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1 SKEHY

NERITIESEH
icap-Qc HL B A 45 B TR B 3% A% (3¢ [# Ther-
mo Fisher Scientific A%, HFETESHWE 1,

1.1

1 BEBAFETFHERIEMEEIEEY
Table 1 Operating parameters of ICP-MS
TESH Bl TESH Bl
Working parameter Value Working parameter Value
SR/ W 1550 FREHE(ND AL /mm 1.0
R B %/ W <8 HRIHE (ND L2 /mm 0.7
BHS (AR E/(L/min) - 14 i g5 g
B AD JL R/ (L/min) 0.8 EEE[ /81 20
FUR AR/ (L/min) 1.10 AT I 5

1.2 tREBRERMEZEKA

Li.Be.Cu.Mo.Ba,.Bi,Cr,Mn.,Zn.Cd, W, Co,
Ni.Rb,Cs.Pb . Rh 15 fffiff & 15 W (E XA 648
Je W TR Bl A o) 0 1 000 pg/mL. A K
1.0 mol/L ff & 5 #b 3K 1k 2% b5 HE W) it GBWO07302a,
GBWO07305a, GBWO07309: ¥ gy mv [& H 5 B 2% B i
iy Hb 3R 3 b 3R A 27 ) 58 AF 5 B 0F AL 40 0 1S
gsd-2a.,gsd-5a.gsd-9,

ERFR AR AR o R o Ak U S R
afi s S KR L B K iR T 18 MQ » em,
1.3 XZBAHE

AT 4 105 C T4 2 h, ERFREL 74 pm Jii
JE B 0.100 0 g £ &, BT 50 mL %P5 & I B8R

Hh s LR 7K 10 2 A U A A [R] Y R A 2% 2R 1
LB E T 200 C AN EInH 10 min )56
PR O T R O B IR E R B AIA
10 mL 7K . 76 o B AR B i R 22 0 Y R B
2~3 mL, K%y 10 mL 7K s AREE , S 5 min %
BRI RO TUTE BUR R B0 R 7 e A 25
mL A7 %0 B 28R LA R b KR B = 20 5 1
5. BE I ml FWERE TROELE TS
RIS BN 300 BIRHIRM B 2 10 mL. 82 fif B AL
Mg . PL10 pg/L " Rh Sy AR 16 T E A i 15 7
A BRI 42 =Sl AE LA S [ 16 A S5 A

2 HR5itR
2.1 BRIERMIER
2.1.1 MBETEEKEHEI

9 2 R TR IR 86 3 DR K R o O iR B ) R G
FL7% 5 3% %€ 55 Ak 2% F0 ™ 565 il R B 4 23 %) ICP-
MS {5 AR b 1 4% 3% 77 AR R L RS B R T
K. BUR R SRR TE I R AE N I A S KRR KR
SEEN AR BB AT T AR OR e AR R
TH MR FE o S 50 3k FH Y R L B R L AR L Ak
AN AR 4L A R 4 R R R L RS2 80 T 3R
BRAC 2= AR HE Y T gsd-2a, gsd-5a Al gsd-9 #4700 &
16 Fi&@c BRI 2, Hp . RIER 1
H 5 mL A R-5 mL S HER-2 mL i F AL A s BRI
A 2K5 mL HMR-5 mL & R-2 mL £h 82 IR i
Z 305 mL AR5 mL S M FRIKAR 4 8 5 mL
fiffR-5 mL HHIR-2 mL & &8 .

R2 DMEBRERBEBENKRTRWRED RS 16 7 & BT R B U R0

Table 2 Effect of four acid system digest method on the recovery of sixteen metal elements in stream sediment CRM

