
Talanta 68 (2006) 1567–1573

Extraction of arsenic as the diethyl dithiophosphate complex with
supercritical fluid and quantitation by cathodic stripping voltammetry
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Abstract

The separation of arsenic based on in situ chelation with ammonium diethyl dithiophosphate (ADDTP) has been carried out using methanol-
modified supercritical CO2. Aliquots of extract were added to an electroanalytical cell and arsenic was determined by square wave cathodic
stripping voltammetry (SWCSV) at a hanging mercury drop electrode (HMDE). Quantitative extractions of As(DDTP)were achieved when
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he experiments were carried out at a pressure of 2500 psi, a temperature of 90◦C, 2.0 mL of methanol, 20.0 min of static extraction a
.0 min of dynamic extraction in the presence of 18 mg of ADDTP. Analysis of arsenic was made using 150 mg L−1 of Cu(II) in 1 M HCl
olution as supporting electrolyte in the presence of ADDTP as ligand. Preconcentration was carried out by deposition at a p
0.50 V and the intermetallic compound CuxAsy was reduced at a potential of−0.77 to−0.82 V, depending on ligand concentration. T

esults showed that the presence of ligand plays an important role, increasing the method’s sensitivity and preventing the oxidation
he calibration graph of the As(DDTP)3 solution was linear from 0.8 to 12.5�g L−1 of arsenic (LOD 0.5�g L−1, R = 0.9992,tacc= 60 s). The
ethod was validated using carrot pulp spiked with arsenic solution. This method was applied to the determination of arsenic in

arrots, beets and irrigation water. Arsenic in beets was: skin 4.10± 0.18 mg kg−1; pulp 3.83± 0.19 mg kg−1 and juice 0.71± 0.09 mg L−1;
rsenic in carrots was: skin 2.15± 0.09 mg kg−1; pulp 0.59± 0.11 mg kg−1 and juice 0.71± 0.03 mg L−1. Arsenic in water were: Chiu-Ch
.08 mg L−1, Inacaliri 1.12 mg L−1, and Salado river 0.17± 0.07 mg L−1.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Arsenic is one of the most toxic elements found in nature,
nd it constitutes one of the main concerns in relation to
uman health. Arsenic is second only to lead as the main

norganic contaminant in the original US Environmental
rotection Agency’s (EPA) National Priority List (NPL) of
uperfund sites. Arsenic can be found in drinking water,

n the air as volatile arsines, and in soil, where it can con-
entrate if absorbed on soil components. Consumption of
ater with high concentrations of this nonmetal over an
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extended period of time causes serious diseases, incl
development of cardiovascular and peripheral vascula
ease anomalies, neurological and neurobehavioral diso
diabetes, hearing loss, portal fibrosis of the liver, lung fibro
hematological disorders, and carcinoma, especially in
and semi-urban areas where water irrigates food or drin
water is often used without treatment[1–5]. This problem
has been reported in many countries of the world, espe
in Chile, Argentina, Mexico, China, Taiwan, Banglade
Poland, Canada, Japan and India. Arsenic enrichme
water in the Antofagasta Region of Chile is well know
Here the streams are characterized by a high As co
(100–1000 mg L−1), mainly associated with the quatern
volcanic and present-day geothermal activity in the An

039-9140/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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mountains[6–9]. The current maximum contaminant level
for all forms of arsenic in groundwater is 50�g L−1, set
by the EPA in 1975 based on a Public Health Service stan-
dard originally established in 1942. On 22 January 2001, the
EPA adopted a new standard for arsenic in drinking water of
10�g L−1, to be enforced by January 2006.

