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1. 8

BEPTEON ERBREBOFEIEL LOTbATHNS ), £, FRE LU LEZEEZEZMAIC
o TREZNET DI LICE s TEDEEROVCHMICBIT 2 EHMOREBEXROBEOE/LEZBET S Z &
BRELNTVED , BREIUTORTORERRAAPIRAA LN TVD, DWVAVAERFR (BA) O
P H BRI R TEMNE?D ©, BEFOMBLEORAE. QFRBRZEREBORED, QHANLRE
BE=F Yo7 ORDOAEYZAME. BREHROGETE TEAREYRNEE 19, @QLATH
(Ca, Cr, Cu, K. Mg, Mn, Na t Zn) LHETHE (Ag. Al, Cd. Ni & Pb) DRBEBZEHHKREOFM,. ©
RESCHMER R CORMMOAETRORBORE, . BREOTRSARIL. Fil. vE. BHAZHNRAE2D,
FBEEOCK, RECHEAER, RTE'S CRETORE'Y (@ilifb: TELEBERLTHDS) KEFT 5,
FBEZOH T, NRMEEE R OCARELE OBV 2D LRFREOWL SO OMERH 5,

AR Tk, BAERBFEHEAE T I AEEMVHEAOCEZTOLEEZMIT L. BARAALPFEA, BFH
CIREFINCHBR L, ZORE. BARAL FEAOKEK T, S%OFEET, BHEFEALY BHEEARA
DFNR Cu, Hg, Tl L EBL TV (p<0.05), EFHH & IR H OB T, 5SPDHEET, SHATET
X, FRFEFLVREEDOSD Ca 22 <EML. BREFLVIFREEZDOH D Na, K 2Z<ERL W, F
o, BELHETIK,. BEZLIVIFREZTOFN AL, As, Cd, Pb #Z<EHEL. TOHTH Al, Pb IIEEILH
WEZEZR LT (p<0.05), AME T, BAAOEZTORRBEZFER, . RINCHEBEFEEASTX
~HESHTE O THIE LT,

2. EBAE
2 -1 #E
BERENIY  TARBEICHREONESCRIUGE, . Fl, X—~OHFEOTEAFEEZENUTOT
U—bEEY ., BLRIEEBEONIEMEER L, BERABITIET Iy /7 -MOIL TRV AR L L
oo Fo, BE2ORILHEREOHEICIX., EEH 30cm OFBEZELHEND 10 ABREER LU, BEARHT
5cm, 10cm, 15cm, 20cm Z &IZEARDHBIITHT TE Y it 7z,
2 - 2 HijLE
FEZIIBEBTRKCAZHAOTROOIGERL, 77 aBSBARICAN, v( 7ty bEHAVWTCHESR
& FAmE (SIGMA-ALDRICH) 6mlz A, LKL, REODMEII. v~ 7oy =—7R_ENMRER
(Multiwave3000, Anton Paar) %W CLATOERMETHEL T,
Ay =St
- & H S 600W
- IR : 150°C
- FxmRJE : 10bar
- FERER : 1047
« SYFERER : 200
- WHIFER : 204y
SIRELIERERE T 70 VRGHRERNPOE—I—IZB L, HO1LHmilli-QKTHEF LY ¥ L 045um
®DDISMIC (ADVANTEC) %\, AR T T Ra~Aifix L7 7u 8N RAR L B — 5 —%nmilli-QK T2, 3
ElIeH L1z, AHIX100ml A X 7 T 2 a2 Tmilli-QKEZHANWTART vy 7 LI,
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23 o
AITALER 2 AT o To BRI X . SEFERA 7T A~ H&EHrEt (ICP-MS:SIIE) (X v eRoix Ui,
HE L7-m&kiL, Li, Be, Na, Mg, Al, K, Ca, V., Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se. Rb, Sr,
Ag. Cd, In, Cs, Ba, Hg, TI, Pb, Bi, Th, UD3ITHETH 5,
ICP-MS D Z4:
« ST X< AP - 18.0L/min  Ar
- fiBhYR : 1.8L/min  Ar
« X7 T AP —J Ay 0 1.0L/min - Ar
YUY U THLE : 6.5mm
« R — : 14kW
- RS EHEEK : 3rps
< KV LE% - 5E
COERTHEMALE, BEITETIROMEEIZ 1 BUL EREE L2, KK, ZEK, milli-QKOIEIZHES L.
ERLE-boERAWE,

