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Fig. 1 Schematic diagram of candidate material sample processing and preparation.
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Table 1 Sample decomposition methods and analytical methods for candidate reference materials
e 2
FEH R SEH NN
e SIHTIN Iy i e VAR RINEWIRFS
LR JTH
MW-ICP-OES , DFC—ICP-MS, DAC-ICP-OES,
Ag MW-ICP-MS,DFC-ICP-MS,DAC-ICP-MS,MW-ICP-0ES Mg
DMA-ICP-OES, DAC-ICP-MS
Al MW-ICP-OES,DMA-ICP-0OES,A. FU-ICP-0OES, M MW-ICP-OES, DFC-ICP-MS,DAC-ICP-OES,
FU-ICP-OES,DAC-ICP-OES,DPP-XRF " DAC-ICP-MS,MW-ICP-MS
DMA-AFS, DMA-ICP-MS, DAC-ICP—MS, MW—ICP-MS,
As Mo MW-ICP-MS,DFC-ICP-MS,DAC-ICP-MS

DAC-AFS

B MW-ICP-OES,DFC-ICP-MS,DAC-ICP-MS,MW-ICP-MS

N DS-VOL,DS-COL

MW-ICP-OES,DFC-ICP-MS, DAC-ICP-ES,MW-ICP-MS,

B
! DAC-ICP-OES, DAC-ICP-MS

MW-ICP-OES, DFC-ICP-MS, DAC-ICP-OES,
DMA-ICP-OES, DAC-ICP-MS

Na

Be MW-ICP-OES,DFC-ICP-MS,DAC-ICP-MS,MW-ICP-MS

Nd MW-ICP-MS,DFC-ICP-MS,DA-ICP-MS, DAC-ICP-MS

Bi MW-ICP-MS,DAC-ICP-MS,DF-AFS

Ni MW-ICP-MS,DFC-ICP-MS,DAC-ICP-MS,MW-ICP-OES

Br DAC-ICP-MS, DPP-XRF,FU-ICP-MS

MW-ICP-OES, DFC-ICP-MS, DAC-ICP-OES,
DMA-ICP-OES, DAC-ICP-MS

MW-ICP-OES,DFC-ICP-MS,DAC-ICP-OES,
DMA-ICP-0OES,DAC-ICP-MS

Ca

Pb MW-ICP-MS,DFC-ICP-MS,DAC-ICP-MS

Cd MW-ICP-MS, DFC-ICP-MS,DAC-ICP-MS

Pr MW-ICP-MS, DFC-ICP-MS,DA-ICP-MS,DAC-ICP-MS

Ce MW-ICP-MS, DFC-ICP-MS,DA-ICP-MS,DAC-ICP-MS

Rb MW-1CP-MS,DFC-ICP-MS,DAC-ICP-MS
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Table 2 Summary of test data and rejected data groups for
candidate reference materials
AR R IR Mfiﬁ‘fﬁ
a5 3247 86 2.6
WA 3318 76 2.3
e 3332 56 1.7
EXan 3264 87 2.7
i NE 3264 74 2.3
FERY 3243 82 2.5
1A 3280 60 1.8
=+ 3256 74 2.3
RFIAL 3317 87 2.6
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Table 3  Certified values and expanded uncertainty for reference materials
FRfE P o 44 Bk o WRMEERATRERE | WHEEMATHEE | PRMEERATRER | ARHEERATE R
g e (x107%) LR (x107%) L (x107%) LR (x107%)
Ag™* (1.1) Cu 8.2+0.6 Mg 0.165+0. 010 Si (100)
Al (136) Dy** 1.8+0.3 Mn 22.11.0 Sm** 2.5£0.5
As 0.017+0. 006 Er** (0.97) Mo 1.13+0. 08 Sn (0.03)
B 12.7+1.3 Eu™"* 1.5+0.5 N* 3.12£0.11 Sr 6.6+0.5
Ba 5.4£0.6 F (0.75) Na (10) Th** 0.40. 1
Be™* 2.10.4 Fe 7148 Nd 0.012+0. 004 Th** (5.4)
LML | B (0.93) Gd 2.7+0.5 Ni 10«1 Ti (3.13%)
S BRI 5 Br (1.9) Ge" " (1.2) p* 0.457x0. 013 T 6.1x1.4
