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Fig. 1 Schematic diagram of candidate material sample processing and preparation

# 1 GBWI10010a i e¥ybi e sy st it

Table 1  Statistics of particle size distribution for GBW10010a
candidate material
itz XE) & Bt kit XE & Rt
(m) (%) (%) (m) (%) (%)
<10 29.87 29.87 45 ~50 3.5 87.72
10 ~12 5.68 35.55 50 ~63 6.82 94.54
12 ~14 5.07 40.62 63 ~75 3.39 98.0
14 ~17 6.84 47.46 75 ~100 1.87 99.8
17 ~20 6.14 53.6 100 ~ 120 0.2 100
20 ~25 8.78 62.38 120 ~ 140 0 100
25 ~30 7.14 69.52 140 ~ 170 0 100
30 ~35 5.8 75.32 170 ~200 0 100
35 ~40 4.83 80. 15 200 ~250 0 100
40 ~45 4.07 84.22 250 ~300 0 100
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Fig.2  Grain size distribution curve for GBW10010a
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Table 2 Homogeneity test results for GBW10010a candidate
material
. RSD . RSD
%X FoU %X FooU,
TR (%) W || JLE (%) b

Al 150  4.53 0.83 3.03| Mg 130 2.65 1.19 1.02
As  0.078 6.9 0.97 0.00| Mn 10.9 4.64 1.02 0.05
B 0.688 9.61 1.30 0.02( Mo 0.422 4.07 1.46 0.0l
Ba 0.146 8.27 1.66 0.01 Na 11.8 14.18 1.06 0.28
Be 0.738 6.25 1.07 0.01 Ni 0.302 3.18 2.09 0.01
Bi 1.42 2497 1.23 0.11 P 781 471 1.29 13.05
Ca 73.6 2.37 1.50 0.78 Pb 0.098 23.85 1.09 0.00
Cd 53.56 3.84 1.14 0.53 Rb .75 3.01 1.55 0.02
Co 6.46 9.43 1.25 0.20 S 1037  5.33 0.96 23.87
Cr 0.073 12.87 1.16 0.00 Sb 8.49 23.82 1.15 0.54
Cs 3.12 9.14 1.28 0.10 Si 48.6  15.28 1.20 2.27
Cu 2.98 3.08 1.34 0.03 Sr 0.152 8.12 1.97 0.01
Fe 402 33 1.12 0.03 Ti 2,17 1.8 2.24 0.02
Ge 1.82 14.72 2.30 0.17 Y 209 8.29 2.15 10.52
K 914 1.78 1.16 4.38 Yb  0.193 12.79 1.25 0.01
Li  16.6 10.72 1.21 0.55 7n 13.5 0.78 1.34 0.04

TE s X PRI RSD AR bR 22 5 F A58 I SHAEL Fo.05 (14,
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Table 3 Long — term stability test results for GBW10010a candidate material

JLH X RSD(% ) by t.05 X s(by) U, JLH X RSD(% ) by to.05 X s(by) U,
Al 151.1 2.00 0.478 0.747 2.8 Li 16.78 7.92 -0.195 0.357 1.3
B 0.669 1.84 0.001 0. 005 0.017 Mg 130.8 1.79 -0.424 0.437 1.6
Ba 0.155 4.75 -0.001 0.002 0.008 Mn 10. 89 2.18 -0.031 0.070 0.26
Be 0.85 6.51 0.009 0.014 0.052 Mo 0.408 2.69 -0.001 0. 004 0.015
Bi 1.732 5.96 -0.012 0.032 0.12 Na 12.23 2.68 -0.056 0.071 0.27
Ca 68.54 1.29 0.038 0.328 1.2 Ni 0.205 0.92 0.000 0.001 0.003
Cd 54.04 1.44 0.026 0.293 1.1 P 838.6 0.25 -0.182 0.734 2.8
Ce 5.203 5.18 -0.035 0.080 0.3 Pb 0.109 3.27 0.000 0.001 0. 005
Co 6.544 3.70 0.025 0.080 0.3 Rb 1.709 1.55 -0.003 0.008 0.031
Cr 0.085 6.23 0.000 0.002 0.008 S 1026 0.23 -0.009 0.881 3.3
Cs 3.687 2.71 0. 005 0.037 0.14 Sh 10.62 1.75 -0.005 0.070 0.26
Cu 3.024 0.45 0.002 0.003 0.013 Sr 0. 146 4.41 0.001 0.001 0. 006
Fe 4.277 0.82 -0.005 0.010 0.039 Y 218.6 2.49 -0.129 2.054 7.8
Ge 2.019 4.48 0.009 0.030 0.11 Yb 0.188 4.50 0.001 0.002 0.008
K 914.3 0.23 -0.239 0.668 2.5 Zn 13.48 0.44 -0.006 0.019 0.071
La 2.94 5.50 -0.018 0.052 0.2 Zr 7.104 0.41 -0.003 0.010 0.037

