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Abstract: A simple and efficient method for the separation and determination of
dimethylarsenate DMAS(V) was developed in this work. Two resins, a strong
base anion exchange (SBAE) resin and iron-oxide coated hybrid (HY) resin
were tested. By simple adjustment of the pH value of water to 7.00, DMASs(V)
passed through the HY column without any changes, while al other arsenic
species (inorganic arsenic and monomethylarsonate, MMAS(V)) were quantita-
tively bonded on the HY resin. The resin capacity was calculated according to
the breakthrough point in a fixed bed flow system. At pH 7.00, the HY resin
bonded more than 4150 pg g1 of As(I11), 3500 pg gt of As(V) and 1500 pg gt
of MMAS(V). Arsenic adsorption behavior in the presence of impurities
showed tolerance with the respect to potential interference of anions commonly
found in natural water. DMAS(V) was determined in the effluent by inductively
coupled plasma mass spectrometry (ICP-MS). The detection limit was 0.03 ug
L-1 and the relative standard deviation (RSD) was between 1.1-7.5 %. The pro-
posed method was established by application of standard procedures, i.e., using
an external standard, certified reference material and by the standard addition
method.

Keywords. arsenic species; dimethylarsenate; hybrid resin; exchange; adsorp-
tion; inductively coupled plasma mass spectrometry (ICP-MYS).

INTRODUCTION

Arsenic istypically found in areas with active volcanism, geothermal waters,
soil and bedrock.1=3 Traces of arsenic are found in groundwater, lakes, rivers and
ocean water. It is also released during human activities in areas of wood pre-
servation, agriculture, mining3 and energy production from fossil fuels.23 Many
water sources in the world containing high concentration of arsenic cause health

* Corresponding author. E-mail: marinko@tmf.bg.ac.rs
# Serbian Chemical Society member.

* On sabbatical leave at the University of Belgrade.
doi: 10.2298/J5C110510010B

775

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS @@@

= MG MDD



776 BEN ISSA, MARINKOVIC and RAJAKOVIC

problems or diseases such as cancer.3-7 The provisiona guideline value for arse-
nic in drinking water of the World Health Organization, WHO, is 10 ug L~ (WHO,
1993). Inorganic arsenic, iAs, has two predominant oxidation states in most envi-
ronmental systems, As(l11) and As(V), which are mostly in the form of acids.8
Organic arsenic, 0As, such as monomethyl-arsonic acid [MMAS(V)] and dime-
thylarsenic acid [DMAS(V)] are predominant in surface water and sediments.®

Both cAs [DMASs(V) and MMAS(V)] are stable in oxidative environments,
and could be found in the marine water and biological samples.10 Despite the fact
that iAs species are predominant in natural waters, the presence of 0As has also
been reported.11 The toxicity of 0As species is lower than iAs species.1213 Al-
though the main analytical interest is to determine total arsenic in water and pre-
vailing iAs species, it is also important to develop procedures for the separation
and determination of 0As species. The distribution of 0As species as a function
of pH value of water is presented in Fig. 1.
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Fig. 1. Speciation of 0As compounds as a function of pH.

The investigation of the content of arsenic species and their behavior in na-
tural waters and environment is important for chemistry and environmental pro-
tection. Several methods have been developed for the separation and measure-
ment of arsenic species.

The most common method used to provide detection at low arsenic concen-
tration is the hydride generation techniquel>-18 connected with sensitive detec-
tion devices such as atomic absorption, fluorescence and atomic emission.1® In-
ductively coupled plasma mass spectrometry (ICP-MS) and |CP optical emission
spectroscopy (ICP-OES) techniques provides very low detection limits, with a
greater accuracy of mass spectra detector than optical methods. The intensity of
the arsenic emission is obtained by the sample entering into an ionized plasma
thus producing As. lon chromatography20.21 (IC) or ion exchange chromato-
graphic22:23 methods were coupled with ICP to provide separation and determi-
nation of arsenic species.
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SEPARATION AND DETERMINATION OF DIMETHYLARSENATE 777

