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ONEER BRIt .G, N 237000)

# E: BN e RS SR TS (inductively coupled plasma mass spectrometry, ICP-MS)il| & &
SRS AR ER 5 SR ICP-MS LN E K G Bl & 5, 455 D0 e o R A B, X5
ST AN E BE AT, e ARG AT B DL R RARE B . SRR ISR Il O 24.4 mg/kg,
HA JRAHAE 2.3 mg/kg(k=2), BHEMZALE . ks EISCRE | WG PRrERSIECH] . FRAE R RNE 7
TRE ZAFRG A BIAR R AR A R B 435K 3.5%  2.4% ., 1.7%, 0.49%. 0.13%711 0.06%. 45 50l ICP-MS
PN R S AP AN A T R OR R HE R LS L bR [N A e A, T R ROE AR AR
FE R S5 AR X AL/

KRR B A AR B AR R B e B

Uncertainty evaluation for determination of boron in soybean by inductively
coupled plasma mass spectrometry

ZENG Yong, YANG Yang', LAN Qin

(Lu’an Center for Disease Control and Prevention, Lu’an 237000, China)

ABSTRACT: Objective To evaluate the uncertainty for determination of boron content in soybean by inductively
coupled plasma mass spectrometry. Methods The content of boron in soybean was determined by ICP-MS method.
Combined with the determination process, a mathematical model was established and the uncertainty of each
influencing component was analyzed. Finally, the combined uncertainty and the expanded uncertainty were obtained.
Results The boron content of the sample was 24.4 mg/kg, with an expanded uncertainty of 2.3 mg/kg (k=2). The
relative standard uncertainties introduced from calibration curve fitting, spiked recovery, measurement repeatability,
standard series preparation, sample weight, and constant volume of digestion solution were 3.5%, 2.4%, 1.7%, 0.49%,
0.13%, and 0.06%, respectively. Conclusion The main factors affecting the uncertainty of determination of boron
content in soybean by ICP-MS method are calibration curve fitting, standard recovery and repeatability, and the effect
of constant volume and sample size of digestion solution is relatively small.
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il

0 3

e —FhAE 4 Jm T %, LATIR 60 R 45 % 2 K R A
FEF AN K L 5 R U Bl = o g 235 12 A B9 AR i 5
W, BRI E TN S X AR AR KR,
H—W KB A K B A S S a & B
FEOL KRG P EC R AR RS IR, 2014—2018 4
AR TP 83.2%, TSR 95% {5 X
6] A 5.52~34.24 mg/ke! !, i ad Wik & AR5 A, RTLL
hy il 5 R R 4 A RS AR A A

0 5 AN 2 PP 2 428 B T T o )3
B, RPN IR S5 R S i — D E AR, IR
G I E BN Sy . BEE ZARR R RS, I AN
FE T PP AE 5 R O AR I ARG v 4532 b 6L,

ICP-MS P02 £ 5 P 42 J8 HLA A0 o B B L A6 o PR
R L A R v A A, R ST S AN v T R gz T,
KX ICP-MS #3052 K58 i Hh i i & = b AT AN i o
FEHEEATPEENE . AR S B IF
1059.1—2012 ¢ M & A 8 & B W2 £ ow ) B
CNAS—GL06:2016 fk2f 43 Hr i AN 1 18 9 PP 5 R ) P
TERE ICP-MS 7RI 2 K & A 8 2 2 AT 8 B, I X AT
FET AT AT, B ASHR G R A SRR R, DUEAE A
Jei S e DA A i R A

1 RS

1.1 X5

NexION 350D # i B HE & 55 5 F 1R 01 5 1 (2
PerkinElmer 2\ #]); 4l /K #l (3€ B MILLIPOR 2 H]);
AUW220 B3R F-(H A SHIMADZU A#]); MARS 6
CLASSIC Bl ML (EE CEM 2 wl); T A B A
Bk A (4 E BRAND A F)); 28 FK(HHZE=
18.2MQ-cm) H 4 K AL A5

ICP-MS W (1 pg/L, ¥ Be. Ce. Fe, In, Li. Mg,
Pb. U). WHRIESEM(10 ng/mL, & Bi, Ge. In, Li6.
Sc. Tb. Y)(Z[E PerkinElmer /A wl); fBER(H F4, H M
B AL AT BR S Fl); GSB 04-1716-2004 Bl 47 #: fif 45 W&
(1000 pg/mL, #t5: 192039-2, HHXFH BAHEE N 0.7%,
k=2, EZA G4 K FAE T ).
1.2 LETE
121 44 &

