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¥ E: BN R TR RIS B FIORTIEE . AR KIS JIF 1059.1-2012 (AN E
T 53R ). CNAS-GL006: 2019 {fb2 5B Ao 2 B i PPAl 1/ ) S8 hnite, 1 SeiFOn AN 8 8 ok T i gt
PR, RS AN BRI — A B — A B R E R . BT A RAREAREE S . B KR
AFEE . GBAMEATRER . VRAHEE . &R FEFIINEE RN 3.9 mgke, A BFRUEAHEE N
0.1902 mg/kg, B SEAREAHIERE N 0.01302 mg/ke, & BARMEANTIEZL A 0.1969 mg/kg, ¥ JEAME LN
0.4 mg/kg (k=2). G5 AHHERER EZORIT N A KMAHEE .
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Uncertainty evaluation for the determination of fluoride ion by fluoride ion
selective electrode method

LI Jian-Xin, HUANG Shuang-Qing, LI Qiu-Mei, WEI Li-Mei, LI Shi-Hua"

(By-Health Co., Ltd., Zhuhai 519000, China)

ABSTRACT: Objective To evaluate the uncertainty of fluoride ion measurement by fluoride ion selective
electrode method. Methods According to JJF 1059.1-2012 Evaluation and representation of measurement
uncertainty, CNAS-GL006: 2019 Guidance for the evaluation of uncertainty in chemical analysis and other
standards, firstly, the source of uncertainty was identified and the measurement model was established, and then the
uncertainty of each component was evaluated one by one according to the source of uncertainty. The A standard
uncertainty, the B standard uncertainty, the composite standard uncertainty, and the expanded uncertainty were
calculated respectively. Results The measurement result of fluoride ion was 3.9 mg/kg, type A standard uncertainty
was 0.1902 mg/kg, type B standard uncertainty was 0.01302 mg/kg, the combined standard uncertainty was
0.1969 mg/kg, and the expanded uncertainty was 0.4 mg/kg (k=2). Conclusion The main source of uncertainty is
the type A uncertainty.
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AR, AU AT A BE T RE (Nernst) I 2P, G F ik
PR TE HLAT S E TR, I Dok, R 32 7 V66 R T,
72 50 SR H A 2 7R S0 B TR S A

ASCRYE JIF 1059.1-2012 (MEARH E T 5%
/R ) Fl CNAS-GL006: 2019 {fk2pbr sh ANt & E B 3TAG
TR R ) 2700 ) G50 DN 5 SR A R o A A T
Sy, WIS Y R E R, S H R R T
DB B AT B 5%, DGR IR 6 i A s
TS T O R ERA S

2 MRERE

21 UE5EH

pH3C %I pH i1, PF-2-01 UG FHiML . 232-01 2
FeHIR . E-201-C 24 pH &G Bt ( EHEA Bl 2 A 07y
HIRAF]; XA205 BT K- METTLER TOLEDO A
Fi)); 90-2 B I HE R 4 0 4 Pk s (IR RS0 A FRA H).

ZKA SR HTEE) . KA FEERR = AN (T4 |
LR Tal) . MR (TR LE) . FBROM L0 bR
F1)7); pH A SR i pH=4.00, pH FRifESE i pH=6.86 .
pH FRUEZE vhil pH=9. 18BN T Ak ik BB A BRZA 7)),
100 pg/mL SEFRUER K (GNM-SF-002-2013, EZH @48
R F IR L)
22 EWHE
22.1 IAEw &) ELA

%% GB/T 5009.18-2003 (£ &k FP g ag sz ) @, meH
0. 1.0, 2.0, 3.0, 4.0, 5.0 mL EFRAEAFHEAEE T 0.
1.0, 2.0, 3.0, 4.0, 5.0 pg M), 437 ETF 50 mL FY7 R
i, TEARRPIIMA 25 mL 48755 B 2% vh3),
10 mL R (1+11), MK EZIRE, 1R, &FH.
222 KRB HE

