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Abstract As a new method of deep-penetrating geochemistry,the analytical technique for determination of
active state element can provide data support for searching for concealed ore bodies. In this method,
ELEMENT XR high resolution plasma mass spectrometry (HR-ICP-MS) is introduced into the analysis of
the active state elements which has powerful advantages in dynamic linear range (10 '*—10") and high
sensitivity. It extends the simultaneous determination of more than 57 elements and greatly improves the
working efficiency. In this study,based on the experimental results and Response Surface Methodology,we
optimized the main instrumental conditions of HR-ICP-MS such as auxiliary gas flow,sample gas flow and
sampling depth. Then we systematically studied the extraction conditions,and we investigated the effects of
extraction time, liquid-solid ratio, centrifugal rotating speed and extracting solution storage time on the
extraction efficiency. The extraction conditions were improved and the optimum extraction conditions were
determined:the extraction time was 24 h,the liquid-solid ratio was 15 : 1,and the centrifugal rotating speed
was 4 000 r/min. Finally, we established the HR-ICP-MS method for the analysis of 57 elements and
obtained the detection limits and precision of each element in Occluded Metals in Iron-manganese
Oxides. The detection limit of trace elements reached 10 °,and the major elements is 10 °. The precision is
2.3%—32.5% ,which can meet the current requirements of analysis and determination of active state elements.

Keywords active state elements; occluded metals in iron-manganese oxides; high resolution inductively

coupled plasma mass spectrometry(HR-ICP-MS)
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Table 1 Instrument operating parameters
28 BAE 28 fiK5y 3k LR 143 3F MR = 4y HR
FE TR/ W 1300 R ECE H /% 20 125 125
SR/ (L e min™!) 0.95 A H/ % 20 60 60
BB A/ (L s min 1) 0. 56 B SRR E] /s 0.01 0.015 0.02
AHAR PR/ (L s min~ 1) 14 R SRR B/ 25 20 20
JE 45 K F AL # /mm 4.2 EEF[12/ € 0B/ 2X2 2X2 2X2
JE 3 E A B/ mm 2.8 ER kT yil Escan Escan Escan
FKAEREE /mm —2.3 K gy = Triple Triple Triple
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{53 $ (LR) JC % : "Li, "Be, "' Ge, " Se, “Rb,
SSr Y Zr *Nb, " Mo, " Ag, "' Cd, """ In,""*Sn,
IZISb‘ IZGTG\ HSCS\ 137Ba\ 139La‘ HOCG‘ HlPr\ IMNd\
"Sm Y Eu,""Gd, " Th,'" Dy, ' Ho, " Er,'" Tm,
"2Yb, " Lu, "™ Ta, "™ W, " Au,** Hg, *" T1,**Pb,
2B Th 8 U

143 3 (MR) :*' Mg, *" Al,""Ca, " Sc, " Ti,"' V,
“Cr®Mn.”"Fe,””Co.Ni.®*Cu.®Zn.*Ga;
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Table 2 The accuracy of measurement results of certified reference materials(CRM)
o RE/%
e GBW07401 GBW07402 GBW07103 GBW07104 GBW07301a GBW07302a
Li 1.5 0.8 0.2 1.8 3.4 0.3
Be 1.1 —6.0 1.5 —1.0 1.4 —0.6
Na —0.7 —0.9 —1.2 —2.1 0.3 —1.1
Mg 5.8 0.0 —4.3 6.5 1.1 —0.4
Al —0.4 0.5 —1.9 —0.1 —1.8 —0.4
P 0.0 —1.4 1.3 5.3 —0.6 —5.8
K 1.8 —1.6 1.5 —0.7 1.2 1.6
Ca 1.6 2.6 1.5 2.1 0.8 —2.3
Sc 1.5 3.9 1.0 3.0 6.2 —1.4
Ti 3.1 7.9 5.5 3.9 3.2 7.9
\% 1.7 0.2 —2.5 1.0 0.9 —4.1
Cr 0.7 2.1 1.4 8.6 —2.4 —1.7
Mn 0.5 0.3 —1.4 —0.1 —2.2 1.2
Fe —1.2 —1.6 —2.6 —2.0 —1.2 —2.6
Co 1.6 —1.8 —2.5 2.9 0.8 0.2
Ni 1.2 0.2 —8.7 —2.3 1.9 —2.6
Cu 2.2 0.5 —2.2 1.0 —2.4 —0.1
Zn 3.3 1.1 3.6 2.8 1.1 1.4
Ga —1.3 1.6 3.8 4.0 1.4 1.8
Rb 0.5 1.7 3.0 5.4 3.1 3.7
Sr 0.8 —2.8 0.8 0.7 —0.7 —2.2
Mo —1.2 —5.2 1.6 1.0 —0.8 —5.0
Ag —5.6 1.1 —2.4 1.3 4.1 —9.0
cd —2.9 0.2 11. 8 8.3 9.4 1.8
Cs 2.6 —0.2 1.7 —7.3 3.3 5.0
Ba —0.1 —41.5 —3.0 —0.4 3.6 0.0
Ta —0.2 —3.9 1.0 2.9 —3.3 —5.1
w —1.9 1.9 —0.1 1.9 —3.3 —1.5
Tl 8.5 —8.8 2.3 7.7 9.0
Pb —0.4 0.1 3.6 —10.4 8.2
Bi 1.5 —0.6 5.7 —7.0 2.5
Th —1.4 —2.2 1.6 2.4 6.8
U 0.5 1.0 5.4 7.7 1.1
3.2 KMHREE R3 HEKHR
B o L \ ol
iz FRA B AEAL 725 48 BT 22 1 4 B T B ) R Table 3 The method detection limit /(ng+g™")
N e v . . FE ouE KB | i KRHER | o KRR
A RE B2 AR 12 0 SR E I Rt R A 0 e e B R B
PFR S IAE 57 Bl 5 A5 bk, MU T 22 45 28 50 0 T 2 Be 18 | Mo 075 | Er 017
_ o N . 3 Sc 0.61 A 0.98 T 0.01
B LR R 22 5, DL 3s THE 7 B R R O P O
i 40 cd 0.53 Yb 0. 20
BN DF=100) , 45 3% 3., 5 \% 2.2 In 0.12 Lu 0.10
e o e 6 Cr 56 Sn 2.31 Ta 0.19
3.3 HEREELR 7 Mn 17 Sh 0. 86 w 0. 49
2 B P R 5 — 2 TS 75 543 DT B 40 TR s Coose | Te LM | Au 0.2
] ] . 9 Ni 17 Cs 0.15 Hg 0.26
S ~ ~ ~ AN
GBWO07442(GSF2) il GBW07444 (GSF4) , & 10 Cu 20 b 816 Tl 0. 98
A TURRI 12 5y 0 TR A 0 2% 0 40 0 5 noozn 52 | L ooss | Pb 13
_ 12 Ga 0.79 Ce 1.88 Bi 0.48
s L 7] N 22 HE N P =N ANy = |
FEGR TR 12 D, DU SR IO P 57 FhoT R &% it 23l 13 Ge 1 pr o021 | Th 027
I 4% 6 22 0 5 45 SR 10 4R X A 0 B 22 (RSD) .« IR 4o As 197 | Nd 124 | U 0.8
15 Se 28 Sm 0.36 K* 18
5 o 8 R 4 2k BTl %
T‘-ZLJFH_:D ﬁ{f%&gﬁ*ﬁj/\ 114 gﬂ’rﬂ%Jb%‘:_{ 49;&*5? 16 Rb 1.9 Eu 0.13 Ca* 1.33
HW] 5 LT MR W IEAE 2.3% ~32.5% . 3L 17 s 13 |Gl o7 | Fe L
" " 18 Y 0. 68 Th 0.15 Mg’ 0. 67
y £ 0 3/

