
M
F
M
F

4
8
9
14
11
17

26.4 ± 0.9
26.9 ± 0.4
60.9 ± 3.8
57.5 ± 3.5
58.1 ± 4.6
55.5 ± 3.3

16.9 ± 1.1
0.2 ± 0.4
12.1 ± 0.8
1.0 ± 1.5
17.4 ± 1.9
1.2 ± 1.3

M
F
M
F
M
F

5
13
4
19
12
18

26.3 ± 1.0
26.7 ± 1.2
55.1 ± 1.9
53.9 ± 1.8
52.2 ± 1.5
53.1 ± 3.1

19.1 ± 2.2
0.1 ± 0.4
11.4 ± 1.5
0
14.7 ± 1.9
0.1 ± 0.3

M
F
M
F
‘M
F

6
16
13
17
9
21

26.0 ± 0.8
26.4 ± 1.0
61.6 ± 4.9
55.2 ± 2.9
52.7 ± 1.6
52.0 ± 1.3

18.5 ± 2.3
0
12.3 ± 1.0
0
14.0 ± 1.4
0.1 ± 0.2
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%I

VDSI

RPLI

VDL

100

2.0 ± 0.7

8.4 ± 2.4

0.8 ± 1.4

100

3.4 ± 0.9

17.6 ± 13.2

12.2 ± 3.9

100

3.9 ± 0.4

16.8 ± 10.0

16.1 ± 4.7

100

2.6 ± 0.8

11.7 ± 3.4

2.7 ± 3.8

100

3.9 ± 0.4

22.9 ± 11.3

14.1 ± 3.1

100

4.1 ± 0.1

19.4 ± 9.2

17.6 ± 2.8

25.0

0.3 ± 0.5

1.1 ± 2.5

0

71.4

1.8 ± 1.4

7.9 ± 12.5

5.8 ± 5.1

88.2

2.4 ± 1.3

6.9 ± 7.3

9.2 ± 6.5

15.4

0.2 ± 0.4

0.8 ± 1.9

0

47.4

0.9 ± 1.0

0

3.5 ± 4.0

72.2

1.2 ± 1.1

0.9 ± 2.0

5.7 ± 4.8

0

0

0

0

29.4

0.5 ± 0.8

0

1.8 ± 3.2

42.9

0.7 ± 1.0

0.5 ± 1.8

2.6 ± 3.5

M: male; F: Female. N: number of individuals, I: percentage of imposex, VDSI: vas deferens sequence index, RPLI: relative penis length index, VDL:
average vas deferens length.

P
O

VDS
VO

5 mm

5 mm

Fig. 2 Imposex type a (VDS 3a) in Nassarius nitidus (a) and type d
(VDS 2e) in Bolinus brandaris (b): P: penis, RT: right tentacle, VDS: vas
deferens sequence, VO: vaginal opening.

evolution). Sterility which occurred at VDS 5 was not
recorded in the three species.
2.2 Imposex levels and butyltin analysis
Imposex in N. nitidus was observed only in four of
the five studied stations, while it was recorded in all of
the stations for the two muricids (Table 1). At the five
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stations, all imposex indices were significantly higher in
the two muricids (p < 0.05, Table 1) except for RPLI in
EA and MJ and I for MA and MB, which were similar
between the three species (p > 0.05). Between the two
muricids, imposex indices were higher in H. trunculus
(p < 0.05, Table 1), expect for I and RPLI, which were
similar (p > 0.05). MJ was the least aﬀected site with
no imposex in N. nitidus and slightly aﬀected females
of H. trunculus and B. brandaris (Table 1), followed by
EA with higher imposex indices. At these two sites, no
females bearing penis were recorded for the two muricids.
Imposex stage did not exceed VDS 1a in N. nitidus and
reached VDS 2d and VDS 3d in B. brandaris and H.
trunculus, respectively (Table 2). At the remaining three
stations (MA, MB and LC), imposex was more pronounced
in the three gastropods mainly at MA and MB, where it
reach the maximal value (100%) (Table 1). At LC, only
VDS 1a was recorded in N. nitidus against VDS 1–4 in the
two other gastropods. At MA, VDS varied between 1 and
3 in N. nitidus with VDS 2 being the predominant stage,
between 2 and 4 in B. brandaris, and between 3 and 4.3
in H. trunculus (VDS 4, the predominant in both muricids,
Table 2). At MB, imposex showed the highest degree with
VDS reaching 4 in N. nitidus and 4.3 in both muricids
(Tables 1, 2). Based on these results gathered from the
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Percentage of imposex stages recorded in the studied gastropods from five sampling stations

