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Rio de Janeiro, Programa de Biofisica Ambiental, Ilha do Fundão, Rio de Janeiro, RJ, CEP 21941-900, Brazil
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Abstract

This research reports the first data on mercury levels found in Giant otters (Pteronura brasiliensis) from South America. Mercury

concentrations were analyzed from different organs/tissues of two animals found dead floating on the water of the Rio Negro in the

Pantanal, Brazil. The mean mercury concentration ranged from 2.94 to 3.68 mg/g in hair, from 1.52 to 4.3 mg/g in liver, and from 1.11

to 4.59 mg/g in kidney and was 0.17 mg/g in muscle samples. In comparison with other research, there is no evidence of contamination

in these animals and mercury concentrations in tissues appeared to be at levels below those associated with toxicity.

r 2004 Elsevier Inc. All rights reserved.
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1. Introduction

The Giant otter, Pteronura brasiliensis (Zimmermann,
1780), is the largest of all otters species with a total body
length typically ranging from 1.5 to 1.8m and a weight
varying from 26 to 32 kg (Duplaix, 1980). They are
endemic to South America and distributed throughout
the Orinoco, Amazon, and La Plata River basins and
e front matter r 2004 Elsevier Inc. All rights reserved.
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numerous localities in the Guyanas (Carter and Rosas,
1997). Giant otters also inhabit several rivers in the
upper Paraguay River basin, known as the Pantanal, the
Paraguay River itself, the São Lourenc-o, Itiquira, and
Piquiri tributaries in the northern Pantanal, and the Rio
Negro and Miranda and Aquidauana Rivers in the
southern region (Schweizer, 1992).

The Giant otter is categorized as almost extinct in two
countries of its former distribution, seriously endan-
gered in seven countries, and classified as a vulnerable
species by the World Conservation Union Mammal Red
Data Book (IUCN, 2003). By the early 1970s, pelt
hunters had decimated many populations in Brazil, and
the remaining are now threatened by increasing ex-
ploitation of natural resources like timber, minerals, and
fossil fuels. The construction of reservoirs for hydro-
electric power generation are rapidly destroying and
degrading their habitat (Carter and Rosas, 1997).

Heavy metals like mercury may be partially respon-
sible for the observed decline of the European (Lutra

lutra) and North American (Lutra canadensis) otters in
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many countries (Mason et al., 1986; Halbrook et al.,
1994; Evans et al., 2000; Hyvärinen et al., 2003). Diet
observation and fecal analysis in various regions have
revealed that fish constitute most of the Giant otter’s
diet (Carter and Rosas, 1997); piscivorous mammals like
them, at the top of the food chain and feeding largely on
fish, are likely to receive a significant daily dose of
mercury as a consequence.

Most of the previous studies of mercury in mammals
have measured concentrations in internal tissues like
liver and kidneys (Kucera, 1983; Wren et al., 1986;
Gutleb et al., 1998). Hair has been used as an indicator
of mercury levels in otters in previous studies (Cumbie,
1975; Mason et al., 1986; Halbrook et al., 1994; Evans
et al., 1998, 2000), and there is usually a high degree of
correlation of mercury levels between different animal
tissues (Evans et al., 1998; Mierli et al., 2000).

Although they are an environmental indicator species
because of their position in the food chain and therefore
a possible early warning system for human health
impacts, particularly in fish-eating societies (Evans
et al., 1998), only one study on mercury concentration
in Giant otters has been published. In this study, Gutleb
et al. (1997) used otter spraints and fishes to assess the
risk of mercury intoxication in Giant otters in Manu
National Park (Peru). The analysis of spraints may help
to assess the potential threats to an existing otter
population, or it may provide clues to the disappearance
of otters from a river, but the interpretation of such
results is very difficult because the metal may be
associated with those components of the diet, like fish-
scales, e.g., that pass unassimilated through the gut
(Mason and Macdonald, 1986).

The present paper reports preliminary data on
mercury levels occurring in tissues of Giant otters found
dead in the Rio Negro in the Pantanal, Brazil.
2. Materials and methods

Tissues (hair, liver, kidney, and/or muscle) were
obtained from two Giant otters (both male) between
November 2002 and November 2003. They were found
dead, though causes unknown on the water of the Rio
Negro in the Pantanal, Mato Grosso do Sul State, Brazil
during the undertaking of the project Ecology and
Conservation of Pantanal Otters, which was supported
by Earthwatch Institute and Conservational Interna-
tional. The carcasses were kept frozen until analysis.

