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A B S T R A C T 
 

The use of OTC (organotin compounds) as biocides in naval antifouling paints causes impacts on 
non-target organisms. One of these impacts is a syndrome called imposex in gastropod molluscs. 
Imposex is the imposition of male secondary sexual characteristics in female gastropods as result of 
endocrine disruption. In this preliminary study, imposex was observed in four out of ten sampled 
stations in Maceió: the city Port (100% females exhibited imposex), the Marine Emissary (23% 
females exhibited imposex), the Marine Terminal (35% females exhibited imposex) and Saco da 
Pedra beach (12% females exhibited imposex). These stations were distributed in a NE-SW 
orientation from the Port southwards along the coastline, following the general circulation pattern of 
the area. The low values of VDSI, RPSI and RPLI indicate that Maceió Coast is a less contaminated 
area, probably because of low shipping activities together with the fact that the sampling zone is an 
open coastal system and not an enclosed bay. These results suggest that the imposex development in 
Thais  rustica may be used as a biological indicator of OTC pollution. 
 

R E S U M O 
 

O uso de COE (compostos orgânicos de estanho) como biocida em tintas antiincrustantes para 
embarcações causa impactos em organismos não-alvos. Um destes impactos é a síndrome chamada 
imposex, em moluscos gastrópodos. Imposex é a imposição de caracteres sexuais secundários 
masculinos em fêmeas de gastrópodos como resultado de desregulação endócrina. Neste estudo 
preliminar, o imposex foi observado em quatro de dez estações de amostragem em Maceió: o Porto 
de Maceió (100% de fêmeas imposexadas), o Emissário Submarino (23% de fêmeas imposexadas), o 
Terminal Marítimo (35% de fêmeas imposexadas) e a praia do Saco da Pedra (12% de fêmeas 
imposexadas). Estas estações estão distribuídas no litoral no sentido NE/SW a partir do Porto, 
seguindo o padrão de circulação local. Os valores relativamente baixos dos índices VDSI, RPSI e 
RPLI indicam que a costa de Maceió é uma área moderadamente impactada. Isto poderia ser 
explicado pelo fato da costa não ser um sistema abrigado e pelo pequeno movimento de sua zona 
portuária. Estes resultados sugerem que o desenvolvimento do imposex em Thais rustica pode ser 
usado como indicador da poluição por COEs. 
 
Descriptors: Imposex, Organotin compounds, Pollution, Thais  rustica, Maceio. 
Descritores: Imposex, Compostos organoestânicos, Poluição, Thais  rustica, Maceió.  
 

 
INTRODUCTION 

 
Organotin compounds such as tributyltin 

(TBT)  and  triphenyltin  (TPT)   have  been  used  as 
biocides in  antifouling  paints  for  ships  since the 
late sixties (Gibbs & Bryan, 1994;  Lau Wong,  1991).  
The  presence  of   these   compounds  in   the   marine 
__________ 
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environment has caused impacts on non-target 
organisms, as shell malformation in bivalve molluscs 
and endocrine disturbance in gastropods (Alzieu et al., 
1986; Smith, 1981). 

Smith  (1971)  described  the development 
of  male  characteristics  in  female  gastropod 
molluscs (Nassarius obsoletus), calling this 
phenomena imposex. This endocrine disruption 
syndrome  is  caused  by  TBT  accumulation  in  these 
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marine organisms. The organotin compound TPT also 
induces imposex in some gastropod species (Thais 
clavigera, Hung, et al., 2001; Thais gradata, Tan, 
1999; Stramonita haemastoma). The use of these 
compounds as antifoulings is controlled in many 
countries, and a global ban on organotins in 
antifoulings was scheduled by IMO (International 
Maritime Organisation) to be in force by January, 
2003 (Hoch, 2001; Fernando et al., 2002). However, 
the treaty was not ratified by the required number of 
countries and has not been put into practice yet.  

