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Determination of 47 elements in whole blood by inductively

coupled plasma mass spectrometry
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Abstract ; Objective To establish a simultaneous determination method by inductively coupled plasma mass spectrometry ( ICP
— MS) for 32 elements and 15 rare — earth elements in whole blood including Ni, Sb, Li, Be, Mn, Co, Ge, Cd, Sn, Te, W,
Tl, Bi, Ga, Cs, Mo, Cr, U, V, Ba, Sr, As, Al, Ti, Pb, Cu, Se, Rb, Zn, Fe, Ca, Mg, La, Ce, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb, Lu and Y. Methods — fold with a 0.05% Triton X — 100 —
0.5% HNO; and then the analytes were determined by ICP — MS. Sc, Rh, Os, and Ir were selected as internal standards. The

Blood samples were diluted 20
helium collision mode (KED) was used to eliminate interferences for some elements. Results  The 47 elements showed good
linearities with correlation coefficients greater than 0. 999. The method detection limits were 0. 001 — 1. 55 pwg/L (Fe, Ca, and
Mg were 0. 01 = 0. 06 pg/mL). The within — batch RSDs were less than 10% , and the between — batch RSDs were less than
15%. The average recovery rates ranged from 75.6% to 120.9% . The average determination results of 22 elements in the
whole — blood reference material were within the uncertainty range of the certified values. Conclusion  This method is simple
and fast, with high sensitivity, good stability, low detection limits, and it is suitable for the determination of 47 elements in
blood samples.
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R R (STD) FIRERRER (KED ) A4S 4 #9051,
L PR A ) 6 25 L T AR [ i s 91 fr e R
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1 #MREF=*

1.1 MELXA iCAP RQ HLBGR G TR T ik
A ( Thermo Fisher Scientific) , Bt G MU #F ff 38 )2 v
M3 YY - TID - 20L AR 2l K HL (AR I Rk 57 A BR A
A]) s ZE W ER A (g SRR A PR
Al o

BRCND) (BB (Sb) B (Li) (8% (Be) JHfi (Mn) B
(Co) Bk (Ge) R (Cd) (B (Sn) Hii (Te) 45 (W) ¢
(T1) B (Bi) BX(Ga) (45 (Cs) FH(Mo) (B4 (Cr) i
(U) BL(V) F1(Ba) R (Sr) B (As) 47 (Al) (BK
(Ti) 5 (Pb) A (Cu) il (Se) HN(Rb) #¥(Zn) £k

(Fe) #5(Ca) BE(Mg) \HL(Sc) FE(Rh) Hk(0s) K
(Ir) BAOTRFRER L[ 1 000 pe/ml, B 54 €4 )8 M
L AR A o AR (B ) 36 AR AT BR S
Hl ] B (La) i (Ce) JB% (Pr) (B2 (Nd) (%2 (Sm) \4f
(Eu) EL(Gd) FX(Tb) 5 (Dy) Bk (Ho) HH(Er) 4%
(Tm) FE(Yb) 4 (Lu) HZ(Y)IRGH LICR bR HER
W[ 100 pg/ml, 554 (458 KB 5 A0k Hr il b
L EFR (JE50) BB A EA BRA 7] ] 5iCAP Q/RQ 1438
W[ 1.00 pg/L#E(L) BI(Ba) HH(In) i (Ce) .
A (Co) 8 (Bi) i (U), 45 :S55602, Alfa Aesar ] ;
1R BT E AR MY i ( Seronorm ™ Trace Elements
Whole Blood L —2/L -3,LOT 2011934/1702826) ; fi4
M2 ( Trace metal grade, 67.0% ~ 70.0% , Fisher
chemical ,UN2031) ; {4 X — 100 (AR, LI ZRFBHE
A FRA T, LOT C16764276) ; S5 FH /K 34 g 4li K #L
A Al K (R BHE =18, 2 MQ) ; 52505 2 ik
o e P B0 AR DA A i N TR 5 IR AR

