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Abstract

The performance of capillary electrophoresis-ultraviolet detector (CE-UV), hydride generation-atomic absorption spectrometry (HG-AAS) and
liquid chromatography-inductively coupled plasma mass spectrometry (LC-ICP-MS) have been compared for the speciation of arsenic (As) ir
groundwater samples. Two inorganic As species, arsenité)(Assenate (A and one organo species dimethyl arsenic acid (DMA) were mainly
considered for this study as these are known to be predominant in water. Under optimal analytical conditions, limits of detection (LD) ranging from
0.10 (Ad", AsT) to 0.19 (DMA) ug/l for HG-AAS, 100 (Ad', DMA) to 500 (As’) wg/l for CE-UV and 0.1 (DMA, MMA) to 0.2 (A¥', As¥)
rg/l for LC-ICP-MS, allowed the determination of the above three species present in these samples. Results obtained by all the three methods a
well correlated (7= 0.996*** for total As) with the precision of <5% R.S.D. except CE-UV. The effect of interfering ions (e?y, Fe€*, SO,>~
and CI') commonly found in ground water on separation and estimation of As species were studied and corrected for. Spike recovery was teste
and found to be 80-110% at Qu§/l As standard except CE-UV where only 50% of the analyte was recovered. Comparison of these results shows
that LC-ICP-MS is the best choice for routine analysis of As species in ground water samples.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction techniques either separately or in combination are subject to
significant errors due to interference arising from the presence
The toxic and carcinogenic properties of inorganic andof other chemicals, especially when the analyte is present at
organo arsenic (As) species make their speciation in naturatace levels. Hydride generation (HG), liquid chromatography
water vitally importan{1]. Hydride generation-atomic absorp- (LC), gas chromatography (GC) and capillary electrophoresis
tion spectrometry (HG-AAS) and liquid chromatography- (CE) are commonly being utilized for the separation of As
inductively coupled plasma mass spectrometry (LC-ICP-MSkpecies.
are currently being used for the estimation and speciation of As. The advantage of HG method is thatit can easily be connected
Ideally methods commonly used for routine analyses would béo various detection systems [AAS, electrothermal (ET)-AAS,
rapid, reliable, cheap and easy to y&k Given that the tox- ICP-atomic emission spectrometry (AES), atomic fluorescence
icity of As varies with species, speciation and quantificationspectrometry (AFS), and ICP-MS]. This improves the detection
of As is critical in assessing overall risk when regulations forlimits up to 100-fold over the commonly used liquid sample
individual as species will emerge. However, due to the differentebulization procesg]. It can eliminate spectral and chemi-
chemical and physical properties of As compounds, a reliableal interferences encountered in the detection system as only
separation of the various species within one single run has begyaseous hydrides are introduced into the detector. However,
difficult. For this reason, a combination of various separatiorsome drawbacks have been repofgdor this method, includ-
and detection procedures is commonly being employed. Theseg: (i) that the method is limited to the materials that form
volatile arsines; (ii) reaction conditions have to be strictly con-
trolled; (iii) the presence of certain interfering elements can
* Corresponding author. Tel.: +61 8 8302 5060; fax: +61 8 83023057,  reduce the efficiency of HG; (iv) method is laborious; and (v)
E-mail address: kazi.akter@unisa.edu.au (K. Farzana Akter). single element detection technique.
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CE offers high separation efficiency and rapid analysis. Iffable 1 N N _
requires only nano-litres of samples and the running costs afgrerating conditions of the HG-AAS system (standard conditions as given by

very low. Currently the majority of CE separations of As havemanufacturen
been limited to pure standard solution or simple matrices due ttmstrument mode Absorbance
its poor sgnsitivity and matrix interferen&t?]. However, sam-  cgjibration mode Concentration
ple stacking or on-column pre-concentration method has beeweasurement mode Integration
introduced to increase the detection sensitivity and has beeiit width (nm) 1.0
employed for As speciatiof7]. Slit h?'ght A N%;ma'

The combination of LC with an element selective detector:\li\lla"e ength (nm) 193.7

. . L .Flame Air—acetylene
ICP-MS is the most popular technlqut_a for As speciation in enVisampie introduction Auto
ronmental samplef8]. Among the various LC techniques, ion Delay time (s) 40
exchange chromatography (IEC), ion interaction chromatograFime constant 0.05
phy (1IC) has frequently been used. In IEC amobile phase is use'tﬂeaf“remem time (s) 32
to transport the sample (and analyte) into the column where indEelo lcates .
. . . . ackground correction On

