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Introduction

Trace metal loads in diurnal raptors (order Falco-
niformes) have been, particularly during the recent two 
decades, a sub�ect of numerous studies. Both European 
scientists and their uS and Canadian colleagues have 
been focusing mainly on three highly toxic metals: lead, 
mercury, and cadmium [1-13]. Scientific literature dealing 
with other metals in various falconiforms is decidedly less 
copious [14-16]. Many workers have stressed synergistic 
or antagonistic interactions between trace metals within 
the body [17-22]. numerous such interactions are reflect-
ed in correlations both between metals within an organ 

and between contents of a metal present in various organs 
[23-25]. There is a need to analyse relationships between 
a larger group of trace metals, including those essential 
for normal functioning of the body (e.g., iron, zinc, and 
copper) as well as those regarded as toxic.

Falconiforms, as top predators, are rare or extremely 
rare in ecosystems, although their ranges are usually ex-
tensive [8, 26, 27]. As numerous raptor species are endan-
gered, various conservation measures are being applied 
to change that status. For example, the white-tailed eagle 
(Haliaeetus albicilla, Falconiformes), the species in the 
focus of this study, is protected by the washington Con-
vention (the Convention on Trade in Endangered Species 
of wild Flora and Fauna, CiTES). This eagle is classified 
as globally endangered (CiTES: App. i: vulnerable). in 
many European countries, including Poland, falconiforms 
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are granted strict protection, as stipulated by the Bern 
Convention (the Convention on the Conservation of Euro-
pean wildlife and natural Habitats), the Bonn Convention 
(the Convention on Migratory Species of wild Animals), 
and the Eu Bird Directive (applicable in the Eu countries 
only) as well as by the national legislations. All the legal 
regulations mentioned prohibit collection (without appro-
priate permits) of dead individuals and/or recognizable 
parts thereof. Consequently, collection of ecotoxicologi-
cal data on protected raptors has been made very difficult 
and tedious. The scientists concerned have usually access 
to a few, several, or seldom more individuals of a species 
from which tissues samples can be collected for chemi-
cal analyses. This is the reason why knowledge on pre-
dacious bird ecotoxicology progresses relatively slowly. 
on the other hand, for the protection and conservation of 
those species to be effective, the causes of the existing 
threats, including those resulting from anthropogenic en-
vironmental pollution, have to be thoroughly understood. 
It is necessary to collect possibly large data sets and to 
make various comparisons, e.g., between conspecific in-
dividuals inhabiting various areas of their natural range 
or between ecologically similar species that differ in their 
diets and ranges.

The white-tailed eagle is a rare palearctic species; 
its European populations are estimated at 2392-2450 in-
dividuals [27]. The Polish white-tailed eagle population 
is estimated at 430-500 breeding pairs, 142-180 of them 
occurring in western Pomerania [28]. The Polish white-
tailed eagles account for about 20% of the European pop-
ulation, a distinct increase in the Polish population size 
was observed during the past 25 years [29].

According to Hagemei�er and Blair [27] who clas-
sified the endangerment status of the avian species, the 
white-tailed eagle should be considered rare. in Poland, 
this species is listed in the “red Data Book of Animals: 
Vertebrates” [30], and is entered under the “threatened 
category, lower risk; requiring the least concern” cat-
egory. 

The present study was aimed to determine the contents 
of 4 essential trace metals (iron, zinc, copper, and manga-
nese) and those of two highly toxic ones (lead and cadmi-
um) in tissues of the white-tailed eagle from northwestern 
Poland, and to compare the data obtained with those re-
ported in the available scientific literature.

Materials and Methods

The study involved 11 individuals of white-tailed 
eagles (7 males: 5 adults and 2 immature ones, and 4 fe-
males: 2 adults and 2 immature), which died under various 
circumstances in western Pomerania. one of the eagles 
died after falling to the ground after an airborne fight with 
another eagle; another bird died as a result of colliding 
with power lines; the remaining birds were found dead, 
but circumstances of their deaths are unknown. All the 
carcasses were in good condition. The birds were collect-

ed, according to the relevant Polish regulations, in 1995-
2001 at sites shown in Fig. 1.