e X P2 2 WA 34918 56, S HRIIREE 510,05 X s(by ) Ry B H B 95% 24 A: 43 AT N A8 ; U AR TR | A BRI 8 JE 43 1o
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Table 4  Short — term stability test results for GBW10010a candidate material

JLE X RSD(% ) by to.05 Xs(by) TLH X RSD(% ) by to.o5 X s(by)

Al 151.1 1.41 0.182 1.141 La 2.95 6.34 -0.028 0.073
B 0.667 2.00 0.000 0.008 Li 16.4 7.91 -0.175 0.558
Ba 0.153 4.38 -0.001 0.003 Mg 131.6 2.00 -0.347 1.157
Bi 1.725 7.30 -0.018 0.050 Mn 10.8 2.59 -0.011 0.163
Ca 68.5 2.63 0.127 0.995 Mo 0.402 1.96 -0.001 0.004
Cd 54.0 1.87 0.112 0.494 Na 12.34 3.35 -0.061 0. 160
Ce 5.27 5.65 -0.049 0.095 Ni 0.202 1.95 0.001 0.001
Co 6.61 2.92 0.019 0.099 P 839.0 1.19 —1.488 3.788
Cr 0.086 6.98 0.000 0.004 Pb 0.109 3.01 0.000 0.002
Cs 3.68 2.94 -0.004 0.063 S 1011 1.53 -2.150 6.440
Cu 3.04 1.14 0.005 0.015 Sr 0. 148 4.26 0.001 0.003
Fe 4.30 0.31 -0.001 0.007 Y 215.8 1.35 -0.013 1.727
Ge 2.05 4.18 0.010 0.040 Yb 0.189 4.17 0.001 0.004
K 916.3 1.28 0.251 6.942 Zn 13.49 0.891 -0.017 0.050

e X092 YRI5 b 9 ELERIBHE 10,05 X 5(by ) 2 F I 95% ()24 A2 0 A 511 KL
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Table 5 Sample decomposition methods and analytical methods

for GBW10010a

JCE BURE REANRTAREDTE SEITE

Ag 7 DAC,DFMW ICP - MS(7)

Al T DAC,FU ICP - OES(6) ,ICP - MS(1)
As 11 DAC,DAMW,DFMW,DMA ICP - MS(6),AFS(4) ,ICP - OES(1)
B 11  DAC,DAMW,DFMW ICP-MS(7),ICP-OES(3),ES(1)
Ba 11  DAC,DAMW,DFMW ICP - MS(8) ,ICP - OES(3)
Be 9  DAC,DAMW,DFMW ICP - MS(9)

Bi 9 DAC,DFMW,DMA,DP ICP - MS(8) , XRF(1)
Br 5 DAC,FU ICP - MS(5)

Ca 10  DAC,DAMW,DFMW ICP - OES(8) ,ICP - MS(2)
Cd 11 DAC,DAMW,DFMW,DP ICP - MS(10),XRF(1)
Ce 10 DAC,DAMW ICP - MS(10)

a 6 DAC,DP,FU COL(4),IC(1),XRF(1)
Co 10  DAC,DAMW,DFMW ICP - MS(10)

Cr 11 DAC,DAMW,DFMW ICP - MS(11)

