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H OE: B8 TR AR - B A S AT %92 (inductively coupled plasma mass spectrometry, ICP-MS)
W o AR o T RE S LA S BE AT AT R . 733 Ml CNAS-CLO01-G003: 2019 Xl Ay
JE BEMAROGRESR, #ENT T NHA G BE PP O RCA R, A o BE ) SR, IR & i T A . BR
MR 39.56 mg/kg I, VIRAHERE A 2.02 mg/kg(k=2). X551 E A& B R T B 5wk, #idJL
Fhok AR IR vk A, R 3 AN EEARA A 0.019662,0.002046,0.00274 R4 0.010085,0.001520
0.00166, Z&i® Bl HEACREE, R8T UG ma REFHEE RN EH M.
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Evaluation and improvement of uncertainty in determination of aluminum
in soy products by inductively coupled plasma mass spectrometry

HUANG Shan’, LIU Yue

(Henan Port Food Inspection and Testing I nstitute, Zhengzhou 450002, China)

ABSTRACT: Objective To analysis and evaluate the uncertainty in the determination of the aluminum content in
soybean products by microwave digestion-inductively coupled plasma mass spectrometry (ICP-MS). Methods
According to the relevant requirements of CNAS-CL01-G 003: 2019 for measuring uncertainty, a mathematical
model for uncertainty assessment was established, the main sources of uncertainty were analyzed, and the
components were synthesized. Results When the aluminum content was 39.56 mg/kg, the expanded uncertainty
was 2.02 mg/kg (k=2). For the main contributors that caused measurement uncertainty, three of the main components
were reduced from 0.019662, 0.002046, 0.00274 to 0.010085, 0.001520, 0.00166 through several ways to change the
measurement method. Conclusion The effect of the improved method is significant, which achieves the purpose of
reducing the factors that affect the accuracy of the results.

KEY WORDS: uncertainty; inductively coupled plasma mass spectrometry; soybean products; aluminum; method

improvement

BEEWE: HR AR SAEEIH (21577042)
Fund: Supported by the National Natural Science Foundation of China (21577042)
SRR WO, BRI, RPN 2K . E-mail: 28074432@qq.com

*Corresponding author: HUANG Shan, Associate Professor, Henan Port Food Inspection and Testing Institute, No. 8, Jinger Road, Jinshui
District, Zhengzhou 450002, China. E-mail: 28074432@qq.com



5518 1 B

I, A5 PR A T R I S A e R R R AN S BV RE RO I et 6335

il

1 5

o e ) R TR R A,
HYEMEE, & aEAR. BB 44 R MR T iR
ZRIERE N EE, fEEr R, ZUhne s in )
L PR 03 A8 (O 4% 0 T 1L ) B A R P i (L 4% S WAL ), P R
o A R R A . X 2 B R SR A T A
¥IORgR, AR R S R &
o T BE T EGR L MERIR . DS IR RERERS . MR . E L
i eV hAERER U GB 2760-2014 ( frih AR R
FRUE B ARSI AR E ) B T2 AL AR Y Bk
<100 mg/kg(THEMh, LI ALTTHPL

W) S AN A R AR T R ) A B A T T e 0
EA R AR S 8, HS I RS AT R Y, R R ks
D25 SR o A AT 4 32 MR DG BERE AR o Ak v 40 D0 oy
R AN S B T X 42 g LA S e e AN B SR X
LRI 10 A AL 56 T v R R AN S B I B S 4
AR GB5009.182-20171 v i JBH 43 465 8 1A ik
(inductively coupled plasma mass spectrometry, ICP-MS)illl
FE Gl E L, IR SOR JIF 1059.1-2012 (il
AHE FERIIEE SR ) 1 CNAS-GL06: 2019 (fb2:5)
M PR B A AT A ) UV B 14 0 S R g
AR T AR TR AN S B I o ik, DA SO B 0 A
HR B R AN 0 5 A T R 2 R Tk Y, R
TR W RS E R ik U A o s ) A
ICP-MS 75 72 &1 &b 4R 3 12 1 I i XUR: R IR B,
PR TR T AR AR R S

2 MHERE

21 RAF wR

65% AR (LR 4li, & E R v 28 ml); SEARMEVA I (GSB
04-1713-2004, 1000 pg/mL, [ A (048 K HL T # BT
WA .

