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Comparison of the effects of different milling methods on the content of
heavy metals in maize by inductively coupled plasma mass
spectrometry method
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ABSTRACT: Objective To compare the effects of different milling methods on the contents of heavy metal
including As, Pb, Hg, Cd, Cr, Cu and Ni in maize samples by microwave digestion-inductively coupled plasma mass
spectrometry(ICP-MS). Methods Taking the samples treated with agate mortar as the control, the maize was
crushed by 3 kinds of commonly used metal pretreatment equipment including flowserve cyclone mill, wall breaking
blender and universal grinder. Then, the samples were digested by microwave, and the contents of 7 heavy metals
were determined by inductively coupled plasma mass spectrometry. Results In the linear range of 0.1-50.0 pg/mL,
the method has a good linear relationship (r*>0.9990). Three pretreatment methods had no effect on the detection of
heavy metal Hg and Cd content in corn, and all of them resulted in the increase of Cr content. The universal crushing
machine results in a significant increase in the Ni content (P<0.05). Conclusion Among the 3 pretreatment
methods, the effect of wall breaking blender on the detection of heavy metal content in corn was the least.
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HEIER) 12 6P B i 42 & o i
DAEY) o 4 Ja Ay, 3 B A A PR o 4 S ¥ G Tl ™ KR A
1000 22 75 M, 4 4 Ja 15 4L UM BT 23K 1200 70, &3t
R B 200 {2, BEERICE S EYEE N
R R, B NS W&, H b i A6 n] A3 2
FRAER), RICR S NRMZ RS . 1L 5 G0 5% s ™
HEEC H AT i E AR T R AR bRy vk 3 A
JEFIGET | JEFIOEEES . B A SR TRk
T VR LR & 5 B T U TS 1 R A S S TR
¥ (inductively  coupled plasma-mass  spectrometry,
ICP-MS)!'*M, Hor ICP-MS i T H R M 5 | sh A
$E, RN RN E Z2 A TEHLIC R, A5 IH 2 0 2 A6 I S5 i
ORISR0 22— il Oy 22 5 4 T A AL
SR EE DR, IR BR v PO A 4 A I ) )y
5 e I B IR i RLE,  H RIRIN SE 50 2 M B 4
J R AL B 2 R AR AT E KU | W RERLBRAIL . T RER
WAL A . R BRI RE S ASMERM &R TER,
AU I SRy S Ul ErcE SN = RS ol = s 19 i il v = W)
T4 A AL 45 R MR B WE ST B A Rl o AT S8R R
fiff - R SRR 5 S5 8 A T v LR S I 3 Ay
WA ITE RS . BEERIERAL . 7 BRI BRI E oK 7 A
H4J® As, Pb, Hg, Cd. Cr. Cu. Ni &HAEmM, hT
MR R A ST ASMER B ICER, L5 LA bk
AL PRAE G X IR, AT ST LA S A 7 i BT 22 A i 4R 3t
— PR . R MERRIY I, TRIE OR E A
o JR A Ry AL BT A e R, SR AL E OB S
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212 ZIBEME

KS-1053 B¢EERIHALO MG A H); CT410
THE XUES (FF 22 48 7 A 7)); FW 100 T3 BE M BRI (R e 28 07 4
N wD); SP-50 FE AR (1 A 15 S0 86 % A R FD;
MS304S HLF R (18 FE A4 1)), WX-8000 fsf I8 11 i A
(i Iz 3878 Wl ); iICAP LB A 45 B 1 1A B 31X (35 [ 9%
TR FD); Milli-Q M 4liK R G (75 B 8K v 25 A 7).

213 FEIKA

TR (= SR AR A5 2L, KR 3 BR AL 24 X7 A BR A
A)); AS)FRER W (GSB04-1714-2004) . H5(Po)FREA TR
(GSB04-1742-2004) . SR(Hg)bnifEH I (GSB04-1729-2004) ,
B (Cd) b ME %5 W (GSB04-1721-2004) | 4% (Cr) b #E ¥ W
(GSB04-1723-2004) . 4il(Cu)bnifi ¥ i (GSB04-1725-2004) ,
B (NQ) PR HE VA T (GSBO04-1740-2004) . £ (Ge)bRifE i (GSB
04-1728-2004) , FR(Re)br AR (GSB 04-1745-2004) . ££(Rh)
¥ 1 %5 W (GSB 04-1746-2004) . 4 (In) b7 iz % ¥ (GSB
04-1731-2004) . % (Bi) bx #E ¥ W (GSB  04-1719-2004)
(1000 mg/L, FEZA 48 K FAE - triia.e) b b
FRUEFS I Y, EAM T As. Pb, Hg. Cd. Cr Fif=ke
(P36127, J i Rl FRA A
22 EWTTE
2.2.1 ARBEIR 6B

FH4isk# 1000 pg/mL As. Pb, Cd. Cr. Cu. Ni
FRUEVE W, BRI 100 pg/mL MRS FRER W, HEH
i 0. 0.1, 0.20, 0.50, 1.00, 2.00. 5.00, 10.0.
20.0. 50.0 pg/L MIARIESE W% H . Hg PRl bR
s fERR E R B, e il o PR A ] o

