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ABSTRACT

A novel approach for preconcentration and separation of trace amount of
cadmium from agueous samples was proposed by dispersive liquid-lig-
uid microextraction (DLLME). Cadmium (I1) was complexed with 2-[2-
(2-aminophenyl) disulfanyl] benzamine (2APDSBA) as a complexing
agent to form hydrophobic chelate and then extracted into the fine drops
of extraction solvent which was dispersed into the aqueous sample by
dispersive solvent. After extraction, the sedimented phase was analysed
by flame atomic absorption spectrometry (FAAS). Some effective param-
eterson the DLLME such astype and volume of extraction and dispersive
solvents, concentration of chelating agent, pH, centrifugation rate and time,
extraction time and salt effect were investigated. Under the optimized
conditions, the enrichment factor was 186.6. The calibration graph was
linear in the range of 0.05-7.5 pug L with correlation coefficient of 0.9985
under the optimum conditions of the recommended procedure. The de-
tection limit based on the 35, criterion was 0.05 pg L™ and relative stan-
dard deviation for (RSD) for ten replicate measurement of 0.2 ug L* and
2ug L't cadmium was 3.9 and 3.1 % respectively. In order to evaluate the
accuracy and recovery of the presented method, the procedure was ap-
plied to the analysis of reference material, spiked water and human plasma.
© 2016 Trade Science Inc. - INDIA
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Environmental pollution nature of heavy metals
has recently received considerable attention. Cad-
mium isone of the heavy metalswhichiscritical for
the human healthi*?, Cadmiumiswidely usedinin-
dustry, especially in electroplating pigments for

paints, enamel, glass, plastics, printing inks, rubber
and lacquers, aloys and the production of Ni—Cd
batteried® 4. Different analytical techniques have
been performed to determine cadmium in various
samples including flame atomic absorption spec-
trometry (FAAS)>7, graphitefurnace atomic absorp-
tion spectrometry (GFAAS)®9, inductively coupled
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plasma emission spectrometry (ICP-OES)*%, in-
ductively coupled plasma mass spectrometry (ICP-
MS)ia,

Flame atomic absorption spectrometry (FAAS)
has been widely used for determination of trace quan-
tities of cadmium because of the low costs, opera-
tiona facility and high samplethroughput. However,
conventional FAAS has a detection limit, which is
not low enough to determine cadmium at trace lev-
els. In order to achieve accurate, sensitive and reli-
able results at trace levels; preconcentration and
separation steps are needed prior to analyte deter-
mination by FAAS®,

Coupling of microextraction methodswith graph-
ite furnace atomic absorption spectrometry for de-
termination of inorganic compounds developed in
our laboratory and reported for the first timein our
previous works+17, Microdrop of analyte after ex-
traction directly injected into the graphite furnace
for determination. One of the problems of coupling
flame atomic absorption spectrometry with
microextraction methods is, introduce analyte in
microdrop forminto theflame. Inthiswork, the plas-
tic capillary tube attached to the nebulizer was re-
moved and extracted analyte directly transferred into
the flame atomic absorption nebulizer by a micro
syringe. The experimental variablesinfluencing the
extraction have been optimized, and the analytical
parameters of the method were determined. This
procedure was applied to the determination of cad-
mium in reference material, real water samplesand
human plasma.

EXPREMENTAL

InstrumentationA Shimadzu AA-6300
(Shimadzu, Japan) flame atomic absorption spec-
trometer equipped with a100 mm burner head, deu-
terium background correction and an air—acetylene
flamewas utilized. A cadmium hollow-cathodelamp
(Hamamatsu Photonics, Shizuoka, Japan) at awave-
length of 228.8 nm was used as a radiation source,
operated at 8 mA with a monochromator spectral
bandpass of 0.7 nm. The pH values were measured
with a pH meter (Metrohm 725, Switzerland) sup-
plied with a glass combined el ectrode. Phase sepa-
ration was assi sted using Centurion Scientific Cen-

trifuge (Modd AndreasHettich D72, Tuttlingen, Ger-
many). A 50 pl Hamilton 7105 syringe (Hamilton,
Reno, NY, USA) was used to collect the drop of the
acceptor phase and to inject finally solution into the
atomi c absorption spectrometer.

