
Introduction

Some waterfowl species such as mallard Anas
platyrhynchos, teal A. crecca, long-tailed duck Clangula
hyemalis, goldeneye Bucephala clangula, and scaup Aythya
marila display a wide distribution area [1]. These species
can be found, among other places, in Eurasia and North
America. With such occurrences ecotoxicological compar-
isons can be made in order to describe the causes of fre-
quent and dramatic decreases of some duck populations.
The scaup was subjected to a distinct decrease of 50% and
30% of its population size in Europe and North America,
respectively [2-5]. These alarming trends were the premise

for entering Aythya marila on the IUCN Red List of
Threatened Species, assigning them the category of Least
Concern, LC [6]. Scaup have their own breeding areas in
the arctic and subarctic regions of Palearctic and Nearctic,
but spends the winter at lower geographical latitudes, pri-
marily around shallow marine and coastal reservoirs [1, 7].
In Europe, the Baltic Sea, especially its southwestern
regions (including the Polish coast covering Pomeranian
Bay, Szczecin Lagoon, and Gdańsk Bay), is the most
important wintering site for the scaup and other sea ducks
[8-10]. Due to the large concentrations of migrating and
wintering birds, the aforementioned Baltic and coastal
reservoirs were included in the European Ecological
Network Nature 2000, involving countries of the European
Union, according to the Birds Directive [11]. At the same
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Abstract

Concentrations of lead (Pb) and cadmium (Cd) were determined in breast muscle, liver, and kidney of

adult scaups (Aythya marila) wintering in the Polish part of Szczecin Lagoon (southwestern Baltic) in 2002

(n=17) and 2004 (n=17). Significant discrepancies were observed for Cd, but not Pb concentrations in all the

tissues between 2002 and 2004. Geometric means of Pb levels were calculated for all the analyzed birds

(except one, n=33). Concentrations of Pb were similar in muscle, liver, and kidney (2.29, 2.38, 2.55 mg/kg dry

weight, dw, respectively). Concentrations of Cd in the examined materials differed significantly (muscle, liver,

kidney 0.27, 2.59, 10.31 mg/kg dw, respectively). Performed analysis of Pb and Cd concentrations in these

eatable parts of duck showed exceeded maximum levels of toxic metals determined for foodstuffs in EU doc-

ument No. 1881/2006. Concentrations exceeding maximum levels were detected in 65-100% of the samples

(depending upon the examined material), most frequently in the case of Pb in the muscle.
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time the Baltic Sea is highly polluted with important con-
centrations of harmful anthropogenic substances (including
mercury, Hg, lead, Pb, and cadmium, Cd) coming from
Poland [12, 13]. These substances are carried from the inte-
rior of Poland to the Baltic Sea by the waters of two main
rivers: the Vistula and Odra, with the latter supplying
Szczecin Lagoon. In winter, the basic food of scaup is
mesozoobentos, which can comprise 90% of its diet  [14,
15]. The habitat and food quality have a key role in the gen-
eral condition, health, and very existence of both birds and
mammals, including humans. Heavy metals accumulated in
the bodies of birds can indirectly reveal the quality of the
habitat in which they feed [15-19], enable estimations of
the degree of intoxication in the birds themselves [20-26].
Moreover, it should be remembered that such game birds
do pose health hazards to humans. Game birds consumed
by people (primarily meat and to a lesser degree offal) may
contain dangerous quantities of toxic elements such as Pb,
Cd, and Hg, which is why eatable parts of duck should be
analyzed closely with regard to these elements [27-29]. 

Many species of ducks are game birds, and in EU coun-
tries significant legal regulations concerning this issue are
included in the Birds Directive [11] (Annex II/1 and II/2.
Scaup is mentioned in Annex II/2, which means that in
some EU countries, mostly where they appear in large num-
bers (for example in winter in Germany, Denmark, the
Netherlands, and Latvia), this species may be hunted.
Among Baltic EU countries the duck may not be hunted in
Finland, Lithuania, Poland, or Sweden. In Russia, however,
scaup are on the list of game species. Russia has consider-
able access to the Baltic, and the Russian territories host the
largest breeding-grounds of scaup wintering in Europe. In
game birds killed during hunting, and ones which survive
being shot, Pb pellets and their fragments can be found in
the breast muscles [27, 29-33]. Moreover, some amount of
this Pb is drawn into muscles, the liver, kidneys (responsi-
ble for detoxification processes), and bone, where this
metal accumulates over the whole life of the bird. This
built-in Pb fundamentally originates from pellets and/or
sinkers which have been swallowed by waterfowl, as so-
called gastrolites, and is well documented in literature [20,
25, 34-36].

The constant increase and high ubiquity of anthro-
pogenic Cd are deeply worrying [37, 38]. This element has
a high affinity to kidneys (as a so-called nephrotoxin) and
accumulates therein in the greatest amounts, with the liver
coming in second. Ecotoxicological research from the pre-
vious dozen or so years show that the greatest concentra-
tions of this nephrotoxin are found in sea-birds (including
migratory diving ducks), which have their own breeding-
grounds in the arctic and subarctic regions of the northern
hemisphere [39-43]. Besides Cd of anthropogenic origin,
considerable amounts of this metal have a geochemical ori-
gin. For organisms living in those regions, uptake of Cd is
mostly explained by food ingestion [44-46]. Moreover,
migrating sea ducks, such as scaup could also accumulate
significant amounts of Cd at wintering sites [15, 23]. 

In ecotoxicological studies concerning Pb and Cd accu-
mulation in waterfowl, the most frequently investigated

organs are the liver and kidneys, because of their key role
in the detoxification processes. However, with reference to
human exposure to these toxic metals, it is essential to
determine their concentrations in the principle edible parts
of game birds, most importantly in breast muscles.
Interestingly enough, Pb and especially Cd concentrations
in these parts are very seldom investigated. The aim of the
current study was to determinate concentrations of Pb and
Cd in the muscle, kidneys and liver obtained from scaup
wintering in Szczecin Lagoon. Another aim was to examine
if the concentrations of these metals cross the maximum
levels for certain contaminants in foodstuffs, valid in the
European Union, were determined by the Commission
Regulation (EC) from 2006 [47]. 

