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i E: AT ATERERNMNTHOR)FRAKRP LR L AR LSRG T &,
% ) Tonpac AS20 FA & F 5 #7 4 , £ 28 /= £ 5~55 mmol/L KOH #k #6%& , i#i% 1.00 mL/min, 4£:% 30 °C,
b 35 R 137 mA, BEARRAR 500 pl, AR 54 8 A i gy sk AR 5040 T L (AR ) RAR R
K, E R R, R 3 FUBR 3 A0 3 RER 3£ 0.005~0.500 mg/LE B M AR AT, A E A K KT
0.999 0, M € 45 R Ak % JE % (RSD<1.0%) ; 18 BR 3\ FUBR 3 Aw & JUBR 3h 09 77 SR A PR 5 %10 4 1.5.1.0,
1.5 pg/L; R 2 R4 A 4 5.0.3.3.5.0 we/L; = & 55 4 87.0 %~101.5%.93.4 %~118.0% F= 90.9%~
114.0% 504 (A48) FAR R K P i B2 3E | RUBR 3 e 3 SUBR 3040 8 & 53 4 40.0%.66.0% .14.0%,
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Ion Chromatography for Detection of Bromate, Chlorate and Perchlorate in
Bottled Water
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Control and Prevention , Fuzhou 350012, China)

Abstract: This paper established a method of ion chromatography for simultaneous determination
of bromate, chlorate and perchlorate in bottled water. The anion column was lonpac AS20. 5-55 mmol/L
KOH eluent was generated online, the flow rate was 1.00 mL/min, the column temperature was 30 ‘C, the
electric current of suppressor was 137 mA, and the sample volume was 500 wL. The sample was detected
by a conductivity detector. The method was applied to detect 50 commercial bottles of drinking water.
This method had good linear relation for bromate, chlorate and perchlorate in the range of 0.005-0.500
mg/L. The correlation coefficients were all greater than 0.999 0, and the precision was high (RSD<1.0%).
The detection limits of bromate, chlorate and perchlorate were 1.5 pg/L, 1.0 g/l and 1.5 pg/L,
respectively, the quantitative limits were 5.0 wg/L, 3.3 pg/L and 5.0 pg/L, respectively, and the recovery
rate were 87.0%-101.5%, 93.4%—-118.0% and 90.9%-114.0%, respectively. The detection rates of
bromate, chlorate and perchlorate in 50 bottles of drinking water were 40.0%, 66.0% and 14.0%,

respectively, none of which exceeded the standard. This method is rapid, simple, sensitive and is suitable
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for simultaneous detection of bromate, chlorate and perchlorate in bottled water.
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ion chromatography;
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HCE %4 B Z AR B A K ) (GB 19298—
2014) & A e, i (i) 2 TR K AR BE /K IR 28 78 K rh
) 5 B s RN A BT 2550 o A AR R AR SR K
FL R K R 2 . SRR TR (Aif ) 4 1K
FHAKH IR AR R, B T 548U K b ) A
5, AR RS ALK AR T F AR 1 RS T S A o A M
HERIRBREL 2 ) 2R K EZ 55,
IRIREL HA T A B0 M5 SR R 8 H IR K
A ARSI TR B AEAE T F R AR R A K AR
o AT BEE R R ) 25 K K sk B8, iR £ ok
FRMEIL G M AR R — R AR 5
W) A S i L S AK R R K Y5 e, AT 5 SR
(A ) 2 PR K™, oo SR R vT AR FFBR B i) 1E
HWUIRE, USSR & ERED . BHatE N
PRAT 00 CEE i %8 4 B AR E AR R AR R K ) (GB
8537—2018) FN {1 fifr % 4 [ Z b AL B TR HI K )
(GB 19298—2014) ¥ H 2& L 2 $h b EFR (A 4 0. 01
mg/L; (A= 15 IR HIK A AR ) (GB 5749—2006) #E
FE T AR ER AR HEBR (A R 0. 70 me/L, (HIAT 55 A TR
ERBARIERRAE . 2017 A5 T A= 0 2% A 1y (RO
KK D) 565 DU R 5 — AT B Sk v i Hh AR K
o SRR BIARE(EL M 0. 07 mg/L.  HRT, TRIEREL A1
SR ER bR e SCHRAE 225K FH B 7 3kl e
e AR R AT B AR 7 ik, BT — 5 [R] s
B bR 5 o S22 AR N e SRR R 1) T v TR
LN e ) N g b N S N L 7 | - o )
- BB R A A R A B R AU
B 5 5, FL 2 S0 g S MELLE . EH RS T
ik - S A ARG, BT T IR A RE R (R 251K
FHK FPIR R R SRR R A SRR R A T Bk, R n
R CAR ) 2 R 7K e = ol 3 e 40 %) 0 ) 4 3t B R
HF
1 #M#EF®
1.1 FE5RKA

