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Abstract In this paper, a new extraction method based on
countercurrent liquid–liquid microextraction (CLLME) has
been developed for the extraction and preconcentration of
inorganic arsenic (iAs) in plasma and urine samples prior to
their analysis by electrothermal atomic absorption spectrome-
try (ETAAS). In this method, firstly, 5 ml of water is added to
the extraction vessel. Then 30.0 μl of the extracting solvent is
added to it in order for the extracting solvent to be placed in
the narrow-necked vessel. In total, 10ml of a standard solution
or a pretreated real sample is added to the sample container
and it is connected to the extraction vessel via a connector.
While opening the embedded valve at the bottom of the sam-
ple container and the one in the extraction vessel, the sample
solution flows into the extracting solvent with the same flow
rate, leading to the successful extraction of metal ligand into
the extracting organic solvent. Under the optimum conditions,
calibration curves are linear in the range of 0.1–50 μg l−1, and

limit of detections (LODs) are in the range of 0.03–
0.05 μg l−1. The enhancement factor and enrichment factor
were in the range of 220–240 and 198–212, respectively.
Repeatability (intra-day) and reproducibility (inter-day) of
method based on seven replicate measurements of 5.0 μg l−1

of arsenic were in the range of 2.3–3.5% and 4.0–5.7%, re-
spectively. The applicability of the proposed CLLME and
ETAAS methods was demonstrated by analyzing the iAs in
spiked urine and plasma samples. The obtained recoveries of
the arsenic in the range of 92–107% indicated the excellent
capability of the developed method for speciation of arsenic
from plasma and urine samples.

Keywords Arsenic speciation . Countercurrent liquid–liquid
microextraction . Extraction solvent lighter thanwater .

Biological analysis

Introduction

Arsenic (As) is widely distributed in environment as various
species which can enter and accumulate in living organisms to
cause the toxic effect [1]. Although the biotic source of As is
geological, human activities such as mining, burning of fossil
fuels, and pesticide application also cause As pollution.
Toxicity of As depends not only on the total concentration
but also on the chemical forms in which this analyte is present
[2]. Inorganic arsenic (iAs) species including arsenite (As(III))
and arsenate (As(V)) are more toxic than their organic species
such as monomethylarsonic acid (MMA) and dimethylarsenic
acid (DMA), while arsenobetaine (AsB) and arsenocholine
(AsC) are considered as non-toxic arsenic compounds [3].
The toxicity of As(III) is 10–20 times higher than that of
As(V), and its oxide has been shown to cause several types
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of cancer [4]. Knowledge of the arsenic speciation in biolog-
ical samples is important because the physiological and toxi-
cological effects of arsenic depend on its chemical form [5].
Exposure to arsenic can cause a variety of adverse health
effects, including dermal changes, respiratory, cardiovascular,
gastrointestinal, genotoxic, mutagenic, and carcinogenic ef-
fects [6]. Therefore, it is necessary to determine the inorganic
As species in order to estimate its toxic effects and health
risks.

Nowadays, many kinds of conventional analytical tech-
niques, such as inductively coupled plasmamass spectrometry
(ICP-MS) [1, 3, 7, 8], inductively coupled plasma atomic
emission spectrometry (ICP-AES) [9], inductively coupled
plasma optical emission spectrometry (ICP-OES) [10], hy-
dride generation atomic absorption spectrometry (HG-AAS)
[11–14], and electotermal atomic absorption spectrometry
(ETAAS) [2, 4, 5, 13–19] have been used for the determina-
tion of the low concentration levels of arsenic. ETAAS is still
being used because it combines a fast analysis time, a relative
simplicity, a cheaper cost, low sample volume requirements,
and low detection limits. However, low concentration and
matrix interference are two problems in detecting arsenic com-
pounds. In this context, the development of methods for sep-
aration and preconcentration of arsenic is necessary.

