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ABSTRACT

Imposex in gastropod mollusksis an efficient and low-cost biomarker for pollution by organotin compounds. Such substances
are typically found in areas with an intense flux of vessels, such as marinas and harbors. This study preliminarily evaluated
the occurrence of imposex in Sramonita haemastoma (Linnaeus, 1758) populations along the areas under the influence
of the main harbors from southern Brazil (Paranagud, PR; S&o Francisco do Sul, SC; Itajai, SC; and Rio Grande, RS).
Although no chemical analyses were performed so far to confirm the presence of organotins, the occurrence of imposex
strongly suggests a contamination by these compounds in the studied areas and it is likely that the closest from the harbors
(as the main sources) the more contaminated the environment. However, due to the limitations of S. haemastoma, it is
important to assess the response of alternative species adapted to mesohaline environments and non-consolidated substrates,
in order to make up for the lack of indicator species for some areas such as Patos Lagoon and Itajai-Acu estuaries.
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RESUMO

Avaliacéo preliminar de imposex em area sob a influéncia de portos do sul do Brasil

O imposex em moluscos gastropodes € um eficiente biomarcador de baixo custo para contaminag&o por compostos organicos
de estanho. Esses compostos séo tipicamente encontrados em areas com intenso fluxo de embarcaces, como marinas e
terminais portuarios. O presente estudo verificou preliminarmente a ocorréncia de imposex em popul agdes de Sramonita
haemastoma (Linnaeus, 1758) ao longo das &reas sob a influéncia dos principais terminais portuérios do sul do Brasil
(Paranagua, PR, Sdo Francisco do Sul, SC, Itgjai, SC, e Rio Grande, RS). Apesar de ndo confirmados quimicamente, a
ocorréncia de imposex em todas as areas estudadas sugere contaminacdo por compostos organicos de estanho, sendo
possivelmente tanto maior quanto mais proxima dos portos (ou das fontes). Porém, em razéo das limitacGes de S.
haemastoma, é importante avaliar essa resposta em espécies alternativas que suportem ambientes mesohalinos e com
substratos ndo consolidados, possibilitando assim avaliagdo mais completa de ambientes como os estuérios da Lagoa dos
Patos e Itajai-Acu.
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INTRODUCTION

Imposex isthe appearance of male sexual features (penis
and vas deferens) in neogastropod females exposed to organotin
compounds (tributyltin and triphenyltin) (Gibbs & Bryan, 1987).
This is a highly specific biomarker, which indicates
physiological changes associated with the reproductive organs
in gastropods exposed to organotin compounds (M atthiessen
& Gibbs, 1998). Such compounds are found mainly in
antifouling paints used for the coating of ships and aquaculture
structures (Horiguchi et al., 1994). Therefore, it has been widely
used worldwide to monitor the contamination of aquatic
environments (Morcillo & Porte, 1998; Axiak et al., 2003;
Minchin, 2003), being reported in 132 species of gastropod
mollusks (Castro et al., in press).

Some cases of imposex were reported in Latin America,
specifically in Chile using Nucella crassilabrum, Chorus
giganteus, Xantochorus cassidiformes (Gooding et al., 1999)
and Acanthina monodon (Osorio & Huaquin, 2003), and in
Argentina using Bucinanops monilifer, Adelomelon brasiliana
(Penchaszadeh et al., 2001) and Olivancillaria auricularia
(Cledon et al., 2006) as bioindicators. Imposex was also found
at Northeast and Southeast coast of Brazil during monitoring
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studies using the muricid Sramonita haemastoma at Ceara
(Castro et al., 2000), Paraiba, Pernambuco (Castro, 2005) and
Rio de Janeiro (Fernandez et al., 2002; Fernandez et al., 2005),
and Sramonita rustica at Rio Grande do Norte (Castro et al.,
2004), Alagoas (Camillo et al., 2004) and Sergipe (Castro et
al., 2005). Caetano & Absaldo (2003) also found imposex in
the olivid Olivancillaria vesica at coastal areas of Rio de
Janeiro. All of these studies showed a clear relationship with
distance from harbors.

