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Heavy metals in livers of raptors from Eastern Poland —
the importance of diet composition
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ABSTRACT. Concentrations of Pb, Cd, Ni, Cr and Hg were determined in livers of six species of raptors collected
in the area of Eastern Poland. Redundancy analysis (RDA) showed that elevated Hg and Cr concentrations
were directly related to feeding on passerines. Raptors that specialised in seizing small mammals as a source
of food revealed higher hepatic concentrations of Pb and Cd in comparison with other raptors. Unlike Cd, we
found statistically significant differences in the Pb concentrations in livers of Common buzzards as compared
to Sparrowhawks. In spite of the fact that both Goshawks and Sparrowhawks hunt birds, only the latter species
had accumulated significantly more mercury. The high concentrations of Hg in Sparrowhawks could be related
to the use of mercury in antifungal substances for seed dressing.
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INTRODUCTION

In spite of extensive surveys, many aspects
of heavy metal accumulation and transmission
in ecosystems remain unclear (HELANDER et
al., 2009; STANKOVIC et al., 2013; KITOWSKI
et al., 2014). Exposure to high levels of heavy
metals through diet or other activities can have
toxic effects on avian species influencing their
hormone and respiratory systems, reproduction
and migration (SCHEUHAMMER 1987; HASCHEK
et al., 2013; WILLIAMS et al., 2014). Raptors
seem to be especially well-suited models for
investigating these processes in birds as top
predators in food chains, because they also
have a wide geographical distribution and are
often sedentary (MARTIN et al., 2008; CASTRO
etal., 2011; RAJAMANI & SUBRAMANIAN, 2015;
GOLDEN et al., 2016 ). It has been pointed out that
metal concentrations in birds are good indicators

of the level of heavy metal concentration in their
diet, which is strongly associated with the degree
of contamination in the exploited ecosystem
(PAIN et al.,, 1997; CASTRO et al., 2011).
Eastern European countries are unfortunately
prominent in heavy metal (Pb, Cd, Ni, Cr, Hg)
usage (PACYNA et al., 2009; PACYNA et al.,
2011) causing a serious strain on all levels of
ecosystems, including raptors (STANKOVIC
et al., 2013; KALISINSKA et al., 2014). The wide
use of lead bullets by hunters in many countries
world-wide (FISHER et al., 2006) is another
important source of contamination of heavy
metals in birds and their predators. The aim of
the present study was to determine Pb, Cd, Ni,
Cr and Hg concentrations in livers of six raptor
species nesting in East Poland. We hypothesized
that these raptor species show different levels of
heavy metal burdens due to differences in habitat
selection and prey.
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MATERIALS AND METHODS

The investigated material consisted of the
livers (collected from 58 specimens) of the
following raptor species: Common buzzard
Buteo buteo (31 specimens), Sparrowhawk
Accipiter nisus (10), Goshawk Accipiter
gentilis (9), Marsh harrier Circus aeruginosus
(3), Common kestrel Falco tinnunculus (3) and
White-tailed eagle Haliaeetus albicilla (2). The
studied birds originated from different habitats in
Eastern Poland (Rzeszow, Biatystok, Lublin and
Warsaw regions). The livers used in this study
were obtained from wounded raptors delivered
to rehabilitation centres or veterinary clinics
close to raptor nesting sites between 2009 and
2012. The raptors either died despite persistent
veterinary treatment, or they were untreatable
upon delivery and were administered lethal
injection. The raptors’ total stay in the clinics or
rehabilitation centres did not exceed seven days.
Following extraction, the livers were stored
in freezers at -30°C. Prior to measurement, the
livers were freeze-dried and ground in a ceramic
mortar. All glassware and utensils were rinsed
with tap water, soaked in an acid bath (5M
HNO,) for 24 h, rinsed with demineralised water
and dried under a laminar flow hood before use,
to minimise the risk of any metal contamination.
Weighed portions of the samples (500 = 1 mg)
were dissolved with 10 mL of concentrated
HNO, (Sigma Aldrich) and subjected to wet-
ashing. Mineralisation was carried out using
the Microwave Digestion System with optical
temperature and pressure monitoring of each
individual sample during acid digestion (Berghof
Speedwave) in Teflon vials (DAP 100 type). The
mineralization process was conducted according
to the following scheme: 15 min of temperature
rise from room temperature up to 140°C, 5 min at
140°C, 5 min heating from 140°C up to 170°C, 15
min at 170°C, followed by cooling down to room
temperature (variable time). The pressure over
the whole mineralization process did not exceed
12 bar. After completion of the mineralization
process a clear solution was obtained, which
was made up to 50 mL with demineralised
water (ELGA Pure Lab Classic). In this study,

