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F i

FEANY w7 A, 1970 ERUCHEA L7 b (chemistry) & &% (metrics)
MHIRDEWETHY . PR, M FIEEZEHA L, K#EROTFIESCERO®
o« BIREZITY &L BT, LFET—Z 0B LN FEEREORKACEIT D T
N CTHDH (Massart B, 1998) . 7€ X MU v 7 A%, KT — X RAT. TR
B X OETVLICHWS I, SITEENSHLNLEERT — X TOR S L
WEROTFET Db D, £, ZEOHIHLLZEBREICHLNLHL
&% (Voncina 2009) , #EA MY v 7 ZATH LWFERENEALICIT 2D TWH
LD, NE—=VBETHY, AT MR a~ N7 T LREZ = bk xR
B, BB L ORBET 27-OICHEA IS, BREOEMSERE ., EM#HS
SRR & O B RE A B A TR NS — O REN B REBIC T LD 2R L
720 (MR RIRIL T N F — o BIRA A HEET D A CEM SN D (HE 1991),
BT —HfRIT CE b b FikIE, ERS I (PCA) BT 7 A X —ffHr ©
bbb, —H. RE—UEIRTE b FIEIE, BRI (LDA) | KR
(KNN) 38 & OV AP RR[E 58 (ANN) 72 & TH D (Voncina 2009)

FHETIE, 2 Ea— LFRENE HWC, (bFRERoMECEHE % BT
rEA T H<T v A (Begam B, 2012; Xu 5., 2002; Bajorath 2009) <0 3K i,
oy Fa% ity B (Begam 5, 2012; Xu &, 2002; Bajorath 2009) & O@A LT bi,
ARFEEOFAPIERIE L TWD, FERIZ, EMFOGEICENTES, EMEREY
EREENDNAFTA T ~T v 7 APBEANI N, EWFRT —FZ @70
FIEIZE > TRFT L, AWE EORE A REEEZM< 22 HME LT D,

NAFA T H~T v 7 ZAORRERIT, Bio T (7 L) PHIRE-> T
BRI (FF o227 U7 h—2n) | BV (FaFFd—2n) | REPED K
(AZAm—2L) BLOWERR ERBEAEY (7 =/ —L) £THDH, 1980 FAD

BRI T ) DTRBM ORI S HE, RA T LOMFERNLRL LT, b7



YAV T b= AB LT BT A — AFRENEAC I 0T, ZRG OWFFIE, BUE
IZEDLETOEMOERITEY, L sErOEmEOHIENERLS>OH DL, &6
ZiE. BT Wb D MIER EOMREEMICH 21T A Z AR e — A5 b BLERE
BHNZAY 2o %, O FEE AL, BEY T O - & 05 i 0B < 3L 1 2
NI R GHTH D, Thbid, WEROBAHEY O 72 it L WE R ERZAT
720 OTIERL MK, R, Mk KO ZREMOEE —F o+ 5 5k
LD, BONTREMDANT T — 2 2L EEMTT 252 LT, EEERES
R LR DOREED 2L - FEL T, EREMLUNOEIMZRIRLE LI A X
RE— LD E T2, BRI THD, THETIC, ROMFERE & PR
oy bR LMNEEY~ — U — ORRHIE (Whitfield 5. 2005) X, £k
ZHEIBLTEHE Ly =V N OREBHONRHFED ~ — I — ORI
(Katayama &, 2012) 72 EZ4H, ZIZHETRHELTE TV D, 7, THx25
Hrd 2R & LTI FROEEESE (AAS) RFBEMA 7 7 A~ o iEE
(ICP-AES) 2 EMBIFENDN, N FA T4 ~T v 7 ADFHTIX, FHEHEE
7T A< B HTEE (ICP-MS) i L7z lEN L\, OBl & LT, ICP-MS I,
1) ZuHERESHAAETHY . ERHTYFUL (L) "bU 7y (U)ETDA
EHIFAOTHRREDOEREGLIENTE LT L, 2) 1) OFFENL, REHEN
EFITHnGEE (<01 ml) TH, —EEOEL CHRIFREBGLZLENATRETH
HT e, 3) REA., WEABENTTRERZ L, RERDFONS, foT, KED
TR ENELTL5EA N v 7 AT, ARRFIEO-DOTHDLEERD
N5, Baxter b (1997) XV A »hOMETLHZ ICP-MS Z W THIEL., /560
TR EAAR WD Z & THBEMERZPETEL2Z 4R L, RO
IZ. Coetzee & (2005) THHEINTVD, ZHLDOMETHO LI KRS
BET—HRIE, ICP-MS IZ KD ERDINOH/OLNTZ LD TH S,
it J7. ICP-MS (ZHF HMEFIEITIL, ERIELFERENDH LB, THNETHN
DRI ERETEBINTE 2, EEEZ, GHRORAESTETH . JET



FTRTCOEEKERNT, BEOT vy MR DHmEREERE., AR O
TRREEZRODLFIETHD, —FH., FEREDT, HEOCEL G ORIESEER S
REHAR ZWE L, 50N EEYER T LR O A 4 L REE ) B 45 038 O M EAR LK
ZEEHL., e HnWTeEaEfifo cRREZRET 2FETH L, - T, F
EBIETERIEICHART, T XTOMELREOEREREHET 2 LEN 2 BIE
BEMER DRI 1 T, MEHAKO BN b LB L LRV,

ICP-MS IZ X 2 E®EG AWM O BHJIE, ICP-MS EETERDHTEZT D55, B
BEROFEHSCHEHAROFGRELZRDDZOOFRPTE L LTOFHATH o=, &
Btk (Amarasiriwardena 5. 1997, 1990; Soldevila 5., 1998) . AT H x4 A,
g, A I v 7 Bk, NEL h v MR XL OMATE (Amarasiriwardena &, 1997)
7% EOIERERE 2 VT, EERE TORIEREERO WS TR ICHEREE O SRR
. N Z OFEM OB TEN 2 AT N, RIS B &7 & FH KO rE O EHE
BEOHEIZHWOND =2V F A=y NOEEYEHEICBNTHMEN I NTH
% (Amarasiriwardena b, 1997) . ZiLH OWFFETIL, P& &1L TOEE|IHER 70%
UETHhBE@mESNTWS, i, ICP-MSICk B EERET —% L EBMET
— PO REM LA CRIREOHBRFTOMITLITONTEY, U1 (Coetzee
5. 2005) K (Laursen ©, 2009a) (Z%F9 2 WHlEEO PR RIT, 1ZIFFFET
OHZEPHMESN TS, LEO XS I EREOFMAMENRRINTZZ LD,
BIETIX, % (Leng &, 2011; Zuluaga 5, 2011) | EIEMCEFENM T (Castillo
5. 1999; Almedia &, 2002; Catarino 5. 2006; Jakubowski 5. 1991;Gomez b
2004) | {1 K LHEREY (Bayon &, 1998; Balaram & 2003; Chen &, 2008; Entwistle
5. 1997; Hu &, 1997) . EHK (Moreton 5, 1999; Wang 5, 2000) B LT v
Mg (Kim &, 2011) 72 EOZFELERRBE P R o oflndE I s & 95127k
> T&T,

Fo, MEIID RN, ICP-MS IZ K 5 EEHEIX. ZREROBRELELTD

TEANY) v 7 AENT LB EDETZE T ZOBNMEE LD T E D ARt



bHbH, EEMREY AL LT, Laursen  (2009ab) 1, 3 2DO@EETHORL S
KK L, ICP-MS B ESHTT — & 2 AT ER Y D 21T - 7o/ F . ICP-MS & &
ST =2 TOERD N LD GRBHEL AR 2 hEITEWERELTWD, [
RO ML, /hE, RE, VI ABLOART MTBIT 2 8 EHAKZ H W
T OERDOFEE ik & AR IRE 2B 2 FiEN#E ST 5 (Laursen 5,2011),
Coetzee & (2005) 1%, HIRNELR D 35D U A O ITFHE A ICP-MS 12 X 52
ERIECTHEL, Bon2E8T — 22 MBS EER L, 2 OO IEH
IZE D, 100%DO e THIkZ FRI T 5 Z L &/R Lz, Tk, ICP-MS PE&ET —
ZDrEAN) v I AR ~OBEHAO®mIZRT D THDH, L, MiF. MK
B XA 72 E DO AWM B O3 HTICEI LT, ICP-MS Y-7& S/ T DR FE &2 fist L 72
EIRTEDI2ORBIRTH B,

Z T TABISE TIE, ICP-MS FE &/ T TOR MR, W T, kkx RFEHE O %
B2 8RB0 H 58O MiEE M0 T, THRBEICLY TNL D042 45
THIEMARBTH DM 21T 27,



FBIE EYPMEHCHT S ICP-MS EEEETOSNBLOFEA Y v 7 X
#RAT T O Rt

X

2L HE RIS M A ATRE T d 5 TCP-AES R° ICP-MS ZFHHWA Z & T bE0RB %

H

TROERE/LZEVAIREL e . KRBT LR ICETIMEN RIS
TWD, MAEELIZ, AAS LR LS a6, 2RO R AETHL 2 L, iR
MOBMIBNIENZ &, ZU—ARHIRTHDLZ BB L LTEETER D20
LR EDREND DA, ICP-MS X, BEE DT ICP-AES KV A TND Z &N
fEfShTWb, flld, ICP-MS TiE, AR & L7z iR LR CEERD A 4 X5

AT DARY MVREBRDZ LT, FHENEZ LA MLV FHORBBEDSER S
nTw5b, ICP-MS I ST, Bt O FIERICL DS~ M) v AFHOM
LM SN TR Y, FICEBICL 2 TWoRMBEIX, HEOSH &S B &V E
WM B D W CIEME L 72 D Z ERB X BTz M. 2D X 5 72 AWk k% 1CP-MS
THN LEEF T, SR RITFEOL TS L TREREZERT 20k 0 & &IE
IZE2bDONREL . RIFRO—2OBEE L TWDHEERICL Do FEFNIX, v
fTle (Amarasiriwardena &, 1997 ) . 7 v MiFlE (Kim 5, 2011) B Xk F LG

(Zhao &, 2009) 72 ETITONTZ b DRFEIET 208, FOBIIRZED 20O B BLIR
Thbd, Frick NS T, MELMIFE LR E Lcstad A3 Z LT en
ST, WO TAREDOHME LT, RTORXHFEEL 1| DOWEFEERCTHIEL, THhIZ
FOBEOH DN THLNE, VYol E A XOmiEEZ AW TR %
L7,

il )7, ABFFE T, ICP-MS THOLNL LR ICHT MM E NN T, MR L LcH
WoA B, KEBOFE, OB R CICKFMEYyEEBNE LTS, LvL,
[CP-MS IZ X VN EDERE RN EA N v 7 ZEHTHIN D7 BN
LIZRBHIK > TER, RS E< 0N &bE X 61D,



Ll b AREZASBEOWIED THER &ALEST, 1) ICP-MS HEEIEIC LV o
ARETH L2, 2) FonlofEZANT, Y VNGRS EEx Y

UHEOSHE, Flo. A XMIEP O RBIRE OGN FRETH L a2 1T - 72,

1-2 BB LVOFHE

1-2-1 RE

At 1TFERMO R L=—FEE Y U0 bED T4 30 MR 2 v 72, i EEURHE,
3ODRLST-IMEFFCTHERMZ 527y U bEDT (Golding &, 2011),
ZTONFRIL, FaV, THVAIH, vaY A7 BIO0A A NazEGien—7 —
7 a—nN—gEN=10), AN Na, FATTABLIRaY R 7525077 h-
77 AREN=10), FA4 7 TABLINKRTIA M m—"—%5ET 7T REAE (N=10)
Thd, ZOFERIT2007T42H 15 HIZIZLED, 3H29HTHKRT L, BV VI
WHITDHERIL, —2—V =TV vyt REOHEBEICH > TiThbh 7, Mk
RMEHIZ v XU RV T F a2 =TI AL T, v v A RKFENEIT LB OREE
BT 2RERHELAMT. MM T TRARBREAMBERAICBESNE, A OBE
=2 —Y = U FERBARORERICEVFFRI S NT,

i B FB K 45 5, IEH R 100 B O 572G 145 B O 1T 2 v 2, BLERB K
X, ME 13 B, ME 32 81, 6 - H~2 5%, KE 7.70~13.30kg TH Y . il x OE K
ICR VRN, KO—EICHEEFRA R b7z, —J, IEHRIE, B 50 1, M 50

GH. 2100 FHICB W T RFEIZIE—Z L, FiIdiZ 8 » H Th o7,

1-2-2 RE
fEA 1. 42 GEEMEREE  Bdb5R) 24 L T, 5%z KO 1% 2 /ERR
L. BB L OEEFRORMBICH N, VFoLs (Li) , ~7 3T (Mg, A v

FUDL (V) . BT AL (Ce) =Lk (Co) BROF U DL (T1) (UK (B



FALFE) 2R L 1 ng/LIRGEBIEARER Z (B, TCP-MS - E By Hric vz,

1-2-3 WAk

AT 2 /BmNODOTEOFEYZB T2, PRI 1 %8 Tl Lo v~
RVT7F a—712e Y DIl 0. 1 nl, F2idA XIfiE 0. 05 nL & Adv, 1%HEE T 10
mL (2 U7z (FEMEITECEE 1. 42 fEie : Bk A2 AN L THW/Z) o Milli-Q Element
A-10 (AAI URTHE) TER LZBRAIE, BOFHRSOIICH W,

ICP-MS (7500ce; 7 ¥ L b7 7/ v—#) (& X0, 37 uHEFERHNE L, 3
WU 37 oL, Li, Ak B) . FrU s (Na) | Mg, 7/vI=0UL (Al),
FAF (Si) . U (P) . HFE (C) AV UL (K) . BT L (Ca)  FH
v (Ti) . NPTy L (V) 7ak (Cr), v~ Hr (Mn) | 8 (Fe) | Co, =
v (Ni) | 8 (Cu) | High (Zn) . H U UL (Ga), /v~ =1U L (Ge) . B3 (As) |
Ly (Se) . B#F (Br) . LEYTA (Rb)  AburF UL (Sr) , Yra=
vh (Zr) . FEUTT Y (Mo) o ] (Ag), W FIT L (Cd) . AKX (Sn) | T F
T2 (Sh) . FUHE (1) . B TIAL (Cs) . NUT A (Ba) , o7 AT (W)
BLOE (Pb) , 37T mFDI>H, EAEN0.0lpg/ml UL EOmFEXRE Lz, &
ME&tro—EERR LR IIR1ITR L,

