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Abstract

As top consumers in food chains, birds of prey forage over large geographical areas and so might be expected to accumulate

environmental contaminants which are distributed in the environment. These wild animals can offer opportunities to detect and assess

the toxicological effects of different inorganic elements on terrestrial ecosystems.

In this study, different raptor species, both diurnal and nocturnal, were investigated for heavy metal (Pb, Cd and Zn) and As

concentrations in liver samples, with the aim of furnishing indirect information concerning contamination of their habitats. Dead

animals were obtained with the special collaboration of the Wildlife Rehabilitation Centres from Galicia (NW Spain). After sample wet

digestion, metal analysis was performed by inductively coupled plasma-mass spectrometry (ICP-MS).

Hepatic concentrations of Zn and As, respectively, situated on the interval 147–298 and 1.21–6.88 ppm (dry weight, dw), could be

considered as indicative of low and background amounts of both elements, with no ecotoxicological concern. Nevertheless, with respect

to Pb, some diurnal raptors showed hepatic concentrations above the considered threshold value (6 ppm dw) for sublethal or lethal

toxicity, the species with the highest hepatic level corresponding to a common buzzard (418 ppm, dw). Similarly, nocturnal raptors

exceeded the threshold value for Cd (3 ppm dw), with a maximum corresponding to an individual barn owl (39 ppm, dw). In both cases,

although concentrations could not be directly related to lethal effect, they might constitute a serious environmental factor affecting the

survival of the considered populations.

r 2007 Elsevier Inc. All rights reserved.
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1. Introduction

There is obvious increasing public concern regarding
environmental contamination, which has led to increasing
activity on the part of researchers and specialists to
monitor, evaluate, manage and remediate ecological
e front matter r 2007 Elsevier Inc. All rights reserved.
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damage. However, when assessing the environmental
impact of xenobiotics on the environment, it is not
technically possible to measure the totality of both biotical
and abiotical components that can modify the ecological
status of a certain ecosystem. Rather, selected biological
components such as birds can serve as bioindicators of
wider conditions (Movalli, 2000) and they can even be used
for predicting future environmental changes (Moreno,
2003). In this sense, the use of wild birds as monitors of
environmental contamination offers important informa-
tion about the effects of the pollutants on these animals
and also on the human species (Maria et al., 1996). The use
of such animals as suitable sentinels can provide interesting
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data concerning environmental biomonitoring from a
toxicological point of view. Some species have biological
habits that increase the likelihood of exposure to con-
taminants and, in that way, can produce relevant informa-
tion that would be missed if only abiotical samples were
analyzed. Animals situated at the top of the food pyramid
(for example, raptor species) can yield information over a
large area around each sampling site, not only on
bioavailability of contaminants but also on how, where
and when they are transferred within the food chain (Jager
et al., 1996). Moreover, some avian species can even exhibit
greater degrees of sensitivity to certain contaminants than
other kinds of birds (Movalli, 2000), giving us information
about temporal and spatial exposure to such contaminants
(Burger, 1993).

Metals are commonly found in the environment all
around the world, their presence being associated with
natural occurrence or as a result of anthropogenic activities
(Fan, 1996) although human-related inputs are in general
more relevant than natural sources in their biogeochemical
cycles (ICES ACME Report, 2001). The impact of heavy
metals on the environment can be a serious threat to the
stability of the ecosystem (Battaglia et al., 2005). The non-
essential heavy metals lead (Pb) and cadmium (Cd) are
emitted and globally distributed mainly through industry,
road traffic, and consumption of fossil fuels (Kenntner
et al., 2003), and their effects on animal health has been
clearly established. Lead poisoning and high lead exposure
in birds has been a concern for more than a century
(Grinnell, 1894; Wayland et al., 1999), and cadmium has
been described as one of the most dangerous trace elements
in food and in the environment, not only for its high
toxicity but also for its persistence (Battaglia et al., 2005).
Other heavy metals, such as zinc (Zn) are essential,
required to support biological activities, but when their
environmental concentrations rise, they can generate
serious toxicological problems (Pérez-López et al., 2006).
All these heavy metals can hamper the reproductive output
or even cause death (Sanpera et al., 2000), constituting a
serious threat to the survival of wild bird species
(Hernández et al., 1999).