(GBW10228) Ca* 0. 10420. 014 Hg** (1.27) Pb 0.03320. 014 Tm* * 0.1320. 05
cd** 5.420.9 Ho™* 0.37+0.07 pr*” 3.2+0.7 v 1.220.5
Ce 0. 030+0. 006 " (116) Rb 11=1 % (0.06)
cl (126) K* 1.392+0. 073 S* 0. 180+0. 017 Y 0.30. 1
Co 0.23+0. 04 La 0. 026+0. 004 Sh** (4.6) Yb** 0.760. 10
Cr (0.93) Li 0.0320. 01 Se 0.013x0. 006 Zn 2412
Cs 0. 025+0. 004 Lu®* 0.1020. 03 Se 0. 023+0. 009
Ag™* 4x1 Cu 7.2+1.1 Mg 0.12+0. 01 Si* (1.595)
Al (289) Dy # = 9.1£2.2 Mn 10.1£1.6 Sm (0.012)
As 0. 1040. 043 Er# * 4.7£1.0 Mo 0.222+0. 026 Sn 0. 05420. 010
B 11.11.6 Eu* * 3.520.7 N* 1.733=0. 206 Sr 2746
Ba 7.4420. 60 F (0.99) Na* 0.07420. 011 Th** 1.6x0.4
Be™* 5.11.4 Fe 107+11 Nd 0.058+0. 012 Th 0.032+0. 011
VRS T | Bt 2.120.7 Gd 0.011x0. 005 Ni 1. 0420. 46 Ti 10.7£2.5
B 5T Br (1.7) Ge™* 7£2 p* 0. 302+0. 077 T 3.36x1.07
(GBW10232) Ca” 0.30+0. 03 Hg** 2.6£0.9 Pb 0.322+0. 093 Tm* * 0.6320.23
Cd 0. 017+0. 006 Ho™* 1.7£0. 4 Pr 0.015+0. 006 U 0.01920. 006
Ce 0.126+0. 015 I (0.22) Rb 5.0£0.6 v 0.21+0. 10
ar (0.098) K* 1.140.12 s* 0.5320. 10 Y 0. 14+0. 03
Co 0.062+0. 011 La 0.075+0. 011 Sh (0.015) Yb** 4.2+1.6
Cr 1. 68+0. 49 Li 0.16=0. 04 Se (0.10) Zn 1822
Cs 0.015+0. 006 Lu™* 0. 65+0. 20 Se 0.0420. 01
Ag** 4.4£1.0 Cu 2.72+0. 62 Mg 0.185+0. 014 Si* (0.19)
Al (447) Dy 0.0320. 01 Mn 304 Sm 0.045+0. 016
As 0.1620. 03 Er 0.013x0. 006 Mo 0.4420. 04 Sn 0.032+0. 013
B 14.3+2.8 Eu** 9.7x1.4 N* 2.05+0. 09 Sr 74+12
Ba 11.11.6 F 3.84x Na 0. 48+0. 06 Th** 5.3%0.9
Be™* 9.7+1.4 Fe 267+39 Nd 0.2320. 11 Th 0.074+0. 018
WA | Bt 6.5+1.2 Gd 0.040+0. 013 Ni 1.26+0.30 Ti 2243
FrEY) 5T Br (5.1) Ge™ ™ 7.8+2.3 p* 0.266+0. 034 Tl 0.010+0. 004
(GBW10233) Ca® 0.8620. 08 Hg"* 812 Pb 0.920.2 Tm** 1.8+0.6
Cd 0.17+0. 03 Ho* * 542 Pr 0. 060. 01 U 0.097+0. 023
Ce 0.51=0. 14 1 (0.26) Rb 9+1 v 0.5520. 15
ar (0.63) K* 1. 08+0. 09 S* 0.3120. 07 Y 0.23+0. 09
Co 0.1320. 03 La 0.27+0. 07 Sh (0.017) Yb 0.011x0. 005
Cr 3.6£0.6 Li 0.4320. 09 Se (0.09) Zn 17£2
Cs 0.1120. 01 Lu** 1.7+0.5 Se 0. 045+0. 019
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PRl o 44 Bk . PRMEERURGG E . PRMEERURGG E . PRMERRURGG E . PRMEERURGG E
GIEE e (x107%) e (x107%) e (x107%) e (x107%)
Ag 0.019x0. 004 Cu 6.8+0.6 Mg * 0.154x0. 011 Si (441)
Al* 0. 017x0. 006 Dy** 8.2+1.1 Mn 6+1 Sm** 11+2
As 0.25+0.03 Er** 4.220.5 Mo 0. 049+0. 012 Sn 0. 024+0. 009
B 71 Fu** 2.620.6 N* 2.48+0. 06 Sr 2.8+0.3
Ba 1.5+0.3 F (1.95) Na 325+35 Th** 1.4320. 18