The importance of using gastropods as 
biological  indicators  of OTC pollution is derived 
from the high costs in time and money of chemical 
analysis, both in water and sediments, and also 
because imposex is induced by very low TBT 
concentration (< 1 ng.L-1) (Stroben et al., 1995). 
Therefore imposex is a useful tool for mapping OTC 
impacted areas, acting as an important biomarker 
(Minchin & Minchin, 1997). 

The relationship between imposex and OTC, 
mainly TBT, was first proved in England by Smith 
(1981), and many species were listed as indicators of 
this organotin compounds: Nucella lapillus (Gibbs & 
Bryan, 1987), Thais clavigera (Hung et al., 2001), 
Chicoreus capucinus (Tan, 1999), Thais (Stramonita) 
haemastoma (Spence et al., 1990; Rilov et al., 2002), 
Buccinum undatum (Mensink et al., 1997), Lepsiella 
vinosa (Nias et al., 1993) and others.  

 Related studies carried out in Brazil are all 
recent: Guanabara Bay (Fernandez et al., 2002), 
Arraial do Cabo  and Ribeira Bay  in the State of Rio 
de Janeiro; Santos, in the State of São Paulo; Fortaleza 
(Castro et al., 2000) in the State  of Ceará. All 
Brazilian studies used the gastropod T. (Stramonita) 
haemastoma as bioindicator. 

This work evaluates imposex development 
in the neogastropod T.  rustica in Maceió, capital of 
the State of Alagoas, where OTC pollution has never 
been studied. It was done a preliminary survey of 
possible OTC sources, of the local water circulation 
pattern and of the distribution of populations of T.  
rustica and T. (Stramonita) haemastoma in the region. 
This preliminary survey showed that only T.  rustica 
has adequate populations for this study, since no 
individuals of T. (Stramonita) haemastoma have ever 
been found. Species identification was carried out at 
LABOMAR/UFC. Local currents are found to follow 
a NE-SW pattern most of the year. 
 
 

MATERIALS AND METHODS 
  

After the preliminary studies, ten sampling 
zones were selected for the survey along Maceió coast 
(9°33’-9°42’S/35°38’-35°50’ W, Fig. 1). The 

neogastropod  T.  rustica was chosen as a possible  
indicator species because of the known TBT 
sensitivity  of  the  genera   (Spence  et al., 1990; 
Bech, 1998) and its broad distribution along the 
studied coast. The use of this species was also 
supported by anatomical analogy with T. (Stramonita) 
haemastoma.  
 These ten sampling zones were selected to 
study the occurrence of imposex intensity gradients in 
OTC pollution susceptible areas and in some control 
areas, where OTC pollution is assumed to be low or 
absent. The first case included stations 5 (Maceio Port 
[W]) to 8 (Saco da Pedra beach), where most naval 
activities were concentrated. The second case included 
stations 1(Sereia beach) to 4 (Maceió Port [E]) and 9 
(Frances beach) – 10 (B. S. Miguel). The stations 1 to 
4 had little boating activities and were located in the 
opposite direction of local currents when related to the 
main theoretical source of the area, the Port (W). On 
the other hand, the stations 9 and 10 were far from the 
main OTC sources. The type of boating activity was 
recorded in each station. 
 Samples of thirty adult T. rustica individuals 
were collected at low tide, during February and March 
2002. Specimens were selected by shell size (about 
20-30 mm size class) and the presence of marked ribs 
in the shell edge, as ribs tend to be very pronounced in 
mature specimens (Spence et al., 1990; Minchin & 
Davies, 1999). 

