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bstract

This work describes a procedure for the separation–preconcentration of Fe(III), Pb(II) and Cr(III) from some water samples using a column-
lled Amberlite XAD-2000 resin. The analyte ions retained on the column were eluted with 0.5 mol L−1 HNO3. The analytes in the effluent were
etermined by atomic absorption spectrometry. Several parameters governing the efficiency of the method were evaluated including pH, resin
mount, sample volume, flow rates, eluent type and divers ion effects. The recoveries under the optimum working conditions were found to be as

00 ± 1% Fe, 96 ± 1% Pb and 93 ± 2% Cr. The relative standard deviations and errors were less than 2% and 5%, respectively. The detection limit
ased on three standard deviations of the blank was found to be 0.32, 0.51 and 0.81 �g L−1, for Fe, Pb and Cr, respectively. The procedure was
pplied to the determination of Fe, Cr and Pb in hot spring water and drinking water samples.

2007 Elsevier B.V. All rights reserved.
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. Introduction

The interest in the determination of trace heavy metal ions,
uch as iron, lead and chromium in natural waters has increased
mmensely during the last few decades because of the environ-

ental problems and public health studies.
Among heavy metals, iron in small amounts is an essential

lement for most life on Earth, including humans and animals.
t is well known that an iron deficiency is the most common
ause of anemia. On the other hand, too much iron can cause a
everal health problems. High levels of iron are associated with
n increased risk for cancer, heart disease, and other illnesses
uch as endocrine problems, arthritis, diabetes, and liver disease
1]. A sanitary security limit for iron was restricted to 2 mg L−1
y World Health Organization [2]. European Legislation has
stablished a maximum contaminant level (MCL) at 200 �g L−1

or iron [3].

∗ Corresponding author. Tel.: +90 258 2125552.
E-mail address: elci@pamukkale.edu.tr (L. Elci).
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Lead is extremely toxic even at very low levels. It is known
hat lead is health-endangering metal for humans and animals
nd its effects include blood enzyme changes, hyperactivity,
nd neurological disorders [4]. The maximum allowable Pb in
rinking water is restricted to 20 ng mL−1, by international reg-
lations on water quality including WHO, EPA, EU and other
uthorities [5,6]. The standard value for lead as a water pollutant
s 0.01 mg L−1 in Japan [7].

Chromium(III) is an essential trace element in human
utrition, required for the maintenance of normal glucose,
holesterol, and fatty acid metabolism. Insufficient dietary
ntake of chromium(III) leads to increases in risk factors associ-
ted with diabetes and cardiovascular disease including elevated
irculating insulin, glucose, triglycerides, total cholesterol and
mpaired immune function. On the other hand, water solu-
le Cr(VI) is extremely toxic and carcinogenic owing to its
bility to oxidize other species [8–10]. The Environmental Pro-

ection Agency (EPA) of USA has set the maximum level of
otal chromium allowed in drinking water at 100 �g L−1 [11].
hromium is normally presented at very low concentration, such
s in the 0.1–0.5 �g L−1 range, in natural waters [12].

mailto:elci@pamukkale.edu.tr
dx.doi.org/10.1016/j.jhazmat.2007.08.075
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Due to the very low concentrations of iron, lead and
hromium in natural water samples as described above, their
eterminations in those samples demand very sensitive analyti-
al techniques including ET-AAS, ICP-MS, ICP-AES and XRF.
owever, relative to flame AAS, these techniques have some dis-

dvantages such as its high cost, slowness and greater proneness
o matrix interferences as well as their high sensitive advantages.
lame atomic absorption spectrometry (FAAS) is, in principle, a
uitable technique because of the low cost and easiness in usage.
owever, the main two problems for the determination of heavy
etal ions by FAAS are the low concentration of analytes as

eavy metals and high concentration of main components of
eal samples [13]. Separation–preconcentration procedures can
olve the above main problems and leads to simplified heavy
etal determination. A separation–preconcentration method

mproves the detection limit and selectivity of flame atomic
bsorption spectrometry [14–16]. Also, the preconcentration
rocedure is an essential step for the accurate determination of
he various metal species by ET-AAS [17,18], ICP-MS [19,20],
CP-OES [21] and XRF [22]. The separation, preconcentration
nd determination processes of trace metal ions from differ-
nt matrices, especially water samples, are mainly based on
he utilization and application of a number of available tech-
iques. These include solid phase extraction (SPE) [17–22],
o-precipitation [16,23], ion-exchange [24] and flotation, etc.
25].

