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Replication of Cabbage and Spinach Certified Reference
Materials for Biochemical Analysis

ZHAO Kai,PAN Hanjiang, YANG Rong, LIU Mei,ZHOU Guohua,GU Xue, XU Jinli

(Institute of Geophysical and Geochemical Exploration ,Chinese Academy of Geological Sciences,Lang fang, Hebei 065000 ,China)

Abstract In order to meet the needs of agricultural product analysis and improve the ability of element
detection in the agricultural field, the replication of two national first-class certified reference materials,
cabbage powder GBW10014 and spinach powder GBW10015, had been carried out. The samples were
collected from the original collection sites, and then packed with 25 g in each high-density polyethylene
plastic bottle after they were prepared by coarse crushing,drying, fine crushing, sifting and mixing. After
being inactivated by *°Co,the samples were stored at 4—8 °C for a long time. The homogeneity test of more
than 30 representative components was conducted, and the long-term stability test of 32 volatile and
representative components was carried out at 5 time points in one year. The samples were mainly determined by

inductively coupled plasma spectrometry (ICP-OES) and inductively coupled plasma mass spectrometry (ICP-MS).
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The results showed that the sample homogeneity and stability were fairly good. A total of 11 laboratories

were selected to implement sample analysis. A reasonable quantity traceability chain was
established. Various methods were used to determine the value of 60 components. After suspicious value
test and elimination, normal distribution test, arithmetic mean value was used as the certified value. The
uncertainty was evaluated in detail,and the final synthetic uncertainty included the uncertainty introduced
by the analysis process,homogeneity and stability. 56 elements in Chinese cabbage powder and 58 elements
in spinach powder were determined,and most of the elements concentrations were the comparable to those
in the original batch. The number of certified values was more than that in the original batch, and the

uncertainty level was increased. The replication process meets the requirements of the standard, and the

national first-class standard material certificate is obtained after examination.
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Figure 1 Distribution of grain size curves of GBW10014a (left) and GBW10015a (right) (The blue line represents the

cumulative percentage of granularity from low to high,referring to the left ordinate,and the red line represents the