L2 MEIAEFMH RAELNRIMA - K2
LT AN . ARRSCYERTH iCAP Q/RQ 1K)
XL S BT IR O B IR, SR AP A 52
UL RBUE AFMRLL AR TR A 7 A D A 2
JE RN LSRR . TR AR SEEE RN - STD KX
L Li(7) B BEAE S 130 000 cps, Co(59) HY 5 (A
A1 280 000 cps,In(115) 58 FF{E >~ 450 000 cps, U
(238) (5% BE{H 2 400 000 cps, 156Ce0/140Ce {H H
2.0% o HAEITH 2 AL A 2R 1Y 25 IUHE A, BAR L1k
JE AR S B ER 1ol T AW R b & A 1 ik o
BRI AR AR H E R b B R S R R G L
FCHEVR I BE , 7 1k 3R G0 B4 T G T il A S R e )
SELER . I, B R 3T 50 58 R , JERE R GE AR
M 1% HNO, ¥t 30 min,

&1 ICP-MS £HTIESH
Table 1 Main operating parameters of ICP — MS

IERSEL e IERSE SHUE
ST (W) 1 548.600 M Bh S (L/min) 0.80
FmRE(C) 29.500 FAL S (L/min) 0.99
Y HIK 7 (L/min) 0.450 RAEVREE (mm) 15.00
YIS 4 (L/min) 14. 050 W% Bl S % 3 (rpm ) 40.00
fill 48 <9 & (ml/min) 4.900 FEFRYIR(W) 1 550.00
SUSRE (ml/min) 4.917 FHRE () 20.00

1.3 #RERAAIFRG RS /BE 1000 pg/
ml Ni Sh.Li Be Mn,Co.Cd Sn Te W Tl .Bi Ga.Cs,
Mo Cr U,V Ba Sr HLICREARER K 1. 00 ml Ge FIT
ZARUEIA 3. 00 ml As Al BATTEFREAWE 2. 00 ml
Ti B0 ZFRMEV R 4. 00 ml Pb PAITZEARMEA 5. 00
ml T 100 ml 255, 1 0. 5% HNO, ¥WE 25 % %)

HE I A (% TEZVREEH 100 ~50.0 pe/ml)
BUAEA W A 0.50 ml T 100 ml K& T, FH 0.5%
HINO, ¥ i 5 5 %8 200 B2, S 1o FE T B (4% 0 2 9 i
50.0 ~250 wg/L) o AHHIBGR A H IEE  Se HITE
PRUEFSIE 1. 00 ml, Cu HLIC R ARMER W 3. 00 ml Rb |
Zn BT EARME R 20.0 ml T 100 ml 28Rk T,
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0.5% HNO, R ERZBZIE, it C (KT EWK
R 1.00 ~200 pwg/ml) . BUig45 C 5. 00 ml T 100
ml Z5 )i, 11 0. 5% HNO, % WE A B2, NN
FHVE D (& ITCERWEE S 0. 050 ~10. 0 pg/ml) o 4351 HL
Fe BLUCEFRMEVE I 6. 00 ml Ca Mg HLICEIRMER I
1.00 ml F 100 ml K &EHi+, H 0.5% HNO, W E
BEZNE, W E(£ITEWKE R 10.0 ~60.0
pg/ml) . B Se Rh Os Ir BLICE FRAER T 100 ml
At ] 0. 5% HNO, %5 M HEA T8 M B, e 40
il A% 10. 0 e/ L IR A AR o

1.4 Feopdayzadsl T 47 MEENOTRS A A
RAHICER , WA ANEAF SRS 5 A TR, e1]
TENIRP I 22 Rk ST Bt g 1,
D PRAESS TL AR AT REMERA I E , 75 51 X AN R T 3R 23 3l 15
T AN TR AR R 91 BT A 22 Al b v P 20 0 ) Af TR B
—E AN B.D.E BT 5 3 100 ml ZHEIHH,
1 0.5% HNO, imE 7= 22, 14 8| Z U R IR G IR
WER TN, A TCR WKL IR 2 g S 07 100
Jei s VA R AR, AR T a8 £S04 e 7 56 B
YA BRI