Among preconcentration methods, solid phase extraction has
ome advantages over other preconcentration methods in view
f: (i) ease regeneration of solid phase; (ii) high preconcentration
actor; (iii) reusability of the adsorbent; (iv) low consumption of
eagents; (v) ease of automation; (vi) ecofriend methods; (vii)
ase usage. The most extensively used solid phase extractants
re modified C-18 silica [26], activated carbon [27], alumina
28,29] and Amberlite XAD resins [30–32]. It would appear
hat the most successful and popular applications of SPE are to
se Amberlite XAD resins, because of good adsorption proper-
ies such as large surface areas and good hydrophobic nature.
owever, the use of Amberlite XAD-2000 resin in Amberlite
AD resin series is limited in preconcentration studies [33–35].
mberlite XAD-2000 is a polystyrene–divinylbenzene copoly-
er having specific surface area: 620 m2 g−1, dipole moment:

.3, pore size: 4.5 nm and bead size: 20–50 mesh [35]. Because
f these important properties, it has selected as a solid phase
xtractant in this work.

The aim of this work was the development of a solid phase
xtraction procedure for preconcentration of lead, iron and
hromium based on the use of a column-filled Amberlite XAD-
000 resin as a solid phase extractant, prior to flame atomic
bsorption spectrometric determination.

. Experimental

.1. Materials and solutions
All chemicals used in this work, were of analytical reagent
rade and were used without further purification. Ultra-pure
UP) quality water (18.2 M� cm−1) obtained using a reverse

w
g
b
r
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smosis system (Human corporation, Seoul, Korea) was used
hroughout to prepare all solutions. All the plastic and glass-
are were cleaned by soaking in dilute HNO3 (1 + 9) and were

insed with distilled water prior to use. The standard and work-
ng solutions of Fe(III), Pb(II), Cr(III), Cu(II), Cd(II) and Ni(II)
ere prepared daily, through the appropriate dilutions of a
000 mg L−1 stock solution of the respective analyte (atomic
bsorption grade, Carlo Erba). Hydrochloric and nitric acid
olutions used as eluents were prepared by direct dilution with
P water from the concentrated solutions (Merck Darmstadt,
ermany). EDTA solutions (0.01–0.1 mol L−1) as eluent were
repared from solid Na2H2Y·2H2O (Merck Darmstadt, Ger-
any) in UP water. NaOH solution was prepared from solid
aOH (Merck Darmstadt, Germany) with the water.
Acetate buffer solutions for pH 4, 5 and 6 were prepared

y mixing of appropriate volumes of 1 mol L−1 acetic acid
Merck, Darmstadt) and 1 mol L−1 sodium acetate solutions
Merck, Darmstadt). For pH 7, a 250 mL of phosphate buffer was
repared by adding of 1 mol L−1 H3PO4 to 0.4 g NaOH. Ammo-
ium/ammonia buffer solutions pH 8, 9 and 10 were prepared
y mixing of appropriates amounts of 0.1 mol L−1 ammonia
Merck, Darmstadt) and 0.1 mol L−1 ammonium chloride solu-
ions (Merck, Darmstadt). pH of the buffer and the buffered
olutions were controlled with a digital pH meter (Hanna pH
11 model).

Amberlite XAD-2000 resin having 0.25–0.48 mm particle
ize from Sigma (RT 1-0393) was grounded to 0.1–0.2 mm
nd washed with the procedure reported previously [36]. 1,5-
iphenylcarbazide (DPC) solution, 0.05%, was prepared by
issolving the required amount of DPC in ethyl alcohol imme-
iately before use.

.2. Instrumentation

A Perkin-Elmer model AAS 700 atomic absorption spec-
rometer was used in the determination of metals in standard
olutions and in the eluents during preconcentration studies. All
easurements of metal concentrations investigated in the opti-
ization studies of solid phase extraction were carried out in

ir/acetylene flame. Instrumental parameters for metal determi-
ation were those provided by the manufacturer. The spectral
ines of Fe 248.3 nm, Pb 283.3 nm, Cr 357.9 nm, Cu 324.8 nm,
d 228.8 nm and Ni 232.0 nm were selected for the absorbance
easurements. The spectral slit widths of Fe, Pb, Cr, Cu, Cd and
i were set to 0.2, 0.7, 0.7, 0.7, 0.7 and 0.2 nm, respectively.
The determination of iron in the eluent obtained with SPE

or the water samples was carried out by Flame AAS. Lead and
hromium in the eluent were determined using A Perkin-Elmer
Analyst 700 Atomic Absorption Spectrometer equipped with

n electrothermal atomizer HGA 800, an autosampler AS-70
nd a deuterium-lamp background correction system.

