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Triton X-100, 3 mol « L™" HNO; 43 7 il £ i = Fh A [\ & %
W5 SR 43 BRI TXRE M5 R mg . B 1 =FpA
[ B R WTOARAE A D i it A B . HNO, R 438
T UURBUH B R 2 BOMOR B 2% . MllEQ water A1 20
Triton X-100 4 R & M1 5],

1 AESBEHETHLEZEME
(a): Milli-Q water; (b): 3 mol « L' HNO3; (¢): 1% Triton X-100 {4 ##
Fig. 1 The optical micrograph using different dispersing agent
(a): Milli-Q water; (b): 3 mol+« L™! HNO?; (¢): 1% Triton X-100
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Fig. 2 The influence of Milli-Q water and 1% Triton X-100 on
the recovery rate and RSD of each element in
GBWO08571

RJG % 55T Milli-Q water il 1% Triton X-100 Xf
GBWO8571 & 43 Wk SR i 22 50, 1 2 2 43 i 1 Milli-Q
water fil 1% Triton X-100 #l 45 WA 7] & % W J5 . TXRF
LS H . i Milli-Q water (1§ [9] 4 R 75 83% ~120% [d] ,
RSD 7 7% ~12% 8], Tiif#i | Triton X-100 9 ECELE 69 %
~136% . RSD £ 8 % ~16 % [a] ,» i FH Milli-Q water {E 48]
H TXRE i 25 550 i BT LAAE AR 55 36 P % Mill-Q wa-
ter /E SRR .
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SFPREBE AR HT AL ) . X GBWO8S71 iR DL EE S B BS . AF S IS
1 GBWOS571 A ity UKL AL A% - 24 Dv 3D Jy . 16. 6 pm,
LB B i JE GBWOSS71 A% & 45 JT 2 1 e 6 & B« fF
VB I 1) 45 A 0 2 I [ g 26 AR 8306 ~ 12096 [ . HF B Aij 9 45 4
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Bl 3 & BIFRE 10, 20, 50 mg GBWO08571 Il DL #¢ i F
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TEAR B 2 AF T o RG0S 8 2 DURRAE S S 3 ik B . 50
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Fig. 3 The recovery rate of each element in different
amounts of GBW08571
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Table 1

Quantitative analysis of GBW08571 samples with different internal standard elements

Concentration of elemental/(mg * kg™ ')

Recovery/ %

Elements Internal standard Internal standard Internal standard Internal standard

element (Se) element (Ga) element (Se) element (Ga)
P 1.10* 1.12* 81.5 83.5
K 0.43~ 0.37" 100. 7 88. 6
Ca 0.09" 0.13" 81.8 121.1
Mn 9.1 12.0 89.2 117. 6
Fe 214.5 204. 6 97.0 92.6
Cu 8.6 8.7 111.2 112. 8
Zn 134. 2 144. 0 97.3 104. 4
As 10. 4 7.3 170.5 120

T x SLHBALR %

2.4 REmARENE

PR AR A 2R RN TR R AR 1 2 07 I, T
AR 2, Mn 763 U A FRFE o g & 5 A1 240 ~10. 2
mg » kg™, TXRF i 455 m i R 101% ~118% ., RSD 7%
~10%, Cu &M 275~4.07 mg » kg ', TXRF ik &5
[ 89 % ~120%, RSD 5% ~7%, Xt A [a] & & 70 Hl 1
JUER s HIAR Ty 0 5 Y R HEAG AT 5 A K 2 2R . PO AR A
450 2 A I A AR o L, SRM1577C Fl CRM7532-a
v Ca By I 32 2 B 00 2 A 18] e 2 f RSD A g K fH . K,
Ca M PJETHITER, BILEAZIOCHEAM, £ U H
FMT, MR 5 0. IF HAE TXRF 176 2~4 keV [H] . £ 2
W Si Ry Ko 3528 $86 Mo FIHAUITER MY La 354, 151G RS
JZH . HPURhRAE f SRM1577C Fil CRM7532-a H1 Ca & B #
i, BT LA R 2285 K. Ak AsKa (10. 543 keV) il Pb La
(10. 549 keV), TiKa(4.51 keV)Hl Ba La(4. 46 ke V)3 & 2E
TSI S, WXL IT R M SR e, H2 R