Material and Methods

Study Area and Sampling Strategy

Investigated birds came from Szczecin Lagoon. This
lagoon is the so-called inner coastal waters of the Baltic Sea
(~687 km2), being a reception pool for the mouth of the
river Odra (catchment area of 120,000 km2). Depending on
the direction and power of the wind, waters carried by this
river mix with the waters of the Baltic Sea. Szczecin
Lagoon includes a Polish-German border (Fig. 1). 

In this study were used 34 adult scaup Aythya marila
representing one of the diving duck species (tribe Aythyini).
These birds wintered in the Polish part of Szczecin Lagoon
in 2002 (2 females and 15 males) and 2004 (1 female and
16 males). The diving ducks perished (respectively March
and April) by having become entangled in fishing nets
while diving for food (molluscs, crustaceans, insect larvae).
Prior to dissection, the ducks were stored at -20ºC. In the
laboratory the defrosted birds were dried with a filter paper.
Age and sex were determined of all birds by gonad exami-
nation and the development of the bursa of Fabricius [48].
Individuals from 2004 were weighed within an accuracy of
10 g. The absolute masses of the liver and kidneys (right
and left together) were also measured within an accuracy of
0.1 g, and their relative sizes expressed as a percentage of
body mass. 

Analytical Methods

Cadmium and Pb were assayed in the breast muscle,
liver, and kidneys collected from each individual. The bio-
logical materials were dried at 105ºC to a constant weight.
The dried tissues were crushed in an agate mortar and 0.5-
1.0 g samples were weighed out (to 0.0001 g). The biolog-
ical samples were burned in glass vessels of a Velp
Scientifica and mineralized in a 4:1 mixture of 65% nitric
acid (HNO3) and 70% hyperchloric acid (HClO4) (Suprapur
Merck®). Following mineralization, the samples were dilut-
ed and brought to 10 ml with bidistilled water.
Concentrations of lead and cadmium were determined
using induction-coupled argon plasma atomic emission
spectrometry (ICP AES) in a Perkin-Elmer Optima 2000
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DV apparatus in the laboratory of the Department of Poultry
and Ornamental Birds of the West Pomeranian University of
Technology in Szczecin. Detection limits (µg/l) of the appa-
ratus for Pb and Cd are 1.0 and 0.1 respectively. The con-
centrations of the examined metals were expressed in mg/kg
dry weight (dw). To cross-check the analytical procedures
applied, a Standard Reference Material (SRM) 1577b
Bovine Liver, manufactured by the National Institute of
Standards and Technology (USA) was assayed. Three sam-
ples of the reference material were analyzed. Levels of Pb
and Cd were studied, specified by the SRM 1577b Bovine
Liver manufacturer (CR) and the corresponding values mea-
sured in our laboratory (OL). They are listed below:
CR for Pb and Cd: 0.129±0.004 and 0.50±0.03 mg/kg dw,

respectively
OL for Pb and Cd: 0.231±0.029 and 0.49±0.02 mg/kg dw,

respectively.
Recovery of Cd assays was good (98%), but the Pb

result was not (>0.20 mgPb/kg dw), which is an almost
180% recovery compared to the manufacturer-specified
concentrations. However, Pb concentrations in the kidneys
and liver of wild ducks were generally much higher than
0.5 mg/kg dw, and the error of determination of higher Pb
concentrations was much lower. 

Statistical Methods

Mean concentrations of Pb and Cd are presented as geo-
metric mean and arithmetic mean, both commonly used in
ecotoxicological studies. As concentrations of trace metals
frequently deviate from the expected normal distribution, a
non-parametric test was used in the performed comparisons
(Mann-Whitney test, M-W). Due to the low number of
females in the samples, no between-sexes differences were
analyzed. In addition, Spearman’s correlation coefficients
were calculated for: 
a) concentrations of the two metals in the muscle, liver and

kidneys; 
b) concentrations of each metal in two different biological

materials. 
All the calculations were performed, following recom-

mendations from Sokal and Rohlf [49] and Moran and
Solomon [50], with Statistica 8.0 software.

Human Health Hazards

The obtained results were compared with maximum
levels for Pb and Cd in meat, liver, and kidneys, determined
in an official European document: Commission Regulation
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(EC) No 1881/2006 of 19 December 2006, valid in EU
since 1 March 2007 [47]. To convert the content of metal in
1 g dw to 1 g wet weight (ww) the following conversion
rates were applied: 0.29 for the muscle, 0.28 for the liver
and 0.27 for the kidneys (with respect to the water content
in the samples). Cases with exceeded maximum levels were
divided into three subgroups: by 50%, between 50% and
100%, and more than 100%.

Results 

Body and Organ Size Characteristics

The mean body weight (and its standard deviation,
±SD) of the scaup obtained in 2004 (n=17) from Szczecin
Lagoon was 1180±10 g, and the liver and kidneys weighed
41.4±4.6 and 14.7±2 g, respectively. The liver was
3.5±0.3% and the kidneys 1.2±0.1% of the body weight.
Masses of the liver and kidney were on average 3.5±0.3%
and 1.2±0.1% of the body weight, respectively. Because the
ducks came from fishing nets, they were partly soaked with
water and hence their body mass could be a little overstat-
ed, and the relative size of organs understated. The breast
muscle, liver and kidneys contained 71.2±0.4%,
72.3±1.2%, and 73.1±1.0% water, respectively.

Metal Assayed

From statistical calculations, one individual from the
year 2004 was excluded because its body contained very

large amounts of Pb (in the liver, kidneys and muscle,
respectively, 45.32, 44.47, and 3.23 mg/kg dw), though
concentrations of Cd in these parts were low (0.52, 1.62,
and 0.17 mg/kg dw). 

Mean concentrations of the examined metals in individ-
uals from the years 2002 and 2004, as well as all the ducks
taken together, are presented in Table 1. In the ducks from
2002, concentrations of lead in all the investigated body
parts were similar. Geometrical means ranged from 2.29
mgPb/kg in the muscle to 2.44 mgPb/kg in the kidneys.
Concentrations of Cd were significantly different between
tissues. Kidney accumulated the highest amount of this ele-
ment, followed by liver and to a lesser extent by muscle
(about 21, 5, and 0.3 mgCd/kg, respectively). In the birds
from 2004, mean concentrations of Pb in all the soft mate-
rials varied from ~2.3 to 2.7 mgCd/kg, with statistically sig-
nificant differences in Pb concentrations between the kid-
neys and muscle, kidneys, and liver. Similar to the ducks
from 2002, the birds from 2004 also had the greatest
amount of Cd in the kidney, and the smallest in muscle (<5
and <0.5 mgCd/kg, respectively). 