Current research in analytical chemistry has focused on
small-scale, simplified, efficient, and particularly environmen-
tally friendly extraction technique. In recent years, various sam-
ple preparation methods, based on solvent microextraction ap-
proaches such as single-drop microextraction (SDME) [20],
hollow fiber-based liquid-phase microextraction (HF-LPME)
[1, 21, 22], dispersive liquid–liquid microextraction (DLLME)
[23–26], and dispersive liquid–liquid microextraction based on
solidification of a floating organic drop (DLLME-SFO) [1, 15,
16, 27] have been developed for the extraction and
preconcentration of As from biological, food, and environmen-
tal samples. However, disadvantages of SDME are air bubble
formation, time consuming, lake of equilibrium, and fast stir-
ring may break up the organic solvent drop. Also, HF-LPME is
time consuming, and in most cases, equilibrium is not attained
even after a long time. DLLME, which is a rapid, simple, and
low-cost method with a high enrichment factor, has gained
immediate and considerable attention by the researchers
[28–32]. The main disadvantage of the DLLME technique is
the use of high-density extraction solvents, being mostly halo-
genated, that are generally hazardous to laboratory personnel
and the environment. In DLLME-SFO, the extraction solvent
used has low density and melting point near room temperature,
which forms a layer on top of the aqueous sample, and can be
easily collected by solidifying it at low temperature. In addition,
the use of the extraction solvent with lower toxicity in DLLME-
SFO is more environmentally friendly. However, it is based
upon a ternary component solvent system, in which utilization
of the co-solvents (disperser solvents) leads to some

disadvantages such as decrease in the partition coefficients for
extraction of the analytes into the extracting solvent and in-
crease in the cost and environmental pollution.

The aim of this work was to develop a new version of
LPME, namely countercurrent liquid–liquid microextraction
(CLLME) and its combination with ETAAS for the extraction
and preconcentration of iAs from biological samples. The ex-
traction of target analytes was carried out using a new extrac-
tion vessel containing a narrow-necked glass tube with a valve
in its bottom. Such a tube makes it possible for the solvents
with lower densities than water to be applied for the extraction
of organic components. Basically, water is poured into the
lower part of the glass tube and the lower-density organic
solvent is added to the narrow neck of the tube. The sample
solution is kept in another container which has a valve at its
bottom. Using a connector, the output of the sample container
is connected to the input section of the narrow-necked extrac-
tion vessel. Opening both valves with the same flow simulta-
neously, the sample solution flows into the organic solvent
and the analytes are extracted into the organic solvent. In this
method, there is a diversity of choices in selecting a safe and
non-toxic extracting organic solvents such as hydrocarbons
and alcohols; it is not limited to the chloride organic solvents
which are higher in density than water. In addition, no dispers-
ing solvent is needed in the proposed method and no pump is
also needed to carry the sample. No centrifuge is required for
collecting the extraction solvent. To the best of our knowl-
edge, for the first time, the CLLME-ETAAS is developed
and applied to the extraction and preconcentration of iAs in
plasma and urine samples.

Experimental

Reagents and Solutions

Stock standard solutions of As(III) and As(V) with a con-
centration of 1000 mg l−1 were obtained by dissolving ap-
propriate amounts of As2O3 and Na2HAsO4 (Merck,
Darmstadt, Germany). Working standard solutions were pre-
pared daily by diluting the stock solution with ultrapure wa-
ter. The chelating agent diethyldithiophosphoric acid
(DDTP), with a density of 1.17 kg l−1, all organic solvents,
and other chemicals and reagents were obtained fromMerck
(Merk, Darmstadt, Germany) and used as received. The
ultra-pure water (six times distilled) was purchased from
Shahid Ghazi Company (SGC, Tabriz, Iran). A mixture of
1000 mg l−1 Pd(NO3)2 and 300 mg l−1 Mg(NO3)2 solutions
(both Merck, Darmstadt, Germany) were used as chemical
modifiers. Sodium thiosulfate and potassium iodide (both
Merck) were added for the reduction of As(V) to the triva-
lent state in sample solutions in order to determine total As.
A standard reference material (SRM) NIST-2669 Arsenic
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Species in Frozen Human Urine from National Institute of
Standards and Technology (NIST) was employed for the
validation of the proposed method.

