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Introduction

The white-tailed eagle (Haliaeetus albicilla) is a top predator in the northern
Palearctic aquatic food web. The distribution of this species is closely associated with
water habitats, in which white-tailed eagles feed mainly on fish and waterfowl.

A strong decline in the European population from the mid-1950s to the 1970s,
was mainly associated with the introduction of chlorinated hydrocarbons, in particular
DDT and polychlorinated biphenyls. After the ban of these substances, the
population has been steadily increasing in recent years in northern and central
Europe (HELANDER & MIzERA 1997). This species breeds in Germany mainly in the
freshwater rich region of northeastern Germany and along the Baltic coast. The
Austrian breeding population has been extinct since 1945-1946. Wintering birds stay
mainly in eastern Austria. A breeding attempt was unsuccessful in 1999.

Although numerous investigations have been conducted on heavy metal
concentrations in the tissues of North American bald eagles (Haliaeetus
leucocephalus), very little information is available for the white-tailed eagle from
central Europe and elsewhere. This study reports the importance of the toxic heavy
metals lead (Pb), mercury (Hg) and cadmium (Cd), on the breeding and wintering
population of white-tailed eagles in Germany and Austria, with special emphasize on

the occurrence of lead poisoning.

Materials and Methods

We examined livers and kidneys of 61 white-tailed eagles. Most birds were
found dead, sick, or injured in the field between March 1993 and February 2000 in
the German regions of Brandenburg, Mecklenburg-Vorpommern, Saxony, and
Schleswig-Holstein (Table 1). These samples were sent to the Institute for Zoo
Biology and Wildlife Research in Berlin, Germany, for examination. In some cases,
bird cores or organs of specimens were collected from taxidermists. Liver and kidney

from the carcasses of five white-tailed eagles wintering in the region around Vienna,
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Austria, were collected. Of 57 immature and adult white-tailed eagles, 48 birds were

found dead, the others were never kept in captivity for longer than 5 d.

Table 1: Origin (Germany and Austria), sex and age of 57 white-tailed eagles (Haliaeetus albicilla).

We define immature birds (<5 years) and adult birds (>5years).
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Sex
Female 9 0O 13 3 1 3 29
Male 13 1 0 2 2 24
Unknown 2 0 0 2 0 4
Total 24 1 19 3 5 5 57
Age
Immature 10 O 7 1 3 1 22
Adult 13 O 12 2 2 3 32

Unknown 1 1 0O O 0 1 3

The organs of three birds having been kept in captivity for different numbers of
days (15, 21 and 65 d) and of one nestling were also analyzed, but the results are
presented separately. Two of these birds were euthanized and two died during
captivity.

We determined the age by plumage and bill characteristics (FISCHER 1984),
and also sexed the bird during necropsy. Some birds were banded, and therefore,
detailed background information was available. Body condition was categorized by
body mass, breast muscle shape, and measurements of the subcutaneous, coronary,
and abdominal cavity fat tissue. Five categories were used and the characteristics
were ranked from very poor to very good. From 50 birds categorized for body
condition, 21 were determined as very good, 15 as good, 6 as medium, 3 as poor,
and only 5 white-tailed eagles were diagnosed as very poor. Macroscopic

pathological and macro- and microscopic parasitological findings were recorded.
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Most carcasses were x-rayed for embedded lead and lead fragments in the intestinal
tract. Separated soft tissues were stored in polyethylene bags at —20°C until analysis.

Sample preparation and measurements of residue levels were performed in
the Research Institute of Wildlife Ecology at the University of Veterinary Medicine
Vienna. About 1 to 2 g of tissue was weighed to the nearest 0.1 mg and digested with
32.5% nitric acid (Riedel-de Haén, Seelze, Germany) in long-necked digestion tubes
for 2 hours at 112°C. After cooling, mineralized samples were filtered through ash-
free filter paper washed with nitric acid and deionized H,O, and filled up to the
defined volume with deionized H,O.

Measurements for cadmium and lead were performed with a Perkin-Elmer
4100 ZL Zeeman atomic absorption spectrometer (Norwalk, CT, USA) equipped with
a graphite-furnace unit, with autosampler AS-71 and argon as the purge gas. Total
mercury levels were determined with a Perkin-Elmer 5000 atomic absorption
spectrometer with MHS-1 mercury-hydride-system (Norwalk, CT, USA) using a cold-
vapor technique.