High-pressure liquid chromatography (HPLC) is the preferred technique
used for the separation of arsenic compounds. An HPLCHCP-MS system was
used for the separation and measurement of iAs, 0As, arsenobetaine (AsB) and
arsenocholine (AsC) in beer samples by the employment of an anion-exchange
column using phosphate buffer as the mobile phase and perchloric acid as the
extraction reagent.24 Similar methods were developed using phosphate buffer
with the addition of 2.0 % acetonitrile,2> and using |CP atomic emission spectro-
scopy (ICP-AES).26 An HPLC-CP-MS system was also used for the quantifi-
cation of iAs and 0As in rice and soil, whereas AsB and DMAS(V) and an un-
known arsenic species were quantified in a chicken tissue.2” In addition to these,
pre-column reduction and complexation of As(V), MMAS(V) and DMAS(V) with
L-cysteine at elevated temperature, followed by HPLC separation of the com-
plexes on a strongly acidic cation-exchange column, and arsenic species determi-
nation by flow injection hydride generation atomic absorption spectrometry (Fl—
—HGAAS) was achieved.28 Lopez et al.29 applied post-column derivatization by
mixing an HPLC effluent with a persulfate stream before entering into thermo-
-reactor consisting of aloop of PTFE tubing dipped in a powdered-graphite oven
heated at 140 °C. After cooling in an ice-bath, hydrochloric acid and sodium
borohydride were added on-line to generate the arsine. Rahman et al.30 achieved
good separation results using SPE sorbents (polymeric organic materials com-
prising an ion-selective sequestering property based on molecular recognition
and macrocyclic chemistry) which were coupled with graphite furnace atomic
absorption spectrometry (GF-AAS). Additionally, gas chromatography (GC) was
used for the determination of arsenic species in seawater. The DMASs(V) and
MMAS(V) were derivatized in the sample solutions with methy! thioglycolate
and the products were extracted into cyclohexane and used for the analysis.3!

Moreover, a method based on the transformation of arsenic species to a co-
lored compound using ammonium diethyldithiocarbamate (ADDC), and silver
diethyl-dithiocarbamate (SDDC) is widely used.12:32 Electrical differential pulse
cathodic or anodic stripping voltammetry are methods that have very low detec-
tion limits.33-35

Ben Issa et al.22.23 studied the separation and determination of iAs and 0As
species in drinking water. For the separation of iAs and 0ASs, two types of resins,
a strong basic anion exchange resin (SBAE) and hybrid resins (HY e and HY—
—AgCl) were used. The HY e and SBAE resins retained all arsenic species
except DMAS(V) and A(l11), respectively, which enabled the direct measure-
ments of these species in the effluents. An HY-AQCI resin retained al iAs,
which was convenient for the direct determination the concentration of 0As spe-
ciesin the effluent.23

As a continuation of previous work,22 a method for the separation and deter-
mination of DMAS(V) using an HY resin was developed and is presented in this
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778 BEN ISSA, MARINKOVIC and RAJAKOVIC

paper. The hybrid system, which integrates anion exchange with adsorption, is
based on the activity of hydrated iron oxides (HFO) adopted for the separation of
iAs.36 The hybrid resin could also be used for the selective removal of MMAS(V),
thus providing separation of DMAS(V). Although DMAS(V) is less toxic than
iAs, nevertheless, the determination of the DMAS(V) concentration could be of
appropriate significance for a better control of environmental pollution.

EXPERIMENTAL
Apparatus

Arsenic was analyzed by ICP-MS following the EPA method 200.8%7 using an Agilent
7500ce ICP-MS system (Waldbronn, Germany) equipped with an octopole collision/reaction
cell, Agilent 7500 ICP-M S ChemStation software, a MicroMist nebulizer and a Peltier cooled
(2.0 °C) quartz Scott-type double pass spray chamber. Calibration at levels 1.0-80.0 pg L1
was performed with an external standard solution (Fluka, Product No. 01969) by appropriate
dilution. The slope of the calibration curve was 0.9999. The calibration blank and standards
were prepared in 2.0 % nitric acid for all measurements. The instrument was optimized daily
in terms of sensitivity, level of oxide and doubly charged ions using a tuning solution con-
taining 1.0 pg L of Li, Y, TI, Ce, Co and Mg in 2.0 % HNO; (v/v). Standard optimization
procedures and criteria specified in the manufacturer’s manual were followed. The sample so-
Iutions were filtered through a Millipore 0.45 um membrane filter (Bedford, MA, USA)
beforeinjection.

