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Determination of iNorganic Arsenic Species in Natural Water using
Solid Phase Extraction Cartridge and Inductively Coupled
Plasma Mass Spectrometry
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Solid phase extraction (SPE) cartridge was used for speciation analysis of inorganic arsenic, ars@nite (As
and arsenate (A5 in water. We have used anion exchange SPE cartridge as low pressure chromatographic
column for separation and inductively coupled plasma mass spectrometry (ICP-MS) for detection of arsenic.
The composition, concentration, pH of eluting buffers, and the effect of flow rate were systematically inves-
tigated. The accuracy of the method was determined by analysis of river water reference materiad)(SLRS
and recovery studies on spiked natural water samples. The method detection limits (MDLs), calculated from
3.140,_, of seven replicate injections, for the arsenic species were 23.5 PgfanlAs®™ and 63.9 pg mL*
for As®* with an injection volume of 500(L. The recovery rates of spiked natural water samples range from
90 to 112%. The method showed good agreement with the certified value and with result obtained SPE
hydride generatiofinductively coupled plasma mass spectrometric detection. The method is suitable for rou-
tine determination of trace levels of arsenic in water to comply with more stringent environmental regulations.
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Table 1. Operating condition for SPE-ICP-MS

2.1 Al

Ao AMgd BE E2 18 MQolde 25 &
(Millipore, USAYS ARE-3IAT} F-7] H|4 S(arsenite®}
arsenate)£9] X FTEH-2 arsenic trioxide (As,0,)
(Fluka, Switzerland)®} arsenic ICP standard solution
(H;AsO,4, 1000 mg/L As)Merck, Ger'mamy)g &0
HolAY gMate] 7zt FEH|EIgTh TS A AL
2x aajae 10,17,18,21,24,27,28), carbonate®
A8k

phosphate
s} acetate®?V pufferS 7}z Al25ld Hw
Atk zZF bufferE2 AR E A

dihydrogen phosphate(Aldrich, USA), ammonium

ammonium

hydrogen carbonate(Fluka, Switzerland)?} ammonium
acetate(Sigma, USA)S Alg-at zhz} 5 mM3} 20
mMe] =5 E vHEo] Hlw Bt} buffere] pH
= 25% solution(Merck Suprapur,
Germany)e|t} HNO, Merck Suprapur, Germany)E
Agaie] AT, FaBE YAAE 915 LS
H A& sodium borohydride(Merck, Germany),
NaOHMerck Suprapur; Germany)$} HNO;(Merck
Suprapur, Germany)s ARE-5l$itl. SPE 7HEZA] 2]
g43l= 50% methanol(Merck, Germany)S AH8-5)

ammonium

ICP-MS Parameter

RF Power 1300W

Ar plasma gas 15 L/min

Ar auxiliary gas 1.2 L/min

Ar carrier gas 0.94 L/min

Nebulizer Meinhard glass concentric
Spray chamber Cyclonic

MS dwell time 75 ms

Acquired masses m/z 35, 75

LC parameters

Column

Mobile phase

Flow rate of eluent

Sample injection volume
Hydride generation parameters
NaBH, concentration

0.5 mL

Sep-pak Anion exchange(QMA) SPE cartridge
5, 20mM phosphate, acetate, bicarbonate buffer
1-4 mL/min

1% in 0.1IM NaOH

NaBH, flow rate 1.0 mL/min
HNO; concentration 1M
HNO, flow rate 1.0 mL/min
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gk B Aol Ay BEAHS $3% CRM(Certified
Reference Material) NRCC®ational Research
Council Canada)®] SLRS-4(River Water Reference

Material)2- AF&-8}T).

2.2 77|
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gt sty fEAY SThEnt dY 247
(Elan6100, Perkin Elmer, USA)E A=ssth. SPE
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1.2 cmol2, F= 27] 300A8} YA=7] 37-55 pm
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04 443 217132 o] 24 E 20 mL & B3 A

5 AREERATE AR Tl AR 9171 500(L
9] sample loopE AT A Y& six port sample
injection valve (Reodyne, USAYS A&-3l9t). A Y-E-
Efol= A% P (Gilson, Minipuls 3)5 A&3 &
w2 Al ARt SPE 7HERIAE F3feh A
E—E‘ concentric nebulizer?} cyclonic spray chambere]]

