
MARINE ECOLOGY - PROGRESS SERIES 
Mar. Ecol. Prog. Ser. Published January 27 

Metals in liver and kidney tissues of autumn- 
migrating dunlin Calidris alpina and curlew 

sandpiper Calidris ferruginea staging at the Baltic 
Sea 

Sven ~ lorn~vis t ' ,  Adrian   rank^ & Lars R. petersson' 

' Asko Laboratory and Department of Geology, University of Stockholm. S-106 91 Stockholm, Sweden 
Department of Chemistry, National Veterinary Institute, S-750 07 Uppsala. Sweden 

ABSTRACT: Concentrations of 10 metals (Ca, Cd, CO, Cu, Fe, Mg, Mn, Pb, V and Zn) were determined 
in Liver and kidney tissues of dunlin Calidris alpha (n = 70) and curlew sandpiper Calidris ferruginea 
(n = 28). Element associabons are reported. Significant linear correlations were found between renal 
and hepatic concentrations of cadmiun~, copper, magnesium, and manganese. Copper showed an age- 
related concentration decrease, whereas cadmium concentration increased with age. Mean biological 
half-life of renal cadmium in dunlin is estimated at about 1 yr (with a n  implied maximum of 2.5 yr). The 
potential of cadmium as a future environmental hazard to aquatic birds is discussed 

INTRODUCTION 

Two characteristic biological features of estuarine 
and muddy intertidal areas are high primary produc- 
tion (Woodwell et al. 1973) and high zoobenthic pro- 
duction (Wolff 1983). A considerable proportion of the 
intertidal zoobenthic production may be cons.umed by 
shoreblrds (Baird et  al. 1985). Levels of certain heavy 
metals in the sediment and its invertebrate fauna in 
these coastal environments are often elevated, natur- 
ally or through anthropogenic contamination (Forstner 
& Muller 1974, Forstner 1980, Forstner & Whittmann 
1981, Bryan 1984, Moore & Ramamoorthy 1984, Salo- 
mons & Forstner 1984). Thus, these are habitats where 
bioaccumulation and food chain transfer of metals can 
be expected to be of significance, with metal accumu- 
lation in shore-living birds possibly reaching levels 
high enough to affect individuals or populations ad- 
versely. 

Fairly little has been published previously on conta- 
minant exposure and homeostatic concentration of 
trace metals in coastal birds (Eisler 1981). Waders 
(Charadrii) are prominent and numerous birds subsist- 
ing on the invertebrate fauna of intertidal coastal sedi- 
ments. Some species are resident throughout the year, 
but most migrate north for breeding. Waders may 
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transfer metals from the aquatic to the terrestrial 
environment, and may also transport contaminants to 
remote areas. Small and intermediate wader species 
are frequently eaten by certain birds of prey during 
their breeding season (Cade 1960, Sulkava 1968, 
White & Cade 1971, Hautala & Sulkava 1977, Lindberg 
1983), migrat~on (Dekker 1980, Andersson 1985a, b) 
and in the winter quarters (Page & Whitacre 1975, 
Clunie 1976, Mearns 1982, Kus et al. 1984, Whitfield 
1985), and may thus be sources of metal exposure to 
such raptors. 

Among the smaller waders, the genus Calidris is 
abundant in both the Old and the New World, breed- 
ing mostly in the Taiga, sub-Arctic and Arctic regions 
(Dement'ev & Gladkov 1969, Glutz von Blutzheim et 
al. 1975, Johnsgard 1981). In the non-breeding season, 
which comprises about 10mo of the year, they are 
usually found in muddy and sandy estuarine and coas- 
tal environments, but they also occur on rocky shores 
with seaweed accumulations (Summers et al. 1977), 
and inland along shallow rivers and lakes. Only 2 
Calidris species, the purple sandpiper C. maritima of 
the North Atlantic and the rock sandpiper C. ptdoc- 
nemis of the North Pacific, are regularly found on bare 
rocky seashores during the non-breeding season (Gab- 
rielson & hncoln 1959, Cramp & Simmons 1983). 
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Although the number of publications on the genus 
Calidris has increased considerably during recent 
decades (Blomqvist 1985), documentation of trace ele- 
ment levels in these birds is still scanty. Earlier studies 
in England and Denmark considered only one (Parslotv 
1973, Clausen et  al. 1985) or a few heavy metals (Ward 
1979, Evans & Moon 1981, NERC 1983). In a study from 
Texas, United States, heavy metals and selenium were 
determined either in Livers or in kidneys of unaged 
birds in one season (White et  al. 1980). Concentrations 

and linear correlations of some elements in certain 
tissues and glands have previously been reported from 
birds collected in the Netherlands and Sweden (Goede 
1985, Goede & de Bruin 1985a, b, Goede & de  Voogt 
1985). However, these studies were mainly focused on 
feathers as indicators of trace element exposure (see 
also Goede & de Bruin 1984). In view of this paucity of 
data, we have determined concentrations of 10 metals 
in the liver and kidneys of 2 Calidris species collected 
at a staging area in the Baltic Sea. 

