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W OE: BW 7 EE- B IREE [R E E A TS K e R . R MR R L i A
o B AR KIE TonPacAS-20 B ES TS HuAt A bk o vs SR ES %Mﬁﬁ?ﬁﬁﬁ%ﬁ&fﬁ%‘,
DA BER A 2 & A fAE 27 42 KOH ik BE R EA TR B0 o SR AN KR, FR I BT A AN o R T HL I8 55 29
TR R R 2 SO M, AR . AR R SEREY . SRR AR R R £h 1 £ M 43 5
0.04~20.00 pg/L, 0.02~10.00 pg/L, 0.04~20.00 pg/L, AH3EZ %L r*>0.999, #5H R4 514 0.02. 0.01 F10.02 pg/L,
FEREIRHN 0.04, 0.02 F10.04 pg/L, MAREIBCERTE 90.0%~98.8%, HXHHRAE(R 2 (relative standard deviation,
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Determination of perchlorate, chlorate and bromate in drinking water by ion
chromatography- tandem mass spectrometry

SUN Wen-Shan, ZHU Jun-Jie, DONG Ye-Qing, ZHONG Han-Hui*, LIU Qiang-Xin,
WEN lJia-Yu, SHEN Xiong-Ya

(Greentown Agricultural Testing Technology Co. Ltd, Hangzhou 310051, China)

ABSTRACT: Objective To establish a method for simultaneous determination of perchlorate, chlorate and
bromate in drinking water by ion chromatography-electrospray tandem massspectrometry (IC-MS/MS). Methods
Perchlorate, chlorate and bromate were separated on a highcapacity, hydrophile IonPacAS-20 analysis column by
elution with KOH eluent generated from an eluent generator cartridge (EGC). External water mode and tandem mass
spectrometry were used for detection.Multiple reaction monitoring mode andnegative ion mode of electrospray ion
were carried out for determination and quantitative determination was performed by the external standards. Results
The calibration curves of perchlorate, chlorate andbromate were linear in the ranges of 0.04~20.00, 0.02~10.00,
0.04-20.00pg/L, respectively, with correlation coefficient r? more than 0.999. The limist of detection of perchlorate,
chlorate and bromated were 0.02, 0.01, 0.02 pg/L, and the limits of quantitation were 0.04, 0.02, 0.04 pg/L,
respectively. The recoveries of perchlorate, chlorate and bromate were in the range of 90.0%—-98.8%, with relative

standard deviation (RSD) less than 8.0%.Conclusion This method is simple, reliable, stable, sensitive and can be
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used for the determination of perchlorate, chlorate and bromate in drinking water.

KEY WORDS: ion chromatography-tandem mass spectrometry; drinking water; perchlorate; chlorate; bromate
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KR ZIR, PRI L KK EAREFERIEA
TR o AR A R A T e R, e
B R, T R RE, S EOARE BRI T AR
AL, s LML 2P ER AR MER . WA
FREL KRR, NG EEA M R b P S 8L B B T
K. HERIKEEAKIR, MWMER K PIEskE . EEHIR
AR TRy B A A 3 RO K e S R R I R RV R
1.0pg/LBY . GRER 0 5 A% b AR ORI = 4, i kAR
IREA N, ZBEAS RIS, R REMEIN AT M ER, M
T 552 1] 0003 i R R R, & R M B R, BN A
BEZAL, K E GB 5749-2006 { LRI TR TAEFRIE ) Mrh
HE T HAMRER = 0.7 mg/L. REREY E—Fhom &AL,
AR IR R EEFEL RS, TR R R, &
BEASIE M PRz b B, L E PR
WIS E A 2B HIFAEBUEY', GB 5749-2006 (A= TE1k
K BAARUE ) hHE T IR ERERBR 20 0.01 mg/L. T4
FRER . AR FR R fa 3 i S, L — R P v
A R AR SRR K P s R L . AR EL IR BR R A Tk B
RERET,

H A N Ah e AR L . SR AR R R BRI kA
B EaETY, B - B A S AR EREY, B
T T LU O RO - kU T B
PO RE B B AR R e AR B B R e, I B R
PR, ZLRE] pg/L BAs R, 85 AR 1 mL, 53
(o B, H R o i A T BRI A R A T
Yo, RAWAR RS- B e B, w R A e R,
W RIS S8, HMERIMG ™, JEm e A A A&
W R SR PR —E e R, SO T IR A TS YL RN 2 T8
B, KRBT O35 A & B IR sk 3
(0 R L JRORE A S 1 AR R o A B R, ARNE T
Her™; SRAE T O Fgk AR & 70, fshifik
ATERT S idil 4y, FTRBRREE T, WX e IR
TG o AN R FH S (0 T - H I T 3 ) G SR
i FIRERANREREL, JrIRERAERIR . e XA IR IR K
P AR EL . EER SR AR R SR A T A M e, YR
BAREMEEHE —ENE L,