Instrumentation

A Model nov AA 400 atomic absorption spectrometer
(Analytik Jena AG, Jena, Germany) equipped with deuterium
background correction, a transversely heated graphite tube
atomizer, and an MPE 60 autosampler was used for all mea-
surements. Deuterium-arc background correction was
employed to correct non-specific absorbance. The sample in-
jection volume was 20 μl in all experiments, and measure-
ments were performed using integrated absorbance (peak ar-
ea). Pyrolytic graphite platforms inserted into pyrolytically
coated tubes were obtained from the same manufacturer
(Part No.407-A81.026). The instrumental parameters and
temperature program for the graphite atomizer are listed in
Table 1. An arsenic hollow cathode lamp (Analytik Jena,
Jena, Germany), operated at a current of 5.0 mA and a wave-
length of 193.7 nm with a spectral band width of 0.8 nm, was
used. Argon 99.999% was purchased from Roham Gas Co.
(RGC, Arak, Iran) and was used as protected and purge gas.
The pH values were measured with a Metrohm pH-meter
(Model: 692, Herisau, Switzerland) supplied with a glass-
combined electrode.

Sampling and Sample Preparation

Urine samples were collected from four persons (two males
and two females), and plasma samples were collected from
two persons (one male and one female), kindly provided by
the Clinic of Imam Reza Hospital (Kernanshah, Iran). Urine
and plasma samples were kept frozen at − 20 °C before
analysis.

Urine samples were thawed at room temperature and ho-
mogenized by vortex. Then, 4.0 ml was centrifuged for 8 min
at 4000 rpm, and the supernatant was transferred into a clean
glass tube. This solution was diluted to 10.0 ml using HNO3

(0.02 mol l−1) solution for adjusting pH, ionic strength, and
decreasing matrix effects.

In the preparation of plasma sample, 2.0 ml of plasma was
placed in a 15-ml glass tube and 1000 μl of 15% (w/v) ZnSO4

and 700 μl acetonitrile was added. The glass tube was
vortexed for 10 min, maintained at 4 °C for 5 min followed
by centrifugation at 4000 rpm for 8 min. Then, the supernatant
was collected in the another test tube, and this solution was
diluted to 10.0 ml using 0.02 mol l−1 HNO3 (for adjusting pH
and decreasing matrix effects). The resulting solutions were
then subjected to the CLLME process.

Extraction Procedure

Firstly, 4.7 ml of water is added to the extraction vessel. Then
30.0 μl of extracting solvent is added to it in order for the
extracting solvent to be placed in the narrow-necked vessel.

Fig. 1 Analytical absorbance of different extraction solvents evaluated
for extraction of the As(ΙΙΙ) by CLLME. Extraction conditions: sample,
10 ml diluted urine or plasma spiked with 5.0 μg l−1 of As(ΙΙΙ); extraction
solvent volume, 30.0 μl; flow rate, 1.0 ml min−1; concentration of DDTP,
0.1% (v/v); sample solution pH, 2; room temperature and without salt
addition

Table 1 Instrumental parameters
and temperature program for
inorganic arsenic determination

Step Temperature (°C) Ramp time (s) Hold time (s) Argon flow rate (L min−1)

Inject modifier 80 5 25 1.5

Inject sample

Drying I 110 3 20 1.5

Drying II 240 2 10 1.5

Pyrolysis 850 20 10 1.5

AZ* 850 0 6 0

Atomization 2100 0 3 0

Cleaning 2500 0 2 2
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An aliquot of 10.0 ml of a pretreated and diluted sample
spiked or not with As(ΙΙΙ) containing 10.0 μl of DDTP (che-
lating agent) was placed in a sample container. The resulted
solution gently shaken few seconds for As-DDTP complex
formation and sample container is connected to the extraction
vessel via a connector. While opening the embedded valve at
the bottom of the sample container and the one in the extrac-
tion vessel, the sample solution flows into the extracting sol-
vent with the same flow rate (about 1 ml/min), leading to the
successful extraction of As(III) ions that reacted with DDTP
into the extracting organic solvent. As soon as the sample
solution exits and carries into the extracting solvent, the valve
at the bottom of the extraction vessel is turned off.
Subsequently, the extraction solvent was collected with a sy-
ringe and completely transferred into small conical bottom
sample cupe. The small sample cup is transferred to the
autosampler. Finally, 20 μl of this extraction solvent using
an autosampler was injected into the ETAAS, and the
As(III) content was measured based on the temperature pro-
gram given in Table 1. The total iAs was then measured after
the reduction of As(V) to As(III) with sodium thiosulfate and
potassium iodide. As(V) was calculated by the difference be-
tween the total As and As(III).

