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ABSTRACT: Objective To establish a rapid method for determination the content of lead, total arsenic, cadmium,
chromium and total mercury in grain milling products by X-ray fluorescence spectrometry. Methods The typical
matrix of wheat flour in grain milling products was selected to prepare the standard sample containing a certain
amount of 5 heavy metals. The standard curve of matrix was established by using the standard sample, and the
quantitative method was used to detect the actual sample. Results All the 5 kinds of heavy metals showed good
linear relationship within a certain linear range, and the linear correlation coefficient (r*) was greater than 0.99. The
limits of quantification for lead, total arsenic and cadmium were 0.10 mg/kg, the limit of quantification for chromium
was 0.50 mg/kg, and the limit of quantification for total mercury was 0.05 mg/kg. The precision, repeatability and
stability of the method could meet the requirements of fast inspection. The recoveries of 5 kinds of heavy metals at three

concentration levels of 0.2, 0.4 and 1.5 mg/kg were 81.4%-95.4%. The relative error of X-ray fluorescence spectrometry
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was less than 15% compared with that of national standard. Conclusion The method established in this study is

simple, fast and accurate, and is suitable for the rapid detection of 5 kinds of heavy metals in grain milling products.

KEY WORDS: X-ray fluorescence spectrometry; heavy metals; grain milling products; rapid detection
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Table 1 Content of 5 kinds of heavy metals in wheat flour

®1 NEMPSHEERESE

K 5 FE SR /(mg/kg)
K1 K2 K3 K- 4 K5 K6
I 0.112 0.368 0.698 1.415 1.985 2378
SR 0.098 0.254 0.498 1.124 1.754 2212
5% 0.578 1.070 2210 4.360 6.850 8.960
i 0.094 0.287 0.605 1.120 2.070 3.980
BIR 0.049 0.124 0.278 0.587 0.945 1.760
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Table 2 Uniformity and calibration results of matrix samples

RS OREE W Btk giit FE TS A (mg/kg)
Al BEC KR mR B M MR Foos(9,20) B ] i i R
50 / 1.28 1.78 155 151 098 0.501 0487  0.466  0.528 0.511
80 / 1.57 1.89 124 166  1.01 0.495 0502  0.478  0.507 0.521
INGE 100 / 2.01 2.12 188  1.69  1.54 0.511 0478 0452 ~ 0511 0.532
B 1 120 / 1.72 1.77 177 169  1.89 0.521 0499 0465  0.536 0.509
150 / 174 215 208 213  1.54 0.495  0.511 0.477 0511 0.512
200 / 1.11 1.05 175 125  1.56 0.517 ~ 0.501 0.469  0.527 0.518
100 AKF1 175 204 114 125  1.69 0.112  0.098  0.578  0.094 0.0487
100  KF2 087 1.28 148 169 125 2.39 0368 ~ 0.254 1.070  0.287 0.124
INGE 100  AKF3 1.8 1.78 169 158  1.81 0.698 0498 2210  0.605 0.278
2 100 AKF4 148 1.89 211 224 206 1415 ~ 1.124 4360 1.120 0.587
100  AKF5 178 174 175 159  1.69 1985  1.754  6.850  2.070 0.945
100 AKFe6 1.28 1.78 187 159  1.78 2378 2212 8.960  3.980 1.760
XK 100 / 1.48 1.89 154 122 1.77 0.135  0.115 0.625  0.125 0.0524
KK 100 / 1.56 1.96 1.84 174  1.66 0398  0.298 1.15 0.312 0.148
PN 100 / 1.47 1.69 152 198  2.14 1.670  1.220  4.650 1.210 0.612
T /RN TR EIKF
#*3 AEERHENTESEITHIRNER
Table 3 Heavy metal detection results under different sample pressures
T K J1/MPa
5 10 20 30 40 50
I 654.2 817.8 915.6 907.8 900.4 880.1
JSRTiNa A 758.6 880.1 937.5 918.9 910.5 891.5
BT 37.8 48.9 62.7 60.7 60.1 54.7
It 704.8 754.2 798.6 789.4 768.4 7573
BRI 54.5 79.9 86.4 84.1 80.5 77.2
F4 TEEHEETESEITBIGNER
Table 4 Detection results of heavy metal counting under different sample weights
Rertit/g
e H
0.2 0.5 1.0 1.5 2.0 2.5
Bt 4173 795.2 925.6 908.9 921.4 911.7
R AR 514.2 814.5 917.5 925.5 931.5 923.6
et 335 54.2 60.7 63.7 65.1 64.7
TR 471.1 879.1 788.6 807.4 800.7 783.9
SR 45.6 77.6 81.4 84.5 87.2 85.1
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X BEEO R b B R T R B RCR B B R R B T
Farg B0, B PR SR AR 100 H .
2.4 METERIL LR

