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Evaluation of uncertainty in the determination of perchlorate

in drinking water by ion chromatography

CHEN Cheng-Yao, ZHANG Jing-Kai"
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ABSTRACT: Based Perchlorate is a new type of pollutant in drinking water, which is harmful to human health. The
newly promulgated “Standards for Drinking Water Quality” (GB 5749-2022) has been listed as an expanded indicator. The
uncertainty of determination of perchlorate in drinking water by ion chromatography was evaluated, and the factors affecting
the accuracy of the result were determined. On the Standard Test Method for Drinking Water Part 5: Inorganic Nonmetallic
Indicators (GB/T 5750.5-2023), the perchlorate in drinking water was measured by ion chromatography, and the uncertainty
introduced in each step was analyzed and calculated. And evaluate its expanded uncertainty. The perchlorate concentration in
drinking water was 0.101 mg/L and the extended uncertainty was 0.005 mg/L (k=2). The measurement uncertainty is mainly
introduced from six aspects, namely, the standard material itself, the preparation of standard working fluids, the preparation
of series of standard working fluids, the determination of sample repeatability, the recovery rate and the main equipment. The
most important factor affecting the total uncertainty is the uncertainty introduced in the preparation process of standard series
working fluids.
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AN 2 R VP S R 52 6 % — T B T4 U, A
S AR P SR, RAFA I T Bl I 2 (4 9 43 HL
P B VRSBl RG Y Y), EERRER (ClO, ) K IREEHT
CAE, BA—EmHFEN, IFSEgiuok. gawssit AN,
M3 ARG 9, 15 AR H4T (WHO ) T 2017 4E4il5E (K

FHAROKISTHEN ) eh R T g SR 6 B 4t vk B2 BRAE R 70 pg/L”;

Har, REERCHEEARERS hfstliais 1, 3RE B
() GB 5749-2022 (A=K F/K TAARE ) o 0K i SR ER 51
PRigks, HER{E N 0.07 mg/L, GB/T 5750.5-2023 { A= G 1k
TKARAERS SR 71 ) A BOR FH B i (USRI R T sl ik
PRI VR ) IR S8R (0 35 H 5 BT i 12 Xof 7K v ) iy S R ki
TS . ARCLL GB/T 5750.5-2023 H 14.2 31k ik - TR ER
ARG BERC RS, D DA K b s SRR, IR AT I A
EEIEE .
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1.1

KRER B R AR R . AHIRER . BRARER Y B T BERR TR £h &
GEMGER — R HEA GREAE, T @R R T R R R R
[, MMHEERE TR, B2 B BT e i 2 44 1k
JYSEIR, HA R SR RN SRk, BA ik
SR R A S AGHIN A8 A X 25 O 1 20 4 i S AR A T A
VAGR B IR A T v, P e T A sl 0 g
1.2

KifTE R

JCKBR IR B4 (Na,CO, ): L ali; w R 2 M (NaHCO, ):

e % 40 ¥k B IR (pay=1.84 g/mL); i % IR h b HE fiff 55 7 W
[p(CIO,)=1000 mg/L]: itk BEw: B 43 4.0 mmol/L 1
T PR A +1.7 mmol/L Y ik iR 040 . 16 Bk B 0.2856 g fil ik &
BAA 0.8480 g BRIREN, ALK, EAF 2000 mL; AR

[c(H,S0,)=100.0 mmol1/L]: ¥ 2.70 mL ¥ mifR, 5 A4 4k
Y 500 mL #¥ 4 fifirh, AgiKE A8 204,
1.3

BRI (J7E, 930): FoA AT AE; Ak,
A Supp 4-250/4.0; Z 1 Hi: 100 mL (A 2% ). 1000 mL (A % );
uias . 1 20~200 pL, 100~1000 pL, 0.5~5mL, 1~10mL,

2

2.1

Ve TR R A B [c(NaHCO,)=1.7 mmol/L] + i /2 4k
[c(Na,CO,)=4.0 mmol/L], kUL T A7 8 75 I s 5 mI il 5
RFR IR HERERR. 250 uL; HE: 50°C,
2.2

2.00 mg/L = S R £ (C10,) i #E i A ¥ W, B 0.20 mL
1000 mg/L = S MRER ( CIO, FRMERS T 100 mL 2 it
MK ERZBZE

A3 B AR AR R 2.00 me/L 7 &R ER (ClO, ) Fififdi
W, HEiKEH R 0.007. 0.010, 0.020, 0.030, 0.050. 0.070.
0.090. 0.110, 0.140 mg/L ( L ClO, i) BybsitE R4, HRk ik

Pio!