Due to their industrial use, heavy metals can be
responsible for environmental contamination and are
available for biomagnification through air, water and food
and through food-chain steps (Lagadic et al., 1998). As a
result of bioaccumulation, raptor species can accumulate
high levels of metals, and it is known that once metals enter
a bird, these elements can be stored in internal tissues such
as the kidney and the liver (Braune and Gaskin, 1987).
Heavy metal concentrations in both organs reflect metals
transported by blood proteins to these organs, where for
example Cd is stored by binding to the low molecular
weight, sulfydryl-rich, protein metallothionein and thus has
a tendency to accumulate over time (Wenzel et al., 1996; Ek
et al., 2004). Apart from their high trophic status, many
birds of prey are territorial, non-migratory and live long
lives, and so pollutant burdens recorded in soft body tissue,
bones, feathers and eggs are likely to reflect chemical
contamination within their extended home ranges. These
local, upper trophic level species are believed to be
especially vulnerable to metals (Stout and Trust, 2002)
and play a very important role as environmental contam-
ination indicators (Wayland et al., 1999; Zaccaroni et al.,
2003). It must be considered that the capture of rare and
protected raptor species for sample collection can be
difficult and is not free of risk for valuable specimens.
Different non-invasive methods such as the collection of
regurgitated pellets or blood samples can give information
on the exposure frequency, seasonality and the food items
associated with heavy metal exposure (Mateo et al., 1999)
but these methods can sometimes be difficult to accomplish
in raptors from wooded or mountainous areas, especially
out of the breeding season. As opposed to these methods,
animals admitted to the Wildlife Rehabilitation Centres
that die can provide a useful sample for environmental
biomonitoring (Mateo et al., 2003).
Accumulation of heavy metals has been particularly well

documented for aquatic food chains, where species such as
sea eagles (Haliaetus spp.) and ospreys (Pandion haliaetus)
have shown poor breeding and enhanced mortality in
association with different pollutants (Palma et al., 2005).
Although much less documented, population decline
attributed to environmental contaminants has also been
shown for raptor species feeding on terrestrial food chains
(Palma et al., 2005), even when those raptor species have
been recognized as being very useful in biomonitoring
studies (DesGranges et al., 1998).
The patterns of exposure to environmental toxicants in

the biosphere can only be correctly interpreted with an
analytical coverage of all relevant xenobiotics and trace
elements. With those previous considerations, the present
report attempts to determine the current exposure of
different raptor species from Galicia (NW Spain) to
different metallic contaminants through the chemical
analysis of liver content of necropsied specimens.

2. Material and methods

Collected animals were found dead or died after being injured and

referred to the Wildlife Rehabilitation Centre ‘‘O Veral’’ in Galicia.

Species distribution (from both nocturnal and diurnal raptors) and

sampling number for each one are shown in Table 1. Sample size available

for some species was limited because they are endangered species. In

general, those species are suitable for biomonitoring because they are

mainly sedentary in Galicia and they catch a wide range of prey (Battaglia

et al., 2005), their diet including small mammals, birds, amphibians,

reptiles and insects.

For the study, a choice was made to use only those birds that had

not been held at the Rehabilitation Centre for more than 2 weeks.

The average period of stay in the Centre of the chosen birds, however,

was about 1 week, and the diet provided during this period was composed

only of dead chicks. All dead specimens were immediately frozen

and stored at �20 �C until samples were prepared for analysis. From

each corpse, the liver was taken, placed individually in plastic bags,

and stored at �20 �C. Sample preparation was carried out taking care

to avoid metal contamination and loss as much as possible: sterile

scalpels and surgical tools cleaned or substituted for each bird were
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Table 1

Raptor specimens analyzed in the present study

Habit Species Sampling

number

Diurnal Common buzzard (Buteo buteo) 44

Northern goshawk (Accipiter gentilis) 3

Common kestrel (Falco tinnunculus) 3

Eurasian sparrowhawk (Accipiter nisus) 8

Nocturnal Long-eared owl (Asio otus) 4

Tawny owl (Strix aluco) 17

Barn owl (Tyto alba) 16

Little owl (Athene noctua) 3

Table 2

Heavy metal and metalloid hepatic concentrations in diurnal raptors from

Galicia analyzed in the present study

Common

Buzzard

Northern

Goshawk

Common

Kestrel

Eurasian

Sparrowhawk

As

Mean 5.848 1.212 5.846 1.863

Standard

deviation

4.758 0.960 3.121 0.987

Minimum

value

N.D. N.D. N.D. N.D.

