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A new mode of dispersive solid phase extraction based on ferrofluid has been developed. In this
method, an appropriate amount of ferrofluid is injected rapidly into the aqueous sample by a syringe.
Since the sorbent is highly dispersed in the aqueous phase, extraction can be achieved within a few
seconds. The ferrofluid can be attracted by a magnet and no centrifugation step is needed for phase
separation. Palladium was used as a model compound in the development and evaluation of the
extraction procedure in combination with flame atomic absorption spectrometry. The experimental
parameters (pH, DDTC concentration, type and concentration of eluent, the amount of adsorbent,
extraction time, and the effect of interfering ions) were investigated in detail. Under the optimized
conditions, the calibration graph was linear over the range of 1-100 pgL~" and relative standard
deviation of 3.3% at 0.1 pg mL~! was obtained (n=7). The limit of detection and enrichment factor (EF)
was obtained to be 0.35pugL~! and 267, respectively. The maximum adsorption capacity of the
adsorbent at optimum conditions was found to be 24.6 mg g~ ! for Pd(Il). The method was validated
using certified reference material, and has been applied for the determination of trace Pd(II) in actual

samples with satisfactory results.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The importance of the palladium metal has grown in recent
years due to characteristics such as the resistance to corrosion
and oxidation, high melting points, electrical conductivity, and
extraordinary catalytic activity [1]. Palladium and its alloys have
an extensive range of applications in the automobile, electronics,
metallurgy, catalytic converters, dental and medical prostheses,
and jewelry manufacture. Palladium compounds have been
regarded as highly toxic and carcinogenic to humans, and easily
transported to biological material through plant roots, and ulti-
mately intensified along the food chain. The excessive exposure to
palladium causes adverse health effects such as primary skin
problems, eye irritations, and substantial degradation of DNA and
cell mitochondria. Hence, the separation and determination of
palladium is of special interest in environmental analysis. How-
ever, the direct determination of these metal ions is often difficult
because of low concentration of palladium in industrial and
environmental samples and together with complexity of the
matrix in real samples. Therefore, preliminary preconcentration
of the analyte and matrix separation prior to analysis is often
necessary.

Several analytical methods have been employed for separation
and preconcentration of Pd(II) prior to its detection, such as
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coprecipitation, solid phase extraction (SPE), liquid-liquid extrac-
tion (LLE), flow injection extraction (FIE), cloud point extraction
(CPE) and dispersive liquid-liquid microextraction (DLLME) [2-6].

SPE is more flexible and efficient than LLE in terms of
simplicity, low consumption of the organic solvents, flexibility
to choose the adsorbent and high enrichment factor. Recently, SPE
has been increasingly used for the preconcentration and separa-
tion of ultra-trace amounts of inorganic and organic species from
complex matrices [1,7]. However, because of the limited interface
between the sorbent and the aqueous sample, considerable time
is needed for the analyte to be extracted onto the sorbent [8].
Thus, a clear trend in analytical chemistry is miniaturization of
extraction time. In the last years, the dispersive liquid-liquid
microextraction technique has been developed. In this method, an
appropriate mixture of the extraction and disperser solvents is
injected into the aqueous sample by a syringe to form an
emulsified solution. Since the extractant is highly dispersed in
the aqueous phase, extraction can be achieved within a few
seconds. Despite the many benefits of this method, the choice of
the extraction solvent is its main drawbacks [8]. The different
modes of DLLME demonstrate that the convenient retrieval of
organic solvents after extraction is of crucial importance in such
techniques. It is critical, that the extraction solvent be of higher
density than that of water, in order to form a stable cloudy
solution capable of being separated by centrifuging. However,
solvents with their densities higher than that of water are not
often compatible with inductively coupled plasma-optical emis-
sion spectrometry (ICP-OES) and reverse phase HPLC. So, several
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recent works have reported the use of low-density organic
solvents in DLLME. But, most of these procedures require addi-
tional processing steps, apart from the mandatory centrifugation,
including refrigeration to freeze the organic solvent, manually
retrieving it to let it thaw, and use of additional materials such as
surfactants [9].

