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Dispersive liquid—liquid microextraction based on ionic liquid and
spectrophotometric determination of mercury in water samples
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A new simple and rapid dispersive liquid-liquid microextraction based on ionic
liquid (IL) has been applied for the first time to preconcentrate trace levels of
mercury as a prior step to its determination by spectrophotometric detection.
In this method, small amount of an IL (1-hexyl-3-methylimmidazolium
bis(trifluormethylsulfonyl)imid) as the extraction solvent was dissolved in acetone
as the disperser solvent and the binary solution was then rapidly injected by
a syringe into the water sample containing Hg cations which were complexed by
4.4 -bis(dimethylamino)thiobenzophenone (TMK) in the presence of sodium
dodecyl sulphate as the anti-sticking agent. Thereby, a cloudy solution was
formed and the Hg—TMK complex was extracted into the fine IL droplets. After
centrifuging, the droplets of extractant were settled at the bottom of a conical test
tube and the extracted phase was determined by spectrophotometry at 575 nm.
Usually some parameters affect the complex formation and extraction, such as
the type and volumes of extraction and disperser solvents, type and concentration
of anti-sticking agent, salt concentration, pH and concentration of chelating
agent, which have also been optimised for the presented method. Under optimum
conditions, the enrichment factor of 18.8 was obtained from 10 mL of water. The
detection limit of the method was found to be 3.9 pg L ™" and the relative standard
deviation (n=35) for 50 ug L™" of mercury was 1.7%.

Keywords: ionic liquid; dispersive liquid-liquid microextraction; mercury;
spectrophotometry

1. Introduction

Mercury is a naturally occurring metal as the result of the normal breakdown of minerals
in rocks and soil from exposure to wind and water, and from volcanic activity. Mercury
releases from natural sources have remained relatively constant in recent history, resulting
in a steady rise in environmental mercury. However, it is also widely used in thermometers,
fertilizers, pharmaceuticals and electronics. Waste incinerators and coal-fired utilities are
a major source of mercury pollution [1].

Mercury may enter the aquatic environment from the weathering of rocks that contain
Hg, factories or water treatment facilities that release water contaminated with mercury
and incineration of municipal garbage that contains it. Also inorganic or organic
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compounds of mercury may be released to the water if mercury-containing fungicides are
used.

This element may affect many different areas of the brain and their associated
functions, resulting in a variety of symptoms. These include personality
changes (irritability, shyness, and nervousness), tremors, changes in vision (constriction
of the visual field), deafness, muscle incardination, loss of sensation and difficulties with
memory [2].

The US Environmental Protection Agency determined that mercury chloride and
methylmercury are possible human carcinogens. Therefore, the development of accurate
and rapid determination methods for monitoring the levels of mercury in natural waters
is necessary and essential. It should also be noted that in natural waters methylmercury
levels are usually much lower than those of inorganic mercury [3].

Despite good developments in the modern analytical instruments, direct determination
of trace analytes at low concentrations is often a problem for analytical chemists and, as
a result, a sample-preparation step is required. The continuous quest for novel sample
preparation procedures has led to the development of new methods, whose main
advantages are their speed and negligible volume of solvents used. The solvent
microextraction technique effectively overcomes these difficulties by reducing the
amount of organic solvent as well as allowing sample extraction and preconcentration
to be done in a single step. In comparing with conventional methods, solvent
microextraction is faster and simpler, inexpensive, sensitive and effective for the removal
of interfering matrices. Solvent microextraction is a form of solvent extraction with phase
ratio values higher than 100 [4]. Compared with the conventional solvent extraction,
microextraction may provide poorer analyte recovery; instead the concentration in the
organic phase greatly enhances [5]. As a big advantage, the amount of the used organic
solvent is highly reduced. In addition merely one step of operation is required, therefore,
problems of contamination and loss of analytes vanish.

Dispersive liquid—liquid microextraction (DLLME) is a modified solvent microextrac-
tion method and its acceptor-to-donor phase ratio is greatly reduced comparing with the
other methods [6-9]. In previous DLLME methods, the appropriate mixture of the
common organic extraction and disperser solvents was rapidly injected by syringe into
aqueous samples containing analytes. Thereby, a cloudy solution was formed and
extraction occurred.