The analytical accuracy and precision of the measurements were determined by analysis
of certified reference materials NRC SLRS4 (Ottawa, ON, Canada) and NIST 1643e (Gai-
thersburg, MD, USA). The method detection limit (MDL) was 0.03 pg L.

A laboratory pH meter, Metrohm 827 (Zofingen, Switzerland) was used for the pH mea-
surements. The accuracy of the pH meter was +£0.01 pH units.

Reagents

The following chemical were used: HASO,(CHs), p.a., Sigma-Aldrich (St. Louis, MO,
USA); NapAsO;CH3-6H,0 p.a., Sigma-Aldrich; NapHASO,4-7H,0 p.a., Aldrich (Munich,
Germany); NaAsO, p.a., Riedel-de Haén (Buchs, Switzerland); HNOs p.a., Fluka and NaOH
p.a, Merck. Ultra-pure water (resistivity less than 18 MQ cm™) produced by a Millipore
Milli-Q system was used throughout the experimental work.

Sandard solutions of arsenic compounds

A monomethylarsonate, MMAS(V), working stock solution was made by dissolving
389.3 mg of Na,AsO3CH3-6H,0 to 1.0 L in deionized water (100.0 mg L1 stock solution). A
dimethylarsenate, DMAS(V), working stock solution was made by dissolving 184.0 mg of
HASO,(CHs), to 1.0 L in deionized water (100.0 mg L1 stock solution).

An As(l11) stock solution (3750.0 mg L") was prepared by dissolving 4.9460 g sodium
arsenite (NaAsO,) and 1.30 g NaOH to 1.0 L in deionized water, stored in an amber bottle at 4
°C. Under these conditions, this working stock solution was found to be stable for at |east one
year. An As(V) working stock solution was made by dissolving 4.1600 g Na,HASO,: 7H,0 to
1.0 L in deionized water (1000.0 mg L-1 stock solution), which was preserved with 0.50 %
HNO;.
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SEPARATION AND DETERMINATION OF DIMETHYLARSENATE 779

lon exchange and hybrid resins

The study of the separation and determination of arsenic species was performed by the
use of two types of resins: SBAE and HY. SBAE resin is a strong base anionic exchange
resin, Lewatit MonoPlus M500, Lanxess (Leverkusen, Germany), which is a gel-type resin
based on a styrene—divinylbenzene copolymer with uniform, spherical (monodisperse), light
yellow particles of 0.61 mm mean bead size. The HY resin is a hybrid macroporous mono-
disperse polystyrene-based resin, FO36, Lanxess with spherical, brown particles, mean bead
size of 0.35 mm.3> HY is a new hybrid resin developed for the removal of arsenic species
based on two processes. ion exchange and adsorption.

Sorption procedures

Measurements of the resin capacities were performed by two methods, i.e., the standard
batch and fixed bed flow techniques. In a preliminary study, evaluation of separation process
efficiencies with respect to several parameters, such as pH, contact time, mass of resin and
arsenic concentration, was studied. The arsenic model solution was prepared in deionized
water at a concentration ranging from 0.50 to 100.0 mg L1 in the batch system and 0.50 to
5000.0 pg L 1 in the fixed bed flow system.

Sorption experiments was conducted in a batch system operating under the following
condition: 100 ml of an arsenic model solution with 1.0 g of resin were placed in an Erlen-
meyer flask and the mixture was shaken (o = 150 rpm) using an orbital laboratory shaker
(Rotamax 120, Heidolph Instruments, Kelheim, Germany) for different times up to 12 h at
room temperature. The pH was varied from 3.00 to 12.00 by adjustment with 0.1 M HCI or
0.1 M NaOH.

In the fixed bed flow system, a column of diameter 2.00 cm and length 30 cm was em-
ployed. The flow rate, Q, mass of resins, m, and empty bed volume, EBV, were adjusted to
obtain the optimal time of contact, 7, for the ion exchange/sorption. The conditionsin the flow
system were the following: Q = 1.66-2.00 mL minl, mgy, = 6.0-10 g, EBV = 11.0-12.5 mL,
7=6.6-7.50 min.

