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EERABOFTOSFICEVTD, Et - ERHSHLITEL, EERL TV I2EEORBINOLE
MEREE - TW5. KFETIE, b FoBR2RBICEY LY, B2 XRF ick v ABic&th
PREOREHN R AR THEC L ERLE. BABREEXBAR7 A, ZHERSEE {5
FfER : Ge(111) X2} 2AVWTHELE. BECBOLhBEHIRIE SKe 227 b rititl, RANATR
HirED - ShMmm 2EALT B Ry, ERAZRBLOWEZT-72. 22 BoFERHOHE
L, REOHERCEE»S, b OBRPOKERIT S (Y BERITHI (95~96%), S+
UREY) BRbTrHFET LRGP /. ZOZ2ORBUARFEL LV Lo 7. H
EALAEAA BEErhgr2zadRBItTRELAER KECR, RBRIZEFOENS BDLNT.
R, HHEDE S S BbTraRbSVwI L Bdbhi. —HFRRBLAREZNEL TR LL
rA, BEBIEERINL S BRALTIHEACD B LRGP > XBRHIZI 2 BBITOW T,

AHECO HHEBREDO X#H (Cr, 35kV, 30mA) T dHhiT,

BT azERBEVT EBHEL» TR .

1 &

AN EEhBHREORITMN 0.16% LEHh, B
K, RE, KEK, SRR CESPCEFEL
TWAHAEBERTERTHS. LEHORKER, 2 v 27 H,
BT I BERUERL &Y K OFFEBE > TW
T, HEOLMARCERLBEEAEREL-L TS, #o
T, HERHPOMBEORBEHLLETH &L, &
b2l L OB TN bET ETHREC/K > TN T
HBHroEELLNS.

XRF %Ki X 5EDORBHITCOWTL, #HY (A
R OTRE), BERKM? (KKFBER CAFOHR),
BHIAMWMY (Bl y FPORRK) RIANEH L
LONPEINR TS, Lil, EEFRPFOMECR
3% XRF B L 2R OBIRIT L A L RE IR
. XRF Eof#E:, EBEETHH, R JEdBER
bW E AR HDT, EHRAHCHL TS in
situ THHCELRNKFBRELDZ EVYRINS.
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* hEBEENAY  PEARKMEGEN
ORTRETERTEMAER « 113 FRERHMOIEHE
#F 7-3-1
R R RBERREEERGHALER 162 REEHE
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| EEC BE 25X EOKRER

Z 2Ty, XRF ¥, #HeEsie XRE EosER
BADILBOTEEMR OWT, A& L Te F0EER
By EF TR TR OWTHETS. T,
RO O IdDERT — 22185 Dic 22 @EOAE
BRO EBHEFELAY w135 REFD SK, o=k
NE-F (b¥Ev7 ) ZRELL. RCZOFERE
b e, FEA, BRADBLOERFORMADFLER
B OWTHRHEZ Tk X, BE, AL HEIE
TR D A AT
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2.1 @ &

ERBIEHEXBAS FLOHEREBERCEHZ,
Table 1 ZRL%&. HEF— 2L Tix, ¥xikes
LOMIE, A7 A0 RKEIE S Bk, FEHBik
(Savitzky-Golay 9, 2% 54 10 @) LB <.
B2 7 P OEIEBMERY — 7RREOCERWVWIT D X 528,
0.001~0.011eV T& - 7.

BRORBEFRMBICHEEL VWA LEXLNIHARBD
ALY P AR DOWTH, EREENRECESE ~
rrEEEZERALE. ZoFHEE, SKe oY -7 03,
REBR—2TCIhITVWTNRNTH-THIELLEVEV D
BRIEESVWRELOTHS. FEE Al ooz
CHBALAEBRED TX 5L, ECHVWEEOY -2
i, FhZhoRBICHET 2 00oh TR bEBORK
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Table 1 Condition for the measurement of SK,

X-ray fluorescence spectrometer : Toshiba AFV-701
Data processor : Hewlett-Packard 9845A
Multichannel analyzer : Tracor Northern TN-1710
X-ray path atmosphere : Vacuum
Detector : PR gas, proportional counter
X-ray tube

Target : Cr

Voltage : 35kV

Current : 30 mA
Analyzing crystal : Ge(111) X2 (24=6.532 A)
Scanning angle (26°) : 110.15°~111.02°
Number of channel : 256 ch. (one spectrum)

Wi ozZHVWIEER, REXRL AR, ZoZ e
5, AMAETCIERELMEOEE W a-S(S) v -7 %
Y - Z7ITHW.

