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Fig. 1 Typical X-ray spectrum of a hair sample taken from a Chinese person suffering from fluorine poisoning (A) and the
background spectrum (B) obtained by irradiating the target holder. They are normalized with each other by the peak
yield of Ar.
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Fig. 2 Procedure for the standard-free method for hair sample. a) Net spectrum is obtained by subtracting the X-ray
spectrum from a blank target with a backing film after normalizing the peak yield of Ar-Ka. to the raw spectrum. b)
Then, all peak functions are subtracted from the spectrum and the total yield of continuous X-rays Y., in the region
between 4.4-6.0 keV indicated by he shadowed portion is obtained.

4. HBRLER

225



NMCCHE[RIF e R # 14 (2006-2007)

X 312, BE 12 ENIHRT 2 KA PIXE (28T 5 AR YELE TR L7z Zn B %2, HZ2 PIXE T
BFOATE & i L CRd, KSL, KS2 IZHAN, TOMITFEADOEEZAE THY | EHRIH Ks
s AP RO NG, o, KX, HEZEPIXE & OFROBEBNOIXLDE ZRT
LOTHD, RIZALND X O ICEREHE bERIIRS &L TEBY, &<LE—DEFINRHE S
TVEDLITTEHRNESTHIEEEZE 2L, WEOWBELS A5,

1000

——Zn In-vacuum

Concentration in ppm

=o—Zn | n-air

10 . . . . . .
KS-1 KS-2 23005 23006 23007 23008 23009 23010 23011 23012 23013 23014

Hair Samples

Fig. 3 Results of zinc concentration obtained by the standard-free method in hair samples taken from Chinese women
(23005-23014) and Japanese men (KS-1, 2) In this figure, results obtained by in-air PIXE are compared with those
obtained by in-vacuum PIXE.
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Fig. 4 Procedure for the standard-free method for a hair target consisting of seven hairs. In this case, most of continuous

X-rays are produced in air.
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Fig. 5 Results of zinc concentration obtained by the standard-free method in hair samples taken from Japanese women.
These targets consist of less than eight hairs.
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Fig. 6 Results of analysis of principal elements in a hair sample taken from a Chinese woman.
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Fig. 7 Results of analysis of principal elements in a hair sample taken from a Japanese woman. The number of hairs
on the target is seven.
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Abstract

Standard-free method for untreated hair samples in in-air PIXE has been developed. It is confirmed that
the method gives us good sensitivity and accuracy within several minutes’ measurement if more than twenty
hairs are attached onto the target. Even in the case where the number of hairs is less than eight, which is
regular for usual in-vacuum PIXE, 10-15 minutes measurement is found to be sufficient to achieve almost
satisfactory sensitivity and accuracy for elements from Cl to Ph. As the present method allows us to carry out
analyses without labor in target preparation, it is expected to be quite helpful in the studies on human
exposure to toxic elements. Its availability will more and more increase when the method is combined with
the method of simultaneous measurement of in-vacuum and in-air PIXE we have just developed.

Keywords : PIXE, Hair, Standard-free, In-Air, Quantitative analysis, Untreated
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