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Abstract In this research, a new sample treatment technique termed solvent-assisted dispersive solid phase
extraction (SADSPE) was developed. The new method
was based on the dispersion of the sorbent into the
sample to maximize the contact surface. In this approach, the dispersion of the sorbent at a very low
milligram level was achieved by injecting a mixture
solution of the sorbent and disperser solvent into the
aqueous sample. Thereby, a cloudy solution formed.
The cloudy solution resulted from the dispersion of the
fine particles of the sorbent in the bulk aqueous sample.
After extraction, the cloudy solution was centrifuged
and the enriched analytes in the sediment phase dissolved in ethanol and determined by FAAS. Under the
optimized conditions, the detection limit for silver ions
was 0.8 μg L−1. The relative standard deviations for six
separate extraction experiments for determination of 5

F. Omidi
Department of Occupational Health Engineering, School of
Public Health, Shahroud University of Medical Sciences,
Shahroud, Iran
M. Behbahani (*) : S. Salimi
Department of Chemistry, Shahid Beheshti University,
Tehran, Iran
e-mail: mohammadbehbahani89@yahoo.com
S. J. Shahtaheri
Department of Occupational Health Engineering, School of
Public Health and Institute for Environmental Research,
Tehran University of Medical Sciences, Tehran, Iran

and 200 μg L−1 of silver ions was 3.4 and 3.1 %. The
preconcentration factor was found to be 61.7. SADSPE
was successfully applied for trace determination of silver ions in water and food samples.
Keywords Solvent-assisted dispersive solid phase
extraction . Water and food samples . Silver ions . Flame
atomic absorption spectrometry

Introduction
The increasing use of silver compounds and silvercontaining products in industry and medicine has resulted in an increased silver content of environmental samples (Kolthoff et al. 1966). Silver also enters the environment through industrial waters because it often occurs as an impurity in copper, zinc, arsenic, and antimony ores (Soager et al. 1984). Low-level exposure to
silver compounds is widespread due to the use of soluble silver compounds to disinfect drinking water
(Environmental Protection Agency EPA et al. 1980).
On the other hand, recent information about the interaction of silver with essential nutrients, especially selenium, copper, Vitamins E, and B12, has focused attention
on its potential toxicity (Environmental Protection
Agency EPA et al. 1980).
Due to these important points, the accurate determinations of trace heavy metals are important part of the
studies in analytical chemistry (Soylak and Cay 2007;
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Behbahani et al. 2013a, 2014a, b, c; Tuzen et al. 2013).
Flame atomic absorption spectrometry (FAAS) is relatively simple and available technique in many laboratories for heavy metal determinations (Behbahani et al.
2014d, e, f, g). However, the conventional determinations of elements at microgram per liter range by flame
atomic absorption spectrometry frequently are not possible. To solve this problem, preconcentration/
separation procedures have been proposed.
Preconcentration is a very important issue for achievement of low detection limits (Behbahani et al. 2014i, j;
Salarian et al. 2014; Ebrahimzadeh and Behbahani
2013). Several procedures have been developed for
these purposes such as liquid–liquid extraction (LLE)
(Silvestre et al. 2009), liquid phase microextraction
(LPME) (Behbahani et al. 2013b, 2014h; Hossienpoor-Zaryabi et al. 2014; Naeemullah et al. 2013,
2014; Unsal et al. 2014) co-precipitation (Saracoglu
et al. 2003; Doner and Ege 2005), and solid phase