Winter records (nov -march) n = 1019 l < 1 . 1 - 5  *:-30 e 3 1 - 1 0 0  
• 101 - 200 >200 blrds 
Breed~ng area records n = l1 * 1 b ~ r d  
I l l  Breeding area 

6-70 brrds 

Fig. 1. Calidris alpina alpina with C. a .  
centralis, and C. ferruginea. Breeding 
range (vertical hatching) of dunlin and 
curlew sandpiper (sources: SOF 1978, 
Hilden & Hyytia 1981, KdlAs & Byrkjedal 
1981, Flint et al. 1984, Greenwood 1986). 
Shaded areas: regions from which birds 
passing Ottenby probably orignate; 
stars: recoveries/controls in breeding 
areas; dots: records in nugration and 
wintering areas, of birds ringed at Otten- 
by. Numbers: number of records in the 
specific areas (sources: Liljefors et al. 
1985. Pettersson et d. 1986, J. Pettersson 
pers comm.). Principal wintering areas 
of curlew sandpipers passing Ottenby 
are indicated by crossed hatchlng (sour- 
ces: Wilson et al. 1980, Fournier & Dick 
1981). Map projection: van der Grinten 
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MATERIAL AND METHODS 

During the autumns of 1981 to 1983 we collected 
specimens of dunlin Calidns alpina alpina L. and 
curlew sandpiper CaLidris ferruginea Pont. at Ottenby 
Bird Observatory (56" 12'N, 16" 24' E), situated on the 
southernmost point of the Swedish island of eland, in 
the Baltic Sea (Fig. l). In autumn, large numbers of 
migrant birds, mainly from the northeast (i.e. Finland 
and the USSR), cross this area (Svardson 1953, Edel- 
stam 1972, Prater 1980, Liljefors et al. 1985). 

The species. Except for winter area selection and 
first-year summering habits, the 2 species are rather 
similar. Their different age groups tend to pass 
Ottenby at the same time in the autumn (Edelstam 
1972). Their breeding areas in the far north of Siberia 
partially overlap. The subspecies of dunlin named 
above breeds from northern Fenno-Scandia to well 
east of the Taimyr peninsula (Fig. 1). The curlew sand- 
piper's entirely Siberian breeding range reaches from 
the Yenisey to slightly east of the Kolyma (Fig. 1).  Both 
species breed primarily in tussock and hummocky 
peat-tundra (Havlland 1915, Portenko 1959, Uspenski 
1969). 

The 2 species deviate with respect to wintering areas 
and summer habitats of first-year birds. This dunlin 
subspecies winters in the temperate climate zone, 
mainly in coastal areas in western Europe, particularly 
in the British Isles (Fig. 1; Hardy & Minton 1980, 
Greenwood 1984, Symonds & Langslow 1984). Some 
dunlins already return to northern areas in their first 
year, but the majority probably do not start breeding 
until they are 2 yr old (i.e. in their third calendar year) 
(Soikkeli 1967, 1970). Curlew sandpipers passing 
Ottenby follow the East Atlantic Flyway (sensu Alten- 
burg et al. 1982, p. 93) with tropical West Africa and 
the Gulf of Guinea as destinations (Fig. 1; Wilson et al. 
1980, Fournier & Dick 1981). It has been suggested that 
the spring migration of the West African curlew sand- 
pipers traces a more easterly route (Nmrrevang 1959, 
Stanley & Minton 1972, Elliott et al. 1976, Wilson et al. 
19801, i.e. a route following a great circle back to their 
breeding grounds (Grimes 1974). Large concentrations 
of curlew sandpiper also occur in coastal areas of 
Namibia and South Africa (Summers et al. 1977, 
Whitelaw et al. 1978, Ryan & Cooper 1985). These 
birds probably do not follow the East Atlantic Flyway, 
but take a more continental eastern route (Elliott et al. 
1976, Wilson et al. 1980). Curlew sandpipers spend 
their first year in the south (Elliott et al. 1976), and in 
this respect they differ from dunlins, where at least 
some first-year birds go north in summer. 

