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Comparative Study on Different Pretreatment Methods for Determination of Heavy Metals in Soil and Sediments by
ICP-MS ZHANG Yi-chun (Fujian Yizhun Testing Technology Co.,Ltd.,Xiamen 361021, China)

Abstract: The effects of different pretreatment methods on the analysis of heavy metals in soil samples were explored. The
application effects of the open acid digestion method and the microwave digestion method in the determination of Cu,Pb,Zn,Cr,
Co,and Ni in soil and sediment by inductively coupled plasma mass spectrometry were compared.The results confirmed that the
microwave digestion method was significantly superior to the open acid digestion method in terms of sensitivity, accuracy, and
precision. Compared with the open acid digestion method, the microwave digestion method had lower detection limits for Cu,Pb,
Zn,Cr, Co, and Ni, and the recoveries were closer to the certified values. The recoveries of Cr in soil standard substance
GBW07404 and GBW07408 increased from 86. 4% and 89. 2% with the open acid digestion method to 101. 2% and 98. 5% with
the microwave digestion method, respectively. In terms of precision, the relative standard deviation (RSD) of the microwave
digestion method were generally low.The RSD range of Cu in soil samples decreased from 2.2% ~ 3.7% with the open acid
digestion method to 1.4% ~ 2.2% with the microwave digestion method. The analysis of actual samples further confirmed the
advantages of the microwave digestion method.

Key words :inductively coupled plasma mass spectrometry ; microwave digestion;open acid digestion ; heavy metal determination;
sample pretreatment
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Tab.1 Operating parameters of MARS-5 microwave

digestion instrument

Maximum Power Heating Holding
. Temperature/ .
Stage  power/  percentage/  time/ C time/
W % min min
1 300 100 5 150 5
2 600 100 10 180 5
3 1200 100 10 200 20

Ko 1A 2% % H PerkinElmer® Elan™ 9000 Hi
SRR S5 B TSGR (ICP-MS) |, L& A7 i A8
X Z5 At (Scott Wi 35 % FI S HE A DU BT 3 A6
ARGE i R R R AS . ICP-MS R4
AR 2 PR,
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%2 PerkinElmer® Elan™ 9000 ICP-MS i TAESH— %
Tab.2 List of operating parameters for PerkinElmer® Elan™ 9000 ICP-MS

Parameter Value description Parameter Value description
RF generator power 1350 W Atomizer type High-efficiency cross flow, PFA material
RF generator frequency 40. 68 MHz Spray chamber type Scott type
Plasma flow 12 ml/min Sample cone/Skimmer cone material Nickel alloy,¢ 1.0 mm and ¢ 0.4 mm, respectively
Auxiliary flow 0.8 mL/min Radio frequency (RF) Generator type :::li)(ill-iszzlif)rns(j({-nt:f“ed oscillation type, with frequency
Atomizer flow 0.2 mL/min  Purge gas Helium/Nitrogen ( Optional )
Pump flow 0.4 ml/min Reading delay S5s
Reading time 2s Repeat numbers 3 times
Equilibrium time 10 s Observation mode Axial
Observation altitude 8 mm Detector Discrete dynode electron multiplier
13 SR ) RSB, 0 T % 250 .
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1.3.2  fliH @
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Tab.3 Limit of detection (L.OD) and quantification
(LOQ) of two methods for the determination of six heavy

metals in soil and sediment

Open acid digestion method Microwave digestion method

Heavy
et LOD/ LOQ/ LOD/ LOQ/
(pgg™)  (mgeg™)  (pgg')  (pgeg™)

Cu 0.2 0.7 0.1 0.3
Ph 0.5 1.7 0.3 1.0
Zn 0.4 1.3 0.2 0.7
Cr 0.2 0.7 0.1 0.3
Co 0.4 1.3 0.2 0.7
Ni 0.7 2.3 0.3 1.0

0.4 ng/g, &= R B, W0 g ik
TE3X 6 Fh e G Jm 0 i AR B e i R | fiE

i T A L A R R R AR MR B Y A
T, X AT RE R TR T A e R ) e R PR
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B PR e T30, R @ o i i R U, T4
VA5 s e A B 4 2 25 2% o A F A BT T A I8 3
PTG T A AT AT e i XU AR T
Wi e REE
2.2 PRI GE IR ATTUAR Y A R I 45 2R
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R T 20 BRI R AR AR R A
RIS FHPE , 73 3R ORI Sk RN TR s
X 4 Fp - ERTUR I E AR BT Y Cu Pb,
Zn Cr Co 1 Ni t4T TIRE , LeAse 1 E 25 5 i [mlific
FHUGHL(RSD) , £ 4 £ 5 TR THIKEER,
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Tab.4 Comparison of the results of two methods for the determination of soil reference materials in soil

(n=11)