extraction (SPE) (Bagheri et al. 2012a, b; Nabid et al.
2012, 2014; Ghorbani-Kalhor et al. 2014; Behbahani
et al. 2015; Omidi et al. 2014a, b). However, some of
these pretreatment methods need large amounts of sample and/or organic solvents, are time-consuming and
expensive, and have unsatisfactory enrichment factors.
These problems could be addressed by the development
of modular and compact processes that provide adequate separation and preconcentration without complex
processes. SPE is more flexible and efficient than LLE
in terms of simplicity, low consumption of the organic
solvents, flexibility in choosing the adsorbent, and high
enrichment factor. Recently, SPE has been increasingly
used for the preconcentration and separation of
ultratrace amounts of inorganic and organic species
from complex matrices (Bagheri et al. 2012c). Solid
phase extraction techniques are surface-dependent processes since their efficiency directly depends on the
particle size and the surface area of the sorbent
(Abolhasani and Behbahani 2015). Dispersive solid
phase extraction (DSPE) has risen as an alternative to
conventional solid phase extraction. It was, for the first
time, proposed by Anastassiades et al. (Anastassiades
et al. 2003) and it can be considered as a quick, easy,
cheap, effective, rugged, and safe (QuEChERS) sample
treatment method. It is based on the SPE methodology,
but the sorbent is added to the extract without conditioning, in small amounts (viz. 50 mg) and the dispersion is carried out assisted by an external energy (usually a vortex stirring). The phases are easily separated
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just by centrifugation. Sorbent dispersion leads to an
increase of its active surface and, therefore, to an improvement in the extraction kinetics. Moreover, this
enhancement allows the use of a smaller amount of
sorbent compared to the conventional extraction approaches resulting in the saving of material. In order to
obtain analytical information, the sorbent is then recovered after the extraction. The analytes can be directly
monitorized on the sorbent surface by using a spectroscopic technique (Alcudia-Leon et al. 2009) or can be
conveniently eluted/desorbed for the subsequent analysis of the eluted fraction (Drozdzynski and Kowalska
2009).
The aim of this work was to combine solvent-assisted
dispersive solid phase extraction (SADSPE) with FAAS
to develop an improved procedure for the determination
of silver ions at trace levels with respect to the advantages of SADSPE which is a fast and inexpensive method in comparison with other methods. In this method,
the appropriate mixture of sorbent and disperser solvent
was rapidly injected into the aqueous sample by syringe.
Thereby, a cloudy solution formed. The cloudy state
resulted from the dispersion of the fine particles of the
sorbent in the bulk aqueous sample. Then, this cloudy
solution was centrifuged, following which the fine particles sediment at the bottom of the conical test tube.
Then the sediment phase was dissolved in ethanol and
the analytes were determined using FAAS. In this extraction method, any component in the solution, directly
or indirectly after previous derivatization reactions, interacts with the fine particles of the sorbent and, consequently, gets extracted from the initial solution. In this
work, Eriochrome Cyanine R was used as a suitable
chelating agent to form complex with silver ions and
factors that would influence the efficiency of SADSPE
were also investigated and optimized. Finally, the introduced sample treatment technique was used for
preconcentration and traces determination of silver ions
in different water samples.

