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Abstract

Inorganic arsenic, a term which encompasses both As (1ll) and As (V) species, constitutes the highest toxicological risk associated with
arsenic in water in contrast to the organic arsenic species. Different determination methods of inorganic arsenic have been developed over 40
years providing timely and efficient risk assessments of inorganic arsenic contamination world wide. The current report gives an overview
of more than 100 papers, regarding existing methods for analysis of As (lll) and As (V) in water, including various spectroscopic, ICP and
electrochemical techniques. Recent field portable analytical applications are also reviewed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction view, we therefore, focus on the determination methods for
inorganic arsenic species (total As, As (Ill) and As (V)).
Living organisms are exposed to the toxic arsenic (As)  The contamination of groundwater with arsenic has al-
species primarily from food and water. Exposure to arsenic ready been reported in 20 countries, out of which four
can cause a variety of adverse health effects, including der-major instances are from Asi§@-11]. These include
mal changes, respiratory, cardiovascular, gastrointestinal,Bangladesh, India, Inner Mongolia and Taiwan. Fifty dis-
genotoxic, mutagenic and carcinogenic effdtfs tricts of Bangladesh and nine in West Bengal (India) have
Arsenic occurs in the natural environment in four oxida- arsenic levels in drinking water above the World Health
tion states: As (V), As (lll), As (0) and As (—Ill). The mo-  Organization’s arsenic guideline value of 4L~ [12].
bility and toxicity of arsenic are determined by its oxidation The area and population of these districts with contami-
state[2], thus the behaviour of arsenic species will change nated drinking water are 118 848 krand 104.9 million in
depending on the biotic and abiotic conditions in water. In' Bangladesh and 38 865 Knand 42.7 million in West Ben-
groundwater, arsenic is predominantly present as As (lll) gal [11]. Severe contamination has also been reported in
and As (V), with a minor amount of methyl and dimethyl vietnam, where several million habitants are at considerable
arsenic compounds being detected (Scheme 1). In this rewisk of chronic arsenic poisoning, with contamination levels
reach up to 3050.g L1 in rural groundwater samplés$3].
The importance of arsenic detection is a well recognised
- fact that is emphasised by the extensive studies carried out
Abbreviations:AAS, atomic absorption spectrometry; AFS, atomic  jn this area, as illustrated in a recent issue of Talanta (Vol.
g;’ﬁ(’erreesnctg‘lceulsspee“g‘ﬁ;:gt?g hA'?SéTi‘XgiceI‘Z’;irist:?er‘rr:;egtgom”?stg’gsgrDP' 58 (1), 2002) entirely dedicated to various aspects of arsenic
tion spectropmetry;pETV, gelei?:tl}l(;thermal Yvaporization; Fl, flow injectionF;) exposure in nature. At present, a plethora of ,detecuon meth-
GFAAS, Graphite furnace atomic absorption spectrometry; HG, hydride 0dS have been developed, reported and reviewed elsewhere
generation; HMDE, hanging mercury drop electrode; HPLC, high pres- [14—16]. Most of them obtain limits of detection below the
sure liquid chromatography; ICP, inductively coupled plasma; MS, mass WHO arsenic guideline value of 10y L1 However, a vast
spectrometry; OES, optical emission spectrometry; UMEA, ultramicro- nmber of existing methods are suitable for laboratory con-
e'f Céfﬁssigggmg author. Tels44-01865-275413; dition; only. In the;e cases an'alysis is time consuming and
fax: +44-01865-275410. not suitable for routine monitoring of large numbers of sam-
E-mail addressrichard.compton@chemistry.ox.ac.uk (R.G. Compton). ples. Therefore in light of these problems, a rapid portable
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le (I)' As(OH),+3BH, +3H—> AsH, + 3BH,+3H0
/Asli HO— As— OH BH,+3H,0 — H;BO;+3H,
HO OH _ _ _
Arsenite O_ Arsenate Scheme 2. Hydride generation reaction.
- O
(I) [v techniques published during last decade is summarised in
ASIH HO_AA”xS —CH3 Ta.ble 1.
HO CH, o)
Methylarsenite Methylarsenate 3. Spectrometric techniques
- o}
([) [ v 3.1. Hydride generation atomic absorption spectrometry
Aslll H,C—As'—CH;4 and hydride generation atomic fluorescence spectrometry
ne” CH 5 (HG-AAS and HG-AFS)
Dimethylarsenite Dimethylarsenate Hydride generation is, perhaps, the most popular sam-
_ ' _ ple derivatization method used for inorganic arsenic detec-
Scheme 1. Arsenic species found in water. tion, since Holak[28] first reported it in 1969. Initially it

