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Abstract — The objective of this work was to verify the existence of bioaccumulation in mussels of the species
Perna perna, by determining the concentration of metal trace elements, in Urubuquecaba Island, Santos Bay,
Santos, SP, Brazil. Mussels were collected in natural banks and rocky shores, and sampling took place from
April 2010 to June 2011. The concentration of the trace metal elements — aluminum, cadmium, cromium,
copper, iron, manganese, nickel, lead, and zinc — was determined according to mussel sex, length, and
seasonality classes, in a flame atomic absorption spectrometer. Statistical analyses were applied to the results
with the use of the software PAST, with parametric and nonparametric approaches, at 5% probability. In the
summer, mussels show the highest concentrations of cadmium, copper, lead, and zinc. Females of P. perna
concentrate more copper; for the other elements, there are no significant differences between sexes. The
length classes with the highest concentrations are 3.5-5.5 cm for Al and Fe, and 6.5-8.5 cm for Cr.

Index terms: Perna perna, bivalve mollusks, bioaccumulation, seasonality.

Elementos-tragco metalicos em mexilhées da llha
Urubuquecgaba, na Baia de Santos, Brasil

Resumo — O objetivo deste trabalho foi verificar a existéncia de bioacumulagdo em mexilhdes da espécie Perna
perna, por meio da determinag@o da concentragdo dos elementos-trago metalicos, na Ilha Urubuquecaba, na
Baia de Santos, Santos, SP, Brasil. Os mexilhdes foram coletados em bancos naturais e costdao rochoso, e as
amostragens ocorreram no periodo de abril de 2010 a junho de 2011. A concentragdo dos elementos-trago
metalicos — aluminio, cddmio, cromo, cobre, ferro, manganés, niquel, chumbo e zinco — foi determinada de
acordo com o sexo, o comprimento ¢ as classes de sazonalidade do mexilhdo, em espectrometro de absorgdo
atomica de chama. Analises estatisticas foram aplicadas aos resultados com o uso do programa PAST, com
abordagens paramétricas e ndo paramétricas, a 5% de probabilidade. No verdo, os mexilhdes apresentam as
maiores concentragdes de cadmio, cobre, chumbo e zinco. As fémeas de P. perna concentram mais cobre;
quanto aos demais elementos, ndo ha diferencgas significativas entre os sexos. As classes de comprimento que
apresentam maiores concentracdes sdo a de 3,5-5,5 cm para Al e Fe, e a de 6,5-8,5 cm para Cr.

Termos para indexacdo: Perna perna, moluscos bivalves, bioacumulac¢do, sazonalidade.

Introduction

Some metal trace elements, such as zinc, iron, copper,
and manganese, at low concentrations, are essential
for the metabolism of plants and animals, for their
participation in respiratory pigments, metalloprotein
formation, and activation of enzymatic complexes,
among other functions. At high concentrations, they
are toxic and harmful, especially cadmium, chromium,
mercury, and lead, which interfere with the action
of enzymes and other biochemical agents on aquatic
organisms (Ferreira et al., 2013; Marengoni et al., 2013).

For humans, trace elements have been considered
relevant contaminants because of their radioactivity,
toxicity and, in some cases, carcinogenicity and
mutagenicity (Carmo et al., 2011). The main route of
intoxication by inorganic pollutants, associated with
aquatic systems, is the consumption of contaminated
fish (Barbieri et al., 2010; Santos et al., 2014).

Due to the large volume of water in the oceans,
any contaminant tends to be diluted and, as a result,
damages can be reduced. However, there is no doubt
that metal trace elements, can cause risk, as they are
not biodegradable, mainly because they are easily
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incorporated into the food chain (Barbieri et al.,
2010).

Bivalve mollusks, such as mussels, are known for
their ability to concentrate trace elements (Resgalla Jr.
et al., 2008; Wallner-Kersanach & Bianchini, 2008);
these animals can accumulate cadmium concentrations
up to 100 thousand times higher than the ones observed
in the waters where they live (Galvdo et al., 2009).
The retention and absorption of lead in the digestive
tract of mollusks are linked to several factors that
should be considered, such as salinity, hygroscopicity,
concentration, larval phase, respiratory rate, and
duration of exposure (Barbieri, 2009a, 2009b; Barros &
Barbieri, 2012). The effect of lead on mussels decreases
food absorption, negatively affecting the energy flow of
the animal metabolism (Wang et al., 2013).

The mussel Perna perna Linnaeus, 1758, is able to
respond to the variation of pollutants in the environment,
and it is recognized as an efficient bioindicator in
marine aquatic environments, besides having a known
biology and being a sessile animal of wide geographical
distribution (Ferreira et al., 2013; Marengoni et al., 2013).
This species seems to respond reliably to the presence of
metal elements usually derived from domestic sewage
disposal (Francioni et al., 2004). The use of the P. perna
mussel as a biomonitor requires the understanding of
its biology and the functioning of the environment, as
well as the intensity and distribution of the source of
availability (Francioni et al., 2004; Maanan, 2008).

