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a b s t r a c t

A liquid–liquid extraction procedure (L–L) based on room temperature ionic liquid (RTIL) was devel-
oped for the preconcentration and determination of mercury in different water samples. The analyte was
quantitatively extracted with 1-butyl-3-methylimidazolium hexafluorophosphate ([C4mim][PF6]) under
the form of Hg-2-(5-bromo-2-pyridylazo)-5-diethylaminophenol (Hg-5-Br-PADAP) complex. A volume
of 500 �l of 9.0 mol L−1 hydrochloric acid was used to back-extract the analyte from the RTIL phase into
an aqueous media prior to its analysis by flow injection-cold vapor atomic absorption spectrometry (FI-
CV-AAS). A preconcentration factor of 36 was achieved upon preconcentration of 20 mL of sample. The
limit of detection (LOD) obtained under the optimal conditions was 2.3 ng L−1 and the relative standard
deviation (RSD) for 10 replicates at 1 �g L−1 Hg2+ was 2.8%, calculated with peaks height. The method was
successfully applied to the determination of mercury in river, sea, mineral and tap water samples and a
certified reference material (CRM).

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Mercury is one of the most harmful pollutants and it has
become widespread into the environment mainly as a result of
anthropogenic activities [1,2]. Mercury has no beneficial biolog-
ical function, and its presence in living organisms is associated
with cancer, birth defects, and other undesirable outcomes [3,4].
One of the routes of incorporation of mercury into the human
body is drinking water [5]. Hence, control of mercury is becoming
increasingly important, especially in water sources. Since mercury
concentrations in waters are expected to be very low [6], power-
ful techniques are required and only few of them show enough
sensitivity.

Different analytical techniques have been used for mercury
determination at low concentrations including, cold vapor atomic
absorption spectrometry (CV-AAS) [7], cold vapor atomic flu-
orescence spectrometry (CV-AFS) [8], flow injection-inductively
coupled plasma optical emission spectrometry (FI-ICP-OES) [9],
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and inductively coupled plasma mass spectrometry (ICP-MS) [10].
ICP-MS is used for the determination of mercury due to its high
sensitivity, high selectivity, and high sample throughput. However,
the cost of such instrumentation may still be prohibitive to many
laboratories. Although ICP-OES and CV-AAS are the most used tech-
niques for the determination of mercury, the low concentration
level of mercury in water is not always compatible with the detec-
tion limit of these techniques. In order to achieve accurate, reliable
and sensitive results, preconcentrations and separations are needed
when the concentrations of analytes in the sample are too low
to be determined directly by CV-AAS. The use of solvent extrac-
tion has been applied for determination of heavy metals at trace
level prior to AAS detection [11]. These analytical approaches can
effectively decrease the detection limit and eliminate matrix inter-
ference. However, the use of classical extraction method requires
large amounts of high purity solvents, which may also result in envi-
ronmental and safety problems due to high volatilization. Recently,
considerable interest has been manifested in the use of room tem-
perature ionic liquids (RTIL) as an alternative to regular solvents
in a wide range of applications due to their unique chemical and
physical properties [12–14]. Some of them are water stability, neg-
ligible vapor pressure, the fact that they remain liquid at room
temperature, and their relatively favorable viscosity and density
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characteristics [15]; what makes their use very attractive in sepa-
ration processes [16].

The RTIL 1-butyl-3-methylimidazolium hexafluorophosphate
([C4mim][PF6]) has been proposed as a media for mercury extrac-
tion [17,18] as it forms a biphasic liquid system with water
[19] and is therefore a suitable reagent for the extraction of
metal ions from aqueous solution. However, the distribution ratio
of Hg2+ between [C4mim][PF6] and an aqueous phase is 0.84
[20,21]. In order to improve the extraction efficiency of a metal
ion the use of a complexing reagent, such as 2-(5-bromo-2-
pyridylazo)-5-diethylaminophenol (5-Br-PADAP) is an appropriate
choice [9]. In fact, and to our current knowledge, the combination
of [C4mim][PF6] and 5-Br-PADAP chelating agent have not been
used so far in an analytical extraction/preconcentration technique.
Li et al. [22] developed an analytical extraction/preconcentration
technique using 1-butyl-3-trimethylsilylimidazolium hexafluo-
rophosphate for determination of mercury by a batch-type system
CV-AAS. However, batch cold vapor generation methodology could
suffer from some disadvantages, such as off-line analysis leading
to high consumption of sample, as well as being time consuming.
In addition, the risk of reagent and sample contamination is higher
than using flowing injection-based analytical methodologies.