Collection. The autumn-migrating birds in this 
study were caught in cage-traps (Bub 1971, p. 201), 
when staging on the banks of decaying, stranded sea- 

weed fringing the shores at Ottenby. According to the 
colour of plumage, the degree of feather wear, and the 
moult stage, they were aged into 3 classes: juveniles 
(0.1 yr old), first-year birds (second calendar year birds, 
I.e. 1.1 yr) and adults (older than first-year birds) (ter- 
minology following Mead 1985, p .  6). Age criteria used 
were those given by Prater et al. (1977). The mean life- 
span of a fledged dunlin has been estimated as 5.3 yr 
(Soikkeli 1970). However, dunlins, as well as curlew 
sandpipers, may reach a considerably greater age. The 
maximum age recorded for a dunlin is 23.7 yr (Staav 
1983) and for a curlew sandpiper 12.2 yr (Dejonghe & 
Czajkowski 1983). 

Sample handling. Captured birds were killed by 
asphyxiation, temporarily stored in a refrigerator, and 
air-freighted in a cooling box. Tissue samples were 
obained by necropsy at the National Veterinary Insti- 
tute in Uppsala within 48 h of capture. Necropsy, sam- 
ple preparation and chemical analysis were performed 
on 70 dunlins and 28 curlew sandpipers. 

Liver and kidneys were dissected and immedately 
weighed. The organ samples were placed in small 
plastic boxes and stored at -20 "C untd analysed. 
Liver tissue samples of 2 to 4 g and kidney tissue 
samples of 0.5 to l g were wrapped in a filter paper and 
pretreated by automatic wet digestion (Frank 1976). A 
mixture of 65 % nitric acid and 70 % perchloric acid 
(7 : 3 by vol.) was used as an oxidizing agent. The 
digestion was performed in borosilicate glass tubes 
overnight, using an electrically heated aluminium 
block connected to a microprocessor for control of 
temperature and time (Tecator Digestion System, 
Model 40; Tecator AB, Hoganas, Sweden). The residue 
was evaporated to dryness and dissolved in 10 m1 (or in 
the case of limited sample amount as for the kidneys, 
in 3 ml), ionic buffer (Frank & Petersson 1983). Chemi- 
cal analysis was performed by simultaneous multi- 
element analysis of 10 elements (Ca, Cd, CO, Cu, Fe, 
Mg, Mn, Pb, V and Zn), using a direct current plasma- 
atomic emission spectrometer, Model Spectraspan 
IIIA (Beckman Instruments Inc., Irvine, California, 
USA), as described by Frank & Petersson (1983). Detec- 
tion limits in the liver and kidney tissues are reported 
in Table 1. Tissues concentrations are given as yg per g 
wet tissue throughout. 

Data handling. Since data on environmental conta- 
minant concentrations are often non-normally distri- 
buted (Liebscher & Smith 1968, Esmen & Hammad 
1977, Talbot & Simpson 1983), we have, in addition to 
the arithmetic means and standard deviations, calcu- 
lated the geometric means and the medians of the data 
sets. Parametric tests, and rank and linear correlations 
were performed by SPSS computer programmes (Nie et 
al. 1975), and the non-linear regressions by SAS soft- 
ware ( M e n  Rey 1982). Descriptive statistics and 
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Table 1. Detection limit (DL, g ' wet weight) for the 10 
elements determined in 2 g of liver and 0 5 g of kidncy tissue. 
In most analyses performed the DL's are lower than in this 
table, since the digested sample commonly exceeded these 

minimum amounts of hssue 

Metal Liver Kidney 

Ca 1.34 1.61 
Cd 0.06 0.07 
CO 0.020 0.024 
Cu 0.03 0.04 
Fe 0.15 0.18 

Mg 0.10 0.11 
Mn 0.04 0.05 
Pb 0.06 0.07 
V 0.015 0.018 
Zn 0.73 0.88 

associated tests employed can be found in Sokal & 
Rohlf (1981). Ages of all birds are converted to deci- 
mals. Avian nomenclature follows Voous (1973). 

RESULTS AND DISCUSSION 

General 

Concentrations of 9 metals determined in the liver 
and l d n e y  tissues of the different age classes of dun- 
lins and curlew sandpipers are summarized in Table 2. 
Vanadium has been excluded from this table since its 
concentration levels were often below or close to the 
detection limit (highest records In liver and hdney  
tissue are 0.04 and 0.06 ppm, respectively). The data in 
the table have not been separated into groups between 
years, since the differences are only slight. As shown in 
Table 2, the metal levels are generally low. In both 
species, the arithmetic means of 4 elements - copper, 
iron, manganese and zinc - are significantly higher in 
liver than in kidney tissue, whereas the opposlte is 
true for cadmium (statistical criteria: 2-tailed t-test, 
p < 0.005). 

