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magnetic stirring-assisted lab-in-
syringe dispersive liquid–liquid microextraction for
the determination of arsenic species in rice samples

Xiaojun Wang, * Guoliang Xu, Peng Chen, Yueshu Sun, Xiaoting Yao, Yan Lv,
Weiwei Guo and Guozhen Wang

Fully-automated magnetic stirring-assisted lab-in-syringe dispersive liquid–liquid microextraction (MAS-

LIS-DLLME), combined with graphite furnace atomic absorption spectrometry (GFAAS) was developed

for the fast and efficient separation and preconcentration of trace levels of inorganic arsenic species in

rice samples. This totally automated analytical procedure combines the advantages of lab-in-syringe

flow system and dispersive liquid–liquid microextraction (DLLME) aiming at separation of trace arsenite

and arsenate species from natural matrix for the first time. With a single syringe pump that is coupled

with a multiposition valve, the whole lab-in-syringe microextraction process including cleaning, mixing,

microextraction, phase separation, and target analyte collection was implemented in a fully-automated

way. Significant factors of the MAS-LIS-DLLME method were sample acidity, concentration of the

chelating agent, amounts of ionic liquids (ILs), aspiration speed and matrix interference. Using the

present method, the limits of detection (LODs) for As(V) was 0.005 mg L�1. The relative standard deviation

(RSDs) for seven replicate measurements of 2.0 mg L�1 of As(V) was 3.7%. The linear dynamic range (LDR)

was 0.04–5.0 mg L�1 and the determination coefficients was 0.9990. Under the optimum conditions, the

developed totally automated analytical procedure was successfully applied for the trace arsenite and

arsenate species studies in natural rice samples and standard reference materials with satisfactory results.
Introduction

Arsenic has been identied as a public health problem because
it has serious toxic effects even at low exposure levels and is
widespread in the environment.1 Arsenic mainly occurs in two
oxidation states, As(III) and As(V), each of which manifests
different physicochemical properties and biochemical activity.
In fact, it has been shown that As(III) is approximately 25–60
times more toxic than As(V) and, in comparison with organic
arsenic forms, As(III) is several hundred times more toxic than
organic arsenicals. Therefore, speciation of arsenic as a ubiq-
uitous and potentially toxic element in complex matrix has
become an interesting topic in food analysis.

In general, several element-specic and sensitive instrumental
techniques2–11 have been successfully utilized for direct analysis of
total amount of As at trace levels. To obtain information about the
toxicities, biochemical, bioavailability and environmental behavior
of arsenite and arsenate species, it is necessary to develop sensitive
and selective methodologies for the qualitative and quantitative
analysis of these individual inorganic arsenic species. However,
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direct measurement of trace arsenite and arsenate by the above-
mentioned sensitive detection technique is limited due to matrix
interference and insufficient sensitivity. To obtain information on
species, separation and microextraction of arsenite and arsenate
species are required prior to the spectrometric determination by
an accessible, simple, inexpensive and sensitive non-
chromatographic detection technique. In trace and ultratrace
analysis, the separation and preconcentration steps are oen
required. For the speciation of trace arsenite and arsenate species
from natural samples, the separation and microextraction meth-
odologies reported in the literature are usually based on ion
exchange,12 hydride generation,13 solid phase extraction (SPE)14,15

and liquid–liquid extraction (LLE)16 etc. Although drawbacks such
as long extraction time, signicant chemical additives, production
of secondary wastes andmultistage operation limit the use of these
separation techniques.17

In order to overcome the shortcomings of these methodol-
ogies, a novel mode of liquid phase microextraction (LPME)
termed dispersive liquid–liquid microextraction (DLLME) was
suggested by Rezaee and co-workers.17 In DLLME procedure, the
extractant is dispersed into the sample solution as very ne
droplets to form an emulsied solution. Such a strategy enables
the mass transfer between the analytes and ne droplets of
water-immiscible extractant and signicantly enhanced the
microextraction recoveries. The extension of the contact surface
This journal is © The Royal Society of Chemistry 2018
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Fig. 1 The schematic of the MAS-LIS-DLLME system. D, detection
system; SP, syringe pump; SV, three-way solenoid valve; W, waste;
MPV, multiposition valve.