In this work, a novel application of the RTIL [C4mim][PF6] as
solvent for extraction and preconcentration of trace levels of mer-
cury and further on-line determination by FI-CV-AAS is presented.
Mercury was successfully extracted and preconcentrated under
the form of Hg-5-Br-PADAP complex and later back-extracted into
diluted hydrochloric acid. The feasibility of the proposed method
was demonstrated by determining mercury at trace levels in real
samples including, drinking, river and seawater matrices.

2. Experimental

2.1. Instrumentation

The experiments were performed using a PerkinElmer 5100PC
atomic absorption spectrometer (PerkinElmer, Norwalk, USA)
equipped with a flow injection analysis system (FIAS 200) and
an AS-90 autosampler. A mercury electrodeless discharge lamp
(PerkinElmer, Norwalk, USA) operated at a current of 210 mA and
a wavelength of 253.7 nm with a spectral band pass of 0.7 nm
was used. A deuterium background corrector was also used. Con-
ditions for CV-AAS analysis were as follows: 0.2% (m/v) sodium
borohydride (Merck, Darmstadt, Germany) at 5 mL min−1, 3% (v/v)
HCl (Merck, Darmstadt, Germany) at 8 mL min−1, and 50 mL min−1

argon as a carrier. The sample injection volume was 250 �L in all
experiments. Tygon type pump tubing was employed to carry sam-
ple, reagent and eluent.

2.2. Reagents

All the reagents were of analytical grade and the pres-
ence of mercury was not detected within the working range. A
1000 �g mL−1 Hg2+ stock solution was prepared from mercury(II)
chloride (Merck, Darmstadt, Germany) in 0.1 mol L−1 nitric acid
(Ultra pure grade, Figmay, Córdoba, Argentina). Lower concentra-
tions were prepared by diluting the stock solution with 0.1 mol L−1

nitric acid. A 10−2 mol L−1 5-Br-PADAP (Aldrich, Milwaukee, WI,
USA) solution was prepared in ethanol. Lower concentrations
were prepared by serial dilution with ethanol. The buffer solution
(5 × 10−2 mol L−1) was prepared dissolving calcined sodium tetrab-
orate (Merck) and taken to 1000 mL with ultrapure water. Sodium
tetrahydroborate reagent was freshly prepared daily by dissolving
the appropriate amount of NaBH4 (Merck) in 0.05% (m/v) sodium
hydroxide solution (Aldrich). After dissolution of the reagents, the
solution was filtered through a Whatman No. 42 filter paper to

remove undissolved solids. Diluted HCl (Ultra pure grade, Figmay,
Córdoba, Argentina) and NaOH (Merck) were used to adjust pH. A
NaNO3 (Merck) solution 2 mol L−1 was used in order to adjust ionic
strength. Ultrapure water (18 M� cm) was obtained from a Mil-
lipore Continental Water System. [C4mim][PF6] was synthesized
according with the method proposed by Huddleston et al. [23] and
stored in contact with ultrapure water to equilibrate the water con-
tent in the RTIL [20].

2.3. Sample collection and conditioning

Tap water was allowed to run for 20 min and approximately
2000 mL of tap water was collected. River and seawater samples
were collected in cleaned bottles rinsed three times with water
sample prior to sample collection. A sample volume of 2000 mL
was collected at a depth of 5 cm of the surface. Mineral water was
a commercial product. The water samples were filtered through
0.22 �m pore-sized membrane filters immediately after sampling.
They were irradiated for 3 h with a 150 W UV lamp in order to
photooxidize organo-mercury compounds that could be present in
water [9]. All material used for sampling activities was previously
washed overnight with a 10% (v/v) HNO3 water solution and rinsed
with ultrapure water.

2.4. Extraction and preconcentration procedure

The extraction/preconcentration procedure was performed as
follows: 0.5 mL of ethanol, 150 �L of 10−4 mol L−1 5-Br-PADAP solu-
tion, and 2 mL of buffer solution 5 × 10−2 mol L−1 (pH 9.2) were
added to 20 mL of water sample in a centrifuge tube. For optimizing
the preconcentration technique, 20 mL of 1 �g L−1 Hg2+ standard
solution was used instead of the water sample. An amount of 0.7 g
of [C4mim][PF6] was added to the mix and the resulting system
was shacked for 2 min with a vortex stirrer. In order to separate
the phases, the turbid solution was centrifuged during 7 min at
3500 rpm (1852.2 × g) and the aqueous phase was removed with
a transfer pipet. The analyte was then back-extracted to an acidic
aqueous phase by adding 500 �L of a 9 mol L−1 HCl solution, shak-
ing it for 3 min and final centrifugation as it was mentioned before.
Finally, a 250 �L aliquot of the resulting solution was analyzed by
FI-CV-AAS. A schematic diagram of the preconcentration and deter-
mination system is shown in Fig. 1. Calibration was performed
against aqueous standard solutions submitted to the same extrac-
tion procedure. Blank solutions were analyzed in the same manner
as standard and sample solutions.