percentage of different granularity intervals, referring to the right ordinate).
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Bioloical Select b Vacuum More ihgﬂg?% gk 1
iological Select, wash, ac X S
samples cut ™ (flrgi'lz‘; ™ tra)lfe::ltlfz:n . Average value/  RSD/ F measured
) 180 um Elements B Ul
(pg+g™ " % values
Bi 2.73 15.73 1. 84 0. 24
Divided Polyethylene M::;E;ﬁz? /,<_ 600 pm Br 3.1 4. 89 1.12 0. 04
packages drum L ethmoid Ca 0. 540 0. 47 1.42 0
Cd 20. 4 3.82 1.71 0.4
Homogeneity test .
wtability test Ce 0.014 6. 97 1.56 0
certified value - 4-8 deigrees Co 0. 055 4.03 1.5 0
. 1vs e ouble layer .
Inactivated by f plastic film | | Celsiue o0 Cr 0. 49 6. 86 1.37 0.01
with cobalt=60 packaging ncold” Cs 0.14 2.83 1.12 0
] Cu 3.19 2.91 2.1 0.06
B2 #mmIf&REREE Fe 55.8 4.7 1.34 1
Figure 2 Schematic diagram of sample Ge 2.9 4.91 151 0. 06
. . K 1. 5@ 0.38 1. 69 0
processing and preparation process.
La 0.024 7.57 2.01 0
Li 0. 32 3.19 1.1 0
2 WMEHEKRIE Mg 0. 220 1.11 1. 62 0
Mn 21.1 1. 39 1.56 0. 14
R i B S MR A U ) o 6 5 LA B B AR L 1 Mo 0.58 2.67 1.59 0.01
- N N . . 50 :
SIPE SRR PR BN T FA BV R M N
. o i 0.5 7.28 1.28 0. 01
oK 2 RO 3 B ELAR L 2 R T Y5 e 44 5 S i ke P 0. 340 5 1 1 0
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SO PRI I REE I T 5 SR B T 15 Rb 7 ws Lo
S 0.619 0. 37 1. 29 0
“ — v RS o
HUAR 08 2 4 ARG (TG 1006 N S S
1994) 7 FN“ 1l Jiz 43 B A o 4 J5T 9 BF i (JJF 1646— Si 0.0150 5.6 1. 26
2017)7 L85 B B ARG HI R B 32 VSR e R & = Sr o7 119 1.1 0-15
. ‘ Y 0.28 4.26 1.33 0
BRIk LT R A 2 X N HE 1Y i o 18 o7 s o0
60 Al o3 Hh i 2 H B 32 32 A LS 34 MR = Zn 12.7 2.95 1. 04 0.053
ﬁ%f’j/—‘] @tﬂ/\ Méi}‘ }: E/J H_‘/J @, $7[]EP Fﬁ*ﬂ, Note: @ the unit is % ,the same below.
FHIC 15 9/ FF R ) H 8RS 6 55 B 1R R 1ok %2 GEWI00ISa 3534 b
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2: (ICP-OES) | Hy B & 25 B 7K 513 & (ICP-MS)
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Ay Xﬂ{}j Uhit: - s Average value/ RSD/ F measured
R “Hm v Py o A Y 38 DR K g it O % values o
IE(JJF 1343—2012>”EP$%ﬁ%%*ﬂfxffi@’ﬂ A 0160 e L g
ST S S M SN As 0.55 6.02 1. 33 0.01
PEMN R AT B RIEAG . R 1.2 WL 4R s 0.1 5ol Lo o9
R4y OCE By AH X AR R 22 (RSD) <10 %, &/l 11 3% Ba 10.9 3.95 1.43 0.18
) Bi.Pb.Sb Z&/DHOTE RSD Bk, FEEH TAY Be 0.7 5.28 1.89 1.2
— Bi 15. 6 7.33 2.1 0. 68
ARG 2 TR T RINER R F RN F 5L Bl 0 4 - i o o8
r . . . .
MAEF/INF F 51306 FHE (F 50 3R G FE Fo.osaias = Ca 0.91® 1. 25 1. 07 0
2.42) ,FEHIRE g Ay vk B Cd 191 4.4 1. 64 4.17
Ce 1.5 4.59 1. 66 0.03
&1 GBWI10014a B B3R5 Co 0.5 3.8 1.08 0
Table 1 GBW10014a cabbage homogeneity Cr 8.9 3. 64 1. 47 0.14
! ) Average value/ RSD/ F measured Cs 0.24 4.22 1.1 0
Elements (ug- gD % values “rh Cu 10. 6 2. 48 1.04 0. 04
Al 0.018® 3.49 1. 06 0 Fe 936 1.43 1.26 4.58
B 26.1 4. 46 1.42 0. 49 Ge 22.5 4.32 1.25 0.33
Ba 6.3 3.77 1.41 0.1 K 40 0.3 1.38 0
Be 1.07 9.55 1.47 0. 04 La 0.79 4. 04 1. 33 0.01
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gk 2
Average value/  RSD/ F measured
Elements uph
(pg+g™ b % values
Li 3.8 4.08 1. 87 0. 09
Mg 0. 950 0.57 1.52 0
Mn 78. 2 0. 81 1.03 0. 08
Mo 0. 65 3. 65 1.52 0.01
Na 1. 8@ 0. 37 1.1 0
Ni 1.8 3.58 1.95 0. 04
p 0.419 0.46 1.2 0
Pb 1.1 4. 34 0. 82 0.02
Rb 31.3 4.11 1. 18 0. 37
S 0. 459 0.43 0. 98 0
Sh 0. 04 4.72 2.11 0
Si 0. 550 1.03 1. 05 0
Sr 123 0.72 1. 06 0.15
Y 0.73 3.18 1. 15 0.01
Yb 35.7 4.75 1.3 0.61
Zn 41. 2 1.48 1.47 0.27
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Table 3 Long-term stability of GBW10014a