Experimental
Apparatus
Silver concentration was determined by an AA-680
Shimadzu (Kyoto, Japan) flame atomic absorption spectrometer (FAAS) in an air-acetylene flame, according to
the user’s manual, provided by the manufacturer. Silver
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hollow cathode lamps (HCL) were used as the radiation
source with wavelengths of 328.1 nm. The pH was
measured at 25±1 °C with a digital WTW Metrohm
827 Ion analyzer (Herisau, Switzerland) equipped with a
combined glass–calomel electrode.
Reagent and materials
All analytical grade reagents were purchased from
Merck (Darmstadt, Germany, www.merck.de) and
used without further purification. A stock solution
(100.0 mg L −1 ) of silver ions was prepared by
dissolving an appropriate amount of corresponding
nitrate salts in double-distilled water. Working standard
solutions were prepared daily through serial dilutions of
the stock solution with deionized water prior to analysis.
All standard solutions for FAAS instrument calibration
were prepared in ethanol. A 100.0 mg L−1 solution of
Eriochrome Cyanine R (Fluka (Buchs SG, Switzerland,
www.sigmaaldrich.com)) in pure ethanol was prepared.
Naphthalene, benzophenone, and 1,4-dichlorobenzene
were purchased from Sigma-Aldrich (St. Louis, MO,
USA). All glass vessels used for trace analysis were
cleaned before use by soaking them in 10 % nitric acid
solution for at least 24 h and then rinsed thoroughly with
ultrapure water. Soil (NCS DC 73323) from Bulgaria
was used as the reference materials for validation of the
proposed technique.
Real sample pretreatment
Water sample pretreatment
The polyethylene bottles filled with the samples were
cleaned with detergent, water, diluted nitric acid, and
water in sequence. The samples were immediately filtered through a cellulose filter membrane (pore size
0.45 μm), and were acidified to pH of 2.0 for storage.
Tap water samples (15.0 mL) were taken from our
research laboratory without pretreatment (pH adjusted
to 7.0). Before analysis, the water samples (15.0 mL)
which were taken from Caspian Sea, river, and waste
were adjusted to pH of 5.0 according to optimized
experimental conditions.
Fruit samples (Citrus limetta, kiwi, and pomegranate)
Three types of fruits were chosen for analysis. These
were C. limetta, Kiwi, and pomegranate, which were
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collected from the local supermarket. One gram of dried
and grounded samples was put into burning cup with
15 mL of pure HNO3. The samples were incinerated in a
MARS 5 microwave oven at 200 °C. After digestion
treatment, the samples were filtrated through Whatman
No. 42. After filtration, the obtained clear solution was
diluted to 15 mL (pH of 5.0) for silver analysis.
Fish samples
Four samples of fish samples (fish) from each supermarket were randomly selected, mixed, and transferred into
an ice bag and transported to the laboratory and stored at
−20 °C prior to analysis. The sampling was carried out
in May 2014. The muscle tissues of the fishes were
separated and freeze-dried in order to obtain a constant
weight and were finely grounded. For metal analysis,
approximately 1.0 g of the grounded samples was
digested in 5 mL of concentrated nitric acid at 135 °C
for 4 h; then, 1 mL of hydrogen peroxide (30 %) and
1 ml of concentrated perchloric acid were added, and the
temperature maintained at 150 °C until the liquid was
clear (Wua and Yang 2011). Then, the resulted solution
was filtered and after the filtration, the clear solution was
diluted to 15 mL and the pH was adjusted to 5.0 using
NaOH or HNO3 for further analysis.
Certified reference materials
To digest the certified reference material, 10 mg from
each of them was digested with 6 mL of HCl (37 %) and
2 mL of HNO3 (65 %) in a microwave digestion system.
The digestion was carried out for 2 min at 250 W, 2 min
at 0 W, 6 min at 250 W, 5 min at 400 W, 8 min at 550 W,
and then venting for 8 min. Then, the resulted solution
from digestion was diluted to 15 mL with deionized
water before adjusting the pH to 5.0.
Solvent-assisted dispersive solid phase extraction
procedure
A solution (15 mL) containing sample or standards of
silver ions and Eriochrome Cyanine R (ECR) (with the
concentration of eight times greater than silver ions) at
pH of 5.0 was poured into a glass screw-cap conicalbottom centrifuge tube. Then, 500 μL of methanol
solution (as disperser solvent) containing benzophenone
(0.03 % (w/v)) (as sorbent) was rapidly injected into a
sample solution by using 1.0-mL syringe. A cloudy
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Results and discussion
In this study, SADSPE was investigated for
preconcentration of silver ions from aqueous samples followed by their analysis by flame atomic
absorption spectrophotometry. The factors influencing the extraction procedure such as type and
amount of sorbent, type and volume of dispersive
solvent, pH and concentration of chelating reagent,
salt effect, and centrifuge time were investigated
and optimized. It is very important to optimize
them in order to obtain good recovery and low
limit of detection.
The effect of pH
The separation of metal ions by solvent-assisted
dispersive solid phase extraction involves prior formation of a complex with sufficient hydrophobicity
interacting and adsorbing with the fine particles of
the sorbent. Further, pH plays a unique role in
metal–ligand chelate formation and its subsequent
extraction because of the existing form of metal ions
and ligand is pH dependent. The effect of pH on the
silver complex extraction from water samples was
studied in the range of 2–7 and results are listed in
Fig. 1. As can be seen, the optimum pH for extraction of silver ions is 5.0. By decreasing the pH
value of the solution, the extraction recovery of the
method was also decreased due to the electrostatic
repulsion of the protonated active sites on the chelating agent with the positively charged silver species. As shown in Fig. 1, extraction recovery was
increased up to pH of 5 and it was constant in
longer pH. According to the results, a pH value of
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Fig. 1 Effect of pH on the extraction recovery. Conditions: sample volume 15 mL, silver 50.0 μg L−1, ECR/silver ion concentration ratio 8, sorbent: benzophenone 0.03 %, disperser solvent:
methanol 500 μL