Histopathology

Tissue samples were fixed in 10 % neutral buffered formalin, embedded in
paraffin and sectioned at 4 ym. The sections were stained with haematoxylin and
eosin, periodic acid-Schiff, toluidine blue for hemosiderin, and Ziehl-Neelsen acid
stain for the identification of intranuclear inclusion bodies (BANCROFT & STEVENS
1996).

Statistical analysis

All measurements were highly skewed to the right. In consideration of this
nonnormal distribution we used exclusively nonparametric statistics. Significance was
determined at the a = 0.05 level. All data are given in milligram per kilogram, or parts
per million (ppm), on a wet-weight basis. For comparison with results presented for
dry weight we used the factor 3.5 for liver tissue and 4 for kidney tissue (SCANLON
1982).
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Results

We report the median, geometric mean, and arithmetic mean so that
comparison with other published data is possible. Results for all analyzed elements
are given in Table 2 and Figure 1. Heavy metals in organs of four white-tailed eagles
excluded from the main sample are presented in Table 3.

Table 2: Residues of heavy metals in liver and kidney tissue of 57 white-tailed eagles (Haliaeetus

albicilla) from Germany and Austria. All values are given in ppm on a wet-weight basis.

Lead Mercury Cadmium

Liver Kidney Liver Kidney Liver Kidney

Median 0.183 0.410 0.357 0.855 0.015 0.132
Geom. Mean 0.619 0.680 0.375 1.055 0.019 0.119
Mean 7.033 2926 0.577 2942 0.039 0.161
Std. Dev. 14.085 4.476 0.632 6.121 0.106 0.126

Range Min  0.014 0.011 0.013 0.078 0.004 0.011
Max 61.974 17.133 3.553 35.949 0.663 0.665

Table 3: Heavy metals in organs of three immature and adult white-tailed eagles held in captivity for

longer than 5 d and liver values of one nestling.

Captivity Lead Mercury Cadmium
Age Sex (d) Liver Kidney Liver Kidney Liver Kidney
Adult Female 15 0.326 0.454 0.251 0.532 0.016 0.156
Immature Female 21 5163 2188 0.195 0.139 0.007 0.026
Adult Female 65 0.293 0.079 0.177 0.139 0.013 0.271
Nestling Male 3 0.106 NA® 0.057 NA 0.01 NA

#NA = not analyzed

The highest heavy metal values in liver were recorded for lead. Lead also had
the widest range of concentrations in liver. In consideration of the wide range of
measurements for lead, residues in both organs were reported according to
thresholds levels recommended for lead exposure in birds of prey by FRANSON (1996)

in Figure 2. The geographical distribution and the percentage of white-tailed eagles
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with lead residues in liver tissue higher than 5 ppm are shown in Figure 3. The
highest values for mercury were found in kidney tissue. All measurements for

cadmium in livers and kidneys were below 1 ppm (Table 2).
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Fig. 1: Concentrations (ppm wet wt) for lead (Pb), mercury (Hg), and cadmium (Cd) in liver and kidney
tissue of white-tailed eagles. Box plots illustrates the 10, 25, 50 (median), 75, and 90 percent

percentiles and the outliers.
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Fig. 2: Percentages of lead residues in organs of 57 white-tailed eagles categorized in thresholds for

lead exposure (ppm wet wt).

With the exception of three birds, all specimens had kidney:liver ratios for
cadmium concentrations > 1 (Table 4). Lead and mercury did not show such a typical
distribution at low levels, but if the lead concentrations in livers were greater than 4
ppm, residues in livers were higher than in kidneys in all cases. However, mercury
levels in kidneys exceeded those in livers, with only one exception, if the liver values

were above 1 ppm.

Table 4: Kidney:liver ratios for lead (Pb), mercury (Hg), and cadmium (Cd) from 57 white-tailed eagles

found in Germany and Austria.

