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Abstract A spatiotemporal evaluation of butyltin contamina-
tion was performed between 2010 and 2012 along Todos os
Santos Bay (Northeast Brazil) using surface sediments, bi-
valve tissues (Anomalocardia brasiliana and Mytella
guyanensis), and imposex occurrence (Stramonita rustica).
The spatial study detected high tributyltin (TBT) levels (max-
imum values of 262 ng Sn g -1 - 21,833 ng Sn g−1 of total
organic carbon - for surface sediments and 421 ng Sn g−1 for
bivalve tissues) in the innermost part of the bay. The TBT
levels detected in M. guyanensis tissues might cause human
health risk since local population consumes these organisms.
These high concentrations observed in the bivalves might re-
sult in ingestions higher than the safe limits established by
European Food Safety Authority (250 ng TBT kg−1 day−1).
Considering the temporal evaluation, no difference (p>0.05)
was observed between TBT concentrations in sediments ob-
tained during the two sampling campaigns (2010/2011 and
2012). However, the increasing predominance of TBT metab-
olites (butyltin degradation index (BDI) >1) in more recent
sediments indicates further degradation of old TBT inputs.
In spite of that, recent inputs are still evident at this region.
Nevertheless, a reduction of imposex parameters in
S. rustica over the last decade suggests an overall decline in

the TBT contamination, at least in the outermost and possible
less impacted region of the bay. The TBT contamination is
probably reducing due to the national and international legis-
lative restrictions on the use of TBT as antifouling biocide.
The contamination levels, however, are still relevant especial-
ly in the inner part of Todos os Santos Bay since they are
above those that are likely to cause toxicity to the biota.

Keywords Antifouling . TBT . Imposex .Mytella
guyanensis . Human health risk . Sediments

Introduction

Tributyltin (TBT) compounds were used as biocides in antifoul-
ing paints for more than five decades being considered a priority
contaminant due to their proved high lipophilicity, persistence
(in anoxic sediments), and toxicity (Hoch 2001). Since the an-
tifouling systems are needed to protect ship hulls and offshore
facilities against biofouling (Kotrikla 2009), the biocides used in
these coating formulations are slowly released into the aquatic
system causing deleterious effects to the biota (Yebra et al.
2004). TBT is considered an endocrine and metabolic disrupter
to the biota, including humans, even at low environmental con-
centrations (Cao et al. 2009; Horiguchi 2009; Meador et al.
2011; Graceli et al. 2013). Consequently, the imposex incidence
in prosobranch gastropods (the most well-known TBT biologi-
cal effect) has been widely used as biomarker of TBTexposure,
which is directly associated with coastal areas under the influ-
ence of maritime activities such a harbors, marinas, and ship-
yards (Matthiessen and Gibbs 1998; Paz-Villarraga et al. 2015).

Due to the deleterious effects associated to butyltin contam-
ination, several local regulations (Gipperth 2009) and the con-
vention on the control of harmful antifouling systems on ships
(AFS Convention) of the International Maritime Organization
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(IMO 2008) have been banning TBT-based antifouling paints
since its entry into force in September 2008. As a consequence,
the environmental levels of TBT as well as imposex incidence
have begun to decline in many areas worldwide (Oliveira et al.
2009; Galante-Oliveira et al. 2011; Guomundsdóttir et al. 2011).
In spite of that, due to its persistence (mainly under anoxic
conditions) and, in some cases, its illegal use, TBT can still be
considered as a priority contaminant in some areas under the
influence of harbors, marinas, and shipyards (Castro et al. 2012).
Additionally, despite its banishment, the TBT levels recently
detected in environmental samples all over the world are in
the same or above those concentration ranges that can cause
harmful effects to biota (Abidli et al. 2012; Azevedo et al.
2012; Grimón et al. 2016).