Species

VDS0

VDS1

VDS2

VDS3

VDS4

VDS4+

VDSI

Menzel Abderrahmen (MA)
N. nitidus

0

23.1 (a)

53.8 (a)

23.1 (a)

0

0

2.0

B. brandaris

0

0

5.9 (b)

64.7

0

3.4

H. trunculus

0

0

5.9 (d)
11.8 (d’)
11.8 (e)
0

15.8 (d)

73.7

10.5 (4.3)

3.9

0

0

54.5 (a)

27.3 (a)

9.1

0

2.6

B. brandaris

0

0

0

16.7 (d)

66.7

16.7

3.9

H. trunculus

0

0

0

0

57.1

42.9

4.1

75

25 (a)

0

0

0

0

0.3

B. brandaris

21.4

21.4 (d)

28.6 (d’)

14.3

0

1.8

H. trunculus

11.8

11.8 (d)

5.9 (d)
17.6 (d’)

7.1 (b)
7.1 (d)
29.4 (d)

23.5

0

2.4

El Azib (EA)
N. nitidus

84.6

15.4 (a)

0

0

0

0

0.2

B. brandaris

52.6

5.3 (d)

0

0

0

0.9

H. trunculus

27.8

27.8 (d)

31.6 (e)
10.6 (d)
22.2 (d)

22.2 (a)

0

0

1.2

100

0

0

0

0

0

0

B. brandaris

70.6

11.8 (d)

0

0

0

0.5

H. trunculus

57.1

14.3 (d)

5.9 (d)
11.8 (e)
19.0 (d)

4.8 (a)
4.8 (d)

0

0

0.7

Menzel Bourguiba (MB)
N. nitidus

Lagoon Centre (LC)
N. nitidus

Menzel Jemil (MJ)
N. nitidus

Letters between brackets indicate the type of stage (a, b, d, e, d’).

five stations, we could rank the studied species according
to their imposex response as follow: H. trunculus > B.
brandaris > N. nitidus.
Results of chemical analysis were compatible with