JTLROWPEITLFERESTEZHNTITo72, 1lug/L®Li, Mg, Y, Ce, CoBLVTI
BAEEARER T E B SHTICK L TOMIEMbE L THWE, ICP-MS lIET —#

O ICIX, ChemStation software (7L > b7 7/ ay—8l) 2 -,



F1 ICP-MS OMELRMEBIRLI-TEDOEEHK

BESRME BIRL7=tHE (n/2)
7T A< Ak Li 7 Mn 55 Ir 90
RF /XD — 1600 W B 11 Fe 57 Mo 95
TIRAwHAFE  15.0 L/% Na 23 Co 59 Ag 107
XX VT HRWE 0.7 L/% Mg 24 Ni 60 cd 111
YTy TR 8.0 mm Al 27 Cu 63 Sn 118
R v 7 [l 0.1 rps Si 29 In 66 Sh 121
T — 2 BRI P 31 Ga 71 I 127
lifEC Yo" AR M= Ry EYS 35 Ge 72 Cs 133
i palsit 0.1 #/m K 39 As 75 Ba 137
b STABIEIE- 1 Ca 43 Se 82 W 182
Ti 47 Br 79 Pb 206
v 51 Rb 85

Cr 53 Sr 88

1-2-4  KEEHFEAT
Y VIMER KOS XM S/ N ERIERIT. =27 &L 2003 (A7 1Y
7 M) ERWTHNT L7, SR CORRBEITEYMB LOMEHE#REL L TRL
T, AEAOHEMIT t REE AW,
bV VMR X0, XMEFOTEEFREENT D2 LT, BRERMECREDOH
DHEMNTEDDRARD 72D, EF 8T (Principal Component Analysis:PCA)
B X OMRR /D 2 TR 5347 (Partial Least Square-Discriminant Analysis: PLS-DA)
#17- 7= (SIMCA user’s Guide 2008) , ICP-MS CTHH Sz e DK~ DILHER
FEX, Z2EEMITICH W, ERSIITE X ORR/D 2 FHBI47I1E SIMCA-P+
(Umetrics AB, Umed, Sweden) & MW THEM L7-, T mHrEs L ORI 2 FH
MatioAarT ey hev—F 477 my MIEELLEEREH W, FK

ST, AL EL GERIRE) OFROLNLRENICEAZESH L, RN



ICHRERZD FIETH DM, WK/ 2 FHBIOH L, AREE GUEHEE) 2 @blic
MATE L XD ICHHE B ZERIRL TEAN T LT H5FETHL (FHE. 1992)
RHENHFERT, HFERT TOBEROBINE (KRE) 2RL., FH5EOEGF
FREFEGR, &RKR 1 E&25, Filo, BEAMEITSLERD TOFERIZ 100 23k L
BT D Z L TRE, 1 ENADREREORK 2D (RS, 2008)

~NT B A UL (BLEE & A REO B & O BEEE) & O 7o BB 20X
MULSEL fig#r Y 7 b & W CEM L7z, R 2k 2 2% (OoF) 3. 28
Itz HVCIEIR L7z, REBOAEERE (P<0.01) LfBIoAEMERE (P<0.01)
Db L, BHRIROEAEMAE £y DT 7.8, 4 XMiETIX 12 LRE L (W
2008: A2l 1983: HH 5, 1984)

b M HE 30 B2 RETORBEICE S E 3 SORETDIT, 10-FR—/L F 7 1 AN
U7 —va Bk HBIREE O Y EHR AT o7 KDL, 2007) , &% D
HEND 1 OBt ZRE, 750 0 27 3 k2 F W CTHIBIBEE 2 1ER L7, BruV 72508k
DIE WL 27 32 & MR L7 BB BRI HR A L, HIBIB s o 20k Lz, =
DEAEE RV Z B &2 2y 2 10 [BIfT - 72,

1-3  RRAE & /MR

1-3-1 b Y VMR X O X MIFICK 35 ICP-MS ¥ E &4 T O A et

R HRBEREZ X723 208 Y VHNOE LN MEEF O 20 55FE %, ICP-MS
TOYEREICIVAE L (R 2) , v~ ABRORETIL, Mg, Fe, Cu, Zn [A#k, Ca
RKEEALTVWDLZ EIFR<MBATVS (Underwood 1981) , Zd Xk 9Hiz, #
RHBERETCOe Y VIETh TR E L, ARORBEICKRGTEL TREEZ T D L
B2z, L LeRns, R2ICRLEEY, TNODOILHETOAREALITBIES

niginotz, £7=, Cl, Na, PBIPK R EOZBLEOHBMOAEZEG D> T,

INLDOILBEITEYOEGE MR T ADICKLETHATLD, TN DO ILEEE T —



TR TWAEEZONT-, —JF. Br, Se. Rb BX W Sr 2 O EITLHEDORERM
WCBWTIH, AEENS LN, Se ZBRW-ZI N 5O ILFE O, Bk T
B LMo TWRW=D, ZOEOBRNEZ tEBBEEICLL28WONEE Lz,

W-oT, ZNDLDOWMEBETRIIHRZ DT IEELRLRE D EEX DI,

F 2 3 O0HRRLAIMOEHEEEx - Y mEER O 20 5£E D SRR

N—T =g —N—ff T NI T AR 7T AR
(n = 10) (n = 10) (n = 10)
P fE YRR P fE IR P fE IR
(e g/mL) (u g/mL) (e g/mL) (p g/mL) (e g/mL) (e g/mL)
Li 7.29 0.30 2.08 1.05 7.11 0. 35
B 0. 142 0. 005 0. 0939 0. 0068 0. 0236 0.0011
Na 240 1 234 1 234 1
Mg 1. 32 0.02 1. 34 0.03 1. 30 0. 02
Si 5. 56 0.08 5. 56 0.11 5. 58 0. 08
P 6. 54 0. 15 6.22 0.19 5. 64 0.18
Cl 376 3 372 2 359 1
K 12.7 0.3 12. 2 0.3 12.6 0.2
Ca 5.75 0. 05 5. 47 0.05 5. 46 0. 04
Ti 0. 0388 0. 0012 0. 0409 0. 0042 0. 0328 0. 0010
Cr 0. 0140 0. 0004 0.0167 0. 0003 0.0175 0. 0003
Fe 1. 30 0. 08 1. 50 0.14 1.53 0.21
Cu 0. 959 0. 067 0.972 0. 057 1.01 0. 07
Zn 0. 638 0.012 0. 601 0.032 0.522 0.017
Se? 0. 0597 0. 0024 0. 107 0. 003 0.128 0. 003
Br? 17. 4 0.2 36.3 0.8 26. 7 0.7
Rba 0. 380 0.011 0. 420 0.014 0. 167 0. 008
Sra 0. 249> 0. 006 0. 2500 0. 009 0.179 0. 004
I 0. 0245 0. 0046 0. 0048 0. 0009 0. 0068 0.0012
Ba 0. 142 0. 004 0. 209 0. 008 0. 151 0. 004

BB OBEREEPCO.05, PN—T - —NR— LT T -7 T AR OEEZE P0. 05

10



—Ji. MEBEBEEL EFHENSEONT-A XIMIET O 14 £HFE IOV T, ICP-MS

EREICRLVREZITV, TORRER IR LI, 2O RIIBWT, A&

72 (P<0.05) AR 7 10 £ iE, Na, P, Cl, K, Fe, Cu, Zn, Se, Rb B LV Sr

THol LI L 2 BB T BmIC TR IREICEN D L TLRITR NPT,

#3 BEBREHLEFHETOA XMIET O 14 5THE O 5HH R

Wi BRE (N = 45)

EFEE (N = 100)

EES B YRR B YRR
(u g/mL) (p g/mL) (u g/mL) (u g/mL)
Na2 339 5.8 367 5.9
Mg 1.79 0. 037 1.82 0.031
Si 4.62 0.16 4.94 0. 243
pa 12.5 0.33 11.7 0.19
Cla 443 6.9 473 6.5
K2 12. 8 0.25 15.0 0.18
Ca 7.47 0.136 7.44 0.077
Fe? 1.49 0. 063 1.74 0. 056
Cu? 0. 837 0.021 0.782 0.010
Zn? 1.04 0.043 0. 907 0.017
Sed 0. 408 0.011 0.316 0. 006
Rba 0.314 0. 007 0.254 0. 003
Sr2 0. 303 0. 007 0. 360 0. 006
Ba 0. 024 0. 0004 0. 025 0. 0004

a0 SOHEMOFEEE: P0. 05

11



1-3-1-1 /NE

b Y UMER X O XIMJFIZB VT, ICP-MS B ERIEN LA LT Na, KB IO
Ca R DL BELHEREIT., BHOBMWOEFMHELIVEVERTH-7-, SEOHE
ICBWT, ZELEOEELZHRT H72D O Y BRI 2 Ao 52 N TE
o l, IR L EITHETH D Se & Zn D 2 57£HE OFRFEHE (Se; 0.13320.012 u
g/mL, Zn; 2.36+0.14 pg/mL) 728 2 HEHERE BCR-639 (b L ; European
Commission, Joint Research Centre) DIEZ{T o7& 2 A, Seld 0.125%0. 005
g/mL, Zn 1% 2.28+0. 04 g/mL & | FEVERUEL OFRREME & T x DT RICH BEEITR
biviehol, £/, FeB X CuZp EMOMEITLFEIZ, BF OBMO EFETH -
22 b, ZRILHEDGIERD EITRMEIZ > TWVDH EE 2 b (Takahashi
5. 2013) ,

ASEIOPEZ, ICP-MS IC KD EREEZHNTND, T XTORREDIEERKE
MEL, BEREEZHVDEREICH L, FERBEIIMHME, REIZL < OrHER
EA5D LV PETFIEORHEN G, BEEOILHED D 72 D2 IEEER O 2% [ E T

A EHW T ICP-MS Y BB W T, ZRILK ORI RS OEL R IE, 1
TOMEREERIREICR L, ZEICEOEHEENE < . BAEE YR 0 1 5= 5 #pH
EBRZTCNDLEDEORENRH D (Laursen 5, 2009a) , £ 72, EWHEH IR~
PRTRIE L AUV DT R NEIET B 726, ICP-AES X° ICP-MS % I\ 7= A=Wt Bk D 4347 1
XL T, mHFMkZJRRK & L o R BE R S ol (Mochizuki 5, 2002)
bdhbH, ZOZEnDH, TOFEEZHOCTHRELZED T2, FERIEORE
DIERRZ B ILE DRSO ROWENLETHDL EEZ 2 LN,

1-3-2 ICP-MS ¥ EBET—FZHWEFTZERA N v 7 REFTOHEBBS
1-3-2-1 Y VmMEHEBTRERETHCT-REFHBOSE
ICP-MS & AT 2 AW 72 s & OFHRIT., ERDOITICE Y BEFRH L,

12



ER IR, A GoRIRE) OBEROBN LB EEEH L, #
THICHRE/LDHED 1L ODTHY . PEPRRICRDL LI BRAENREELZRD L F
BEThsd (B FH, 1995 D, 2008) . ZTOREFR, H 1 Fpks (PCL) -5 2 Fhk
57 (PC2) DEIAMEIZ 1 LV R&EL | B EXD TOHROWINEDIRIE & 2D 5 1 £Ak
Sy DFFEHIT 30.6%, 2 D 1T.6%TH Y, REFHRIT48.2%9Tho72, K1
WRLEL 2, MEENLELNIEROSMAIL, BREOHEEICKF L 3 2OK
SIS N, T ORI, miEP ORI XY 8o R O REEHR 2 Al
BThHILEZRLTWVWD, Efmmirofionica—T 407 7my F&X 2
R LT, ZORERLELT, "—TF o —R_—FTlTCaBELNEL., T -7
T ABETILBr & BaiRENE NPT, 7 7 A TITRFICEENFm W ITRITA LT,

Wl ORE L VIR WEE DO ITHEIZRb & St Th o717,

PC2
5
4
3
&
< N
2
o Oi -
& ol -
1 OO . l-.
0 u
1 00
o
-2
° o
Qo
3 s} ° ©
-4
-5
PC1
7 8 5 4 3 2 1 0 1 2 3 4 5 6 7

1 308 AHAEOBELY G2y mENLSELNT 30 RO ar o
v ho THIEE 1-E 2 ERSICES W, (B =T -7 a—n"—Ff O:

TT NI T A, O T T ARE)
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PC2

AT Li
0.4
0.3
41271
0.2
A23Na A43C0
0.1 AE3ICH  a%K
00 AZE S|
Tl a82Se
436 Zn
01 as3cr 457 Fe AN a31P
A11B
A35C
02
0.3 ABE Sr
485 Rb
04 AT Br
A137Ba
05 PC1

-0.40 -0.30 -0.20 -0.10 -0.00 0.10 0.20 0.30 0.40

2 3ODERIEBOMEL G2 Y VIENSHELNT 30 o r—F 1

J7a sy b, T—ZITE 156 2 ERSICESW,

Rigo L BEHEFMETOE Y P3FFOHEMRZ AW T IR 21T - 72,

ZORER, Br & Rb 25 72 2 ¥ BB S &2 ER L 7=,

IN—T = m—s3—Hf = 3.377 [Br] + 262.531 [Rb] — 79.261 (A)

7.392 [Br] + 274.243 [Rb] — 191.773 (B)

7T =TT AR

5.570 [Br] + 97.600 [Rb] — 82.511 (C)

7T ARE

[Brl# K OVRbIE4 « DRI (ng/mL) 2R LTV 5D, HRIFAE, HHIBEKIC
THEREEZRALTCEHELONZEMEE L TR I, BREOREBEICEEZ S T
Fx OB TOR S E WG R EZR D720, 30 3B ZE (Br 5 L U Rb) D
Ra A, B C ~FARRICRA LT, ZORE. ZOBFFEICEBWN T, HHIBEEKIC LY B

