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Optimization of extraction conditions of lead and cadmium content in corn
by microwave digestion
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ABSTRACT: Objective To optimize the digestion conditions for the extraction of lead and cadmium in corn by
microwave digestion and to determine the content of lead and cadmium in graphite furnace atomic absorption.
Methods The ratio of nitric acid to hydrogen peroxide and the temperature, heating time and holding time in the
third stage of microwave digestion instrument were used as four factors to conduct microwave digestion on
experimental materials and standard samples of corn. Based on the evaluation index of recovery, the optimal
conditions for microwave digestion when determining the content of lead and cadmium in corn were determined by
orthogonal experiments. Results When processing corn samples, the optimal conditions for microwave digestion
were a ratio of nitric acid and hydrogen peroxide of 6: 2 (V:V), the temperature of the third stage of microwave
digestion was 200 °C, the heating time was 8 minutes, and the holding time was 12 min. After methodological
verification, the relative standard deviation of the optimized method was 1.05%—1.21%, and the recovery rate was
95.1%-96.8%. Conclusion This optimization method can save time and dissolve corn samples completely, and
improve the accuracy and precision of test results. It is suitable for the detection of lead and cadmium in large
quantities of corn samples.
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Table 1 Working conditions of detector

% § Pebemm  ATHBE/MA  WK/nm
MR (R g al, MEE By AR, BER A (i) .
RERRAL (IR RE) . 30%3: M 0 (5B 400 R 250 P 2 i 04 20 2833
FA RO F); BRI AR (1000 pg/mL, % i 04 20 2288
#2 GRPIEEH
Table 2 Working conditions of graphite furnace
B Tt V34 JEF 1k &k SRS
TR TEmeC WU WEFC MBS EEFC Mls GMERC WS 2 FHAR /UL
% 120 30 750 30 2010 3 2200 2 NH4H,PO4-Pd(NO3), 5
#h 105 20 650 25 1610 3 1800 2 NH4H,PO, 4
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Table 3 Ratio of nitric acid and hydrogen peroxide in microwave digestion

YIES
1 2 3 4 5 6 7 8
R 44 B
fil§ % /mL 3 3 4 4 5 5 6 6
i F A /mL 1 2 1 2 1 2 1 2
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AALER HE, AR EE RS N ZEKFE, L& S,
3.2 EXREHER
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TG Hh b 1 A A AR B A TR Y, xR
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Table 4 Influence of different dosage ratio of digestion reagent
on digestion effect

Jyze  HNOs e W0 fE AR TH i
/mL /mL it JEA ]
1 6 1 R =
2 6 2 R =
3 5 1 H =
4 5 2 R =
5 4 1 H =
6 4 2 B =
7 3 1 Eiga! 4
8 3 2 H 3

33 FAMNE
33.1 HEBZFAMXZ

R 2, R 3 BEEMEAMET, FIAH. WA
WE A TN E, FRASPRER LR . [FIB LRI 11 ¥t
AW, 5B HER, KB BRR 3 AR A R IR
ZEX N IR MRS . PR . MR R B, KPR 2L Ze ik
I [ L3R 8
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Table S Factors of orthogonal experiment for optimization of microwave digestion conditions

K A L (HNO;: Hy0,, V:V) B i /°C C FHE s} [E] /min D {45} [A]/min
1 6:1 180 4 8
2 6:2 190 6 10
3 5:2 200 8 12
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Table 6 Orthogonal test results - determination of lead in corn by microwave digestion

e AR 5 L (HNOs: Hy0,, V:V) B i/ °C C FHELA 8] /min D R4 (8] /min ISR/ %
1 1 1 1 1 80
2 1 2 2 2 79
3 1 3 3 3 90
4 2 1 2 3 86
5 2 2 3 1 92
6 2 3 1 2 89
7 3 1 3 2 80
8 3 1 3 91
9 3 3 2 1 89

K, 249 246 260 261
K 267 262 254 248
Ks 260 268 262 267
R 18 22 8 19
®7 EXREER-BUEBZENERDHE
Table 7 Orthogonal test results — determination of cadmium in maize by microwave digestion

s A AR L (HNOs: Hy0, V2V) BiiiE/°C C JH i ] /min D fiF¢ 1) /min 1/ %
1 1 1 1 1 75
2 1 2 2 2 79
3 1 3 3 3 91
4 2 1 2 3 83
5 2 2 3 1 91
6 2 3 1 2 89
7 3 1 3 2 77
8 3 2 1 3 90
9 3 3 2 1 94

K, 245 235 254 260
K> 263 260 256 245
K; 261 274 259 264
R 18 39 5 19
#8 HMXR
Table 8 Linear relationship
JLE [8] )54 75 F¢ C/(ng/mL), A/Abs AR ZRE i Hi B /(ng/kg) 2 PV FEl/(ng/mL)
Pb C=210.4576A-3.2617 0.99792 0.053 0~40
Cd C=28.1598A-0.01204 0.99807 0.010 0~10
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4.3 pg/kg, W AT K R A V0 {25 E A v 3R
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Table 9 Precision test(n=6)
JLR i RN 4 43 % i/ (mg/kg) F-HIME/(mg/kg) ARX R G 22 /%
it 0.448 0.451 0.453 0.449 0.455 0.461 0.453 1.05
R 0.228 0.229 0.233 0.230 0.226 0.233 0.230 1.21
F10 R (n=6)
Table 10 Recovery test(n=6)
TR AR AE/(mg/kg) bRt /(mg/kg) SPHIE A/ (mg/kg) R % AHX R v B 22 /%
[ 0.453 0.4 0.819 96.0 1.58
0.6 1.001 95.1 1.76
0.8 1.207 96.3 1.69
i 0.230 0.2 0.413 96.0 1.93
0.3 0.513 96.8 1.43
0.4 0.606 96.2 1.61
x& 1 EHERIE(N=6)
Table 11 Accuracy test (N=6)

JLR it R 4 4 FEME ARR RG22 /% PR
H5/(mg/kg) 0.072 0.074 0.071 0.074 0.069 0.075 0.073 2.63 0.070+0.020
l(ng/kg) 4.5 4.1 4.4 4.2 4.5 4.3 43 3.22 4.1+1.6
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