NMCCHE [RIFI FHAF ST AR AL R SC£E 13 (2005)

WM ETEHMITHT HEIFTEEDRFFE
ERNRAKRRETMO BT

AR, SFilE— i
HFERKRFENA 70 bk Z—
T 020-0173 & F IS FRCFE IR A E IR B 23 2R 348-58

FEC A, TEEEFETL
BEARTAY b—THElBEa&r//nborrZ—

T020-0173 2 F IR AE TR IR A1 IR B A3 2R 348-58

—E
HART A Y =TT AV b=
T 113-8941 B ATHR U X AEA 2-28-45

1. [FL®HIC

EE, M, N, R EDAMED LIS NS EWREIIL, AFETHIC KD NMRBREEO
COIEARAI R D TH D, Fox l3AEWREHCH T2 [HEREE V) OIGHE LT, FEMx2n
BEY, MY, RY, NV ikt o MR - MR AR L, T 5% < OEBEHHRE
WFFRICENE T HNTE Y, & LI, —HOIT, R, MK, it ﬂ#éﬂﬁiﬁﬁﬁ%é
n, TNo H AMRBRBEFHCAR THD Z Earaniz *0, 26 D)k, #E3K PIXE 547

WTEREDTZD Lﬁ%6ﬂfékFﬁ%ﬁﬁ&kﬁﬁébﬁtﬁ%ﬁﬁﬁjkwﬁ,§<®§%%
FroTwad, Zhbid; 1) AEFHROFIENZE L < RSt 2 2 Lz, #EIZTHM
RN TE D, 2) HERIKALLE— L ORI W TA L DBt D 2 0 2 3, KRELHR DT, NHEHE

DR —Hl72 PORMEEBERENEZRICHER SN D, 3) Img LL T OB RO E B HT 3 Al g
"D, EThD,

L L ZNHORESHTICL VSO LERIIEMOZ O THY, EOX 5 728Y - BEtoE
Buzxthis UCTHRIETLRIRENZEAL LT DD DRI EBHR Z T2 DITIFmE LTy, ME—JREUEHR
TEHRRENR A B KRS 5 Z ERFESND R, —OOBEANSMERD -7, — i3RI
FIRE OMIHENRIGFMFIC L > TRELSEEINDGZ ETHY, BRIEH, KoEEIO&E, Ko
B O8I E CORMRBIRZ SIC XV EET 57280, FEMRANRELE 2 B85 Z & NEL
W, ZoHIE, RHFIZIENa, Cl, K, BrZe EOJENEH L, EOOMitR s o RENIER

ICENWZ L THY, EEEe RUNOFETERNRPNORHEIND Z LIFHETHD Y, 2D dFk~

%, Z<OBMNRHAREHRIAIT) e VR BHCER L, e VR iBRES(LEFHLHZ LIckY
%Wmﬁ@fﬁk®JM#ﬂ ENE DT o2 ki LT,

111



NMCCE: [RIF AR JE R SR R SCEE 13 (2005)

L USRI E A BRR T 2 A, ORI XEMENH 5, ) ORI 5o 72 BEidE DO R
MTHY, REOEREDSOE FERIEOIEIN: EREY BRI, Hobe FHEOgRNRH L biE
DFELRIHE L 722, b7 EAERY /37 THERL S L 2 IGEREHZ XF L T & 23 ELRINCAT = 72 FEIC
kL, KEAKPOWEEIZLY, HHE B vLA BREREOTENREITNSRET 5720, 7
T bR TOBFRIESE N RE THD 2 08 hotz ¥, “HFBORBEIL, LEOBKRKE 7Rk
BV —ICT B FRIEOHRN Th 5, EEEEOELOT-HOITIE, EERRLE Vo RN e 12
e CMOERE L OWPYLETHY, WP RES N2 a0 FkBIAMEL 25, £k
FE - HBUEOHERED -0, 28D L—7y NERUET A 0NERH D, S HIZ EIROBEEHED O
T2DICH L EOE—RREINRMEE L 725,

AIFFRIZBNTE, ETEEMRRE FRE O —LIERRRE S, FO¥—MWRERIh5,
WIZE D) —kH 2 O TRl 2 e BN RaT SN D, £k e FREHIRT L, BRIL L7-B%
RN L CRA LN B THRNEIEREE) 2EA L, ZORE - BBMENHRSh, K&
FNE DI EATWN 2 N D IEREIE 2 NI 5, Ny XUV EoRERFHEIO~Y v M E, BEE
~OEEFEREICEALTYH, REtE1T9.