Table 1 Graphite furnace temperature program

Operation parameters

Drying1 110 �C (ramp 1 s, hold 30 s,
argon ow rate 250 mL min�1)

Drying2 130 �C (ramp 15 s, hold 30 s,
argon ow rate 250 mL min�1)

Pyrolysis1 600 �C (ramp 10 s, hold 10 s,
argon ow rate 250 mL min�1)

Pyrolysis2 800 �C (ramp 5 s, hold 10 s,
argon ow rate 250 mL min�1)

Atomization 2200 �C (ramp 0 s, hold 3 s,
argon ow rate 0 mL min�1)

Cleaning 2400 �C (ramp 1 s, hold 3 s,
argon ow rate 250 mL min�1)
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View Article Online
between the organic extraction solvent and sample solution
could effectively reduce sample pretreatment time.18 The
advantages of the DLLME technology are short extraction time,
low cost, simplicity of operation and high microextraction
recoveries. Various studies have been presented by the usage of
DLLME method on the separation and microextraction for the
elemental speciation analysis at trace levels.19,20

In general, the main shortcomings of the conventional DLLME
technology are the necessity of using extractant like chloroform,
carbon tetrachloride, octanol and carbondisulde, isolation of
acceptor phase from water phase, loss of extractant containing the
target analytes at the phase isolation process and low micro-
extraction recoveries of the target analytes. However, the phase
isolation step is considered to be the most time-consuming
process in traditional DLLME technology. Some authors have re-
ported that they have spent 15–20 min centrifuging each
sample.21,22 To overcome limitations mentioned above, very
recently, a novel combined DLLME technology which is termed as
lab-in-syringe dispersive liquid–liquid microextraction (LIS-
DLLME)23 was proposed and successfully applied for efficient
analysis of dye rhodamine B from so drinks. The so-called lab-in-
syringe systems combine the strategies of sequential injection
systems24 with ow-batch technologies,25 and the entire process of
sample separation and microextraction and measurement can
take place inside the integrated system.26 In lab-in-syringe systems,
chemical reactions between metal ions and complexing agents,
and different operation steps like chelation, preconcentration or
separation could perform inside the syringe barrel.27,28 Thus, the
lab-in-syringe systems has been successfully used for various
interesting designs in fully-automated DLLME for the determina-
tion of trace caffeine,26 heavy metals,27,28 and priority phenolic
pollutants29 from complex matrix.

In this paper, the applicability of fully-automated magnetic
stirring-assisted lab-in-syringe dispersive liquid–liquid
microextraction (MAS-LIS-DLLME) using 1-hexyl-3-
methylimidazoliumhexauorophosphate ([C6MIM][PF6]) as
extractant, to fast extract trace arsenite and arsenate species in
natural rice samples, prior to their analysis by GFAAS was devel-
oped. However, to the best of our knowledge, this is the rst re-
ported combination ofMAS-LIS-DLLMEwith atomic spectrometric
assays for the inorganic arsenic speciation. The signicant factors
inuencing the microextraction recoveries of MAS-LIS-DLLME,
such as sample acidity, concentration of the chelating agent,
amounts of ionic liquids (ILs), aspiration ow rate and matrix
interference, were systematically tested, and the analytical perfor-
mance of the proposed methodology was evaluated. Furthermore,
the developed fully-automated DLLME procedure has been used
for the preconcentration and speciation of trace arsenite and
arsenate species from rice matrix with satisfactory results.