B RELBEIR IS, RBCKE MRS 03 g
LA TR A RE D, AR 0.1 mg.
122 K f&

TERC T fREE R I AR 6 mL, BCER, B
fite, WHEBGL, FDEK PR T, BT RO R

H R B AERR, 130 °CAN#A 180 min, F/KERE 25 mL 4
i, RS, R A5,
1.2.3 AR R ELH

PR HEAE A5 TR IR (2:98, V:V)BERAFE, HE g
0. 100, 200, 300, 400 500 pg/L FIARAEZR S, ¥+ 10 pg/mL
PIFRIR G R TIRNIR (2:98, VIV)FEEES] 50 pg/L, FHAalLs
Ge E MR, ARG E MR BE DA AR, FRoTEE S5
PIBR G 28 M 7 5 5 1 EL (B M A AR, AR TR E i, BN
JE A 2 WK, e hlR L
1.3 THEETESE
131 ZEZHFHR

RIERE P E EITRAR, @ EEEER, LA(D).

_ (c=co)xv
T mx1000 M

Ao XEEN ISR, me/kg; AR NG T AR R TG TR
ng/L; Co-Z8 FIRE S R B B, pg/L; V-TH AR 2514
B, mL; m-FE S AREE R, g0
1.3.2 s ad A2 b 4 R 2 E R R

TH 0 AR B | A 2 B 4352t | A 297 T 1
SIARIATE i LA 5 AT E 5
FRBE g | A AN S B it . B S IR DR 5 | A A B
SEJE A R A S A AN S B

2 HRED

21 THEESERIRA,. SHMENL
2.1.1 K RRREEMARARTING R E LS E Upjral

FE IR 425 KRR E 45 2 25 mL 25 50 T A%
TOE ARG AR A E LR 25 mL 255005 | AR E
FE . HME JIG 1962006 (3L ES R ARG Rl ) U
FLAE, 25 mL 25 AT LR 22 440.03 mL, #4208 =M
il B RERR E 5 I A B AR E N 0.03/4/6=0.012 mL;
PrFS R AR E IR 20 °C, M= IR fEL3 °CTLEM
Wesh, KK R 2.1 x 10°C™Y, 25 mL A EHAATH
PR AR AL R 25 X 3 x 2.1 X 107% = 0.0158 mL, $# A5
AT, WZESI AR ARHERE A 0.0158/4/6=0.009 mL.
W BRI AS E FR 255 A E B, 4% B FAR A =X
WAL, 58] 25 mL &SR ATARN A SR EAS TG 2 R
v0.0122 + 0.0092/25 x 100% = 0.060%. W E 2 AT
BB F XS BRI E U ra=0.060% o
2.1.2 A7 Z 5 B Hl 5l N8 T B E U

(1) FIAR HEAE 2 B AR E E Upe(cy)

om0 STIE A5 P B o 4 25 YRR X B R AN S B
0.7%, k=2, W B b HE fiff 25 9 AE X AR A ORN B E R
Urer(c1) = (0.7%)/2 = 0.35%.

(2) B 1 R B S AR AN 52 JE Urean(Co)

10 mL(V BRI 10 mL 4R G & T
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100 mL(Vo) &R A, AR Q2:98, VWIBEEAE
100mL, B FRATE 1k, 53] 10 pg/mL B #HRAE
()3 o B v AR B MR ¢y = (o X Vi X V) /(Vy X V) o
B o v ) 9 %) AS 8 7 32 E A 55 VR P AN A
10 mL 7 & AYASHG E BE A 100 mL 25 5 A9 AN E
IR AR A A RS, 10 mL BRAE M 100 mL 75
T A A X BR A E B WL 1o B v P IRV A
s AN 52 BE A :

Upe1(€3) = \/ufel(cl) +uZ (V) x 2 + u?, (V) X 2 X

100% = 0.40%.

GOPRHEA T RSB H 5 A AT E B

PRV TR R SVECH Y4 R ) — R v )i ofn—
% 5 mL ZIEE R AETRI, XA S EOT E T T S B

SVERE T — 20, DL HE R T A AR R
bR R SIBCH T AT E B S G st el LT . H
5.0 mL(Vs)ZI MWL 5.0 mL BFRAEP AR, FHRYRR2:
98, V) B E A S 100 mL(Ve) 45 5 i, ft 21 1 %
500 pg/L ITIBRIEA R - bRt 2R 1 BL TS 1A BIAS 2 B FTAR
o T ) o A AR R R A A 2 B L 5.0 mL R
IASHR 2 BEA 100 mL 25 M ANHR 2 B, 42 B0y FIAR Ik
A, 5.0 mL ZIEEAEF 100 mL 75 B AY A X R A1
FEREILER 1. PRUEG IR R FNBCHIS | AR AR AN B

Uggrel = \/ufel(cz) + uZ (Vs) + uZy (Ve) X 100% = 0.49%.