Uncoated graphite furnaces (Perkin-Elmer, Germany, part
o.: B0070699) were used as an atomizer. All measurements

ere performed in the peak area mode. Operating parameters of
raphite furnace for the determination of lead and chromium
y GFAAS was programmed according to the manufacturer
ecommendations (Table 1).
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Table 1
Graphite furnace program for the determination of Pb and Cr by GFAAS

Steps Temperature (◦C)/ramp time (s)/hold time (s)

Lead Chromium

Drying 1 100/5/20 100/5/20
Drying 2 140/15/15 140/15/15
Pyrolysis 850/10/20 1650/10/20
Atomization 1650/0/5 2500/0/5
Cleaning 2600/1/3 2600/1/3
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tions, instead of 1 mol L−1 nitric acid or 1 mol L−1 sodium
hydroxide solutions. The results shown in Fig. 1 indicate
that the Pb(II) and Cr(III) ions can be retained quantitatively
at pH 9.0. The retention for Fe(III) was quantitative in the
as flow (argon) was set to 0 mL min−1 for atomization step and 250 mL min−1

or the other steps.

.3. Sampling

The water samples were collected from four different stations
n Denizli. One of four samples was drinkable from Caybasi, the
thers were hot spring water from Pamukkale, Karahayit and
aklik cave. The distance between Karahayit and Pamukkale

s almost 5 km. Karahayit water is known as red-water by local
ublic because of red-brown appearance sourced its high iron
ontent and drunk by some of visiting people. Kaklik cave is
lmost 25 km to Pamukkale. The fantastic cotton castles created
y Kaklik cave and Pamukkale (open area) waters likes to each
ther as appearance.

The water samples were collected in polyethylene bottles
ashed with detergent, pure water, dilute HNO3 and pure water,

espectively. Before the analysis, the samples were filtered
hrough a cellulose membrane filter (Millipore) of pore size
.45 �m.

.4. Column

The glass column, having a stopcock and a porous disk, was
0 cm long and 1.0 cm in diameter. A small amount of glass
ool was placed on the disc to prevent loss of the resin beads
uring sample loading. Then, 500 mg of Amberlite XAD-2000
esin was slurried in water, and then poured into the column. The
esin was preconditioned under optimum pH. The bed height of
esin in the column was approx. 20 mm. It was washed suc-
essively with water, acetone and water, respectively. It was
onditioned with 10–15 mL of pH 9 buffer. The resin bed was
ashed with plenty of distilled water until neutral pH and sub-

equently reused.

.5. General procedure for preconcentration

The performance of column method was tested with model
olution prior to its application to waste water samples. For this,
5 mL of the model solution containing 20 �g Fe(III), Pb(II)
nd Cr(III), 5 �g Cu(II), Cd(II) and Ni(II) was buffered to
esired pH. Four milliliters of 0.05% m/v DPC solution was
dded to form the metal–DPC chelates. After 5–10 min, the

olution was loaded to the column. The flow of sample solu-
ion through the column was gravitationally performed at range
f 1.0–2.5 mL min−1. The flow rate of solution was controlled
y use a stopcock of column. After passage of the solution fin-

F
w
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shed, the column was washed with an aqueous solution adjusted
o the working pH. Then, the retained metals were recovered
rom the column by the aid of 5–10 mL of 0.5 mol L−1 HNO3
t 1.0 mL min−1 of flow rate. The metal concentrations in the
luent solution were determined by a flame atomic absorption
pectrometer (FAAS).

.6. Determination of metal ions in water samples

For the preconcentration procedure, pH of the sample,
50 mL, was adjusted to 9 by ammoniacal buffer. Then, the
PC solution was added. After 10 min, the sample was passed

hrough the column at a 2.5 mL min−1 flow rate. The metal
helates retained through the XAD-2000 column were eluted
ith 5 or 10 mL of 0.5 mol L−1 HNO3. The determination of

ron in the eluent solution was carried out by FAAS. Lead and
hromium in the eluent were determined by graphite furnace
tomic absorption spectrometry (GFAAS).