Maximum

value

71.13 3.473 17.53 5.574

npdla 4 1 1 3

Cd

Mean 1.392 1.455 1.243 0.604

Standard

deviation

0.871 1.267 0.749 0.566

Minimum

value

N.D. 0.144 N.D. N.D.

Maximum

value

15.91 4.072 3.723 1.461

npdla 3 0 1 2

Pb

Mean 4.171 3.922 6.643 3.029

Standard

deviation

3.119 2.507 5.247 2.914

Minimum

value

N.D. 1.158 1.303 N.D.

Maximum

value

18.08 6.033 11.79 8.875

npdla 1 0 0 2

Zn

Mean 297.4 174.7 242.1 298.3

Standard

deviation

137.33 98.038 149.72 172.81

Minimum

value

87.29 109.3 92.33 113.9

Maximum

value

598.0 287.4 391.8 609.8

npdla 0 0 0 0

Results are expressed in ppm (dry weight).
aNumber of samples below detection limits. N.D. Not detected.
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used, together with rubber latex gloves. The working surface was

also cleaned after each operation. The samples were handled in a way to

avoid any contact with external surfaces. Since the study was carried out

on dead specimens, samples cannot be considered as a random and

representative sample of the natural populations living in the considered

area, because no sex or age evaluation of all the samples could be

performed.

One aliquot (approximately 500mg of fresh hepatic tissue) was dried at

105 �C for 24 h and weighed. A volume of 2ml of an acid mixture

(perchloric, nitric and sulphuric acids, 8:8:1, trace analysis quality,

Scharlau) was added to the sample for mineralization. This process was

realized in digestion tubes previously washed in a 10% solution of nitric

acid, using an automatic digester, programmed to rise from room

temperature to 370 �C in 5.5 h, according to the general method proposed

by Garcı́a-Fernández (1994). Digested samples were subsequently added

with 200ml of HCl Suprapurs (Merck), and diluted in deionized water to

a final volume of 20ml.

Concentrations of different inorganic elements (As, Cd, Pb and Zn)

were determined by means of inductively coupled plasma-mass spectro-

metry (ICP-MS). Each analysis was carried out in duplicate, and detection

limits of the method were 0.005 ppm (As and Cd), 0.010 ppm (Pb) and

0.015 ppm (Zn). Final concentrations in hepatic samples were expressed

referring to dry weight. All samples were run in batches that included

blank and initial calibration standards. A certified sample of lyophilized

bovine muscle was used for the quality control of the analyses (BCR,

ref. 184). The recovery yields ranged from 87% for cadmium to 93% for

zinc, and the coefficients of variation were always below 10%, which is

generally accepted as correct (Zaccaroni et al., 2003). Information on soil

heavy metal content was obtained from the geochemical atlas of Galicia

(Xunta de Galicia, 1992), always considering that Galicia is a rural,

relatively uncontaminated area, and atmospheric surface deposition of

metals is generally low (Fernández and Carballeira, 2001; López-Alonso et

al., 2002).

A statistical package (SPSS for Windows, V. 13.0) was used to analyze

the results. A non-parametric approach to the analysis of the data was

necessary, because of skewness of the distributions of heavy metal

concentrations. Comparisons among the different species for each heavy

metal were realized using the non-parametric Kruskal Wallis’s test. In

order to determine which raptor species were significantly different from

each other, a post hoc comparison with the Dunn’s test was carried out.

Non-parametric Spearman’s test was applied to test the correlation

between the different analyzed metals in the considered species. Finally,

the influence of the habit (diurnal or nocturnal, generally considering

nocturnal raptors to be closely related to human activities and residences),

feeding or habitat was tested using Mann–Whitney U-test. For all tests,

p-values of o0:001, o0:01 and o0:05 were used to determine significant

differences.