3. ERERRUSBER
31 EBENH

SERE LT 2EDEE (n=59) DTSR % Fig1 1Rk L%, Be. Ga, As, Se. In. Cs. Tl. Ui%0.01
~0.1lmg/kg D#EPHCdH o7, Li. V. Mn, Co, Rb, Ag., Cd ¥ 0.1~1.0mg/kg DO#HiPpH CoH >7, Cr. Ni, Sr. Ba,
Hg. Pb. Bi, Th i¥ 1.0~10mg/kg O#iPH ThH -7z, Mg, Al, Fe, Cu X 10~100mg/kg D#HPHTH o7, Na. K,
Ca, Zn, (X 100~1000mg/kg PP TH o7z, Fo. ZONWRER L AT L OWER%E L7z b D Tablel IZ/R L
Too BIERZ? TIEICKELE (0=59) OBEZHEL TWVDH, TNEAERBR L KBTI SH L. Li 1T 42 15,
Be iX52 1%, NaiX244%, MglI244%, Al 1445, KiX38f%, Calx254%, VIX374%, Crix1.74%. Mn
1X354%, FelX244%, ColX 024%, NiiX23f%, CulX13f% ZniX124%, GalX631%. Asix78f%. Rbix
304%, StiX 1745, AgiX2.1f%, CAdiX12f%, IniX 13 4%, CsiX274%, BalX 1.14%, HgiX 1.0f%, PbiX 138
fi#, Bi1X 0.81%., ThiX 0.1 %, UL 1.04%7T Co, Se. TI. Bi. Th LASMIRTH22 OMEDIEH D3I 1.1~8 &
BER L, Zhi, ARRTIIRIAEE LTEEZS milli-Q K, =&/ — L THEZITR> TWDHDITH LT,
Ai22 CRBEZERULEEI2FHALELEDEEXD, . AEROBENT 10~80 RNOEHHEXRITL
TWDDIZR LT, 20FAIBOFTRRKETHDZ EHEBRLTVIOTIE AN EBbn s,
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Tablel 25 H7HE R (mg/ke)

SHANG & B4EH, PE B SHOBZPOTHESH

AEBRE (n=59) AR Z | B> (n=59) +HAEAE(RE
Li 0.15+0.78 < 0.65+0.53
Be 0.03+0.07 < 0.13+0.27
Na 401+394 < 943+608
Mg 97.3+85.8 < 235+198
Al 42.9+60.3 < 58.0+48.4
K 109+143 < 4174293
Ca 885+974 < 2248+1594
\ 0.13+0.14 < 0.50+0.78
Cr 4.81+3.24 < 8.07+3.90
Mn 0.76+1.01 < 2.65+3.41
Fe 58.0+70.0 < 139.1495.6
Co 0.62+0.76 < 0.10+0.10
Ni 142+1.92 < 3.23+5.03
Cu 38.0+50.9 = 48.4+113.0
Zn 160+73.1 = 195.2+125.2
Ga 0.01+0.03 < 0.09+0.11
As 0.05+0.10 < 0.37+0.42
Se 0+0 136.4+111.5
Rb 0.16+0.24 < 0.50+0.47
Sr 4.69+5.05 < 8.03+6.71
Ag 0.28+0.70 < 0.59+1.59
Cd 0.27+0.29 0.31+0.26
In 0.03+0.06 0.04:+0.08
Cs 0.01+0.02 < 0.04+0.05
Ba 2.70+7.04 = 3.08+1.77
Hg 7.30+22.14 = 7.36+12.97
Tl 0+0 0.10+0.08
Pb 2.85+4.30 < 5.26+10.04
Bi 2.92+12.6 = 2.38+3.11
Th 8.19+21.6 > 0.57+1.26
U 0.04+0.10 = 0.04+0.07
32 OB
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EEEFRIT HBICER, HR. R—~DOFEOT U — M EITOERE L, F#i%E 0~19, 20~29, 30~39,
40~49, 50~59, 60~80 BEIZ/TiF. ENENDFHH A Table2 |27 L7z, 0 R~80 ROFBETIIFMA L35
ZH€->TLi, Na, Mg, K, Ca, V. Cr, Mn, Fe, Cu, Ga, Rb, Sr, Ag. Cd. Ba, PbEEXHMEMR R S>h
Tre TNOHOTLRITERCHBESICERELEV I EBNFEREEZLND 2D, BAEBLSR LNZTHE, In,
Cs, Hg. Bi, Th, U BERXBMAMS RO, BIMERARONIZEROBEHIZ, EAEEREAENE D
IFEH Y POITH 104FE, Cd TR0 ELIT Al DL S ICKEBAPIEHE SN TLE S b0, thoYE DR
THRINAAESNTLE? Zn DX 5 BRI H - 7227,
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Table2 4EHRBIEZEZ ISR (mg/ke)

P - SRR

0~19 % 20~29 5% 30~39 &% 40~49 5% 50~59 &% 60~80 7%
(F#) (F#) (F#) (F#) (CF#) (FH)