V|duql compoundls (species) compete with oppositely chargegample fiow rate (mi/min) 7
functional-group ions on the stationary phase and the separ&aBH, flow rate (ml/min) 1
tion of analyte ions takes place by displacing mobile-phase ion$iCl flow rate (ml/min) 1

This IEC separation was often used in conjunction with ICP-MS

detector owing to its multi-elemental capabilities, low detection ) . ) ) .
levels (sub-nanogram) and greater linear range. 1 ml/min, respectively. Gaseous arsenic hydride generation was

Following a review of the various speciation methods, threg®Ptained by the continuous pumping of sample solution, acid
methods that are commonly used for the speciation of As weréO"J'f_'On and redycmg agent (NaB)_—ithrough a reaction coil
selected for a comparative study of their applicability and limita-2nd into a gas-liquid separator. NitrogempJvas used as a
tion to ground water samples of Bangladesh. There is no report SGUTier gas to transport the As-hydride to a heated quartz cell
far comparing these three instrumental techniques for As specij2cated in the optical path of an arsenic hollow-cathode lamp.
tion. In this study we compare these three contrasting speciatioh'€ resulting absorption is proportional to the concentration of
techniques for the speciation of As in ground water sample€ Sample. Samples were analyzed at a rate of Qiking a
with a view to recommending a rapid and reliable technique ©BC FS3000 auto sampler (GBC Scientific, Melbourne, Aus-

Despite of the lack of certified reference materials for the toxidralia)-
As species [AY, As], it is also of particular interest to com-
pare As speciation determined by different methods on the san%2.2. CE-UV

samples to establish their validity. CE experiments were preformed using Quanta 4000 (Waters,
Milford, USA). The system was controlled by Millennium

2. Experimental (Waters, Milford, USA) software. Separation was carried out
on fused-silica capillaries of 50m i.d. and 50 cm total length

2.1. Sample collection and preparation (42 cm effective length). The UV detector was set at 185 nm for

direct UV detection and the voltage was applied at a positive
Test samples were collected from tube-well of highly con-polarity (+20kV) for counter-EOF and at a negative polarity
taminated areas in Bangladesh. The samples were filtered with-20kV) for co-EOF. The temperature was varied between
0.45pm syringe filter in the field and stored at@ for analy- 28 and 30C, and the applied voltage was constant at +20 or
sis. No preservation was used as acid can change mobile phas@0 kV.
pH and column condition. Samples were directly used for CE
and LC-ICP-MS but.-cysteine, potassium iodide (KI), ureaand 2.2.3. LC-ICP-MS

acid were used for HG-AAS. A simple isocratic separation using an Agilent 1100 LC (Agi-
lent Technologies, Germany) equipped with LC pump, autosam-

2.2. Instrumentation pler and a thermostatic column compartment was used in this
study. The chromatographic stationary phase used in this work

2.2.1. HG-AAS was an anion exchange column at 150 mmh.6 mm i.d. and

A vapour generation accessory (VGA-77, Varian, Australia2 mM/0.2 mM phosphate buffer/EDTA eluent (pH 6.0) was used
Pty Ltd., Melbourne, Australia) connected to an atomic absorpto detect all four toxic species in less than 10 min. One Guard
tion spectrometer (GBC 906AA, GBC scientific, Melbourne, column at 10 mnx 4.6 mmi.d. was also used to protect the main
Australia) was used in this study. Arsenic hollow-cathode lamgolumn. All of these column and mobile phase used in this work
was used as the radiation source. A deuterium background coras marketed by Agilent technology. LC was connected with
rector was also used in the determination of As and operatedlgilent 7500c ICP-MS (Agilent Technologies, Tokyo, Japan)
according to manufacturer’s instructions; instruments parameas an element selective detector and sample introduction was
ters used are summarizedliable 1. In this system, the solutions performed by Babington type nebulizer. The optimum operating
of sample, acid and reductant are pumped at the rate of 7, lamtndition for LC-ICP-MS is detailed ifiable 2. Data acquisition
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Table 2

Optimum working parameter for LC-ICP-MS (standard conditions as given by manufacturer)

LC parameter LC setting ICP-MS parameter ICP-MS settings

Mobile phase flow rate 1 ml/min Plasma RF power 1500w

Injection volume 50l with autosampler Sampling depth 7.5-8mm

Run time 12 min Carrier gas flow 1.141/min

Column temperature Ambient Spray chamber temperature 2°C

Oxide levels (CeO+/Ce+) 1.33% Interface Nickel sample and skimmer cones

Double charged (Ba++/Ba+) 2.09% Data acquisition mode Time resolve analysis (TRA)
Acquisition mass 75(As), 35(Cf), 57(Fe)
Integration time 0.3sfor As, 0.1s for ClI

was automated by use of the remote start option in the ICP-M8laBH,4, which was varied from 0.1 to 3M and DMA signal
software. When the LC autosampler injected a sample, a signatached steady state at around 1.5 M HCI (Fig. 1). In all our sub-
was sent to the ICP-MS computer via an APG cable to begin theequent experiments 1.5 M HCI was used for estimating DMA.