AR FoLMBEOTRITIX, GRBEBEIMBFINH
BILE XD, RE - HEFAFEE>TEE (Leco CS-
24) 2w/, BEFBIX 0.01~0.015g b, B
AL LT W-Sn §4:%# 0.5g flv7:. NBS SRM
1571 (Orchard Leaves, £%{H S:0.19%) % & 8,
Zihvx 0.80~1.05g v >R LEERBELL. Th
PAREFBICL -TERELLEZA, HEE 0.19%, *
IR T 5 ABRERE 1.7% L H ERTH /2.

2.2 H ¥

L OB, ERANES L LI ERICHBIZERK
TE%5. X, BREWALEKOBRIBEZRIBLT
WBHZEREEMICBLALRTED, R ELT
BAZRKSDLLDTD 5.

BE»LKERL L TCHERL-EBEIE, =%/ -1
C3@EBEELS. F0%, 30mmé oF - Al oHIK L
WY lcm BEICEICESR, SROMMOLLEET
— 7l HETEL .

BRI L THVWAEBROEERE (LD, T
FRORKHEMLD LAREBEEAOLOTHS. THLDIL
EYEDOSHKITT-TFoMr I HWRL 2 #, MERA
LCVv, roIZLCllERKE L.

3 RWRRUEZ

3.1 WARBOIEEL D b
BERRR wonTo SK, Dby 7 + o JIEREE
%%, Table 2 CRENTH 5.

Table 2 S K, chemical shift (eV)

S2- inorganic —0.216~—0.176
organic —0.007~-0.106

Se 0

S4+ +0.809

Se+ inorganic +1.195~+41.215
organic +0.872~+1.042

Ss : reference
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CRBDOF— 25 X5k, —Hoyo S (B
BY) & S (a-S) Ty 7 MREEAL B Shin
Ve B AEGRICIIEBE L BRI LA S LW E
2 bR T50DT, £ERABPTIOMACHETS &
— 7% $2- THHEEZXTIWTHHH. BRHMBE
T PTCREE L HE E ERAMC X A BEERTLE,
DOHEDOXJNGFRETH 5.

Table 2 7R3 X 5, BEE RO EE - B OE
X5 SK, @ a-Shbar 7 b OfF5 IR Auvic
LT D, RO Ko o7 + b REEHFI A
R T2 DT ED5hA.

32 P—oARMECHOI-DOXBRE

Sz- H—iRfED S K, 0YfHIEIX, HmTH 2.36
eV ThH5H. TheHLTEED SK, OE(HEE L 2.41
eV Pl EE—fic<, HEORBLRERCEREL T
LT EDGND.

HEOREVRFFCHFAET 2HEDOANI P LD E -~
7 HEC X D EBIVREBAMICR L, ¥ TEERYE
DEEWEBCEANLHEN YT o, v FOERBIIT
rIFVENBETHD I b, FhL#E - 2Rk
ELT, YAFVEEKRKEET Y v ADREY, B
Wi Z ORECER ZnS iz T, HEROEKD S
L S8t LA E L AR ERL .

v— 7 B RO —H% Fig. 1 w3, Table 3
Ot Table 4 KRENTWB L 5K, R rhFhics
5 HERBOFHEL L -7 PBEC IR Lo—%
1%, Db BIEFCTHot. ZZTHEULTWHBEEDER
1, REOBRGSREBOTE—, ®EZE NELIX
HEDEEZBIRS., LL, TOREDO/NIHBET
HDHebE (2RAFHRT £1.2%, 3EHKRT —2~+