ICP-OES (Inductively Coupled Plasma Optical
Emission Spectrometry) from Thermo Scientific
1CAP Series 6500, equipped with a charge
injection device (CID) detector was used for
element determination. The spectrometer was
controlled by the PC-based iTEVA software.
The following instrumental parameters were
set: RF power generator 1150 W, RF frequency
generator of 27.12 MHz, coolant gas flow rate -
16 L-min’!, carrier gas flow rate - 0.65 L-min!,
auxiliary gas flow rate - 0.4 L-min™!, maximal
integration time - 15 s, pump rate - 50 rpm,
viewing configuration - Axial, replicate - 3,
Flush time - 20 s. Analityk - 47: ’Al, As, ''Cd,
52Cr, 205Pb, $Mn, 2'Hg, “Ni, Sc, *Se, *Sr, 51V,
%Zn in 10% HNO, - 100 mg-kg™, multi-element
stock solution (Inorganic Ventures) was used as
standard.

Redundancy analysis (RDA) was used to
establish the relation between heavy metal
concentrations and the food habits of the
different raptor species. The data required for
RDA analysis to rank the habitat and trophic
preferences of studied raptors were taken from
the literature (CRAMP & SIMMONS, 1980;
NEWTON, 1986; WITKOWSKI, 1989; VILLAGE,
1990; ZACCARONI et al., 2008). For statistical
analyses, median values were compared using
Mann-Whitney and Kruskall-Wallis H tests
(SOKAL & ROHLF, 1981). Statistical calculations
were performed with Statistica, while Canoco 4.5
software was used to visualize some statistical
results (TER BRAAK & SMILAUER, 2002).

Metal concentrations are expressed in mg/kg
dry weight (dw). If literature data were expressed
as wet mass of a sample, a conversion factor of
4.0 from a wet weight (ww) to a dry mass of liver
was used, according to KALISINSKA et al. (2004).
Liver lead concentrations > 6 mg/kg dw were
considered to be diagnostic of elevated exposure
resulting in subclinical toxicity. Liver lead
concentrations > 15 mg/kg dw were considered
as diagnostic of lead poisoning (FRANSON,
1996). Acute lead poisoning has been observed
when liver concentrations exceed 30 mg/kg dw.
The background levels of lead are usually far
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below 6 mg/kg dw (MARTIN et al., 2008). In the
case of cadmium, other authors (BURGAT, 1990;
BATTAGLIA et al., 2005) suggested that Cd levels
> 3 mg/kg dw in liver might indicate increased
environmental exposure.

RESULTS
Trends in concentrations

RDA analyses were performed taking feeding
ecology into account, more specifically the type
of preferred food and the foraging area. Among
the analysed variables, only a food preference
for small birds (Food SB) had a significant
relationship with lead and mercury concentrations
(Lambda-A: 0.09, F = 5.42, p = 0.01; Fig.1).
The RDA analyses also showed that elevated
concentrations of chromium and mercury were
related to feeding on small birds (passerines) as
is obvious in the case of Sparrowhawks (Fig. 1;
Table2). Prey captured from water was nota major
source of mercury for any of the studied raptors
(Fig.1). Feeding on larger avian prey seemed to
prevent mercury accumulations, as in Goshawks
in contrast to other raptors feeding on small
birds. The RDA also showed that investigated
individuals with larger body masses tended to
accumulate less mercury (for example Common
buzzard and White-tailed eagle) (Fig. 1). As is
obvious from Fig. 1, the elevated concentrations
of cadmium and lead corresponded mostly to
the consumption of small mammals as well as
to an increasing consumption of medium sized
mammals, carrion and game. Buzzards were the
only raptor species showing any effect for lead.

