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Speciation Analysis of Arsenic Species in Surface Water

Gwan-Jo Jeong - Dok-Chan Kim'

Department of Chemical Engineering, University of Seoul

ABSTRACT : In this study, a technique of speciation and determination of the trace inorganic arsenic(As(Ill) and As(V)) in water sample
using HPLC-DRC-ICP-MS has been developed. Isocratic mobile phase of 10 mM ammonium nitrate and 10 mM ammonium phosphate
monobasic was used and methanol(5 v/v%) was used as flushing solvent. Selection of the best flow rate of reaction gas, O, and opti-
mization of the parameters such as pH and flow rate of mobile phase, and injection volume of sample for the separation and detection
of arsenic species were carried out. The oxygen flow rate of 0.5 mL/min, pH of 9.4 and flow rate of 1.5 mL/min of mobile phase,
and injection volume of sample of 100 puL were found to be the best parameters for the speciation and determination of arsenic species.
The analytical features of the method were detection limit 0.10 and 0.08 pg/L, precision(RSD) 4.3% and 3.6%, and recovery 95.2%
and 96.4% for As(Ill) and As(V), respectively. Analysis time was 4 minutes per sample. Linear calibration graphs with ' =0.998 were
obtained for both As(Ill) and As(V). Speciation analysis of arsenic species in the raw water samples collected from the tributary streams
to Han River and main stream of Paldnag were performed by the proposed method. The concentrations of As(Il) ranged from 0.10 to
0.22 pg/L and As(V) concentrations ranged from 0.44 to 1.19 pg/L, and 93.5% of total arsenic was found to be As(V).
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PR ARdME B4 As@DS As(V)S] F FHEAY PBa s HPLCY DRC-ICP-MSS] HAz7S AR, o|E o83}
P - BEEA 107) AR HezRE HHT AZTY A As(V)E B AESIIT & 235 93 HPLCY| o|sde
10 mM ammonium nitrate$} 10 mM ammonium phosphate monobasic-S AF8-391 2.1, flushing solventZ= 5% viv HEHES-S A}
3tk A&7]E DRCICP-MSE, WHE7IAE 4tas ARSIt #H2A EMZAS 44387 Aste o549 pH, #% 2 Al
8 Y% DRCY 24 FHS 2t AES Ax, o523 pHE 94, %2 1.5 mUmin, A8 FYZFS 100 pl, A9
S 0.5 mLUminol & o 713 L FAxA0Z vehgth A3 As(D} As(V)l tisll 25 £=0.998 o)) 434
yehdlon, As(i)e] AEFA= 0.10 ug/l, JEF=RSD)= 4.3%, 5SS 952%, As(V)S AETAI= 0.08 pg/l, 4 =(RSD)
3.6%, 3FEL 964%2 e EAAIZEE 4809t AR E drEE FEsto - A /Y 107] AF el
G AES B3 3, As(IDE 0.10~022 pg/l, As(V)E 044~1.19 pg/Le] M2 Yeyton, & H)49] 93.5%71 As(V)
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Al BEA, 5 59 QI Sl YAz B Al f oxide 5 TS FHZ EA)31H, S F2 As(Il)
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AAME ol B AEIAS Y B4 FA P
= 9 E2(speciation analysis)©] ¥r=A] FQ 3lT}

HI A0 F g1 EAHE oY 74A] 71719 &gk 7]
&o] 3o Buxa QIth? FE high performance liquid
chromatography(HPLC)1} capillary zone electrophoresis 2}
2o ArvtEIYY eyl o] &5 HE7]E atomic
absorption spectrometry(AAS), %= inductively coupled plasma
mass spectrometry(ICP-MS) 52 A43le &4 £33l
AE? Blae] B ES 3 arsine© 2 AFAIA atomic
absorption spectrometry(HG-AAS)UL} atomic fluorescence spec-
trometry(HG-AFS) T+ ICP-MS 59 #HE7|=2 A=
ol o] 85 E gt

