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Abstract

Gastropod molluscs have potential for bioaccumulation of the organotin compounds (OTs) as
tributyltin (TBT) and/or triphenyltin (TPT), used in antifouling paints applied to the hulls of
ships to prevent biofouling. In gastropods, TBT may act as endocrine disruptors, and to
induce imposex, impairing their reproductive capacity. The present study aimed to verify the
occurrence of malformations, such as biphalic and triphalic penis in males and females with
imposex in Leucozonia nassa and L. ocellata collected in Espirito Santo Bay between the
years 2007 and 2011. During this period, 94.8% of female L. nassa and 24.5% of female L.
ocellata exhibited imposex and 10 animals presented malformations. For L. nassa,
malformations were found in seven females and one male, and for L. ocellata in two males.
Most females with malformations presented VDSI stage >4 and these results indicate high
levels of TBT contamination in the Espirito Santo Bay.
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1. Introduction

Biofouling is the assemblage of phyto- and zoobenthos able to settle on natural or artificial
hard substrata that are immersed in water (Diirr & Thomason, 2010) and can result in an
undesirable accumulation of these organisms (Kotrikla, 2009).This accumulation can cause
damage to the marine industry due to increased friction between the hull and water, which
would require greater engine power and generate higher fuel consumption (Yebra et al.,
2004). Furthermore, biofouling also facilitates the introduction of exotic species into aquatic
environments.

Aiming to prevent biofouling, antifouling paints containing the organotin compounds (OTs)
tributyltin (TBT) and triphenyltin (TPT) were introduced into the market in the 60s
(Garaventa et al., 2006; Swennen et al., 2009). However, the use of these paints enables the
gradual release of these compounds into the marine environment and affect non-target
organisms (Alzieu, 1998). These substances are considered the most toxic man-made
anddeliberately introduced into the environment (Goldberg, 1986; Stewart et al., 1992).

TBT has half-lives of days (Clark et al., 1988; Rudel, 2003), but in sediment the half-life of
this compound can be very long, reaching to the years (Dowson et al., 1993, 1996). Tend to
accumulate in the food chain and are stored in the tissues of mollusks, crustaceans,
echinoderms, fish, birds and mammals (Duft et al., 2005; Guérin et al., 2007; Veltman et al.,
2006; Choi et al., 2011). Thus, the toxic effects of these pollutants results in impacts that may
cover one or more levels of the biological organization into an ecosystem (Ruiz et al., 1996).

In marine gastropods, TBT induces reproductive abnormalities of female animals. A first
description of imposex was given by Blaber (1970) for Nucella lapillus when penis-like
outgrowths were observed behind the right cephalic tentacle of females. This phenomenon,
termed imposex by Smith et al. (1971) is characterized by the development of additional male
sex organs (e.g., penis and/or vas deferens) on females. This syndrome is considered
irreversible (Gibbs & Bryan, 1987) and in areas with high levels of TBT, females of
gastropods may become sterile, due to the closure of the vulva, or die by necrosis in the
capsule of eggs, leading to the decline or even extinction of a population (Gibbs & Bryan,
1994; Gibbs et al., 1997).

Gibbs et al. (1997) proposed that the magnitude of the development of male characters in
females depends on the sensitivity of the species and concentration of TBT in the
environment, according to a dose-response behavior. Therefore, imposex is considered the
biological response most sensitive to TBT, being used as biomarker for different levels of
contamination (Matthiessen & Gibbs, 1998).

The studies about the occurrence of OTs, particularly TBT, indicate a higher concentration of
these substances in nearby ports and marinas, due to the activity of ships in these areas
(Smith et al., 2006; Sousa et al., 2007). Due to the environmental effects of TBT, restrictions
on the use on vessels less than 25m were imposed, first in France, then in the United
Kingdom and in almost all developed countries during the eighties (Alzieu, 1991, 1996;
Bosselmann, 1996; Champ, 2000; Yebra et al., 2004).
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In 2001, the International Maritime Organization (IMO) adopted the ‘International
Convention on the Control of Harmful Anti-fouling Systems on ships’ (AFS Convention),
which prohibited the application of OTs as antifouling agents. This resolution called for a
global prohibition on the application of OTs as biocides in antifouling paints on ships by the
effective date of January 2003, and a complete banishment by January 2008 (Gipperth, 2009).

