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‘‘Capsule’’: As a top predator, Sotalia fluviatilis may be at risk from pollutants from outfalls.

Abstract

Lead (Pb), cadmium (Cd) and mercury (Hg) concentrations on liver and kidney of Sotalia fluviatilis (Cetacea: Delphinidae)

stranded in the coast of Ceará, Brazil, were studied from 1996 to 1999. Pb levels were usually lower than the detection limit (0.1 mg/
g). Concentrations of Cd were significantly higher in kidney than liver, averaging 0.8 mg/g. Mercury accumulation took place
mainly in liver with an average concentration of 4.6 mg/g. Both metals were significantly higher in larger mature individuals, but
differences between sexes were not significant. The detection of Cd, Hg and Pb in tissue samples of S. fluviatilis off the coast of
Ceará indicated that heavy metals are locally available in the water, and bioaccumulation may be occurring through the food web.
Contamination levels were not considered critical, but could be related to Ceará’s growing industrial development. The associated

risks of pollution outfalls may pose a threat to marine organisms in a near future, especially for top predators such as S. fluviatilis.
# 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Marine mammals are long lived and often present
high levels of some potentially toxic substances such as
heavy metals on body tissues (Becker, 2000). Metals are
bioaccumulated with the ingestion of contaminated
food items, whereas Hg may also be biomagnified
throughout the food web (Aguilar and Borrell, 1995).
Yamamoto et al. (1987) observed that Antarctic minke
whales (Balaenoptera acutorostrata) concentrated on
body tissues up to 5.5 � 105 times the concentration of
cadmium in the water. Considering the similar ecological
roles of marine mammals and men, especially top pre-
dators such as dolphins, they may be considered as good
models for monitoring metal concentrations to which men
may be exposed while consuming marine fish and shelfish.
The accumulation of heavy metals in marine mam-

mals has been studied by Caurant et al. (1994) on Glo-
bicephala melas, Honda et al. (1983) on Balaenoptera
acutorostrata and Law et al. (1991) on Mesoplodon den-

sirostris, Physeter macrocephalus and Orcinus orca.
Dolphins such as Stenella coeruleoalba and Tursiops
truncatus, may accumulate as much as 44.8 and 9.1 mg/
Kg (dry wt.) of mercury (Hg) and cadmium (Cd) in the
kidneys, respectively (Leonzio et al., 1992). Marcov-
ecchio et al. (1994) found mercury (Hg) concentrations
in the liver of three species of small cetaceans in Argen-
tina: Tursiops gephyreus (86.0 mg/g), Pontoporia blain-
villei (3.8 mg/g) and Kogia breviceps (11.7 mg/g).
Sotalia fluviatilis is a small coastal dolphin occurring

in coastal and estuarine waters (marine form) and river
basins (riverine form) from Central and South America
(Simões Lopes,1988; Da Silva and Best, 1996; Carr and
Bonde, 2000) The species has been diagnosed as insuffi-
ciently known by the World Conservation Union
(IUCN, 1991). Threats to the species affecting popula-
tion stability include pollution by heavy metals and
industrial wastes, pesticides, fisheries interactions and
habitat degradation (IBAMA, 1997).
Brito-Jr (1994) found Cd concentrations in Sotalia flu-

viatilis between 0.04 and 0.30 mg/g on specimens from Rio
de Janeiro and 0.15 mg/g from Pernambuco (NE Brazil).
Junin et al. (1998) found higher levels on specimens from
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heavy industrialized areas in Brazil. Concentrations of Cd
in the liver of S. fluviatilis reached 1.51 mg/g, whereas Ste-
nella coeruleoalba and Delphinus delphis had respectively
9.83 e 25.0 mg/g. S. fluviatilis from Paranaguá Bay (SE
Brazil) presented Hg concentrations ranging between 176
and 568 mg/g. These high concentrations were attributed
to the presence of a chemical plant in the area.
Sotalia fluviatilis is fairly common, but often occur-

ring in small groups, along the coast of Ceará State, NE
Brazil (Oliveira et al., 1995; Alves Jr. et al., 1996;
Monteiro-Neto et al., 2000). Current levels of heavy
metals in the environment are not known, but appear to
be low due to the lack of large industrial areas to date.
However, the current economic and industry develop-
ment in the state may pose a future threat to the species
population.
This study investigates the presence of three heavy

metals, lead (Pb), cadmium (Cd) and mercury (Hg) on
liver and kidney tissues of Sotalia fluviatilis (Cetacea:
Delphinidae) stranded on the coast of Ceará, Brazil,
using the species as a biomonitor of environmental
contamination and providing information for the spe-
cies conservation within areas of increasing human
impact and industrial development.

