
INTRODUCTION

Cadmium (Cd) is the sixth most
toxic pollutant and released into
the environment by industry and
through the food chain, thus conta-
minating air, soil, water and plants,
and causing hazardous health
effects to humans and animals even
at very low levels (1-4) According
to the U.S. Environmental Protec-
tion Agency (EPA), cadmium is also
classified as a carcinogen at ultra-
trace level exposure (5-7). The
determination of cadmium and
other trace elements is difficult due
to a very high concentration of
matrix components in the environ-
mental samples. Therefore, a very
sensitive detection method with an
enrichment-separation step is nec-
essary prior to cadmium determina-
tion in environmental samples by
flame atomic absorption spectrome-
try (FAAS).

Many separation/enrichment
techniques for cadmium and other
trace elements have been reported
such as micelle extraction (8-10),
solvent extraction (11, 12), copre-
cipitation with or without carrier
element (13-14), ion-exchange (15)
and solid phase extraction (16, 17).

Solid phase extraction is a well-
developed and sophisticated
approach for the separation/

enrichment of analytes at trace
levels from different matrices.
The main objective of solid phase

extraction for traces of organic or
inorganic species is the transfer of
analyte elements from the aqueous
phase to bind as suitable analytical
form to active sites of the adjacent
adsorbent (18). The most common
adsorbents for solid phase extrac-
tion of traces of organic or inor-
ganic species in environmental
samples are Amberlite XAD resins
(19), activated carbon (20), sodium
dodecyl sulfate coated alumina
(21), modified chromosorb resin
(22), Dowex optipore resin (23),
and sepiolite (24). Among these
adsorbents, the phosphorus-con-
taining polymer (PhCP) has
become the most attractive due to
its important sorptive properties
such as a micro-porous structure,
uniform pore distribution, high sur-
face area, and an elevated extent of
surface reactivity (25-27).

According to a literature survey,
the phosphorus-containing polymer
(PhCP) as an adsorbent has never
been used for the separation and
preconcentration of the Cd-oxine
complex. In this study, the analyti-
cal parameters such as pH, sample
volume, eluent, etc., for the quanti-
tative recovery of cadmium on the
PhCP adsorbent were investigated.

EXPERIMENTAL

Reagents and Standard
Solutions

Analytical reagent grade chemi-
cals were used for all experimental
work. Water purified through
reverse osmosis was used for the
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preparation of solutions. A 0.1%
(w/v) solution of oxine (Merck,
Germany) in ethanol was prepared.
A working solution of cadmium
was prepared by dilution of 1000
mg/L of stock solution (Fluka,
Switzerland). 1 M HNO3 was used
for serial dilution of the stock stan-
dard solution to make working stan-
dards. Butadiene Rubber (BR) was
obtained from the Voronezh Syn-
thetic Rubber Factory (Russia).
Phosphorus trichloride and carbon
tetrachloride (analytical reagent
grade chemicals) were obtained
from commercial sources (25, 28).

Instrumentation

A PerkinElmer® Model 3110
flame atomic absorption spectrome-
ter (Shelton, CT, USA) was used.
The hollow cathode lamp of cad-
mium was run according to the
manufacturer’s recommended con-
ditions. Analysis was carried out
with an air/acetylene flame using
a 10-cm long slot burner head.
Aliquots of 100 µL of the aqueous
samples were injected into the neb-
ulizer of the FAAS using the micro-
injection method and peak height
signals were recorded.

A Nel pH-900 pH meter (Nel
Company, Turkey) with a glass
electrode was employed for pH
measurements in the aqueous
phase. Water was purified in a
model RO 180 (Human Corpora-
tion, Korea), resulting in reverse
osmosis water with a conductivity
of 1 µS/cm.

Adsorbent

The polymer under study is a
synthesized industrial polymer,
butadiene rubber (BR). The PhCP
was prepared using a 2% solution
of BR in CCl4, placed into a round-
bottom flask in a temperature-con-
trolled oxygenated environment.
Then, 5 mL of PCl3 was added to
the acidic reaction mixture which
was vigorously agitated with oxy-
gen. The escaping hydrogen chlo-
ride passes through the backflow

condenser, is cooled by artificial
ice, and caught by 2M NaOH. The
amount of escaping hydrogen chlo-
ride was determined by titration of
the stripping solution using a HCl
test solution. After the reaction was
finished, the phosphorylated BR
(PhBR) was separated from the liq-
uid. Then, the PhBR was treated
with deionized water. Finally, the
resulting solution was filtered,
washed with distilled water up to
achieving a neutral pH, then
washed with acetone and dried at
room temperature. The mesh size
of the PhCP adsorbent was in the
35-50 range (25, 28).