Experimental
Apparatus

The fully-automated DLLME system (Fig. 1) comprised a rotary
8-port multi-position valve (VICI, Schenkon, Switzerland)
coupled to an automatic burette with a 10 mL syringe (Hamil-
ton, Bonaduz, Switzerland) and a three-way solenoid valve
This journal is © The Royal Society of Chemistry 2018
(Jiashan Ristron electronic technology Co., Ltd., Zhejiang,
China) in the head section. Multiwave 3000 XF100 (Anton Paar,
Graz, Austria) microwave digestion system was used for rice
digestion. A research Delta 320 pH-meter (Mettler-Toledo, Zur-
ich, Switzerland) were employed for measurement of pH values.
The magnetic stirring system was composed by a lab made
device and a small magnetic stirrer bar placed inside the
syringe, as detailed in previous study.30 A Perkin-Elmer Model
AAnalyst 800 atomic absorption spectrometer (Perkin-Elmer,
USA) with Zeeman effect background correction was utilized
as the detection system. An arsenic hollow cathode lamp oper-
ated at 6 mA was utilized as a radiation source. The spectral
bandwidth was set at 0.7 nm and the wavelength was set at
193.7 nm resonance line. The detailed temperature program
used for graphite atomizer is listed in Table 1. All tubing of the
fully-automated DLLME systems was made from polytetra-
uoroethylene (PTFE) tubing with 0.79 mm inner diameter.

Standard solution and reagents

All the chemicals used in this study were at least of analytical
grade, and all solutions were prepared with ultrapure water ob-
tained from a Milli-Q Element water system (Millipore Corpora-
tion, USA). Ammonium molybdate heptahydrate was obtained
from the Sinopharm Chemical Reagent Corporation by (Shanghai,
RSC Adv., 2018, 8, 16858–16865 | 16859
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View Article Online
China). Ionic liquid ([C6MIM][PF6]) was purchased from Shanghai
Cheng Jie Chemical Co., Ltd., Shanghai, China. The solution of
chelating agent, ammonium molybdate, was prepared daily by
dissolving appropriate amount of ammonium molybdate hepta-
hydrate in ultrapure water. The stock standards (1000 mg L�1) of
inorganic arsenic species were prepared by dissolving appropriate
amounts of Na3AsO3 and As2O5, respectively, (Sigma-Aldrich, St.
Louis, MO, USA) in ultrapure water and storing the solutions in
a refrigerator at 4 �C. All vessels used for trace analysis were kept in
10% (v/v) nitric acid for at least 24 h and washed three times with
ultrapure water prior to use.

Extraction procedures

Aer adjusting the sample pH to 1.5 using diluted nitric acid/
ammonia, As(III) and As(V) were separated and enriched using
the developed fully-automated DLLME methodology (MAS-LIS-
DLLME) systems as follows. Initially, the cleaning of the
syringe, magnetic stirring bar and connecting tube is done by
the aspiration of 10 mL ultrapure water (MPV in position 3 and
SV in position a) followed by discharge to waste (MPV in posi-
tion 8) for three times. Aerwards, 5 mL of aliquots of the
sample or standard solution (MPV in position 4), 0.1 mL of
40 mmol L�1 ammonium molybdate solution (MPV in position
5), 0.1 mL of 10 mmol L�1 ascorbic acid solution (MPV in
position 6) and 1 mL of air (at MPV in position 7) were
sequentially aspirated into the syringe. The aqueous solution
and the mixture of chelating agent and analyte inside the
syringe were stirred by 20 s for the complexing reaction devel-
opment. Then, 500 mL of methanol as the dispersant (MPV in
position 1), 45 mL of [C6MIM][PF6] as the extraction solvent
(MPV in position 2) and 1 mL of air (at MPV in position 7) were
subsequently aspirated into the syringe. Next, the mixture of
sample, dispersive solvents and extractant solvents was stirred
by 30 s to accelerate the dispersion of [C6MIM][PF6] and to
enhance the separation and preconcentration of target analytes.
Subsequently, the syringe pump and stirrer are stopped for 60 s
enabling phase separation process, and then the extractant
phase was sedimented at the bottom of the syringe. Aer that,
the SV moves to position b and the extractant phase is
dispensed into the ow cell for the subsequent graphite furnace
atomic absorption spectrometric analysis of arsenic.

Samples preparation

All the commercially available rice samples of different varieties
were acquired from local markets in Hangzhou, China and
these rice samples were classied as follows: white rice, brown
rice, parboiled rice, glutinous rice and rice our. The rice
samples were washed three times with ultrapure water, and
then were dried at 60 �C in air oven. Aer that, the rice grains
were milled by crushing and grinding to 100 mesh in a food
processor. The resulting ne powder was stored at 4 �C in a dark
environment prior to use.