2. Materials and methods

Concentrations of three heavy metals, lead (Pb), cad-
mium (Cd) and mercury (Hg) were determined on 11

specimens of Sotalia fluviatilis (Table 1), incidentally
caught on fishing nets or stranded on the beach, from
1996 to 1999, along the coast of Ceará state, northeast
Brazil (03�010 S; 01�150 W; 04�500 S; 37�16� W).
Dead animals were submitted to biometry and mac-

roscopic post mortem examination. Animals greater
than 160 cm of total length (TL) were considered adults
(Bossenecker, 1978).
Necropsy was performed to collect biological mate-

rial. Approximately 10 g of the posterior part of the
liver’s left lobe and 10 g of the left kidney were collected
with sterile scalps, and cold stored in separate plastic
bags at �20 �C for latter analysis, following Geraci and
Lounsbury (1993).
Each sample was subdivided into triplicates before the

analysis. Samples for Lead (Pb) and Cadmium (Cd)
determination were dried at 80 �C for 24 h. After, they
were weighted and burned to ashes at 450 �C for 24 h.
The ashes were dissolved in a 3:1 HNO3 and HCl acid
solution and evaporated in a hot plate until dryness.
The residue was again dissolved in HCL 0.1 N, to a 5.0
ml final volume and filtered. The extract was taken for
reading on atomic absorption spectrophotometer AA-
1475 Varian (Ishii et al., 1980).
For total mercury (Hg) analysis, 1.0 ml of con-

centrated H2O2, 3.0 ml of H2SO4:HNO3 (1:1) and 5.0 ml
of KMnO4 at 5% were added to about 500 mg (wet wt.)
of each sample, and then digested in a microwave oven
CEM-MDS-2000 (630�50 W) for 30 min. After cooling,
NH4OCl 12%was added to a 10 ml volume. The analysis

Table 1

Results from independent samples t-test and Monte Carlo permutation analysis comparing log transformed (log10(x+1) cadmium (Cd) and Mercury

(Hg) concentrations in liver (L) and kidney (K) tissues betweenmale (M) and female (F) immature (Im) andmature (Ma) and Sotalia fluviatilis at Cearáa

Independent samples t-test Monte Carlo permutation test

Observations GE

Mean SE DF T P Test criteria P

Sex F–M

Cd-L M 0.03 0.01 9 �1.32 0.22 NS 0.08 843/10,000 0.08 NS

F 0.11 0.05

Cd-K M 0.09 0.04 9 �1.63 0.14 NS 0.19 543/10,000 0.05 NS

F 0.28 0.01

Hg-L M 0.24 0.12 9 �1.55 0.16 NS 0.41 965/10,000 0.10 NS

F 0.65 0.22

Hg-K M 0.12 0.07 9 �1.69 0.13 NS 0.26 646/10,000 0.07 NS

F 0.38 0.13

Maturity Im–Ma

Cd-L Im 0.02 0.01 9 �1.96 0.08 NS 0.10 125/10,000 0.01 **

Ma 0.13 0.06

Cd-K Im 0.08 0.03 9 �2.52 0.03 * 0.25 79/10,000 0.01 **

Ma 0.33 0.10

Hg-L Im 0.11 0.03 9 �4.83 0.00 ** 0.76 19/10,000 0.00 **

Ma 0.88 0.17

Hg-K Im 0.05 0.02 9 �5.85 0.00 ** 0.46 18/10,000 0.00 **

Ma 0.52 0.09

a Test criteria: LE, lower than or equal to; GE, greater than or equal to. ** Highly significant. P, Probability level. Number of permuta-