Results and Discussion

In this research, a CLLME technique using an extraction sol-
vent lighter than water combined with ETAAS was developed
for the extraction and determination of iAs in urine and plasma
samples. In order to obtain a high extraction recovery (ER%)
and enrichment factor (EF), the effect of different parameters
such as kind of extraction solvent and its volume, sample
solution flow rate, sample solution volume, sample solution
pH, salt addition, amount of chelating agent, and coexisting
ions were examined and the optimum conditions were select-
ed. To assess the explained parameters, ER% and EFs have
been used. Equations (1) and (2) were used for the calculation
of EF and extraction recovery, respectively.

EF ¼ Corg

Caq
ð1Þ

where EF, Corg, and Caq are enrichment factor, concentration
of analyte in the organic phase, and initial concentration of
analyte in aqueous sample, respectively.

ER% ¼ Corg

Caq
� Vorg

V aq
� 100 ¼ EF � Vorg

Vaq
� 100 ð2Þ

where ER%, Vorg, and Vaq are extraction recovery, volume of
the extraction solvent, and volume of aqueous sample,
respectively.

Also, the relative recovery (RR%) of spiked samples was
obtained from the following equation:

RR% ¼ Cfound−Creal

Cadded
� 100 ð3Þ

where Cfound, Creal, and Cadded are the total concentration of
analyte after addition of known amount of standard in real
sample, the original concentration of analyte in real sample,
and the concentration of known amount of standard which
was spiked to the real sample, respectively.

Effect of the Extraction Solvent Type and the Volume

It is one of the most important factors to select a suitable
extraction solvent for perform of CLLME method.
Extraction solvents are selected based on high extraction ca-
pability of the analytes, low solubility in water, lower density
than water, low toxicity, and compatible with analytical

Fig. 3 Effect of sample solution pH on the As(ΙΙΙ) absorbance from urine
or plasma using CLLME. Extraction conditions are similar to those of
Figs. 1 and 2

Fig. 2 Effect of sample solution flow rate on the As(ΙΙΙ) absorbance from
urine or plasma using CLLME procedure. Extraction conditions as in Fig.
1; extraction solvent, toluene

176 Haghnazari et al.



instrument. Therefore, n-hexane, 1-octanol, toluene,
hexadecane, cyclohexane, and xylene were selected as extrac-
tion phase and compared for extraction of As-DDTP complex
from aqueous solution. In order to select the best extraction
solvent, a series of sample solutions were studied by using
30.0 μl each of the solvent mentioned above. Average absor-
bances for different extraction solvents are shown in Fig. 1.
The results revealed that toluene has the highest absorbance in
comparison with the other tested solvents. The reason for this
could be that the properties of toluene could bemore favorable
for the extraction efficiency of target analytes. Therefore, tol-
uene was selected as the extraction solvent.

To examine the effect of the extraction solvent volume on
the performance of the CLLME procedure, different volumes

of toluene (30–70 μl at 10-μl intervals) were tested.
According to Eq. 2, it is clear that by increasing the volume
of the extraction solvent, extraction recovery increases. On the
other hand, the volume of the remained extraction solvent
increases, and as a result, enrichment factor decreases.
In many microextraction techniques, EF is more important
than extraction recovery and researchers try to keep it as
high as possible. In most cases, the lowest volume of the
extraction solvent that provides theminimum required amount
for analysis is the best choice. The volume less than 30.0 μl,
causing difficulties in its injection to ETAAS and encounter-
ing systematic errors. Thus, in the following studies, 30.0 μl
of toluene was used as an optimal volume of the extraction
solvent.

Effect of the Sample Solution Flow Rate

The sample solution flow rate through the extraction solvent is
an important factor because it controls the time of analysis and
extraction efficiency. The sample solution flow rate must be
low enough to accomplish an effectual extraction. On the oth-
er hand, it must be highly sufficient not to loss time. The effect
of the sample solution flow rate was tested from 0.4 to
1.8 ml min−1. As it is shown in Fig. 2, the flow rates up to
1.0 ml min−1 have no effect on analytical signal of As(ΙΙΙ)
while, at higher speeds, the analytical signal decreased.
Thus, a flow rate of 1.0 ml min−1 was selected for further
studies.

