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E. Carpen#{232},R. Serra, and G. Isani

Department of Biochemistry, Veterinary Biochemistry Section, University of Bologna,
via Tolara di Sopra 30, Ozzano Emilia, Bologna, Italy

ABSTRACT: Concentrations of heavy metals (zinc, copper, cadmium, and iron) were measured

in several tissues (brain, gizzard, leg-muscle, heart, breast-muscle, intestine, liver and kidney) of
moorhens (Gallinula chloropus), black-headed gulls (Larus ridibundus), and coots (Fulica atra)
collected between autumn 1985 and spring 1989 in northern Italy. Cadmium concentrations in

the liver and kidney of water-rails (Rallus aquaticus) and in five species of Anatidae collected
also were measured. High mean (±SD) copper levels were detected in aerobic muscles such as
heart (38 ± 5 �ig/g dry weight (DW)) and pectoral muscles (35 ± 7 �g/g DW). Compared to

other tissues, the iron content of brain was rather low and constant, with a mean value of 160 ±
17 �tg/g DW in moorhens, 157 ± 60 �ig/g DW in black-headed gulls, and 157 ± 25 �ig/g DW

in coots. Iron concentrations in tissues of moorhens from the Reno River were significantly higher

than those from the Sile River. Cadmium was detectable only in the liver and kidney; there was
a linear relationship between cadmium levels in these two organs. The highest mean (± SD)
cadmium concentrations were present in the kidney of black-headed gull (30 ± 20 �g/g DW).

Key words: Tissue distribution, wildfowl, zinc, copper, iron, cadmium.

INTRODUCTION

Birds accumulate high concentrations of

toxic metals (Burgher and Gochfeld, 1985).

Past studies often focused on lead, cad-

mium, and mercury. Lead generally has

an anthropogenic origin, such as lead-con-

taining gasoline, lead shot, or fishing

weights (White and Stendell, 1977). Cad-

mium is a ubiquitous heavy metal whose

abundance in the biosphere has increased

due to various human activities (Cain et

a!., 1983); habitats near wastewater out-

falls containing high levels of cadmium

have shown substantial perturbations

among their aquatic animal populations

(Yost, 1984). Mercury may be naturally

present in the environment (Leonzio et a!.,

1986) or introduced as a consequence of

pollution (Lindsay and Dimmick, 1983).

Less attention has been paid to essential

heavy metals among birds; depending on

their concentration in the tissue, heavy

metals can exert a toxic or a beneficial

effect. Each bird species has a character-

istic metal content in its tissues depending

on the amount of metal taken up in the

diet (Cain et a!., 1983) and the biology of

the species (Goede et a!., 1989). For strictly

nonessential metals such as cadmium, mer-

cury, or lead, when tissue levels are low,

it is possible that their effects are not nec-

essarily negative. Our objective was to

compare levels of zinc (Zn), copper (Cu),

iron (Fe), and cadmium (Cd) in several

species of waterfowl from northern Italy;

we defined Zn, Cu, and Fe as essential

metals, and Cd as a nonessential metal.

The sampling area was a major center for

various kind of industries and for intensive

agriculture in northern Italy. In the case

of the moorhen (Gallinula chloropus),

there were enough specimens to compare

the influence of the geographic distribu-

tion on the metal composition. Some of the

birds were collected along the Reno River

in a place which was supposedly unpol-

luted.

MATERIALS AND METHODS

Forty-eight specimens of waterfowl were col-

lected. Birds were shot during the hunting sea-
son (Anatidae and Rallidae); five Laridae were
found dead due to trauma. Birds were collected

between 1985 and 1989 in and near the Vene-
tian Lagoon (45#{176}33’N, 12#{176}31’E) and Sile River
(45#{176}36’N, 12#{176}20’E). Additional moorhens were

collected from the Reno River (44#{176}18’N,
1 1#{176}07’E).We collected black coots (Fulica atra),

mallards (Anas platyrhynchos), common p0-

chards (Aythya ferina), garganeys (Anas quer-
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TABLE 1. Bird species, collection sites, metals analyzed, and samples pooled, northern Italy, 1985 to 1989.