A 1:1 solution of MgCl2 7% in distilled water 
and  local  seawater  was  used to narcotize the 
animals. Shell and penis length of males and 
imposexed females were measured. The sexual 
distinction was done by observing of the internal 
anatomy, identifying the prostate gland in males and 
the sperm-ingesting gland, the capsule gland and the 
albumen gland in females. Females that showed male 
sexual organs were identified as imposexed (Horiguchi 
et al., 1994). 
 Imposex was measured using three indices: 
(1) the VDSI (vas deferens sequence index) that is an 
increasing masculinization sequence of stages (0 - VI), 
adapted from the Gibbs scale originally proposed to 
Nucella lapillus, with little alterations to T. 
(Stramonita) haemastoma (Fernandez et al., 2002) 
(Table 1); (2) the RPSI (relative penis size index): 
[female mean penis length]3 / [male mean penis 
length]3 x 100 and the (3) RPLI (relative penis length 
index):   [female mean penis length] / [male mean 
penis length] x 100. These indices compare the bulk of 
the female penis with that of the male, the first related 
to volume and the second related to length (Gibbs & 
Bryan, 1994; Fioroni et al., 1991; Minchin & Davies, 
1999). Imposex occurrence was calculated from the 
proportion between imposex female and total female 
in each sampling station.   
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Fig. 1. Study area map showing the location of stations, occurence of imposex, and imposex development 
indexes VDSI, RPSI, RPLI. 

 
RESULTS 

 
 Four of the ten sampling zones showed 
imposex occurrence. The highest values indices were 
found in the western area of Maceió Port (station 5): 
100% of imposex occurrence, VDSI II, III and IV, 
RPSI 3.6 and RPLI 33.1. Second, station 7 showed 
35% imposex affected females, VDSI 0, I, II, III and 
IV, RPSI 0.01 and RPLI 2.4. Third, station 6 exhibited 
23% of imposex occurrence, VDSI 0, I and III, RPSI 
0.01 and RPLI 4.1. Fourth, station 8, the lowest 
affected site, presented 12% of imposex, VDSI 0 and 
I, RPSI 0.01 and RPLI 0.1. All the other sampling 
zones showed only healthy females (Fig. 1). 
 

DISCUSSION 
 
 As it can be observed in Figure 1 and Table 
2, imposex occurrence was related to shipping 
activities. The highest values of all indices were 
observed in stations 5 (Maceio Port [W]) and 7 

(Marine  Terminal),  closer  to  the  ship moorings. 
The lowest  intensities  observed  at  stations   6 
(Emissary) and 8 (Saco  da  Pedra  beach), 
downstream from  sources,  are  characteristic  
imposex  gradients, related  to  dispersion  of  
compounds  from sources. In  another  study  by  our  
group, at Ribeira  Bay, in the State  of  Rio  de  
Janeiro, physical  multi-source  dispersion  modelling  
showed  a  very good agreement  with  imposex 
intensities in T. (Stramonita) haemastoma. A further 
confirmation of these  observations is the fact that 
station 4, in the wave breaker outside the Port, showed 
no females with imposex even though they were 
located only a few hundred meters upstream from 
sources. 
 The  occurrence of imposex is related to the 
traffic of big ships in stations 5 and 7. The other 
sampling zones with boating activity, stations 3 and 10 
(pleasure boats and fishing), were not considered 
significant OTC sources since organisms exhibiting 
imposex were not found. 
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Table 1. The scale used for VDSI evaluation in T. rustica adapted from Gibbs scale. 
 
 
Table 2. Sampling stations location, mean shell and penis length for each station and type of boating activity. Legend: S - 
station; Y - yatch; F - fishing; C - commercial; N - number of individuals; M - male; F -  female. 
 

Stations Positions Boating 
type 

N (M:F) Shell length (mm) (min-max/mean) Mean penis length 
(mm) 