Total arsenic was also measured as As(V) using the developed
fully-automated DLLME method. Briey, portions (0.2000 g) of
resulting ne powder of the rice samples were accurately
weighed into the PTFE vessel, then 4 mL HNO3 (65%) and 2 mL
16860 | RSC Adv., 2018, 8, 16858–16865
H2O2 (30%) were added. The rice samples were digested with
Multiwave 3000 XF100 (Anton Paar, Graz, Austria) microwave
digestion system aer the application of the microwave diges-
tion procedure (the rst stage: 600 W for 10 min (10 min of
ramp); the second stage: 800 W for 10 min (10 min of ramp); the
last cooling stage: 0 W for 15 min) and then the resulting
solutions were diluted to proper concentrations with ultrapure
water.

The inorganic arsenic was also extracted from the rice
samples using the developed ultrasound-assisted extraction
method and measured as As(V) aer oxidation reaction. The
ultrasound-assisted extraction of inorganic arsenic from natural
samples was proposed in some previous works.31,32 Briey, 0.5 g
of nely powdered rice sample was placed into a 50 mL poly-
ethylene centrifuge tube. A total of 30 mL HNO3 (0.5 mol L�1)
was added and the polyethylene centrifuge tube was subjected
to sonication for 30 min at 40 �C to extract inorganic arsenic.
Aer the ultrasonic extraction process, the acid extract was
separated by centrifugation at 5000 rpm for 5 min. The super-
natant was ltered through a 0.45 mm pore size nylon
membrane lter and then an aliquot of the supernatant solu-
tion was submitted to the developed fully-automated DLLME
method for determination of As(V).

Selective oxidation of As(III) to As(V) was performed before the
fully-automated DLLME process. The KMnO4 solution was
added to the obtaining supernatant above in order to oxidize
As(III) to As(V). The mixture was le to stand for 10 min with
sonication assistant, and then the resulting solution was sub-
jected to the developed fully-automated DLLME method for the
measurement of total inorganic arsenic. In addition, the As(III)
concentration was calculated by subtracting the As(V) concen-
tration from the total inorganic As concentration.
Results and discussion

To obtain good sensitivity and precision, the effects of chemical
and hydrodynamic parameters, including sample acidity,
concentration of the chelating agent, amounts of ionic liquids
(ILs) and aspiration ow rate, were thoroughly investigated in
the present study. Standard solutions at 2.0 mg L�1 As(III) and
As(V) concentration level were applied for the optimization
experiments and all the experiments were performed in
triplicate.
Effect of sample acidity

The effect of the sample acidity on the metal-chelate formation
and subsequent extraction into extractant phase was examined
between the pH values 0.5–4.5 (Fig. 2). As could be seen, the
microextraction recovery of As(V) was increased rapidly with
increasing sample solution acidity from 0.5 to 1.5, and kept
nearly constant in the pH range of 1.5–2.5, then was decreased
with further increasing pH from 2.5 to 4.5. Hence, highly
selective separation and preconcentration of As(V) from As(III)
can be achieved. For all subsequent experiments, the pH value
of 1.5 was chosen to adjust samples and standards before fully-
automated DLLME process.
This journal is © The Royal Society of Chemistry 2018
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Fig. 2 Effect of sample acidity on the extraction recovery of inorganic
arsenic obtained from the proposed MAS-LIS-DLLME method.
Extraction conditions: sample volume, 5 mL; concentration of inor-
ganic arsenic, 2.0 ng mL�1; amount of ascorbic acid, 100 mL of
10 mmol L�1; extraction solvent volume, [C6MIM][PF6], 45 mL; disper-
sive solvent volume, methanol, 500 mL; amount of ammonium
molybdate, 100 mL of 40 mmol L�1; sample aspiration speed, 2200
step s�1.
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Effect of ammonium molybdate concentration

The inuence of the concentration of ammonium molybdate as
chelating reagent on the sensitivity was studied in the range 20–
50 mmol L�1. As can be seen in Fig. 3, the microextraction
recovery of As(V) increased by increasing the concentration of
ammonium molybdate up to 40 mmol L�1, and then remained
Fig. 3 Effect of ammonium molybdate concentration on the extrac-
tion recovery of inorganic arsenic obtained from proposed MAS-LIS-
DLLME method. Extraction conditions: sample volume, 5 mL;
concentration of inorganic arsenic, 2.0 ng mL�1; amount of ascorbic
acid, 100 mL of 10 mmol L�1; extraction solvent volume, [C6MIM][PF6],
45 mL; dispersive solvent volume, methanol, 500 mL; volume of
ammonium molybdate, 100 mL; sample aspiration speed, 2200
step s�1.