Cs 9  DAC,DAMW,DFMW ICP - MS(9)
Cu 12 DAC,DAMW,DFMW ICP - MS(10) ,ICP - OES(2)
Dy 9  DAC,DAMW,DFMW ICP - MS(9)

Er 9  DAC,DAMW,DFMW ICP - MS(9)
Eu 9  DAC,DAMW,DFMW ICP - MS(9)

F 5 DAC,DS, FU ISE(2),COL(2),1C(1)
Fe 8  DAC,DAMW,DFMW ICP - OES(6) ,ICP - MS(2)
Gd 9  DAC,DAMW,DFMW ICP - MS(9)
Ge 7  DAC,DAMW,DFMW ICP - MS(7)
Hg 10 DAC,DAMW,DFMW,DMA AFS(6) ,ICP - MS(4)
Ho 10  DAC,DAMW,DFMW ICP - MS(10)

1 5 DAC,DAMW , FU ICP - MS(4) ,COL(1)
K 10  DAC,DAMW,DFMW ICP - OES(9) ,ICP - MS(1)
la 9  DAC,DAMW,DFMW ICP - MS(9)

Li 11 DAC,DAMW,DFMW ICP - MS(11)

Lu 9  DAC,DAMW,DFMW ICP - MS(9)
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Mg 9  DAC,DAMW,DFMW ICP - OES(8) ,ICP - MS(1)
Mn 13 DAC,DAMW,DFMW ICP - OES(7) ,ICP - MS(6)
Mo 11  DAC,DAMW,DFMW ICP - MS(11)

N 7 DA, DAC,DS VOL(7)

Na 11 DAC,DAMW,DFMW ICP - OES(9) ,ICP - MS(2)
Nb 4 DAC,DAMW ICP - MS(4)

Nd 7 DAC,DAMW ICP - MS(7)

N 10 DAC,DAMW ICP - MS(10)

P 10 DAC,DAMW,DFMW ICP - OES(8) ,ICP - MS(2)
Pb 10  DAC,DAMW,DFMW ICP - MS(10)

Pr 9  DAC,DAMW,DFMW ICP - MS(9)

Rb 11  DAC,DAMW,DFMW ICP - MS(11)

S 10  DAC,DAMW,DFMW ICP - OES(8) ,ICP - MS(2)
Sb 8  DAC,DAMW,DFMW ICP - MS(6) ,AFS(2)

Se 9 DAC,DAMW,DFMW ICP - MS(9)

Se 9  DAC,DAMW,DMA AFS(5),ICP - MS(4)
Si 8 DAC,DP,FU ICP - OES(7) ,DP - XRF(1)
Sm 10  DAC,DAMW,DFMW ICP - MS(10)

Sn 9 DAC,DAMW,DFMW ICP - MS(8) ,ES(1)

St 11 DAC,DAMW,DFMW ICP - MS(7),1CP - OES(4)
Th 9  DAC,DAMW,DFMW ICP - MS(9)

Th 8  DAC,DAMW,DFMW ICP - MS(8)

Ti 9  DAC,DAMW,DFMW ICP - MS(6) ,ICP - OES(3)
T 7  DAC,DAMW,DFMW ICP - MS(7)
Tm 9  DAC,DAMW,DFMW ICP - MS(9)

U 9  DAC,DAMW,DFMW ICP - MS(9)

v 8 DAC,DAMW,DFMW ICP - MS(8)

Y 10 DAC,DAMW,DFMW ICP - MS(10)

Yb 9  DAC,DAMW,DFMW ICP - MS(9)

Zn 12 DAC,DAMW,DFMW ICP - MS(9) ,ICP - OES(3)

T S R AT - DAC—RHRRIN A 4R S0 1A 23 % s DEMW—TiH g il 280 9
PR W TP R s FU— 00 L I 15 8 il s DAMW—fi B A i 0 Ao 0B o 5
DMA—IR AR/ s DP—HB AT A s DS— B 7 o

PE Ty - 1CP - MS—HUBRES 45 B TR Uil % 5 ICP - OES—HUBUR & %
TR AEHE 5 AFS—IR T SO0 6% ks XRE—X B0t i 4 ES—
BRI REE ; COL—Imtb B IC—8 T @ik ISE—p 7 ikl
ik s VOL—4 bk 55 RBCT Rl sl (R