However, a problem still exists and that is continued reliance on using of toxic,
hazardous, flammable and environmentally damaging organic solvents. Room tempera-
ture ionic liquids (RTILs) are being recently considered as replacement for these solvents
in sample preparation, duo to their unique chemical and physical properties, among these,
negligible vapour pressure, non-flammability, good extractability for various organic
compounds and metal ions as a neutral or charged complex, as well as tuneable viscosity
and miscibility with water and organic solvents.

Classical liquid-liquid extraction (LLE) based on ionic liquids (ILs) has been reported
previously [10-18]. However, this method requires large amounts of IL, which is expensive.
Single drop microextraction based on ILs was reported by Liu et al. [19]. But in this
method the sensitivity was analyte dependent because of its different partition coefficient
and the relatively large viscosity of IL.

The preconcentration and determination of Hg(Il) in water samples has been studied in
various extraction methods such as CPE and SPE. Spectrophotometric determinations of
trace levels of mercury in water samples using dithizone in micellar medium have been
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reported [20,21]. The calibration graphs were linear in the range of 0.01-10 and
50-500 pg L', respectively. However, the application of CPE for mercury determination is
very limited and restricted to a few complex examples, mostly due to the peculiar
characteristics of this element [22,23].

Also some SPE methods have been applied to extract and determine Hg ions in water
samples. Alumina modified by dimethylsulfoxide has been used for the separation and
preconcentration of Hg(IT) with 98% recovery [24]. Column preconcentration of mercury
as its tetraiodomercurate(Il) ion using methyltrioctylammonium chloride—naphthalene
adsorbent has been reported [25]. Generally, the amounts of eluent used in these
methods are high, unfortunately. In 2008, Baghdadi developed a new method termed cold-
induced aggregation microextraction which was based on the use of ILs in homogeneous
liquid-liquid microextraction for extraction and preconcentration of mercury [26].
However, in this method two different ILs were used simultaneously and heating and
cooling procedures were unavoidable.

For the first time in DLLME, very small amounts of a hydrophobic IL, namely,
1-hexyl-3-methylimmidazolium bis(trifluormethylsulfonyl)imid (([Hmim][Tf,N]), were used
as an extraction solvent, which is dissolved in acetone as the disperser solvent and
then dispersed into the sample solution containing sodium dodecyl sulphate (SDS) as an
anti-sticking agent to prevent sticking of IL to the test tube wall. After that, a cloudy
solution of fine droplets of IL appeared. After centrifuging, the fine droplets of the
extraction solvent sedimented at the bottom of a conical test tube.

The performance of DLLME based on IL is illustrated with the determination of
mercury in water samples by using spectrophotometric detection. The effect of various
experimental parameters on the extraction was investigated. This method is simple, rapid
for extraction and preconcentration of Hg(II) from water samples and is superior against
high content of salt and water-miscible organic solvents such as acetone compared with
CPE. Further, in comparison with organic solvent extraction, it is much safer since only
small amounts of IL are used which is being considered as a ‘green solvent’ for various
separation processes. Another important capability of this method is that it can operate in
flow-injection mode that our group is presently investigating.

2. Experimental
2.1 Instrumentation

A lambda 25 UV-VIS spectrometer from Perkin Elmer (Waltham, MA, USA) was used for
recording the spectra and measuring the absorbance. A Universal 320R refrigerated
centrifuge equipped with an angle rotor (6-place, 9000 rpm, Cat. No.1620A) was from
Hettich (Kirchlengern, Germany).

2.2 Reagents and solutions

All reagents used were of analytical reagent grade. Doubly distilled water was used
throughout the experiment. A stock solution of Hg(II) (1000mgL~") was prepared by
dissolving the appropriate amount of HgCl, (Merck, Darmstadt, Germany). Working
standard solutions were prepared freshly by appropriate dilutions of the standard stock
solution.
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A 2x10"*mol L 'solution of 4.4"-bis(dimethylamino)thiobenzophenone (Merck,
Darmstadt, Germany) was prepared by dissolving the appropriate amount in n-propanol
(Merck, Darmstadt, Germany). This solution can be kept for 40 days in a dark place at
room temperature.

A 1% (w/v) solution was prepared by dissolving the appropriate amount of SDS in
doubly distilled water and a buffer solution (pH =3.8, 1 mol L") was prepared by mixing
88 mL of acetic acid (1 molL™") and 12mL of sodium acetate (1 mol L™").