213 AREHEIET AN T ZEDE Ugsrel
KFAEL NFRTT L, RFRUE RN S0 E 2 1K,
R IR 5 AR ICE W R AE 5 14 HAE y, 3% 2.

®1 BREMZIEMOETRETHERE

Table 1 Relative standard uncertainties of pipette and volumetric flask

PR A T

WZESIABIANTIIELE XA TR A S

Do i arH ARVFRZE/MmL  RE/C
syt Fix ! ARHE FE A3t /mL 4B /mL el
- 10x3x21x10™*  +/0.012Z + 0.00372
Vi, Vs 10 mL A R E +0.020 £3 0.020/+/3=0.012 V3 10 x 100
=0.0037 =0.126
100 x3x2.1x10™*  /0.04% + 0.0372
Voo Vio Ve 100 mL A 50 +0.10 +3 0.10~/6=0.04 V3 100 x 100
=0.037 =0.054
5x3x21x10™*  /0.014” + 0.00187
Vs 5.0 mL A 2% % R 45 £0.020 +3 0.025/+/3=0.014 V3 5 x 100
=0.0018 =0.282

#2 ERISNERAHEEITEERXTEER

Table 2 Standard series point measurement and calculation results of uncertainty evaluation

G Yi a+bg i — (a + be]? (csi = Cs)

0 0.0009 -0.0003 1.446E-06 62500

0 0.0009 -0.0003 1.625E-06 62500
100 0.1163 0.1097 4.364E-05 22500
100 0.1192 0.1097 9.115E-05 22500
200 0.2206 0.2197 8.428E-07 2500
200 0.2257 0.2197 3.662E-05 2500
300 0.3401 0.3297 0.0001102 2500
300 0.3396 0.3297 9.863E-05 2500
400 0.4557 0.4397 0.0002572 22500
400 0.4555 0.4397 0.0002513 22500
500 0.5780 0.5497 0.0008049 62500
500 0.5714 0.5497 0.0004721 62500
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PN B AT R G, SRAF R M k5 e
Y=0.0011 ¢-0.0003, £kt ZR%L r=0.9997.

BEEMEFES 2 K, FREERS 518 03069, 0.3069 g(Ff
A FEIFRAE R m=0.3069 @), W A5 5 L7308 0.3338,
0.3271, A AJr R THSEAS BIAE S A R B 430 R 303.8.,
297.7 pg/L(FE AT IR A S35 3R BE ¢=300.7 pg/L), =5
P RE 5 T A3 R B ¢ = 1.33 pg/L, 15 FRE ST & 4y
BIA 24.64 ,24.14 mg/kg(FE Ml & = I(EX =24.4 mg/kg).

HFEIA B4R S HAAEE, HElE RiTE
FEATH RO LS AR 2 B, BIARiEf LG5I AR
AHE BE, AR Q)T

SR |1 1
ugz =— [—+—+
B3 b Aln, ny

(c=C)? )

B —
21221(Csi_cs)2

R sy = (Bl
Hor: b-ARUEMTZR AR ng AR5 E RN E AL, ny = 25
N AR EV BT SE BIREL, ny = 12; Co-PRIETR A
We R, &, = 250 ug/L; co-bRifE RFNS KT, ng/L; -k
st T APV PP B ) P PV JBE 5 - M VR BBE S o B, i 1A
SHAE; a + bo-FRHEWEE o, YR FHLA HL LR
i )3 155 19 OB

R 2 MXBRARARKE 5x=0.0147, LA
SIAMATEE: up;=10.38 ng/L, B AR FREAT
FEJE Upare=Up3/cx 100%=10.38/300.7x100%=3.5%.,
2.1.4 HFHZIANTHZEDF Upira

RBUAEE0.3 g 247, KEHZE 0.1 mg, ATz —H
FoM RFTRR . 22— RR E UE A 45 28 1 4 ¢
77 d=0.0001 g, e=10 d, FRHEERTE 0~5% 10* W HINT, fK
FeVFiR 7S (maximum permissible error, MPE)} £0.5 e, H
0.0005 g. F&H I 4> i fliih, MPE 3 20 A o o B
U(MPE)=0.0005/V/3=0.29 mg. M FEMRBUR MRS T 2
W, —REE#, —RERE, 2 RREAMHE, RN
W2 WArEZ 2, WUMRHEES ANASHEEN:
Uy = V0.292 + 0.292 = 0.41 mg, FL5| A MR A7 A B
FEBE: Uparer=Upa/Mx100%=0.00041/0.3069x100%=0.13%.
2.1.5 AFSAeAFEE S| NG T ENE Upseal