Water samples

Water samples were collected from the domestic tap water and wastewater from drainage
channels (Vojvodina region in Serbia). Modified water was prepared by addition of ions of
interest, usually present in natural water, to study the influence of their appropriate concen-
trations on the separation and determination of arsenic species by the proposed method. All
water samples were filtered through a 0.25 um membrane filter and collected in polyethylene
bottles; if it was necessary to store for a prolonged time, the samples were acidified with
HNO; and stored at 4.0 °C.

RESULTS AND DISCUSSION
Preliminary investigations

The influence of pH on the separation of arsenic species was studied in the
pH range from 3.00 to 12.00, and the results are given in Fig. 2. Separation of the
iAs and 0As species both at a concentration of 100 mg L—1 was conducted using
HY and SBAE resins in the batch system operating under the following con-
dition: contact time 7= 60 min and shaker speed » = 150 rpm at room tempe-
rature.

The resin capacity was calculated according to EqQ. (1):
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780 BEN ISSA, MARINKOVIC and RAJAKOVIC

q= GGy, (1)
m

where q is a sorption capacity in ug g1, ¢ is initial arsenic concentration in mg
L1, ¢ is equilibrium arsenic concentration in pg L1, V is the volume of the
model solution in L and misthe mass of resin in g. All capacities measurements
were redlized in triplicate.
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Fig. 2. Efficiency of arsenic adsorption on HY and SBAE resinsvs. pH. Conditions:
Cas(i1l) = Cagv) = CMMAS(V) = Comasy) = 100.0mg L%, mein =1.00 g, t = 20 °C,
V=100 mL, 7= 60 min, o = 150 rpm.

The results presented in Fig. 2 show that the arsenic separation by the use of
HY and SBAE resins was highly affected by the pH value. The adsorption of
DMAS(V) on SBAE started at pH 5.00 and on HY resin at pH 8.00. DMASs(V)
exists as neutral species at pH < 6.00 (Fig. 1), or even as cations in strongly aci-
dic media, and thus deionized DMAS(V) showed low affinity with respect to both
resins. Bonding capacities of SBAE with respect to MMAS(V), DMAS(V) and
AS(V) species increased starting from pH 5.00 and reached a maxima at pH
11.00. The mono- and divalent anions of MMAS(V) showed better adsorption
capabilities on the SBAE resin in the pH range 7.00-12.00; a somewhat higher
affinity of the divalent anion could be observed. As(lll) did not bond on the
SBAE resin at pH < 8.00 as it existed as neutral molecules, which is beneficial
for A(I11) determination in the SBAE resin effluent.22

Bonding capacities of the hydrated iron-oxide particles integrated into the
HY resin with respect to iAs was beneficial at pH > 2.00. Adsorption of arsenic
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SEPARATION AND DETERMINATION OF DIMETHYLARSENATE 781

species, except DMAS(V), increased from pH 2.00, small capacities changes
could be observed in the pH range from 6.00 to 10.00, and subsequently, a rapid
drop of the adsorption efficiency was observed. From this point of view, the HY
resin could be used in the pH range from 6.00 to 8.00 for the separation and de-
termination of DMAS(V), aswell for the determination of the total iAs.22

The pH of the solution plays an important role in the control of arsenic
species, which is beneficial for the arsenic separation; thus, by adjusting the pH
to 7.00, SBAE resin could not retain the molecular form of As(l11) while As(V)
was bonded at the resin surface. Hence, the concentration of As(l11) could be
measured directly in the effluent from the SBAE resin. With this feature, the
SBAE resin is a convenient material for the separation of iAs species.22 How-
ever, the result of iAs and MMAS(V) separation from water using the HY resin
suggest that HY is efficient for the mutual removal of molecular and ionic forms
of iAs, aswell MMAS(V) species. Thus, DMAS(V) could be measured directly in
the effluent from the HY resin.

Determination of resins capacitiesin a fixed bed flow system

In order to develop a method for the separation and determination of
DMAS(V), it was necessary to determine the capacity and the efficiency of SBAE
and HY resins in a fixed bed flow system. Model solutions were prepared from
deionized and from modified tap water at an arsenic concentration of 5000 pg L,
pH 7.00. These solutions were passed through afixed bed column: myegn, = 6.0 g,
Q = 1.66-2.0 mL min~1 and EBV = 12.5 mL. The breakthrough point was consi-
dered to be the point when the arsenic concentration in the effluent was equal to
or higher than 10 pg L1, which is a good criterion for the determination of the
resin capacity, as well for resin comparison. The results of the capacities deter-
mination for the HY resin are shownin Fig. 3.