R2 RHERIAECH (peg/L)
Table 2  Preparation of standard series( pug/L)

TE

FrifE 1 Frifi 2 FrifE 3 FrifE 4 rif 5

Ni.Sb.Li . Be Mn.,Co.Cd.Sn.Te W Tl Bi.Ga.Cs Mo.Cr .U,V Ba.Sr
Ge

As Al

Ti

Pb

La.Ce .Pr Nd.Sm Eu,Gd.Th Dy Ho Er Tm ,Yb Lu.Y
Cu

Se

Rb.Zn

Fe

Ca Mg

0.05 0.25 0.50 1.00 2.00
0.15 0.75 1.50 3.00 6.00
0.10 0.50 1.00 2.00 4.00
0.20 1.00 2.00 4.00 8.00
0.25 1.25 2.50 5.00 10. 00
0.05 0.25 0.50 1.00 2.00
1.50 7.50 15.00 30.00 60.00
0.50 2.50 5.00 10.00 20.00
10.00 50.00 100. 00 200. 00 400.00
600. 00 1200. 00 2 400. 00 4 800.00 6 000. 00
100. 00 200. 00 400. 00 800. 00 1 000. 00

1.5 #eREAwA® HFRMPEE s ohis
HAS RN R AR M B # kS, SEEPHES), T - 80
CRTRRAE, T8 Tk 4 R 5 BT =008 Ok OOF 2
5o FESEFE 0.05% #h$73E X - 100 - 0. 5% HNO =
ZR XA T 20 MRS IR G4, EALEE TR
.
1.6 ZikibhmE e Em B ECE T =Rt
DR IR FeARTE 2 22 11 1R 0. 05% hhvid X -
100 - 0. 5% HNO, %5, H il (T H A bR ifE 22, K PR
(LOD) % T 3 ffbrifE 2, & i FR (LOQ) 55T 10 i h5
2= R H FRSR L 20 1531 77 vk 1 B AR HE VAR S
1.7 ke BB A s g R —IRA B A
FRUEI, R AR AR &, AT 68 12 0y, 3 AL TR
FEALFRS I , 155 07 2% i At )RS 2% B R 9 RS 2%
J& o P RSD A EATIAE 6 O FE i 5 1 F 5 A X A
e 22 s 4tk ] RSD 2y 3 RINHECH] 6 FcpnifEh <, e
TR FE B IMARAE i, THIE: B A R A v D 22 o

TR BE S5 50 7R [R]—TR & L 9 4y I, 43
h 3R 3 A P ATRE A, o 2 28 4300 i A el
W FE AT AR W A ISR S o D34 —A T
N A JECARL, A0 25 SR i b [mDc % [R] B R A
Ot 4 I R T R AR AEY) R T I0 E , Ltk —2
Y UE 7 iR A HERA E

2 #R5ite

2.1 MRS

2.1.1 FeEAETAARE TR RE  7ERIH ICP - MS
TR Z AT, A= R 5 75 B ad mip AL R, H Y 2 Bk
Hemrhry BAR oo R IR BR 8 11 5T g o 55 A LA
REIZE A T4 5 UL 0 A= P R i Ak B 7 L 4
T IRAE A T IO T kR B R R
PRSI Hirp PR B A S — Rl T bR 1
HTALEE )T =, BA WML BT B AT gD
R AT B i FH 3 5 0 B 0 A R s B T ML
DAY 28 T B ) AR, 28 20 1 i Ak B st R v
AIRES I ARG e sl T PR KU . AR F 9038 2 LA
AN 7 T e 2 R g 8 e A U 285 SR s i), % B0
T PR 26 1 AR A G RS 25 SR R N . 2R A5 IR
TR R0 o R O AR o 0 BT 100 S AN A A FE 1 52
M, e 240 7 0. 05% HhiE X - 100 - 0. 5% HNO, &y