Each liver sample below the detection limits was assigned a value of

one-half the detection limit and included in the data set for statistical

treatment, a technique which minimizes nominal type I error rates (Clarke,

1998).
3. Results

Heavy metal and metalloid concentrations are presented
in Tables 2 and 3 for both diurnal and nocturnal raptor
species, expressed as ppm (dry weight). As previously
indicated, the results were performed on dry tissue because
dry weight values are more reliable and consistent than wet
weight values (Adrian and Stevens, 1979). Due to the
skewness of the distribution the results are expressed as
median, standard deviation, with minimum and maximum
values also presented.
Mean levels of As ranged between 1.212–5.846 and

3.110–6.878 ppm (dw), respectively, for diurnal and noc-
turnal birds. The highest mean content was found in the
tawny owl, where the maximum cadmium value (more than
46 ppm) was also quantified. For this metalloid, the high
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Table 3

Heavy metal and metalloid hepatic concentrations in nocturnal raptors

from Galicia analyzed in the present study

Long-eared

Owl

Tawny

Owl

Barn

Owl

Little

Owl

As

Mean 3.719 6.878 4.766 3.110

Standard deviation 4.509 11.257 5.956 5.343

Minimum value N.D. N.D. N.D. N.D.

Maximum value 9.204 46.71 22.07 9.280

npdla 1 4 5 1

Cd

Mean 4.870 5.516 3.400 3.381

Standard deviation 8.947 8.334 9.844 5.349

Minimum value 0.156 N.D. N.D. N.D.

Maximum value 18.28 29.24 39.89 9.549

npdla 0 2 3 1

Pb

Mean 4.091 2.751 3.118 3.998

Standard deviation 2.558 2.654 2.212 0.259

Minimum value 1.306 N.D. N.D. 3.698

Maximum value 7.020 8.221 7.196 4.169

npdla 0 3 1 0

Zn

Mean 250.7 360.3 331.4 273.3

Standard deviation 76.67 150.3 347.2 99.26

Minimum value 192.6 94.85 65.87 163.4

Maximum value 357.8 639.4

1547.1 356.3

npdla 0 0 0 0

Results are expressed in ppm (dry weight).
aNumber of samples below detection limits. N.D. Not detected.

Table 4

(a) Non-parametric Kruskal–Wallis’s test and post hoc Dunn’s test about

the heavy metal and metalloid concentrations (As, Cd, Pb and Zn) in the

analyzed raptors from Galicia; (b) Mann–Whitney U-test to determine the

influence of the habit (diurnal or nocturnal) on the heavy metal and

metalloid hepatic levels

As Cd Pb Zn

(a) Diurnal

Chi-cuadrado 3.674 2.278 5.575 2.092

As intot. Sig. 0.299 0.517 0.134 0.554

Nocturnal

Chi-cuadrado 1.024 1.636 2.960 3.449

As intot. Sig. 0.795 0.651 0.398 0.327

(b)

Mann–Whitney U 1088.0 821.0 964.0 1061.0

Z �0.518 �2.513 �1.417 �0.716

As intot. Sig. 0.604 0.012* 0.157 0.474

Results are expressed in terms of ppm of wet weight.
*Statistical significance.
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number of animals with levels below the detection limit was
also noteworthy, affecting all the studied species, and
representing in the case of the Eurasian sparrowhawk
37.5% of the studied animals.

When considering Cd results, mean concentrations were
situated between 0.604–1.455 and 3.381–5.516 ppm (dw),
respectively, for both diurnal and nocturnal animals. In
general the highest mean and maximum values were always
quantified for nocturnal raptors. The species that had the
highest Cd mean concentration were the tawny owl and the
long-eared owl. The maximum absolute value for cadmium
concentration was quantified in a barn owl, reaching up to
39 ppm. Although it was not possible to know the reason
for that high concentration, it was clearly very high
compared to the other values, having a marked effect on
the mean.

In the present study, Pb levels ranged between mean
values of 2.75 and 6.64 ppm (dw), the species with the
highest mean hepatic level being the common kestrel. Three
of the maximal Pb levels were quantified in diurnal raptors,
with a maximum reaching up to 18 ppm (dw), correspond-
ing to an individual common buzzard.