Total

Species Location

animals
collected

Number
of pools

Animals
per pooi

Metals
analyze&

Moorhen Reno River

Sile River

8

12

2

3

4

4

Cd, Zn, Cu, Fe

Cd, Zn, Cu, Fe
Black-headed gull Venice Lagoon 5 5 1 Cd, Zn, Cu, Fe
Water rail Reno River 1 1 1 Cd
Green-winged teal Venice Lagoon 3 1 3 Cd

Garganey Venice Lagoon 3 1 3 Cd

Common pochard Venice Lagoon 6 2 3 Cd
Black coot Venice Lagoon 6 2 3 Cd, Zn, Cu, Fe
Pintail Venice Lagoon 1 1 1 Cd

Mallard Venice Lagoon 3 3 1 Cd

Cd. cadmium; Zn, zinc; Cu, copper; Fe, iron.

quedula), green-winged teal (Anas crecca),

moorhens, black-headed gulls (Larus ridibun-
dus), pintails (Anas acuta), and water rails (Ral-
lus aquaticus) (Table 1). Moorhens, black-head-
ed gulls, and coots were analyzed for Zn, Cu,
Fe, and Cd content in eight tissues: brain, giz-
zard, leg-muscle, heart, breast-muscle, intestine,
liver, and kidney. The other six species were
sampled only for Cd in liver and kidney. All
birds appeared to be healthy with the exception
of one underweight pintail. Tissue samples from

0.5 to 2.0 g were removed, placed in polyeth-
ylene vials and lyophilized. Samples of the same

tissue from several birds were pooled for anal-
ysis (Table 1); samples from black-headed gulls

were analyzed individually. The lack of unifor-
mity of the number of analyses for each species
was due to the impossibility of obtaining more
representative specimens. The lyophilized tis-

sues (100 to 300 mg) were placed in platinum
crucibles and heated overnight at 480 C. The
ash residue was dissolved in 1 N hydrochloric

acid. Metals were analyzed by flame atomic ab-
sorption spectrophotometry (AAS) using an IL-
11 spectrophotometer (Thermo Jarrell Ash Cor-

poration, Franklin, Massachusetts, USA). The
accuracy of the method was evaluated by cal-
ibration with international standards from the
International Atomic Energy Agency (IAEA)
(Principality of Monaco: MA-A-2 (fish), MA-

M-1 (oyster), MA-A-i (copepod), and MA-M-2
(mussel)). The concentrations found with our

methods fell in the confidence interval given by

IAEA. All statistical analyses were performed
using an SPSS program for MS WINDOWS Re-
lease 6.0 (SPSS, 1993). A one-way analysis of
variance (ANOVA) procedure was performed
to determine the variability of the observations
within each group as well as the variability be-

tween the group means. When significant dif-
ferences between mean values of metal concen-

trations from species or from tissues were found,

we used the Scheff#{233}test (P 0.05) to determine
which means were significantly different from

each other. Student’s t-test was used to evaluate
differences between means from Reno and Sile
River moorhens; differences with P < 0.05 were
considered significant. A regression analysis be-
tween renal and hepatic Cd concentrations also
was computed.

RESULTS

The metal levels in the waterfowl were

characteristic of the tissues analyzed; Fe

general!y had the highest values followed

by Zn and then Cu (Tables 2, 3, 4, and 5).

Among muscles, the gizzard was rich in

Zn, whereas other muscle tissues had high

Cu values, except for the black-headed gull

leg-muscle (Table 4). Brain tissue had low

levels of heavy metals, especially Fe. Tis-

sues connected with metal uptake, storage,

and excretion (intestine, liver, and kidney)

had large fluctuations.

Among moorhens, the highest Zn levels

were found in the gizzard (141 ± 5 �ig/g

DW) and lowest in breast muscle (50.1 ±

3.5 �sg/g DW) (Table 2). For Cu, the high-

est and lowest values were found in the

breast muscle (38.1 ± 4.8 �ig/g DW) and

in the gizzard (9.2 ± 1.3 �ig/g DW), re-

spectively; if gizzard data are excluded,

Cu was higher in muscle than in the other

tissues (Table 2). Iron !eve!s varied be-

tween a minimum (160 ± 17 �g/g DW)

in brain and a maximum (2,270 ± 2,750
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‘Significantly different from the corresponding value for Reno River as determined by Students t-test, P < 0.05.

