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Determination of nickel in soy milk powder by ultra-wave

digestion-inductively coupled plasma mass spectrometry
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Abstract: Objective: This study aimed to provides technical sup-
port for the risk prevention and control of nickel contamination in
market soy milk powder. Methods: With concentrated nitric acid
as digestion solution, the ultra-wave digestion was utilized for
preprocessing, and then the ICP-MS, with Rhodium as internal

standard to eliminate matrix interference and in the KED mode,
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was used to determine the content of nickel in soybean milk pow-
der. Moreover, the conditions for ultra-wave digestion and ICP-
MS were also optimized. Results: The linear relationship of the
standard curves was located within the mass concentration of 0~
10 pg/L, with correlation coefficient of 0. 999 9, and the
detection limit was 0.002 mg/kg. The recovery percent ranged
form 94.5% to 100.6 % and the relative standard deviation (RSD)
was 1.8% ~2.3%. The proposed method was validated on the quality
control sample of soy milk powder (ZKQC5210) and the
determination result was in the certification scope. Conclusion: The
proposed method was correct and reliable, so it was suitable for the
determination of the nickel content in soybean milk powder.

Keywords: soybean milk powder; nickel; ultra-wave digestion;

inductively coupled plasma mass spectrometry
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Table 1 Heating program of ultra-wave digestion
TJHEA B FHREE/min fREFIE/min - J{E/T HR/W
1 8 / 120 1500
2 8 10 160 1500
3 15 30 210 1500
1.2.2 mjabREA e

(1) T 7 6 e 8 < 40 BT HL 3 T 26 T A T 30 i L 1k
T ffp R MR T R S T AR 45 0 R UG R T AL
L v

(2) TR T it 2 O0 AL - 5 i 7B RO T A v 2
TR R A BT R 5 A e, H 2% 1,21
B b T A B 53 ) % R A T i IR BE 5 0 A B TR) AT SR
(R 236 3 o 5 TR 283 50 A S T A ROCR S A A R
S HRP VAR P LA S0y v B B 4 A 10 i S
S {H 5 b3 v E (B L AED o PE A 8 A 8 o = 2R oK
- 114 TE A2 130 G A 8 5 BB T e A
1.2.3  ARUERE WYL K]

(1) BRUAR o A7 T 9 8 W I 1 mL LA M i 75 0
W, 5% Tl BR W R 2 R 2 100 mL, 0 B E R E W
1 mL, H 5% 7§ B2 B B 42 45 & 100 mlL, 79 2 it 7/ ¥k ¥ o
100 g/ L HYERAR A T

(2) B AR R« 43 1) s TR A o i T 9 ¥ 0..00,
2.00,4.00,6.00,8.00,10.00 mL F 100 mL % & i # .
SYHIRE R Z 2138 R E R 0.0,2.0,4.0,6.0,
8.0,10.0 pg/L MR ME TR .

(3) TRA ARSI A I 1 mI 250 K P AR Ak
FEVT T S ORI ER T R B 45 2 100 mL, 75 3 By s vk & Oy
1 pg/mL (3R G PR 8 TR
1.2.4  ICP-MS LARZME 50 o i 980 9 1103 A R
TEORE F0 0 B AR R B i HERZE oAk B AR AL A AL
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FAE L EERMER 2 R .
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Table 2 Optimized working conditions of ICP-MS

S8 CERA BE 24 SR A B E (H
EIE RIS w 1550 kA L/ A %
S L/min 15 SR A /A B/ S
WA L/min 1.01 FKAEREE mm 10.0
M L/min 0 FRERE B 1
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B V25 T BRI R 28 4 IR ORI M 43 i o PR UL T R R TR
T A% FP 3 R VA 0 R 1R O A T BR . KR IE 32 3 0 TR
PR Lig (4°) IEZE 3 4% = H R WK P L HHR I (W3 3,
[l — P e 2 1 T 38 i 3 W & IR 5, BUH: 7 ¥ (AR o I
JEAER L EACR IR A Rk 4 R,

HT R 4 AL T A TR ST A L R X i e 2 2R Y R
IR N 7 R W E N N A U R ok R A TR P N
K MBI T R I AR A A AuB Gy I TR
3mL 5 4 mL Y & fHAHZZ3E 5 /D, [5G 0055 42 01 ff 4%
P AsB, Gy M T 20 A #F AT IR 5256, WA 3 IR ik
STEGSF- 35 ] 0l # O 98. 5%, 1% 45 R A B AR T A& 1
AB,C R R 98.6 % HER B D, & %4
PSR AR, B I B A B, Gy s AR I MR A5 1
RO g A 3 mL, @RI BE 210 °C L JH f# I [H] 30 min,
2.2 ICP-MS F# 54k
2,21 FUE T T OB A & 4 I A
RS TRE LR E. G FE RS RESE TH.
WL B T4 AL B T B R T . R A
R i Ry 58.69, HoA 5 AR Y A 7 3 BN
SONi L N2 NI NI, H 4 68.1%,26.2% ,
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Table 3 Factors and levels of orthogonal design for