FRIN 5 T B AN LA B oA R 0 T Tk 2 80T
FHRAME(Z N pe/g Tl ng/g 90) (A WIRE S
MR o R A R 3 i A A TR R B B Ak 1
Ja KB FARIE R B 25, $h o A XTI, ICP — MS ]
PR (0.2 ~ 1. 0g) , A B — M B A
SRR I T R, B R 2 UM R AR R TR i &
PR3 o ICP - OES i3 Z R0t £ Rk &
AR T ICP — MS, — Sk 32 18 o0 2 MKE 5 2 R
ICP — OES ¥ RAHUE A% , PR T $2 3 1 B i A L 1CP
— MS #/b XRF 2 0] M3 55 5 8505 10 o0 %, 5 iy
T Z SRR AT AL A AR T 5, (S A 1) SE 5 =

HEAT T I JR -2 65 22 Ml As  Hg Se 1Y
TR T7 325 5 5k N A2 FL A 7 v 9 A e
IR SR Y 8 - He il g CLULLF; AR B 7
s SRR CLF (1) RAGHERG ik 25 54
MR TA R B EEHE A Z .
1.5.2 H¥egitS5a(E

(1) B sk

ARTRRHEY) IR T 60 R, AR
B X A — AR RS T 2D 6 AN E A IR R IR X
P, AR 3214 A0 5 Hicd

Xof 4 S B 4 Q0 A5 RN 5 3k AT A A% R 4y
Bt : OF AL e BT 2K, BB 7 ik R AT
W 8 S50 A S 2, sl B T I B 6 Y RT E
IR 5 Q%A — AU 7 A R T A
11 ( Grubbs ) 45 56 15k 5E#b 72 ( Dixon ) K30, P45 G
FAR L8, Wi B o3 M R A B, ik
() RS BRSO R T HRT R B A
B4 N7 B B AR BT LA B . 3 R AT e
B T5 PO Bl 36 75 v #0 H0 8 S AT BE B, AR
MR

(2) IEAKL

A K5 HE D) o R E A ) J8 /N B R e 2
~ JBUR 5L (Shapiro — Wilk) #EATR: 50 . £k 56, A
PRER T 3L 60 AR, Jorh 59 ARk RN IE
BorAR, T TR MR IER S i o AR 4 JJG 1006—94
AR, Xof R DA TE 285 4 A1 50 30 AL T 285 43 A 1 5o
R DA BEAE e (EAR B B AT, XA R
MIEZS 3 A 1T 2, SR F 7 (8 5508 i v r (ELAE Rk
S HE B AENG T

(3)INE S5 E B

F 4 E T BORFE JIF 1343—2012 #1 JJF
1646—2017 PJZER , ARTBRHEY) BT 7 A0 2 B | =
oA S SIS AR 2 wy, FREMEBIA
(AN AE P w, , DA SO (B R R AN 8 0y
W R = E o N B B A weg =
W+ wy, ” +wd AR BRI T B A
TE Ucrm o ﬁ’{% ucw%u@g% k Epj‘i’ﬁﬁ‘/ﬁ%]ﬁ#%
PEEERNY RAEE (U) U=k x Uepw » 2L B
B k=2, %0 b BAEREZE 95% , A BE I 1B 29 %
F R BEAS S R

23144, GBW10010a 1) 60 4~ A e B K&
P RA WL 3R 6, b 39 ARtk b2 g E
5RWE B, 4135 Ag Al As B Ba Ca.Cd.Ce, Co,
Cs,Cu Dy Er . Fe Hg K. Li Mg Mn Mo N Na Nd,
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Ni ,P.Pb.Pr.Rb.S.Sb.Sc.Si,Sr.Th . Tl . Tm.Y,Yb,
Zn;15 DNRpE R 2%, A4 Be Bi, Cr Eu,
Gd.Ge .Ho.La . Lu Nb.Se . Th . Sm U.V;6 M=
KfeEd, 46 Br C1L.F Hf 1.Sn Ti, E{EHITER
i VAR S DA I A R TE AL