Open acid digestion method

Certified Microwave digestion method
Reference
materials Element Valu(i/l Measured value/ Recovery RSD/% Measured value/ Recovery RSD/%
(ng-g™) (pgg™) Rate/% (pegrg™) Rate/%
Cu 43.0 42 97.7 2.9 43 100. 0 1.7
Pb 37.0 40 108. 1 2.5 36 97.3 1.6
. Zn 92.0 89 96.7 3.1 94 102.2 2.5
CBW07404 Cr 81.0 70 86.4 4.3 82 101.2 2.3
Co 20.0 21 105.0 3.4 20 100. 0 2.6
Ni 36.0 35 97.2 2.8 37 102. 8 1.1
Cu 24.0 23 95.8 2.1 23 95.8 1.6
Pb 21.0 20 95.2 3.2 20 95.2 2.4
Zn 66.0 64 97.0 1.8 67 101.5 1.8
GBWO7408 Cr 65.0 58 89.2 5.2 64 98.5 2.5
Co 12.3 12 97.6 3.7 12 97.6 2.1
Ni 30.0 28 93.3 3.0 29 96.7 2.3

RS PIMITENE DU SRR EY) IR 0 45 R HLER

Tab.5 Comparison of the results of two methods for the determination of soil reference materials in sediment (n=11)

Open acid digestion method

Certified Microwave digestion method
Reference
materials Element Valuti/l Measured value/ Recovery RSD/% Measured value/ Recovery .
(pgg™) (pgeg™) Rate/% (pgrg™) Rate/%
Cu 202.0 197 97.5 1.7 199 98.5 1.2
Pb 45.0 43 93.3 1.9 46 102.2 1.4
Zn 102. 0 104 102.0 2.7 101 99.0 1.7
GBWO7303 Cr 48.0 41 85.4 4.6 48 100. 0 2.2
Co 13.6 13 95.6 3.1 14 102.9 2.0
Ni 20.0 18 90. 0 3.3 19 95.0 1.9
Cu 118.0 115 97.5 2.3 117 99.2 1.8
Pb 102. 0 98 96. 1 3.1 100 98.0 1.5
Zn 263.0 256 97.3 2.4 267 101.5 1.6
GBWO07305
Cr 68.0 59 86. 8 5.5 66 97.0 2.2
Co 15.3 15 98.0 3.7 15 98.0 1.5
Ni 31.0 29 93.5 2.8 30 96. 8 2.4
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Tab.6 Concentrations of six heavy metals in soil samples

using two methods (n=6)

Open acid digestion method Microwave digestion method

Heavy
Range/ Range/
melal o RSD/% _] RSD/%
(ngeg™) (ngg™)
Cu 15.5~62.9 2.2~3.7 15.2~62.8 1.3~2.1
Pb 11.8~35.6  2.6~4.2 13.1~36.2 1.2~2.3
Zn 43.5~106  1.9~3.3  42.9~106  1.9~2.5
Cr 18.3~41.8  3.9~5.7 21.6~47.5 1.7~3.1
Co 12.3~29.5 3.2~4.7 12.6~30.8 1.7~3.0
Ni 15.7~37.2 2.7~3.9 15.5~37.7 2.0~2.8

RT O OPRRIEIE GURIAE i 6 Fh LG Jm A
Tab.7 Concentrations of six heavy metals in sediment

samples using two methods (n=6)

Open acid digestion method Microwave digestion method

Heavy
Range/ Range/
metal O RSD/% O RSD/%
(ng-g™) (ngg)
Cu 17.6~45.2 1.9~3.2 18.0~45.8 1.5~1.9
Pb 13.5~40.9 2.2~3.4 14.3~41.1 1.6~2.2
Zn 33.2~97.4 1.7~2.8 33.8~97.2 1.3~1.9
Cr 24.3~47.6  4.1~5.3 28.1~52.8 2.3~3.1
Co 11.7~34.5 2.5~4.1 12.2~35.4 1.6~2.8
Ni 14.2~32.9 2.4~3.5 14.7~32.8 1.7~2.4

IYMTEE 6 .3 T BE, T LLE T AR
I 322 DX ) - SR S R R R S, VR i fi
Jr ik Re A 2 E 42 J& Cu . Pb.Zn Cr.Co Ni
o, TR (R 6), MM IETE 6
FhEE 4w (A I R B R RSD {H, Cu Y
RSD 78 [ AR R T A 75 19 2. 2% ~ 3. 7% [ 3
T T A1 1. 3% ~2. 1% ,Pb M\ 2. 6% ~4.2%
FEAR S 1. 2% ~2. 3%, Cr Y RSD 78 il LT R 14
itk 1 3.9% ~ 5.7% % fI% 2 3 I 0 i 35 1Y
1. 7% ~3. 1% , & 0T 25 4 J ASr I 45 2 v AT e 22
K, 3R 7 BT RE Sk 25 SR v [
NRE ) G T 1 e 2 80 & SR A RSD {H
BARAIPLS , 40 Cu B9 RSD 78 il A LT 192 714 i v
1 1.9% ~ 3.2% AL F] 1.5% ~ 1.9%, Pb M
2.2% ~3. 4% AR E) 1. 6% ~2. 2% , Cr 4 RSD i
Bl DA BT TR TS VR 1 4. 1% ~ 5. 3% AR B AW 714
I 2. 3% ~3. 1%, S50 235 TR 3 WO ik 12
F R T AT s T BE AR AR TS RN e 4
AN, VA R M TC R 45 S A ES 3R T4
X S AR A R, 7E R HERUTRR ) 4R A
) e R0 B G 0 A RS TR B
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