ICP-MS data run. DMA absorption was studied by using various concentration
of L-cysteine. This study showed thatysteine had very limited
2.3. Reagents effect on DMA absorption signal. Therefore, 2%ysteine was

used as an optimum concentration. Sincé' As quite common

All reagents obtained from Sigma and Aldrich (Sydney,inwater samples, we investigated itsinterference on DMA signal
Australia) was of analytical grade and were used without furin the presence of 2¥%cysteine. Our investigations showed that
ther purification. Standard solutions were prepared daily frongoncentration of 500.g/l As'! interfered with DMA absorbance
1000 mg/! stock solutions by dilution with Milli-Q water. The at around 8%. Therefore, sample containing 0 As'' can
standard for A4 as NaAsQ, As¥ as NaHAsO,-7H,O, DMA be easily used for DMA speciation without Asnterference if
as (CH;)2AsO(OH) were obtained from Sigma (Australia); We use a correction factor. Indeed this high level of'As rare
MMA as CHsAsN&O3-6H20 was obtained from Chem Service in environmental samples.
(West Chester, PA, USA). Electrolytes required for CZE were Calibration curve for DMA was obtained by plotting concen-
prepared by dissolution of an appropriate amount of Ne®},  tration versus absorbance of the test solute under the optimum
in Milli-Q water. The mobile phase of LC-ICP-MS was pre- conditions using.-cysteine. The curve was linear in the concen-
pared from NaHPQ, and EDTA in which pH was adjusted to tration range of 0.19-4fg/l with correlation coefficient &
6.0 by using 1 M NaOH. All electrolytes were filtered through 0.999. The detection limit was 0.1@/| and calculated by the
Millipore 0.45um membrane filters and degassed before use. following equation:

[St]
. . DL=3xS.D.b
2.4. Analytical techniques X X [Abs(St)— Abs(blank)]
2.4.1. As speciation by HG-AAS where S.D.b is standard deviation of the replicated blank

The HG-AAS technique is based on the atomic absorptiort”? = 60), Stthe highest standard concentration(g0), Abs(St)
measurement of As generated by thermal decomposition df®¢ mean of highest standard concentratiors 20), and
As' hydride. It is a single element specific technique with theAPS(blank) the mean of blank.
advantage of being relatively inexpensive in terms of equipment.
HG-AAS has been successfully used for the determination of As
in water, urine and plant samplgs-11].

Speciation of arsenic (A5, As¥) was carried out in two 0.8
stages, estimation of total As (AsT) followed by 'As As
was determined by subtraction (As AsT—As""). A well-
developed procedure was followed for the determination of total
inorganic As where Kl (10%) was used for the reduction of As
to As!" and hydride was generated in 6N HCl in the presence of
0.6% NaBH, stabilized by 0.5% NaOH. For A5 hydride was
generated at pH 4—-4.5 using an oxalate buffer. Detection limits
was 0.1ug/l for As'" and AsT following the same procedure
described elsewhef&2]. 0 ‘ T T T T !

For the determination of DMA, a published method was B G 1 1k 2 eh 4
modified to satisfy the particular sample requiremgig]. Cong. of HCI (M)

HCI concentration was optimized with respect to arsine sigig. 1. Effect of HCI concentration on the absorption signal of DMA i4l)
nal (absorbance) for 409/ of DMA at 4% 1.-cystine and 0.6%  when using 4%.-cysteine and 0.6% NaBHm/v).

1 A

0.6

04

absorbance of DMA

0.2 4
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Table 3

Analytical performance of HG-AAS method

Species Linear regression equatiorvéac) Linear range (ng/l) Correlation coefficienfjr Detection limit (wg/l) % R.S.D.
AsT Y=-0.0004%£ +0.0429x+ 0.0113 0-50 0.999 0.1 <5
Agl! Y=0.0143x+0.0139 0-100 0.999 0.1 <5

DMA Y=0.0227x+0.0038 0-40 0.999 0.19 <2

a vs.c means absorption vs. concentration.

