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Heating procedure for graphite furnace analysis of soil
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Fig.2  Graphite furnace and ICP — MS connection diagram
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Fig.3 Effect of (a) the evaporation temperature and (b) time

on Cd signal

2.1.3  JRAGIREE RUR AL [ 434715 5 A5 i

REGH, % ETV 28 % 1 1 FE 5L 2875308 A ICP
D R L B T T A R BB A R FL A
PR BT, B A B A ML B A S AR T B R
FEE E TR 5 R o ; [ R I B
A A 3o i v 1) AR 000 A, 23 55 T e 24 1) 0 i
SRR AR g A LR T 1R A 5 R
TR AL S HERR S . Cd F Hg PRI SRR,
439K T60°C 1 360°C 2 A7, 3k i A AR A T B B T 5
IR A ML, (B R S PR PR C R ik . 5L
XA AR R HEA T T ek, R BRALIREE 320°C |
JRARHTE] 30s B Ry AR A K €8, TG R AR AT 00
AHUIERL , BTG P AR R e R e &, i 4 BF
7, oK 320°C 30s JRALASARAN 2700°C 78 & 1 X% +
i%%*ﬂi GBW07456 1 Cd il Hg JuR#EAT T %%, F

FTHERE 6 YK, IR AR ) T JC o0 20 H B, R B k1L

/mJ;ZT TTC R . I 5 IR KA S T 2R
TR AHEE A P LAREAIG ICP (1 S SR AL
2.2 SRrInikivEe
2.2.1 HEMELE

ARIpEE Rt h E 4R LR —

— 102 —

g £:3i0)

5.0x10°
meg

4.0x10° 1

3.0x10° [

58 ¥ (cps)

2.0x10° 1

&

1.0x10°

IS W O

355070 355070 355070 355070 355070 355070
A k()

4.0%10°
3.5%10°
_3.0x10° T
B 25q05t
M 2.0x10°
j}g 1.5%10° |
1.0x10° [

Rt U W W

355070 355070 355070 355070 355070 355070
FF ) (s)

Pl4  ARALFVRIRLZ S T Cd 0 He Jufs SR
Fig. 4

ZHZHg

Signal diagrams of Cd and Hg at ashing and

evaporation temperatures

PEIE Ty P E R R AT AR oK, SE5R 43 AR 20 +
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TCICN H B RAE BT 1) Ay 28 B AR P AT
ISR UE SR e B e A i R AT
2.2.2  fRufERRLR A BRSL G

PR W A ST B v U 2 FH 1 20 Ay - 438 A
SIAEAEHEMRBEN , 52 M B AR E A P o AR 5236 FR EORH
A Ji & AR i 1 HE RE S GBWO07401 . GBWO07406
GBWO07407 ,.GBW07430 1 GBW07456 #3 4 (20mg)
TSRS S, DAR 1 BER S RNE , 2 AR
JE R AL s WA T R A A s ) R A DR TR 114 S BB A
HERZ , 25 R F W Cr.Cu.Zn As . Cd . Hg Fl Pb L&
i 2 2 ir =0. 999, ﬁﬁ@ﬂ%4ﬂ%ﬂﬁﬂ%é%ﬁ
B FREa A 113K, TR bR 2 (o) ,
AR ¥ s 26 1) 3 1%(30)1’E9%utﬂliﬁ,5f§%|3@ﬁa/é
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2 JHEEATE BHET R IR (n =6)

Table 2 Method repeatability, correction equation and detection limit (n =6)

B IETE AL RSD( % ) e HY R
TTE EaeamlEyiys AR AL

GBW07401  GBWO07406 GBWO07407 GBW07430  GBW07456 (ng/g)
Cr 6.32 5,49 3.59 6.44 5.44 y=1.21 x10%*x +4.32 x 10? 0.9993 32.0
Cu 5.85 4.55 5.76 5.84 4.33 y=1.32x10%x +3.43 x 10> 0.9992 11.7
Zn 5.73 6.32 5.03 3.85 4.21 y=1.67 x10*x +4.47 x 10! 0.9991 23.0
As 4.52 4.87 6.78 5.65 4.08 y=4.21 x10%x +6.22 x 10? 0.9990 19.0
cd 3.43 5.31 6.80 4.74 4.87 y=3.22x10%x +4.33 x 10% 0.9998 2.0
Hg 4.19 3.90 3.76 2.55 5.22 y=1.26 x10%x +3.29 x 10? 0.9996 1.2
Pb 4.83 3.32 6.51 5.69 4.60 y=2.22 x10%*x +2.21 x 10? 0.9993 11.0

2.3 SEBRRERY BRI LA

K HITHIR — SR P R A ik (R B
FEAERE ) AR AL B vk R S A T AL B, 4G
A ICP — MS #4753, 56 1k A4S J5 72 i fE B P, DA
GBWO7456 FrtEAE it F2 WS40 . ELAR S g s A2 4n
T ARHLO. 1g ARSI AR TR IUGR LM (PTFE ) I fife i
HIMA T W B 2K B AE i, JE KU 3mL AR
F2mL ZOR R, AN HNED  EEE T, 2T
R T 190°C Jin# 6h, R EHI5, BT 115°C ik
FEEVRERIR I A 2mL BRI R &
AR R HE R B R O, FH 2%
YRR B2 100g | ICP - MS K™ o fi36 3 mlJl,
GBWO7456 i 5N EEV & B3, Bk TR
TH AR 7 T A B R 5 o