— == [17
j.l:[]

R o

#£6 GBWI10010a iNEM GAHIERE

Table 6 Certified values and expanded uncertainty for
GBW10010a
. WEM S AHiE YRS ANHh E B2
e (x107%) (x107%)
Ag 0.004 +£0.001 Mg* 0.013 +£0.001
Al* 0.015 £0.001 Mn 11.1+0.7
As 0.08 £0.01 Mo 0.42 £0.04
B 0.7+0.2 N* 1.30 £0.05
Ba 0.15+0.03 Na 11.8 1.6
Be® * ~0.7 Nb (1.3)""
Bi** -1.4 Nd 1.0+0.3""
Br - Ni 0.21 £0.02
Ca” 0.007 £0.001 P 0.078 +0.003
Cd** 53 +4 Pb 0.10 £0.02
Ce 0.004 +0.002 Pre” 0.5+0.2
Cl* - Rb 1.8+0.2
Co 0.006 +0.002 S* 0.10 £0.01
Cr -0.08 Sh 0.009 +0.003
Cs 0.003 +0.001 Se** -6
Cu 3.0£0.2 Se 0.036 +0.008
Dy** 0.32+0.08 Si 48 15
Er** 0.19 £0.05 Sm* * 0.3+0.1
Eu** -0.2 Sn -
F - Sr 0.15+£0.03
Fe 4.0+0.8 Th ™ * 0.07 £0.03
Gd™*~ -0.3 Th™* -1
Ge™ ™" -1.8 Ti -
Hg™ " 4.2+0.6 T * 0.23 £0.05
Ho™ * -0.1 Tm ™ * -0.05
1 u-r -0.8
K* 0.090 +0.005 v -0.02
La (2.6)"" Y 0.21£0.05
Li 0.016 0. 004 Yb** 0.19 £0.05
Lu*" -0.04 Zn 13.3£1.2

e W THOCE A RRALR 107w xR S ALY
10775 =" HZICR ARSI

2  GBW10010a 5 )5 br 9 i GBW10010
LA AT L
2.1 e i
AU (BE) il 36 B BB ST TR
FEE AR E,, GBWI10010 (1) M AN 2 A0 45 A 2
PRIEANH o B A B AN B, AT Hh SE 00 = 73
— 872 —

(BEICE ] AR i 22 N BHE B0 5045, )5 5 a id
TR0 PR 2R A 20 B SR AR A A TR, by
i REAE 2 I F A X LRI IR, I RE I 1 X iR 25 YR
18973 BT AR 1 LU X VRS T, B AN S B2 b 3k
wRar A W E BE A OO 3R DL A A
GBW10010a 2 AR 41 5 5 11 £ AR KLTE JIF 1343 —
2012 (YR, 5 H AR MEY) A 25 AN i E B i
FOFEL SIVET AR AN & BE RS E PE ST AR AN
JE A FROR AN 8 B P 3X =R AN o
HEFT 5 1R LA 25 PR BV s v 0 o e e
AT TREANHA S B o M BObR v SR 2% FH 2452
UM E (R T3 2 AT, G0 235 2R A ANl o 32 0
B2 ARMEGLAE I Y ANBA E 70, 25 ) i b e
Wy 5 ) e ARG LA BE £ 25 ELE 9 KUK , T 5 /)
AN B U 1 P LA e s v 0 S P R AL (A
DL HER YRI5
2.2 EfCHERSE

