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Determination of Trace-Level Perchlorate by IC-MS/MS
and Distribution in the Han River
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ABSTRACT : lon chromatography (IC) coupled with conductivity detector (CD) is a common system for the determination
of perchlorate in water samples. Although the IC method with CD has been widely used for the determination of trace level
perchlorate ion in water, sensitivity decreases dramatically as the complexity of the matrices increases. Here we proposed the
application of ion chromatography coupled with mass spectrometry (IC-MS/MS) to significantly improve selectivity of
perchlorate. The mean recovery of the method was 104.4 + 5.7% and the relative standard deviation (RSD%) was 1.9 + 1.3%.
The calculated method detection limit (MDL) was 0.0207 + 0.0099 yg/L. The concentrations of perchlorate were minimum
<0.1 pg/L and maximum 18.3 pg/L in source water (Namhan, Bukhan and Han River). Hongreung showed higher
concentrations (1%-14.3 pg/L, 2"-18.3 ug/L) than the other places. And the concentrations of perchlorate were 0.18~0.34 ug/L
in the samples taken from the six water treatment plants and six intake stations in Seoul.
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Table 1. IC operating parameters and conditions

Parameter Setting / Type
Model ICS—3000

Auto sampler AS40

Loop size 100 pL

lonPac AG16 (2 X 50 mm )
lonPac AS16 ( 2 X 250 mm )

Guard column

Analytical column

Eluent KOH 45 mM
Eluent Flow rate 0.3 mL/min
Controller current 100 A

Suppressor ASRS 300, 2 mm (external water mode)

Table 2. Mass operating parameters and conditions

Parameter Setting / Type
Model API-2000

Source Temp. 500C

Polarity Negative ion mode
Curtain gas 25 psi
Declustering potential =50 V

Gas supply 1 50 psi

Gas supply 2 75 psi

lon spray voltage —-4500 V

Collision gas thickness 5

Focusing potential —400 V

Entrance potential =10 V

Collision energy -50 Vv

Collision exit potential -4V

Dwell time 150 ms

Run time 20 min

MRM transition 989 — 829, 100.9 — 84.9
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Table 3. Auxiliary pump operating parameters and conditions

Parameter Setting / Type
Model Dionex AXP
Eluent 90% acetonitrile + 10% deionized water
Eluent Flow rate 0.2 mL/min

2 3o} ko] Lok sielth MS: MDS SCIEX
API 2000 (Applied Biosystems)2 AFE3}ITH Auxiliary

pump?] $#E 0.2 mL/minS 2 3},
3. 8 1

3.1, AXMTM =M

1,000 mg/L TgAAto]l e EZEYM(Spex, USA)S 100
ol sj4sto] Thedaqtol -9 057} 10 mg/Lo| =& 13}
HFEHNS A8 e, 12 FF8HS 1008 3] 45}
100 ug/Le| 22} F=EAMS éﬁlé}w} 23} HEGNG T
W 3)A510] 712} 0.1, 0.5, 1.0, 2.0, 3.0 ug/Le] F=8H
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scan HPH-S B84 MRMA 98.9/82.9(PC1'°0, /*C1°057)
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o] 2k AF1S Fig. 10 Yepdon 1* ko] 0,999 oo =
UrEbstet,

HESHA|(MDL; method detection limit) A&
SHAIE A8 flste] Eol4=] 0.1, 0.5, 1.0 ug
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Fig. 1. Calibration curves of perchlorate for two MRM transition.

Table 4. Accuracy, precision and MDL in deionized, treated
and raw water (n=7)

Matrix Perchlorate spiked|Mean recovery SD RSD MDL
(ug/L) (%) (ug/L) | (%) | (ug/V)
0.1 108.2 0.0034 | 3.2 | 0.0108
w:tler 0.5 110.1 0.0093 1.7 | 0.0292
1.0 108.9 0.0090 | 0.8 | 0.0283
Treated 0.1 98.7 0.0056 1.4 | 0.0175
water 1.0 100.0 0.0097 | 0.7 | 0.0306
Raw 0.1 99.1 0.0062 1.4 10.0194
water 1.0 108.4 0.0075 | 0.6 | 0.0237
MDL = () X (s)

* t = Student's value for a 99% confidence level and a standard deviation
estimate with n—1 degree of freedom

[t=3.14 for seven replicates]

* s = Standard deviation of the replicate analysis

I} HA34E 104.4 + 5.7%, ANEEZHZ 1.9 + 1,3%,
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TAaqto] 28] peaks BRI 4= 2UQ1aL, 73] vhE B4
I} PF3]4E 108.2%, FHEZHA} 8,2%% VrEbTE, I}
ol Aato] L0 I = SIS = AR AR
vl E2lo] A8 AL g AAto]| 0] JLES 913 MRM
(multiple reaction monitoring)%2] HAH|7} o] &% 7| =
gt &, ARvEIHf| BYPaito]l 2t {ARE peakol
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31

mﬂw

REATTO R

F

pacs

225

205 MRM 100.9/84.9
3Tc|160 -

18:5 3

B. m/z 100.9 — 84.9

U‘.Z U'.4 liB U‘.B I.IIJ |.IZ |.’4 1.’3 1.‘9 ?.'U 2:2 2‘4 Z‘B 2;3 3.l‘]
Concentration, pg/L