However, TBT pollution still persists in the marine environments of many countries (Murai et
al., 2005; Shi et al., 2005; Cao et al., 2009; Strand et al., 2009; Gipperth, 2009). Due to the
effectiveness of TBT-based paints, the absence of an equivalent substitute (Chambers et al.,
2006) and also the persistence of these compounds in sediments (Fernandez et al., 2005;
Godoi et al., 2003; Santos et al., 2009), a large amount of TBT containing waste is still being
produced around ports (Kotrikla, 2009).

In Brazil, imposex has been studied primarily in Stramonita haemastoma (Castro et al., 2000,
2007a, b; Fernandez et al., 2002; 2005) and in Stramonita rustica (Lamarck, 1822) (Camillo
et al., 2004; Castro et al., 2004, 2007a). Other species are also being used in biomonitoring
programs, such as Thais deltoidea (Costa et al., 2008a), Cymatium
parthenopeumparthenopeum (Costa et al., 2008b), Nassarius vibex (Cardoso et al., 2010) and
species of the family Fasciolariidae, including Leucozonia nassa and Leucozonia ocellata
(Costa et al., 2014).

Besides imposex, TBT contamination can cause malformations characterized by the
appearance of a bifid and/or trifid penis. These malformations also occur in males and have
been described recently for some species (Meirelles et al., 2007; Lahbib et al., 2008; Cardoso
et al., 2009; Abidli et al., 2009) on studies in port areas.

Studies conducted in Espirito Santo Bay, Brazil, have shown the presence of high levels of
contamination by TBT and its metabolites in the sediment in this area (Costa et al., 2014).
The objective of this study was to verify the occurrence of malformation in males and
imposexed females of the gastropods L. nassa and L. ocellata and its probable relationship to
the occurrence of imposex in this region.

2. Materials and Methods
2.1 Study Area

Espirito Santo Bay, located in southeastern Brazil, is influenced by the presence of many
ports like Port of Tubardo and Vitéria Port Complex, marinas and intense maritime traffic,
which are potential sources of OT pollution. Samples were collected at six sites in this bay
(Figure 1): site 1- Point of Tubardo (369078, 7757961, site 2- Soc6 island (365753,
7756521), site 3 — Formosa beach (365531, 7755197), site 4 - Frade island beach (366347,
7754743), site 5 —Ribeiro beach (3671178, 7752228) and site 6 —Sossego beach (366973,
7752564). This area has been studied, and the occurrence of high levels of imposex confirms
that pollution by TBT is producing deleterious effects on the local populations of gastropods
(Costa et al., 2008a, b; Costa et al., 2014).
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Figure 1. Espirito Santo Bay, ES, highlighting the collection points and the main sources of
OTs
Notes: 1) Point of Tubarfo, 2) Socé island, 3) Formosa beach, 4) Frade island beach, 5) Ribeiro beach and 6)

Sossego beach.

2.2 Sampling and Imposex Analysis

This study was conducted between the years 2007-2011. Approximately 30 adult specimens
of the species L. nassa and L. ocellata were collected during spring tides at each sampling
site.

The collected samples were transported to the laboratory, where they remained in aquaria
containing aerated seawater. For the analyses, the animals were anesthetized in a solution of
4% MgCl; in sea water and distilled water 1:1 and their shells were measured with calipers
and broken with a vice. Individuals who had a capsule gland, seminal receptacle and
vestibule were identified as females, and those who exhibited a penis and/or vas deferens in
addition to these structures were identified as imposexed females. Individuals with a prostate,
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penis and vas deferens were identified as males. Imposexed females and males who had a
bifid and/or trifid penis were classified as having malformation (Figure 2).

Figure 2. Individuals with malformation
Notes: A and B: L. nassa imposexed females with a bifid penis; C: L. nassa female with a trifid penis; D: L.

nassa male with a bifid penis; E and F: L. ocellata male with a bifid penis. P1, P2 and P3: ramifications of the

penis.

The length of the penis of males and imposexed females were measured with a caliper. To
determine the levels of imposex were used three specific indexes: 1% (percentage of
imposex), RPLI (relative penis length index) and VDSI (vas deferens sequence index).The
calculation of 1% was made based on the number of imposexed females in relation to the total
number of females. To determine the RPLI, the penis of males and imposexed females were
measured and the values applied in the formula: (FPL/MPL) x 100, where FPL= average
penis length of females and MPL = average penis length of the male, according to Gibbs and
Bryan (1987). For the determination of the VDSI the scale proposed by Gibbs and Bryan
(1994) was used. Correlations were observed between the rate of malformation and indices of
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imposex (1%, RPLI and VDSI) by the Spearman test. Significance level threshold (o) for the
latter test was set to 5%.