%

TE A& 1 Acid system 1 BEA & 2 Acid system 2 A & 3 Acid system 3 BRIA & 4 Acid system 4
Element gsd-2a gsd-5a gsd-9 gsd-2a gsd-ba gsd-9 gsd-2a gsd-5a gsd-9 gsd-2a gsd-5a gsd-9
Li 106. 1 106. 8 102.7 107.0 97.9 100. 2 103. 4 97. 2 106. 0 108. 2 108. 1 100. 0
Be 88. 6 93.0 87.4 87. 17 88. 1 86. 9 89. 2 87.0 92.1 90.9 95.3 87.2
Cr 90. 6 96. 2 88. 2 70. 4 77.5 72.2 85.0 83.3 81.1 72.6 78.2 70.0
Mn 93.5 90. 6 89.9 97. 2 85. 1 89. 6 95.3 85.1 95.0 97.9 92. 8 89. 8
Co 82.7 82.9 81.3 84.9 76.1 80.7 84. 2 76.3 84. 8 87.8 83.1 79.0
Ni 96. 8 91.2 93.7 87.8 82.6 92.1 90. 0 81.3 97.5 88.9 87.9 91.9
Cu 107. 0 82.2 91.4 102. 8 76.9 91.7 104. 0 75.8 97. 2 99.9 83.1 91.3
Zn 102. 3 102. 1 102. 2 103.9 96. 9 101. 2 102. 5 96. 7 107. 4 100. 9 104. 1 101. 3
Rb 96. 7 100. 0 102. 6 100. 1 93. 8 99.0 97.3 97.0 108. 4 102. 2 104. 2 103. 1
Mo 101. 1 109. 0 105. 0 105. 5 105.0 106. 3 90. 4 105. 6 105. 4 107.7 106. 0 107. 2
Cd 97.9 104. 0 108. 9 74.4 108. 9 113.7 61.9 108. 1 114. 3 93.2 124. 2 100. 1
Cs 94. 4 95.0 94. 6 76.0 70.5 83.7 74.9 72.5 87.5 96. 8 95. 4 95.0
Ba 99.7 102. 0 103. 8 98. 6 98. 7 99. 6 97.8 103. 9 109. 4 101. 4 102. 8 104. 8
W 91.2 99. 2 98. 1 87.0 80. 1 85. 4 77.7 79.3 79.6 94. 0 92.2 98. 4
Pb 107. 4 99.7 102. 0 107. 6 106. 1 107. 2 93.7 90. 6 96. 8 93.3 96. 4 97.2
Bi 99. 2 104. 3 105. 6 104. 6 103.7 108. 8 103. 8 109. 5 107. 4 105. 2 97.8 101.9
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ZIE B B PR S5 X R W R R A X A R AR & o
RARBIE ARG IRIR AR L FIRRIA R 3 1 P {H
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Table 3 The significance analysis of four

acid digest system

MIRR 1- TRIE R 2- WA R 4- MRIER 4
25 MIkR 3 MRIER 3 MIER 3 MikR 1

Parameter Acid system 1- Acid system 2- Acid system 4- Acid system 4-
acid system 3 acid system 3 acid system 3 acid system 1

A —1.655 —1.655 —0.103
P 0.038 0.098 0. 044 0.918

—2.017

2.2 TREERERE
2.2.1 WETEREWEN I

SCHRL19 o 88 5 7 TR R @0k 3 B v T —
YR Ffk 325 RV 3 A 05 BT P W PR R 4 422 0. 250 0 g,
SYGTES % HFRFE B A FE Al 1, 76 50,100 Al 250
mg 3 FPRRAE IR (9 25 R T 4% RS2 50 J7 vk i A7 I
ZER WA 4,