* 351

sz@stax| | 732 Mas 12010 42 |



352 *

4dis] - stely -

Korean Socity of Environmental Engineers
HEE -8 H-

BHAIE| - RQAM

MRM 98.9/82.9

1418

MRM 100.9/84.9

sCI160, FcIeo, o
12c0
3000 1100
s0c0
2500 eco
@ a aco
;QODD ; 7e0
z z
5 S &0
£ =004 £
SC0
1000 G o
aco =
So0 1482 2c0
1co
o o % A e rm
2 a o 8 Jo 12 1 10 L] 2 a LY a 10 12 14 " L -]
Time. min Time. min
Retention Time (min) Area (counts) Height (cps)
MRM 98.0/82.9 7.36x10° 3.58x10°
14.2
MRM 100.9/84.9 2.66x10* 1.29x10°

Fig. 2. Chromatograms of 0.1 ug/L perchlorate spiked to deionized

Fig, 3oll= 447 Aol spikedt dHaito] 0] A &n}
B3-S YeRQct, A= MRM 98.9/82.9, B= MRM
100,9/84,9, Co} D= A7 o] 0.1 ug/Lo] M aAto]
2= 39S ¢ MRM 98.9/82.97 MRM
100.9/84.9& UERY 3L 9Jt} 9t D= A%} Bo] H|3H]
peak®] area®} height7} F71stl e, 73] Whig £A2 5}
HA3|2=8 98.7%, ANEZHA} 1425 AL 2= QIQIT)

==

spike

>~
T

+acess  MRM 98.9/82.9
B/CIO -

nwsied Ao mfz 98.9 — 82.9

water,

Fig. 4°fl= Fods

99.1%, /SN EZHA} 1.4%2 e,

MREM 100.9/84.9
neeO,-

-{B. m/z 100.9 — 84.9

MRM 98.9/82.9
IS,

C. 0.1 ug/L spike
miz 98.9—82.9
7 = T

I

MRM 100.9/84.9
ITCIe0,

ey
]

D. 0.1 ug/L spike

m/z 100.9—84.9

Retention Time (min)

142

SR |-

Area {counts) Height (cps)
230x10% 1.08x10*
8.00x10* 3.79%10°
297x10° 8.00x10*
1.07x10° 4.96x10°

Fig. 3. Chromatograms of perchlorate in treated water.
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Table 5. Concentration of perchlorate in source waters
Sampling point Perchlorate (ug/L)
2008.09 2008.10
Buron 0.32 0.30
Main stream Yeoju 0.33 0.28
Yangoyeoung 0.26 0.32
Nam Han Riv. Seomgang 0.11 0.12
Creek Cheongmi 0.34 0.29
Bokha 0.26 0.49
Heukcheon 0.22 0.22
Gyeongan Creek 0.16 0.65
Soyang 0.21 0.13
Chuncheon 0.14 0.13
Main stream Uiam <0.1 0.10
Cheongpyeong 0.1 0.23
Buk Han Riv. Yangsu 0.22 0.24
Hongcheon 0.21 0.31
Croek Gapyeong 0.29 <0.1
Jojong <0.1 0.69
Sudong 0.73 0.21
Paldanggyo 0.21 0.23
Main stream Gangdonggyo 0.19 0.16
Cheonhogyo 0.17 0.26
Jamsilgyo 0.18 0.24
Gungchon 0.19 0.16
Han Riv. Dosim 0.49 0.31
main stream Wolmun 3.16 2.85
Creek Deokso 0.88 0.44
Hongreung 14.30 18.30
Wangsuk 0.36 0.18
Sangok 0.16 0.73
Deokpung 0.60 0.71
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Table 6. Concentrations of perchlorate in raw and treated waters

of Seoul
Perchlorate (ug/L)
Sampling point
2008.03 | 2008.09 | 2008.10

Paldang intake 0.24 0.28 0.21
Gangbuk intake 0.26 0.22 0.25
Raw water Amsa intake 0.26 0.23 0.26
(Intake stations) Guui intake 0.23 0.29 0.28
Jayang intake 0.23 0.28 0.32
Pungnap intake 0.22 0.23 0.34
Gwangam 0.19 0.26 0.23
Gangbuk 0.22 0.21 0.24
Treated water Amsa 0.20 0.19 0.26
Guui 0.23 0.25 0.30
Ttukdo 0.23 0.18 0.31
Yeongdeungpo 0.23 0.23 0.34
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