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Fig.1 Schematic view of the procedure of target preparation for a feather sample. Three or four split feathers
were picked out nearly the center of the feather, and the target for the standard-free method was prepared
using these untreated hairs. The target for the internal-standard method is prepared using the split feathers
just around the irradiated portion for the standard-free method.
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Fig. 2. Comparison of x-ray spectra among six feather samples and two human hair samples. These spectra are normalized
by the yield of continuous X-rays in the energy region between 4.4-5 keV. A 300 um Mylar film was used as an
X-ray absorber.
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Fig. 3 Procedure for the standard-free method for feather sample. All peak functions are subtracted from the spectrum in
the region between 2.6 and 15.2 keV indicated by the shadowed portion and the total yield of continuous X-rays
Y is obtained. Zinc was designated as the index element in the same manner as in the case of human nails
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Fig.4. Comparison of X-ray spectra among four feather samples and one human hair taken from Japanese, where no X-ray
absorber was used. The spectrum for human hair is displayed as the line with symbols.
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Fig.5. Results of zinc concentration in nine feather samples taken from five species of wild birds, where the results
obtained by the present method are compared with those obtained by the internal-standard method combined with
chemical ashing method.
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Fig. 6 Results of analysis of feather samples taken from carrion crow as examples. In this figure, the mean values of
elemental concentration of 20 elements in hair samples taken from 250 healthy Japanese are also shown for
comparison.
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Fig.7 Target preparation for investigating position dependence in a feather sample, where thirteen split feather samples
were cut from a feather one by one at intervals of 5 mm from the top to the bottom.

100000

10000

1000

100

Concentration in ppm

10

—<4-Na —o-Mg —4Si <-S —Cl] oK —2+-Ca —4Fe ———Cu —-0-Zn -B-Br

5mm 10mm 15mm 20mm 25mm 30mm 35mm 40mm 45mm 50 mm 55mm 60 mm 65 mm

Distance from the top

Fig.8 Changes in elemental concentration of principal 11 elements depending on the position in the feather.
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Fig.9 Changes in elemental concentration of principal 11 elements in six feather samples taken from the same bird
(Bewick’s swan).
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4 E4£y (Summary)
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1. A new method of quantitative analysis of untreated feather samples has been developed on the
basis of the standard-free method.

2. The method is confirmed to be valid for feather samples taken from various kinds of wild birds.
3. The method enables us to perform accurate quantitative analysis of many elements without

complicated sample preparation procedure, which sometimes brings ambiguous factors such as
elemental loss from the sample and contamination of the sample. It is also confirmed that
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halogens can be accurately analyzed.

4. It is expected to become a powerful tool for estimating the state of the mode of life of wild birds
and also for evaluating environmental contamination.

5. The method is expected to be useful for estimating the state of health of poultries.
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Abstract

The standard-free method developed by ourselves 13 years ago has been widely applied to
quantitative analyses of hairs such as human head hair and body hair taken from companion and
domestic animals. In the present work, the standard-free method for feather and down samples
taken from wild birds such as swan, waxwing, osprey, heron and crow was developed. It is found
that the standard-free method developed for human hairs can be successfully applied to feather
samples without essential modification since the main constituents of feather are almost the same
as those for human and animal hairs and, consequently, the shape of continuous X-rays is also the
same. The method allows us to quantitatively analyze untreated feather samples of very small
quantities and to prepare the target without complicated preparation technique. Accuracy and
sensitivity of the present method were examined by comparing the results with those obtained by
an internal-standard method combined with a chemical-ashing method, and it is confirmed that the
method is applicable to feather and down samples taken from birds of various species. It is
expected that the method will become a powerful tool for the studies not only on the mode of life
of wild birds but also on environmental contamination by toxic elements.
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