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A solid phase extraction procedure using Amberlite XAD-1180/Pyrocatechol violet (PV) chelating resin for the determination of iron
and lead ions in various environmental samples was established. The procedure is based on the sorption of lead(II) and iron(III) ions
onto the resin at pH 9, followed by elution with 1 mol/L HNO

3
 and determination by flame atomic absorption spectrometry. The

influence of alkaline, earth alkaline and some transition metals, as interferents, are discussed. The recoveries for the spiked analytes
were greater than 95%. The detection limits for lead and iron by FAAS were 0.37 μg/L and 0.20 μg/L, respectively. Validation of the
method described here was performed by using three certified reference materials (SRM 1515 Apple Leaves, SRM 2711 Montana
Soil and NRCC-SLRS-4 Riverine Water). The procedure was successfully applied to natural waters and human hair.
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INTRODUCTION

The need for highly reliable methods and techniques for the
determination of trace heavy transition metals has been recognised in
analytical chemistry and environmental science. For that purpose, it is
necessary to utilize either very sensitive instrumental technique or
enrichment/separation methods for the quantification of low
concentrations of metals. Because of the higher costs of the instru-
mental techniques like ICP-MS, generally the separation precon-
centration techniques are preferred1,2. Preconcentrative separation
techniques including coprecipitation3,4, solvent extraction5,6, membrane
filtration7, cloud point extraction8 and ion exchange9 have been used
for the traces heavy metal ions in environmental samples.

Solid phase extraction has also emerged as a powerful tool for
separation/enrichment of heavy metal ions10,11. Solid phase extraction
based on adsorption is a recently used method that compensates
solvent extraction disadvantages. The solid phase extraction technique
reduces organic solvent usage and exposure, disposal costs, and
extraction time for sample preparation. Solid phase extraction allows
adsorbing chemical species directly onto a solid phase as an adsorbent
provides an effective separation. The relatively high concentration
factor and the ability of treating large volume samples compared to
the other separation-preconcentration techniques are other advantages
of the solid phase extraction. Various solid phase extraction materials
including activated carbon12-15, silica disks16-18. Amberlite XAD
resins19-21, benzophenone22, naphthalene23 and styrene-ethylene glycol
dimethacrylate polymer24 have been used for the preconcentration of
traces metal ions as their chelates or complexes. Because both sorption
capacities and sorption selectivity of chelating resins are superior to
those of ion exchangers and adsorbents in trace levels, the synthesis
and characterization of the chelating new resins with the reaction of
an Amberlite XAD adsorption resin and a suitable chelating agent in
the laboratory conditions are popular in last decade25-31.

In the present work, the separation-preconcentration of iron(III)
and lead(II) ions in the various environmental samples by using
solid phase extraction on the XAD-1180/ Pyrocatechol violet (PV)
chelating resin were performed.

EXPERIMENTAL PART

Apparatus

A Perkin Elmer AAnalyst 700 atomic absorption spectrometer
with deuterium background corrector was used in this study. The
operating parameters for working elements were set as
recommended by the manufacturer. A 10 cm long slot-burner head,
a lamp and an air-acetylene flame were used.

Milestone Ethos D closed vessel microwave system (maximum
pressure 1450 psi, maximum temperature 300 °C) was used.
Mechanical shaker having speed control was used for batch
experiments. A pH meter, Sartorius pp-15 Model glass-electrode
was employed for measuring pH values in the aqueous phase.

Reagents

All chemicals were reagent-grade and all solutions were
prepared in distilled- deionised water. Stock solutions were prepared
from appropriate amounts of respective nitrates as 1000 mg/L,
solutions in 0.01 mol/L HNO

3
 and further diluted daily for obtaining

reference and working solutions prior to use. The calibration
standards were not submitted to the preconcentration procedure.