Acetone as a disperser solvent, [Hmim][Tf,N] as an extraction phase, SDS as the anti-
sticking agent, acetic acid, sodium acetate, n-propanol, ethanol and sodium nitrate were
purchased from Merck (Darmstadt, Germany).

2.3 DLLME procedure

A total of 500 uL of buffer (pH =3.8, 1mol L"), 250 uL of NaNO5 10% (w/v) and 250 uL
of SDS 1% (w/v) were added into a 15mL test tube with conical bottom containing
mercury in the range of 12-140 pgL~'. Then, 120 uL of 4,4'-bis(dimethylamino)thioben-
zophenone (TMK) (2 x 10~*mol L™") as chelating agent was added to the solution and
the 10.00 mL total volume was adjusted with doubly distilled water. The pinkish complex
of mercury was formed. Then, 500puL of binary solution containing 60mg of
[Hmim][Tf,N] (extraction solvent) and acetone (disperser solvent) was injected rapidly
into the sample solution using a syringe and a stable cloudy solution (water, acetone
and IL) was obtained. The Hg—-TMK complex was extracted into the fine droplets of IL.
The mixture was then centrifuged for 6 min at 5000 rpm. After this process fine droplets of
[Hmim][Tf,N] were joined together and sedimented at the bottom of the conical test tube.
After removing the whole aqueous solution the extraction phase was diluted with 350 uL
of ethanol (85%) and transferred to a 500 pL cell and the absorbance was measured
at 575 nm.

3. Results and discussion
3.1 Selection of IL

ILs are composed of asymmetrically substituted nitrogen-containing cations (e.g.
imidazole, pyrrolidine, pyridine,...) with inorganic anions (e.g. Cl7,BF;,PFq,
(CF3805),N7,...). The range of available anion and cation combination could provide
too many different ILs, so at first glance, perhaps it is difficult to select the desired IL but
by considering the following conditions, the selection is not very difficult: IL has to be
water-immiscible for analyte extraction. ILs containing C1~, BF; and CF3;SO5 are water-
miscible and ILs containing PF;, (CF3S0,),N™ are water-immiscible. In addition, IL has
to be liquid in experimental conditions and have extraction capability of the interested
compounds and higher density than water for LLE. ILs containing an imidazolium cation
was selected in this work. ILs containing (CF5S0,),N™ and PF; are hydrophobic and
liquid in the experimental conditions.

Generally, selected IL has to be more immiscible in the sample solution to reduce
extraction solvent consumption, moreover, IL must produce sedimented phase at
appropriate amounts. Since the sample volume was 10mL so if [Hmim][Tf,N] was
chosen as IL, about 34 mg of it will be dissolved in the sample, while water solubility of
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[Hmim][PFg4] is 75mg/10 mL. Therefore, in this work we selected [Hmim][Tf>,N] IL as the
extraction solvent.

3.2 Effect of pH

Separation of metal ions by DLLME involves prior complex formation with sufficient
hydrophobicity to be extracted into the small volume of the IL phase, whereby the desired
preconcentration is obtained. pH plays a distinctive role on metal-chelate formation and
subsequent extraction into IL phase. The effect of pH on the mercury complex extraction
from water samples was studied in the range of 1.0-6.0. The results illustrated in Figure 1
reveal that the absorbance is initially increased by rising pH to 3 and then, after pH 4
absorbance starts to decrease. Thus, pH 3.8 seems a proper choice for both complexation
and extraction.

3.3 Effect of acetate]acetic acid buffer concentration and TMK concentration

Absorbance as a function of the buffer concentration was studied in the range of
0.0-0.2mol L™!. Absorbance initially increased up to 0.0l molL~! of buffer and then
approximately stayed constant. A concentration of 0.05mol L™" buffer was selected for
subsequent experiments.

Also, the effect of TMK concentration was examined. As it is well expected, with
accordance to a ML, stoichiometry of complex [Hg, (TMK),J** [27,28], the absorbance
was increased by increasing TMK concentration. We investigated the TMK concentration
in the range of 4.0x 107-3.6 x 107 *molL~". Maximum absorbance was obtained
at a concentration of 1.6x 10 °molL™" and after that, absorbance approximately
stays constant. A total of 2.4 x 107°mol L™" was chosen as the optimum concentration
of TMK.