3. Results

From 2007 to 2011, 493 specimens of L. nassa were collected: 170 males and 323 females; of
which 95% were affected by imposex. For L. ocellata, 58 individuals were collected: 29males
and 29 females, with 24.5% of females exhibiting imposex.

At all sampling sites individuals with malformations were found. These malformations are
represented in Figure 2 and included for example, the appearance of a bifid and/or trifid
penis. Of the total individuals analyzed, 10 exhibited malformations, of those 7 were L. nassa
females, 1 was L. nassa male and 2 were L. ocellata males.

The length of the penis of males and females, the VDSI stage and the type of malformation of
the individuals are presented in Table 1. Individuals with malformation were found in all
sampling dates. In 2008, one L. nassa female with the biggest penis length (16.9 mm) was
found in the sampling site 5. From the same species, in 2011, one male with malformation
and one female with trifid penis were registered in the sampling site 3.

Table 1. Analysis of individuals with malformation

Penis lenght (mm)

Site  Year  Species Sex v = VDSI Malformation
1 2009 L. nassa F 1.9 5 BP
1 2009 L. nassa F 2.6 4 BP
2 2010 L. nassa F 0.6 3 BP
3 2007 L. nassa F 6.5 4 TP
4 2007 L. nassa F 1.7 5 BP
4 2009 L. nassa F 1.2 4 BP
4 2011 L. nassa M 9 BP
5 2008 L. nassa F 16.9 4 BP
6 2008 L. ocellata M 3.3 BP
6 2008 L. ocellata M 4 BP

Notes: M: Male; F: Female; VDSI: vas deferens sequence development; BP: bifid penis; TP: trifid penis. To

measure the length of the penis was considered the higher branch.

The results of the indices (1%, RPLI and VDSI) and the percentage of malformations of all
sample points in the four sampling years are shown in Table 2.The distribution of individuals
did not follow a regular pattern, and in some points/years, specimens were not found. The
percentage of imposex affected females for L. nassa were greater than 80% at all locations
and years, while for L. ocellata, these indices were lower, ranging from 6 to 17%. RPLI
values of L. nassa ranged between 3 and 37, and those of L. ocellata ranged from 18 to 23. In
relation to VDSI, the indices ranged from 3.17 to 4.33 for L. nassa and from 3.00 to 3.44 for
L. ocellata. For L. nassa, all points with the occurrence of malformation had 100%
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imposexed females, except the Ribeiro beach with 83%, index also considered high. For L.
ocellata malformations were found only in males. Although the malformation occurred at
points with high levels of imposex, according to the Spearman test, was not significantly
correlated between the rates of malformation and indexes (1%, RPLI, VDSI) (p > 0.05).

Table 2. Results obtained at the points where were found individuals of L. nassa and L.
ocellata with malformation according to their years and collection sites

] ) N N Malformation
Species Site  Year %l RPLI VDSI  %Mr
M F M F
2007 16 24 100.00 18.18 4.08
2008 9 20 100.00  23.01 4.00
L. nassa 1 2009 12 18 2 100.00 17.80 4.22 11.11
2010 3 27 100.00 16.01 4.33
_______________________ 000 5251000 1906 412
2007 23 24 100.00 12.83 4.17
2008 12 18 100.00  12.09 4.00
L. nassa 2 2009 13 17 82.35 3.65 3.80
2010 15 15 1 100.00 8.05 4.13 6.67
_______________________ 000 N6 1000 1047 317
Lomassa 32007 0 1110000 400 100.00
2007 12 29 1 100.00 20.38 3.93 3.45
2008 25 100.00 37.20 3.92
L. nassa 4 2009 4 27 1 100.00 9.75  3.78 3.70
2010 9 21 90.48 1456 3.95
2011 10 20 1 90.00 948  3.89 10.00
L. nassa 5 2008 5 6 1 83.33 14.06 4.00 20.00
o 2008 15 2 2 1666 2313 344 1333

L.ocellata 6

Notes: N: number of specimens, M: male; F: female; 1%: imposex percentage; RPLI: relative penis length index;

VDSI: vas deferens sequence development; %Mr: malformation rate.

4. Discussion

The Espirito Santo Bay has intense maritime traffic due to the presence of ports and marinas
in the region and has been monitored since 2007 with the species Stramonita haemastoma
(unpublished  data), Thais deltoidea (Costa et al, 2008a), Cymatium
parthenopeumparthenopeum (Costa et al., 2008b), Leucozonia nassa and L. ocellata (Costa
et al., 2014). This region has high levels of TBT and its metabolites were detected (Costa et
al., 2014). So far there have been only records malformations in the genus Leucozonia.