DRFEEERT D ENTER (R4,
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TERR U7 BT 2 SRR L D . T ORI ZHRTLILENH D, &Y
PEFERR TIX, —EDERELZ R T T, HRIBEBER OO DET Y v 7508 & B
BEBET 27D TRIFENZ /50, ER L72B%E v T FRIAREZ TR 5
LT, HAREORAEAITY (BT 6. 1995) . AEIOWZE TIE, 3 EHE 10 BEIC
SITRREET D 10-FR—L RZ B ANY F— g VIRIZEX Dl Lz, 2RSS, Bk
ST IR B LA &« R OFEL A 100% 3T 5 Z N TE (R4

4 RRLBOMBELH2 ey VNG ONTZ 3SFEHBIET VIC X D0 E

7 m AN F—a T ORI

R4 B 5345 (%) 7 ANY F—g 0 (%)
N—T =g — N —f 10 100 100
7T =TT AR 10 100 100
77 ARk 10 100 100

a) 10-F—/L K7z F— g

1-3-2-2 A XMFEPEHTREREZANVTREBREBO S

BLERBREE EHRHOMBERECO VT, EERIONEITV, ZTORXaT7 7ay
FEM 3 IR LTz, ZORE, WERAFEE EXEL LA ONTIFEROSMIL, JE
OB LT 2 DOXGICHIEICHET 52 2 ENHRR Do, Kt T, E
Ry ot &R CRIE T — 2 2 W T, i/ 2 SRR 21T o728 2 A (K 4) |
X4 DoAa77ay hTEHERVIIH DM, R 2 DOXGITHT HENHEK
2o £, R/ 2 ®HBSHCOR—FT 477y F&K 5 IR LTz, WREER

BEEICZ W ILHRIL, Se BL O Rb, EFBEIZZWIEREIX Sr Tho Tz,
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05 "y

0.4

AT Fe
0.3 A3 Na
A5 T &3 Ca

0.2 A8 si AP

0.1

pPC2

-0.0
-0.1
-02 §2.DAZ)

AN K A137 B2
-0.3

-0.4
&e s

05 -04 03 -0z -01 -0.0 0.1 0.2 0.3 0.4 0.5
PC1

5 W B EHE & IEFREO A X i T B T S T O R/ 2 HERBIOT O e —

FaorrTay b, FT—ZITE 1-F 2 ERSICES W,

i B R B & IE R RE O A X L{E O RIERE R 2 VT BOBHBI ST 2470, Rb &
F O Sr 67 S HIBIBEE 2 5T,

WLEEERE = 201.260 [Rb] + 19.195 [Sr] — 34.529
IE R = 115.972 [Rb] + 71.106 [Sr] — 27.529

: [Rb]B L OSr 3452 DIeHR L (ug/ml) ZRAT 5,

HIBI BB DAE AT IV T2 42 145 B D ZEE (Rb B LU Sr) OfERZ LD

WWRALTEEZA, BEEEFHRKO A X MiERE 2K ERE L LRI 88. 9%
(40/45 3L . EFEHKRORE 2 EFEEE L2 MBI T 94. 0%  (94/100 380K}
Th V., WEEBEOHBIZN 90%% T a7z,
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1-3-2-3 /NE

EBHILZERIAEFEDRNINFEREFOT — X PO ERSOITICBNT, BY
ViR R TEN RO N AT ey M E T 3 HORSBATRETH o 1203,
A XMIETIE, 2HEOR I N TER0oTe, Elo, TNENOT — X FENGIERK L
THBIBEIC BN T H . B aTOB M & FER, Y CMmEOHBIEIL 3 FEL b
100% Toh o 7=M, A XIME TIX 90% % Fal- 7z,

b Y VgL A XMAFE DI HHER E LT, I W B &2 A
XMIFIZE Y VMDY DOETH T, TDH, A XMEDTEA RN v 7 A
FRNT XISt RS 14 LR e B Y VMDD 20 LRI TH oo, B E O f
TRV, BETHEMERICE D7 EANY v 7 AENT &2 W2 E# B TR O R 5
K D5 (Laursen & 2009a) | #2324 # 7k LR R T O PEM OHHI (Kadokura
5. 2006 ; Homura &, 2006) TlL, 7EA MY v 7 ZAMITITHWD TR B LT
&L HBIERB M ET D EWME SN T WD, Al D Laursen & DA Tk, ICP-MS
EEENOFONT 30 TREMATITH N D Z LT, ERG TN TROFEIC
I LT 3 DORGIZHENAIRE TH o7, T 0 30 JuH#IL, HENE = (FLE 70%
LAE) 14 o3, BEMMRV (FE T0%LLF) 16 TR LT H LN TE LN, £
TNEETHTZ 4R ETIT 16 LHERETOT — X ERE H W72 5 58 T,
EbobRAar 7oy b EICBWTHBERR TN TERNPST, 2O LMD,
A X E & VI BB B O S FEIC B W CHIBIEE MK 2y o 728l & LT T A
W2 TR N Dol Z EMERO—DTHDHAREMEN B X DN, 202 &I,
B THROWPEITK L, ICP-MS X 0 Il B E MR WO G EEE . AAS 1> ICP-AES
L7 L2 BIRL T iuE, HERTREZR JTURED Y | HIHIRD S HIT T2 > 72/ e
HHEZ LN,

BERERERIT —EOMBITEDO T A% RD, EH R EHBELZHFL VD
W, WoTeZEDNT AR THREEENKRDND &, TR OB THE O
FEREORZICHRT DREOERFP NSRRI SNDZ Enmbn T Gilll b,
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2009) , A XIMIFETOHBILEBZE -7 2 DHOBHE & LT, Al OERICL HHE
BT O MR PR~ R LR 1T KB R o SRS T R O IR~ O SR I S 1
HRFHBREOMENE 2 DL, o, EROETRR S EEREE TH D ATREME
MHEL ST,

Y VMER BT EORN SR CHLREFENDETE LI END, KT
FOEENSETIEORSTIC 100%8 5 L TWAHERTIHX AWV EHERIN D, HER
ROTFEOLFICELY, B ETH0HOHBEEN M LT D REMERDH D Z &
i, HxOEMMENCK L TLAEO S 2 Fik LT 21213, BEEOHEE & S8
HETHDLEEADNT, UbEXD, REIZEWNT, LW EE RIS D

ICP-MS ¥ ERIETOEEDORIEEZIT/H Z & & LT,

19



%22 ICP-MS Y EEETOEEDIEME X EA N v 7 REFTTD
18 A B A

2-1 W=

Kirchhoff & DOHFFEIZ LV (A ITIXEA DA~ PP SN D Z & 235570
D, ZTOHBDOEZL OFERIZED, ZNENORTIZIZE DO R LF —HELITH SN
2B BDARYT SRR S D ZENEIES NI, T DORAXT MAGHEE, EIC
JEA W HIE & R RN ITIE ST oD (BAKES 2010) o K EWED
Frifix, 1955 4FICA— A FF U 7D Walsh I L > T, HLWOALFESiEE L
TRE SN, FFIC7 L —ARE (3000KELT) TIREERKEDOR F2/LZ W &N
TNoTBIE, 7 —AEEZTLICERE, EEOHELIESR, 1960 FZAHNLA
I R UTe, — R IITE, ST VT 7T X~ & vz ICP-AES 13,
1960 N HAFZE A B v, 1970 & FITIX, ZIFBEOEE O N TERM. 1980
FERUTAD | HTIRENEZ < i Bl Y | — 58 & L7z, ICP-AES (E, 5000~6000
KIZESEIROT VI 77 X< THE LIERER 38 X OmEA 46 o g
BB EREST D TIETHDL, ZOFHEORHMKE LT, ZRERESTNATETH
5L, REMROERBHNIEN & SEOBEFRICE S~ MY v 7 2 TR
flahnszehnzrons (ERXS, 2009) .

ICP-MS iX. 1980 4EARIZ Houk HIZ &k o T DIEE N HRE 4. TEROJEF RO
SYHTIESS ICP-AES 72 & DY EM e B b DB T R Ok LTHER LD
DD, ICP-AES LRILT VI T T A~ EHHW, 7T AR TER LA A E2E
BEONHIZEALT, ZOHEERBIOA T REZAESTL2FIETHDL (EARL,
2009) . ICP-MS OFiR & LT, JLHEDOKME TRIED ppt L6 ppg A —# — T
bHTEND, MIRESTPOZTHRFARSIBAIETHL I L, EEBIUESR
SN TEDZ &, MEMOBERENIEN & FRMAELORERTRETH D = &

NWETOND, o T, MELESLBEBUMECLRELZGDL OXRFHREZBEICHED
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ZENHkD ZE D, AERE (Millour 5, 20115 Rose 5., 2010; Noel &, 2003) .
AR (Fujimori 5., 1998; Hasegawa 5, 2001;Matuura &, 2001;Smith &
2010) . HWEZA0REE (Rong 5. 1999; Falciani &, 2000) CERBIAEL (Lee B,
2000) 72 RISV EFOREOSHICHNSEN TS, LarL, ICP-MS Tik., HIY
THEFRMUERBEOA F R0 FA AL DAY MR ERY THERIET ALY

MFWORERER S TWD, 72, RETho®RFLRICLILZY N v 7 2F
BORBELIERINL TR, FICHEEICL THOBELRKEVWEEShTRY, &
D OTHOMBEN, AAS <2 ICP-AES 72 EMh D JT38 AT IR E I b~ K IC R & e %
BErEZDHELHDLZENERHIN TS,

ICP-MS Z Wz ERIEIL., SEE. ST EOME s, 2R —Folklo
HEFEORFEMN D, MR ELGEICL > TUEIREICAFTHZ ENEHLWEDH
BEORIEICE LT\ D, £z, BONDERENRZ WD, ZEEMHT~OHEH O
BEbLARBENDS, LML, ZOFETOEYME TOREFITIFE AL EREN 2
[

1 ENLOMEREZZT, AIFEOHME LT, AW EHCR L, FERE
RHWEBERE TR ET — X IXEE O SR EICHER R WONFiiT 22 & & L,
T, UVMEERAWT, FEBELEEN D IERIELOWET —F DL

B, FERIETOREEOFMN 2R 247,

2-2 MEBXUFHIE
2-2-1 #A¥

ICP-MS & &M & EEHTIT L 2 HER RO, & &S TORESRMED
REtd L OUSINEIGEER O 72 o o Rk & LT, Mfasz# H 4 1iF (Code : 12183650,

KOHJIN BIO ! HE., HAR) ZHWi=,
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2-2-2 RAIK

e 1. 42 (B Ea R - B L) 2R L T, bWiigd KO 108 B & 1E AL
L. AR X O ORI 2, Milli-Q Element A-10 (A I U R 7 H)
TYERR L 7o AR IL, MO AR HTIC Az, Li, Mg, Y. Ce, Co, TI FE¥Eik (B8
FALFE) 2 MWL, 1 ng/nl IREBIEEER Z /ERR. ICP-MS FEESHTITH W,
BV AERER (B R B X O LS AERER (B R E) 2# R L, #RIE
FEHEWR RN, K 38 X O Ca OWIEIZ AV 72, Custom Assurance Standard (XSTC-622B;
SPEX CertiPrep ) | & % OJuEAEMERIZAI L, ICP-MS & &/ HTd L ORINENIY
AREBRICH Wz, vy A (R AEER B R L 8) 1IAIR L, EEOIT TONEEET

#FLELTHWE,

2-2-3 ST

Wi Lo nFOME L e R L TRIEOE

ICP-MS E &M TiE, 3kt 1. 25 mL % 1%fiFE2 T 50mL (AR, BEHREICIG U
THRL, WERESTFE L LCRh Z2WIN%, 34 eRFERRE Lz, BIRLE 34 5H
X, BEO/NESWIEIC, Li. B, Na, Mg, Al, Si. P, K, Ca, Ti, V. Cr. Mn, Fe,
Co. Ni, Cu, Zn. Ga. Ge. As. Se. Rb, Sr. Zr. Mo, Ag. Cd. Sn, Sb, Cs. Ba, W
BLUOPh THDH, FEEDHSHTTIIZINDG 34 LHFEICCL, Br BEIO T @ 3 FE 2N
23T EFEXMNG L Lz, EEOIMICBW T, MERNPMELRDH, SRlOKRE
TIE A~ RE VR DMEREH W, SWEtE0— LB L 2%t FEOE&EEIX
# 5 /R L7z, ICP-MS WIET — % OflitH 21X, ChemStation software (Agilent

Technologies) & AV 7=,
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#5 ICP-MS OHIESRMEEIR L7 cFEOE &

7T X< Gl HTE R E &R
RF /80— 1600 W 1600 W
TR A& 15.0 L/ 15.0 L/%y
Xy )T HARE 0.7 L/%y 0.7 L/%y
VA N E AT, 8.0 mm 8.0 mm
R Bl 0.1 rps 0.1 rps
T — 2SR
iV EEYEY AR WA= Ry BT AR N E—T Ry BT
FEOY R H] 0.1 B/= 0.5 /&
o STABIEIE= 1 3
BB 6~238 Li-7,B-11, Na-23, Mg—24,

A1-27,Si-29, P-31, K-39,
Ca—44, Ti-47,V-51, Cr-53,
Mn-55, Fe=57, Co—59, Ni-60,
Cu-63, Zn—66, Ga—71, Ge-72,
As—T75, Se—82, Rb—85, Sr—88,
Zr—90, Mo—95, Ag-107, Cd-111,
Sn-118, Sb-121, Cs—-133,
Ba—-137, W-182, Pb-206

AIIEINERY:

WANE AR Tk, #UBF 0. 625 mL Z £ H L, Custom Assurance Standard {34 %
D REYER % 2 BE TR AF L CHRIN, 1 %AHAR T 26 mL ICAR L 7=, TR EhDOWEIIZ D
W E & ICP-MS T 21T o 7, AR DO EIL, 2.5 ng:Mn, Co, Ge, Zr, Ag,
Cd, Sn, Sb, Cs, W X Pb, 6.25ng:V, Ni, Ga, As BL N Mo, 12.5ng:Li, 62.5
ng:Al., Ti. Cr., Se B LW Sr., 250 ng:1. 500 ng:Cu, Zn, Rb B LN Ba, 2.5 mg:B

B LW Fe, 25 mg:Mg, P, K. CaB XN Br, 250 mg:Na, Si BLCl & L7,

2-2-4 FMEEEMT
T MBEN SN T —XIT 7B 2003 FHWTCEE L, gD EE
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BERIOWMEINRT, YHES L OEREFELE L TCE L, AEEOFTIT t
BEx AWz, HBERE OB E K% X, IBM SPSS Statistic 19 (IBM, Japan) % f