These problems can be avoided by the new technique of
dispersive-solid phase extraction (D-SPE) based on a ferrofluid.
Ferrofluids are suspensions of single-domain magnetic nanoparti-
cles suspended in various carriers such as water, ester and
hydrocarbons. Magnetic suspension characteristically has both
magnetic and fluid properties [10-12]. The particle volume fraction
of the magnetic material in ferrofluid is typically only a few
percent [13,14]. Since the concentration of the magnetic particles
is low, 3-10%, many properties of the ferrofluid, such as density,
vapor pressure, pour point and chemical properties of the liquid
are similar to those of the base fluid. Two types of ferrofluids are
available: ionic ferrofluid and surface ferrofluid depending on the
method used to prevent the particles from aggregating by Vander
Waals forces or magnetostatic interactions [15]. Steric repulsion
prevents agglomeration of particles in surface ferrofluid while
charged repulsion accounts for the stability in ionic ferrofluid.
High stability of a ferrofluid is achieved through a combination of
thermal motion as well as steric and electrostatic repulsive inter-
actions, both working against Vander Waals and dipolar attractive
interactions [16]. Remote control of the fluid flow by an externally
applied magnetic field leads to attractive applications in dynamic
loudspeakers, computer hard discs, dynamic sealing, electronic
packing, mechanical engineering in high-vacuum equipment, laser
systems in audio devices, electromagnetic shielding, high density
digital storage, and biomedicine and magnetic cell separation such
as enzyme and protein immobilization, genes, radiopharmaceuti-
cals, magnetic resonance imaging MRI and diagnostics [17].

In this method, an appropriate amount of ferrofluid is injected
rapidly into the aqueous sample by a syringe. The large contact
surface between the sample and the sorbent speeds up the mass
transference processes. Since the sorbent is highly dispersed in
the aqueous phase, extraction can be achieved within a few
seconds.

In the present report, for the first time, a new method of
dispersive-solid phase extraction (D-SPE) based on a ferrofluid is
proposed. The hydrophobic analytes are enriched in the extrac-
tion sorbent which is dispersed into the bulk aqueous solution.
This technique is easily carried out.

To the best of our knowledge, there is no report on the use of
D-SPE for the separation and preconcentration of inorganic or
organic species. The present study has developed a quick method
for the extraction of Pd(Il) by D-SPE and its determination by
FAAS. This method is simple, rapid and efficient for the extraction
and preconcentration of Pd(II) from various samples. Further-
more, in comparison with solid phase extraction, it is much
faster, since the extractant (sorbent) is highly dispersed in the
aqueous phase.

2. Experimental
2.1. Apparatus

A Varian model AA-400 atomic absorption spectrometer
(http://www.varianinc.com), equipped with an air-acetylene bur-
ner and with palladium hollow cathode lamp was used for the
determination of palladium. The lamp was operated at 5 maA,
using the wavelength at 244.8 nm and slit of 0.2 nm, and the flow
rates of air and acetylene were set as recommended by the
manufacturer. Background correction has been used with a

deuterium lamp. All measurements were carried out in peak
height mode. A pH-meter Model 692 from Metrohm (http://
www.metrohm-ag.com, Herisau, Switzerland) equipped with a
glass combination electrode was used for the pH measurements.
In addition, for magnetic separations a strong neodymium-iron-
boron (Nd,Fe;»,B) magnet (1.31T) was used. A Field emission
scanning electron microscope (FESEM), model S-4160 (www.
hitachi.com/procurement/network/japan) was used for prepara-
tion of SEM images.