0.4

0.35 4
0.3 1
0.25 -

0.2 4

Absorbance

0.15 4
0.1 4
0.05 4

pH

Figure 1. Effect of pH on the absorbance of Hg—-TMK complex. (Utilised conditions: Mercury
50pgL™", TMK 2.0 x 107°°mol L', NaNO; 0.02mol L™, [Hmim][Tf,N] 50 mg, Acetone 500 pL,
Diluting agent 350 uL).
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Figure 2. Effect of SDS as the anti-sticking agent [26]. (a) In the absence of SDS: enlarged view of
the centrifuge tube wall that shows wall-stuck IL phase. (b) In the presence of SDS: enlarged view of
the centrifuge tube wall that shows there is no IL phase on it.

3.4 Selection of anti-sticking agent and effect of its concentration

After centrifuging the sample solution containing fine particles of IL, some of the IL
droplets have stuck on the wall of the test tube (Figure 2a) [26], so some extracted phase
was lost. In order to overcome this problem, a surfactant was added into the sample
solution. Therefore, during phase separation, molecules of surfactant surrounded fine
particles of IL. Hence their interaction with the wall of the test tube decreased and
consequently IL did not stick on it (Figure 2b) [26].

We have also investigated the effect of Triton X-114, Triton X-100 and SDS. The
results showed that all these surfactants were helpful and in the presence of them the
stickiness decreased clearly, but SDS was more effective than the others, perhaps due to its
assisting on ion-pair extraction of the mercury cationic complex and/or its solubilising
effect on complexation (the precipitation elimination).

In the presence of SDS, the absorbance initially increased up to 0.035% (w/v) and then
decreased because of dissolving of IL. According to Figure 3, a concentration of 0.025%
(w/v) SDS was chosen for subsequent experiments.

3.5 Effect of amount of the extraction solvent

To examine the effect of the extractant amount, solutions containing 500 pL. of acetone
and different amounts of IL in the range of 10-90mg were subjected to the same
procedures. According to Figure 4 that shows the curve of absorbance versus the amount
of IL, with increasing IL concentration the absorbance initially increases up to 50 mg, then
after 70 mg it starts to decrease. This drop off is due to the rise of the sedimented phase
volume. The high sensitivity was obtained using 60 mg of [Hmim][Tf,N] that was dissolved
in 500 pL. of acetone as the disperser solvent. The volume of the sedimented phase was
determined using a microsyringe and was about 25 pL.

3.6 Effect of type and volume of the disperser solvent

The main criterion for the selection of disperser solvent is its miscibility in the extraction
solvent and aqueous solution. In addition, the type of disperser directly influences the
viscosity of the binary solvent. Thus, this solvent can control droplet producing and
extraction efficiency. For studying this effect, two different solvents such as acetone and
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Figure 3. Effect of SDS concentration on the absorbance of HgTMK complex. (Utilised conditions:
Mercury 50 ug L™!, TMK 2.4 x 10 °mol L', Acetate/acetic acid buffer (pH=4) 0.05mol L™,
NaNO; 0.02mol L™!, [Hmim][Tf,N] 50 mg, Acetone 500 uL, Diluting agent 350 uL).

0.4

0.35 4
0.3 -
0.25 4

0.2 ~

Absorbance

0.15 -
0.1 1

0.05 -

0 r T T T r T T
20 30 40 50 60 70 80 90 100

IL (mg)

Figure 4. Effect of amount of IL on the absorbance of Hg-TMK complex. (Utilised conditions:
Mercury 50pgL~", TMK 2.4 x 10~®molL~', Acetate/acetic acid buffer (pH=4) 0.05mol L™",
NaNO; 0.02mol L™!, SDS 0.025% (w/v), Acetone 500 uL, Diluting agent 350 uL).

ethanol were tested. A series of sample solutions were studied using 500 pl. of each
disperser solvent with 60mg of the IL (extraction solvent). The obtained enrichment
factors for these two dispersers show no statistical significant differences between them;
however acetone was selected because it is more accessible than ethanol.