Be* 5.11.7 Fe 17414 Nd 0. 060. 01 Th 0.018*(0.015~0.033)
SEEEHRPTE | B (1.9%) Gd** 10.3+1.3 Ni 0.31+0.03 Ti (12)
WA TR UES R | Br (5.6) Ge™” 5.0+1.3 p* 0. 493+0. 032 T 1.45+0. 42
(GBW10247) Ca 597+25 Hg 0.052+0. 012 Pb 0. 1260. 021 Tm** 0.58+0. 11
Cd 0. 033x0. 006 Ho* * 1.70.3 Pr 0.014x0. 005 u*” 72
Ce 0.117£0.015 I (0.3%) Rb 161 v 0.24+0.03
ar (0.116) K* 2.89+0. 23 s* 0.177+0. 016 Y 0.15+0.03
Co 0.05+0.01 La 0.07+0.01 Sh 0. 014x0. 006 Yb** 3.520.4
Cr 0.75+0. 10 Li 0.37+0.03 Sc (0.026) Zn 53+7
Cs 0.06+0. 01 Lu**® 0.6%0.1 Se 0.088+0. 016
Ag™* 2.8+0.5 Cu 0.8+0. 1 Mg 31318 Si* (0.019)
Al (113) Dy** 1.8+0.3 Mn 3.120.3 Sm** 2.120.3
As 0. 08+0. 02 Er** 1.0+0.2 Mo 0.141x0. 012 Sn (0.017)
B 2.0+0.3 Eu*" 0.55+0.12 N* 0.93+0. 08 Sr 1.63x0.24
Ba 0.85+0. 10 F (1.5) Na 418+32 Th** 0.35+0.12
Be* 1.4£0.2 Fe 19+2 Nd 0.0120. 005 Th** 3.321.0
WHBPICRM | BT (0.8) Gd** 2.340.3 Ni 0. 08+0. 02 Ti (0.65%)
S bR EY) Br (2.3) Ge™” 1.23+0.18 p* 0.225+0. 023 mm " 0.35+0. 14
(GBW10248) Ca 227+20 Hg"* (3.3) Pb 0.04120. 011 Tm** 0. 16+0. 04
Cd 0. 0320. 007 Ho** 0.4220. 17 pr** 3.2+0.5 u*” 2.120.6
Ce 0. 018+0. 006 I (0.27) Rb 81 v (0.030)
ar (0.043) K* 1.08+0. 08 S 722453 Y 0.23+0. 08
Co*” 72 La 0.022+0. 008 Sh** 542 Ybh** 0.92+0.21
Cr (0.2) Li 0. 1420. 02 Se** (7) Zn 1742
Cs 0. 0480. 006 Lu*” 0.17+0.04 Se 0. 026+0. 010
Ag"” 2.520.9 Cu 1.92+0.22 Mg 297+18 Si (62)
Al (98) Dy** 0.53+0.18 Mn 13.4+1.5 Sm*” 0.72+0. 11
As 0.11x0. 02 Er** 0.3%0. 1 Mo 0.34+0.03 Sn** (10.1)
B 2.0+0.3 Eu*" 0.43+0. 14 N* 0.910. 08 Sr 3.320.2
Ba 1.320.2 F (1.7) Na 330+21 Th** 0.108+0. 021
Be* 0.55+0. 16 Fe 14.5+2.4 Nd** 4.0+0.8 Th** (2.5)
HhoTEMr | Bt (0.76) Gd** 0.8+0.2 Ni 0.21=0. 03 Ti (1.7)
SRR EY) BT Br (1.8) Ge™ ™ 1.54£0.28 p* 0. 113+0. 008 T** 0.53+0. 13
(GBW10249) Ca 475431 Hg™* 5.5¢1.4 Pb 0.034+0. 013 Tm"** 0.049+0. 015
Cd*” 9+1 Ho** 0.110.04 pr** 1.1=0.3 U 0.016x0. 004
Ce™ " 8.9x1. 1 I (0.23) Rb 3.12+0. 16 v (0.033)
al* (0.07) K* 0.25+0. 02 s* 0.077+0. 010 Y 0.180.07
Co 0.019+0. 007 La (0.011) Sh** (4.3) Ybh** 0.2220. 07
Cr (0.13) Li 0.03+0.01 Se** (5.7) Zn 10£2
Cs*” 4.420.8 Lu** 0.040.01 Se 0.033x0. 012
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PRl o 44 Bk . PRMEERURGG E . PRMEERURGG E . PRMERRURGG E . PRMEERURGG E
GIEE e (x107%) e (x107%) e (x107%) e (x107%)
Ag™* 3x1 Cu 3.6£0.3 Mg 711£32 Si 785+182
Al* 0. 018x0. 006 Dy** 10+2 Mn 11+2 Sm 0. 013x0. 006
