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Determination of Arsenic in Water by ICP-DRC/MS

Gwan-Jo ]eongT » Dok-Chan Kim* - Hyeon Park

Waterworks Research Institute, Seoul Metropolitan Government - *Department of Chemical Engineering, University of Seoul

ABSTRACT : In this investigation, an ICP-DRC/MS method to measure arsenic with ultra-trace concentration without any interference by
the compounds such as “AFCI™ and “Ca®CI", which disturb the precise measurement of arsenic was described. Thus, the oxygen was intro-
duced into the dynamic reaction cell as reaction gas and reacted with arsenic ion created in plasma gas, AsO" was formed and detected
with m/z of 91 by ICP-MS. It resulted in better detection limit than the old method with m/z of 75(As’). The optimum condition for
oxygen supply as the reaction gas was 0.5 mL/min. The analytical features of the method arc as follows: detection limit of 0.02 pg/L,
precision(RSD) of 3.4%, and recovery of 96%.

Arsenic in the water samples from the tributary streams to the Han River and the main stream of Paldang were analyzed with this method
to identify the characteristics in its distribution. The concentration of As ranged from 0.53 to 1.26 ug/L. We could measure As with very
low concentration, less than 1.0 pg/l, with excellent reproducibility. The method developed is expected to be applied to analyze As of the
samples from sea water, food, and domestic and industrial waste water which have high concentration of Cl and/or Ca.
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ICP-MS 717127 A3 A] H)4o) 3l miz=91(AsO", 90.9165)
& Adagoen, EX(torch) 94 23 H(knob)S AM&3sl
EX 9 Z(cone) Aol E A3 Sk v]A A AH&E
o2 Z(Ar) 71419 $4L plasma gas 15.5 L/min, auxiliary
gas 1.2 L/min, nebulizer gas 1.1 L/minZ 3}H 2™, lens
voltage:= 8.75 V, RPq(reaction parameter Q)= 045 NAE =%

ICP-DRC/MSE o) &3 559 Hl& &5 621

Asled ArLEaT AR EYFA = cyclonic spray chamber
(Glass Expansion, Inc., Australia)9} meinhard type nebulizer
= Apgstg o, autosamplers PerkinElmer AS/90& A&
st
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gre 7)Aol 4409 FYEFE 0.0~1.0 mL/minS 2 ¥}
NA AF wezxAL 4P sk B wEIIEE
drYols A& Wl vn AEE 3 drRUot FUF
£ 0.1~1.0 mL/mine 2 WIAA BRAZHE BASIT

Table 1¢] ¥]& BA L 93 ICP-MS(PerkinElmer-SCIEX
ELAN DRC 1, Canada)?] EXx1& JYehiith
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B4 AE/F Dedith A vk R FREYE 2A
317] $)8] BOD(biochemical oxygen demand), COD(chemical
oxygen demand), TOC(total organic carbon), Z¢(Ca) 2 A
ACH9 e #2949 528 5%k BODE win-
kler azide modification method, CODE= KMnO; method, TOC
= standard method 5310C¢] EAWACZ sievers 820 TOC
analyzer(USA)E o] -&3le] BA3lgich =& A8 T Z%(Ca)
=5 = inductively coupled plasma atomic emission spectro-
meter(ICP-AES, Jobin Yvon, Ultima, France)E A &Ete] =
A9, dACD) 5= ICP-MS(PerkinElmer-SCIEX ELAN
DRC 11, Canada)E A}t 43
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BAo] AHEE BE A BAF EE I o3-S A
saom, 22717E 10% 2 2HHNOs, Aldrich, USA)o] 24
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MQ.cm o242 33 o4 P AESIATH A8 WA
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Table 1. Conditions and parameters used for ICP-MS operation
PerkinElmer-SCIEX ELAN DRC 11

ICP-MS spectrometer

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 Concentric type

Spray chamber Cyclonic type

Interface cones Platinum

RPq 0.45 N/A

Lens voltage 875V

Dwell time 100 ms
Integration time 3,000 ms
Analytical mass miz 91(AsO")
Reaction cell gas flow 0.5 mL/min, O,
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Hl& EFEAY) ZAE ABSE 1,000 mg/L(Spex, USA)
EE YA (stock solution) & A2-5te] ZA| st ).

>
HU

2]
M
0l

B2

W e

&

e}

=
Ll
fr

€ 92(CHY ZH(Ca)o] AAR o)
Ao 0.05, 0.1, 02, 0.5, 1.0 D 2.0 pg/l =&
Atk BEEERS o) B4 A] 1,000 mgl =Y
FE A3t ALgstgch

ANEE 2 - 22 BF 8 104 AR A3
B, AEE A g FaE $R5I AR
o EYHol dFY & - FrEHdo] FeHEs B4
IR HlA B A 2 HAEAQ ACT 349 9
= B8k AAE Agder f71E B2 95 g4
Frbst A8

AFHE AEE AA2) L 100 mL Teflon €710 30 mLS
Fota A4H65%) 2.7 mLet H2H30%) 0.9 mLE 2+t 7}
3t} A A7 ¥ microwave digester(Milestone Ethos T.C.,
Italy)E o]&3ted] A& F9 gdo] gAs Ea=lo] 249
ARG &ho] & w7A] Az gk

[om|o-_gl='>
=
1ot

£ & o
fr

A

_,d
o ¥Q ME
4 lo 1

o,

[ = eIl
2 4

o

3. Z1t W T3

31, HEI[HM(0)2l =Xz}

Fezrt WA AHE H)2o]&(As)T DRC F91d
HEAAQ ae ged 2ol PAs0'E AN miz=
IlelA the AHAERY FF glo] A A2E 5

o B A (Dol ZF=utolA AAH 20 &(As)T Ut
S71AR 42099 B8-S vEhpY

As"+ 0, = AsO" + O )