This journal is © The Royal Society of Chemistry 2018
nearly constant. On the other hand, no amount of As(V) could be
selectively extracted from As(III) in the absence of ammonium
molybdate. Thus, a concentration of ammonium molybdate of
40 mmol L�1 was selected to obtain the highest extraction
efficiency in the further study.

Effect of the amount of extraction solvent

Due to its non-volatile physicochemical properties, [C6MIM]
[PF6] is a suitable extraction solvent to form biphasic systems.
The inuence of ionic liquids amount on the microextraction
recovery was also studied. For this purpose, 0.5 mL methanol
with different amounts of [C6MIM][PF6] (within the range of 20–
60 mL) was used for highly selective separation and micro-
extraction of As(V) from As(III). Fig. 4 shows that microextraction
recovery of the developed fully-automated lab-in-syringe
systems was affected signicantly by [C6MIM][PF6] amount;
microextraction recovery increased with the amount of ionic
liquids with the most As(V) recovered from 45 mL of extraction
solvent. An amount of 45 mL [C6MIM][PF6] was marked as the
optimum for the developed fully-automated DLLME procedure,
while adding more [C6MIM][PF6] have no signicant changes in
microextraction recovery.

Effect of the speed of sample aspiration

The speed of sample aspiration plays a unique role in the
separation and preconcentration of As(V) from As(III) in natural
samples. In this study, inuence of the speed of sample aspi-
ration on microextraction efficiency was investigated by in the
range between 1100 and 2400 step s�1 while the other experi-
mental variables were kept constant. The obtained results
showed that the microextraction recovery increased as the
Fig. 4 Effect of the extraction solvent ([C6mim][FeCl4]) volume on the
extraction recovery of inorganic arsenic obtained from proposed
MAS-LIS-DLLMEmethod. Extraction conditions: sample volume, 5mL;
concentration of inorganic arsenic, 2.0 ng mL�1; amount of ascorbic
acid, 100 mL of 10 mmol L�1; dispersive solvent volume, methanol, 500
mL; amount of ammoniummolybdate, 100 mL of 40 mmol L�1; sample
aspiration speed, 2200 step s�1.

RSC Adv., 2018, 8, 16858–16865 | 16861
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Table 2 Effect of potential interfering ions on the recovery of 2.0 mg
L�1 As(V)

Interfering ions Concentration (mg L�1) Recovery (%)

Na+ 4000 96.7
K+ 4000 95.2
Ca2+ 1500 101.8
Mg2+ 1500 96.3
Ba2+ 1500 98.6
Co2+ 5 101.3
Fe2+ 5 102.9
Mn2+ 5 99.4
Ni2+ 5 96.9
Zn2+ 5 106.7
Cu2+ 5 98.5
Cd2+ 5 97.1
Pb2+ 2 104.8
Fe3+ 0.5 105.6
Cl� 4000 94.3
SO4

2� 4000 102.8
NO3

� 4000 106.9
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speed of sample aspiration increased from 1100 to 2200 step
s�1. The speed of sample aspiration of 2200 step s�1 was
marked as the optimum for the fully-automated lab-in-syringe
systems, while faster speed of sample aspiration has no signif-
icant changes in microextraction efficiency.
Interferences

To test the selectivity and sensitivity of the proposed fully-
automated DLLME procedure for the separation and pre-
concentration of As(V) from As(III) the inuence of some
potentially interfering anions (SO4