WTCRME LT,

2-3 R L/DEE
2-3-1 ICP-MS ¥ E&ik & ICP-MS BB TOHIER R D ik

7 MHIS R L, TCP-MS & &k & ICP-MS E&EIED 2 {ETHIE., T DR ER K%
KO LT, ok, FERELERIEICBWV T, REN 0.004 pg/ml L TFDOILH

WKL TIE, AEEDODRERBIORELZHE L Lol
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# 6 ICP-MS i fikds L O ICP-MS B BIEIC X 2 ¥ ¥ i i Hh o> SR e 38 0 i et R
@DICP-MS @ICP-MS BE HEZE
JLE e E Byl TE EiEr! D/@ %100 (%) TR E*2 8 T *2
(u g/mL) (u g/mL) a =0.05 a =0.01
Li 0.021=£0. 001 0. 024=£0. 0007 87.5 X O
B 0.182%0.012 0. 187=£0. 007 97.3 O O
Na 3050+ 60 3160438 104 x @)
Mg 18.520. 4 18.0+0.5 103 O @)
Al 0. 0240. 009 0. 028 0. 007 85.7 O @)
Si 45.0%+2.0 38.24+0.5 118 x x
P 94.0+2.3 101+4 93. 1 x @)
c1 3670250
K 156+3 2369 66. 1 x x
Ca 38.6=*0.8 87.6+2.4 44. 1 X x
Ti 0. 159=%0. 032 0.153=%£0.018 104 O O
v 0. 0070=0. 0005 0.0066+0. 0011 106 O O
Cr 0.037=%=0. 001 0. 038=£0. 004 97. 4 O O
Mn <0. 004 <0. 004
Fe 2.1470. 10 2.35220. 09 91.1 x @)
Co <0. 004 <0. 004
Ni 0.007220. 0017 0. 0077=0. 0008 93.5 @) O
Cu 0. 6800. 046 0. 685+0. 02 99. 3 @) O
Zn 0. 780=0. 04 0.837+0.026 93. 2 @) O
Ga 0. 0068=0. 0003 <0. 004
Ge <0. 004 <0. 004
As 0.0064+0. 0016 0. 0057=+=0. 0006 112 O O
Se 0.122=£0.015 0.111=%0. 003 110 O O
Br 18.8+1.9
Rb 0.339=£0. 008 0.334%0.010 101 O O
Sr 0.101=£0. 004 0. 097£0. 003 104 O O
Zr <0. 004 <0. 004
Mo 0. 0085=0. 0008 0. 010=£0. 0002 85 x @)
Ag <0. 004 <0. 004
cd <0. 004 <0. 004
Sn <0. 004 <0. 004
Sb <0. 004 <0. 004
I 0.1180. 005
Cs <0. 004 <0. 004
Ba 0. 200=%0. 006 0. 190£0. 006 105 O O
W <0. 004 <0. 004
Pb <0. 004 <0. 004

*1 PIE IR AL L THRE

%2 O : p>0.05 or 0.01,

X : p<0.05 or 0.01
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PEREERORIEICEBNT, AERENH > T-xH T, Li, Na, Si, P, Cl, K,
Ca, Fe BL U Mo @ 9 TR TH o7 (HEAKHE0.056 THE) ., AEKHEEO0. 01 THIE
LB AIciE, Si. KBR U Cad 3 tE THEANBIE SN, FERLEREDK
e LT, MAOREL (%) bRFLE, R, 237 tRORELIZTKIB LU Ca
LIS DIEHETIX, 85. 0~118%ThH -7, KB LV Cald, FERETORERENE,-
el BN E LT, EEECHT HRELIT. AL 66.1%L 44. 1% ThH -7,
LLEDORAEICBEL T, FEMICBE L TA DL, FlxIE, AEKYE 0.05 BLT 0.01
DWW G THEENGON, FERBLEEDORELLN 1189 TH-72Si TH-Th,
EEEEETCHOLNTEREILTFINLEI., 45 & 38.2 ug/mL Th o7, #H->T. KBk
O Ca LSO FETIX, SH%DOTEA N v 7 AGHICRKRERIENRTDH X I 2EN
BRI TWRnWEB 2ol ), KXW Ca OREIZ, 2237 LHEDY-EE
CEBTHONIMEMOMELZ R LIEKIZEWTOH LN E o T, 6 1%, B
&S, TN ENPEEERLEEEDOMME LD TUIDZ DO TH D, 237 LHTH
DAV & E O A IS IS 1T 2 MHBIRENE R=0.999 (p<0.01) Th o7, FE
BLERMBOKEBMOMIZIT., AERMENBEZEINTZZ LG, FERENEE
EICHARTHEAR LN AR SN2, KB L Ca DX 6 1R LEZL S IC

RE<HHPL Tz,
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6 ICP-MS } EEELTFEEICLIFMETOEM tET —XD T 0y b

ICP-MS FERIETDORD I N T, LREICEDOHER RSB IE,
TOMIERERIRE I L, ZRICEOEHEN @ < BIEAEUERR 0 86 IR &
EBATWAHEDEDORENDH S (Laursen &, 2009a) , A E, 7 Mig T oxH
JREEFPH2S, 0.004 pg/mL LA FOESBEENS . 4000 pg/mL © Na £ TEJKN-oT,
FOT M LS EEERICB I D KB L Ca o AR Z B2 TLE W,
MR OBEDMENFERIC R oo LRI, ZREITEN, A LB EELER
TOBEHRHBEEH#HHZEILTCLES>TELGAORLTENNS O|E N TWVWD, 7
JIAKRLHED DIEMEME OREICE N T, MEBHBEROFTRNLETH D L O@E
(Amarasiriwardena &, 1997) X°, KOHIE TIX, BIEEERRIRE 2 & VORI

T A LWET A EOHLE (Laursen H. 2009a) b5, F7-. TESSHEREY OH
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FILBWTE, ZRELHROGHEPEEZRETCOBEMRERKAZBL TWVWDHZD,
I B AR R RO IE T ORE R @Y & O (Entwistle B, 1997) Bd D,

ZZ T LRRo#REESEL LT U VMIEFO K I LV Ca DRESFOBFH4 .
DEBIOAR, 2) Bie 28 EAMERORE DR ER L O 3) BEAMER~D KB LW
Ca DFEMAEIToT-, ZDO3ODFNIEICLEY . KB L Ca ERICBIT AU ENT

ETHBMEROETHRE LT,

2-3-2 ICP-MS ¥ EEIETO K B LW Ca PlEE&MmEH

ICP-MS - EEBIETHD KB IV Ca DERERFEDIZHD 3 HDOWMY A EIToTz, 1
SHOWY#MAE LT, EHAKT O KB L Ca BENEEEERICHL @O &
(1000 LA b)) 12X B2 EBENEZ bRz, REHEEZ 5. 20 KT 200 f% & AR
L7ct, WEZEITH-T=, TORE, K TD 5~200 FAT RO RERE RN 5T,
BWREROKFEITER N7, 2, CallBWVTH, 20 A RIE TORERIL B
ST, BB TOMBIZITENT . RERIGEITITEL o7 (T —FITR
) . ZoZ e, REHARO AL, REMROUECH LAIRNR RN &
Moo Tz,

2 OHOEY AL LT, AW, 1 ng/mL (Li, Mg, Y, Ce, Co BLUNTI) #EIEIE
W 2 L7228, RUBHATE T oD K 38 KO8 Ca JE B IC FE -~ B IEAE YE G 0D 1 B 3 R
TENBRALNTT D WIEAEERR DL % 1 ng/mL 7> 5, 10 ng/mL % 7213 100 ng/mL
EMNZMEEIT-T-, TORFR, KBEL O Ca ORERRIL, 1 ng/mL B EEAER &
AWTERREED LRSI (T —2IFRET), 2O ENDL, BWVIRE O IFIE
R OfE L, BB AT TORER R OSGEIT G L IR RN &3 ooz,

e AR UG ORERE T # (Li, Mg, Y. Ce, Co BEI N TIZK KW Ca Z I L Tuh/g
WZ bk ARBEREZ LN, 22T, 3EFEHOMREE LT, 1 ng/nl #IEEAERK

WWKBLXWCa®x 1, 10BLON100ng/mL & 3&MTHRML, MEEZIT-7- (X 7), 3
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FMETO KB IO Ca ORPEFERILICP-MS EEONTT — & & ORI K TIL91.9
~106%, Ca Ti% 93.6~98.2%CdhH o7z, ZDZEnb, BIEEMEROHEK ICHEIC K
BILWCazMx b2 LT, ¥EESH TOMITEOWERBENKFESND Z &R
BT, 3OO EDOHRMBETHRERIIM TEELREFTH-o7Z2, 100 ng/mL

WIMTORBEN—FBBN L6 BRIEREUER ~O K KO Ca D EINEE X 100 ng/mL

LR E LT,
300

£ 250 I

S _

=

- 1

g 200

=

=

S 150 T

[+

=

=]

(]

z 100

= = 1 I
g

2 50

= .

ND
0 1 10 100 0 1 10 100
K Ca

7 K& Caz 3R THINL 7md IEFEAERE 2 F V72 ICP-MS Y- E &0 To 7 i
HEHD K & Ca PIERER, EHEEFERERFZ (N=6) Tr L7z, BEBIOAEX
FNE, TEERBIOEEEETOME, 0:K & CaBmEROIRMAR L, 1~

100 : K & CalBEEN L 12 1~100 ng/mL & 725 X 5 1T HERE 2 RN,
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— 7, BIEAERERE L CEHERA LAWK RB IO Ca 2N LIZ7-0, MoK
WEEBEZFOTRIZBOTE, mWHlERRICR 2R H o7, ZOHRIE
~100 ng/mL ImIMFT X TORETH LI, FFIZ Ti, VIO Crid 150%FREE, &l
ERERERoTe, ZOBEEREAVEZHEIZ. W ODDOILEROEEICEEL L 2
D720, TOFRFETIEKBLO CaDAZRET D LPRE L, RO LV HE
BEIC R MBI R R > TV D72 il 72 BRAEAR JE IR DR Rl T 320 B & 3k 2 &
WD LRI, TOREHE TORERRILHEDOEE 2 H Ik TE 5 BIEF R

GEICE-oTEFER) 2HETHILENSD EEX DL,

2-3-3 ICP-MS ¥ E B L TOHRIMMEI B

ROBFTE LT, WMEGERBREZR TICR L 3T tRICHLEBLE, KBLW
Ca OHIE TIEL. 1 ng/mL #IEAZYERRIC 100 ng/mL K B L Ca Z RN L 72 1= e &
A, KB XD Ca OEUEITZNZEIL 103£5.8%, 96.6+5.8%& RAFTHY, =
DEMETOREDFHENRTRENT, £, BIO 2 DSOS CRKICEILER %
RKOZHA, KL 89.3~99.0 %, Ca i 90.0~99.2 %& BiF ThH o7 (F—FRET),
INHDZELY KBEO Ca kT 5 E &5 TlE, BIEEERIC MW CHE %2 I’
MT2Z&T, BEEORELERT LI ENTEL, KBLW Ca IS DLFEORE
TliE, REHT 1 ng/mL BEEREHER Z IV CRIEZTo 7o, ZOREER TITR LT,
DY 0.004 pg/mL LA N O IeRITKkE L TIiE, 0.004 pg/mL EEMHY DILHEEZRM LT
5. EUER O P IE 88. 6~108%Td o 7=, WA 0.004 pg/mL LA EDILHRITX LT
F, ABPHZ G RIRE K LB Z N ZENRIN LT, £ O/, B LS D ILHRE DR
BT 91.2~118% & 2o 72, B IZHMEAHECT LREINENKESND Z EnD, K
WIRER COEEREORREMESRE S iz, EAFEA ML TV DR &EEER
HEOBRENRS COMWERTMEIULEE, 70-120% & LTWDH Z &b, FEEEN
AWM O SHICHEARRETH 2 FILTH D Z L WRB I LTz,
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#®7

ICP-MS Y- 7&

= NN R RIS ) SivE SOAJEIN I ES

LR B[ =R (%) LR [E1U% S8 (%)
Li 103=*x=2.9 Ga 103=*=4.0
B 161+=5.8 Ge 93.3%x£17.3
Na 91.7%£1.0 As 118+t£12. 2
Mg 103+2.9 Se 94. 7£6.9
Al 91.2=*6.1 Br 105=*+=5.8
Si 103*x5.8 Rb 100£0.6
P 113*+=11.5 Sr 101%x2.3
Cl 104+3.7 r 98. 7£5.8
K 103*£5.8 Mo 101+4.6
Ca 96.6=*=5.8 Ag 92.2=*5.5
Ti 97.4=+2.3 Cd 88.6x10.5
\' 104+8.3 Sn 105+t5.8
Cr 101%+=4.0 Sb 97.6=*x5.8
Mn 111£5.8 I 92.0£5.8
Fe 116+5.8 Cs 93.4+5.8
Co 100+=5.8 Ba 96.5*+2.9
Ni 105+=12.2 w 96.11+£0.6
Cu 112+2.9 Pb 95.0=x10.0
n 1056=+=2.9
FUBHZIE 2. bmg~250mg £ COREIKF L L& RN L T2,
a) 3 AL O [AIN 3R oD -5 i + 1 Y 75
2-3-4  INFE
IOEIZBWT, F 1 EZEOHETH - 7= ICP-MS HIEICIH T 5 EE DN & . BRI

5 e DB NI

MR T 2 LHER T DO RRE T, MR LT DHRERED LR

S/

ZEILEDRVFEREUWET LI LN TS, RIEFERE

R B L AL R0 T AL AT

LY FErxOLORMHNINEAWVWSINLTWS (Anarasiriwardena &, 1997; Soldevila
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5. 1998) . 7272 L. ICP-MS OZuH#E—HFME TIX., MAEMEIZ K-> TEZELHE &
MEBILREPEFE LSO T2 T 2[R H 0 . BIORIERHE % K-> ICP-AES
R AS TOMEMB LB L, MROZUYMELHMIELTZHRESLH D (Almeida 5,
2002; Catarino &, 2006) , Z OHFFEICEB W THRERIIR L TRV, ¥ b
[Zxt L. ICP-AES, AAS, A 4>/ m~ N/ T 7 BLOEBMERELETHNWCEA&E
RN 14 JTLHRIT OV THRIE L, ICP-MS E RIEDRE R & i, fERICENR RN &
EHERLTWVD,

