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Simultaneous determination of 9 elements in the Xiaohe cabbage by in-

ductively coupled plasma mass spectrometry with microwave digestion
Zhou Xinfeng', Sun Yu’an’, Yu Wenhao®, Wang Wei’, Zhao Jianfeng

(1. Hebi City Market Supervision Comprehensive Administrative Law Enforcement Brigade, Hebi 458030, Henan, China; 2. College of
Materials and Chemical Engineering, Zhengzhou University of Light Industry, Zhengzhou 450000, Henan, China; 3. Xunxian County Ag-
ricultural and Rural Development Service Center, Xunxian 456250, Henan, China, 4. Hebi Product Quality Inspection and Testing Cen-
ter, Hebi 458030, Henan, China)

Abstract: To ensure the circulation and safety supervision of Xunxian Xiaohe cabbage, it is necessary to establish a rapid
and accurate method for determining the content of multiple elements in Junxian Xiaohe cabbage. This study used micro-
wave digestion as the sample dissolution method, and by investigating factors such as sample mass, digestion reagent
types and volume, digestion power, and standard elements, it employs inductively coupled plasma mass spectrometry to
determine the content of 9 elements [selenium(Se), calcium(Ca), magnesium(Mg), nickel (Ni), copper (Cu), iron(Fe),
aluminum(AD), zinc(Zn), and manganese(Mn)] in the cabbage. The results showed that sample mass, nitric acid volume,
hydrogen peroxidevolume, perchloric acid volume, and digestion power are 0.5 g, 6.0 mL, 1.0 mL, 1.0 mL, and 1500 W,
respectively; the internal standard elements were Sc(45), Ge(72), Rh(103), and In(115), respectively; the correlation
coefficients of the standard curves were=0.999 8, the limit of detection was 0.02-0.09 mg-kg"; the method was used to de-
termine the content of Se, Ca, Mg, Ni, Cu, Fe, Al, Zn, Mn elements in the standard material of Chinese cabbage
(GBW10014a), and the determination values of 9 elements were within the range of the recommended value of the stan-
dard material, and the relative deviations were between 1.0% and 8.3%. In the added standard material of 9 elements at 3

levels the addition recovery rates of each element between 94.3% and 101.5%, and the relative standard deviation of the
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recovery rates were between 0.32% and 3.33%, which complied with the provisions of GB/T 27404—2026. In summary,

the simultaneous determination of the content of 9 elements in Xiaohe cabbage using microwave digestion-inductively

coupled plasma mass spectrometry could meet the needs for simultaneous, rapid and accurate multi-element determina-

tion, which provided strong methodological support and data reference for the monitoring of nutritional elements in Xiao-

he Chinese cabbage in Xunxian.

Key words: Xiaohe cabbage; Microwave digestion; ICP-MS; Element content
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F .
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WAHRARDKEER | BIRLHH M. FHFEER,
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50.00 mL A&, HEB T /KEEZRZIE. HE
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Table 1 Microwave digestion program

N E2 il ST
R Hoating | Hoding
Procedure Power/W  Temperature/°C . g . g

time/min time/min

1 1500 120 5 5
2 1500 150 5 10
3 1500 190 5 20
1.5 RE/NA ARSI INE B 3R R X EE

V2K

53 S BE AL B 4 Ffrg EL/NAT SRR i 5 /N
AN R M SRR S 4% BRAR G 7 VI AR R 9 A
1.6 FRAERRRARE REH

ICP-MS 38 ik il & £ I 6 2 1) 2 9 b T
AR IE S S T RIRE 2 MR,
SRJE N R AIFE S (1 G R AT W .

PRIV = I 5% il B VA T 43 9 R 1 VR B2 s i
@) 4 0.0.10. 0.50. 1.00. 2.00. 5.00. 10.00+ 20.00.
40.00.50.00 pg- L' ) Se Mg+ Ni.Cu- Al #5 #E %
W 5 0.5.00.10.0050.00.100.00200.00 500.00
1 000.00 ug-L" ) Ca-Fe.Zn.Mn R AR HER R .

