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Uncertainty evaluation for determination of sodium in pickles by inductively
coupled plasma spectrometry

LIN Hui-Huan, CAI Zhan-Fan, XIONG Han-Hong, LIANG Xu-Xia

(Guangdong Institute of Food Inspection, Guangzhou 510435, China)

ABSTRACT: Objective To evaluate the uncertainty for determination of sodium in pickles by inductively coupled
plasma spectrometry (ICP-OES). Methods According to CNAS-GL 006: 2019 Guidance on evaluating the
uncertainty in chemical analysis and JJF 1135-2005 Evaluation of uncertainty in chemical analysis measurement, the
sodium in pickles was measured by ICP-OES, and the mathematical model of uncertainty was established. Then the
main sources of uncertainty in this method were analyzed and the expanded uncertainty was obtained by calculation.
Results In the determination of sodium content in pickles, when the sodium content of pickles was 3148 mg/100 g,
the extended uncertainty was 430 mg/100 g (k=2), and the result was (3148 + 430) mg/100 g(k = 2)mg/100 g.
Conclusion In the determination of sodium content of pickles by ICP-OES, the uncertainty mainly comes from the
preparation of the standard solution, followed by the repeatability of samples and recovery rate. By reducing the
degree of controllable uncertainty to improve the accuracy of the measurement results, the quality control method can
be used to show the reliability of the results.
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S22 LUB 5 3 S 22 URE, 28 v i
TR A RN SR A, IS . FhE . BT
BEER . BEBUE . IMBTE . KB R ER .
TS B BRI, sRUEE - B MR A IR, R —
FERVE SR E, RISREARTE R, SO AT H & AR hA ]
B i PRk R, R TR E S N RE A TE R AR
— o BAES AMMEREE DIR G I B 2R R . GB 28050-2011
(T £ B FRAR A ) PITR R  £3h Al ZE AR
% EARREFRT, NARERE R AN IR, R
KGR 4 PO ERROERE, KELERRS
2 {f (nutrient reference value, NRV)JH 43t #IESEAEE
PR R AR S I A KA 1 ER, VTR S SO 1 04 I
i, 3 22 BRI A S i — e g ) R AU B0, TR
SRR T
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[ TS, ABFFEMR i CNAS-GL 006:2019 (fb2453
R B IR HE R ) VR JUF 1135-2005 (k24 Hri
A FEVPE ) U, R FH H RS A 5 B TR R S Sk
(inductively coupled plasma optical emission spectrometer,
ICP-OES)l i F i = vh iy 5 1M, 43 Mk ot A2 v ANy
SEFERUR, XoF 25 AN E FE A3 N LAVEE, DAY 58 4 2 1k I
SEEEAL, ARSI T | AR e 2 R B R LR A kAl

2 MHERE

2.1 X5
211 BBELHEE

5110 HUBHFE A S5 B TR R SIS (GEE Agilent 2
rl); Milli-Q Advantage A10 FFEAEIK R %50 (3E E Merck 28
H); ATY224 Ji432Z—HFRF-(HA Shimadzu 23 ));
Multiwave PRO (i JH fi# (X (S 3 ] Anton-Paar A H]);
BHW-09A A (T 0E b2 B A B D
2.1.2  AHFFS KA

AR EIE 0B T 1),

BBRIER RN (3750421.8) mg/L, SE[E NSI
Lab Solutions 22l ]; FHBR(PLLE, Lifg2eilsc ol H ey
AR
22 IWTR
221 ARG ELH)

A3 FIRS BUNBR HEY) TR 0., 25, 50, 100, 250, 500,
1000 pL F 50 mL ZHH(A FO), H 2% E & E 2%
¢k, 5%] 0, 1.875, 3.75, 7.50, 18.75, 37.5, 75.0 mg/L

FIARMER SR W . Hop, B 25, 50, 100 uL 2R H 100 pL
BRMEE, I 250, 500, 1000 pL % 1000 pL &
BB

222 HopETkHE

FESL AL B FREGE A5 BT, JF B PEYLBERER
51, R

FRECTALBRRE S, 0.2 ~0.5 g T iiEd, A
6 mL AR, i BT I i AR HE B 2D BRI TIF A o T A
TEEE, FRIHMRFESHSHTIE, LEIEL T m#A#ERR 30 min.
T T RO R, ABAUKERE 50 mL, RA&H;
[ B s TSR
223 HouthH