olgt #o] e} 7kA] 7|7]el &3k B4 7)EEe] HlAe
Z FHEEY] ARE-Ea 9oy HPLC-ICP-MS+= HPLCY]
Hojd £ T8 =2 2= mle w2 A HE
7HLICP-MSE HE712 ARkl QlojA 71 de ol &
H1 dok? el ICP-MSOAE argon plasma 2 AlE
EYARRE FHg £2F FE0 o3 1He] Lol
T ol mEe] E4 o] oA A97t vk F Al
8 & &3] 59 & Clo] argon plasma <ollA ArCl'
(miz=175) 8] 22 AR As'(m/z=75)2] =
AEHI HAA HEZ #4o] A= Aot o5
| A3}7] $15F cool plasma, collision-cell technology 5
o] JpEEe 4 TS FIANFoU B ¥ FLF

=]
# dynamic reaction cell(DRC) 7|&2 HA3s ¥Hg- 7]=
(Mg, AA, 4, dEYol 5HE AMEElY MHEAS
AASAY e B4 U 229 FHg5E WA A o
& AZFA A 2HE % <
HiAE = e e RE e v
BAE & A0 fele ARAMY B A5 Fo
H| Lo o] W71 E 2HA(0,)2 DRCOl FY3}
o AsO' S A, AFYX] miz=9194 =3 BEX3o=r
M OArCl'oll o3 7S Fste] w9 e s=7kA] A
FE F AUk
olo] B Ao A= HPLC-DRC-ICP-MSE ©| &3l &
2o Z7] A F As(ID9 As(V)E F FHEAsIE L
3tttk HPLCO oJgt }&h%o] £]9} DRC-ICP-MSe]| 9
g Ao et A gepv|EE Fabr] s o'
o] pHel 3 9 Al89] FUZFT vESTIAQL kAo f
Foll Bl A7tk 53 o]gA AAE EANHES A
g3t A 107) AR HellA AAFg AR F2 As(D)
¢+ As(V)9] 55 374 HESA AT
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2.1. A
Hl A EFEYHS SPEX Lertiprep(Stanmore, UK)2] 1000
mg/L As(IID$} 1,000 mg/L As(V)E TRt 5A23X
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(Elga, UK)ZHE] AL e89418 MQem)E TAE=E 3
238t 0.10, 0.5, 0.7, 1.0, 3.0, 5.0, 7.0 ¥ 9.0 pg/L ¥+
GHs ZAIt ARSI or #AE wiritt 1,000 mg/L
FEddozRE M2 2ASt] ARG

HPLCY] ©]&/~2 ammonium nitrate(99.999%)<} ammonium
phosphate monobasic(NH;HPOs, 99.9%)2 T%(Sigma-Aldrich,
Steinheim, Germany)3sle] Z}7} &g =] 10 mM
|AS ZAIsI EFsk] T o5 Jisocratic mobile phase)
o2 ARSI o] 54kl pHE ammonium hydroxide(1:1)
& AM83t 9.0~9.6°0.2 ZH3IYTE Flushing solventZ
AHe-E veh2-& HPLC-grade(Burdick & Jackson Co., Muske-
gon, MI, USA)E T3t E9FE 4 (5% viv)shd
ARSI, Als AA A AR A4 A4k Eco-
Research, Inc.,2] UP-10N(65%)3} UP-10H(30%)S Al&-3}
Aot Aol AMEE 2AV)HE 5% ZAKHNO;, Aldrich)
of 3F B¢ B U BESE AT Addx ¥
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% 22|l anion-exchange column(4.1 mm x 150
mm, Hamilton PRP-X100, 5 pm)< 7323k HPLC(Perkin-
Elmer Series 200)5 AF&-3lHth AS FolE ZHE 100%
MeOHS ©]83led 1.5 mL/min 522 2417 &9
WHE AlFstgon, 48 o nith WA o]FdE 15
mL/ming F&2F 30 min o]} EH & ARE FY3}
of EAEATE AR Folle 2 e H(salts)S A ASH]
A3 5% viv MeOHS 1.0 mL/min®] £42F 15 min ©]
d AR v Bt

o]/ &S HAEA A=k BANIES A
A&l 0.5~2.0 mL/min, AlE FYZFS 50 pLek 100 pL=
WA A AMESFTE HPLCY 321
A vrehh it