B 50. 000549 A HT 8 19 RSD £ 1096 ~20%,

HAR I AN mg/kg.
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Table 4 The method precision(n=12)
o RSD/ % o RSD/ % o RSD/ %
TTH : - TH - - TH - -
GBWO07442 GBWO07444 GBWO07442 GBWO07444 GBWO07442 GBWO07444
Li 14 14 Nb 15 12. 9 Ho 8.9 10
Be 4.3 11 Mo 13 14.1 Er 9.1 7.7
Sc 31 13 Ag 12 27.9 Tm 12 11
Ti 15 15 Cd 8.4 5.6 Yb 18 12
A\ 9.7 4.2 In 11 14 Lu 7.8 10
Cr 9.6 11 Sn 21 18.2 Ta 16 13
Mn 7.9 10 Sb 7.7 7.7 w 12 17
Co 5.8 2.3 Te 18 16. 9 Au 33 19
Ni 8.4 3.1 Cs 10 10. 9 Hg 9.9 9.1
Cu 6.1 8.2 Ba 4.1 9.1 Tl 13 11
Zn 4.9 2.5 La 9.4 10.1 Pb 6.8 9.6
Ga 9 25 Ce 11 10. 8 Bi 8.9 25
Ge 7.6 8 Pr 5.9 6.8 Th 28 23
As 11 9.2 Nd 8 8.7 U 13 13
Se 7.3 8.2 Sm 11 13.4 K 8.7 8.8
Rb 9.1 7.8 Eu 5.4 5.6 Ca 12 12
Sr 9.8 10 Gd 7.3 7.9 Fe 12 9.0
Y 6.1 9.2 Tb 7.9 7.3 Mg 6.2 10
Zr 8.0 12 Dy 14 12.8 Al 7.0 2.7

i A AT B 1 43. 096 56 4150 BB 1Y) RSD 7E
2020 ~3000 » (5 AT BT U 1 5. 26 2052 40 BT 8K
i1 RSD KT 30 %0, i 28843 Hr&dla ity 1. 7500 .

4 Hig

S0 3k R 5 A SN T 50 BT 9 R AR A 1 e T
(1 2 B ST i 55 0 A R FTOR R UR B = A S B
il . Pl 7 84 A A 2 1 B2 B 1 A0 45 2 BL
R R] L Y82 T B o 18 5 =X DA B R BB 17 ik st
li] o 7E fe AR 1 0 A2 Ak P AR IR R T, 52 T HR-
ICP-MS il 22 2k 5 A AL W AR T 57 Fhoo &R e
TEUCHSRE A S RIOTREE 57T o XK.
L S AT AR B T A T R O R PR B T
FRUR B G R K RIAE] T 1077 (ng/g) K P K
IR, ERT Z R BB 10 ° (mg/kg) K, K
HH R 25 SR A T A M Bk b2 r fe SR 10 . 78 SE PR TAE
o, BT OC R T S A I B IS SRR ) S L AR
o R v AR A LA kA BN A R s e 2%
L5 % S 40 B 485 90 8 Jor P 2 0L A7 3 0k b 22
WA 1096 2247 B KT e . 30 086 2 /i 75
B R 5 PR R 28 I LA S ) e 4
PR R
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