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Table 1  Procedures of microwave digestion

- TR /min JHFDIR P/W JHARERE 6/°C
7 BE  EE KE  EE (E

1 10(AE) 10(FHE) 1500 1500 120 120

2 SOEEED  S(EE) 1500 1500 120 120

3 5(FHE)  10(FHE) 1500 1500 160 150

4 10(fR3)  S5(FHE) 1500 1500 160 150

5 5(FE)  10(FHE) 1500 1500 200 175

6 20( ) 20(fFiE) 1500 1500 200 175

2 g5t
2.1 hrifEigk

B Cr Ni Cu.Zn As Cd FI Pb -G ARMEHIZE
HEZ N 0.5.10.,20 .50 100 pe/L, He {1 v i 2
Ji470.00,0. 10 ,0.20.,0.40.,0.80 1. 00 peg/L, F7i5
BRI R R Z A ] L A [ 51 5 e B R O R B L
2 AEVERE AR BETE A, s v i 2 P A 5 AR K
KF0.9990, % JUZR U 5 15 58 3 a9 588 2 4%
IR R

A2 ZeMEE L ek R R AR5

Table 2 Linearity ranges, linear regression equations and
correlation coefficients
. ‘ . i
JLR AN HRFREL .
pe/(pg - L7)
Cr y=4.89%47 x 10°x 0.9999 0 ~100
Ni y=1.7185 x10°x 0.9999 0 ~ 100
Cu y =4.2695 x103x 1.0000 0 ~100
Zn y=0.9184 x 10°x 0.9999 0 ~100
As y=0.9588 x 10°x 0.9999 0 ~100
Cd y=3.0284 x103x 0.9999 0 ~100
Pb y=9.7697 x10x 0.9999 0 ~100
Hg y=1.2385x10%x —14.059 0.9995 0~1.00
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BLEAE, 45 ICP — MS 5 i Sk bt P i 4

JR T ER B PRI T 8 T AL BT 325 32

WA 735 2.0 mg/L Al 1.0 mg/L, Hg 1
TR [ e 25 128 56 BT A7 A9 s o 9 vk B D 10.°0
g/ L, i Fs AP 3 RIER s i 308 P R R0 9 R 35

23 bsmBeALs
Table 3  Recovery test of the method

AR Hg SRR AT 73502 2.0 mL F11.0 mL, A
PRIARAE DL 3. R 3 Wl #Edh b 8 Bl EE

BB ICE AR IR IAE 91.5% ~103.8%

o AV A0t T e v AV 725 30 R 91 A 1
LR PR | 7][1%‘(1%&: leIT/Tlﬁil — JIARET | JJDWZ%JE?I JJMmE?l %
pp/ (g L77) pp/(pg-L7) pp/(pg- L) pp/ (g  L70) pp/(pg - L7) pp/(pg-L77)

Cr 117.6 80.0 200.0 103.0 128.8 80.0 207.3 98.1
Ni 27.2 20.0 45.5 91.5 30.4 20.0 50.9 102.5
Cu 45.6 40.0 85.2 99.0 54.4 40.0 93.0 9.5
Zn 149. 6 80.0 232.6 103.8 138.4 80.0 215.7 96.6
As 20.8 20.0 40.6 99.0 23.2 20.0 43.2 100.0
cd 7.36 4.0 11.3 98.5 7.44 4.0 11.4 99.0
Pb 30.4 20.0 49.2 94.0 24.0 20.0 42.5 92.5
Hg 0.438 0.4 0.849 102. 8 0.419 0.4 0.791 93.0
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Table 4  Accuracy and precision tests of the elements

wy/ (g + g™ ") RE/%

g VR BIE R B MUE B (UK
W TR OHAE ERE TR DR

Cr (0.09)  0.04 0.03 -55.56-66.67 3.25 2.45

Ni  0.27+0.02 0.27 0.26 0.00 -=3.70 2.14 0.41

Cu  4.9:0.3 4.75 5.00 -3.06 2.04 1.21 0.74

GBW 10010 Zn 23:2 210 21.5 -8.70 -6.52 1.65 1.12
(KK)  As 0.102£0.0080.097 0.101 -4.90 -0.98 2.34 2.34