1.0 mL/min;

FERIN, DI RO Y ARAR, BB AR TR MG
BB 2R Y 1) 7 FEFIAR O R4
2.3

RS AtKORARR R, LU T AT BRI
Hott o W AL 3R 5 R E — 3
24

K 2o DB M g T A BRUS B K REHERE, HEREARH: 250 pL,
SIBTITE] ;25 min, CSOREARIE] AR
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Fig.1

(1) FREYI B A BB E BE . AU T Y R 4
IR (ClO, ) FREMI SO AR T 2 7, B SAR UE S ST E L,

Measurement uncertainty component of perchlorate
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4.1

FARREE (Clo, ) AnvEW T, HAR It FHbri
B0 1000 mg/L, 4 k=2 5}, AHEE N 2%, N B EAHEE,
RIS AT, LIS

RIS A R R SE U, = % 001155
4.2

1200 pL BIFS W W 200 uL &R ER (ClO,) FRiEY
JE (1000 mg/L ), ETF 100 mL A7 (A Z) , FalikE
AEZIFE, BN 2.0 mg/L (R (Clo, ) FrifEfE
R, TR T, EEH 200 pL TR AT 100 mL
ZER (A 90 PR TARHEE . — MOk UL, 200 nL BSWAS A
PIATE S E AR 1IG 646-2006 { B 28K E ML ), 100 mL
M (A 90) AR R E B 2 i R BURCHE | A 2825
AT, Hr P AR TR AN B B AT ARSI JIG 196-2006
FHPEIE A RS ) A ARN(E, He B2 At A
IRRVE R 25 P RS PR B IR 1% . = MBIk
42.1 200 pL 6945k 35 = £ e AR % A 2 K

HRIE JIG 646-2006, WEI 200 pL @ 4RE: (Clo, ) friEy
Bt (1000 mg/L ) B}, BB FLVFRZEEN £1.5%, #IHHIE (1
5)) 43, k=3, W 200 pL B AR B A BR EAS T E

0,
U, =3% ~0.00866.

NG

100 mL A=A (A ) &~ £ 6403 RH € B
HE JIG 1962006, 100 mL (A % ) 2RI /2250 £0.10 mL,

0.10
AERU,,, =——
Y01 \/g

PR 227 A A€ B % = B A 5, R E

100x1%
r“tr U —_ 7
3 Yoo f_6

] 100 mL B2 (A 9%) 7= A AT BB RSB 8 A

JUZ +U?
U.. = 22.1 222 =0.00412.,

22 7
100
BREYITFRG R 7 A I B AN B JE U, R U, = U3, + U3, =
0.00959,,
43

H 1.00 mL [FEH A5 0 BIAER UL 0.35, 0.50, 1.00 mL;

422

=0.05774,

= 0.40825,

5.00 mL %% %% %% 43 90 o 5 W B 1,50, 2.50, 3.50, 4.50 mL;
10.0 mL B A% 43 BIMERAIL L. 5.50.7.00 mL B)E S ERER(Clo, )
PRUESE R (2.00 mg/L ) 4390 % T 100 mL 5, FH4k
IKERBNZEL . B R 0.007.0.010,0.020.0.030.0.050.0.070
0.090. 0.110, 0.140 mg/L( A ClO, i) AYbnitE &A1,

M4 1IG 646-2006, FH 1.00 mL FZ #5730 SIVERGIEC: 0.35,
0.50. 1.00 mL F&faE: (Clo, ) AR 7R (2.00 mg/L ) i,
FEAHI FLIFIR2E A £1.0%, 5.00 mL B/ BIHERINLEL : 1.50,
2,50, 3.50. 4.50 mL FAERER (ClO, ) ARvE AR (2.00 mg/L )
I, FEMARIY VPR 22 £0.5%, 10 mL FEIEe 53 T it W2 L .
5.50.7.00 mL HERREE (ClO, ) Andifli A (2.00 mg/L ) B,
WA FVF IR 2R £0.6% .

M 1.00, 5.00, 10.0 mL F¥as5 1 AAIRT R AEA 2 B3
S

0, [} 0,
L% _6.00577, U,,=23%=0.00289, U, ,=20%

B 3 N
100 mL %5 5 il (A 94) 51 A B9 A1 X FR EAS B E % UL, =

0.00412( i 4.2.2 fiTf ).