B 3T TR, T OETHGEL 72 ICP-MS HIE k&2 M T, v & ik J oo # 1
WIZED . BEERME (REERES XOIEESIT) OQBEMNTRRNMSFEITI 2L &

L7,
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FBI3IE UvVHMFEEZRAVWEZEETRHESIOCRERHOZE

3-1 =

FROHBIFEE LT, MFERTEZR S DNA 8k Z 3~ — T — & LTHFHT 5
DNA fiftfr 2 W o sh i I B A3 o | BEMFE L RV A X A UFl, I X OE DO AZHER D
PRBIMNTRETH D EMIEIN TV D (Sasazaki B, 2004; Hara &, 2010; Suekawa
5. 2010) o E7o. ZOFIEITHARE &IEEZ BRI D F RO ERHERNC G S
I TW2% (Sasazaki ©, 2007, 2011) , DNA 4T Z F N7 LIS 4 A D HiEHE )
5] (Numabe &, 1995; Yamanaka &, 1999) X°. AN LIZ x4 5 FUA EHR R O &P D
REED T2 OICBA%E SN WREHB] % 4 K. B BB L UFE) 23H 2 (Tanabe
5.2007), OO FIEIE, ke B EDOEMBIEZZ TRESLZHEFETHY |
WL ONDORMOSITZFEREATIE, MAEA =2 —L LTEFEEZFBTA-> TN D,

— 05, RERNRE BSNEEZ AW T, BARENICTEL TV D4R O &
SMEFE & 2B 2 FIE DI STV 5D (Nakashita B, 2009) , Z O34T
. ER, KFBLOBE R LOBILEOLERMKLMEZ BN THEITSh D,
BrotiE (bbb, REEEOBEWR L) NRFIZ, FET DX 37 EOME
LRI, FOBK OFHIE (MU DK D2 E FNARIIT. A D #fLk D 22 5 R K F T X
W) NEFRIBIOKFBICKBSN, FRTO NS DIEHEDLZERNAKLOEN A
b LT D FRICAH NEEIE EAEERMNRE S, BEEFREHIREEE AT D7
D, HBIOMNE LR 5D ENTED, TNETLERNMKL NI, EEERE
DIEHOBIREZITGE AT 5 L0 2 RS | BREWEIEER O MBI O /MO
REICHWHNTE 7 (Hobson 1999; Kelly 2000) , Z ®OFEDHESLIL, DNA fi#HT
Rk, A OEMZBIEDOBLFZRMMFETFE L LTHRIRD ATV D,

Flo, RBHIFE A b O 2 AT LT A0 O & W U MR R
3D U & 2D U R A BE T 2 BESHE S ITIER H Y | EIEREE TH DR, 2
DFEE AW TEE L AEEFNOHB ORI BT HONA TS (Saito B, 2008)
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ZOFEORFIT, WA ORLEN RECIERKECHENTED Z LN, KA
IR E DR BRI EB AL D N R L o TN D,

fil )7, PEHU{ARE O AL FRGEE & RIERIC . 2o AR S S EF OS5 IZB D
THERBEO—>TH D, BNEOFRWICEAL TiX, k&L FL—YE YT
A BAOKER, HEFEOEHEFARICHT2EHEIZEELCELEEZLND, L)
U, A ORGSO A B 520 S TRV kENC B W TR, B O pl
(BB RCRTEPLHET 2 FiEEZHNCTHEOABHNEZLZ 2> TN5
(Ministry of Agriculture, Forestry and Fisheries, 2004) , L/»»L., Z®OFiE
FIMEEPHBETIT O FIETHY . BYL PR FIERIEERES AT RN Ln
5, BORELWIBANDL LELFENRFOARERITEELEZ LD, £
TR TIE, B8 CRMBEINZ Y OMEF OB ILET —F¥E2H D L
T, BESGIE BEREOBEBNDHENTE 20, £, 7 OREERH ORI AT

RERET 24T > 72

3-2 MERBIUHGE
3-2-1 #A¥

16.3~21.3 # Hln BB RNV A Z A v b8 DT 116 H O MG A2 Wi, b
O MiFIE, BEGITE REERE N R 25 —7 4 (N=58) B L OBH#HF (N=58) »»
LEOLNT, ZNEND Y U #E (N=58) X, IBBERHIOEWIZ LY | JEEHH] (N=39)
EIEE®ZM (N=19) OB THR Iz, "—THiF, Ebb Loy vy — v F
Ty, AVA ) W=V v AEEORRAN—T LB I E B L7z R
ZhlE Lokl &2 5 2 8 CTle, BFRAIE. SR EEHT BRI O IRMR Z Im L 7= b o
THEE L,

B0 VAR D 30 nl BRILEE . BEE T D E THIRICIK &, 4000rpm, 15 53 DEKRMAET

EOOBELIZ®R, GonciEE~A 7 nF 2 — 72 AN-20C O MmHE THhAF LT,
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3-2-2 I
FormLERRICRHEL L 72,

3-2-3 WAk

92 E L FARICHE I LT,

3-2-4 HREHAEAT

UVMENSE LN R EFRIT, =7 L2003 (w427 vy 7 M) ZHWT
fEMT LTz, 20U YHETORRREIT A ML LOMEERZEL LTELE, A8
AZOBEMIT t REEZH W,

MIGHFOTLREEREIENTHZ LT, IBELGTE R OME, £ EEFRHY
DEBNTEDLNEINERRND DT EK D 4 #H (Principal Component
Analysis:PCA) 38 X OMEH/ 2 FHR 48T (Partial Least Square-Discriminant
Analysis: PLS-DA) %#1T7-7z, ICP-MS THH SR T OK 2 OLREHEIX, £
BEMATICH T, ERD oM K OMR A/ 2 B3 Hrid SIMCA-P+ (Umetrics
AB, Umed, Sweden) Z JHWTHEM L7=, FAD DI & ORI/ 2 FeH B4 0 A =
T7uay hea—F 47 ay MIEELLEERE AW,

~NT B ADOYLIEREAE WD 78R B B %X . MULSEL figdr ¥ 7 b & v T
Uiz, MBI E MR T 228 GoF) 1, BEENEZHOCRIR L, RE0H
BAMBE (P.01) EHBIOAEMERE (P.01) Db L, BEIRR O LAEM 2 L
B HT & AR O FIE O HIR]TIX 33, BRI ONGITIX 12 LB E LT,

Z O THER L2 HIBIBIE I ) L. & 116 3B L2 o & 1 B B EZ AR
AL, DHEOEAEEZHEH L, £/, 1-R— AL FZ7 2R F— g LIk,
HIRIBIEL DY MR A AT o T2, B2 ORENDEF 11 F21d 12 B2 frE, RO O
FoEF (105 £7201% 10430 A HWTAY F—v a » HHBIBEE A fERR Lz, BrRviz
AELOFERIL, R0 OB TR L 72 BB N L. 51 B oo 1) 2= % 5 A
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Liz, ZOBREEZERWERE 2L, G 10 EITV, GFtOHRIREZFH L,

3-3 L/
3-3-1 MEEHAT & RERE (BES&M) OHEI

SEIOMFRIZENT, BESITE RERE (LR, BESRE) BERD 2 20U
CEEN DAL NI MIE R O 24 FTLFRIT OV T, ICP-MS TOHERIEIC L0 JWEZITV.,
ZORERER8ITR LT, 2O HIERICIBNT, HAEA (P.05) BNA LTI
FIE, 24 cFEH 19 TR ThoTe, WITHEED RO > T2 mHFEIT, Mg, P. K,
CaB LU CuThol, BEEAE L L THEATLED LMD HIZIE, Mg, K, C1, Fe,
Cu, Zn BE N Mn BE < EFEN TS (National Agriculture and Food Research
Organization 2009) , F7=, BLAMEHZIX, PBL UM CanZ<<EENTWD, AE
MWD o0 b HRIF, AEEGZTEBTIIEE < EENTWER, 2HTOREE
EVO BT, BERERAON RN, ThD 5 LEROBEEIX, M ORE
NEL, EENORBIZBWTREBEL LD —CIZHREZNLTWDE Z EDERNE 2
bivle, —J, MEIXHRIT. EENORBF LY bhoERICL Y EHREZD Z L
DTRIN, HERZSETIERERER LR D Z ERHEEI N,
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#£8 MEESLENELAD2RETO Y MIEF D 24 JLHFE Ot F

N—=THE (N = 58)

PA#RAERE (N = 58)

SEES S fE R ) fE e
(ug/mL) (u g/mL) (u g/mL) (u g/mL)
Li? 0. 0018 0. 00008 0. 0024 0. 00009
Na? 3280 26. 1 3390 27.7
Mg 21.8 0.54 22.5 0.44
Sia 20.0 0. 39 22.1 0. 30
P 107 2.5 110 2.6
Cla 4810 32.9 4950 41.2
K 1456 1.6 146 1.7
Ca 83.9 1. 46 87.2 2.80
Tia 0. 156 0. 0050 0.171 0. 0048
va 0. 0056 0.0001 0. 0069 0. 0002
Cra 0. 0266 0. 0006 0. 0325 0.0010
Mn? 0. 0037 0. 0002 0. 0054 0. 0003
Fe? 2.25 0. 056 2.58 0. 055
Cu 0.797 0.0172 0. 829 0.0223
Zn? 1. 08 0.021 0. 995 0.0162
Ge? 0. 0026 0. 0001 0. 0033 0. 0002
As? 0. 0024 0. 0002 0.0038 0. 0002
Se? 0.176 0. 0083 0.139 0. 0041
Bra 60. 3 2.44 38.6 0. 69
Rba 0.173 0.0035 0. 203 0.0033
Sra 0. 0670 0.0019 0. 0527 0.0012
Mo? 0.0149 0. 0006 0.0074 0. 0002
12 0.0770 0.0023 0.126 0. 0024
Ba? 0. 0236 0. 0008 0.0184 0. 0006

a2 SOHEMOFEEE: P<0. 05
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RERENERD 2 O Y VMEREICOVWT, ERSONEITV, ZO2a7
Ty hEK SR L, TOME, B 12 ERSOBAMIT L LD KEL,H
2 XM FEFCORBHFELGRIZAT. 1% ThoTz, MBITRLE LI, VN bH
ENTAERDO ML, IEEREOHEITKF L 2 DORXGICHEINTZ, Ok
REnb, vVMEFHOTRBEICLVIEERFEOHFBIN B WETH D Z L RRB I
Too BEWT, ERSOITERUCHET —Z 2 HWT, Wi/ 2 BHBI W 2470,
ZoAar7T7Tay bEK 9 IR LEZ, ZOTTATOFEREEE LT, RY, @Y %
Mz, RY K 1) IFETARMEGFER) P ROOREIE, Y [3HFLnr—X
kT2 PR (0.5 UL ETHNIFENATWND) OFEETH S (SIMCA user’ s Guide
2008) ., PLS ET /L TOH 2 TN ETO RY (T /LA E2HR) 1% 0.87, QY (Fill
F) 110.86LELHLH 0.5 21, BRIZETATHLZERNHBALE, £/ R
o2 R con—7 77y hER 10 IR LE, ZO/RR, ~—T 4
FEIZZ oo RIE, Br, Sry Mo B KU Ba, B FIEICZ WL RIZ Li BRI Th-
Too N—T7HBIIE, BREREE LT 4 BEON—T7ZRNMLIZEGEE %2 5 2 T
DM, N—THHITIE Mo BNELEHEENTEY (Kagawa 2011) | BEFRE~D/N—T
DD Mo JREHINZ D7 o7 B X bz, £7o, Br X HECHKIC —EEDS

ENLO, JEELITTO HESLEFIKOMIEN B L TV D AR IR S L7,
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PC1

X8 MEBSLMENELD 2 FE16 3B O v g T EE R TOERS O
DAar77ay b, T—FITE 1-56 2 FRSICESWI,

(W=7, O:B#E4)
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| |
4 A n n
(e] : .I
e} o O -
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PC1

9 MEBFLRMNELD 2816 BN O v v Mg P A T TE T O/ 2 Tf)
B DORAaT ey by, T—2I3HE 1-5 2 TSI RSV,

(W=7, O:B#E4)
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035/ A35Mo
0.30¢ AISCI ﬁl ABBST
0.25! 3Cj A137Ba
) '!3“
0.20| A53Cr e . Apezn A798Br
0.15: ‘51\,‘@%3 =§M2
o 0.10] A295i
. [
& 0.05] AB2Se
-0.00 BRE e
-0.05
-0.10! A56Mn MTTI
0 _[5: #$M2 DA)
j A7l
020 oo

-0.40 -0.30 -0.20 -0.10 -0.00 0.10 0.20 0.30 0.40
PC1

10 JEFESRMEAREZR D 2 B (116 3UBH) o 7 o i o BERE ST 37 1 T O i/ 2 5%

MBI otroa—7 47 7ay b, T—XIEH 1-56 2 ERDICES W,

RERIZ, EERENERD 2 O U Vg ORERRZ HWT, #BIZHB DT 21T

ST, FTOFRER., Br, Mo BT 26 72 5B B 2 1ERR L 7=,

IN—THBE = 0.230[Br] + 1012.312[Mo] + 146.439[1] — 20. 149

BHERA4ERE = 0.048[Br] + 236.432[Mo] + 368.750[1] — 24.989

[Br], Mol LU [INE4 %~ DFHEiE (ng/ml) 2R LTV 5D, HBAF AL, 5
B CRREAMRAL THONTHMEE LTHRE L, &4 0MERETomWy
FIBSE R 2T RD7D, 116 AELOLEH (Br, Mo BL W) OfEREZZTNEh ORI
A LTz, TORER, ~N—T7F B RO MIERE &2 ~— 7 48 & LB 1L 96. 6%
(56/58 FEL) | BRFA 28 1 ok o i v R0 2 B4R AR RE & L 72 HI B R 1T 100% (58/58 3K}
ThHO., HANEEICLY 2HOSENRARETH DL Z BN REn (£9) . £, 1
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U HIBIBEE DB IR R T A=D1, 10-F— /L K7 a AN F—3 9 02 &
DEH 2 T - 7=, TOFREE, EHOSFEIZFN LI, 96.6% (56/58 3#H) . 100% (58/58
B O¥IBIRTH - 72,

x99 MEERENRELRL T VMG (N=116) 7 DAERK L2 HIBEEToORE L 7 v X

WY F =g TOH B

B4, EER s ST (%) AN Y F—=a s ()
N TR 58 96.6 (56/58) 96.6 (56/58)
BH P 4= 58 100 (58/58) 100 (58/58)

a) 10-FR—/LRZ7 a2 F—3 g

ZERNARLE ST L DR OEWNE (77 2 ) OFBIO XD 25 FED
FESZICIE, BB OEW (77 F) ZWHICH T DB CRERPILETH D, 1
OOEKTHRHNT 256, SHTOEBROAEEENPRYREIR0E, EMHERH
BIDEE L, ZERNAR DT DEEOEEZ VD K 512, BEOEEITE O