72 7] DRC-ICP-MS(PerkinElmer-SCIEX ELAN DRC
I, Canada)E AFESEI9C™, HPLCO| AAZd3sl7] o vlax
REGAS ARGt HA kel en, HPLC Zd 3} ICP-
MS nebulizer= PEEK tubing(0.25 mm i.d.)S A3l A
Attt RES7IA 2= AHAE ARt ARAA] mlz =
91(AsO’, 90.9)°4 HlA TEZ =Hslgen, Zeiint
A gl A A HAol(As) T WHEOE AsO'
(miz=91)7} A48 W] HH=AS 23] 8 A4
FUHFE 02HE 1.0 mL/mino 2 M3 A HF =
Ae AAstaat sk

EX9A] 24 (knob)S AHE-Ste] EX|9} F(cone) At
oI5 FHZ3} sty B4l AFEE of=(Ar) 71419 fr
%42 plasma gas, 15.5 L/min, auxiliary gas, 1.2 L/min,
nebulizer gas, 1.1 L/min®2 FZ3}H S, lens voltage=
8.75 V, RPq(rejection parameter Q) 0.45 N/A, RF power
£ 1,250 W, integration time- 3,000 ms, dwell time= 100
msZ ZA3sle] SASIAY. A8 =Y4A]= cyclonic spray

=
o
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chamber®} meinhardt type nebulizerE AFE-8}92.™ auto-
sampler= AS/902 Al8-3}%3t}. Table 29 ©]E DRC-ICP-

1=} (o]
S iRl

MS¢]

e 21

Table 1. Operating conditions for chromatographic system

Parameter

Setting

Isocratic mobile phase

Column temperature
Flow rate
Autosampler-
Flushing solvent
Total analysis time
Column

Sample injection volume
Detection

4 min
Anion exchange, Hamilton PRP-X100, 4.1 x

10 mM ammonium nitrate and 10 mM

ammonium phosphate(monobasic);
pH9.0~9.8

Ambient
0.5~2.0 mL/min
5% v/v MeOH

150 mm, 5 pm

50, 100 uL
Perkin-Elmer/SCIEX ELAN DRC II ICP-MS

Table 2. Conditions and parameters used for DRC-ICP-MS ope-

ration
Parameter Setting/Type
DRC-ICP-MS spectrometer ~ PerkinElmer-SCIEX ELAN DRC 11
Rf power 1,250 W
Plasma Ar gas flow 15.5 L/min
Auxiliary Ar gas flow 1.2 L/min
Nebulizer Ar gas flow 1.1 L/min

Nebulizer

Spray chamber

Interface cones

RPq

Lens voltage

Dwell time

Integration time
Analytical mass

Reaction cell gas flow(0,)

Meinhard® Type A Quartz
Quartz Cyclonic type
Platinum

0.45 N/A

875V

100 ms

3,000 ms

m/z 91(AsO")

0.0 ~1.0 mL/min
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20053 9¥RE] 20061 9€7FA 1A <t 33)(124, 4%,

sl AR B4 - BIRA AF A F 4t L9
meistel 10 AL sl AN 3079 NEE b3

SZ As(IDS}F As(V)e] &3S ZARIYYE Al8= 1 L PE

8715 A&l AFAS APAHZ R F 045 pm
membrane filterE ©]83te] ¥t & B35 TH
3. Ay 5
3.1. HPLC =3zl A7
H A& F2 GZEA ol ol S0l FHE &4
she Sole wggEA A siE] s 7R A

Al EEol Sol2 wEA] Hyo] AREHT o3
ZE Na,HPO,9} NaH,PO, 7} A} AREE 1L 9le 1} HPLC
9] Az A2 AX|(sampling interface)ol]l 9] FH& 4o
A Alade] w27 FAEHI EFFs] A7) el do
40| Au Alado] S AR 4%l ammonium
phosphate monobasicS A3t th?