4 P GRS T AT
BE AL ) o
22 UE5EREF

ICAPQ HUBFN A 4 8 T3 { (3¢ E Thermo Fisher
Scientific 23 F)); MARS6 Ul I (& E CEM 2 +]);
Eppendorf F7 #5(100 ~ 1000 pL, ARG H EA R F).
23 XWHE
231 HM&HHALAE

R 4 03 Sl SRR SR B 5105 85 CCHETRL T 4 h,
T4 B B PR B 2 0 (1 mm 07, BRI 0.3 g R
0.0001 IR VUIR LGV IS A 7 mL 65%fisFR ik

L TR N

T W AR, WEARARIY N 10 min IFAE 120 °CIRRFRE
5 min, 7 5 min JIPE 150 °CCHEIFIRE 5 min; HJ5 5 min
JNFZE 180 °CARHHIEE 30 min, B E IR 120 °CHE
TRV 2R TR, EAEMFEIAR 1 ~2 mL B, BEFHEE
£ 50 mL R P E AR, FR s AP,

23.2 ICP-MS I A4k 4%

RF 3: 1550 W; HERHSHE: 14 L/min; #ibh
S Pit: 0.8 L/min; Z5fb#R0RE: 1.114 L/min; RAEFRE:
5 mm; ER KRG 3; RER: Bhg; =R 2.7 °C.
233 ARofvh &K AME

FrRUEf A R 20 8 A4S T IR AR VA ) 10 mL
F 100 mL I, FH 2% 64 BR 2 75 A5 SR i i 45 T
(HeBE M 100 pg/mL).

PR RINE R EC T BURFRERE &R 6 (BN
0.00, 0.20, 0.40, 0.60, 0.80. 1.00 mL)F 100 mL % &/
W 2% R AE 25 BCH G 6 1 B AR T R (R R
0.0, 0.2, 0.4, 0.6, 0.8, 1.0 pg/mL). R e g4 5
A T3 A 22 T A oA it 2 (RS Al B S s o Vi VAR TP R R R
GNARAR A LA BT i 2 i 8 W ()

2.3.4 XAFEGME

FH H R B 45 B T (R T SO0 28 1V TR RR V4 T
BERES T, MR i 2R A5 210 R PP A0 B MR
235 HEIIFHA

RIE GB 5009.182-2017 £ ik @y G il dh P AL & =
T AT Ry
(g —¢y)xV x1000
- mx 1000
oA XA E R A AR, me/kg, C Al Co iR
PR F A Sl T AR N 28 0 TP AR 1 LR B, pg/mL;
VRRE G E AR mL; m SRR SRR, go

3 HER5SH

3.1 TEEERIESH

Ry T BRI A & B o i AT 6 2% AR
SR VR (L FEADBR VA VR AN 5 32 | B 2 91V Y il PO A
BB L) . AR FR TR . S I R IR . R E 2
FROCUR . ARl 26 400 A A WRURIRE 0 2 J A MR TR, DL b
SRS AANHER, FRILAE 1,
32 THEESEUE
32,1 HeAREIARF I A LA

DAL F~ 43 BT 1465 2 TIE 5 b /s 1) 45 1 R AR 9l 1 1 o
ARHEE

Kz R B 2 alE, ok RiriRz+0.001 g,
WER AR 0 A 4951, Btk = V3, HEARMEA 0 E T A
uy (M) =&v§1= 0.00058 g K- F-EEM: R B Kk
S, R AFIR2+0.0001 g MR A5, B

k = V3, SRR, (M) = 272 = 0.00058 g.
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FVnE: RA B 2 00TE, YFREEFEl osms
50 g I, FRAVFRZEL0.0002 g, BERFATE M 5], B
k = V3, HEFREAHE R us (M) = °":/"§°2 =0.00012 g.
P b, WFRE: 03032 g FEahT | ARAEXTARIEAGfE B A

Vur (M2 + uy (M)? + uz(M)?

urel(M) = M
/0.000 582 + 0.000 58%2+0.000 122
- 03032
=0.00274g
322 MR PIANGRAHLE

K H B 2 EITE, Hll JIG 196-2006 ( H B 15
75 VOB FRA A BE (3 1) ] 50 mL 255 ffxd
FE b 255 5 A BFEXT AN 2 B R
Urer(V) = trer (Vg 45 ) = 0.000837

Sources of uncertainty

323 ARBEEEFING T H TR
3.2.3.1  SAFRUERIR

AR BOIE A5 s £ SO R, H AN E
BE 0.7%(F1 35 N T k=2), Hitti SR bR A

urer (18) = @ =0.0035

3.2.3.2  tRiERIIAR BT AR 5 A RN E B

e FH I 5 R0 8 T 15 W s M A 45 YR TG 1 s b o R 871,
BEPW RERNBIRE . BRAS . FEHESNAY, o
ARl B B A X RRAE AT E EE(ILFE 1), 10 mL B4
LBWE 1 WP R FE, 4% 100 mL,
1000 pL B ¥k #5433 B i 45 0.20, 0.40. 0.60. 0.80
F11.00 mL % 100 mL, F:# FH 100 mL #¥ 5 6 ¥k, FBil
W FEB A BIRRMEARE B SE L, TR IR EE S A
FAARE R AR HEAN B 2 B Dy

