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Fig.1  Heating procedure for graphite furnace analysis of soil

samples
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Fig.3 Effect of (a) the evaporation temperature and (b) time

on Cd signal
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Fig. 4  Signal diagrams of Cd and Hg at ashing and

evaporation temperatures
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FW IO R 2R VRTE B B AL i o A b A T R B 3 o
ORI, H RS RAE BT 1Y i A S5 4P s AR
T G , UE S0 FH e B A PR RNy vk B T
2.2.2  HRufERNGRNRS H PR S5

TV R A S v a2 T T 2 B b AR A
AP, 7 W B AR L M o AR SIS FRECH
A i & Ap e 1 HE RE 5L GBWO7401 . GBWO07406
GBW07407 ,.GBW07430 F1 GBW07456 #3 7 (20mg)
TSRS, DAER 1 GRS , il DLk
JEE AR A A, W T AR Ry A A B A R 4R DT B 1) S0 A
WErh 4, 45 538 Cr Cu.Zn As Cd Hg #1 Pb J0 &
() I ZR R MEr =0. 999, FH JIr 37, () s o4 pl 457 25201
FE A ERERAE 1T, T3 AR MER 25 (o)
DAbRED 22 1 3 1 (3o ) VRN BR , 515 G2 IR IH
it A B pP R T IROETE A AR L, A T R RA AR
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2 JPEELVE BHEITRAUEHIR (n =6)
Table 2 Method repeatability, correction equation and detection limit (n=6)
I THI AR RSD( % ) o Ho B
BIvE 3 LA [l )= 7 AR AR AL
GBW07401  GBWO07406 GBWO07407 GBWO07430  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=1.32 x10% +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=3.22 x10%x +4.33 x 102 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 BRRER A HTALT i LA

K IR — SRR P S A FAR 7 vk (MR B
FEVERE ) PR AL BE 7 0 e A A T AL B, 4
A ICP — MS #EA7 I , 56 ik 4% 5 32 1 vE R P, 5 DA
GBWO7456 FrfEAE Jy il B WS4 ke . AR I i o A
T FRELO. 1g AR TR WUSK £ 4 (PTEE ) Ji fifg i
H A W RBSE KT IR AR &, JE AR YO 3mL iR
M 2mL SHR, A RENNE R EEH T, ET
HEFH T 190°Cm#k 6h, R HIE, BT 115C i
RZEF AR A 2mL BYER , I R E
WK TR HE R B R O, 2%
YRR 100g | ICP - MS ik . phi# 3 wl,
GBWO7456 Wl 5 I (HV) & B, Bl T %R
TH AR AT 5 IR A M

S Fs  IFERE R FH AR T 1k [ R B A P
R - ZEFR ICP - MS U3 (8 55 R T A 50k B ot
17T Heke, B 328 3 m] 0 P A 7 ik I 465 SR AR X iR 225
Y RPEERAE 5% LA o [ S 30 f (78] 5 B B e 43
Mrab AT ARG , = FhAE i B 0 2 AR [l iR AL e
91.0% ~113.0% " fy g AT 240, ) 6] 4 43 it
FETT 15 0] MERA I E 38 AE i Cr Cu Zn As Cd |
Hg 1 Pb JCZ, J5 15 JC 5 1 A S i JH 266 4 el sk

3 LR PR SR CRWIREA I IS R (0 =3)

7, AT B PR PR, AT RO 3 R B G
AR ARTFBL

3 g5

MR 1 e 4w V5 Y I DR I 75 5K, ST
T EREE LR T T A A - R - B
A ICP - MS R IFoAR . AT7 kR AT
AR e O F AR A AR PR R A 45 5
T TE P PR A DA T B R SR B AR
# 1ICP — MS BRI EOR ST R, SE3 1 BB 3
Yy E e R e . S g IR Rk
ERH FL, AR 28 T] S 20mg PR A i R AR T 4 £
ICP ANHEHE, s POk i o BRI, Ok A 1
U (RSD < 7% ) , HEMH 5 (FHXF IR 22 <5% ) , K iy
FRA 1.2 ~32.0ng/g;Cr . Cu.Zn As Cd Hg F11 Pb oG
F T 5 A AR R T i TCP — MS 45 SR A
Wi o

TIEE SR - AR R 4R ICP - MS
T A ARG TG LR e 1 25 e AR s ey
TGRS, 4 RSB TR , 158 eI ) & —Rh R
RGBT S I (B R 2 BT BOR ARSI 3
45 R DRGHURS TNy TR A 4 AR I

Table 3 Analytical results of elements in soil sample determined by two methods

GBW07456 SEBRAE A 1 T BRRE il 2

LR IEH AREIEE xR INEE ALIMEAE AR e ALMEAE MR

(ne/g) (ng/g) (%) (ne/g) (ng/g) (%) (ne/g) (pg/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 ,
GBWO07430 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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