Correlation 

Inter-element correlations within liver and kidney 
tissues, respectively, and element correlations 
between these tissues were calculated by Kendall 
rank-order correlation coefficient (s) (Tables 3 & 4). 
Cobalt and lead have been excluded from these corre- 
lation coefficient matrixes since their recorded concen- 
trations were low and their ranges smdl  (Table 2 ) .  In 
both species, statistically significant inter-tissue corre- 
lations within elements were found for 4 metals - 
cadmium, copper, magnesium and manganese - and 

these were Iincarly related (Fig.2). The correlations 
notcd for cadmium and copper were also linked to age- 
related concentration changes (see below); apart from 
these 2 elements, no statistically significant age- 
related changes of metal levels were detected. Most 
inter-element correlations found in both species (Tab- 
les 3 & 4)  have previously been reported from other 
organisms, and have also been proposed by various 
biochemical or physiological interacting mechanisms. 
This applies to cadmium-calcium and cadmium-iron 
(Chang et al. 1981, Neathery 1981) and copper-iron, 
copper-manganese and copper-zinc (Kirchgessner et 
al. 1979). In birds, a positive linear correlation between 
copper and zinc has been noted in Liver tissue of the 
brown pelican Pelecanus occidentahs (Ohlendorf et al. 
1985). 

Copper 

For copper, the arithmetic and geometric mean and 
the median hepatic and renal levels were significantly 
higher (19 to 30 %) in juveniles than in older individu- 
als. This trend of age-related decrease (Fig. 3) is statis- 
tically highly significant for kidney tissues of both 
species and for liver tissue of dunlin (2-tailed t-tests, 
p < 0.001), but is less apparent in the liver of curlew 
sandpiper (p < 0.07). A decreasing trend of copper 
with age is consistent with some findings on mammals 
(Widdowson & Dickerson 1964, Martin et al. 1976, 
Duinker et al. 1979), but, apart from one report on hver 
tissue in the osprey Pandion hdiaetus (Wiemeyer et al. 
1980), such trends have not been reported in wild birds 
before. As mentioned above, the renal versus hepatic 
copper concentrations were linearly correlated in both 
species (Fig.2), with a regression coefficient of about 
0.4. This deviates from a study on the mute swan 
Cygnus olor where the slope (0.0024) borders on insig- 
nificance (Frank & Borg 1979). A positive linear corre- 
lation between hepatic and renal copper concen- 
trations has recently also been reported in the brown 
pelican (Ohlendorf et al. 1985). 

Cadmium 

The cadmium concentration estimates derived as 
arithmetic or geometric means or medians have a fairly 
similar pattern in both species (Table 2 ) ,  with a pro- 
nounced age-related organ-specific increase (Fig. 3). 
This is highest for the ludney tissues, with an  average 
17.6 and 28.9-fold increase (p < 0.001) (calculated on 
the arithmetic means and tested by 2-tailed t-test) 
between juveniles and adults of dunlin and curlew 
sandpiper, respectively. Correspondng factors for the 
liver tissues are 5.3 (p < 0.001) and 12.6 (p < 0.005). 
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Table 2. Calidris alpina and C. ferruginea. Minor and trace element concentrations (ltg g-' fresh wt) in liver and kidney tissue of 
dunlin and curlew sandpiper Median (P,,), geometric mean (GM), arithmetic mean (AM) and one standard deviation (SD), as 

well as range are given. Dashes in the GM column ind~cate  non-calculable means due to zero values 

Element Age L~ver Kidney 
n P,,, GM AS1 SD Range n P..,, CM AM SD Range 

Dunlin 
Ca Overall 69 47 50 74 211 24-1 800 69 56 75 202 510 32-2700 

Juvenile 17 53 56 57 12 39-78 17 68 95 273 627 48-2460 
First-year 27 45 53 113 337 2S1800  25 49 67 212 585 3 6 2 7 0 0  
Adult 25 43 43 44 11 24-70 27 57 71 150 339 32-1550 

Cd OveraU 70 0.21 - 0.26 0.20 <0 .061 .01  69 0.66 - 0.76 0.77 <0.07-4.08 
Juvenlle 17 0.08 - 0 06 0.06 < 0 . 0 6 0  13 17 0.00 - 0.07 0.10 CO.07-0.30 
First-year 27 0.26 0 29 0 33 0.18 0.12-0 83 25 0.71 0.59 0.72 0.43 0.1.5-1.66 
Adult 26 0.28 0.28 0 32 0.18 0.13-1.01 27 0.95 0.96 1.23 0 92 0.144.08 

CO Overall 70 0.04 - 0.04 0.03 < 0.02-0.14 69 0.04 - 0.04 0.02 <0.02-0.07 
Juvenile 17 0.04 - 0.03 0.03 < 0.02-0.08 17 0.04 - 0.03 0.03 <0.02-0.07 
First-year 27 0.04 - 0.03 0.02 <0.02-0.06 25 0.04 - 0 03 0.02 < 0.02-0.07 
Adult 26 0.04 - 0.04 0.03 10.02-0.14 27 0.03 - 0.05 0.01 <0.02-0.07 