The highest liver concentrations from all the analyzed
elements were found for Zn, ranging from mean values
of 174.7–298.3 ppm (dw) in nocturnal raptors and
250.7–273.3 ppm (dw) in diurnal birds. The species that
presented the highest mean level of this essential metal was
the tawny owl, followed by the barn owl. When comparing
these values with the other considered species, the mean
value found in northern goshawk was notably low. It must
also be stated that zinc was the only metal to be detected in
all the samples.
When considering the global results, it could be

concluded that no differences were detected among species
for any of the inorganic elements studied (Dunn’s post hoc
test, p40:05), as observed in Table 4a.
A study was also realized to determine the influence of

the habit (nocturnal or diurnal) on the inorganic element
content. As shown in Table 4b, after the Mann–Whitney
U-test, only hepatic Cd levels of the analyzed species could
be directly influenced by avian activity, with a slight
statistical signification ðpo0:05Þ, nocturnal raptors show-
ing a general trend to possess higher concentrations of such
toxic element.
With respect to the statistical correlation study, as shown

in Table 5, the existence of certain intra-specifical correla-
tions must be emphasized. The most frequent correlations
were those in which As was implicated, mainly with Cd
(two diurnal and two nocturnal species) and with Zn
(one diurnal and one nocturnal species). Otherwise, there
were no statistically significant correlations between As and
Pb for any of the considered species.
The existence of a highly significant correlation
ðpo0:001Þ between Cd and Pb in common kestrel, as well
as between Zn and Pb in northern goshawk and little owl,
and a slightly significant correlation ðpo0:05Þ between Zn
and Cd in barn owl must also be indicated. Moreover,
for both Eurasian sparrowhawk and long-eared owl, no
correlations could be observed. In general, correla-
tions between trace elements are often due to similar
metabolic pathways involving metal-binding proteins, e.g.
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Table 5

Main statistical correlations obtained with non-parametric Spearman’s

test, applied to examine any correlation between the studied elements in

the considered species (r: correlation coefficient)

Species As–Cd As–Pb As–Zn Cd–Pb Cd–Zn Pb–Zn

Common buzzard ���

r: 0:75
Northern goshaw ��� ���

r: 0:81 r: 0:80
Common kestrel ��� ���

r: 0:78 r: 0:87
Eurasian sparrowhawk

Long-eared owl

Tawny owl ��� �

r: 0:77 r: 0:49
Barn owl � �

r: 0:70 r: 0:62
Little owl ���

r: 0:81

� po0:05. ��� po0:001.
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metallothioneins (Roesijadi, 1992), and for example it has
been observed that positive correlations between Zn and
Cd can sometimes be observed, the correlation being more
significant with higher Cd burden (Ek et al., 2004; Wenzel
et al., 1996).

4. Discussion

Arsenic, especially in its inorganic forms, can bring
about the death of an individual, produce sublethal effects
and affect reproduction (Eisler, 1994). There have been
almost no studies on the transfer of As through terrestrial
food chains to predatory birds and on the presence of such
a metalloid to raptor tissues (Erry et al., 1999). Hörnfeldt
and Nyholm (1996) demonstrated that As residues in the
livers of Tengmalm’s owl, Aegolius funereus, increased
towards a source of pollution (a refinery). Similarly,
Lebedeva (1997) found that the type of food eaten by
birds was an important factor in determining how much As
they would accumulate, with predatory and piscivorous
birds accumulating the highest residues.

With respect to As content in other samples from
Galicia, concentrations in soils throughout Galicia are
situated in the background range (o40mg=kg, dw), and
residues of this metalloid in liver of terrestrial species
(as for example calves) from this geographical area
have ranged from less than 1 to more than 20 ppm (dw)
(López-Alonso et al., 2002), in this case suggesting that
variations in their tissue residues will not reflect differences
between areas with lower background concentrations.

Results concerning As and obtained in the present study
were around 10-times higher than those observed for
Tengmalm’s owls in Sweden (Hörnfeldt and Nyholm,
1996). Wiemeyer et al. (1980) found that four out of 18
ospreys, P. haliaetus, found dead in the Eastern USA, had
arsenic concentrations in the liver greater than 5.0 ppm
(dw) with one bird having a liver arsenic residue of 56 ppm
(dw). It was concluded that only the level of As in this one
bird was high enough to have contributed to its death.
Cadmium, a non-essential element, may cause severe