tions=10 000.
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was conducted on atomic absorption spectro-
photometer with a flow injection system (FIMS-400)
and autosampler (AS-90), both from Perkin-Elmer. The
system is controlled by a 486DX PC computer, and the
Winlab software (Perkin-Elmer) running under Win-
dows (Bastos et al., 1998).
The results for Pb, Cd and Hg concentrations were

expressed as the average of three determinations. Values
were subjected to a logarithmic transformation (log10x)
prior to statistical analysis, in order to reduce contagion
and meet model assumptions (Legendre and Legendre,
1998; Zar, 1996).
T-tests (paired and simple) were used to verify the dif-

ferences on the average metal concentrations between
organs, sex and stage of sexual maturity of individuals
(Zar, 1996). The simple linear regression was used to fur-
ther explore the relationship between the metal con-
centration as a function of total length (TL) of
individuals. Statistical analysis was performed using the
Windows SPSS (Statistical Package for the Social Science
Release 10.0.1) application developed by Norussis/Inc.
Considering the small number of samples, and the

possibility of finding biased results using the traditional
parametric methods, a permutation approach was taken
to test the same hypothesis previously analyzed with
t-tests. Legendre and Legendre (1998) and Manly (1998)
observed that permutation is applicable to small sample
sizes, and also to data that does not meet the assump-
tions of the most common statistical models. Further-
more, Manly (1998) pointed out that such tests are more
reliable and less biased at small sample sizes.
Cadmium and Mercury concentration differences

between organs were tested using a Monte Carlo per-
mutation model. The difference between the mean con-
centration of each metal in the Liver (L) and Kidney
(K) was calculated (L-K) and used as a benchmark. The
concentration values were then submitted to 10 000
permutations constrained within rows, generating 10 000
null differences. Results were compared to the bench-
mark value, and the proportion of greater than or equal
to (positive difference) or lower than or equal to (nega-
tive difference) calculated. A result was found significant
when less than 5% of the values found through the
permutation met the one tail test condition.
A similar model was adopted to test differences in

concentrations between sexes and stages of sexual
maturity. However, permutations were restricted
within columns to prevent mixing of liver and kidney
values.
The relationship between animal length and metal

concentration (Cd and Hg) in both organs (liver and
kidney) was tested using a regression model. Pearson’s
R were calculated and confronted with the 10 000 null
values generated by permutation (within column). The
proportion of greater than or equal to original R values
was calculated and used as the probability.

All permutation analysis were performed with Excel’s
Ressampling (Ressampling Stats), and PopTools v. 2.1
(http://www.dwe.csiro.au/poptools/) macros.

3. Results

Lead concentrations in the liver of Sotalia fluviatilis
from Ceará, ranged between 0.10 and 0.12 mg/g, with
an average of 0.11+0.02 mg/g. In the kidney, con-
centrations ranged between 0.11 and 1.28 mg/g, with
an average of 0.11+0.51 mg/g. More than half of the
determinations resulted in values below the lower
detection limit (0.08 mg/g) of the methodology. Due to
these limitations, we did not proceed with any further
statistical analysis. Cadmium in the liver was found
in concentrations between 0.01 and 1.32 mg/g with an
average of 0.22+0.38 mg/g. In the kidney, Cd con-
centrations were in the order of 0.01 to 4.09 mg/g,
with an average of 0.78+1.18 mg/g. Mercury was
found in concentrations between 0.10 mg/g to 29.51
mg/g and an average of 4.62+8.73 mg/g in the liver,
and 0.06 to 5.63 mg/g with an average of 1.24+1.72
mg/g in the kidney.
Heavy metal concentrations in the liver and kidney

were significantly different for both Cd (paired
t=�3.60, P=0.01; Monte Carlo=13/10 000, P=0.00)
and Hg (paired t=3.21, P=0.01; Monte Carlo=0/
10 000, P=0.00), regardless of the statistical methodol-
ogy used. Average Cd concentrations were higher in the
kidney, whereas Hg showed a higher average con-
centration in the liver.
Significant differences were not detected between