WaTE T D2AFEIL, W FIEOHSLIZORB 26D LEZ LT,

3-3-2 JEERH DHF

TOHOHRE LT, YYOEBEHRHOUBINTENE I DRRDLZD, BES
ORI TR WL & Z Dok R 2 IEBF%YIEE (N=38) LEHE TR (N=78)
CICHBULEL, R10IR L, 2EEOSIERIZBNT, AEE (P.05) A
BILTELHEIT, 24 BHEF 1T LR Tholo, WITHARBRENA LN -T2 T IEHRIL,

Na. K. Fe, Rb, Mo, T B LW Ba ThoT-, IEBFELENELD 28 (F10) Tl
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MEITCHERT X CUTHEEN LD, EERH O IE TIX Rb, Ba, FFICIEE KM
DARFETOH R DOEE L L TEIRE N Mo & TICHFAREENBAONR )N T,
ZOZENL, BERFEOMETOILR L IMERFMNOMETOILREROFEE X, F -
e BRDZEBRBENT E EE TR L LR EBEHRIABEICZ WV ILHRIT P
ClBLUCaThol, EHLLDOHEDOT UKL TYH, BERAEE L THEXTZDLIT
X Cl, BEEEHZIZ PR Ca RNEL<FENTWNDHZ G, IBEFRMNETRIC DI,
BRI Z N D O LHERESEEIN Lz L HELR Sz, Ti X HEE I 0. 5% E
GEN, o, BETO Se EAEIT. EFLHHTTOLERD Se EHAEELNXMT S
EOHE (Kamata 2003) 3%V, ZOWMITROHEL, EEEHITL L I35 2 726
BoABEHITCOLERRTHD B2 b,
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10 JEBEHZ IR (N=38) L BB h IR (N=78) TO 7 T IiEF D 24 703 D S5 HTHE

JEBE%HEE (N=38)

JEE iR (N=78)

e T e R e
(1w g/mL) (u g/mL) (u g/mL) (u g/mL)
Lia 0.0015 0. 00007 0.0024 0. 00007
Na 3290 46. 3 3350 18.3
Mg? 20. 3 0.70 23.1 0. 35
Sid 19.6 0.57 21.7 0.24
pa 119 3.4 103 1.9
Cla 4980 58.7 4830 27.0
K 144 2.2 146 1.3
Ca? 90. 3 1.97 83.3 2.11
Tia 0.127 0.0043 0.182 0.0033
ya 0.0071 0. 0003 0. 0058 0. 0001
Cra 0. 0336 0.0012 0. 0276 0. 0006
Mn? 0. 0031 0. 0002 0. 0053 0. 0002
Fe 2.43 0. 088 2.41 0. 046
Cu? 0. 874 0.0276 0.784 0.0151
Zn? 0. 958 0. 0223 1. 07 0.016
Ge? 0.0024 0. 0002 0.0032 0. 0001
As? 0.0042 0. 0003 0. 0025 0. 0002
Se? 0.109 0. 0037 0.181 0. 0054
Bra 34.3 0. 68 56. 8 1. 88
Rb 0. 187 0.0044 0. 188 0. 0036
Sr2 0. 0555 0. 0021 0. 0620 0.0016
Mo 0.0107 0. 0009 0.0114 0. 0005
I 0.103 0. 0065 0.101 0. 0028
Ba 0.0212 0.0010 0. 0209 0. 0007

2 OO OFE AL P0. 05
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JEERORZR D 2 FEOU VMFREIZOWT, ERIOTZITV, TDORaT

Tuay FER1ILICR LT, ZORE. S 1-F2 Eo0EAMIZI Lo k&<, B

BEHESRITAT. 19 THo7=, K 11IZRxL7ZX DI,

U MIE D DA DI AF D 5y

ik, EEHHIKFEL, —HERINPDHIHLOD 2 SDORPICHETHZ ENT

T, T, ERS O LR CHET — 2 2T, W/ 2 R 9T 217 -

IoFORAa77auy hBLlOo—F 47 7oy 2128 LK 1312/ LT,

EF L TOFMEETHHE 2 RS E TORYIL0.89.Q%Y1£0.88+ XH 5% 0.5

ZE A, W/ 2 ARG TIENTZET LV THL Z AL,
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11 JEBE®MEE (N=38)

CEE FHIEE (N=78) O il EH TEER TOE

oo A a7 7oy b, T—2I35H 1-56 2 ElSICES W,

(W JEFE®RHEE, O:EF M)
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X 12 MEE#RYIEE (N=38) CHEEHHRE (N=78) O v v ifLigH TR IEH TOMW
/2B DT OATT Ty b, T—2IFHE 1-5F 2 FlDICHE SN,

(W EF®RLEE, O EFE T )

0,50 o
0.40
s A137Ba
T
0.30 v
ABEZn MSC%SC”
AT
0.20
o ANy A3 =§M2.0)
@) A5V
a A5TEY
0.10 450 | asTre
AigRm 85
-0.00 - =
ATEAS
-0.10 Avaar
ATIG
g2 DAz T Al :
-0.20
AT
-0.4 -0.3 -0.2 -0.1 -0.0 0.1 0.2 0.3 0.4
PCA1

13 EBEHIEE (N=38) LIETFHHRE (N=78) D7 i it R T 3 T O R/
QRPN OB —F 4 T Ty b T F R 1 2 ERSICES O,
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JEBERFHI AR 2D 2 BEOFIMFEONEREEE2 AW T, BB S 21To72, %
DFER. P, Ca, Ti BIL N Se 20572 BB E A 1ERL L 7=,

EEHEARE = 0.358[P] + 0.244[Ca] — 64.441[Ti] + 8.539[Se] — 28.726
JEE R EIEE = 0.00088[P] + 0.118[Cal + 200.313[Ti] + 102.522[Se] — 32.436

[P], [Cal, [Tilk LT [Selid4s ~ DILHREE (ng/ml) ZFR L TV D, FBIFGERIZL,
MBI tRIREARAL THONAHHE L TR Lz, &5 0MiFaRETo
BRI R 2D 72D, 116 Bt Z£% (P, Ca, Ti BL U Se) OFIREZLTNE
NORITRA LT, 2O, EERMEHRO TG 2 LT % IEEL Lz
BRI 100% (38/38 3UKE) | BB HHIREH SR OB & JEE P HTHE & L 7251 31% 100%
(78/78 FEE) ThH Y | HHIBEIZ LV EERH OSSN AIRETH D Z LR r I
(F11) . £, ERRLIZHIBIBEB O G M Z R T D720, 10-R—/L F7 1 X
NYF =g KV 21T o7z, T ORER, FREOSHEHITE HIT 100%0 H B %

ThHoT,

#F 11 JEFZEEE (N=38) LEFHHIEE (N=78) v v ifiE o b ER L 72 51 B %k

TOREL 7 m AN F— g o TOH G

M4 OBHK 5748 (%) gaANRNYF— g9 (%)
I H 1% #RE 38 100 (38/38) 100 (38/38)
JEF A AR 78 100 (78/78) 100 (78/78)

a) 10-FF— /L RZ7 oz F—3 g
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Al HBIBEEBDOZEHE L TP & Ca MBIRS NN, ZOMWHRHIL, Bld Dk
CZL<EHAELTND 2L, METORERE S, EEANORFHZB W TRE L~V
BN—BILRIZNTWEZ L E2ExbbE DL, AN, »OoWfREE L 10 I
SWHREMEDRN B D, ERT AT TO 2 HEOXS T AR TR ho7c 2 LTk LT
b INOOBERNBEBLTCODAEENS D, —F. BUEOAWEINIX. B
FAE (BOER) CRIENSBHTHNT 2 FETHLZ &b, SRIOHE
FELAETOHMNEZBEVWOMTEDO B THAGDLE D Z & T, BER Lg%
FTAHrZENTELHEELADLNT,

UE, RFFETIE Y% 2 BT, BHEIEFERBIOBENZHRITE DI nEZ 1
FRmE L, vVMEPOEETREREANDL LT, IBERFOMREL Y VO
EERHOMEICE L T, HHFEOHREFIREZ RT LN TE 2, S bICHRZ
HIDIFIEOMESLITIE, MG H OB THE LN DS &L OMAE DI X DHB, 8
BOZH FEZHAGDOEHRN, SHE#ENICAITHLEELOND, T,
ABFZETIE, BEIZ TCP-MS Y478 |1k D 43 Mk FE % R L 72 13 2 F v C A8 FH il & 47
SN, B EWVWIBANGEZD L, WIZB T 5nHEE &4 I LI 4 rl 6
ETDONERNTH D, SRIOHEEEE 2 T, 4%IFAF 72 L MiE S0 547
RGN COHB ZF L TS BERH D bbb,
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F4E REHUBEZZRAOCZIETRAESEIZE T 5L GER) OBRRF

4-1 88

BAEW 72 EOFEMHR]TIX, T CICEMO 1> TWAREIO ST —% 2 Huv
THIBET VAR L. £DOET /T L0 REIEEZ BT 2 FIEDIHO ST
5. ZOFHEDORENZRS DITHICHIBIHT 6 503 VERCT 2 B B8 — Kk B
B Lo CHM LT <L BIBUERICER LoREBHDIAN 2 TR L7236 O R E L&
EMEOE CENTWD, iz, —EHRIBEEEERTIIE, £RFHEY 7 M ETH
MERE ORI 21T ) 2L b TE D GKkHE B, 2007) .

HBBEBIZ W2 ER OB L EROMAGDOEITHEFICEETHD, WIELLET
NTOEE O THBIBERZERT 5 2 & b AR, % 0854 BIEER I
L7 T 2 Ml RITE < e 280 RABEBOHBI RN RE S TRL, —77.
BE OB DI EE RARE O EME T T2, BEIERIC M L7z kHZ o
WTOHBIRITTA D (AARRMBFETY S, 19960 MR, 1992) . £z, 8RET
DA OB, BB ORI AW B D 1/3 LTI 5 2 EREE LW
EHESNTHD (FFH, 1995) . 20X I, HEREHOHEEEOMAE
DENHBERR EORA L FTHY , BIRTLIEHOKICEY, BROT— 5 %245
HIDDOGHIRL AL RES R oTL D,

FIZTIDETIE, & 3 BOEERMEOEOIER THWIZEKOH %2~
L7, Flcley VEHOMBEZRE L, 3O Y HOHBIREBRGEEL -, 0T,

WHMED & 2 BB OMHEDOEZIRD D FILTE RWINRE 21T 272,

4-2 BB L O F
4-2-1 R¥t

HARBREAME SRS BRSEE LT =~ 77— ATHB IR TV 2THHS D
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HAMEEZ W (LI, RBRRT V) o &0 U EE»SERME. BEET 2 £ T=
HIZF &, 4000rpm, 15 3D EMAETH OB L%, BonMifEZ~ A 70 F 22—
TIZAN-20C DO WmHIE TIRAE LT,

UIMiEIXEARD 9 ODOHMX TETHNZ 90N LED -, B2 £ 7= i3,
TE HE. R BEBIOEETHY ., REZEDRHIL 2011 4F 12 AnD
2012 4E 12 A Th - 7=,

i ] CULEE S AU 7 MR AR FR R B TR RIS, & O o il TUNLLE & 4L 72 3lB)
1% B AREREE AR RS R E ISR T TRl S 4, 20 43[# 3000rpm T L4y BEZ 1T - 7=,
MAEREHT, =y X PV T F 2 =TI S 4L, 20C THMr £ THRE Lz, BFFRIE.
H ACER [ L M B2 K 0 ERBIWIC 3 2 BB E IS0t - 7= i L 7=,

52 E AWM RN Y Vi 2 EN IR E OB THEM L,

4-2-2 R

HomEEFERRICIH L 72,

4-2-3 ¥ HE

2 B LRI LT,

4-2-4  FEEHFENT

U UMiERB LY v MiEN A b nREFRIT, =7 & 2003 (A YT
M) ZHWTHT Lz, DVBRB IO B TORRRE L, FHMEFS L OEHE
mAELLTRLE,

ICP-MS THIE LEH L2 0%« O uRIRE L, ZEEMATITH W, EAk
S ASHT R K OMR B/ 2 FFI B4 HT 1% SIMCA-P+ (Umetrics AB, Umed, Sweden) Z >
THEME Lz, BT L OMERDS 2 BHBSHOR 2T Ty her—F ¢ v
7

7'a oy MIEREL LR E Vs,
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~/NT J B AOPLIEREE W T8 E B BB X . MULSEL f#dr ~ 7 k& v T E i
L7, VIBIBEIE AR T 2% (Gok) 1L, BEEMEE V@R L7z,
FENHHRBEOBEMIZ, =7 &/1 2003 (w4272 Y7 M) ZHWE, UG

PR R BB KO ERE L FH L2, MR REZ RO 7,

4-3 A & NFE
4-3-1 FEIETOREEFFREOHDE THWEELRDE ZIMEDKRIE
SEIOFRICBNT, BEER 7 OGN ZMTER O 24 TFEITHOW T, ICP-MS

TOPEREICIVAEZITV., TORBER 121TR LT,
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F12 BHERRYVMEFEEICE (24 LK) OoHRER

=3 FEIfE R
(1 g/nL) (1 g/nL)