Within South America, several environmental investiga-
tions about butyltin (BT) contamination and imposex occur-
rence were performed during the last years. However, most of
these studies have only appraised their spatial distribution and
potential sources to the environment (Bigatti et al. 2009;
Pinochet et al. 2009; Santos et al. 2009; Toste et al. 2011;
Azevedo et al. 2012; Castro et al. 2012; Castro and Fillmann
2012), while only Castro et al. (2012) have analyzed the tem-
poral trends of TBT contamination. Temporal studies are cru-
cial to assess the effectiveness of national or international
restrictions over time, although most of the South American
countries have no regulations against TBT-based antifouling
paints nor are signatories of the AFS Convention (IMO 2008).
In fact, among South American countries, Brazil and
Argentina are the only where legal restrictions on the use of
TBT have been applied; moreover, Brazil is the only signatory
of the AFS Convention in this extensive geographical area. In
Brazil, threshold levels were established for dreading sedi-
ments (CONAMA 454, 2012) and water column
(CONAMA 357, 2005), and the use of TBT-based antifouling
paints is prohibited by 2007 by the National Maritime

Authority in all vessels >5 m in length, floating platforms,
and submerged structures (subject to registration with the mar-
itime authority and likely to be transported in the water)
(NORMAM 2007). Thus, the effectiveness of such measures
in reducing environmental pollution by TBT, which is almost
unknown, and the implementation of additional specific reg-
ulations are still needed in this region.

Todos os Santos Bay (TSB) (Northeastern Brazil, 12° 50′
S) is the second largest bay of the Brazilian coast (1233 km2),
sheltering an important petrochemical and industrial complex,
commercial and fishing harbors, shipyards, and several ma-
rinas, being surrounded bymore than three million inhabitants
(Hatje and Andrade 2009). Therefore, TSB is an area highly
susceptible to the impact produced by the use of antifouling
paints. In fact, the TBTcontamination was already detected in
some areas of TSB (Castro et al. 2007; Felizzola et al. 2008;
Pletsch et al. 2010). Thus, the present study evaluated BT
contamination spatially using two bivalve species (Mytella
guyanensis and Anomalocardia brasiliana) and spatiotempo-
rally using surface sediments (2010/2011–2012) and imposex
incidence (2004–2012) in the gastropod Stramonita rustica.
Additionally, the risk evaluation by consumption of these bi-
valves by the local population was also assessed.

Material and methods

Sampling

Surface sediments (≤2 cm) were taken between February 2010
and April 2011 (campaign 1) and June 2012 (campaign 2)
(Fig. 1) using a BVan-veen^ dredge, while 20 adult bivalves
from the species M. guyanensis and A. brasiliana were only
sampled during campaign 1. To assess imposex, up to 30 adult
specimens of S. rustica were caught (either manually or by

Fig. 1 Location of the sites sampled during (a) campaign 1 (2010/2011, S) and (b) campaign 2 (2012, T) along Todos os Santos Bay
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snorkeling) in the intertidal zones of the TSB during campaign
2. Gastropods were sampled in the same sites studied during
2004 byCastro et al. (2007). The sampling sites encoded by BS^
were used in the spatial evaluation, while by BT^were somehow
sampled for a second time to be used in the temporal study.

Sediment characterization

Total organic carbon (% TOC) was determined in sediment
samples by an elementary analyzer (CHNS Perkin Elmer
2400 Series II) after decarbonation in a desiccator containing
HCl (37 %) (Culmo et al. 2003). Sediment granulometry was
determined as sand and fine (clay + silt) fractions by sieving
dried samples as described by Gray (1981). Results were
expressed as fine percentage (%).