Kidney:Liver ratio

Pb Hg Cd
Median 1.124 2.463 7.841
Geom. Mean 1.098 2.810 6.348
Mean 1.651 6.505 8.243
sb? 2.293 12.151 4.690
Range Min 0.161 0.406 0.095

Max 17.234 67969  21.813

asp

Wilcoxon signed-rank test revealed highly significant differences between liver
and kidney for mercury and cadmium (p < 0.0001), but not for lead (p = 0.458).
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Highly significant correlations existed for all elements between the two organs (Pb:
rs= 0.939, p < 0.0001; Hg: rs = 0.596, p < 0.0001; Cd: rs = 0.555, p < 0.0001). No
influence of sex could be shown (Kolomogorov-Smirnov test) and there was no
statistical correlation between the heavy metal burden and the five categories given
for body condition during dissection in 50 white-tailed eagles (Kruskall-Wallis test).
Differences for cadmium in kidney tissue (Kolomogorov-Smirnov test: p = 0.0049)
were calculated for the two age groups, but not for any other analyzed element or

tissue type.
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Fig. 3: Geographical distribution of white-tailed eagles from Germany with lead residues in liver tissue

> 5ppm wet weight.
Pathological anatomy

Pathological organ alterations were found in 14 birds with more than 5 ppm
lead (wet wt) in liver tissue: 8 birds had swollen liver margins and enlarged gall

bladder, and in 12 birds concentrated bile consisting of dark green, clotted and highly

viscous material obstructed the bile ducts. Most birds had an empty stomach.
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Histopathology

Ten birds with high concentrations of tissue lead were examined histo-
pathologically. Only one eagle, whose tissue samples were taken immediately after
death was suitable of histopathological interpretations, whereas the others were
decomposed. The following alterations were found.

The heart had small necrotic foci in the myocardium, without evidence of
inflammatory cell reactivity. The liver had dark brownish granules in the Kupffer’'s
cells with hemosiderinic nature (toluidine blue staining). Diffuse fatty vacuolization
was found in many hepatocytes. The kidneys had degeneration and swelling with
evidence of hydropic change of lining epithelium of cortical tubules. In some tubules
necrotic cells with pyknotic nuclei sloughed into the tubular lumen with a cellular or
coarsely granular apperance. Several acid-fast intranuclear inclusion bodies were
present in cells of the tubules. In the brain, cerebellar Purkinje cells were apparently

reduced in number, leaving behind empty spaces.

Discussion

Lead

Given the thresholds for lead exposure for birds of prey suggested by
FRANSON (1996) we categorized the results of our sample in Figure 2, and added a
further threshold (= 8 ppm wet wt) used by CRAIG et al. (1990) and WAYLAND and
BOLLINGER (1999). Considering these thresholds, 40 birds (70%) of the sample had
lead residues in liver tissue < 2 ppm wet weight, within the range of background
levels. Sixteen birds (28%) in our study had liver values in the range from 5 to 62
ppm wet weight, which suggests that they may have suffered from acute lead
exposure and lead poisoning (FRANSON 1996). Thirteen (23%) of these 16 birds also
had high lead concentrations in their kidneys (5 -17 ppm wet wt). The three remaining
kidney values were 4.602, 3.524, and 1.908 ppm. These high lead residues in both
organs include also one out of the five analyzed white-tailed eagles found moribund
in Austria. The geographical distribution of white-tailed eagles from Germany

considered to indicate acute lead exposure and lead poisoning is shown in Figure 3.
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In one further bird we analyzed liver (4.323 ppm) and kidney (2.564 ppm)
residues, indicating subclinical to toxic physiological effects (FRANSON 1996). In all of
these 17 birds above background levels, liver lead values exceeded the
corresponding kidney values. Two additional eagles had kidney values >3 ppm
expected for strong physiological effects, but liver values below the upper threshold
for background levels.

From the data presented separately in Table 3, one female bird in the first
year, held in captivity for 21 d, had liver and kidney values of 5.163 and 2.188 ppm,
and died of circulatory failure caused by kachexia. These organ residues indicate a
previous lead exposure. The other two caged white-tailed eagles and the nestling
showed only background contamination.

Two specimens had x-ray-dense metallic particles in their stomachs. These
fragments were analyzed by the Institute of Geochemistry in Vienna, Austria, using
electron microprobe analyses to investigate the metal compounds. Evidence was
found that the metal was lead, presumably fragments from lead ammunition. Both
birds were in good body condition; however, necropsy results indicated greenish
intestine contents and pathologically enlarged liver and gall bladder, which are
characteristics of lead intoxications (LOCKE & THOMAS 1996). One of these birds died
in spite of veterinary treatment for lead poisoning within 2 d. Histopathological
findings (see results) support the toxicological and pathological results for lead
intoxication. The macroscopic and microscopic pathological findings are identical with
those discribed in the literature (LOCKE & THOMAS 1996). In addition to the formerly
described histopathological alterations, degenerated Purkinje cells were diagnosed in
the cerebellum. In this white-tailed eagle, lead residues of 46.257 ppm were found in
liver, and 12.985 ppm were found in kidney tissue.