2�, Cl� and NO3
�) and

cations (K+, Na+, Ca2+, Mg2+ and Ba2+), which are concomitant
and regularly found in complex matrix, was examined. In these
experiments, 2.0 ng mL�1 As(V) solution containing the added
interferences was processed according to the recommended
process under the optimum experimental condition. The
tolerance limit was dened as the maximum concentration of
Table 3 Comparison of MAS-LIS-DLLME with other microextraction me

Method Detection LODa RSD (%)

MAS-LIS-DLLME GFAAS 0.005 3.7
CPEc ETAAS 0.009 2.5
DLLME ETV-ICP-MSd 0.0025 9.7
ISFMEe ETAAS 0.006 4.78
IL-DLLMEf ETAAS 0.005 4.7
USAE-SFODMEg ETAAS 0.004 6.1
SPE-DLLME-SFOh GFAAS 0.0025 6.8
HF-LPMEi ETAAS 0.12 8
SPEj ETAAS 0.02 3.5
AC-Modied-KRk ETAAS 0.004 4.3

a Limit of detection (mg L�1). b Linear dynamic range (mg L�1). c Cloud poi
mass spectrometry. e In situ solvent formation microextraction. f Ionic liqu
emulsication of solidied oating organic drop microextraction. h Solid
solidication of oating organic drop. i Hollow ber-liquid phase microe
reactor.

16862 | RSC Adv., 2018, 8, 16858–16865
interfering ions, in the presence of which the extraction
recovery of As(V) could be maintained within the range of 90–
110%. As shown in Table 2, alkaline and alkaline earth metal
ions such as K+, Na+, Mg2+ and Ba2+, and anions including
SO4

2�, Cl� and NO3
� did not inuence the As(V) extraction

efficiency at the experimental concentrations (extraction
recoveries 94.3–106.9%). The tolerance limits of Ni2+, Co2+, Pb2+

and Fe3+ were not as high as other coexisting ions, mainly
because those common metal ions can react with chelating
agent at working pH. Therefore, the excessive ammonium
molybdate as chelating reagent was necessary in this test. Since
the concentrations of coexisting ions were generally at trace
levels in natural matrix, this developed fully-automated DLLME
method may be suitable for the separation and microextraction
of As(V) from As(III) in rice matrix.
Analytical performance

Under the optimum experimental conditions, the analytical
characteristics of the established fully-automated DLLME
method were tested and limits of detection (LOD), relative
standard deviation (RSD), and linear dynamic ranges (LDR) are
given in Table 3. The precision of this established fully-
automated DLLME method was determined by analyzing stan-
dard solution at 2.0 ng mL�1 As(V) for seven replicate extraction
and measurements and the relative standard deviation (RSD)
was 3.7%.34 The limits of detection (LOD), which is dened as
CLOD ¼ 3Sd/m (where CLOD, Sd and m are LOD, standard devia-
tion of the blank, and slope of the calibration graph, respec-
tively) according to the IUPAC denition, was 0.005 ng mL�1 for
As(V). The calibration graph was linear within the range of 0.04–
5.0 ng mL�1 of As(V), with a correlation of coefficient (r) of
0.9990.

A comparison of the developed fully-automated DLLME
method with other previously published methods is summa-
rized in Table 3. It clearly shows that the developed fully-
automated DLLME method has good sensitivity, selectivity
and precision with a low sample consumption in comparison to
in situ solvent formation microextraction (ISFME), cloud point
thods reported in the literature for arsenic determination

LDRb Sample Ref.

0.04–5.0 Rice This work
0.05–10.0 Rice 32
0.01–10 Environmental water 33
0.02–0.250 Saline samples 34
0.05–6 Wine 35
0.05–2 Environmental water 36
0.01–0.1 Water 37
1–50 Fresh waters and human hair 38
0.03–0.6 Water 39
0.01–1.5 Medicinal herbs and tea infusions 40

nt extraction. d Electrothermal vaporization inductively coupled plasma
id-based dispersive liquid–liquid microextraction. g Ultrasound assisted
phase extraction-dispersive liquid–liquid microextraction based on the
xtraction. j Solid phase extraction. k Activated carbon-modied knotted

This journal is © The Royal Society of Chemistry 2018
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Table 4 Recovery of added inorganic arsenic species to different rice samples by MAS-LIS-DLLME method