RAEM B .
2.1.2 PERR R R AEERE il A TR LK

A2k FEA AT LRI A SR AL B 75 S By, X BT B
PR 2 5 B A B T B e g
P A C AN 0 R E S 2 TR Cr i
/t'E,36Ar24Mg,12C48Ca,1601H43Ca AE\;F;EEGONi E@?M%,m
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Ar®Na "®0%Se 25 & FH" Cu MIIESE, N TR
SET] R BT TP R 2R, AS B 5T R R A FE A X
(KED) %l af F2 47 TR AT R . 78 5250 i & v
R XETFL Be 7 Al 455 F iU TT R AEAERY
ZIF AR i KED #8820 25 KRR )
S R, X JLRh T R B bR HERL L (STD ) i
FrisE . %FF"'Sh.” Ge " Te " Ga.'" Ba.” Se jX &
JUE ] STD A i F2 T A i, iR TR
TEWE th sk KED #2047 TR . ARl
RIEARFAAEZFRIALE  ICP — MS I3 i 538 5
Proeikst A SR F B ny Rl R BEA T A , X AT L3R
TR A5 5 R B, i e AN 1) SR R MR 1 . A
ARG 1E 2 B e A X M oo R R 3R Lk 3,

2.1.3 NFRAGIERE  AEPAE S RN E B TG
SERT IR 7E I R TR 0 A2 7 v AR

AR T R g B AL, 2 AR A I 5 ik 1 iz
JEHRAE T, LANAR TR 5 B 2 IR i o SR 5 7
FRICER 50T o0 R M5 B LU AE, X5 5 iR S A
HlET PR R HFATHE MR . FEAR Y A AR J0 2 N i
SRR — R AR B A SR s R A
X HE B AR E . A A ARSI B TRIOTER , R
WS B Se Rh Os Ir fER AR TR, AR IE FEAK
T, AR NFRIERE LR 4,

2.2 GEFAK

2.2.1 JIEEMERMECHR K BRFIE R FR - 47 Fb
TCER TEAH N 1Y B2 30 Rl Ze MEAH OC R A (R) R T
0.999, Jrikk i BR & 0. 001 ~1.55 pg/L(Fe Ca Mg
KB >4 0.01 ~0.06 pg/mL), &&= R A 0.01 ~
5.17 pg/L, Hf Fe Ca Mg i) &R K 0.04 ~0. 13
Mg/mL,éﬁf%'jL%@ 3,

R3TNREMLMERAR K BRAE R IR

Table 3  Linear relationship, detection limit and lower limit of quantification of the method