W S B A A R FH AR T 1 1 R B A i A
ZER - ZEEK ICP — MS I {85 2 1 A 350k 3
17 7 Hesse, e 3 Rl AP O ik I il R AH X 152 22
Y B HARAE 5% LAV o[RS 30 % [ 4% BT 422 A 43
M AT INbR S , = Bl 9 70 2 AR (3] e 4R 1
91.0% ~ 113.0% ', dy b AT 240, 1) F 4% 1 4 ik
FEJ7 5 AT HERA I 2 £ HEAE S Cr Cu Zn As Cd,
Hg 1 Pb JCZ , J5 ¥k T 75 1 A S o H: 256 4 el sk

FR, AR B DU PRER, AT e G R B
AT R AR T BL

3 e

AR 38 B R T Y B PR R I 75 5K, ST
T ERB A A TC T T AR B - Rk -
B4 ICP - MS FER A F AR, ATk B AT
A ) e U L AR A SR P S A 45 A
M PR A A | A B A R R AR A 2
% ICP — MS BRI EORPEA TR, S0 1 R 3
Y E SR HEOE R T, SIS IR R
ERH FE, AS 2R B AT SEB 20mg YR il R R T A O
ICP ANKRIE , (S i UMY o S B, I i
U (RSD < 7% ) , HEWH B (AHXS R 22 <5% ) , K iy
F>k 1.2 ~32.0ng/g;Cr.Cu.Zn As .Cd . Hg 1 Pb JG
v BE 5 AR R T A ICP — MS 45 SR AH
W&o

TR - W AR R G B ICP - MS P
o T AR R ICE TR A 1  AaR) 5 B iy
a4 RSB TR , 1548 Jr TN ] & —Rh R bR
RSB A S I (B 3 BT EoR 752 3 138
43 J PRGHURS: DN 5 TR K R 45 AR I

3 RHE PR SROTRPIRINA T TES R (0 =3)
Table 3 Analytical results of elements in soil sample determined by two methods
GBW07456 SEBREEM 1 SEBREE S 2
TR INEME AEMEE A ERE INEME AEMEE AR INEE AEMEAE AR
(ng/e) (ng/g) (%) (ng/g) (ng/g) (%) (ng/g) (ng/g) (%)
Cr 92 94.2 2.39 45.3 46.7 3.09 36.7 38.0 3.54
Cu 54 52.8 -2.22 56.7 55.3 -2.47 87 86.3 -0.80
Zn 127 124 -2.36 143 138 -3.50 221 229 3.62
Cd 0.590 0.577 -2.20 0.117 0.120 2.56 0.086 0.090 4.65
Hg 0.116 0.118 1.72 0.032 0.033 3.13 0.051 0.053 3.92
As 13.3 13.6 2.26 17.7 18.2 2.82 33 34.1 3.33
Pb 41 42.1 2.68 54 56.3 4.26 187 195 4.28
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Determination of Heavy Elements in Soils by Electrothermal Vaporization
— Inductively Coupled Plasma - Mass Spectrometry with Direct Solid
Injection

QIAO Lei', YE Yong —sheng' , LI Ying', FU Yong — giang' , ZHOU Jian — guang” ,
YU Xiao - feng'
(1. Focused Photonics Inc ooperation, Hangzhou 310000, China;

2. Zhejiang University, Hangzhou 310000, China)

HIGHLIGHTS

(1) A multi — element analysis method for in — vehicle ETV — ICP — MS for direct injection of soil solid powder
without digestion was established.

(2) The problem of low sample transmission efficiency and large matrix effect was solved.

(3) On —line detection of heavy metal elements in soil at the environmental site was realized.

ABSTRACT

BACKGROUND: Solid sampling electrothermal vaporization ( ETV ) - inductively coupled plasma - mass
spectrometry (ICP — MS) allows for a quick analysis of elements at ultra — trace levels and it is possible to minimize
the time — consuming sample preparation step which may lead to second contamination or loss of samples. However,
the simultaneous introduction of analytical elements, matrix components and solvents into the ICP may cause the
spectroscopic and non — spectroscopic interferences. Fortunately, the matrix pyrolysis and analyte vaporization are
separated temporally, interferences from the matrix can be reduced from temperature programs. Also, the

introduction efficiency of the elements can be enhanced by using bypass gas from the outside of the ETV unit.
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OBJECTIVES: To establish a rapid, efficient, and green pre — treatment technique and analytical method for
accurate determination of heavy metals in large — scale on - site soil samples.

METHODS: A high temperature electrothermal evaporating graphite furnace was used as the atomizer. After
weighing, the sample was selectively evaporated by gradient heating, combined with two — channel heat transfer
quartz tube, two — way argon online dilution, ICP — MS transient scanning, and matrix matching external
correction, which effectively solved the problems of low transmission efficiency and a large matrix effect during
direct soil sampling.

RESULTS: Under the optimized conditions, 20mg soil standard materials GBW07401, GBW07406, GBW07407,
GBW07430 and GBWO07456 were weighed to establish an external calibration curve. The linear correlation
coefficient of the calibration curve of 7 elements in the sample was =0.999. The method was used to determine
Cr, Cu, Zn, As, Cd, Hg and Pb in two field soil samples from the Binjiang District of Hangzhou City, which
yielded a relative standard deviation of <7% , relative error of <2.5% , and a detection limit of 1.2 —=32.0ng/g,
with recoveries of 91.0% -113.0%.

CONCLUSIONS: : This method is a practical on — site sample analysis technology, suitable for the analysis and

monitoring of large — scale soil samples in the field.

KEY WORDS: soil; double channel quartz tube; on —line dilution; heat transfer; electrothermal vaporization ;

mobile inductively coupled plasma — mass spectrometer
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