q be developed. Th £ el hemi as developed as a method for AAS, whereby sodium or
sensor needs to be developed. The use of electroc emlcagotassium tetrahydroborate (lIl) is used for arsine produc-

methodologies hgs recently come 'to the forefront of re- tion (Scheme 2). The reduction reagents NaBidd KBH;
search as a p053|bl_e means of fulfilling these requirements. e proved to be exceptionally reliable reagents for the
T_hese elgctrochemlcgl me'Fhods_, along with other COMMET™ - nversion of the sample to volatile forf29]. The hydride
cially available analytical kits will be covered in the final generation procedure can be also used for differential deter-

sections of this review. mination of As (lll) and As (V), based on the fact that As
(1) reacts with tetrahydroborate at a higher pH than As (V).
2. Chemical pre-reduction of arsenic (V) Thus tetrahydroborate is acting as a reductant for As (V) as

well as a hydride source. The inclusion of on-line HG gen-

It has long been realised that the determination of the total erally increases the sensitivity of detection and reduces the
arsenic concentration is insufficient for environmental con- possible interferences from the sample matrix. AHG based
siderationg14]. The total inorganic arsenic content detec- sample introduction is particularly beneficial to AFS detec-
tion is normally based on the concentration of As (lIIl) after tion where the interferences had previously been the major
converting all arsenic species to the trivalent arsenic form. problem due to scattering and sample majti%].

This is especially applied in electrochemical techniques (see Transition metals might interfere with the determination
below), as pentavalent arsenic is electroinaciivg. of arsenic when hydride generation is ugad]. The pre-

The most popular prereductant of As (V) to As (Ill) is dominant mechanism is probably due to the reaction of the
potassium iodide, which can be used with ascorbic acid, in interfering transition metal ions with NaBHeductant, with
order to prevent the oxidation of iodide to triiodide by air the formed precipitate is able to capture and catalytically
[18]. However, potassium iodide can reduce arsenic only decompose evolved hydridgl]. GenerallyL-cysteine has
in a strong acidic medifl9]. The combined use of potas- proved to be very useful for preventing iron interferences,
sium iodide with tin chloridg20] or sodium sulphitg21] which are commonly present at high concentration in many
has also been reported in the literature. Other reagents usedlypes of sampleg32]. Moreover, it was found that the
for reduction of As (V) are mercaptoacetic agiR] and cysteine-tetrahydroborate intermediate has a higher reduc-
L-cysteine, which was found also to reduce interferences anding power than tetrahydroborate alofi3]. Furthermore,
increase the sensitivif}l 8]. Some techniques require a spe- the inclusion of the flow injection (FI) technique allowed
cific reagent, thus sodium thiosulphate along with titanium the elimination of transition metal interferendd®,33,34].

