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ABSTRACT

A new chelating resin, covalently linked 1,6-bis(2-carboxy aldehyde phenoxy)butane with the Amberlite
XAD-16 was synthesized and used for preconcentration of Cu(Il) and Cd(II) prior to their determination
by flame atomic absorption spectrometry (FAAS). It was characterized by elemental analyses and Fourier
Transform Infrared Spectroscopy (FT-IR). Cu(Il) and Cd(II) ions were quantitatively preconcentrated on
minicolumn loaded with synthesised resin at pH 4.00 and 6.00, respectively. They were eluated with
5mL of 0.5 mol L-! HCI. Recoveries of Cu(Il) and Cd(II) were found to be 100 +2.15, 100 + 1.40 (N=5), the
limits of detection of Cu(Il) and Cd(II) in the determination by FAAS (3s, N=20) were found to be 0.33 and
1.19 pg L1, respectively. The effect of foreign ions on the recovery has been investigated. The proposed
method has been applied for the determination of Cu(II) and Cd(Il) ions to the real samples collected from
Tigris river water in Diyarbakir and Elazig cities in Turkey. Standard addition method and analysis of the
certified reference material (NCS-DC 73350) was employed to check the accuracy of the method.

Cadmium

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The environmental exposure to the heavy metals is a well known
risk factor for human health and they are too harmful to plants and
animals [1-5]. Heavy metals used in the present study include Cu
and Cd: copper is an essential element not only for mammals but
also for plants and lower forms of organisms. It has various and
many biological effects as an essential and as a toxic element. Cad-
mium is a natural element from the earth’s crust that is taken in
by plants and then passed on to animals through food chain. Expo-
sure to abnormal levels of cadmium can result in its accumulation
capabilities in living organisms beside its high toxic potential. For
this reasons cadmium and copper determination in water and bio-
logical matrices is a good tool for environmental and toxicological
monitoring [6].

The determination of metal ions at trace level is also very
important in the context of environmental protection, food and
agriculture chemistry and high purity materials. FAAS has been
widely used for the determination of the heavy metals at trace
levels because of the relatively simple and inexpensive equip-
ment required. But the sensitivity of FAAS was insufficient for trace
analysis. In the trace analysis, the preconcentration and separa-
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tion method of analytes from the matrix is frequently necessary
to enhance the sensitivity and the precision of their determina-
tion prior to FAAS analysis [7]. Several preconcentration techniques
have been extensively developed for this purpose. But the solid
phase extraction (SPE) has been increasingly used for precon-
centration and separation of trace and ultra trace amounts of
inorganic and organic species from complex matrices [8-12]. Var-
ious researchers have emphasized the advantages of SPE over
other preconcentration techniques such as liquid-liquid extraction,
ion exchange techniques, coprecipitation, cloud point extraction,
chemical and biosorption [9-13]. The basic principle of SPE is the
transfer of metals from the aqueous phase to the active sites of the
adjacent solid phase; it can also be termed as solid-liquid extraction
[14,15]. Chelating resins have been frequently used SPE’s as they
provide good stability, high sorption capacity for metal ions and
good flexibility in working conditions [9]. Amberlite XAD resins are
widely used to develop several chelating materials for preconcen-
tration procedures due to its good chemical and physical properties
such as porosity, high surface area, durability and purity [16-18].
In the presented work, 1,6-bis(2-carboxy aldehyde phe-
noxy)butane has been covalently bonded with commercially
available polystyrene-divinyl benzene co-polymer, Amberlite
XAD-16 through a -C=N- group resulting chelating resin. This resin
was packed in a mini column and used for the separation and pre-
concentration of Cu(Il) and Cd(Il) prior to their determination by
FAAS. Effect of several parameters such as pH, sorption capacity,
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the type, volume and the flow rate of the elution solutions, the
flow rate and volume of the sample solution on the preconcentra-
tion efficiency have been investigated. The proposed method has
been applied for the determination of Cu(Il) and Cd(II) ions to the
real samples such as two parts of Tigris river water in Diyarbakir and
Elazig cities in Turkey, automobile exhaust particles obtained from
the places where crowded traffic exist, romaine lettuce and pars-
ley grown up in Diyarbakur. The method was validated by standard
addition method and analysing leaves of poplar (NCS-DC 73350)
certified reference material.