Sample preparation and butyltin analysis

Butyltin (TBT, dibutyltin (DBT), and monobutyltin (MBT))
levels were analyzed according Castro et al. (2012). Briefly, 5 g
of freeze-dried sediments or 1 g of freeze-dried bivalve integral
tissues (pool of 20 organisms) were placed into 40-mL vials.
These samples were spiked with 100 ng of tripropyltin (TPrT)
as surrogate standard. After 30 min of equilibration, 15 mL of
tropolone solution (0.05%w/v) inmethanol and 1mLof concen-
trated HCl (37%)were added. The vials were ultra-sonicated for
15 min and centrifuged at 3250 rpm for 10 min. This procedure
was repeated three times. The supernatants were transferred to a
250-mL separatory funnel filled with 150 mL of a 10 % NaCl
solution and extracted with 3×20 mL of dichloromethane. The
extracts were collected through anhydrous sodium sulfate, added
to5mLofhexane, andblowndown toapproximately2mLusing
aSyncore system.Extractswere then derivatized by adding 2mL
of n-pentyl magnesium bromide in diethyl ether solution (2 M),
according to Morabito et al. (2000). After derivatization, the
pentylatedbutyltins were extracted with 3×5 mL of hexane and
evaporated down to 0.5 mL with N2 flow. A cleanup was then
performed using a silica column (3.5 g). Analytes were eluted
with 15 mL of hexane/toluene (1:1). Finally, the solution was
concentrated down to 0.9 mL (N2 flow), and 100 μL of
tetrabutyltin solution (1000 ng Sn mL−1) was added as internal
standard. Extracts were analyzed by gas chromatography using a
Perkin Elmer Clarus 500MS equipped with mass spectrometer
detector, split/splitless injector, and auto sampler. An Elite-5MS
(5 % diphenyl/95 % dimethyl polysiloxane) capillary column
(30 m×0.25 mm I.D., 0.25 μm film thickness) was used. The
methodof standardadditionswasused toeliminatematrixeffects.
The quality assurance and quality control were based on regular
analyses of blanks, spikedmatrices, and certified referencemate-
rial forsediments(PACS-2/NationalResearchCouncilofCanada,
Ottawa, Canada) and mussel tissue (ERM-CE477). Results ob-
tained for the PACS-2 (TBT - 798±23, DBT - 1104±12, and
MBT - 670± 20 ng Sn g−1) and ERM-CE477 (TBT - 1858

±173,DBT- 1412±132, andMBT- 1387±193 ngSn g−1) were
in good agreement with the PACS-2 (TBT - 890±105, DBT
- 1047±64, and MBT- 600 ng Sn g−1) and ERM-CE477 (TBT
-2200±190,DBT-1540±120,andMBT-1500±280ngSng−1)
certified values. The sample recoveries were between 88.5 and
109 % and relative standard deviation (RSD) below 20 %
(IUPAC 2002). The limits of quantification (LOQs) for sediment
samples were 2, 2, and 3 ng Sn g−1 for TBT, DBT, and MBT,
respectively, and 5, 5, and 7 ng Sn g−1, respectively, for biota.

Butyltin degradation index

Butyltin degradation index (BDI) was calculated based on the
following equation: BDI= ([MBT]+ [DBT]) / [TBT]. Recent
TBT inputs are normally associated to values of BDI < 1
(Díez et al. 2002).

Imposex determination

The organisms were previously narcotized with a 3.5 %
MgCl2 solution for 2 h. Shell lengths (SLs) were then mea-
sured with a digital caliper (0.01 mm) from the spiral top to lip
of the siphonal canal. Posteriorly, shells were removed for the
analysis of the soft tissues. Gender identification was based on
the presence or absence of sexual accessory glands (albumen,
capsule, and seminal receptacle). The penis length (PL) and
the presence of vas deferens in females and males were also
registered.

Imposex levels were assessed using the following indices:
percentage of imposex-affected females (% I), female penis
length index (FPL=mean penis length of all females in the
population, including the zero values), and relative penis
length index [RPLI = (mean penis length in females /mean
penis length in males) × 100] (Castro et al. 2004). The vas
deferens sequence index (VDSI), based on the development
of male sexual characters (particularly the vas deferens) by
females, was evaluated according to Toste et al. (2013). The
VDSI stages proposed by Toste et al. (2013) are similar to the
index developed by Gibbs et al. (1987) for Nucella lapillus
and globally used for imposex assessments in several gastro-
pod species. However, the applied scale allows assessments of
aphallic imposex not originally foreseen by Gibbs et al.
(1987). Although this VDSI scale had been originally devel-
oped for imposex assessments using Stramonita haemastoma,
it can be appropriately used in the present study (with
S. rustica) due to phylogenetic similarities between both spe-
cies (Castro et al. 2012).

Statistical analysis

Normality and homogeneity of data (biometric parameters,
imposex indices, and BT concentrations) were verified using
Shapiro-Wilk and Levene tests, respectively. Spearman non-
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parametric correlation analysis was used to investigate the
relationship between sediment parameters (% TOC vs % fine)
and TBT concentrations (sediments vs mussel tissues). A
paired t test was performed to evaluate statistical differences
in BDI values obtained between the two sampling campaigns.
The imposex parameters (RPLI, FPLI, and VDSI) reported for
2004 by Castro et al. (2007) were compared with imposex
data obtained in same sites during the campaign 2 (2012)
using Mann-Whitney U test. All statistical analyses were per-
formed using Statistica® (version 12.0 (Statsoft)) with a sig-
nificance level of 0.05.