males and females for both, Cd and Hg, regardless of
the organ. The results were consistent for the t-test and
Monte Carlo permutation analyses. However, average
metal concentration values were consistently higher on
females (Table 1).
Mature individuals had significant higher concentra-

tions for all but Cd on liver, when data was analyzed
through t-test. However, when differences were com-
pared using Monte Carlo, all figures were significant or
highly significant (Table 1).
Linear regressions, studying the behavior of Cd con-

centrations in the liver and kidney of Sotalia fluviatilis,
in relation to animal body size, resulted in models that
explained respectively 35% (R=0.59) and 55%
(R=0.74) of the data variability. Mercury showed simi-
lar results with regression lines explaining 71%
(R=0.84) in the liver and 79% (R=0.89) in the kidney
(Fig. 1). The correlation pattern of increasing con-
centration with increasing animal size was highly sig-
nificant according with the Monte Carlo analysis (TL �

Cd-liver=28/10 000, P=0.00; TL � Cd-kidney=16/
10 000, P=0.00; TL � Hg-liver=0/10 000, P=0.00; TL
� Cd-kidney=0/10 000, P=0.00).
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4. Discussion

Lead concentrations in Sotalia fluviatilis off Ceará
were well below the detection limit of the method in
most samples. These results were consistent with the
findings of Brito-Jr (1994) and for most of the cetaceans
analyzed by Law et al. (1991) and Junin et al. (1998).
One possible explanation is that Pb tends to accumulate
in bone tissue (Becker, 2000), following a similar meta-
bolic path of calcium. Therefore, skeletal material
should be further analyzed to verify possible higher
concentrations of Pb in marine mammals.

Cadmium and mercury concentrations stayed within
the range of observed values in other studies. Brito-Jr
(1994) studying specimens of S. fluviatilis from Rio de
Janeiro and Pernambuco, observed higher concentra-
tions of Cd in the liver and lower in the kidneys. Similar
findings were observed in our study. Reijnders (1988)
and Becker (2000) observed that certain organs and tis-
sues may be selective for the accumulation of specific
heavy metals. For instance, the filtering function of the
kidneys is probably the major cause for Cd to occur at
higher levels in the organ. On the other hand, Marcov-
ecchio et al. (1990), observed that the liver was probably

Fig. 1. Linear regressions, studying the behavior of both, Cd and Hg concentrations in the liver and kidneys of Sotalia fluviatilis, in relation to body

size. Concentration values are transformed by log10(x+1).
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the most important organ for the accumulation of Hg
for several species of marine mammals. Marine mam-
mals are exposed to methil-mercury present on preyed
finfish. (Itano et al., 1984). However, most of the liver
accumulated Hg is found at the inorganic form (Wage-
mann et al., 1988). This might suggest that, the liver
functions as a depuration center for toxic methil-mer-
cury coming from a finfish dominated diet. Methil mer-
cury ingested is degraded and stocked under less toxic
inorganic forms (Caurant et al, 1996).
Both Cd and Hg concentrations in other small cetacean

species were much higher as compared to the present
study (e.g. Marcovecchio et al., 1990; Wood and Van
Vleet, 1996; Rosas and Lehti, 1996). Differences on heavy
metal concentrations may be determined by the pre-
dominant food items on the diet of each species, habitat
contamination, and metabolic variation among indivi-
duals. Squids, a predominant prey item of Tursiops spp.,
Kogia spp., and Pontoporia blainviley, often accumulate
Cd in the liver and gonads (Honda et al., 1983). Sotalia
fluviatilis however, is a minor squid predator as compared
to these species (Borobia and Barros, 1989), which may be
responsible for the observed lower values.
The concentrations of Cd and Hg increased with the