According to the results of the present study, the values imposex indices were very high for L.
nassa (95%) and lower for L. ocellata (24.5%). These results indicate a high contamination
by TBT in the region, but also indicate a probable difference in response of these two species
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to the pollutant, with L. nassa more sensitive than L. ocellata. This sensitivity difference to
TBT between these species was evidenced by Costa et al. (2014). Interspecific differences to
TBT were observed between other species, such as, Murex brandaris and M. trunculus
(Lemghich & Benajiba, 2007) and Thais rufotincta, T. distinguenda and T. bitubercularis
(Bech, 2002) and Stramonita haemastoma and S. rustica (Castro et al., 2007b).

For L. nassa the malformations occurred mainly in imposexed females while in L. ocellata
only males presented malformations. The occurrence of malformations only in males of L.
ocellata deserves further investigation, but suggests a difference in sensitivity between males
and females of this species. The occurrence of malformations in both species may be more
indicative of the deleterious effects of TBT on these organisms.

Most females with malformations presented VDSI stages equal to or greater than 4, which
represents an advanced stage of imposex. Because all stations are located close to areas of
naval activities, pollution by TBT was expected. Results obtained by Costa et al. (2014)
confirm that this bay is contaminated by OTs, with values ranging from 383-7172 ng/g of
TBT. The site 1 is greatly influenced by Tubardao Harbour, sites 2, 3 and 4 are under the
influence of the Passage Channel, with many maintenance marinas for small boats and the
Yacht Club, main leisure marina of Espirito Santo State, while sites 5 and 6 are influenced by
the intense maritime traffic of large ships toward the Vitoria Port Complex.

Although the number of individuals that presented malformation is low, there is apparently
sensitivity difference to TBT between the males and females of the species L. nassa and L.
ocellata, once for L. nassa the malformations were present mainly in imposexed females
while in L. ocellata only males presented malformations.

Malformations in L. nassa had already been reported by Meirelles et al. (2007), while
malformations in L. ocellata are first reported in this study. Several authors have documented
penis malformations in other species, such as Stroben et al. (1992) in H. reticulata. Terlizzi et
al. (1998) observed penis bifurcation in imposexed females and males of Hexaplex trunculus,
but with higher incidence in males. Vasconcelos et al. (2006) found males presenting penis
excrescences and females exhibiting a rounded penis tip in Hexaplex trunculus. Similar
malformations have also been reported by Lahbib et al. (2008) in males of H. trunculus.
Cardoso et al. (2009) reported abnormalities in Nassarius vibex.

Although the mechanisms for the development of anomalies which are not well understood,
some authors have implicated this malformations with TBT-polluted sites (Mensink et al.,
2002; Lahbib et al., 2008).

The presence of imposex in L. nassa and L. ocellata and chemical analyses of the sediment
(Costa et al., 2014) confirm the contamination by TBT in the study area and suggest a
relationship between this contaminant and the incidence of malformations. The results also
indicate a difference in sensitivity to TBT between the species and between the sexes. For L.
ocellata, males are more susceptible than females, while L. nassa showed an inverse
relationship.
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5. Conclusions

Finally, reports on the imposex level and penis malformations in L. nassa and L. ocellata
from a port area in Brazil are important for assessing the environmental consequences of the
use of TBT-based antifouling paints in areas with boating activity. Further investigations on
organotins in sediments and gastropod tissues are in progress. These results could be useful
for verifying the effects of TBT-based antifouling and for supporting legislation to ban the
use of TBT-based paints in Brazil.

Acknowledgements

This study was funded by Fund for Science and Technology/Vitoria (FACITEC/PMV)
(Process N° 035/2006 and Process N° 2273/2008) and Foundation for Support of Science and
Technology of the Espirito Santo State (FAPES) (Process 35521724/2006).

References

Abidli, S., Lahbib, Y., & Menif, N. T. (2009). Imposex and genital tract malformations in
Hexaplex trunculus and Bolinus brandaris collected in the Gulf of Tunis. Bulletin of Marine
Science, 85(1), 11-25.