SS+S+S0,

SKe«
1.00 1
synthesized
- 0.75 S2-inorg.
= observed
£ 0.50 g6+
&

0.00
0.00 5.00 10..00 15.00
Energy (+2299.98 eV)
Fig. 1 S K, spectrum from cystine+ZnS+ Na,SO,

mixture

Cystine : 14%, ZnS : 542, NaaSO. : 32%
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Table 3 Chemical state analysis of sulfur in cystine-Na,SO, mixtures
Cystine Naz2SOq
No. Error, £%
Added, % Found, % S.D., % Added, % Found, % S.D., %
1 30.0 31.2 0.5 70.0 68.8 0.2 1.2
2 77.0 77.4 0.6 23.0 22.6 2.1 0.4
3 85.0 85.5 2.8 15.0 14.5 17.5 0.5
4 88.0 88.4 0.2 12.0 11.6 1.3 0.4
5 93.0 92.6 0.2 7.0 7.4 2.3 0.4
6 95.0 95.8 0.4 5.0 4.2 8.4 0.8
7 9.0 96.3 0.6 4.0 3.7 15.6 0.3
Table 4 Chemical state analysis of cystine- T
. (2) normal hair
ZnS-Na,SO, mixtures
1.00f ]
ZnS Cystine  Na2SOus 0.75F  observed synthesized |
1. Added, % 54.0 14.0 32.0
Found, % 52.9 13.8 33.3 0.50
S.D., % 1.9 4.3 1.3 0.25
Error, % —-1.1 —0.2 +1.3 ey
2. Added, % 8.0 58.0 34.0 2 0.00 -
Found, % 6.0 59.5 34.5 £ 1.00f (b gray hair o synthesized 1
S.D, % 0 1.3 2.3 0.75
Error, % —-2.0 +1.5 +0.5 :
0.50
1.5%), EEORBCHL T HHBRE S/N ORWVR 0.25
~_7 rARRBRNE, 20D D VIR ROROER 0.00
FRBOVIVTIETH D EERTES. B, Thbo . .
0.00 5.00 10.00 15.00

MR, S O ARER ERYER) ETES
CHBITEBZ E#RL TS, LL, ZOREDY
7 rEEXILS BT THE0L, ToRUERENLE
LB LIXE S5 ETH o
3.3 EROREAITER

Energy (+42299.98 eV)

Fig. 2 Results by peak separation analysis for
S K4 lines of human hair samples

66 ADEERFORAERFEL, Table 5 (a) RL
7o. BRBHOFREE, WThoRRPTh 2EEFLEL
TWB T ERNGND. ©— 7@ oM%Y, Fig. 2 R
T BBARZ v v, FEEROZFRSDDLER LA

b S8 CHEELTWAHOXEEOMMECHD, S2-
XEBRETIBE Lot ZOBED S 41,
EEDOyr 5+ VvEPCE TR -S-S- Earan LT
WiHhboneELZIDLRS.

X7 PUIZBL —HKL TR Y, BERMDORBIEFEETS
SRR T R, ChALDLLELNTHS.
DEEROBERID 7 v v b, WThoRBHZ W T

3.4 MPRIUMFICKIBZRBONT
ABFZ SRR L - 66 AoRFUL, FEASHK 25 4,

Table 5 Content ratio of S2- and S¢+ (a), and amount of S2-
and S¢+ (b) in the hairs

(a) (b)
Sz- Se+ Sz-/l se+/l S2-4Se+,
Range, % Mean, % Range, % Mean, % mg g~ mg g~ %
Chinese, male 97.86~94.20 95.97 5.80~2.14 4.03 46.45 1.95 4.84
Chinese, femal 99.15~92.58 95.25 7.47~0.85 4.75 44.77 2.23 4.70
Japanese, male 97.47~92.75 95.64 7.25~2.53 4.36 57.96 2.64 6.06
Japanese, femal 95.93~92.55 94.70 7.45~4.07 5.30 54.74 3.06 5.78
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CH,-S-S-CH, = —— CH, g° CH,-SO,H
CHNH, CHNH, ¢ung, °H  4H,NH,
COOH COOH COOH J

[ f

CH,-SO,H
CH,-SH ‘ CH,NH,
2 GH-NH,
COOH

Mttt 13 £, HAASH 14 &, AL 1428 Ths.

Table 5(a) DFREN S, B S2- L S5+ o]
MR VT, BED 5 gL 1L v
EZIRD BN, Bz S oHNELEEN FE
AT, HEABME, FEALZHE, HFEALKEOIETHR
PEEZHD Z EDD0 5. B v atoiz 5 s S2-
Bl l, FEAID HRADIE A 82~ 237\ E
5. S8+ @@onTiE, SRS h ETHOH
FITH5.

Table 5(b) %, &MEOREEDNC X 5 EEIFRHR
L= 7 TEC L OMNTRREY AR T, FRBOERE
B kD0 Ths. Table5(b) b3 X 51,
EEFOLMERBIIARABU LIRS £, PEALKE
BIRb Aheh ot X, BHRADEBRZBIFEACHET
#1% BESHMELES . —HRACEECHAhE, B
BIOEIITEA En.