Elements Average value/(pg+ g 1) RSD/ % Bi to.05s (B1) S
Al 0.018® 2.04 —0. 000 03 0.000 1 0. 000 04 0
B 25.9 2.12 0. 083 0. 14 0. 045 0.5
Ba 6.2 2. 44 0. 005 0. 057 0.018 0.2
Be 1.1 3.74 0. 001 0.016 0. 005 0.1
Bi 2.6 6.76 0. 005 0. 066 0.021 0.2
Br 3.1 2.79 0. 005 0.032 0.01 0.1
Ca 0.54® 0. 26 —0. 000 01 0. 001 0.000 2 0
Cd 19.3 2.31 0. 034 0.16 0. 05 0.6
Ce 0.014 1.17 —0.000 01 0.000 1 0. 000 02 0
Co 0. 056 2.14 0.000 1 0. 000 4 0. 000 1 0
Cr 0. 49 1.13 —0.001 0. 002 0. 001 0
Cs 0.14 2.49 0. 000 4 0. 001 0.000 4 0
Cu 3.2 2.81 0. 015 0.02 0. 006 0.1
Fe 54.6 1. 26 —0.006 0. 26 0. 082 1
Ge 2.9 6.32 0.032 0.036 0.011 0.1
K 1. 5@ 0.07 0.000 1 0. 000 4 0. 000 1 0
La 0.028 3.35 —0.000 1 0. 000 3 0. 000 1 0
Li 0. 31 1. 66 0. 001 0. 001 0.000 4 0
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Elements Average value/(pg+ g™ 1) RSD/% P1 t0.055 (B1) S(B1) us
Mg 0. 229 0.17 —0.000 03 0. 000 1 0. 000 04 0
Mn 21. 6 1. 25 0.038 0.076 0. 024 0.3
Mo 0.58 2.13 0.000 1 0. 005 0.002 0
Na 0. 749 2.73 0.001 0. 008 0.002 0
Ni 0.41 2.78 0. 002 0.003 0. 001 0
P 0.34® 0.17 0.000 1 0.000 2 0.000 1 0
Pb 0.13 3.57 0. 000 3 0. 002 0.001 0
Rb 15.7 1. 96 0.01 0.12 0.036 0.4

S 0.619 0.13 0. 000 1 0. 000 2 0.000 1 0
Sbh 0. 009 4. 87 —0.000 1 0.000 1 0. 000 03 0
Sr 57.1 0. 89 —0.038 0.18 0. 057 0.7
Y 0.28 3. 09 0.001 0.003 0.001 0
Yb 0. 48 3.85 —0. 001 0. 007 0.002 0
Zn 12. 2 1. 21 —0.015 0. 049 0.016 0.2
x4 GBWI0015a KHIfa E
Table 4 Long-term stability of GBW10015a

Elements Average value/(pg + g™ ") RSD/% Bi to.055 (B1) S(B1) us
Al 0. 149 2.59 —0.000 4 0.001 0. 000 4 0
B 29.1 3.02 0.02 0.33 0.1 1.3
Ba 10. 9 2.07 0. 004 0.09 0.03 0.3
Be 41 2.02 0.11 0. 25 0.08 0.9
Bi 17.4 2. 38 —0. 04 0.14 0. 04 0.5
Br 9.4 1.02 0.01 0. 04 0.01 0.1
Ca 0. 899 3.99 0.003 0.01 0 0
Cd 187 4. 48 1.1 2.4 0.75 9
Ce 1.5 2. 85 0.01 0.01 0. 004 0
Co 0.49 1.72 0. 002 0. 001 0.000 3 0
Cr 9.4 3.58 0. 05 0.09 0.03 0.3
Cs 0. 24 4.18 0.001 0.003 0.001 0
Cu 10. 6 1.61 0.03 0.05 0.01 0.2
Fe 934 1. 34 1.5 3.9 1.2 14. 8
Ge 22.7 4.17 0. 15 0.23 0.07 0.9
K 40 0.12 0.001 0. 002 0. 000 5 0
La 0. 82 1.3 —0.000 1 0. 004 0. 001 0
Li 3.8 0. 82 0.002 0.01 0. 004 0
Mg 0. 949 0.15 —0. 000 04 0.001 0. 000 2 0
Mn 79.5 0. 35 0.02 0.1 0.03 0.4
Mo 0. 65 1. 86 0. 002 0.003 0. 001 0
Na 1. 8@ 0.13 0. 000 03 0.001 0.000 3 0
Ni 1.8 2.12 0.01 0.01 0. 004 0
P 0.41 0.2 0.000 1 0. 000 2 0. 000 1 0
Pb 1.1 2.15 0.001 0.01 0.003 0
Rb 30. 6 1.17 0.003 0.14 0. 04 0.5
S 0. 459 0.13 0.000 1 0.000 2 0. 000 1 0
Sb 0. 04 3. 47 —0.000 2 0. 000 4 0.000 1 0
Sr 118 0. 32 0.05 0.11 0. 04 0.4
Y 0.76 1. 64 0.000 1 0. 005 0.002 0
Yb 37.2 0. 45 —0.02 0.05 0.02 0.2
Zn 41.1 2.01 0.12 0.23 0.07 0.9

e RS2 B+ LA M AR T A 2 3 0 11
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Table 5 Code table of pretreatment and analysis methods for fixed value test

