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a Department of Chemistry, Erciyes Uni6ersity, Faculty of Art and Science, 38039 Kayseri, Turkey

b Department of Chemistry, Pamukkale Uni6ersity, Faculty of Art and Science, 20020 Denizli, Turkey

Received 19 June 2000; received in revised form 17 October 2000; accepted 5 December 2000

Abstract

A method for the preconcentration of Cu, Fe, Pb, Ni, Cd and Bi as their diethyldithiocarbamate chelates was
proposed using a column filled with Amberlite XAD-4 resin. The retained analytes on the resin were recovered with
a small volume of acetone. The metal ions in the effluent were determined by a flame atomic absorption spectrometer.
Different factors including pH of sample solution, sample volume, amount of XAD-4 resin, amount of ligand, eluent
volume and matrix effects for preconcentration were examined. The recoveries for the analytes under the optimum
working conditions were higher than 95%. The relative standard deviations of the determinations were below 9%. The
limits of detection (3 s, n=20) for analytes were found to be between 4 and 23 mg l−1. The proposed method was
applied to the analysis of some waste waters from the organized industrial region of Kayseri. © 2001 Elsevier Science
B.V. All rights reserved.
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1. Introduction

Trace metal ions have important roles in our
life functioning in a wide spectrum. Thus the
determination of trace metal ions is becoming
increasingly important because of the increased
interest in enviromental samples including water,

soil and plant, etc. Flame atomic absorption spec-
trometry is widely used because of its low cost,
but its sensivity is usually insufficient for the low
concentrations in enviromental samples. Also, the
matrix interferences are another problem in the
atomic absorption spectrometric determinations.
To solve these problems, a preconcentration and
matrix elimination step are required. The most
widely used preconcentration methods are copre-
cipitation [1–3], ion exchange [4,5], solvent ex-
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0039-9140/01/$ - see front matter © 2001 Elsevier Science B.V. All rights reserved.

PII: S0 039 -9140 (00 )00669 -X



A. Uzun et al. / Talanta 54 (2001) 197–202198

traction [6,7] and solid phase extraction [8–10].
Solid phase extraction is an attractive technique
based on use of a sorbent that retains the ana-
lytes. The analytes are eluted from the sorbent
using a suitable solvent.

In solid phase extraction, various sorbents
such as activated carbon, C-18, silicagel, micro-
crystalline naphthalene etc. [11–15] have been
used. Amberlite XAD resins have been also
used for the preconcentration of trace metal
ions from various media such as natural water
samples, urine, geological samples etc. [16–20].
Amberlite XAD-4 resin is a well-known member
of Amberlite XAD resins and has found wide-
spread application for the separation/enrichment
of trace metals ions [21–23].

In the present work, a simple and sensitive
separation/preconcentration method using an
Amberlite XAD-4 resin column has been estab-
lished prior to flame atomic absorption spectro-
metric (FAAS) determination of some trace
metal ions in waste water samples from the in-
dustrial region of Kayseri.

2. Experimental

2.1. Reagents and solutions

Analytical reagent-grade chemicals were em-
ployed for the preparation of all solutions. All
aqueous solutions were prepared from double-
quartz-distilled water. Stock metal ion solutions,
1000 mg l−1 (E. Merck, Darmstadt) were di-
luted daily for obtaining reference and working
solutions. The calibration curve was established
using the standard solutions prepared in 1 M
HNO3 by dilution from stock solutions. The cal-
ibration standards were not subjected to the pre-
concentration procedure.