Results and discussion

Total organic carbon and granulometry

The concentration of total organic carbon (% TOC) in surface
sediments collected inside TSB ranged from 0.4% (S6—Madre
de Deus harbor and S14—Ribeira Bay) to 5.0 % (S21—east
coast of the island Itaparica, see Fig. 1) for samples collected
during the campaign 1 (2010/2011) and from 0.4 % (T8—Rio
do Cunha) to 2.7 % (T13—southwest of Aratu island) during
the campaign 2 (2012) (Table 1). Similarly, the granulometry
has also presented a large variation among the studied sites (1.1
to 98 % of fines) showing a significant correlation with % TOC
(r2=0.65, p<0.05). Similar behavior has been normally detect-
ed in sediment samples since organic matter tends to concentrate
mostly in the fine fraction (Gray 1981). In addition, organic
fraction of sediments is an important parameter to estimate the
sorption capacity of organic contaminants due to inherent phys-
icochemical sediment complexity, such as different composition
of organic matter, relative absorbability onto inorganic particles,
and the existence of biological activity in the sediment layers
(Town and Filella 2002). Thus, the occurrence of large differ-
ences in % TOC from sediment samples used in environmental
monitoring studies might bias the data interpretation of organic
contaminants (Di Toro andRosa 1991). Therefore, in the present
study, the concentrations of TBT, DBT, and MBT were stan-
dardized by % TOC due to large variability of the organic frac-
tion in the sediments of sites from both campaigns. This ap-
proach has been recommended when the studied contaminants
present ionic character and the analyzed sediments exhibit a
wide range in the organic content (Wang et al. 2015).

Spatial and temporal distribution of butyltins in surface
sediments

Butyltin residues were detected in all sediment samples col-
lected along the TSB during campaign 1 (2010/2011, S) and 2
(2012, T) (Table 1). During 2010/2011, BT concentrations
ranged from <2 to 262±14 ng Sn g−1 for TBT, 4±1.4 to 21
±0.0 ng Sn g−1 for DBT, and <3 to 4.5±6.4 ng Sn g−1 for T
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MBT. TBT concentrations of 27 ng Sn g−1 (6750 ng Sn g−1

TOC), 15 ng Sn g−1 (2142 ng Sn g−1 TOC), and 262 ng Sn g−1

(21,833 ng Sn g−1 TOC) were detected at sites S6 (Madre de
Deus harbor), S7 (nearbyMadre de Deus harbor), and S8 (Rio
do Cunha), respectively, which are located at the innermost
part of TSB. S6 and S7 are characterized by intense ship traffic
while S8 by boat activities, which are potential sources of
TBT contamination to the environment (Castro et al. 2012).
However, the organotin distribution is strongly influenced by
sorption processes to the organic matter or anionic surface
complexation in the clay minerals in aqueous systems (Hoch
and Schwesig 2004; Burton et al. 2006). Thus, the higher the
concentration of organic carbon, the greater the ability of
micropollutants to adsorb to the sediments (Di Toro and
Rosa 1991; Pinochet et al. 2009). Moreover, the sediments
that showed TOC values above 0.5 % can be considered as
enriched by organic carbon (Burton et al. 2006), as seen at
sites S7/T7 (0.7 %) and S8/T8 (1.2 %). Therefore, in order to
compare levels between different sampling sites and cam-
paigns, BT concentrations were standardized by organic car-
bon levels as recommended by Di Toro and Rosa (1991).
Thus, the reduction of TBT concentrations seen for site T8
(12 ng Sn g−1) in comparison to S8 (2010/2011) can be par-
tially explained by the lower levels of TOC in this sediment,
since standardized levels reached 3000 ng Sn g−1 TOC. A
possible reduction of inputs for this area might also explain
the levels seen for T8. Although S7/T7 does not show any
reduction of TBT levels over time, the neighboring site T6
does. Although only a slight decrease was observed (15 ng
Sn g−1), this could be again biased by the higher TOC levels of
this sediment (1000 ng Sn g−1 TOC). On the other hand, an
increase of MBT metabolite was detected from 2010/2011 to
2012 for sites S6/T6 [from 3 ng Sn g−1 (250 ng g−1 Sn TOC)
to 20 ng Sn g−1 (1333 ng Sn g−1 TOC)], S7/T7 [from 3 ng
Sn g−1 (142 ng g−1 Sn TOC) to 35 ng Sn g−1 (3182 ng Sn g−1