The birds’ age was determined from the colour of 
beaks, head, and rectrices [8, 26], the gender being 
determined from gonads. Prior to autopsy, the birds 
were kept at –20oC. Assays were performed on sam-Assays were performed on sam-
ples of the brain, liver, kidney, and breast muscle. The 
analytical procedures were identical with those de-
scribed by kalisińska et al. [20]. The assays involved 
determinations of tissue per cent water content (by 
weight) and contents of 6 metals: iron, manganese, 
copper, zinc, lead, and cadmium. The metals were an-
alyzed by induction-coupled plasma-atomic emission 
spectrometry (iCP AES) in a JoBin yVon Jy 24 ap-
paratus at the Department of Toxicology, Agricultural 
university of Szczecin. To validate the analytical tech-
niques used, reference samples (BCr 186 lyophilized 
pig kidney) of the Commission of the European Com-
munities were assayed as well. The metal contents are 
expressed in g wet weight (w.w.). Because trace metal 
contents, as a rule, are not distributed normally, the 
non-parametric Mann-whitney test [31] was used to 
compare metal contents in the immature and old indi-
viduals. in addition, cross-correlations between pairs 
of metals within an organ or a tissue and between tis-
sues and organs were examined with Spearman’s cor-
relation coefficients.

Results

Results of metal analyses in the reference sample and 
the declared contents are compared in Table 1.

The water contents in the liver, kidney, brain, and 
breast muscle tissues were 74.7; 77.1; 81.4; and 73.4%, 
respectively.

Fig. 1. Geographical location of the collection sites of the 
white-tailed eagles.
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Contents of the 6 metals assayed in various tissues of 
the adult and immature white eagle were in most cases 
similar, therefore, Table 2 summarises data across all 
the individuals. Significant age-dependent differences 
(p≤0.05) were revealed only for iron and cadmium. The 
two metals occurred at significantly higher concentra-
tions (w.w.) in the adults (74.19 μgFe/g and 0.013 μgCd/
g) than in the immature birds (53.01 μgFe/g and 0.005 
μgCd/g).

Among the physiologically important trace metals, 
the highest contents were typical of iron; both the liver 
and kidney contained much higher iron contents (431 
and about 160 μg/g w.w., respectively) than the breast 
muscle and the brain (63 and 26 μg/g w.w., respectively; 
Table 2). zinc was another metal that occurred at sub-
stantial concentrations (almost 10 μg/g in the brain and 
more than twice as much in the kidneys, liver, and breast 
muscle). The copper contents were found to range within 
2-4 μg/g. The lowest contents were those of manganese 
(not more than 0.55 μg/g in the brain and muscles as 
well as 1.6 and 2.8 μg/g in the kidneys and liver, respec-
tively; Table 2).

only one of the white-tailed eagle individuals re-
vealed high toxic lead concentrations in the liver and 
kidney (15.58 and 10.03 μg/g w.w., respectively), an-
other individual showing contents that can be regarded 
as sub-lethal (1.84 and 4.51 μg/g w.w., respectively). 
The brains of those individuals contained, respectively, 
1.50 and 0.99 μgPb/g w.w. A third white-tailed eagle 
showed slightly elevated lead concentrations in its liv-
er, kidney and brain (2.24, 1.95 and 0.68 μg/g w.w., re-
spectively). The remaining white-tailed eagles had less 
than 1 μgPb/g w.w. in their livers and kidneys and less 
than 0.5 μg/g in their brains. Cadmium, the other tox-
ic metal, occurred at low concentrations in the brain, 
muscle, and liver (less than 0.100 μg/g w.w., except for 
a single case of a higher content in liver), but clearly 
higher contents were present in kidneys: the mean kid-
ney level was 0.190 μg/g, whereas contents 3-4 times 
as high were detected in three cases (0.514; 0.576; and 
0.752 μg/g).

Although only a low number of white-tailed eagles 
could be examined, numerous important cross-correla-
tions were revealed between metal contents in the brain, 
liver, kidneys, and muscle tissue and between those and 
other metals in different biological materials (Table 3). 
The highest number of significant correlations was found 
between the trace metals present in the brain and kidneys, 
all the correlations except one being positive.

Discussion

Comprehensive toxicological studies on trace met-
als in homoiotherm vertebrates are usually focused on 
the liver and kidneys (the organs most important in 
detoxification processes and in elimination of harmful 
substances from the body) as well as on the skeletal 
muscles (they account for about 50% of body weight). 
Studies that specifically target lead focus on bones 
which accumulate lead over the longest time. Research 
involving the brain is undertaken much less often, al-
though irregularities in brain structure and function 
lead to altered behaviour and its often dramatic conse-
quences [24, 32-35].