2.2. Reagents

All chemicals used were of analytical-reagent grade and all
aqueous solutions were prepared using ultrapure water. 1-Octa-
nol, sodium diethyldithiocarbamate trihydrate (DDTC), acetylace-
tone, acetic acid, tetraethyl orthosilicate (TEOS), and all used salts
were purchased from Merck (Darmstadt, Germany). Standard
stock solutions of Pd(Il) were prepared by dissolving spectral
pure grade chemical PdCl, (1000 pg mL~! in 5% HNO5; Merck,
Darmstadt, Germany) in double distilled water with the addition
of 5 mL of 12 mol L~ ! nitric acid and further diluted daily prior to
use. A solution of 1073 mol L~! DDTC was prepared by dissolving
appropriate amount of this reagent in pure ethanol. Nano-Fe304
was purchased from Sigma-Aldrich (http://www.sigmaaldrich.
com, Fe304 spheres powder, <50 nm, purity > 98%). A buffer
solution (pH=6.0, 1 mol L~ ') was prepared by mixing 50 mL
potassium dihydrogen phosphate (1 molL~') and 5.7 mL of
sodium hydroxide (1 mol L~!). High purity HNOs (65%, r ultra-
pure, Merck, Darmstadt, Germany), and HCl were used for
digesting of dust sample throughout this work. The pipettes and
vessels were cleaned before use by soaking in 10% nitric acid
solution for at least 24 h and then rinsed thoroughly with
ultrapure water.

2.3. Preparation of silica-coated magnetite nanoparticles

Fe304/SiO, NPs were synthesized according to the previously
reported methods by some modification [18]. Briefly, Fe304
nanoparticles (2.0 g) were suspended in ethanol (200 mL) under
sonication for 1h. Concentrated ammonia (40 mL), deionized
water (35 mL) and TEOS (1 mL) were added in sequence to the
suspension. The mixture was sonicated for 1 h followed by vortex
mixing for another 8 h. The silica-coated nanoparticles (SCMNPs)
were collected by magnetic separation and were thoroughly
washed with deionized water three times and then dried, yielding
a fine powder. Fig. 1 shows the SEM image of the modified
nanoparticles.

2.4. Sample preparation

The reference material GBW-07289 (soil) was employed for
testing the accuracy of developed method.

Samples of road dust were collected from three different
roadsides with dense traffic in Tehran. An amount of 1.0 g of
homogenized dust sample was weighed accurately and digested
with 3:1 HCI/HNOs in a 200 mL beaker by refluxing the mixture
for 5 h. The solution of each sample was centrifuged and filtered.
The filtered solution was diluted with distillated water up to
100 mL and pH of solution was adjusted to 6.0. Then 50 mL of this
solution was poured into a Falcon tube. The obtained solution was
analyzed following the experimental procedure.
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2.5. Extraction procedures

2.5.1. Preparation of the ferrofluid

Acetic acid has been used as stabilizing agent. In order to coat
SCMNPs with acetic acid 15 mg of the silica-coated magnetic
nanoparticles and 100 pL of acetic acid were mixed in a vial and
the mixture were heated at 90 °C under continuous stirring for
45 min to allow acetic acid adsorption. Then acetic acid-coated
magnetite nanoparticles were dispersed in 200 pL 1-octanol. This
suspension was sonicated for 30 min to obtain ferrofluid. The
resulting suspension had a magnetite fraction of 9.3%.

2.5.2. Extraction

A schematic view of D-SPE experimental setup is shown in
Fig. 2. The sample or standard solution containing Pd(Il), DDTC
(1x10"%molL~1), NaNO; (0.5%, w/v) and buffer (pH=6.0,
1.0mol L~'") was poured to a 50 mL tube. Then ferrofluid was
injected rapidly into the sample solution through a 1.0 mL
syringe. Thereupon, ferrofluid was dispersed thoroughly in solu-
tion, and the extraction process was completed quickly. Subse-
quently, a strong magnet was placed at the bottom of the tube to
let the ferrofluid settle. After about 2 min, the solution became
limpid and supernatant was discarded simply by decanting it.
Thereafter, the magnet was removed and 0.75 mL of acetylace-
tone was introduced to the vial to desorb the Pd(II) complex by
sonication. Finally, the obtained mixture was exposed on the
magnet and the clear solution of eluent, containing the eluted
metal ions, was transferred to the glass tube. The analyte in the
eluent were determined by FAAS.
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3. Results and discussion