o5 pHSF F#2 HlA F9 HEF AY &=
9 A1) FE E(resolution)ol] FEES w|HTh ©]5 de]
pHE UF = =W Hl& s¥E9 o3 %r) oA
AR ol wEFA et FshEo] FopA HEE
Azl Aojxitk A 58-S gt Qlilel &% pHY
7t we} o]sl=7t F7tEo] -8EH(elution power)
o] #AXA Hr}. Ronkart 572 HPLC-ICP-MSo| <J3t H]
429 FHe BAdA pH 10 W) 4353 Rel2dgs o
AL} As(V)9] &&AI7te] AolAe FAIVE Ytk 3
Atk ol £ AFollAe AR 7]7]1%7, 5 HPLC-DRC-
ICP-MS°ll Zgtgt pHE 27] flaf o]54de pHE am-
monium hydroxideE AHE-3}4] pH 9.0 ZXF 9.67}4] 0.2
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Fig. 1. Effect of pH on arsenic speciation.

(10 mM ammonium nitrate and 10 mM ammonium phosphate monobasic, 1.0 pg/L standard solution)
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o] 2¥Aoz FAsal HPLCY F435te] HlA Fof e
ol WA= G HESG o] W DRCA FYE WS

21491 Ao FHEHE 0.5 mL/mine E st o|FAto]
FE2 1.5 mL/min, A|Z= 100 pLE FJ3IATh =3 =
gml o] HlAe] o]23lE FFAF]7] $1$ flushing
solventZ 5% v/v MeOHS A3}t

E243}, Fig. 39149} Zo] pH 9.4904 =7} &=

% S5l YRS, pH 9.0 9.200X = &
T7F HlaA wa mRE AjZro] HojA 46 ©
Zrol 28F= RS & 4 AMTh TS pH 9.6914 =
o] kzh %O}Xli Al €] T?J 7} ”O}XIL o]

o 12 kI

1

o m >y

p

Hu W«l R
£-2(resolution)©ll °§%% o HEg BxAs A4
3l7] i, ol FFHS 0.5 mL/minZHE 2.0 mL/
minZ}4] 0.5 mL/min®] 7202 WHIAA AESYL. 9]
u DRCO FY& ¥H&71A9 F7 0.5 mL/min®] 2™
o]F/de] pHE 94, A& FYZFE 100 pLE 3}k ©]
3o e ZAWY HEE AIRE 24 %.E e
oA 1.5 mL/min¥ w7} 71 AA3 Aoz ¥
fF-o] olHth ©S ul= AsIIDS As(V) U1 =

NEEINEIED

s l
FropA|a, Al1d EFE sharpsht whg A=
As AT & AT =T o549 %%m] 24% o=
HEE Alte] AojA|aL, peak”} broadstAl UERE A
Aok
Alade] HH™s A7]el AEeHAe] FRle] &olgt A]
B FAES Adar] 9t As(i)e As(V)S £33
pg/l EIRFE 04‘% 50 uLe}F 100 pLE FYstd AES)
o T A BEF As(I)9 As(V)e] HIE-E A7k upe

[e=]

AN

P BelEe] WErYe AANE A2 5 Ao A
EEEREL

a3t 100 pLE AH&EITH

; Sl
7} WE ICP-MS7} Ho] ARg-Hth 1
H5 FEENE 10 mgL o] darF EA5HH, ICP-
MSE HE7|2 AHESl] Wags 4T o PAs'e 2
AFFAHNM Alado] YehtE ArClo] AA4so] gt
g A4S WeEligth ol& siEsty] fAgk WRSE cool

plasma, collision-cell technology S©] 7W&E o] o] &=
Aot gsiar Gkt EHoll= ”]Ubﬂ' Rog A

