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INTRODUCTION

The Guiana dolphin (Sotalia guianensis) dis-
plays a coastal habit from its distribution that extends 
from the Santa Catarina State, south of Brazil, to 
Honduras, Central America (Flores & Da Silva, 2009). 
These animals show a preference for estuarine envi-
ronments, where there is large supply of food, shelter 
and refuge from predators (Da Silva & Best, 1996). 
Researches show that the species exhibits a residence 
pattern of  greater use in certain areas of Brazil, as for 
example the Cananéia estuarine region (Santos et al., 
2001; Santos & Rosso, 2008), where they are present 
the whole year, with a population of about 200 animals 
(Havukainen et al., 2011). 

The Complexo Estuarino Lagunar de Cananéia-
Iguape is classified as one of the most productive 
estuaries in the world and one of the most preserved 
ecosystems of the Brazilian coast (Schaeffer-Novelli et 
al., 1990). It shelters many environmental conservation 
areas and does not present an expressive anthropic 
activity, nevertheless, the estuary suffers from metal 
contamination resulting from mining activities of lead 
in the basin of the Ribeira de Iguape river (Mahiques 
et al., 2009). According to Cardoso & Chasin (2001) 
the contamination associated of cadmium can happen 
together with the mining of Pb.

As long-lived animals and occupying high 
trophic levels, dolphins have great potential for ac-
cumulating high contents of heavy metals in their 

tissues (Siciliano et al., 2005; Bossart, 2006). Higher 
contents of cadmium have been reported in renal tis-
sue in marine mammals due to its visceral distribution 
pattern, nevertheless, the liver has a great potential for 
accumulating different heavy metals, actively partici-
pating in the stocking and in the metabolism of toxins 
(O´Shea, 1999; Kunito et al., 2004). Additionally, the 
metallothioneins may act in the detoxification of Cd in 
the organism as it has the capacity to retain the metal 
and can reduce its toxicity (Das et al., 2000). Since 
hepatic and renal cells are the largest producers of 
those proteins, the accumulation of the metal occurs 
preferentially in those tissues (Kägi, 1991).

Due to the lack of studies, S. guianensis has 
its conservation status defined as “Insufficient Data” 
by the International Union for Conservation of Nature 
(IUCN) (2014). More researches are necessary, mainly 
to diagnose the impacts caused by habitat pollution 
(Monteiro-Filho et al., 2006). In view of these charac-
teristics, efforts are being made by scientific research-
ers of the region to amplify studies and guarantee a 
preservation area for the Guiana dolphins (Filla et al., 
2008). Collaborating with that, the purpose of this study 
is to investigate the contents of cadmium in the liver of 
the Guiana dolphin population in the region and com-
pare them to literature, providing new data about the 
accumulation of metals in cetaceans of the Brazilian 
coast, contributing towards the formation of an updated 
picture of the conservation status of these animals.
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ABSTRACT

Salgado, L. D.; Carvalho-Neto, F. S.;  Filla, G. F. 2014.  Cadmium concentrations in Sotalia guianensis (Van Bénéden, 
1864) . Braz. J. Aquat. Sci. Technol. 19(1):39-45. eISSN 1983-9057. DOI: 10.14210/bjast.v19n1.p39-45 Cadmium 
concentrations were assessed in the hepatic tissues of 27 Guiana dolphins, Sotalia guianensis, that were found stranded 
in the estuary of Cananéia-Iguape, southeast of Brazil, between 2009 and 2012. The samples’ digestion was performed 
through acid digestion with HNO3 and the quantification was held by flame atomic absorption spectrometry (FAAS). For 11 
of the sampled animals, concentrations did not exceed the limit of quantification of 0.1µg.g-1 stipulated by the method. The 
concentrations varied from above detection limit to 1.79µg.g-1 (wet weight), for a average of 0.39µg.g-1 which is in accord 
with the literature, as low values of the metal were commonly found in the tissues of the specie on the Brazilian coast. 
No differences were observed in the accumulation of cadmium between sexes, age classes or the curvilinear length. The 
accumulation found in the livers may reflect the Guiana dolphins diet in the region and the bioavailability of the metal in the 
system. This study provides new data about the accumulation of cadmium in animals of the Brazilian coast, contributing 
towards the status of conservation of the specie.
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MATERIALS AND METHODS

Study area
The Complexo Estuarino Lagunar de Cananéia-

Iguape (Figure 1) corresponds to a complex system, 
among four big islands (Cardoso, Cananéia, Comprida 
and Iguape), with long and narrow channels that 
extend nearly parallels to the coast. It is situated in 
the extreme south of the São Paulo State, southeast 
Brazil, between the latitudes 24º 50` to 25º 10`S and 
longitudes 47º 25` to 48º 00`W, with a total area of 
2.500km2 (Tessler & Souza, 1998). 