The quantification limit was calculated using the following with both counter and co-electroosmotic (EOF) modes. In the
equation: co-EOF mode, cationic surfactants such as tetradecyltrimethy-
OL = 10x DL lammonium bromide (TTAB) and cetyltrimethylammonium

bromide (CTAB) were added to the electrolyte to modify the
where DL is the detection limit. EOF. The concentration of such surfactants in the electrolyte

The above procedure were followed for the detection andffects the EOF, and in turn also influences the sample stacking
quantification limit of AsT and A¥. The analytical perfor- efficiency. Other parameters such as electrolyte pH, run voltage,
mances of HG-AAS method for speciation of'AsAs¥ and  and injection modes and time were also varied in order to

DMA are given inTable 3. establish optimum analytical conditions. The best separation
of the selected As species was achieved using 0.35 mM TTAB,
2.4.2. As speciation by CE-UV a buffer pH of 9, and a run voltage of 20kV (Fig. 2). Field

CE is a new and attractive technigue for the speciation of Asamplified sample injection (FASI) with 10kV for 10s had
Despite its application difficulties, few researchers were able telecided advantages over large volume sample stacking (LVSS)
apply the technique to natural waters, soil water extfdets16]  because of short analysis time and sharp separation.
and chicken feed sampl¢t7] for As speciation. Using these Calibration curves, obtained by plotting peak area versus
published techniques, a CE method was developed to improvencentration of the test solutes under the preferred conditions
the detection limits of CE for the speciation of As {AsAs¥ and  described above, found linear relationship with correlation coef-
DMA) in ground water using sample stacking techniques. Sepdicient greater than 0.99. The reproducibility of migration time
ration of As species were achieved using an electrolyte solutioand peak area were less than 2% and 9%, respectively. The ana-
containing 10 mM phosphate buffer and UV detection at 185 nniytical performances are given ifable 4.

Fig. 2. Electropherogram of the three target As species (2 mg/l As mix) separated in the co-EOF mode. Conditions: fused silica caypilladyx 5D cm (effective
length, 42 cm); 10 mM phosphate buffer, pH 9; 0.35 mM TTAB, temperatuf&28-20 kV applied voltage; El (—10kV, 10s).
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Table 4
Analytical method performances of co-CZE with direct UV detection for arsenic species
Species Linear regression S.EP (slope) Linear range Correlation Detection limif Reproducibility (R.S.D.) (9

equatiof (A vs.c) (mg/l) coefficient (mg/l) .

Migration time Peak area

As(V) A=3925¢ 51 0.5-4 0.9984 0.5 0.4 8.8
DMA A=13334c 171 0.1-4 0.9985 0.1 0.8 7.7
As(llN) A=28221c 376 0.1-4 0.9984 0.1 1.7 8.0

a A, peak area (arbitrary units); concentration (mg/l).
b Mean standard error.

¢ SIN=3.
d For 0.5 mgl/l.
1200 As" A poses (integration time 0.5 s) and data were calculated by using
normal Excel software. The analytical performance of the LC-
ICP-MS method is shown ifiable 5.
5000 MMA . .
v 3. Result and discussion
As
Counts
3.1. Composition of ground water
400
The ground water pH is predominantly near neutral (pH
U 6.8—7.05). The composition of groundwater varied considerably
W ot b o] among the samples examined. The concentration of aluminium
0 100 200 300 400 500 600 700 800 900 (A|) and sulfur (S) is higher in samples which are extracted with
Time (sec) disposable cartridge for Aswhile filtered and acidified samples
Fig. 3. Chromatogram showing separation of standard solutiop.gfidf each showed lower S and Al values. These might be due to the release
species A4 DMA, MMA, As". of soluble Al and S from the cartridges. However, the concen-

tration of iron, calcium and magnesium is high in all samples

(Table 6). Presence of high concentrations of manganese (Mn)

in these samples is likely to have enhanced' Asxidation in
2.4.3. As speciation by LC-ICP-MS the samples during transport and storagd!' As oxidized by

Numerous investigators have successfully used LC-ICP-M$n0, followed by the adsorption of the Xsreaction product
for the speciation of As in drinking water, river water, sea wateron the MnQ solid phasd21] (Eq. (1)):

tissue extractsincluding oyster tissue and sea weeds containing a
wider range of specigd8]. LC-ICP-MS is a reliable technique  MnOg(s)+ 2H" +As0z®~ < Mn?t +AsO*~ +H,0 (1)
for speciation of As in plant and aqueous samples with low
detection limit and rapid analysj9]. 3.2. Analytical instrument performance