Effect of the Sample Solution Volume

Sample solution volume depends on the nature of the ex-
traction solvent and the type and concentration of sample
constituents. The effect of sample solution volume (i.e., 3,
6, 10, 13, 16, and 20 ml) containing a constant amount of
As-DDTP, on extraction recovery was investigated. The
results showed that an acceptable recovery was observed
when sample volumes were increased to 13 ml, which
seemed to be the tolerated volume for sample solution.
Considering the time of extraction and trace amount of
iAs in biological samples, 10 ml was used as the best sam-
ple solution volume.

Effect of the Sample Solution pH

pH plays a unique role on the metal–chelate formation and the
subsequent extraction. The effect of pH on the complex for-
mation and extraction of As(III) from aqueous samples was
studied in the range of 1.0–9.0 by using HNO3, H3PO4,
Na2CO3, and CH3COONa. The concentration of As(III) in
aqueous sample was 50 ng l−1. The results illustrated in
Fig. 3 reveal that the absorbance remained nearly constant in
the pH range of 1.0–4.0, and it reduced at higher pH values.

Table 2 Effect of potentially interfering ions on the recovery of 5.0 μg
l−1 As(ΙΙΙ)

Interferent Interferent/As(IΙI) Ratio Recovery (%)

Na+ 5000 98.5

K+ 5000 93.0

Li+ 5000 102.5

Ca2+ 4000 97.8

Co(II) 1000 99.8

Se(IV) 100 96.0

Sb(III) 100 93.5

Fe(II) 500 101.7

Ni(II) 200 104.2

Zn(II) 100 95.8

Cd(II) 100 91.6

Cu(II) 100 93.4

Cl− 5000 98.5

SO4
2− 5000 103.0

NO3
− 5000 101.6

Fig. 4 Effect of the DDTP concentration on the absorbance of As(ΙΙΙ)
obtained fromCLLME. Extraction conditions are similar to those of Figs.
1 and 2
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Also, the effect of pH on the extraction of As(V) species was
studied in the abovementioned range. The results showed that
the absorbance of As(V) was very low, and the extraction was
negligible in this pH range. For further study, a pH of 2.0 was
selected.

Effect of the DDTP Concentration

DDTP is a suitable chelating agent for As(III) extraction via
the formation of a neutral 3:1 ligand-to-metal complexes spe-
cies. Therefore, the DDTP concentration was investigated
over the range of 0.01 to 0.2% (v/v). The effect of the DDTP
concentration on the analytical signal is shown in Fig. 4. It was
found that the analytical signal was increased with the

increasing concentration of DDTP from 0.01 to 0.10% (v/v)
and is kept constant upon further increase in concentration.
Thus, a DDTP concentration of 0.1% was chosen in subse-
quent experiments.

Effect of the Coexisting Ions

Most common matrix constituents of real samples such as
alkali and alkaline earth elements do not react with DDTP
because of its selectivity. The effect of various diverse ions
on the determination of 5.0 μg l−1 of As(III) was examined
separately, as described in the procedure. The criterion for
interference of each species was set at ± 5.0% in the analytical
signal obtained for a solution containing As(ΙΙΙ), without any
interfering. The results obtained are given in Table 2. The
tolerance limits obtained for interfering metals were so high
such that such large amounts of other metal ions could not
be found in the biological samples. Therefore, the chances
of inferring effects of other metal ions affecting the determi-
nation of As(III) in biological samples is expected to be
negligible.

Effect of Salt Addition

The effect of salt addition on the extraction of As-DDTP by
CLLME method was investigated by adding different amount
of NaCl in the range of 0–10% (w/v). The results obtained
from these experiments revealed that the salt addition did
not influence the analytical signal significantly for As(ΙΙΙ)
ions. As a consequence, all the experiments were carried out
without salt addition. Also, the results demonstrated the

Table 4 Comparison of CLLME with other extraction methods for determination of As(III) in different samples

Methods LODa

(μg l−1)
LRb

(μg l−1)
RSDc % Extraction time (min) Samples Reference

DSLLME–ETAASd 0.02 0.08–2 5.3 ˂3 Environmental water [4]

SPE–GFAASe 0.00197 0.008–0.26 4.4 30 Water, food and biological samples [2]

