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Continuous Determination of 12 Elements in Geochemical Samples by
Inductively Coupled Plasma-Atomic Emission Spectrometry and
Flame Atomic Absorption Spectrometry

YU Tian, ZHANG Lian-qi, CHEN Xiao-di
( Central Laboratory of North China Geological Exploration Bureau, Sanhe 065201, China)

Abstract: The continuous determination of 12 elements in geochemical samples by inductive coupled plasma-atomic
emission spectrometry ( ICP-AES) and flame atomic absorption spectrometry ( FAAS) was reported in this paper.
Samples were digested with mixed acid of HCI-HF-HNO,-HCIO, and Cu, Pb, Zn, Co, Ni, Cr, Sr, Ba, V, Mn in the
sample solution were determined directly by ICP-AES. Then, Ag and Cd in the same sample solution were enriched by
extraction with potassium iodide-methyl isobutyl ketone ( KI-MIBK) and determined by FAAS. The precision of FAAS
method for Ag and Cd was 6.5% and 4.7% RSD (n =12), respectively. In comparison with the common analytical
method, the proposed method provides the higher sensitivity, good accuracy and precision, high economy, high
efficiency and is suitable for routine analysis of these elements in geochemical samples.
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Table 1  Operating parameters for ICP-AES
TAESH BOEMH TEEH BOEM
By)E 1300 W TR R 15 L/min
S (Ar) ik 0.5 L/min S 2.0 mL/min
FRE 0.8 L/min R 6] 20s

2 M TP Kkt

Table 2 Selection of measurement wavelengths for elements

e THE Pk A/nm e TR P A/nm
Ba 233.5 Ni 231.6
Co 230.8 Pb 220.4
Cr 205.6 Sr 460.7
Cu 327.4 A 292.4
Mn 259.4 Zn 231.8
3 FAAS TAESGRM:
Table 3 Operating parameters of FAAS
TS Ag cd TS Ag cd
K /nm 328.1 228.8 PRBEES B/ mm 7.5 7.5
SeiE s /om 1.3 1.3 25/ (L - min ™) 6 6
KT HL I/ mA 6 6 MR/ (L - min~!) 0.8 0.8

1.2 brifErs i A 245

PR MR - KU 3 : FREL 20 g HUIR IR A1 20 g
KI % F7KH, 2 mL 50% (fRF50%0, 7 [H]) () HCI B
%, K & 100 mL,

IRAVMERED: & ITTRWE Co 4 10.0 pg/mL,
Cu /25.0 pwg/mL,Pb Ni #°4 50.0 wg/mL,Zn, Sr,
Ba ,Cr Mn ] 100 pwg/mL,5% ft) HCL 4}t ,

IREHER R AR AR MER IO 5% 11 HC
i 10 455

A B WD) A Cd I K 0.5 pg/mL,
25% Bt HC1 42 [t

Cu.Pb.Zn Co Ni.Cr.Sr.Ba.V Mn iR T : 41
BIWEIRK 0.00.,2.00.5.00,10.00 mL JEAFRUEAE R FI
2.50.5.00.10.00 mL B &FrUEE R OT 100 mL &
L, FH 5% 1) HCL M B = 210 8, 555

Ag Cd HRfET W AR 9 43 5 W B 0. 00,0. 50,
1.00.2.00.3.00.4.00 mL B & FrEEKGS T 50 mL
A, 5 mL 50% ) HCL , in7k 2 20 mL, Jin5 mL
PUIRIMAR — KU, 550 G A 25 mlL FE B T
A B 2 ming, AR fE 5 51 Ag. Cd /Y # BE 43 5] 2K
0.00.0.01.0.02.,0.04.0.06 .0.08 pwg/mL,

HCI HNO, \HCIO, \HF  H 5T 3 /R 34 4 -y
o, KET K.
1.3 Rl 7 el

FRHC0.5000 g #4530 mL S PUGR LM Herir,
Hii 5 mL HCL, 3386 5 min J5, KK INA 3 mL HF |5 mL
HNO, .1 mL HCIO,, F 18 & i # Ak b i #4 4 ff =
HCIO, |§ F 4, F b i K mh e AR, BRI A 2.5 mlL
HNO, , 4k finfh 2 HCIO, I B R . BUF M@ IS A
5 mL 50% ) HCL, i # = 258 20, R G A
25 mL Fo @, IZEIRKE A 2 25 mL, #55) (H
VETE IS 4% BRADLSE 1Y ICP — AES TR &4, — Wk
Cu.Pb.Zn . Co Ni.Cr.Sr.Ba.V . Mn 0 &, 5 &7
FOAE, TR AT R 1Y & i