A sodium diethyldithiocarbamate (Na-DDTC)
solution, 1.0×10−2 M, was prepared by dis-
solving the required amount of Na-DDTC in
water immediately before use. Acetate buffer so-
lutions were prepared by mixing of appropriate
volumes of 1 M acetic acid (Merck, Darmstadt)
and 1 M sodium acetate solutions (Merck,

Darmstadt) for pH 2–6. For pH 7, a 250 ml of
borate buffer was prepared by use of 2.5 ml of
1 M HCl and 0.445 g NaBO2 (Merck, Darm-
stadt). Ammonium chloride buffer solutions
were prepared by mixing of appropriates
amounts of 0.1 M ammonia (Merck, Darmstadt)
and 0.1 M ammonium chloride solutions for pH
8–10. pH of the buffer and the buffered solu-
tions were controlled with the pH meter. Am-
berlite XAD-4 Resin (Sigma Chem. Co., St.
Louis, Catalog No. 20276, particle size 20–60
mesh) grounded to 0.1–0.2 mm was prepared
with the washing steps reported previously [24].

The glass column, having a stopcock and a
porous disk, was 10 cm long and 1.0 cm in
diameter. A small amount of glass wool was
placed on the disc to prevent loss of the resin
beads during sample loading. Then, 500 mg of
Amberlite XAD-4 resin was slurried in water,
then poured into the column. The bed height of
resin in the column was approx. 20 mm. It was
washed successively with water, acetone, water,
respectively. It was conditioned with 10–15 ml
of pH 6 buffer. After each use, the resin in the
column was washed with large volumes of water
and stored in water for the next experiment.

2.2. Instrument

Metal determinations were performed using a
Perkin–Elmer Model 3110 flame atomic absorp-
tion spectrometer. All measurements were car-
ried out in air/acetylene flame. The operating
parameters for elements were set as recom-
mended by the manufacturer.

A pH meter with a glass and calomel elec-
trode pair, Delta 320 Mettler, was employed for
measuring pH values.

2.3. Preconcentration procedure

The performance of column method was tested
with model solution prior to its application to
waste water samples. For this, 50 ml of the model
solution containing 5 mg each of Cu(II), Fe(III),
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Ni(II) and Cd(II), and 10 mg each of Bi(III) and
Pb(III) was buffered to desired pH. Three
milliliters of 0.05% m/v Na-DDTC solution was
added to form the metal–DDTC chelates. After
5–10 min, the solution was loaded to the column.
The flow of sample solution through the column
was gravitationally performed at range of 1.0–7.0
ml min−1. The flow rate of solution was con-
trolled by use a stopcock of column. After pas-
sage of the solution finished, the column was
washed with an aqueous solution adjusted to the
working pH. Then, the retained metals were re-
covered from the column by the aid of 10 ml of
acetone at 1.0 ml min−1 of flow rate. The effluent
was evaporated to near dryness. The residue was
diluted to 5 or 10 ml with 1 M HNO3. The metal
concentrations in the final solution were deter-
mined by a flame atomic absorption spectrometer
(FAAS).

2.4. Determination of metal ions in waste waters

Waste water samples were collected from four
different stations in the industrial region of Kay-
seri. Before the analysis, the samples were filtered
through a cellulose membrane filter (Millipore) of
pore size 0.45 mm. For the preconcentration pro-
cedure, pH of the sample, 500 ml, was adjusted to
6. Then, the ligand solution was added. After 10
min, the sample was passed through the column
at a 5 ml min−1 flow rate. The metal chelates
retained on XAD-4 were eluted with 10 ml of
acetone. The effluent was evaporated to near dry-
ness and made up to 5 or 10 ml with 1M HNO3.
The determination of metal ions in the final solu-
tion was performed by FAAS.

3. Results and discussion

To obtain quantitative recoveries of Cu, Fe, Pb,
Ni, Cd and Bi on Amberlite XAD-4 column,
separation/preconcentration procedure was opti-
mized for various parameters such as pH, sample
volume and concentration of Na-DDTC. The per-
centage of metal retained was calculated from the
amounts of metal in the starting sample and the
amounts of metal eluted from the column.

3.1. Effect of pH

The effect of the pH on the retention of metal–
DDTC complexes on the Amberlite XAD-4 resin
column was studied by applying of the proposed
procedure to the model solution prepared at dif-
ferent pH values (Fig. 1). The results indicate that
Cu, Fe, Pb, Ni, Cd and Bi ions are recovered
quantitatively, E95%, over range of pH 5–7.
Therefore, the working pH was chosen as 6.0 for
the following measurements.