HF-SPME-HPLC–ICP-MSf 0.042 0.5–1000 5.1 - Human urine [1]

CPE–ETAASg 0.01 0.02–0.35 4.9 ˂20 Biological and water samples [33]

MADLLME–ETAASh 0.2 0.5–200 5.3 10 Rice [16]

CCLLME–ETAAS 0.03–0.05 0.1–50 2.3–3.5 ˂10 Biological fluids This work

a LOD, limit of detection
b LR, linear range
c RSD, relative standard deviation
d Dispersive-solidification liquid–liquid microextraction and electrothermal atomic absorption spectroscopy
e Solid-phase extraction and graphite furnace atomic absorption spectrometry
f Hollow fiber-solid phase microextraction coupled with high performance liquid chromatography–inductively coupled plasma mass spectrometry
g Cloud point extraction-electrothermal atomic absorption spectrometry
h Microwave-assisted dispersive liquid–liquid microextraction and electrothermal atomic absorption spectrometry

Table 3 Analytical characteristics of CLLME − ETAAS for
determination of As(ΙΙΙ) in urine and plasma samples

Parameter Analytical feature

Urine Plasma

Linear range (μg l−1) 0.1–50.0 0.15–40.0

r2 0.9988 0.9955

Limit of detection (μg l−1) (3σ, n = 7) 0.03 0.05

RSDa % (Intra-day, n = 7) 2.3 3.5

RSD % (Inter-day, n = 7) 4.0 5.7

Sample solution volume (ml) 10 10

Enrichment factor 240 220

Enhancement factor 212 198

As(ΙΙΙ) concentration was 5.0 μg l−1 for which RSD was obtained
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CLLMEmethod may be in particular suitable for the analysis of
some samples with high concentration of salt such as urine and
plasma.

Analytical Figures of Merit

To evaluate the usefulness of CLLME–ETAAS for quantita-
tive analysis of As(ΙΙΙ) in biological samples, the analytical
performance of the proposed method was studied and

Table 5 Determination of As(III)
and As(V) in urine and plasma
samples, and relative recovery of
spiked arsenic in these samplesa

Samples Analyte Added (μg
l−1)

Found, mean ± SDb (n = 3)
(μg l−1)

Relative
recovery (%)

Urine 1 (taken from a 35-year-old
male)

As(III) 0 0.60 ± 0.003 –

0.5 1.12 ± 0.05 104

1 1.53 ± 0.04 93

As(V) 0 0.38 ± 0.002 –

0.5 0.84 ± 0.06 92

1 1.32 ± 0.1 94

Urine 2 (taken from a 45-year-old
male)

As(III) 0 4.25 ± 0.17 –

5 9.39 ± 0.4 102.8

10 14.10 ± 0.8 98.5

As(V) 0 2.60 ± 0.15 –

5 7.70 ± 0.3 102

10 12.33 ± 0.8 97.3

Urine 3 (taken from a 32-year-old
female)

As(III) 0 0.84 ± 0.04 –

2 2.90 ± 0.16 103

4 4.75 ± 0.2 97.7

As(V) 0 1.20 ± 0.05 –

2 3.08 ± 0.15 94

4 5.23 ± 0.3 100.7

Urine 4 (taken from a 28-year-old
female)

As(III) 0 7.12 ± 0.4 –

3 10.22 ± 0.6 103.3

6 13.04 ± 0.5 98.6

As(V) 0 4.33 ± 0.18 –

3 7.40 ± 0.4 102.3

6 10.12 ± 0.7 96.5

Plasma 1 (taken from a
25-year-old male)

As(III) 0 1.60 ± 0.04 -

5 6.52 ± 0.2 98.4

10 11.65 ± 0.6 100.5

As(V) 0 2.24 ± 0.7 –

5 7.13 ± 0.4 97.8

10 12.18 ± 1.0 99.4

Plasma 2 (taken from a
30-year-old female)