Various authors report trace metal contents relative 
to wet or dry weight. Information on the tissue (or or-
gan) water content facilitates comparisons and conver-
sions. Such information concerning the white-tailed 
eagle was given by Falandysz et al. [36] and kennt-
ner et al. [37]. Calculations involving data from this 
study and those reported by the authors quoted show 
the white-tailed eagle brain, kidney, and breast muscle 
to contain an average of 81, 71.8, 75, and 73.3% water, 
respectively. As shown by kalisińska et al. [20], the 
same tissues and organs of the mallard had similar wa-
ter contents (81.2, 74.4, 78, and 74% in the brain, liver, 
kidney, and breast muscle, respectively). For simplic-
ity, the conversions made in this work assume 80 and 
75% to be water contents of the brain and the remain-
ing organs, respectively.

Table 4 contains data, extracted from relevant publi-
cations, on 6 trace metals (Fe, zn, Cu, Mn, Pb, and Cd) 
assayed in the white-tailed eagle. Most studies reported 
dealt with the highly toxic metals (lead and cadmium); 
at the same time, the metals were assayed in the highest 
number of birds. information on other metals, which may 
occur as macro-, micro-, and ultramicroelements, is scant; 
it can be found, for example, in papers describing materi-
als collected in Poland [15, 36, 38-40].

Scientists often encounter difficulties when assign-
ing contents of highly toxic metals (including lead and 
cadmium), found in tissues and organs, to one of the 
three categories: toxic, sub-lethal, or geochemical back-
ground. So far, most of the relevant studies published 
dealt with lead concentrations in the waterfowl and in 
avian predators. Mateo et al. [7] analyzed the falconi-[7] analyzed the falconi-
form threshold lead concentrations suggested by vari-
ous authors. They subsequently suggested the follow-the follow-
ing threshold levels for raptor birds: the liver content of 

Table 1. Declared values (Cr) and this study’s results (or) of trace metal contents in the certified reference material BCr no. 186 
(lyophilised pig kidney) (data expressed as μg/g dry weight).

Value Fe Mn Cu zn Pb Cd

Cr 299 ± 10 8.5 ± 0.3 31.9 ± 0.4 128 ± 3 0.306 ± 0.011 2.71 ± 0.15

or 327 ± 9 9.1 ± 0.1 34.0 ± 0.3 131 ± 2 0.412 ± 0.161 3.30 ± 0.06
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30 μgPb/g d.w. and/or the kidney content of 20 μgPb/g 
(corresponding to 7.5 and 5 μgPb/g w.w., respectively) 
signal acute lead intoxication; the liver content exceed-
ing 6 μg/g d.w. and/or the kidney content of 8 μg/g d.w. 
(i.e..1.5 and 2 μgPb/g w.w., respectively) mean an el-
evated, sub-lethal level; and contents lower than those 
given above are considered as resulting from exposure 
to the normal geochemical background concentrations. 
The contents listed are close to those quoted by other 
authors [9, 10, 17, 42-44]. Lead concentration in an-
seriform brain that indicate a serious exposure begin at 
1 μg/g w.w. [45].

Garcia-Fernandez et al. [46] studied ratios between 
lead contents in the liver (Pbliv), kidneys (Pbkid), and brain 
(Pbbrain) in falconiforms and showed the following ratios 
arranged in the following order: Pbliv/Pbkid 0.94 Pbliv/Pbbrain 
4.41, and Pbkid/Pbbrain 4.71, respectively. kenntner et al. 
[4] determined the ratio between the kidney to the liver 
lead contents in the white-tailed eagle (n=57) from Ger-
many and Austria to vary from 0.161 to 17.234, with a 
median value at 1.124. it can be thus assumed that lead 
contents in soft tissues are at their highest in the kidneys, 
followed by those in the liver, the brain contents being 
the lowest. Positive correlations between lead contents 

Table 2. Trace elements (in µg/g wet weight) in tissues and organs of white-tailed eagle Haliaeetus albicilla (GM, geometric mean; AM, 
arithmetic mean; SD, standard deviation).