FREC 1 g il T 50 mL A&EIF, Ji 10 mL hiR

(1+11), AR 1 hORB L 8h), RS kil
FERSTHORE | $REUS N 25 mL G F R B2 wisel, kK
22, RS, %M.
223 W =

5 G5 FEL A N SR R AR 5 900 S 4SS A B0 s 5 O S A
Beo WA AR K 25 mL SRR, AR cE B8k
EHPIFERE, TR, SBCr AR ALE, 2~
3 WokIE, fFERAENfE, BV TR SRR A
AEAE

PLRAR LA AR, TR F Uk i AR AR, e PR
BB bRAC bR i 2k, AR AR F LB A i 6 b sRkAR
g
224 HHEAKX
A (1) A REWF (Nrenst) 7 72

2.303RT

E=E"- IgCp (1)

_CxV
m

AP IR S X
o X—le P 3 35 4, me/ke;
C—HEB P A, ng/mL;
m—idAE R, g;
V—RER A AR, mL.

3 #ER55%

3.1 A REERIE

MR FI SR ETEREL: )N T E;
Q)IRFERIRRBIREL, Q)i IR R B (I E LR
HIEL); (S)PRHEVS TR AR (6)MR ISR HEVE T BB
32 FERESHEE
32,1 MERALELN A RITFE

AT G N TRl — A i PR 28 FSE IR KRB 6 YR, RFIREE
ISR BN 8 A4S, eI WL 1.

@

#1 EBRER
Table 1 Test results
B REL 1/(mg/kg) 2/(mg/kg) 3/(mg/kg) 4/(mg/kg) 5/(mg/kg) 6/(mg/kg) 7/(mg/kg) 8/(mg/kg)
1 3.225 3.909 4.691 3.024 3.902 4.675 3.485 3.756
2 3.885 3.562 3.156 4.558 3.826 3.969 4.175 4.608
3 3.452 3.299 4.712 3.566 3.791 4.008 4.051 3.802
4 3.023 4.121 3.855 3.265 4.709 3.712 4318 3.759
5 3.956 3412 4.225 4.125 4.711 3.826 3.335 4.499
6 3.777 3.225 4.663 3.715 4.798 3.259 3.456 3.932
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B dn 2 4 R R I A 4R

81

R MR 22 SR R A e B, AR 2 TP il 22
R C, IR A G .

3
3

j=

2 R

SRE

uALY)ﬂX3sij
(3)

m

ARG

upa(X)—A FEFRIEATHE B

S(XO)— bR HE D 22 5

s— B I FEAARE R 22, 20 3 AR 2 PN AR T
ZMGI T,

— 5 j RN B ST b o I 22
Ri—% j IR SE BB AR 22 1H
Ci—5 j IRSL I Al 22 R 3L
n— B S A 0 2k R B (AR SC R —

BB 2 AH W19 o
IR 2 IS 25 A A CHATIT, 2R3 MRS R,
M F A E N B EITFE
B 25 AR R HEANT o
s vt () = \/um,rel (X)? : U el (X )22
Futy pel (X)) + 1y o1 (X)

IR S 56 1 00 G

3.2.2

K uep rea(X)—B 28 BAHNFR AT E B
U ret(X)— 8B B0 5 58 5 ) A B ARG o vEEAS B

U ret(X)—FE T T BT T VR BE 51 A B AH X B T AS B
E B

Uy et X)— BRI TR AR A5 | AP AF XS A v AN 00 2 I

U rel(X)— IR I TH 3 25 A 2 5 ) A AR B 1 AS 1
R

(DIRFEAY R 5 | ABIARSS BRI E Bty rer(X)

B FH A RO (B 5 XA204) fie K Ao iR 22 W+
0.5 mg, MR HA RS0 k=3 ), REEm R
1 g (1000 mg), WI3AE B B 51 A BIFH XS BRI ANHA 0 B
un(X) a 0.5