2. Experimental
2.1. Apparatus

For SPE, 1.0cm i.d. x 10.0 cm filtration columns equipped with
polypropylene frits were used. The measurements were performed
with a Perkin Elmer AA 400 model FAAS. The pHs of the solu-
tions were measured with a Mettler Toledo pH-meter equipped
with a glass electrode. The functional groups of synthesized resin
(for Amberlite XAD-16 and Amberlite XAD-16-1,6-bis(2-carboxy
aldehyde phenoxy)butane) were analyzed in KBr tablets by using
a Mattson 1000 model (Fourier transform infrared spectrome-
try) FT-IR and the elemental analyses were conducted on EA1108
CHNS-O, FISONS instrument. Temperature and pressure controlled
microwave oven was used to digest the samples (Berghof MWS2).

2.2. Reagents

Deionized water was used to prepare all solutions. All sol-
vents and reagents used were analytical grade. A stock solutions
of Cu(ll) and Cd(Il) were prepared by dissolving appropriate
amount of Cu(NOs),-3H,0 and Cd(NO3),-4H,0 in deionized water.
A hydrochloric acid solution of 0.5 mol L-! were prepared by dilut-
ing concentrated HCl solution (Merck) and used as a carrier for
elution of the analyte from the column. The pHs were adjusted
with in the range of 0.01-0.5 mol L-! HNO3 or NaOH. The pipettes
and vessels were kept in dilute nitric acid at least over night, and
subsequently washed with distilled water. Afterwards, they were
dried.

2.2.1. Preparation of Amberlite XAD-16

Adsorber resin Amberlite XAD-16 (polystyrene divinyl benzene)
of surface area 800 m2/g and pore diameter 10 nm was supplied
from Sigma. It was treated with 4 molL~! HCI to remove the con-
taminants before using. After the resin was purified with deionized
water until its pH was neutral, with an ethanol:water (1:1) solu-
tion and finally with deionized water again. Then it was stored in a
polyethylene bottle [19,20].

2.3. Synthesis of Amberlite XAD-16-1,6-bis(2-carboxy aldehyde
phenoxy)butane

2 g of Amberlite XAD-16 (2) bead were treated with 10 mL of
concentrated HNO3 and 4 mL of concentrated H,SO4 and the mix-
ture stirred at 60 °C for 1 h on the oil bath. Thereafter, the reaction
mixture was poured into an ice-water mixture. The nitrated resin
(3) was filtered, washed repeatedly with water until free from acid
and thereafter treated with a reducing mixture of 16g of SnCl,
18 mL of concentrated HCl and 20 mL of ethanol. The mixture was
refluxed for 12h at 90°C. The solid precipitate was filtered and
washed with water and 2molL~! NaOH which released amino
resin (R-NH;) from (R-NH3), SnClg (R resin matrix) [21-23]. The
amino resin (4) was first washed with 2molL~1 HCl and finally
with deionized water. The amino resin and 1,6-bis(2-carboxy alde-
hyde phenoxy)butane (1) which was synthesised by Ilhan et al. [24]

were poured into an 50 mL ethanol and the mixture was refluxed for
24 h at 90°C. The resulting brown coloured beads (5) (Schiff base)
were filtered, washed with ethanol and dried in air. The reaction
sequence is shown in Fig. 1.

2.4. Recommended procedure for preconcentration and
determinations of metal ions

The column method was used to concentrate the trace metal
ions. 250 mg of Amberlite XAD-16-1,6-bis(2-carboxy aldehyde phe-
noxy)butane was wetted with 10 mL deionized water and shaked
for 2 h. Afterwards 1.00cm x 10.00 cm polyethylene column was
packed with the mixture. Before using the column, a 1molL™!
HCI solution and deionized water were passed through the col-
umn in order to condition and clean column. The pH of Cu(Il) and
Cd(II) solutions were adjusted to pH 4.00 and 6.00, respectively,
by adding NaOH and HNOj solutions. The sample solutions were
passed through the column at a flow rate of 4mLmin~!. The elu-
tion was made with 5 mL of 0.5 mol L~! HCI for each ions with a flow
rate of 1 mLmin~'. The analyte ions in the eluent were determined
by FAAS.