As(III) 0 5.63 ± 0.2 –

2 7.48 ± 0.4 92.5

4 9.68 ± 0.3 101.2

As(V) 0 1.52 ± 0.06 –

2 3.41 ± 0.1 94.5

4 5.80 ± 0.3 107

NIST SRM-2669 As(III) 1.47
± 0.10c

1.43 ± 0.08 97.2

As(V) 2.41
± 0.30c

2.44 ± 0.22 101.2

a These data are based on the diluted volumes of urine and plasma samples and dilution effect was considered for
calculation of them
b Standard deviation
c Certified values
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validated in terms of linear range (LR), limit of detection
(LOD), precision (intra-day and inter-day), EF, and enhance-
ment factor. Table 3 summarizes the analytical characteristics
of the optimized method. The intra-day RSDs were deter-
mined by five analyses of spiked samples within 1 day, where-
as the inter-day precision was examined by analyzing the
spiked samples for five consecutive days. Intra- and inter-
day precisions of the method based on seven replicate mea-
surements of 5.0 μg l−1 of As(ΙΙΙ) were in the range of 2.3–3.5
and 4.0–5.7%, respectively. The calibration graph was linear
in the range of 0.1–50.0 μg l−1 of As(ΙΙΙ) with correlation
coefficient better than 0.9955. The limit of detection, defined
as D = 3Sb/m (where D, Sb, and m are the limit of detection,
standard deviation of the blank, and the slope of the calibra-
tion graph, respectively), were 0.03 and 0.05 μg l−1 in urine
and plasma, respectively. High EFs of 240 and 220 were ob-
tained for a 10.0-ml diluted urine and plasma, respectively.
The enhancement factor, obtained from the slope ratio of cal-
ibration graph after and before extraction, were about 212 and
198 for urine and plasma, respectively.

A comparison between the figures of merit of the proposed
CLLME method and some of the published methods for spe-
ciation of iAs are summarized in Table 4. It clearly shows that
our proposedmethod has good sensitivity and precision with a
wide dynamic linear range. Also, the obtained LODs by this
method are better than those obtained by other methods except
for SPE. Accordingly, the main advantages of our proposed
method include high sensitivity with good precision, rapidity,
low consumption of organic solvents, low cost, and simplicity
to operation.

Arsenic Determination in Biological Fluids

For further evaluation of the proposed CLLME, As(ΙΙΙ) was
extracted from both human urine and plasma. All of urine and
plasma samples analyzed within 48 h of collection. As(ΙΙΙ)
and As(V) in all urine and plasma samples were detected at
different concentration levels and they were confirmed by
spiking As(ΙΙΙ) and As(V) into the all samples. The concen-
tration of As(ΙΙΙ) and As(V) in the urine and plasma samples is
shown in Table 5. Urine and plasma samples were spiked with
As(ΙΙΙ) and As(V) standards to assess matrix effects. The rel-
ative recoveries of As(ΙΙΙ) and As(V) from urine and plasma
samples at spiking different levels are listed in Table 5. In
addition, the accuracy of the proposed CLLMEwas evaluated
by analyzing a standard reference material (SRM) NIST-2669
Inorganic Arsenic Species in Frozen Human Urine from
National Institute of Standards and Technology (NIST), with
certified As(ΙΙΙ) and As(V) content of 1.47 ± 0.10 and
2.41 ± 0.30 μg l−1, respectively. No significant difference
was found between the result obtained by employing the pro-
posed method and the certified value (Table 5). These results
demonstrated that the matrices of the analyzed urine and

plasma samples possess negligible effect on the proposed
CLLME followed by ETAAS determination of the iAs.

Conclusions

In this research for the first time, a CLLME using an extrac-
tion solvent lighter than water combined with ETAAS has
been proposed for the speciation of iAs in biological samples.
An especial extraction vessel was designed and found that it
can be used for extraction of the iAs into the few microliter
organic solvent. In this method, there is a diversity of choices
in selecting safe and non-toxic extracting organic solvents
such as hydrocarbons and alcohols. Utilization of the
CLLME method for the extraction and preconcentration of
iAs from urine and plasma was successful. The results of this
study demonstrated that the proposed method gives accept-
able relative recoveries and repeatabilities for the iAs from
biological samples.

As compared with the other sample preparation methods,
the analytical procedure offered many advantages such as
simplicity, consumes less extraction solvent, ease of opera-
tion, high enrichment factor, low detection limit, and relatively
short analysis time. Moreover, CLLME is seemed to have
huge potential of application for the analysis of other analytes
in biological samples, as a beneficial tool in medicine for
estimating and personalizing the effective drug dose in pa-
tients in clinical situations.
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