2 MREREE

21 {UE5RF
ABSCIEX QTRAP5500 JFilf{¥ (35 AB 2 ),

Thermo AQUION &1t Y | &5 74 3% 41 lonPacAS20 7Y
ST (250 mmx2 mm) AR (S0 mm*2 mm), &5k
H: TonPacAS-9(250 mmx4.0mm)FIE 1 4: (50 mmx4.0 mm) .
B4 3% K TonPac AS-16(250 mmx4.0 mm) Fl {371 k¥
(50 mmx4.0 mm), AERS500 BHE T HIHil# Q2 mm, FMEK
#3)(32 [E Thermo Fisher Scientific 23 ]); Milli-Q B4l
KA (3 E Millipore 23 7).

ARER | IR ER IR PR ER PR UETS V(1000 mg/L,
FE bR EYI R AT H L), SER K O —Z0K

ALASTRAK, HBTREHLIEE 13 ik iK; [
gk, SIS aiF KGR Milli-Q HUB A KA — ik
35,
22 LWHE
22,1 HSwEra

BOUKFERE 0.22 pm B 7KV M U8 28 RO, 78 AL
W E
222 AREBRE &

Sk ERR AR SR R R TR R b oV T R B
1 mg/L, FHEGE AT 5 o SR AR . SRR iR
TR £ AR E AR 3104 0. 04, 0.10, 0.20, 0.40, 1.00,
2.00. 10.00, 20.00 pg/L. 0.02. 0.05. 0.10. 0.20, 0.50.
1.00. 5.00. 10.00 pg/L LA} 0.04. 0.10, 0.20. 0.40. 1.00.
2.00, 10.00, 20.00 ug/L
223 &ig&ME

35 mmol/L S LA (KOH)MVENRL ikt i A 3h & 2
A ShTEL ™ A, SRR BE. 3B ER 3 Rl T is At
SrEBCR: BT AIEAL TonPacAS-20(2.0 mmx250 mmx
2.6 pm), VR 0.35 mL/min; £E: 30 °C, HEFEA
125 pL; B %L TonPacAS-9(250 mmx4.0 mm), ik
WRIH: 0.5 mL/min; FEif: 30 °C, MEFE(RRL 25 pLig (&
i A1 lonPac AS-16(250 mmx4.0 mm), i Bt & Wi 2K :
0.5 mL/min; FE: 30 °C, BEFEAFR 25 L.
224 JRikAA

BTUR: HWE% B T (electrospray ion, ESI), fiET
i, BRI 550 °C; Wi HE: -4500 V; AT
it 40.0 psi; RS i W% A 60.0 psi AN
PR 60.0 psi;llE 72 £ R W U (multiple reaction
monitoring, MRM); HABFTIESEILE 1.
225 AFfEh RLGH

4 L T S B4 o T R A AR R T AR, 0 L0 TR,
I DLW T A AR AR (Y), AH I A i B2 S A8 AL B (X), 223 1
PRk
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AR . AR R AR R AR S S B RS, AEk
FELABARRIE X AEE, SRS RS, T2
16 ESLIE 1 & F R T Xy & iR sh . SR A i e
SR, e TR, e T, RIEEXEE
BFH#HT_HA, e FE T, B EERE
(declustering potential, DP) . fill & Hi [ (collision potential, CE)
HEATAL, 133 RN BT A5 4 I35 1, e X E55 L
BRI B RS RS AT
1k, 15BN AL B TR 5544
32 BIEEFRENERERE

AT lonPac AS20, IonPac AS9 # IonPac
AS163 FR I Gkl v s @B sh . SRERFIRERER 1 43
BIRCR, KB TonPac AS20 BEfE X maliRER . SMRER FIR
TR EESCI ST IR L 8, IF HGERIZQBI X AR, B Ibiest
lonPac AS20 YENAHTHE. BHE T 383kt w Rk &
SE A B A TR R 0 TR /i R S VA VR, e TR /e TR S I
WHEIRIA, BB ESA —ERNER, 2N
R R A E S M, ARSI T IR A, W