2.5. Procedure for certified reference materials

Leaves of poplar (NCS-DC 73350) certified reference materi-
als (100 mg) were digested with 6 mL of concentrated HNOs, 2 mL
of concentrated H,O, in temperature and pressure controlled
microwave digestion system for 31 min and diluted to 50 mL with
deionized water. The solution was passed through the column
under the optimum experimental conditions. The preconcentra-
tion procedure was applied to these solutions. The concentrations
of analyte ions in the final solution were determined by FAAS.

2.6. Analysis of real samples

2.6.1. Analysis of water samples

River water samples were collected from two parts of Tigris river
water in Diyarbakir and Elazig cities, before the analysis, the sam-
ples were filtered through a 0.45 wm cellulose membrane filter.
They were stored in polyethylene bottles at4 °C. Prior to application
of method, pH of the samples were adjusted to pH 4.00 and 6.00,
respectively, for Cu(Il) and Cd(II). The elution were made with 5 mL
of 0.5 mol L~ HCI for each metal ions. The levels of the investigated
analyte ions in the final solutions were determined by FAAS.

2.6.2. Procedures for automobile exhaust particles, romaine
lettuce and parsley samples

Automobile exhaust particles obtained from the places where
crowded traffic exist in Diyarbakir city. For the digestion of auto-
mobile exhaust particles samples, 0.25g of automobile exhaust
particles was mixed with HF-HNO3-H,0; (0.2-3-1) in microwave
oven. After digestion, the volume was made up to 50 mL with dis-
tilled water. Prior to trace metal analysis, the samples solutions
were adjusted to pH 4.00 and 6.00 for Cu(Il) and Cd(II), respec-
tively. Then the procedure given above was applied to the digested
sample solution.

The romaine lettuce sample was collected from urban veg-
etable garden in Diyarbakir. The parsley sample was purchased
from the local markets in Diyarbakir. The romaine lettuce and pars-
ley samples were washed throughly with tap water followed by
deionized water, dried at 110°C, and ground to pass a 200 mesh
sieve [25,26]. 0.25 g of romaine lettuce and parsley samples were
digested with 4 mL of concentrated HNO3 and 2 mL of concentrated
H,0, in microwave system. After digestion, the volume was made
up to 50 mL with distilled water. Prior to trace metal analysis, sam-
ple solutions were adjusted to pH 4.00 and 6.00 for Cu(Il) and
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Fig. 1. Reaction sequence for various stages of the preparation of the Amberlite XAD-16 resin modified with 1,6-bis(2-carboxy aldehyde phenoxy)butane.

Cd(I1), respectively. Then the reformed preconcentration method
was applied to the samples.

3. Results and discussions
3.1. Characterization studies

FT-IR spectra of Amberlite XAD-16 and Amberlite XAD-16-1,6-
bis(2-carboxy aldehyde phenoxy)butane resin were received by
using the potassium bromide technique. Additional peaks in the
FT-IR spectrum of the Amberlite XAD-16-1,6-bis(2-carboxy alde-
hyde phenoxy)butane resin that do not appear in the spectrum
of free Amberlite XAD-16 are at, v(C=N): 1631, v(C-N): 1368,
U(C-0)arom.: 1291, 1247, U(C-0),4s.: 1170, 1041 which appear to
originate due to modification of resin by the ligand and are charac-
teristic vibrations, respectively (Fig. 2a and b).