BTSSR, XTREA TR 10 f5)5 _BAL
W, MRS RBWT: ABRAR(1000 uL EFHMNERFH
FEMBIH L P A EL 1000 uL 3] 10 mL AR HA ZOH, &
HRAFE, 33 LU
224 FswpE

BArifE R A TAEVE WO A GRS 5 R R 5Pk
BEAL A, MIE Na(589.592 nm) A am B (S Sma i, Lhvkss
AR AR, SR N R A AR, bRk .
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AC HEW WS 2 Wl a0yl & e ¥ 2
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VIR T A TR 9 8 25 A, mL;
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miXEE T i, g

R M, %;
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FEABIETE A, 25 P IR 0 100 0 o O {EL e /N T
P b P R T A R (UL 1), LB 2 R
FEMARL/N, BN B 25 TR 28 P RO S I S S R 5 AR AN
BERE, MHRTACHE y— AL IR,




6464 R i g Rl R 1%
Fz1 HRNEHERBIE
Table 1 Sample measurement result data

S0 B g ERARE VML WRERF F9MEY  EHURE Clmg/L) WK ACKmg/L)  FHRZEH X/(mg/100 g)
ZH — — — 124.115 -0.247 — —

1 0.4565 50.00 10 273112.224 29.802 30.049 3291

2 0.4509 50.00 10 270959.729 29.565 29.812 3306

3 0.4578 50.00 10 293049.860 31.996 32.243 3522

4 0.4664 50.00 10 276250.160 30.147 30.394 3258

5 0.4731 50.00 10 282210.349 30.803 31.050 3282

6 0.4679 50.00 10 292689.614 31.957 32.204 3441
B/AME 0.4509 — — — — 29.812 —

R 5 2 A R R N i o AR, 000 3 SR AN A R
VR AU ARUE RS | A AN 52 B wpe (RM) . B VET
TRPC T 5B AHE B e () . FEAFREES AR E B
Urer (M) . FEETH LI E 255 AR E B wpe (V) . IR
WG AT E [ upe (F) . FRAEITZEIE ST AR
B8 B upe) (AC) « DU 25 R F AR5 | AR 2 S wper (X)
SR G| E B el (R) o
32 BIAHEEDENTE
32,1 ARBEYR NN A L ue (RM)

AT U490 J5 TIE 5 AR A5k v o e 0 S A v
3750 mg/L. ¥ RAMHEE 21.8 mg/L A& HT 2, MR
0 k0L GE 2 8 6 4 g1 (RM) = 0 =
0.00291.

322 AFREREH TN R U (S)

Uy (S) I AN 7 B2 43 et Ay T T 3 A2 o 2% UK
IR E B, T RRREAIEA 2 DA E BRI
B BUATRI A & B | SRR . FEBIRIR R
ARt R b, B OB B e 25 vh B UL T LT 4R 1)
TR, DRI AT 2206 3 B X A R ) 5 0
3.2.2.1 BHURFRRAHE

B BUATUE 2 MEIIN R B I i 78 B 22 i &
FE M FHARFRZS 1 0 Vo MBS WR 2585 BUA RV, AV W
B, 2ERERRVFRZE A Lt (), DR 40
H<n(V). AT (=3 = 1.732), B#ns it
R 225 A B AH X BR TN 0 5 8 ey () FTEE M5 A B AH
XS AR UEA A P upeg (1) 53 50 A

Te(Vp).

Urer (1) = )
Urer () = 1:(Vp) o
K, A8 BUATR B AR R AR AN 2 B
Ure1(Vy) = Ve (10)? + tpe1 (1) %0
3222 ERREIANE E
ERERE - EmE R ARENAE R, HH

PRFRAE RN Ve 25 A GORE, Hzs & A2 1A,
IS (k=V3 = 1.732), I E SRR RIS
) AR EAS B R
u(Vp) = - o

Y5 AT THE (k=3 = 1.732), SE FARF (45 R

255 ) RN B EAS A E B
urel (V) = %fo) = ,(AX—‘:,ZO

3.2.2.3 BRI RECH] AR AT E B

RGBS | A MIAERT AR A 8 R LA L 2 B0E AR
JrAs (LT 0):