ultra-wave digestion

K A BRAIFE/mL

B @R /°C C W @I ] /min

1 1.0 200 20
2 2.0 210 25
3 3.0 220 30
4 4.0 230 35

1.1%6.3.620.0.9 % . AT LA & BU™ Ni HoA7 2 35 19 3= B A 4
B e B e L R BT R B S R F™ Fe," Ca " O
SF TR 0 N NG 5 N A R/ ] £ 5 B A
60 fil FHT /N AT SO 5 B DY AT o ik ok 9 4 9 R A B A
B E T . WS 7E ICP-MS ) KED £ 2T # J filf i /
R B A BR 25 22 J5t 5 2 5 19 7 P JE AR Jit B A R
{8/ R P SRS O BRI 2 B T R E 2R
T L K R R AR 22 T 88 73l B 3 T O 224 A A L T
7 G B8 7 8 0t 1 AT S BT L 9 B
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Table 4 Scheme and results of orthogonal design for

ultra-wave digestion

KBTS A B C BIR/ %
1 1 1 1 91.2
2 1 2 2 93.8
3 1 3 3 95.4
1 1 1 4 95.7
5 2 1 2 93.1
6 2 2 1 94.2
7 2 3 1 96.5
8 2 3 96.4
9 3 1 3 96.1

10 3 2 4 98.4
11 3 3 1 94.5
12 3 4 2 95.4
13 4 1 4 93.9
14 4 2 3 98.6
15 4 3 2 96.7
16 4 4 1 95.3
""" ki 9402 9358 9380
k 95.05 96.25 94.75
k3 96.10 95.78 96.62
ky 96.12 95.70 96.12
R 2.10 2.67 2.82
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eI SR TR ESEE. FER ARESAT
P/, PSR BV 3 RO R A RBENAR T E . FEK
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W11 POF T FEAR MR 25 5 3 A% 4 U R 25 97 X 07 199 o &k ¥R
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0.02 mg/kg, F X T RGEE .
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Figure 1 Recovery percent comparison of optional
internal standard elements
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Figure 2 Linear equation and correlation coefficient

of Nickel
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MR 3 AN IR B KO 19 48 50 R bR ok T I B B KT
86 AFAT . SR ICP-MS $EAT8R 0900 % , IF 3+ 3N Ar [l
WO FURE % B 5 R 3k 5 o . ICP-MS J7 i (1 m 47 [
ey 94.5 %6 ~100.6 6 o A X 1 i 22 (RSD) 2y 1.8 06 ~
2.3 o IR0 J5 125 9 BT AC 3R 5 0 5 BE 9 A5 & GB/T 27404—
2008 52 By 5 Jo 0 445 1l AL £ i BEALAG I DR
2.3.3  MERGE O — L IAE T B RHER Y R S
AR BT A (ZKQC5210) . e BE 55 5 5 83 4 & 4 [R) 7 4%
PEAT I A AN L 3 0 5 R AR DL BT R R D
(2.23 mg/k) TEMP ETLHI[(2.24+0.40) mg/kg]Z N, %
B HL o A
24 TEEVHFTRSERNER

SR FH N7 1) 8 RO T A v R B A S A
A8 T B LR AR AT AR T I L AR R 6.
Hidi R 8 4y TR S R R ER 2 A L N R TS R
TE 2.72~5.23 mg/kg, ¥ K 3.79 mg/kg, & T B Hi KH
3B e R R 0 R b R R Y T
0.1 mg/kg 764710, 38 A8 45 2 % 3% v G s 1 B 2
524 0.14 mg/ kg™, 4425355 ik T Hh G 1 9 ik e R
2.24 mg/LPY R T HFURE K B4R LA BRI 0 B AR
PEPH L LR A PR T s Y. R GB 2762—2017¢
iR EKARME B T e B ) P A6 il i B
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763 H B O U0 (LI A A B 2 5 R EE
5 sk
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20 5 TR R BRSO IR LT R B HE I &R0~

RS MIREKESHERE

Table 5 Recovery percent of standard addition and

precision (n=26)

JnAR 7K/ SEHM e/ P R/
RSD/ %
(mg « kg™ 1) (mg « kg™ 1) %
2.0 5.06 94.5 2.1
4.0 7.12 98.8 2.3
8.0 11.22 100.6 1.8

®6 TEINHPEIERVER

Table 6 Measured results of Nickel in market soy

milk powder mg/kg
i W 25 1 i 7 45 5
R 1 2.72 FESH 6 3.19
B 2 3.84 KEdh 7 5.16
KR 3 5.23 FESD 8 3.08
B 4 208 || vm@E 379
Kb 5 4.13
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10 pg/L W 00 & Mk 250 B R C R R AT AR ECH
0.999 9,4 B Ky 0.002 mg/kg, il i 1l i 3y 94.5 %6 ~
100.6 %  AHXT AR MER 22 1.8 % ~2.3 % 5 3% 7 1 0 T 4%
A3 R BR B A RE (ZKQC5210) AT B P 8 31E » 45 SR A2 E 45
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