The hair samples were excised with clean stainless-
steel implements and washed with EDTA 0.01% for 2 h
to remove superficial grease and dust to avoid external
metal contamination. They were then rinsed twice in
double-distilled and deionized water and dried overnight
at 40 1C. All samples of internal tissues (30–80mg fresh
weight), and hair (about 10–20mg dry weight) after
weighing, were mineralized for the determination of
mercury. Hydrogen peroxide was added to samples of
liver, kidney, and muscle tissues, and after 10min, 5ml
of a solution of concentrated H2SO4 and HNO3 (1:1)
was added and placed in a water bath at 60 1C for 15min
and allowed to cool down. After that, 5ml of 5%
KMnO4 solution was added and the extracts were left
overnight at room temperature in a dust-free atmo-
sphere. Extracts were neutralized with some drops of a
12% HONH3Cl solution and a final volume of 25ml
was made up using double-distilled and deionized water
just before analyses. The hair procedure was the same as
for internal tissues, except that hydrogen peroxide was
not added.

Mercury analyses were performed by atomic absorp-
tion spectrometry with an AA 1475 Varian instrument
equipped with a cold-vapor generator accessory (Varian
VGA-76), with sodium borohydride as a reducing agent
at Laboratório de Radioisótopos Eduardo Penna
Franca from the Federal University of Rio de Janeiro
according to Malm et al. (1991).

Accuracy of the mercury concentration was checked
by comparison with certified reference samples IAEA-
086 and IAEA-085 for hair and lyophilized fish internal
laboratory reference sample AFPX5130 (fillet of Pseu-

doplatystoma coruscans from Alta Floresta, Brazil)
produced by Radioisotopes Laboratory at Federal
University of Rio de Janeiro for internal use. All
samples were performed in duplicate, allowing an
estimation of analytical variability, and all reagents
were p.a. degree.
3. Results and discussion

The average value obtained for mercury in the IAEA-
085 hair was 24.473.57 mg/g (certified value of
23.273.4 mg/g) and for IAEA-086 was 0.5870.21 mg/g
(certified value of 0.57470.15 mg/g). The average value
obtained for internal laboratory reference sample
AFPX5130 was 14.370.58 mg/g dry weight, close to
the local certified value of 13.8371.32 mg/g dry weight.

Several factors like location, age, sex, and others
reported in the literature have been associated with
differences in mercury concentration in wild mammals
(Wren, 1986). In this work, due to a sample size
insufficient to yield adequate power for the statistical
tests, it was difficult to identify any one factor that has
some effect on mercury accumulation in Giant otters.

Mean mercury detected in Giant otter hair ranged
from 2.94 to 3.68 mg/g. Otter hair has been utilized as an
indicator of mercury levels in otters in several studies
(Cumbie, 1975; Mason et al., 1986; Halbrook et al.,
1994; Evans et al., 1998, 2000), in which there was a
greater range in mercury concentration. The levels of
mercury in the hair of Giant otters from the Rio Negro
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were similar to those of L. canadensis from Wisconsin
(mean, 6.47 mg/g; max, 63.2 mg/g) reported by Sheffy and
St. Amant (1982) and can be considered low compared
to the results reported for L. canadensis from Ontario,
Canada (mean, 9.6; range, 4.0–20.0 mg/g; Evans et al.,
1998), for L. lutra from Finland (mean, 18.5; range,
0.7–61.3 mg/g; Hyvärinen et al., 2003) and from Britain
(mean, 18.7; range, 1.3–85.1 mg/g; Mason et al., 1986),
and for L. canadensis from Maine (mean, 20.3; range,
1.1–33.7 mg/g; Evers et al., 2002) and from Georgia
(mean, 21.2; range, 0.5–54.4 mg/g; Halbrook et al.,
1994). Sheffy and St. Amant (1982) assume that
concentrations of mercury ranging from 1 to 5 mg/g in
fur of otters represent normal background levels in these
animals.

Wren (1986) suggested that normal mercury concen-
trations in otter liver should be less than 4.0 mg/g wet
weight. The mean concentration of mercury in the liver
of one Giant otter (4.3 mg/g) was slightly higher than this
value, but it was lower in the other (1.52 mg/g). The
mean mercury concentration in the livers of both Giant
otters analyzed in this study was higher than in L. lutra

from Hungary and Austria (0.65 and 1.01 mg/g, respec-
tively), as reported by Gutleb et al. (1998), and in L.

canadensis from Canada (1.61 mg/g; Evans et al., 2000).
However, our results were lower than those for L. lutra

from Scotland (4.7 mg/g; Mason and Reynolds, 1988)
and L. canadensis from Georgia (7.13 mg/g; Halbrook
et al., 1994) (Table 1).
Table 1

Mercury concentrations (mg/g wet weight) detected in Giant otter (P. brasilie

comparison to mercury concentrations reported in otters in others studies

Species Location Tissue Co

Me

P. brasiliensis Brazil Liver 2.

L. lutra Hungary Liver 0.

Austria Liver 1.

L. lutra Scotland Liver 4.

L. canadensis Canada Liver 1.

L.canadensis Georgia Liver 7.