H4EKK 1000 pg/mL Ge. Re. Rh. In. Bi bpifEd
W, Fhls 100 pg/mL FIRAPRIER R, P52 0 FE L
il B 20 pe/L FIIR A PIBRAE FH IR A H
222 HamTasE

B 2 kg BRI 1) ERRFE R, ForRA)GE, %I
SR 4 4y, B CT410 #3307 XU . KS-1053 Bk
RERLHHL . FW100 J7 RERy %L . SP-50 3D BB R M3 i, ok
40 HJe i, % H.
223 fhIkRE A

BORG AR 0.3 g, TIRUBIHMNERET, A
5 mL fi§fR, #&5, MCELK, KI5 BAMEHE R,
FEE AT AR (R DEAT T AR o TH AR SE RS, TH R ER
B AR - 150 °CHEMR, MR EIE T, IsiKiE It
HE2smL AR, €8, 85, [FHE Bk,

F 1 WREERIER

Table 1 Microwave digestion program

AL R /°C JESi/atm B [E]/min HER/W
1 120 15 2 1000
2 170 20 5 1000
3 190 25 10 1000

224 MBIELHK

ICP-MS Y2 TAES BN Th&E 1550 W, BHIK
Wi 14.0 L/min, S0 E 1.0 L/min, $BI<RE
0.8 L/min, #£44ETHE 4.0 L/min, RAELRE 7.8 mm,
HERFE 3 K,
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31 ARHRTREMKIE

T BRI AR AN, AL SE R S TR T R TR A
LS AR ATIE M OC R AE R AR g vk M E A 20
pg/L ) Ge. Re, Rh, In. BifERIRA MFRICERKIE
FEAARALN X I A S5 SR T, SEEG &S SRR A N AR R R
BRI E S AR E R 80%~120%, A AAYTETT T K
B T A S A, XHNAE R 7 FhEHLIC K By
T PRHEAT T A RBAME
3.2 FRfERhZ RN L R

fi As, Pb, Hg, Cd. Cr, Cu, Ni bpiBECHI MRS
FRUEG IR BV RE, B AR LR AN 2 Fin: 7 R0
ML IO TE 0.1~50.0 pg/L, LPEHICRBUIRE T
0.9990, LAMEM A FIEINE 11 RITR AR 22, B3
A Y i 25 JIT X6F IO 114 0 5 VA R Sk 4% 150 0 O 2 I G S B,
LER LR 2, FRFMOTR KRR 0.001~0.500 pg/ke,
AL R EORH 7 R OTE MR IN ER

B 5.0 pg/L ARUEE W, R 6 R, i 7 FhE
4 J&@ 6 K W 5 JE 09 A X AR U fR 25 (relative  standard
deviation, RSD), #5333, WE 3P LIFEH, 7 E
4 I8 TG E AT AR HE R 22 28/ T 2%, LA AR RS 2%
ER.
3.4 NFREYSCIE

Ko ¥ B A i AL B )R S SR T N AR SE B, R 0.5,
2.0, 5.0 pg/L 3 MNMEREIATIAREE:, BN REES 3
W, AR, BARGER LR 4. NE 4 P LIFH, 7
It R By MR TE 80%~110%22 18], H 3 ANk EEfinbr
[m] g 3R A AH X AR HE TR 22 28/ T 5%, FERSIE SR
FR
35 FRiITHmEE

$522.2.3 RN 2.2.4” 5 1 B SO0 T f AAS: I 45 42 %oF &
KM TR R (P36127) 3047 B S Al A BEIE SR 4700 72, &5 21
L3 5, T 1 R R34 AE A VR LA .

F2 REHZEXSHRAHR

Table 2 Parameters of standard curves and detection limits

TR LMTRE LR/ (ng/L) LEP TS e th BR/(ng/kg)
AS Y=4071.4507X+23.3149 0.1~50.0 0.9996 0.002

Pb Y=198597.0892X+2416.2170 0.1~50.0 0.9993 0.020

Hg Y=3334.1465X+166.0159 0.1~50.0 0.9992 0.001

Cr Y=36465.2000X+134.6874 0.1~50.0 1 0.020

Cd Y=165.4.8033X+16.6420 0.1~50.0 0.9998 0.020

Cu Y=42121.1583X+1503.7284 0.1~50.0 0.9991 0.500

Ni Y=24645.0969X+485.1906 0.1~50.0 0.9992 0.500

R3 UEHEE
Table 3 Instrument precision
W38 FE /cps
TR RSD/%
1 2 3 4 5 6

As 34766 35950 36090 35808 35582 34877 1.6
Pb 6973635 7022415 7054045 7151618 7152671 7006163 1.1
Hg 1505693 1508846 1513577 1523520 1512313 1507201 0.4
Cr 362744 368928 371352 371072 373208 361162 1.3
Cd 332214 336766 340052 343505 335921 333466 1.2
Cu 884659 903638 906869 903166 898641 887031 1.0
Ni 266472 261740 267452 269586 266481 261247 1.2
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Table 4 Results of recovery test
- TSR/ %
FE i JnbR I B2 /(ng/L)
AS Pb Hg Cr cd Cu Ni
0.5 92.8 104.6 85.3 94.6 93.1 89.6 93.1
6 3T 5 XL
LUBLITEOIE DS 2.0 86.3 101.3 81.7 95.0 91.3 87.5 92.4
FE 5
5.0 85.2 108.0 80.2 93.1 90.7 91.9 90.2
Il / 47 3.2 32 1.1 14 25 1.6
RSD/%