Cu Overall 70 4.46 4.55 4.69 1.23 2.57-9.10 69 3.41 3.46 3.54 0.81 2.38-6.50 
Juvenile 17 5.20 5.37 5.42 0.82 3.89-6.90 17 3.99 4.24 4.31 0.85 3.41-6.50 
First-year 27 4.31 4.49 4.67 1.48 3.01-9.10 25 3.00 3.19 3.26 0.70 2.36-4.80 
Adult 26 4.05 4.14 4.24 0.95 2.57-5.87 27 3.17 3.28 3.32 0.55 2.50-4.50 

Fe Overall 70 460 463 480 129 208-805 69 184 182 184 30 114-254 
Juvenile 17 500 516 543 177 315-805 17 175 172 176 38 114-254 
Fust-year 27 466 453 464 97 208-654 25 183 179 181 26 124-223 
Adult 26 450 441 456 113 231-715 27 192 191 193 27 145-254 

M!3 OveraU 70 208 214 218 43 161-365 69 207 217 220 35 1 7 6 3 6 5  
Juvenile 17 197 220 225 52 177-365 17 219 229 232 43 201-365 
First-year 27 218 222 224 39 1 7 6 3 2 5  25 202 212 214 30 l 7 6 3 0 0  
Adult 26 198 203 206 40 161-295 27 208 215 217 33 1 7 6 2 9 5  

Mn Overall 70 2.57 2.46 2.51 0.47 1.38-3.50 69 2.09 2.10 2.13 0.37 1.41-3.30 
Juvenile 17 2.81 2.79 2.82 0.42 1.88-3.50 17 2.31 2.39 2.42 0.38 1.84-3.30 
First-year 27 2.44 2.38 2.41 0.40 1.78-3.30 25 1.96 1.95 1.97 0.32 1.41-2.57 
Adult 26 2.47 2.34 2.40 0.50 1.38-3.23 27 2.05 2.07 2.09 0.30 1.50-2.60 

Pb Overall 70 0.03 - 0.04 0.06 <0.060.41 69 0.08 - 0.10 0.11 <0.07-0.63 
Juvenile 17 0.05 - 0.06 0.06 < 0.060.24 17 0.09 - 0.12 0.13 <0.07-0.42 
Flrst-year 27 0.04 - 0.05 0.08 < 0.060.41 25 0.05 - 0.10 0.13 < 0.07-0.63 
Adult 26 0.00 - 0.02 0 04 < 0 . 0 6 0 . 2 0  27 0.09 - 0.10 0.08 <0.07-0.38 

Zn Overall 70 25 25 25 3 18-34 69 20 20 20 2 1 6 2 5  
Juvenile 17 27 27 27 3 21-32 17 20 21 21 2 18-25 
First-year 27 25 26 26 2 19-32 25 19 19 19 2 17-23 
Adult 26 24 24 24 4 1 8-34 27 21 20 20 2 16-25 

Curlew 
sandpiper 

Ca Overall 28 49 54 96 246 28-1350 28 54 74 149 329 4G1500 
Juvenile 12 54 52 53 12 38-76 12 73 86 156 295 47-1090 
Adult 16 46 57 128 326 28-1350 16 54 66 144 362 40-1500 

Cd Overall 28 0.34 - 0.76 1 14 < 0.064.29 28 0.87 0.66 2.21 3.37 0.0614.1 
Juvende 12 0.04 - 0 10 0.11 <0.060.32 12 0.12 0.12 0.13 0.05 0.060.22 
Adult 16 0.51 0.80 1.26 1.31 0.19-4.29 16 1 88 2.33 3.76 3.30 0.40-14.1 

CO Overall 28 0.05 - 0.05 0.02 <0.02-0.10 28 0.08 0.08 0.09 0 03 0.04-0.20 
Juvenile 12 0.04 0.05 0.05 0.01 0.02-0.07 12 0.09 0.09 0.09 0.02 0.05-0.12 
Adult 16 0.06 - 0.06 0.03 <0.02-0.10 16 0.08 0.08 0.09 0 04 0.04-0.20 

Cu Overall 28 5.28 5.62 5.83 1.62 3.6b9.40 28 4.35 4.35 4.42 0 82 3.06-6.10 
Juvenile 12 6.25 6.20 6.44 1.82 3.68-9.40 12 4.81 4.88 4.92 0 68 3.97-6.10 
Adult 16 5.00 5.23 5.37 1.34 3.70-8.70 16 3.84 3.99 4.05 0.72 3.065.80 

Fe Overall 28 542 550 565 131 340-830 28 174 173 176 30 1 1 6 2 4 0  
Juvenile 12 674 643 652 111 433-830 12 193 186 188 28 145-240 
Adult 16 509 489 500 106 340-705 16 169 164 167 28 1 1 6 2 1 0  