. Results and discussion

Some preliminary experiments were carried out in order
o investigate quantitative retention of Fe(III), Pb(II), Cr(III),
u(II), Cd(II) and Ni(II) ions as analytes by Amberlite
AD-2000 resin column in the absence and presence of
iphenylcarbazide as a complexing agent.

.1. Effect of acidity

The influence of the pH of test solutions on the recovery of
0 �g Fe(III), Pb(II), Cr(III), and 5 �g Cu(II), Cd(II) and Ni(II)
rom 25 mL solutions was studied in the pH range 4.0–10.0.
he pH was adjusted by using 1 mol L−1 nitric acid or 1 mol L−1

odium hydroxide. The recoveries of analyte ions are fewer than
0% in the pH range 4.0–10.0.

The above experiment was repeated using the buffer solu-
ig. 1. Effects of the pH of sample on the retention of Fe(III), Pb(II) and Cr(III)
ithout adding diphenylcarbazide by aid of buffer solution.
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H range of 8–10. Especially, due to the low solubilities
f Fe(OH)3 (Ksp = 1.6 × 10−39), PbO (Ksp = 8.0 × 10−16) and
r(OH)3 (Ksp = 1.6 × 10−30), it may be explained that Fe(III),
b(II) and Cr(III) can be retained as hydroxides by the column.
lso, the formation of Cu(II), Cd(II) and Ni(II) hydroxides is

xpected under the same conditions. However, because of the
ormation of soluble amine complexes of these ions by ammo-
ia coming from the buffers used in the pH range 8.0–10.0
ammonium/ammonia buffers), it may be offered that these ele-
ents are not quantitatively retained. On the other hand, the

ronounced decrease in the recovery of Fe(III) in presence of
hosphate buffer (pH 7) is probably because of the formation of
oluble Fe(III)–phosphate complexes in aqueous solutions. The
ecreases on the recoveries of Pb(II) and Cr(III) ions in solu-
ions having pH < 9 may be due to the possible decomposition
f their hydroxides. In addition, because of the possible for-
ation of hydroxo-complexes of Pb(II) and Cr(III) at pH −10,

heir recoveries are under 95%. Fe(III) does not form the stable
omplexes with hydroxide ion. Therefore, there is no important
ecrease in the recovery for Fe(III) at pH 10. After these find-
ngs, the study was continued for Fe(III), Pb(II) and Cr(III) at
H 9.

.2. Effect of sample volume on retention

The recoveries of the analytes from sample solutions in dif-
erent volumes were evaluated using the test solutions buffered
o pH 9. Fe(III) and Cr(III) up to 100 mL and, Pb(II) up
o 50 mL were quantitatively recovered (Table 2). Accord-
ng to this result, the preconcentration factors of Fe(III),
r(III) and Pb(II) for 5 mL of eluent were 20, 20 and 10,

espectively.
To evaluate the retention of Fe(III), Cr(III) and Pb(II) from

arger sample volumes, the effect of diphenylcarbazide (DPC)
n their retention was investigated. In presence of DPC, the
ffect of pH was firstly examined on the retention. The results

iven in Fig. 2 indicate that the retentions of Fe(III), Pb(II)
nd Cr(III) were quantitative at pH 9, but the retentions of
u(II), Cd(II) and Ni(II) were not quantitative. The results
btained for Fe(III), Pb(II) and Cr(III) in presence and absence

f
r
t
c

able 2
ffect of sample volume on retention of Fe(III), Pb(II) and Cr(III) in presence or abs

ample volume (mL) Recovery (%) in presence of diphenylcarbazide (n =

Fe(III) Pb(III) Cr(III)

25 101 103 102
50 100 100 90

100 106 92 94
150 – – –
200 – – –
250 100 98 97
400 83 95 79
500 86 97 84
600 75 77 77
750 86 85 64
000 64 46 50

–) not worked.
ig. 2. Effects of the pH of sample on the retention of Fe(III), Pb(II) and Cr(III)
ith adding diphenylcarbazide by aid of buffer solution.

f DPC like each other. However, the sample volumes, which
t was obtained quantitative recoveries, increased to 250 mL for
e(III) and Cr(III), and 500 mL for Pb(II) in presence of DPC
Table 2). So, by adding DPC prior to passing of sample solu-
ion through the resin, the preconcentration factors obtained for
e(III), Cr(III) and Pb(II) were found to be 50, 50 and 100,
espectively.