P bR ¥ TR 09 BC ]+ BL Sc (45) L Ge (72) W Rh
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Table 2 Effects of sample mass on the test results
REE g N . .

gy D PR e WL it

No. P Standard value/(mg-kg™") Test result/(mg-kg") Conclusion

mass/g phenomena

1 0.3 SEA R Se(0.05£0.02) . Ca(0.55+0.02) $e(0.02).Ca(0.36) \Mg(0.15) WXL G T hruifE
Completely Mg(0.22+0.01) \Ni(0.50+0.20) Ni€0.23).Cu(1.8)Fe(27.1). Test results below standard value
dissolved Cu(3.1+0.2) \Fe(56.0+5.0) AL(0.009)-Zn(8.2) Mn(13.3)

R Al1(0.018+0.004) . Zn(12.3£1.1)\ o o

2 0.4 TEAV Mn(21.041.0) Se(0.03).Ca(0.47)\Mg(0.14)  JHRETFAR T hrifl
Completely Ni(0.36).Cu(2.7).Fe(45.2). Test results below standard value
dissolved A(0.012).Zn(10.9) \Mn(15.7)

3 0.5 SEATIE R Se(0.05).Ca(0.54) Mg(0.21).  JiR4s B 5havEE s &
Completely Ni€0.52).Cu(3.2).Fe(57.4). Test results matched the
dissolved AI(0.019).Zn(12.6)Mn(21.2)  Standard value

4 0.6 BRA A Se(0.04).Ca(0.50).Mg(0.19),  PHRZ R TAuE(E
Incomplete Ni€0.39).Cu(2.2) .Fe(45.7). Test results below standard value
dissolution

Al1€0.020).Zn(11.4) \Mn(19.9)

fH. FIRIEFFEETEHN 0.5 g.
2.3 ERRIT

L EBRHE NS mL i, s RS
GBW10014a [5] [ 32 b 4 o7 b5 4B A Z 50K, Ji
DR ] A e U b, i A B A v i = 1 9
R TR A 50 A R Y, 7E 0 AR = AR, 38
SE PR E RO, T AR 2N 1.001.5.2.0 mL i,
AT AC B2 o & RV AR R A o Al !, PR AR I T
PN, GBW10014a [7 (2 hr #EYD 5 9 Rt K 1)
W 5E A IAERRAEAE YO N o A BF 90 3R B e 1R 0 72
Hh s EUR 1 AN B R, 5 T KA £ 3 At )
IR 2%, M H 2 5 80U B FE B K 5 ) e R A
K, B DA ey SRR 1 3& B A &= 58N 1.0 mL

B 3 ml 4N, it S A A H 2 <1.0 mL i, 3%
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FRAR 2% 52 (O R VE L, A TR RS T2 A, I A
PURTFRdEE s o AL A E=1.0 mL I, 5 g
RETE,FEEMR A, WG RS bR —
2, e 2T 2 A8 T 208 BOR 9 KO
fife Bf 1) 3, (A I 22 ) ol AR e T AR S
W, AR FRE M. R, T e EE R
N 1.0mL. 25 Far, il R ie g H AL A m
PR f A3 FH &4 3N 6.0.1.0.1.0 mL.
24 HEEINE

HHEE 4 ATEN, VR TIZE08 1200.1300.1400 W
B A VA i 35 S B R VR OIR, , 1 IV RS 8 4
M RTER N 1500.1600 W I, K SA iR 5 5 N 5
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Table 3 Effects of hydrogen peroxide volume on test results
o - b E (B — .
e e % e it
Volume/mL Trial phenomena B Test result/(mg-kg") Conclusion
(mg-kg"
0.0 O REVEDR , IR IR e 4 Se(0.05£0.02).  Se(0.02).Ca(0.27) Mg(0.14) TR ZE HAL T FrufEfl
Yellow and slightly turbid, Ca(0.55+0.02)« Ni(0.23).Cu(1.5).Fe(19.8).  Test results below standard
incomplete dissolution Mg(0.22i0.01 IR ALC0.006)-Zn(9.3) Mn(11.1) value
o Ni(0.50+0.20) ‘ o
0.5 A, T R e 4 Cu(3.1202). Se(0.03).Ca(0.46) \Mg(0.17)« AL AL T hrvft A
Yellow and slightly turbid, Fe(56.045.0) - Ni(0.40).Cu(2.5) .Fe(46.6). Test results below standard
incomplete dissolution ALC0.018£0.004).  AI(0.014).Zn(11.2)Mn(16.D) 3%
1.0 OB, R Zn12.3+1.Ds g000.05).Ca0.55) . Mg(0.23) JRL: B SHRHEMLRE &
Yellow clear, completely dissolved Mn(21.0+1.0) Ni(0.52).Cu(3.1)-Fe(58.0) Test results matched the stan-
ALC0.021)-Zn(12.8) Mn(21.5) dard value
15 FOVTE A Se(0.05).Ca(0.56) Mg(0.22) k4 B SFRMEE A&
Yellow clear, completely dissolved Ni(0.51).Cu(3.2).Fe(56.8).  Test results matched the stan-
A1€0.020).Zn(12.5) Mn(213) dard value
R4 HBRDHES IR REYFZID
Table 4 Effects of digestion power on test results
Ih# Power/W 1200 1300 1400 1500 1600
[R5l R B VR PRI PN
Experimental phenomena Yellow and turbid Yellow and turbid Yellow and turbid Yellow and clear  Yellow and clear