The capacity of the HY resin in a fixed bed flow system for the samples
prepared in deionized water was 4150 pg g1 for A(I11),22 3500 ug g for
As(V)22 and 1500 ug g1 for MMAS(V),23 at pH 7.00. Analogous experiments
conducted with modified tap water (Fig. 3b) gave slightly lower resin capacities:
3750 ug g1 for A(l11), 3330 ng g1 for As(V) and 1466 ug g1 for MMAS(V).

The high capacities provide a good area for research, especially for the sepa-
ration and preconcentration of arsenic species in different water samples. The
presented results indicate that at pH 7.00, DMAS(V) is hot bonded by HY, while
MMAS(V) show a significant affinity for the HY resin surface. Significant sorp-
tion capacities of MMAS(V) were observed in the pH range from 6.00 to 10.00,
but at lower pH values, molecular forms become dominant which are less at-
tracted by the positive resin surface. The low sorption capacity for DMAS(V) at
pH > 8.00 could be due to steric interference of the two methyl groups and the
resin surface groups, and such repulsive forces prevent entrance into the meso-
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782 BEN ISSA, MARINKOVIC and RAJAKOVIC

and micropores.38 Arsenate adsorption by iron-oxide involves a ligand exchange
reaction with surface hydroxyl groups, which results in different surface com-
plexes, e.g., monodentate vs. bidentate, mononuclear vs. binuclear. Arsenite ad-
sorbs via a ligand exchange reaction as well forming mono- and binuclear com-
plexes. At higher surface coverage, bidentate binuclear complex formation is a
preferential type of binding, which could be a reason of the low affinity of
DMAS(V) toward the HY resin surface.3940 The use of HY resin provides the
possibility for quantitative separation of DMAS(V) without any interference of
other arsenic species present in the sample subjected to analysis.
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Fig. 3. Breakthrough curves for iAs and oAs species on the HY resin: @) deionized water and
b) modified tap water. Conditions: Cagi1y = Cagv) = CMMAs(v) = Comas(y) = 5000 pg L1,
pH 7.00, Myegp, = 6.0 g, Q= 1.66 mL min'l, EBV =12.5mL.

Established procedures

A smple and efficient method for the separation and determination of
DMAS(V) was developed in preliminary tests and applied to the standard As
solution and drinking water samples. The laboratory column was filled with 6.0 g
of HY resin and rinsed with 100 ml of deionized water. The water sampling was
performed according to a literature procedure?! without adding any substances as
stabilizers. Before the sorption experiments, the pH of the water sample (100 ml)
was pH-adjusted and passed through the separation column at a flow rate of 1.66
mL min~1. Five portions (20.0 mL) of effluent were taken, and each fraction was
adjusted to the appropriate pH with 5 % HNO3 before injection into the ICP-M S
instrument.

Application of the proposed method to the standard As solution

For the validation of the proposed method for water analyses, six samples of
deionized water were spiked with different iAs and 0oAs concentrations to check
the efficacy of DMAS(V) separation and determination. The testing was based on
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SEPARATION AND DETERMINATION OF DIMETHYLARSENATE 783

the use of standard samples with the addition of iAs and 0oAs in the concentration
range 5-100 pg L1 to approach the concentration of arsenic in natural water.
The results of samples analysis prepared in deionized water with the addition of
different concentrations of DMASs(V), MMAS(V), As(V) and Ag(l11), are givenin
Tablel.

TABLE |. Anaytical data of the separation and determination of DMAS(V) species in
standard solutions containing MMAS(V), As(V) and As(l11) using the HY resins (o — standard
deviation)

Standard ~ As content, standard addition, pg L1 Mesasured, pg L1 Recovery, %
solution  DMAS(V) MMAS(V) As(V)As(Ill) DMAS(V) averagevaue+ ¢ DMAS(V)
1 5.00 5.00 5.00 5.00 4.75+£0.06 95.0

2 20.00 40.00 100.0 50.00 18.80+£0.22 94.0

3 20.00 50.00 50.00 50.00 21.80+1.60 109.0

Good recoveries of 95.0, 94.0 and 109.0 % were obtained and the RSD va
lueswere 1.1, 7.50 and 7.50 % for standard solutions 1, 2 and 3, respectively.