FasE, BRAEMIR, ML ESE KOH M/ kvt . 2l
ik &k B 4 KOH B E N 35 mmol/L, i A
0.35 mL/min, #FEHT R EBRER . SERERFIRIRER 0 R
I, HIETIRBINFR, EREEWE 1 iR,
33 FHAERZMTEE. HR, 2R

fE 223224 LA KM T RS, AR
0.04~20.00 pg/L, SAERLETE 0.02~10.00 pg/L, MHEZERTE 0.04~
20.00 pg/L WREVOEINMA RIFMLEXR, St hs
B H Y=24706X+4206.8, Y=450608X-1187.6, Y=28501X+
3801.3 A ZEL r2 43510 0.9997, 0.9998, 0.9996. LA 3 1%
PRI EEAVE R B, 10 A5 (R M LA S e i PR, 7531 i 4L
PR L | SRR FIIRIRER K H FR 4302 0.02., 0.01. 0.02 pg/L,
ERRATHIN 0.04, 0.02, 0.04 pg/L. %7 PR AR .
SRR ER FIR R ER BT BT (9 e 1k O 2R PR i 1) RS
34 HENEMESHEEE

SEILME . . & 3 ANREEACEHER T DR R AL, (W)
— WA, AT 6 YCOPATIEN, 5 3 A B AY A X AR
Wi 22 (relative standard deviation, RSD), Z5H: W3 2. H&
Pkl . SRR AR R ER 1 TSR AE 90.0%~98.8% 2 [H], [F]
WCR A 45 R B AR, EE O MER R, RS RSD {E/D
T 8.0%, FHH LT EMLT

®1 SERE. SEHBRMRRENRIERGESH

Table 1 Mass spectrometry conditions of perchlorate, chlorate and bromate

R0

ERRHIE/V AR AE I/ V

82.9/66.9784.9/68.9
127.1/110.8* 127.1/94.8
98.9/82.9"100.9/84.9

-80, —60 -30,-33

-60, -89 -22,-34

—-143, -108 -36,-33

kT

50000
45000
40000
35000
30000
25000
20000
15000

R /cps

10000
5000

0

0.0

5} 6] /min
TE: 1 IR 2. MAmREL: 3. A AmREL .
B mmREh . SUBRER AN R ER AR M i 3% ]
Fig.l Chromatograms of perchlorate, chlorate and bromate
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Table 2 Experimental results of the spike recovery and RSD of
perchlorate, chlorate and bromate

e )33 S U S [T S I 3
/(ng/L) /(pg/L) EUEE/% /%
0.02 0.018 90.1 7.51
APRER 0.04 0.038 95.0 6.37
0.20 0.189 94.5 5.23
0.04 0.037 92.5 7.54
AR 0.08 0.075 93.8 6.93
0.40 0.391 97.8 6.07
0.04 0.036 90.0 7.49
IR ER 0.08 0.076 95.0 6.54
0.40 0.395 98.8 5.27

35 S5E=xELR

A A R . SR AR R R ERh A B 4y R
0.02.,0.01.,0.02 ug/L, & RFRS5I24 0.04,0.02, 0.04
ug/L. 1 GB/T 5750.10-2006 { A= 1 A FH K b A6 56 7 31
B AP A ) U e IR R £k R G R £ Y R R ARG I e B Ry
5.0pg/L, BIS 2017064 £ il i SRR £ Al ey SRR i 2 Y1)
AR K A RRER AT IRl 0.6 pg/L . iRy
2.0 pg/l; MABREMKEHE R 04 peg/L, EER K
1.0 pg/Lo A7k i) R W B OU T EbrJr ik

3.6 SCPRtEMNE

TE, WA S RIE 0.06~0.22 pg/L, EMiho&
1.34~16.34 pg/L, IRIRER T HAE 0.12~1.46 pg/L. X LR
TRAR T 2 B AR R A e R T R K s R Eh i Bk
HEVPVREE, AR5 3R EAE KK TAbRIE GB 5749-2006 X
TR R FI SR AR 1 R 00K

4 FHR5L

AT AR RS i 58K PERY TonPac AS20 Ry ik
FE, FELR AR R A 45 7 A KOH YW i dhAl, 2
ST B - B T I A TR R K R R R L A
PR 6 RNV R AR (0 A0 BT I o O TR R, A R PR,
WSCR AT, WERG RS R, PO AL A TR AR K R 2R, X £
B AR S A —E R L.
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