2Ath"” DRC(dynamic reaction cell) 7148 ¥H3-7) (| gk
A, Fh, dEYoL 5)E FYSt % 3} ]%t‘&%ﬁi
RS AASAY e EAEE U2 JAg5E [
AA A8 712 TF A EA ol o 2HEY 31
“d(spectral interference)s T3 £2]o] YTelA| o]FoiZ
Al ske Zlselth WHEVIAEE IRt oR gEyolrt
Bol AREEHAL flout HIA EA M E FRYolr} B4
of whgste g g apao]x] Féfo] kvt AREH AL
2HE reaction celld] =Yt Fek=vl LH—|—°U/‘1 ‘ﬁ”
H HlLo]2(AsH T HHEEte] AsO'E A4, MEE %‘atﬂ
2 mlz = 9114 ArCI'e] QTS F|ste] et
g F Aok 2y oju =9dshe kA frFo] A
Boh He Aol obd As'(miz = 75)9) Aol
A Hi B2 Afolle 11X AFslE(higher oxide)©] ’*@
dHo] miz = 91914 e] Alde] A iAo AR
Zol thate] Olesik} Jones'& 0.2 mL/min ©]/Fo]d
As'7F w2 A whgste] Aol Aoz AsO'R FFHECH
i e, Dilio Ve Y & Hlx9 XA 0.6
mL/ming HA fEFo 2 AX3F93, Reuter 'L urine
H 29 F 7 B4 025 mL/ming, 59 I
T TEEANAME 0.5 mL/ming AH8-3}
“HEQiQ]' PAAEAE, 499 v 2 v37IA
29ke] W&o whel R ER ARESle E4
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Fig. 2. AsO" with oxygen as a reaction gas.
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Fig. 3. Chromatograms of arsenic speciation with different flow rate of reaction gas(3 pg/L standard solution).

setu|E Sl A3t ke HAs dasitt

ol & ATlNE e FFE 0.1 mU/minS2HE
1.0 mL/min7}A] 0.1 mL/min®] 7FE o2 W3A]# DRCO
FYAA As0'Y HA AFERAS FAstaA FAh
HIEA E 5 95410 mM ammonium nitrate + 10 mM
ammonium phosphate)°ll F4H65%)S FHstA 4t F=&
oF 392 FH3 T 1,000 mg/l B4 FFIAOZRE X
At 0.8 pgl XTENES FHAEZ ARSI o
Fig. 25 2429 F3o] W& AsO” AAHY W3sts g
W Aotk

Z, 9ke7A)9] f2o] 0.5 mL/min¥ W AsO'7} )
2 AAENeH, ol AEIAIE 0.014 pgLE VrERSTH
HkS-714)9] f#o] 0.4 mL/min )32 HolAH AsO" Y
o] gropxlom o]AL HlAol3 4HAo whZo]
E31A] ¢9k7] WjEol, 0.6 mL/min-E]= DRCo|A H]
28} o] ATt REgSte] BS gkstE AAdEC] A4
o] AsO'e] A Fo] FasE Aoz AYzteEc)

oS Fig. 32 As(IDS As(V)E &3t 3 pg/ll &g
EZFEAS ZA3 T HPLC-DRC-ICP-MS9] TotalChrom
Z2OYe o]gste] wkEAAY fFEe] wWE As(IDS}

As(V)Y &4 AR5 TYS scaleZ overlapdt I Z0E
IS Yepd Holth 2% 48 vig g R EE
Uelf= AL & = Jddd 28y DRCo] FYs+= ut
$71419] fo] 0.5 mL/min¥ w7} ICP-MS Z&}2nd
A ARE o]Ed T HlAolo] kAot FFAHOR W
33t AsO'2 A== Aol FlEa Alde] 71 A
3 FHEtER o] frgo] B Ao ARES 771EA
dlXel A 3 o= ATEATL
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Fig. 4. Arsenic(IIl) calibration curve.