The results of analysis of standard samples prepared in deionized water con-
taining different concentrations of DMAS(V) and MMAS(V) aregivenin Table 1.

Good recoveries were found in the samples at DMAS(V) concentrations of
10, 50 and 100 pg L—1, while the RSD values were 2.6, 4.6 and 2.4 %, respecti-
vely.

TABLE Il. Anaytical data of the separation and determination of DMAS(V) species in
standard solutions containing MMAS(V) using the HY resin (o — standard deviation)

Standard ~ As content, standard addition, pg L1 Mesasured, pg L1 Recovery, %
solution DMASs(V) MMAS(V) DMAS(V) averagevalue+ ¢  DMAS(V)
4 10.00 10.00 9.00+0.17 90.0

5 50.00 50.00 52.70+2.50 1045

6 100.0 100.0 104.8+2.50 104.8

Application of proposed method to drinking water samples

The proposed method has been applied to drinking water sasmples in order to
separate and determine DMAS(V). In Table 111 are presented results of DMAS(V)
separation and determination in drinking water samples spiked with different
concentrations of arsenic species. The standard addition method is useful because
some unknown variations of the matrix can be prevented and this was suggested
in some studies.#142 Because no water samples with known concentrations of
various arsenic species were available the accuracy of the analytical results was
evaluated by recovery studies.

The recovery and reproducibility of tap water samples 1-3 and modified
water were good, with RSD values of 2.9, 7.00, 2.8 and 5.4 %, respectively.
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784 BEN ISSA, MARINKOVIC and RAJAKOVIC

TABLE Ill. Analytical data of the separation and determination of DMAS(V) species in tap
water containing MMAS(V), As(V) and As(I11) using the HY resin (o— standard deviation)

As content standard addition, pg L1 Measured, pg L1 Recovery, %
Sample tap
water DMASY) MMASV) As(V) As{ill) DM’\*/;(LQ e DMAY(V)
1 5.00 5.00 500 5.00 450 91.0
2 10.00 50.00 100.0 50.00 8.80+0.20 88.00
3 50.00 50.00 100.0 50.00 48.10+1.00 96.2
Modified 50.00 50.00  100.0 50.00 53.30+2.80 106.6

Analytical figure of merit and application

The analytical validity of the proposed method and of the ICP-MS measu-
rements were determined and tested by analyzing fresh water and river water
certified reference materials for trace metals NIST 1643e and NRC SLR$4, of
certified As concentrations of 60.45+0.72 and 0.68+0.06 ug L1, respectively.
The obtained results were 61.7+0.94 and 0.66+0.05 pg L1 total As. The standard
reference materials were spiked with 10 and 25 ug L~ of DMAS(V) in order to
check the validity of the proposed method with a known standard concentration
of iAs. The results of the DMAS(V) determinations are presented in Table 1V.

TABLE 1V. Anaytical data of the proposed separation procedure using HY resin for the
determination of DMAS(V) species in the standard reference material NIST 1643e

As content standard addition Measured Measured Recovery
Standard pg L1 pg L1 pg Lt %
solution . iAs average DMAS(V) average
DMAS(V) IAS valuet o vauet o DMAS(V)
1 10.00 61.70 61.50+0.82 9.60£0.20 96.0
2 25.00 61.70 60.80+0.76 24.40+1.50 97.6

The accuracy of the proposed method was additionally proved by analyzing
five samples of wastewater from drainage channels taken from the region of Voj-
vodina. Only in one sample, collected in the region of the city Zrenjanin, was
DMAS(V) detected, at alevel of 1.2 ug L1, and total iAs of 22 ug L—1. Separa-
tion and determination of As(V) and As(l11) species was achieved on SBAE and
ICP-MS measurements gave 21.6+0.98 ug L1 of As(V) without detection of
Ag(l11). The wastewater sample was spiked with 10 pug L—1 of DMAS(V) and sub-
jected to separation and determination of DMAS(V). The obtained result,
10.9+0.84 ug L1, gave unambiguous proof of the validity of proposed method
for the separation and determination of DMAS(V).

