H54 % A1 R K240 CHRB2E D Vol.54 No.1
2024 4F 1 H Journal of Henan University (Natural Science) Jan. 2024

=% 43 A 4
HREESEEFAREENESLERmP 7TMHITE
e
Ba L, E R, ES— L ERE L RES L RER LS B A
(AT H R k¥ EHFRE AN 450002; 2 FRHRMARAF T EH 8 461100;
3N TR T 4 L, BN 450007)

& OE . T R U R I A 2 O A T R S A T R T B B AR T R T O
B R G L EAE R 2E W A R EY VR VA CBERIBR SR 7 R il H A s T R L R R OBL AR K T SRR S 9RO Ak
ARSI HT Z P B LT A JER AR S 5 BT R ] KED B, 4 sk F STD X, LA off iy 46 12 80 47 00 e . 25 21
SR ER VHY VR VEE AR AR RIA PR B vy =1.49X 1072 +0,y=3.06 X102 +0.y=1.026 7X 10"«
+0,y=1.029X10°x+0,y=1.088X10° 2 +0.y=2.67 X102 40 Fl y=3.4X 10" =+ 0; i .48 . &% . 4 A1 4 19 e ¥
WHYH 0.10~800.0 pg « L1 FEMZETEE S 5.00~300.0 pg « L' BRAYL MG B 4 5.00~800.0 pg « L', 4H
XA BINFE0.999 4~0.999 622 J] s K i FRTE 6.8 X107 °~2.6 X 10 *mg + kg ' 2 [a] ; H % b5 M 22 (n = 6) 7£0.26 %
~13.1% Z I8 ; [ECRTE 89.2 % ~107 Y6 Z 18].3% J7 1% 1 2 [ i X6 22 2 R4 0 2F AR 48 2 7™ P i L3 B VR AR LR RN
BREF T BT R MRS I

KB BEBRA SRR e AR MERESBITR

FESES: 0657.31 XEFRER: A XEHS: 1003—4978(2024)01—0088—06
DOI:10.15991/j.cnki.411100.2024.01.009

Determination of Seven Elements in Cereal Products by ICP-MS
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Abstract: To establish an accurate and rapid determination method of trace heavy metal elements in cereal products,
seven trace heavy metal elements (As, Cd, Pb, Mn, Cu, Zn, Fe) in cereal products, such as quinoa and mung bean
sporouts, were determined by inductively coupled plasma mass spectrometry (ICP-MS).The samples were digested
with nitric acid and hydrogen peroxide and the instrument analysis conditions were optimized. As. Mn, Cu, Zn, and
Fe were determined by KED mode, while Pb and Cd were determined by STD mode. These seven elements were
determined by the standard curve method. As shown by the results, the linear regression equations for As, Cd, Pb,
Mn, Cu, Zn, and Fe were y=1.49X10*2+0, y=3.06 X10*2x+0, y=1.026 7X10*2+0, y=1.029X10°x+0,
y=1.088X10°x+0, y=2.67X10°2+0, y=3.4X10"x+0, respectively; the linear range of As, Cd, Pb, Mn,
and Cu was 0.10 to 800.0 pg « L', that of Zn was 5.00 to 300.0 pg * L', and that of Fe was 5.00 to 800.0
pg * L7 the correlation coefficients were between 0.999 4 and 0.999 6; the detection limits (35/£) varied from 6.8
X107% 10 2.6 X10 *mg » kg '; RSDs (n=6) ranged from 0.26% to 13.1% and the recoveries of samples were
89.2% ~107%. This method is suitable for the accurate and rapid determination of As, Cd, Pb, Mn, Cu, Zn, and
Fe in cereal products such as quinoa and mung bean spronts.
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SRR A5 B TR BT B (ICP-MS) 8 2 Fh 7 g1 U H it ICP-MS i85 Ho At 77 Bk AH L, B A R 13 98 L A6
HBRAR AN AT 2 R W3 A SF 0 a0 ICP-MS 3 E R 2K - i b ZROC R S e AR 2 HE
FH ICP-MS i [] I 0 5 2 22 15 ¢ 2 20 S A5 2 7 i rh Bl LB Y VA B AR S 7 b T R Y A i Ok DL ATE .
7 3 A R 4 BURK T8 Al AR DT TCP-MS ik [R) I E B8 22 V2R 28 (AR T VR AL EL /K 3 IR T A 4y
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1 #R57FE

1.1 & MR 5

NexION 1000 HLJEFE G 55 2 A BT 1% X (35 F PerkinElmer 236D,

19 FhOC R IR A bR A W CE 50 04 8 R A DUl o) AR CBR LR BT BT B LB R LR
BVEH BN ER BT VBRI EEFNERYY O 100 pg e mL .

Tt A BT R R EERT R Y BT RARMEVS W (R F A 64 8 K R A I ) 4528 1000
pg e mlL .
TBA NI (L E AccuStandard 22 F)D : 8142 VECFEE Y 100 pg « mL7™.