As 0.05+0.01 Er** 4.8+0.5 Mo 0.030.01 Sn 0.056+0. 013
B 2944 Fu** 51 N* 0.45+0.05 Sr 7.1x1.1
Ba 12+2 F (1.2) Na 46+8 Th** 1.8+0. 4
Be* 6.0=1.2 Fe 211%27 Nd 0.070.01 Th 0. 024x0. 004
IR TP ITEL | Bi** 4.2+1.1 Gd 0.013+0. 005 Ni 1.24x0.21 Ti 81
G353 HTARED) 5T Br (2.6) Ge™” 5.7+1.2 p* 0.08=0. 01 T 3.88+0.93
(GBW10250) Ca* 0.29+0.03 Hg** 4.7+1.2 Pb 0.57+0. 14 Tm** 0. 68+0. 16
Cd 0.030.01 Ho™ * 1.74x0. 34 Pr (0.02) U 5.0x1.2
Ce 0.16+0.03 I (0.25) Rb 12+1 v (0.21)
ar 0.014 K* 0.74+0.13 s* 0.068+0. 011 Y 0.17+0.03
Co 0.20=0. 03 La 0.10x0. 02 Sh 0. 021+0. 009 Yb** 4.1%0.5
Cr 3.0£0.5 Li 0.1920. 05 Se 0.0320. 01 Zn 133+11
Cs 0. 08+0. 02 Lu**® 0.6x0.2 Se 0.030.01
Ag"” 4x1 Cu 4.5+0.9 Mg* 0. 140+0. 017 Si* 0. 134x0. 036
Al* 0.072+0. 011 Dy 0. 078x0. 012 Mn 4547 Sm 0.105+0. 011
As 0.76+0. 14 Er 0.04+0.01 Mo 0. 09+0. 02 Sn 0.039+0. 014
B 17+2 Eu 0. 024+0. 007 N* 1.338=0. 092 Sr 1323
Ba 16+2 F (3) Na 70+8 Th 0.014+0. 004
Be 0. 022+0. 004 Fe 552+63 Nd 0.56=0. 10 Th 0. 1130. 029
=LMoot EmR | Bt 71 Gd 0.112+0. 016 Ni 2.2+0.3 Ti (28)
S bR EY) Br (2.4) Ge (0.013) p* 0.203+0. 038 Tl 0. 042+0. 008
(GBW10251) Ca” 0.24520. 040 Hg 0. 0230. 008 Pb 0.7+0.1 Tm** 5.5+0.9
Cd 0.31120. 022 Ho 0.01520. 006 Pr 0.1420. 02 U 0. 0420. 01
Ce 1.36+0. 17 I (0.20) Rb 9.5+0.7 v 1.920.7
ar (0.022) K* 1.317+0. 086 s* 0.10+0.01 Y 0. 66+0. 09
Co 0.55+0.07 La 0.720. 1 Sh 0.11+0.05 Yb 0. 034+0. 009
Cr 2.12+0.34 Li 0.4520. 12 Se 0.1620. 07 Zn 13.8+1. 1
Cs 0.1290. 023 Lu*” 5.3x1.0 Se 0.024+0. 008
Ag (0.011) Cu 8.0x1.1 Mg* 0.199:0. 035 Si* (0.21)
Al* 0. 035+0. 006 Dy 0.03+0.01 Mn 10110 Sm 0.041+0.015
As 0.5+0. 1 Er 0.015x0. 006 Mo 0.41x0. 06 Sn 0.1420. 04
B 3443 Eu*" 9.2+1.4 N* 2.86x0.21 Sr 9.7+1.1
Ba 7.8+1.3 F 6.9+1.3 Na 94+11 Th* " 5.421.0
Be 0. 01320. 004 Fe* 0. 14+0. 02 Nd 0.24+0. 04 Th 0. 0720. 02
KRS0 | Bt 8+2 Gd 0.04=0. 01 Ni 1.53£0.19 Ti 25+6
FRiEY) BT Br (3.7) Ge 0.017+0. 007 p* 0.33+0. 04 Tl 0. 16=0. 04
(GBW10234) Ca” 0.673+0. 044 Hg™* 9.7+1.6 Pb 1.65+0.21 Tm"** 2.22+0.31
Cd 0.42+0. 04 Ho** 61 Pr 0. 062+0. 008 U 0. 0220. 007
Ce 0.56=0.17 I (0.37%) Rb 332 v 1.22+0. 14
al* (.07) K* 2.36x0. 34 s* 0.29+0.04 Y 0.28+0.04
Co 0.3220. 06 La 0.3920. 07 Sh 0. 06620. 024 Yb 0. 013%0. 005
Cr 2.2410.31 Li 0.41+0.07 Se 0. 08620. 012 Zn 4946
Cs 0.34+0.02 Lu** 1.95+0. 40 Se 0.130.02
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HIGHLIGHTS