Reagent and materials

All solutions have been prepared with distilled
water. All of the glassware was maintained over-
night ina5.0 % (v/v) nitric acid solution. Thework-
ing solutions of cadmium at pg L * level were pre-
pared daily by diluting 21000 pg L* (Merck) stock
solution of cadmium. All of the reagents used were
of anaytical grade. A 0.1 mol L chelating agent 2-
[2-(2-aminophenyl) disulfonyl] benzenamine
(2APDSBA) (Aldrich, USA) solution was prepared
by dissolving appropriate amounts of 2APDSBA in
methanol. The carbontetrachloride (M erck), acetone
(Merck), methanol (Merck), ethanol (Merck), ni-
trobenzene (Merck) and dichol oromethane (Merck)
solvents were a so used in the microextraction pro-
cedure. The pH of the metal solutionswas adjusted
by adding HCI and NaOH (merck).

Prepar ation of thehuman plasma samples

The plasma samples were stored in the freezer
a -18 °C and thawed at room temperature before
processing of the sample. One hundred microliters
of plasma were pipetted to the polypropylene tube,
20l of the internal standard solution were added
and the tube was briefly shaken. Two ml of
tbutylmethyl ether were added and the tube was vor-
tex-mixed for 4min at 2000 rpm. Then the tube was
centrifuged for 5 min at 2000xg and the upper or-
ganic phase was transferred to a new tube. The
samplewas evaporated to dryness under nitrogen at
50 °C. Thedried samplethen wasdissolved in metha
nol and was analyzed by DLLME combined with
FAASfor determination of cadmium.

Procedurefor DLLME

Aliquots of 10.0 ml of the solution containing
Cd (I1) was adjusted to pH 7.0 and transferred to
screw cap glasstest tubes (20.0 ml) with conic bot-
toms. The ternary solution containing 0.6 ml of ac-
etone (dispersive solvent), 50 ul of carbon tetra-
chloride (extraction solvent) and 45 ul of a1.0x10-*
mol Lt 2-[2-(2-aminophenyl) disulfanyl] benzamine
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solution wasrapidly injected into the solution of the
metal withtheaid of a1.0 ml glasssyringe. A cloudy
mixture (water, acetone, carbon tetrachloride and
2APDSBA) wasformedinthetest tube. At thisstage,
the metal-ligand complex was extracted into thefine
droplets of carbon tetrachloride. Then the solution
was centrifuged at 5000 rpm for 3.0 min, and the
dispersed droplets of carbon tetrachloride were de-
posited on thetube. After this step, the 50 pl organic
phase settled at the bottom of thetube. The agueous
phase was discarded with syringe and the 50 pL or-
ganic phase was directly injected into the nebulizer
of AAS by amicro syringe for subsequent determi-
nation. For injection of solution directly into the
nebulizer, the plastic capillary tube attached to the
nebulizer was removed and needle of syringe was
inserted directly into the nebulizer. The parameters
affecting the complexation and extraction efficiency
were optimized.

RESULTSAND DISCUSSION

There aredifferent factorsthat affect the extrac-
tion process such as pH, concentration of chelating
agent, type and volume of organic and dispersive
solvents, centrifugation rate and time, extractiontime
and interferingions. It isvery important to optimize
these parameters in order to obtain high recovery
and enrichment factor. The effects of each param-
eter on the extraction process were examined and
the results are as follows.

Effect of the pH

The pH of agueous solution plays an important
roleinthe complex formation between cadmiumions
and chelating agent (2APDSBA) as well asin the
following microextraction process. In the present
work, the pH of sample solutions was adjusted in
the range of 2.5-9.0 using a HCI solution of 0.05
mol L ** or aNaOH solution of 0.05 mol L 1. The
resultsshownin Figure 1indicatethat higher absor-
bance for cadmium can be achieved when the pH of
sample solution is set at 7. Hence, pH 7 was se-
lected as the appropriate acidity of sample solution
for extraction.