HI T AE WA S e, 2 A DN a0 B2 AR, ik
K YED) 52 277 REE R S ) R R S, PRt
S (B ) Tl 18 DK Ao 94 9 J5 TG v A 4 Ml | 5 Dt
LR R F7 58 2 — B ¥ GBW10010a 5EHE5 R 5
GBW10010 #H47 AR, J@axf e (£ 7) Al LUE B —
FARR SR 45 29 TT R I EE, [ Al
As B .Ba,Ca,Cd .Ce Cs ,Cu,Fe Hg K. Li,Mg Mn,
Mo N .Na . Ni.P.Pb . Pr.Rb.S.Se .Si.Sr.Y.Zn;3t: 12
TIC R #R 45 th Z % H, 43 %l 52 Bi Cr Eu,Gd, Ge,
Ho .Lu.Sc.Th . Tm U V;F. . Sn B c K ¥ L EME,
A F , GBW10010a I 5E $5 AR BT 1S 1 Ag Nb %
T, BRIz 4, GBWI0010 A 33 Tijo & 45 k&
{E,25 TIT R 45t 275 {H; GBW10010a o, A SE (A
JUE 39 UL, Lo RRREY BT N T 6 T, 4 i S5
JCR 15 Wi A FRifEY) Bt GBW10010 H Co Dy Er,
Nd.Sb.Sm Th T1.Yb 3£ 9 WiST R 1 S %4, i
XEETTRTE GBW10010a H 4 5 (0 AT E L, H.
GBW10010a H* Al ,Ba.Cd.Cs ,Cu Fe K ,Li Mg Mn,
Mo Na .P .Pb Pr Rb.S.Se.Sr.Y .Zn #£ 21 WL E K
ANHE XN T GBWI10010, X SE45 2R e 1 73y
DR WD . AR ARG S s b A A
IR R B, b Jo S5 30 0 A S 8 A 23 A 0 1 BB ) 2R AT
A IX el 3ok £ 2 3 e Il Br S8 B8 1A 39
ATCHB 54 ATTHEAF) 76 NnRE Mm%k
BT T2 Ty ik ) ARG AN 20 BT A8 S, LA
HIAARZ TC R T BRI ST B B W T 52 )5 A R
SE L BULE AT LR TSR AR BRI |



Pk, 55 GBW10010a JOKAFUEY TR (W) 1 BOSCARAFE

539k

#7 GBWI0010 &5 GBW10010a gl daxttt
Table 7 Comparison of certified values between GBW10010

and GBW10010a

o FEE( x107°) o SEME( x107°)
TR TH
GBWI10010  GBW10010a GBW10010  GBW10010a

Ag - 0.004 £0.001 || Mg * | 0.041 £0.006 0.013 +0.001
Al* | 0.039 £0.004 0.015£0.001|| Mn 171 11.1£0.7

As 0.10220.008 0.08+0.01 || Mo | 0.5320.05  0.42 +0.04

B | 0.92£0.14  0.720.2 || N* | 1.61£0.04 1.30%0.05

Ba | 0.400.09 0.15£0.03 || Na 258 11.8%1.6
Be**| 1.8+0.4 (0.7)  |Nb** - (1.3)
Bi** (2.0) (L.4)  |Nd** (4) 1.0 £0.3

Br | 0.56+0.13 - Ni | 0.27£0.02  0.21+0.02
Ca* | 0.011+0.001 0.007+0.001|| P* |0.136+0.006 0.078 +0.003
Cd** 87 +5 53 +4 Pb | 0.08+0.03  0.10£0.02

Ce |0.01120.002 0.004£0.002||Pr**| 1.120.3 0.5+0.2
Cl* | 0.040 £0.004 - Rb | 3.9:0.3 1.8£0.2

Co (0.010)  0.006£0.002|| S* |0.147+0.024 0.10£0.01

Cr (0.09) (0.08) Sh (0.004)  0.009 +0.003

Cs |0.014 £0.005 0.003 +0. 001 ||S¢ * * (2.5) (6)

Cu | 4.9:0.3 3.0£0.2 || Se |0.061=0.015 0.036 +0.008
Dy* * (0.8) 0.32+0.08 || Si* |0.025=0.003 0.048 0.015
Er** (0.32) 0.1920.05 |{Sm ™ * (0.9) 0.3 0.1
Eu** (0.3) (0.2) Sr | 0.30£0.05 0.15£0.03

Fe 7.6+1.9 4.0£0.8 |Th**|  (0.10) 0.07 £0.03
Gd** (0.75) (0.3) |ITh** (4) (1)
Ge* ™ (5) (1.8) Ti (2) -

Hf (0.12) - ™ (0.7) 0.23 £0.05
Hg**| 5.320.5 4.2+0.6 |Tm**|  (0.05) (0.05)
Ho**| (0.12) (0.1) U** (1.2) (0.8)