Elements in biological material n GM AM SD Range 

Brain 9

Fe 26.07 27.97 11.28 15.97-49.95

zn 9.97 10.07 1.45 8.21-12.62

Cu 2.26 2.36 0.76 1.55-4.00

Mn 0.34 0.34 0.08 0.24-0.46

Pb 0.157 0.495 0.498 0.001-1.502

Cd 0.007 0.014 0.012 0.001-0.032

Liver 8

Fe 431.5 559.0 471.5 197.1-1584

zn 24.87 26.57 10.20 12.04-46.78

Cu 4.02 4.22 1.40 2.56-6.47

Mn 2.79 3.07 1.15 0.82-4.73

Pb 0.126 2.508 5.357 0.001-15.580

Cd 0.025 0.042 0.037 0.001-0.115

kidney 8

Fe 158. 9 174.5 86.7 103.2-350.3

zn 19.58 20.04 4.57 14.44-25.63

Cu 4.07 4.37 1.87 2.58-8.2

Mn 1.60 1.75 0.95 1.15-4.03

Pb 0.143 2.128 3.557 0.001-10.03

Cd 0.190 0.346 0.259 0.012-0.752

Breast muscle 10

Fe 62.78 66.30 21.74 29.9-102.7

zn 23.91 25.55 9.88 13.07-39.9

Cu 2.64 2.86 1.19 1.48-5.33

Mn 0.52 0.55 0.16 0.25-0.81

Pb 0.013 0.158 0.321 0.001-1.044

Cd 0.008 0.017 0.021 0.001-0.07
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in the liver and kidneys and occasionally between lead 
contents in the brain and those in the liver and kidneys 
were reported from falconiforms by various authors [17, 
18, 22, 47, 48]. Such correlations were also proved for 
the Polish white-tailed eagle (Table 3). Thus, document-
ing and reporting such correlations is �ustified, also be-
cause they seem to provide an indirect means with which 
to assess lead loads in various organs when data on only 
one of them are available (usually with the exception of 
muscles). Effects of lead, a highly neurotoxic metal, on 
bird physiology, behaviour, mortality, and reproductive 
success were extensively reviewed by Burger [32].

The raptors which capture mainly the waterfowl and 

feed on carcasses (ducks and geese that were shot, small 
mammals, and viscera of large ungulates, discarded by 
hunters) are particularly exposed to toxic effects of lead. 
Their animal food contains lead pellets and bullets. In ad-
dition, the gizzards of waterfowl and other birds may con-
tain shooting pellets, and the tissues may be lead-contami-
nated as well as a consequence of past toxicity exposures 
[3, 10, 16, 18, 43, 44, 49-53]. not all the birds that have 
been shot die immediately: some manage to escape. u.S. 
estimates report that 15 to 25% of such birds can be in�ured 
but escape, or are killed but unretrieved [54]. According 
to Scheuhammer and norris [55], 10-68% of free-living 
waterfowl contain embedded pellets. The sources of me-

Table 3. Statistically significant Spearman’s rank correlation coefficients (rS) calculated for metal vs. metal relationships in each type of 
white-tailed eagle biological material and between them.

Biological material Correlated metals rS Significance level of rS

Brain (n=9)

zn vs. Mn 0.833 0.01

zn vs. Pb 0.867 0.01

zn vs. Cd 0.763 0.05

Liver (n=8)

Fe vs. Mn 0.762 0.05

Cu vs. Cd 0.714 0.05

Pb vs. Cd 0.743 0.05

kidneys (n=8)
Fe vs. Cd 0.762 0.05

Pb vs. Cd 0.922 0.01

Muscle (n=10)
zn vs. Mn -0.721 0.05

Fe vs. Cd 0.853 0.01

Brain vs. liver (n=8) Pb vs. Pb 0.886 0.05

Brain vs. kidneys (n=6)

Fe vs. Cu -0.943 0.01

Fe vs. Mn 0.829 0.05

zn vs. zn 0.829 0.05

zn vs. Pb 0.829 0.05

zn vs. Cd 0.829 0.05

Mn vs. Mn 0.829 0.05

Pb vs. Fe 0.886 0.01

Pb vs. Pb 0.943 0.01

Pb vs. Cd 0.943 0.01

Brain vs. muscle (n=8)

Mn vs. zn -0.738 0.05

Mn vs. Mn 0.762 0.05

Cd vs. Mn 0.708 0.05

Liver vs. kidneys (n=8)