Code Pretreatment Code Analysis methods
DAMW  Microwave decomposition with nitric acid and hydrogen peroxide || ICPMS Inductively coupled plasma mass spectrometry
DFMW Microwave decomposition with nitric acid and hydrofluoric acid || ICPOES  Inductively coupled plasma emission spectrometry
DAC Closed decomposition with nitric acid and hydrogen peroxide AFS Atomic fluorescence spectrometry
DMA Decomposition with mixed acid XRF X-ray fluorescence spectrometry
DS Decomposition with sulfuric acid COL Spectrophotometry
FU Alkali melting or escale melting VOL Volumetric method
DP Directly pressed powders ES Dc arc emission spectrometry
1C Ton chromatography
ISE Ion selective electrode

x6 EEMEZBWERZELE

Table 6 Measurement methods for fixed value collaborative experiments

Elements Analysis methods
Ag DAC-ICPMS, DFMW-ICPMS, DAMW-ICPOES
Al FU-ICPOES, DAMW-ICPOES, DAC-ICPOES, DP-XRF
As DAC-AFS.DFMW-ICPMS.DMA-AFS.DAMW-AFS, DAC-ICPMS
B ES.DFMW-ICPOES.DFMW-ICPMS., DAMW-ICPOES, DAMW-ICPMS. DAC-ICP-MS
Ba DFMW-ICPOES, DFMW-ICPMS, DAC-ICPMS, DAMW-ICPMS, DAMW-ICPOES
Be DFMW-ICPMS, DAMW-ICPMS, DAC-ICPMS
Bi DFMW-ICPMS,DMA-AFS.DAMW-ICPMS, DAC-ICPMS
Br FU-ICPMS, DAC-ICPMS.,DAMW-ICPMS, DP-XRF
Ca DAC-ICPOES,DFMW-ICPMS, DFMW-ICPOES, DAC-ICPMS,DAMW-ICPOES
Cd DAC-ICPMS, DFMW-ICPMS, DAMW-ICPMS
Ce DAC-ICPMS,DFMW-ICPMS,DAMW-ICPMS
Cl FU-COL,DAC-COL,FU-IC,DP-XRF
Co DAC-ICPMS, DFMW-ICPMS, DAMW-ICPMS
Cr DAC-ICPMS, DFMW-ICPMS, DAMW-ICPMS
Cs DAC-ICPMS,DFMW-ICPMS, DAMW-ICPMS
Cu DAC-ICPMS, DFMW-ICPOES, DFMW-ICPMS, DAMW-ICPOES DAMW-ICPMS
Dy DAC-ICPMS,DFMW-ICPMS, DAMW-ICPMS
Er DAC-ICPMS, DFMW-ICPMS, DAMW-ICPMS
Eu DAC-ICPMS, DFMW-ICPMS, DAMW-ICPMS
F FU-ISE,DS-COL,FU-1C,DAC-ISE
Fe DAC-ICPMS, DFMW-ICPMS, DFMW-ICPOES, DAMW-ICPOES, DAC-ICPOES
Gd DAC-ICPMS, DFMW-ICPMS,DAMW-ICPMS
Ge DAC-ICPMS, DFMW-ICPMS, DAMW-ICPMS
Hg DAC-AFS,DFMW-ICPMS,DMA-AFS,DAMW-AFS,DAMW-ICPMS
Ho DAC-ICPMS, DFMW-ICPMS, DAMW-ICPMS
I FU-ICPMS, DAC-ICPMS.DAMW-ICPMS, FU-COL

K DAC-ICPOES, DFMW-ICPMS, DFMW-ICPOES, DAC-ICPMS, DAMW-ICPOES
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gk 6
Elements Analysis methods