WEPERHAEIE S0 20 MPa, EFERER 1.0 g, /NEKH
100 FIAYRERD, XA RIS IR ] O RE A 5 b EE 52 s 19 T4
BEATARIN, BEAFEAAGIN 2 UK, HOFHEITHEOR ISR,
Kl 25 R W3 6. 1% 6 AT UL, Bl A6 DU ek 1) (4% o, 5 el

AR MBSO & 5 TR TR 2 X SR B
FIFESRE, FERPNESEICERINRER I A, X
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T &, PR A E R, R R BRI AN, 28
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25 tRERhZ&RIENL

Wt 5 e 4 A 7] 2 k(e oo 2R B0/ N2 R it o
MUNE R AT BR . L L BRI RS AN 0.10,
0.10. 0.50, 0.10. 0.05 mg/kg i, XF| 10 fHEMELL, &N
JrdE i BURIRIR BE (/N2 Ky 2 #Edh, 5 S FhEE 4
@&, M X FERIOOEE U2 s bRl £, 25
R 7. MFE 7 ATRAAEH, /NERD 5 P ESEE T
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Table S Detection results of heavy metal counting in wheat flour with different particle sizes
. Ry |
ez H
50 80 100 120 150 200
AN 789.4 856.3 945.6 935.2 954.1 936.9
Fey iR 717.5 866.3 917.5 911.2 925.7 933.5
BT 452 55.7 67.7 69.2 68.7 67.1
iR 648.5 741.2 778.6 769.8 783.1 775.2
BRI 52.7 71.5 81.4 81.7 83.5 80.9
=6 FREIWEMETER/NEZMESBITHRNLESR
Table 6 Detection results of heavy metal counting in wheat flour at different detection times
—_ e Bt i) /s
i §
60 100 200 300 600 900 1200
RN 815.7 873.8 915.4 932.1 955.6 965.7 958.9
SR TRAE 754.5 806.9 838.9 885.8 917.5 925.9 923.1
B4 42.1 498 59.3 63.5 67.7 68.7 69.1
AL 657.5 689.3 724.5 752.1 778.6 789.6 775.1
R 58.9 65.3 75.2 78.9 81.4 82.1 80.4
#=7 FREBZEMER—N
Table 7 List of standard curve establishment results
i 5 R MEYE Fl/(mg/kg) LRk LR (%) FEH PR /(mg/kg)
i 0.112~2.378 Y=1892.1%-78.023 0.9952 0.10
sy 0.098~2.212 Y=1813.6X-14.696 0.9950 0.10
5 0.578~8.960 Y=138.92X-9.081 0.9959 0.50
i 0.094~3.980 Y=123.86X+12.329 0.9935 0.10
R 0.053~1.758 Y=138.92X-9.081 0.9944 0.05

TE: XONREM T A8 i, Y N PO R TR
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PR 22 o B ERFERD 6 1y, BEOYRESLAIN 5 FhE 4 )
b, RSk, TS DN A AR AR AR 22, S5 ILER 8
53209, /NZER R 5 PR 42 1A 45 SR A XA o Ol 25 2 /)N
F 10%, 5% T GB 27404—2008( 52562 R il e &
A FRAEAT I ) R

B EIRNEREES,, EhE 2 hiE—R S FhELSE S
i, VRIS AR R e 2, 25 SR IR 10, thE& 10 7T
PIEH, ARIEERNEZ R S R 4 08 i 45 S i A b e
223N T 10%, FIRE R -

X3 AR BE KT B INARAE S 254 TASHI 3G [l i,
R 11, 45R3ERW], 5 ESJETE 0.2, 0.4 55 1.5 mg/kg
3 AR INbR BN 81.4%~95.4%, AHXTHRIE 2
K 5.1%~9.7%, ECR K% BTG GB/T 27404—2008
PR R