Concentrations levels in livers of raptors

The measured concentrations of the various
heavy metals in livers of the investigated raptors
are presented in Table 1.

Regarding cadmium, mean concentrations
of this metal ranged from 0.282 to 0.786 mg/
kg dw (Table 1), with a maximum of 3.425
mg/kg dw in one Buzzard. There were no

significant differences in hepatic concentrations
of cadmium between Goshawks, Sparrowhawks
and Buzzards (Kruskall-Wallis H-test: H=0.719,
df=2,N=50,p=0.699). The highest mean level
of chromium was also found in Sparrowhawks
(Table 1). Significant differences in the hepatic
level of Cr were observed between Goshawks
and Sparrowhawks (Mann-Whitney U test: Z =
3.67,n,=10,n,=9,p=0.00024) (Table 1).

The highest individual level of mercury (11.99
mg/kg) was found in a Sparrowhawk. The mean
hepatic concentrations of Hg in Goshawks and
buzzards were generally much smaller than
in Sparrowhawks (Table 1; and statistically
significant differences in the concentrations
of mercury were found between the two hawk
species of the genus Accipiter sp. studied here
(Mann-Whitney U test: Z=3.18,n, = 10,n,= 9,
p =0.004).

Mean levels of nickel varied between 0.234
and 0.343 mg/kg dw, for white-tailed eagles and
kestrel, respectively (Table 1). An equally narrow
range of Ni concentrations was also observed in
Goshawks, Sparrowhawks and Buzzards and,
similarly to cadmium, no significant differences
were observed between these species (Kruskall-
Wallis H-test: H = 0.777, df = 2, N = 50, p =
0.686). Mean hepatic concentrations of lead
were significantly lower in Sparrowhawks than
in buzzards (Table 1; Mann-Whitney U test: Z=
3.95,n,=10,n,=31,p=0.00008). In Buzzards,
we found two cases with Pb concentrations of
8.61 and 8.58 mg/kg dw, respectively. Such
concentrations are considered to be diagnostic of
elevated lead exposure, resulting in subclinical
toxicity. In a single liver from this species, the
hepatic lead level reached 15.31 mg/kg dw
indicating lead poisoning.

DISCUSSION

Our study shows that prey preference has an
effect on the heavy metal load in raptor species.
Below, we compare our results to those of other
regions for each heavy metal.



LBL0O-TS90 ¥9¢°0 - 12€°0 6591 -690°0 299°0 - L6S°0 0I+'0-9S1°0 c—N
[onsay
960°0 8CL0 810°0 £reo0 €CL0 6€9°0 1€0°0 090 L1170 e
1€ -0ev0 06€°0-260°0 96T°6 - 6500 ¥8¢ 1 - 1T€°0 STre-sv10 [E=N
piezzng uowwo))
681 ‘¢ LIT1 ¥80°0 LYT0 06°1 £€9°0 €81°0 99¥°0 c0L0 98L°0
8971 - 9¥C°0 €8¢€°0-729C°0 066°IT - T61°0 9r'1 -620°1 1660 - 101°0 0l = N
ymeymolredg
9LE0 0S¢0 €700 70€°0 8Cr'e 100°C 6110 0Tl vrC 0 ¢SS0
168°C-059°0 1€€°0-8¥C0 8L6'0-¥¥1°0 ¥759°0 - 8770 LYST-0ST°0 6=N
JMeYSOD)
0180 ST L20°0 S6C0 620 90C°0 790°0 61750 £68°0 6150
0180 -0¢€S0 eve0-06C0 8¢ - 9600 0S0°T -9LS0 809°0-8II°0 c-N
JOLLIRH YSIB]N
6¢1°0 ¥89°0 0t0°0 00€°0 191°¢C 86¢°C 6520 ¢SL0 820 ¢8C°0
SC9°0-¥¥S0 99C°0-20C0 veL'T - €81°0 €911 - S9%°0 69%°0-0I1°0 7= N
Sor18ea parie) A
- G850« - VET 0% - 6560 - V180« - 0620« [oEe pal 1M

Ignacy Kitowski et al.