A wide variety of methods exist for extracting this
element from environmental solid samples. Variation of the
results is generally ascribed to loss of volatile arsenic during
extraction. Microwave methods are often recommended
because there is little or no loss by volatility, and less
time and less acid are needed to carry out the extraction
[10–12]. Due to their low concentration in numerous solid
and liquid samples there is crucial need for the preconcen-
tration of arsenic before analysis. In the last years solid
phase extraction (SPE) has been successfully used for the
preconcentration, separation and determination of metal
ions. The mechanism of retention depends on the nature of
the sorbent and may include simple adsorption, chelation,
ion-pair formation, or ion exchange. The most common
sorbent of this type is octadecyl-bonded silica (C-18-silica).
The chelating agent may be added directly to the sample or
to introduce the functional chelating group into de sorbent
[13–16].

Supercritical fluid carbon dioxide alone or with a modifier
is an alternative to the extraction of metal ions as complexes
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used to determine As(III) and As(V) without previous sep-
aration. Arsenite can be reduced to the element in acidic
solution, deposited onto a solid electrode such as gold, plat-
inum or copper, and then stripped off using anodic strip-
ping voltammetry (ASV)[27–29]. As(III) is not amenable
to determination by stripping voltammetry at a hanging mer-
cury electrode because of the insolubility of arsenic in mer-
cury. In the presence of copper an electrochemical–chemical
reaction occurs and an intermetallic compound, CuxAsy, is
formed which can be preconcentrated on the mercury elec-
trode and then stripped cathodically. There are two possible
reaction mechanisms depending on deposition potential and
acid concentration. One of them is that AsIII is reduced to
Aso and CuII is reduced to Cu(Hg). The Aso and Cu(Hg)
deposited on the electrode surface could then form inter-
metallic compounds with different Cu:As ratios. On the
other hand, chloride plays an important role in the pro-
cess of deposition of CuxAsy, probably through stabilization
of the CuI formed at the HMDE which could react with
Aso forming Cu3As [30]. At a potential of about−0.70
to −0.80 V, the intermetallic compound is reduced, result-
ing in arsine and Cu(Hg). If copper and acid concentra-
tions are constant, the peak current is a function of arsenic
concentration. However, it was found that the arsenic peak
decreased upon repeated scanning, probably due to reac-
tion between mercuric ion and AsIII , since mercury can
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rom environmental samples. A suitable chelating a
hat has reasonable solubility in supercritical solvents
orms stable and extractable chelates is necessary.
amily of ligands which has been used extensively
omplexation–extraction with immiscible organic solve
r extraction with sorbents is that of the derivatives
ithiocarbamic acid. However, they are unstable in
edia and tend to decompose in supercritical CO2 extraction

ystems [17–20]. The ammonium salt ofO,O-diethyl
ithiophosphate (ADDTP) forms stable complexes w
rsenic, weak complexes with some metal ions like N
nd Co(II), is stable in acid solutions due to its resista

o hydrolysis, allowing extraction and complexation at
H, does not react with alkali and alkaline earth me
nd is very soluble in methanol[21–23]. According to th

iterature, the presence of phosphorus compounds incr
he efficiency of extraction of inorganic arsenic. Arse
orms complexes having a 1:3 metal:ligand stoichiom
nd As(DDTP)3 has a stability constantKf = 2.5× 109 M−1

17].
Several analytical techniques have been used for ar

etermination at trace levels, such as atomic absorption
rometry, atomic fluorescence spectrometry, ICP mass
rometry, UV–vis spectrometry, hydride generation, grap
urnace, potentiometry, gas or liquid chromatography
ifferent detectors, and prior conversion of inorganic
ethylated arsenic compounds into their diethyl dithioca
ate complexes or trimethylsilyl derivatives[24–26]. Among

hese methods, electrochemical techniques have the a
age of being sensitive and of low cost, and they ca
-

issolve in acidic media. HgCl2 solution was added to th
lectroanalytical cell, causing the disappearance of the r

ion peak, which indicated such an oxidation may h
ccurred[30]. In an attempt to stabilize the peak curre

he effect of reducing reagents such as iodide, asc
cid and hydrazine had been investigated. These rea
an reduce mercuric ions or combine with them to
ent them from reacting with AsIII . As a result, the pea
urrent of AsIII was constant during repeated scans. T
educing agents and others such as hydroxylamine, o
cid, potassium disulfite, sodium sulfite, sodium metab
te/sodium thiosulfate, and sodium dithionite have b
sed to reduce As(V) to As(III)[30–33]. Another possibi

ty is adsorptive stripping voltammetry, in which arsenic(
s accumulated on the mercury electrode surface in
orm of a complex such as pyrrolidine dithiocarbam
34].