Concentration of chelating reagent
The study of the amount of 2APDSBA used in
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Figure 1 : Effect of pH on the absorbance of cadmium

the DLLME was accomplished by varying theratio
of concentration of ligand / cadmium (I1) between
0.2-1.8. The absorbance increases with increasing
ratio of ligand /cadmium (I1) up to 1 and leveling of f
at higher ratio. Therefore, we used ratio of concen-
tration of ligand / cadmium (I1) 1:1 in subsequent
studies. The results are shownin Figure 2.

Type of extraction solvent

The DLLME process is based on the instanta-
neous turbidity of an agueous solution promoted by
injection of a ternary mixture followed by extrac-
tion of the substances of interest in droplets of a
solvent extractor. The extraction solvent should be
more dense than water and immiscible in an aque-
ous solution. Carbon tetrachl oride, dichloromethane
and nitrobenzene weretested as extraction solvents.
As can be seen in Figure 3, among the extraction
solvents, carbon tetrachloride yielded the best re-
sultsfor cadmium (11).

Effect of extraction solvent volume

To examine the effect of carbon tetrachloride
volumeontheanalytical performance, experiments
were performed by using 0.6 ml of acetone contain-
ing 2APDSBA and the volume of CCl, was adjusted
in the range of 40-60 pl. By increasing the volume
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Figure 3 : Effect of type of extraction solvent on the ab-
sorbance of cadmium

of CCl,, the volume of sedimented phaseincreased.
Ascan be seenin Figure4, the absorbance increases
with increasing the volume of CCl, from 40 to 50
ul. However, the absorbance decreased when the
volume of CCl, was larger than 50 pl. It seems that
0.6 ml of acetone cannot disperse superabundant
extractant to form fine droplets well, resulting in a
decrease in extraction efficiency. Therefore, 50 ul
was chosen as the optimal extraction solvent vol-
ume.
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Figure 4 : Effect of volume of extraction solvent on the
absorbance of cadmium
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Figure 5 : Effect of type of dispersive solvent on the ab-
sorbance of cadmium

Type of dispersive solvent

The dispersive solvent should be miscible in
both the aqueous and organic phases. In this study,
acetone, ethanol and methanol were used as disper-
sive solvents. Figure 5 showstheresults for extrac-
tion of cadmium (I1) using the Carbon tetrachloride
extraction solvent in combination with different dis-
persive solvents. According to theresults, the use of
acetone and Carbon tetrachloride as dispersive and
extraction solvents, respectively, resulted inthe high-
est analytical responses for cadmium. Thus, these
solvents were used to prepare the ternary mixture.
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Figure 6 : Effect of volume of dispersive solvent on the
absor bance of cadmium

Effect of disperser solvent volume

The experimental conditionswerefixed andin-
cluded theuse of different volumesof acetone (0.20,
0.40, 0.60 and 1.0 ml) containing 50 pl of CCI1, It
wasfound that the absorbanceincreased by increas-
ing the volume of acetone up to 0.60 ml and then
decreased with further increasing of acetone vol-
ume (Figure 6). This phenomenon can be explained
as follows: CCl, was not dispersed well when us-
ing asmaller volume of acetone and thusthe extrac-
tion efficiency was lower. On the contrary, using a
larger volume of acetonewould resultin anincrease
of solubility of theanalyte - ligand complex in aque-
ous phase and consequentially the extraction effi-
ciency decreased. Hence, 0.60 ml of acetone was
selected for further investigation.