TOC)], and S8/T8 [from 3 ng Sn g−1 (83 ng g−1 Sn TOC) to
48 ng Sn g−1 (12,000 ng Sn g−1 TOC)]. Even though indicat-
ing a decrease in TBT contamination due to the possible re-
duction of recent inputs, these data suggest that a significant
TBT degradation is also taking place in these sediments.

Conversely, all TBT (and almost all DBT and MBT) levels
showed a slight increase (even the TOC standardized levels) at
the northeastern part of the TSB, especially at sites S10/T10
(Caboto), S11/T11 (entrance of Aratu Bay), and S12/T12 (in-
nermost part of Aratu Bay) (Table 1). However, an increase in
BDI values, with BDI>1 for the 2012 campaign with a pre-
dominance of metabolites (MBT > DBT > TBT) for T10
(3.6), T11 (4.8), and T12 (4.7), indicates an historical release
of TBT. In this case, although the BDI values indicate old
inputs, small TBT contributions at this region might be com-
ing either from recent releases (from ship and/or boat activi-
ties) or sediment remobilization. Site T9, located just outside
Aratu Bay, showed a similar pattern of predominance of

metabolites. Similar situations were observed at some sites
studied in Babitonga Bay, Southern Brazil (TBT - 125, DBT
- 394, andMBT 312 ng Sn g−1) (Oliveira et al. 2010), and San
Vicente Bay (TBT - 135, DBT - 766, and MBT - 470 ng
Sn g−1) (Pinochet et al. 2009), and Concepcion (TBT - 35,
DBT - 47, and MBT - 118 ng Sn g−1) (unpublished data) in
Chile. Similarity, an increase in TBTand MBTconcentrations
were also seen for site S14/T14 (Ribeira Bay), located at the
east entrance of the TSB. Other sites at the same region [T15
41 ng Sn g−1 (5125 ng Sn g−1 TOC) and T16 77 ng Sn g−1

(6417 ng Sn g−1 TOC)] also showed relatively high values of
TBT and BDI>1.

Considering all sites sampled during the both sampling
campaigns, a significant reduction for BDI (paired t test,
p=0.004) values was observed. These observations might in-
dicate a relative effectiveness of recent national (NORMAM
2007) and global (IMO 2008) restrictions toward the use of
TBT-based antifouling paints.

High level of TBT (138 ng Sn g-1/6272 ng Sn g−1 TOC)
was also found at the west coast of Itaparica Island (site S20).
The maximum turbidity zone located at the outlet of the
Paraguaçu River estuary might contribute to the accumulation
of contaminants through flocculation processes at this area
(Genz et al. 2006). In addition, a marina located nearby this
sampling site may also contribute to the input of TBT to the
region. On the contrary, a much lower level of TBT was de-
tected in site S21 (12 ng Sn g-1/240 ng Sn g−1 TOC) located
less than 10 km south of S20 and inside the Itaparica channel.
In this case, the low concentrations can be attributed to the
distance from potential TBTsources in the region. Reasonable
levels of TBTwere also seen at the east coast of Itaparica (T5
- 26 ng Sn g-1/1529 ng Sn g−1 TOC) during the 2012 cam-
paign. Low concentration of TBT (7 ng Sn g-1/259 ng Sn g−1

TOC) was also seen at the mouth of Subaé River (S22) in the
northwest part of the TSB, where no shipping or boating ac-
tivities take place. These findings are in accordance with
Felizzola et al. (2008), where the lower TBT levels were detected
in areas far away from harbors, shipyards, and marinas.
Althoughmore contaminated areas had been located nearby ma-
rinas and commercial harbors, the sources of BTs within the bay
could not be accurately identified but seem to become from
different areas as pointed out above. In addition, the spatial dis-
tribution of BTs within the TSB is not only associated to those
sources but also to its capacity to disperse the contaminants
(Cirano and Lessa 2007), as well as to the sediment composition,
which influence their capacity to adsorb onto sediments.