I (0.09) - A (0.03) (0.02)
K* |0.138£0.007 0.090£0.005|| Y |0.052+0.009 0.21+0.05

La |0.008+0.003  (0.0026) |Ybh** (0.3) 0.19 £0.05

Li |0.044 £0.007 0.016 £0.004|| Zn 23£2 13.3£1.2
Lu**|  (0.04) (0.04) |4 (0.8) -

Vb s T ITER IR RO 10 72« TR AEON 10705 £
S BRI E B 155 WABIR I S - " WIIT R AR

K MR 51 BE ) BB AR A AR 2 A
HA TARRSE S RRE S BT — D a k.

5 GBW10010 #f L, A& %k GBW10010a & (fiff)
il HAs (B Hg N\ SiJCE i) A B E B2 A 42 & 5
GBW10010 24541 T Be \La 52{H ,{H GBW10010a H %5
S %A ;Br CLLTi B BEA E(H. Ca.Ce Ni 7
WOE EFERAY LAY b, B E B4R UK, X 2878
2R G AR e DR & R R B K,
ZROCE T RBIRAE ng/g J, EALIIXHERE K, T
BBy TR E Kt A REW 2 2 (255K, L RESS
HBHAE L BRI ST, KIILK 5 G Ay
TEARRERT B ARAS fif e, 28050 90 % R 1 XRF Ul
Br [Cl, BRI w (U RIBUE B2, A TE TR

AR IR, BN E Cl B S RE 22 A s,
HIAL AT FEAS 5 5 | B AR 152 25, .25 0 B il iy o
—ERIRN
2.3 EfCHECGESR) HEHKE
ME(EE R S5 S 7T LA, GBW10010a [ Pb
Sb.Sc. Si PhAb, H 4 it oo R A @ H % i K F
GBW10010, {H15 —#Em /2, EA LR As Cd,
Co.Cr.Cu,Hg Mn Mo Ni Zn &5 B g, H
H1 Cd, Cu, Zn REIEEEK, 4390 B FE2) 39% (43% |
38.7% (B 3) o AFTJEN, £ i B 42 8 V5 U 2 24 iy
T I 9 7™ 0% 5] 0 2 — , e & Kok iy Cd [H R &
TAYEE BEEFERREZ AT, BT E
FIMK T XA A A B IR, LR
AU R E, RN R G SRR T
[ Rk Cd Fri bl WA

10.1

L how BB

Cu Zn Cd Mn Ni Co Cr Pb

100 0.3
B GBWI10010

80 7 GBW10010a
fi % 10.2 é
i 00 E
= %

40
& &
L L

T Cd BRSO 1070,

3 GBWI10010 55 GBW10010a fi 4z id & %t Lt

Fig.3 Comparison of heavy metal content between GBW10010
and GBW10010a

3 5w

B SRAR 22 S R S 50 2 H TR ZE AR A5 A
TPk R E R R, W& B4 THLHIAS R TG
il 5t e 5% T S e [ 20 A [ e 7 R 45
R OABHE R A SR RE g, ST il AR
LA IR ROK BRI 1) 52 (A9F ) i AT
PAE Y, T RS2 56 A AR 5 O ik R A R K
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Giilk JEHY) (JIF 1343—2012) FI{ H 550 br )
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2 IE(ETCE L GBWI10010 140 6 35, FLK 4 &
YA A E B 2 B, mT
S MR AR 1 R AR FEIRBE i, JF HLEE 5 1k
GBW10010 RAEHHE C A 15 4, Hopisr & R XS
JEARE e 4 — 3 (R M E E U FT VB, 4R o
F o m R G, X A P F 1 R A EAA A0 TS
YRR AR UL, 3T 15 G T H A
E KK & ,GBW10010a [ E/K A T B ER .