TABLE 2. Mean (±SD) zinc, copper, and iron concentrations (�g/g dry weight) of moorhens from the Sile
and Reno Rivers in northern Italy, 1985 to 1989.

Tissues Zinc Copper Iron

Brain 66.5 ± 3.3’

(n=4)

16.9 ± 3.6

(n=3)

160 ± 17

(n=4)

Gizzard 141 ± 5b

(n=5)

9.2 ± 1.3

(n=4)

347 ± 21’

(n=5)

Leg-muscle 67 ± 12

(n=5)

28.2 ± 8’

(n=4)

197 ± 91

(n=5)

Heart 106 ± 10’
(n=5)

28.0 ± 33”

(n=4)

560 ± 200

(n=5)

Breast-muscle 50.1 ± 3.5

(n=5)

38.1 ± 4.8”

(n=3)

411 ± 67’

(n=4)

Intestine 109 ± 27’

(n=5)

13.8 ± 3.2

(n=5)

550 ± 390

(n=5)

Liver 120 ± 9b

(n=5)

18 ± 7

(n=5)

2,270 ± 2,750

(n=5)

Kidney 95 ± 10

(n=5)

18.9 ± 2.7

(n=5)

570 ± 250’

(n=5)

Significantly different from black-headed gull.

Significantly different from coot.

�g/g DW) in the liver (Table 2). Iron con-

centrations in tissues of moorhens from the

Reno River were higher than those from

the Sile River, but due to high individual

fluctuations only breast-muscle and intes-

tine values were significantly different; no

significant differences were found for Cu,

whereas differences were found in heart

and breast-muscle for Zn (Table 3).

Among black-headed gulls the highest

Zn levels were found in the gizzard (132.7

± 4.3 �ig/g DW) and the !owest in breast-

TABLE 3. Mean (±SD) zinc, copper, and iron concentrations (�g/g dry weight) of moorhens from the Sue
and Reno Rivers, northern Italy, 1985 to 1989.

Tissues

Zinc Copper Iron

Sile Reno Sile Reno Sue Reno

Brain 65 ± 2

(n = 2)

68.1

(n

± 4.3

= 2)

16.7 ± 5.1

(n = 2)

17.3

(n = 1)

152

(n

± 18

= 2)

168 ± 17

(n = 2)

Gizzard 140 ± 6

(n = 3)

142

(n

± 6

= 2)

8.6 ± 1.2

(n = 2)

9.8 ± 1.6

(n = 2)

348

(n
± 28

= 3)

345 ± 14

(n = 2)

Leg-muscle 62 ± 13

(n = 3)

75.8

(n
± 8.7

= 2)

23.6 ± 5.1

(n = 2)

32.6 ± 9.4

(n = 2)

141

(n

± 26

= 3)

283 ± 87

(n = 2)

Heart 113 ± 2’

(n = 3)

95.0

(n
± 0.7

= 2)

26 ± 3

(n = 3)

31.5

(n = 1)

479

(n
± 99

= 3)

697 ± 297

(n = 2)

Breast-muscle 50.5 ± 0.7’

(n = 2)

54.2

(n
± 0.5

= 2)

37.2 ± 6.5

(n = 2)

39.69

(n = 1)

353
(n

± 2’

= 2)

468 ± 16

(n = 2)

Intestine 108 ± 13

(n = 3)

113

(n

± 51

= 2)

12.1 ± 3.2

(n = 3)

16.2 ± 0.2

(n = 2)

288

(n

± 102’

= 3)

955 ± 253

(n = 2)

Liver 118 ± 10

(n = 3)

122

(n

± 10

= 2)

19.8 ± 3.9

(n = 3)

15.2 ± 11.8

(n = 2)

485

(n
± 58

= 3)

4,940 ± 2,520

(n = 2)

Kidnev 90.0 ± 2.3

(n = 3)

103

(n

± 15

= 2)

19.2 ± 0.7

(n = 3)

18.5 ± 5.3

(n = 2)

421

(n
± 199

= 3)

797 ± 67

(n = 2)
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TABLE 4. Mean (±SD) zinc, copper, and iron concentrations (�zg/g dry weight) of black-headed gulls from

Venice Lagoon in northern Italy, 1985 to 1989.