effects in microorganisms, higher plants, and animals,
though mammals and bird seem more resistant than other
vertebrates to its toxic effects (Eisler, 1985). Cadmium in
the environment has mainly an anthropogenic origin, and
more than a thousand tonnes of Cd have been emitted to
the atmosphere in Europe, mining and smelting being the
major sources (Garcı́a-Fernández et al., 1996). The metal
concentrates mainly in kidneys, and also in the liver;
much lower Cd contents are recorded in the brain and
bones (Garcı́a-Fernández et al., 1996). Blood levels of Cd
can be adequate as biomarkers of recent exposure (Garcı́a-
Fernández et al., 1996), but in the case of chronic exposure,
Cd tends to accumulate in soft tissues, and several studies
have demonstrated that, mainly in bird species, liver
content can be a good biomarker of total exposure to this
heavy metal (Scheuhammer, 1987). Although Cd concen-
trations are usually higher in kidneys, Scheuhammer (1987)
advocated the use also of the liver in monitoring biological
exposure to Cd, since this organ accumulates about one
half of the Cd total body burden and since its Cd content is
extremely stable (Battaglia et al., 2005).
Zaccaroni et al. (2003) observed liver concentrations of

0.17 ppm (dw) for Cd in little owl, Athene noctua, from
Italy, considering these levels indicative of chronic ex-
posure to low and background amounts of metal, with no
toxicological concern.
The range of Cd in liver obtained in the present study

(0.604–5.516 ppm dw) was higher than that found in white-
tailed eagles found dead in Germany and Austria
(Kenntner et al., 2001), Poland (Amarowicz et al., 1989)
and one specimen from Japan (Kim et al., 1999). Battaglia
et al. (2005) determined Cd concentration in liver samples
of little owl and common buzzard from Italy, obtaining
mean values of 0.05 and 0.01 ppm (dw), respectively, for
both avian species. All these previously indicated values are
clearly lower than those obtained in the present work with
raptor species from Galicia. Scheuhammer (1987) and
Burgat (1990) suggested that Cd levels above 3 ppm (dw) in
liver might indicate increased environmental exposure, and
all the nocturnal species considered in the present study
exceeded the threshold value, although Cd concentrations
associated with lethality in the literature are higher that the
concentrations here reported (Beyer, 2000).
Lead is a highly toxic element which can cause bird

mortality (Ramo et al., 1992; Mateo et al., 1998), have
sublethal effects (Ochiai et al., 1992), or a negative effect on
reproduction (Burger, 1995), depending on the dose. Lead
poisoning in raptors was first described some decades ago
(Jacobson et al., 1977), being usually caused by the
ingestion of prey with Pb shot embedded in their flesh
(Pattee and Hennes, 1983) rather than by the consumption
of prey with elevated Pb levels in their tissues (Frenzel and



ARTICLE IN PRESS
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Anthony, 1989), although this source of Pb could increase
background Pb levels (Stendell, 1980; Mateo et al., 2001).
Moreover, another cause of Pb poisoning can be the
ingestion of lead shot along with food and pebbles, a
particularly serious problem for waterfowl (Scheuhammer
and Norris, 1995). Even a small amount of Pb penetrating
the brain may alter the birds’ behavior up to the extent of
endangering its survival and precluding reproductive
success (Kalisinska et al., 2004). Higher Pb contents result
in visibly disturbed functioning of the central and
peripheral nervous systems (Beyer et al., 1998; Burger
and Gochfeld, 1993).

Pain et al. (1995) established some ranges of liver Pb
concentrations in order to use them for diagnosis activities.
Liver concentrations below 2 ppm (dw) could be indicative
of a safe environmental exposure, with no toxicological
risk, and could be considered as threshold values. Lead
values situated between 6 and 20 ppm (dw) could be
directly associated with massive Pb exposure. Other
researchers, such as Wayland and Bollinger (1999) and
an additional Canadian study (Wayland et al., 1999)
discussed a concentration of 30 ppm (dw) in hepatic tissue
as a potentially lethal level and concentrations of up to
6 ppm (dw) for elevated Pb exposure in hepatic tissues from
raptor species. With these general considerations, in the
present study none of the studied animals exceeded the
calculated dry-weight threshold for a lethal Pb intoxication
in liver tissue, but many of them should be considered
as being at a dangerous level, as their Pb residues
were 46 ppm.

Pain and Amiard-Triquet (1993) determined Pb hepatic
content in different raptor species from France. Results
obtained differed on a range of 0.08–5.53 and
0.08–5.17 ppm (dw) for both diurnal and nocturnal species,
with a maximum value corresponding to common buzzard,
and most diurnal and nocturnal raptor (93%) examined
had very low liver Pb concentrations of o2 ppm,
with many o1 ppm dw, indicating a safe environmental
situation.

