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Determination of 11 Elements in Leek by Inductively Coupled Plasma
Mass Spectrometry (ICP-MS) with Microwave Digestion

LIU Hui,SUN Xiulan”
(School of Food Science and Technology of Jiangnan University sWuxi, Jiangsu 214122 ,China)

Abstract In order to quickly and accurately determine the content of multi-elements in Chinese chives,
samples were digested by microwave digestion method. The pretreatment method, working conditions and
detection method of inductively coupled plasma mass spectrometry (ICP-MS) were optimized. The content
of 11 elements in Chinese chives, such as Pb, Cd, Se, As, Zn, Cu, Ni, Fe, Cr, Ca, K, were determined by
microwave digestion-ICP-MS. The results showed that in the nitric acid-hydrogen peroxide (7 : 1) system,
the digestion power was 1 550 W,the temperature gradient was 120—160—195 °C ,the total time was 45 min,the
acid driving temperature was 150 ‘C,the leek could be completely digested, the ICP-MS radio frequency

power was set to 1 550 W,and the on-line internal standard detection method was used to reduce the non-
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mass spectrum interference. The regression coefficient R* of 11 elements were greater than 0. 999, the

detection limit of the method was 0. 002—0. 1 pg/kg,and the quantitative limit of the method was 0. 006—

0.3 pg/kg. The recovery of the method was 88.0%—103%. and the relative standard deviation was

1. 8% —4. 6% ,which can meet the demand of simultaneous determination of multiple elements in leek. The

method is high sensitivity, wide linear range and high accuracy, which can provide reliable method support

for simultaneous determination of multi-elements in leek samples.
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Table 1 Working conditions of microwave

digestion instrument

R Dy /W JETFIFE] /min RHEE/C PR4FES ] /min

1 1 600 5 120 5
2 1 600 5 160 10
3 1650 5 195 10
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Table 2 ICP-MS working conditions
[REEE 27 AL E & X ALE
PR/ (L s min™h) 16 FAERE/C 2
B/ (L + min™1) 1 WRE I/ (r e s™1) 0.1
#H /(L s min 1) 1 /W 1550
ESR /(L e min 1) 1 #IE/(mL ¢« min~ 1) 1
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Figure 1 Effects of different digestion methods on the

recovery of 11 elements in leek.
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Table 3 Comparison of results of quality control samples digested by different reagents /(mg -« kg™")

TLH fif iR it 2o 4 Ak itd R i 4 Ak S SRR R

Pb 0.13%40.01c 0.1740.01a 0.1540.01b 0.1940.03
As 0.05%0.01b 0.0640.01a 0.0440.01b 0.06240.014
Cd 29.5540.13b 33.7341. 22a 29.2840.17b 35+6

Cr 1.51£0. 04b 1.754+0.02a 1.440.03c 1.840.3
Cu 2.45+0.05b 2.65+0.01a 2.38+0.03c 2.74+0.2
Zn 23.54740. 42b 25.8840. 81a 22.8340. 16b 2642

Se 0.14+0.02b 0.2240.01a 0.1540.01b 0.240.03
Fe 93.1540. 73b 96.9940. 4a 93.8941.53b 98+10

Ca 0.6740.01b 0.740.01a 0.6540.01c 0.7+0.02
Ni 0.85%40.02b 0.9340.01a 0.8740.03b 0.9340.1

T« AT A [R5 A 7R 45 4k B A B AT 2 35 1k 22 53 (P<C0. 05) , T Al
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ORISR e NS g e e N SRS iy R |
FARUE QHIE RS Y 2B T OB I i R e I3 4. [/l
SKARERI B AG R WL 5. R 5 TR R4S L BR A
JLERSN Y L IHMAS R SR Y 2 38 )y 3 Ak B ) H.
A E 25 (P<<0.05), JF HAJF 1 IR 45 R &
ARG EE MR 2 S5HE)F 3 M R LR35
Pezedw . B 1 BAERE 45 min, Y29 A | fiT 4L
718 el /D Ak A () R R U S B A i 45 SR 1
(B2 R 7 S 06 8 T R R T 1O RO i
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Table 4 Settings of different microwave digestion programs
WY L% /W JHEEE/min BEE/C PRERE]/min

1 1 600 5 120 5
BF1 2 1 600 5 160 10
3 1 600 5 195 15
1 1500 5 90 5
2 1500 5 120 10
Iy 2
3 1500 5 160 20
4 1500 5 195 10
1 1 600 5 120 5
¥ 3 2 1 600 5 150 10
3 1 600 5 190 20

x5 TREBEFHBREEMBOERIER
Table 5 Comparison of results of digestion of quality

control samples by different digestion procedures

/(mg - kg™")
LR ¥ 1 ¥ 2 ¥ 3 by i
Pb 0.17+0.0la 0.1240.01b  0.15+0.0la 0.19-0.03
As 0.06+0.0la 0.054+0.0lb  0.0440.01b 0.062-0.014

Cd  34.5640.2a 28.55%0.13c 29.384+0.04b 35E6

Cr 1.6540.02a 1.27+£0.07c 1. 3740. 05b 1.8+0.3
Cu 2.6240.02a 2.35+0.06b 2.4140.06b 2.7£0.2
Zn  24.8840.7a 22.8740.48b  22.57%0.42b 2642

Se 0.2140.0la 0.13%0.01c 0.1840.01b  0.240.03
Fe 96.32+0.17a 92.68+0.4c 94.5640.57b 98+10