x5 REHREERUESER

Table 5 Determination results and value of quality control samples

JLH FrEE /(mg/kg) G B/ (meg/ke) (12 < 2) I /(mg/kg)
As 0.110 0.083~0.137 0.119
Pb 0.26 0.19~0.33 0.276
Hg 0.027 0.021~0.033 0.0243
Cr 0.7 0.5~0.9 0.813
cd 0.161 0.121~0.201 0.156

3.6 AEEACIES RN E RGN LE

B2 03 T R EE 523 482,227 55 v 4 Fhak 275 Ak
B3 8 ANAREE, o I EG AR AL H A XA, A Ab EE
BE S <2.2.37F1 2. 2.4 300 Hh {14 31 fig ANkl oy =X R B2 S
3 WIRHEHSEE, 45 % 6 i, W& 6 HalL
2 AEKREERE 8 AL F AR T E Cd F
Hg, 16048 S0 KUBS | 1 B ek LML AT RE R R AL AL 2
KFES R TIASMER Cd Al Hg TTE, AW TE
Cd F1 Hg A9k I 3 B2 1 o

15 R KFER 4 NMEEE X As TEGHLDE
25, TTREM YA FOREES Cr S EREST
Hoflh 3 Fh A B2, A T E XU A B A FOKRBE S Pb TR
i, w3 MBI R E S, HA TR L
Qb BB T ORAE S ARSI NI ST R T BER REHLAL FEAY
FORFEA Cu iR G i, HE 3R EER.
2 SRR 4 RhALE T GG 1 SRR A AR, T
BERYEEALRT Cr. Cu. Ni., Pb 4 Rt Z Wik, 5
H 0 XS LT BE R BEMLAH EL, i BERLEEMLYT As. Pb. Cr.

Cu. Ni5FITRE MBI,

SR8 43 BT AT AR T KU | ol BE L AL R T RE A R
HLBS % E K KE Sy, ¥4 % As. Pb, Cr, Cu, Ni4 fioc#
o 0 25— 2 I RE MR, AP O R R AIL G OT 2 A DU ) s
Wi B K, AR AT HE KU R 2, B R R R ALAL B ST As
Pb. Cr. Cu., Ni5FICE MR/,

4 % B

AR SER FH FRL RO 5 25 1 T IR B U LU R A D7
O TR P R SRR . S5k, 0T T
ANELRG BRI 25K, RINZO7 ik RS 3 R . BRI AT,
bR EISCARREAS 1 AR DR o 3 Bl m by i s e i
TREIUE | WRERERBL . JT REA FEHLS 2000 FOK Y H 4 35
R AR R, FE AR T RER AL K G A

SN, HFHIEXT T Cr M NI JCER 5200 3 FHiTAb B 5
S EE R BB X0 0K (4 F 4 Ja 5 A I 7™ A ) R e
/o WEFE R FARTTERAG I R B AL B U ek, St T
(RESIE S ISR
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Table 6 Results of heavy metal detection with different pulverizing ways (mg/kg)
) ] TTEGE
Fefvdms  AbEEr s
Cr As Cd Hg Pb Ni Cu
o ST e I 0.173+0.008° 0.0130+0.0017* 0 0 0.0396+0.0020° 0+0° 1.04+0.03°
T ¥ L BEAIL 0.158+0.003" 0.01300.0005* 0 0  0.0264+0.0015" 0+0° 0.989:0.047"
1
JT fe ko R 0.213+0.018° 0.0127+0° 0 0 0.0246+0.0011°  0.791+0.004* 1.28+0.07°
SR RIIEN 0.026120.0044° 0.011520.0005* 0 0 0.0218+0.0023" 00" 0.884+0.048"
A 3T e XL 0.0802+0.0036° 0.00784+0.00029* 0 0 0.0225+0.0009" 0+0° 1.02+0.007*
T W Ak B L 0.0457+0.0044° 0.00588+0.00082* 0 0 0.0248+0.0033° 0+0° 0.980+0.022°
2
J7 M B AIL 0.0989+0.0027° 0.00678+0.00012® 0 0 0.0416+0.0035 1.47+0.12° 1.04+0.01°
I 5T B 0.0339+0.0008¢ 0.0045420.00066° 0 0  0.0216+0.0001° 0+0° 0.973+0.005°

T RIPE A EEbRIEZE, FART BEA Rl 22 5+ .35 (P<0.05).
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