JT i 81 W (36 [E PerkinElmer 20 8] 8 il 26 HH VER BE AR AIAHIS N 1 pg o LT

WA R (AT 20 i B AL A (DL 4D » R (=99.995 %0 » Bl oK (RERG )

A r R B2 IS AR ANA N S S =R o ol AN S N el TR N CITY > ISR S B N =g D
W 4 SLAEANR) SR AR 55 3R R AL
1.2 EEmERERIIOESH

PL 19 Fh e AR G bR 8B R BRI [ 1 B9TR S AR IR IR, 1 220 HNO, 8 W08 R BEFC10.10
0.20,0.50,1.00,2.50,5.00,10.00,20.00,50.00,100.0,200.0,300.0,400.0,500.0,600.0,700.0 F1 800.0
pg o LT 17 AR BE IR & b HE VS TR R 5.
1.3 UF|IEEH

SIRTIEE 1 600 W3 55 A0S0t 55 2 R I St AR B S a4 1 0.92.15.00 A 1.20 Lo min ™'
Torch-H:0.38 mm; Torch-V:0.27 mm; @S MmN 3.0 L » min™ ' FEREH N 42 r/min; REERTE] . A 305
HERERT[A] Ry 35 s 5 7 52 I YR AL 3 1K
1.4 RWHE

WA BTG 2F L CORELEL K VB SR SRS K B T 70 CCHERR R 6 b ME T g3 ol T BE
PLOFIE . 3 60 H 0 PO 5B K 1.000 0 g B F/NEEAR I 10 mL AR L 1236 12 h. 76 B FAMR 1 Z2 48 Tt
W, 60 CIFER R 0.5 h Fhi 5 °C L35 %] 95 CJF1HIR 6 h, Z R FI T, FWMLE.IMA 1.0 mL i A&,
IR ZE PR VR LA 5.0 mL WA IR A Sl e K B R 08 BBV I A 125 pL IR B AR . B8 A 250
mlL 2B, P2l K e 25 1 BRI S B A DR D J5 335 81 9 VBN A AT B R AR RS L LA 2% HINO, ¥
W R 25 VS WA T 0

2 HRESH

2.1 HBFGHIERE
AP S A A B R AR G TR e STk S s R e SR A O T R B R B R R 5
NS TG ER T B2 TR 00 5 ) A 2 A ot 2000 i 6 4 A 2 1 R IR A% D 3K o 8 G T 1R ot S Ak U1 D T i ik
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Fl A Z AR A I, A 10 mL WA R A 1.0 mL o AL AL R I 1.4 R R T e, 1T DL SE A T AR
1.000 0 g ¥ .
2.2 fFMTTERRELEAIERE

FR T 2 M e 25 R S Z B E 2R T BT GO /MM A B 7585 TR a2 m ), ik
BT P/ B R A7 AR A s r) 47 2600 R e ek 2 7 FPOC R A SR EL G /=) 4351 R B (75) B (11D |
5 (208) Vi (55) JHi (63) JBE(66) Ak (57).
2.3 MERKXHERE

ICP-MS {U# FH R I e #2047 . STD AU F KED B i RS & T/ &7 0 STD BT As Ml
Fe 0K 52 8| L2 )5 F T4, 3800 2 45 8 = . i KED B2 AT Brax Fpog w7 56 28 & % 18 R
TR TP A A A D ER A AR VR AR A 5 Fhon R KED B YRRk H STD B,
2.4 FREMZINKGHR

A3 50 78 25 LSO 17 ANV B TR B PR A IR R A GE L A2 0.10 pg « L' IR A AR IER R 20 K, 1T
R PR (35 /) A TC R M PESHORM AL H BRI 3% 1.

F1 LKUESEHMEHR

Tab.1 Linear parameters and detection limits

. L AL . . A i B
TR ARITE 71 2Rk [m] 0 Oy A LIPS/ .
o/Cpg+ L7 w/(mg -+ kg ")

”As 9y 0.10~800.0 y=1.49X10*2x+0 0.999 6 8.6 X107
ncd " In 0.10~800.0 y=3.06X10"x2+0 0.999 6 7.1X107°
28 Ph 29 Bi 0.10~800.0 y=1.026 7X10*2+0 0.999 6 6.8 X10°°

% Mn 9y 0.10~800.0 y=1.029X10°x+0 0.999 6 1.3X10°°
Cu 9y 0.10~800.0 y=1.088X10*x+0 0.999 5 7.4X10°°
7Zn 9y 5.00~300.0 y=2.67X10°2+0 0.999 6 2.5X10°°
"Fe 2y 5.00~800.0 y=3.4X10"x+0 0.999 4 2.6X10°*

B 1 AR, B4 e R A Pl OC &R R AF, Ze k3 B 58, & i BRARAIK, B4 & & o %2 B K s
GB5009.268— 2016 £ i PR 123K, 5 A8 287 b vh 7 Fh s R A U 43 By 28K X s Bt 7 i KED #22C  2R
FIEECRE I R R RS BRSO R 5 MO R R BRI AE 7.4 X107 ~2.6 X10 " mg + kg ' Z
(], 475 8K 6 2 A ) 4 BT 20K
25 REESEWRE
2.5.1 AFE AN T

Sy E R G 2F T R T K R TR R B R R E VER L BRI SE T Moo
SEATINRE 6 VK .43 Hr 45 3 L3R 2., A U A o i 22 (RSD) L3 3.