X IFR 2 £ 100 pe/L AIAREEES T 6 R 3 &2 PR E,
TFR ECRRAY H M2 1,04, 1.07, 0.91, 1.05, 1.01, 0.98, F
FIInER B A R=1.01, FREMRZE s(R)=0.060 iz [ iR
1A A w0 E B U u(R) = s(R) = s(R)/Vn = 0.060/
V6 =0.024, 51 A KX BRI EE N ugsre =
Urel(R) = u(R)/R x 100% = 0.024/1.01 X 100% = 2.4%.
216 MBEFEAHIAGRAZESE Upel

W78 B i Z 1, SeX 5 RS S A A IR R
FEMEAT 10 IREE I, 8RR s 77 0.576 mg/ke.
ENEREREMRER T, BRI KEREMIET 2 P
ATO5E, LA 2 YOS~ A A A I 45 R f f . DI St

RHF VT A PR EAREE: uy =s/V2=0576/V2 =
0.407 mg/kg, HG| AMFXIARHEANTAE: uprel = ua/X X
100% = 0.407/24.4 x 100% = 1.7%.
2.2 é}ﬁ*’%;EZ:ﬁ%ng ucrel
BN o I 3.
=3 THEENEREEMINENHER

Table 3 Uncertainty components and their relative
standard uncertainties

ARXIFRAEA Ao L

KBRS AFERRE 285

WiERE/%  (HH/%
Usirel AT B % 0.060 0.72
UB2rel PRAERIBCH] B 2K 0.49 5.92
UB3rel KL S B 3.5 42.27
Updrel PR B % 0.13 1.57
Usrel pRlECE B K 2.4 28.99
Uarel WEEENE A% 1.7 20.53

FHR A BOAR HEAN B 2 L

Ucrel = \/ Uhrel T Ug1rel + UBorel T Ubarel T Uarel T Upsrel
= 1.72 + 0.062 + 0.492 + 3.52 + 0.13% + 2.42 x 100%
=4.6%.
G BRI B
Ue = X X Ugrel = 24.4 mg/kg X 4.6% = 1.12 mg/kg.
BAEEF k=2, MY BAHEE N U=uxk=
1.12 mg/kg X 2 = 2.24 mg/kg.
FAA TS 2 78 KGR Bl =, BOF I EAC R
MZARBE, RRREIL, §RAERE U R 2.3 mg/ke,
HEER 0] R8N (24.442.3)mg/kg, k=2,

3 & 1

XF ICP-MS k0 5 R S A il 5 A T AN E
AR I E S R MER PR N R A RS, NOXTESS R P AT
o325 SEIFVERE AN E FE AR/ 3 S B A A AN RE T )
pin SLIPSE AG S ES S NER Sl Pt o] 1 HEC-S Ve g F AN
e MRS, WARRCE AR AR AR A
XN SRR BEm AT R E AR RE
LR

/RS E L IR E, AT i 3 AR
MEZR D SO R IR A E K BC b 2R
B s I ol 1 DA o e B2 S SEE A 1 2R 97 I s 32 2 5 0
N REARINAR TSRS AR E B, 1 e e RE AR 3%
PRI I, AT LU R Al R B S8 395 L S IBRA
SERE I, FLUCERD BT AR B RE IR, 0 ) AR I
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JEE S AR R A R Al /i 2 U e L T i 255
I T A A S B ANG S JEE T2 0 e S iR 5 A IR
B, AU E YR RIS E SRR P

ICP-MS 7542 & 0 A 4 vh HAT VR A 03, 7E 42
AL H B A o AR P T R SR A T AR
A, BB AR SRR NI RS &, DI Rl S R
XA E AT E S 00T . S5 RRH, %07 i Bk
AHIREFER/N e AT B AR S AN F] TREE, 7RI R
bR i A OT BRI, SEARIIE 2 YO ATRE AL PR —
B, ARV AL AR B . BRI R I R RS i
WA E I, (URAFBENLIN R SR AR EE, T2t
T TR A S L KPR EEE N B
BAEWIPUA R | ARSI MRS N
P ATEAN B AE S i Ve P, sl S B S E ANl 2P 6
X SEREAL P R A SE R

EE P
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