Comparative analysis of the FT-IR spectra of Amberlite XAD-
16-1,6-bis(2-carboxy aldehyde phenoxy)butane before and after
copper and cadmium sorption showed that azometin group (>C=N)
of Amberlite XAD-16-1,6-bis(2-carboxy aldehyde phenoxy)butane
at 1631 cm~! vibrations were shifted at 5-10cm~! [21,27]. These
observations suggest that chelation involving azometin group is
at least partly responsible for the sorption of copper and cadmium.
Chelation of copper and cadmium through C-O-C group also seems
to play a role. After copper and cadmium sorption 1291, 1247,
1170 cm~! C-O-Cyvibrations were shifted to 1292,1170,1047 cm~!
[28]. Conclusive evidence of the bonding is also shown by the
observation that new bands in the FT-IR spectra of the Cu(Il) and
Cd(11) metal complexes appear at 521,463 cm~! and 518,436 cm™!
assigned to v(Cu-0), v(Cu-N)and v(Cd-0), v(Cd-N), respectively,
stretching vibrations [24,29] (Fig. 2c and d).

i
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Fig. 2. FT-IR Spectrum of (a) Amberlite XAD-16, (b) Amberlite XAD-16 resin
modified by 1,6-bis(2-carboxy aldehyde phenoxy)butane, (c) Amberlite XAD-16-
1,6-bis(2-carboxy aldehyde phenoxy)butanes after sorption of copper, and (d)
Amberlite XAD-16-1,6-bis(2-carboxy aldehyde phenoxy)butanes after sorption of
cadmium.
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Fig. 3. Effect of pH on the sorption Cu(ll) and Cd(II) on Amberlite XAD-16-1,6-
bis(2-carboxy aldehyde phenoxy)butane. Cu(1l) and Cd(Il) concentration 1 pgmL~;
volume of solution 50mL; amount of adsorbent 0.25g; eluted with 5mL of
0.5mol L1 HCL

Data obtained from CHN elemental analysis were C 76.12%, H
5.97%, N 5.22% and they were comparable with the theoretically
calculated values C 75.98%, H 6.01%, N 5.13%

3.2. Effect of pH on method

pH is an important parameter to obtain quantitative recov-
eries for metal ions. The influences of pH of the sample were
investigated in the pH range of 2-10. The pH values of element
solutions were adjusted to a range of 2-10 with HNO3 or NaOH.
For this purpose 250 mg Amberlite XAD-16-1,6-bis(2-carboxy alde-
hyde phenoxy)butane was packed in a column and 50 mL of metal
solutions containing 1 wgmL-! Cu(ll) and Cd(II) were passed at
optimum flow rate and find the effect of pH on the degree of metal
sorption. The degree or percentage of metal sorbed was determined
by FAAS in supernatant liquid in desorbed resin. According to these
studies, the optimum pH range is 4.00-5.00 for Cu(II) and 6.00-8.00
for Cd(II) as shown in Fig. 3. All further works were performed at
pH 4.00 for Cu(II) and 6.00 for Cd(II).

3.3. Eluent type and volume

In order to elute the adsorbed Cu(Il) and Cd(Il) ions on the
Amberlite XAD-16-1,6-bis(2-carboxy aldehyde phenoxy)butane,
0.25,0.5 and 1.0 mol L~ nitric and hydrochloric acid solutions have
been tested as eluent. The eluate volumes were 3, 5 and 10 mL. As
can be seen from Table 1, 0.5 mol L-! 5 mL HCl solution was found
to be satisfactory results (>98%) for Cu(Il) and Cd(II).

Table 1
Effect of the type and volume of elution solutions on the recovery of Cu(Il) and Cd(II).
Type of Elution ~ Concentration Volume Cu(Il) Cd(Ir)

solution (molL-1) (mL) recovery (%) recovery (%)

3 67 74

0.25 5 80 86

10 85 88

3 83 86

HCl 0.5 5 100 100

10 100 100

3 78 88

1.0 5 100 100

10 100 100

3 58 55

0.25 5 70 75

10 77 80

3 79 78

HNO; 0.5 5 90 90

10 99 98

3 84 85

1 5 100 100

10 100 100
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Fig.4. Effectof sample solution flow rate on sorption. Cu(Il) and Cd(II) concentration
1 pgmL~'; volume of solution 50 mL; amount of adsorbent 0.25 g; pH values 4.00
and 6.00, respectively; eluted with 5mL of 0.5 mol L-! HCL.