3. Results and discussion

3.1. Study of chemical vapor generation conditions

Cold vapor generation from the back-extracting acid solution
was studied in order to reach the conditions for maximum sen-
sitivity. The NaBH4 concentration was an important parameter to
be optimized due to the possible presence of organic compounds
resulting during the back-extraction process from the RTIL phase.
It was verified that the best signal to noise ratio was obtained with
a reductant concentration of 0.2% (m/v). Consequently, this NaBH4
concentration was adopted. The HCl concentration most suitable
and compatible with the preconcentration and cold vapor gener-
ation system was also studied. The results obtained showed that
HCl concentrations above 2% (v/v) allowed achieving the high-
est response for both systems. Hence, 3% (v/v) HCl was selected
as the working concentration. The influence of NaBH4 solution
and HCl carrier solution flow rates on CV-AAS analytical response
to mercury was studied in the intervals of 3–8 mL min−1 and
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Fig. 1. Schematic diagram of the instrumental setup. RA–M: reagent adding and mixing, S: sample, C: carrier solution, W: waste, P1 and P2: peristaltic pumps, V: injection
valve. Valve positions: (a) sample loading; (b) injection.

6–14 mL min−1, respectively. Analytical signals increased with sam-
ple and reagent flow rates up to 5 mL min−1 for NaBH4 solution and
8 mL min−1 for HCl solution. Higher flow rates for both reductant
and acid did not lead to significant change in signals. Argon was
used as carrier gas in this work. It was found that 50 mL min−1 of Ar
allowed an efficient separation and transport of volatile species to
the absorption cell. This value was selected for further experiments.

3.2. Optimization of mercury extraction with RTIL

The study of the preconcentration variables was performed by
modifying one variable at time, while keeping the others constant.
This procedure allowed studying the individual effect of each vari-
able on the extraction and preconcentration of the analyte by the
RTIL phase. The sample acidity is a key factor in the chelation pro-
cess of metal ions and subsequently affects the extraction efficiency
of the system. Therefore, the effect of pH on analyte complexation
and extraction of Hg-5-Br-PADAP was studied in the pH range of
1.5–13. The pH was varied by adding diluted HCl or NaOH solu-
tions. Although stoichoimetry of Hg-5-Br-PADAP is already known
and reported by previous work [24], it was tested pH values in the
acid range in order to investigate which 5-Br-PADAP species are
extracted by the RTIL. The results illustrated in Fig. 2(a) show that
the highest extraction efficiency was achieved between pH 8.5 and
12. Similar findings were obtained by the authors in a previous work
[9] demonstrating that this pH interval is also optimal for Hg chela-
tion with the 5-Br-PADAP reagent. Therefore, it can be concluded
that the pH value of the media is rather defining the appropriate
chemical form to be extracted than the extraction capabilities of the
RTIL. Furthermore, a neutral 5-Br-PADAP chemical form is obtained
within this pH interval as deduced from the dissociation constants
of the reagent (pKa1 = 0.1, pKa2 = 2.02, and pKa3 = 11.30) [25]. The
form of the complex at pH value higher than pKa3 is not efficiently
extracted by the RTIL. Thus, a pH value of 9.2 was chosen for further
experiments. The extraction phenomenon of the complex with the
RTIL could be explained considering possible interactions through
CH–

∏
hydrogen bonds between the C2H group of the imidazolium

ring and the aromatic structure of Hg-5-Br-PADAP. Likewise, inter-
action between hydrogen bond acceptor groups of 5-Br-PADAP and
N–H–(imidazolium) hydrogen bonds could be also considered [26].