(1) chloride has been used in solvent extraction technique It has been reported that by using the FI system instead of
[23,24], gaseous sulphur dioxide, sodium sulphite in strip- the batch system, the concentration of the reductant is usu-
ping voltammetry{25,26] and the use of hydrazine in flow ally lower and formation of the interfering precipitates, e.g.
injection analysig27] has been reported. borides, is decreasgt9,34]. Another reason is so called ki-

In cases there the speciation of arsenic compounds isnetic discrimination. The reduction of the hydride-forming
required, the combination of a pre-separation method andelements is fast and the reaction is completed before the re-
direct detection instruments is applied and will be reviewed duction of the transition metal ion to the interfering species.
further. HG can be used for pre-column or post-column derivati-

In order to add clarity to the text and give an overview on sation. The pre-column derivatisation is based on the for-
limit of detection all the analytical data related to the various mation of volatile arsines, which are cryogenically trapped,
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Table 1
Analytical parameters obtained by various detection techniques for arsenic in water samples over the last 10 years
Species Pre concentration/separation Derivatisation Detection LoD (ugL™Y) References
Atomic spectrometry
As (llI) HG AAS 0.6 [150]
As (V) 0.5
As (llI) FI-SE HG AAS 0.05 [151]
As (V) 2
As (llI) Fl HG AAS 0.037 [30]
As (llI) FI-KR: PDC HG AFS 0.023 [161]
As (lll) HG AFS 0.67 [152]
As (llI) IC HG AFS 4 [153]
As (lll) SPE GFAAS 0.11 [154]
As (V) 0.15
As (lll) PDC GFAAS 0.02 [155]
As (lll) AE-resin: PDC GFAAS 6.6 [41]
As (lll) SPE GFAAS 0.04 [48]
ICP techniques
As (llI) HG ICP-AES 0.7 [149]
As (lll) FI-KR ICP-MS 0.021 [156]
As(V) 0.029
As (V) SPE ICP-MS 0.008 [157]
As (llI) HG ICP-MS 0.003 [158]
As (lll) HG-GF ICP-MS 0.002 [159]
As (llI) HPLC ICP-MS 0.02 [79]
As (llI) HPLC ICP-MS 0.06 [160]
Nuclear techniques
As (lll) PDC NAA 0.001 [108]
As (V)
As (lll) CE NAA 0.02 [162]
Electrochemistry
As (llI) Csv 0.52 [163]
As (llI) CA 0.15 [164]
As (lll) CCSA 3 [165]
As (V) 0.5
As (lll) ASV 0.19 [25]
As (llI) SWCSV 0.0045 [118]
As (lll) ASV 0.32 [135]

LoD, limit of detection; HG, hydride generation; AAS, atomic absorption spectrometry; Fl, flow injection; SE, solid extraction; KR, knotted reactor;
PDC, pyrrolidinedithiocarbamate complex; AFS, atomic fluorescence spectrometry; IC, ion chromatography; SPE, solid phase extraction; GFAAS,
graphite furnace atomic absorption spectrometry; AE, anion exchange; ICP, inductively coupled plasma; AES, atomic emission spectrometry; MS, mass
spectrometry; GF, graphite furnace; HPLC, high pressure liquid chromatography; NAA, neutron activation analysis; CE, cation exchange; CSV, cathodic
stripping voltammetry; CA, chronoamperometry; CCSA, constant current stripping analysis; ASV, anodic stripping voltammetry; and SWCSV square
wave cathodic stripping voltammetry.