5.0 was chosen for further experiments. The pH of
sample solution was adjusted by drop wise addition
of 2 M-sodium hydroxide or nitric acid solutions.

The effect of Eriochrome Cyanine R concentration
The influence of ECR concentration on the SADSPE of
silver ions was evaluated in the range of 1–15 times
greater than silver ion concentration. The results were
shown in Fig. 2. As it can be seen, the extraction
recoveries of silver ions increased with the increase of
ECR concentration up to eight times toward silver ion
concentration. When the chelating reagent concentrations were greater than eight times toward silver ion
concentration, a reduction in the extraction efficiency
was observed because the small volume of the solvent extractor is easily saturated. Therefore, ECR
with the concentration of eight times greater than
silver ions was chosen as the optimum concentration
for subsequent experiments.

100

Recovery (%)

solution formed in the test tube (the cloudy state was
stable for a long time). This cloudy state resulted from
the dispersion of fine particles of benzophenone in the
bulk aqueous sample. Then, the mixture was centrifuged
at 4500 rpm for 4 min. Accordingly, after centrifuge, the
dispersed fine particles of benzophenone were
sedimented in the bottom of the conical test tube. The
aqueous phase was then separated completely by a
syringe. Later, the sedimented phase was dissolved
and made up to 0.5 mL by adding ethanol. The resultant
solution was introduced into the flame by conventional
aspiration.
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Fig. 2 Effect of ECR concentration on the extraction recovery.
Conditions: sample volume 15 mL, silver ion concentration
50.0 μg L−1, sorbent: benzophenone 0.03 %, disperser solvent:
methanol 500 μL, pH 5.0
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The effect of the extraction time
In SADSPE, the extraction time is defined as the time
interval between the injection of the mixture of disperser
solvent and sorbent in the sample and the beginning of
centrifugation. This parameter was evaluated in the
range of 10 s to 2 min, while all the experimental
conditions were kept constant. No significant difference
in the analytical response to each element was observed
by varying the extraction time from 10 s to 2 min. This
result is due to the increased contact area between the
aqueous phase and the sorbent extractor with the formation of dispersed particles in aqueous solution after the
turbidity. Thus, the passage of the metal-ECR complexes from the aqueous phase to the extraction sorbent
is fast.
Selection of sorbent and its amount
Careful attention must be paid to in the selection of the
sorbent, and it should have extraction capability for
concerning compounds, high solubility in disperser solvent, and low solubility in water. Naphthalene, benzophenone, and 1,4-dichlorobenzene were evaluated in the
extraction of silver-ECR complex. A series of sample
solutions was studied using 500-μL methanol containing 0.03 % (w/v%) of the sorbent. As Fig. 3 shows, the
highest extraction recovery was obtained with benzophenone. The similarity of the structure of benzophenone and the complex of ECR with silver ions and their
proper interaction could thus explain the higher extraction recovery of benzophenone. Therefore, benzophenone was selected as the sorbent.
To examine the effect of the sorbent amount, a series
of sample solutions was studied using 500-μL methanol

containing different amounts (0.01– 0.05 % (w/v%)) of
benzophenone. As Fig. 4 shows, the extraction recovery
increased as the amount of benzophenone increased
from 0.01 to 0.03 %, as was expected. A further increase
of the amount of benzophenone to 0.05 % did not have
any effect on extraction recovery. Therefore, 0.03 % of
the benzophenone was selected as the optimum amount
of the sorbent for further studies.
The effect of the type and volume of the disperser
solvent
The disperser solvent plays a key role in the extraction
procedure since it permits the appropriate dispersing of
the sorbent into the sample, generating a cloud of fine
particles.
Essentially, solvent must fulfill the following requirements: (a) it should be miscible with the sample matrix
in order to release the sorbent easily, (b) it should be able
to dissolve the sorbent, and (c) it should not interfere in
the extraction of the target analytes. Therefore, different
solvents (acetone, tetrahydrofuran, methanol, and ethanol) were evaluated. A series of sample solutions was
studied using 500 μL of each disperser solvent containing 0.03 % of benzophenone. As can be seen in Fig. 5,
the best extraction recovery for target ions was obtained
with methanol as the dispersing solvent. Therefore,
methanol was selected as the disperser solvent for subsequent experiments.
The effects of the volumes of methanol on the extraction efficiency were investigated in detail. In the
range of 250–1000 μL along with 0.03 % of benzophenone as the extracting sorbent, the volume of methanol
on the extraction recovery was tested. As shown in
Fig. 6, the extraction recovery in 500 μL of methanol
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Fig. 3 Effect of type of sorbent on the extraction recovery of
silver ions. Conditions: sample volume 15 mL, silver concentration 50.0 μg L−1, ECR/silver ion concentration ratio 8, sorbent
0.03 %, disperser solvent: methanol 500 μL, pH 5.0
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Fig. 4 Effect of amount of sorbent on the extraction recovery of
silver ions. Conditions: sample volume 15 mL, silver concentration 50.0 μg L−1, ECR/silver ion concentration ratio 8, sorbent:
benzophenone, disperser solvent: methanol 500 μL, pH 5.0
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silver complex into the aqueous phase, which also resulted in the decrease of dissolved silver complex, and
all these would lead to the decrease of the sedimented
amount of silver complex. So, 4 min was selected for
further experiments.