 The contribution of fresh water to the system 
comes from two basins. The first is formed by the 
Ribeira de Iguape River and its tributaries which drain 
the whole south of the State (a region known as the 
Vale do Ribeira). This river entered the system through 
an opening of an artificial channel called Valo Grande, 
in 1848, causing various alterations, among them, the 
salinity, sedimentation and aport of metals. The second 
basin is close to the Cananéia Island and is constituted 
by the rivers: Taquari, Mandira, das Minas, Itapitangui 
and various small rivers that cover close to 1.339km2 
(Bonetti-Filho & Miranda, 1997; Mahiques et al., 2009).

Data and samples collection
Samples were obtained from stranded and dead 

animals on the beaches of the region between 2009 
and 2012. The animals were submitted to biometry 
and macroscopic evaluation to assess the condition of 
the carcasses, identify sex and age classes, whenever 
possible. Tissue samples were collected only from 
fresh carcasses or when at an initial stage of decom-
position (Geraci & Lounsburry, 1993). Twenty seven 
animals, 11 males, 15 females and one not identified 
were analysed. The biometry corresponded to the cur-
vilinear length of the animal, measured from the upper 
lip to the median notch of the caudal fin, following the 
corporal curvature. The age classes of the animals was 
arbitrarily estimated according to the curvilinear length. 
Animals of a length varying between 90 and 100cm 
being classified as infants; animals between 111 and 
165cm as juveniles; and animals longer than 165cm 
as adults, adapted to the species’ propositions made 
by Rosas & Monteiro-Filho (2002). During a necropsy, 
using a stainless steel scalpel, approximately 20g of 

liver were removed, stored in plastic recipients and 
frozen at - 20°C until analyses. 

Analytic procedures and cadmium determination
Cadmium was evaluated due to its toxicity and 

ecological importance in the region. In the laboratory, 
the samples were homogenised by maceration and 
divided into sub-samples of approximately 5g (wet 
weight). The method that was used was acid digestion. 
The digestion of the samples was performed with 30ml 
of aqueous solution of HNO3 1:1, where they remained 
in reflux on a heating plate at 95°C for 12 hours until 
complete oxidation, evidenced by limpid extract. Next, 
the volume of the samples was reduced to 5mL. After 
cooling, the samples were filtered, transferred to 
volumetric balloons and had their volume gauged to 
50mL with distilled water. All the reagents utilized were 
of an analytic degree and the materials used during 
the procedures were previously decontaminated by 
washing with neutral detergent and bath in a solution 
of nitric acid (10%) for 24h.

Figure 1. Map of the Complexo Estuarino Lagunar de Cananéia-Iguape, São Paulo State, southeast of Brazil. Adapted from Oliveira (2009).
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Tabela 1: Data about S. guianensis sampled during the period of January 2009 and July 2012 in the Complexo Estuarino Lagunar de 
Cananéia-Iguape  and values of cadmium concentrations in livers (in µg/g-1 wet weight).

Cadmium quantification was realized by Flame 
Atomic Absorption Spectrometry (FAAS) Shimadzu 
AA6800. The standard solution was prepared with 
successive dilutions using a stock solution of Cd 
(1.000mg/L-1), using 13% v/v HNO3. The calibration 
curve ranged from 0.01 to 1.0mg/L, with 0.9998 linear-
ity. The Limit of Quantification (LOQ) of the method for 
the metal was 0.1µg.g-1. The quality of the results was 
accompanied with the use of an analytical blank and 
the determination performed in triplicate. 