sequentially desorbed and carried to the detg&t). In the 3.2. Graphite furnace atomic absorption spectrometry
post-column detection HG is used after the separation of the (GFAAS)
arsenic species on a HPLC systf86,37], but only low vol-
umes of sample can be injected with a consequent decrease Graphite furnace absorption spectrometry or electrother-
in sensitivity. An advantage of the later approach is the possi- mal atomic absorption spectrometry (ETAAS) is one of the
bility of the analysis of non-volatile compounds when a pho- spectrometric methods, which can run without HG. The tech-
tooxidation or microwav§38] step is included prior to HG.  nique is based on the absorption of free atoms produced
Hydride generation (HG) combined with atomic absorp- from the sample deposited in a small graphite tube, which
tion spectrometry (AAS) and atomic fluorescence spectrom- can be heated by the application of high temperatures. How-
etry (AFS) and also coupled with different separation tech- ever, most of reported methods for arsenic detection based
nigues such as liquid-liquid extracti¢89,40], resin based on GFAAS require pre-concentration in order to increase
low pressure ion exchange chromatograpfy,42], cold sensitivity.
trapping[32,43-45], selective derivatisati¢p2] and HPLC Hata et al.[48] proposed a soluble membrane filter
[29,46,47]have brought a high level of sensitivity to specia- technique for the solid-phase extraction of trace elements,
tion of arsenic compared to the colorimetric detection tech- including arsenic, in water before determination using elec-
niques often used for environmental samples. trothermal atomic absorption spectrometry (ETAAS). In
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this technique, the analyte is converted into hydrophobic acts as a physical carrier of the vaporised analyte, where
species, which are retained on a membrane filter. Furtheraddition of a chemical modifier enhances the analytical sig-
material collected with the membrane filter is dissolved nal. Fairman et al[66] have optimised a mixed modifier of
in sulphuric acid or organic solvent. Finally the sample palladium and nickel nitrates for quantitative multi-element
is pre-concentrated and analysed with ETAAS. This sim- analysis. The mixture of these two salts provided the best
ple and rapid method provides similar limit of detection peak shapes and linearity.
to FI-HG-AAS limit of detection and been successfully However, the determination of low concentrations of
applied in river water sample analysis. arsenic in real samples suffers from low sensitivity due
Another popular approach is based on the formation andto the poor ionisation efficiency in ICP. In order to over-
extraction of the As (ll)—ammonium pyrrilidinedithio- come this, several ICP-MS applications combined with
carbomate complex, with further dispersion in nitric acid hydride generation and a cold vapour mercury sample
containing Ni (Il) species and injection of the obtained sus- introduction technique have been applied for arsenic de-
pension to a graphite furnace. Possible interferences of Cutermination[56,61,62]. Chen et al62] have employed a
(I, Pb (1) and Sn (1) could be removed by extraction as simple continuous-flow HG system without the conven-
the respective ammonium pyrrilidinedithiocarbomate com- tional gas-liquid phase separator as a sample introduction
plexes at the higher pH, where no As (lll) is extracted. The device for flow injection ICP-MS analysis and found that
loss of arsenic during the charging cycle of the graphite trace amounts of As (lll) could be detected simultaneously
atomiser is prevented by matrix modification with salts of with Bi, Sb and Hg.
nickel and palladium. Currently GFAAS is one of the most  Feng et al[68] have developed a method for direct deter-
reliable techniquep1]. mination of arsenic species in environmental water, by using
hydride generation high resolution ICP-MS. High resolution
ICP-MS can effectively separate two very near peaks such

4. Inductively coupled plasma (ICP) techniques as °As and38Ar37Cl or 4°Ar3°Cl. Using both pneumatic
and ultrasonic nebulization ICP-MS, Richter et[all] ob-