Alzieu, C. (1991). Environmental problems caused by TBT in France: assessment,
regulations, prospects. Marine Environmental Research, 32, 7-17.
http://dx.doi.org/10.1016/0141-1136(91)90029-8

Alzieu, C. (1996). Biological effects of tributyltin on marine organisms. In Mora, S. J. (Ed.),
Tributyltin: Case Study of an Environmental Contaminant. Cambridge Environmental
Chemistry  Series (pp. 167-211). New York: Cambridge University Press.
http://dx.doi.org/10.1017/CB0O9780511759772.007

Alzieu, C. (1998). Tributyltin case study of a chronic contaminant in the coastal environment.
Ocean e Coastal Management, 40, 23-36. http://dx.doi.org/10.1016/S0964-5691(98)00036-2

Bech, M., Strand J., & Jacobsen, J. A. (2002). Development of imposex and accumulation of
butyltin in the tropical muricid Thais distinguenda transplanted to a TBT contaminated site.
Environmental Pollution, 119, 253-260. http://dx.doi.org/10.1016/S0269-7491(01)00309-8

Blaber, S. J. M. (1970). The occurrence of penis-like outgrowth behind the right tentacle in
spent females of Nucella lapillus. Proccedings Malacological Society of London, 39,
231-233.

Bosselmann, K. (1996). Environmental law and tributyltin in the environment. In de Mora, S.
J. (Ed.), Tributyltin: Case Study of an Environmental Contaminant (pp. 237-263). Cambridg:
Cambridge University Press.

Camillo, E., Quadros, J. P, Castro, I. B., & Fernandez, M. A. (2004). Imposex in Thais
rustica (Mollusca: Neogastropoda) (Lamarck, 1822) as an indicator of organotin compounds
pollution at Maceio coast (Notheastern Brazil). Brazilian Journal of Oceanography, 52(2),
101-105. http://dx.doi.org/10.1590/S1679-87592004000200002

61 www.macrothink.org/ast



ISSN 2168-9148

\\ MacrOthiI'lk Aquatic Science and Technology
A Institute ™ 2014, Vol. 2, No. 2

Cao, D., Jiang, G., Zhou, Q., & Yang, R. (2009). Organotin pollution in China: An overview
of the current state and potential health risk. Journal of Environmental Management, 90,
16-24. http://dx.doi.org/10.1016/j.jenvman.2008.06.007

Cardoso, R. S., Caetano, C. H. S., & Cabrini, T. M. B. (2009). Biphallia in imposexed
females of marine gastropods: new record for Nassariusvibex from Brazil. Brazilian Journal
of Biology, 69(1), 223-224. http://dx.doi.org/10.1590/S1519-69842009000100030

Castro, 1. B., Lima, A. F., Braga, A. R. C., & Rocha-Barreira, C. A. (2007a). Imposex in two
muricid species (Mollusca: Gastropoda) from the northeastern Brazilian coast. Journal of the
Brazilian Society for Ecotoxicology, 2, 81-91. http://dx.doi.org/10.5132/jbse.2007.01.012

Castro, I. B., Bemvenuti, C. E., & Fillmann G. (2007b). Preliminary appraisal of imposex in
area under the influence of southern Brazilian harbors. Journal of the Brazilian Society for
Ecotoxicology, 2, 73-79. http://dx.doi.org/10.5132/jbse.2007.01.011

Castro, 1. B., Matthews-Cascon, H., & Fernandez, M. A. (2000). Imposex em Thalis
haemastoma (Linnaeus, 1767) (Mollusca: Gastropoda), uma indicagdo da contaminagdo por
organoestanicos na costa no municipio de Fortaleza - Ceara. Arquivos de Ciéncias do Mar,
33, 51-56. http://repositorio.furg.br:8080/handle/1/3039

Castro, 1. B., Meirelles, C. A. O., Matthews-Cascon, H., & Fernandez, M. A. S. (2004). Thais
(Stramonita) rustica (Lamarck: 1822) (Mollusca: Gastropoda: Thaididae) a potential
bioindicator of contamination by organotion in Northeast Brazil. Brazilian Journal of
Oceanography, Sao Paulo, 52, 135-139.
http://dx.doi.org/10.1590/S1679-87592008000200007

Chambers, L. D., Stokes, K. R., Walsh, F. C., & Wood, R. J. K. (2006). Modern approaches to
marine antifouling coatings. Surface and Coatings Technology, 201, 3642-3652.
http://dx.doi.org/10.1016/j.surfcoat.2006.08.129

Champ, M. A. (2000). A review of organotin regulatory strategies, pending actions, related
costs and Dbenefits. The Science of the Total Environment, 258, 21-71.
http://dx.doi.org/10.1016/S0048-9697(00)00506-4