Due to the lack of certified reference material 
(CRM) of aquatic mammal tissues, the exactitude of 
the method was verified with CRM used to guaran-
tee the internal standards in the laboratory. These 
were: RTC-CRM031-040 with an analytical result of 
223.18mg/kg (dry weight), which is in accordance with 
certified values (212mg/kg) with a coefficient of varia-
tion (CV) of 1,78%; and EU-H-3 with an analytic result 
of 0.225mg/L according to the certificate (0.228mg/L) 
with 0,999% CV.

Data treatment
The average values of the triplicate were 

considered, these results were used for data treat-
ment. Statistical analyses were performed using 

STATISTICA® 7.0. Data normality was tested with 
the Shapiro-Wilk’s test. As data was not on normal-
ity (w=0.60191; p=0.000), non-parametric tests were 
applied owing to the results. The Kruskal-Wallis test 
was performed to compare cadmium values among 
age classes. To compare concentrations between 
sexes in adults, the Mann-Whitney U-test was used. 
The Spearman non-parametric correlation was used to 
observe the correlation between the curvilinear length 
and the cadmium concentrations. For all cases, the 
considered significance level was 0.05.

RESULTS

Due to limitation of the analytical method used, 
eleven of the animals did not exceeded the LOQ of 
0.1µg.g-1. The concentrations of cadmium in the livers 
varied from above detection limit to 1.79µg.g-1 (wet 
weight), for a average concentration of 0.39µg.g-1, with 
a standard deviation of 0.47. Data about collected ani-
mals and their respective cadmium concentration 
values are shown in Table 1.

Data expressed as mean±SD (n=3)
n.a.- Data not available                     
< LOQ - Values detected below the quantification limit of the method
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It was not possible to verify significant differ-
ences between age classes (H=1.77; p=0.4121), this 
result is probably due to the discrepancy between the 
sampled number in the groups (n adult=22; n juve-
nile=3; n infant=2). (Figure 2).

Likewise, a significant statistical difference was 
also not verified between females (n=13) and males 

(n=9) among adult animals (U=55; z=1.20; p=0.22), 
with values considered as being statistically equiva-
lents (Figure 3). The curvilinear length varied from 98 
to 208cm and it was seen that there was no significant 
correlation between cadmium concentrations in liver 
and the total curvilinear length of the sampled animals 
(Spearman r=-0.04; p=0.83).

DISCUSSION

In this study, the results reveal that the concen-
trations of cadmium in S. guianensis livers were in the 
same order of magnitude found in previous studies 
with the species on the Brazilian coast. Values lower 
than 0.1µg.g-1 of cadmium in Guiana dolphin tissues 
have been previously reported by Lailson-Brito et 
al. (2000), Monteiro-Neto et al. (2003), Kunito et al. 
(2004), Dorneles et al. (2007a), Seixas et al. (2009) 
and Korn et al. (2010). 

To determine the quantity of cadmium in biologi-
cal samples can be problematic, especially due to the 
low concentrations of the metal and the large variety 
of matrixes among the samples (Davis et al., 2006), 
therefore, differences in metal concentrations between 
studies are common and expected, being important to 
take into consideration the techniques applied to the 
study. Even so, a comparison with literature becomes 
indispensable due to the limited bibliography that gen-
erally involves a low number of analysed individuals 
(Siciliano et al., 2005; Seixas et al., 2009). 

Additionally, metals concentrations between 
studies can vary depending on various factors that 
affect the accumulation of metals in aquatic mammals 
(Seixas et al., 2009; Korn et al., 2010). The studied 
element and its availability in the environment, as well 
as the habit and feeding habits of the specie, play a 
fundamental role in this accumulation (André, 1997; 
Das et al., 2003). 

Figure 3. Median, quartiles, minimums and maximums of Cd concen-
trations in livers of Guiana dolphins (in µg.g-1 wet weight) in relation 
to sexes (females and males) (p=0.22).

Despite the cadmium absorption efficiency veri-
fied in the gastrointestinal tract on mammals be only 
of 5% (Elinder & Järup, 1996), the principal means of 
cadmium contamination of aquatic mammals in the en-
vironment is through their feed (Das et al., 2003). The 
accumulation of the element by marine mammals is 
much more related to intake of cephalopods, which are 
known for their capacity of accumulating high contents 
of cadmium in their bodies, than an accumulation along 
the food chain (Lailson-Brito et al., 2000; Dorneles 
et al., 2007; Carvalho et al., 2008). Thus, species of 
cetacean that have squids as their predominant food 
item have higher concentrations of the metal when 
compared to species that feed especially on fish (Das 
et al., 2003; Seixas et al., 2009; Korn et al., 2010). 