RSD/%
REMRE -

Cd~ 87 +5 86.9 87.0 -0.11 0 0.21 0.26
Pb 0.08+0.03 0.09 0.08 12.50 0 1.56 2.15
Hg* 5.3x0.5 5.01 5.33 -5.47 0.57 1.20 0.25
Cr 1.8+0.3 1.77 1.79 -1.67 -0.56 2.15 1.21

N 0.93:0.10 0.92 0.94 -1.08 1.08 2.90 0.32
Cu  2.7£0.2 2.5 2.6 -7.41 -3.70 1.85 1.23
GBW 10014 Zn 262 26.6 25.7 2.31 -1.15 1.53 1.03
(FFA3)  As 0.062+0.0140.0750.062 20.97 0  2.65 2.52

Cd~ 356 36.5 34.0 4.29 -2.86 0.16 0.21
Pb 0.19+0.03 0.18 0.18 -5.26 -5.26 0.81 2.69
Hg* 10.9+1.6 10.5 10.6 -3.67 -2.75 0.56 0.67

s RN py/kg, 165 N S5 (.

#5 TR AV Sl A I 45 R
Table 5  Analytical results of the elements in vegetables with high

pressure and low pressure microwave digestion methods

wy/ (pg-g") w(Hg)/

UELIDIEN

=

a8
% € Ni Cu Zn As Cd Pb (pg-kg™h

I E(GE R 1.47 0.34 0.57 1.87 0.26 0.092 0.38 5.47
fILER A 1.61 0.38 0.68 1.73 0.29 0.093 0.30 5.24

FEMER 1.21 0.18 0.42 1.38 0.042 0.83 0.54 3.51
R e 1.33 0.19 0.45 1.54 0.041 0.91 0.58 3.60

5 EEGER 0.63 0.13 0.40 1.30 0.026 0.42 0.22  2.13
T RJESEE 0.64 0.14 0.47 1.61 0.026 0.51 0.23  2.67

T+ W05 eV VR B et A v 2R P T R AT AR R
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Two Microwave Digestion Pretreatment Methods for Determination of
Heavy Metals in Vegetable Samples

HUANG Xiao-chun' , LIU Chang-hong” , ZHANG Jun', DONG Yong-xiv' , LIU Wen-hua',
ZHAO Qiu-xiang' , LI Xi-kun'

(1. Material Testing Center of Guangdong Province, Guangzhou 510080, China;

2. Jinan University, Guangzhou 510632, China)

Abstract; Microwave digestion technology is a relatively recent method for processing biological samples, but there
are some problems, such as low efficiency, which require further study. As described in this paper, vegetables
were decomposed by two different microwave digestion methods of high pressure low flux and low pressure high flux
microwave digestion. The contents of As, Cd, Cr, Cu, Ni, Pb and Zn in the sample solutions were determined by
Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) , and contents of Hg by Hydride Generation-Cold Atomic
Fluorescence Spectrometry ( HG-CAFS). As shown by the experimental results, the measured value of National
Standard Reference Materials is in agreement with the certified values by the two different methods. The relative
errors of the two methods were less than 21% , the relative standard deviation was less than 4% and the recovery
ratios were 91.5% —103. 8% . Low pressure high flux microwave digestion method is a better method of sample
dissolution for large quantities of biological sample analysis because it improves the efficiency of sample digestion.
Key words: vegetable samples; heavy metal elements; high pressure low throughput microwave digestion; low
pressure high throughput microwave digestion; Inductively Coupled Plasma-Mass spectrometry ; Hydride Generation-

Cold Atomic Fluorescence Spectrometry
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