Choi, M., Hyo-Bang, M., Yong-Rock, A., Seok-Gwan, C., & Hee-Gu, C. (2011).
Accumulation of butyltin compounds in cetaceans from Korean coastal waters. Marine
Pollution Bulletin, 62, 1120-1123. http://dx.doi.org/10.1016/j.marpolbul.2011.03.013

Clark, E. L., Sterrit, R. M., & Lester, J. N. (1988). The fate of Tributyltin in the Aquatic
Environment - a Look at the Data. Environmental Science and Technology, 22(6), 600-604.
http://dx.doi.org/10.1021/es00171a001

Costa, M. B., Fernandez, M. A., Barbiero, D. C., Melo, F. T. V., Otegui, M. B. P., & Ferreira,
B. S. (2008a). First record of imposex in Thais deltoidea (Lamarck, 1822) (Mollusca,
Gastropoda, Thaididae) in Vitoria, ES, Brazil. Brazilian Journal of Oceanography, 56(2),
145-148. http://dx.doi.org/10.1590/S1679-87592008000200007

62 www.macrothink.org/ast



ISSN 2168-9148

\\ MacrOthiI'lk Aquatic Science and Technology
A Institute ™ 2014, Vol. 2, No. 2

Costa, M. B., Otegui, M. B. P., Barbiero, D. C., & Fernadez, M. A. (2008b). Cymatium
parthenopeum parthenopeum (von Salis, 1793) (Mesogastropoda: Ranellidac): A New
Bioindicator of Organotion Compounds Contamination? Journal of the Brazilian Society of
Ecotoxicology, 3(1), 65-69. http://dx.doi.org/doi: 10.5132/jbse.2008.01.010

Costa, M. B., Zamprogno, G. C., Pedruzzi, F. C., De Morais, L., Tognella, M. M. P., Godoi,
A. F. L., Santos, D. M., De Marchi, M. R. R., & Fernandez, M. A. (2014). Differential
organotin sensitivity in two Leucozonia species from a ship traffic area in southeastern Brazil.
Marine Biology Research, 10(7), 712-724. http://dx.doi.org/10.1080/17451000.2013.850512

Dowson, P. H., Bubb, J. M., & Lester, J. N. (1996). A study of the partitioning and sorptive
behavior of butyltins in the aquatic environment. Applied Organometallic Chemistry, 7(8),
623-633. http://dx.doi.org/10.1002/a0¢.590070805

Dowson, P. H., Bubb, J. M., Willians, T. P., & Lester, J. N. (1993). Degradation of tributyltin
in freshwater and estuarine marina sediments. Water Science and Technology, 28, 133-137.

Duft, M., Schulte-Oehlmann, U., Tillmann, M., Weltje, L., & Oehlmann, J. (2005). Biological
impact of organotin compounds on mollusks in marine and freshwater ecosystems. Coastal
Marine Science, 29(2), 95-110.

Diirr, S., & Watson, D. 1. (2010). Biofouling and antifouling in aquaculture. Biofouling. Diirr,
S. & Thomason, J. (Eds.). Wiley-Blackwell. http://dx.doi.org/10.1002/9781444315462.ch19

Fernandez, M. A. S., Wagener, A. L. M., Limaverde, A. M., Scofield, A. L., Pinheiro, F. M.,
& Rodruigues, E. (2005). Imposex and surface sediment speciation: a combined approach to
evaluate organotion contamination in Guanabara Bay, Rio de Janeiro, Brazil. Marine
Environmental Research, 59, 435-452. http://dx.doi.org/10.1016/j.marenvres.2004.07.001

Garaventa, F., Faimali, M., & Terlizzi, A. (2006). Imposex in pre-pollution times. Is TBT to
blame? Baseline / Marine Pollution Bulletin, 52, 696-718.
http://dx.doi.org/10.1016/j.marpolbul.2006.02.018

Gibbs, P. E., Bebianno, M. J., & Coelho, M. R. (1997). Evidence of the differential sensitivity
of neogastropods to tributyltin (TBT) pollution, with notes on a species (Columbella rustica)
lacking the imposex response. Environmental Technology, 8(12), 1219-1224.
http://dx.doi.org/10.1080/09593331808616643

Gibbs, P., & Bryan, G. W. (1987). TBT paints and the demise of the dog-whelk, Nucella
lapillus (Gastropoda). Proceedings, The Oceans - An International Workplace Conference, 4,
1482-1487. http://dx.doi.org/10.1109/O0CEANS.1987.1160635

Gibbs, P., & Bryan, G. W. (1994). Biomonitoring of tributyltin pollution using the imposex
response of neogastropod mollusks. Biomonitoring of Coastal Waters and Estuaries, 54,
205-226.