Zaccaroni et al. (2003) quantified mean Pb concentra-
tions of 0.22 ppm (dw) in hepatic tissue from little owl, and
similarly Battaglia et al. (2005) obtained mean concentra-
tions of 0.35 and 0.95 ppm (dw) from both little owl and
common buzzard liver samples. When considering that
common buzzard constituted the species with the max-
imum value for hepatic lead in the present study, it must be
considered that these raptors act often as scavengers and
are more likely than nocturnal raptors to be exposed to
lead shot in small game species (Battaglia et al., 2005).

According to more recent work, intermediate levels of
hepatic Pb (between 6 and 20 ppm dw) of raptors indicate
exposure, probably insufficient to cause Pb lethal poisoning
but higher than that associated with normal background
exposure, and such levels of Pb accumulation may be due
to exposure to Pb from sources other than Pb ammunition
(Clark and Scheuhammer, 2003). It is suggested that
urban-industrial sources could be the main cause of
intermediate Pb concentrations in raptor species that do
not commonly forage on game or carrion (Pain et al.,
1995).
It must also be indicated that the susceptibility of a

species to Pb poisoning depends largely upon shot
retention time, pellet production, and dietary factors. In
this sense, lead poisoning in raptors is likely to be more
significant in winter. The proportion of carrion taken by
certain species may be higher in the winter, and as
waterfowl and other game species are hunted during
winter, crippled and poisoned individuals provide a readily
available, lead-contaminated food source (Pain and
Amiard-Triquet, 1993). This fact could help to understand
the generally higher concentration of Pb quantified in
diurnal than in nocturnal raptors, being diurnal animals
more directly related to Pb shot used for hunting activities.
Zinc is an essential trace element for the functions of

many enzymes, although an excess could well represent an
additional source of stress to birds already facing stressful
conditions. Moreover, as other essential elements, Zn can
be regulated metabolically so that an increase in metal
concentration is not directly proportional to the exposure
to the metal and therefore decreases the potential for
detecting variations in the environmental levels (Ek et al.,
2004; Walsh, 1990; Wenzel et al., 1996).
In general it is accepted that limits for Zn do not exist

(Taggart et al., 2006). Levengood et al. (1999) found
clinical signs of Zn poisoning in mallards with liver
concentrations of 473–1990 ppm (dw), and similarly, Sileo
et al. (2003) diagnosed Zn poisoning in wild waterfowl with
liver concentrations of 280–2900 ppm (dw) and Doneley
(1992) observed moderate to severe nephrosis in caged and
aviary birds containing hepatic Zn levels of 320 and
534 ppm (dw), respectively.
With respect to other avian species, in seabird species

from NW Spain, Zn levels fell into the range of
14.92–100.2 ppm (dw), the maximum values corresponding
to guillemot (Uria aalge) liver samples (Pérez-López et al.,
2006), and in seabirds from Northern Europe, mean Zn
concentrations in hepatic tissue were situated in the range
of 152–158 ppm (dw) (Savinov et al., 2003). In this sense,
some studies have indicated that hepatic Zn levels in
seabirds are normally less than 200 ppm on a dry weight
basis (Honda et al., 1990). Notwithstanding, guillemot
chicks can tolerate up to 2000 ppm of hepatic Zn without
showing any toxic effects (Hernández et al., 1999). Tissue
concentrations of Zn, however, have been shown to be
imperfect indicators of environmental exposure in birds
(Beyer et al., 2004). Songbirds from a site severely
contaminated with Zn from smelting, for example, had
whole-body Zn concentrations that were increased by only
20% compared with concentrations in songbirds from a
reference site, although there was a 410-fold difference in
soil Zn concentrations (Beyer et al., 1985).
Soil Zn concentrations in Galicia ranged between 25 and

400 ppm (dw), with few areas where soil Zn content is less
than 25 ppm. But as previously indicated, Zn is an essential
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trace metal and body tissue concentrations are regulated by
homeostatic mechanisms, and animal tissues are not
usually considered suitable as biomonitors of environmen-
tal variations, as previously indicated, for example, with
ruminant tissues (López-Alonso et al., 2002).

