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%< 8 WO Z = high-performance liquid chromatography(HPLC)E ©]-§3}e] vlA &
< #8% ¥ hydride generation atomic absorption spectrometry(HG-AAS), hydride generation
atomic fluorescence spectrometry(HG-AFS) % inductively coupled plasma mass spectrometry(ICP-MS)
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olo] B AFME HlA F BAA YArCCl, YCa¥C'®E 2F 7Hde dF glo] e v n
7 al

m/z=91S ICP-MSZ #

A, A, )2 AFHAT ARE dHFeE F Hlas I T EFE 2As] A& Ao
w&3e @ - 27 AFdFA el s B 8 SA4S AL, o AR 2 A4E, 5, §
H, AR, A#, 259 AFAHAGANA v FE As B AA SAS AESA MEA A4
Fob Fxeol d&) dAAS Frestad Aok Y, FESARAN dHste] 84 FEY vis
o =] doz wlie i)

= BF% EXE 98 HPLC= PerkinElmer Series 200 Quaternary Pume]- Hamilton
PRP-X100(anion-exchange, 41 mm x 150 mm, 5 m) ZAH-S 223t PerkinElmer Series 200
autosamplerg A&} T

ol 54 Z+= 10 mM ammonium nitrate®} 10 mM ammonium phosphateE AF-&3 o™
ammonium hydroxideE ©]&3te pH 942 ZHE3}¢th. HPLCY 31X Table 19 e
Aot Hl& HE7IZ AMEE ICP-MSe HPLCSE 91Z2317] Mol vl fF8&de sl ICP-MSE
#HA3g g o AP nebulizer= PEEK tubing(0.25 mm i.d.)S AM§-3le] AZA3A .

2 A
Hl & 275422 Spex(Metuchen, NJ, USA)AF 1000 mg/L As, 1000 mg/L As(I), 1000 mg/L
As(V)E Tuiste] ARE-&Fit.

ol ZAY AFE-E ammonium nitrate®} ammonium phosphate®] pH 4| Al&H
ammonium hydroxide® sigma-aldrich(Steinheim, Germany)Al A]%FS  Fujste]  ARE-3}SHh
Flushing solvent®Z A}&-% methanol Burdick & Jackson(Muskegon, MI, USA)A} HPLC-grade
methanolE AFS3t o™ AR HA g AFSH FAik A4k Eco-research(UP-10N, UP-10H,
Korea)A} class-8S AH8-3}5th.

Table 1. Operating conditions for chromatographic system



Parameter Setting

Column Anion exchange, Hamilton PRP-X100, 4.1 x

150 mm, 5 um

Column temperature Ambient

Isocratic mobile phase 10 mM ammonium nitrate and 10 mM
ammonium phosphate(monobasic); pH 9.4

Injection volume 100 uL

Flow rate 1.5 mL/min

Autosampler flushing 5% v/v methanol

solvent

Detection PerkinElmer/SCIEX ELAN DRC @I ICP-MS

Total analysis time 4 min

2.3 °] &} (mobile phase)

HA £ BERE Y3 ol5A4°2EZ+ 10 mM ammonium nitrate®}t 10 mM ammonium
phosphate monobasics &3t © o] & (isocratic mobile phase) .= A}-&-3} 3t
Ammonium nitrate®} ammonium phosphateE © o] =21 ¥ ammonium hydroxide(1:1)

< o] 83ty pHE 942 ZF3}A . Flushing solvent= HPLCH methanolE @o]249 343}
o] A3 5% v/v MeOHZ AM-&3}93Th

(

24 Hl& F(IM, V) £4 ¥-3-71A(0)9 H A3}

HPLC%} ICP-MSE Z%3t 3t on-line ZTE1#WQl TotalChrom ZEZ1#W-E o] &3] HA
T 5 Al 9TIAY HHxds AAstaA doh
EFEZ 2= SpexAlt 1000 mg/L As(I)9F 1000 mg/L As(V)E ©ol&<o &dtsle] zA3
THFETEY 3 pg/LS ALY T Hamilton PRP-X100 anion-exchange HPLC ZH# & ©]§
st As(IeF As(V)E AFAIZte] wet 223 & AP 3 ICP-MS nebulizerg AZ23F= peek
tubing E3he] BeE ool ICP-MS] Eebzvto] £5 As(sh As(V) BT Sehzrt
WioA As'Z o]esl®t) o]L3l ¥ HlAE DRCO FUE w710y} ¥HEEte] AO'Z
AP EM ICP-MS AE71914 m/z=912 HEHH

go] 2471 old 0] F /(10 mM ammonium nitrate + 10 mM ammonium phosphate)s <] B]4~
=27 Al Bkg7)A 9] HAZAS Q37 Y8 A4S 01~1.0 mL/min WA A A TS AA
At o Fig. 12 HEE7IAIY FA O WE As()9F As(V)e 4 A=ZvEIHS e
Zoltt
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Fig. 1. Chromatograms of arsenic speciation with different flow rate of reaction gas(3 xg/L

standard solution).