1CS-5000" 2 & - {7, 3% {% ( 32 |8 Thermo) ; ICS—
5000°EG PR [ 8l & B 2% 5 AS-AP [ s £ 2
AERS500 4 mm H 8l B A B 6 % ; CR-ATC B 2§

bromate;

chlorate;

perchlorate;  bottled water

FAIARAR ;1CS-5 HL ARG 45 ; CRD A b K bR e
B 3 A8 {4 % Chromeleon7. 0 8,35 T AE ¥ ; Milli-Q 47K
F# 4t (£ E Millipore 4 H]) .

TR 2 R B E i 59 (1 000 wg/mL, H [ R
SEFFEBE ) ER E bR E A A5 W (1 000 wg/mL, H R
JEABHE ) 5 i EIRER AR HEAE #5 W (1 000 we/mL, %4
SCERRHEL) s IREREL EIRER M AR IR A (10
pg/mL) , FHFRERE &R B AR BAS 5 ; 4K P >18
MQ-cm,

1.2 BiEEst

43 B : Thermo lonPac AS20 4 mm; £ 7 4+ .
Thermo IonPac AG20 4 mm ; KOH 5 & 7 ¢ J& . 5~55
mmol/L, B £k , 0 il 4% FL At 137 mA ;#1130 °C,
H SR 2 7L 35 °C, L 1. 00 mL/min ; AR AR
500 pL.

1.3 tREMZRIAT

G W BOTR PR & | SRR kAN SRR ER VR A
(10 wg/ml.)0. 05.0. 10.0. 50.,1. 00,2. 50.5. 00 mL
T 61100. 0 mLZF =, In2liok 2215 #55) 1R
Mg £h SR R AN SR R R 9 bR o TR R N
0.005.0.010.0.05.0.100.0.250.0. 500 mg/L. *#f
B v 22 50 15 W00 i E AR, D06 T ARl G AR AR IR TR
W R AR B2 bR o T 28
1.4 HRSH

IKFELE 0. 22 wm KPR UE B L 8 J5 B4 ERE 5 i
FEAAFL500 wL.

2 ZR53#%
2.1 BIEEGRI%ERE
2.1.1 AR FIR TR RS pE R

TR b FN SR A6 55 7 U i I 2 R 1 Ay
B30 B 38 2 FH R4S 5 19 TonPac AS19 B ES 120 Hr
FE L {H ASTO Xof i G IR k14 A6 I 2R A8 KT 5 TonPac
AS16 (a8 2 26 [F EPA FRifE 7 2 HE 78 0 K il v
SRR A4 W 9E & B TonPac AS16 {435 HE 77
TEE DI SRR R o 18 3% 19 55 7 e i R 6 1 3 gk
J IR s TonPac AS20 2 LA I i B B 42k J5E 5 1) £
AT, SR KRR R, TN F R R R 5
SRR B 4 T B TS Y AL S W BR T .
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AN S 86 356 F] TonPac AS20 B 72844 . M1 F IonPac
AS20 2 J& T AU AR L SRR B B 1 A e 4 B A,
I, A S AR IR R R 42, KOH ik 1 i ik
ICS-5000"EG UL A 3h A& L defE L KA
2.1.2 IRV B A A e