Fe vs. Fe 0.738 0.05

Fe vs. Cd 0.714 0.05

Pb vs. Pb 0.922 0.01

Pb vs. Cd 0.755 0.05
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tallic and non-metallic lead mentioned above are a threat 
mainly to the diurnal raptors, but also, albeit sporadically, 
to nocturnal predators. in the u.S. states of Minnesota and 
wisconsin, the percentages of the eagles Haliaeetus leu-
cocephalus and Aquila chrysaetos affected by lead poi-
soning (as assessed on the basis of blood samples from 
654 individuals) were compared before and after the ban 
of lead shot (i.e., pre-1990). in Minnesota, the respective 
percentages were 25 and 42%, the corresponding values 
for wisconsin being 42 and 32% [56]. Canadian stud-
ies [44], based on lead analyses of kidneys and liver of 
dead eagles H. leucocephalus and A. chrysaetos (n=127 
in both species) revealed plumbism in 12% and elevated 
concentrations of lead in 4% of the individuals. Mateo et 
al. [51] contend that there is a clear relationship between 
the hunting season and the number of raptors affected by 
elevated blood Pb levels (>200 ng/ml). The birds so af-
fected may, at the end of the hunting season, account for 
more than 80% of the population, to drop to about 23% 
later on. Bone assays of 34 globally threatened Spanish 
imperial eagles (Aquila adalberti) showed lead poison-
ing to have affected 12% of them [11]. The data reported 
for the white-tailed eagle from Europe, Greenland, and 
Asia show the species to be threatened by lead poisoning 
disease and revealed a large scale of the problem [4, 6, 
37, 57, 58]. Studies carried out in Germany and Austria 
on 57 white-tailed eagles showed 16 of them (28%) to 
have liver Pb contents of 5-62 μg/g w.w.; according to 
the criteria adopted, those birds were classified as lead-
poisoned [4]. The highest number of white-tailed eagles 
was collected in the German provinces bordering Poland, 
i.e., Mecklenburg-Vorpommern (n=19) and Brandenburg 
(n=24). of the 43 birds examined, as many as 15 (33%) 
showed liver and/or kidney Pb contents in excess of 5 μg/
g w.w. [4]. in their study focusing on Germany only, ken-
ntner et al. [37] reported 20% (9 out of 46) of the eagles 
examined to have been lead-poisoned. in the 1990s white-
tailed eagles with more than 2 μgPb/g w.w. in their liver 
and/or kidneys were encountered during winter months, 
i.e.; during the winter waterfowl hunting season [37]. The 
northwestern region of Poland and the ad�acent German 
provinces abound in water bodies, including a temporar-
ily flooded area at the river warta’s confluence with the 
odra. Such areas are favourite nesting, wintering, and 
rooking grounds of waterfowl during their migrations. 
Those areas have been used as human hunting grounds 
and lead-containing pellet shots present a serious threat 
for the birds [20, 45, 59]. At the same time, those areas 
are inhabited by a substantial part of the Polish white-
eagle population (up to 180 breeding pairs) [28], with a 
further 100-127 pairs nesting in the neighbouring areas of 
Mecklenburg-Vorpommern [60, 61]. on the basis of this 
study (1994-2001) and data reported by other authors for 
1981-95, it can be contended that, of the 26 white-tailed 
eagles collected at those periods of time, 4 (15.4%) were 
affected by plumbism, another two (7.7%) showing sub-
lethal lead contents. The German and Polish studies show 
the white-tailed eagle in this part of Europe to be exposed 

to lead poisoning. Effects of sub-lethal and lethal poison-
ing of the eagle species discussed may be important for its 
population size and condition.

The mean cadmium contents in the white-tailed eagle 
(Tables 2 and 4) show the metal levels to be usually very 
low in the brain and muscles (0.006-0.058 μg/g w.w.), low 
in the liver (0.023-0.245 μg/g w.w.), and highest in the 
kidneys (0.190-1.754 μg/g w.w.). Among northwestern 
Poland’s white-tailed eagles examined by Falandysz [41] 
and Falandysz et al. [15], two individuals showed their 
kidney cadmium level to slightly exceed 1 μg/g w.w. The 
kidneys of one of the two white-tailed eagles examined in 
Japan contained elevated (in excess of 6.5 μg/g d.w., i.e., 
about 1.6 μg/g w.w.) amounts of cadmium [57]. However, 
the highest kidney cadmium contents were those reported 
from the Greenland white-tailed eagle: more than 5.5 μg/g 
w.w. in some individuals, the geometric mean of the 11 
Greenland individuals examined being 1.754 μg/g w.w. 
[6].

Homoiotherm vertebrates tend to accumulate cadmi-
um with age; the highest concentrations are accumulated 
in kidneys and damage the kidney tubules. For this reason, 
cadmium is frequently termed nephrotoxic [2, 5, 17, 20, 
46, 62, 63]. Scheuhammer [64] suggested that a cadmium 
level over 3 mg/kg d.w. in liver and over 8 mg/kg d.w. in 
kidney (0.75 and 2 µgCd/g w.w., respectively) might indi-
cate an increased environmental exposure to that metal. in 
light of those criteria, only some Greenland white-tailed 
eagles showed kidney cadmium contents indicative of an 
elevated risk of exposure to cadmium.