Urel (F) = \/urel(‘/}))z + ura (V2o

o T8 VR T 1) 23 1 A 40 R Ko A o A i B PR 45 U R
SRR AR AT E A IR (L), 1HRa R E
3k 2,

Ut (S) = V/Ei trer (F)?-

323 BHHBMAFEBIIANRA L LU (m)

FESR PR T R B 2 R R KPR EERZE
RFEL
3231 RVEREIRZES AR EE

HRAE b e 45 4 T, RO RS AR ST, R
% 2 W W K A F i % & £00005g ,
S AR (k = 1.732), f/MFRFER 0.4509 ¢ IR
R (E R 22 51 A K A X AR HE R B8 N upe (me) =
— 2 —=0.000640.
3232 RVPEEMGIARARHEE

R R TG 5 285 TR A5 AT 1, R AERR R A, R
FoEOE MR ROk AR IRE N 00010 g
IS AR (k = 1.732), WIRSF R 51 A AR U
R BE Hum,) =~ = 0,000289 g. f/IMRFERE N

2X1.732
0.4509 g, ik K 5 42 51 A A A X BR E S 1 E N
Upe (m,) = 2229252 — 0.000640.,

0.4509
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3.2.3.3  HESFRELLIAMASHE

B SRR 5 | A BRI bR A 2 B R A B 2 TG A

FEA%, FLARER 2 i T, R
e (m) = /[0.0002892 + 0.0006402] x 2 = 0.00128.
3.2.4 HBIHRESIING R EF U (V)

FES A TRE AR 2 AR E B R: R
AR E R . ARSI AR AT E . R 3.2.2.2
AR TE Y 5 2R DL B34S RO A B 09 A XS B B
Uret(Vp) = —2_ = 0.000577., SLH 3R ELE20 + 8(°C)TH

1.732%50

N, KK ZRE e = 2.1 x 1074(°C™Y), K4

AR X A5 4k R AVp =8x2.1x107* = 0.00168 ,
ISR (ke = 1.732), WOl B 22 A 51 B AR X BR
HEAR B E AT e (V) = 58 = 22222 = 0,000970., Fth
TH P02 2o AR A B R G A S 8 E wpe (V) =
v/0.0005772 + 0.000970% = 0.00112.
3.2.5 XAERAMAE TN A vy (F)
K 3.2.2 HHELIRFG RS ARG E BE BT =K, il
DA AR I MR B M A R B L S SR LR 2.
3.2.6 AR KEN LTI N T Eupe (A C)
i pT 2 1 0 it AN TS SR L2 3.

F2 OEBRREHAMRERERRIINNTHEEERFEFL=V3=1.732)

Table 2 The uncertainty introduced by standard solution preparation and sample solution dilution (Confidence factor,k = V3 = 1.732)