Two immature birds had lead shot in their muscle tissue, but organ lead levels
were in the range of background contamination. Although not all birds were x-rayed,
interference from lead shot particles in analyzed organs can be precluded because
elevated values in liver tissue were accompanied by correspondingly high kidney
values.

Lead poisoning in white-tailed eagles was reported in two specimens from
Poland (FALANDYSz et al. 1988), one from Germany (Brandenburg) with the

extraordinarily high residues of 334 ppm wet weight in liver and 115 ppm wet weight
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in kidney tissue (LANGGEMACH 1997), and one eagle found on the Japanese island of
Hokkaido (Kim et al. 1999).

The occurrence of lead poisoning in bald eagles in the USA and Canada has
been much more exhaustively investigated. KAISER et al. (1980) examined 168 bald
eagles found in the United States between 1975 and 1977, and determined that 9
birds (5.4%) had died from lead poisoning. In a continuing study between 1978 and
1981, 17 of 293 examined bald eagles (5.8%) were suspected to have died of lead
poisoning, with liver residues > 10ppm wet weight (REICHEL et al. 1984), a first
threshold recommended by PATTEE et al. (1981). CRAIG et al. (1990) diagnosed liver
values from six bald eagles, of which five had residue levels exceeding 8 ppm wet
weight, the threshold recommended for acute lead exposure for this species.

ELLIOTT et al. (1992) estimated that of 65 bald eagles found dead between
1988 and 1991 in British Columbia, Canada, 14% had lead poisoning and a further
23% subclinical lead exposure, with the data being based on renal lead residues and
the ratio of activated to nonactivated &aminolevulinic acid dehydratase in blood
samples. A similar occurrence of 12% of birds with toxic lead levels but only 2% with
elevated lead levels was diagnosed in 83 bald eagles found in the Canadian prairie
provinces (WAYLAND & BOLLINGER 1999). Both Canadian studies used a value of 20
ppm dry wt (about 5 ppm wet wt) in kidney tissue for a lethal threshold. WAYLAND and
BOLLINGER (1999) and an additional Canadian study (WAYAND et al. 1999) discussed
a concentration of 30 ppm dry weight (8.5 ppm wet wt) in hepatic tissue as a
potentially lethal level and concentrations of > 6 ppm dry weight (1.71 ppm wet wt)
and > 8 ppm dry weight (2 ppm wet wt) for elevated lead exposure in hepatic tissue
and renal tissue, respectively. In this study 13 of 57 (23%) birds exceeded this
calculated dry-weight threshold for a lethal lead intoxication in liver tissue and 12 of
57 (21%) had higher values in both organs.

However, numerous studies suggested that these high lead concentrations in
organs of predatory and scavenging birds, such as white-tailed eagles, result
exclusively from ingestion of metallic lead embedded in shot waterfowl and game,
found as carcasses and gut piles or captured as handicapped prey (PATTEE et al
1981; Pattee & Hennes 1983; KRAMER & REDIG 1997). Like golden eagles (Aquila
chrysatetos) and ravens (Corvus corax), white-tailed eagles are also known to search
for prey, carcasses or gut piles after human game hunting (FISCHER 1984; BEzzEL &
FUNFSTUCK 1995).
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During the summer season white-tailed eagles feed mainly on fish and
waterfowl; however, waterfowl is the main food supply in winter, together with
mammals and carcasses (FISCHER 1984). Because of its strong beak, this species is
also able to open carcasses of game and presumably starts these openings on
wounds if present. Gunshot wounds represent a potential source of lead fragments
through split bullets or lead shot.

DUKE et al. (1974) analyzed pH values in gastric juice of different raptor
species. They report the lowest value, meaning the highest activity of acids, for the
bald eagle. Assuming very similar relations for the white tailed eagle, this results in a
better solubility of metallic lead, for example, lead shot, ingested by feeding, favoring
a higher intestinal resorption.

All birds in our investigation with liver lead residues > 2 ppm, indicating acute
lead exposure, were found between December and March, including the main
hunting season during October to January in Germany and Austria. However, we
can’t exclude fishing weights as potential source of elevated lead exposure in white-
tailed eagles, as described for birds such as common loons (Gavia immer) or mute
swans (Cygnus olor) (SCHEUHAMMER & NORRIS 1996). Nevertheless, fish are in deep
water during the winter season or inaccessible in frozen lakes and therefore of only

minor importance as a winter food supply for white-tailed eagles.