L. canadensis Canada Liver 33.

L. canadensis Canada Liver 96.

P. brasiliensis Brazil Kidney 2.

L. lutra Britain Kidney 2.

L. lutra Scotland Kidney 2.

L. lutra Hungary Kidney 0.

L. canadensis Canada Kidney 1.

L. canadensis Canada Kidney 39.

L. canadensis Canada Kidney 58.

P. brasiliensis Brazil Muscle 0.

L. lutra Britain Muscle 1.

L. canadensis Georgia

Piedmont Muscle 1.

Coastal plain Muscle 4.

L. canadensis Canada Muscle 36.

L. canadensis Canada Muscle 15.
A background level of mercury is considered to be less
than 3.0 mg/g in kidney of otters (O’Connor and Nielsen,
1980; Kucera, 1983). One Giant otter in the present
study showed an elevated mercury concentration in the
kidney (4.59 mg/g), while the other was 1.11 mg/g
(Table 1), but both values are considered to be lower
than toxic concentrations for otters and are within the
range found in similar studies undertaken with L. lutra

from Europe (range, 1.35–6.79 mg/g, Mason et al.,
1986; range, 1.5–3.0 mg/g, Mason and Reynolds, 1988;
o0.01–2.1 mg/g, Gutleb et al., 1998) and L. canadensis

from North America (mean, 1.42; max, 3.97 mg/g; Evans
et al., 2000).

The values found in livers and kidneys of Giant otters
were low compared to the findings of O’Connor and
Nielsen (1980) and Wren (1985) (Table 1). Experimen-
tally dosed L. canadensis died with symptoms of
mercurialism and mean levels of mercury in their livers
and kidneys were 33.4 and 39.2 mg/g, respectively
(O’Connor and Nielsen, 1980). Wren (1985) reported
on an otter (L. canadensis) that was found dead near a
river in Ontario, Canada that was known to be severely
polluted with mercury; had a concentration of 96.0 mg/g
in the liver and 58.0 mg/g in the kidneys, which suggests
that this animal died of mercury poisoning. Tracks in
the snow indicated that the animal behaved strangely
prior to death: traveling in circles, falling over, and
burrowing into the snow. The unnatural behavior
of the otter prior to death is consistent with clinical
nsis) liver, kidney, and muscle from the Rio Negro River, Pantanal, in

ncentration Reference

an Range

91 1.52–4.3 This study

65 0.02–2.64 Gutleb et al. (1998)

01 o0.01–2.1

7 1.0–20.3 Mason and Reynolds (1988)

61 Max ¼ 3.35 Evans et al. (2000)

13 2.8–16.3 Halbrook et al. (1994)

4 — O’Connor and Nielsen (1980)

0 — Wren (1985)

84 1.11–4.59 This study

27 1.35–6.79 Mason et al. (1986)

1 1.5–3.0 Mason and Reynolds (1988)

68 o0.01–2.1 Gutleb et al. (1998)

42 Max ¼ 3.97 Evans et al. (2000)

2 — O’Connor and Nielsen (1980)

0 — Wren (1985)

17 — This study

66 0.61–2.64 Mason et al. (1986)

Halbrook et al. (1994)

48 0.82–3.1

42 0.72–10.27

0 — Wren (1985)

7 — O’Connor and Nielsen (1980)
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observations made on minks (Mustela vison) suffering
from methylmercury poisoning (Wobeser et al., 1976).

The mean of 0.17 mg/g mercury in muscle of the Giant
otters was below the mean values found in L. canadensis

from the lower coastal plain region and Piedmont area
of Georgia (4.42 and 1.48 mg/g, respectively; Halbrook
et al., 1994). Muscle mercury levels in a wild L.

canadensis found dead of supposed mercurialism in
Ontario, Canada, by Wren (1985) were substantially
higher (36.0 mg/g) than terminal mercury levels in muscle
of otters experimentally killed with a methylmercury
diet (15.7 mg/g; O’Connor and Nielsen, 1980). In L. lutra

the mean average of mercury in muscle found by Mason
et al. (1986) was 1.66 mg/g (Table 1).

Mercury concentrations of 0.12–1.4 mg/g wet weight
in a fish diet of mink and otter were associated with
adverse health effects (Halbrook et al., 1994). The
concentration of 0.1 mg/g mercury fresh weight in fish
was proposed to be the tolerable mercury level in fish for
consumption by European otters (Hovens, 1992). Some
of the most frequent preys of Giant otters, such as
Pygocentrus nattereri and Serrasalmus marginatus (both
Serrasalmidae) and P. maculatus (Pimellodidae), col-
lected in the Rio Negro showed a similar concentration
(Fonseca et al., unpublished data).

The data reported here indicate that the mercury
concentrations in these two Giant otters are lower than
those known to cause death in otters experimentally
dosed with methylmercury and showing clinical signs of
mercury contamination. Additional investigations are
needed to determine the relative contribution of natural
and man-caused mercury inputs to mercury levels
observed in wild Giant otters in the Pantanal region.
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