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ERERTE . 3k K JJF 1059.1-2012 (AR E BT RE 53R ) A LBl B s | AR E BRI, 1144
BAMEEE, MAAHY RAMEE ., ER 7 95S%MEFXET, FEMKIZEE: F &5 4 (0.034+
0.002) mg/L, CI™# & 4(0.617+0.027) mg/L, NO; ™% £ 4(0.345£0.076) mg/L, SO, & 4(2.387+0.049) mg/L(k=2).
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Uncertainty evaluation of determination of 4 anions in drinking water
by ion chromatography

WANG Yan-Xin'", ZHANG Ya-Nan?, LIU Rui-Peng’, YIN Shao-Yu'

(1. Zhangjiakou Center for Disease Control and Prevention, Zhangjiakou 075100, China; 2. Xiongxian County Center for
Disease Control and Prevention, Baoding 071000, China)

ABSTRACT: Objective To evaluate the uncertainty of the determination of F~, CI", NO;™, SO,% in drinking water
by ion chromatography, and to improve the accuracy of experimental results. Methods According to JIJF
1059.1-2012 Assessment and expression of measurement uncertainty, the sources of uncertainty introduced during the
experiment were analyzed, and the various uncertainty components were calculated, and finally the extended
uncertainty was synthesized. Results Under the 95% confidence interval, the sample detection results were as follows:
the content of F~, CI, NO5™ and SO,* was (0.0340.002), (0.6170.027), (0.345:£0.076) and (2.387+0.049) mg/L (k=2),
respectively. Conclusion In the experimental process, the uncertainty mainly comes from the fitting of the standard
curve, followed by the preparation of the standard solution and the repeatability of the measurement.
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LR, SRR . ALY . RREL . BiRREhERE
B 72— A B AR I 45t 2 2 A3 b () T2
SR, X ER A SE R SRR A R R, BEE
AN E B PR AE R [ B A, 5 B I R 45 AR
AN E BEAE R L T A BN SR D IR )Tz
ISPV, i P B AN R A 2
{H— UK [R] 35 22 R0 5~ Al BE A B A L, HL
oI TR A, AR AR, ASHRE BE A2 45 R
A PAA

AHFFERAE JIF 1059.1-2012 G HE AV & LT E 5%
7 ) UL SR R i 1k Rl e 2B TR AR K Ak . &
W, wRRER . BRARER A S A TR, A I AR
FONEE BERUR, XA ANBE LA RO LLERE, DI SE B
FOBMRER, Nt s Tk, s R e B P R
AR

2 MREREE

21 UES5EF

CIC-200 24 &5 7 (3B AL (75 5 i) (LB HoARA PR R));
CCH-E20-S 7B &4l /K #5% (51 ma 2 2l K Ab B 28 5 TR 7)o

K HR G TR T BT (B (L 1000 mg/L, §7 A E
JE 1%) 7K HP SR B T MR Y I (b A 1000 mg/L, 4™
JEAHREE 0.7%) . 7K P B AR 125 11 VbR 1 40 I s
1000 mg/L, ¥ JRAHIERE 0.7%). KRR & 1A s
HEV T (PRERE 1000 me/L, B JEAHIE R 0.7%)(H -
FE2EAF 5T Be 4R A 1 A UERR HED) ), BR AN (L ati, Kt
TR 2RF o

AR SCIEBRFE SR A AL F R K
22 AWEHIE

F BRI A BCH]: I 10 mL bR i B HL
10 mL FUABFRAEY) R T 100 mL 28I H I E 2, BLHk
FEABRHP AN, A 100 mg/L.

FrEA% A WA T . R 5 mL 20 R A RS
2.5 mL FEAFRFAIME, 5.0 mL SARE TIERAREY) R,
1.5 mL SRR B TV bR HEI 5T, 5.0 mL B FR AR 25 11
FRUEYI BT T 100 mL 50, FFHSIKER, Bl BiES
PR 2 U

FrifE RN ECH: 450 H 1. 20 5. 10 mL
RS 1, 2. 3. 5. 10 mL IRSARAEM W, 209
Z5F 100 mL 78 s, B sobs v R A0

2.3 WA

231 H&i@ENE
KPEZ L 0.22 pm YRS B EALIE, SRk

o

il

E

232 MBELH
Shodex IC SI-52 4E f4j%4:(4.0 mm x250 mm),
45 °C, AR 4.8 mmol/L Na,CO; VA, S5 BE /i, i
0.7 mL/min, #FEEE 100 uL, IHIELH 70 mA.
233 RAREJEM FAER
TR P B S 0 B e T R
A-a
b
e Co FESLHBHE F 05 S (mg/L), A: SEPRIAR(E, a
FruE MR AREE, b ARUMERT LRI,