Considering the lack of previous studies, thiswork aims
to preliminarily verify the occurrence of imposex in areas under
the influence of the most important harbors of Southern Brazil
(e.g. Paranagua-PR, S&o Francisco do Sul-SC, Itgjai-SC and
Rio Grande-RS) using Sramonita haemastoma as a bioindicator.

MATERIALSAND METHODS

Four harborsin the southern region of Brazil were chosen
based on their cargo load and annual flow of vessels. Up to
five sampling stations were chosen for the region under the
influence of each harbor based on the distance from potential
sources of contamination, availability of Stramonita
haemastoma (Linnaeus, 1758) and local dynamics (Table 1).

Table 1 — Position (latitude and longitude) of the sampling stations and their distance from the main harbor.

Harbor Station Description Latitude Longitude Dr:jir;e(fkrrzr;q Ny;:;es/
El Galhetaldand 26°55'11"  48°38'28" 23.93
Peranagué E2 Mel Island 25°34'24"  48°19'01" 2353
(Paranagua E3 Marina 25°32'41"  48°22'31" 17.00 2252
Bay) E4 Guaralsland 25°28'45"  48°31'36" 2.87
E5 Gereré Island 25°29'02"  48°34'31" 4,22
El Paulas Beach 26°13'39"  48°36'59" 2.28
Sao Francisco E2 Ingleses Beach 26°1345"  48°37'39" 1.32
(ngiinur!ga E3 Northeastern Harbor 26°1353"  48°386,7" 0.66 395
Bay) E4 Tourist Harbor 26°14'30"  48°38'24" 0.45
E5 FloresIsland 28°15'54"  48°42'31" 6.19
El BravaBeach 26°55'43"  48°37'39" 5.37
Itajal E2 Cabegudas Beach 26°55'17"  48°38'12" 3.52
(Itajal-Agu _ 902
estuary) E3 Outside of South Jetty 26°54'56"  48°28'23" 2.99
E4 Outside of North Jetty 26°54'37"  48°34'30" 2.57
El Ship Wreck — 16 km South of E2  32°17'29"  52°15'34" 19.32
Rio Grande E2 Outside base of West Jetty 32°09'39"  52°05'49" 1.42
(Patos Lagoon E3 Outside end of West Jetty 32°11'00"  52°05'00" 5.24 1652
estuary) E4 Outside end of East Jetty 32°08'50"  52°04'40" 5.62
E5 Outside base of East Jetty 32°10'56"  52°04'30" 248

*Source: Ministério dos Transportes, 2006.
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Up to 30 adult specimens (20-30 mm) of S haemastoma
were sampled (either manualy or by free diving) in each station
during January 2006. The organisms were stored in plastic bags,
labeled and taken to the laboratory where they were narcotized
with a3.5% MgCl solution for aperiod of 2 hours. Shellswere
then measured with a caliper (0.05 mm) from the spiral tip
to the end of the siphon channel. Thus, shells were removed
for the analysis of the soft tissues. Gender identification was
based on the presence of a seminal receptacle (only in females)
and the prostate gland (only in males).

Theimposex levels were quantified using the following
indexes: % of imposex in females, Relative Penis Length Index
(RPLI) and the Vas Deferens Development Stage Index (VDS).
The RPLI was calculated by mean penis length in females/
mean penis length in males) x 100 (Gibbs & Bryan, 1987),
while the VDS| comprised the six-stage scale proposed by Gibbs
& Bryan (1994) for Nucella lapillus and modified by Fernandez
et al. (2005) for organisms of Sramonita genus.

RESULTS

Paranagué Bay (PR). Most of the stations sampled
at Paranagué Bay showed an imposex occurrence higher than
85%, with the highest levels found in stations E4 (located
in front of the Paranagué harbor) and E3 (located nearby a
big marina were many small boats were moored). Station E1

100%
RPLI = 16.93
VDSI=1.14

87.7%
RPLI = 1.44
VDSI = 0.86

‘ Paranagua Bay
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showed the lowest levels, since it was located in the outer
part of the bay and far away from possible sources (Figure
1).

Babitonga Bay (SC). Thelevelsfound in the inner part
of the Bay showed an imposex gradient decreasing with
increasing distance from the S&o Francisco do Sul harbor.
Stations E4 (south from the harbor) and E3, E2 and E1 (north
from it) showed imposex in 100% of the sampled organisms
with an RPLI ashigh as 65.0. On the other hand, the organisms
from station E5 did not show any sign of imposex, due to
probably its upstream location (Figure 2).