3.1. Organic solvent selection for preparation of the ferrofluid: type
and volume

Several criteria in selecting the organic solvent phase should
be met. Firstly, the solvent should be immiscible with aqueous
solution. Secondly, the solvent should have a low vapor pressure
to prevent loss during extraction. According to these criteria, 1-
octanol was selected as a carrier to achieve stable ferrofluid.
Moreover, it conceivably also has a particular affinity with the
silica-coated magnetic particles because of the terminal hydroxyl
moiety, so it was firmly confined within the silica-coated parti-
cles, preventing them from being lost during extraction.

In the next step, the minimum volume of 1-octanol required
for a quantitative extraction of the Pd(II) was determined in the
range of 100-400 pL. Accordingly, 200 pL of 1-octanol was
enough to preconcentrate the metal ions, at the studied concen-
trations, using 50 mL of sample. For higher amounts of 1-octanol,
the extraction efficiency was almost constant.

3.2. Selection of sorbent

In order to find the best sorbent for the preparation of
ferrofluid, Fe304, Fe304/SiO,, Fes04/acetic acid, Fe304/SiO,/acetic
acid and Fe304/Si0,/SDS were examined. The stability of the
suspensions was checked by qualitative observations of the
sedimentation when the samples were placed on working table.
Before this test, the samples were redispersed by ultrasound. The
results of these experiments showed that the suspension of bare
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Fig. 2. Schematic view of D-SPE experimental setup.
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nanoparticles (Fe304) was rather unstable. The same phenomena
were observed for samples Fe304/SiO, and Fe;04/acetic acid and
Fe304/Si0,/SDS. Although the sedimentation was a bit slower in
this case, the suspension of Fe304/SiO,/acetic acid did not exhibit
phase separation even after 10 h of application. However, this
sample was quickly redispersed by turning the tube upside down,
without any remaining compact sediment at the bottom. The first
conclusion that can be extracted is the fact that some kind of
surface coating is needed to get a stable ferrofluid. In the oil-
based ferrofluids, stability is achieved by steric repulsion between
the dispersed particles frequently using silica adsorbed on their
surface. Acetic acid has been used as stabilizing agent.

3.3. Effect of pH

pH plays an unique role on the metal-DDTC chelate formation
and its subsequent extraction because the existing form of metal
ions and DDTC is pH dependent. DDTC may decompose when the
sample pH is too acidic. Thus, the effect of pH on the extraction
efficiency of Pd(I) was evaluated in the pH range of 2-9. The
results are shown in Fig. 3. As could be seen, the extraction
recovery of Pd(II) increased as the pH in the aqueous solution
increased from 2 to 6, and then decreased with further increasing
pH from 7 to 9. DDTC acts as a bidentate ligand with S as donor
atom. With the increase of pH, more negative charge of S in DDTC
was beneficial for the formation of Pd-DDTC complex, resulting in
the increase of extraction efficiency of metal ions [19]. Therefore,
pH 6.0 was selected for subsequent experiments and real sample
analysis.