Using optimized LC and ICP-MS conditions described else-
where[20] and summarized iable 2, we were able to speciate 3.2.1. HG-AAS
As"', DMA, MMA and AsV successfully within 10 min (Fig. 3). Prior to the analysis of real samples, the performance of
On-column loss of As was prevented by the addition of a comthe optimized method was tested and validated by estimating
plexing agent (0.2 mM EDTA) to the eluent. The mobile phaseAs in mineral water free of As and using spike recovery. Sat-
and column was used from a commercially available speciaisfactory result was obtained with 99-107% recovery. Sample
tion kit marketed by Agilent Technology and verified by other matrix and ionic effect on absorption signal was evaluated and
researchdR0]. Peak area was considered for quantification purobserved free of interferences. Finally, ground water samples of

Table 5

Retention times (RT) and analytical performance of anion-exchange LC-ICP-MS method

Species Linear regression equationvgic) Linear range (ng/l) Correlation coefficienfjr Detection limit (ug/I}* RT (min)
A" Y=681.27x+573.28 2-100 1.0 0.2 2.01+ 0.01
AsY Y=733.19x+ 825.06 2-100 1.0 0.2 6.93+ 0.05
DMA Y=T772.77x+76.758 1-100 0.999 0.1 2.85+ 0.03
MMA Y=778.16x—11.004 1-100 1.0 0.1 3.64+ 0.01

A, peak area;, concentration.
a8 S/IN=3.
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Table 6

Elemental information for water samples used in the present study

Lab ID SamplesID  pH EC (nS/cm) Depth(ft) Fe(mg/l) Mn(mg/l) Al(mg/l) P(mg/l) S(mg/ll) Ca(mg/ll) Mg (mgl/l)
DHA-TW-17 W1 7.05 583 60 0.01 0.002 0.02 0.16 21 49.8 28.6
DHA-TW-19 W2 (3A) 7.05 583 60 2.6 0.31 8.4 0.04 72.0 96.1 26.7
DHA-TW-25 W3 (A) 6.87 615 95 7.02 0.42 0.07 1.03 <LD 66.9 20.5
DHA-TW-26 W4 6.87 615 95 0.02 0.23 <LD 0.12 <LD 67.2 21.9
DHA-TW-28 W5 (3A) 6.87 615 95 7.4 0.56 9.2 0.04 68.4 100.7 28.3
DHA-IW-44 W6 (3A) 6.8 555 85 13.6 0.21 11.7 0.12 88.8 107.7 32.4
KUN-TW-26 W7 (A) 6.86 825 75 19.1 0.65 0.01 1.3 11 86.4 31.2
KUN-TW-29  W8(3A) 6.86 825 75 19.9 0.89 20.2 0.05 101.1 109.9 35.4
NOY-TW-1 W9 (A) 6.76 664 85 13.0 0.53 0.005 15 0.1 62.1 221
NOY-TW-2 W10 6.76 664 85 15.2 0.78 0.04 25 1.7 72.9 25.8
NOY-TW-3 W11 (UA) 6.76 664 85 14.5 0.56 0.03 1.9 0.3 63.9 22.8
NOY-TW-4 W12 (3A) 6.76 664 85 12.8 0.73 3.8 0.03 107.8 85.1 255
BER-TW-4 W13 (3A) 6.92 638 35 12.0 0.55 0.8 0.03 83.5 92.8 32.9
BER-TW-9 W14 (3A) 7.08 600 80 8.15 0.59 14.02 0.09 124.6 108.7 36.9
BER-TW-20 W15 (A) 7.04 600 105 7.9 0.29 <LD 14 0.49 61.6 26.8

A means acidified sample; 3A means cartridge filtered sample; UA means unfiltered acidified sample.

Bangladesh was tested and results showéd &sd As’ are the Fe** had a marked impact on the recovery of'ADetailed
major species with no organic As species being detected. work shows that there is a critical Feconcentration above
which the recovery of A% dropped linearly ¢=0.97"" ). How-
3.2.2. CE-UV ever, the effect of F& was logarithmic, i.e. recovery dropped by
The optimized CE-UV method’s performance was tested bya factor of 10 with each unitincrease in and then reached steady
spiking known concentration of Ab’ AsY and DMA to min- state. This suggests that there is a threshofd Eencentration
eral water. However, only 50% recovery was obtained. For thi@bove which increasing F&has no effect on the recovery of
reason we investigated possible matrix effects arising from ion&S'" and this may be due to its transformation to*FeThe
commonly found in water samples. Repeated investigation usingiter may be possible due to the presence of oxidizing agents.
ICP-MS revealed the presence of high concentration of Fe and S
in the water samples. The ionic influence of these metals CE-UV.2.4. LC-ICP-MS
speciation of As was evaluated using dilute ground water sam- The analytical merit of optimized LC-ICP-MS method
ples. Sample dilution by 20-fold improved spike recovery but[18,20]was validated by testing spike recovery and investigating
this was found to limit speciation for samples low in As given possible instrumental and matrix effects. The major interfer-