Ethanol was added to the sample solution in order to avoid the
precipitation of the complexing agent and Hg-5-Br-PADAP complex
in aqueous medium prior to their extraction. Therefore, ethanol
concentration was studied in the range of 1.5–20% (v/v). This study
showed that both the complexing agent and the complex remained
in solution within the ethanol concentration range studied. The
main effect of ethanol on the extraction process was observed on
solubilization of the Hg-5-Br-PADAP complex and reagent in the
initial aqueous media. No appreciable differences on the extraction
kinetics were observed within that concentration range. However,
it can be anticipated further solubilization of the [C4mim][PF6] RTIL
for ethanol concentrations higher than 20% (v/v) [27] leading to a
drop of the extraction efficiency and inefficient phase separation,
and hence non-reproducible results. A 2.5% (v/v) ethanol concen-
tration was chosen for further work as it allowed reaching high
extraction efficiency while keeping the complex in solution.

The efficiency of the preconcentration process depends on the
complexing reagent concentration. Thus, it is highly important to
establish the minimal reagent–metal ion molar ratio that leads
to achieve both total complexation of analyte and also the high-
est extraction. The 5-Br-PADAP/Hg2+ molar ratio was optimized in
order to achieve the maximum extraction efficiency of Hg2+ by
using the proposed preconcentration technique. The results are
shown in Fig. 2(b). It can be observed that no signal variation
took place for reagent to metal ion ratios higher than 75. The sig-
nal remained constant within a molar ratio the 75–400 range. A
5-Br-PADAP/Hg2+ molar ratio of 150 was selected for further exper-
iments.

Sodium tetrahydroborate buffer was chosen as optimal to
adjust the working pH at 9.2. The extraction system was stud-
ied within a sodium tetrahydroborate concentration range of
5 × 10−4–9.5 × 10−3 mol L−1. The minimum buffer concentration
for adjusting the working pH and achieving the best perfor-
mance of the extraction system (maximum extraction efficiency;
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Fig. 2. Effect of different variables on the extraction efficiency of the system. (a) pH,
(b) 5-Br-PADAP/Hg2+ molar ratio, and (c) amount of RTIL.

distribution ratio stability; lower equilibration time and easiness of
phase separation) was 5 × 10−3 mol L−1. The effect of ionic strength
on the performance of the extraction system was studied within
0–1 mol L−1, adjusted with NaNO3. Higher salt concentrations were
not assayed considering the simplicity of the sample analyzed in
this work. However, it can be predicted some effect on the stability
of Hg-5-Br-PADAP complex for high salt concentrations. This effect
could be overcome by using an excess of 5-Br-PADAP reagent in
order to force the equilibrium towards the formation of Hg 5-Br-
PADAP complex.

The amount of RTIL that is used in this preconcentration proce-
dure is a critical factor to obtain high recoveries of the analyte while
obtaining a high volume ratio of the phases. Therefore, the extrac-
tion system was carefully studied in order to define the lowest RTIL
phase mass necessary for achieving the highest preconcentration
factor possible. The effect of the RTIL mass on the preconcentration

of Hg2+ was investigated in the range of 0.3–1.4 g. As it is shown in
Fig. 2(c), a minimal RTIL mass of 0.6 g was required to reach opti-
mal extraction efficiency. Lower RTIL masses lead to a reduction of
the analytical response due to incomplete partitioning of the ana-
lytes towards the RTIL phase. Therefore, 0.7 g of RTIL was used in
the proposed method.

The effectiveness of Hg2+ extraction under the influence of
shacking and centrifugation processes was studied in this work.
A 2 min shacking time and a 7 min centrifugation time at 3500 rpm
(1852.2 × g) were selected as complete separation occurred for this
time and no appreciable improvements on analyte extraction were
observed for longer times.

In order to obtain the best preconcentration factor, the extrac-
tion system was studied to allow the highest volume ratio between
sample solution and RTIL phase. Thus, the effect of sample volume
was examined up to 30 mL. As it is shown in Fig. 3, quantitative
extraction was observed in a range of 5–20 mL. Higher sample
volumes partially solubilized the RTIL phase, leading to non-
reproducible results and a lower Hg2+ extraction. Therefore, a 20 mL
sample volume was recommended to work with 0.7 g RTIL.