The analytic characteristics of the proposed method are given in Table V,
and the experimental limit of detection was equal to the method detection limit
(MDL), 0.03 pg L1 for iAs and 0As. The achieved sensitivity is adequate for
arsenic determination in non-polluted water samples.
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TABLE V. Analytical characteristics of the proposed method; linear analytical range, 0.03-20
ug L-1; method detection limit (MDL), 0.03 pg L™1; A: absorbance; [As] expressed as pg LL;
R — correlation coefficient

Characteristic iAs (total iAs) 0As (total 0AS)
Calibration A =1.016x10%iAs] + 4.671x102 A =1.022x10%0Ag] + 4.785x10?
R =0.9999 R =0.9996

Interference of inorganic ions

The ions commonly present in tap water: chloride, sulfate, fluoride and nit-
rate, could potentially interfere in the proposed analytical method. The separation
and determination of DMAS(V) in the presence of ions naturally present in drink-
ing water was investigated using drinking water samples spiked by the gradual
addition of the appropriate anion (Cl=, SO42-, F~ and NO3") in a concentration
ranging from 10 to 100 mg L~1. The interference of the ions was studied using a
10 pug L1 solution of DMAS(V) at pH 7.00, in order to determine the level of
noticeable signal depression (Table VI). The presence of interference ions showed
negligible effects on the reproducibility of the DMAS(V) determination providing
the total dissolved salts (TDS) were less than 450 mg L-1. All samples were tested
by ICP-M S measurements.

TABLE VI. Concentration of interfering ions (mg L1) in tap water samples that cause
noticeable signal depression when using ICP-MS

Sample TDS Cl- S0,% F NOs DMAS(V), ug L1
Modified tap water 450 52.2 53.0 0.2 3.2 9.5

The interferences of chloride and sulfate ions could be tolerated up to a con-
centration of 50 mg L—1. A severe problem associated with the determination of
As by ICP-MS arises from the interference of chloride, which create polyatomic
species observed at m/z = 75. The chloride present in the sample reacts with the
working gas, resulting in the formation of 40Ar35Cl+ (m/z = 75), the signal of
which could interfere with those of the As species, leading to inaccurate results.
The determination of arsenic in the presence of chloride was accomplished ac-
cording to a procedure suggested in the literature.43 Significant depression of the
signal were observed for fluoride and nitrate anions at level of 0.2 and 3.2 mg L1,
respectively. These results could not have a large influence on the method as
fluoride and nitrate in drinking water are present at lower concentrations than the
detection limit.

Hitherto, the developed methods for the determination of the total concen-
tration of arsenic in natural waters (level of 1 ug L1 or less) can be achieved
only by sophisticated analytical techniques for separation and measurement, such
as |ICP-M S and graphite furnace atomic absorption spectrometry (GF-AAS). For
the measurements of iAs species, the HG-AAS!5-18 and hydride generation ato-
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786 BEN ISSA, MARINKOVIC and RAJAKOVIC

mic fluorescence spectrometry (HG-AFS)* techniques were successfully em-
ployed. However, coupled analytical techniques are the most convenient for the
selective and sensitive determination of arsenic species with essentially uniform
qualitative and quantitative responses. In many works, nowadays, arsenic species
are determined by ICP-MS coupled with various chromatographic methods: 1C,20
HPLC,24-27.29 or more complex system: performing pre-column28 or post-co-
lumn?2® arsenic species derivatization. In contrast to such highly sophisticated and
expensive methods, the proposed procedure is cheap, simple, precise and time ef-
ficient. The separation procedure of arsenic species was highly efficient and with
low interference of the ions, commonly found in water. The method could be ap-
plied routinely for monitoring the arsenic level in the various types of water
samples (drinking water, ground water and wastewater).