3.2. Effect of Na-DDTC concentration

The concentration of Na-DDTC plays an im-
portant role to obtain the quantitative recoveries
of metal ions, because in its absence the resin does
not retain the metal ions. However, the excess
amounts of Na-DDTC prevent the retentions of
metal ions due to sorption competitions between
metal-DDTC chelate and diethylditihocarbamate
(DDTC) on the resin. Therefore, the influences of
Na-DDTC concentration on the recovery of the
examined metal ions were investigated in the
range of 1.0×10−5–1.0×10−2 M DDTC using
the model solution given above. The recoveries of
Cu, Fe, Pb, Ni, Cd and Bi increased with increas-
ing concentrations of Na-DDTC added and
reached a constant value over 95% with at least
5.0×10−4 M. After 5×10−3 M NaDDTC, the
recovery values are lower than 95%, due to the
reason of explained above. On this basis, studies

Fig. 1. Effect of pH on the recovery of Cu, Fe, Pb, Ni, Cd and
Bi from the Amberlite XAD-4 column (n=3, eluent: acetone).
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Table 1
Effect of the sample volume on recoveries of the investigated metal ions (n=4, eluent: acetone)

Recovery (%)
Sample volume (ml) FeCu Pb Ni Cd Bi

97 9325 9595 97 98
95 97100 10094 96 100
96 100 9595 97250 93

104500 108 95 100 95 96
750 108 93 104 95 97 100

were carried out at a Na-DDTC concentration of
7.5×10−4 M.

3.3. Effect of resin amount and eluent 6olume

The resin amount and the eluent volume are
other important parameters to obtain the quanti-
tative recovery. The quantitative retention is not
obtained by the smaller amount of resin than the
optimum amount. On the other hand, the excess
amount of resin also prevents the elution of the
quantitative retained chelates by a small volume
of eluent. For this reason, the resin amount and
eluent volume were optimized. To test the resin
amount for quantitative retention of analytes, dif-
ferent amounts of Amberlite XAD-4 from 200 to
800 mg, were filled into the column. The proce-
dure was applied to the model solutions given
above by use of these columns. The quantitative
recoveries for all the examined analytes were ob-
tained in range of 250–750 mg resin. In the light
of these results, in the all experiments, 500 mg of
XAD-4 grounded to 0.1–0.2 mm was used. On
the other hand, the effect of resin particle size,
over range of 0.08–0.5 mm, on the recovery was
investigated using 500 mg resin amount. It was
found that the resin particle size higher than 0.2
mm is unsufficent to obtain the quantitative re-
covery values. The sample flow is prevented by
the smaller particles than 0.1 mm.

It is known from the previous studies that
acetone is the most suitable eluent for the elution
of the analytes retained using organic ligands on
XAD-4 resin [25–27]. In this work, acetone was
chosen as an eluent. To recover the metal chelates
retained on 500 mg resin in the column, the

minimum volume of acetone required was found
to be 8.0 ml.

3.4. Effects of sample 6olume

Studies were performed also with solutions of
large volume to explore the possibility of enrich-
ing solutions at low concentration with a high
enrichment factor. The influences of the sample
volume on the recoveries of the investigated metal
ions were also examined. The results were given in
Table 1. The recovery values were quantitative
(\95%) until 750 ml of sample volume. The
highest preconcentration factor was found to be
150, according to 5 ml of the final solution after
the preconcentration and 750 ml of sample solu-
tion. The volume of the final solution can be
reduced down to 1 or 2 ml; thus the higher
preconcentration factor can be obtained.