Tissues Zinc Copper Iron

Brain 49.0

(n

± 3.3”'

=4)

9.3 ± 1.8’

(n=4)

157 ± 60

(n=4)

Gizzard 132.7

(n
± 4.3’

=5)

5,9 ± #{216},9b

(n=4)

117 ± 32’�

(n=5)

Leg-muscle 99

(n

± 22

=5)

7.1 ± 1.7”'

(n=4)

164 ± 32

(n=5)

Heart 77

(n
± 10”'

=5)

15.6 ± 34&.b

(n=4)

431 ± 124

(n=4)

Breast-muscle 45.0

(n
± 7.5

=5)

14.3 ± 1.5”

(n=5)

298 ± 45b

(n5)

Intestine 134
(n

± 12’

=4)

14.6 ± 7.5

(n=4)

130 ± 34

(n=5)

Liver 91

(ri

± 22’

=5)

19.3 ± 4.2

(n=5)

2,240 ± 260

(n=5)

Kidney 104

(n

± 24

=5)

24.5 ± 7.4

(n=5)

1,140 ± 320”'

(n=5)

Significantly different from moorhen.

“Significantly different from coot.

muscle (45 ± 7.5 j�tg/g DW) (Table 4). For

Cu, the highest and lowest values were

found in the kidney (24.5 ± 7.4 �g/g DW)

and in the gizzard (5.9 ± 0.9 �ig/g DW),

respectively (Table 4). Iron levels varied

from a minimum of 117 ± 32 �g/g DW

in the gizzard to a maximum of 2,240 ±

260 �g/g DW in the liver (Table 4).

Among coots, the highest Zn levels were

found in the liver (203 ± 15 �ig/g DW)

and the lowest in the intestine (54 ± 7.1

�g/g DW) (Table 5). For Cu, the highest

and lowest values were found in the heart

(43.6 ± 3.3 ,�g/g DW) and in the intestine

(3.9 ± 0.1 �g/g DW), respectively (Table

5). Iron levels varied from a minimum of

157 ± 25 �g/g DW in the brain to a max-

imum of 570 ± 130 �ig/g DW in the kid-

ney (Table 5).

There were several significant interspe-

cies differences in metal concentrations

when single tissues and total loads were

compared (Tables 2, 4, 5). For Zn, inter-

specific significant differences (P = 0.05)

were found in brain, gizzard, heart, intes-

tine, and liver; for Cu, in the brain, breast-

muscle, gizzard, heart, and leg-muscle; and

for Fe, in breast-muscle, gizzard and kid-

ney (Tables, 2, 4, 5). For example, higher

levels of Cu and Fe were present in the

heart and in the two skeletal muscles of

moorhens and coots as compared to the

black-headed gull tissues. Adding the Cu

averages of the three tissues we obtained

a total for each species, respectively, of 94,

114, and 37 �ig/g DW; doing the same for

Zn, we obtained: 223, 291, and 221 �g/g

DW, respectively. These values were used

to compute a Cu:Zn ratio of 0.42, 0.39,

and 0.16 for moorhen, coot, and black-

headed gull, respectively.

Cadmium was detectable (�0.1 �g/g

DW) only in the liver and kidney of the

nine avian species analyzed (Table 6). In

a!! species, Cd was higher in the kidney

than in the liver. The mallard had the low-

est Cd levels in both tissues, whereas the

highest values were found in the black-

headed gull. Due to large individual fluc-

tuations in Cd content, no significant dif-

ferences among species were found. Cad-

mium concentrations from the liver (n =

20) were plotted against those from the

kidney (n = 20) and a positive correlation

between the two organs was found, y =

0.43 + 0.09x, where y is defined as the
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NA, not analyzed.

TABLE 5. Mean (±SD) zinc, copper, and iron concentrations (�g/g dry weight) of black coots from Venice

Lagoon in northern Italy, 1985 to 1989.