R4 ARAMBEEXNKRRRYIREDRF 16 £ BT HEE KRN0

Table 4 Effect of sample mass on the recovery of sixteen metal elements in stream sediment CRM %
. 50 mg FRFER 100 mg FRFER 250 mg FREE
TR Sample mass of 50 mg Sample mass of 100 mg Sample mass of 250 mg
Element
gsd-2a gsd-ba gsd-9 gsd-2a gsd-5a gsd-9 gsd-2a gsd-5a gsd-9
Li 105. 8 106. 4 102. 4 106. 2 106. 8 102. 8 102. 2 102. 8 98. 8
Be 88.3 92.6 87.0 88.7 93.0 87.4 84.7 89.0 83.4
Cr 80. 3 95. 8 77.9 80. 7 96. 2 78.3 76.7 92.2 74.3
Mn 93.2 90. 3 89.5 93.6 90. 7 89.9 89. 6 86. 7 85.9
Co 82.3 82. 6 80. 9 82.7 83.0 81.3 78.7 79.0 77.3
Ni 96. 5 90. 8 93.3 96. 9 91.2 93.7 92.9 87. 2 89. 7
Cu 107.0 81.8 91.0 107. 4 82.2 91. 4 103. 4 78.2 87. 4
Zn 101.9 101. 7 101. 8 102. 3 102. 1 102. 2 98. 3 98.1 98. 2
Rb 96. 4 99. 6 102. 2 96. 8 100. 0 102. 6 92. 8 96. 0 98. 6
Mo 101. 2 108. 7 104.7 101. 6 109. 1 105. 1 97. 6 105. 1 101. 1
Cd 96. 8 113.6 108. 6 97.2 114. 0 109. 0 93.2 110. 0 105. 0
Cs 93.6 94. 7 94. 2 94.0 95.1 94. 6 90. 0 91.1 90. 6
Ba 98. 8 101. 6 103. 4 99. 2 102. 0 103. 8 95. 2 98. 0 99. 8
w 90.9 98.9 97.8 91.3 99.3 98. 2 87.3 95.3 94. 2
Pb 107. 1 99. 3 101. 7 107.5 99.7 102. 1 103. 5 95. 7 98.1
Bi 98.9 103.9 105. 2 99. 3 104. 3 105. 6 95.3 100. 3 101. 6
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e 4 XU AR 50 mg Fl 100 mg B, 4% JT
KR ELAR FHAE 779 ~115% Z 6] ; FRAE & N
250 mg B, AR fEW R gsd-9 W Cr 1 [8] U R AKX T
7500 s BRFE RN 250 mg B L 4% 00 2 ISR A X B
FEH A 50 mg Ml 100 mg 36 5 f 25 100% . 4 #Hr
AT B A2 DR Oy B 2 PR 14 s 5 AR 800 AH
i AT 0 2 2 R T R
2.2.2 BEMESH

FIR 2 4 Bl T 22 5 B &, 45 L W3R
5, B3 5 Al .50 mg A1 100 mg & EMHEAHH P
N 0.094, KF 0.05, WA X ~H Z %A BE
;250 mg 1 50 mg Z [E A9 P {5k 0.000, /N F
0. 05, iX 16 W 3% W 5 Z [A] A Wk 2 1k 22 =, [W] 31, 250
mg 1 100 mg A B FM 25, 48 LTk, LRk
FREE®R A 100 mg,

x5 TEARBEENZEREESN
Table 5 The significance analysis with

different sample mass

%44 Parameter
A —4.000
P 0. 094

50 mg-100 mg 250 mg-50 mg 250 mg-100 mg
—4. 650 —4.042
0. 000 0. 000

3 HEmEAW

TEDUAG B SE 30 254 T 5 43 0% 3 Filk R TR
FRUEY) B AT 6 U, 1155 45 o0 2= i o 45 2R 1 °F
YO AH R FR U 22 (RSD) , 73158 6k i 2 CEp i 58
S5 R 5 UCE A F AR 0 X 8 78GR R I g5 R AR T
AE M IECR R I 8 25 3R 3 TN E (D &5 R L3R
6. M6 0] LIE H X B2 8/ T 0. 13, 1 2 b 1
DZ/T 0130. 5—2006 YR,