BEEA T ICP-MS HA&7]& ©]831 transient signal
= 7&50}.1_ Turbochrom workstation software(version
6.1.2)(Perkin Elmer, USAYE AMg-6le] 1]=2] WA S
St & 7F d5Ede] v Mo E e AAAS
olgale] Aslaldct. 71719 B ZAL Tuble 1 3
2t FaslE APAE ARSS PN E 55 5
Y flow injection)8- O = AME-E|T gas-liquid separator
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Fig. 1. The chromatographic separation of As(IIl) and
As(V) using an anion exchange SPE cartridge and
ICP-MS detector. 20 mM phosphate buffers with
pH of 9.5(4), 8.2(B), 7.0(C), 6.5(D), and 6.0(E)
were used as eluents. The concentrations of
arsenite and arsenate were 10 ng/mL and the flow
rate of the eluent was 2 mL/min.
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Fig. 2. The chromatographic separation of As(IIl) and
As(V) using an anion exchange SPE cartridge and
ICP-MS detector. 20 mM acetate buffers with pH
of 7.0(A) and 6.0(B) were used as eluents. The
concentrations of arsenite and arsenate were 10
ng/mL and the flow rate of eluent was 2 mL/min.
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Fig. 3. Chromatograms of inorganic arsenicals obtained on
an anion exchange SPE cartridge with 20 mM
bicarbonate as eluent at pH 9.5(A), 8.2(B), 7.0(C),
6.5(D), 6.0(E), and 4.8(F). ICP-MS was used for
detection. The concentrations of arsenite and
arsenate were 10 ng/mL and flow rate of the eluent
was 2 mL/min.
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Fig. 4. Chromatograms of two arsenicals obtained on an
anion exchange SPE cartridge with three buffer
solutions. Acetate (A), phosphate (B) and bicarbonate
buffer(C) were used as eluent (5 mM). ICP-MS was
used for detection and the concentrations of
arsenicals were 10 ng/mL. pH of each buffer solution
was 6.0(A), 7.0(B) and 9.4(C).
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Fig. 5. Chromatograms of As(IIl) and As(V) from anion
exchange SPE cartridge at flow rate 1 — 4mL/min.
A 20 mM phosphate buffer(pH7.0) was used as the
eluent at flow rate of 1 mL/min(A), 2 mL/min(B), 3
mL/min(C), and 4 mL/min(D). ICP-MS detector
was used for detection of mixture of containing 10
ng/mL of As(lll) and As(V), respectively.
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Table 2. Method detection limits(MDL) and recoveries
calculated according to U.S. EPA guidelines.

ASS+ ASS+
MDL(pg/mL)* 23.5 63.9

*Seven replicates, DI water fortified with 0.2 ng/mL of
each arsenic species
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Fig. 6. Arsenic speciation analyses of standards (A) and
certified reference material (B) by SPE-HG-ICP-
MS. The concentration of standards was 0.2, 1, 2,
5 and 10 mg/mL. CRM is river water reference
material (SLRS-4) of NRCC.

Woa= AS9l AsPte] Tyl Z47h 0.159) 0.44
ng/mL 75 2$l¥ SPE-HG-ICP-MS2] WphHom 3
A8t A= 0163 046 ngmL ¢ 35 Huh
I} SLRS-45 NRCCoA A& 2AFHA] AHacid)rS

Table 3. The concentration of arsenic species in water samples(ng/mL)

Sarn SPE-ICP-MS* SPE-HG-ICP-MS* ICP-MS*
ample
P As®t As®* As®t As®* Total?
SLRS-42 0.15 = 0.01 0.44 + 0.02 0.16 £ 0.02  0.46 = 0.01 0.60 £ 0.04
Tap water 0.19 £ 0.04 nd - - 0.17 £ 0.02
Ground water® nd nd - - 0.04 £ 0.04
Drinking water® nd 0.44 £ 0.01 - - 038 + 0.01

* mean  uncertainty, 95% confidence interval, four replicate determinations
NRCC CRM, river water, certified value; 0.68 £ 0.06 ng/mL

"From Kangwon, Korea

‘From Cheju island, Korea

dDetermined by ICP-MS for total arsenic
nd: not detectable

- : not determined
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Table 4. Recovery of arsenic species spiked into water samples(ng/mL)

Determined amount Recovery(%) "

Sample® Total
ASS+ A55+ ASS+ A55+

Tap water 1.97 £ 0.08 1.98 £ 0.17 90 99 4,02

Ground water 2.20 £ 0.19 1.87 £ 0.04 110 94 4.01

Drinking water 2.24 £ 0.07 233 £ 0.15 112 95 4.72

aSamples spiked with 2 ng/mL of each arsenic species
"Determined by ICP-MS

10000 ~ 4 7.50x10°

3+, cr

As 1 —_

A A 8

— 8000 R { 600x10° £

[ L 3

L P 5

T °

%‘ 6000 1 [ 145010° §
o o : H

5] ‘6

E 2

o 3.00x10° 'g

= D

© -

T £

e 150x10° 3

B

)

(7]

14

0.00

Retention time (sec)

9000 - 4 5x10°

Relative intensity (cps)

Relative Intensity of chloride (cps)

Retention time (sec)

Fig. 7. SPE-ICP-MS analyses of water samples for
arsenic species with 20 mM phosphate buffer.
Ground water(A); drinking water(B); solid line(raw
water sample), dash line(sample spiked 2 mg/mL
of each arsenic species) and dot line(chloride).
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