4.1. ICP-AFS and ICP-Mass Spectrometry (MS) tain significantly lower detection limits than obtained with
HG-AAS.

The technology for the ICP method was first employed  Further effective applications of ICP-MS in the specia-
in the early 1960'$49]. The ICP technique uses the plasma tion of arsenic by coupling with HPLC will be reviewed in
to ionise components, whereby the sample is acidified and Section 4.2.
sprayed into the plasma. The high temperature of the plasma
atomises and ionises all forms of arsenic so that the responset.2. High pressure liquid chromatography (HPLC) and
does not vary with species as in the more traditional AAS ICP-MS
methods which require thorough digestion prior analysis.
Often, ICP is used in conjunction with other analytical tech- A coupled system including HPLC and ICP-MS gives
niques, such as M§0] and AES[51-53], as inclusion of  a suitable method for the determination of non-volatile
ICP eliminates any sample preparation time, which would species of elements such as arsenic. Although, ICP-MS has
be required in the absence of ICP. multi-element capability, this coupled technique has hitherto
ICP—AES is a less used technique and normally ap- mainly been used for speciation analysis of single elements
plied for a comparison and more accurate analysis of a[86—90]. However, the simultaneous speciation analysis of
multi-element sample. In contrast, the ICP-MS technique different elements has recently received an atterjifidr94].
is one of the most widely applied analytical protocols for Direct coupling between HPLC and AAS5] was shown
arsenic detection. Numerous reports on the determinationto give poor detection limits (mgtl), which could be
of arsenic in water have appeared since 1fRB-78]. The improved by using combination of HPLC-ICP-M87,96].
main advantages of ICP-MS over ICP-AES are isotope The choice of HPLC column was shown to improve the
analysis capability of high precession and lower detection selectivity of the assay. Therefore, Thomas and Sniatecki
limits. The possible drawback of ICP-MS equipped with a [97] used directly coupled ion-pair reversed-phase (RP)
direct nebuliser is the possible interference from high levels HPLC-ICP-MS for the identification of various arsenic
of chloride due to the formation of argon chloritf&r35Cl) species, including As (lll) and As (V) in spring waters. At
in the plasma, which has the same mass as arsétAs)( the same time it was found that by using an ion exchange
[79-83]. In order to overcome this, sample introduction HPLC column rather than a reverse phase column, en-
should be carried via electrothermal vaporisation (ETV), hanced separation and selectivity of arsenic species could
which additionally has the potential advantages of small be achieved98-101]. In case of ion-exchange based sys-
sample sizes, increased sensitivity and low absolute de-tem, the analyte ions interact directly with the stationary
tection limits. Recently, it has become clear that chemical phase of the chromatographic column and are therefore less
modifiers are as important in ETV-ICP-MS as they are in prone to interferences from co-chromatographed matrix
conventional GFAAS84,85]. In most cases, the modifier constituent other than the analyte-ion/counter—ion pair in the
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RP chromatographic systefi02]. For the determination of Deposition: 2As°"+3MHg +6¢” — M,As, +3Hg
arsenic species mentioned above at lower concentrations, = .
Saverwyns et al[86] reported a hyphenated technique in-  S#ipping:  MsAs,+12H +12¢+3Hg—AsHy+ Hy+ 3MHg
corporating an anion-exchange column and ICP-MS, using M = Cu or Se
an in-house developed thermospray nebuliser as an inter-
face. The sensitivity was shown to be improved by 10-fold
by application of the thermospray nebuliser in comparison
with the standard pneumatic nebulizer.
Moldovan et al[103] have successfully separated arsen- of trace metals due to its high sensitivity for a wide range
ite, arsenate, monomethylarsonate, dimethylarsinate, arsenoef elements, including arsenic, which do not form mercury
betaine and arsenocholine in one chromatographic run in aamalgams readily and because of the availability of inex-
mixed mode column. Furthermore, the use of an aqueouspensive commercial instrumerits12].
mobile phase with low buffer salt concentration minimises  However, only few works related to the determination
the problems associated with the coupling of HPLC and of arsenic in water using differential pulse polarography
ICP-MS. [113-115]have been published recently, mainly because of
A comparison between using HPLC-HG-AFS and the limited sensitivity.
HPLC-HG-ICP-MS performance has been made by
Gomez-Ariza et al[104] for the speciation of arsenite, 6.2. Cathodic stripping voltammetry (CSV)
arsenate and other arsenic compounds in fresh water. It
was found that the limit of detection were similar for both Generally, stripping analysis is better suited than direct
techniques, however AFS presented the benefits of muchpolarography for trace determinations in ‘real’ samples be-
lower running costs, shorter warm up times prior to analysis cause the substance of interest is pre-concentrated on the
(15-90 min) and easy handling. working electrode, although the detection limits under ideal
Suitable detection limits for environmental sam- conditions may sometimes be comparaldl&6]. Cathodic
ples, below the mgt?! levels, are obtained using both stripping analysis of arsenic at the HMDE is based on ar-
HPLC-HG-AFS[47] and HPLC-HG-ICP-MJ105,106]. senic pre-concentration in highly acidic media with further
scanning in the cathodic direction to obtain peak due to the
formation of arsing116]. In order to increase sensitivity, in-