2. REHE

2.1 AFHEE R U

b REHE, EEOBLZA IV Y ADICEY AW A L0 HBOERNT TEHRELS 4L, 300mg 13 EHED
5L, TNEHAWTY—REHERIENRH SN, SHICZADAY (A,B,C) LV ZENENER
1V U A, B), ©ZFANTEFREBRERISZ, AALLIE, foOBEBXIVI VY (A2) %
HAW=BI b7z,

B 72 P ORI D T2 012, BW— b &z e ZFiREn S “fEAOREINERY HEh, ZhEFh
REKT, TE b ohTIEBREEE (Vortex 9 —) 2LV 30 MG SN, FALX Dk
BEATEE U2 B BB RE A2 BT HEED, 3 HEY RSN, SHICENTNREK, T
k2 HTC 10 S OB E R IEF bI1Toi, ZOMEPH ST, K 0. 3mg O 72 v 73N 4 pm
JEORY) Fabv LNy X 7 40N B~ FE, = )= T 1%IZHRaSnicany
F IR (WAKO Collodion 031-16425) |2 & v [EE Sz,

T RLE BRI O 72 D I LB e NERFEEVL & O LERICEE LTI, TESRINEBIENELR | O FE IS
W1 RBHZR LT 4 Mo X —4y RBMER S LT, WEBEREL L QIR T VT A —R UK
(Pd-5%) 23HW B, REHZX LT Pd 238 X% 10000ppm (ZFASL &A1, 1mg FRE OFy K alkh )y 8
FEREIEOFEL & AR 72 FIE TNy F U VIR EICEE S V2, AADDERII VY (AL 12T
B E 7o BHI 3 LT, mEO/FENE - BEZHET 2 BT, TZh 10 oX—4 > bR
e ST, BB DI AT D18 X MO FELZH 2 BT, NyF¥ 77 LA EFRED
au VA AREDHIDT T 7 X —Fy MR 3R S,

2.2 BIE L@

EERUER VYA 7 a he L0 EHENZ 2.9 MeV OB —A1%, 7777 A o
UA—=HIZLY 6em [ZHETE Sk &2 IS5, BBFL 0 B4 L7z X#UE, 2 A0 Si(Li) Ritigs
IRV FERFCHE SN D, 1 BiE 300um ~ A 7 —WIER L & I 4, K-Kall bz
—D XMERET S5, b 1HRIFRINAEEZRANT T 77 A o) 2 =212 X0 HERPRE S
, Nand K £ TOBRTHEEZMET S Y, BoN oD AY MV 7 1 25 4 SAPIX IC
X 0T stz

112



NMCCE: [RIF AR JE R SR R SCEE 13 (2005)

100000
Raw Net spectrum
spectrum
10000
2 1000
c
<
<
Q
i)
c
3 100 H A
O
|
4mm ppp
10 +Collodion \
{IN
. i
1 U100 0 A ,“ll'wh |
0 400 450 500
Channel Number
10000
1000 P
?C.» .4 H Continuous X-rays in the region
£ ) 3 between 2.6 and 15.2 keV
[ .
S 10 [+ 31 /
€ 8036
3 'xé. /B/ 2
10 | = b A
1 -
0 100 200 300 400 500 600

Channel number

Figs.1. Procedure of the standard free method. a) The component of the continuous X-rays originating
from the backing and the collodion is subtracted using the spectra of the blank targets after
normalization. b) The total yield of continuous X-rays in the region between 2.6 and 15.2 keV
indicated by shadowed portion obtained by subtracting all the X-ray peaks in the region was
used for determining the conversion coefficient.
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Figs.2 a. Comparisons of the effect of washing on elemental concentration in beard sample taken
from the person A with the electric shaver (A-1), where effects of additional ultrasonic
washings in acetone and distilled water are also examined.

b. Same as Fig. 2-a but for the beard sample taken from the person A with the other shaver
(A-2) in the different period. Cobalt concentrations are also shown in the figure.
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Fig.3. Elemental concentrations of four principal elements in ten targets of the same beard samples taken from person A,
where targets were prepared by adding palladium-carbon powder and the results were obtained on the basis of the
powdered-internal-standard method.
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Fig.4. Same as Fig. 3 but targets were prepared without the internal standard and the results were obtained by means of
the present standard-free method.