According to Waite et al. (1991), concentrations (not TOC
standardized) between 4–18, 22–73, and 109–365 ng Sn g−1

indicate sites under low, moderate, and high contamination of
TBT, respectively. Thus, the sites S8 and S20 may be classi-
fied as highly contaminated, while the other areas along TSB
as low to moderately contaminated. Although this classifica-
tionmight be useful to differentiate between contaminated and
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uncontaminated sites did not take into consideration relevant
differences among geographical areas. In addition, the low
TBT concentration detected in surface sediments from TSB
are in the same order of magnitude of those capable of causing
biological effects. For instance, Castro et al. (2012) have re-
ported imposex in various species of mollusk gastropods from
Ecuador coastal areas where sediment TBT contamination
was as low as 12 ng Sn g−1.

Butyltin spatial distribution using bivalve tissues

All samples of bivalve tissues (A. brasiliana and
M. guyanensis) presented detectable levels of BTs.
Concentrations ranged from <5 (LOQ) to 421, 11 to 65, and
<7 to 126 ng Sn g−1 for TBT, DBT, and MBT, respectively
(Table 2). Due to different ecological distributions along TSB,
it was not possible to collect those two species in all sampled
sites. It was assumed, however, that those two species have
similar bioaccumulation factors since both live in similar sub-
strates (soft bottoms) and are filter-feeder organisms. In fact,
the use of different bivalve species with similar ecological
behaviors has been frequently employed in environmental
monitoring studies (Sericano et al. 1995; Otchere 2005).

The TBT concentrations quantified in bivalve tissues were
higher than in surface sediments reflecting their high capacity as
filter feeders to bioaccumulate organic compounds from the
environment (Rittschof and McClellan-Green 2005). As seen
for sediments, TBT levels in bivalve tissues were higher in sites
S6, S7, and S8. In fact, a significant correlation was observed
(r=0.87 and p=0.0007) between TBT levels found in sites
where sediment and bivalve mollusk samples were simulta-
neously collected (S6, S7, S8, S11, S14, S20, S21, and S22).
This suggests similar sources of contamination, which is often
observed (Oehlmann and Schulte-Oehlmann 2003).

The highest TBTconcentration found in the study area was
421 ng Sn g−1 inM. guyanensis at S8 (Rio Cunha), level that
represents a risk to humans since this species is regularly

consumed by fishing communities and sold as a typical dish
at local restaurants (Bezerra 2008). Based on the European
Food Safety Authority that recommends the maximum toler-
able of daily TBT intake of 250 ng kg−1 (as TBT) body weight
(EFSA 2004) and considering an adult with average weight of
70 kg, the daily safe limit of TBT intake would be up to 17,
500 ng (as TBT). Thus, considering the conversion factor of
2.74 from tin, the concentration of TBT inM. guyanensis from
S8 was 1153 ng g−1 (as TBT—dry weight). Assuming that
M. guyanensis has a percentage of approximately 90 % water
in body composition, a daily intake of 152 g (wet weight) of
this bivalve collected at station S8 would be enough to extrap-
olate the limit established by EFSA. Furthermore, M.
guyanensis can be also eaten raw, with no degradation of
BTs by cooking. Similar trends were also found by Louppis
et al. (2010) investigating TBT concentrations in edible spe-
cies obtained on the coast of Greece and by Fernandez et al.
(2005b) investigating Perna perna mussels from Guanabara
Bay, showing risks derived from organotins in seafood. These
findings point out for the urgent need of increasing knowledge
on ingestion rates and contamination levels of seafood.