Li 0.012 0. 0007
Na 2870 22
Mg 20. 1 0.4
Si 42. 8 0.7
P 108 4
Cl 4900 36

K 159 3
Ca 96. 4 0.6
Ti 0. 225 0. 009
V 0.014 0. 0005
Cr 0. 055 0. 002
Mn 0. 003 0. 0002
Fe 1.79 0.14
Cu 0.703 0.021
Zn 0.790 0.021
Ge 0. 005 0. 0005
As 0.010 0. 0003
Se 0.076 0.003
Br 11.1 0.3
Rb 0.138 0. 003
Sr 0.077 0. 002
Mo 0.015 0. 0008
I 0. 146 0.011
Ba 0.029 0. 001

51



AREBFONIZHERY VEEHEIETRAELL 2 20U U, G 3HENLELR

7o VIR OW TR /D 2 BRI O 24TV, TDO A a7 ey &K 1412

RLTz, TORER, H1-H2 ERpOEAMIT1 LV RELS, F2ERTETOR

BMHEGFILBL N CTHoTz, ZOETLTOE2ERSETORY (7 VFHEHE)

£ 0.81, QY (FHIFE) 1X0.80 L EBLLL 0.5 22, VViETDTHRIEEICK

D 3 FEDOIEKIMFD

MBI FRETH D Z LR S LTz, Fo. R/ 2 FHH

tfrcov—F 47 7my b&K 15 IR LT,

4.0

3.0

2.0

1.0

pPC2
o
o

o
& o (o]
® OOS@DC?OD
<
- gt
. ESO‘?@O%J
@
L ® G o 3
L) %.O 2
. [ 3N o 2
e, ° ‘CI ~
[
“. . n # .
1]
LAY -‘-'
s @ . Em
. l ]
- |
e
|

7

6 45 4 3 2 1 0 1 2 3 4 5 6 7
PC1

14 JEFEREARZRD 38 (135 3UEH) o v i o BT 55 T O R/ 2

BT OAaT Ty b, T—HILHE 1-5F 2 ERTICES W,

(W ~—74, O Wi, @: BERKT V)
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05
0.4
0.3
02
0.1

-0.0

pPC2

-0.1
-0.2

-0.3

12951

41271

$72Ge
47T

+53Cr

143Ca

+35CI

31P

=$M2.DAR)

157Fe

.2443Cu

+85Rb

+23Na

7L 38K

=$M2.DAE)

+137Ba

+66Zn
+825e

+79B)

+883r
-0.4

= 5M2.DA(1)

-0.5 +95Mo

-0.40 -0.30 -0.20 -0.10 -0.00 0.30

PCA1

0.10 0.20

15 EBESLUENREZLD 3B (135 RE) o i P EM I THIER CORK/D 2

FHB GO —T 4T T a sy b, T—HIEE 1-F 2 ERSICHES W,

FT. BIFROIEBESRMONETEIRSN72EEL, Br, Mo KON @ 3 HDH %
HORFED T2, AEIOABKY S HEEZMA T 3 BCHT 2 3 nHONNT — 4 %
FCCTHIBIBI S & ERR L7z (3R 13) . T OfER. VB S =B B $k i34 « sk o
Bt Z R 1IBITRTERY . 0% EOHRTHEHT LI ENRARETH- T, 2D 3
JTLHEIL, BIETO 2HOREREDEOLDBERBRINTEEMTH- 720, HELKR
DU RN AT 3 FEOHEHNI X L TH, HHIEEIT RS EE 96.5% &L mu L
VT ol

— 5, UV 3BORAETLET —FEMNT, T 3 mENDLRDHBIEKE
EL7=E 2 A (F14) | Na, Si BLU Br &R S iz, Z OHBIBIE T 5
RITEREEFF90.9% & HI3EOEBERMHEOSHTHEINSL72LHE (Bry Mo KT

D TOHBBE LY HHEERE > Tz (F 14) ,
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£ 13 FEIEOEFRMFEOPETEIRSNIZLFE (Br, Mo L' b AERK L

B BE K & R

FEA4 AU B (%) H 1] BE
N T 58 93. 1% (54/58) 0.325[Br] + 1084[Mo] + 82.8[1] - 21.1
B ¥ 7F 58 100% (58/58) 0.171[Br] + 619[Mo] + 148[I] - 14.9
HERRD v 27 96. 3% (26/27) -0.054[Br] + 1339[Mo] + 199[1] - 24.3
#t 143 96.5% (138/143)

K 14 3RO U T MIE T EERE TR D bR U 725 B % & 1 =R

4 Al I =R (%) S IUIESE=
N T 58 77.6% (45/58) -2.35[Si] + 0.108[Nal] + 0.134[Br] - 158
B # 4 58 100% (58/58) -1.75[Si] + 0.110[Na] - 0.075[Br] - 165
HERR D & 27 100% (27/27) 4.29[Si] + 0.049[Na] - 0.587[Br] - 159
#t 143 90.9% (130/143) —

4-3-2 EBEFRGSBCBITIIRAEO D 5EEOMEAR G DR

Na, Si BE O Br »HAER L7 HIBIBE OB BIEE N ENEBE E LT, Na R loD
S RITFIEMEMHFTDOCLERLD, EENOTRREN BRI TE
D, BRERECEESIT CORBELZT T VWEZEX LN,

fin 5. Si i% ICP-MS T COMBIFENBNZ LOBERNEZ X b, £IZ T,

QEDOHEEHR CHWEZ 7 MG &2 NE L, ICP-MS Il /& TO%K It D EN I

P

ZEHLEZ (F15)

Association of Official Analytical Chemists T A K7 A4 > (2002) 2k 5L,
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ENFIEE EXRERZE) ORLE, SHRRE 10u g¢/nl T 6%, 1ug/mL T 8%,
0.0l pg/mL T 15%Td D, £ 15 (28 L7 RIF, S1 IAAD o ITEREZ G2 L T
TN, FACIRELNLTYH, BRICIOVBEIZERRLOND Z N nhoTe, 72,
A RIALVATH->TH, BEBENMENT CRELEE LTHWEGA XV
HBITORES ERnsZ BN FPHRINT,

#£15 Ui H g TR (24 £E) OB B R R

JLSR AR ERZE (%)
Li 3.7
Na 3.4
Mg 2.0
Si 10. 3
P 1.8
Cl 3.5
K 1.3
Ca 3.5
Ti 10. 3
\ 10.1
Cr 12. 2
Mn (9. 8)*
Fe 2.6
Cu 3.3
Zn 2.2
Ge (19. 3) *
As 14. 2
Se 8.1
Br 2.4
Rb 1.8
Sr 2.5
Mo 6.4
I 4.6
Ba 2.1

* ERTRATORLD, 2514,
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VR 70 & OREHHIBNC I T BAEY T T R IR BT EM To B O HR
MR A R L, BEICEEN DR ITE A T 585 E L TRIRESNLDGED
2\, K 16 121X, BIEDOEERICHWS NS E% (i) Z - L7 (Ariyama
5. 2004: Ariyama &, 2007: Homura 5. 2006: Kadokura &, 2010: Kadokura & .
2006: PHA 5.2007a: A 5.2007b: Hattori 5 2009: #iA 5. 2007: Yasui 2009),
F 16 IR LIce R, HEPICHBNZEENL0HRE B L TR, EUHE
WCBWTHBHEZ DT 2EEREHIC L EE2 b, 2OZLiX, B 1 EoOLY
VI TOSEOERIC R NBIRSINTZZ L ESITD 1D TWND 7275 L,
Si IHHTIC—F LV EERTHDHM, 1A LEKE L GRERENT, Z2ETHED
EHEE LTRSS NDFN AN Do T,

ZZ T, £16 T5OL LD HE TEIRS ATV D Mo, Rb, Sr, Mo 38 KT Ba 34
BEME L TCHENTHD Z EBNWRINT, 2L, n OEFFBEITEEDT TIIE

W IE T TR RN ORE G0 B RN L T2,
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#* 16 RIEMOEMAERICH NN L EE (GoFk) Opl

T AN H
A

I}

e BRY ZwR¥ AR F¥  vavH —&RK ZiE LW

gl

Li o

Na [

[ o
Mg [ ] [ o o

Si

Cl

Ca

Ti

Cr

Mn

Fe

Cu

7n

Ge

As

Se

Br

Rb

Sr

Mo

o0 o0
o
Ol © 01N 1 O O O O N OO OO Wik O Wi Ok w

Ba

FHIBETOY Y 2HONETIE, "ua AU EELTBr BLXOI, Hl1EOEY Y
SHED/MMTIIBr AL L TEB RS TV D,

Brid#i i C3FEA, MATIC2HFEBICEZ VW EETHDZ LD, EHCBREEK
P2 GEN, Eo, BEPICLZIEALTWDS (Sakurai, 2006) , —J5,
—H ORI TIZ., BRI A v o ARRBEMEGR T O2MHELZR>TWVD
EOMENH DN, WLBBIZEB N TIE, Br 2 FLWMHECH V7 B OFEEO RS
IXEZI TR (BEIE, 2005)

DEREE ISR RETESEWEORERH L8, ZDOBHB & LT, RWEAD
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PR Z i U CRET O T 28 BHICERM, £ RAOEMICIEAE L T 23EY
DRI D DI EV, TEEICBIT LD LB X b TV D (B, 2006) o K=
BRI Ko TKTHEN D 7 IO F 312 Lo TIA KD #ill Tl
TIESLZE Z TN SN DEHD TIRENMES 720 [ I RZIEFAEDIRRK & 725 GRIIL
2000) , RGBTl BICEM ORI, 1 25 AT IR B L OBEEOBEHIC LY
IR mEn s & @t & TWwb (World Health Organization, 2009) .
ZoOES, vVmEFT Br BRI REIT HESCRENOORELESE, £203
BB RO B2 8 L CTHEERIZZ T, oK, MR ToRBEICE ST 5
B ELiedl ERHREIND,
LD Z &b LT O A2l AR ORERE LA G DY 2R L,
OZELFEERINT D (EERNITBWTHEEEDME LTV 12D)
QENHFEBENENT- CHELEINT D
OLERII—EEZENRBIEMOSRHEKRLE LTHEHIATWS T BRI D

@Br B LI #BINT 5

ZDFESR. Br, Mo, Rb, Sr. T XU Ba D 6mHEEHWIHBIBEEN S - & &

BIFEEE 23 @ < . 2RELEFFOHBIERIT 99.3% Th 7= (£ 17) .

# 17 Br. Mo, Rb. Sr. I3 XU Ba 25 ERL L 7= 451 BE %k o) B %

e AR HI B (%)
N T 58 98.3% (57/58)
B4 F 58 100% (58/58)
HERR D > 27 100% (27/27)
3t 143 99. 3% (142/143)
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ZOHRIRIL, RIBICRLEE3IEORESRMFOHF TERINIILHE Br, Mo
KON T) TOHRIBEAEOHBIZ 96.5% % EElo>7c, S BT, DT 6 EHNLLRD
HIRBEIE A AERL L 723556 OB 97. 2% % & Rl > 7,

BLIRTZE VO, BEEMOEMHBTIX, Br BEI O T Rl naF UENERE L
TERNRSNATVWDLMERRNI L THD, —FH, VDG TIEBr KO T & B
WCHIBIBAE ZER T 2 & R 1T IR LIRS 83.9% L KRES FA-TLE I,
o EiF. vVIER EQOEMMEIOSETIE. BRIEHOEK IR LN WDEE

ERQVBr L T ZMAL T ENFEFICEHERR THD Z EBRRBRINT,

4-3-3 Br, Mo, Rb, Sr, I 8L U'Ba ® 6 LEZ AW ZHBIEK TOMO BB RE~
D AR

20 6 HEEHWHBIBEE S OB ~E T CE X, BmELEXIEE
FEPBEONHNRTFEL LTEHATE, B L ORBERFTOAHENR DR
Do Flo, T o nFELKROENDLIZD, ST OAHZERETE ., Bl oA A
HIRHEICHEZ DENARE L 2D, £ 2T, 6 R 2 HWIZHIBIEEE O YL ME 2 st 9
L2 v LS OB E LT 9030 U~ fiE R TR A HE L7z (R 18),
BNWTEDDT —FEHNT, USBELRTRD T > 3 FEOFE 4 BRI 5 5 B
A Ek L. IR BIEI K 2B E A G~ T,

FORER (F£19) | 96.6% U LOHRIETYvHEGZOL AL T LTS T
HZENTE, ERBEHTIL98.3% Tho7c, 6 8END Br £7213 T ZBR< &
FIRIRIZZNZIL, 94.0, 90.6% & TRDHZ b, Br BRI T O BEEMES HEM
RET A ENTE,
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# 18 U~ MLIE R T 3R D T As R
=% SR EHERE
(1 g/mL) (ug/nL)

Li 0. 020 0. 002
B 0. 201 0.011
Na 3500 40
Mg 23.7 0.4
Si 31.6 0.8
P 85.8 2.2
Cl 5030 43

K 167 3
Ca 118 1
Ti 0.119 0. 006
V 0.009 0. 0004
Cr 0. 040 0. 001
Fe 2.51 0.06
Cu 0. 998 0. 022
Zn 0.521 0.011
Ge 0. 008 0. 0003
Se 0.131 0. 005
Br 25.3 2.5
Rb 0. 157 0.010
Sr 0. 258 0. 009
Mo 0.013 0. 001

I 0. 022 0. 0009
Ba 0. 008 0. 001
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# 19 Br, Mo, Rb, Sr, I B XU Ba ® 6 juE & W7 H B BIEL T o)l =

w4 EEE H) 5 (%)
N T 58 96. 6% (56/58)
P 2F 58 100% (58/58)
HEAR D & 27 100% (27/27)

e 90 97.8% (88/90)

Ein 233 98. 3% (229/233)

W, U~ BE90 REHE, 9 DO R SMIKB K TH Dm0, U A ik 2 LI
L., UUREE G DB AR RIE AT o 7o, 272 L, HIBIB S A ER T 2
ZH 0, BEHHEKORE 6 RELLERWEHATLZ Y 7 hTiBETE RV
. 5 FEEE 80 BEHI X L THREEA 1T o 72, £ ORER (£ 20) | 2REHEFE 96.9% D
HBIFET 8 HEEN TN DT HZ N TE L, BHIOFEIT VLY U<t
DFBFEL . UUVBRKRTOHBIFEIL 99.3% (142/143) | U ~BE2AETIE 92.5%
(74/80) ThHoTe, ZOHME LT, UV VHEROREBEN Y LV R0 £ <
T UBEOIFHRD LV ST HBIREEICR o TnD T ENEZ LN, ZTDT &
E. U~ 5O TIEMR LB T OHRIERN 95.0% & B D Z &b bR
SN (F—=ZIFRET) . 61T, 6 LHEND Br 721X T 2#R< &, HRIEITZ
NI, 92.8, 89.2% & TRV, e b U JHO EEMEN LM T E 7,