Extraction time

In DLLME, the extraction timeisdefined asthe
time between injecting the mixture of extraction and
centrifugation. No significant differenceinthe ana-
lytical response to cadmium was observed by vary-
ing the extraction time from 0.0 to 14.0 min. This
result is due to the increased contact area between
the agueous phase and the solvent extractor with the
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Figure 7 : Effect of extraction time on the absorbance of
cadmium

formation of droplets after the turbidity. Thus, the
passage of themetal-2APDSBA complexesfromthe
aqueous phase to the extraction solvent isfast. The
resultsaregivenin Figure 7

12.00 16.00

Effect of centrifuge rate

The centrifugation rateemployedinthe DLLME
system was aso studied. For this study, we used
rates ranging from 500 to 7500 rpm. Figure 8 shows
theinfluence of centrifugation rate on the extraction
of cadmium. Theresultsindicated that arate of 5000
rpm is sufficient for the rich phase to be deposited
on the bottom of the test tube. Therefore, we em-
ployed a centrifugation rate of 5000 rpm in subse-
quent experiments procedure.

Effect of centrifuge time

The centrifugation timeemployedinthe DLLME
system was aso studied. For this study, we used
periods ranging from 1.0 to 5.0 min at 5000 rpm.
Theresultsshown infigure 9 indicated that aperiod
of 3.0 min is sufficient for the rich phase to be de-
posited on the bottom of thetest tube. Therefore, we
employed a centrifugation period of 3.0 minin sub-
sequent experiments to increase the speed of this
procedure.
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Figure 9 : Effect of centrifuge time on the absorbance of
cadmium

Effects of salt

The addition of salt to agueous samples usually
decreasesthe solubility of analyte in aqueous phase
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Figure 10 : Effects of salt on the absorbance of cadmium
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and thereforeimproveits extraction because of salt-
ing-out effect. To investigate the influence of ionic
strength on DLLME performance, various experi-
ments were performed by adding different amounts
of NaCl (0-10%, w/v) and the rest of the experi-
mental conditionswere kept constant. Ascan be seen
infigure 10, the salt addition had no remarkabl e ef -
fect on extraction efficiency for Cadmium in
DLLME. Therefore, salt addition was not used in
the subsequent experiments.

Effect of coexisting ions

The effects of common coexisting ionsin natu-
ral water samples on the recovery of cadmium were
studied. In these experiments, 10.0 ml of solutions
contains 1 ug L of cadmium and various amounts
of interferingionswere treated according to therec-
ommended procedure. A given spices was consid-
ered to interfereif it resulted in A + 5% variation of
theAASsigna. Theresultsare givenin TABLE 1.

Figuresof merit

TABLE 2 summarizesanalytical characteristics
of the optimized method, including limit of detec-
tion, reproducibility and enhancement factor. The
limit of detection (LOD =0.05 pgL*) was cal cul ated
as 3 S/m (S, standard deviation of the blank sig-
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TABLE 1 : Effect of coexisting ions on the recovery of
cadmium

Interfer ent Interferent[ Cadmium %
ratio Recovery
Na*t 10000 97.46 + 2.4
s 10000 96.86 + 12
NH} 10000 98.96 + 1.4
Mg?t 10000 9236 +22
Crit 1000 9362+ 1.5
Zn?t 1000 96.60 + 2.7
Ni2* 1000 9868+ 2.3
Ba2t 1000 102.0 + 34
Mn2t 100 94.06 + 1.7
Pbh2+ 100 9210+24
Cu?* 10 96.80 £ 1.6
Agt 2 9371+ 13
cl— 10000 97.46 + 2.1
CH,CO00™ 10000 9420+ 1.5
SOy 10000 97.03+27
SCN™ 10000 1001 + 1.8