5. Neutron activation analysis (NAA) termetallic complexes of arsenic are stripped from HMDE,
whereby As (lll) reacts with coppdfil7,118]or selenium

In NAA target nuclides in the sample undergo activation [116]to form the relevant complex, which can be stripped ca-
with formation of radioactive nuclides, which in most cases thodically (Scheme 3). Additionally arsenic complexes with
decay through the emission of beta particle and gamma raysammonium pyrrolidine dithiocarbamate have been utilised
with a unique half-life. Produced gamma rays are detected byin bioanalysig119].

NAA high-resolution gamma-ray spectrometer. NAAisone  Copper is expected to interfere with this method, since it
of the most sensitive analytical techniques and often usedwould also deposit at the potential applied. Copper (ll) at a
as a reference method for new procedures. However, it hasconcentration 10 times that arsenic was found to reduce the
not found wide application for detection of arsenic in water, arsenic peak height by about h§lfl6].
possibly due to a high content of salt in sea water, which  The use of mercury film electrodes has rarely been con-
causes spectral interferend@97]. This problem might be  sidered for both CSV and cathodic stripping potentiometric
overcome by using Pb(N@)and TiCk as the carrier and  (CSP) determination of arsenic. Based on the CSV and CSP
reducing agenf108]. methods developed for the determination of selenjlig0)]
and lead121], Adeloju et al[122] determined As (lll) by
CSP on a glassy carbon mercury film electrode in the pres-

Scheme 3. Processes occur during cathodic stripping voltammetry.

6. Electrochemical methods ence of copper (Il) ions. By using a mercury film electrode
with the application of a constant cathodic stripping current,
6.1. Polarographic techniques interference problems can be overcome, unlike methods for

arsenic which utilise gold film electrodes and suffer from

Polarography (or linear sweep voltammetry at the hanging copper interferencefd23,124]. Detection limit obtained at
mercury drop electrode (HMDE)) is the oldest electrochem- mercury films electrodes was comparable to the levels ac-
ical method for the determination of trace inorganic met- complished by CSV on a HMDEEL17] and to that reported
als [109-111], which, however, suffers from low limits of for anodic stripping potentiometric analysis on a gold film
detection due to high capacitive currents. Differential pulse electrodeg[125].
polarography (DPP) offers the same benefits of selectivity Most cathodic stripping techniques are carried out by us-
as well as lower capacitive currents and as a result improveding a HMDE, as this electrode does not suffer from the disad-
limits of detection. DPP was popular for routine analysis vantages of the solid electrodes, such as the response being



274 D.Q. Hung et al./ Talanta 64 (2004) 269-277

periods were found to improve the limit of detection. The
flow cell approach was also used in an inexpensive portable
stripping voltammetric instrument with a simple procedure
Scheme 4. Processes occur during anodic stripping voltammetry. for on-field analysis of As (lll) and As (V}138]. The in-
strument ran with low power consumption and had a simple

i _ o flow cell, which operated with the aid of gravity. A gold
dependent on past history or the formation of oxide films. §m deposited on a platinum wire served as the working
However, anodic stripping of arsenic using a HMDE is not gjectrode.

analytically useful due to interference from the oxidation of
mercury[112]. 6.4. Microlithographic fabricated arrays