Gipperth, L. (2009). The legal design of the international and European Union ban on
tributyltin antifouling paint: Direct and indirect effects. Journal of Environmental
Management, 90, 86-95. http://dx.doi.org/10.1016/j.jenvman.2008.08.013

63 www.macrothink.org/ast



ISSN 2168-9148

\\ MacrOthiI'lk Aquatic Science and Technology
A Institute ™ 2014, Vol. 2, No. 2

Godoi, A. F. L., Montone, R. C., & Santiago-Silva, M. (2003). Determination of butyltin
compounds in surface sediments from the Sao Paulo State coast (Brazil) by gas
chromatography—pulsed flame photometric detection. Journal of Chromatography A, 985,
205-210. http://dx.doi.org/10.1016/S0021-9673(02)01456-5

Goldberg, E. D. (1986). TBT: an environmental dilemma. Environment: Science and Policy
for Sustainable Development, 28(8), 17-44.
http://dx.doi.org/10.1080/00139157.1986.9928814

Guérin, T., Sirot, V., Volatier, J. L., & Leblanc, J. C. (2007). Organotin levels in seafood and
its implications for health risk in high-seafood consumers. Science of the Total Environment,
388, 66-77. http://dx.doi.org/10.1016/j.scitotenv.2007.08.027

Kotrikla, A. (2009). Environmental management aspects for TBT antifouling wastes from the
shipyards. Journal of Environmental Management, 90, S77-S85.
http://dx.doi.org/10.1016/j.jenvman.2008.07.017

Lahbib, Y., Abidli, S., & Menif, N. T. (2008). Imposex level and penis malformation in
Hexaplex trunculus from the Tunisian coast. American Malacological Bulletin, 24, 79-89.
http://dx.doi.org/10.4003/0740-2783-24.1.79

Lemghich, 1., & Benajiba, M. H. (2007). Survey of imposex in prosobranchs mollusks along
the northern Mediterrancan coast of Morocco. Ecological Indicators, 7, 209-214.
http://dx.doi.org/10.1016/j.ecolind.2005.09.007

Matthiessen, P., & Gibbs, P. (1998). Critical appraisal of the evidence for tributyltin-mediated
endocrine disruption in mollusks. Environmental Toxicology and Chemistry, 17(1), 37-43.
http://dx.doi.org/10.1002/etc.5620170106

Meirelles, C. A. O., Castro, 1. B., & Pinheiro, J. C. L. (2007). A first record of biphallia in
imposexed female of Leucozonia nassa (Caenogastropoda: Fasciolariidae). Marine
Biodiversity Records, 1, 1-3. http://dx.doi.org/10.1017/S1755267207004241

Mensink, B. P., Kralt, H., Vethaak, A. D., Ten Hallers-TJabbes, C., Koeman, J. H., Van
Hattun, B., & Boon, J. P. (2002). Imposex induction in laboratory reared juvenile
Buccinunundatun by Tributyltin (TBT). Environmental Toxicology and Pharmacology, 11,
49-65. http://dx.doi.org/10.1016/S1382-6689(01)00106-5

Murai, R., Takahashi, S., Tanabe, S., & Takeuchi, L. (2005). Status of butyltin pollution along
the coasts of Western Japan in 2001, 11 years after partial restrictions on the usage of
tributyltin. Marine Pollution Bulletin, 51, 940-949.
http://dx.doi.org/10.1016/j.marpolbul.2005.06.043

Rudel, H. (2003). Case study: bioavailability of tin and tin compounds. Ecotoxicology and
Environmental Safety, 56, 180-189. http://dx.doi.org/10.1016/S0147-6513(03)00061-7

Ruiz, J. M., Bachelet, G., Caumette, P., & Donard, O. F. X. (1996). Three decades of
tributyltin in the coastal environment with emphasis on Arcachon Bay, France. Environmental
Pollution, 93, 195-203. http://dx.doi.org/10.1016/0269-7491(96)00029