£ 02 WIRCRAE FTE 80% ~120% (8], RSD /NF 15% , i HH
P 2k T RE-TXRE 23 42 5 v 19 2 JE LT % Rk 8 3115
B IS SR LR A T I e 3 A R AR L Ak
T A BAp LR AL BRI L R P D A

345

HENL T B WO R S X SR SO eI R E &
ah P Z MO R W7k, %07 EA TR AT AR . R A MllFQ
water fEAPHGH » FE bR Zr BUEH 200 TXRE 45 25 2 5 i
T o - R A2 /N B R T TXRE 0528 25 55 v f J3 o v Bl
A R MU P R A B VR S I 2 R BOSOR . il T On A (A
F1) K LR W) B 1 2k FE B, 7 N AR O B R A b B S AR T R
X B TC R A . DL B AR 6T R
Bl A TR 2 AR 7 30 249 RE 3R A% AT 52 A 45 2R . U A
B £ A 0 I R R AR HE A LR . K20 R (BrCadt
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Table 2 The results of standard sample by TXRF
Element Sample Certified vajues Internal slandm;dization Recovery RSD
/(mg + kg™ D /(mg + kg™ D) /% /%
K GBWO08571 0.42* 0.37* 88 12
GBWO07605 1. 66~ 1.71* 103 10
SRM1577C 1.02* 1.20* 118 14
Ca GBWO08571 0.11"* 0.13" 121 12
GBWO07605 0.43* 0.40* 93 8
SRM1577C 131 165 126 18
CRM7532-a 114 143 125 15
P GBWO08571 1.35* 1.12* 83 11
GBWO07605 2 840 2 385 84 9
SRM1577C 1.18* 0.99* 84 13
Mn GBWO08571 10. 2 12.0 118 10
GBWO07605 1240 1317 106 7
SRM1577C 10. 5 10. 8 103 9
CRM7532-a 27.6 28.0 101 7
Fe GBWO08571 221 205 93 8
GBW07605 264 266 101 5
SRM1577C 197 220 112 7
CRM7532-a 12.4 13.6 110 5
Cu GBWO08571 7.7 8.7 113 7
GBWO07605 17.3 20.4 118 5
SRM1577C 275 244 89 6
CRM7532-a 4.07 4.93 120 5
Zn GBWO08571 138 144 104 8
GBWO07605 26. 3 30.1 114 4
SRM1577C 181 213 118 7
CRM7532-a 29.2 33.6 115 7
Rb GBWO07605 74.0 75.4 101 5
SRM1577C 35.3 34.4 97 8
Ni GBWO07605 4.6 5.3 115 4
As GBWO08571 6.1 7.3 120 9
Pb GBWO07605 4.4 3.6 82 8
Sr GBWO08571 12. 8 12. 4 97 7
GBWO07605 15.2 13.6 89 6
Ti GBWO07605 24.4 20. 8 85 8
Ba GBWO07605 58.7 47. 8 81 9

T x SLERBALA N

2) [l RAE P IE 80% ~120% a]. RSD /NF 15% . #Xf F
e A I PR A A S TR R T R B O R R RS 0k I
% HEFRGHRE-2RFE X FEEAS TN EEMPHE

References

[1]

[2]
[3]
[4]
[5]
[6]
[7]

ZHAO Zhi-yang, ZHANG Zhi-wei, WANG Zhong, et al(ik &g, sk fk, T

6: 406.

Directory I N D. Canadian Nutrient File, 2010.
Cristina G F, Maite M, Eva M, et al. Spectrochimica Acta Part B, 2018, 143. 18.
Magdalena C, Sarah B, Lutz S. Perspectives in Science, 2015, 3. 32.