Itajai-Acu estuary and adjacent coastal area (SC).
Two out of four sampled stations under the influence of the
Itajai Harbor showed imposex. Stations E3 and E4, both at
the jetties of the harbor entrance, showed imposex in 100%
of the sampled organisms with an RPLI of 3.8 and 1.8,
respectively (Figure 3). Stations E2 and E1 did not show any
sign of imposex, possibly because of their location at the
adjacent coast and far away from the harbor.

Patos L agoon estuary and adjacent coastal area (RS).
Imposexed animals were found in every sampling station, with
the highest indexes found at the west jetty protecting the west
side of the access to the Rio Grande harbor (e.g. E2 and E3)
(Figure 4). Even located far away from the harbor and
southwards along the coast, station E1 showed imposex in 18%
of the sampled organisms (Figure 4).

85.3%
RPLI=0.98
VDSI = 1.00

35.7%
RPLI = 0.52
VDSI = 0.36 E1

Atlantic
Ocean

Figure 1 — Imposex frequency (%), RPLI and VDSI for each station sampled at Paranagué Bay (PR).
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Figure 2 — Imposex frequency (%), RPLI and VDSI for each station sampled at Babitonga Bay (SC).
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Figure 3 — Imposex frequency (%), RPLI and VDSI for each station sampled nearby the Itajai harbor and adjacent coastal area.

DISCUSSION

Sramonita haemastoma was chosen for this study because
38 out of 132 species reported as presenting imposex were
from the Thaididae family, and 18 belonged to the genus
Sramonita (Castro et al., in press). This fact makes this family
and this genus as well, most commonly taxon used as a

bioindicator of contamination by organotin compounds al over
the world. Furthermore, Sramonita haemastoma presents a
wide geographical distribution, being found in consolidated
subgtratesin the intertidal zone practicaly &l long the Brazilian
coastline (Matthews, 1968). Additionally, no evidences of
natural occurrence of imposex in muricid mollusks (such as
Sramonita haemastoma) were found so far.
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18.2%
RPLI=0.15
VDSI=0.2

RPLI = 0.64
VDSI = 0.6
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Figure 4 — Imposex frequency (%), RPLI and VDSI for each station sampled nearby the Rio Grande harbor and adjacent coastal area.

Sixteen out of nineteen stations sampled at harbors of
southern Brazil showed imposex in S. haemastoma. Even
showing one of the lowest vessel movements (mean of 352
vessels/year; Table 1), the highest indexes of imposex were
found in Babitonga Bay, on station under the influence of S&o
Francisco do Sul harbor. That is probably due to a reduced
water exchange rate, which increases the time of exposure to
the contaminants. An imposex gradient was observed as a
function of distance from the harbor. Similar patterns are often
seen in monitoring surveys at open sea (Castro et al., 2000).

Conversely, the Patos Lagoon estuary showed the lowest
imposex indexes, even under the influence of one of the biggest
Brazilian harbors (Ministério dos Transportes, 2006). Although
the local dynamics and dilution capacity of each region were
not taken in consideration, the Patos Lagoon estuary has
probably one of the highest water exchange rates (Garcia,
1997) among the studied systems. The difficulty to find S,
haemastoma individuals in areas under the direct influence
of Rio Grande harbor has aso some influence since the system
has a highest capacity to dilute any substance released into
its waters. S. haemastoma was found only at the outer faces
of the jetties, since the inner ones and the estuary itself very
often presents very low salinity, which are not tolerated by
this mollusk.

The highest imposex indexes of Paranagua Bay were
found at the station closer to the harbor (station E4) and to
amarina (station E3), where an intense flow of recreational
boats was observed. However, based on its highest movement
of vessels (amean of 2252 vesselslyear; Table 1) and intense

flux of recreational boats, Paranagua Bay should have shown
higher imposex levels, which could aso be explained by ahigh
capacity to dilute the contaminants. Although most studies on
organotin contamination deal mainly with big harbors, it is
important to consider the pollution caused by the marinas, where
only small and medium-sized boats are found. Studies carried
out in marinas of Phuket Island (Thailand) showed imposex
levels as high as those found in big harbors around the globe
(Bech, 2002).