wxmk WeE WE ok R T R Nt
BB ONi KED 13 Rh y=1.10 x10*x + 1. 29 x 10° 0.999 6 0.12 0. 40
B 1218 STD kst y=7.15 x10*x +3.32 x 10* 0.999 1 0.16 0.53
kil Li STD kst y=5.29 x 10*x +3. 74 x 10* 0.999 0 0.07 0.23
B Be STD $3e y=1.13 x10*x -37.8 0.999 8 0.01 0.04
i 55 Mn KED 13 Rh y=1.03 x10*x + 1. 08 x 10* 0.999 6 0.10 0.34
i ¥ Co KED 193 RhK y =3.46 x 10*x +391 0.999 7 0.01 0. 04
® B Ge STD st y =8.84 x 10°x +262 0.999 9 0.03 0.10
5 ed KED 193 Rh y=9.83 x103x +1.02 x 10° 0.999 2 0. 10 0.34
B 850 KED 183 Rh y=1.69 x10*x + 1. 68 x 10° 0.999 2 0.10 0.34
i B Te STD 3¢ y=5.63x10°x +84.6 0.999 9 0.02 0.07
! 182y KED %05 y=6.01 x10*x +1. 18 x10° 0.999 4 0.02 0. 07
i 205 KED 1951y y=2.22 x10°x - 1. 65 x 10° 0.999 1 0.01 0.04
A 2 Bi KED 1937y y=1.76 x10°x +4. 41 x 10° 0.999 0 0.03 0.10
B "Ga STD kst y=8.59 x10*x +1.31 x 10° 0.999 9 0.02 0.07
4t BiCs KED 193 Rh y=3.51 x10*x +108 0.999 9 0.01 0. 04
i % Mo KED B3R y=1.32 x10*x +738 0.999 5 0.06 0.20
s 2Cr KED 193Rh y=1.94 x10*x +1.90 x 10° 0.999 5 0.10 0.34
il =y KED 931 y=3.26 x10°x -2. 53 x 10° 0.999 9 0.01 0.04
N Sty KED 3 Rh y=1.21 x10*x +225 0.999 2 0. 02 0.07
i 137 Ba STD $3e y=4.68 x10*x +2.02 x 10° 0.999 3 0.04 0.14
s 88 Sy KED 13 Rh y=1.31 x10*x +2.02 x 10° 0.999 4 0.15 0. 50
it " As KED 1 Rh y=2.20 x103x +73.3 0.999 5 0.03 0.10
el Al STD 3e y=1.02 x10°x +2. 14 x 10° 0.999 7 0.11 0.37
£k 91y KED 183 Rh y=3.71 x10%x +771 0.999 5 0.28 0.93
i 208}, KED 1937y y=1.54 x107x +401 0.999 6 0.003 0.01
i La KED 13 Rh y =8.89 x 10*x +489 0.999 9 0. 006 0.02
fili 40 ce KED B3 Rh y=1.13 x10°x + 1. 26 x 10° 0.999 9 0.01 0.04
i 4 py KED 183 Rh y=1.18 x10°x + 1. 80 x 10° 0.999 6 0.02 0.07
54 1ONd KED 3 Rh y=2.43 x10*x + 157 1..000 0 0. 006 0.02
(7 1478m KED 18905 y=2.20 x10*x -71.7 0.999 9 0.01 0.04
i 13 Eu KED 1890s y=9.18 x 10*x +450 0.999 9 0. 005 0.02
L 57Gd KED 1805 y=3.98 x10*x +25.8 0.999 8 0.001 0.01
iy Th KED 1805 y=2.18 x10°x +1. 07 x 10 0.999 7 0. 005 0.02
L] 163 py KED 1905 y =5.47 x 10*x +335 0.999 8 0. 006 0. 02
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L C L TV 1 ST o BEEE ) (u)
Bk 15Ho KED 18905 y=2.32x10°x +1.29 x 10 0.999 8 0. 006 0. 02
ik 166 KED 18905 y=8.14 x 10*x +404 0.999 8 0. 005 0.02
(58 19T KED 18905 y=2.63 x10°x +4. 00 x 10° 0.999 3 0.02 0.07
753 2Yh KED 18905 y=6.29 x10*x +673 0.999 9 0.01 0.04
i 5 L KED 18905 y=1.56 x10°x +938 0.999 8 0. 006 0.02
i ¥y KED 183 Rh y=2.74 x10*x +80.6 0.999 5 0.003 0.01
| 8 Cu KED B3 Rh y=2.51 x10*x +1. 53 x 10* 0.999 8 0.61 2.03
fill 77 Se STD 8¢ y=1.75x10%x + 1. 60 x 10° 0.999 6 0.91 3.03
Hn $Rb KED 13 Rh y=791x +1.22 x10° 0.999 9 1.55 5.17
B 7n KED 193Rh y=493x +1.32 x 10* 0.999 8 0.67 2.23
B TFe KED 13 Rh y=4.18 x10°x + 1. 72 x 10* 0.999 8 40 130
5 *Ca KED 1R y=4.27 x10*x +2. 58 x 10° 1..000 0 60 200
B Mg KED 183 Rh y=7.38 x10°x +7.15 x 10° 0.999 8 10 40