ICP — AES I3 J5 4 P VA W, IR 68 WO s O 4.
PRI, R RIAR VW AR FR ) 15 mL (315 Ag . Cd
T EEINAE 0.3000 g KE A TR T ,AMINS mL 40% 1Y
HCL A 2 mL HR3R IR - KT, #5215 A 4 mL
S T L AR, 26 B2, 437 2 min, 1500 J2 o 4%
HE5E #Y FAAS AU TAE R T AP E Ag . Cd,

2 FPRk5ibhe
2.1 FEURE

RIS T ZEER R4 0.6 ~3.0 mol/L i ,MIBK % Ag.
Cd ZEBUR ARG RE S, R IRIL IR BE T Y Ag 1ot
JEFEAAAS 1T Cd O REAEZE IR A 1.0 mol/L LA
BTA SR SERE R AR 1.2 mol/L,
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Fig. 1 Effects of ascorbic acid-KI dosage on absorbance of

Ag and Cd
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o SR ARG 2 min B FREIRG 50 0T
ARG A, A SCEFENUIR 57 2 min, ZKAR 54 VLA A
TR )N AR IO SE 42 s (H 25 R AR IBON) I 22 A REA B 5
BERCR 3t /D DX il 2 R EOR , AR SRR IBUKAH 5
AHUAHB B S+ 1,

2.4 RGBS

TS AR B G . SRTA DL
s, 25 SHRAIAE IR, 15 2 Y SR AR & T
5], RIS . AL s SRR T
5 6: 0.8, 3T E "~ 1.0 mL/min,

2.5 AFE TR

PUIRIMmER - KI R R v, 28 MIBK ZE U KB4 4t
LR Y Ag . Cd 738, W F Cu Pb . Zn Co Ni Cr,
Sr.Ba.V Mn Fe Ca Mg e E 5 2. 00 pg/mL Al
W5 0 B R 3RE S | A SO
2.6 JiTER PRI %

T 25 mL H A R I ARR T R, 4% S50 5 125F
FriE 12 ¥k, DA 3 Al bnitdn 22 H5E 5 A IR, Ag 19
KPR K 0.0068 we/g,Cd K HFR 4 0.0082 ne/g.

PRI 0.4000 g 4 i TR IU IR S A Bedhrh , 414
FEEVERE  EARZE 20 mLL,10% [ HCL A 5T, SEA7 00
12 9, 153 5 06 % B, AR N U i 22 (RSD)
Ag6.5% ,Cd 4.7% ,

All rights reserved. http://www.ykcs.ac.cn

3 brdERIT B

XKRTUBW) e IR S — ) Bt A T
T, FFILER B AT 4 R AR EE I VPR B Z
(WA 4) o FRUERIBITHIE 1 J7 R AR REFURS R L

4 e B
Table 4  Analytical results of elements in National Standard

Reference materials wy/ (pg - g’l )

GBW 07302 GBWO07308 ~ GBWO07103 ~ GBW 07106  GBW 07401

E? PR R bR W R DAL AR B P R Pl W2
Cuo 49 505 41 39 32 318 19 180 20 23 14 110
P2 312 201 3 RN 76 1.8 9% 953 26 2.8
In M4 43 B M5 B 262 20 2.0 680 663 34 328
Co 26 248 3.6 344 34 34 64 665 142 138 55 568
NS5 566 27 253 23 23 166 17.6 204 193 122 125
G 122 120 7.6 7.4 500 46 20 U3 & 65 R 30
S8 2.2 52 538 106 102 S8 56.6 155 162 380 388
Ba 185 176 480 498 343 329 143 144 590 59 1210 1180
Vo165 160 2 2.2 24 233 334 349 8 84 365 378
Mo 240 253 335 318 463 477 155 149 1760 1688 304 318
Ag 0.066 0.062 0.062 0.060 0.033 0.035 0.062 0.064 0.35 0.34 0.091 0.092
Cd0.065 0.068 0.081 0.079 0.032% 0.030 0.060 0.057 4.3 426 0.059 0.062
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