Ca 0.68+0.02a 0.6240.02b 0.6240.01b  0.740.02
Ni  0.9240.0la 0.88%0.02b 0.8740.03b  0.9340.1
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Figure 2 Element recoveries under different

acid driving temperatures.
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Figure 3 Effects of different acid injection volumes on

recovery of 11 elements.
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1550,1 600.1 650 W, LA JLFP IR T 11 Foc &
(bR [ %L g e ) ICP-MS fe il o %, B sk
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FEheE, mIE A4 AR R EE 1550 W
B o ASCA Y 2 i v o R A [l S0 i v s 22 S
MR AR T B AR, 25 5 BOL AR ROR G [R] st
AL BT T PR 0 5 2 T FR A e L 2 5K T
B HL AR OUHE AT S BORE A [RDISCR I I HRX
e R K R Y L SR R BE 1 550 W AR
AR 3 BT I S R A AR T R
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Figure 4 Effects of ICP-MS power on U REFJRT 0.999, I KK BR DA 0. 002~0. 1 Iug/kg,
recovery of 11 elements. JikE &Rl 0. 006~0. 3 }lg/kgo
6 1LIMELETENLEUEFTR EAXEL(R).LOD & LOQ
Table 6 Linear equation, correlation coefficient (R*),LOD and LOQ of 11 heavy metal elements /(pg -+ kg™')
LR A M By R? LOD LOQ
Pb 0. 1~50 Y=0.01402x+0.0126 0.999 6 0.002 0. 006
As 0.1~50 Y=0.0051x+1.6037E—4 0.999 8 0.003 0. 009
Cd 0. 1~50 Y=0.0013x+3.5516E—5 0.999 8 0.01 0.03
Cu 0. 1~50 Y=0.05732x+0.0107 0.999 7 0.02 0. 06
Cr 0.1~50 Y=0.03282+0. 0014 0.999 7 0. 008 0. 024
Ni 0.1~50 Y=0.0140x+0.0131 1. 000 0 0. 06 0.18
Zn 0. 1~50 Y=0.0105712+0.031918 0.999 2 0. 05 0.15
Se 0. 1~50 Y=5.1809E—4x+4. 9869 0.999 6 0.01 0.03
Ca 10~5 000 Y=38.0049E—6x+7. 6084 0.999 5 0. 10 0. 30
K 10~5 000 Y=0.2600x+0.1229 0.999 8 0. 10 0. 30
Fe 10~5 000 Y=0.02952+0. 1133 0.999 7 0.08 0. 24
2.8.2 Iy al e oK % R SE PR S e A 2% A5 1 R XT B S A 2E A7 s 43

TE 25 AR SERE S oI AR L L = AR e
BT A VR 2 bR v I L PSP Ca K Fe L 5
TR I Ca K b ¥ 50,100,500 mg/kg.
Fe JCEAR AR H 10,20,100 mg/kg, HAth 8 Fl
4B ICEAR SR I N 1.2.10 mg/ kg, 16 5 M i b

Br A AR K 3647 6 W A2 S5y 354 ] i R A
KGR AR 7, MR T AL R ETE 34
RINK SFF By [ R AE 88.0% ~ 103% . RSD £
1.8% ~4. 6%, BLHTZ 7 kXt 11 Fh & @ e R A R A4f
(10 o T RIS 5
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Table 7 Recoveries and relative deviation of 11 metal elements in leek samples (n=26)

TR PRAESH AR/ (mg « kg™!) AN/ (mg - kg™ LM/ (mg « kg™ D e 3/ % RSD/%

1 1. 039 99.3 2.3

Pb 2 0. 046 2.048 101. 6 4.2
10 10. 039 99.9 3.5

1 1. 011 99. 6 1.8

As 2 0.015 2.011 99. 8 4.3
10 9.993 99. 8 2.6

1 1. 001 98. 8 3.7

Cd 2 0.013 2.002 99. 4 4.5
10 9.963 99.5 3.5

1 1. 245 97.0 2.6

Cu 2 0. 275 2.233 97.9 3.6
10 10. 243 99.7 4.6

1 1. 111 97.5 4.6

Ni 2 0. 136 2.102 98.3 3.5
10 10. 086 99.5 2.8

1 2.96 88.0 1.8

Zn 2 2.08 3.94 93.0 4.3
10 11. 94 98. 6 2.5

1 1. 011 99.5 3.6

Se 2 0.016 1. 986 98.5 2.8
10 10. 001 99. 8 2.9

1 1.121 98.0 4.6

Cr 2 0. 141 2.102 98.1 3.5
10 9. 816 96. 8 2.8

50 411.11 101. 8 3.1

Ca 100 360. 21 452. 21 92.0 3.6
500 843.11 96. 6 3.8

50 2 406. 23 101. 4 2.6

K 100 2 355.5 2 453.43 97.9 2.8
500 2 841.63 97.2 4.3

10 42.63 101. 6 2.1

Fe 20 32.47 53.01 102. 7 1.9
100 131. 49 99.3 2.6

3 &g

ARWFFEILAL T AT AL BT i ICP-MS A I 5 7%
FITAR 25 S T Bl e T At Pl R 43 55 88 1 1A D
T I A Al 3 vh 22 0T 2R TR I I ) O vk L B E
R AT [ B 90 A AR ity AR T AR . AR E
FMW] ATy 1 BAT AL BEAE I T SE 50 2 A e LT
figp ORI R 1 w55 S5 0 A5, ATl A2 SRR i 20T
FOPRH AR I G 1 oK AR A S b S R TR &
R PR L e R R
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