CFE'’s high detection limit. ence for’®As detection by ICP-MS is the polyatomic species
40Ar35CI* if the samples contain a high amount of chloride (CI).
3.2.3. Interference from Fe and S Most of the drinking and ground water possess high concentra-

In order to assess the effect of different inorganic ions on Aéion of Cl. Ironis also one of the major constituent of BangladeSh
speciation and detection by CE, we speciated As in the preground water sample under study (Table 6) and this can pose
ence of Fe and S. These studies showed th¥trasovery was potential interference through adsorption or precipitation. Acid-
strongly dependent on the concentration GfFncreasing F& ity of the sample needs consideration given that 0.5% BEINO
led to a significant decline in the recovery of AsHowever, Was recommended for better stability of As spe¢2&] which
this decline was also dependent on the nature of the ligand iof@n create chromatographic problem.
accompanying F¥ which influences redox state of the aqueous
phase. Forinstance, Eaitrate had agreaterimpactonAthan  3.2.5. Interferences of chloride (Cl)

Fe**sulfate. Increasing Fénitrate from 0 to 1.38 mg Fé/l led To investigate*®Ar3°CI* interference, thé®CI* signal was

to 15% decrease in recovery while at a concentration of 8.29 mmonitored in addition to the®As* signal during each run
Fe3*/l there was no recovery of Xs Arsenate can co-precipitate to check polyatomic interference formation. The result shows
with ferric hydroxides that can remove more than 90% of As that there is no Cl interference when all of the As species
from solution within 10 mifj22]. The recovery of A$ decreased were chromatographically resolved (Fig. 4). The most vulner-
linearly (=0.98™ ) with ferrous (F&*) concentration butwas able As species which can be co-eluted with Cl wa¥ Ast

not as effective as Péions. The recovery of ASwas quantita-  their expanded retention time (>1.31 min) suggested almost no
tive when the concentration of Fewas less than 6 mg F#/l, effect. However, when the concentration of Cl was increased
since at the higher pH, most of the¥eemained in solution. to 500 mg/l in a sample containing p@/l As standard, there
The recovery of A¥ initially decreased linearly with sulfate was significant tailing effect with no separation of Cl and’As
but it reached steady state after 44 mg3@. This suggested peak (Fig. 5). This suggests that water sample containing high
that sulfate had little effect on Asrecovery but it depends on level of Cl is likely to interference with A§if Agilent column
adsorbing sites and ligand ions. and mobile phase are used. Chloride concentration exceeding
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Fig. 4. Chromatogram taken from the same injection of a water sampil A35-signal monitoring GP; B m/z = 75-monitoring’>As signal.

500 mg/l has been reported in some soil solution and naturalpeciation is crucial. Iron can interfere with As by adsorption

water samples of Australi@4]. or coprecipitation. Given the high concentration of Fe (often
exceeding 20 mg/l), we investigated the effect of increasing Fe
3.2.6. Interferences of iron (Fe) on the recovery of As. These investigations reveal that with

Iron (Fe) is an important co-existing element which is prevathe exception of A%, all As species signal were successfully
lentin most of ground water samples. Therefore, its effect on Asesolved. The effect of Fe on Asvas attributed to the presence
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Fig. 5. Chromatogram showing overlapped Cl peak witd Asak when spiked with 500 mg/| Cl in specific As standard.
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Fig. 6. Chromatogram showing Fesignal and A% signal in the same tubewell water sample.

of Fe-EDTA complex that forms a broad tailing peak close to(Table 7). This contrasts strongly with investigations by Naidu
AsV (Fig. 6). However, single ion monitoring technique resolvedet al [25] who found almost 80% of As in water samples of
this issue with little inference. Mobile phase without EDTA or Bangladesh as As. However, their investigation was conducted
different mobile phase might be a suitable solution for Fe interon samples speciated with disposable cartridges. Thus, the pres-

ference. ence of high concentration of Xselative to A4! is not surpris-
ing given that the ground water samples had been transported
3.2.7. Interferences of acidified sample from Bangladesh and stored &t@ for almost 4 months prior to