DBT

TBT

BTs

BDI

9.9 ± 0.7
10.7 ± 0.6
8.5 ± 0.7

9.7 ± 0.3
20.0 ± 0.4
14.8 ± 0.8

8.2 ± 0.4
12.8 ± 0.7
9.7 ± 0.6

27.8 ± 0.6
43.5 ± 0.8
33.0 ± 2.1

2.4
2.4
2.4

9.2 ± 0.6
14.2 ± 0.7
10.6 ± 0.6

9.8 ± 0.3
25.0 ± 0.8
15.8 ± 0.7

8.5 ± 0.4
11.1 ± 0.4
14.0 ± 0.6

27.5 ± 1.3
50.3 ± 1.1
40.4 ± 1.8

2.2
3.5
1.9

2.9 ± 0.3
4.8 ± 0.4
3.9 ± 0.3

4.5 ± 0.3
7.5 ± 0.5
5.0 ± 0.4

3.8 ± 0.1
6.2 ± 0.3
4.8 ± 0.3

11.2 ± 0.1
18.4 ± 0.4
13.7 ± 1.0

2.9
2.9
2.5

1.7 ± 0.3
2.9 ± 0.2
2.1 ± 0.1

3.1 ± 0.1
5.2 ± 0.1
4.3 ± 0.2

1.2 ± 0.2
2.2 ± 0.2
1.7 ± 0.1

6.0 ± 0.1
10.2 ± 0.6
8.1 ± 0.2

4.2
3.7
3.7

1.3 ± 0.3
1.2 ± 0.2
0.8 ± 0.1

2.3 ± 0.4
4.5 ± 0.2
4.0 ± 0.2

0.8 ± 0.1
1.5 ± 0.2
1.1 ± 0.1

4.3 ± 0.1
7.1 ± 0.6
5.8 ± 0.3

4.7
3.9
4.3

MBT: monobutyltin, DBT: dibutyltin, TBT: tributyltin, BTs: total butyltins, BDI: butyltin degradation index.
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Menzel Abderrahmen (MA)
N. nitidus
B. brandaris
H. trunculus
Menzel Bourguiba (MB)
N. nitidus
B. brandaris
H. trunculus
Lagoon Center (LC)
N. nitidus
B. brandaris
H. trunculus
El Azib (EA)
N. nitidus
B. brandaris
H. trunculus
Menzel Jemil (MJ)
N. nitidus
B. brandaris
H. trunculus

Butyltin burden in gastropods from the studied stations (unit: ng Sn/g dw)
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those of biological analysis (Table 3). This was confirmed
by the significant correlation obtained between imposex
indices and TBT concentrations (Fig. 3). Higher butyltin
accumulation was recorded in MA and MB stations where
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Imposex expression varied between N. nitidus (type a)
and the two muricids H. trunculus and B. brandaris (type
d). Previous studies reported the occurrence of imposex
in Tunisian snails starting from a vas deference sequence
(VDS 1b, 1c and 1d) in H. trunculus, B. brandaris and
Conus mediterraneus (Lahbib et al., 2010; Abidli et al.,
2010). Imposex type (a) which started with the occurrence
of a bud penis, was also reported in Cyclope neritea and
Stramonita haemastoma (Lahbib et al., 2010). In Basque
country and the lagoon of Venice (Italy), imposex type (b)
was also reported in N. nitidus but at a low frequency as
compared to type (a) (Pavoni et al., 2007; Rodrı́guez et
al., 2009). The observation of stage (2e) was reported for
the first time in B. brandaris along Tunisian coast. This
stage diﬀers from VDS 1c because of the size of the vas
deference sequence which is longer. This suggests that this
stage could arise from stage 1c or 1d. This observation
further agrees with data reported in B. brandaris from
Spain coast (Ramón and Amor, 2002). The development of
imposex following various pathways could be bias on the
assessment of imposex degree following VDSI or RPLI.
Indeed, snails exhibiting type a possessed a much more
developed penis and have thus, higher RPLI and lower
VDSI mainly in stations slightly polluted like EA where
RPLI is higher in N. nitidus than in B. brandaris (Table 1).
The same observation was reported between Cyclope neritea and Conus mediterraneaus from MJ (Lahbib et al.,
2010). This suggested that using VDSI in assessing the
degree of imposex is better than using RPLI. This latter
index is recommended in high polluted site where VDSI
reached VDS 4. Nevertheless, we found some usefulness
of using snails exhibiting type a like N. nitidus in the
detection of imposex in less polluted sites based only on
penis observation which is practical without sacrificing
animals.
Imposex assessment in five stations from the Bizerta
lagoon showed no apparent risk on snail populations, at
least in stations of EA, MJ and LC where indices were
low and consistent with the low boating traﬃc and butyltin
burden recorded in these stations (some artisanal fishing
boats). At MA and MB, imposex levels were high in
accordance with the main characteristics of the stations
(fishing harbor and port repairer company, respectively)
and the obtained butyltin burden. In a previous study,
butyltin burden were low in MJ (7.0 ng/g dw for total
BTs) as compared to Bizerta Channel (47.4 ng/g dw),
which further suggest that boating traﬃc is the main cause

c.

