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Arsenic in the Dunlin (Calidris alpina) from the
Dutch Waddenzee
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The Waddenzee is a large estuarine area in The Netherlands which
has an important significance in the life cycle of waders. How-
ever, this area is severely polluted by the rivers Rhine and
Scheldt. These rivers flow into the North Sea about 100-150
kilometers to the south and part of their load of pollutants,
including many toxic elements, is transported by the prevailing
currents into the Waddenzee.

In an investigation into heavy metal contamination of waders in
the Waddenzee, it was found that Arsenic concentrations were
higher in adult feathers formed in this area than in juvenile
feathers formed on the remote breeding grounds.

In a few organs, which were analysed for As, also relatively
high concentrations were detected (Goede in press). Therefore As
accumulation in this group of birds, with the Dunlin as
representative, has been further investigated. Thereby special
attention has been paid to the significance of feather As—
concentrations for environmental research.

MATERTIALS AND METHODS

The Dunlin breeding grounds are (sub~)arctic. After the breeding
season many adults and juveniles migrate via Scandinavia to the
Waddenzee to moult. Ten birds, 5 juveniles and 5 adults, have
been sampled in the middle of August 1982 at Ottemby, Sweden
while migrating; at the same time, i.e. shortly after their
arrival, a similar sample was collected in the Western part of
the Waddenzee. The aim was to obtain additional samples at one
month intervals until December, from both the Eastern and the
Western part of the Waddenzee. This was not completely success-
ful, and the only additional samples obtained were 2 adults and
2 juveniles collected in September and 5 adults and 5 juveniles
collected in November 1983 in the Eastern part of the Waddenzee.
Adults undergo a complete moult in this time of year; juveniles
retain the flight feathers formed on the breeding grounds and
moult the small feathers only. In the first three months of the
collection period the adults were selected on basis of moults
stage and weight. August birds had to be at the beginning of their
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primary moult; September birds at the end of this moult and in
October only birds with completed primary moult and weight above
57 g were collected. These stages represent three distinct
periods in the weight cycle during adult post nuptial moult
(CGoede and Nieboer 1983) and thus birds were collected in the
same physiological condition each sampling period.

Kidney, uropygial gland ('preengland’) and vanes of the 8th
primaries were analysed for As by instrumental neutron activation
analysis, using the system for routine analysis developed at the
IRTI (De Bruin and Korthoven 1972, De Bruin et al. 1983). The
sample preparation has been described elsewhere (Goede in press).
Repeated analysis of reference material gives for As a precision
and accuracy of the method better than 10%.

Tissue concentrations will be given in dry weight and means with
standard deviationms.

RESULTS AND DISCUSSION

No differences were observed between adults and juveniles with
respect to As—-concentration in kidney and preengland. Therefore,
the data from adults and juveniles were combined,

In the birds collected while migrating in Sweden, Arsenic kidney
concentrations were all below the detection limit (0.35 mg.kg™ ).
However, for seven out of eight birds collected in the Western
part of the Waddenzee shortly after arrival, the kidney concen-
trations were already elevated. In October a mean value of nearly
6.6 mg.kg'1 was reached. Kidney concentrations in birds from the
Eastern part also increased, but remained on a lower mean level
than those from the Western part (Fig. la).

For Swedish birds, the preengland concentrations were all below
the detection limit (0.20 mg.kg—l). In the Waddenzee these con-
centrations increased in a similar way as described for the
kidneys, except that the preengland concentrations were at the
average a factor three lower (Fig. 1b). A significant (p < 0.001)
positive correlation was found between kidney and preengland con-—
centrations (Fig. 2).

For the juveniles, with the exception of one sample (2.5 mg. kg1,
August, Western Waddenzee), all primary vane concentrations were
below 1.0 mg.kg~l. For the adults, all vane concentrations except
three were above 1.0 mg.kg™!. Concentrations in the one year old
vanes of the August birds did not differ from those in the newly
grown vanes, and in the different sampling periods concentrations
did not differ either. No difference was found between birds from
the Eastern and Western part of the Waddenzee. Adult As vane con-
centrations showed a skewed distribution pattern (Fig. 3).