Deposition: AT 36— AS
Stripping: AT — A+ e

6.3. Anodic stripping voltammetry (ASV) Recently, the electroanalytical use of microfabricated
arrays has increased. Several advantages including a well
Kaplin et al.[126,127] established the anodic stripping defined and reproducible geometry, employment of vari-
voltammetry technique for trace arsenic analysis, which is ous materials for a working electrode and finally low cost
based on the deposition of metal arsenic on the electrodeof chips have enchased research in on-filed analysis area.
surface with subsequent anodic stripping (Scheme 4). Later,TomCik et al.[139] developed an analytical technique based
Forsberg et al[128] investigated in detail the determina- upon the evaluation of the influence of As (lll) on the iodine
tion of arsenic by ASV and differential pulse anodic strip- collector versus generator current plot, whereby the collec-
ping voltammetry (DPASV) at various electrode materials tor potential is set at the limiting current value of iodine
(HMDE, Pt and Au). It was found that the arsenic oxidation cathodic reduction and serves as its amperometric detector.
peak appeared as a shoulder on the mercury oxidation waveA thin-film microsystem based on the planar interdigitated
on a HMDE and was little of analytical utility. Platinum was array (IDA) of Pt electrodes was used. The titration curves
a suitable electrode material and was employed in the initial (collector versus generator current plots) measured with
studies. Gold was found to be superior to platinum as awork- a slowly scanning generator current showed very good
ing electrode material due to a higher hydrogen overvoltage. reproducibility, albeit with poor detection limits.
This solved the problem of simultaneous evolution of hydro-  Feeney et al[140] achieved rapid on-site analysis of ar-
gen while depositing arsenic. Experiments done by Forsbergsenic in groundwater with a small battery-powered unit used
et al.[128] showed that ASV proved to be an exceedingly in conjunction with a microfabricated gold ultramicroelec-
sensitive technique as for the determination arsenic, while trode array (Au-UMEA). These arrays offer several benefits,
the use of DPASV greatly shortened deposition times. such as uniform ultramicroelectrode geometry, sensitivity,
Parallel to solid gold electrodg428-130], macro-sized cost efficiency, and applicability for use in field portable or
gold film electrodes have also been uf8131-133]. Since  in-situ instrumentatioil6]. The use of UMEAs offer ana-
it had been stated that ASV of As (Ill) with gold suffers from Iytical advantages including low noise level, amplification of
lack of reproducibility, several attempts were performed in the signal while keeping UME behaviour, background cur-
order to overcome that problem. Thus, for optimum repro- rent rejection, and potential incorporation into field portable
ducibility, the electrode was re-plated and washed with the instrumentation. The application of microfabricated arrays
sample before each measuremd34]. Re-activation ofthe  have been demonstrated for field measurem@drts—144].
electrode surface before each measurement was also foundnlike colorimetric field kits presently in use, voltammetric

to ensure good reproducibilifL 35]. techniques can yield precise quantitative data when careful
Another cause of poor reproducibility are hydrogen bub- analytical methods are usdd6]. However, the majority
bles forming during the deposition time. Bodewig e{A80] of commercially available sensors are still based on col-

used a gold rotating disk electrode, which removed the hy- orimetric techniques. These are reviewed in the following

drogen bubbles mechanically allowing good reproducibility section.

of results. The rotating disk electrode approach was further

investigated in other worK®5,136]with variation in design

of the electrodes. Sun et §25] reported a new method of 7. Commercially available sensors

gold film deposition on a rotating glassy carbon electrode.

Additionally, other factors likely to affect the stability of an The majority of field sensors are based on the hydride

electrode including, acidity, deposition time, rotation rate, generation described earlier, whereby gas either can be de-

scan rate, the electrode reaction and also the reduction stepected photometrically or electrochemically.

of As (V) to As (lll), were investigatedi25]. Currently, most of the kits utilise zinc powder as a reduc-
An application of a flow-though cell with a stationary ing agent for As (V) and As (lll) to arsine (Scheme[B45].

gold disc electrode for the ASV determination of arsenic The generated gas passes through or over the reagent paper

allowed to obtain detection limits at parts per billion (ppb) and the colour change is either compared visually with cali-

and sub-parts per billion leveld37]. Longer deposition  brated colour scale or transferred into a digital readout. The
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