Adsorption Studies

In the batch adsorption experi-
ments, 0.2 g of PhCP was placed
into a 100-mL Erlenmeyer flask con-
taining 50 mL of 150 µg/mL stock
solution of Cd(II) at pH = 7.0. The
flask was shaken at 150 rpm in a
mechanical shaker at room temper-
ature for 24 hours. After decanting
the aqueous phase, the Cd concen-
tration at equilibrium (Ce) was
determined. The capacity of PhCP
was found to be 9.0 mg/g, calcu-
lated according to the following
equation:

q = V(Co-Ce)/W

where Co and Ce are the initial and
equilibrium concentrations of Cd
(µg/mL), respectively. V is the vol-
ume of the solution (mL) and
W is the mass of the adsorbent (g).

Pre-treatment of Real Samples

Camlik Lake water samples were
taken (located in Yozgat, Turkey).
Dam A, dam B, and wastewater
samples (industrial effluent sites)
were collected at Kayseri, Turkey.
The water samples were collected
into polyethylene plastic bottles
(1.5 L capacity) which were previ-
ously soaked in 10% nitric acid for
24 hours and rinsed with ultrapure
water before use. All water samples
were filtered through a 0.45 µm
pore size cellulose nitrate membrane

filter (Millipore Corporation, Bed-
ford, MA, USA) and stored in a
refrigerator at 4 °C (29).

The procedure given in the “Test
Procedure” section was applied to
these water samples and the TMDA-
54.4 Fortified Lake Water certified
water sample (National Water
Research Institute of Canada
Burlington, ON, Canada).

The different food samples
(onion, tomato, green chili, and
peppermint) were obtained at local
markets in Kayseri. The food sam-
ples were dried in an electric oven
at 80 oC for 48 hours and homoge-
nized by grinding in an agate mor-
tar, then sieved through a nylon
sieve at < 125 µm mesh size.

A wet acid digestion procedure
was used for preparation of the
food samples and the NIST CRM
1570 Spinach Leaves (National
Institute of Science and Technol-
ogy, Gaithersburg, MD, USA). Repli-
cates of six samples of the CRM
1570 Spinach Leaves and duplicate
food samples (0.2 g) were weighed
directly into beakers and treated
with 2 mL of a freshly prepared
mixture of concentrated nitric
acid–hydrogen peroxide (2:1, v/v).
These were then left standing for
10 minutes at room temperature,
heated on a hot plate until a semi-
dried mass was obtained, dissolved
in 5 mL of distilled water, and fil-
tered through a filter paper (30).
Finally, the proposed phosphorus-
containing polymer, based on the
solid phase extraction (PhCP–SPE)
procedure, was satisfactorily
applied.

Test Procedure

For the SPE procedure, a glass
column with an inner diameter of
1 cm and a length of 15 cm was
loaded with 0.2 g of PhCP. A 2.0-
mL amount of appropriate buffer
and 1 mL of 0.1% oxine (8-hydrox-
yquinoline) solution were added to
a 10–100 mL sample solution (25
µg/L of Cd) in a glass beaker, and
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left standing for 10 minutes. The
sample solution was passed
through the column at 3 mL/min
under gravity. The elution step was
carried out with 3 mL of 3 M nitric
acid and Cd was determined in the
final solution by aspirating 100 µL
sample solution into the nebulizer
of the FAAS. Blank solutions were
submitted to the same procedure.

RESULTS AND DISCUSSION

Effect of pH

The pH plays an important role
in the quantitative solid phase
extraction of Cd retained on PhCP.
Therefore, the influence of pH on
the PhCP-SPE procedure for Cd2+

was investigated at the pH range
of 3.0–9.0. Figure 1 shows that
maximum adsorption and extrac-

tion recoveries of Cd were
obtained at pH 7.0 and was used
in further experiments.

Effect of Oxine Volume

The effect of oxine (8-hydroxi-
quinoline) volume on the recovery
values of cadmium was examined
in the range of 200–1000 µL by
using 0.1% oxine solution (see Fig-
ure 2). The optimum ligand volume
found for PhCP-SPE was 800 µL,
while adding more ligand had no
significant effect on the recovery
of cadmium. Thus, 800 µL was used
for further experiments.

Effect of Sample Volume

The effect of sample volume on
the recovery of cadmium was inves-
tigated. The Cd concentration was
kept constant at 25 µg/L, whereas

the sample volume was increased
from 10 to 100 mL. When the sam-
ple volume was increased, a grad-
ual decrease in the recovery was
observed (see Figure 3). Quantita-
tive recoveries were obtained up
to 60 mL. The preconcentration
factor is calculated by the ratio of
the highest sample volume (60 mL)
and the lowest eluent volume (3 mL),
and was calculated as 20.

Eluent

Eluent type and its volume are
two critical analytical parameters
for the quantitative recovery of the
analytes from the surface of the
adsorbent in solid phase extraction
studies. In order to achieve quanti-
tative recoveries, a suitable solvent
to analyte ions from the adsorbent
must be investigated (31-34). In the
present work, hydrochloric acid
and nitric acid with concentrations
of 1 and 3 M were tested. The
results in Figure 4 revealed that
among all tested solvents, quantita-
tive recovery was obtained with
3 M nitric acid. The effect of differ-
ent volumes (3, 5, and 10 mL) of
3 M nitric acid on the recovery val-
ues was also evaluated. It was
found that 3 mL of 3 M nitric acid
was suitable for quantitative elu-
tion.