3.4. Study of the concentration of DDTC

Palladium being a soft metal can be effectively complexed
with ligands having soft donor atoms like ‘S’ and ‘N’ [20]. The
influence of the DDTC concentration on the extraction of Pd(II)
(0.1 ng mL~ ') was evaluated in the concentration range of 0.1-
12 x 10~® mol L~ ! (Fig. 4). As can be seen, the extraction recovery
of Pd increased with the increase of DDTC concentration up to
4x10~®mol L}, and then remained constant. Because of some
other ions that could be present in real samples and probably
react with DDTC, a concentration of 6 x 10~% mol L' was used in
the experiments. The extraction recovery was not affected by the
addition of excess ligand.
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Fig. 3. Effect of pH on the extraction recovery of Pd(Il). Sample volume, 50 mL;
Pd(Il), 0.1 pg mL™"; concentration of DDTC, 6 x 10~% mol L~'; NaNOs, 0.5% (w/v);
amount of sorbent, 15 mg; 1-octanol, 200 pL; and eluent volume (acetylacetone),
0.75 mL (n=3).

3.5. Effect of type and volume of eluent

In order to find the best eluent for the retained palladium ions,
various eluting solutions, such as HCI, HNOs, thiourea, acetylace-
tone, ethanol, sodium thiosulfate and acetonitrile were used. As
shown in Fig. 5, quantitative recoveries (above 90%) of palladium
were obtained using acetylacetone.

The minimum volume of acetylacetone required for a quanti-
tative elution of the retained analyte was 0.75 mL. Desorption
times were evaluated in the range of 1-15 min. The results
showed that 3 min time is sufficient for quantitative desorption
of the palladium ions by 0.75 mL of the acetylacetone.

3.6. Microextraction time and amount of sorbent

In this experiment, extraction time means the time interval
from the beginning of the dispersion and its end just before using
an external magnetic field. The effect of extraction time was
examined in the range of 1s-5min with the constant experi-
mental conditions. As results clearly show, extraction time has no
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Fig. 4. Effect of DDTC concentration on the extraction recovery of Pd(Il). Sample
volume, 50 mL; pH of sample solution, 6.0; Pd(Il), 0.1 pg mL™'; NaNOs, 0.5% (w/v);
amount of sorbent, 15 mg; 1-octanol, 200 pL; and eluent volume (acetylacetone),
0.75 mL (n=3).
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Fig. 5. Effect of type of eluent on the extraction recovery of Pd(II). Sample volume,
50 mL; pH of sample solution, 6.0; Pd(ll), 0.1 ngmL™"; NaNOs, 0.5% (w/v);
concentration of DDTC, 6 x 10~ mol L~!; amount of sorbent, 15 mg; 1-octanol,
200 pL; and eluent volume, 0.75 mL (n=3).
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significant effect on the extraction efficiency, because the rate of
extraction was extremely large. After the formation of a cloudy
solution, the surface area between the dispersed sorbent and the
aqueous phase is very large. Thereby, transition of the complex
from the aqueous phase to the dispersed sorbent is fast. Subse-
quently, the equilibrium state is achieved quickly after injection
of the ferrofluid into the sample solution. Thus, the most impor-
tant advantage of D-SFE is time independence of the method. In
the next step, the optimum amount of the sorbent for maximum
takeup was determined in the range of 5-100 mg. Accordingly,
15.0 mg of modified magnetite NPs was enough to preconcentrate
the metal ions, at the studied concentrations, using 50 mL of
sample. For higher amounts of modified magnetic NPs, the
extraction efficiency was almost constant.

3.7. Breakthrough volume

For this purpose, a series of solutions with increasing sample
volumes containing 5.0 pg Pd(Il) at pH 6.0 were investigated
under the optimized conditions. The amount of Pd(II) was
measured after elution by 0.75 mL of acetylacetone. As shown
in Fig. 6, quantitative recovery for Pd(II) was obtained up to
200 mL of sample solution. The recovery decreased with increase
of the sample volume, caused by the low concentration of metal
ion in the solution. Therefore, an enrichment factor (EF) of 267
can be achieved when using 200 mL of the sample and 0.75 mL of
the final volume.

3.8. Effect of ionic strength

The influence of ionic strength on the extraction of palladium
was studied in the sodium nitrate solution with concentration
ranged from 0% to 20% (w/v). The rest of the experimental
conditions were kept constant. Results have shown that ionic
strength has no considerable effect on extraction efficiency up to
5% (w/v) of NaNOs.