M g Overall 28 218 237 247 76 175-435 28 214 225 227 33  193-305 
Juvenile 12 199 243 256 87 175-385 12 214 235 239 42 1 9 6 3 0 5  
Adult 16 220 232 240 70 177-435 16 213 217 218 21 193-270 

Mn Overall 28 2.70 2.67 2.73 0.61 1 .924 .40  28 2.08 2.02 2.04 0.26 1.60-2.45 
Juverule 12 2.60 2.69 2.75 0 67 1 .924 .40  12 2 05 2.00 2.02 0.25 1.6G2.40 
Adult 16 2.76 2.65 2.70 0 58 1.97-4.40 16 2 11 2.04 2.06 0.26 1.6G2.45 

Pb Overall 28 0.04 - 0.06 0.07 <0 .060 .23  28 0 05 - 0.06 0.06 <0.07-0.20 
Juvenile 12 0.07 - 0.08 0.06 < 0 . 0 6 0 . 1 9  12 0 10 - 0.11 0.05 <0.07-0.20 
Adult 16 0.03 - 0.05 0.07 <0 .060 .23  16 0.00 - 0.03 0 04 cO.07-0.12 

Zn Overall 28 24 25 25 5 1 7 4 1  28 21 21 21 2 18-25 
Juvenile 12 25 25 25 3 21-29 12 21 21 21 2 18-24 
Adult 16 23 24 25 6 17-41 16 21 21 21 2 18-25 
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Table 3. CaLidris alpina and C. feruginea. Statistically significant inter-element concentration associations in liver (uppc 
and in h d n e y  tissue (lower left) as  revealed by Kondall rank-order correlation coefficient (T). Upper row for each 
coefficients for dunlin; lower row: coeffic~ents for curlcw sandpiper Co-occurrences of a significant coefficient in both 

are in bold type. n as in Table 2.  Significance levels: ' p < 0.05; ' ' p < 0.01; " ' p < 0.001 

Liver 

Table 4 .  CaLidris alpina and C. ferruginea. Statistically significant element concentration associations in hdney  versus liver 
Ussue as revealed by Kendall rank-order correlation coefficient (1). Upper row for each metal, coefficients for dunlin; lower row: 
coefficients for curlew sandpiper. Co-occurrences of a significant coefficient in both specles are in bold type, n as in Table 2.  

Significance levels: ' p < 0.05; ' ' p < 0.01; ' " p < 0.001 

Metal in Metal in liver 
kidney 

Ca Cd Cu Fe 
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DUNLIN CURLEW SANDPIPER 
IColidris alpino) ICalidrh ferrugineol 

n = 69 n = 28 

12 lLiCd " 
.- 
X 

0.5 1.0 1.5 
ppm i n  l iver  

2 1 6 8 1 0  2 4 6 8 1 0  
ppm ~n l ~ v e r  ppm ~n l ~ v e r  

ppm i n  l iver x 1 0 ~  ppm in l i ve r  X 10.' 

ppm i n  l iver ppm i n  l iver  

Fig. 2. Calidris alpina and C. ferruginea. Linear regressions of 
cadmium, copper, magnesium and manganese concentrations 
in kidney versus llver tissues (fresh wt) of dunlin and curlew 
sandpiper. r indicates Pearson product-moment correlation 

coefficient. Note dfferent scales of the axes 

Thus, in both cases the relative accumulation is higher 
in curlew sandpiper than in dunlin. The more right- 
skewed (positively skewed) distribution patterns of 
curlew sandpiper, reflected in relatively larger dis- 
crepancies between the arithmetic means and corres- 
ponding geometric means or medians (Table 2), indi- 
cates overcalculation of these numerical differences. 
However, when comparison of the 2 latter, less dis- 
tribution-biased estimates is possible, the same ten- 
dency is revealed. Demographic differences in the 
collected populations, as well as differences in cad- 
mium exposure via food, are both plausible explana- 

CURLEW 
DUNLIN  SANDPIPER 

(Cc1;dris a l ~ i o c i l  (C. ierrugineo!  