i ek A B SCHERT R S g BIF YL 3k 5~55
mmol/L ) KOH 36 V&, % B2 bk Y6 72 JF : 0~5 min, 5
mmol/LL. KOH; 5~15 min, 5~30 mmol/l. KOH; 15~30
min, 30~55 mmol/L KOH; 30. 1~32 min, 5 mmol/L
KOH, 4l #% HL 30 137 mA . 735 426 b R VA O Sl
KBAE VL B RGP R VR WU 3 0. 80
mL/min T+ & 1. 20 mL/min B}, 4% 85 7 1 5 25 2% 5
P R GF o Ok B Y g SRR R H WA 18] py 28. 2 min 4
B2 22,3 min, (HIRPREL (AR EL 5 AR EL REUE
ARG, 2GS 1150 psi(1 psi=6 895 Pa) Tt
2] 1660 psic HEM > 7k R 5[] Al
FRGEE SIS HE T 1. 00 mL/min (14 36 6 80U 2
HEATIUE , 2 SR £8 OR B B[] 24. 2 min, RGLE T
1 450 psi, Tl 25 R AL REIL 2 0 i BEoK , HIR
Mgk CRIREL | AR ER AR R LB S T RE A A
SYEL B 1, R AIREL m AR
B LB B IR G bR I R T I LR 1

%1 Br0,.Cl0, .CIO, #n'&E WA B FHIR BB RT. 5 &
ERE
Tab.l Value of RT,R, for BrO, ,ClO, ,ClO, and

common anions

30 P
n @
iﬁ 20 A :% P g =
ST S Y s
= ‘m/\;in /\m I\ 2N
0 5 10 15 20 25 30
t/min
El1 REEth S SERBEENEETESIRER
REiEE

Fig.1 IC chromatograms of mixed standard solution of

bromate, chlorate and perchlorate and common anions
2.2 FiEMZMEE E X REANK TR
A 1 22 AR E it R 5 O IR R A AR R
TRIR AL SR R A = @R ERE 0. 005~0. 500 mg/L ¥
BEYEE N, J7 i BA RAF R, MR B R T
0. 999 0 KR 3 7% A1 10777175 16 EC XS 107 114 o JEE A 1 o
N G ) BRI E PR, B SE R WLER 2.
R EEM SRS ABENEN SRR
R.EE TR
Tab.2 Linear relationship, detection limits and

lower limits for detection of bromate, chlorate and

perchlorate
S Stk !ﬁl/ yv—— *Haé? ff\/vl.‘l'.ﬁjl,%/ %iﬂiﬁ/
(mg-L7") Bor J(ug-L) (pg-L)
Br0,70.005~0.500/y=1.490x — 0.011{0.999 8| 1.5 5.0
C10470.005~0.500}y=2.451x - 0.011{0.999 9| 1.0 33
Cl10,710.005~0.500}y=5.273x — 0.031{0.999 8| 1.5 5.0