(1) 9 kinds of reference materials were developed: red bean, onion, rape, needle mushroom, tremella, root

starch, hawthorn, notoginseng and jasmine.

(2) 59 elements are certificated, and trace element quantification levels are improved compared to standard

materials of the same type.

(3) The contents of Cd and Pb in the series of reference materials form a gradient, which can be used for the

analysis of samples with different contents.
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(D 9 kinds reference material including red bean, onion, rape, needle mushroom, tremella
root starch, hawthorn, notoginseng and jasmine were developed.
(59 elements are certificated which showed improved trace element quantification levels compared

Progress:

to comparable standard substances.
@ The contents of Cd and Pb in the series of reference materials form a gradient, which can be used
for the analysis of samples with different contents in the test.

ABSTRACT
BACKGROUND: With the increasing concern for food safety, especially for the elemental composition and
efficacy of plant — derived foods and health products, research on the nutrient analysis of related foods is
continuously carried out. At present, due to the wide variety of agricultural and health products, and the different
environments in which the plant matrix grows, the elements absorbed by plants during the growth process vary
greatly , making it difficult for many foods to meet the requirements of the calibration and testing system simply by
using pure standards. It is necessary to combine the matrix reference materials for calibration and develop new plant
—based reference materials.
OBJECTIVES: To improve the situation that there are few existing plant matrix reference materials, by developing
9 kinds of plant matrix reference materials for elemental analysis. Except for the reference materials for elemental
analysis in notoginseng powder, all of them were developed for the first time, which supplemented the types of plant
matrix elemental analysis reference materials and were mainly used in food nutrition and safety analysis and testing
technology research of plant samples.
METHODS: In the early stage of development, the selection of candidate reference materials with the
representative matrix were investigated and studied. The samples were pretreated, dried, crushed, sieved, and
examined by a laser particle size analyzer before being packed in 45ml. HDPE plastic bottles and inactivated by
®Co irradiation, which can be stored for a certain period of time. The samples were randomly selected from 30
bottles during the whole packing process, and the homogeneity test was performed by inductively coupled plasma—
mass spectrometry ([CP—-MS) , inductively coupled plasma—optical emission spectrometry (ICP-OES), atomic
fluorescence spectrometry ( AFS) and volumetric method ( VOL). The long—term stability of the reference materials
under the specified storage conditions and the transport stability at 60°C were investigated and the results were
evaluated by trend analysis, which showed that the samples were stable under the specified conditions. The
operation guideline of reference materials characterization analysis was developed, and 11 laboratories worked
together to analyze 59 elements: Ag, Al, As, B, Ba, Be, Bi, Br, Ca, Cd, Ce, Cl, Co, Cr, Cs, Cu, Dy, Er,
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Eu, F, Fe, Gd, Ge, Hg, Ho, I, K, La, Li, Lu, Mg, Mn, Mo, N, Na, Nd, Ni, P, Pb, Pr, Rb, S, Sb, Se,
Se, Si, Sm, Sn, Sr, Tb, Th, Ti, TI, Tm, U, V, Y, Yb, Zn.

RESULTS: The data of the developed series of reference materials were statistically judged by Grubbs and Dixon
and the suspicious values were rejected, with a rejection rate of less than 3%. Shapiro—Wilk was used to test the
normality of the fixed value data, in which the element Ti in red bean, Bi, I and Th in needle mushroom, Ti in
tremella, and I in jasmine had a skewed distribution of the original measurement data, and no certified value was
taken only as the median value for reference, and the arithmetic mean of the customized data was used as the
certified value for the remaining elements. The certified values and uncertainties of the nine reference materials
were above 40, among which, 53 certified values and uncertainties were given for hawthorn and notoginseng. The
uncertainty of reference materials consists of homogeneity uncertainty, stability uncertainty and characterization
uncertainty. This series of reference materials was developed under the concept of metrological traceability, and a
variety of quality control measures were taken to ensure the accuracy and reliability of analytical results and was
applied as national level reference materials in 2021. The names and number are as follows: chemical composition
of red bean (GBW10228) , onion (GBW10232), rape (GBW10233), needle mushroom ( GBW10247) , tremella
(GBW10248) , root starch ( GBW10249 ), hawthorn ( GBW10250), notoginseng ( GBW10251), and jasmine
(GBW10234).

The existing plant matrix elemental analysis reference materials are mostly found in rice, wheat, tea and other
major agricultural and sideline food, and the certified value elements are mainly macronutrients and heavy metals.
The present series of reference materials cover agricultural and health products with a large amount of daily
sampling, except for notoginseng, which is developed for the first time, supplementing the variety of relevant
quality control samples in the food testing field, with 59 certified value elements, which can effectively reflect the
composition of elements in relevant products.