size of the animals, regardless of the tissue analyzed. In
fact, the highest Hg concentration was found on the
largest mature female recovered in this study, with 185
cm TL and approximately 19 years of age (Cavallante,
2000). Correlation between heavy metal concentrations
and animal size have been reported for Phocoena pho-
coena (Falconer et al., 1983), Halichoerus grypus and
Phoca vitulina (Frank et al., 1992), Globicephala melas
(Meador et al., 1993), Delphinapterus leucas and Phoca
hispida (Mackey et al., 1996). The positive correlation
between metal accumulation and animal size may be a
consequence of the fact that larger (and therefore older)
animals prey upon larger preys, of higher trophic levels,
thus carrying higher metal concentrations in body tis-
sues. Higher concentrations in mature individuals
therefore, can be seen as an obvious consequence of
animal growth and the bioaccumulation of heavy metals
through food chain.
Sex related differences regarding metal concentrations

were found to be non significant. Nevertheless, prob-
ability values obtained in permutation tests were very
close to significance level, specially for Cd on kidney
(P=0.054). Differences in heavy metal concentrations in
Stenella coeruleoalba (Honda et al., 1983) andMonodon
monoceros (Wagemann et al., 1983) as a function of sex
were also non significant. Francis and Bennett (1993),
on the other hand, found significant differences in the
levels of Hg between sexes of several marine mammal
groups. Heavy metal contamination in mature males of
many marine mammal species may be higher than in
females at the same sexual maturity stage. Rejinders
(1988) suggested that females may transfer heavy metals

to infants mainly via placenta and, to a lesser extent, by
lactation. However, Caurant et al. (1994), found lower
Hg concentrations in newborn animals, and attributed
that to placentary absorption.
The detection of heavy metals (Cd, Hg and Pb) in

tissue samples of Sotalia fluviatilis off the coast Ceará,
although in small amounts, indicated that those sub-
stances are at least locally available in the water, and
bioaccumulation may be occurring through the food
web. Sources of heavy metals are mostly related to
industrial land based activities, and often contaminate
coastal instead of oceanic waters (Becker, 2000). Cd has
a 10–30 year biological half-life, meaning that even
sporadic ingestion of small amounts may result in a
significant accumulation in older animals. At the same
time, Hg has a longer persistence and high mobility in
coastal marine environments, being subjected to strong
bioaccumulation process by marine organisms (Rejin-
ders, 1980). Industrial activities at Ceará state involve
metallurgical plants, leather processing units and elec-
tric components manufacturing. Despite its relatively
poor development, their consequent heavy metal input
to marine waters may not be neglected.
Due to its top predator position, coastal habits, and

small size, S. fluviatilis may be placed in a high risk
category, subjected to the effects of these environmental
pollutants. The contamination of S. fluviatilis by heavy
metals at Ceará is an indication that industrial outfalls
may be reaching rivers, estuaries and eventually reach-
ing coastal marine waters. Even though bioaccumula-
tion levels are not yet critical, further monitoring
programs should be conducted.
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Alves Jr., T.T., Ávila, F.J.C., Oliveira, J.A., Furtado-Neto, M.A.A.,

Monteiro-Neto, C., 1996. Registros de cetáceos para o litoral do
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Da Silva, V.M., Best, R.C., 1996. Sotalia fluviatilis. Mammalian Spe-

cies 527, 1–7.

Falconer, C.R., Davies, I.M., Topping, G., 1983. Metals in the com-

mon porpoise Phocoena phocoena. Mar. Environ. Res. 8, 119–127.

Francis, D.R., Bennett, K.A., 1994. Addition data on mercury accu-

mulation in Northern Michigan River Otters. J. Fresh. Ecol. 9 (1),

1–5.

Frank, A., Golgan, V., Roos, A., Olsson, M., Peterson, L.R., Bignert,

A., 1992. Metal concentration in seals from Swedish water. Ambio

8, 529–538.

Geraci, J.R., Lounsbury, V.J., 1993. Marine Mammals Ashore. A

Field Guide for Strandings. A & M Sea Grant Publication, Texas.

Honda, K., Tatsukawa, R., Itano, N., Miyazaki, N., Fujiyama, T.,

1983. Heavy metal concentrations in muscle, liver and kidney of

striped dolphins Stenella coeruleoalba, and their variation with body

length, weight, age and sex. Agric. Biol. Chem. 47 (6), 1219–1228.
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