61



%20 Br. Mo, Rb, Sr. I BX W Ba ® 6 & % 7= H] 51 B % < o) B =&

4 B H 5 (%)
N T 58 98.3% (57/58)
BH¥h F 58 100% (58/58)
HERRD & 27 100% (27/27)
< A 15 86. 7% (13/15)
< C 12 100% (12/12)
7~ E 15 100% (15/15)
v~ H 31 93.5% (29/31)
v 1 7 71.4% (5/7)
g 223 96. 9% (216/223)

FT—=HIR L TRV, U 3BT~ 1EE (90 5B DFF 4 BETO ERL Y
Bri vV 3L~ IO RBHETOERD TN T, Eb6DAar7 7y
FETOHHEBEONBERHE TR, —MERV ARG, W USHFTRERE v
T PLS-DA 3T &2 AT o 7o BHEDBEOSGEIZ A SN R o 72, FriT. 12 BEDO M
T HOBENZTEL50L  SHEUTORR42bbolcl &, 2Aa7 T ay
N EDOBBEDIKRTIZ D72 N oo B X BT,

—J. 6 TREHWTHBIREEIC LD 0IE. U AT TS E TH 96%
DR THBIAAIETH Y, EFITEATZSEAY - L THLEER BN,

EDZE XY, Br, Mo, Rb, Sr, I B XU Ba® 6 mFExEHW-HBIBEKIL, ¥
VI3IMLEUTHOBWKETOREERESER AR THY . R 28WFETH 0
~OIERDBAIRRARIHAMEOH D FIETHL Z LRI, 4%IF, v v~
NOBPFED MK Z AT, 20 6 Rz AT HBIBEE TO R FIEDOKAEZAT

STWVETZVY,
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& 1E

FEES T 7 A~ E &Nk (ICP-MS) X, REM. MELRBELSHERFMTY
Fuia (Li) 2607y (DETORNVEERHHOCEREDOEREHFLFENTE
HZ . BEENIEFICTORVES (<0.1nl) TH, —EEDOEM I CEFRE G
HIENTE, REDT—FEZMELTL5EAN v 7 AEITITIE., AR FiE
D—DOTHDHEEZLND, A, ICP-MS OHIEF KD —>TH D ¥EREEZ AW
T, RS HTE OB ICBE T 2 PR 21T o 72,

ARIFIETIE, ZOFIEEEEOEDMENR LA L, 08 - HR O %17
WV, BEERHE BT L2 A AR RGEZ AT o 72, TH D DO FIEDOH - 22 B %

L, MEFPSHE~HRKT 52 L2 REMRAEE L,

BIE AWMEICKT 5 ICP-MS ¥ ERIETOFNBLRTEA M) v 7 ZEHT
DA e

AR EENIAFFE D Tl R & ALE ST, 1) ICP-MS 2 EBIEIC L 0 SR AlRETH 5 D,
2) ooz VT, ey VN DRRLEEE 5210y DHOSE,
7o, A XMENOMERBO SN AEETH 2 G &21T 72, ICP-MS & ®mIEL
Auvey ViEh o 20 tHEZ2WEL, BONTEBEEOLERT —ZIZO0TE
FR W Z AT o T B, 7 — X OSMICIE RSN Z L OBARED b, AT
fh 2 BT & D AHEMEN RIR S iz, WIS, BRI HT 2470, BRIk X
D Br B L ORb 205 72 2 HIBIBE A ERR L7z, 10-FR— /b K7 B AR F—3 3 |2
K0 ZEVEMER ATV, ATEMER L2 HBIBEEBII AR Th 5 2 L MWk T & 7,
iy, BLEHRERE EFHRMEHOBEETEFEBRN S | EREOHRI D /DR
Ft L7z, ZORER., EROSOITICE O THREIKAFE L 2 DORGICHIEIC ET
DT ENMRRD ST, o BIBHIBIGHT Z4TV, Rb 38 X O Sr 26 7 2 4B B

AR L7, —EHIBIER D 90% % T~ 72, b7z Na, KB LU Ca R ED L&
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FWET B OBY O EHE L 0 EVNERTH 72 &b AEA 72 I0P-US

HE

ol
P

EOBEBEHRARSCZETLEZODRWVEROKENLETHLLEEZ N, 2

=%
i
i

2EEIZBWT, kB T E T T D ICP-MS Y E &L TOEE DRKGE

3
&
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Summary

The utilization of inductively coupled plasma mass spectrometry (ICP-MS) can be

obtained information on multiple elements covering the entire mass range from

lithium (Li) to uranium (U) on the condition of low cost, simple operation and short

analysis time, which can also be obtained information on the definite amount of

inorganic elements even if small samples (<0.1mL). Consequently, these methods

have been assumed one of the useful techniques for chemometric analysis requiring

a large amount of measurement data. Study on the development of a rapid analytical

method for inorganic element was performed using semi-quantitative analysis which

is one of the measurement systems of ICP-MS.

In this study, this method was applied to plural biological samples, and the

measuring data obtained from this method was analyzed, it was employed to

examine whether the type of feed and the type of disease could be classified. As a

definitive purpose, we would like to lead the novel development of these techniques

for applications in the fields of veterinary medicine and animal husbandry.
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1. The analysis of multiple elements for biological samples using

semi-quantitative analysis by ICP-MS and the investigation of the

applicability for chemometrics analysis.

This chapter was placed to the preliminary experiment for this study, it was

performed to examine whether the biological samples could be measured by using

semi-quantitative analysis by ICP-MS. Also it was performed to investigate whether

the type of the feed stuff could be distinguished by the data from multiple elements

in plasmas obtained from lambs, or whether the difference of depilation disease

could be distinguished by the data from multiple elements in serum obtained from

dogs. Multiple elements in plasma obtained from Romney lambs (Ovis aries),

younger than 1 year old, fed by different feed were simultaneously measured by

ICP-MS. It was employed to examine whether the type of feeds could be

distinguished using the multivariate data. Twenty elements in plasma obtained from

lambs were analyzed by a semi-quantitative method of ICP-MS, obtained data were

then analyzed by principal component analysis (PCA). As a result, the lambs were

divided into three groups on a score plots depending on the different conditions, it

was suggested to be distinguished the fattening conditions. Discriminant analyses of
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the elements were performed using linear discriminant analysis (LDA) with forward

stepwise regression, the following discriminant function was made by Br and Rb.

The accuracy of classification of each group, as shown by 10-fold cross-validation,

proved the effectiveness of the established discriminant function.

On the other hand, it was employed to examine whether the disease groups could

be distinguished using the information of multiple elements in serum obtained from

depilation disease dog and normal dog. As a result, the distribution of a score plots

based on PCA was not able to classify clearly to two categories depending on

disease. Although the discriminant analyses of the elements were performed using

LDA, and discriminant function was made by Rb and Sr, some discrimination rate

was less than 90%. Because the concentrations of macroelement such as Na, K and

Ca were lower than the concentrations of these elements in blood of normal

mammals, it was thought to be required for the verification of accuracy and the

improvement of the low result of macroelement by using semi-quantitative ICP-MS

analysis. Also the differences of classification contribution by each sample were

seen, it was thought that the quality of data from multivariate analysis was needed to

investigate the applicability for PCA and discriminant function. In chapter 2, we
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were performed the verification of accuracy of multiple elements in biological

samples using semi-quantitative ICP-MS analysis.

2. The verification of the accuracy for multiple elements in biological samples

using semi-quantitative analysis by ICP-MS.

The comparison of measurement data for bovine serum by semi-quantitative

analysis with full-quantitative analysis that was fully utilized as traditional analysis,

and the verification of analytical results using semi-quantitative ICP-MS were

performed. Both semi- and full-quantitative analysis by ICP-MS was performed for

bovine serum. The ratio of concentrations (%) was calculated as a comparison of

each method against the other. The ratio of the concentrations from a total of

thirty-seven elements ranged from 85.0% to 118%, except for K and Ca. While the

analytical results obtained for K and Ca using the semi-quantitative analysis was

shown low concentrations, each ratio was 65.3% and 44.0% in comparison with the

ratio of the concentrations from full-quantitative analysis. The accuracy could be

improved by adding both elements to the calibration standard when performing

semi-quantitative analysis for K and Ca (the ratio of concentration for
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full-quantitative analysis, K: 106%, Ca: 95.1%). Additional recovery tests were

performed to evaluate accuracy by semi-quantitative analysis for bovine serum. The

results of the recovery test for K and Ca were 103 + 5.8% and 96.6 + 5.8%, and the

results of the recovery test for multiple elements except for K and Ca ranged from

88.6% to 118%. From additional recovery tests and the comparison with

full-quantitative analysis, it was shown that the measurement data obtained from

bovine serum by using semi-quantitative method were accurate.

3. The classification of the fattening condition and the fattening period using the

bovine serum

It was performed to investigate whether the fattening region and the feed stuff (the

following; the fattening condition) could be distinguished by the data from multiple

elements in serum obtained from cattle (Holsteins, 16.3-21.3 months of age) using

ICP-MS method evaluated accuracy with chapter 2. Twenty-four elements in serum

obtained from cattle were analyzed by a semi-quantitative method of ICP-MS. The

data were then analyzed by PCA and partial least squares discriminant analysis

(PLS-DA). As a result, the cattle were divided into two groups on a score plots
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depending on the different conditions. Discriminant analyses of the elements were

performed using LDA with forward stepwise regression, the following discriminant

function was made by Br, Mo and I. This discriminant function classified the

samples from each group for the fattening condition and for the fattening period by

nearly 100% probability.

As second approach, to investigate whether the types of the fattening period for

cattle could be distinguished using the data of elements in the serum, the samples

and analytical results using in first approach were reclassified as fattening middle

group (N=38) and fattening final group (N=78). PCA and PLS-DA were carried out

for data obtained from cattle, the cattle were divided into two groups on a score plots

depending on the fattening period though the overlap on figure was seen.

Discriminant analyses of the elements were performed using LDA, the following

discriminant function was made by P, Ca, Ti and Se. The discriminant function

classified the bovine serum from each group by 100% probability.

In this study, same multivariate data was used for the classification of the

fattening condition and the fattening period. If the condition which divide each

group differed, the behavior of elemental conditions also differed among each group,
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it was suggested that the utilization of classification responded to each purpose was

effective.

4. Selection examination of the variables (elements) in the classification for the

fattening condition using a linear discriminant function

Because the development of the selection of the most suitable variables and the

combination of variables were taken a large burden whenever a sample changes, it

was performed to investigate whether the combination of fixed flexible variables

would be possible. When the serum of cattle groups (a total of 27 samples) was

newly measured, and the measuring data to a total of three groups of a cattle group

and two cattle above-mentioned groups was classified, the discriminat function

using Br, Mo, Rb, Sr, | and Ba had the highest distinction accuracy, and the

distinction rate was 99.3%. By the classification of biological samples such as

bovine serum, it was suggested that the selection of halogen such as Br and | was a

very important.

It was performed to investigate whether discriminant function using 6 elements

could be used as flexible technique for all animal species, multiple elements in
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serum from horses (90 samples) were measured. As a result, cleating the

discriminant function to a total of four groups of a horse group and three cattle

above-mentioned groups were classified the bovine serum from each group by

98.3% probability. Discriminat function using Br, Mo, Rb, Sr, | and Ba could be

classified according to the high accuracy of cattle three groups and a horse group, it

was shown that this technique was possible to flexibility use even if different

animals species are classified.

In chapter 2 of this study, for semi-quantitative method that had few performed

example and full-quantitative that had lots of performed example, the usefulness of

measurement data obtained from semi-quantitative method can be made clear

according to evaluate the accuracy in bovine serum. The research of classification

and discrimination was performed easily and quickly by using this method, which is

thought to be able to promote the establishment of more classification systems.

Because the composition of the inorganic elements was different for different types

of samples, the elements and the concentrations in the optimal calibration standard

needed to change with the types of samples. Preparation of the calibration standards
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that were able to ensure the accuracy of measuring elements in the different sample

types was necessary.

Since macroelement in plasma and serum of animals are high concentration in

vivo, and those concentrations should stay constant in metabolism in vivo, it was

suggested that macroelement were difficult to become the index of discrimination.

On the other hand, it is expected that the variation of trace elements takes place

other factor (the fattening condition and the environment condition) rather than

metabolism in vivo, trace elements was suggested to be important variable quantities

for the classification of plural groups. As the reason the characteristics to be

inspected of elements for animals are restricted macroelement, it was thought that

the elemental concentration except for macroelement in blood is low, and the

measurement sensitivity with generic method is low. The utilization of ICP-MS was

taught us the fluctuation of trace elements that did not become measuring objects,

and which might lead to the development of robust discriminant technique and the

discovery of novel function for trace elements.

In chapter 3, two kinds of group divisions such as the fattening conditions and the

fattening period were performed using multivariate data set from same serum
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samples. There were significant differences (p<0.05) in all trace elements on the

fattening condition. But on the fattening period, there were no significant differences

(p<0.05) in trace elements such as Mo and | which were selected as variables of

discriminant function in fattening condition. The behavior of multiple elements in

serum for the fattening condition and for the fattening period was suggested to differ

completely, it was shown that the utilization of classification system responded to

each purpose was possible.

In chapter 4, the discriminant function in the variables that consists of elements

contained in given quantity in soil could be made clear to be utilizable also for

distinction of the fattening conditions of different animal species. The utilization of

flexible valiables could be reduced the burden of the development every samples or

every animal species, and it was suggested to be rapidly enabled the introduction of

inspection technique.

A rapid analytical method for inorganic element using semi-quantitative analysis

data can be used in studies of pet animals and domestic animals, and a novel disease

diagnosis and a method for distinguishing domestic animals fed special feeds can be

developed. As a definitive purpose, we would like to lead the novel development of
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these techniques for applications in the fields of veterinary medicine and animal

husbandry.
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