Temporal evaluation of imposex occurrence

The biometric and imposex parameters assessed for S. rustica
fromTSBare summarized inTable3.Although significant levels
of imposex have been previously detected in 2004 along TSB
(Castro et al. (2007), no evidences of imposex in S. rustica pop-
ulations were seen in the present study during 2012. Thus, the
sampledsitesT1,T2,T3,T5,T11,T13,T15,T16,andT17(which
were also analyzed in 2004) showed a significant reduction in
imposex levels [RPLI (Mann-WhitneyU test, p=0.0002), FPLI
(Mann-Whitney U test, p=0.0002), and VDSI (Mann-Whitney
U test,p=0.0002)] along this 8-year period (Table3).Recoveries
in imposex-affected populations had been reported in several
studies worldwide. For example, a recovery of N. lapillus popu-
lations from coastal areas of England (Birchenough et al. 2002),
Portugal (Galante-Oliveira et al. 2009), and Iceland
(Jorundsdottir et al. 2005; Guomundsdóttir et al. 2011) was re-
portedafter restrictionson theuseTBT-basedantifoulingsystems
implemented in 2003. Moreover, a reduction of imposex inci-
dences was registered in different areas of South America under
the influence of harbors (Castro et al. 2012; Grimón et al. 2016).
Therefore, the imposex recoveryobserved inS. rustica fromTSB
is in agreementwith the implementation of restrictions on the use
of TBT in antifouling paints at both national (NORMAM 2007)
and global scale (Birchenough et al. 2002; Sousa et al. 2009;
Galante-Oliveira et al. 2011). Despite the observed reduction, it
is important toobservethat thehigherRPLI(14.8)andVDSI(1.5)
values reported in2004 forS. rustica fromtheTSB-affectedareas
(Castro et al. 2007) were lower than imposex levels detected for
othermuricidspecies (i.e.,S.haemastoma) at thesameperiodand
severalharborareas fromBrazil (Fernandezetal.2005a;Castroet

Table 2 TBT, DBT, and MBT concentrations (ng Sn g−1 dry weight,
n= 1) in bivalve pooled samples collected along Todos os Santos Bay
during campaign 1 (2010/2011, S)

Site/species TBT DBT MBT

S6 (Anomalocardia brasiliana) 67 28 45

S7 (A. brasiliana) 37 65 38

S8 (Mytella guyanensis) 421 43 126

S9 (M. guyanensis) <5 44 <7

S11 (M. guyanensis) 43 22 12

S14 (A. brasiliana) 12 11 23

S20 (M. guyanensis) 15 17 19

S21 (M. guyanensis) 54 58 23

S22 (M. guyanensis) 23 29 16
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al.2007). Infact, in2004, therewerenolocal restrictions to theuse
of TBT-based antifouling paints in Brazil, and not even the AFS
Conventionwas fully into force (Castro et al. 2012). Therefore, it
is very likely that environmental levels ofTBTweremuchhigher
at that time (Fernandez et al. 2005b). In addition, previous studies
have reporteda lowsensitivityofS. rustica toTBTcontamination
(Castro et al. 2012), which could not exempt other gastropod
species from TSB of being affected and presenting imposex.
Therefore, considering the current TBT levels detected in sedi-
ment samples, further studies should be performed in TSB to
evaluate imposex occurrence in other gastropod species.

Conclusion

Based on the amount of TBT detected in the bivalve M.
guyanensis collected at S8, there is potential health risks as-
sociated with the consumption of these mussels, since the
maximum tolerable TBT daily intake here estimated is over
the limit established by the European Food Safety Authority.

Based on sediment evaluation, there are multiple potential
sources of this contaminant within Todos os Santos Bay.
Moreover, the TBT contamination does not seem to be affect-
ed only by direct sources but also by the local environmental
characteristics such as strong hydrodynamics and the effect of
anthropic activities (for example dredging). The temporal
analysis of the data (2010/2011 and 2012) showed no signif-
icant reduction in the TBT levels in sediments from Todos os
Santos Bay. However, the metabolite predominance (DBTand
MBT) in 2012, associated with the observed TBT levels
(resulting in BDI values >1), indicates simultaneous occur-
rence of recent inputs and metabolization process of TBT
historically released. Based on the levels of TBT in some of
the sediment samples analyzed, a slight increase in S10/T10,
S11/T11, and S12/T12 was observed, despite imposex inci-
dence have shown a clear reduction in a broader timescale.

Nevertheless, the imposex recovery observed in S. rustica
populations between 2004 and 2012 indicates a decrease re-
lated to the TBT biological effects. Thus, considering the tem-
poral evaluation of imposex performed in the present study,
the results suggest that recent TBT inputs (2012) are lower
than they were in the past. However, the TBT contamination
levels are still relevant, especially in areas under the direct
influence of Salvador harbor (T14, T15, and T16), since they
are above those that cause toxicity to biota.
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