A complex between diphenylcarbazide and chromium(III)
oes not form, while the formation of Fe(III)–DPC and
b(II)–DPC chelates is expected [37,38]. In this work, the
etained Fe(III), Pb(II) and Cr(III) in presence of DPC are eluted
asily with 0.5 mol L−1 HNO3 solution. It could be concluded
hat the retention factors obtained here for analytes are rather
he result of precipitation of metal hydroxides in experimen-
al conditions than formation of chelates. However, the results
how that the interaction between DPC and Amberlite XAD-
000 resin particles influences positively retention properties of
he resin. It may be due to synergic effect. Because, the sample
olume reached in presence of DPC is larger than the volume
btained in absence of DPC (Table 2). In addition, the recoveries

or Pb and Cr in presence of DPC are slightly bigger than the
ecoveries in absence of DPC at pH 8 and 9 (Figs. 1 and 2). After
he findings above, all the further preconcentration studies were
arried out by using DPC at pH 9.

ence of diphenylcarbazide

3) Recovery (%) without diphenylcarbazide (n = 3)

Fe(III) Pb(III) Cr(III)

99 100 94
98 94 92
94 79 93
82 50 85
88 50 86

– – –
– – –
– – –
– – –
– – –
– – –
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Table 3
Effect of different eluents on the recoveries of Fe(III), Pb(II) and Cr(III) (eluent
volume: 10 mL, n = 3)

Eluent Recovery (%)

Fe(III) Pb(II) Cr(III)

Acetone 25 ± 1 32 ± 1 13 ± 1
1 mol L−1 HNO3 in acetone 100 ± 2 98 ± 2 96 ± 2
1.5 mol L−1 HNO3 100 ± 1 100 ± 1 96 ± 3
1 mol L−1 HNO3 103 ± 2 93 ± 1 98 ± 1
0.5 mol L−1 HNO3 102 ± 3 103 ± 2 102 ± 1
1.5 mol L−1 HCl 100 ± 2 100 ± 2 96 ± 1
0.01 mol L−1 EDTA 13 ± 1 94 ± 1 <5
0
0
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Table 4
Effect of different salts and ions on preconcentration (pH 9, n = 3)

Ions Added as Tolerance limits (mg L−1)

Fe(III) Pb(II) Cr(III)

Na+ NaNO3 5000 5000 5000
Ca2+ Ca(NO3)2 2000 2000 1500
Mg2+ Mg(NO3)2 2000 2000 1250
K+ KCl 2000 2000 2000
Cl− NaCl 3000 3000 3000
CO3

2− Na2CO3 2000 1500 1000
H
S
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.05 mol L−1 EDTA 17 ± 1 100 ± 2 <5

.1 mol L−1 EDTA 12 ± 1 93 ± 2 <5

.3. Elution

The effect of different solutions on the elution of Fe(III),
b(II) and Cr(III) retained by the Amberlite XAD-2000 resin
olumn is given in Table 3. Fe(III), Pb(II) and Cr(III) retained
n Amberlite XAD-2000 column in presence of DPC could
e completely eluted with 0.5 mol L−1 HNO3 or more concen-
rated HNO3. Also, the analytes were completely eluted with
.5 mol L−1 HCl, 1 mol L−1 HNO3 in acetone and pure acetone.
n the contrary to many other papers, it was not necessary to

xtract the analytes with 1 mol L−1 HNO3 in acetone or pure ace-
one where the eluent was evaporated to near dryness at 35 ◦C
nd diluted with HNO3 prior to the determination of Fe(III),
b(II) and Cr(III) by AAS [31]. So the analysis time of the pro-
osed procedure is shorter than that of those procedures. On the
ther hand, while lead is eluted with EDTA solution in the con-
entration range of 0.01–0.1 mol L−1, iron and chromium were
ot eluted quantitatively.

As a result, in order to elution of the three analytes from
he column at the same time, 0.5 mol L−1 HNO3 solution was
elected as an eluent. The needed volume of 0.5 mol L−1 HNO3
as found to be 5 mL to obtain quantitative recovery for the

nalyte ions.