Recovery (%)
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Acetone

Tetrahydrofuran Methanol

Ethanol

Fig. 5 Effect of type of disperser solvent on the extraction recovery of silver ions. Conditions: sample volume 15 mL, silver
concentration 50.0 μg L−1, ECR/silver ion concentration ratio 8,
sorbent: benzophenone 0.03 %, disperser solvent 500 μL, pH 5.0

was quantitative. The extraction efficiency decreased
slightly when the volume of methanol exceeded
500 μL. Clearly, an increase in the volume of methanol
results in an increase in the solubility of the complex.
Therefore, the extraction recovery decreases. Thus,
500 μL of methanol was selected as the optimum
volume.

The effect of ionic strength
When the ionic strength of solution was increased,
several effects were observed. The presence of dissolved
salt in water can change the physical properties of the
Nernst diffusion film and reduce the rate of diffusion of
the target analytes into the sorbent. On the other hand,
salting-out effect causes an increase on the extraction
efficiency (Sobhi et al. 2008). Furthermore, the presence
of salt could change the viscosity of aqueous solution;
thus, reducing the rate of diffusion of the analyte into the
sorbent (Rezaei et al. 2013). Therefore, for investigating
the influence of ionic strength on performance of SADS
PE, various experiments were performed by adding
varying NaCl amounts from 0 to 5 % (w/v). Other

Effect of centrifugation time

Recovery (%)

Centrifugation time was another parameter that influenced the separation of dispersed particles from water
phase. The centrifugation time was evaluated between 1
and 10 min. The results exhibited that when the centrifugation time was up to 4 min, silver ions was enriched
completely. When the centrifugation time was shorter or
longer, the recoveries were both lower than 90 %. The
short centrifugation time could not insure the preferable
phase separation, and longer centrifugation time would
generate heat, which may enhance the dissolving of

Table 1 The effect of potentially interfering ions on the extraction
recovery of silver ions
Potentially interfering ion

Tolerable Concentration
Ratio X/silver ion

Ra %±Sb
Silver ion

K+

10,000

99.0±1.0

Na+

10,000

99.0±1.0

Cs+

10,000

99.0±1.0

Ca2+

1000

97.0±1.0

Mg

1000

98.0±1.0

Al3+

600

95.0±1.5

Cr3+

1000

97.0±1.0

Fe2+

800

95.0±2.0

100

Cu2+

700

95.0±1.0

80

2+

Zn

800

97.0±1.1

As3+

800

96.0±1.5

Sb3+

800

95.0±1.8

Hg2+

700

97.0±1.2

Mn2+

700

96.0±1.1

2+

Pb

600

96.0±1.4

Cd2+

600

96.0±1.3

CrO42-

1000

97.0±1.2

PO43-

1000

95.0±1.8

60
40

20
0

250
500
750
1000
Volume of the disperser solvent (µL)

Fig. 6 Effect of volume of disperser solvent on the extraction
recovery of silver ions. Conditions: sample volume 15 mL,
silver concentration 50.0 μg L−1, ECR/silver ion concentration
ratio 8, sorbent: benzophenone 0.03 %, disperser solvent:
methanol, pH 5.0
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Table 2 A comparison between
proposed method and previous
published works
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System

Enrichment factor

LOD (μg L−1)

RSD (%)

Reference

SPE

10

3.9

4.4

Fathi et al. 2009

SPE

200

100

1.6

Shamsipur et al. 2002

FODME

250

0.056

4.3

Afzali et al. 2011

LDLLME

–

1.2

1.5

Mohammadi et al. 2009

SADSPE

61.7

0.8

3.4

This work

experimental conditions were kept constant. According
to the obtained experimental results, salt addition has no
significant effect on extraction recovery. Therefore, all
the extraction experiments were carried out without
adding salt.

interfering ions were treated according to the recommended procedure. Table 1 shows the maximum tolerance of the cations and anions investigated. According
to the results, the major ions in the real samples have no
obvious influence on the Ag(I) extraction under the
selected conditions.