One objective of this study was to find the optimum co
ions for performing the extraction of As(III) with methan
odified supercritical CO2 using ammonium diethyl dithio
hosphate as ligand for in situ complexation. A sec
bjective was to find a method that would allow direct qua

ation of the small methanolic extract volume obtained w
ut further treatment. Cathodic stripping voltammetry in
resence of ADDTP was an adequate quantitation me
hich improved the sensitivity of the Cu–As intermeta
ompound method. The procedure was then validated
ncontaminated carrot pulp and applied to the analys
eal samples of carrots, beets and irrigation water from
alama area of Chile.
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2. Experimental

2.1. Reagents

Standard solutions of arsenic were prepared by diluting
a commercial standard solution containing 9630�g mL−1

(ICP/DCP standard in 4 wt.% HNO3, Aldrich, St. Louis,
MO). Diethyl dithiophosphate, ammonium salt, 95%
(ADDTP, Aldrich). HPLC-grade methanol was purchased
from Fisher Scientific (Pittsburgh, PA). Stock solutions
of ADDTP in methanol were stable for several months.
Copper standard solution containing 1000�g mL−1 (E.
Merck, Darmstadt) 37% fuming hydrochloric acid (Merck),
and hexadistilled metallic mercury (Radiometer Analytical,
Lyon) were used for the electroanalytical measurements.
Deionized water from a Millipore (Milford, MA) MilliQ sys-
tem was used for preparing the aqueous solutions. Cellulose
filter paper (Whatman 42, purchased from Merck) was used
as inert support for liquid samples in the extractor. SFE-grade
carbon dioxide (Indura, Santiago, Chile) was used in this
study. Carbon dioxide modified with methanol is not com-
mercially available; for that reason the modifier was added
directly to the extraction cell.

2.2. Apparatus
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amount of methanol (1.0–4.0 mL) and amount of ligand
(10.0–50.0 mg). The extracts were received in empty 10.0 or
5.0 mL volumetric flasks. The system was cooled, then about
3.0 mL of methanol were added to the extraction vessel,
and this washing solvent was received in the same flask.
When the best extraction parameters had been found, the
method was validated using 5.0 g aliquots of uncontaminated
carrots spiked with 100�L aliquots of 96.3�g mL−1 arsenic
solution. The spiked carrots were placed in a freezer at
−20◦C for hours, days and weeks. These extracts were
analyzed by square wave cathodic stripping voltammetry.

2.3.2. Determination of arsenic from carrots, beets and
irrigation water

The skin, dry pulp and juice of carrots and beets were sep-
arated. Two to four milliliter aliquots of the liquid samples
(carrot and beet juice, and irrigation water) were placed on
filter paper and dried at room temperature in a hood. Sub-
sequently, the filter paper with the liquid samples or 5.0 g
of solid samples was placed in the extraction vessel, and
18 mg of ADDTP ligand and 2.0 mL of methanol were added.
The best extraction parameters were set in the extractor.
The extracts of the samples were received in empty 5.0 mL
volumetric flasks. Arsenic in the extracts were analyzed by
SWCSV using standard addition method.
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All the extractions were performed with an SFE-4
xtractor (Supelco, Bellefonte, PA). A 20-mL stainless s
essel obtained from Supelco was used for the extrac
used-silica tubing (12–15 cm× 50 mm i.d.) was used as