2.2.2 JrikBMEREARSEE  MEATIREL A 1 <10% P RV BE A SF R IR [R5 75, 6%
JLEMHM RSD 4 <10% , Hif Cd . Sn W, La.Ce,  ~120.9% 45 UK 4,
Sm Dy, Y HyHLIE] RSD < 15% , HAl oz Ayt ] RSD

R4 INEMREE L SERE (n=6)

Table 4 Precision and accuracy of the method(n =6)

% ES
iz (4;5% Hery RSD SefE] RSD _ s 1 . _ JnwE 2 _
(%) (%) Tk & RSl i S M

(pg/L) (%) (pg/L) (%)
Ni 2.81 2.0 8.7 5.00 109. 4 10.0 120.4
Sbh 7.42 2.6 9.4 10.00 78.8 20.0 87.0
Li 6.04 7.0 9.7 5.00 81.9 10.0 87.9
Be F A 5.9 8.3 10.00 112.6 20.0 110.5
Mn A 3.0 5.5 5.00 77.2 10.0 103.8
Co 0.19 2.7 6.1 5.00 120.0 10.0 119.9
Ge 6.22 7.0 8.7 15.00 106.6 30.0 102.5
Cd 3.01 8.7 12.2 5.00 75.6 10.0 83.8
Sn 7.76 9.3 13.9 5.00 80.2 20.0 98.5
Te A 5.8 7.9 10.00 107.2 20.0 101.9
W Al 8.6 11.2 5.00 120.4 10.0 120.5
Tl A 3.4 8.1 5.00 95.2 20.0 94.8
Bi 2.23 3.3 6.9 10.00 95.0 20.0 109.3
Ga 0.58 4.0 8.2 5.00 98.4 20.0 98.6
Cs 2.81 5.9 7.4 5.00 103.4 10.0 107.3
Mo A 5.2 8.1 10. 00 118.8 20.0 119.8
Cr 1.17 3.7 5.5 10.00 119.5 20.0 119.6
A 2.3 7.2 5.00 85.8 20.0 90.3
\ 0.43 3.0 4.4 5.00 118.6 20.0 118.2
Ba 1.76 7.5 8.9 5.00 95.4 20.0 75.1
Sr 20.41 2.7 6.1 5.00 75.6 20.0 118.6
As 3.57 1.4 5.2 10.00 82.3 20.0 89.2
Al 39.0 4.5 7.1 10. 00 88.4 20.0 80.3
Ti 88.8 2.2 3.9 20.00 116.9 80.0 120.6
Pb 3.62 5.2 7.6 25.00 92.7 100.0 104.7
La He Ry 8.9 10.7 5.00 112.8 20.0 114.2
Ce A 8.6 12.1 5.00 110.2 20.0 115.7
Pr Ak 2.4 5.4 5.00 108.2 20.0 114.1
Nd F A 6.9 7.7 5.00 102.4 20.0 109.9
Sm Fe A 9.3 11.9 5.00 101.2 20.0 107.0
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(8ek)
K% e
iz (ztiigf,/ﬂLE) Htpy RSD He/F] RSD - i 1 - Jinks 2
(%) (%) pilL7 P2l Pk P2l

