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Suarez and Urios, 1999; Mateo et al.,
2001; De Francisco et al., 2003; Figuerola
et al., 2005; Svanberg et al., 2006). Pellets
may be evacuated immediately after ingestion, with minimal or no lead absorption, or they can be retained in the
digestive tract from 18 to 20 days on
average (Jordan and Bellrose, 1951).
Stomach acids dissolve the lead, which is
then absorbed into the bloodstream from
the intestine in the form of lead salts
(Pain, 1996; De Francisco et al., 2003).
The observation of radiodense pieces of
metal in radiographs of the gizzard or
proventriculus is suggestive of the presence of ingested lead pellets (recent
exposure; Hall and Fisher, 1985; Rupley,
1997), which can then be confirmed by
dissection. Lead absorption by bone tissue
is rapid, but its liberation is slow; thus, this
measurement is used to evaluate lifetime
accumulation of lead (chronic exposure;
Guitart et al., 1994; De Francisco et al.,
2003; Svanberg et al., 2006).
Reports of mortality of aquatic birds
from lead poisoning are frequent in
environments contaminated by lead (Blus,
1994; Guitart et al., 1994; Mateo et al.,
1997, 2001; Fisher et al., 2006). This
implies an additional problem for avian
conservation efforts, particularly for
threatened or vulnerable species.
Large areas of wetlands in Argentina
have been modified for rice cultivation.
These environments harbor a variety of
resident and migratory birds (Blanco et
al., 2006) that use the areas for feeding,
reproduction, or both. Ducks, geese,
swans, and in particular the WhistlingDucks (Dendrocygna viduata), Fulvous

ABSTRACT:
Poisoning of waterfowl due to
ingestion of lead pellets is a worldwide problem
in areas that are subject to hunting. No studies
have assessed exposure of waterbirds to this
heavy metal in Argentina, in spite of intense
hunting activity, and the fact that only lead
ammunition is commercially available. The
objective of this study was to evaluate duck
exposure to lead by examining gizzard and bone
samples collected from 30 wild ducks, 16 Rosybilled Pochard (Netta peposaca), and 14
Fulvous Whistling-Duck (Dendrocygna bicolor), provided by hunters in northern Santa Fe
Province, Argentina, in July 2007. Radiographs,
followed by dissection of the gizzards, showed
that 31% of the Rosy-billed Pochards and 29%
of the Fulvous Whistling-Ducks had ingested
lead pellets (between one and four per animal).
Lead in bone was found at concentrations
associated with detrimental health effects. In
spite of the small number of samples in this
project, these results indicate high levels of lead
exposure (both recent and chronic) in these
species. This is the first report of a problem in
Argentina that could represent a threat to the
health and conservation of native aquatic
species, their predators, and the wetlands they
inhabit.
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Lead poisoning in wild birds has been
documented in many parts of the world,
with waterfowl and birds of prey being
those most frequently affected (Clemens
et al., 1975; Friend, 1987; Pain, 1996).
Aquatic environments subject to intense
hunting and/or fishing activity have been
identified as high-risk areas, because
hundreds of lead pellets or fishing weights
are introduced each season.
The most frequent mode of exposure
for waterbirds is through accidental ingestion of lead pellets that they confuse for
seeds or grit (Hall and Fisher, 1985;
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Whistling-Ducks (D. bicolor), Rosy-billed
Pochards (Netta peposaca), Yellow-billed
Pintails (Anas georgica), and Brazilian
Teal (Amazonetta brasiliensis), are considered pests due to their consumption of
plant parts, damage of rice shoots and
seeds, or both (Bucher, 1983; Menegheti
et al., 1990; Zaccagnini, 2002). Thus,
sport hunting is authorized in rice fields
to limit duck populations and mitigate
crop damage (e.g., R.P. 0306, 2007). In
addition, regular sport hunting is permitted for 4 mo each year across an
extensive region, including rice cultivated
areas and natural wetlands in Santa Fe
Province, Argentina (e.g., R.P. 0124,
2007).
Despite intense hunting activity using
lead pellets, no previous studies have been
conducted to examine lead exposure in
birds using these wetlands. Our objective
was to evaluate recent and cumulative lead
exposure in wild ducks in modified
wetlands in the northeast of Santa Fe
Province. The study site spanned approximately 17,000 ha and is composed of a
mosaic of rice fields, natural wetlands and
marshes, native forests, and patches of
land within the floodplain of the Paraná
River (30u419S, 60u029W). Avian fauna
present in this area are abundant and
diverse (Blanco et al., 2006), and duck
hunting occurs from February to August
each year.
In July 2007, 16 Rosy-billed Pochards
(nine males and seven females) and 14
Fulvous Whistling-Ducks (seven males
and seven females) were provided by
licensed hunters. Species, weight (620
g), sex, and age class (based on plumage)
were recorded for all individuals. Collected samples included gizzards and pneumatic wing bones (humerus), which were
preserved in a 10% formalin solution and
frozen at 220 C, respectively. Radiographs were later obtained from all the
gizzards and those showing images compatible with pellets were dissected to
collect the pellets. Stomachs perforated
by pellets during hunting were discarded