¥l
SIRE| EE2
TR TR 1) PR
BT, 25 50 100 250 500 1000 1000 uL
FE AT R FR A BE)Ve 50.00 50.00 50.00 50.00 50.00 50.00 10.00 mL
W IRIR A Vg 100 100 100 1000 1000 1000 1000 uL
B s R iR 24 (V) 8.0 3.0 2.0 2.0 1.0 1.0 1.0 %
BV O 5 R 4 M2 < (V) 4.0 1.5 1.0 1.0 0.5 0.5 0.5 %
BB R AE AV 0.05 0.05 0.05 0.05 0.05 0.05 0.020 mL
RTINS AT E Fure (1) 0.04619  0.01732  0.01155  0.01155  0.00577  0.00577  0.00577 —
BEEMEG AR A E F e (7) 0.040 0.015 0.010 0.010 0.005 0.005 0.005 —
B AR R AN B e (V) 0.0611 0.0229 0.0153 0.0153 0.00764  0.00764  0.00764  —
FEFARFU AT A 2 B wpey (V) 0.000577  0.000577  0.000577  0.000577  0.000577  0.000577 0.001155  —
BLRARREG A BIAH XS R 2 e (F) 0.0611 0.0229 0.0153 0.0153 0.00766  0.00766  0.00772 —
T R K 1 1 1 1 1 1 — —
o VTR VR TS 1 5 LA AR R AN 28 B 1t (S) 0.0653 — —
TV R B | A AR X AN 58 BE g (F) — 0.00772 —
< 3 frEZ RN E BRI R AR
Table 3 Measurement data and calculation results of standard curve
P50 WG fHF51EY, Y=AXC+B €, —-0)? Y, - Y)?
1 0.00 726.762 2695992.9925
2 0.00 737.603 2368.710 425.3906 2660509.8049
3 0.00 731.855 2679294.0496
4 1.875 18813.602 347069.6598
5 1.875 18843.787 19402.728 351.5625 312415.2463
6 1.875 18758.602 414898.5399
7 3.75 35840.656 355323.8129
8 3.75 35717.757 36436.746 284.7656 516945.8151
9 3.75 35696.088 548574.9250
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&5k 3
i WG {55 1HY, Y=AXC+B €, - 0)? (Y, - Y)?
10 7.50 70588.975 7088.3006
11 7.50 70860.253 70504.783 172.2656 126358.9535
12 7.50 70968.922 215425.0539
13 18.75 174414.744 2909929.3539
14 18.75 175686.895 172708.892 3.5156 8868498.9142
15 18.75 174910.202 4845763.5327
16 375 340868.285 4755845.3103
17 375 346727.694 343049.075 284.7656 13532237.2643
18 375 346817.159 14198456.5365
19 75.0 682976.919 566288.1640
20 75.0 684945.090 683729.440 2956.6406 1477804.4241
21 75.0 678969.277 22659153.7382
RlzA _ — 9084.80973705 — —
#IEB — — 2368.70992625 — —
FEE 20.625 — — — —
SN — — — 13436.7188 84693874.3922

MR DU ZEIR A, AR 2 A sk 22 b 22
s(Y) = \/2?21(Yi—Y)2 _ \/84—693874—.3922 _

2111.3,

n-2 19
N T AN E P HCBOR AR, IRV U I S Tk A CHL
H/IMEL 29.812 mg/L, HRifE A E 5 LA BIBREA T E JE -

AC CZ
u(ac)= X0 +1+—E$1(Cl ij

2111.3 1
9084.80974\ 21 3

Aof A bR 2% 908480974 (T8) bt
A R R 21, p BT LI A 3.
He bR A0 5| AR B A0 21

urel(AC) _ u(AC) 01

AC 29812
3.2.7 uﬂ"z' ERE G SN T U (X)

(29.812-20.625)?

= 0.145,
13436.7188

= 0.00485,

oM E WM o2 6 W, 4 B E R
X-(3291 33063522,3258,3282,34413) S B E M

X = 3350 —Sg. AR UL BER AR, AR A PR R 22

2
Hsx) = |2 1(’“ u) /56370 =106.1 mg/100 g, Wi

%Eﬁﬁ%%@xmmrﬁumsmz%z

43.30 mg/100 g (ML, s R EE M5 A AN R R

7 B () = 22 = 228 = 0.0129,

3.2.8 EVREFI AN T Eupe (R)

D)1 vl 1 T S O 1 IS A IR/ QR 1 I 9
R;(109.2%, 107.7%, 108.3%, 104.2%, 102.2%, 106.7%), *F-
BIME AR = 106.4%, ¥ 0 FE/RAT, BN A bR HE R 22

Hs(R) = (R‘ RY /3743(%) =2.74%, U ] it % 5
S N % EoON u®="2=22 -1,
wwﬁ@%%%ﬁﬁmmm)=ﬂﬂ=1“%4wWi;ﬁ¥

106.4%
PR AT BB t K, AR ¢ = =k
0.064 =576

TSN
0.0272/v6

WO PSSR KT ORI e A
1(0.95,5)=2.571, MBI ARG AR E B EA BN, %
Tl ECRAZ IE R F R A AR LMB IS
33 THEEESK

A2 AN B A i R A T A,
WaERE, B

A5 25 O B A

U — Urel (RM)Z + urel(s)z + urel(m)z + urel(V)z
rel Fre1 (F)? + tpe) (AC)? + Upe) (X)? + e (R)?

WG PR AT E RN : u = ue X Xo

e EAF X R 95%, 1Bl EAMERE: U=ux
k(S 95%, k = 2),

TR ERE 4.
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Table 4 Uncertainty composite calculation results
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