GBW10010a frifi 4 5 i 6 40 A% 2 1k, Jon 1
AT RRAF AR s 3 50 S RE M I e (E AT T
ARG, BORSEFRAT G 8K s AN BEVEE 23 i
A RE BIE MR AR WA IESE BT M . (AL
THYIESTE AaEE R AgaFEESR
YL ZRUE , HA T 12 WaE FAPE , RERS T A b
H AR IR IR A S PR AR IR R S
B ARG SR B A3 BT A T 2

A YHRUEY) 5T 120 B2 (WF) AT LA % i 24 i
TR 53 HEAR e ) 0 5 B IR 2, PR TE T8 [ ok
A= AR UHEA) S 5 22 (IR 1 BB 7, REAE A Tk [ ARl Ak
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RPN AT Bl (14 5 A PR B 5 X A R i 43 BT O vk
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HIGHLIGHTS

(1) A rice certified reference material GBW10010a was developed. A total of 54 elements have been certificated
which included 39 elements with certified values and uncertainties and 15 elements with reference values.

(2) The uncertainty of a certificated value integrated the uncertainties caused by homogeneity, stability and values.

(3) Compared with GBW10010, GBW10010a has much more certified value indicators and higher accuracy. The
total number of certified value elements has increased by 7 items, and the uncertainty of each element has

been wholly reduced.
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ABSTRACT

BACKGROUND; With the increased attention paid for the construction of ecological civilization, a comprehensive
survey of natural resources is imperative, and new requirements for biological reference materials have also been put
forward. At present, relevant research work has been widely carried out. The comprehensive investigation of natural
resources, agricultural products and food safety evaluation all need to accurately test the element composition of
biological samples, and biological reference materials are needed as the basis for the comparison and traceability of
biological components. The demand for biological matrix reference materials has increased significantly. As one of
the main foods, the food safety of rice has been paid more and more attention. It is of great practical significance to
carry out accurate analysis of the chemical components in rice. Therefore, the demand for rice is particularly
prominent, but the rice reference materials for composition analysis are still lacking.

OBJECTIVES: To develop rice certified reference material ( GBW10010a) and compare it with the data
characteristics of GBW10010.

METHODS: The rice certified reference material (GBW10010a) was prepared in strict accordance with relevant
specifications. The collected candidates were prepared through coarse crushing, drying, fine crushing, sieving,
blending and other steps. The particle size distribution was detected by BT —9000ST laser particle size analyzer. 15
bottle samples were randomly selected and homogeneity testing was carried out by ICP — MS and ICP - OES, etc.
The data were statistically calculated by one — way ANOVA, indicating good homogeneity of the samples. The long
— term stability of the standard material under the specified storage conditions was investigated. The linear model
was used to evaluate the stability of the sample. The determination of 60 components was carried out by means of
ICP - MS, ICP - OES, AFS, COL, VOL, XRF, IC and other Analytical test methods.

RESULTS:: The rice reference material prepared in this research has diverse fixed value components, accurate and
reliable measurement values, and meet the requirements of national first — level reference material. GBW10010a
has a total of 54 main trace elements. 39 elements have certified values and uncertainties and 15 elements only have
reference values. The content of heavy metal elements such as As, Cd, Co, Cr, Cu, Hg, Mn, Mo, Ni, Zn in
GBW10010a decreased significantly, among which Cd, Cu, and Zn decreased by about 39% , 43% and 38.7% ,
respectively.

CONCLUSIONS: To a certain extent, the values reflects the improvement of farmland ecological environment.
Compared with the original GBW10010, the total number of certified value elements has increased by 6 items,
including Ag and Nb (Nb gives reference values). Moreover, the uncertainty of each element is reduced,
including biological — related elements Al, Cd, Cu, Fe, K, Mg, Mo, Na, P, Pb, Se, and Zn. The reduction
indicates the technological advancement of the geological analysis and the improvement of the certified value level.
In addition, the content of heavy metal elements in GBW10010a decreased significantly, reflecting the improvement
of farmland ecological environment. The designated elements of the reference materials cover most of the main and
trace elements with biological effects, and are suitable for the calibration of analytical instruments, evaluation of
analytical methods, and monitoring analytical quality during agricultural ecological environment geochemical surveys

and evaluation, biological sample analysis, agricultural product quality and food safety evaluation.

KEY WORDS: certified reference material; rice; remanufacturing; homogeneity test; stability test; certified

value element; quality monitoring
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