Mercury

In aquatic environments mercury compounds are transformed through
microorganisms to methylmercury. Because of its lipophilicity, methylmercury
bioaccumulates in the aquatic food web. Therefore, white-tailed eagles and other top
predators of the aquatic food web are exposed to higher mercury levels compared to
predators involved in the terrestrial food web (WREN et al. 1997). Terrestrial sources
for mercury exposure were mainly mercury compounds used as seed dressing in
agriculture. However, these pesticides were banned in Germany in 1982, but used in
the former German Democratic Republic up to 1990 and in Austria until 1992.

Twenty-six birds had mercury residues above 1 ppm in liver, kidneys, or both,
but only one had a kidney:liver ratio < 1. At lower contamination levels (< 1 ppm),
such strong differences were not found between liver and kidney levels. Therefore,
by splitting the sample in two groups including values > 1ppm or < 1ppm, the
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difference in significance between both organs decrease from p < 0.0001 to p =
0.0033 (Wilcoxon signed-rank test). Kidney values are known to represent mainly
inorganic mercury and kidney:liver ratios > 2 prove such exposure (SCHEUHAMMER
1987).

Similar to that reported here, 84% of 24 white-tailed eagles from the northern
part of the former German Democratic Republic exhibited higher mercury residues in
kidneys than in liver tisuee (OEHME 1981), as did all cases of four and seven
analyzed white-tailed eagles from Finland and Poland, respectively (HENRIKSSON et
al. 1966; FALANDYSZ 1986; FALANDYSZ et al. 1988; AMAROWICZ et al. 1989). Mercury
intoxication was diagosed in 7 of 35 birds of the German survey (OEHME 1981).

A Norwegian survey of 24 white-tailed eagles revealed an increasing
kidney:liver ratio due to higher kidney contaminations. These authors calculated a
median of 3.3 ppm wet weight in hepatic tissue and 3.5 ppm wet wt in renal tissue
(NorHEIM & FR@sLIE 1978). Further Norwegian investigations presented data for 28
white-tailed eagles with medians of 2.4 ppm wet weight and 3.5 ppm wet weight in
liver and kidney tissue (HOLT et al. 1979) and a similar median value of 2.4 ppm wet
wt for 75 analyzed liver samples of white-tailed eagles (FR@SLIE ET AL. 1986). Mercury
concentrations of European surveys on white-tailed eagles are summarized in Table
5. Considering different analytical techniques in these surveys, caution must be taken
when comparing with the results of this study, especially in investigations reported in
the 1960s.

In summary, the above European studies showed higher median, mean and
maximum values for mercury than we found in our study for birds from the 1990s.
Therefore, we suggest a decline of the environmental concentrations of mercury,
perhaps due to the ban of organomercury seed dressings.

However, in our study two adult white-tailed eagles with kidney residues of
27.776 and 35.949 ppm are in a critical range for a suspected mercury intoxication
(THOMPSON 1996). However, both birds had liver values below 1 ppm making
interpretation difficult. All other values are below 10 ppm and in a range presumably

not affecting top predators of the aquatic food web.

31



Kapitel 2

Table 5: Mercury concentrations in liver and kidney of European white-tailed eagles. Values are given

in ppm on a wet-weight basis; sample size is given in parentheses®.

Liver Kidney

Country Period Range Median Range Median References
Finland  1965-1966 4.6-27.1 (6) 48.6-123.1 (4) HENRIKSSON et al. 1966
Germany 1969 48 (1) 27 (1) KOEMAN et al.1972
Norway  1965-1976 <0.1-16 (25) 2.4 <0.1-55 (27) 3.5 HoLT et al. 1979
Norway  1972-1977 0.3-16 (24) 3.3 0.3-55(24) 3.5 NORHEIM & FR@SLIE 1978
Germany 1967-2/1976 ND-7.5 (25) 0.8 ND-14.3 (23) 5.8 OEHME 1981

12/1976-1978 4.8-133.5 (10) 90.8 6.1-306 (10) 115.5
Norway  1965-1983 <0.1-51 (75) 2.4 NA FROSLIE et al. 1986
Poland 1982 30 (1) NA FALANDYSZ 1984
Poland 1984 0.99 +11 (2) 6+44 (2) FALANDYSZ 1986
Poland 1986-1987 0.86-33 (4) 2.5-56 (4) FALANDYSZ et al. 1988
Poland 1987 1.32 (1) NA AMAROWICZ et al. 1989
Germany 1993-2000 0.013-3.553 0.357 0.078-35.949  0.855 this study
+Austria (57) (57)