estrictor. The flow rate of the extraction fluid was appr
ately 0.5 mL min−1 (as a liquid).
Square wave cathodic stripping voltammetry (SWC

as carried out with an MDE 150 polarographic st
Radiometer Analytical, Lyon, France). The MDE 150 w
ontrolled with TraceMaster 5 PC software. A 5-mL capa
easuring cell was equipped with a hanging mercury
lectrode (HMDE), a reference electrode (Ag/AgCl/KCl3M),
n auxiliary platinum electrode, a mechanical mini-stir
nd a capillary to supply an inert gas. All experiments w
arried out in an argon atmosphere. All potentials are qu
elative to the reference electrode.

.3. Procedures

.3.1. Extraction parameters with synthetic solutions
1.0 mL of 9.63�g mL−1 arsenic solution was spike

nto circles (125 mm diameters) of filter paper and drie
oom temperature in a hood with circulating air. The fi
aper with the arsenic was cut into small pieces and pl

n the extraction vessel. Ammonium diethyldithiophosph
ADDTP) and methanol as modifier were added.
ystem was closed and the CO2 inlet valve was opene
llowing the CO2-methanol mixture to homogenize. Stu

es were made as functions of temperature (50–160◦C),
ressure (1000–3000 psi), extraction time (10–60 m
.3.3. Square wave cathodic stripping voltammetry
Studies of ligand, copper and acid concentration, meth

ffect, electrolysis time and potential, step and amplit
ulse duration, scan rate and saturation the mercury
ere made to select the best conditions to ensure the h
ossible sensitivity and precision.

The general procedure used to obtain voltammogram
he following: 3.0-mL of solution containing 150 mg L−1 of
u in 1 M HCl was pipetted into a 5.0 mL voltammetric c
undred microliter aliquots of the solution containing arse
omplex and free ligand in methanol were added. The
ion was purged with water-saturated argon (5 min) to rem
issolved oxygen. Subsequently, five mercury drops
iscarded and the accumulation was carried out for 60
0.500 V with a stirring speed of 400 rpm. After a 5 s qu

ent period, the potential was scanned between−0.500 and
1.100 V using square wave modulation with 0.005 V s
mplitude, 0.025 V pulse amplitude, and 0.04 s step d

ion. The calibration curves were drawn and linear regres
nd limits of detection (LOD) were determined. Arsenic
uantified by the standard addition method.

.4. Limits of detection (LOD) and quantitation (LOQ)

The LOD was calculated fromyDL = a + 3Sx/y and
DL = a + bxDL, wherea is the intercept,Sx/y is the random
rror inx andy, andb is the slope. The LOQ was calcula

rom yDL = a + 10Sx/y [35].
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Fig. 1. (a) Recovery of As(ADDTP)3 complex as a function of oven temperature (50, 70, 90; 120, 140 and 160◦C). Conditions: 96.3�g of arsenic; 10 mg
of ADDTP ligand; 2.0 mL of methanol; pressure 2000 psi, restrictor temperature 50◦C, and 10 min in static mode followed by 5 min in dynamic mode. (b)
Recovery of As(ADDTP)3 complex as a function of system pressure (1000, 1500, 2000, 2500 and 3000 psi). Conditions: 96.3�g of arsenic; 10 mg of ADDTP
ligand; 2.0 mL of methanol; temperature 90◦C, restrictor temperature 50◦C, and 10 min in static mode followed by 5 min in dynamic mode. (c) Recovery of
As(ADDTP)3 complex as a function of static extraction time (10, 20, 30, 45 and 60 min) followed by 5 min in dynamic mode. Conditions: 96.3�g of arsenic;
10 mg of ADDTP ligand; 2.0 mL of methanol; temperature 90◦C, pressure 2500 psi, and restrictor temperature 50◦C.