B, HEAOEEDIZ 5> S2-, S¢+ JLgdhEAD
EEFTOEGHEELIVE VW L 2D Table hbHianhs.

CORAO—2E LT, AEEE HREBo%
Wi EREZ bhA. B, HEAOCHEREOE B,
EXETOIhLTHSS.

3.5 mBRLIARLIONM

12 N\oBELRB LY WRAIE LR %Y, Tableb
i L. BELABRF—BEE»OERLC O T
»5. 12 Arh, 11 ARKSWTIIHELACBE S X
hTuw?d 8- ZABIVEL, X S TR#Es
LA o T '

1 D BB HFFELEET B, DAL 25 F T, Wb
PLERETHD. ZofsrfckENT o0, H
BREWRIETH S 5.

LB ECOWTIL, Table 2 No. 1 K0t No. 8
D2HBDBZDOPMEE e ote. TORBIZ LB L, BE
DEWMEEL BE X v b 0.3~0.4% R,
Thbb 3~4mg/g K\, X, S~ OBEHEOMEL
(4~5mg/g), AEFOEMEREOBAIEL LT S*-
DWAIR LB DERBIA.

Table 6 Content ratios of S?2- and Sé&+
in normal and gray hairs

Sample Normal hair Gray hair
No. S2- ¢ Se+, o, S2-, 9, SLEA
1 96.4 3.6 94.6 5.4
2 95.1 4.1 93.8 6.2
3 96.7 3.3 96.0 4.0
4 97.9 2.1 95.2 4.8
5 95.7 4.3 94.1 5.9
6 94.8 5.2 94.1 5.9
7 96.4 3.6 96.4 3.6
8 96.8 3.2 94.8 5.2
9 97.3 2.7 95.4 4.6
10 96.9 3.1 95.0 5.0
11 95.4 4.6 94.7 5.3
12 95.4 4.6 95.7 4.3
3.6 HEOREM

X\OBGC X 2FBEOBRE DB bIE, WERHRE
T 5 EEECHRECL REEEY H 2P0 L
EZzbhb. ZOHEROWT, XERGER QUEHRR
BT %) w2 BEER RO REO REO ik
COWTER L. ToO/RR, BRI 70 54
%5 &, 5S¢ OMNFLELD S e MinA BASh
7.

Thix, XrBH+TsZ ek sEEb S (F
By OB Isb0THLZ LIXHLNTHS. ©
OEBLEL TR, FzEBEBPDOYAFVRGEER T
5 -S-S- O LD X 57BILARKED, ExbhB.

HEHEOPEEGMTIL, A7 +AD 1 [T 30
SBENND. I TOBERTNT, 2ELAOED
BL, Thbbizig 60 7BEOXBRBEEIC X 55 — &
ThoHicd, HRCHTHXERHFOEE ISV
LbDEEZDLNS.

P Eo#fe kv, moRee XRF ke X b BERAR
FOREDOERBIVRBAPI AR TH D & L2 R LI
X, ZOREND, EERARCXT5RBOFT A RET
By, BEPILEREZELZ EMNTEXLAEEMNE B &
BETX5THAS.
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Tokyo, 1-3, Kagurazaka, Shinjuku-ku, Tokyo 162)
X R Double-crystal high resolution XRF was applied to

N 1 SR S < A, 52, 96 (1973) the chemical state analysis of sulfur in biological samples
o P C RSB > . f irs. 2— alue 95.49 d
D K Faraya Y. Kato T. Kikuchi, Y. Gobshi  Cpnuman bairs. Both 5% (average value 95.4%) an

Microchim. Acta, 1983 II, 263.
3) wHB=, WK oL, 29, 47(1980).
4) A. Savitzky, M. J. Golay : Anal. Chem., 36,

Se+ (average value 4.6%) states are present in all
hairs. The total sulfur and S2- state sulfur in male
hairs were higher than those of female hairs in the
same country. Furthermore, the abundance of S

1627 (1364). P state in gray hairs was found to be less than normal,
5 | Kk, @R % 4EE-— K, 92, 475 but S8+ content was slightly higher than that in normal
(1984). hairs. '
S (Received December 9, 1986)
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