°ND = not detectable; NA = not analyzed

Cadmium

In spite of the long biological half-life of cadmium and the age-structure of the
eagles (Table 1), the analyzed residues were far below accepted critical limits that
would be expected to yield physiological effects (FURNESS 1996). Adult birds had
significantly higher cadmium residues in kidneys than immature birds, but not in
livers. The range of cadmium in liver (0.004 — 0.663 ppm) and kidneys (0.011 — 0.665
ppm) was similar to that found in eight analyzed white-tailed eagles found dead in
Poland in the 1980s (FALANDYSZ 1984; FALANDYSzZ 1986; FALANDYSZ et al. 1988;
AMAROWICZ et al. 1989) and one specimen from Hokkaido (Kim et al. 1999). In these
cases, kidney values exceed liver values with kidney:liver ratio of 1.79 to 20.5. The
suggestion has been made that cadmium levels in soft tissue of white-tailed eagles
represent background levels, as presented already by investigations on birds of prey
from Europe (FRANK 1986; GARCIA-FERNANDEZ et al. 1995) and a single study from
the state of Lower Saxony in Germany, carried out in the early 1980s (TERNES et al.
1986).
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Conclusions

Cadmium residue levels in this study are considered to be harmless in white-
tailed eagles. Compared with former studies on the influences of mercury on this
species, residues in organs of these top predators in aquatic food webs are
decreasing since the ban of organic mercury as seed dressing in agriculture.

Whereas the former studies focused mainly on mercury residues, the influence
of lead on white-tailed eagles has been underestimated. According to our results, this
element seems to be a major threat for this species. In 28% of birds tested, lead
concentrations in livers exceeded the critical level of 5 ppm wet weight. The only
possible way to prevent lead intoxication in raptors is to ban lead shot and bullets for
hunting and substitute with nontoxic shot. In several European countries lead shot
has been banned either for all hunting or only for hunting waterfowl in wetlands. The
German Federal Ministry of Food, Agriculture and Forestry and the largest German
Hunters Federation started to recommend the use of nonlead shot only for the
hunting of waterfowl in wetlands in December 1993 (KUIVENHOVEN et al. 1997). The
Agreement on the Conservation of African-Eurasian Migratory Waterbirds developed
under the Convention on the Conservation of Migratory Species of Wild Animals, also
commonly known as the Bonn Convention, contains an action plan, called
management of human activities. This action plan includes the resolution that "parties
shall endeavour to phase out the use of lead shot for hunting in wetlands by the year
2000”. This agreement has been signed by 53 states and the European Community.
But up to July 2000, no effort had been made to ban lead shot in Germany and
Austria (KOSTERS et al. 1995; THOMAS & OWEN 1996; KUIVENHOVEN et al. 1997), with
the exception of the province of Schleswig-Holstein in northern Germany, where lead
shot for waterfowl hunting in wetlands was banned in October 1999.

However, lead shot is not the only source of elevated lead exposure and lead
poisoning in birds of prey. The gizzard of one white-tailed eagle that died of lead
poisoning contained lead fragments of various sizes up to a single weight of 0.75 g,
presumably representing fragments of a lead bullet. Further studies should
investigate lead exposure in the distribution area of the white-tailed eagle and also in

other scavenging birds or birds species able to hunt game.
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Abstract

Residues of the potentially toxic metals lead, mercury and cadmium were
analyzed in liver and kidney tissue of 61 free-ranging white-tailed eagles (Haliaeetus
albicilla) found dead or moribund in Germany and Austria between 1993 and 2000.
Highest values and the widest range were detected for lead in liver and for mercury in
kidney tissue. Lead concentrations considered to induce lethal lead poisoning (> 5
ppm wet wt) were determined in 28% of liver samples. Lead fragments were detected
in the gizzards of two specimens, presumably having died from lead intoxication.
Histopathological findings in a recently dead white-tailed eagle indicating acute lead
exposure comprise degenerative Purkinje cells in the cerebrellum and inclusion
bodies in renal tubular cells. Mercury residues in organs are decreasing compared to
former studies in periods when organomercury compounds were used as seed
dressing. All cadmium values were low or are at background levels in white-tailed
eagles. The present study clearly identifies lead as a toxic metal poison in white-

tailed eagles in Germany and Austria.
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