Guiana dolphins have most of their diet based on 
teleost fish (Oliveira et al., 2008), accumulating lower 
concentrations of the metal when compared to other 
species with a differentiated diet (Seixas et al., 2009; 
Korn et al., 2010). The feeding habits of the specie may 
also reflect their coastal and oceanic habits (Carvalho 
et al., 2008; Korn et al., 2010), as longer food chains, 
seen in oceanic environments, may favour the occur-
rence of higher cadmium levels on predators (Dietz 
et al., 1998).

For the region under study, species of fish of 
the Sciaenidae family were indicated as the most 
representative food items by Santos et al. (2002) and 
the predation of squid was also described. Lopes et 
al. (2012) observed that the ingestion of Lolliguncula 

Figure 2. Median, quartiles, minimums and maximums of Cd concen-
trations in livers of Guiana dolphins (in µg.g-1 wet weight) in relation 
to age classes (adult, juvenile and infant) (p=0.4121).
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brevis was more representative for animals in inner 
estuary and Doryteuthis plei was more representa-
tive for coastal animals, both of Loliginidae family. 
However, studies have shown that not all cephalopods 
may be considered important vectors of the transfer of 
the metal to cetaceans in the Brazilian coast, mainly 
to differences in cadmium bioaccumulation capacity 
between different squid species due to environmental 
and physiological aspects. Cephalopods of Loliginidae 
family, that live in coastal and continental shelf areas, 
exhibit lower cadmium concentrations in compare to 
others families that live in open oceans environment 
(Dorneles et al. 2007a; Dorneles et al., 2007b). This 
fact could indicate a low intake of cadmium to the 
Guiana dolphins in the studied area.

Nevertheless, environmental aspects must be 
taken in consideration when searching for explana-
tion for the lower cadmium concentration in liver of 
Guiana dolphins. Regions close to the estuarine sys-
tem houses several metallic mineral deposits, which 
were exploited mainly in the last century, causing 
local metal contamination, especially in the northern 
part of the system (Mahiques et al., 2009). However, 
high concentrations of the element were not reported 
in the sediment and waters of the system (Amorim et 
al., 2008; Souza, 2010), as to the local biota (Machado 
et al., 2002; Guimarães & Sígolo, 2008), demonstrat-
ing low occurrence and viability of the metal in the 
environment.  

Marine mammals generally do not present 
significant different patterns of accumulation of trace-
elements between the sexes (O´Shea, 1999). This 
pattern was also observed for S. guianensis on the 
Brazilian coast in previous studies by Monteiro-Neto et 
al. (2003), Kunito et al. (2004) and Seixas et al. (2009), 
as well as in this study, showing that, although males 
and females have some feeding differences in the 
study area (Oliveira et al., 2008), they don’t represent 
differences in the accumulation of cadmium. Cadmium 
accumulation among age classes and the length of the 
animals did not show a significant difference, same as 
seen by Carvalho et al. (2008). However, researches 
held by Monteiro-Neto et al. (2003), Kunito et al. (2004) 
and Seixas et al. (2009) have shown higher contents 
of the metal in larger adult animals.

CONCLUSION

The results of this study had the same order of 
magnitude as those found in previous studies with the 
same species on the Brazilian coast. Since the com-
plexity of the trophic chain is one of the major factors 
responsible for the accumulation of the element, the 
accumulation found in the livers of the Guiana dolphins 

may reflect its diet in the region and the bioavailability 
of the metal in the system. Furthermore, confirming 
those studies, no difference was observed in the con-
tent of Cd between sexes. Due to the discrepancy of 
data, the sampled quantity did not allow an encounter 
of significant relations between the accumulation of 
metal, the age classes and the curvilinear length. This 
study brings new data about the accumulation of Cd 
in S. guianensis, contributing towards the status of 
conservation of these animals in Brazil.
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