Santos Bay comprises the estuarine system of
Santos and Sdo Vicente municipalities. The region is
home to the largest port in Latin America (Porto de
Santos) and an industrial pole with steel, petrochemical
and fertilizer industries, which is the main source of
chemical pollutants for the rivers, estuary system, bay,
and adjacent marine environments, both for the diversity
and quantity of substances currently emitted, and for the
past contamination that constitutes an environmental
liability (Casarini et al., 2010).

In Santos Bay, P. perna is the most abundant bivalve
(Henriques & Casarini, 2009) and, even with the
presence of contaminants, its extraction from natural
banks for consumption and commercialization occurs
(Casarini et al., 2010). There is a lack of scientific data
related to the content of metal trace elements in mussels
in tropical regions, specifically in Brazil (Ferreira et al.,
2013), regarding the effect of seasonal and physiological
variations related to bioaccumulation.
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The objective of this work was to verify the existence
of bioaccumulation by determining the concentration of
metal trace in mussels of the species Perna perna, in
Urubuquecaba Island, Santos Bay, in the state of Sao
Paulo, Brazil.

Materials and Methods

Perna perna mussels were collected in the sea, from
April 2010 to June 2011, in natural banks and rocky
shores, up to 1 m depth (mesotidal), always at a low tide,
in the Urubuquecaba Island (23°5826’S, 46°21°08”W),
located in Santos Bay, in the coast of Sao Paulo state,
Brazil (Figure 1).

Samples of P. perna mussels consisted of adult animals
(>3.5 cm). Eight collections were carried out, two per
season of the year. Collected organisms were cleaned
from the fouling material with appropriate knife, and
stored in plastic bags moistened with local water, which
were sealed, identified, placed in styrofoam ice packs,
taken to the laboratory, and frozen.

In order to determine the concentration of the metal
trace elements Al, Cd, Cr, Cu, Fe, Mn, Ni, Pb, and
Zn, 30 samples were selected from each of the eight
samples, composed of 50% males and 50% females. For
each sex, there was separation into three length classes:
3.5-5.5, 55-6.5, and 6.5-8.5 cm, totaling 240 mussel
samples. Subsequently, the samples were thawed at room
temperature (24+2°C), then they were opened and peeled.
The soft tissue was dried in an air-circulation oven at 60°C,
until constant mass was achieved. The process of opening
with microwaves followed a procedure used by Barros
& Barbieri (2012), which consisted on the addition of 10
mL of pure supra HNO; to 0.5 g of mussel tissue, with
subsequent heating at 60°C for two hours, for destruction
of resistant fats. The opening solutions were transferred to
a 50 mL volumetric flask, and completed to final volume
with ultrapure water.

The determination of trace elements concentration was
performed using the AA-6800 flame atomic absorption
spectrometer (Shimadzu, Kyoto, Japan) as a source
of atomization. The mean concentration of each trace
element was calculated for five mussel samples (ug g!
dry mass). In the digestion process, three control solutions
were prepared similarly to those of the samples, for the
quality control of the analysis. The standard reference
material used was the 15 SRM certified oyster tissue
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(oyster tissue, No. 1566b, NIST, USA) (Barros & Barbier,
2012) was used.

The statistical software PAST, version 2.17 (Hammer
et al., 2001), was used to perform descriptive statistics,
normal probability graphs, and analysis results (box-
plot model, where the centerline is the median), at 5%
probability.

To answer the hypothesis that there were no significant
differences in trace elements concentrations between
males and females, the Student’s t-test was used as the

parametric statistic, and the Mann-Whitney test (Zar,
2010) was used as the nonparametric test.

For seasonality and length classes, the one-way analysis
of variance was used, followed by the Tukey’s multiple
comparison test, at 5% probability.

To verify the normality and homogeneity of the
variances, the Shapiro-Wilk and Levene tests, were used,
respectively. When data did not meet the homogeneity of
the variances and normality of the residues, a Kruskal-
Wallis nonparametric analysis was used, followed by the
Bonferroni multiple comparison test.

State of
Sdo Paulo

CLBATAD

GUARLJA

Santos
Bay

PRAIA GRANDE

Figure 1. Location of Urubuquegaba Island, Santos Bay, Sdo Paulo state, Brazil. Perna perna mussels were collected from

marine water, rocky shores, and midlittoral region.
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Results and discussion

Santos Bay is relatively sheltered and receives
contributions from Santos and Sdo Vicente channels,
constituting a zone of mixture of sea water and brackish
waters coming from the estuaries. The study area is
located in salt water, according to a resolution of the
Conselho Nacional do Meio Ambiente (Conama, 2005).
The main sources of direct pollution in this area are
sewage systems, launched by the Santos submarine
emissary and by the urban drainage channels, and

M.B. Campolim et al.

dredged sediments of the port channel which were
previously improperly dumped into the bay (Casarini et
al., 2010). According to 40-year-data from the Instituto
Nacional de Meteorologia, for the region of study, the
highest accumulated monthly rainfall occurs in the
summer (Pellegatti & Galvani, 2010).