U el (X) = T~ 1000 0.0002887.  (5)
(2) R R S8 1k 51 A B R R R T S
uC,rel(X)

FT LA AN R B 0 2 ORI P R R IR SR
FAXIARMEATIE B e r(X): OFARMEE WAL A Y
B UEANA E JE [uy(C)]; QW IBUIRAR T W RS A 5 | K
PR UEANA E L [un(C)]; )il £ FUAR v A8 T T 1 75 He o
FIABIBRHEATE B [1s(O)]; @“&Wﬂﬁ(‘éﬁﬁﬁ@ﬂ’ﬁy@
G IABIBRHEA T E FE [ug(O)); Ol TAF &P A
LTI ABIRHEA T E BE [us(O)]; @{X%%{J”'JQAEI’J%%‘{E%/\

FRIPRIEAN A 7 FE [u6(C)]

*2 WMERBCRBEHE

Table 2 Range coefficient C and degree of freedom v

n 2 3 4 5 6 7 8 9
C 1.13 1.69 2.06 233 2.53 2.70 2.85 2.97
v 0.9 1.8 2.7 3.6 4.5 53 6.0 6.8

®3 HEER

Table 3 Calculation results

£ Ml 6UCFIM  MHEMR gy o PR SRR A REREAREE
EL /(mg/kg) /(mg/kg) /(mg/kg) - WEL /(mg/kg) JE /(mg/kg)

1 3.83 1.667 0.2068

2 3.96 1.452 0.1802

3 3.83 1.413 0.1753

3.9 2.85 8 0.1902

4 3.84 1.686 0.2092

5 4.01 1.376 0.1707

6 3.85 1.573 0.1952
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FEWR U IR B2 S LA AR
c)? C)u3 1 (C)?
UG el (X) _ ul,rel( ) :u2,rel( ) 1’;3,rel( ) .
+u4,re1(C) + uS,rel(C) + ”6,rel(c)

O Fi AT T 7 W0 MR 51 A I A X AR S B E
[ul,rel(c)]

A FHMERBIE R ERE BN 100 pg/mL, HAXT
P IRAHE B U=0.7%(k=2).

(6)

ul,rel(C) = % = 0.7% =0.0035, (7)
()W IBCTRU THE Ve VR F0 % YA 7 A B0 AH X A AN A

g[uz,rel(c)]

W CRAR EVS I 1 mL, FrAHAY 1 mL BWE R A W
WA, Hi R AFIR2ZE H+0.008 mL, B HAZ BI45) 5
i (1 k=3 ).

u,(C) a _ 0.008

el () = = T =

il £ S5 b o (57 FH BT FH 10 25 S 5 1A 18 R X A o
AN BE (13,01 C)]

FEZM 100 mL 5 &I A BAE RN, Hig K airiR
24 4=0.10 mL, B AR BRI 5T 43405 (B k=3 ).

us(C a 0.10
3.1 (C) = f(()o) " kx100 3 x100

(@)W B3R v A7 P T P B T4 5 LA R X A T AR
FE B [ r(C)]

W BB SRUAR A (o PR AR, BT FAS TRAS N R 4 PR,
B AR R AR 2545 BRI AT 05 (B A=3 ).

Ol 7 TAE /2 T 25 S LA B AH X B3 HEAS B
g[uirel(c)]

SEZRI 50 mL 75 BN A G o, HaR R ARipiRas
H£0.05 mL, {B%HAR I 51 4345 (B k=~/3 ).

( [ 005
a.n 2
6x(=) 6x( )
us(C 3
Us 1 (C) = 55(0 )_ s ok = 5(;/— =0.001415.

