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Fig.1 Schematic view of a hoof sample on the holder. A hoof is cut so as to taper it to a point and is hung at the center of
a target holder. Only the top of the nail is irradiated by a proton beam.
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Fig. 2 a, b) Comparison of X-ray spectra between nail samples taken from Japanese persons ; Japanese-1 (a) and
Japanese-2 (b), and a hoof samples taken from a sheep (a) and a pony (b), where a 300 um Mylar film was used
as an X-ray absorber.
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Fig. 2 ¢, d) Same comparisons as those in Fig. 2 a, b) but for a nail samples taken from a Japanese-3 (c) and a
Philippine person (d), and hoof samples taken from a calf (c) and a cow (d).
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Fig. 3 Procedure for the standard-free method for a hoof sample. All peak functions are subtracted from the spectrum
in the region between 2.6-15.2 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 Zinc concentration in 28 white hoof samples taken from cow (n=11), calf (n=12), sheep (n=3) and pony (n=2),
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. 5 Same as Fig. 4 but for 11 blown hoof samples taken from cow (n=3), calf (n=3), sheep (n=3) and pony (n=3).
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Fig.6 Results of elemental concentration of 21 elements in hoof (white) samples taken from four species of domestic
animals and nails taken from two Japanese and two Philippine persons.
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Fig. 7 Target preparation for investigating position dependence on the same sliced hoof sample. Seven targets were

prepared by cutting hoof every 2 mm along the horizontal axis, while nine targets were prepared along the vertical
axis.
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Fig. 8 Changes in concentration of principal 11 elements depending on the position. Figure 8-a) shows dependence on
horizontal positions against a body axis. Fig. 8-b) shows the same comparisons but the nine targets were prepared
along the forward and backward direction against a body axis.
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Abstract

A standard-free method for hoof samples taken from cattle such as cow, calf, pony and sheep
has been developed in order to estimate the state of health of these animals. The standard-free
method developed for human nails was confirmed to be applicable to quantitative analysis of hoof
samples since the shape of continuous X-rays is almost the same for nail and hoof taken from these
ungulate animals. Accuracy and sensitivity of the present standard 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 hoof samples taken
from domestic animals of many species. The method allows us to quantitatively analyze untreated
hoof samples and to prepare the targets without complicated preparation technique which often
brings ambiguous factors such as elemental loss from the sample and contamination of the sample
during preparation procedure. It is also confirmed that halogens, which are important elements for
estimating the state of health and are mostly lost during chemical-ashing, can be analyzed without
problem by the present method. It is found that elemental concentration of more than twenty
elements can be constantly analyzed and it is expected to be quite useful in order to estimate the
state of health and to make diagnosis of domestic animals. It is also confirmed that elemental
concentration of essential elements in hoof is not so changed depending on the positions in the
sliced sample along both horizontal and vertical axis.

Keywords : PIXE, hoof, Standard-free, Cattle, Domestic animals, Untreated, Veterinary medicine,
State of health
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