64 www.macrothink.org/ast



ISSN 2168-9148

\\ MacrOthiI'lk Aquatic Science and Technology
A Institute ™ 2014, Vol. 2, No. 2

Santos, D. M., Aratjo, 1. P.,, Machado, E. C., Carvalho-Filho, M. A. S., Fernandez, M. A.,
Marchi, M. R. R., & Godoi, A. F. L. (2009). Organotin compounds in the Paranagua
Estuarine Complex, Parana, Brazil: Evaluation of biological effects, surface sediment, and
suspended  particulate  matter.  Marine  Pollution  Bulletin, 58,  1922-1952.
http://dx.doi.org/10.1016/j.marpolbul.2009.09.004

Shi, H. H., Huang, C. J., Zhu, S. X., Yu, X. J., & Xie, W. Y. (2005). Generalized system of
imposex and reproductive failure in female gastropods of coastal waters of mainland China.
Marine Ecology Progress Series, 304, 179-189. http://dx.doi.org/10.3354/meps304179

Smith, A. J., Thain, J. E., & Barry, J. (2006). Exploring the use of caged Nucella lapillus to
monitor changes to TBT hotspot areas: A trial in the River Tyne estuary (UK). Marine
Environmental Research, 62, 149-163. http://dx.doi.org/10.1016/j.marenvres.2006.03.008

Smith, B. S. (1971). Sexuality in the American mud-snail Nassarius obsoletus Say.
Proceedings of the Malacological Society of London, 39, 377-378.

Sousa, A., Matsudaira, C., Takahashi, S., Tanabe, S., & Barroso, C. (2007). Integrative
assessment of organotin contamination in a southern European estuarine system (Ria de
Aveiro, NW Portugal): Tracking temporal trends in order to evaluate the effectiveness of the
EU ban. Marine Pollution Bulletin, 54, 1645-1653.
http://dx.doi.org/10.1016/j.marpolbul.2007.07.005

Stewart, C., DeMora, S. J., Jones, M. R. L., & Milles, M. C. (1992). Imposex in New Zeland
Neogastropods. Marine Pollution Bulletin, 24, 204-209.
http://dx.doi.org/10.1016/0025-326X(92)90531-A

Strand, J., Jorgensen, Z. T., & Tairova, Z. (2009). TBT pollution and effects in mollusks at
US Virgin Islands, Caribean Sea. Environment International, 35, 707-711.
http://dx.doi.org/10.1016/j.envint.2009.01.007

Stroben, E., Brommel, C., Ochlmann, J., & Fiorini, P. (1992). Hinia reticulata and Nucella
lapillus. Comparison of two gastropod tributyltin bioindicators. Marine Biology, 114,
289-296. http://dx.doi.org/10.1007/BF00349532

Swennen, C., Sampantarak, U., & Ruttanadakul, N. (2009). TBT-pollution in the Gulf of
Thailand: A re-inspection of imposex incidence after 10 years. Marine Pollution Bulletin, 58,
526-532. http://dx.doi.org/10.1016/j.marpolbul.2008.11.028

Terlizzi, A., Geraci, S., & Minganti, V. (1998). Tributyltin (TBT) pollution in the coastal
waters of Italy as indicated by imposex in Hexaplex trunculus (Gastropoda, Muricidae).
Marine Pollution Bulletin, 36, 749-752. http://dx.doi.org/10.1016/S0025-326X(98)00027-7

Vasconcelos, P., Gaspar, M. B., & Castro, M. (2006). Imposex in Hexaplex (Trunculariopsis)
trunculus (Gastropoda: Muricidae) from the Ria Formosa lagoon (Algarve coast—southern
Portugal). Marine Pollution Bulletin, 52, 332-356.
http://dx.doi.org/10.1016/j.marpolbul.2005.11.002

65 www.macrothink.org/ast



ISSN 2168-9148

\\ MacrOthiI'lk Aquatic Science and Technology
A Institute ™ 2014, Vol. 2, No. 2

Veltman, K., Huijbregts, A. J. M. A., van den Heuvel-Greve, M. J., Vethaak, A. D., &
Hendriks, A. J. (2006). Organotin accumulation in an estuarine food chain: Comparing field
measurements with model estimations. Marine Environmental Research, 6, 511-530.
http://dx.doi.org/10.1016/j.marenvres.2006.02.005

Yebra, D. M., Kiil, S., & Dam-Johansen, K. (2004). Antifouling Technology - Past, Present
and Future Steps Towards Efficient and Environmentally Friendly Antifouling Coatings.
Progress in Organic Coatings, 50, 75-104. http://dx.doi.org/10.1016/j.porgcoat.2003.06.001

Copyright Disclaimer

Copyright for this article is retained by the author(s), with first publication rights granted to
the journal.

This is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).

66 www.macrothink.org/ast