3.4. Effect of flow rate of sample solution

In the column procedure, the degree of metal ion retention on
the adsorbent was studied at various flow rates of the solutions.
Therefore, the effect of the flow rate of the sample solution was
studied by using peristaltic pump. For each metal ion, a set of 50 mL
solutions each contains 50 g analyte were adjusted to the opti-
mum pH value. Thereafter they were passed through the column
at a flow rate between 1 and 10 mLmin~!. The studies showed that
the flow rate had more influence on the sorption of metal ions.
Two metal ions can be sorbed quantitatively by the resin at a flow
rate of 1.0-4.0mLmin~! as shown in Fig. 4. For sorption, the flow
rate slower than 1.0 mLmin~'was not studied to avoid long time
of analysis. Above 4.0 mLmin~1, the recoveries of metal ions were
decreased, as the metal ions probably could not equilibrate prop-
erly with the resin bed. So, all further studies the sample flow rates
were chosen as 4.0 mL min~!for both metal ions.

The effect of the eluent flow rate in the step of desorption of
the metals from the minicolumn was also investigated by using
peristaltic pump. The influences of the flow rates of the eluent solu-
tions (HNO3 and HCI) were investigated in the flow rate ranges of
1-3mLmin~!. It was observed that a flow rate of 1 mLmin~! was
most effective for stripping the metal ions from the matrix.

3.5. Effect of amount of adsorbent

The retention of Cu(Il) and Cd(II) ions were examined in rela-
tion to the amount of adsorbent. The amount of adsorbent was
varied from 100 to 500 mg. And results show that Cu(II) and Cd(II)
ions were quantitatively retained in the range of 250-500 mg of
adsorbent. So, in order to obtain maximum recovery with mini-
mum amount of adsorbent, 250 mg of the adsorbent was used for
Cu(Il) and Cd(II) in subsequent experiments.

3.6. Effect of sample volume

The solid phase extraction technique is a common procedure
for extraction and separation from large sample volumes to obtain
high preconcentration factor. For this purpose the effect of sample
solution volume on the metal sorption was studied by passing 50,
100, 250, 500, 750 and 1000 mL volume solution containing 0.25,
0.125, 0.05, 0.025, 0.017, 0.0125 wgmL~! of Cu(II) and Cd(II) ions
through the column under the optimum conditions. The adsorption
of the metal ions was not affected by sample volume below 500 mL.
Above this, the percent of sorption decreased for the analytes as
shown in Fig. 5. In this study, eluent volume was 5 mL for both ions,
therefore the preconcentration factors were 100 for the analytes.
These result showed that Cu(Il) and Cd(II) could be determined in
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Table 3

Total sorption capacity of the resin for metal ions on Amberlite XAD-16-1,6-bis(2-
carboxy aldehyde phenoxy)butane.
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Fig. 5. Effect of volume of sample solution. Volume on the metal sorption was stud-
ied by passing 50, 100, 250, 500, 750 and 1000 mL volume solution containing 0.25,
0.125, 0.05, 0.025, 0.017, 0.0125 wgmL-" of Cu(Il) and Cd(Il) ions through the col-
umn. Amount of adsorbent 0.25 g; pH values 4.00 and 6.00 for Cu(Il) and Cd(II) ions,
respectively; eluted with 5 mL of 0.5 mol L~ HCL.

the concentration of 0.025 g mL~! by the proposed method, which
could not determined directly by FAAS.

3.7. Reusability of the resin

In the present study, the metal ions were sorbed and desorbed
on 250mg of the Amberlite XAD-16-1,6-bis(2-carboxy aldehyde
phenoxy)butane) several times by using a solution (50 mL) hav-
ing a concentration of 5-50 g mL~! under optimum experimental
conditions. It was found that the sorption capacity after 10 cycles
of sorption and desorption does not vary more than 2.0%. Therefore
it can be said that repeated use of the resin is possible.

3.8. Effect of electrolytes

The effect of various electrolytes like NaCl, KCI, CaCl, and MgSOy,
which are known as interferic ions in the AAS determination,
on the sorption of Cu(Il) and Cd(II) with Amberlite XAD-16-1,6-
bis(2-carboxy aldehyde phenoxy)butane resin matrix was studied
(Table 2).