®8 BEERIIEFR—ER

Table 8 Summary of precision verification results

K28 5 /(mg/kg)
e § K2 BE /%
1 2 3 4 5 6
i 0.698 0.715 0.714 0.689 0.689 0.699 1.65
S 0.512 0.485 0.478 0.511 0.488 0.499 2.85
5 2.350 2.410 2.270 2.330 2.080 2.140 5.67
i 0.587 0.615 0.621 0.578 0.604 0.631 3.37
Bk 0.294 0.265 0.277 0.289 0.301 0.278 4.62
£9 EEMBITLER—N%
Table 9 List of repetitive validation results
Forill 45 5 /(mg/kg)
KW H ‘ ‘ ‘ : : ‘ W55 /%
FE1 FE2 FE3 ¥ 4 k5 ¥ 6
i 0.668 0.725 0.741 0.668 0.729 0.714 4.49
pSg i 0.533 0.475 0.463 0.489 0.479 0.506 5.14
& 2.440 2.050 2.170 2.310 2.060 2.240 6.81
i 0.567 0.617 0.632 0.645 0.632 0.615 4.42
Bk 0.264 0.255 0.294 0.288 0.303 0.284 6.51
F 10 FREMIIELER—ExR
Table 10 List of stability verification results
il 45 2R /(mg/kg)
i 5 K5 BE %
Oh 2h 4h 6h 8h 12h
i 0.752 0.775 0.742 0.738 0.724 0.737 2.33
S 0.487 0.489 0.461 0.477 0.493 0.506 3.14
% 2.240 2.360 2.180 2.040 2.150 2.310 5.22
i 0.651 0.614 0.637 0.641 0.652 0.621 2.45
BIR 0.278 0.298 0.315 0.311 0.307 0.284 5.03
Fz 11 5SHESERMEEN=6)
Table 11 Added recoveries of 5 kinds of heavy metals (N=6)
EY WIMK-/(mg/kg) SRR /% AEXS AR AR 22 /%
it 85.9; 87.1;93.2 8.3;7.5;6.4
S 83.7,90.1; 94.7 9.2;7.1;6.1
5 0.2;04;1.5 87.9;90.8; 92.2 74;6.2;5.1
] 84.9;89.2;95.4 8.6;5.2;6.7
BIR 81.4; 85.4; 89.6 9.7,7.4; 5.1
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i F/INZE R S B TR R 1 ORI T RS R R
KK 2 FHE IR, KE( 10 fFERBREMF 5 FhE
IR GEMITHEIN, 5 GB 5009.268—2016 B 45 5k
Trrede, B R R2E, 45K 12, MR 12 ATLLE
X RSB 5 GB 5009.268—2016 46l 25 HL 4
SHAREIRZE /N 15%, FEBA SR F/INZE R ST i A Jr ik

I T HAN A Y IR BN T 5 FhEE 4R S B A
2.8 SEFREmAET

I DA R/NER . Him. S5 KK, Bk
S S0 NFRSL, FHRES TR AY S AN ER 4R AR X TR0k
Heig AT, MR s TREENSSRRA GB
5009.268—2016 FEAFAGIN 5 Heds ., 45, WIR
2 AR — B, N L 13,

R 12 X HERAEKLES GB 5009.268—2016 #MLERLE
Table 12 Comparison of detection results between x-ray fluorescence spectroscopy and GB 5009.268—2016

GB 5009.268—2016

FE b 44 5 g H W B (me/kg) X SHERTOLGIE AT I 45 R/ (mg/kg) AAXHR 2 /%

it 0.135 0.144 6.45

pas i 0.115 0.102 12.00

BN % 0.625 0.657 4.99
i 0.125 0.118 5.81

Bk 0.052 0.049 6.54

it 0.398 0.374 6.22

S 0.298 0.275 8.03

PPN % 1.15 1.070 7.21
i 0.312 0.332 6.21

SR 0.148 0.166 11.46

it 1.67 1.53 8.75

pas i 1.22 1.11 9.08

K& % 4.65 4.45 4.40
i 1.21 1.09 10.43

Bk 0.612 0.668 8.75

T 13 X GFETONIEESEAREIG NS PR R

Table 13 Actual samples detected by X-ray fluorescence spectrometry and national standard method

KE 44 R Fruemi H X FETIEI A LS R (mg/kg)  GB 5009.268—2016 45 J/(mg/kg)
ok % 0.224 0.235
Hem i 0.325 0.307
7K i) 0.145 0.162
INFE By # 0.315 0.308
begin) ki 0.205 0.189
3 o @ ATy S AR e RN B AR, H R RIS

AWFFERIA X RIS T — A i
ISR A SR B SRR PRI Iy iz, JE XS
JrknE R, EE, Rt mEN ., MERTESET
THE, BREER, HET GB 5009.268—2016 AN
7 ik, BUALBRTE R, R S UG A SR e L el O Ak PR AT
PEFTARGHIN, T AR, o A SRR | IRETEOR AR, Ak
08 7 0o 2 0 S o Lk o B R DR i

P SRS ARHE T e, (EARALARIRE | AR SRR )
A PR RO AR 25 AT R, I SE B2 R AR TR AR
JEE RO 22 o A ity B S5 ) 22 S P 2 5 BORG I 28 R 1) AN
AR /IS 22 A58 ST 7 VR AN REASE I -5 /0N 22 oy 6 B S 4
A ANEORRY . REAE, ABEI TR AN SE . 28 S5 R b,
it WA IR 28 RE BB T a7y i o X PR POOE I R ADE
FIREEL, AR T MR, [F— RS 8 e
P OO R 0 2 S 0k, (A7 3 3l 1 T 52 B BR A
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