6

"UOTJRIAQD pIepuels = S
UOAIS ST UBOW JNJOWILIE AY) ‘SJUSWINSEIW OM] SN[ JO ISeD Ul = , "UIAIS oIe 9FULI UONBIUIIUOD PUB UBIW OLIJOWOT Y ], "Snjnounuull 02]v,] [21)S33 UOWWo))
pue 02jng o2ing piezzng UOWWO)) ‘SHsu 4271d100} meymorreds ‘synuad 1271d100} NMBYSOLD) ‘SNSOUISNLOD SNI41) JOLIIRH USIBIN ‘DJj101q]D SNjoani vy 9[3ed
POTIeI-AY A\ :SuIpnjour puejoq uId)seq woly sorodds 103der XIS JO I0AI[ o) Ul (YF1om AIp 33/3wr) SUorenuaduod qd pue IN ‘SH ID PpD Jo sonusnels oAndriosaq

[ 41dVL



Heavy metals in Polish raptors 7

=
= FAT ’
o HL®
| wet birds
AG b
|
Food LB \\ lI | small birds
N food B | water 4
, 14 Janimal prey s
N 1 4
Weight % 11 ~ZCA
7/
)/ Food SId
| medium mammals
o
Y

10 | | | 1.0

Fig.1. — Results of redundancy analysis (RDA) showing the effect of habitat parameters (dotted lines) on the
concentration of heavy metals in the liver of raptors. Eigenvalues: axis 1 = 0.105; axis 2 = 0.029.
Abbreviations and scales used for analysis:

Species: HL = White-tailed eagle Haliaeetus albicilla, CA = Marsh harrier Circus aeruginosus, AG = Goshawk
Accipiter gentilis, AN = Sparrowhawk Accipiter nisus, BB = Common buzzard Buteo buteo, FAT = Common
kestrel Falco tinnunculus.

Food preferences: Food F = fish, Food SM = small mammals, Food SB = small birds, Food LB = large birds.
Importance of wetlands for foraging (I wetlands): 1 = marginal, 2 = medium, 3 = high, 4 = very high. Importance
of game in food (I game): 0 = none, 1 = marginal, 2 = medium.

Importance of carrion of big and medium mammals in food (I carrion), importance of big wetland birds in food
(I wet birds) and importance of small birds in food (I small birds): 0 =none, 1 = marginal, 2 = medium, 3 = high.
Importance of medium size mammals in food (I medium mammals): 0 = none, 1 = marginal, 2- medium. Impor-
tance of water animal prey (I water animal prey): 1 = small, 2 = medium, 3 = big.

Weight: bird mass [kg], according to CRAMP & SIMMONS (1980).
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TABLE 2

Results of forward selection of habitat parameters. Variables with P < 0.05 were only included.

Food preferences small birds (Food SB)

0.09 542

0.010

Pb hepatic concentrations and incidence of
raptors with > 6 mg/kg dw of lead

The RDA clearly shows that foraging on carrion
and game causes elevated lead accumulation in
the livers of some examined raptors, and this
pattern was strongest for Buzzards (Fig. 1). It
can be explained by changes in Buzzard hunting
behaviour and the substitution of Common
voles Microtus arvalis with other prey sources
(JEDRZEJEWSKA &  JEDRZEJEWSKI, 1998;
VALKAMA et al.,, 2005; WuczyNski, 2005;
WIKAR et al., 2008). During the winter period,
when availability of voles is limited because
of snow cover, Buzzards may exploit wounded
game or their carrion. Injured or dead game
species with embedded or ingested lead may
also become more easily available to raptors.
On the whole, in our survey only three (9.7%)
of 31 examined Buzzards revealed hepatic Pb
concentrations > 6 mg/kg dw. Other researchers
(BATTAGLIA et al.,, 2005; ZACCARONI et al.,
2008) found similar hepatic concentrations and
proportions of birds with lead concentrations > 6
mg/kg dw. Only one (3.2%) of the 31 Buzzards
examined in our study had > 15 mg/kg of Pb dw
in its liver. Similar limited numbers of Buzzards
with such hepatic lead concentrations were
reported in W Europe by other authors (PAIN &
AMIARD-TRIQUET, 1993; PAIN et al., 1995).