3.9. Total sorption capacity

The resin capacity for the sorption of metal ions was determined
by the following procedure. Firstly, 0.25 g Amberlite XAD-16-1,6-
bis(2-carboxy aldehyde phenoxy)butane was packed in a column,

Metal ion Capacity

(ngg™) (mmolg-1)
Cu(II) 5380 857 x 102
Cd(Ir) 4436 403 x 102

then 50 mL of Cu(Il) and Cd(II) solutions containing 250, 500, 1000,
1500, 2000 g of each metal specie were passed through the col-
umn under optimum experimental conditions (pH, flow rate). The
metal ions concentrations in the supernatant liquid were deter-
mined by FAAS. The loading capacity for each metal ions on the
resin was evaluated from the breakthrough curve plot by a method
given by Bag et al. [30]. The capacities were found as to be 0.0857
and 0.0403 mmol g~! for Cu(II) and Cd(Il), respectively. The results
are given in Table 3.

3.10. Analytical characteristics

Table 4 summarizes the analytical characteristics of the opti-
mized method, including regression equation, linear range, limit
of detection, limit of quantification, preconcentration factors,
improvement factors for Cu and Cd. The limit of detection, defined
as three times of standard deviation of the blank, and limit of
quantification defined as ten times of standard deviation of the
blank (standard deviations were obtained from 20 experiments).
The improvement factor, defined as the slope ratio of the cali-
bration graph of method to that of the calibration graph without
preconcentration.

Precision of the method was determined by applying the
method by five times to same concentration of analyte on opti-
mum condition The mean recovery for five determinations were
1004215 and 100 =+ 140 at the 95% confidence level for 1 ugmL~!
Cu(II) and Cd(II), respectively. The recoveries of Cu(Il) and an Cd(II)
are quantitative and the precision of the method is very good.

3.11. Accuracy of the method

In order to evaluate the accuracy of the developed preconcentra-
tion method, certified reference material (leaves of poplar, NCS-DC
73350) was analyzed and standard addition method was applied.
The certified reference material sample was mineralized by using
the dissolution procedure described in Section 2 and was subjected
to preconcentration and determination by adopting the recom-
mended procedure. As shown in Table 5 the results found were
in good agreement with the certified values of reference material.

Table 2
Effect of electrolytes and foreign ions.
lon Added concentration Recovery (%)
(mgL1)

Cu(II) Cd(1r)
1000 100.8 99.2
Na* 10,000 99.6 100.2
20,000 95.2 98.2
500 99.3 100.9
K* 1000 101.5 99.2
2000 100.6 102.1
500 100.8 102.3
Ca2* 1000 98.5 100.8
2000 96.9 96.0
250 100.5 100.9
Mg?* 500 90.2 91.2
1000 80.5 84.2
1540 100.8 99.2
Cl- 15,400 99,6 100.2
30,800 95.2 98.2
995 100.5 100.9
S04%~ 1990 90.2 91.2
3980 80.5 84.2

Table 4

Analytical characteristics of the method.
Parameter Cu(II) Cd(In)
Linear range (ngmL~')? 100-1500 100-1500

Calibration equation?
Correlation coefficient?
LODngmL-12
LOQngmL-12

Linear range (ngmL~1)
Calibration equation
Correlation coefficient
LOD (ngmL-1)

LOQ (ngmL-1)
Precision (%)
Preconcentration factors
Improvement factor

y=0.0002x +0.008
1.0000

25.0

80.0

10-1000
y=0.0087x+0.0376
0.9976

0.33

1.1

2.15

100

40

y=0.0006x +0.0227
0.9988

9.0

30.0

10-1000
y=0.0163x+0.4712
0.9842

1.19

4.0

1.40

100

30

2 Values given for FAAS.
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Table 5
Determination of Cu(Il) and Cd(II) in a certified reference sample (N=5).

Analyte Certified value? (ngg1) Founded by present method® (ngg')
Cu(In) 9.30 9.35 + 0.40
Cd(1n) 0.32 0.31 + 0.02

3 Certified reference material (leaves of poplar -NCS-DC 73350).
b Average of N determinations with 95% confidence level, R + ts/+/N.