No discrepancies were observed between concentra-
tions of Pb in analogous tissues in 2002 and 2004 (Table 1).
In the case of Cd, significant differences appeared between
years. The highest amount of Cd was found in birds col-
lected in 2002.

Spearman’s correlation coefficients (rs) were deter-
mined between Pb and Cd in the muscle (M), the liver (L)
and the kidneys (K). Positive correlations were observed
between these metals only in the liver of the ducks from
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Material Parameter

2002
(n=17)

2004
(n=16)

Total 
(n=33)

M-W test 
2002 vs. 2004

Pb Cd Pb Cd Pb Cd Pb Cd

Muscle, M

GM 2.29 0.34 2.29 0.21 2.29 0.27

NS p≤0.0001AM±SD 2.31±0.34 0.36±0.10 2.30±0.18 0.21±0.02 2.30±0.27 0.29±0.10

Range 1.82-3.02 0.20-0.56 1.98-2.60 0.18-0.26 1.82-3.01 0.18-0.56

Liver, L

GM 2.34 4.94 2.42 1.30 2.38 2.59

NS p≤0.0001AM±SD 2.40±0.62 5.45±2.37 2.46±0.50 1.65±1.03 2.43±0.56 3.60±2.65

Range 1.79-4.50 1.32-11.65 2.00-4.19 0.26-3.35 1.79-4.49 0.26-11.65

Kidney, K

GM 2.44 20.98 2.67 4.85 2.55 10.31

NS p≤0.0001AM±SD 2.48±0.44 23.77±11.08 2.74±0.78 7.79±5.86 2.60±0.64 16.02±11.97

Range 1.81-3.54 5.03-51.70 2.15-5.57 0.35-16.50 1.81-5.57 0.35-51.70

M-W test

M vs. L NS p≤0.0001 NS p≤0.0001 NS p≤0.0001

M vs. K NS p≤0.0001 p≤0.01 p≤0.0001 p≤0.05 p≤0.0001

L vs. K NS p≤0.0001 p≤0.05 p≤0.01 p≤0.001 p≤0.0001

Table 1. Concentration of lead and cadmium (mg/kg dw) in muscle, liver, and kidney of scaup from Szczecin Lagoon, Poland. 

The statistical comparison between materials and years was notified (GM – geometric mean, AM – arithmetic mean, SD – standard
deviation, p – significance level of Mann-Whitney’s test, NS – no significant difference).



2002 (PbL – CdL: rs=0.52, p≤0.05) and in the kidneys of the
scaups from 2004 (PbK – CdK: rs=0.54, p≤0.05). In all the
examined individuals (n=33), in the analyzed tissues no sig-
nificant relations between these elements were found. A lot
more positive and statistically significant coefficients of
correlation were found between concentrations of the same
metal, but in different body parts. In the case of Pb analyzed
in the ducks from 2002 (but not from 2004) statistically sig-
nificant correlations were found between: PbM – PbL

(rs=0.78, p≤0.001), PbM – PbK (rs=0.62, p≤0.01), and PbK –
PbL (rs=0.82, p≤0.0001). In the joint duck group (both
groups taken together, n=33) the above-mentioned correla-
tions were also significant, though their values were small-
er (rs <0.60). Concentrations of Cd in all three body parts
correlated significantly and positively with one another, in
ducks from 2002, 2004, and both groups considered as one.
Values of correlation coefficients for these compounds are
presented in Table 2. 

Concentrations of Pb and Cd According 
to European Document No. 1881/2006

Concentrations of Pb and Cd determined in all the
examined scaups were divided into two groups – below and
above maximum admissible levels presented in European
document No. 1881/2006, setting maximum levels for cer-
tain contaminants in foodstuffs. In the document, concen-
trations of metals (including Pb and Cd) are expressed in
mg/kg ww, and in the present work in mg/kg dw. That is
why we established equivalents of maximum Pb and Cd
levels for dw. 

Among the 34 individuals analyzed, the maximum
levels of Pb in the muscle, liver, and kidneys were exceed-
ed by 100%, 88%, and 90% in the scaups, respectively
(Table 3). In the muscle, the norm was exceeded most fre-
quently and to the greatest extent – it ranged from 4.5 to
7.7 times greater. In the liver and kidneys it was usually
exceeded by below 50%, and concentrations exceeding
the norm by 50% and more were detected in only 4 indi-
viduals (11.8 %). In the case of Cd, almost 75% of indi-
viduals had an exceeded level in the muscle, almost 65%
in the liver, and 79% in the kidneys. The maximum admis-
sible Cd concentration was exceeded in 11 muscle sam-
ples, 17 liver samples and 24 kidney samples, 36.4%,
54.5%, and 72.7% of all the examined individuals, respec-
tively.

Discussion

In ecotoxicological research on waterfowl, toxic metals
such as Pb and Cd are most often found in the liver and kid-
neys due to temporary deposition and the role of these
organs in detoxification. The risk of Pb poisoning (from
shot pellets and, less frequently, sinkers) in anseriforms
varies across the world and is well documented [20, 36, 51,
52]. Such poisonings mostly involve herbivorous and
omnivorous birds feeding on the permanent pastures, shore
and in shallow water reservoirs with a hard bottom. Geese,
swans, dabbling, and diving ducks intake small stones, grit
and metallic Pb fragments as gastrolites together with their
food [36]. These materials facilitate the grinding of hard
food by the stomach muscles (gizzards). Game birds,
including anseriform, galliform and doves, presented a high
prevalence of embedded shot which could represent a
source of Pb intoxication for birds itself, human consumers,
birds of prey, and scavengers [29-33, 53, 54]. Moreover, Pb
intake together with contaminated food and sediments is
permeated throughout the vascular system of birds from
pellets, is later built into their tissues and organs [36, 55,
56]. This Pb, sometimes accumulated in considerable quan-
tities, also holds a certain threat for organisms at the end of
the food-chain, including humans. 