(n 5 8) to avoid inclusion of any pellets
not consumed during feeding. Lead concentration in bone samples was determined by atomic absorption with electrothermic atomization (atomic absorption
spectrophotometer, Perkin Elmer Analyst
700 with Autosampler AS 800). Nondetectable levels of lead were estimated as
0.01 ppm (0.01 mg/g), with the mean
between 0 ppm and the detection limit
of 0.02 ppm. Therefore, values below
detectable limits were estimated to be
0.01 ppm.
Radiograph evidence of lead pellets in
the gizzard lumen was observed in 31.3%
of N. peposaca and 28.6% of D. bicolor
examined (Tables 1 and 2). Size of recovered lead pellets was highly variable,
ranging between 1 mm (flat, coin-like
shape) and 2.9 mm (spherical).
Levels of lead concentration in bone are
shown in Tables 1 and 2.
Our preliminary results demonstrate
high lead exposure and accumulation in
the sampled species. Based on dry weight
results, Pain (1996) and Svanberg et al.
(2006) considered a range of 10 to 20 ppm
of lead in waterfowl bones as subclinical to
clinical exposure, whereas values of more
than 20 ppm were associated with severe
clinical symptoms. To compare our values
to those published, we made a rough
estimate of dry weights in our samples
using the average measure of the humidity
of 15% of the samples (a mean humidity of
37.4% was determined by drying 4 g of
bone samples at 105 C until weight
remained constant). Using these estimated
dry weight values, 7% of N. peposaca bone
samples would fall in the range of 10 to 20
ppm of lead, and 40% would show
concentrations of more than 20 ppm
(Table 1). In D. bicolor, 15% would have
lead concentrations between 10 ppm and
20 ppm, as well as more than 20 ppm
(Table 2). Given that this study used
hunter-killed specimens, the sampled individuals probably do not represent those
incapacitated by lead exposure, and this
selection bias could underestimate the
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TABLE 1. Presence of lead pellets in gizzards and bone lead concentrations in hunter-killed Rosy-billed
Pochard (Netta peposaca) from waterfowl hunting in central Argentina.

Weight (g)

1,050
900
1,000
1,000
640
1,150
980
1,100
1,050
1,250
1,400
1,050
1,100
900
1,050
1,200
a

Sex

Age class

Female
Female
Male
Male
Male
Female
Male
Female
Male
Male
Male
Female
Male
Female
Male
Female

Adult
Adult
Juvenile
Juvenile
Juvenile
Adult
Juvenile
Adult
Adult
Adult
Adult
Adult
Juvenile
Adult
Juvenile
Adult

Presence of lead
pellets in radiographs

No. of lead
pellets recovered

Negative
Positive
Negative
Positive
Positive
Negative
Negative
Negative
Negative
Positive
Negative
Negative
Negative
Positive
Negative
Negative

0
1
0
1
1
0
0
0
0
2
0
0
0
3
0
0

Lead in bone
wet weight Estimated lead in bone
(ppm)
dry weight (ppm)

0.01
76.3
0.01
18.4
3.6
3.5
0.01
10.7
0.01
16.7
2.0
15.5
33.1
20.07
5.2
N/Aa

0.016
126.53
0.016
30.51
5.97
5.80
0.016
17.74
0.016
27.69
3.31
25.7
54.89
33.28
8.62
N/Aa

N/A 5 not analyzed.

extent of lead exposure in these populations.
This study is the first to report exposure
of waterfowl to spent lead shot in Argentina. Wetlands in the northern zone of
Santa Fe Province of Argentina are major
global locations for duck hunting (Hartmann, pers. comm.). Replacement of the
region’s wetlands by rice fields is acceler-

ating, and the attraction of these fields to
large concentrations of waterbirds tends to
magnify damage to crops and a subsequent demand for more hunting as a
control on duck populations. This situation
could lead to increased lead contamination. Studies conducted in the wintering
grounds of Rosy-billed Pochard in Brazil
suggest that their populations could be

TABLE 2. Presence of lead pellets in gizzards and bone lead concentrations in Fulvous Whistling-Ducks
(Dendrocygna bicolor) from waterfowl hunting in central Argentina.

Weight (g)

850
850
1,100
800
950
800
780
900
800
700
760
600
700
920
a

Sex

Age class

Presence of lead
pellets in radiographs

Male
Female
Male
Female
Male
Female
Male
Female
Female
Female
Male
Male
Male
Female

Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult

Negative
Negative
Negative
Negative
Negative
Negative
Positive
Negative
Negative
Negative
Positive
Positive
Positive
Negative

N/A 5 not analyzed.

No. of lead pellets Lead in bone Estimated lead in bone
recovered
wet weight (ppm) dry weight (ppm)

0
0
0
0
0
0
2
0
0
0
1
4
2
0

0.01
2
1.8
0.3
13.3
5.5
N/Aa
0.2
0.01
0.01
10.02
0.9
7.7
12.8

0.016
3.31
2.98
0.49
22.05
9.12
0.33
0.016
0.016
16.61
1.49
12.76
21.22
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decreasing, possibly due to excessive
hunting, among other reasons (Menegheti,
1999). The effects of chronic lead exposure on fitness and reproductive success
should also be considered as possible
contributing factors.
At least 18 of the 38 duck species from
Argentina use the study area (Zaccagnini,
2002), and could be exposed to lead.
Nonetheless, lead toxicity probably expands beyond the aquatic bird community. Lead ammunition ingestion has been
documented in 59 terrestrial species,
including raptors, galliforms, and gruiforms (Fisher et al., 2006), and representatives of these taxa also use the study site.
Long-term persistent pollution by lead
threatens the sustainability and resilience
of this human-impacted ecosystem. Given
the current magnitude of duck hunting in
the Parana River floodplain, our results
suggest that the replacement of lead
pellets with nontoxic ammunition is both
necessary and urgent.
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