Tissues Zinc Copper Iron

Brain 67.0 ± 6.4’

(n=2)

10.9 ± 2.0

(n=2)

157 ± 25

(n=2)

Gizzard 170”'
(n=1)

11.5 ± 3.2’

(n=2)

389 ± 127’

(n=2)

Leg-muscle 109 ± 13

(n=2)

31.6 ± 1.3’

(n=2)

288 ± 30

(n=2)

Heart 124’

(n=1)

43.6 ± 33�.b

(n=2)

452 ± 10

(n=2)

Breast-muscle 57.2 ± 1.0

(n=2)

38.7 ± 3.0’
(n=2)

364.0 ± 5.6
(n=2)

Intestine 54.0 ± 7.1”

(n=2)

3.9 ± 0.1

(n=2)

NA�

Liver 203 ± 15”

(n=2)

24.1 ± 5.6

(n=2)

271 ± 810

(n=2)

Kidney 82.7 ± 7.4

(n=2)

16.1 ± 3.4

(n=2)

570 ± 130’

(n=2)

Significantly different from black-headed gull.

“Significantly different from moorhen.

NA, not analyzed.

concentration of Cd in �zg/g DW of liver,

and x is defined as the concentration of Cd

in �ig/g DW of kidney (r = 0.92, P <

0.001).

DISCUSSION

It is important to analyze trace metal

levels in tissues of different birds because

metal patterns can vary widely with the

organ or the species. Few data are avail-

able for metal concentrations in birds from

northern Italy (Renzoni et a!., 1986). Most

concentrations of physiological heavy met-

als found in the tissues of aquatic birds in

this study fell within the range of those

reported by other authors (Szefer and Fa-

landysz, 1987).

We believe that the levels of Fe, Zn and

Cu can be linked to the physiological role

played by these metals. Iron is widely uti-

lized by molecular structures in redox sys-

tems as heme proteins and in nonheme

enzymes; its biochemical role requires a

fine-tuned regulation because the free

forms are very toxic (Gutteridge, 1987).

Excess Fe is stored in non-toxic form main-

ly in the liver, in the ferritin molecule; thus

it is common to find high levels of Fe in

the liver, which can present physiological

variations of the metal in connection with

the egg laying process (Saiz et al., 1990).

Due to Fe segregation into ferritin and

hemosiderin, hemosiderosis in birds does

not appear to compromise health (Ward

et a!., 1988). High levels of hepatic Fe also

can be connected with lead poisoning

TABLE 6. Mean (±SD) cadmium concentrations

(�zg/g dry weight) in kidney and liver of aquatic birds
from northern Italy, 1985 to 1989.

Num-

ber

eval-
Species uated Liver Kidney

Moorhen 5 0.67 ± 0.13 1.22 ± 0.56

Black-headed gull 5 4.0 ± 3.3 32 ± 26

Water-rail 1 NA’ 2.0

Green-winged

teal 1 0.9 1.4

Garganey 1 0.6 3.2

Common pochard 2 0.39 ± 0.28 1.9 ± 0.1

Black coot 2 0.45 ± 0.07 0.95 ± 0.35

Pintail 1 0.64 2.0

Mallard 3 0.19 ± 0.04 0.63 ± 0.22
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(Ochiai et al., 1992) and Zn poisoning

(Droua! et al., 1991). As expected, in these
birds the highest Fe levels were found in

the liver, with the exception of coot. Birds

of the Order Galliformes tend to have low-

er Fe levels than those of the Orders Pas-

seriformes, Coraciiformes and Anseri-

formes (Ward et al., 1988). We observed

that moorhens from the Reno River con-

tained higher Fe concentrations than

moorhens from the Sile River (Table 3),

and we believe that diet may have influ-

enced the tissue Fe concentration. A small

ironworks close to the collection site on the

Reno River could account for these dif-

ferences.