La DAC-ICPMS, DFMW-ICPMS, DAMW-ICPMS

Li DAC-ICPMS,DFMW-ICPMS, DAMW-ICPMS

Lu DAC-ICPMS, DFMW-ICPMS,DAMW-ICPMS
Mg DAC-ICPOES, DFMW-ICPMS., DFMW-ICPOES, DAC-ICPMS, DAMW-ICPOES
Mn DAC-ICPMS, DFMW-ICPMS, DFMW-ICPOES, DAMW-ICPOES, DAMW-ICPMS, DAC-ICPOES
Mo DAC-ICPMS,DFMW-ICPMS, DAMW-ICPMS

N DS-VOL

Na DAC-ICPOES, DFMW-ICPMS, DEMW-ICPOES, DAC-ICPMS, DAMW-ICPOES
Nb DFMW-ICPMS, DAMW-ICPMS, DAC-ICPMS

Nd DAC-ICPMS,DAMW-ICPMS

Ni DAC-ICPMS.DFMW-ICPMS.DAMW-ICPMS

p DAC-ICPOES, DFMW-ICPMS, DFMW-ICPOES, DAC-ICPMS, DAMW-ICPOES
Pb DAC-ICPMS, DFMW-ICPMS, DAMW-ICPMS

Pr DAC-ICPMS,DFMW-ICPMS, DAMW-ICPMS

Rb DAC-ICPMS.DFMW-ICPMS.DAMW-ICPMS

S DAC-ICPOES,DFMW-ICPMS, DFMW-ICPOES, DAC-ICPMS,DAMW-ICPOES
Sh DAC-AFS,DFMW-ICPMS,DMA-AFS,DAMW-ICPMS, DAC-ICPMS

Sc DAC-ICPMS, DFMW-ICPMS,DAMW-ICPMS

Se DAC-AFS,DMA-AFS,DAMW-ICPMS, DAMW-AFS, DAC-ICPMS

Si FU-ICPOES, DFMW-ICPOES, DAMW-ICPOES, DAC-ICPOES, DP-XRF

Sm DAC-ICPMS,DFMW-ICPMS, DAMW-ICPMS

Sn ES,DFMW-ICPMS, DAMW-ICPMS, DAC-ICPMS

Sr DAC-ICPMS,DFMW-ICPOES, DFMW-ICPMS, DAMW-ICPOES, DAMW-ICPMS, DAC-ICPOES
Tb DAC-ICPMS,DFMW-ICPMS, DAMW-ICPMS

Th DAC-ICPMS,DFMW-ICPMS, DAMW-ICPMS

Ti DAC-ICPOES, DFMW-ICPOES, DFMW-ICPMS, DAC-ICPMS, DAMW-ICPMS

Tl DAC-ICPMS,DFMW-ICPMS, DAMW-ICPMS
Tm DAC-ICPMS,DFMW-ICPMS, DAMW-ICPMS

18] DAC-ICPMS, DFMW-ICPMS,DAMW-ICPMS

\% DAC-ICPMS.DFMW-ICPMS.DAMW-ICPMS

Y DAC-ICPMS, DFMW-ICPMS, DAMW-ICPMS

Yb DAC-ICPMS,DFMW-ICPMS, DAMW-ICPMS

Zn DAC-ICPMS, DFMW-ICPOES., DFMW-ICPMS, DAMW-ICPMS. DAMW-ICPOES

5 EEHELSR
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13432012 WEOR AT e 1AL 3. 1 56 R HIAK fL
1 Wi (Grubb's) F12k 5 b ¥ ( Dixon) %} 26 P 4> 5]
BB E AT K 56 50 B . R 548 1% (Cochran) i
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PEAT IEASVEAG 56 . PR Fh bR v 4 B JEHUAS 6 836 4Nl
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INGE B AW 5 B . 8 T 43 1 2 %, F.Si.Sn. Ti
KA ; GBW10015a 24 1 T 54 T4 1 43 19 TN 58 M
B2 BE 54 TR 19 2% 5, CLLND & E (H