6 KERBURAMRRICHEETENNESER
Table 6 Determination results of sixteen metal elements in stream sediment CRM
gsd-2a gsd-5a gsd-9
TLH IEM  EE e RSD  AGEM ME(H " RSD  EM MEM " RSD
Element ch\rt‘/?_;{cad/ I‘iiﬁ:n{dﬁ/ XT%Z% (n=6)/ Citiﬁ?i{i‘l/ giﬁfnzﬁ/ XT%I% (n=6)/ chl\’tfilfcﬂd/ giifdﬂ} Xjﬂ% (n=6)/
(pg/g®)  (pg/g) aleC % (ng/g)  (pg/®) aleC % (ng/g) (pg/e aleC %
Li 63 66. 9 —0.03 6.0 42 44.9 —0.03 7.9 30 30. 8 —0.01 5.0
Be 6.7 5.9 0.05 6.5 2.5 2.33 0.03 8.3 1.8 1.67 0.03 5.4
Cr 25 23.2 0.03 12.0 68 65. 4 0.02 9.5 85 82.5 0.01 6.3
Mn 218 204.0 0.03 6.5 917 831. 4 0. 04 7.9 620 557.6 0. 05 4.4
Co 2.3 1. 90 0.08 6.6 15.3 14. 7 0.02 8.0 14. 4 13.7 0.02 5.4
Ni 4.7 4.55 0.01 9.1 31 28.3 0. 04 8.0 32 30.0 0.03 5.7
Cu 4.2 4.51 —0.03 12.9 118 97.0 0.09 8.2 32 29.3 0. 04 5.3
Zn 39 40. 8 —0.02 7.2 263 268. 6 —0.01 6.8 78 87.5 —0.05 15.9
Rb 414 400. 6 0.01 6.5 129 129.0 0. 00 7.7 80 82. 1 —0.01 6.3
Mo 1. 10 1. 23 —0.05 7.5 1. 64 1.75 —0.03 7.4 0. 64 0.72 —0.05 10. 2
Cd 0.11 0.09 0.07 46. 4 1. 38 1. 47 —0.03 8.3 0. 26 0.28 —0.04 26. 2
Cs 10. 5 7.77 0.13 5.8 10. 4 9.81 0.03 5.9 5.1 4.92 0.02 4.0
Ba 113 112.1 0. 00 12. 4 681 670.9 0.01 53.0 430 489. 4 —0.06 4.7
W 6.1 6.62 —0.04 17. 6 5.5 5.31 0.02 5.5 1. 80 1. 99 —0.04 20.5
Pb 35 38.1 —0.04 6.0 102 112.1 —0.04 35.0 23 25.8 —0.05 5.1
Bi 0.03 0. 04 —0.08 27.5 0. 30 0. 34 —0.06 8.8 0.42 0. 44 —0.02 5.8
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Influence of four sample solution method with acid system
on determination of sixteen metal elements in stream
sediment by inductively coupled plasma mass spectrometry

WANG Yun-feng, WANG Jiang-yu

(Fourth Institute of Geological and Mineral Exploration of Gansu Provincial Bureau

of Gelogy and Mineral Resources, Jiuquan 735000, China)

Abstract ; The acid digestion in open environment is one of commonly used pretreatment methods for the de-
termination of metal elements in stream sediment. The use of different acid systems has great influence on
the determination results by inductively coupled plasma mass spectrometry (ICP-MS). With the certified
reference material of stream sediment as research object, four acid systems were used to dissolve the sam-
ple, i.e., 5 mLL HNO,-5 mLL HF, 5 mLL. HNO;-5 mL. HF- 2 mL. HCI, 5 mL. HNO;-5 mL. HF-2 mL. H, 0O, ,
and 5 mLL HNO,-5 mLL. HF-2 mLL. HCIO,. The influence of these four sample dissolution method on the de-
termination of 16 metal elements (including Li, Be, Cr, Mn, Co, Ni, Cu, Zn, Rb, Mo, Cd, Cs, Ba, W,
Pb and Bi) by ICP-MS was investigated. Moreover, the significance analysis was conducted based on the
measurement data. The results showed that the recoveries of sixteen test elements were between 75% and
120% with 5 mL HNO,-5 mL HF-2 mL H,O, as digestion medium. During the digestion of stream sedi-
ment sample, the digestion effect could be improved by adding substance with strong oxidizing ability into
5 mL. HNO,-5 mLL HF system. Considering that the Cl in HCIO, would influence the determination of Cr,
the HNO;-HF-H, O, system was adopted. The effect of sample mass on determination results was also in-
vestigated. The significance analysis was also conducted based on the measurement data. Finally, 100 mg
of sample was adopted. 16 metal elements in certified reference material of stream sediment were deter-
mined under the selected experimental conditions. The logarithm error (AlgC) between the results and the
certified values were all less than 0. 13, which could meet the requirements for standard DZ/T 0130. 5—
2006. The relative standard deviations (RSD, n=6) for Bi (the certified value of 0. 03-0. 42 pg/g), Cs
(the certified value of 113-618 g/g)» Cd (the certified value of 0. 11-1. 38 ng/g) and Pb (the certified val-
ue of 23-102 pg/g) were between 4. 7% and 53.0%. The RSD (n=6) of other elements were between 4.
0% and 20.5%.
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