    Male Female Male Female 
Sereia Beach (S1) S9º34’00’’/W35º38’45’’ - 30(14:16) 22.4-27.1/24.4 22.5-29.1/25.6 3.9 0.0 
Cruz das Almas (S2) S9º37’31’’/W35º41’37’’ - 30(15:15) 20.0-25.1/22.3   8.8-27.5/21.7 6.5 0.0 
Alagoas Yatch Club (S3) S9º39’53’’/W35º41’46’’ F 30(12:18) 23.4-31.4/25.5 22.1-28.9/24.5 7.0 0.0 
Maceió Port (E) (S4) S9º40’49’’/W35º43’14’’ F 30(10:20) 24.7-28.9/27.0 24.1-29.1/25.3 6.1 0.0 
Maceió Port (W) (S5) S9º40’37’’/W35º43’25’’ F, Y, C 30(17:13) 19.2-26.7/22.7 18.6-28.6/22.6 6.1 0.0 
Emissary (S6) S9º40’35’’/W35º45’07’’ C 30(18:12) 23.4-27.6/25.3 23.7-28.4/27.5 6.9 0.3 
Marine Terminal (S7) S9º41’10’’/W35º45’50’’ C 30(12:18) 22.4-36.1/26.6 21.8-36.2/26.7 8.2 0.2 
Saco da Pedra Beach (S8) S9º44’53’’/W35º49’22’’ - 30(14:16) 22.7-29.3/26.8 23.5-35.2/28.0 5.8 0.1 
Francês Beach (S9)) S9º46’00’’/W35º50’14’’ - 30(13:17) 21.2-31.4/25.8 23.8-30.0/26.4 5.9 0.0 
B. São Miguel (S10) S9º50’42’’/W35º54’23’’ F, Y 30(11:19) 28.2-35.5/31.5 19.6-34.9/30.2 7.0 0.0 
 
 

Observed imposex gradients are inversely 
proportional to the distance and intensity of the 
sources for each index, as can be seen in Figure 1. The 
highest imposex values indices in station 5 show 
Maceió Port, that is visited by about 300 ships/year 
(Maceió Port Administration, 2001), is the greatest 
OTC contributor to Maceió Coast. The sheltered 
coastline configuration favours higher residence-time 
of polluted waters in this station. The other stations are 
located on open coasts where greater water exchange 
controls OTC dispersion (Penchaszadeh et al., 2001). 
Because of this aspect and also because of less intense 
shipping activities (120 ships/year) (Maceió Port 
Administration, 2001) station 7 showed less intense 
imposex development. From station 5, where imposex 
was the most intense, to station 9, where no imposexed 
females were observed, the distance is 14 km. This 
observation indicates a localized impact in the area. 
 According to the present results (Fig. 1), 
Maceió Coast can be considered a moderately 
impacted locality, since the VDSI, RPSI and RPLI 
values are relatively low, when compared to those 
found in other contamined areas when using this 
genus: Azores, Portugal (Mean RPSI=55; VDSI=IV) 
(Spence et al.,1990); Israel Coast (Mean RPSI=30; 
VDSI=IV) (Rilov et al., 2000); Rio de Janeiro, Brazil 
(highest RPSI 125 and VDSI reaching V-VI inside 
Guanabara Bay) (Fernandez et al., 2002); Fortaleza, 
Brazil (Mean RPSI=29; VDSI= IV-V) (Castro et al., 
2000). In the other hand, results from a study in Natal 
with this same species (Castro et al., 2003) have also 
shown lower indices values. As these works are the 
first using T.  rustica in biological monitoring, and a 

parallel study with other species has not been possible 
yet, the relative sensitivity among species was not 
tested, and this last observation should be viewed with 
caution. Sensitivity to organotins is different between 
species (Stroben et al., 1995), thereby, more studies 
are required to clarify this question.   

It could be concluded that T. rustica from 
Alagoas coast is an exhibitor of imposex and a 
possible new biological indicator for OTC pollution. 
The organisms exhibited imposex in different 
intensities, and these intensities could be related to 
exposure, showing OTC sensitivity.  
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Stage 0 I II III IV V VI 

 
Characteristics 

Healthy 
female 

Presence 
 of a 

pre-penis. 

Developed  
penis  

(±1 mm) 

Well developed penis 
 (> 1 mm) and/or 

incomplete  
vas deferens (IVD). 

Complete vas 
deferens  
(CVD). 

 

Vulva blocked 
by the vas 

deferens tissue. 

Aborted capsules in 
capsule gland. 
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