Fig. 1] Yeld zZ2rtE3% & HPLCICP-DRCMS?] TotalChrom Z 2138 o]-§3te] whg-7)
A FAHF Ao gt SHE 4o AZvEIWS FY3 scaleZ overlapdt A ZutEIIH O]
o} Fig. 1914 EXo] ¥EEVIAR 4A4AE 01~1.0 mL/min WA A AP 2y, 25 953
Y B =g YeEbdth 53] wEU1AE 05 mL/min 4502 9 & u o] T
Z7b Akael wbgste]l Hulo] AsO7F A4ES #EE & 9dAom DRCAA w2 (1) 2ol

Mzolewt Azt WSS AW b AWY 2AYL T+ QA

As" + 0, — AsO" + O 1)

a8y vrS-7)A 9] FYFo]l 04 mL/min ©]3Fe B¢
) B4 ZErb A UEen, 06 mL/min o]4Y AS-ol® o) whg2] (2)9h o] DRCA
vl Ao} Fhae] Atav) wkEle ¢S atslE AAEC] AAE B TR Lol & 5 9

At

As" + O, + O — AsO, + O, )

wEka] DRCAIM S AsO" A AL ulgAER 2o]249 o510 mM AN + 10
mM AP)S AMEE A, EF WSIAE 05 mL/min 74522 FHT o 53 nlegiy &
g =5 Uetflon DRCIAM Hujo] AsO'7F A4=7] A 7P Hdd =
mepa] B A= HlA F 2R A ALY FAFES 05 mL/minE FHst BlIAE EA8)

AT
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2 23S 98 AFHT AEE 100 mL Teflon &7]9] A8 30 mLE #3tar @4 3.0 mL
7bete]l DHAIZ] ¥ microwave digesterE ©]-83to] FA] 7jRgt §Mo] & w7tz A3 AT
A ZF B4 98 AHF A5 2F AHE fle] 045 pm membrane filterS ©]-§3le] of 3}

7R 93 AATH 4L 98 SpexAt 1,000 mg/L As(Ill), As(V) EEER
I 0.10, 0.5, 0.7, 1.0, 2.0, 3.0, 5.0 & 9.0 pg/L EFE&NS A3}
Aot 2AE FF8HL HPLCY FHHM Fol2ud ZHE F3to] As()9h As(V)E A FA]
Zroll wet #2d & ZH I ICP-MS nebulizersS FZ23= peek tubings F3ot E2j€ o2
olFol ICP-MSe| Zetzute] FYH™ As(I)9F As(V) ZF Fepzuh fRoA As'2 o] 23}
gt} o]e3 ® HliE DRCY FUE WHE71A(0)9 HHste] AsO'2 W HY ICP-MS HE
710 m/z=912 AZH}.

ANEAT, ARFALe As()eh As(V)ol thal B r*=0998 o]de] ¢+ A4S vehle
M th& Table 29} #o] As(I)ol disl AESA 010 pg/L, FF=(RSD)= 4.3%, 35E&L Br=
yelytom, As(V)ol thal A=3A 0.08 ug/L, FFE(RSD)E 3.6%, 3582 96%E e

Table 2. Analytical characteristics of methods for the determination of As(Ill) and As(V) by
HPLC-ICP-DRCMS using oxygen

As(II) As(V)
Detection limits/pgL ", AsO* 0.10 0.08
Precision (RSD%)" 4.3% 3.6%
Recovery (%)° 95.2% [0.22, 0.50] 96.4% [0.69, 0.50]

Calculated as three times the background standard deviation and based on the peak area corresponding to 0.5 !.lgL’1 As as arsenite and
arsenate, respectively. "Calculated based on the peak area corresponding to 0.7 !.lgL’l As as arsenite and arsenate, respectively(n=7).
“Percentage recoveries expressed as meants from three independent analysis. Values in brackets are the inorganic arsenic concentration of
the unspiked samples and concentration of added species in ugL’I.
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e o A5 BHUE ARG AT Fo BARE F ks B8 RIS 2AF 4,
e wlke of 90%7F As(V)Sl FHE EAStE AL HAsgon

A, o3, 253GANA Y vl FFFe] oF 91%7F As(V)S] FHE EAst=
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N FHFdg Foll £

Ay 34, F &H, I
Ao g eyt

HAE Y5 0.66~0.88 pg/L(HT 0.77 ug/L), -5l 0.18~040 pg/L(H 029 ug/L),
AAFNA 012~0.23 ug/L(BT 017 pg/L), AFFolA 011~017 pg/L(BTF 013 pg/L), B0l