F1 MEZREPEEFAIANNEMNTENHER

Table 1 Relative standard uncertainty introduced by the capacity appliance during the measurement

- SIAKBL 20°CRE oy oI SR A B (X, ) L AR
/mL /mL u (X ﬁ;) /mL (20£5) C Ure1 (X)
1000 pL &k a% 0.20 0.02 V3 0.002 31 0.000 121 0.011 560
1000 puL F% ¥ # 0.40 0.02 V3 0.004 62 0.000 242 0.011 562
1000 pL B4 0.60 0.10 V3 0.003 46 0.000 364 0.005 805
1000 pL B2 #% 0.80 0.10 V3 0.004 62 0.000 485 0.005 805
1000 pL BT 4% 1.00 0.10 V3 0.005 77 0.000 606 0.005 806
10 mL LRSS 10 0.02 NE) 0.011 6 0.006 1 0.001 304
50 mL 2 50 0.05 V3 0.028 9 0.030 3 0.000 837
100 mL %5 100 0.10 V3 0.057 7 0.060 6 0.000 837
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Urel PR AR IR B AR U A 2 W
2 e \2 L\ 2 C_' -C_)?
Urel (%ﬂ) + Urel (E'?) + Urel (ﬂeﬁ) +urel(0-20)2 u(Y) _ S_y l n l ( *T) — 0.003 793
01 (0.40)2 4111 (0.60)2 411,61 (0.80)2 + 1461 (1.00)2 b [n p Z(—Cfm Y
= 0.019 662 o nFOR B IR, C o FRRE S AT

324 AFESMAIETING TR
PVREAS S 3 P47 7 U B bR RSN 6 115,
R ® 2, W CF Yo N HE AT B E
Y=358741C-1247, r=0.9999 .,
THELA IR AR E 2N

s

=5370.83

K VR BT RIR B T N, YR 5Y A%
I ¥ BT B R R AR R E, e s I TR B (I Tk
n=3%6=18),

o E
0.500, FRRbRER R

C_ﬁ=(0+0.2+0.4+0.6+0.8+1.0)+6=

EIEE, RN b=358741, Cp

SRRV W 45 R
L, THAARUEMZBLA T R A AR A B
u(¥)
trai(¥) = —— = 0.015 90
B

325 M AMA I R

BE 11 KX RIATIE, RIAEELE IS iR 2R
TR AR, G5B HCEBIRITTHE L 11 FEA AR
THTREI,
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Table 2 Measurement results of standard series solutions

W C #5/(mg/L) i) 17 s SEEmNAEY 2T N fE Y (Y, = Y)? (o
540.2 31.94x10°

0.0 539.8 541.2 —1247 31.93x10° 25.00x1072
543.6 32.06x10°
70274.2 0.5153x10°

0.2 70345.3 70314.9 70501.2 0.2430%10° 9.031x1072
70325.1 0.3101x10°
144921.6 71.41x10°

0.4 146210.9 145162.6 1422494 156.9x10° 0.8442x102
144355.4 44.35x10°
215074.5 11.60x10°

0.6 213647.6 215188.0 213997.6 1.225x10° 1.068x107
216842.0 80.91x10°
299152.9 179.8x10°

0.8 297041.8 297339.1 285745.8 127.6x10° 11.04x10°
295822.7 101.5x10°
359872.4 56.57x10°

1.0 356741.2 357945.3 357494.0 5.667x10° 25.13x1072
3572223 0.7383x10°
Z(Yi —yy? 461.5%10°

Z(Cﬁi ﬁ)2 72.11x1072
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Table 3 Determination results of aluminum content in samples

R BT WA T P BRI TEE R
/g /(mg/L) /(mg/kg)
0.3025 84437.3354 0.2388 39.4789
0.2974 85110.1013 0.2407 40.4712
0.2958 83166.2522 0.2353 39.7742
0.3022 85002.8284 0.2404 39.7789
0.3102 85609.2909 0.2421 39.0255
0.3061 84847.6009 0.2400 39.2014
0.2998 83524.3449 0.2363 39.4100
0.3041 84347.4762 0.2386 39.2300
0.3008 85771.2695 0.2426 40.3201
0.2985 82269.2436 0.2328 38.9956
0.2977 83168.2802 0.2353 39.5213