2.3 fnREGFEEE ETELRE
MR TR T K KRR IR L v e A [ e J3E 7K

WH | F- |Clo, |BrO,| CI” | C10,” | NO,~N | S0, | ClO,
RT/min|5.84| 8.35 | 8.82 [9.93 | 12.36 | 13.72 [15.43|24.86 VR R R SRR R A SR ER IR B bRV W,
R, |551|1.25(3.49|8.42| 461 | 590 |222 L7 v 1Y [ R RS B R S5 I 3,
R®3 MIREEFBEEZEERIELER
Tab.3 Results of spiking recovery rate tests and precision tests
NE| AJAE(mg- L") | Wbt (mg- L") | WEEEE(mg- L") | F¥E(mg-L") | F¥EWE/% | RSD/%
0.010 0.017 8~0.018 0 0.0179 87.0 0.41
TRIRER 0.009 2 0.10 0.099 5~0.099 9 0.099 7 90.5 0.15
0.40 0.4135~0.416 6 0.4151 101.5 0.25
0.010 0.0117~0.011 8 0.0118 118.0 0.41
SATRER <0.001 0.10 0.093 2~0.093 5 0.093 4 93.4 0.14
0.40 0.395 2~0.397 9 0.396 3 99.1 0.24
0.010 0.0113~0.0115 0.0114 114.0 0.66
AR R <0.001 5 0.10 0.090 7~0.091 2 0.090 9 90.9 0.19
0.40 0.374 8~0.377 4 0.375 6 93.9 0.25

R 3] DL YRR ER | GUIR LR 1 v SR 1R i %
Ay SEE 87. 0%~101. 5% .93. 4%~118. 0% F1190. 9%~

114. 0% Z 1] , #8X%F #5 1A 22 (RSD) 4351 7E 0. 15%~
0.41%.0. 14%~0. 41% F10. 19%~0. 66% Z |f] .
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2.4 SEFREEMEN 4 #1i5
K FH ST e 6 T B 50 033 (R ) 2% 1 FH K HENL T BT vk TR B A A ) 28 KR K

IREESEATAG I, &5 SR W 4. ] UL TR R A G R £
5% B &4y M 0.003 1~0. 092 mg/L Fl 0. 004 5~
0. 114 0 mg/L, f= R £ 5% B4 & 4 0. 003 1~0. 006 8
mg/L, B AR bR o K th 243 51 R 40. 0% . 66. 0%
14.0%.
R4 HRBNER
Tab.4 Sample test results

R | et #/ N sl i H
PR REE S/ N N y
| i (mg-L™) /%
50 BrO,” 20 0.003 1~0.009 2 40.0
50 Clo; 33 0.004 5~0.114 0 66.0
50 clo, 7 0.003 1~0.006 8 14.0
3 itk

FLATH R () 2 /K 2RI s =, sk
HR SR A R IR AL 1 R AR TR R R IR R
R IR O ) e K VR R AR 5% B 1 R LR A
WS RF | IRFRER R 28555 (40. 0% ) , H fe =i {H 34
0. 009 2 mg/L, AR HERRE (0. 01 mg/L) , ) 524
BTV E AN I ) 2R R R K T R 0 AT g b 3 ok
5 Bl 7K A B2 R G U 1A 4 ) e DK R A IR
Tl 2= 5, ) Ak 07 Xof 5 80 A 438 sk g T EL A s 1]
PR AR AR ], LASR i IR R 14 A B

AR SN — R R A, BT AR AR
PR N TR RO A, N — e
MK Z G0 1 Bk bk 22 1l A A
Hurtis LR 2 E &8 A es g A4 KD
SRR BN R JEURE , R T8 40 7 A RURHEE LSRR L 1
U K SR R 1 S i T R X DA K
Ay KR AR R (ARG ) 25 7K SRR R G 1 2 5 (3K 66. 0% )
AR A

ol G TR 6T A 855 RN AR FH K 1 95 e O b ]
e T O ) 2R KK B £ ok A & 4
R KFIHLRIK , & WAL BT R Mk K
2l 8 AR 7 g A v A R A SR AR R SRR B e K R
FIF BB B R T KZ , 2 5 1 BUK R
iR £ 1 5% BR (AR yR Wi 45 S, T B (A ) 26
TR K T GRS H RO T, L 38 (R 1 T S
A LR A BR HE(E (0. 07 mg/L) , (HAT 75 R 4L
W

R R R | SR R A R A RRER Y Tk s R R A
1) TonPac AS20 [ 5 5 52 e (35 A FITE L™ AR Y
SRR, 8 e A 1 2 A, AR E = A
159, %07 15 R i R TR, S (A )
PR s 3 s e (0 s B 43 1 BOR S
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