The effect of the volume of acetone on the extraction recovery was also studied.
The different volumes of acetone up to 800 uL. with addition of 60 mg of [Hmim][Tf,N]
were examined. At the first two tests, the droplets were big and the surface area was low,
so the droplets rapidly settled at the bottom of the tube and low extraction efficiencies
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Absorbance
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Figure 5. Effect of volume of acetone on the absorbance of Hg-TMK complex. (Utilised conditions:
Mercury 50pgL~!, TMK 2.4 x 10 ®mol L™!, Acetate/acetic acid buffer (pH=4) 0.05molL"",
NaNOj; 0.02mol L', SDS 0.025% (w/v), [Hmim][Tf,N] 60 mg, Diluting agent 350 pL).

were obtained. As it is shown in Figure 5, the absorbance increases up to 200 uL of
disperser solvent volume and after that it approximately stays constant. Thus, 500 uL of
acetone was chosen as the proper amount.

3.7 Effect of salt concentration

For studying the influence of ionic strength on the performance of DLLME, the NaNO;
concentration in the range of 0.0-0.6mol L' was investigated while other experimental
conditions were kept constant. By increasing NaNOj concentration the extraction
efficiency slowly increases due to the salting-out effect and then stays approximately
constant. A concentration of 0.03molL~' NaNO; was selected for subsequent
experiments in order to increase the recovery.

3.8 Effect of centrifuge conditions

A series of solutions were tested at various rates of centrifugation. The rate of
centrifugation was adjusted in the range of 1000-8000 rpm for 4 min. The absorbance
slowly increases with increasing the rate to 5000 rpm and after that, it approximately stays
constant. Therefore, 5000 rpm was selected as the best rate for centrifuging.

At the optimum rate, absorbance was investigated as a function of centrifugation time.
Over 5min, the absorbance was constant, indicating complete transfer of IL phase to the
bottom of the centrifuge tube, so 6 min were selected as the optimum centrifugation time.

3.9 Selection of the dilution agent for IL phase

Dilution agent has to dissolve the IL and complex completely. We studied the effect of
acetone (40-90%) and ethanol (60-100%). When one of these dilution agents was added in
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Table 1. Effect of foreign ions on the recovery of
mercury (50 pgL™").

Ion Ton/Hg(II) ratio Recovery (%)
Mn** 1000 104.8
Co** 1000 105.7
Zn>* 1000 95.5
Ni2* 1000 100.4
cd>* 1000 103.9
c:ij+ 1000 101.8
Pb>* 1000 83.4
\ 500 96.2
AP 500 110.6
. 100 98.4
crit 500 111.5
100 95.3
Cu22+ 100 104.5
Mg>*+ 100 83.2
50 104.1
Fet 10 63.1
Fe* 100 97.32
Ag* 1 93.4
Ag® 1 100.8°
Au23+ 1 103.9
Pd>* 1 87.9
Norm 1000 102.0
PO;~ 1000 104.3
Cl- 1000 95.2
F~ 1000 100.4
NO; 10 104.3

Notes: *Fe** masked with 5.0 x 10> mol L™! oxalate.
PAg* masked with 1.0 x 10> mol L~' EDTA.

the various compositions, A, of complex was slightly shifted due to changes of solvent
polarity. So in each composition of diluent, the absorbance was measured at related A«
In 40% acetone the maximum absorbance was obtained but IL phase could not be
dissolved completely, so the solution was turbid, but in the presence of 85% ethanol the
sample was clear and maximum absorbance was acquired. Therefore, ethanol 85% was
chosen as a diluting agent.

3.10 Effect of coexisting ions

The effects of coexisting ions in real water samples on the recovery of mercury were also
studied. In these experiments, 10mL of solutions containing 50 ug L™ of mercury and
various amounts of interfering ions were treated. A given species was considered to
interfere if it resulted ina 5% variation of the absorbance. The results obtained are given
in Table 1.

As can be seen, most of the cations and anions examined did not interfere with the
extraction and determination of mercury. However Ag*, Pd*" interfered at the same
concentration as mercury and NO, had adverse effect on the absorbance at 10 times
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Table 2. Analytical characteristics of DLLME for
determination of Hg.

Parameter Analytical feature
Linear range (ngL™") 12-140

r* 0.9998
Limit of detection (ngL™") (30, n=75) 3.9
Repeatability (RSD?, %) (n=15) 1.7
Enhancement factor® (EF) 18.8

Sample volume (mL) 10
Extraction time (min) <7

Notes: *RSD was obtained for 30 ug L~" concentration
of Hg(II).