A 011~0.15 pg/L(H 013 pg/L)9] WAE Yeigt 53, 34, A3, 2584S AAEA 9
Foll HfrEle] e HIAY oF 83%7F IAH AAHE AR YET

HZ& FW BYE A 23, As(V)S] A%, 9504 0.60~0.79 pg/L(ET 0.70 pg/L), 37
ol A 0.15~0.39 pg/L(H+ 0.26 pg/L), FRAGNA 011~0.23 pg/L(B 1 0.15 pg/L), ol A
0.10~0.16 pg/L(BT 012 pg/L), AFNA 010~015 ug/L(BTF 012 pg/L)2] HWAZ Yebstt

As()= Z5F ARlA HETA 010 pg/L olstz EHE HAJMTH As(V)= S8, A, o3, &
EF3AS AXAA A5 g dE As(V)Q oF 82%7F A AARES & 5 AUk

32 A FAE vl AF
Fig. 201 A4 67 A4% 249 i 2% 2 AA E4S Jehdoh a1 yehd nhe}
Ea
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Zol 67 A ZF S, A, A3, 2584 T SHTAAA vl HA AAE M =

o

, AT 026 pg/L, IS 015 pg/L, A4S 012 pg
/L, B 012 pg/LE YEbETh A#FA o]F9 A FE= Ho 015 pg/L et e FF
o0& o]AL YUY HeEE FH7IF 50 ug/L B 3eFolm EPAS WHOY 7|&F
?1 10 pg/Lol M= °F 1/70 FFOZ w¢ 3 FEZ ASHS Rt 28y vk
st EPAS] MCLGZ} “07o.2 A7 =o] gla HlAe] st 547 ddAdS 18 of Hlik AA
£ A% A= AFAY VAT T AN g Aol aH

g div 3P H vA AAES SHIAHAA 62%, AAFAZANA 15%, AT ZANA 5%,
AE5FZAAM 05% AAER S - JAHAFTAHANA F 77%7F AAHALH oF 6%7F AH} - 25T
oA AA" & 5 AATh
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73~094 mg/Lo|i BFokE

i

(polyaluminiumchloride, PACl) FY &2 7.6~28.0 mg/L, L &/J&(powdered activated carbon,
PAQ)E 3~5 mg/Le] WHAE FAHAT. 74 A+ S4Y FAZFH HL AAE Alole] 4
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Fig. 2. Total arsenic concentration from individual water treatment process.
(GP : Gwangam water treatment plant, AP : Amsa water treatment plant, GP : Guui water
treatment plant, TP : Ttukdo water treatment plant, YP : Yeongdeungpo water treatment plant,

GB : Gangbuk water treatment plant)

As(V)] FeE ol %1
A 010 pg/L o8t 2 mF EAEE Ao YERTh
Fig. 3] M4 67} A% FHER As(V) =8 dehideh 2ol BRel /) 453

T SH, WA, AR, 253 T SHTAAAM As(V)e HH AALl 7 A UEES &
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To2 olAL YUY HeEE FAVFE 50 ug/L Rupbe X w2 ol EPA9F WHOS
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Fig. 3. As(V) concentration from individual water treatment process.
(GP : Gwangam water treatment plant, AP : Amsa water treatment plant, GP : Guui water
treatment plant, TP : Ttukdo water treatment plant, YP : Yeongdeungpo water treatment plant,

GB : Gangbuk water treatment plant)
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2) AollA 0.66~0.88 pg/L(Bt 0.77 pg/L), &-FNA 018~040 pg/L(HT 029 peg/L), 3
Aol A 012~0.23 pg/L(BT 017 ug/L), AF5elA 011~0.17 pg/L(BT 013 ug/L), A
G4 0.11~0.15 ug/L(‘*éT?r 013 xg/L)9] WA vewrh &3, A, A%, £253HE
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- JATHAA oF 77%7F AAHJIL 6%7F A3 - 25T AAR & F AR
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AZ Uewd. As(l)= 27 Al8oA HEFA 010 pg/L olstz md EAsts A=
UEFS T

4) As(V)9 A%, AFAE 24 A5 dvl B AAEL SHIAANA 63%, AAZHAA
15%, ABFAHANAM 4%, 25FZAM 0% AALEE S - FAZHANA 78%7F AAH A
o 4%7F AFeM AAH & 5 AU

B0 HlAE pH 7 $294 HAsOs, HAsOy, HAsO” FEl2 2 %Wl ()AsS
Zol= A T YA HE (A Wil AAF FIZIHE MR wbdEtEA P E BAMGE 2
FFd EAeH, AFA RGN (HAFE W AN Ja FEEo] £Fo FRol= ¢
A 5 e dAF AE 7o van der waals Q1E o] 2]l M 7]F wb A
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