.4. Effect of flow rate on retention and recovery
The effect of flow rates of sample and eluting solutions from
he column on the retention and recovery of Fe(III), Pb(II) and
r(III) ions was studied. It was found that the sample solution
ow rates in the range of 1–2.5 mL min−1 had no significance

C
T

o

able 5
ontent of hot spring waters and drinking water

tations Temperature
(◦C)

Conductivity
(mS cm−1)

pH

amukkale (Jandarma) [39] 35.5 2550 6.06
arahayit [39] 55 3750 5.85
aklik [40] 23.5 2000 6.85
aybasia 14 468 7.28

–) not determined.
a The results obtained in our lab.
CO3
− NaHCO3 2000 1500 1250

O4
2− Na2SO4 3500 3250 3000

nfluence on the quantitative retention of Fe(III), Pb(II) and
r(III) by the XAD-2000 column. On the other hand, quanti-

ative elution of Fe(III), Pb(II) and Cr(III) ions from the column
as achieved in a flow rate range of 1.0–5.0 mL min−1, using
or 10 mL of 0.5 mol L−1 HNO3. At higher flow rates (after
mL min−1), the larger volumes of 0.5 mol L−1 HNO3 is nec-
ssary to obtain the quantitative recoveries of Fe(III), Pb(II) and
r(III).

.5. Resin amount and reusability

The influences of amounts of Amberlite XAD-2000 on the
etention of Fe(III), Pb(II) and Cr(III) were examined in range
f 250 and 600 mg under the optimized working conditions. The
ecovery values for Fe(III), Pb(II) and Cr(III) were not quanti-
ative up to 400 mg of XAD-2000. Quantitative recovery values
ere obtained in the 400–600 mg range of XAD-2000. Accord-

ngly, 500 mg of XAD-2000 resin in the all experiments were
sed.

The column-filled 500 mg XAD-2000 can be reused over 500
ycles of adsorption–desorption without any significant change
less than 5%) in the retention of Fe(III), Pb(II) and Cr(III).

.6. Effect of diverse ions

To detect potential interference on the preconcentration of
e(III), Pb(II) and Cr(III) ions, various salts and ions were added

o 50 mL of a solution containing 5.0 �g of Fe(III), Pb(II) and

r(III) ions and the preconcentration procedure was applied.
he tolerance limit (relative error; ±<5%) is given in Table 4.

The tolerance limits in Table 4 and the quantitative recoveries
f various Fe(III), Pb(II) and Cr(III) spikes in Table 6 show that

Cations (mg L−1) Anions (mg L−1)

Na+ K+ Ca2+ Mg2+ HCO3
− Cl− SO4

2−

48.76 50.7 1923 378.60 1195.60 17.75 2910.70
60.49 69.81 452 15.55 1244.40 28.40 3688.30

– – 286.17 110.62 – 31.6 –
– – 72 61 – – 172.80
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he presence of Na+, K+, Ca2+, Mg2+, Cl−, SO4
2−, HCO3

− at
igh concentrations has no significant effect on the retention per-
ormance of Amberlite XAD-2000 column. On the other hand,
he contents of Na+, K+, Mg2+, Ca2+, HCO3

−, Cl− and SO4
2− of

he analysing water samples given in Table 5 were less than the
olerance limits in Table 4. Thus the procedure is highly selec-
ive and may safely be applied for the determination of Fe(III),
b(II) and Cr(III) in salinity water samples such as spring hot
aters.

.7. Method validation and analytical performance

The validation, preconcentration factors, relative stan-
ard deviations and limits of detection, for Amberlite
AD-2000/hyroxide solid phase extraction supported with
PC-FAAS system to determine Fe(III), Pb(II) and Cr(III) were

nvestigated as performance criteria.
The validation of present method was evaluated using a spik-

ng water sample. The recoveries of analytes spiked into one
f analysing water samples, Karahayit, were studied; satisfac-
ory results were obtained as shown in Table 6. Good agreement
as obtained between the added and recovered analyte contents
sing the experimental procedure. The recovery values calcu-
ated for the standard additions were always higher than 95%,
hus confirming the accuracy of the procedure and the absence
f matrix effects. Also, the high tolerance limits for diverse ions
onfirm the accuracy of the procedure. R.S.D.% values for the
etermination of analytes in the spiked sample were in range of
.2–5.2%.

The preconcentration factors for Fe(III), Cr(III) and Pb(II)
ccording to 5 mL eluent and the workable maximum sample
olumes were calculated as 50, 50 and 100, respectively.