Acidified samples need special care before injecting to angnalyses. During this period, it is likely that much original'As
anion or cation exchange column as acid can damage unigli@s oxidized to AS. There was a strong agreement between
column characteristics which will shift retention time of speciessums of different fractions of As and total As concentration
if we use weak mobile phase. To verify this issue, we studiedn LC-ICP-MS and HG-AAS (Table 7). CE-UV was unable to
selected acidified and non-acidified samples, and found negligietect any As species in these samples because of its high detec-
ble change of retention time (0.25 min) only in‘Awhich has  tion limit (500 g/l for AsV).
highest mobility at our optimized pH. Acidified samples can be

used if mobile phase has strong buffer capacity. 5. Method comparison and concluding remarks

4. Application to ground water samples There is a significant difference in the ability of the three
methods to measure As species. The CE method showed poor
The As species in ground water samples were evaluated fokensitivity in general to As in water samples while HG-AAS
lowing optimization of the three methods. Before speciationand LC-ICP-MS showed excellent sensitivity which can be
samples mass balances (total As) were determined by ICP-M&pressed as CE < ICP-M3HG-AAS (Table 7). Inthe presence
and HG-AAS which showed a highly significant linear relation- of high concentration of As in standard solutions, resolution of
ship (A=0.996" ) with each other. different As species was high in CE-UV and LC-ICP-MS with
These investigations revealed that 80-100% of As is presei@E-UV giving resolution of As species for less than 5 min com-
as A and the rest as A5 with no detectable level of DMA pared to 10 min for the LC-ICP-MS. HG-AAS separates only
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Table 7
Arsenic speciation in ground water samples (g/l)
Sample ID Mode As'l DMA AsY Sum of species Total As
w1 | 5.0 <LD 62.0 67.0 -

Il 45 <LD 62.1 66.6 -

] <LD <LD <LD - —

v - - - - 81.2
w2 | 15.6 <LD 65.9 81.5 -

Il 15.6 <LD 65.1 80.7 -

1 <LD <LD <LD -

v - - - - 80.0
W4 [ 38.7 <LD 195.5 234.2 -

I 38.2 <LD 201.2 239.4 -

1 <LD <LD <LQ - -

v - - - - 286.7
W6 | <LD <LD 156.0 156.0 -

Il <LD <LD 155.5 155.5 -

1] <LD <LD <LQ - -

\Y, - - - - 160.0
W7 | 18.6 <LD 211.7 230.3 -

Il 18.5 <LD 2116 230.1 -

1] <LD <LD <LQ - —

v - - - - 212.0
w8 | <LD <LD 212.0 212.0 -

I <LD <LD 211.0 211.0 -

i <LD <LD <LQ - -

v - - - - 210.0
W9 | 28.4 <LD 109.0 137.4 -

Il 27.9 <LD 108.4 136.3 -

m <LD <LD <LD - -

v - - - - 133.0
W10 | 38.5 <LD 109.0 147.5 -

Il 38.1 <LD 110.5 148.6 -

m <LD <LD <LD - -

v - - - - 163.0
W11 | 19.0 <LD 120.0 139.0 -

Il 18.6 <LD 117.2 135.8 -

1] <LD <LD <LD - _

\Y - - - - 142.0
w12 | 36.8 <LD 100.7 1375 -

I 35.5 <LD 105.3 140.8 -

1 <LD <LD <LD - -

\Y - - - - 138.0
w13 | <LD <LD 146.4 146.4 -

Il <LD <LD 137.1 137.1 -

1] <LD <LD <LD - -

\Y - - - - 137.0
w14 | <LD <LD 155.7 155.7 -

Il <LD <LD 142.1 142.1 -

11l <LD <LD <LD — -

\Y, - - - - 142.0
W15 | <LD <LD 147.1 147.1 -

Il <LD <LD 135.1 135.1 -

11l <LD <LD <LD - -

v - - - - 129.0

<LD, not detected; (), not determined; <LQ, not quantified (defined asliD); | =LC-ICP-MS; Il = HG-AAS; Ill = CE-UV; IV=ICP-MS.
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Table 8

Comparison of the three methods

Analytical parameter HG-AAS CZE-UV LC-ICP-MS

Separation capacity Separate single species Separate three species (AsDMA, AsV)  Separate four species (AsDMA, MMA, AsV)
Linearity range 0.13-40g/! 0.1-4mgl/l 2-100u.9/

Method detection limit ~ 0.1f.g/l (DMA); 0.1 ug/l (As'"', AsT)  100ug/l (As'"', DMA); 500 ug/l (AsY) 0.2ug/l (As'"', AsV); 0.1ug/l (DMA, MMA)
Interference Free of inference Fe and S interfere 500 mg/l Cl interfere with Agilent column
Sample preparation Require complex sample preparation No sample preparation except filtration No sample preparation except filtration
Instrument availability ~ Easily available Available Rare