Intoxication with Cd could be related to the ingestion of
contaminated food and sediments. The levels of Cd accu-
mulated by seabirds in internal tissues are frequently high-
er than those which cause toxic effects in terrestrial bird
species (for example galliforms) or in those connected with
inland waters, such as waterfowl [24, 27, 41, 42, 57, 58].
However, as opposed to Pb, few researchers have focused
on the possibility of transferring Cd to a human body as a
result of eating the meat of game birds [46, 59-62].
Ecotoxicologists most often examine concentrations of Pb
and Cd in the kidneys and livers of birds, accumulating
there in the complicated processes occurring between the
habitat and the animal bodies, but people mainly consume
the muscles of game birds, breast muscles and, to a lesser
degree, leg muscles. Offal (mainly the liver, stomach, heart,
and seldom the kidneys) is only a small part of a birds' bod-
ies and not always used for food. From an ecotoxicological
point of view, it seems justified to determine the concentra-
tions of these metals in the muscles of birds as well.

Studies investigating Pb and Cd content in the muscles
of diving ducks are rare. Moreover, studies led on scaup are
few in Europe, North America, and Japan [15, 17, 40, 63-66].
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Relationships
2002 
(n=17)

2004 
(n=16)

2002 and 2004
(n=33)

CdM – CdL 0.60 (p≤0.05) 0.76 (p≤0.001) 0.89 (p≤0.0001)

CdM – CdK 0.72 (p≤0.01) 0.76 (p≤0.001) 0.91 (p≤0.0001)

CdL – CdK 0.90 (p≤0.0001) 0.94 (p≤0.0001) 0.97 (p≤0.0001)

Table 2. Spearman’s correlation coefficients of cadmium in analyzed biological materials of scaup.

M – muscle, L – liver, K – kidney.



In this context, comparison between data obtained in the cur-
rent study and available literature could bring some insight.

Lead

Lead concentrations in breast muscles, leg muscles,
liver, and kidneys were previously determined in the 1980s
in Poland in scaup from another part of the Baltic Sea coast
(Gdańsk Bay) [65]. Birds sampled died entangled in fishing
nets, similar to the current study. In both groups of muscles
(both in females and males) were observed similar, small
quantities of Pb (mean values from 0.09 to 0.12 mg/kg dw).
In comparison with data obtained on scaup wintering in
Gdańsk Bay [65], the concentration of Pb in the muscle of
scaup observed at the beginning of the 21st century in
Szczecin Lagoon was above twenty times greater (2.29
mg/kg dw, Table 1). About 25 years ago, male livers and
kidneys of scaups from Gdańsk Bay had far smaller con-
centrations of this metal (0.23 and 0.27 mgPb/kg, respec-
tively) than males investigated in the current study (2.38
and 2.55 mgPb/kg, respectively). Previous authors have
demonstrated this increase in Pb concentrations in bones
and gristle of analogous groups of scaup from the Polish
Baltic Sea [63]. These data also confirm unfavorable ten-
dencies; an increase in the concentrations of Pb in their
bodies. 

Reports on Pb concentrations in the breast muscles of
scaup living in North America are scant. Only two groups
of authors have reported data in the USA [15, 66]. In one
individual shot in New York State, 2.00 mgPb/kg ww was
detected [66], but in the breast muscles of  9 male scaups
from the state of Connecticut no detectable quantities of Pb
were found, except in one individual (0.33 mgPb/kg dw)
[15]. Low Pb levels were found in the livers and kidneys of
scaup from Connecticut (0.74 and 0.94 mg/kg dw, respec-
tively) [15]. Similar levels of this metal (0.50-1.0 mgPb/kg
dw) in the livers of scaup from different regions of North
America were reported by some authors [17, 67, 68] or
higher value (1.0-5.0 mgPb/kg dw) by others [69, 70].
Scaup living in North America only sporadically had Pb
concentrations higher than 5 mg/kg in the liver and/or kid-
neys [17, 66]. In this study, only one individual had very
high concentrations of this metal in the liver and kidneys,
which exceeded 40 mgPb/kg dw, indicating plumbism.
Usually, Pb concentrations in the liver and kidneys that are
higher than 2 and 6-20 mg/kg ww, respectively, are
assumed as critical [51]. It seems that Pb concentrations in
the muscles of scaup examined in the current study, com-
pared with the data for this species from Gdańsk Bay [65]
and the data concerning A. marila living in North America
[15, 67, 68], have worryingly high values. It shows the pre-
sent exposure to Pb among the European populations of
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*In the document 1881/2006, the maximum admissible concentrations were presented for wet weight (ww), which in this work are
converted into a dry weight scale (dw); for scaup they are rounded up and made greater by about 10% with relation to the maximum
levels given in the aforementioned document.

Crossed maximum levels of
toxic metals

Muscle Liver Kidney

Lead

max. level max. level max. level

0.10 mg/kg ww 0.50 mg/kg ww 0.50 mg/kg ww

0.40 mg/kg dw* 2.0 mg/kg dw* 2.05 mg/kg dw*

below max. level 0 4 (11.8%) 3 (8.8%)

over max. level

<50% 0 26 (76.5%) 27 (79.4%)

50-100% 0 1 (2.9%) 2 (5.9%)

>100% 34 (100 %) 3 (8.8%) 2 (5.9%)

max. level max. level max. level

Cadmium
0.05 mg/kg ww 0.50 mg/kg ww 1.00 mg/kg ww

0.20 mg/kg dw* 2.0 mg/kg dw* 4.10 mg/kg dw*

below max. level 9 (26.5%) 12 (35.3%) 7 (20.6%)

over max. level

<50% 14 (41.2%) 5 (14.7%) 3 (8.8%)

50-100% 8 (23.5%) 5 (14.7%) 2 (5.9%)

>100% 3 (8.8%) 12 (35.3%) 22 (64.7%)

Table 3. The number of scaups (percentage in brackets) with Pb and Cd concentrations below and above admissible levels determined
for edible poultry parts in the EU document Commission Regulation, EC, No. 1881/2006 (n=34).



scaups, probably from wintering sites (mainly Baltic Sea
area), fall areas, and breeding grounds. To a great extent it
may be due to two main sources. The first is the presence
of Pb in food (e.g. molluscs and other invertebrates
obtained from the bottom of the Baltic and its coastal reser-
voirs, including Szczecin Lagoon), and the second are Pb
pellets, still used in Russia and southern Baltic countries of
the European Union: Estonia, Latvia, Lithuania, and Poland
[13, 71]. 