=0.004619. ®)

=0.0005774.  (9)

AHEE U,=0.01% (k=2),
U. 0.01%
Ug, rel (C) = 7}’ = >

FIT LI W Ji RS U BE 5 LA BRI AR X vHE AN o JEE

Uy o (C)? + 1y 1 (C) 13 1y (C)?
uc’rel(X):\/ 1,rel 2,rel 3,rel

+u4,rel(C)2 + 1”5,rel(C)2 + Z't6,rel(C)2

=0.00005 (11)

(12)

=0.1067.
+0.0088242 +0.001415% +0.00005>

QYRFEMI R RARTE | A BT R YA E 0ty (X)

TURE A AR B RS | A AR Yo bR E R 0 E B Pl 2
AR AT LA AN 5 JBE [0y (V)RR 2 50 AR U EE A 8 AE 5 T
(AN 5 2 [un (V)1 LA

R AR 50 mL, BT AR AR A S5 E
i, 50 mL A BB IR SRR ZE 8 +0.05 mL, fRIZH:
$E BRS04 (B k=+3).

ul(V):%:%:0.0ZSW mL. (13)

SIG (AR RE PR SR 20 °C+5 °C, iz HAw IRy

SN k=3 ). AKEIIEIK BB 2.1x107°C.

~ \/0.00352+0.OO461920.00057742

50x5x2.1x107*
MZ(V):T

/ 2 2
uv,rel(X):uVI(/X): uld) ;”Z(V) =0.0008374. (15)

(4) R BE 1 11 25 B 20 51 A8 A X B o S 1 S B
ua,rel(X)

HEERNBA N 01 mgke H W@ N
0.05 mg/kg, RIS 4 (B k=3 ).

u, (X) a
ua,rel(X):aT:kXX

323 HHEARAAAFERH L u(X)

2 2
Z'tm,rel()() + uC,rel(X)
UCB, rel (X) = \/

=0.03032 mL, (14)

=0.007402, (16)

(10) ity et (X)7 + 1ty gy (X)? 1
© 1 73 M) 12 A o S E 51 B AH ST AR HE S B E
" " - 0.0002887 +0.0008374>
[6,r1(CO)] = 5 ,  =0.01302.
AL AL HETE 25 VB FEIAE 0.1 ~ 2000 mV BFARXT P 2 +0.01067" +0.007402
4 WBAERRETHEE
Table 4 Draw volume and its uncertainty
W AT /mL 1.00 2.00 3.00 4.00 5.00
B A AF/mL 1 5 5 5
R AR 22 /mL 0.008 0.012 0.025 0.025 0.025
AEXT B HEAN T R FE 0.004619 0.003465 0.004812 0.003609 0.002887
[tara(C)] 0.008824
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B dn 2 4 R R I A 4R

LA e

Uep(X) =ty (X) x X =0.01302x3.9=0.05078 mg/kg; (18)

U0 = O+ =0 1902 +00507 =019 mg/kg.  (19)

33 ¥RAHBEE U

By &R T (h=2) 1 AT E T

U=u,(X)xk=01969x2=04 mg/kg

TS TR 25 2R R (3.9+0.4) mg/kg.
3.4 RS

AT GE AT A SO A B8 VA 2 T [ua e X))
A 0.04877 . IRFEAY B A BYAH XS BR A RE FE [t ret ()]
0 0.0002887 . I H RS R BT IR RE XS BR HEAS
B [uc. (XN 0.0008374 , IFE FIFH ARG | A RYFI xR v
ANHRE B [y ret(X) 1 0.01067 . iR AT R ZE B A5 AR
A B AN 58 BE (1t ()] M 0.007402; F A5 KR4
NHEE TR B A Z50RHRE R, 76 H 82 m o
TR A SN B R 520

4 5 i

ZHITEMREE SRR 3.9 meke, ¥IRAHE
& U=0.4 mg/kg (k=2), HFRI/TIARHETTHE A A 2K
PO A B, DR, S 4 s A 45 SR ) A o B i (1)
SEYG BRI L AR R, A e R AR R, D E
SR BB AR IR 22 (2) S50 2 i g o7 3 T AR 5 T
f s P R, DA PRSI 285 SR e v
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