(pe/L) (%) (pg/L) H(%)
Eu A 3.3 6.9 5.00 100.0 20.0 106.2
Gd A 7.1 8.4 5.00 98.0 20.0 105.6
Th F A 2.2 4.2 5.00 101.0 20.0 108.4
Dy F A 9.0 11.1 5.00 101.2 20.0 109.4
Ho PN Y 1.3 5.9 5.00 102.8 20.0 103.4
Er A 6.6 8.5 5.00 100.0 20.0 108.5
Tm A 0.2 3.3 5.00 100.8 20.0 109.3
Yb A 1.9 4.9 5.00 97.2 20.0 105.6
Lu Al 1.8 3.7 5.00 99.8 20.0 106.7
Y E R ioAiH 7.3 10.2 5.00 117.8 20.0 120.7
Cu 600 3.1 8.2 150.00 116.7 300.0 112.8
Se 153 3.4 7.5 50.00 120.6 200.0 118.8
Rb 2.46 x 10° 2.4 6.8 1 000.00 120.9 4000.0 115.9
Zn 4.22 x103 1.9 7.4 1 000. 00 99.5 4 000.0 120.6
Fe 2.40 x 10* 1.4 3.6 2.40 x 10* 120.8 4.80 x 10* 120.8
Ca 4.01 x10° 2.2 4.2 4000. 00 120.0 8 000.0 119.5
Mg 6.03 x 10° 2.3 8.9 4000. 00 105.5 8 000.0 117.8

2.2.3 JTEREEFMELR  HAITNEXNHAAKY  ROFE00E SRR E A E BN, I
(45 1M P 9 B T K bR #E W 5 (Seronorm™  Trace 5,
Elements Whole Blood L -=2/L =3) #4795 ,22 Ffoc

RS ABMPHAEREMITRINES R LS H (pg/L)

Table 5 Determination results and reference ranges of elements in whole blood quality control samples( pug/L)

% Eiciae W BERL2 W
Ni 8.0~12.1 10.3 1.5 11.8 ~17.7 13.8 £0. 04
Sh 17.0~25.6 19.6 4.3 21.2~31.9 27.9+3.4
Li 6.0~9.1 6.4+0.3 19.5~29.3 19.9+0.5
Be 4.0~6.0 5.0+0.8 7.4~8.6 8.2 +0. 1
Mn 20.7 ~24.3 22.9+0.4 26.2~39.4 37.5£0.3
Co 4.0~6.1 5.8 0.1 7.9~11.9 11.1+0.7
cd 4.0~6.0 5.6 £0.4 7.8 ~11.7 10.1 +0.7
Sn 4.1~6.2 5.1+0.7 8.0~12.0 10.5+0.7
Tl 8.3~12.4 10.9 0.8 28.1~33.5 31.3+1.2
Bi 4.2~6.3 5.9+0.2 49.5 ~56.8 52.1%2.7
Mo 4.3~6.4 5.3+0.7 5.0~7.5 5.8 0.1
Cr 7.9~11.8 10.3 £0. 4 27.5~41.3 38.1 0.1
% 3.3~5.0 4.7+0.2 5.0~7.5 6.4 £0.1
Sr 39 ~59 52.0%5.0 51 ~61 57.9+0.6
As 9.1~13.7 1.1£1.5 19.4 ~29.2 27.8+0.4
Al 47 ~70 60.7 +6.7 73 ~110 88.1+8.2
Pb 264 ~325 301.9 2.3 345 ~519 437.8 £4.0
Cu (0.83~1.00) x10° 990 +0. 1 (1.46 ~2.20) x10° 1.97 x10° +4
Se 63 ~118 101.4 £5.9 115 ~214 200.6 1.5
Zn (5.0~7.5) x103 6.7 x10* £300 (5.7 ~8.6) x103 7.2 x10% £700
Ca (3.2 ~4.8) x10* 4.1x10* £3.1x10° (4.9 ~5.9) x10* 5.1 x10* £2.3 x103
Mg (2.13 ~3.20) x 10* 2.87 x10* 1.6 x10° (3.67 ~4.98) x10* 4.55 x10* +300
3N & — 2008 WUk TLAE BRififil s 4 565 5 5% < LR bR

A=A I S Tk ) BRI A TR 47 FOTR
TR AIRE o M RAAT T L B Tk AT PASE S A
PRAH G B — LA 1 i S BT R AR AR

ASBIFFE A N7 ) 512 T A B TR B | R AU
FRUE PRI Gt RATG, 55 A L™, 6 &2 GBZ/T 210. 5
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