In this study, more regionally representative candidates were selected, focusing on the beneficial nutritional
elements K, Ca, Na, Mg, P, Zn, Fe and harmful metal elements As, Hg, Cd, Pb, whose contents can reflect the
distribution characteristics of the elements in different samples and origins, such as red beans, which is a health
food, and the candidates were picked from Yi’ an County in Songnen Plain (one of the important commodity grain
bases in China). It contains high contents of beneficial nutrients such as K (1.392¢/100g) , Ca (0. 104g/100g) ,
Mg (0. 165g/100g), P (0.457¢/100g), Zn (24pe/g) and Fe (71lwg/g), and low contents of Pb (0. 033
pe/g), Cd (5. 4ng/g) and other harmful metal elements, which are far below the national limit standards,
reflecting the fertile black soil of Songnen Plain and the effectiveness of China’ s land management. For elements of
Cd and Pb, red beans (5. 4ng/g) and (0.033wg/g), onions (17ng/g) and (0.322ng/g), needle mushroom
(33ng/g) and (0. 126pe/g), rape (170ng/g) and (0. 9pg/g), notoginseng (31lng/g) and (0. Tpg/g),
jasmine (420ng/g) and (1. 65ug/g) form a gradient range, which is more applicable for food testing quality
control. It can be found that the content of heavy metals in health products such as notoginseng and jasmine are
higher than that in vegetable products such as rape and needle mushroom, which has a certain guidance for
selecting suitable quality control samples in analytical testing. This is a guideline for the selection of suitable quality
control samples.

Due to the progress of the current testing methods and instruments, the precision of the data for the
determination of rare earths and other elements with very low contents in some samples was good, and standard
values were given, such as Eu (9.4%1.7ng/g), Ge (7.8+2.3ng/g), Lu (1.7x0.5ng/g), Th (5.3+0.9
ng/g), Tm (1.8%0.6ng/g) in rape, while the previous reference materials of similar vegetable matrixes did not

reach such definite levels.

— 407 —



HOW

H2

il

i

2023 4

http;//www. ykes. ac. cn

CONCLUSIONS: The development of the series of plant matrix reference materials is supplemental and improves

the existing plant matrix reference materials, with obvious distribution characteristics of elements and wide

applicability of the gradient range. This series of reference substances covers lots of elements with certified values,

which is suitable for the quantity transfer and quality control of biological samples analysis and provides basis for the

research on the correlation between the medicinal value and elements of health products.

KEY WORDS: plant matrix; reference materials; elemental analysis; agricultural products; health products;

inductively coupled plasma—mass spectrometry

5% 30k

(1]

(2]

(3]

[4]

[5]

[6]

R T FRE IR IR A PP S ()], B el
BRI ,2019(4) :61-62.

Feng X Y. Investigation, assessment and monitoring of
soil environment in China [ J ]. Technology Innovation
and Application,2019(4) :61-62.

ALHE RO T, S B S X B AR X R
- 4 S P R R A T B E R e [T ]
S S RMEFREE 4R, 2021,37(5) :636-643.

Cheng J,Yuan X Y,Zhang H Y, et al. Characteristics of
heavy metal pollution in soils of Yunnan—Guizhou
phosphate ore areas and their effects on quality of
agricultural products[ J]. Journal of Ecology and Rural
Environment,2021,37(5) :636—-643.
SRRSO i S S BT AR S 2ol A UK 3
7 it e R T Y B AR R U AL [0 ] B T I R
AR (A ARRLARR) ,2020,37(1) :81-85.

Wei Y C, Zhang X Y, Qin J R, et al. Heavy metal
pollution and health risk assessment of agricultural
products around lead—zinc mining industries in Guangxi
[J]. Journal of Nanning Normal University ( Natural
Science Edition) ,2020,37(1) :81-85.

SR AR, S0, AF 25 TR YRR A 7
B RArHT S PR [T, P db A ARRH B K 2 2 4R
( BIRFIERR) ,2022,50(2) :103-114.

Wu J J,Zhu B,Shi J,et al. Analysis and evaluation of soil
heavy metal pollution in planting and production areas of
medicinal plants[ J]. Journal of Northwest A & F University
(Natural Science Edition),2022,50(2) :103-114.
B, A2, U, S SEPY AL L IO S8
KA E G R TGR PR [ 1], £ hh 22 42 B A I 27
#2,2022,13(15) :5062-5069.

Bao L P,Chen Y, Yang H B, et al. Risk assessment of
heavy metal pollution in grains and vegetables in rare
earth mining areas in northwestern Hubei[ J ]. Journal of
Food Safety & Quality,2022,13(15) :5062-5069.

Tl 22 PF, s AT Rk, AR, A OROK R S 4
JB /2K G e M OHAR ARG [ ] PRdE TR 420K

— 408 —

[9]

[11]

[12]

2022,12(7) :479-487.

Shi J D, Shi K X, Huang Y J, et al. Heavy metal and
metalloid contamination of rice and vegetables and their
health risk in China [ J ]. Journal of Environmental
Hygiene,2022,12(7) .479-487.

Ahiakwo B O, Kingsley C. Heavy metals contamination
and potential human health risk via consumption of
vegetables from selected communities in ONELGA,
Rivers State, Nigeria[ J ]. European Journal of Nutrition
& Food Safety,2019,9(2) :134-151.