Cadmium

The biological half-life of Cd reachs 20 years or more
in humans and long-lived homoiotherms such as scaup,
which can live for 20 years [1, 24, 37, 38]. Toxic effects of
Cd in those vertebrates are diverse and include kidney dam-
age, testicular atrophy, and disturbances in essential ele-
ment metabolism (Cu, Fe, Zn). Additionally, birds show
suppression of egg production and eggshell thinning [72,
73]. The metal is accumulated in the renal cortex and even
fairly low levels of dietary Cd (5-10 ppm) ingested by
warm-blooded organisms over a long period of time may be
toxic for them and act as a stressful substance [24, 57, 74,
75]. Concentrations of Cd >10 mg/kg ww (approximately
30-40 mgCd/kg dw) in vertebrate liver and kidneys indicate
possible Cd contamination [72]. Hepatic concentration >3
mgCd/kg dw in freshwater duck is considered elevated
[24]. Damage of kidney occurs in birds when nephric Cd
concentration reaches 100-200 mg/kg ww (~350-700
mg/kg dw). Cadmium, as a nephrotoxin, is most often
investigated in the kidney, and then the liver. A comparison
of the current results concerning scaup from Gdańsk Bay
[65] confirms other reports that in diving ducks, including
Aythya marila, Cd accumulates mostly in the kidney and in
a lower degree in the liver [15, 24, 76]. The muscle of the
scaup and other ducks is a minor site of Cd accumulation
[65, 75]. However, research on scaups from different
regions of the southern Baltic show essential differences.
Concentrations of Cd in male scaups from Gdańsk Bay
(GB) are clearly smaller in the breast muscle, liver and kid-
neys than average values for all individuals from Szczecin
Lagoon, SL (GB: 0.03, 0.41, 1.29; SL: 0.27, 2.77, 10.31 in
mgCd/kg dw, respectively). Similar tendencies were
observed for the hard tissues of scaups from Gdańsk Bay
and scaup from Szczecin Lagoon [63, 64].

Scaup populations living in North America displayed
average concentrations of hepatic Cd, which usually do not
exceed 10 mg/kg dw [15, 17, 59, 66, 67, 77]. In contrast to
the liver, theirs had concentrations of nephric Cd several
times higher, and value >80 mgCd/kg dw [23, 26, 68].
Interesting findings concerning scaups from the Californian
coast during early and late wintering have been published
[23, 26]. These diving ducks spent the winter season on the
seacoast, which is polluted with heavy metals, and accumu-
late considerable quantities of toxic metals, including Cd in
the kidneys. Among several analyzed groups, the highest
average concentration of Cd was observed in scaup from
Alameda (33.9 mgCd/kg dw) at the end of wintering [23]. 

Other duck species (sea ducks, especially eiders, genus
Mergini) sometimes showed even higher concentrations of
this metal in the kidneys, and even in the liver. For example
in male Somateria fischeri from Alaska and arctic Russia,
the average concentrations of Cd in those organs were 99.8
and 37.0 mgCd/kg dw, respectively. In some individuals of
this species, the nephric concentration of Cd exceeded 350
mg/kg [42, 76]. Those molluscivorous birds naturally
exposed to high concentrations of Cd in their diet may trig-
ger a tolerance to Cd higher than other species. The tenta-
tive threshold for nephric Cd concentration was proposed
for them 333 mg/kg dw [78]. In detoxification processes of
Cd in birds, the kidneys and liver play a key role, especial-
ly their ability to synthesize of metallothioneins.
Contamination of waterfowl by Cd resulted in an increase
of nephric and hepatic metallothionein (the metal binding
protein) production, which represents the main pathway of
detoxification of Cd [23, 39, 75]. Besides excretion and
metallothionein synthesis, presumably sea birds have the
means to rid themselves of Cd from their systems by either
physiological processes such as breeding and moulting, or
seasonal variations in diet, facilitated by a more rapid
turnover of Cd in the birds' bodies [41, 73, 79-81]. Probably
European populations of scaup belong to that group
because their winter food consists mainly of zebra mussels
[82]. These molluscs are common in the Szczecin Lagoon
and may be an important source of trace metals, including
Cd [71, 83]. Very high Cd levels in liver and kidneys, over
50 and 100 mg/kg dw, respectively, have been reported not
only from molluscivorous ducks, such as eiders from
marine ecosystems [5, 42, 43], but also in inland herbivo-
rous birds. Some plants (especially the willow, Salix spp.)
growing on Cd-rich and/or Cd-polluted grounds may con-
stitute another source of the metal for terrestrial birds, e.g.
from the genus Lagopus [84-86]. Cadmium concentrations
in kidney, liver, and breast muscle of the willow ptarmigan
(Lagopus l. lagopus) from Norway were described about 10
years ago [85]. The highest levels of Cd were typically
found in the oldest (>15 months) individuals (140±30.2,
13.8±5.5, 0.45±0.26 mgCd/kg dw in kidney, liver, and
breast muscle, respectively). Also, a significant Spearman’s
correlation coefficient for muscle Cd and kidney Cd in all
the birds studied (rs=0.72, p<0.01, n=48) was reported. The
authors of that study [85] suggested the relationship
between Cd contents in kidney and breast muscle in birds
to be of special interest, as it indicates an increase in Cd lev-
els in breast muscle when kidney levels exceed about 80-90
mg/kg dw. In the current study, lower Cd concentrations
were found in the three materials investigated, but a higher
rs value for the kidney vs. breast muscle Cd relationship
(rs=0.90, p≤0.0001). In both cases, the maximum muscle
Cd level exceeded the standard set by relevant European
regulation [47].

Unfortunately, there are few reports that examine con-
centrations of Pb and Cd in the muscles, liver, and kidneys
at the same time, hence it is difficult to assess the threat to
people posed by the presence of these metals in game birds.
Considering Pb and Cd concentrations in the livers and kid-
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neys, which are sometimes quite significant, it is difficult to
estimate their levels in muscles and if they exceed permis-
sible values. High correlation coefficients between the Pb
concentrations, and especially between Cd concentrations
in the muscles, liver and kidneys, can only be helpful here
to a small extent [85, this work]. On the basis of the afore-
mentioned studies and comparisons we may assume that
the problem does exist, and is probably more serious than
earlier thought, at least with reference to scaup in Europe. 