The significance of the presented method liesin the fact that arsenic toxicity,
its bioavailability and transport mechanisms highly depend on the chemical form
in which it appears. The methylated arsenic species are significantly less toxic
than arsenite and arsenate and thus, the determination of arsenic speciation in
specific samplesis of utmost significance for the consideration of the overall to-
xicity, which cannot be based only on total arsenic determination. Thus, the de-
veloped method represents a great improvement compared with direct ICP-MS
measurements, which usually gives data of the total arsenic concentration. This
method can be recommended for speciation analysis when appropriate equipment
for highly sophisticated coupled techniques is not available. The proposed proce-
dure can be adapted for on-site collection or separation of As(ll1), As(V) and
DMAS(V) where 0As could possible be found, such as in nature where biome-
thylation is caused by the activity of microorganisms,#° or as the result of the use
of arsenic-based pesticides.46

CONCLUSIONS

Studies and research on the separation and determination of arsenic species
are of crucial importance for a complete understanding of the properties of ele-
ments and for the monitoring and management of natural water pollution, as well
for the design of appropriate purification technologies. Two types of resins,
SBAE and HY were tested. The adsorption of iAs and MMAS(V) species onto a
HY resin was accomplished by adjusting the pH vaue of the water sample to
7.00, thus providing DMAS(V) separation and determination. The separation and
pre-concentration procedures functioned well with the ICP-M S technique for the
sensitive determination of DMAS(V) and iAs at low concentrations. Measure-
ments with certified reference materias of known iAs value and spiked with dif-
ferent DMAS(V) concentrations proved the validity and accuracy of the applied
method. Detection limit was 0.03 ug L1 and relative standard deviation (RSD) of
al the investigated arsenic species was between 1.1-7.50 %.
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The separation test showed that the resin HY could be used for separation
and determination of the concentration of DMAS(V) in arsenic standard solution
prepared in the laboratory and in drinking water samples spiked with different
concentrations of 0As and iAs. Therefore, the obtained results related to the sepa-
ration and determination of DMAS(V) indicates that the proposed method is ac-
curate, sensitive and time saving.
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U3BOJ
PA3JIBAJABE U OAPEBUBAE JUMETHUIIAPCEHATA ¥V ITIPUPOJJHMM BOJJAMA

NURREDIN BEN ISSA, AJIEKCAHJIAP 1. MAPUHKOBUh u JbYBUHKA B. PAJAKOBUHR
Texnoaowxo—memianypuwixu axyaitiein, Yrnueepsiveii y beozpaoy, Kapnezujesa 4, 11120 Beozpao

V pany je mpuka3saH jeqHocTaBaH U eUKacaH METOJ 3a pa3aBajame U oJpeluBame JUMETHII-
apcenata, DMAS(V). 3a uzasajama DMAS(V) kopuiifiena je xubpuaHa cMona MoaudukoBaHa
reoxkhe-oxcunom (HY). 3a oxpehuBame KOHIEHTpalHja apceHa NPUMEHCHA je METOJa MaceHe
CIIeKTpOMeTpHje ca uHAyKoBaHo coperanytom twiasmMoMm (ICP-MS). KsantuTtaTnBHO OfBajambe
DMAS(V) o cBHX BpcTa apceHa MPUCYTHHX y MPUPOJHHAM BOJAM OCTBAapeHO je mpumeHoM HY
cmore y3 koutpoiy PH Bpemsoctu. [Ipu pH BpexHoctu Boge on 7,00 cBe BpcTe apceHa y BoaH ce
KBaHTHTATHBHO Be3yjy 3a HY cmony uzy3es DMAS(V). Kanauuter HY cmorie je uspauyHaT Ha
ocHOBY ozpehuBama Tauke 1poboja y nporounom cucremy, HY cMona Besxxe Bume ox 4150 pg gt
Ag(I11), 3500 pg g1 As(V) u 1500 pg g1 MMAS(V). Kanauuter cMolle je BUCOK H IOCTOjaH H Y
MPUCYCTBY jOHA KOjH Cy NPHPOIHU cacTojium Boje. Y ediyeHTy je oapeheHa koHIeHTparmja
DMAS(V) npumerom |CP-MS. TIpemoxkeHn METOI je YCIOCTaB/beH U IIOTBPhEH PUMEHOM CTaH-
JapAHUX AaHATUTHYKUX TTOCTYNaKa, aHAIN30M CepTH(HHUKOBAHOT peepPEeHTHOT MaTepujaia 1 aHalu-
30M y30paKa y3 IPUMEHY CIOJbAIlbEr CTaHAapAa U CTaHIApJHOr JoaaTka. I'panuna oxpehuBama
6una je 0,03 ug L1, a penarusna crannapana gesujanuja (RSD) y oncery mamely 1,1-7,50 %.

(Mpumsbeno 10. maja 2011, pesuampano 1 pebpyapa 2012)
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