PABCH] 0.007 mg/L FREECN ], FH 1.00 mL %K e F L
0.35 mL &RER (ClO, ) ARl VA (2.00 mg/L), ERSE
100 mL 78 Hcifi . LR 3220 1.00 mL B8 ¥ 5 A1 100 mL
R ATEE . Uy =\JUZ, +U2, = 0.00709,

LA HR BEARUE TARWO™ A AR AR eI 2 BT H R, A
—H, Bk 1R,

1
Preparation standard curve and its relative standard

U, = =0.00346.

Table 1

uncertainty

PREREE ARERORE  BRIUAR BB AR AHXARE

(mg/L) (mg/L) (mL) (mL)  (mL) AEEE
0.007 0.35 0.00709

0.010 0.50 1 0.00709

0.020 1.00 0.00709

0.030 1.50 0.00503

2.00 0.050 2.50 100 0.00503
0.070 3.50 : 0.00503

0.090 4.50 0.00503

0.110 5.50 0.00539

0.140 7.00 10 0.00539

2 L, AnAER S B EPCH] ™ A A X AR A BN -

2 2 2 2 2 2 2 2 2
UJ = \/Uo.om + UO.O]U + Uo.ozo + UU 00 T Uu os0 T U0.07u + Uo.o«)o + Uu ot UU.MU =0.01677
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TEARI 4T, ¥ Rl —Ask ke, HE4T 6 AT 2,
MESSHRUT 2R 2 iR,
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Table 2 Concentration of perchlorate in the sample

ha=s 1 2 3 4 5 6
FESHEEE (mg/L) 0102 0.099  0.102  0.102  0.100  0.103

6 YO B F-I4ME N 0.101 mg/L, ArifElw 220y : $=0.0013,
A IRER (ClO, ) A o A P 0 o 7= £ ) ARG A v AS T 2 B

S 0.0013
B ~ J6x0.101

¢ \/;x)_c

4.5
XPFRBEIEAT 6 YOmbRIEDC, e i, HEDfieRan %
3 FR.

<

=0.00541,

3 Clo,
Table 3 Recovery of perchlorate

Feis 1 2 3 4 5 6

[ (%) 97.0 102 98.8 98.6 96.9 101
6 W HIEN 99.1%, brifEfi2s sl $=2.0782%. =R
#h(Clo, ) FE o bR I 5 7 A B R XF bR E R 8 B
S 20782%

Jnxx  J6x99.1%

U, = =0.00857.

4.6

AN 7 JEE P 0P B4 = A DA i 7 3 1 5~
PRI R I B A e 03 A R A RIT B AGE , AR A RE 15,
A A i D A 0.7%, AR, BT E

RE= R GE Ey : U, = O
NG
4.7

4.7.1

=0.00404 .

bR AR AR R
K AR LR (ClO, ) A ol E A5 ANH E B 43 i oA
LRI 4 s

4
Table 4 Results of each uncertainty component

P AN FE S i AARTBRIEAH E BE
1 BRAER 507 A AN 5 BE 0.01155
2 B ST R F 7 A AST E E 0.00959
3 i 2= A= AN 5 BE 0.01677
4 S P S 7 A AN E 0.00541
5 TR [RI0A ™ A= AN 5 BE 0.00857
6 F BT A E S 0.00404

DL b 45 AN 2 4t Z [RDAH Bk ST, PRt s SR 46 (Clo, )
IE B AR EATE R, P AR T
U, =JU2 +U2 + U2 + U2 + U2 + U2 = 0.02501 _
472 I RIH L BAR N L RIRE
WEEF T =2, BEMRR 95% I, ¥ RATERE R
Uy =U, xkxx =0.02501x0.101x 2 = 0.005 mg/L , /KA

Rk (Clo,) MELERER N 0.101£0.005 mg/L, k=2,
5

Ao X6 € T VR TR K e SRR AN R BE T E
GERERW, AHE BRI TAR 2™ A AT E LR,
UCHPRHERI A S o HIt, TESEBRAEIE e b, RE A0
HIARER ST, JFA ARG E A A A L ] A SRS B4
EHORT, DINANEE BE R RN 5[] E R0 A 2R 5
VA RURIRE: it 14 2 S DM RO R O AR AN E P M . 1
S, JEBRRIIDITETT ), 5455 i) TAE Rt — 2B AN A
ZRAE T AN JEE ) A AR AR T A A E B B 7
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