3.9. Sorption capacity

The maximum palladium sorption capacity was studied using
20 mg of adsorbent, which was equilibrated with excess amounts
of metal ion solution (50 ml, 30 mg L~ 1) for 1 h under optimized
conditions. After decantation of the mixture by applying an
external magnetic field, the retained metal ions in the supernatant

Extraction Recovery (%)

20

0 T T T T

Volum (mL)

Fig. 6. Effect of sample volume on the extraction recovery of Pd(Il). pH of sample
solution, 6.0; Pd(Il), 5 pg; concentration of DDTC, 6 x 10~® mol L~'; NaNOs, 0.5 %
(w/v); amount of sorbent, 15 mg; 1-octanol, 200 pL; and eluent volume (acet-
ylacetone), 0.75 mL (n=3).

solution were determined by using FAAS. The maximum capacity
was found to be 24.6 mg g~ for Pd(Il).

3.10. Effect of coexisting ions

The effects of common coexisting ions in the natural water
samples on the recovery of Pd(Il) were studied by spiking
appropriate amounts of interfering ions to 50.0 mL of the solu-
tions containing 0.08 pg mL~' of Pd(Il) and excess amounts of
DDTC (as chelating agent) and they were treated according to the
recommended procedure. The tolerance limits (defined as the ion
concentration that produced an error not exceeding 5% causing a
relative error of not more than 5%) are given in Table 1, and it was
found that many cations and anions had no significant effects on
the determination of Pd(Il) ions under the optimized conditions.
However, some of the species tried such as AI**, Zn?* and Hg?+,
interfered with the determination of ions.

3.11. Analytical figures of merit

To evaluate the practical applicability of the proposed D-SFE
method several analytical performance characteristics such as
limit of detection (LOD), enrichment factor (EF) and linearity
along with the relative standard deviation (RSD) were investi-
gated under the optimized conditions. The limit of detection
(LOD=0.35 ug L") is defined as LOD=3 Sp/m, where S, is the
standard deviation of seven replicates of blank signals and m is
the slope of the calibration curve after preconcentration. Linearity
was observed over the range of 1-100 ng mL~! with a correlation
coefficient (R®) of 0.9962. The precision of the method was
evaluated by analyzing standard solution at 0.35 pg mL~! of Pd
for seven times in continuous, and the relative standard deviation
(R.S.D) was 3.3%. The enrichment factor, calculated as the ratio of
the initial volume to the final, was 267 for 50.0 mL sample
solution.

Table 2 compares the characteristic data of the present method
with those reported in literature. The proposed method possesses

Table 1
Effect of coexisting ions on recovery of 0.08 g mL~! Pd(II) (N=3).

lons Concentration (ug mL™") Recovery (%)
Na* 10,000 98.1+2.0
Li* 10,000 97.5+1.8
K* 1000 984+ 1.4
Ni2* 100 101.3+ 1.6
Co%* 100 101.1+ 1.7
AP+ 10 984+ 1.4
AP+ 50 96.3+1.3
Pb?+ 100 97.1+0.9
Ca®* 1000 98.7+ 0.6
Ba’* 1000 97.5+1.8
S0%~ 1000 98.0 +2.1
i 100 102.4+0.7
Zn%+ 50 104.0+1.2
Zn?+? 100 95.8+1.2
Fe3+ 100 98.3+0.9
Cu?* 100 98.3+0.8
Audt 100 96.7 + 2.4
Ag't 100 99.1+2.8
Hg?™* 50 101.3+0.9
Hg?+2 100 1033+ 1.3
Ca*+ 1000 102.6 +1.1
Mg+ 1000 99.5+1.3
c- 1000 102.9+0.6
Cco3- 1000 102.2+2.2
PO3~ 1000 97.8+1.9
NO3- 10,000 99.6+0.8

¢ Using higher amounts of DDTC (L/M=50).
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Table 2

Comparison of the published preconcentration methods for Pd with the proposed method.