Rose M, Julius K, Stephen N, et al. Heavy metal
contamination of water, soil and vegetables in urban
streams in Machakos Municipality, Kenya[ J]. Scientific
African,2020,9 :e00539.

PN SRR I8 , SRR | 45 1 A B o e o DX S v
4 i B IE R R R R[], PR
Bl2#,2021,42(11) :5519-5525.

Sun S, Geng N B, Guo C C, et al. Accumulation
characteristics and dietary exposure estimation of heavy
metals in vegetables from the eastern coastal region of
China [ J ]. Environmental Science, 2021, 42 ( 11).
5519-5525.

SREe, B 3, F9M, 4. it A I X S A2 A N
BIRTTRIEIR [ J].  E £, 2020,36(28)
52-56.

Guo J X, Luo W L, Fu M, et al. Effects of basal
application of selenium—enriched fertilizer on growth and
nutrient elements’ content of Chinese flowering cabbage
[J]. Chinese Agricultural Science Bulletin, 2020, 36
(28) :52-56.

A5V REAENL B AR A A TR S A T R
ESLLT]. £ FHTE ,2022,44(3) : 1-3,8.

Zou X Z, Kang D C, Luo J, et al. Research and
development of edible and medicinal mushroom selenium
—enriched food[ J]. Edible Fungi,2022,44(3) :1-3,8.

B4 RIER, Gt gL, 4. IR P T SRR /e )
TR LR SR R ST [ ] A I, 2021,
40(6) :820-832.

Xia Y,Song Y B, Hou J K, et al. Distribution law and



552 B, A5 9 P LR TR S Wb vy AT A B et (LRI W5 42 %
influencing factors of molybdenum in soils and crops in Liu S L,Wang H W,Zhao M, et al. Research progress of
Luoyang, Henan Province [ J ]. Rock and Mineral matrix reference materials for food[ J]. Journal of Food
Analysis,2021,40(6) :820-832. Safety and Quality,2019,10(1) :8-13.
[13] Li A R,Qiao X X,Ji H W, et al. Investigation report on [21] f5LBETN. 25 W bn HEY) 5T i i S0Pk S SR B () ].

the effects of selenium on human health in Guanzhong T ,1999(12) .47-48.

area [ J ]. IOP Conference Series; FEarth and Ni X L. Development status and prospect of biological

Environmental Science,2020,514(5) :052029. reference materials [ J ]. China Metrology, 1999 (12) .
[14]  BXT7 8, ZEOMG , TEHE , 45, i [ w7 A ™ i DA IE 42 e 8 47-48.

RERHAW )] ZRARRL:, 2019,47(3) 1262 [22]  SRIYEE ARGER, AR B0 % A Ik A b i 0y o AT

-264,267. FHEBELI]. BEMSEWHERER,2022,41(7):

Zhao F H,Li D P, Wang C, et al. The current situation 71-83.

and countermeasures of selenium — enriched products Guo L L, Xu H, Kuang H. Research progress in matrix

certification in China[ J]. Journal of Anhui Agricultural reference materials for food safety detection[ J]. Journal

Sciences,2019,47(3) :262-264,267. of Food Science and Biotechnology, 2022, 41 (7).
[15] 80, SRl soded , 45, AR R E DA A 71-83.

AR B FEIIR LT ]. P8 Al R 223 (3R (23] mAlEmERs. AS[a) s S A0 b G Y 7 6 A5 0 TR

FL2#0) ,2016,36(8) :604-608. A ELSEL D . R U TR 2021

Jiang H Y ,Ma Y X,Huang J I, et al. The research status Gao Y X L. Response of soybean yield and quality to

of Jasmine tea health care efficacy and related health temperature enhancement in different soil types [ D ].

care products [ J ]. Journal of Shanxi Agricultural Nanjing ; Nanjing University of Information Science and

University ( Natural Science Edition), 2016, 36 (8) . Technology ,2021.

604-608. [24] RJAE, T, WFHIT, S A FKRE S0 8 Fio
[16] Mkit, BB B HEW, . =L BUEFRICR N HNETEXHEY R BRI Z [ )], A Aol K

L], il A 9741, 2020,39(2) :69-74. 2244 ,1994(4) ( 1-6.

Lin J,Zhao Z,Luo C L,et al. Distribution characteristics Wu Q T, Wang G S, Tan X F, et al. Effect of crop

of mineral nutrients in Panax notoginseng[ J]. Journal of cultivars and chemical fertilizers on the cadmium

Mountain Agriculture and Biology,2020,39(2) :69-74. accumulation in plants [ J ]. Journal of South China
[17]  2ZW0F. ICP—MS 30 A Py PR R e it o T S Al s Agricultural University,1994(4) :1-6.

JER[J]. i 2017,29(10) :53-56. [25] 22, RIEZ KR, 5. URAEMHEY BT R

Lan L P. ICP-MS method for determination of 16 kinds R[], %, 2014,34(5) .

of rare earth elements in plant health products[ J]. Strait 1053-1060.