References

1. DEL HOYO J., ELLIOTT A., SARGATAL J. (Eds).
Handbook of the Birds of the World. Ostrich to ducks. Lynx
Edicions, Barcelona, 1, 1992.

2. AUSTIN J.E., AFTON A.D., ANDERSON M.G. CLARK
R.G., CUSTER C.M., LAWRENCE J.S., POLLARD J.B.,
RINGELMAN J.K. Declining scaup populations: issues,
hypothesis, and research needs. Wildl. Soc. Bull. 28, 254,
2000.

3. Biological and Ecotoxicological Characteristics of
Terrestrial Vertebrate Species Residing in Estuaries 2007

(www.pwrc.usgs/bioeco/grscaup.htm). 
4. BirdLife International. Birds in the European Union: a sta-

tus assessment. Wageningen, the Netherlands: BirdLife
International 2004.

5. HENNY C.J., RUDIS D.D., ROFFE T.J., ROBINSON-
WILSON E. Contaminants and sea ducks in Alaska and the
circumpolar region. Environ Health Persp. 103, 41, 1995.

6. IUCN Red List of Threatened Species. www.iucnredlist.org,
2008.

7. HAGEMEIJER W.J.M., BLAIR M.J. (Eds). The EBCC
Atlas of European Breeding Birds: Their Distribution and
Abundance. T & A D Poyser, London, 1997.

8. DURNICK J., SKOV H., JENSEN F.P., PIHL S. Important
marine areas for wintering birds in the Baltic Sea. Ornis
Consult Ltd., Copenhagen, pp. 110, 1994.

9. SKOV H., DURNICK J., LEOPOLD M.F., TASKER M.L.
A quantitative method for evaluating the importance of
marine areas for conservation of birds. Biol. Conserv. 136,
362, 2007.

10. TOMIAŁOJĆ L., STAWARCZYK T. The Avifauna of
Poland. Distribution, Numbers and Trends. PTPP proNatura,
Wrocław, 2003 [In Polish].

11. Birds Directive, Council Directive of 2 April 1979,
79/409/EEC.

12. GLASBY G.P., SZEFER P., GELDON J., WARZOCHA J.
Heavy-metal pollution of sediments from Szczecin Lagoon
and the Gdansk Basin, Poland. Sci. Total Environ. 330, 249,
2004.

13. HELCOM. The fourth Baltic Sea pollution load compilation
(PLC-4). Balt. Sea Environ. Proc. 93, 2004.

14. WINFIELD I.J., WINFIELD D.K. Feeding ecology of the
diving ducks pochard (Aythya ferina), tufted duck (A. fuligu-
la), scaup (A. marila) and goldeneye (Bucephala clangula)
overwintering on Lough Neagh, Northern Ireland. Freshwat.
Biol. 32, 467, 1994.

15. COHEN J.B., BARCLEY A.R., MAJOR A.R., FISHER J.P.
Wintering greater scaup as biomonitors of metal contamina-
tion in Federal Wildlife Refuges in the Long Island region.
Arch. Environ. Toxicol. 38, 83, 2000.

16. BURGER J, GOCHFELD M. Marine birds as sentinels of
environmental pollution. EcoHealth 1, 263, 2004.

17. DI GIULIO R.T., SCANLON P.F. Heavy metals in tissues
of waterfowl from the Chesapeake Bay, USA. Environ.
Pollut. 35, 29, 1984.

18. FURNESS R.W., CAMPHUYSEN K.C.J. Seabirds as mon-
itors of the marine environment. ICES J. Mar. Sci. 54, 726,
1997.

19. FURNESS R.W., GREENWOOD J.J.D., JARVIS P.J. Can
birds be used to monitor the environment? In: Furness RW,
Greenwood JJD (Eds) Birds as Monitors of Environmental
Change. Chapman and Hall, London, pp. 1-41, 1993.

20. ETHIER A.L.M., BRAUNE B.M., SCHEUHAMMER
A.M., BOND D.E. Comparison of lead residues among
avian bones. Environ. Pollut. 145, 915, 2007.

21. Greater Scaup Contaminant Response Data. USGS: US
Geological Survey, 2007.
http://www.pwrc.usgs.gov/bioeco/grscaup.htm

22. GUITART R., TO-FIGUERAS J., MATEO R.,
BERTOLERO A., CERRADELO S., MARTINEZ-VILAL-
TA A. Lead poisoning in waterfowl from the Ebro Delta,
Spain: calculation of lead exposure thresholds for mallards.
Arch. Environ. Contam. Toxicol. 27, 289, 1994.

23. HOTHEM R.L., LONZARICH D.G., TAKEKAWA J.E.,
OHLENDORF H.M. Contaminants in wintering canvas-
backs and scaups from San Francisco Bay, California.
Environ. Monit. Asses. 50, 67, 1998.

24. SCHEUHAMMER A.M. The chronic toxicity of aluminum,
cadmium, mercury, and lead in birds: A review. Environ.
Pollut. 46, 263, 1987.

25. SCHEUHAMMER A.M. Monitoring wild bird populations
for lead exposure. J. Wild. Manage. 53, 759, 1989.

26. TAKEKAWA J.E., WAINWRIGHT-DE LA CRUZ S.E.,
HOTHEM L.R., YEE J. Relating body condition to inor-
ganic contaminant concentrations of diving ducks winter-
ing in coastal California. Arch. Environ. Toxicol. 42, 60,
2002.

27. BRAUNE B.M., MALONE B.J. Organochlorines and trace
elements in upland game birds harvested in Canada. Sci.
Total Environ. 363, 60, 2006.

28. KAN C.A., MEJER G.A.L. The risk contamination of food
with toxic substances present in animal feed. Animal Feed.
Sci. Technol. 133, 84, 2007.

29. MATEO R., RODRIGUEZ-DE LA CRUZ M., VIDAL D.,
REGLERO M., CAMARERO P.  Transfer of lead from shot
pellets to game meat during cooking. Sci. Total Environ.
372, 480, 2007.

30. BURGER J., KENNAMER R.A., BRISBIN I.L.,
GOCHFELD M. Metal levels in mourning doves from
South Carolina: potential hazards to doves and hunters.
Environ. Res. 75, 173, 1997. 

31. GUILLEMAIN M., DEVINEAU O, LEBRETON J.-D.,
MONDAIN-MONVAL J.-Y., JOHNSON A.R., SIMON G.
Lead shot and teal (Anas crecca) in the Camargue, southern
France: Effects of embedded and ingested pellets on sur-
vival. Biol. Conserv. 137, 567, 2007.