3 HRED

3.1 PHRAEEXRESH

AR 55 AN 52 JE O VR 6 A A v T TR 5 A AR W 2
JE U (BLFEFRUEY) 5 I A RB 2 B, DA FE AR VA WL
il R S I AR E B, PRt &G 5 AR
BE Uy, ARSI | A RIS E T U
3.2 FREBRRSINEXRERNHEE Ua(C)
321 AREMIR N AIITAT AR H T U(Co)

A5 T AR 32 Sy v ] ) 2 B 5 B At
M UERRED) T, AREARMEY) TUE 13, 78 k=2 i}, F~. CI™.
NO; ™. SO FRUEMI T JEARMEATRE FE 23518 1% 0.7%.,
0.7%. 0.7%, T LAFRUED 5| ARSI EATEE Uy
(Co)3 3y

1%
Urel m1m(Co)=70 =0.0050; Ure srenn(Co)=

C=

0.7%

=0.0035;

o 0
0.7% =0.0035; Ul mm:;(co)z 0.7%

Urel mirzie(Co)= =0.0035,

322 ELBAREAE &R SN AR AR R H B U(V))
FALD bR UE A A B AR P R 10 mL SRARZ IR
HAE 1K, M JIG 196-2006( 4 P38 ik HLAG i LR 1Y,
10 mL HFRZEM A& 2N 0.02 mL, FEAETIA
M E R T B BAMEE, MR ITE, B8
PIF k=3, FFLL 10 mL AFRLEN RS 26 AR 255 AA
o - . 0.02
ﬁﬁ@%%mg.%ﬂhfmxﬁ
b RE3 °C, WG A A E LR T B FAME
g U B IR G A S, K IR R K R BN
2.1x10° °oC!, LR FHES A AK R AL, BT LA 2 R
XoF Vs TR VA R A S I T 220 s SH X B B S A R A 5 i U1
JIT L F i BE AR AR B 1A B R X AR RSB RE N u(T) =
10x3x2.1x107*
10><\/§
WEARHAE U (V) R B2 A5 £b 5 AP ARG A 1 AS 1 5 12
Uel(T), 10 mL BRARZWL A 5 A RIAH X BR AT & Ry

Uret (10 mL)= [/t (V)2 + Uy (T)? =0.001211 Pl i

=0.001155, S22 iR AT

= 0.000364, A A LA BAHXTIR
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Bl 5 mL ZIEWCEA 1, HAR AT AR ER
0.025

FIE R Ua(V) =——==0.002887, &S| AIAHRIARAEAR

5><\/§

2.5%x3x2.1x107*
5x\/§

BE W A SN R AR T BR UE S B OE

\/u,el(V)z +U,,(T)* =0.002893. Rl il HIF] 100 mL

ZEEH 2 IR, 100 mL & EHA T A 225 | APIFI ST R UES A

0.10 o
EE: Ue(V)= ———== 0.000577, IfLHE SR ARIEA
TEHL: Ure(V) 005 5 5 | A X AR AN

WERE: U(T)= =0.000182, FlL 5 mL %I

Urel 2 (5 mL)=

100x3x2.1x107%
WEE: Ug(T) = ——————
5 Ue(T) 100x~/3

7O 51 A B A X BR HE S B E E D Ue(100 mL)=
VU (V) + U, (T)? =0.000682. T EASRL LA bR f i # 1
il 3o 7 B B B 51O A X AR R B E B ua(Va)=
Juu (10 ML) +u, (5 mL)’ +2u,, (100 mL)’ =0.003210.

323 BAIARER I BRI NG IRER A
bt R AR AL BRI 1 mL b4
W 2 IR, HOAR R A28 51N AR R bR S B o B

0.007

=0.000364, JJTLk 100 mL

rel

Urel(V)= ——= =0.004041, & B AS L5 A B AH X B v AS 5
lx\/g

Hﬂ 3x2.1x107* X o

R Ua(T)= —5 0.000364, T4 | mL BFRZE IR

BB SLOAR M X A HE A B E E U
(1 mL)=Ju,(V)* +u,(T)* = 0.004057; HI%| 2 mL Hirzk
WeREAT 2 WK, LA RE AL 22 1A XA U S A

0.010

Uret(V)= ——= =0.002887, ifit B 715 £k 5 | A 114 K X A oA i
2% ﬁ
—4
EJE: ug(D= % =0.000364, A MA535] 2 mL HpR

Ze W B LA R AR X AR E R B OE E  ua

mL)=Ju_(V)> +u_(T)? = 0.002910; JF 5 mL HbrZ0k
HE 1R, HAERARZES AR TREAHEL: ua(V)=