Li 0.00+0.00 0.03+0.08 0.00+0.00 0.63+1.69 0.12+0.21 0.04+0.11
Be 0.03+0.09 0.03+0.08 0.04+0.09 0.02+0.05 0.00+0.00 0.04+0.11
Na 334+436 3234232 573+446 5461504 227+163 4224316
Mg | 103+£75.7 79.5£77.6 56.8+31.7 102+£92.9 108+148 145+62.3
Al 59.7+88.6 23.1+78.2 36.5+254 64.0+85.7 26.2+33.3 34.1+17.8
K 36.7+45.1 117+121 236+220 110+143 30.8+55.1 194+144
Ca 949+892 539+644 585+621 961+1042 1028+1522 14154921
\% 0.10+0.10 0.12+0.11 0.16+0.07 0.21+:0.24 0.08+0.07 0.11+0.07
Cr 4.46+2 .46 3.91+0.77 4.49+0.62 6.88+5.87 3.41+1.00 5.61+3.38
Mn | 1.08+1.29 041+1.06 0.54+0.50 0.78+0.94 0.27+0.15 1.65+1.77
Fe 54.3+70.2 44.9+49.5 36.3+22.2 91.6+117 36.2+49.3 84.5+50.3
Co 0.69+0.80 0.46+0.38 0.77+0.64 0.86+1.27 048+0.34 0.32+0.36
Ni 1.99+£2.79 141+2.28 0.85+0.63 1.69+2.40 0.72+0.91 1.52+0.79
Cu 31.6+24.3 22.9+7.51 25.7+143 51.2+76.6 58.8+82.3 38.6+46.7
Zn 160.8+66.1 | 162++512.0 174+86.1 168+98.5 140+50.7 153+69.7
Ga 0.02+0.03 0.01+0.04 0.01+0.01 0.021+0.05 0.01+0.02 0.02+0.04
As 0.06+0.12 0.06+0.10 0.10+0.17 0.03+0.06 0.01+0.02 0.01+0.02
Se 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Rb 0.13+0.25 0.11+0.22 0.23+0.24 0.24+0.35 0.05+0.08 0.27+0.20
Sr 5.27+4.87 3.59+4.45 3.23+2.82 5.24+549 5.31+8.64 5.39+3.31
Ag | 0.18+0.13 0.27+0.23 0.09+0.10 0.29+0.25 0.65+1.77 0.16+0.15
Cd 0.27+0.13 0.18+0.17 0.28+0.12 0.43+0.57 0.22+0.18 0.27+0.12
In 0.024+0.02 | 0.07+0.13 0.02+0.02 0.03+0.03 0.01+0.01 0.03+0.02
Cs 0.02+0.02 0.01+0.03 0.01+0.01 0.02+0.03 0.01+0.01 0.01+0.01
Ba 243+0.14 1.34+1.84 1.28+1.00 2.31+240 7.03+17.7 1.92+1.30
Hg 1.35+143 25.3+473 1.65+0.96 4.30+10.2 3.98+6.71 5.77£7.20
Tl 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Pb 2.81+4.49 1.47+4.57 1.41+0.84 347+4.71 2.68+3.88 6.38+8.08
Bi 0.20+0.42 12.7£27.6 0.10+0.15 0.94+3.17 1.07+2.51 1.34+2.54
Th 2.08+1.78 24.6+44.1 1.79+0.89 590+12.5 581127 8.09+12.1
U 0.01+0.02 0.17+0.22 0.03+0.02 0.03+0.03 0.02+0.02 0.02+0.04




B RWGEEAS G T T A BROMENC L 2480, T REPIOFZFOITRSM 71

3 -3 fHBIDkER

BEAFMTHIEIICS « 2LRAKOT V7 — b E2TOVBE L LHETHTHEE Lz, Bt (n=33) L&
(n=26) THEL7-bD% Fig. 2 (TR LTz, BEDEEF D Mg, Ca. Mn, Ni, Pb REXBEHDOEE L LT,
AEICEVMEE R L7z(p<0.05), Na, K BEXLMELY, BHOIFBEVEEZ R LT, Na id, fKNT Na*& L
THEL., KIRSOMBOREEEZ —EIZRko7c ) | MECHRDOIIIELZLFHELLLVTHHOTHY, £
Na tIMfaMRICZ < b5 2%, Bkl M CiikikE»’EV, BHEOFRE K ERFL TS, Koy
OFITHIREME - MIRNEE RS D, OF V., HRMEERISENVEH D AEERE X OND, ZOMIZHH
EHOREREOEEBREZ OIS, K IZOVTHREDEENRE X OND, FEEDHIIC X BRI 08w
EARD L, WH, AHETFETBa, Co. Ni ST E L ZR UM A B,