Running cost Low Low High

single species at a time. Three or four analytical runs under dif-[2] R. Naidu, J.K. Syers, R.W. Tillman, R. Lee, J.H. Kirkman, J. Sci. Food
ferent operating conditions are required for the speciation of Agric. 45 (1988) 291-301. _ _
toxic As species by HG-AAS which in turn increases the run- [3] W. Goessler, D. Kuehnelt, in: W.T. Franjzenberzer (Ed.), Environmental

. . . . Chemistry of Arsenic, Marcel Dekker, 2001, pp. 27-50.
ning time of the method. But the running cost and thelnstrument[4] AG Hovalard J. Anal. At. Spectrom. 12 (199%’ 267-272

buying cost is much cheaper for HG-AAS and CE-UV, whereas s] p. zhang, G. Xu, J. Xiong, Y. Zheng, Q. Yang, F. Wei, Electrophoresis
LC-ICP-MS is highly expensive and requires significant invest- 22 (2001) 3567-3572.

ment and functioning cost. LC-ICP-MS can provide wide linear [6] K.V.d. Broeck, C. Vandecasteele, Microchim. Acta 128 (1998) 79-85.
range while HG-AAS has limited Iinearity can hardly go up [7]1 S. McSheehy, J. Szpunar, R. Morabito, P. Quevauviller, Trac-Trends

16 50u/l. and theref ded for low-level analvt Anal. Chem. 22 (2003) 191-209.
0 oUug/l, and therefore recommended lor low-level analyles. g1 v syun, v.s. Lee, T.L. Shiah, P.L. Lee, W.C. Tseng, M.H. Yang, J.

The matrix effects are more pronounced in CE while HG-AAS ~  chromatogr. A 1005 (2003) 207—213.
and LC-ICP-MS are largely free of interference. The most severg9] H.-w. Sun, J. Ha, J.-M. Sun, D.-Q. Zhang, L.-L. Yang, Anal. Bioanal.
drawback observed in CE-UV because of its poor detection capa- Chem. 374 (2002) 526-529.

bility. This difficulty can be minimized with the addition of an 19 ;—1 5“0’ J. Baasner, D.L. Tsalev, Anal. Chim. Acta 349 (1997) 313-

appropriate detection system such as CondUCtiVity and a‘mperﬂ'l] M. krachler, H. Emons, Fresenius J. Anal. Chem. 368 (2000) 702—
metric detectiorf26,27]. 707.

The comparative study of the three methods showed that ea¢t?] R.A. Glaubig, S. Goldberg, Soil Sci. Soc. Am. J. 52 (1988) 536-537.
method has its own merits and limitations (Table 8). The metho€l3] A. Shraim, B. Chiswell, H. Olszowy, Talanta 50 (1999) 1109-1127.

of choice will depend on instrument availability, sensitivity and 14 ZL- Chen, J.M. Lin, R. Naidu, Anal. Bioanal. Chem. 375 (2003)
running cost. HG-AAS is an attractive method of As speciatio 679-684.
A p "Hs] K. Li, F.Y. Li, Analyst 120 (1995) 361-366.

because of its sensitivity and low costs but suffers with singlgie] rR. Naidu, J. Smith, R.G. McLaren, D.P. Stevens, M.E. Sumner, P.E.
species determination and laborious sample preparation. CE- Jackson, Soil Sci. Soc. Am. J. 64 (2000) 122-128.

UV is a simple, new and cheap technigque but limited by its poofl7] B. Sun, M. Macka, P.R. Haddad, Electrophoresis 23 (2002) 2430-
sensitivity and matrix effects. LC-ICP-MS is a real hope for 2438

I ) L . 8] T. Sakai, Y. Kishi, Agilent Technology Application Note (2000) 5980-
As speciation at this moment despite its high running cost anH ] 026; a 'shi, Agilent Technology Application Note (2000)

restricted equipment. It was proved as a routine technique fqigj r. chen, B.w. Smith, J.D. Winefordner, M.S. Tu, G. Kertulis, L.Q. Ma,

speciation of As in drinking water. Further research is needed to  Anal. Chim. Acta 504 (2004) 199-207.

develop method for other complex environmental matrices.  [20] J.A. Day, M.B. Maria, A.P. Vonderheide, J.A. Caruso, Anal. Bioanal.
Chem. 373 (2002) 664—668.

[21] B.A. Manning, S.E. Fendorf, B. Bostick, D.L. Suarez, Environ. Sci.
Technol. 36 (2002) 976-981.

[22] A.M. Raichur, V. Panvekar, Separ. Sci. Technol. 37 (2002) 1095-1108.
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