In the operating conditions chosen above, the precision of
he system was evaluated using 0.2 �g L−1 Fe(III), Pb(II) and

r(III) in 100 mL test solution. The relative standard deviations

N = 6), for the recoveries of Fe(III), Pb(II) and Cr(III) was found
o be 1.2%, 0.8% and 1.8%, respectively. On the other hand, the
elative standard deviations (N = 6) calculated for the analysis of

able 6
nalysis of Karahayit red water sample spiked analytes by proposed procedure

sample vol.: 25 mL, n = 3)

nalyte Added
(�g)

Found (�g) R (%) x ± s
(n = 3)

R.S.D.
(%)

e(III) – 2.50 – –
5 7.75 104.7 ± 5.4 5.2

10 13.06 104.5 ± 3.7 3.5
20 24.97 103.2 ± 1.2 1.2

b(II) – Nd – –
5 4.45 95.2 ± 1.4 1.5

10 9.90 99.0 ± 3.1 3.0
20 13.60 93.0 ± 2.6 2.7

r(III) – Nd – –
5 4.63 92.6 ± 4.0 4.3

10 8.90 98.3 ± 2.6 2.6
20 19.00 95.0 ± 1.4 1.5

d: not detected. Ta
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Table 8
Determination of Fe(III), Pb(II) and Cr(III) in water samples (n = 6, sample volume: 250 mL, final volume: 5 mL)

Sample Concentration (�g L−1) x ± ts/
√

n R.S.D. (%)

Fe(III)a Pb(II)b Cr(III)b Fe(III) Pb(II) Cr(III)

Pamukkale 90 ± 1 0.67 ± 0.01 0.19 ± 0.01 1.1 1.4 5.0
Karahayit 104 ± 1 4.14 ± 0.20 0.37 ± 0.03 0.9 4.6 7.0
Kaklik cave 190 ± 2 2.06 ± 0.30 0.60 ± 0.02 1.0 8.8 3.2
Caybasi 240 ± 1 2.58 ± 0.50 0.48 ± 0.03 0.4 9.2 5.9

w
F
f

a
p
t
0

o
s
t
d
fl
p

3

t
s

4

s
s
P
w
t
i
a
e
t
s

t
H
g
a
r

p
i
e

A

o

R

[

[
[

[

[

[

[

a Flame AAS.
b Graphite furnace AAS.

ater samples were varied in range of 0.4–1.1% for Fe(III) with
AAS, in range of 1.4–9.2% for Pb(II) and in range of 3.2–7.0%
or Cr(III) with GFAAS (Table 8).

The detection limits based on three times the standard devi-
tion of the blank (N = 20) for the combination of the proposed
reconcentration procedure and flame atomic absorption spec-
rophotometric measurement were found to be 0.32, 0.51 and
.81 �g L−1 for Fe(III), Pb(II) and Cr(III), respectively.

For comparative purposes, the performance characteristics
f the proposed method and other selected off-line SPE/FAAS
ystems based on use of Amberlite resins reported in the litera-
ure are given in Table 7. The proposed procedure shows good
etection limits and precision with reasonable eluent volume,
ow rate and preconcentration factor over other SPE off-line
reconcentration methods.

.8. Application of the proposed procedure

The proposed preconcentration procedure has been applied to
he water samples. The results are given in Table 8. The relative
tandard deviations of the determination were lower than 10%.

. Conclusion

The results of the present investigations in this paper demon-
trate the usability of Amberlite XAD-2000/hydroxide system
upported with DPC for selective preconcentration of Fe(III),
b(II) and Cr(III) from high salinity water such as hot spring
aters. The accuracy of the results was verified by analyzing

he spiked water sample and the model solutions. The recover-
es of Fe(III), Pb(II) and Cr(III) from the spiked water sample
nd the model solutions including diver ions up to the high tol-
rance limit were almost quantitative (>95%), it is evident for
he reliability of the proposed method for the analysis of high
alinity waters like hot spring water and the drinking water.

The analytical performance is not significantly different to
hose achieved by other methods described in the literature.
owever, Amberite XAD-2000 resin in the system investi-
ated in this work has a superior reusability and stability with
dsorption–desorption cycles over 500. The acid concentration

equired for desorption is low with the present resin.

The preconcentration time is the main disadvantage of the
roposed method, especially according to flow procedure, and
t is about 45 min for 100 mL of sample volume and 5 mL of
luent, with 2.5 and 1 mL min−1, respectively.
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