Enhancement factor is the slope ratio of calibration
graph after and before extraction.

higher than mercury. Interferences of Ag"™ and Fe** were eliminated in the presence of
1 x10*molL™" EDTA and 5 x 10 *mol L' oxalate, respectively.

Also TMK as well as its complexes are sensitive to oxidation/reduction. Hence,
oxidising and reducing agents might interfere and since the drinking water system of Iran
is disinfected by hypochlorite, which is oxidising agent, we could not determine mercury
in the tap water.

3.11 Figures of merit

Table 2 summarises the analytical characteristics of the optimised method, including linear
range, limit of detection, reproducibility and enhancement factor. The calibration graph
was linear in the range of 12-140 ug L™! of mercury. The limit of detection, defined as
Cp. =3Sg/m, where Cy, Sg and m are the limit of detection, standard deviation of the blank
and slope of the calibration graph, respectively, was 3.9ugL~". The relative standard
deviation (RSD) for five replicate measurements of 50 ugL~" Hg(Il) was 1.7%. The
enhancement factor was obtained from the slope ratio of calibration graph after and
before extraction, which was about 18.8. The equation of the calibration curve after the
preconcentration procedure was given in Equation (1). Also the equation of the calibration
curve before the preconcentration procedure was given at below in Equation (2).

A =510 x 107 Cig) + 0.0508 (¥ = 0.9998, r = 0.9999) (1
A =271 x107* Cg) +0.0268 (* = 0.9991, r = 0.9995) )

These standard samples of mercury were chosen up to 400ugL™" with execs TMK to
measure their absorbance and obtain the equation of the calibration curve accurately.

3.12 Analysis of water samples

The proposed DLLME methodology was applied for the determination of mercury in
different water samples. Mineral and river water samples were collected from the North of
Iran and were analysed by DLLME as a prior step for spectrophotometric determination.
No detectable levels of mercury in the river and mineral water samples were found.
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Table 3. Determination and relative recovery of spiked Hg in different water samples.

Added Hg** Found Hg** Relative

Sample (ugL™h Mean £ SD* (ugL™") recovery (%)
Mineral water” - n.d.c -

25 252+0.6 100.8

50 50.94+0.4 101.8
River water? - n.d. -

25 24.7+0.4 98.8

50 46.1£0.3 92.2
Saline serum® 25 252+ 0.2 100.8

35 35.8+0.4 102.3
Synthetic sample’ 25 25.840.5 103.2

35 34.8+0.4 99.4

Notes: *Standard deviation (n=15).

®Damavand mineral water, Iran.

“Not detected.

9Tajan river water, North of Iran.

“Produced by Daru Paksh Company for injection.

Ni**, Co**, Zn**, Cd**, Mn?* and Pb>* 1000 pg L™" of each cation; Nat and K* 3000 ug L™! of
each cation.

Moreover, the robustness of the proposed method was checked by performing recovery
tests on a saline serum and a synthetic sample (no certified reference material was
available). Each type of water was spiked with variable amounts of Hg** to assess matrix
effects. The results are shown in Table 3. The relative recoveries of mercury from
mentioned water samples at various spiking levels were between 92.2 and 103.2%. These
results demonstrated matrices of these water samples, in our present context, had little
effect on DLLME of mercury.

3.13 Comparison to other methods

Comparison of the present method with previously reported preconcentration methods is
given in Table 4. In comparison with other reported methods, DLLME based on IL has
low LOD (3.9ugL™"), good repeatability (RSD%) and short extraction procedure (less
than 7 min). These characteristics are of key interest for routine laboratories in trace metal
ion analysis. In addition, and as an innovation, an IL was applied as a ‘green chemistry
solvent’ in DLLME for the first time to replace environmentally damaging organic
solvents.

4. Conclusion

For the first time, the use of DLLME based on IL for preconcentration of mercury
from real water samples is proposed as a prior step to their determination by
spectrophotometric detection.

This method is simple, rapid, sensitive, low cost and has low toxicity since only very
small amounts of an IL as a ‘green extraction solvent’ is used as a replacement of
environmentally damaging organic solvents. Also the use of spectrophotometry as
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a detection system has a low operational cost in comparison with other methods such as
FAAS and ICP/OES.
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