S 292 dAEE 348t 0.10, 0.5, 0.7, 1.0, 3.0,
50, 7.0 2 9.0 pg/L EFE&HS ZAS FAFsATh A

| ) WMH..n.ﬂ.l
Fig. 5. Arsenic(V) calibration curve.
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Table 3. Analytical characteristics of methods for the determi-
nation of As(IIl) and As(V) by HPLC-ICP-MS using

Table 4. Concentration of As(IIl) and As(V) in the tributary
streams to the Han River and the main stream of

oxygen Paldang (Unit : pg/L)
] AT AsY) SISl GA SG DP GC DM WM DS HN WS SN
Detection limits/pgL™, AsO* 0.10 0.08 Quqrts
Precision(RSD%)** 43% 3.6% t-As [0.79 0.91 0.72 0.47 0.94 0.97 0.97 0.64 0.88 0.87
Recovery(%)*** 95.2% [0.22, 0.50] 96.4% [0.69, 0.50] Ist|Asl)| - - - - - - - - - -

*Calculated as three times the background standard deviation and based on
the peak area corresponding to 0.5 ugL'1 As as arsenite and arsenate,
respectively. **Calculated based on the peak area corresponding to 0.7 ],tgL'1
As as arsenite and arsenate, respectively(n = 7). ***Percentage recoveries
expressed as mean from three independent analysis. Values in brackets are
the inorganic arsenic concentration of the unspiked samples and con-
centration of added species in pgL™.

AL Fig. 49 50 Uehd vke} o] As(I) 9} As(V)
thall =5 =0.998 o]Fe] -3 AFAL Yehi
o, Table 39 A9} Zo] Asinol sl A=3H, 0.10
ng/L, BE=(RSD), 4.3%, 35E, 95.2%2 YERIIL As(V)
o taide AEEA, 0.08 pg/L, FEE(RSD), 3.6%, 3
FEL 96.4%=E LFERTE

2

3.3.3. A A7) As(IIL, V) F 74 24 A3}

HIA F 1 B4 8 AHE AlEe A A glo]
A% 0.45 pm membrane filter2 J3}3F & HPLC-ICP-MS
olg3te] 919 HlA F A WHoE AT
AAZHe 4 min oW E As(I)} As(V) L ngl F
o] e FEHA A&SH B4 4 Ak B,
AsIIDE Z 3089 A7 F 589 AFdA 0.10~0.22
ng/L(BT 0.15 pg/l) MAZ HEHAeH, I 99 Al
NME AETA(<0.10 pg/ll) ©l3tE HAEEH R ke uhd,
As(V)E 3089 A8 ZFolA 044~1.19 pg/L(BT 0.86
ngh)d s WHE HAESHAW 9o dAZRY -
A AR vl s AsIDET F2 As(V)Y

)

As(V) [0.76 0.89 0.72 0.44 0.92 0.93 0.95 0.61 0.84 0.84
t-As 1,29 0.74 1.14 1.05 0.97 132 134 0.84 1.10 0.87
and|As(I)[0.10 - 022 - - 018 015 - - -

As(V) [1.02 0.69 0.92 1.02 0.94 1.10 1.19 0.81 1.03 0.86
t-As |0.85 0.85 0.97 0.79 0.99 0.91 1.12 0.81 0.91 0.52
3d |As()| - - - - - - 012 - - -

As(V) |0.80 0.84 0.97 0.77 0.91 0.88 1.00 0.79 0.88 0.52

(GA:Gyeongan, SG:Sangok, DP:Deokpung, GC:Gungchon, DM:Dosim,
WM:Wolmun, DS:Deokso, HN:Hongneung, WS:Wangsuk, SN:Seongnae)

FE = EAlste AS & F AR F HlAo] oF 93.5%
7F As(V)o] FEHIE EAste AS RISt Table 40
- A ARHE e R vA F o A2
S Ye o, Fig. 69 AF A As(V)9 H 5=
£ =AEHATH

A<

3.4

2 &

Wz F FERAS 9she] HPLC O1S40E 10 mM
ammonium nitrate®} 10 mM ammonium phosphate monobasic
33 ddo|FAS A3l M, flushing solvent®
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