32. JOHANSEN P., ASMUND G., RIGET F. Lead contami-
nation of seabirds harvested with lead shot – implications
to human diet in Greenland. Environ. Pollut. 112, 501,
2001.

33. JOHANSEN P., ASMUND G., RIGET F. High human
exposure to through consumption of birds hunted with lead
shot. Environ. Pollut. 127, 125, 2004.

34. JENG S.L., LEE S.J., LIU Y.F., YANG S.C., LIOU P.P.
Effect of lead ingestion on concentrations of lead in tissues
and eggs of laying Tsaiya ducks in Taiwan. Poult. Sci. 76,
13, 1997.

1220 Kalisińska E., Salicki W. 



35. KALISIŃSKA E., WYSOCKI R., DAŃCZAK A.,
KALISIŃSKI M., ENGEL J. Hunters’ shot in the stomach
of wild geese Anser taken in area of Słońsk reserve. Acta
Ornithol. 30, 117, 1995.

36. PAIN D.J. Lead poisoning of waterfowl: a review. In: Pain
DJ (Ed.) Lead Poisoning of Waterfowl. Proc IWRB
Workshop, Brussels, Belgium, 1991. IWRB Spec. Publ. 16,
Slimbridge, UK, pp. 105, 1992.

37. CAMPBELL P.G.C. Cadmium – a priority pollutant.
Environ. Chem. 3, 387, 2006.

38. JÄRUP L. Cadmium overload and toxicity. Nephrol. Dial.
Transplant. 17 (2), 35, 2002.

39. IKEMOTO T.,  KUNITO T., TANAKA H., BABA N.,
MIYAZAKI N., TANABE S. Detoxification mechanism of
heavy metals in marine mammals and seabirds: interaction
of selenium with mercury, silver, copper, zinc, and cadmi-
um in liver. Arch. Environ. Contam. Toxicol. 47, 402,
2004.

40. MOCHIZUKI M., HONDO R., KUMON K., SASAKI R.,
MATSUBA H., UEDA F. Cadmium contamination in wild
birds as an indicator of environmental pollution. Environ.
Monit. Asses. 73, 229, 2002.

41. STEWART F.M., FURNESS R.W. The influence of age on
cadmium concentrations in seabirds. Environ. Monit. Asses.
50, 159, 1998.

42. STOUT J.H., TRUST K.A., COCHRANE J.F., SUYDAM
R.S., QUAKENBUSH  L.T. Environmental contaminants in
four eider species from Alaska and arctic Russia. Environ.
Pollut. 119, 215, 2002.

43. TRUST K.A., RUMMEL K.T., SCHEUHAMMER A.M.,
BRISBIN I.L., HOOPER M.J. Contaminant exposure and
biomarker responses in spectacled eiders (Somateria fis-
cheri) from St. Lawrence Island, Alaska. Arch. Environ.
Contam. Toxicol. 38, 107, 2000.

44. AMAP. Heavy metals in the Arctic. Arctic Monitoring
Assessment Programme (AMAP), Oslo, Norway, pp. 265,
2005.

45. GOUGH L.P., SANZALONE R.F., CROCK J.G., FOS-
TLER A.L., LAMOTHE P.J., AGER C.M., GENT C.A.
Biogeochemical and biochemical pathway investigations of
cadmium in subarctic ecosystems using a cadmium accu-
mulator species (willow). In: Balistrieri L.S., Stillings L.L.
(Eds) Pathways of Metal Transfer from Mineralized Sources
to Bioreceptors: A synthesis of the mineral resources pro-
gram’s past environmental studies in the Western United
States and future research direction 2002.
http://geopubs.wr.usgs.gov/bulletin/b2191

46. SNIVELY M., FLASPOHLER D.J. A comparative study of
cadmium and cooper in ruffed grouse (Bonasa umbellus) in
regions with and without historic mining. Ecotoxicol.
Environ. Safety 65, 165, 2006.

47. Commission Regulation (EC) No 1881/2006 of 19
December 2006 setting maximum levels for certain contam-
inants in foodstuffs. Offic. J. EU. 364/5, 20.12.2006.

48. SIEGEL-CAUSEY D. On use of size of the bursa of
Fabricius as an index of age and development. J. Field
Ornithol. 61, 441, 1990.

49. SOKAL R., ROHLF F.J. Biometry. W. H. Freeman &
Company, New York, 1995.

50. MORAN J.L., SOLOMON P. Worrying about normality.
Crit. Care Resuscit. 4, 316, 2002.

51. PAIN D.J. Lead poisoning of waterfowl: a review. In:
Matthew GVT (Ed.) Managing waterfowl populations. Vol.
230. Proc IWRB Symposium Astrakhan 1989. Slimbridge,
UK: IWRB Spec. Publ. 12, 172, 1990.

52. SCHEUHAMMER A.M., NORRIS S.L. The ecotoxicology
of lead shot and lead fishing weights. Ecotoxicology 5, 279,
1996.

53. JOHANSEN P., PEDERSEN H.S., ASMUND G., RIGET F.
Lead shot from hunting as a source of lead in human blood.
Environ. Pollut. 142, 93, 2006.

54. PAIN D.J., MEHARG A.A., FERRER M., TAGGART M.,
PENTERIANI V. Lead concentrations in bones and feathers
of the globally threatened Spanish imperial eagle. Biol.
Conserv. 121, 603, 2005.

55. HEINZ GH, HOFFMAN DJ, SILEO L, AUDET D.J.,
LECAPTAIN L.J. Toxicity of lead-contaminated sediment
to mallards. Arch. Environ. Contam. Toxicol. 36, 323, 1999.

56. LEVENGOOD J.M. Cadmium and lead in tissues of mal-
lard (Anas platyrhynchos) and wood ducks (Aix sponsa)
using the Illinois River (USA). Environ. Pollut. 122, 177,
2003.

57. POLLOCK B., MACHIN K.L. Corticosterone in relation to
tissue cadmium, mercury and selenium concentrations and
social status of male lesser scaup (Aythya affinis).
Ecotoxicology 18, 5, 2009.