0.015 =0.001732, & EE 254k 51 A B AH S bR 4E A 2 B
5x ﬁ

—4
u,el('l')=%= 0.000364, 2 AR5 5 mL HpRLENE

= OE SN M X s HE A B E 0 US

mL)=_Ju_(V)’ +u_(T)> = 0.001770; %] 10 mL HFrZM
w1 R, HERAZIANHENRESAEE: ua(V)=

0020 —0.001155, i1 25 fh 1 A A o 1
10x+/3
4
Uo(T= % = 0.000364, 2R {HE] 10 mL HFFLEIL

B 5B X AR ME R B E 0 ua(10 mL)=

JUu (V) +uy (T)? = 00012115 FHF] 100 mL ZEh 5 K,
- . . 0.10
HAR R AT AMASAREARTE R Uua(V) “Tooxd5
0.000577, Ff FE A AL T B AHXT AR MEA 0 2 B Ue(T)
_3x2.1x107
NG
HIXE AR HE AN B E 0 ua(100mL) = Ju_ (V)2 +u, (T)
=0.000682, It LAFAL Y bR HE 2R 4 ) A5 3 R B e 25 |
AWM X bR R B OE E R Ua(Vo)=
2u,(1mL)" +2u, (2 mL)’ +u (5 mL)’
\/+um,(10 mL)’ +5u,, (100 mL)’ =0.007535, 45 A
502 P A 33 O R, S L A s v A R T 5 | A (A Ko o
AHEFE Ura(C)= S G + U, (Vi (V2 =0-009626,

[FE, AT Ak . AHPRER . BREIRER bR VA L
TSR AR ERE, IMENBEAEES, e RmE 1
JirR
3.3 FERMZSINMATHEE u(dh)

PRUEPIRECH] 5 AFRE RS, BEFRESCPEATI 3 9K
BOFYIME, SR /D R BE AT G, IE 25 51 I
PRI 2 PR

=0.000364, & M1535] 100 mL &S5 IAK

H I AR 5= w TR

75 S ARMERTZ LS 51BN B0 E L ugw ) R4 2 5K

~\2
v =— e Ly GO per b
by{P n ZH(C}-_C)

Urer (VAR 23 5 ety = lgm’ A, SR A S SEBRI LA

a JAREH AT, b AR HERT 2R, P=T7 R AT
TE UKL =15 AR HETE WL E B Co R bl i
mg/L; C WRMEMZ A .U E AR, meg/L, C HAHMES
INAREL, mg/L. HHRERINE 3 R,

R1 RERBESIANTHBEELSR

Table 1 Summary table of uncertainty introduced by standard solutions

i H F cr NO;~ SO
FRUEDI T Ure(Co) 0.005 0.0035 0.0035 0.0035
FRUERE T Ura(V1) 0.003210 0.002989 0.002968 0.002989
FRUER I Urei(V2) 0.007573 0.007535 0.007535 0.007535

Urei(C) 0.009626 0.008830 0.008830 0.008830
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Table 2 Summary table of standard curve
F~ cr NO;” SO,

W JE/(mg/L) S8y 7 L W Z/(mg/L) SFEEAE W/ (mg/L) SEHARAE  WeBE/(mg/L) -3 i o7 L
0.025 84782 0.5 728697 0.15 124424 0.5 601709
0.050 202406 1.0 1660269 0.30 283056 1.0 1226877
0.075 284571 1.5 2400246 0.45 403274 1.5 1780530
0.125 485486 2.5 4436392 0.75 726802 2.5 3165985
0.250 948204 5.0 9023911 1.5 1434992 5.0 6579879
REE b 3803063.9 FHE b 1851302.4 REE b 971074.3 RE b 1336017.8
i a 1768.1 i a 237832 i a -17267.2 I a -134641.4

r? 0.9992 r? 0.9994 r? 0.9994 r? 0.9993
3 HREHEKSIANTHEELRR
Table 3 Summary table of Uncertainty introduced by the standard curve
H F cr NO5 SO
BRIEPREZE S 5185.392 44104.732 73126.789 35033.405
P 7 7 7 7
n 15 15 15 15
Co/(mg/L) 0.0336 0.6171 0.3451 2.3870
C /(mg/L) 0.1050 2.1000 0.6300 2.1000
(C,-C)? 0.0051 2.1990 0.0812 0.0824
2.c-cy 0.09525 38.1 3.429 38.1
Uaiy/(mg/L) 0.000699 0.012316 0.036365 0.012065
Urelity 0.020813 0.019957 0.105375 0.005105

34 EEMSIANHTHEE ud)

SRR, SIH A GBI R B A 4
Bt FRHEE (b S ECRE R BT A R TS A,
T e (A S B A TS 43 2 B S
VAT TOlk, T T A PES A R B B IR
VAR BT, T LA SO TR 1 3 08 o 5 43
BRI BT BT, B ST 7 K, T
SPER AR 1 SR 5141, Sk