3. Results and discussion

3.1. Extraction parameters

The effect of temperature (50, 70, 90, 120, 140 and
160◦C), pressure (1000, 1500, 2000, 2500 and 3000 psi)
and extraction time (10, 20, 30, 45 and 60 s) are shown
in Fig. 1a–c. These values are related to the averages of
three measurements under the same conditions. Recovery

was achieved by adding 96.3�g of As(III), 10 mg of ADDTP
and 2.0 ml of methanol in the extractor for 10.0 min of static
extraction and 5.0 min of dynamic extraction. From the vari-
able temperature study it is seen that at high values recovery
decreases, probably due to decomposition. The optimum tem-
perature was 90◦C, and it was used in all later measurements.
From the variable pressure study it was found that the great-
est recovery occurred at 2500 psi, but at 3000 psi it decreased
slightly. Later extractions were made at a pressure of 2500 psi
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and a temperature of 90◦C, and extraction time was varied
from 10 to 60 min. The results are shown inFig. 1c. When
extraction time was increased from 10 to 20 min, recovery
increased; however, longer times were not adequate because
recovery decreased, perhaps because of slow decomposition
of the ligand or the complex. These measurements were
repeated many times because it was expected that recov-
ery as a function of time should increase or reach a steady
state. All the measurements were carried out with 2.0 mL of
methanol. Subsequently, 1.0, 2.0, 3.0 or 4.0 mL of methanol
were added to the extraction vessel, but the highest recov-
ery was obtained with 2.0 mL. When acetonitrile was added
to the extraction cell as modifier, the recovery of arsenic as
DDTP complex was lower than that with methanol. With the
purpose of increasing the recovery of arsenic complex, small
aliquots of water (50–100�L) were added to the inert sup-
port or to the real sample, but the yield increased only slightly.
The study of the extraction parameters was made with larger
amounts of arsenic (96.3�g) because we wanted to know the
tendency of the curves as a function of temperature, pres-
sure, extraction time, and amount and type of modifier and
the maximum amount extracted. When the optimum exper-
imental parameters were achieved and extraction was only
95.3%, we made extractions with smaller amounts of arsenic
in the vessel, changing the amount of ligand. Quantitative
recoveries were achieved when the amount of arsenic was
l of
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1 M HCl solution were used, peak current due to H+ reduc-
tion increased and covered the arsenic peak. Due to the
presence of DDTP ligand, a much higher amount of cop-
per than that used by other authors was necessary. To obtain
the optimum copper concentration, it was varied between 0
and 400 mg L−1 with two different concentrations of AsIII

and ADDTP ligand. Voltammograms were obtained with
5.0�g L−1 (or 10.0�g L−1) of AsIII and 0.10 mg mL−1 (or
0.20 mg L−1) of ADDTP ligand in 1 M HCl solution, and
aliquots of copper(II) solution were added.Fig. 2 shows a
plot peak current as a function of copper concentration. In
this figure it is seen that maximum sensitivity is obtained
with about 150 mg L−1 of copper(II). Higher copper concen-
trations saturate the mercury drop. With the first additions of
copper a peak to−0.46 V is seen which corresponds to the
Cu complex; when the copper concentration is higher than
that of ligand, a peak at−0.15 V is seen which corresponds
to free copper or copper in chloride medium. If the Cu:L ratio
is 1:2, copper complex is precipitated and the arsenic peak
potential is close to the reduction of H+.

Later, voltammograms for various ligand concentrations
in the presence of 150 mg L−1 of copper in 1 M HCl were
recorded using an accumulation potentialEacc=−0.50 V
with a time of 60 s (Fig. 3). This solution contained
32.2�g L−1 of AsIII . Aliquots of 3 mg mL−1 ADDTP ligand
in methanol solution were added (curves 3–11), with solu-
t
t ained
i ined
w
s sing
A

with
c ese
c tion
g

F As
1
A
a

ess than or equal to 9.63�g adding 18 mg instead 10 mg
DDTP. The method was validated using 5.0 g of carrot p
amples spiked with 100�L of 96.3�g mL−1 arsenic solu
ion. Six extractions were made (temperature 90◦C, pressur
500 psi, 18 mg of ADDTP ligand, 2 mL of methanol as m

fier, 20 min static extraction and 10 min dynamic extract
nd the recovery was 9.58± 0.08�g.