3 Discussion

of TBT leaching (Lahbib et al., 2010). Comparisons of
imposex and butyltin levels in N. nitidus obtained in the
present study with similar investigations (Pavoni et al.,
2007; Rodriguez et al., 2009), showed that the lagoon of
Bizerta is less aﬀected by imposex and butyltin pollution
than the Lagoon of Venice and Basque country.
The co-occurrence in gastropod species of the same substratum has permitted one to compare imposex response in
N. nitidus with that of H. trunculus and B. brandaris. This
nassarid was less sensitive than the two muricids; which
agrees with previous investigations (Axiak et al., 1995;
Pavoni et al., 2007). In another study, imposex sensitivity
in N. nitidus was similar to N. reticulatus (Rodrı́guez et
al., 2009), however, this last species was not observed
during our sampling campaign. Indeed, Rolán and Luque
(1994) reported that N. reticulatus is an Atlantic species
entering the Mediterranean Sea along Spanish coasts and it
is found only in the western part. Among the two muricids,
H. trunculus was more sensitive to TBT than B. brandaris,
which further agrees with observations made by Abidli
et al. (2009), but disagree with those of Lemghich and
Benajiba (2007). This diﬀerence in imposex response is
certainly related to the formula used in calculating VDSI.
Indeed, in this study and that of Abidli et al. (2009), VDSI
was calculated according to Gibbs et al. (1987), while in
Lemghich and Benajiba (2007), it was deduced from the
relative penis size index (RPSI) values according to Bryan
et al. (1988). Thus, it seems again, that the type of imposex
pathway has bias on the calculation of imposex degree.
In sites where females did not show a penis, but show a
vas deferens sequence, RPLI is useless and similarly for
VDSI of Bryan et al. (1988). In this study at the most
polluted stations, RPLI was slightly higher in B. brandaris
(although statistically similar) than H. trunculus. This is
explained by the smaller penis in males of B. brandaris
which showed shorter flagellum as compared to that of
H. trunculus (personal observation).
Significant correlations were obtained between imposex
incidence and TBT burden, further suggesting that TBT
is the main cause of imposex in gastropods and that the
three studied species are good bioindicators of organotin
pollution. Better correlation was obtained for I% vs. TBT
in N. nitidus and B. brandaris, against VDSI vs. TBT in H.
trunculus. The obtained correlations also showed earlier
and higher imposex response in H. trunculus according to
TBT concentrations, further suggesting its high sensitivity
against organotin pollution with comparison to N. nitidus
and B. brandaris.
Comparing the relationship found in this work, based on
VDSI values, with those of the literature, it can be observed
that a concentration of 20 ng Sn/g dw of TBT, corresponds
to a VDSI of 0 in N. reticulatus from Portugal (Barroso
et al., 2002), 0.5 in N. nitudus (Pavoni et al., 2007) and
3 in H. trunculus (Chiavarini et al., 2003) from Italy, and
1.2 and 1.4 in Nucella lapillus from Ireland and France,
respectively (Oehlmann et al., 1998). The VDSI values
recorded in this work were 3, 4.2 and 4.7, respectively in
N. nitidus, B. brandaris and H. trunculus. In this context,
we should notice that there are many factors that must

.a

the imposex response was the highest and further agreeing with the main characteristics of these two stations
(TBT-leaching source). In the remaining stations, butyltin
concentrations were low with the lowest values being
recorded in MJ. Among the studied gastropods, B. brandaris showed the highest butyltin concentration followed
by H. trunculus and N. nitidus (Table 3). The calculation of
butyltin degradation index (BDI) was higher than 1, further
confirming an historical pollution (Table 3).
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Fig. 3 Correlations between imposex indices and TBT burden in the three gastropod species. r values were all significant at p < 0.05 (n = 5).
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