N
PRUEG 22, n O I R, AR v B E B T A 5K

Imn—ilﬁﬁ:ﬁ% LE RIS 4 R

WA AK uhH =

Tu%bﬂ NO; Il E 45 R 7 bk ok, XS ECT
NO HAZ G| BIANH RE JEE 73 st K T oAt i H 52 1k
IR E FE 431 . R 1 Grubbs £ 3% NO;F] BB 1

7 HEATHE, Gl=1-52, Gr=1.30, ¥J/ITF Gy s 7(AFE)=2.02,

FIRLA 1AL T B IERE, TRARE . 3R NOs I E 45251
3O AE AR F2 AT R phy TS NO5THY i 3

SR, TR R L 7 PR AT I R R R I AR 2 VR B IR (5
FEAREERNANA 0.8 mL HeHRAR), A 7 i AR 5K,
BUf NOs Fr g A ARk, R Bt AR K .

35 AREMTERBEE
B AR X AR HE AT 2 B 0 0 i A0 R AR HE VS WS T A
BT E E i U(c); ARUERTZRBLE 5 AR AT 2 JE 45
7 U(Hh); BEEM S A R EE /5 U, HKIEAZ
et =\ Ut (€ + U (1) + U (F)7 F-4 45 B T b o
Tﬁfﬁnz U, FZIBEIBRILE], BUEARE 95%, B HE T k=2,
AR FRAEE U ) = KX U, TTRZERE S IR,

3.6 RS
HRIEAR U=U e xCo THAFE G P & B T R A
EE, FrL UF)=0.0481x0.0336=0.0016 mg/L, U(Cl)=

0.0438x0.6171=0.0270 mg/L, U(NO;)=0.2204x0.3451=
0.0761 mg/L, U(S04)=0.0205%2.3870=0.0489 mg/L, %%

#HEWNE 6 s
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Table 4 Measurement results of samples

FE b F/(mg/L) CI'/(mg/L) NO;/(mg/L) S0,*/(mg/L)

1 0.0339 0.6131 0.3883 2.3843

2 0.0338 0.6143 0.3563 2.3890

3 0.0346 0.6191 0.3668 2.3839

4 0.0327 0.6162 0.3493 2.3862

5 0.0332 0.6197 0.3273 2.3866

6 0.0340 0.6175 0.3193 2.3796

7 0.0331 0.6199 0.3082 2.3994
FHIE Co 0.0336 0.6171 0.3451 2.3870
SebrEmZE 0.000647 0.002690 0.028356 0.006194
Ugh 0.000244 0.001017 0.010717 0.002341
Urel(y 0.007274 0.001647 0.031056 0.000981

x5 HMTRIHBEELAR
Table 5 Relative expanded uncertainty summary table
H F Cr NO5 SO*
BRI Urerce) 0.009626 0.008830 0.008830 0.008830
FRUERIZR Urein) 0.020813 0.019957 0.105375 0.005105
I Urer) 0.007274 0.001647 0.031056 0.000981
AAXS AR A B Urel 0.024057 0.021885 0.110215 0.010247
AHXFY JAHE BE Ucr) 0.0481 0.0438 0.2204 0.0205
Fo6 H#HRWEE
Table 6 Results report form
Tt H F NOy SO~
i /(mg/L) 0.0340.002 0.6170.027 0.345+0.076 2.387+0.049
4 = B PFAE B T R T AN A B A SCRRY O IR A — B AT

ASCR B gk RSO K R FL ClL NOy
SO,> 4 P B F B9 & Sab A TR, Hxd S gl A 5 | ARy
AN EE AT T E, RIS RS FE Ay
(0.034+0.002) mg/L, k=2; CI'H#(0.617+0.027) mg/L, k=2
NO;y & £ N (0.345+0.076) mg/L, k=2; SO> & & W
(2.387+0.049) mg/L, k=2, 4 FhiH & F & B4 GB
5749-2006 { A 1K T AEFRE ) Bz .

o I Aok R R A R TR R TR AR VTS T, A
G MEE MR, AR R LA TS | AN S
3 SN A B DT R IR, HAR AR MEVE W T LA A
R, BENEEZMWNES AN EE, X5HEZE

NO; e il £ 1005 R ER A2 0 5 | A AN 2 LU LA g
HRIRZ, 25 P AT BRI th T NOS i 1 354 8l 1k
BOR, AR b AE DRAT 1L P R AR E SR R R, DM+ If
PR, #Edh NOs &R Mk, SBEERIENES AR
AN E R

Pk, 7E LS R SEPs AR, B e hifs e (X g, HLIE
N BUERAR, (lRTRE 1 A S0 A L L 2 3 5 0
SE BRI i ARG HE SR BE U L, (AR 2R T O SRR b
AR, [] A1 b o s e R, DR AEpm i 28 )
TERE bl RAE N RAF I A DR R E R, X ATE
(T H SRR, B AR BRI AR E R, R A
RUERTER F Y
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