.2. Quantitation of arsenic by SWCSV

Cathodic stripping voltammetry of AsIII with formation
f the intermetallic compound CuxAsy using HMDE has
een well described in the literature. However, our solut
ontained As(DDTP)3, ADDTP and methanol. For that re
on, and to achieve maximum sensitivity in the voltamm
esponse, it was necessary to carry out studies as a func
opper and ligand concentration, electrolysis time and p
ial, stirring rate during deposition, step and pulse amplit
nd scan rate.

The effect of changes of the electrolysis potential on
eak currents was studied over the 0.10 to−0.60 V range
ersus Ag/AgCl with 10.0�g L−1 As(III) and 0.09 mg mL−1

DDTP solution (Cu(II) 150 mg L−1, 1 M HCl as support
ng electrolyte) with an accumulation time of 60 s. High
eproducible values of peak current were obtained whe
ccumulation potential was−0.35 to−0.50 V. On the othe
and, peak current increased linearly with accumulation
p to 360 s. Longer times were not studied.

High acid concentration is necessary for the reductio
uxAsy compound. However when higher concentratio
f

ion concentration ranging from 0.019 to 0.358 mg mL−1. In
hese voltammograms it is seen that the current peak obt
n the presence of ligand are higher than those obta
ithout ADDTP. The peak reduction potential of CuxAsy

hifts slightly towards more negative values with increa
DDTP concentration.
Voltammograms for various arsenic concentrations

onstant concentration of the ADDTP ligand using th
onditions were recorded. The corresponding calibra
raph followed the linear equationy = 8 ×10−4 + 0.076x

ig. 2. Effect of copper concentration on the arsenic peak current. (A)III

0.0�g L−1, ADDTP 0.20 mg mL−1 in HCL 1 M. (B) AsIII 5.0�g L−1,
DDTP 0.10 mg mL−1 in 1 M HCl. Accumulation potential (Eacc) −0.50 V,
ccumulation time (tacc) 60 s.
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Fig. 3. Square wave cathodic stripping voltammetry of arsenic solution in the
presence of different ligand concentrations. Accumulation potential (Eacc)
−0.50 V, accumulation time (tacc) 60 s; scan from−0.50 to−1.10 V. Curve
1: blank (3.0 mL of supporting electrolyte, 150 mg L−1 Cu(II), 1 M HCl);
curve 2: adding 100�L As(III) 1 �g mL−1; curves 3–11 in the presence of
20, 40, 60, 80, 100, 120, 220, 320 and 420�L of 3 mg mL−1 ADDTP ligand
methanol solution.

(r = 0.9992,n = 8). The linear calibration plot extends up to
a concentration of 12.5�g L−1. At higher concentrations the
linearity remains, but the slope of the calibration curve is
lower. The LOD was found to be 0.5�g L−1, while the LOQ
was calculated to be 1.8�g L−1 at an accumulation time of
60 s. For increasing sensitivity of the method, longer accu-
mulation times must be used.

3.3. Analysis of samples

In a first step, the extracts were quantified by HPLC using a
C-18 stationary reverse phase (25 cm, ID 4 cm, 5�m column)
and UV detection at 270 nm (methanol:water 85:15, pH 2.0 as
mobile phase). One high area peak (tr = 18.65 min) and one
small peak (tr = 21.66 min) were obtained, and calibration
curves were linear considering individual areas or the sum
of the areas of two peaks. However, when extracts from real
samples were analyzed, a high peak corresponding to the
Fe(DDTP)3 complex was obtained, with retention time very
near to that of the As(DDTP)3 complex peak. We tried to
eliminate this interference, but other ligands which react with
iron had absorbance at 270 nm and the signals were very wide.
Then an electroanalytical technique was used.