K2 BREOWER(mg- ke ')
Tab.2  Analytical results of the samples (mg * kg ')

P I 5E 18
Bk EF-1 mEF-2 &ZE-] RE-2 P NANE] TS W BRE
As 0.241 0.670 1.232 0.801 0.214 0.957 0.562 0.681 1.443
Cd 0.031 0.037 0.208 0.015 0.031 0.037 0.018 0.020 0.018
Pb 0.278 0.444 2.556 0.442 0.235 0.598 0.412 0.473 0.529
Mn 44,021 13.060 20.710 22.435 15.602 19.254 20.309 35.248 36.687
Cu 7.448 13.610 13.216 12.538 12.759 12.442 9.539 13.890 12.029
Zn 33.510 35.392 40.708 35.670 33.144 33.356 35.189 34.456 35.293
Fe 67.595 85.176 78.105 93.288 62.383 134.725 79.731 87.504 102.386

3% 2 7] UL, 0 A%l A3 S RE il ep 7 RROT R S B AR R B B AE 0.214~1.443 mg - kg ' Z )54
AL, E 0.015~0.208 mg » kg ' Z [ Y E A AE 0.235~2.556 mg + kg ' Z [ 4 A 13,060~
44,021 mg « kg "2 ] ;4 S HEAE 7.448~13.890 mg » kg ' Z A FE S B AE 33.144~40.708 mg « kg ' Z [l ;
BRS B L 7E 67.595~134.725 mg « kg Z AL T I A 28 77 SORE S OB AR LY VB LER L BE RN ERAE 7 FhoT
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R R T ER R R R S A, JE R R A i L A T AR 2 R R A AR e A
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K3 ESTENHEXMNRERE(X)

Tab.3 RSD of each element (%)

i

RSD
LE #k  Gun1 Guke Gol Goe kag Ak o o
As 4.6 4.1 2.3 1.4 3.1 1.5 3.2 1.7 2.2
Cd 6.0 12.6 4.2 13.1 6.9 9.9 7.7 9.6 9.9
Pb 0.82 0.60 0.44 0.58 0.68 0.63 0.26 0.82 1.4
Mn 0.96 1.7 0.83 0.94 1.6 0.42 0.82 1.2 1.3
Cu 0.83 0.80 1.1 0.85 1.1 0.82 0.89 0.82 1.1
7Zn 0.96 1.2 0.92 0.73 0.92 0.78 0.89 0.75 1.1
Fe 0.83 0.97 1.8 0.70 1.6 0.76 1.1 1.3 1.1

2 3T, 7 Foe R RSD 7€ 0.26 %0 ~13.1 %0 Z [1], 3 B 3% J5 ¥ AONS 25 B R 40, 0 2 S B A ol 0 8 22
SRR BT B AR VREFIER Y RSD E 0.26 6 ~4.6 %0 Z[E] 5B RSD £ 4.2 ~13.1% Z [a], 5 HAth 6 FhoT
F 11 RSD M H i 5 3% 1T BE 5 80 & & e HAh oo 2 & mAIRAE 2 6.

2.5.2 fEHEME
FHA TR W R IC R bR M RO 2% -1 FE SRR A A5 A0 B EA T b Il i, 45 2R D 3% 4.

F4 BEBREER
Tab.4 Results of tests for recovery
TR Tk oo/(pg L7 JARE p/(pg s L7 MERR o/(pgs L7 AR /%
100 107.480 107
As 0.801 2
160 163.886 102
Cd 0.015 2 100 97.68 97.7
Pb 0.442 100 89.594 89.2
100 129.319 107
Mn 22.435
160 185.521 102
100 110.199 97.7
Cu 12.538
160 161.065 92.8
Zn 35.670 100 127.901 92.2
100 197.089 104
Fe 93.288
160 240.397 91.9
1 4 I 7 G R 0 I CRAE 89.29— 10796 2 I 93 A2 55 0 BEK e 17 M 7.
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i ICP-MS LR RE A AR G2 (AR VR ELEL /IR 8 BRI PR LA AR A ol b B A0 VY A L A L B R B
S5 7 i G R TR S R INE L L T T R mﬁ%%ﬂi IR BIR T MOTER AR
BRI 7 1 AR T IR MRV R B VE M O R R RS B R L L R R e ELAS Y BRAYG, T TR 4R 2R
SEAT T A I SE L AT Sy R 22 A R T R R R (A A 1 R A D R ) 27 5 B S
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