3.3. Optimization of mercury back-extraction from RTIL phase

It is already known that the presence of organic matter can neg-
atively affect cold vapor generation reaction. Therefore, mercury
had to be separated from the RTIL phase before CV-AAS determi-
nation. Transference of free Hg2+ ions from the RTIL phase into
the aqueous phase could be effectively achieved by dissociation
of Hg-5-Br-PADAP at low pH (Fig. 2(a)). Based on this consider-
ation, various mineral acids and at different concentration levels
were investigated for back-extracting Hg2+ from the RTIL phase,
including nitric acid, hydrochloric acid and perchloric acid. It was
noticed that the efficiency of the back-extraction process depends
on the acid concentration. The effect of this variable was stud-
ied in the range of 0.5–10 mol L−1 for the different mineral acids.
The results showed that the recovery of Hg2+ from the RTIL phase
was increased by increasing the concentration up to 9 mol L−1 for
hydrochloric acid, 9.5 mol L−1 for nitric acid, and 5 mol L−1 for per-
chloric acid. The highest Hg2+ recoveries were then obtained with
9 mol L−1 hydrochloric acid. The minimal volume of acid solution
that allowed achieving the best preconcentration factor was 500 �L
of 9 mol L−1 hydrochloric acid solution.

The effectiveness of Hg2+ back-extraction under the influence
of shacking and centrifugation processes was also studied. A
3 min shacking time and a 7 min centrifugation time at 3500 rpm

Fig. 3. Evaluation of Hg2+ extraction using different sample volume. (�) Sample
volume, ( ) RTIL phase volume, and (�) Percentage of extraction or recovery.
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Table 1
Characteristic performance data obtained by using the proposed method and other reported for Hg determination.

Method LOD (ng L−1) RSD (%) Preconcentration
factor

Sample consumption
(mL)

Calibration range
(ng L−1)

Analysis frequency
(h−1)

Reference

Gold trap CV-AAS 7.6 2.2 7.1 1 n.r.b −1500 6.6 [29]
Activated carbon column CV-AAS 10 3.1 13 25 n.r.b −106 22 [30]
aCPE- ETAAS 10 4 22 1 n.r.b −16000 n.r.b [31]
RTIL L-L CV-AAS 2.3 2.8 36 20 10–2500 30 Proposed method

a Cloud point extraction (CPE).
b Not reported.

(1852.2 × g) were found to be optimum since complete separation
occurred for this time and no appreciable improvements on Hg2+

back-extraction were observed for longer times.

3.4. Interferences study

The effect of concomitant ions regularly found in water samples
were studied on Hg2+ determination. The study was performed by
analyzing 20 mL solutions containing 1 �g L−1 Hg2+ and concomi-
tant ions at the concentration levels at which they may occur in
the sample. Thus, Cu2+, Zn2+, Pb2+, Ni2+, Mn2+ and Fe3+ could be
tolerated up to at least 2500 �g L−1. Commonly encountered con-
comitant ions such as alkali and alkaline earth elements do not form
stable complexes with 5-Br-PADAP complexing agent at the work-
ing pH, and hence are not extracted from the aqueous solution. On
the other hand, the amounts of anions usually present in natural
water samples (S2−, CO3

2−, F−, SO42−, Cl−, PO4
3−) do not produce

any interference. Analytical signal of the blank was not modified in
the presence of the concomitant ions assayed.

3.5. Analytical performance

A 90% extraction was achieved for mercury when the procedure
was developed under optimal experimental conditions. Therefore,
the preconcentration factor obtained for a sample volume of 20 mL
and a resulting RTIL phase volume of 500 �L was 36. The pre-
concentration factor was obtained as the ratio of the slopes of
the calibration curves for Hg2+ with and without a preconcen-
tration step. Consequently, a preconcentration factor of 36 was
obtained with respect to conventional FI-CV-AAS analysis. The rel-
ative standard deviation (RSD) resulting from the analysis of 10

replicates of 20 mL solution containing 1 �g L−1 Hg2+ was 2.8%.
The calibration graph was linear between 10 and 2500 ng L−1, with
a correlation coefficient of 0.9997. The regression equation was
A = 0.490C + 0.0017, where A is the absorbance and C is mercury
concentration in �g L−1. The limit of detection (LOD), calculated as
the concentration of mercury required to yield a net peak equal to
three times the standard deviation of the blank signal (3�), was
2.3 ng L−1 for the preconcentration of 20 mL of sample solution.
Regarding the frequency of analysis, although preconcentration and
back-extraction of the analyte for a single sample could take more
than 15 min, it is possible to simultaneously treat as many samples
as can be placed in the centrifugation and stirring equipment. For
this work, it was possible to analyze 30 samples within an over-
all time of 1 h. A comparison of the proposed method with others
reported in the literature for Hg determination is shown in Table 1.
The proposed RTIL-based preconcentration method leads to a lower
LOD, a higher preconcentration factor and higher frequency of anal-
ysis as compared to other alternatives. The method developed in
this work is proposed as a suitable alternative to more expensive
instruments for Hg determination at trace levels. This methodology
does not require further instrumentation and it can be used with
regular CV-AAS equipment. Thus, the RTIL-based analytical method
could be of great interest especially for mercury determination in
routine analytical laboratories.