Fig. 2. Effect of oxine volume on the recovery of Cd (pH: 7,
eluent: 3 mL of 3M nitric acid, sample volume: 60 mL).

Fig. 3. Influence of sample volume on the extraction efficiency
of cadmium ions (pH: 7, 0.1% oxine volume: 800 µL, eluent:
3 mL of 3M nitric acid).
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Fig. 1. Influence of pH on the recovery values of Cd ions (0.1% oxine volume:
800 µL, eluent: 3 mL of 3M nitric acid, sample volume: 60 mL).



results in Table I show that the sep-
aration and enrichment of Cd was
quantitative, even when the inter-
fering ions were at higher concen-
trations than would normally be
found in real samples.

Analytical Figures of Merit

Under the optimum experimen-
tal conditions, 99.9% extraction
recovery was achieved. The calibra-
tion graph for cadmium was linear
in the range of 10-200 µg/L and is
described by the following equa-
tion, [y=(0.2438) (Cd)+(0.0053)]
with a correlation coefficient of
0.9982, where y is the absorbance
and concentration of Cd. The limit
of detection was calculated at 0.41

Effect of Interfering Ions

In the flame atomic absorption
spectrometric determination of
metals at trace levels in environ-
mental samples, the matrix effects
of the alkaline elements, earth alka-
line elements, and anions are one
of the most important and critical
problems to investigate (35-38). To
overcome these effects, a sample
preparation step including enrich-
ment and separation for real sam-
ples is necessity. For these reasons,
the effects of interfering ions found
in matrices of different real samples
were studied. A 50-mL solution con-
taining 25 µg/L of cadmium and
interfering ions were subjected to
the proposed SPE procedure. The

µg/L as three times the standard
deviation of the blank signals. The
relative standard deviation for a
minimum of six replicates was
4.23%.

Applications

In order to evaluate the accuracy
of the PhCP-SPE procedure, addi-
tion/recovery studies were per-
formed and the results are sum-
marized in Table II. Moreover,
the applicability of the proposed
methodology was evaluated by the
analysis of CRM TMDA-54.4 Forti-
fied Lake Water and NIST 1570a
Spinach Leaves. The concordant
results of Cd with the certified
values are listed in Table III.

The optimized PhCP-SPE proce-
dure was applied for the precon-
centration, separation and deter-
mination of cadmium in water and
acid-digested vegetables (onion,
tomato, green chili and pepper-
mint) samples. The results are
given in Table. IV.

The comparative data of differ-
ent analytical characteristics of
some previously reported separa-
tion and preconcentration proce-
dures are listed in Table V. These
show that the obtained LOD, EF,
and operating time of the proposed
methodology are generally much
better than the reported separation/

Fig. 4. Effect of eluent type and concentration on the extraction
efficiency of analyte ions.

TABLE I
Influence of Some Matrix Ions
on Recovery of Cd Ions (n=3)

Ions Tolerance Limit Added as Recovery
(mg/L) (%)

Fe3+ 25 NO3
– 98.3

Zn2+ 25 NO3
– 96.5

Pb2+ 25 NO3
– 94.5

Na+ 2000 NO3
– 98.2

K+ 2000 Cl– 97.5
Ca2+ 250 NO3

– 96.4
Mg2+ 250 NO3

– 89.3
Cl– 2000 K+ 97.6

SO4
2– 2500 Na+ 91.3

TABLE II
Addition/Recovery of Cd2+ in Water and Food Samples

After PhCP-SPE Procedure

Samples Added Found Recovery
(%)

Dam Water A 0 µg/L 17.3±0.001a µg/L -
2 µg/L 18.8±0.04 µg/L 75 b

5 µg/L 22.0±0.10 µg/L 94
Onion 0 µg/g 6.19±0.02 µg/g -

2 µg/g 8.04±0.05 µg/g 93

5 µg/g 11.3±1.26 µg/g 102

a Average of three determinations ± standard deviation.
b %Recovery = Observed value of Cd

x 100
Expected value of Cd
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enrichment methods for cadmium
(39-52). Thus, it can be stated that
the proposed preconcentration
procedure can satisfactorily be
applied for the analysis of different
environmental and biological sam-
ples without experiencing any sys-
tematic error.

CONCLUSION

PhCP-SPE combined with FAAS
was evaluated for the separation
and preconcentration of Cd at trace
level in environmental and different
vegetable samples. Cadmium ions
as oxine complexes were quantita-
tively recovered at pH 7.0 and
desorbed by using 3 mL of 3M
HNO3. The adsorption capacity of
the PhCP sorbent was 9.0 mg/g, the
limit of detection (LOD) 0.41 µg/L
with a preconcentration factor of
20. The adsorbent could be used at

least 100 times without any loss in
its adsorption properties. The
PhCP-SPE technique is efficient,
simple, innovative, fast, and envi-
ronmentally friendly, has high toler-
ance to interfering ions, and the
quantification of Cd at trace level
in environmental and biological
samples is satisfactory.
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