Pharmaceutical Journal ,2017,29(10) :53-56. Li L Q,Wu Z Y,Zhang Q,et al. State—of—the—art review
(18] SIRTE, XUBk=Z:, MRTT. FH L IE i - 1CP-MS 5 A of the impact of climatic change on bioavailability of

B E R 2 16 R £OCE ()], BikiR4,2022,41 mineral elements in crops [ J]. Acta Ecologica Sinica,

(3).278-281. 2014,34(5) :1053-1060.

Wu Z Y,Liu L Y, Ai L F. Simultaneous determination of [26] Hg¥a, GHT & &1, 5. GBW10010a K KARHEY) it

16 rare earth elements in traditional Chinese Medicine (W) W M BHERAE[T]. A9 L, 2020,39(6) «

by microwave digestion—ICP-MS[ J]. Hydrometallurgy 866-877.

of China,2022,41(3) .278-281. Yang R,Gu T X,Pan H J,et al. Preparation of reference
[19] ZFHZ iR, 2400, 5. B Z e iR s materials GBW10010a for rice component and data

PREYI R A [T ], B e a4k, 2018, characteristics[ J |. Rock and Mineral Analysis,2020,39

9(15) :3891-3896. (6) :866-877.

Li X Q,Lu H,Li H M, et al. Development of food safety [27] FE: HAEE, SR, S RS20 RIREY

chemical metrology technology and standard material JEBFEI [T, A T HL 4 B Ak 2, 2022, 12 (1) .

[J]. Journal of Food Safety and Quality Inspection, 178-192.

2018,9(15) :3891-3896. Wang J, Tian Y G, Xu J Y, et al. Development of
[20] XUZO, EZ5405, 8500, 5. & 5 T AR PR e Y bt o certified reference materials for the chemical composition

R[] BT R EEN 2, 2019,10(1)
8-13.

of chemical fertilizers[ J ]. Chinese Journal of Inorganic
Analytical Chemistry,2022,12(1) :178-192.

— 409 —



HO

H2

il

i

2023 4

http;//www. ykes. ac. cn

[28]

(29]

[30]

[31]

BROA A JBUoRT , F s v BRIk 2 o 4 5 A 1 o
SR [T 8RR 5 5 R, 2007, (S1) .
257-261.

Yan M C, Gu T X, Cheng Z Z. Development and
application of geochemical reference standards [ J].
Geophysical and Geochemical Exploration Computing
Technology 2007, (S1) :257-261.

XA, ZEmei, F g, 2. YRR P ICHLTER 2
e B it T A B 5 ik AN E H R[] A 0 s,
2013,32(5) :681-693.

Liu Y X,Li X J,Bai J F, et al. Sample pretreatment
method and determination technique for analysis of
inorganic elements in plant samples [ J ]. Rock and
Mineral Analysis,2013,32(5) .681-693.
XEEF, 3k 8, 2 E %5 ICP-MS 1 5 s Bk 1k 27
FEfh T As Cr Ge |V 45 18 Fl i JR 1 0 K A9 BT 52
[J]. A=At 5, 2006 (1) :16-20.

Liu Y X, Zhang Q, Huang Z Y, et al. Study on
determination of 18 trace elements including As,Cr,Ge,
V in geochemical samples by ICP-MS[J]. World of
Chemistry ,2006( 1) ;16-20.

LB T, AR, SRR B -X ST
TR AE ML ERAL AR v 5149 2 A 6 v #) 15 FHF 5

— 410 —

[33]

[34]

(1] Jiker 5G4 H7,2021,41(3) :755-762.

Zhao H K, Yu T, Xiao Z B, et al. Application of powder
tableting — X — ray fluorescence spectroscopy in the
uniformity test of geochemical reference standards[J].
Spectroscopy and Spectral Analysis, 2021, 41 (3) .
755-762.

R, BV PR, A Ut AR S Y AR
SR BTARAE R BRI [ ). 8RO BE 2, 2021, 49
(17) .5-10.

Yuan J,Wang Y P,Xu C X, et al. Preparation of heavy
metal contaminated soil reference materials of Beijing for
chemical composition analysis [ J |. Journal of Anhui
Agricultural Sciences,2021,49(17) .5-10.

S EARAEY) TS B2 By s b R B E 1 U g
PREA B M. AU SR A, 2011

National Reference Materials Management Committee.
Principles for reference materials and statistics [ M ].
Beijing; Quality Inspection of China Press,2011.

ke, PRI SR EGE A IR RS e A bR ) T
EHILI]. AR, 2021,40(5) :751-762.

Yang R,Yin G W,Zhang J X, et al. Preparation of trace
gold and gold ore reference materials [ J ]. Rock and
Mineral Analysis,2021,40(5) .751-762.