Samples

Added Found mean � S.D.a Recovery (%)

As(III) As(V) As(III) As(V) As(III) As(V)

Parboiled rice (mg kg�1) — — 37.8 � 0.81 15.9 � 0.47 — —
20.0 — 61.2 � 1.32 16.1 � 0.53 105.9 � 2.29 101.3 � 3.36
— 20.0 35.6 � 0.83 36.8 � 0.91 94.2 � 2.21 102.5 � 2.21
20.0 20.0 60.9 � 1.28 38.3 � 0.95 105.4 � 2.22 106.7 � 2.64

Brown rice (mg kg�1) — — 53.9 � 1.21 32.6 � 0.85 — —
20.0 — 75.6 � 1.62 30.9 � 0.71 102.3 � 2.19 94.8 � 2.18
— 20.0 56.8 � 1.18 55.2 � 1.29 105.4 � 2.19 104.9 � 2.46
20.0 20.0 75.1 � 1.84 50.6 � 1.15 101.6 � 2.50 96.2 � 2.20

White rice (mg kg�1) — — 45.3 � 1.15 16.7 � 0.42 — —
20.0 — 62.9 � 1.42 17.3 � 0.39 96.3 � 2.17 103.6 � 2.34
— 20.0 47.6 � 1.21 35.8 � 0.99 105.1 � 2.67 97.5 � 2.71
20.0 20.0 64.1 � 1.37 38.5 � 1.02 98.2 � 2.10 104.9 � 2.78

Glutinous rice (mg kg�1) — — 30.2 � 0.75 28.9 � 0.81 — —
20.0 — 53.6 � 1.28 27.2 � 0.67 106.8 � 3.52 94.1 � 2.33
— 20.0 31.9 � 0.87 50.7 � 1.14 105.6 � 2.87 103.7 � 2.34
20.0 20.0 48.3 � 1.19 48.1 � 1.06 96.2 � 2.38 98.4 � 2.16

Rice our 1 (mg kg�1) — — 18.4 � 0.56 13.7 � 0.39 — —
10.0 — 28.1 � 0.69 14.6 � 0.34 98.9 � 2.43 106.6 � 2.50
— 10.0 19.2 � 0.29 25.8 � 0.76 104.3 � 1.60 108.9 � 3.19
10.0 10.0 30.5 � 0.67 24.3 � 0.53 107.4 � 2.36 102.5 � 2.24

Rice our 2 (mg kg�1) — — 16.7 � 0.41 10.8 � 0.22 — —
10.0 — 28.6 � 0.87 10.3 � 0.28 107.1 � 3.25 95.4 � 2.62
— 10.0 16.4 � 0.50 22.1 � 0.49 98.2 � 3.02 106.3 � 2.36
10.0 10.0 26.9 � 0.92 20.7 � 0.34 100.7 � 3.44 99.5 � 1.63

a Standard deviation (n ¼ 3).
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extraction (CPE), hollow ber-liquid phase microextraction (HF-
LPME) and solid phase extraction (SPE). In contrast to many
previous studies, the LDR of the represented fully-automated
DLLME method is acceptable compared with other methodol-
ogies. The LOD of the proposed process was comparable to
those of other published microextraction methodologies whilst
the obtained RSD was better than dispersive liquid–liquid
microextraction (DLLME), hollow ber-liquid phase micro-
extraction (HF-LPME), ultrasound assisted emulsication of
solidied oating organic drop microextraction (USAE-
SFODME) and solid phase extraction-dispersive liquid–liquid
microextraction based on the solidication of oating organic
drop (SPE-DLLME-SFO) considered in the comparison.
Analysis of real samples

The proposed fully-automated DLLME method was used for
separation and preconcentration of As(V) from As(III) in some
Table 5 The total arsenic contents of certified reference materials
obtained by MAS-LIS-DLLME method (mg g�1, mean � S.D.)a

Samples Found Certied value t-Test

GBW10010 (Rice) 0.105 � 0.006 0.102 � 0.008 0.704
GBW10043 (Liaoning rice) 0.117 � 0.015 0.114 � 0.018 0.866
GBW10044 (Sichuan rice) 0.11 � 0.02 0.12 � 0.03 0.701

a Standard deviation (n ¼ 3).