Table 6
Application of standard addition method to sample from Tigris river in Diyarbakir
city.

Metal ion Spiked gL' Found pgL~' R+ ts/vN % RE? % RSDP
cu(ln) 0 56.44 + 247 - 3.81
50 112.4 + 0.90 +4.51 0.70
Cd(In) 0 68.40 + 1.71 - 2.18
100 160.76 + 1.26 -4.54 0.70

2 Relative error percentage.
b Relative standard deviation N=5.

Table 7
Concentration of analyte ions in natural water samples as pgL~! (N=5, sample
volume 500 mL, final volume: 5 mL).

Cu(l)R+ts/vN

56.44 + 2.47
39.72 £ 2.70

Cd(I R+ ts/VN

68.40 + 1.71
11.60 + 1.11

Water samples

River water from Tigris in Diyarbakir
River water from Tigris in Elazig

The estimation of Cu(II) and Cd(II) ions was made with and with-
out (referred as direct determination) standard addition by passing
500 mL of Tigris river water sample (spiked with 50 ugL~1 Cu(1I)
and 100 g L1 Cd(II) ions in the case of standard addition method)
through the column packed with 0.25 g adsorbent after adjusting
the pH to an optimum value and determining the metal ions as
described in the recommended column procedure. The results are
given in Table 6. The concentrations reported in Table 6 as esti-
mated by standard addition method are the values obtained by
subtracting the amount of metal added for spiking from the total
metal recovered. The closeness of results of direct and standard
addition method indicates the reliability of present results of metal
analyses in water samples.

3.12. Application to real samples

To check the applicability of the proposed method for precon-
centration and determination of Cu(Il) and Cd(II) ions, the resin was
subjected to the real samples such as two parts of Tigris river water
in Diyarbakir and Elazi§ cities in Turkey, automobile exhaust parti-
cles obtained from the places where crowded traffic exist, romaine
lettuce and parsley grown up in Diyarbakir. The results for natural
water samples were given in Table 7.

The proposed method has been combined with the microwave
assisted digested samples including a automobile exhaust parti-
cles, romaine lettuce and parsley. For this purpose, these samples
were digested by closed microwave system and then precon-
centration/separation procedure given in Section 2 was applied.

Table 8
The application of presented method in microwave-digested samples for copper
and cadmium contents (ngg=!, N=>5).

Cu(Il) R + ts/VN Cd(II) R + ts/VN

Automobile exhaust particles nd? 6.72+0.33
Romaine lettuce nd? 3.73+0.40
Parsley 3.77+0.17 nd?

2 Not detected.

Concentrations of the investigated ions in our samples were p.gg~!
level. The results are given in Table 8.

4. Conclusion

The newly synthesized resin that Amberlite XAD-16-1,6-bis(2-
carboxy aldehyde phenoxy)butane shows good potential for trace
enrichment of copper and cadmium and their efficient separa-
tion is possible in the presence of various interfering ions. The
proposed method is simple, sensitive and accurate. The capaci-
ties were found as to be 0.0857 and 0.0403 mmolg-! for Cu(ll)
and Cd(II), respectively. The reusability of Amberlite XAD-16-1,6-
bis(2-carboxy aldehyde phenoxy)butane was high as greater than
10 cycles without any loss in its sorption behaviour. The system was
also successful in preconcentrating metal ions from large sample
volumes. The proposed method has been applied for the determina-
tion of Cu(Il) and Cd(II) ions to the real samples such as two different
parts of Tigris river water in Diyarbakir and Elazig cities, automobile
exhaust particles obtained from the places where crowded traf-
fic exist, romaine lettuce and parsley grown up in Diyarbakir. In
addition it was highlighted that concentration of Cd in lettuce sam-
ples was high because of the fact that it was irrgated with River of
Dicle (Table 8). The method was validated by standard addition
and analysing leaves of poplar (NCS-DC 73350) certified reference
material. The results found were in good agreement with the certi-
fied values of reference material (Table 5). The closeness of results
of direct and standard addition method indicates the reliability of
present results of metal analyses in water samples.
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