Hundred microliter aliquots of the extracts contain-
ing the complex and free ADDTP ligand were placed in
a lec-
t e
p ntra-
t d to
1 ots
o stan-
d car-
r rip-
l in
b

and juice 0.71± 0.09 mg L−1; arsenic in carrots, skin
2.15± 0.09 mg kg−1; pulp 0.59± 0.11 mg kg−1 and juice
0.71± 0.03 mg L−1. Arsenic in irrigation water were: Chiu-
Chiu 0.08 mg L−1; Inacaliri 1.12 mg L−1 and Salado river
0.17± 0.07 mg L−1. These arsenic levels in food are very
high, because according to the WHO, an intake of 1.0 mg
of inorganic arsenic per day may give rise to skin lesions
within a few years. Our interest was centered in the analy-
sis of As(III) since it is the most toxic, and a reduction agent
for the determination of total arsenic was not used. Using this
procedure, arsenic concentrations as low as 0.8�g L−1 could
readily be determined in a complex matrix (food, vegetables,
soil, etc.) using a short time of 60 s as deposition time prior
to extraction for 20 min with supercritical methanol-modified
CO2. Excess methanol-free ligand and metal ions present in
the samples that could be extracted with the arsenic complex,
such as iron, lead, zinc, chromium and copper, do not interfere
with peak current. Hydrochloric acid concentration cannot be
greater than 1 M because the proton reduction signal would
rise and cover the arsenic peak. The method of intermetal-
lic compound CuxAsy in the presence of ADDTP ligand was
more sensitive and reproducible, a reducing agent to avoid
reaction between mercuric ions and AsIII was not necessary,
and the standard and sample solutions of the extracts were
stable for several months to 4◦C. In the determination of
a d and
c se of
t

tita-
t fter
g fast.
T ltam-
m ith
a ctro-
m n and
p

A

rom
F

R

ch-

col.

01)

r-

l

n electroanalytical cell that contained supporting e
rolyte (150 mg L−1 Cu(II), 1 M HCl) until an adequat
eak was obtained. Depending on the arsenic conce

ion in the samples, the extracts were concentrate
–2 mL under reduced pressure. Fifty microliter aliqu
f standard arsenic solution were added and the
ard addition method was applied. Ten samples of
ots, beet and irrigation water were analyzed in t
icate. The following results were obtained: arsenic
eets, skin 4.10± 0.18 mg kg−1; pulp 3.83± 0.19 mg kg−1
rsenic in the extracts obtained from the samples, ligan
opper concentration were almost constant due to the u
he standard addition method.

The search for the conditions for extraction and quan
ion may be slower than with other methodologies, but a
etting them the method is sensitive, reproducible and
he advantages of this method are those inherent to vo
etric techniques, which allow high sensitivity analysis w
n instrument of lower cost and maintenance than spe
etric techniques such as those that use a graphite ove
lasma.
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[28] M. Kopanica, L. Novotńy, Anal. Chim. Acta 368 (1998) 211.
[29] U.S. Environmental Protection Agency, SW-846.
[30] H. Li, R.B. Smart, Anal. Chim. Acta 325 (1996) 25.
[31] M.A. Ferreira, A.A. Barros, Anal. Chim. Acta 459 (2002) 151.
[32] Y. Hea, Y. Zheng, M. Ramnarained, D.C. Locke, Anal. Chim. Acta

511 (2004) 55.
[33] R. Feeney, S.P. Kounaves, Talanta 58 (2002) 23.
[34] J. Zima1, C.M.G. van den Berg, Anal. Chim. Acta 289 (1994) 291.
[35] J.C. Miller, J.N. Miller, Statistics for Analytical Chemistry, second

ed., Ellis Horwood, Londres, 1988.