This journal is © The Royal Society of Chemistry 2018
natural rice matrix. Moreover, the accuracy of the results was
veried by spiking known amount of As(III) and As(V) in different
rice samples, including parboiled rice, white rice, brown rice,
glutinous rice and rice our. The obtained results were pre-
sented in Table 4. As could been seen, the extraction efficiencies
for the spiked samples were in acceptance range (94.2–108.9%),
which conrms the reliability of the developed fully-automated
DLLME method and its independence from the complex matrix
effect.
Accuracy of the method

To validate the accuracy of the developed fully-automated
DLLME methodology, several standard reference materials
(GBW10010 rice, GBW10043 Liaoning rice and GBW10044
Sichuan rice) were detected, and the content of total As are
summarized in Table 5. As could be seen, the analyzed values
(0.105 � 0.006, 0.117 � 0.015 and 0.11 � 0.02 mg g�1 for three
replicate measurements) found by using the developed fully-
automated DLLME method for GBW10010 rice, GBW10043
Liaoning rice and GBW10044 Sichuan rice were statistically in
good agreement with the certied values of 0.102 � 0.008, 0.114
� 0.018 and 0.12 � 0.03 mg g�1, respectively. As the certied
values of standard reference materials were within the 95%
condence interval around the mean of the analyzed values,
there is no signicant difference between the values. It can be
concluded that the developed fully-automated DLLME meth-
odology is sensitive, selective, reliable and free from systematic
errors.
RSC Adv., 2018, 8, 16858–16865 | 16863
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Conclusion

In the present work, fully-automated magnetic stirring-assisted
lab-in-syringe dispersive liquid–liquid microextraction (MAS-
LIS-DLLME) coupled with graphite furnace atomic absorption
spectrometry (GFAAS) was successfully employed for highly
selective separation and preconcentration of trace arsenite and
arsenate species in natural rice samples. Ammonium molyb-
date and 1-hexyl-3-methylimidazoliumhexauorophosphate
([C6MIM][PF6]) were chosen as a chelating reagent and extrac-
tant in MAS-LIS-DLLME, respectively. The developed fully-
automated DLLME methodology (MAS-LIS-DLLME) has some
distinct advantages such as sensitive, selective, high extraction
capacity, simple operation, low cost and rapid mass transfer.
The combination of MAS-LIS-DLLME with GFAAS was shown to
be alternative for the quantication of trace arsenite and arse-
nate species in relatively complicated matrices with good
accuracy and reproducibility.
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21 L. M. Ravelo-Pérez, J. Hernández-Borges, M. Asensio-Ramos
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Acta, 2013, 788, 52–60.

31 J. F. Paula, R. E. Froes-Silva and V. S. Ciminelli,Microchem. J.,
2012, 104, 12–16.

32 B. E. dos Santos Costa, N. M. M. Coelho and L. M. Coelho,
Food Chem., 2015, 178, 89–95.

33 Y. Liu, M. He, B. Chen and B. Hu, Talanta, 2015, 142, 213–
220.

34 B. Majidi and F. Shemirani, Biol. Trace Elem. Res., 2011, 143,
579–590.
This journal is © The Royal Society of Chemistry 2018

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c8ra00875b


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

8 
M

ay
 2

01
8.

 D
ow

nl
oa

de
d 

on
 7

/3
/2

02
5 

3:
34

:3
3 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
35 L. B. Escudero, E. M. Martinis, R. A. Olsina and
R. G. Wuilloud, Food Chem., 2013, 138, 484–490.

36 M. Asadollahzadeh, N. Niksirat, H. Tavakoli, A. Hemmati,
P. Rahdari, M. Mohammadi and R. Fazaeli, Anal. Methods,
2014, 6, 2973–2981.

37 M. Shamsipur, N. Fattahi, Y. Assadi, M. Sadeghi and
K. Shara, Talanta, 2014, 130, 26–32.
This journal is © The Royal Society of Chemistry 2018
38 H. Jiang, B. Hu, B. Chen and L. Xia, Anal. Chim. Acta, 2009,
634, 15–21.
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