Goshawk and Sparrowhawk generally do not
scavenge frequently (ZIESEMER, 1983; NEWTON,
1986). Lead poisoning among free ranging
Goshawks is rare indicating that these hawks
seem to be at low risk to lead exposure (PAIN &
AMIARD-TRIQUET, 1993). In Spain, CASTRO et
al. (2011) described median lead concentration
of 0.480 mg/kg dw for male and 0.798 mg/kg dw
for female Goshawks, respectively. Goshawks

examined in Germany (KENNTNER et al., 2003)
accumulated, on average, 1.19 mg/kg ww
of lead (4.76 mg/kg dw) while their median
concentration was up to 0.133 mg/kg ww (0.532
mg/kg dw). The Pb levels measured in this
study for Goshawks in East Poland were higher,
suggesting that the more severe winters in East
Poland as compared to Germany (Wo0s, 1999;
BLAZEJCZYK, 2006) could increase scavenging
behaviour in these birds.

In Sweden, 18 (15.5%) of 116 White-tailed
eagle liver samples had Pb concentrations >
6 mg/kg dw with median concentrations of
0.601 mg/kg dw (range: 0.03 - 154.0 mg/kg dw)
(HELANDER et al., 2009). None of the white-tailed
eagles examined in this study had Pb hepatic
concentrations > 6 mg/kg dw. This is consistent
with the results of the performed RDA analysis
illustrating the importance of fish in the overall
prey as opposed to individuals that heavily
exploit waterfowl and carrion. VAN RIIN et al.
(2010) and NADJAFZADEH et al. (2013) proposed
that White-tailed eagles respond to availability
of fish. When the availability of fish sharply
declines, eagles switch to waterfowl and carrion.
The consumption of game carrion increases
during autumn and winter and is correlated to a
concomitant seasonal increase in the incidence
of lead poisoning of eagles (HELANDER et al.,
2009; NADJAFZADEH et al., 2013), an effect that
we did not observe.

The RDA analysis also showed that the food
preferences of Marsh harriers obviously allow
them to avoid the accumulation of lead because
their diet is mainly based on small or medium
sized mammals, wetland birds, and carrion of fish
(WITKOWSKI, 1989). Marsh harriers examined
in this study accumulated less Pb in their livers
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than Spanish raptors (with lead concentrations
of 2.02 - 8.75 mg/kg dw; MATEO et al., 1999).
One individual Marsh harrier found dead in
France with an ingested lead bullet had hepatic
Pb concentrations of 54.9 mg/kg dw (PAIN et al.,
1993). Contrary to Western Europe (PAIN et al.,
1995; PAIN et al., 1997; MATEO et al., 1999;
MATEO, 2009), our study reveals that for Marsh
harriers from Eastern Poland, hunted game not
retrieved by hunters is not an important food
source.

Cadmium levels and its sources

Cadmium concentrations in birds are generally
reported to be the lowest in livers, while being
intermediate in muscle tissue and highest in
kidneys (GARCIA-FERNANDEZ et al., 1996;
BATTAGLIA et al., 2005; BINKOWSKI et al.,
2013). However, we assumed that using liver
to monitor Cd exposure is still relevant because
it accumulates about half of the total Cd body
burden and Cd is stable in the liver (as liver is
resistant to cadmium toxic effects; BURGAT,
1990; BATTAGLIA et al., 2005). The increasing
concentration of Cd in Buzzard livers reported
here could be directly related to their feeding
preferences including voles. This is obvious
from the results of the RDA analyses (Fig. 1)
revealing a strong statistical effect of feeding on
small mammals for elevated Cd levels.