As to the seasonal variations, the mollusks had higher
concentrations of Cd and Pb in the summer (Figure 2),
and of Cu and Zn in the summer and autumn, with the
medians and maximum values in the summer. Despite
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Figure 2. Concentration of trace elements in mussels, and seasonality as a function. Sm (summer), A (autumn), W (winter),
and Sp (spring). Equal letters on the standard deviation bars do not represent significant differences by the analyses of
variance, at 5% probability. Box-plot: line, median; box, 25" and 75" percentiles; whiskers, minimum and maximum.
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the records of higher concentrations in the winter, Ni
showed larger medians in the summer and in the spring;
and Mn had its highest concentrations in the autumn,
however, with no difference in comparison to spring.

Al, Cr and Fe elements did not show differences
between seasons; however Al and Cr showed the highest
median and maximum concentrations in the summer,
whereas Fe had median values for the same season.

The concentrations of trace elements in mussels
are controlled mainly by local environmental levels,
and are related to the hydrological parameters of the
environment (Maanan, 2008).

For most of the trace elements analyzed, the highest
concentrations occurred in the summer, which is the
period with the highest rainfall in the evaluated area
(Pellegatti & Galvani, 2010), which may have led to
the greater number of trace elements of natural or
anthropogenic origin by rainfall and fluvial drainages
to the coastal region and, consequently, greater
bioavailability for mussels.

Specifically for Zn, the highest concentration in the
summer could be related not only to the higher rainfall
of this period, but also to reproduction (Casarini et
al., 2010), since reproductive peaks were identified in
January (Galvdo et al., 2009). For the Mytilus edulis
mussel, higher concentrations of Zn were observed in
the spawning stage, which is attributed to the synthesis
of a group of proteins, such as metallothioneins that are
responsible for the preferential accumulation of some
metals (Carvalho et al., 2001).

Aquatic organisms tend to accumulate metal trace
elements in their tissue, which leads to great risks of
contamination within the trophic chain, even when
the levels of these compounds in the water are below
the maximum concentration recommended by the
legislation (Niencheski et al., 2014). Interferences of
seasonality on the bioaccumulation of trace metals in
P. perna mussels may have different profiles depending
on the study region and survey period. Ferreira et al.
(2004), when evaluating P. perna mussels in three
beaches in the northern coast of Rio de Janeiro, did not
find a seasonal trend of accumulation.

For the northern coast of Sao Paulo state, the highest
concentrations of Cd, Cr, and Pb were found in the
winter in P. perna mussels, in Ubatuba Bay (Avelar
et al., 2000). In Cocanha beach, concentrations of Cd
were recorded in the spring, and of Fe in the summer
(Catharino et al., 2008), besides Cd, Cr, Fe, and Pb in
the spring, and Zn in the winter (Catharino et al., 2012).

1135

The results obtained for that region differ from those
obtained in the present study.

In Santos Bay, Catharino et al. (2012) identified for
the location of Itaipu, in P. perna, higher concentrations
of Cd, Pb, and Zn in the summer, Fe in the winter, and
Cr in the autumn. For the Island of Palmas, Cd, Fe, and
Zn showed the highest concentrations in the winter, and
Pb in the summer. Thus, there were differences between
nearby localities, but when comparing them to the
present work, which was carried out in the same region,
similar tendencies are noted for the same trace metals.

The present study corroborates the foundings by
Maanan (2008), in Mytilus galloprovincialis mussels, in
the coastal region of Morocco, for Cd, Cr, Ni, Pb, and
Zn with the highest concentrations in the spring and the
summer, for Mn in the spring and winter, and for Cu, in
the autumn and spring.

Rainbow et al. (2004) evaluated Mytillus trossulus in
the Gulf of Gdansk, Baltic Sea, and identified the highest
concentrations of Ni in the winter, Fe in the winter and
spring, Zn and Mn in the spring, and Pb in the summer
and spring; the values for Mn and Pb are corroborated
by those of the present study. M. galloprovinciallis, in
the Adriatic Sea, Italy, showed the lowest concentrations
in the summer and the highest in the winter for Cu, Fe
and Mn, and in the autumn for Cd, Pb, and Zn. Only Zn
showed similarity to the results obtained in the present
work (Vernocchi et al., 2007). Higher concentrations
in colder months were also identified by Mubiana et al.
(2005) for M. edulis in the Netherlands, with Cd, Cr,
Zn in the winter, and Fe, Mn, Ni, and Pb in the spring;
the values for Mn and Ni are corroborated by those
observed in the present work.