PP" Cd 
L - 

3 - 

2 7 

J F A  J F A  J A  J A  

L I V E R  K I D N E Y  l I Y E R  K l O N E Y  

J F A  J F A  J A J A 

L I V E R  K I D N E Y  L I V E R  K I D N E Y  

Fig. 3. Calidris alpina and C. ferruginea. Age-related concen- 
tration changes of cadmium and copper in liver and kidney 
tissues (fresh wt) of d u n h  and curlew sandpiper, expressed 
as geometric mean (stippled part of columns) and arithmetic 
mean (open part). Age classes. J = juveniles, F = first-year 

blrds, A = adults. Note different scales of axes 

tions for the interspecific disparities found. In the dun- 
lin, this age-related accumulation is already signifi- 
cant in the passing first-year buds, with an average 
enrichment factor of 5.5 (p < 0.001) for the liver and 
10.3 (p < 0.001) for the hdney  tissues, compared to 
juveniles. A subsequent age-related concentration 
increase between first-year birds and adults was not 
observable in the liver tissue of our dunlins, but in the 
kidney tissue the recorded 1.7-fold increase is statisti- 
cally significant (p < 0.02). An increase with age of 
cadmium concentration in liver and kidney tissues has 
previously been documented for a variety of birds and 
mammals (e.g. Sabbioni et al. 1978, Frank & Borg 1979, 
Furness & Hutton 1979, Cherry 1981, Hutton 1981, 
Hamanaka et al. 1982, Maedgen et al. 1982, Ronald et 
al. 1984, Elinder 1985). 

Overall, the cadmium concentrations in the kidney 
versus the liver tissues of dunlin or curlew sandpiper is 
strongly, linearly correlated (Fig.2). The regression 
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coefficients of 3.10 in dunlins and 2.80 in curlew sand- 
pipers compare fairly well with renal to hepatic ratios 
in mallards Anas platyrhynchos (range: 2.16 to 3.18) 
fed ad libitum a low or moderately (2 to 20ppm Cd) 
treated diet (calculated from data in White & Finley 
1978), and also with a reported linear regression coeffi- 
cient of 3.6 in the hemng gull Larus argentatus 
(Nicholson 1981), but are lower than a linear regres- 
sion coefficient of 10.34 in the great skua Stercorarius 
skua (calculated from data in Furness & Hutton 1979). 
A corresponding coefficient of 8.04 may be calculated 
from a study of the Steller sea lion Eumetopias jubata 
(Hamanaka et  al. 1982). In humans, the renal to hepatic 
ratio of cadmium changes with age, within a normal 
range of between 3 and 30 (Kjellstrom 1979, Elinder 
1985; recalculated by us to whole kidney concentration 
according to Svartengren et  al. 1986). 

Biological half-life 

If we  operationally assume that the renal absorption 
of cadmium is continual and constant and its ratio with 
the elimination rate is also relatively constant, a first 
order estimate of the mean biological half-life of this 
element in the sampled dunlin kidney tissue can be 
calculated via the equation: 

where Cd = accumulated cadmium concentration; A 
= saturation constant at steady state (adsorption rate 
equals elimination rate); b = elimination constant; t = 

time since exposure started (age). 
The biological half-life (tIl2) can then be determined 

accordingly: 

This method of estimating the mean biological half-life 
of cadmium (adapted from Tsuchiya & Sugita 1971, see 
also Task Group on Metal Accumulation 1973) is a 
close parallel to related calculations in radionuclide 
chemistry (e.g. Sin 1949, Choppin & Rydberg 1980). 

In the present study we know only that the adult 
class of the dunlins consists of birds of 2.1 yr old and 
older. However, a demographic life table calculation 
(Farner 1949) and an assumption of a steady rate of 
mortality independent of age  ( w h c h  seems reasonable 
for adult birds, see e.g. Farner 1955, Cody 1971, Mur- 
ton & Westwood 1977), provides an opportunity to 
calculate an estimate of the adult age class via the 
formula: 

where E, = mean Life expectancy; q, = average 
annual mortality rate (%). 

Based on a detailed breeding study of a Finnish 
dunlin population (C. alpina schinizii) Soikkeli (1970) 
estimated q, to 25 % in adults, which he reckoned to be 
an overestimate. If we adopt this figure, a mean age of 
5.6yr [(100/25 -0.5) + 2.1 = 5.61 is obtained for the 
adult class of dunlin in the present study. By using a 
lower q, value of 20 %, a corresponding mean age of 
6.6 yr is obtained. 

Age accumulation regressions (fitted by the iterative 
method and chosen on the basis of revealed least 
residual variance) of Equation 1 were obtained (Fig. 4) 

Age class (years) 

Fig. 4.  Calidris alpina. Principle age accumulation curve of 
renal cadmium concentration (arithmetic mean of fresh wt) 
versus age class of dunlin sampled. For details of equation 

yven ,  see text 

from primary renal concentration data of the juvenile 
and first year birds and assigned values from 4 to 12 yr 
as the average age of our adult specimens combined 
with an assigned value of either (1) the upper 95 % 
confidence limit (2.83 ppm), (2) the upper one standard 
deviation (2.15ppm), or (3) the arithmetic mean 
(1.23ppm) as the cadmium concentration of this age 
class. Obtained b values have been calculated to 
biological half-life by Equation 2,  and dustrated in 
Fig. 5. 