3.6. Method validation

In order to demonstrate the validity of this method, 200 mL of
each sample type (tap, mineral, sea and river water) were divided
into portions of 20 mL each. The proposed method was applied to
six portions and the average concentration of Hg2+ found was taken

Table 2
Method validation (95% confidence interval; n = 6).

Sample Base value (�g L−1) Quantity of Hg2+ added (�g L−1) Quantity of Hg2+ found (�g L−1) Recovery (%)a

Mineral water – – 0.14 ± 0.01 –
0.14 0.5 0.66 ± 0.02 104
0.14 1.0 1.12 ± 0.04 98
0.14 1.5 1.66 ± 0.03 101
0.14 2.0 2.14 ± 0.04 100

Tap water – – 0.11 ± 0.02 –
0.11 0.5 0.60 ± 0.01 98
0.11 1.0 1.13 ± 0.03 102
0.11 1.5 1.53 ± 0.01 95
0.11 2.0 2.17 ± 0.02 103

River water – – 0.05 ± 0.02 –
0.05 0.5 0.53 ± 0.03 96
0.05 1.0 1.07 ± 0.04 102
0.05 1.5 1.54 ± 0.03 99
0.05 2.0 2.03 ± 0.01 99

Seawater – – 0.06 ± 0.01 –
0.06 0.5 0.54 ± 0.02 95
0.06 1.0 1.11 ± 0.02 105
0.06 1.5 1.61 ± 0.01 103
0.06 2.0 2.08 ± 0.03 101

a 100 × [(found − base)/added].
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Table 3
Concentration of mercury in water samples (95% confidence interval; n = 6).

Sample Concentration (�g L−1)

1a 0.14 ± 0.01
2a 0.10 ± 0.02
3a n.d.
4b 0.11 ± 0.02
5b 0.04 ± 0.01
6b n.d.
7c 0.05 ± 0.02
8c 0.04 ± 0.01
9c 0.06 ± 0.01
10d 0.06 ± 0.02
11d 0.08 ± 0.01
12d n.d.

a Mineral water.
b Tap water.
c River water.
d Seawater.

as a base value. The remaining aliquots were spiked with increasing
quantities of Hg2+ and were analyzed by the proposed method. The
results shown in Table 2 demonstrate that mercury recoveries were
acceptable and in the range of 95–105%. Additionally, the accuracy
of the proposed methodology was evaluated by analyzing a certified
reference material (CRM), QC METAL LL3 mercury in water, with a
Hg2+ content of 6.48 ± 0.51 �g L−1. Using the method developed in
this work, the Hg2+ content found in the CRM was 6.42 ± 0.02 �g L−1

(95% confidence interval; n = 6).

3.7. Determination of mercury in water samples

The method was applied for mercury determination in differ-
ent water samples taken from San Juan and Mendoza provinces
(Argentina) and Valparaíso (Chile). Mercury concentrations were
in the range of 0.14 n.d. �g L−1 for mineral water, 0.11 n.d. �g L−1

for tap water, 0.06–0.04 �g L−1 for river water and 0.08 n.d. �g L−1

for seawater; 95% confidence interval (n = 6). The mean mercury
concentration obtained for each kind of water sample is in good
agreement with results reported by other authors [6,28]. The results
are shown in Table 3.

4. Conclusion

In this work, a novel and sensitive analytical methodology for
mercury preconcentration and determination in different water
samples using [C4mim][PF6] was developed. The use of RTILs bipha-
sic systems as an alternative to conventional solvents offers several
advantages including safety and high capacity to extract Hg2+ and
other elements with high recoveries. [C4mim][PF6] in combination
with 5-Br-PADAP complexing reagent was successfully applied in
this study for the extraction and preconcentration of Hg2+. Like-
wise, a fast and quantitative back-extraction of the analyte from
RTIL phase into aqueous phase was possible, allowing its further
determination by FI-CV-AAS. It has to be pointed out that, although
effective, RTIL-mediated extraction is mostly a batch process and
further efforts focused on automating the extraction process using
flow injection or sequential injection system need to be made to
fully explore the advantages of RTIL-mediated extraction. The pre-
concentration method allowed mercury determination in sea, river,
mineral and tap water samples at trace levels (ng L−1) with high
accuracy and reproducibility.
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