The As-concentrations in the preengland show an increase parallel
to that in the kidneys. This might suggest an excretion of As via
the preengland, which would be in agreement with the findings of
Overby and Frederickson (1965) for leghorms. In their experi-
ments, 48 h after both oral and intraperitonial administration of
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Figure 1 Arsenic concentrations in kidney (a) and
preengland (b) of the Dunlin as a function of time
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Figure 3 Frequency distribution of As-concentrations in
primary vanes of adult Dunlins

radio—activily labelled arsanilic acid and arsenate, the feathers
were the tissue showing the highest activity. This obviously in-
dicates feather contamination by excretion products of the bird,
as feather material is a dead tissue and internal deposition
after feather formation can be excluded.

Juvenile Dunlins show an increase in kidney and preengland As-
concentrations with time similar to that found for adults. No
evidence was found for contamination of juvenile primary feathers
formed while at the remote breeding grounds., Therefore it can be
agsumed that also for adult birds, no or only slight external
contamination occurs during that period. This implies that the
primary vanes reflect the deposition of As during feather forma-
tion. Differences in kidney concentrations for adult Dunlins from
the East and from the West Waddenzee do not show up in the vane
concentrations. This means that the feathers do not respond pro-
portionally to the exposure of the bird to As. Therefore, the
feather vane can not be used as a monitor but only as an indica-
tor for exposure to As.

The adult vane concentrations show a skewed distribution, similar
to that observed for hair. This indicates that As is a non-
essential trace element which concentration is not internally
controlled (Liebscher and Smith 1968). Hence, like in mammals,
toxicological effects of high concentrations might be possible
(Buck 1978). White et al. (1980) reported for waders wintering in
an industrialized bay mean liver levels of 0.05-0.23 ppm on wet
weight basis with for Dunlins a mean of 0.07 ppm and a range of
0.05-0.35.
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Goede (in press) found for waders a positive linear correlation
between liver and kidney concentrations, the liver concentrations
being twice the kidney concentrations. Taking this into account,
relatively high As liver concentrations can be expected for
Dunlins from the Dutch Waddenzee. Possibly adverse effects on the
birds have still to be investigated.

Acknowledgements. We are highly indebted to Drs. P. de Voogt of
the Institute for Environmental Studies of the Free University,
Amsterdam, who provided most of the Dunlins.

We thank P. Zegers for collecting the supplementary samples.

REFERENCES

Bruin M, de, Korthoven P.J.M. (1972) Computer oriented system for
non-destructive neutron activation analysis. Anal.Chem. 44
(14):2382-2385,

Bruin M. de, Korthoven P.J.M., Bode P. (1982) Evaluation of a
system for routine instrumental neutron activation analysis.
J.Radioanal.Chem, 70:497-512.

Buck W.B. (1978) Toxicity of inorganic and aliphatic organic
arsenicals. In: Oehme, F.W. (ed.) Toxicity of heavy metals in
the environment, Part I. Dekker Inc., New York, p 357-374.

Goede A.A., Nieboer E. (1983) Weight variation of Dunlins,
Calidris alpina, during post-nuptial moult, after application
of weight data transformationms. Bird study 30:157-163.

Liebscher K., Smith H. (1968) Essential and non-essential trace
elements. Arch.Environ.Health. 17:881-890.

Overby L.R., Fredrickson (1965) Metabolism of arsanilic acid II,
Localization and type of arsenic excreted and retaiped by
chickens., Toxic.Appl.Pharmac. 7:855-867.

White D.H., King K.A., Prouty R.M. (1980) Significance of organo~
chlorine and heavy metal residues in wintering shore birds at
Corpus Christi, Texas, 1976-77. Pest.Mon.J. 14 (2):58-63.

Received June 28, 1984; accepted July 11, 1984.

622