T EN 1500 W,
2.5 #OfERZ IR

KA H RN 0.02~0.09 mg-kg'.
2.6 F3EIERARE FEEEFNINFREIMORNIE

HI2 5 W], 9 Al s 2R i 2k K AH ¢ & 5L HIZZ 6 TR, A J7 0015 % o 3 & R B X
$=0.999 8, f£ 7% HIR LV [l A B AT RIFMIERPE SOARHEY) bR AR HE 27 Y BBl A, AR o v i 22 220 2

RS IMITRMWKRETEE EMHE HXRBEHR

Table 5 Linear concentration ranges, linear equations, correlation coefficients, detection limit of 9 elements

TR W] kT R R o R
Element Concentration range/(pg L") Linear equations Correlation coefficient Detection limit /(mg-kg")
Se 0.1~50 y=1 646.554 761x+155.462 036 0.999 9 0.04
Ca 5~1000 y=10777.654 20x+3 149.199 051 0.999 8 0.09
Mg 0.1~50 =9 954.693 249x+570.852 493 0.999 9 0.02
Ni 0.1~50 y=2061.777 816x-2.468 910 0.999 9 0.03
Cu 0.1~50 y=7082.778 285x+111.130 334 0.999 9 0.03
Fe 5~1000 =3 353.606 369x+998.762 813 0.999 9 0.07
Al 0.1~50 =2 861.416 372x+51.934 220 0.999 8 0.02
Zn 5~1000 »=3900.923 783x+73.158 588 0.999 9 0.04
Mn 5~1000 =2 012.460 290x+83.471 031 0.999 9 0.03

9% LA A, | 52 45 SRR T &E .

FHER 7 WA, 9 Fhon &R BIINAREIW RN 94.3%~
101.5% » Jin A (51 05 26 1 A XS A 78 0 22 8 0.32%~
3.33%, B4 GB/T 27404 —2026" 1)1 5E .

27 BRENMTAXERSMNIIMERAFRIMITE
BEXLS

K F ARG T7 15 06018 B /IN] SR il 5 /NI

HME S 9 Mot R S EMATINE , 4 R K 8. K

O 7% /NI S I B B T 3 R E
I 51 S L 143 A R L A
B R K BT SR G 08
i
3 WieE4hR

AT 1R A RO RE R 0.5 g,
RS < R L L 6 SR A FE I 450

- 189 -



X ISR 5T

th K3 #5394
%6 [EIAX GBWI10014a 9 it EMELR
Table 6 Results of 9 elements of cabbage GBW10014a(n=6)
JLR brUEME MR E FEE AR b v Ml 22
Element Standard value/(mg-kg') Measured value/(mg-kg') Average value/(mg-kg') RSD/%
Se 0.050+0.020 0.048 0.046 0.045 0.047 0.048 0.046 0.047 2.6
Ca 0.55+0.02 0.56 0.57 0.55 0.56 0.54 0.56 0.56 1.9
Mg 0.22+0.01 0.23 0.24 0.22 0.23 0.22 0.22 0.23 3.6
Ni 0.50+0.20 0.48 0.47 0.46 0.47 0.49 0.48 0.48 2.2
Cu 3.1+0.2 2.9 3.1 3.0 3.2 2.9 3.0 3.0 3.9
Fe 56.0+5.0 58.3 57.1 56.9 56.7 56.5 54.9 56.7 1.9
Al 0.018+0.004 0.015 0.016 0.017 0.019 0.017 0.018 0.017 8.3
Zn 12.3+1.1 11.6 12.3 11.9 11.8 12.5 12.8 12.2 3.8
Mn 21.0+1.0 21.4 21.2 20.8 20.9 21.1 21.2 21.1 1.0
RT MFEWERSHEEEER
Table 7 Spiked recovery and precision results(n=3)
TLER w/(mg-kg") ﬂﬂﬁ% } anijefs{fl‘red value/ ﬂﬂﬁlﬁll&%ﬁ FHME AFRS bR e R 22
Element Spike amount/(mg-kg™) (mg-ke") Spike recovery/%  Average value/%  RSD/%
Se 0.047 1 1.036 98.9 99.5 0.55
2 2.043 99.8
10 10.035 99.9
Ca 0.56 1 1.55 99.0 99.8 0.75
2 2.57 100.5
10 10.54 99.8
Mg 0.23 1 1.21 98.0 98.6 1.46
2 2.18 97.5
10 10.25 100.2
Ni 0.48 1 1.47 99.0 100.2 1.25
2 2.51 101.5
10 10.50 100.2
Cu 3.00 1 3.96 96.0 97.9 1.72
2 4.97 98.5
10 12.92 99.2
Fe 56.70 10 66.69 99.9 99.5 0.35
20 76.54 99.2
100 156.20 99.5
Al 0.017 1 1.016 99.9 99.8 0.32
2 2.004 99.4
10 10.015 100.0
Zn 12.20 10 22.17 99.7 98.0 2.24
20 31.30 95.5
100 110.90 98.7
Mn 21.10 10 30.53 94.3 98.1 3.33
20 41.08 99.9
100 121.14 100.0