Method EF? LOD (ugL™1) RSD (%) Linear range(pg L™') Sorption capacity(mg g~ ') Ref.
SPE-FAAS 75 1.2 1.7 4.06 [21]
SPE--ICP-OES 10 0.44 23 - 7.6 [22]
CPE-FAAS 32P 1.6 2.7 - - [4]
Coprecipitation 100 0.4 6.3 - - [23]
SPE-FAAS - 17 1.7 0.20-4.00¢ 0.141° [24]
FIA-SPE-FAAS 57° 1.7 2.8 0.05-1.0° - [25]
SPE-FAAS - 3.9 1.7 0.04-0.4¢ 0.1787F [26]
FIA-SPE-FAAS 80 1.0 2.4 0-200 - [2]
SPE-ICP-AES 100 0.2 3.2 1-1000 5 [27]
D-DLLME-GFAAS 96° 7.6¢ 45 0.05-8.0 - [28]
DLLME-GFAAS 156 2.44 4.3 0.1-5 - [5]
D-SPE-FAAS 267 0.35 33 1-100 24.6 Our work

2 EF: ratio of the aqueous phase to final volume of eluent phase.

P Preconcentration factor.

¢ Enhancement factor.

dnpgL-

e pgmL-',

fmmolg'.

lower limit of detection and higher enrichment factor than those Table 3

of the reported methods. The sample preparation time is further
decreased by the fact that sorbent dispersed in the bulk solution,
extraction can be achieved very fast and no centrifugation is
required for phase separation. These significant features which
were obtained with this method are of key interest for routine
trace laboratory analysis.

3.12. Analytical applications

The method was validated by analysis of a certified reference
material GBW-07289 (soil). The result obtained (2.6+0.1 g
kg~!, n=5) is in good agreement with the certified value
(2.3 +0.2 pg kg~ ). Moreover, the proposed method has been applied
for the determination of trace Pd(II) in road dust and river water, lake
water and tap water samples. All water samples were filtered through
a 045 pm membrane filter and analyzed as soon as possible after
sampling. The standard addition method was used and a good
correlation was obtained between the added and measured amounts.
Generally, the recoveries of Pd(Il) ions were obtained in the range
between 95.6% and 102.6%. The results are listed in Table 3.

4. Conclusions

A method of D-SPE was developed for the determination of
trace Pd(II) in dust and environmental water samples. The
extraction of Pd(II) was performed by D-SPE using ferrofluid as
the extraction solvent and sodium diethyldithiocarbamate
sodium trihydrate (DDTC) as the chelating agent. This technique
is easily carried out. Furthermore, in comparison with solid phase
extraction, it is much faster, because the sorbent is highly
dispersed in the aqueous phase and no centrifugation is required
for phase separation. In this way, the separation of sorbent from
the aqueous bulk was achieved without using conical bottom
glass tubes, which are easily damaged and hard to clean. D-SPE is
very simple, of low cost and suitable for batch operations, which
could greatly shorten the sample preparation time. The precision
and accuracy of the method were satisfactory. An enrichment
factor of 267 for a 200 mL sample volume was accomplished. The
maximum adsorption capacity for Pd(II) was found to be

246mgg .

Analytical results for Pd(II) determination in different samples.

Sample Spiked Found Recovery
(ngmL~") (ngmL~')* (%)
Sea water” 0 ND -
15 14.8 £ 0.6 98.6
30 293 +1.1 97.6
River water® 0 1.2+0.1 -
15 15.9+0.7 98.1
30 31.7+14 101.6
Well water 0 ND -
15 154+ 0.6 102.6
30 295+13 98.3
Road dust 0 02+01pgg™! -
20 193+10pgg™! 95.5

@ Mean + SD, (n=5).
b Caspian sea water.
¢ From Tajan river.
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