10000
J; BE ni
1000 =
100
™
-4
g 10 A T l
-
0.1 1 M
0.01 - ’ . 2 L g LR
VIELE P S 10 F CPL PRIV EP IR ORREOE o0
JER
Fig2 BHéLHOEBIOTREE
3:-4 E& Table3 Bt ZEDERPILFERE (mgke)
BEERSPNCHE LT b DN THICIE> & ) LR ) .
A5 RO N TEHE Fig. 3 108 Lice 2R HDESH At (n=33) Kt (n=26)
IZL72%E% (n=5) D Al, Mn, Ni, Pb TTHEREITER
LV EETHEVMEZRL, Hg, Be THRBEIERLDE Mg 55.8+37.9 150100
HETIRWVMEEZ R LT, BRIV BETEWVEEZRLET
FIXEZRAHLOAKEA R EICBESENLTEY, = Ca 361+486 1550+1036
NOEDTEENLIVBBELLOTVWERICEELEZ LI
Lo THAEDPOLOERBEL RV EWVEE R LI EE X Mn 0.57+0.73 0.99+1.25
bHET, BREYBLETEWVELZR LK He 2RSS
IZCBWTAEMRMEINZAE R EORYEA OB EA Ni 0.88+1.56 2.12+2.12
M52 Be IXMESCH DIRWRR EDNLEA~TY ZTeH
BEholctEZEZxbNS,
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Fig3 E2OEEMIORIFITREE

3.5 N—<DHEDLE

NR—vDHE L DB % Figd IR LTz, R—<&NTTORVWEBRIZLESR, NI BEOTREEIL Na,
C. K OLERREUALTEVELZ AL, Be, Mg, Ca, V. Cr. Mn, Fe, Ni, Ga, Rb, Sr. Ag. Cd. In, Cs,
Ba, Hg, TI. Pb, Bi, Th, U IZHFEIZEHWMETH o712 (p<0.05), ZHIF/R—<0T I T —/a PALER R 0EE
BRI RBEZIEBEFBALLTUVEBMIERA VD 7 M - AVKRUEE - DARF IR E)EBML, 44
R, ¥ L— MERR EDILFHIREMIL > TRBORERNBEL RDHEDELEEX D2, RO T, BREE
PRER IR~ PNBERB I o BEEZAVDIEAEX L — MITHRMEERE, T304 45
DOPLE L2,
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4. F&0

ERKFEEAR T T AERGN I EAVWEEZTOTREE O L, T, M, B, N—~HFEIN LK
L7z,

FEE OB T, FIN LR 5IZ9€-> T Li. Na, Mg, K, Ca, V. Cr, Mn, Fe, Cu, Ga, Rb, Sr, Ag. Cd.
Ba, Pb JEEEIIHIIMEMAS RS54, Be. Al, Co. Zn, Ni, As, In, Cs. Hg, Bi. Th, U EE IR EMI RS
iz,

MR TIX, XY ZMEDFH D Mg, Ca, Mn, Ni, Pb #%< EHEL TV (p<0.05),

EIOLETIX, Al Mn, Ni, Pb BERI YV ELTHEVELZRL, Hg, Be ITEBRI Y BETIEWHEEZRL
7o

N HOBETIINN—~EDEEZL Y, Be, Mg, Ca, V., Cr, Mn, Fe, Ni, Ga, Rb, Sr, Ag, Cd. In,
Cs, Ba, Hg. Tl. Pb, Bi, Th, U BRERETH -7 (p<0.05),
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Analysis of elements in hair by age, sex and length by high performance
inductively coupled plasma mass spectrometry (ICP-MS)

Jun NAOHARA and Shinji ITOI

Department of Biomedical Engineering, Faculty of Engineering,
Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

(Received October 24, 2018; accepted December 6, 2018)

Elements in the hair were analyzed using high performance inductively coupled plasma mass
spectrometry (ICP-MS) and compared for each age, sex, length, and presence or absence of
permanent of hair. In terms of age comparison, concentrations of Li, Na, Mg, K, Ca, V, Cr, Mn, Fe, Cu,
Ga, Rb, Sr, Ag, Cd, Ba and Pb were increasing with increasing age. Be, Al, Co, Zn, Ni, As, In, Cs, Hg,
Bi, Th and U concentrations showed a decreasing tendency. In gender, females accumulated more Mg,
Ca, Mn, Ni and Pb than men (p <0.05). In comparison of lengths, Al, Mn, Ni and Pb showed higher
values at the tip of the hair than the hair root, and Hg and Be showed low values at the end of the hair
than at the hair root. In the comparison of the presence or absence of a permanent, it is found that Be,
Mg, Ca,V, Cr,Mn, Fe,Ni, Ga,Rb, Sr,Ag,Cd, In,Cs, Ba, Hg, Tl, Pb, Bi, Th, U were high concentration
(p <0.05).

Keywords : Essential element, Toxic element, Hair, ICP-MS