6.0.1.0.1.0 mL, S AR D2 1500 W, W FRTGER
N Sc(45) . Ge(72) \Rh(103) . In(115) , i@ i Al 1l &
FUBRUEE T ST T bR H 28, SRAS bR UHERE 9 B
TG 2R 1)) 52 350 0 A v R4 250 BBl PN 5 AR 5 o o4
ZEYITE 9% LAV, I &5 R ff o] 5, InAm Rl ey
94.3%~101.5% , /i & [81 W5 26 (1) 48 55 A HE i 22 N
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0.32%~3.33%, %175 & GB/T 27404—2026" {1 FH 7€ ;
A B H PR 23 B8 0.09.0.02 mg kg, Bk
B R PR 2951 0.07.0.02.0.04 mg - kg™, Hi kG HY
P9 0.03 mg - kg, 11 ¥R Al 7 45 FH Ak 8t 3 e - P SRR
BB TR BB RN 2 FhgE S 25 Mot R & R E
FE LA ARG IR N 0.20 mg - kg, Bk VER VEERG HY
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Table 8 The content of 9 elements in 4 samples of xiaohe

cabbage (mg-kg"
JLR R 1 R 2 B 3 Bl 4
Element Sample 1 Sample 2 Sample 3 Sample 4
Se 0.076 0.074 0.068 0.072
Ca 36.80 36.41 36.16 36.12
Mg 0.19 0.18 0.17 0.20
Ni 1.82 1.69 1.84 1.75
Cu 2.1 2.0 22 2.1
Fe 30.2 29.9 31.5 32.1
Al 0.73 0.58 0.74 0.62
Zn 28.6 27.8 26.5 244
Mn 1.2 1.1 1.3 1.0
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Table 9 The content of 9 elements in 4 samples of

cabbage around xiaohe (mg-kg")
JLR FEh 1 B 2 R 3 bt 4
Element Sample 1 Sample 2 Sample 3 Sample 4
Se 0.031 0.028 0.019 0.041
Ca 22.35 25.30 30.49 24.88
Mg 0.17 0.16 0.18 0.21
Ni 1.76 1.65 1.77 1.82
Cu 2.0 23 1.9 1.7
Fe 19.5 21.6 18.7 19.4
Al 0.53 0.69 0.76 0.50
Zn 21.8 22.1 20.2 19.8
Mn 1.0 1.2 0.9 1.1

FR479 0.10 mg-kg', AHF T rf bl 5 Moo g A R )
AR T BRI ORI AL, ER H R AR 7 R
o058 ok gy TR 5 AN 9 T TR R o 5 AR VR R T
R R 0.03 mg- kg™, BRI 5E FERAG HY
FR4 0.01 mg - kg B& A i 1=, A B8 A2 A 77 V20 o 4
PRV B R, AR A AR B MR 22 . EAh,
T 356 AN ] A i 1R X B a3 BT S R B /NI 2R
5 GGk A G 2 E /NI A R b AR A Y 3
s WM B SR AR S E RN E. MR T2
K 55 M 5 5% 3 v 22 P T 2R BRI T TR AR AR T
TR P B2 4 K Y e TRD e K 7 O AR
i TP TR PR I 58 L AT VD TR A A
B, WA T A, RN S T I, HOER
o K R

o B N O VAN = YA NI N & B 2 AT
FRS DN A T A PR 5 5 B IR T 12, 1T T
I /INRT SR 9 Pt s & &, 9 Floc bkl 2k

(A G 2 5032=0.999 8, £ iR 0.02~0.09 mg kg
Re W 2 2 P oo R (RIS L PR AERf A I LR, m] Ry
BB /N A SR S SR IR R I L
EMHIES% .
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