3.5. Effects of matrix ions

Preconcentration procedures for trace metals
can be strongly affected by the matrix con-
stituents of the samples. For this reason, the
reliability of the proposed method was examined
in the presence of possible matrix ions of the
waste water samples. Table 2 shows the effect of
the matrix ions on the recoveries of the examined
analytes from a model solution including the ex-
amined elements and the matrix ions. The toler-
ance limit is defined as the ion concentration
causing a relative error smaller than95% related
to the preconcentration and determination of ana-
lytes. It can be concluded from the results in
Table 2 that alkaline and alkaline earth metal ions
were almost not retained through the column due
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to the low stability constant of their chelates. The
small amounts retained of the matrix ions were
removed by washing with 10–15 ml of the accom-
panying buffer solution. The large amounts of
Cl− and SO4

2− have not affected the recoveries of
the analyte ions. It was found that the waste
waters analyzed in this work contain SO4

2− in the
range of 500–800 mg l−1 and Cl− in the range of
150–1200 mg l−1.

3.6. Analytical performance of the method

The analytical performance of the method can
be shown for the results from FAAS measure-
ments. The correctness of the procedure was
confirmed by the recoveries of spiked analytes
from the 50 ml of waste water sample. The results
were as shown in Table 3. The recovery values
given for the waste water in Table 3 and shown
for the model solution prepared with doubly dis-
tilled water in Fig. 1 were higher than 95%, thus
confirming the accuracy of the procedure.

The relative standard deviations (n=4) with
related to the determinations in the waste water
samples were found to be lower than 9%. The
detection limits (3 s, n=20) for Cu, Fe, Pb, Ni,
Cd and Bi were found to be 4, 15, 19, 23, 2 and 19
mg/l, respectively.

3.7. Cu, Fe, Pb, Ni, Cd and Bi le6els of the
waste water samples

Proposed method has been applied to the pre-
concentration/separation of Cu, Fe, Pb, Ni, Cd
and Bi ions in the waste water samples collected

Table 3
Analysis of the waste water samples, taken from various plats
collection pool in the industrial region of Kayseri, spiked with
Cu, Fe, Pb, Ni, Cd and Bi (n=4, sample volume: 50 ml)

mg found Recovery (%)Element mg added

24.50Cu –
10 35.0 105
20 44.9 102

10054.430
6.5 –Fe 0

10 16.6 101
27.9 10720

30 36.2 99
– –Pb 0

10 10.1 101
9820 19.4

28.2 9430
–2.3Ni 0

10 11.8 95
20 21.9 98

9631.130
– –Cd 0

5 4.9 98
9.6 9610

20 19.0 95
2.0 –Bi 0

10 12.1 101
20 21.1 96
30 32.1 100

from the various plants in the organized industrial
region of Kayseri, Turkey. The levels of the inves-
tigated ions are given in Table 4. The results have
been calculated on the assumption of 100% recov-
ery of metal ions.

4. Conclusion

This work presents an alternative procedure to
techniques as GFAAS and ICP-AES for the de-
terminations of Cu, Fe, Pb, Ni, Cd and Bi at mg
l−1 levels in the waste waters. The procedure
shows high tolerance to interferences from the
matrix ions. The application of the proposed pro-
cedure can be extended to the determination of
the investigated metal ions in the various samples
having high salt contents as sea waters, urine and
dialysis solutions.

Table 2
Effects of the matrix ions for the recoveries of the examined
metal ions (n=4)

Ion Concentration in effluent Tolerance limits
(mg/l) (mg/l)

8.0Na+ 50 000
K+ 2.1 2500

5.1Mg2+ 5000
Ca2+ 8.7 2500

–Cl− 75 000
2500SO4

2− –
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Table 4
Concentration of Cu, Fe, Pb, Ni, Cd and Bi in the waste water samples takenfrom various plants in the organized industrial region
of Kayseri (n=4)

Concentration (mg l−1)a

Plant-1 Plant-2 Plant-3Collection pool Plant-4Analyte

3493 17399 4.090.1 n.d.Cu 490920
86910 3049813096 4392Fe 1391

n.d.Pb 1591 10395 n.d. 10091
4393Ni 5191 1991 n.d. n.d.

n.d. n.d.n.d. n.d.Cd n.d.
1592 6093Bi 46924291 4393

a x9s : mean9standard deviation; n.d.: not detected.
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