Zinc is as important as Fe for the roles

that it plays at the biochemical level. The

predominance of Zn in the gizzard is rath-

er interesting and the small standard de-

viation could be indicative of a specific

function of the metal in this organ (Tables

2, 4, and 5). In the central nervous system

we found similar Zn values (from 49 ± 3

to 67 ± 6 �ig/g DW) as reported for fish

(from 56.8 ± 8.7 to 64.4 ± 2.3 �ig/g DW)

(Carpen#{232} et al., 1994) and mammals (Pro-
haska, 1987). These results add evidence

to the importance of a tight homeostasis

of metal ions for brain function, including

neurotransmission, as proposed by Xie and

Smart (1991).

In tissues, Cu probably occurs in several

oxidation states. Free Cu can be relatively

toxic and, like other heavy metals (Cd, Zn),

it can be sequestered by metallothionein

and accumulated in the liver at high con-

centrations. Thus, hepatic Cu can vary

widely, depending on the diet (Droual et

a!., 1991) and on bioavailability (Zanetti

et a!., 1991). As for Fe, the aerobic muscles

(heart and pectoral muscle) were rich in

Cu which is a cofactor of cytochrome ox-

idase, a respiratory protein found in large

amounts in aerobic muscle. Black-headed

gulls had Cu levels in muscle significantly

lower than the corresponding values of

moorhens and coots (Tables 2, 4, and 5).

This fact could be related to a lower pro-

portion of oxidative fibers leading to lower

oxidative capacity, which in turn resulted

in a lower Cu:Zn ratio (0.16) in the mus-

cu!ar tissues. An analogous situation was

found by Caldow and Furness (1993) who

compared fiber types in the muscle pee-

toralis of the great skua (Catharacta skua)

and the herring gull (Larus argentatus);

the oxidative and glycolytic activities of

the muscle of the great skua were signif-

icantly higher than those of the homolo-

gous muscle of the herring gull. The au-

thors proposed that this difference enabled

the former species to be a more effective

aerial kleptoparasite than the latter spe-

cies.

Deficiency or excess of Zn, as we!! as Cu

and Fe can cause serious neurological dis-

orders (Prohaska, 1987), and metal con-

centrations apparently are kept more con-

stant than in other tissues. Probably an

efficient brain barrier can control not only

the total amounts but also the regional dis-

tribution, which for Cu in mammals can

range from 9.8 �ig/g DW in the corpus

callosum to a maximum of 201 �g/g DW

in the locus coeruleus and for Zn from 28.8

in the centrum semiovale to 107 �ig/g DW

in the hippocampus (Prohaska, 1987).

When metal levels rise, it is likely that the

synthesis of metallothionein can control the

amount of the free ions even in the brain

(Ebadi et al., 1989). Based on our data, we

do not believe that birds were exposed to

high levels of Cu or Zn. In ducks, liver

values of 8.5 to 48.1 �g/g fresh weight

(FW) have been reported by Burgher and

Gochfeld (1985).

The presence of detectable levels of Cd

in the liver and kidney of most of the in-

vestigated species (Table 6) probably was

due to the biosynthesis of metallothionein,

a low molecular weight protein rich in cys-

teine that is easily induced by heavy met-

als. Even if its role is still matter of dis-

cussion (K#{228}giand Kojima, 1987), there is

no doubt that when Cd is chelated by me-

tallothionein, the metal toxicity is de-

creased. Cadmium-metal!othionein also

was isolated from chicken liver (Weser et

a!., 1973) and liver and kidney of Japanese
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quail (Coturnix coturnix japonica) (Ya-

mamura and Suzuki, 1984) injected with

CdCl2. Generally, renal Cd leve!s are high-

er than hepatic ones because Cd-metallo-

thionein is first synthesized in the liver and

then accumulated in the kidney (Webb,

1987). In Manx shearwaters (Puffinus puf-

finus), concentrations of Cd in the kidney

reached high values (60 to 480 �g/g DW)

resulting in nephrotoxic lesions (Nicholson

et a!., 1983). The high levels of Cd that

we have found in the gulls could be be-

cause these birds also fed on refuse dump

areas contamined with Cd. However, Cd

concentrations in gulls were far from those

reported for Manx shearwater and in the

same range of those reported for dunlins

(Calidris alpina) in which no adverse ef-

fect was observed (Goede et a!., 1989).

From a pollution point of view, black-

headed gulls can redistribute heavy metals

in short time from dump areas to the la-

goons where they stay overnight.
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