58. SZAREK J., FELSMANN M.Z., MARKIEWICZ K.,
MARKIEWICZ E., FELSMANN M. Cadmium levels in
young coots originating from industrial and agricultural
regions of north-middle Poland. Pol. J. Environ. Stud. 10,
489, 2001.

59. GOCHFELD M., BURGER J. Heavy metal concentrations
in the liver of three duck species: influence of species and
sex. Environ. Pollut. 45, 1, 1987.

60. KOZULIN A., PAVLUSCHICK T. Content of heavy metals
in tissues of mallards Anas platyrhynchos wintering in pol-
luted and unpolluted habitats. Acta Ornithol. 28, 55, 1993.

61. OLSEN P.D. Heavy metal residues in Pacific black duck
Anas supercilosa from Griffith, New South Wales. Emu 84,
44, 1984.

62. ŚWIERGOSZ R., KOWALSKA A. Cadmium accumulation
and its effects in growing pheasants Phasianus colchicus
(L.). Environ. Toxicol. Chem. 19, 2742, 2000.

63. KALISIŃSKA E., SALICKI W., KAVETSKA K.M.,
LIGOCKI M. Trace metal concentrations are higher in car-
tilage than in bones of scaup and pochard wintering in
Poland. Sci. Total Environ. 388, 90, 2007.

64. SZEFER P., FALANDYSZ J. Trace metals in the bones of
scaup duck (Aythya marila L.) wintering in Gdańsk Bay,
Baltic Sea, 1982-83 and 1983-84. Sci. Total Environ. 53,
193, 1986. 

65. SZEFER P., FALANDYSZ J. Trace metals in the soft tissues
of scaup ducks (Aythya marila L.) wintering in Gdańsk Bay,
Baltic Sea. Sci. Total Environ. 65, 203, 1987.

66. BAKER F.D., TUMASONIS C.F., STONE W.B., BUSH B.
Levels of PCB and trace metals in waterfowl in New York
State. NY Fish and Game J. 23, 82, 1976.

67. BARCLAY J.S., ZINGO J.M. Winter scaup population in
Connecticut coastal waters. CT Warbler 13, 136, 1993.

68. OHLENDORF H.M., LOWE R.W., KELLY P.R., HAR-
VEY T.E. Selenium and heavy metals in San Francisco Bay.
J. Wildl. Manage. 50, 64, 1986.

69. SCANLON P.F., STOTTS V.D., ODERWALD R.G.,
DIETRICK T.J., KENDALL R.J. Lead concentrations in
livers of Maryland waterfowl with and without ingested
shot present in gizzards. Bull. Environ. Conatm. Toxicol.
25, 855, 1980.

70. VERMEER K., PEAKALL D.B. Trace metals in seaducks
of the Fraser River Delta intertidal area, British Colambia.
Mar. Pollut. Bull. 10, 189, 1979.

Lead and Cadmium Levels in Muscle, Liver,... 1221



71. WIESNER L., BURKHART G., FENSKE C. Temporal and
spatial variability in the heavy-metal content of Dreissena
polymorpha (Pallas) (Mollusca: Bivalvia) from the Kleines
Haff (northeastern Germany). Hydrobiologia 443, 137,
2001.

72. EISLER R. Cadmium hazards to risk, wildlife and inverte-
brates: a synoptic review. U.S. Fish and Wildl. Ser, Biol.
Rep. 85, (1.2), 1, 1985.

73. BURGER J. Heavy metals in avian eggshells: another extrac-
tion method. J. Toxicol. Environ. Health. 41, 207, 1994.

74. SILVER T.M., NUDDS T.D. Influence of low-level cadmi-
um and reduced calcium intake on tissue Cd concentrations
and behaviour of American black ducks. Environ. Pollut. 90,
153, 1995.

75. LUCIA M., ANDRE J.M., GONZALEZ P., BAUDRI-
MONT M., GONTIER K., MAURY-BRACHET R.,
DAVAIL S. Impact of cadmium on aquatic bird Cairina
moschata. Biometals 22, 843, 2009.

76. KIM E-Y., ICHIHASHI H., SAEKI K., ATRASHKEVICH
A., TANABE S., TATSUKAWA R. Metal accumulation in
tissues of seabirds from Chaun, northeast Siberia, Russia.
Environ. Pollut. 92, 247, 1996.

77. BADZINSKI S.S., FLINT P.L., GORMAN K.B., PETRIE
S.A. Relationships between hepatic trace elemnt concentra-
tions, reproductive status, and body condition of female
greater scaup. Environ. Pollut. 157, 1886, 2009.

78. FURNESS R.W. Cadmium in birds. In: Bayer W.N., Heinz
G.H., Redmon-Norwood A.W. (Eds) Environmental

Contaminants in Wildlife: Interpreting Tissue
Concentrations. CRC Press, Boca Raton, Florida, pp. 389-
404, 1996.

79. BURGER J., GOCHFELD M. Trace element distribution in
grooving feathers: additional extraction in feather sheaths.
Arch. Environ. Contam. Toxicol. 23, 105, 1992.

80. KIM J., KOO T.H. The use of feathers to monitor heavy
metal contamination in herons, Korea. Arch. Environ.
Contam. Toxicol. 53, 435, 2007.

81. BURGER J. Assessment and management of risk to wildlife
from cadmium.  Sci. Total. Environ. 389, 37, 2008.

82. DE LEEUW J.J. Food intake rates and habitat segregation of
tufted duck Aythya fuligula and scaup Aythya marila exploit-
ing zebra mussels Dreissena polymorpha. Ardea 87, 15,
1999.

83. PROTASOWICKI M. Long-term studies on heavy metals in
aquatic organisms from the river Odra mouth area. Acta
Ichthyol. Piscat. 21, 301, 1991.

84. LARISON J.R., LLKENS G.E., FITZPATRICK J.W.,
CROCK J.G. Cadmium toxicity among wildlife in the
Colorado Rocky Mountains. Nature 406, 181, 2000. 

85. MYKLEBUST I., PEDERSEN H.C. Accumulation and dis-
tribution of cadmium in willow ptarmigan. Ecotoxicology 8,
457, 1999.

86. PEDERSEN H.C., FOSSØY F., KÅLÅS J.A., LIERHA-
GEN S. Accumulation of heavy metals in circumpolar wil-
low ptarmigan (Lagopus l. lagopus) populations. Sci. Total
Environ. 371, 176, 2006.

1222 Kalisińska E., Salicki W. 