Seasonal variations may cause changes in the
body mass of aquatic organisms, and oscillations
in the concentration of metal trace elements in
the soft tissues of marine mussels, resulting in an
unpredictable estimation of the bioavailability of
metals (Degger et al., 2016). Another factor that
causes variations in the concentration of trace
elements is the type of tissue analyzed. Geffard
et al. (2005) identified the highest concentrations
of Cd for gills in the autumn, and for the
digestive glands in the summer, when evaluating
concentrations of Cd, Cu, and Zn in tissues of
M. edulis mussels in the coast of France. Kumar
et al. (2015) have identified a greater stability
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in the concentration of trace elements in the
mussel shell than in soft tissues. In the present
study, evaluations were performed only for the
presence of metal trace elements in soft tissue,
and differences were found in comparison to the
above mentioned works.

It is noteworthy that, for studies carried out in the
Southeastern Brazil, as in other countries, the results

do not follow a pattern of seasonal concentration of
trace elements in mussels.

There was no difference in the concentrations between
sexes for Al, Cd, Cr, Fe, Mn, Ni, Pb, and Zn. Females
of P. perna showed significantly higher Cu levels than
males (Figure 3). Similar results for Cu accumulation
were observed for the coast of the Rio de Janeiro state,
by Carvalho et al. (2001) and Francioni et al. (2004).
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Figure 3. Concentration of trace elements in mussels, according to sex: F, females; and M, males. Equal letters on the
standard deviation bars do not represent significant differences by the analyses of variance, at 5% probability. Box-plot: line,

median; box, 25" and 75" percentiles; whiskers: minimum and maximum.
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This difference may be related to the different stages of
the reproductive cycle, as observed by Carvalho et al.
(2001) for M. edulis, in which the highest concentrations
of Cu occurred during the stage of sexual maturity,
this is attributed to the synthesis of a group of proteins,
among which there were metallothioneins induced by
hormonal stimuli.

The present study corroborates the results in P. perna
obtained for Al, Cd, and Ni (Carvalho et al., 2001), and

for Cr, Fe, Mn, Pb, and Zn (Carvalho et al., 2001; Ferreira
etal., 2004). The present work also corroborates the high
concentrations of Cd and Ni (Ferreira et al., 2004), and
Zn (Francioni et al., 2004), observed in female mussels
of P. perna.

As to the mussel length classes (Figure 4), significant
maximum and median concentrations occurred for
Al and Fe in the 3.5-5.5 c¢m class (class with lower
variability than the others), and Cr in the 6.5-8.5 cm
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Figure 4. Concentration of trace elements in mussels as a length function. Classes of length: I, 3.5-5.5 cm; II, 5.5-6.5 cm;
and I11, 6.5-8.5 cm. Equal letters on the standard deviation bars do not represent significant differences by the analyses of
variance test, at 5% probability. Box-plot: line, median; box, 25" and 75" percentiles; whiskers: minimum and maximum.
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class. For the other elements, there were no significant
differences. However, the maximum concentrations of
Cd, Cu, Ni, and Pb, and the highest medians of Mn, and
Zn occurred in the class of 6.5—-8.5 cm of the mussels.
There was little variation between the length classes,
which is equivalent to the results obtained by Carvalho
et al. (2001), who evaluated the same species and length
classes, and identified the highest concentrations for Cd,
Cr, Cu, Ni, Pb, and Zn in the 6.5-8.5 cm class, and for
Al, Fe, and Mn in the 3.5 5.5 cm class. These results
are corroborated by those obtained in the present work
for Al, Fe, and Cr. The greatest concentrations of trace
elements were observed in mussels in the 6.8-8.5 cm
and 3.5-5.5 cm classes, which may be related to the
fact that organisms vary their concentrations of metal
trace elements according to the phase of their life cycle
(Catharino et al., 2012), and that larger individuals
would have been exposed to the environment for longer.

Conclusions

1. The metal trace elements Al, Cd, Cr, Cu, Fe, Mn,
Ni, Pb, and Zn are concentrated in the Perna perna
mussel, and differences are mainly related to seasonality,
followed by length classes; and are less significant in
relation to sex, for the conditions of Urubuquegaba
Island, in Santos Bay, Santos, SP, Brazil.

2.In the summer, mussels show the highest
concentrations for Cd, Cu, Pb, and Zn.

3. Females of P. perna concentrate more Cu and, for
the other elements, there are no significant differences
between sexes.

4. The length classes with the highest metal trace
concentrations are 3.5-5.5 cm for Al and Fe, and 6.5—
8.5 cm for Cr.
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