Such a pattern can probably be attributed to
the effect of the trophic preferences of common
voles seized mainly on fields contaminated with
fertilizers containing Cd (BEYER, 2000; FINNISH
ENVIRONMENT INSTITUTE, 2000). Like other
Eastern European countries, another significant
source of Cd in East Poland is coal combustion
(low emission from coal-burning stoves;
PACYNA et al., 2011; SESHADRI et al., 2010). In
our study, this threshold value > 3.0 mg/kg dw
was exceeded only in a single Buzzard out of 31
specimens. The Cd concentrations in Buzzards
from Northern Italy (median: 0.01 mg/kg dw,
range: 0.017 - 2.02 mg/kg dw; BATTAGLIA et al.,
2005), Portugal (mean 0.322 mg/kg dw, median:

0.184 mg/kg; CARNEIRO et al., 2014) and Spain
(mean 0.364 mg/kg dw in males and 0.410 mg/kg
dw in females, respectively; CASTRO et al. 2011)
were much lower than in our study. Interestingly,
Polish Buzzards previously examined by us
accumulated clearly more Cd, namely on average
1.01 mg/kg dw Cd (10 specimens; KOMOSA et al.,
2012).

Two other studies reported lower liver cad-
mium concentrations than our study. KENNTNER
et al. (2003) examined specimens of Goshawk
from Germany, which had overall mean cadmium
concentrations of 0.06 mg/kg ww and mean
liver concentrations of 0.24 mg/kg dw while
CASTRO et al. (2011) reported a median hepatic
Cd concentration of 0.146 mg/kg dw (male)
and 0.154 mg/kg dw (females), respectively.
Interestingly, in Sweden, a similar hepatic
cadmium level (0.80 mg/kg dw) to Goshawks
from our studies was found for Peregrines (Falco
peregrinus) feeding on birds of bigger sizes (EK
et al., 2004) like Goshawks do. FALANDYSZ et
al. (2001) reported a two-fold lower Cd level
(0.15 mg/kg dw) in livers of ten Baltic White-
tailed eagles than our measurements for the same
species (Table 1).

Mercury levels and its sources

The RDA showed that consumption of small
birds such as passerines can be a source of
mercury contamination (Fig. 1). This is so
because higher concentrations of mercury are
strongly dependent on the extent of feeding
on passerines or grains dressed with Hg-based
fungicides. Such a correlation was strongest for
Sparrowhawks. Earlier reports (JOHNELS et al.,
1979; SOLONEN & LODENIUS, 1984) showed
that granivorous birds can be the main cause
of Hg accumulation in Sparrowhawks because
they constitute approximately 1/5 of the prey
consumed during the breeding season. Such
contamination as reported here may indicate
a return to dressed seed usage in Poland or
neighbouring countries. For Buzzards examined
in Spain, median hepatic mercury concentration
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amounted to 1.96 mg/kg, both for males and
females (CASTRO et al., 2011), which was three
times more than the concentrations found in
the current study. Also livers of Buzzards from
Czech Republic showed a median Hg level
of 2.61 mg/kg dw (HOUSEROVA et al., 2005)
which was 3-fold higher than that determined
in our survey. For Spanish Goshawks, CASTRO
et al. (2011) measured median Hg hepatic
levels of 0.236 mg/kg dw and 0.182 mg/kg dw,
respectively, for males and females, which are
far below our measurements. These estimates
may reflect a preference for seizing avian prey
of smaller size, including passerines feeding on
illegally dressed grain. This may also explain
why maximal Hg levels were 8-fold higher in
males than females (CASTRO et al., 2011). In our
study, the strong correlation between mercury
and the consumption of small birds in the RDA
analyses also implies that consumption of bigger
avian prey by Goshawks allows them to avoid
the accumulation of large amounts of mercury
in the livers, in contrast to the Sparrowhawks
specialized in catching small birds (NEWTON,
1986). Goshawk individuals examined in
Germany had very similar levels of hepatic
mercury to those in the current study, with
median values of 0.069 mg/kg ww (about 0.276
mg/kg dw; KENNTNER et al., 2003).