The upper curve in this figure however, is most 
likely an overestimate of the renal biological half-life 
of the sampled birds since only one primary value falls 
above the 95 O/O confidence limit. If we instead regard 
the arithmetic mean and one standard deviation as the 
rational upper demarcation, and 6 yr as a mean age of 
the sampled adults, it is justifiable to infer that the 
mean biological half-life in the kidney tissue of the 
dunlin is about l yr, but below 2.5 yr. 

The magnitude of this half-life estimate is of interest. 
To our knowledge, this is the first time this crucial 
toxicological parameter has been assessed for cad- 
mium in birds or any wild animal population. Our 
estimate corresponds approximately to calculations of 
renal biological half-lifes of 433 and 990 d, determined 
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Mean age of adults (years) 

Fig. 5. Calidris alpina. Modelled graphs of relation between 
biological half-life (t,,*) of renal cadmium versus mean age of 
adult class of dunlin sampled. Three renal concentration 
values (fresh wt) of adult birds are considered: (-) arithmetic 
mean (AM); (---) AM + 1 standard deviation (SD); (. . .) AM 

+ 2 SD, i.e. the upper 95 % confidence Limit 

by 'Og~dC12 administrated orally and injected sub- 
cutaneously, respectively, in ICR mice (Matsubara- 
Khan 1974), but is lower than estimates on human 
kidney tissue ranging from 6 to 38yr (Kjellstrom & 
Nordberg 1978). 

CONCLUSIONS 

The present paper shows that the levels of the 10 
metals determined in liver and kidney tissues of dun- 
lins and curlew sandpipers, passing the Baltic Sea on 
southward migration in the autumn, are w i t h  the 
ranges normally found in birds and mammals (e.g. 
Underwood 1977, Eisler 1981, Bryan 1984, Nyholm 
1985). For metals with rapid physiological depuration 
or efficient homeostatic regulation the loadings of the 
birds might, however, have been reduced during the 
time on the breeding grounds, and thus might have 
been higher in spring than recorded in the present 
study (cf. Parslow 1973, Evans & Moon 1981). 

For cadmium, the concentration in the organs 
increases with age, whereas the opposite is true for 
copper. The highest renal cadmium concentration 
recorded in an adult curlew sandpiper however, 
(14.1 ppm), is still lower than the concentrations of 25 
to 50 mg per kg wet tissue reported for nephrotoxic 
lesions in birds (White et al. 1978, Nicholson & Osborn 
1983, Nicholson et al. 1983; in some instances recalcu- 

lated by us to wet weight basis by the divisor 4, 
according to Scanlon 1982, Karlog et al. 1983, Ohlen- 
dorf et al. 1985). However, this is not a rationale or 
justification for reducing future research effort con- 
cerning cadmium in waders, since it seems unwise to 
restrict the assessment of environmental contaminants 
on wild animals to histological lesions only. Cadmium 
has a complex interaction with the metabolism of cer- 
tain essential elements such as calcium, copper, iron, 
manganese, selenium and zinc and also with nutrients 
such as vitamins (e.g. Doyle 1977, Chang et al. 1981, 
Neathery 1981). Supported by findings in a cadmium 
ad Libiturn ingestion experiment on mallard (Di Giulio 
1982), Di Giulio & Scanlon (1985) recently emphasized 
the importance of considering the potential impact of 
low level burdens of toxic substances such as cad- 
mium, in combination with recurring physiological 
stresses such as food shortage and energy drain during 
migrations. Alterations in energy metabolism during 
such stresses may be enhanced by the contaminants, 
and thus become real ecotoxicological hazards. There- 
fore, consider the following: (1) the relatively long 
biological half-life in the kidneys tentatively found 
(Fig. 5) in relation to average life span of the birds, and 
the marked increase with age (Fig. 3) recorded in the 
renal cadmium loading (i.e. in the critical organ; sensu 
Task Group on Metal Accumulation 1973); (2) the 
insidious and long-term toxic effect of cadmium when 
accumulated (e.g. Doyle 1977, Chang et al. 1981, 
Neathery 1981, Elinder 1982); combined with (3) a 
dramatic increase in anthropogenic mobilization and 
emission to the environment of this heavy metal during 
the 20th century (Nriagu 1979); and (4) the physio- 
chemical speciation of cadmium in natural water and 
sediment with a generally high proportion of soluble or 
readily desorbed species and thereby high mobility, 
which is especially vahd for brackish and marine con- 
ditions (Khalid 1980, Raspor 1980, Simpson 1981, For- 
stner 1984, Moore & Ramamoorthy 1984). From these 
considerations, it seems that cadmium may constitute a 
future environmental hazard for Calidris sandpipers, 
as well as for many other aquatic birds. Further studies 
of the exposure to cadmium and its biological renal 
half-life in relation to life span, especially in long- 
lived species, are called for. 
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