3.3 HENEMRIRETHEEST RTHEE
Urel

= a0 + (V)7 g (1) ittty (07
= 0.02553
\EMER T 11 KE, HEERTETEE &
X =39.5643 mg/kg, 5 & MARMEATERE: u=up X
X =0.02553 x 39.564 3 = 1.010 08 mg/kg. JLHBY fEH +
Fk=2, HHIV BAWTEF: U=101008%x2=
2.020 mg/kg,
A0, IR T A - P SRR 5 S8 B AR B U T DU o
) S PR A R R RN A
X = (39.56 + 2.02) mg/kg(k = 2).
34 i
MR S LS R R, FIFH ICP-MS % 2 6l &
PR TR, G SRR A B 14 DR 2R A SR R AR K
e ARHEE I R > FRIE RIS IR > R FR bt R
P2 > PSR FER R > FESE R RN &R it

EEXPERCHE, 15 B BEARAS A 2 B 4352 9 S8 it G
3.4.1 ARBIERREAMLA

8 VA8 T AR VA T R Y AR NER, A
YEAASHG A2 BE 0 5 ORI 5 2R A T R — B i A
ViR ZEZ B BUATARL g 2, HARKIN: B BUATIK
B 5545 i 7™ A R R X R N R R B S AR DG . BT,
BB R R T B U R R . 53 4h, R
2 JIG 646-20061F JIG 196-2006 WH A SCA BIRT T &
B, BFRR RS R U R A BUR IR BT e 75 1t o 28 HART
PAR . HEUL, FEbR i IR S P R R O A B
B FBEARAN 2 BE o

P A5 e bR AE T T R U SR B bR 20
YEN W EBRAE LH, WABFRUER W 1.0 mL T 100 mL 7
B ERQY%INIR)E 10 ng/mL 4547 HERE 5 . 7 Bbs
Z) B W B A R VE S 0.00, 2,00, 4.00, 6.00., 8.00, 10.00 mL
(466 B BURRAR HE A 45 TR 6 1 100 mL 25 380 P 22 45 (2% i
) Hl15 6 AU BEFRAPRERR (0.0, 0.2, 0.4, 0.6, 0.8,
1.0 pg/mL), R4 2.1.4 BUrai g b5 mmsl g AR

AR X o v N 6 2 T ey (BR) FZ AT 0.019662 T [ 2h
0.010085, 2552 .
342 AR RREAA

R o8t 20045 53 A 1140 R X A v AN A B 1B
ST, v VTR T T WOT- 2 v B 22 N, I YR
2, DA (AT BR AN 2 B/ o AT, (b o
VST ISIE ST R [V R (ol A VR T 2 30 -1 o o 5 0 Yk
Xof B ATRAN T i B A5 A Dk o
3.4.3 HoeAREMAL

MRAE A, FRE TR R & i A E B
V4 P — 75tk L3 2 1 B T f ] B AR XA v AS 1 2
HENBERW . WIS, YA RN
] 0.5000 g /&, FAXTAREATE AL R 0.00166, £IFK
B 0.00274 22512 FIL, ERIEHEAM SRR TR
BHOIAE R FREE R (< 1.0 g), B SRR R L R
AN FE A 30 o
3.4.4 BSNTREAMA

2% 3.2.5 WRESEEEE DN E 5 LA AR XS AR A
BETTE A 2RI AL, [ — A i 3 42 000 58 U B 348 i e AR A
WA A B RRARA DA A . S 450 i/ 2 A W o TR 8K
HEB0 20 YR CEE BTN BSCHe o3 O FOE- BIERAS R EE ),
AH X B A 2 T e (X)) HH R AR 19 0.002046 B {15 3]
0.001520, #4351 o P, A Sh I & 81 5 YR B i kel &
AN B (A R AIRAT T Il A
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TormA R, SRR YRS RS RN 39.56 me/ke
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WRECHIE R > PR G N R > FESREEE > RS
EIENE > HEE RN R WA TR Soxt 9285
PRAE R T OGS D R 0 AT, ARSI AT AR HEVA TR
Rl Outl . B B A R B b« AR S SR BOE N
R HETS VR S5 RE Al VRO AR B 22 080N . RE SRR PR A 58
S E AR ER R A Y B A ) T AR E B S,
I R RIS, 3 AR e ) 85 5 4
M(0.019662,0.002046 ,0.00274) T F&4(0.010085,0.001520 ,
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