Hlao) 27} AhAoke] Whgol 9@ AsO' HA AAHZAL
8571 A8 3 pgl ¥k EEE&AL ZA st wertA
A A&EE 00~1.0 mL/min® 2 F9late] AsO'e] AAFS
TR thE Fig. 12 w3749 Fqldko] w2 AsO”
9 34WsE vebd Aol

20000}

Puise intensity

10000

¢ w92 03 w4 05 o5 O a8 03 1
cetomp
1 food ] b ! Lo
i I OO DUU SO N i
o i ! H H H H : L i
1] a4 02 03 04 05 0B 07 K] 08 1

Cell Gas B
Fig. 1. AsO" with oxygen injected as the reaction gas.
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Fig. 2. As" with NH; injected as the reaction gas.
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Fig. 3. Arsenic(AsO") calibration curve.

Table 2. Analytical characteristics of methods for the deter-
mination of arsenic by ICP-DRC/MS using oxygen

ICP-DRC/MSE 0|88 5% ua = 623

NAMYANGIU

Fig. 4. Sampling points in the Han River.
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AAH30%) 0.9 mLE 7}3te] UHAIZ] £ microwave digester
g ol&sto AR F9] gAo] 4As] R 74 AR
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X435, Table 37 o] HlA& FE& 053~1.26 pg/l
w2 AW, HodTt EFEAHNA 1.26, 1.18 pg/l
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Table 3. Concentration of As in the tributary streams to the
Han River and the main stream of Paldang

Concentration pgL’

Sampli oint:
ampiing pouns Arsenic(meants ; n = 3)

Gyeongan 0.85+0.01
Detection limits/pgl”, AsO® 0.02 Sangok 1.01+0.01
Precision(RSD%)" 3.4% Deokpung 0.81=0.01
Gungchon 0.53+0.01
Recovery(%)° 96% [0.81, 0.10

ecovery (%) o [081, 0.10] Dosim 1.15£0.01
1.18+0.02
*Calculated as three times the background standard deviation (based on the V];olrlr(lun 126£0.01

counts corresponding to 0.1 ng'l). ®Calculated based on the counts corres- coKso . '
ponding to 0.1 pgL*(n=7). “Percentage recovery expressed as the mean from Hongneung 0.79+0.02
three independent analysis. Values in the bracket are the arsenic concentration Wangsuk 0.99=0.01
of the unspiked sample-and that of arsenic added in pgL™. Seongnae 0.91£0.02

ot g 3 otel x| 287 62, 20061 6
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Table 4. Physico-chemical parameters of the tributary streams
to the Han River and the main stream of Paldang

Concentration mglL”

Sampling points

BOD CcOD TOC Ca

Gyeongan 7.5 5.7 5.6 385
Sangok 3.5 3.8 5.3 56.1
Deokpung 7.5 8.0 4.4 41.2
Gungchon 7.1 5.7 3.0 245
Dosim 144 11.0 6.1 28.4
Wolmun 4.4 6.1 3.6 292
Deokso 19.2 9.5 52 43.0
Hongneung 7.5 8.8 5.0 46.4
Wangsuk 14.7 13.7 7.5 314
Seongnae 4.8 6.1 3.8 20.6

EG Hlk $ESY JABAE A7) 6 3@ BOD
= 3.5~192 mg/L, COD+= 5.7~13.7 mg/L, TOCx 3.0~7.5
mg/Le] AHZ ey BODS 3% HAHeA 192 mgll
27 ¥ BEE UEon, CODS TOCE 2430l
A A7 137 mgll, 7.5 mglLE 7HE 12 BER AEHA
oh EF M B4 A 3o e ACIS CaCl'y) A
TEAL ZF FEE 206~561 mgl2 dehton, &
FEE AR AA AHEE 999 9¥or B4 AR
BEA 7,000 mgl o] £ FEZ UENRTh Table
49 $AQA £9EAE deph e

Table 5 @ Fig. 5, 67 Zo] HlA B9} $AQR 99
BBEAE 2/ AT, K9 FRRAE AY gl A
22 vehdth 53] Hla B4 A o DHEAA ACT 9
CaCl'e] 783 2¥H dat £ FE2 Ueged
WAE ASOT(mz=9)=2 £ A oJid Y T 9ol

Table 5. Correlation coefficients and nature of correlation for
Arsenic(AsQ") measurements with different physico-
chemical parameters in raw water samples

hysico-chemical . . Nat f
Pliysieo-chemica Correlation coefficient ature 0
parameters correlation
BOD 0.20 Weak positive
COoD 0.16 Weak positive
TOC 0.14 Weak positive
Ca 0.01 No correlation
Cl 0.00 No correlation
1.4
1.2 * . ¢
—_ 1 /
S .
g o8 3
I ¥ =0.010x + 0,761
Q oe . R? = 0.2064
< 04
0.2
o
0 5 10 15 20 25
BOD(mg/L)

Fig. 5. Arsenic(AsQO") concentration vs. biochemical oxygen
demand(BOD) content in the water samples.

J. of KSEE / Vol. 28, No. 6, June, 2006

1.4
>
1.2 *
—_ 1 . —
= >-— N
g o8 * o
& 06
2 - 4 y =0.0027 + 0.852
0.4 R =0.0182
0.2
0
0 10 20 30 40 50 80
Calmg/L)
Fig. 6. Arsenic(AsO") concentration vs. Ca content in the water
samples.
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