The effect of potentially interfering ions
Analytical performance
The effects of common potentially interfering ions in
real samples on the recovery of silver ions were also
studied. In these experiments, 15 mL of solutions containing 50.0 μg L−1 of silver and various amounts of

Under the optimized conditions, calibration curves were
sketched for the determination of silver ions according
to the general procedure. Linearity was maintained 2–

Table 3 Analysis of silver ion in different water and food samples; the results are the mean of three measurements
Water sample

Real sample (μg L−1)

Added (μg L−1)

Tap water

–

5.0

4.9

98.0

2.4

100.0

99.8

99.8

2.9

Caspian sea water

21.2

River water

18.9

Waste water

32.1

Founded (μg L−1)

Recovery (%)

5.0

25.9

98.8

3.1

100.0

119.8

98.8

3.5

5.0

23.6

98.7

3.2

100.0

118.2

99.4

3.3

5.0

36.8

99.2

3.1

100.0

131.9

99.8

3.9

Food sample

Cadded (μg kg−1)

Cfound (μg kg−1)

Recovery %

RSD %

Citrus limetta

0.0

N.D.

_

_

Fish sample

Kiwi

Pomegranate

RSD (%)

5.0

4.8

96.0

3.2

50.0

50.2

100.4

3.6
_

0.0

12.8

_

5.0

17.7

99.4

3.7

50.0

62.5

99.5

3.9

0.0

N.D.

_

_

5.0

4.9

98.0

3.4

50.0

49.6

99.2

3.7

0.0

N.D.

_

−

5.0

4.8

96.0

3.9

50.0

49.7

99.4

3.7
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Table 4 A comparison between estimated content by the present method and reference materials (validation of the introduced method)
Certified reference material

Element

Certified (mg kg−1)

Added (ng mL−1)

Found (mg kg−1)

Recovery (%)

Soil (NCS DC 73323)

Ag

4.4

–

4.3

97.7

450 μg L−1 for silver in initial solution. The coefficient
of determination (r2) was 0.99. The limit of quantification was 2 μg L−1 and limit of detection which is defined
as CLOD =3Sb/m, where Sb is the standard deviation of
six replicate blank signals, and m is the slope of the
calibration curve after preconcentration, for a sample
volume of 15 mL, was found to be 0.8 μg L−1. Also,
the preconcentration factors calculated as the ratio between the slopes of the calibration curves acquired by
the proposed method (Y=1.79 X−0.001) and through
the direct analysis of silver ions by FAAS (Y=0.029 X−
0.007) was found to be 61.7 (1.79/0.029=61.7). The
relative standard deviations for six separate extraction
experiments for determination of 5 and 200 μg L−1 of
silver ions was 3.4 and 3.1 %. Table 2 provides a
comparison between the proposed method and previously published works (Fathi et al. 2009; Shamsipur
et al. 2002; Afzali et al. 2011; Mohammadi et al. 2009).
Real samples analysis
Since different water samples have complex matrices,
non-specific background absorption was caused by interfering species of the sample matrix. To reduce this
undesirable effect, sample treatment technique
(SADSPE) was applied for extraction of silver ions in
pH of 5.0. Table 3 shows the silver ions recoveries in
different water and food samples.
Validation of the method
The concentration of silver ions obtained by SADSPE
procedure was compared to the standard materials. For
this reason, the concentration of the silver ions was
determined at optimum conditions in standard reference
material. As it can be seen in Table 4, a good correlation
was achieved between estimated content by the present
method and reference materials (the recovery for this
experiment was 97.7 %). Therefore, SADSPE can be
used as a reliable sample treatment technique for extraction and determination of silver ions in real samples.

Conclusion
The proposed solvent-assisted dispersive solid phase extraction was successfully used for preconcentration of
silver ions in various water and food samples. The
SADSPE allows the rapid extraction of silver ions using
a low amount of sorbent material (0.03 % (w/v%)). The
introduced method was based on the dispersion of the
sorbent into the sample to maximize the contact surface.
In this approach, the dispersion of the sorbent at a very low
milligram level was achieved by injecting a mixture solution of the sorbent and disperser solvent into the aqueous
sample. Thereby, a cloudy solution formed. The cloudy
solution resulted from the dispersion of the fine particles of
the sorbent in the bulk aqueous sample. After extraction,
the cloudy solution was centrifuged and the enriched
analytes in the sediment phase dissolved in ethanol and
determined by FAAS. The obtained LOD (0.8 μg L−1) for
analysis of silver ions is satisfactory. This method is environment friendly and robust against very high contents of
salt. The other benefits of the method are its simplicity,
ease of operation, good accuracy and precision, short
extraction time, low cost, and a good enrichment factor.
Although the obtained results in this work are related to
silver determination, the system could be readily applied
for the determination of other metals using various ligands.
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