—=  PFull Peper
Application

In order to evaluate the accuracy and recovery
of the proposed method, standard reference materi-
as SRM 2670 (freeze-dried urine) was analysed
for its cadmium content (National Institute of Stan-
dard and Technology NIST, USA). The proposed
DLLME-FAAS methodology was applied to the
determination of cadmium in plasmaand real water
samples. The validated method has been success-
fully used to quantify cadmium concentrationsin hu-
man plasma. Cadmium was added to plasmaasin-
ternal standard and DLLM E-FAAS method was used
for preconcentration and determination of cadmium
in plasma. The recovery of cadmium from plasma
containing 5 pug L of internal standard was 89%.
Esfahanindustria park Wastewater and Toosindus-
trial park Wastewater were collected from the in-
dustrial park of Esfahan and mashhad respectively
and wereanayzed by DLLME combined with FAAS
for determination of cadmium. The concentration of

TABLE 2 : Analytical characteristics of DLLME for determination of cadmium

Parameter

Analytical feature

Linear range (ug L)

Correlation coefficient (%)

Limit of detection (ug L™*)(30, n=10)
Repeatability (RSD%) (n=10, 0.2 ug L™)
Repeatability (RSD%) (n=10, 2ug L)
Enrichment factor (EF)

Sample Volume (ml)

Microdrop volume (ul)

Sample introduction Volume (ul)
Sample preparation time (min)
Recovery (%)

005-7.5
0.99&
0.05
3.9
3.1
168.6
10
50
50
3.0
84.3

nals; m: slope of the calibration curve after
preconcentration). The calibration graph waslinear
in the range of 0.05-7.5 ug L with correlation co-
efficient of 0.9985 under the optimum conditions of
the recommended procedure. The relative standard
deviation for (RSD) for ten replicate measurement
of 0.2 ug Ltand 2 ug Ltcadmiumwas 3.9 and 3.1%
respectively. The enrichment factor (EF) was ob-
tained from the sloperatio of calibration graph after
and before extraction, which was about 168.6.

Theextraction recovery (R%) was 84.3% which
was calculated by equation (1).

R%= (Vdrop / Vsolution) x EF x 100 (1)

cadmiuminthe Esfahan industrial park Wastewater
and Toos industrial park wastewater samples were
determinedtobe32.3+ 1.2 ugL?, 30.6+2.4 ugL-
1, respectively (TABLE 2). Esfahan industrial park
Wastewater and Toos industrial park wastewater
samples were spiked with cadmium standards to
assess matrix effects. Therelativerecoveriesof cad-
mium from Esfahan industrial park Wastewater and
Toos industrial park wastewater at spiking level of
5 ug Lt were 96 and 94 %, respectively (TABLE
3). These results demonstrated that the Esfahan in-
dustrial park Wastewater and Toos industrial park
wastewater samples matrixes, in our present con-
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TABLE 3 : Determination of cadmium in real samples and reference material
concentration of Cd(ll) Found Cd(l1) Rdative
Sample M ean+SD? (ug/L) Added Cd(1) (neL) 1 oanesD (ugil.) Recovery(%)
Wastewater 1° 323+1.2 50 37.1+2.3 96
Wastewater 1° 306+24 50 35.3+1.8 94
Plasma Not found 50 4.45+ 0.18 89
Reference e
0,
Maeria Certified vdue Meaaured vdue Recovery %
NI ST 2670° 0.088+0.003 (mgL™) 0.080::0.002 (mg L™ 91

3 Sandard Deviation (n=3), ® Esfahan industrial park in Esfahan, Iran, ¢ Toos industrial park in mashhad, Iran, d from National

Ingtitute of Standard and Technology NIST (USA)
text, had little effect on DLLME of cadmium.

CONCLUSION

Herein, amethod of DLLME coupled to FAAS
using 2-[ 2-(2-aminophenyl)disulfonyl)benzenamine]
as complexing reagent was successfully developed
for the determination of cadmium by FAAS. This
procedure is suitable for preconcentration and ex-
traction of cadmium from aqueous samples, that giv-
ing increased sensitivity of determinationsand there-
fore lowering the limits of detection. The LOD for
cadmium is 0.05 pgLt. The proposed method was
proved to be fast, sensitive, low cost and easy to
operate and was applied to the extraction and analy-
sis of cadmium in plasma and real water samples
with satisfactory results.
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