The Itgjai harbor has amean annual flow of 902 vessels,
mostly constituted by recreationa and fishing boats (Ministério
dos Transportes, 2006). The results showed the influence of
coastal currents on stations located southwards from the entrance
of the estuary. Stations E1 and E2 shown no imposex, while
stations located at the jetties (E3 and E4) showed the highest
indexes of imposex due probably to the permeability of the
jetty to the waters coming from the inner estuary. A similar
pattern also occurs at the Natal harbor (Northern Brazil) (Castro
et al., 2004). However, more detailed studies are needed to
confirm this hypothesis.

The results indicated a pattern in the distribution of
imposex, once indexes degreased with the distance from some
of the monitored harbors (or possible sources). Similar results
were observed in studies carried out in the Mediterranean with
Hexaplex trunculus (Axiak et al.,1995), in the Sanriku region
in Japan with Thais clavigera (Horiguchi et al., 1998), in Crok
Harbour, Ireland, with Nucella lapillus and Littorina littorea
(Minchin et al., 1996), in Phuket Island, Thailand, with
Chicoreus capucinus and Thais distinguenda (Bech, 2002),
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in Killybegs, Ireland, with Nucella lapillus and Littorina littorea
(Minchin et al., 1997), as well as in many harbors in the
Brazilian northeast (Castro et al., 2004; Castro et al., 2005).

The use of OTCs is a matter of controversy in the
international scientific community. In 1996, the United Nations
Marine Environment Protection Committee (M EPC) suggested
agradual eimination of TBT-based paints during the following
10 years. This proposal was exhaustively discussed by several
countries, and its prohibition was postponed to 2008 (ten
Hallers-Tjabbes et al., 2003). Some countries (such as Japan,
New Zeadand and France) have aready banned the use of these
compoundsin their territories. Other countries such as Canada,
USA, South Africa, Australiaand most of the European Union
countries have limited the use of OTCs to vessels longer than
25 meters (Champ, 2000). In ageneral way, these prohibitions
were motivated by the proved toxicity of OTCsto the biota
(ten Hallers-Tjabbes, 1997).

On January 1%, 2005 came into effect a new Brazilian
resolution for water quality standards (CONAMA 357, 2005).
For thefirst time levels were established for tributyltin (TBT),
with maximum allowed concentrations of 0.01 and 0.37 ug
Lt for Class 1 and 2 salty waters, respectively. Although this
regulation represents an improvement, ecotoxicologica studies
using native species are needed in order to establish more
realistic limits, once impacts on marine populations have been
reported for exposure to concentrations as low as 0.001 pg
L1 (Alzieu, 2000), which are much lower than those set by
the above-mentioned regulation.

The results obtained in the present study indicate that
every single Southern Brazilian harbor is probably already
contaminated by OTCs and possibly the closest from the harbors
(asthe main sources) the more contaminated the environment.
Although no chemical analyses were performed so far to confirm
the presence of organotins, the occurrence of imposex strongly
suggests a contamination by these compounds in the studied
areas (Matthiessen & Gibbs, 1998). Thus, this screening data
will help focusing more detailed future studies, where the
unconditional confirmation of contamination will be achieved
with the chemical analyses.

In some areas, such as Patos Lagoon estuary and Itgjai-
Acu River, imposex indexes were not as high as expected, due
probably to the lack of Sramonita haemastoma populations
inthelow sdinity regions close to those harbors. Other limitation
isthat S haemastoma survives only on consolidated substrates
such asjetties, rocky shores and harbor columns. Therefore,
it isimportant to assess the response of alternative species,
adapted to mesohaline environments and non-consolidated
substrates, in order to make up for the lack of indicator species
for those areas. In addition, the hydrodynamics must be
considered to the better understanding of OTCs distribution
along the environment.
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Finally, in view of the fact that the continuous worldwide
banishment of the organotin-based antifouling paintsislikely
to reduce their environmental relevance, the present study
represents very important baseline information that can be used
in the future to evaluate the effectiveness of the total ban.
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