Serious pathological changes brought about by high 
cadmium contents (taken up mainly with food and/or 
with water) involve primarily impairment of kidney 
tubules, calcium metabolism disorders (skeletal decal-
cification), and liver function impairment [19, 62, 63]. 
The changes accompany very high cadmium contents 
(above 100 μg/g w.w.) detected in avian kidneys [62]. 
it should be added that kidney cadmium contents are 
correlated with those in the liver, even if the contents 
themselves are low [17, 20, 46, 62]. As reported by 
Garcia-Fernandez et al. [46], a group of more than 100 
individuals representing 32 avian species showed as 
much as 92% of the total amount of cadmium to be con-
centrated in the liver and kidneys (61% of which was 
found in the kidneys), 4% in the brain, 3.5% in bones, 
and as little as 0.5% in the blood. The authors quoted 
found a number of significant correlations, including 
those between the kidney cadmium contents and the 
contents in the liver and brain as well as between the 
liver contents and those in the brain. in addition, they 
calculated mean ratios between the liver (Cdliv) and 
kidney (Cdkid) and brain (Cdbrain) cadmium contents. In 
the multi-species bird group under study, the following 
ratios were obtained: Cdliv/Cdkid 0.51; Cdliv/Cdbrain 7.6; 
and Cdkid/Cdbrain 13.8; the ratios showed clear species-
dependent differences. The largest differences in the 
Cdkid/Cdbrain and Cdliv/Cdbrain ratios were those between 
the swift Apus apus (n=13; 70 and 38, respectively) 
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and the remaining 6 most abundant species, includ-
ing the common kestrel Falco tinnunculus (n=14; 20 
and 8, respectively). of the 7 bird species analyzed by 
Garcia-Fernandez et al. [46] in detail, the swift typi-
cally shows the highest level of locomotor activity, for 
which reason its blood-brain barrier may function dif-
ferently (it is tighter and less permeable for Cd) than in 
the remaining species. The Cdliv/Cdkid, Cdkid/Cdbrain, and 
Cdliv/Cdbrain ratios in the white-tailed eagle were 0.13; 
27; and 3.6, respectively (were calculated from the GM 
values in Table 2). The white-tailed eagle Cdkid/Cdliv ra-
tio (a reverse of the already presented one) was 7.841, 
as calculated by kenntner et al. [4]. After conversion 
to Cdliv/Cdkid, the value is 0.16, i.e., very close to that 
obtained in this study.

other studies, e.g. those involving the northern gos-
hawk (Accipiter gentilis) showed, despite the usually nar-
row ranges of cadmium contents in the liver and kidneys 
(0.001-0.791 and 0.014-1.097 µg/g w.w., respectively), 
significant differences between individuals differing in 
their condition, i.e. between those in very poor and mod-
erate condition and between those in very poor and good 
condition, higher residue levels being found in more ema-
ciated birds [5]. The authors quoted stressed that, while in 
their natural environment, the birds are exposed to vari-
ous xenobiotics (including other non-essential trace met-
als, organochlorine pesticides, and PCBs) which, acting 
in concert, may significantly worsen the birds’ condition 
and reproductive success. This argument is additionally 
strengthened by results of studies on synergies between 
some trace metals and by significant correlations between 
them, e.g. between cadmium and lead and between lead 
and iron in the liver as well as between cadmium in the 
liver and lead in the brain [18, 20, 22] (cf Table 3 in this 
study). Moreover, trace metals such as lead and cadmium, 
when in low but persisting concentrations, may detrimen-
tally affect an individual’s humoral immune response 
[65], at least in the great tit (Parus major), a small song-
bird. It cannot be ruled out that the threat to birds posed 
by cadmium present in the natural environment has been 
underestimated by numerous researchers. 

Conclusions

white-tailed eagles in northwestern Poland and in the 
neighbouring German areas have been exposed to lead 
poisoning. The scale of the problem is similar to that ob-
served in the white-tailed eagle and in other eagle species 
in Europe, Asia, and north America.

results of this study and data extracted from literature 
allow us to assess differences and similarities in contents 
of essential trace metals between individuals of the white-
tailed eagle from various areas and to compare the two 
raptors with other avian species. Both the scientific and 
the conservation-related reasons necessitate analyses of a 
wider array of metals (not only the toxic ones) and more 
in-depth studies of the relationships between them.
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