Many researchers have pointed out the
disastrous state of waterbodies and the sea and
the resulting contamination of water prey as a
mercury source in raptors (FALANDYSZ et al.,
2001; KALISINSKA et al.,, 2014). However,
during the last years, water quality has very
much improved. When examining livers of
eight White-tailed eagles from south Baltic
coasts, FALANDYSZ et al. (2001), found a mean
value of 5.8 mg/kg Hg which was 6-fold higher
than our findings (Table 1). Recent analysis of
White-tailed eagles (KALISINSKA et al., 2014)
showed that mercury contamination in the
Polish Baltic region has been reduced as a result
of a decrease of heavy metal emissions. This
was confirmed by studies on other biota from
the same region (GUSEV, 2013; NYBERG et al.,
2013). As demonstrated by our RDA analysis,

water animals as prey were also not a significant
source of contamination for Polish raptors.

Chromium and nickel

For marsh harrier, kestrel, Buzzard and
Sparrowhawk from south Italy, the mean hepatic
concentrations of chromium never exceeded
0.40 mg/kg dw (ZACCARONI et al., 2008). In the
same study, Tawny owls (Strix aluco), which
are known to prey frequently on passerines, had
mean hepatic concentrations slightly exceeding
0.30 mg/kg dw. A similar value was determined
from another study from north Italy on the Little
owl (Athene noctua) for which a concentration of
0.29 mg/kg ww (i.e. about 1.16 mg/kg dw.) was
determined. Both estimates from Italy are very
similar to the levels obtained for Sparrowhawks
in this study. An important diet component of
Italian Little owls is passerines (ZACCARONI et
al. 2003). This finding fits our data as the RDA
analysis showed that consumption of passerines
is not only correlated to elevated concentrations
of mercury but also of chromium (Fig. 1).
FALANDYSZ et al. (2001) measured mean Cr
concentration of 0.087 mg/kg dw in three
specimens of White-tailed eagles from the south
Baltic, which is considerably less than our results
from inland White-tailed eagles. MANNING et al.
(2000) reported an even lower Cr hepatic value
for a single Australian White-bellied sea-eagle
(Haliaeetus leucogaster) of 0.04 mg/kg ww (i.e.
about 0.16 mg/kg dw). In contrast, for White-
backed vulture (Pseudogyps africanus) (n=5
specimens) from the Republic of South Africa,
VAN WYK et al. (2001) estimated on average
19.57 mg/kg dw of hepatic Cr, which is higher
than what we measured.

Sparrowhawks and Goshawk from our study,
being specialised in seizing birds, accumulated
almost similar average levels of Ni (0.3 mg/
kg dw). A single specimen of Peregrine (Falco
peregrinus) also preying on birds from NW
Poland had hepatic Ni concentration of only
0.107 mg/kg dw (KALISINSKA et al., 2008).
FALANDYSZ et al. (2001) showed that livers of
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White-tailed eagles had 56-fold higher hepatic
nickel concentrations (13.0 mg/kg dw) than our
findings. It seems that White-tailed eagles from
East Poland have less opportunities to prey in
highly mercury- and nickel-contaminated areas
than raptors from the south Baltic Sea coast.

CONCLUSIONS

We could show that food preferences of raptors
can strongly influence the load of heavy metals
as is, for example, evidenced by the elevated
concentrations of Hg and Cr in Sparrowhawks.
This can be explained by their preying on small
birds. Similarly, through scavenging on game
and its carrion, Buzzards are more exposed to
Pb, probably originating from lead bullets of
hunters. That the impact of human activities on
heavy metal accumulation in raptors can also be
reduced, is illustrated by our data from white
eagles preying on fish, where the amount of Hg
contamination in aquatic habitats has decreased
significantly in the last years.
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