Ramon F R, M J R, EJ F K. Spectrochimica Acta Part B, 2018, 149. 107.
Inmaculada D L. C, Marta C, Noelia C, et al. Food Chemistry, 2013, 138. 234.
Pawel M W, Stawomir B, Mateusz C, et al. Talanta, 2017, 162 654.

JUR PR, EHE, EA A TR R 2 LT R AT K
R R 0 2 o o 2 T o T AR A R R — E R
R — 2B AT 5 4% i ) 25 2R 4 o 0

fif, 4. Current Biotechnology (A= #13% R it J@), 2016,



53 e 2% 5 501 4 b 949

[ 8] Tsugufumi M, Yukie I, Kota I, et al. Spectrochimica Acta Part B, 2018, 149. 35.

[ 9] Ednilton M G, Clésia C N, Roberta P M, et. al. Talanta, 2017, 174. 274.

[10] Siviero G, Cinosi A, Monticelli D, et. al. Spectrochimica Acta Part B, 2018, 144 15.

[11] WANG Qian, ZHENG Lin, REN Fei, et al(E i, ¥ #k. {T &, ). Chinese Journal of Analytical Chemistry (43 #fL2%), 2018,
46(4): 517.

[12] Espinoza-Quinones F R, Modenesa A N, et. al. Applied Radiation and Isotopes., 2018, 137 80.

[13] De La Calle I, Cabaleiro N, Romero V, et al. Spectrochimica Acta, Part B: Atomic Spectroscopy, 2013, 90 23.

[14] Bahadir Z, Bulut V N, Hidalgo M, et al. Spectrochimica Acta, Part B: Atomic Spectroscopy, 2015, 107 170.

Inorganic Multi-Element Analysis of Foodstuff by Means of Low Power
Total Reflection X-Ray Fluorescence Spectrometry Using Suspension
Sampling

GAO Jie, SHENG Cheng, ZHU Yue-qin, DONG Min, QIAN Rong, ZHUO Shang-jun”
Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China

Abstract A simple, rapid and wide-ranging analytical method is urgently needed for the detection and control of inorganic
multi-element in foodstuff. Therefore, in this work, an analytical methodology using suspension sampling in combination with a
low power benchtop total reflection X-ray fluorescence ( TXRF) system has been developed for multi-elemental analysis of
foodstuff samples. The effect of different dispersants, particle size, sample mass concentration in suspension and internal stand-
ard elements on the total reflection X-ray fluorescence spectrometry was investigated. The Milli-Q water, Triton X-100 and ni-
tric acid were chosen for dispersants, under optical microscope Milli-Q water and Triton X-100 were more uniform than HNO; in
morphology, and Milli-Q water was more accurate than Triton X-100 in measuring results by TXRF. Laser diffraction particles
were used to determine the particle size before and after grinding, and it was found when the average particle size was small, the
results of TXRF were more accurate. Different samples were weighed in the same amount of dispersant, and the dispersion effect
and test accuracy would be affected with the increase of the sample mass concentration in the suspension. Ga or Se was used as
internal standard elements for quantitative analysis of GBWO0857 in the experiment. but because the measured elements As and Se
are adjacent elements, which cause overlap of spectral lines, and then Se as internal standard elements would affect the accuracy
of quantitative analysis of As elements, in order to avoid the interference of internal standard elements on the measured ele-
ments, Ga was selected as internal standard elements in this experiment. An easy and rapid sample preparation consisting in sus-
pending 20 mg of sample in de-ionized water showed to be the most suitable for this kind of samples. Four certified reference ma-
terials in foodstuff were employed for the quantitative determination of the inorganic elements. The recovery rate of most ele-
ments (except some elements) was concentrated in the range of 80% to 120% , and the RSD was less than 15%. Compared with
the methods of ICP-AES and ICP-MS, the method of suspension sample preparation-total reflection X-ray fluorescence analysis is

faster and more convenient.
Keywords Total reflection X-ray fluorescence (TXRF); Foodstuff; Inorganic multi-element; Suspension
(Received Jan. 27, 2019; accepted Apr. 15, 2019)
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