Because of this vulnerability to a great variety of
environmental contaminants, birds of prey have been used
extensively as biomonitors of environmental quality
(DesGranges et al., 1998; Mañosa et al., 2003). As top
predators, these animals can be exposed to an array of
persistent contaminants that are bioaccumulated. Metal
content in the bird’s body are largely affected by metal
accessibility, food quality and environmental pollution
(Carlson and Nielsen, 1985; Di Giulio and Scanlon, 1985;
Heinz et al., 1999). Zn and As levels obtained in the present
work could be considered indicative of background
concentrations of both elements in the environment, with
no toxicological effect. With respect to the other two
analyzed elements (Pb and Cd), their levels, though not
representing a risk of lethal effect, could be a serious factor
affecting the survival of birds of prey in this area of NW
Spain. Results here presented argue in favor of continuous
biomonitoring of metals and metalloids in raptor species,
as well as an increase in the number of species and
individual specimens examined, due to the enormous
variability of the results obtained. The present study can
be considered as a starting point for further analyses,
aimed at defining any possible correlation between levels of
pollutants and the appearance of possible adverse effects. It
also provides useful data for diagnostic cases and
potentially for biomonitoring local environmental contam-
ination.

5. Conclusion

The present analysis of heavy metal and metalloid
concentrations in birds of prey from Galicia (NW Spain)
clearly indicates that there is not a condition of abnormal
exposure to zinc and arsenic in the considered area.
Nevertheless, and with respect to both lead and cadmium,
their concentrations could represent an exposure of no
toxicological concern but a serious factor affecting the
survival of the studied animals, on the basis of existing
literature. The biological characteristics of birds of prey
can make these species useful sentinels for biomonitoring
programs, as they can act as adequate local monitors of
contaminant levels.
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Lavoisier, Tec&Doc, Paris.

Lebedeva, N.V., 1997. Accumulation of heavy metals by birds in the

Southwest of Russia. Russ. J. Ecol. 28, 41–46.

Levengood, J.M., Sanderson, G.C., Anderson, W.L., Foley, G.L.,

Skowron, L.M., Brown, P.W., Seets, J.W., 1999. Acute toxicity of

ingested zinc shot in game-farm mallards. Ill. Nat. Hist. Surv. Bull. 36,

1–36.
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A., Soler, F., 2006. Heavy metal and arsenic content in seabirds

affected by the Prestige oil spill on the Galician coast (NW Spain). Sci.

Total Environ. 359 (1–3), 209–220.

Ramo, C., Sánchez, C., Hernández, S.A., 1992. Lead poisoning of greater

flamingos Phoenicopterus ruber. Wildfowl 43, 220–222.

Roesijadi, G., 1992. Metallothioneins in metal regulation and toxicity in

aquatic animals. Aquat. Toxicol. 22, 81–114.

Sanpera, C., Morera, M., Ruiz, X., Jover, L., 2000. Variability of mercury

and selenium levels in clutches of Audouin’s gulls (Larus audouinii)

breeding at the Chafarinas Islands, Southwest Mediterranean. Arch.

Environ. Contam. Toxicol. 39, 119–123.

Savinov, V.M., Gabrielsen, G.W., Savinova, T.N., 2003. Cadmium, zinc,

copper, arsenic, selenium and mercury in seabirds from the Barents

Sea: levels, inter-specific and geographical differences. Sci. Total

Environ. 306, 133–158.

Scheuhammer, A.M., 1987. The chronic toxicity of aluminium, cadmium,

mercury and lead in birds: a review. Environ. Pollut. 46, 263–295.

Scheuhammer, A.M., Norris, S.L., 1995. A review of the environmental

impacts of lead shotshell ammunition and lead fishing weights in

Canada. Canadian Wildlife Service. Occasional Paper 88.

Sileo, L., Beyer, W.N., Mateo, R., 2003. Pancreatitis in wild zinc-poisoned

waterfowl. Avian Pathol. 32, 655–660.

Stendell, R.C., 1980. Dietary exposure of kestrels to lead. J. Wild.

Manage. 44, 527–530.

Stout, J.H., Trust, K.A., 2002. Elemental and organochlorine residues in

bald eagles from Adak Island, Alaska. J. Wildl. Dis. 38 (3), 511–517.



ARTICLE IN PRESS
M. Pérez-López et al. / Ecotoxicology and Environmental Safety 70 (2008) 154–162162
Taggart, M.A., Figuerola, J., Green, A.J., Mateo, R., Deacon, C., Osborn,

D., Meharg, A.A., 2006. After the Aznalcóllar mine spill: arsenic, zinc,
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