Figs.5-a,b,c) 2%, A A, B, CinbH, ThEthy=—— (A1), (B), (C) ZHWTHR
A7z 3 B FREHIKRIT 5 E RO SHTHER %, 2FOERELZ I LI TRy, AW A D DEEL
L7=akBHox LCiE, MBI LCENEN 10 o ¥ —5 > MRHE S, WE MThbiv, X
I RE RO LR AR SN TS, B oIS N L CiE, sk 12
e, %XW%F‘E&G&OD& Zy RBIE S NTZ, A® C v bERE =R NIk L TiE, =h
TNLIKDE =7y FORBRE SN T8, FEERFRFEN errorbar & L TRINLTWVND, ZHbHD
FERPD, MEZHOVTEONTARIFAWVICELS —& L, BRE ZFREHI k3 2 BEEAELER, R
RHREHIH L CHADTH D 2 ENHERTE T, INOHOMERELED X —7 y MCHWT=REH
03mg IZETHY, WHEOBMEN 1L HHpOE 7 e LTRRT2EO0HSO—RETHDH, D

117



NMCCE: [RIF AR JE R SR R SCEE 13 (2005)

TeDIEFIZe FOHENADPSGERIR LMD EO e R EHI L CHEHRETH D Z L 0HIfFS
o,

a)
100000
—— Standard-free 12 targets
[N —— Interanal standard 6 targets

g 10000 \\
o
Q AN
£
S
B 1000 |
€
8
5
o

oo | \/

10

S K Ca Fe Zn

b) Elements

100000

—e— Standard-free
N\ —— Internal standard
10000 \

£ AN
o
E AN
c
S
8 1000 |
s
c
3
=
[s}
[8)

100 [

x
10
C) s K Ca Fe zn
Elements
100000
—e— Internal standard
E —— Standard-free

g 10000
Q.
o
£
c
S
g 1000 |
c
[}
g ~.
[8)

100

10

S K Ca Fe Zn
Elements

Figs. 5 a. Comparisons of the elemental concentrations of the five principal elements obtained by the two methods.
The beard sample was taken from the person A.
b. Same as Fig. 5-a but for the sample taken from the person B.
c. Same as Fig. 5-a but for the sample taken from the person C.
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Fig. 6. Comparisons of elemental concentration in beard taken from the person A, B and C.
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Table Comparisons of elemental concentration (ppm)

person (A) in the same period.

in hair and beard taken from the same

Concentration in

Concentration in

Elements Hair (ppm) Error Beard (ppm) Error
Na 118. 13. 155. 49,
Mg 11.6 3.4 27.6 29.
Al 117. 58. 134. 38.
Si 27.2 14. 191. 47.

P 263. 21.0 221. 91.
S 49700 430 31700 910.
Cl 2380 110 2250 180.
K 552. 107 928. 120.
Ca 931 54. 696. 34,
Ti 1.92 0.68 6.0 2.9
Cr ND - 0.44 0.33
Mn 0.12 0.08 0.55 0.26
Fe 12.6 1.7 26.9 4.2
Cu 238 2.1 221 1.8
Zn 347. 19. 225. 7.1
As ND - 0.097 0.04
Se 0.74 0.3 ND -

Br 23.2 1.2 16.8 0.37
Rb 0.43 0.4 0.82 1.2
Sr 2.79 1.0 ND -

Hg 13.0 13 6.93 13
Pb 6.83 2.2 4.67 2.3
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Standard-free method for beard samples of very small quantity
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Abstract

We developed and reported standard-free methods for various samples such as hair, nail, urine, serum, sweat,
snivel, tear and saliva, and they have been confirmed to be effective for addressing global environmental issues. It
is expected that analyses of beard samples give us useful information about daily changes of elemental
concentration in the body in comparison with the other samples. In this work, a quantitative method for untreated
beard analysis based on the standard-free method has been developed. By means of the method, it becomes
possible to quantitatively analyze extremely small quantity of beard samples, which are daily taken with ordinary
electric shaver. The optimum conditions of washing samples have also been examined. It is found that some
elements such as potassium, calcium and chlorine are lost by washing in distilled water and it is better to wash the
sample in acetone. As a result, the standard-free method for beard samples has been successfully established and
good accuracy and reproducibility were achieved.

Keywords : PIXE, beard, standard-free, small quantity, toxic element, human exposure
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