1338

AL B Ao

2024 4F

*®7

B3X GBWI004a I\EESAHEE

Table 7 Certified value and uncertainty of cabbage GBW10014a

Certified value and Certified value and Certified value and
Elements ) Elements ) Elements )
uncertainty/(pg « g~ ') uncertainty/(pg « g~ ') uncertainty/(pg « g~ ')
Ag 0.00340. 001 Fe 56+5 Pb 0.13+0.05
Al® 0.01840. 004 Gd® 1.1£0.2 Pr® 1.6+0.3
As 0.05+0.01 Ge® (3) Rb 15.7+1.1
B 2643 Hg® 2.140.7 SO 0.624+0.03
Ba 6.3£0.6 Ho® 0.2240.05 Sb (0.0D)
Be® 1.240.4 1 0.74+0.2 Sc®@ 14.74+5.3
Bi® (2) K® 1.49+0. 04 Se 0.0540.02
Br 4) La 0.02+0.01 Sm®@ 1.44+0.4
Ca® 0.55+0. 02 Li 0.33%0.04 Sr 57+2
Cd® 2143 Lu® 0.11+0.04 Th® 0.340.1
Ce 0.02+0.01 Mg® 0.22+0.01 Th® 2.840.8
Clo (0. 4) Mn 21+1 T1® 4.8%1.1
Co 0.06+0.01 Mo 0.5840. 05 Tm® 0.08+0.02
Cr 0.49+0.08 NO® 2.4+0.2 ue 100420
Cs 0.14+0.01 Na® 0.75+0.07 \ 0. 1)
Cu 3.140.2 Nb (0.01) Y 0.28+0.05
Dy® 1.1+0.3 Nd 0.00740.002 Yb® 0.48+0.13
Er® 0.53+0.12 Ni 0.5+0.2 Zn 12.3+1.1
Eu® (2) PO 0.34+0.02

Note:1) ‘= "before the certified value, ‘ £ "after the uncertainty range of each element,the same below; 2) The values with parentheses are

reference values,the same below;3) The element content unit with® sign is ng/g,the same below.

&8 XK GBWIISa AEBETRAHEE

Table 8 Certified value and uncertainty of spinach GBW10015a

Certified value and Certified value and Certified value and
Elements ) Elements ) Elements )
uncertainty/(pg * g 1) uncertainty/(pg « g~ ') uncertainty/(pg * g~ 1)

Ag 0.018--0. 002 Gd® 120410 SO 0.44-0. 03
AlD 0.16%+0.03 Ge® 2138 Sb 0.038=40.007
As 0.54+0.06 Hg® 21+5 Sc@ 180+40

B 30.6+4.2 Ho® 1643 Se (0.09)

Ba 10.9+1.7 1 0.6+0.2 Si® 0.4940.15
Be® 4047 KO 4.04+0.2 Sm®@ 130+20

Bi® 163 La 0.840.1 Sn 0.06240.007
Br 9.6+2.7 Li 3.8+0.5 Sr 120+7
Ca® 0.88+0.09 Lu® 5.441.2 Th® 17+3
Cd®@ 190+20 Mg® 0.9940. 07 Th® 22070

Ce 1.5+0.2 Mn 80+4 Ti 37

Co 0.49-+0.03 Mo 0.65+0.08 T1® 44410

Cr 9.0£1.3 NO 3.9+0.3 Tm® 5.5+1.4

Cs 0.23%0. 04 Na® 1. 8040.07 @ 47412

Cu 10.440.8 Nd 0.65%0.09 \% (2)
Dy® 85+10 Ni 1.94+0.2 Y 0.740.1
Er® 4246 PO 0.41+0.02 Yh® 36+5
Eu® 26+3 Pb 1.0740. 09 Zn 4244

F (13) Pr@® 170430
Fe® 0.093+0. 007 Rb 3142
6 L BOR L KEB 73 1o & 1 5 AR AH 2 . GBW10014a

=A

AW R W H R B SR GBWI10014a, g% 3¢
GBW10015a 1 R J5 A Az 4 1 53 50 H7 1R K — & o o
Y1 GBW10014 ., GBW10015 1) & il 4k, B 5 R 46
TN 25 RAT 25 1E 55 2 2 8 A A v ) o B R 48 A

T Ag FR#E(E , Be. Er.Eu, Ho. Lu. Sc, Th. TI,
Tn (SR 9 2 25 TH R AR (R s GBW10015a
BT Ag.Sn bR HEAE . Ge.Sc. T i R4tk 9 = %
TG0 bn HEH . A IO B 2 JE V7 2 0 3 4
AT S R b o ) BT 09 AN i o BB R B T e
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