Sodium phosphate buffer (0.1 mol/L) was prepared by adding an
appropriate amount of phosphoric acid to sodium dihydrogen
phosphate solution to result in a solution of pH 2. Ammonium acetate
buffers (0.1 mol/L) were prepared by adding an appropriate amount
of acetic acid to ammonium acetate solutions to result in solutions
of pH 4-6. For pH 7, sodium borate (0.1 mol/L) buffer solution was
used. Ammonium chloride buffer solutions (0.1 mol/L) were
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prepared by adding an appropriate amount of ammonia to
ammonium chloride solutions to result in solutions of pH 8-10.

The resin used in the present work was XAD-1180/PV that was
synthesed and characterized in our previous work31. A column
containing 600 mg of chelating resin in water suspension was 10
cm long and 1.0 cm in diameter. The bed height in the column was
approximately 2.0 cm. The column was preconditioned with 10-15
mL 1 mol/L HNO

3
 prior to percolation of the each solution. The

standard reference materials used in the experimental studies were
SRM 1515 Apple Leaves, SRM 2711 Montana Soil and NRCC-
SLRS-4 Riverine Water.

Test procedure

The method was tested with model solutions prior to the
determination of trace metal ions. For the metal determinations
40-60 mL of solution containing 10 μg of iron (III) and 20 μg of
lead (II) ions was added 10 mL of buffer solution between pH 2-
10. The XAD-1180/PV column was preconditioned by passing
buffer solution. The buffered metal solution was passed the column
at a flow rate of 5 mL/min. After passing of this solution, the column
was rinsed with twice 10 mL of water. The adsorbed metals on the
XAD-1180/PV column were eluted with 8-10 mL portion of 1 mol/
L HNO

3
. The eluent was analyzed for the determinations of metal

concentrations by flame AAS.

Procedures for real samples

A 100 mg amount of apple leaves reference material (SRM
1515) sample was decomposed with the mixture of 4 mL of
concentrated HNO

3
 and 2 mL of H

2
O

2
 in Ethos microwave system.

Digestion conditions for microwave system were applied as 2 min
for 250 W, 2 min for 0 W, 6 min for 250 W, 5 min for 400 W, 8 min
for 550 W, vent: 8 min, respectively. All sample solutions were
clear. The volume of the samples was completed approximately 25
mL with distilled water. Then this solution was analysed by using
the preconcentration procedure described above. The analytes were
eluted with 5 mL of 1 mol/L HNO

3 
and analyzed by AAS.

A 100 mg amount of SRM 2711 Montana Soil was decomposed
with the mixture of 4 mL of concentrated HNO

3
, 1 mL of

concentrated H
2
SO

4 
and 1 mL of concentrated HClO

4
 in microwave

system. Digestion conditions for microwave system were applied
as 6 min for 250 W, 6 min for 400 W, 6 min for 550 W, 6 min for
250 W, vent: 8 min., respectively. The volume of the samples was
completed approximately 50 mL with distilled water. Then the
separation-preconcentration procedure given above was applied to
the final solutions. The analytes were eluted with 5 mL of 1 mol/L
HNO

3
. The same procedure was applied to the blank solution.

One gram of human hair sample was decomposed with the mixture
of 4 mL of concentrated HNO

3
 and 2 mL of H

2
O

2
 in Ethos microwave

system. Digestion conditions for microwave system were applied as 2
min for 250 W, 2 min for 0 W, 6 min for 250 W, 5 min for 400 W, 8 min
for 550 W, vent: 8 min, respectively. All sample solutions were clear.
The volume of the samples was completed approximately 25 mL with
distilled water. Then this solution was analysed by using the
preconcentration procedure described above. The analytes were eluted
with 5 mL of 1 mol/L HNO

3
 and analyzed by AAS.

The water samples analyzed including NRCC-SLRS-4 Riverine
Water were filtered through a cellulose membrane filter (Millipore)
of 0.45 μm pore size. The pHs of the samples were adjusted to 9.
The sample was passed through the column. The analytes adsorbed
on column were eluted with 1 mol/L HNO

3
. The levels of the analyte

ions in the samples were determined by AAS.

RESULTS AND DISCUSSION

Influences of pH on the recoveries

The effects of the pH of the test solutions on recoveries of
the analyte ions on the chelating resin were investigated in the
pH range of 2-10 by using different buffer solutions pointed in
the Experimental section. The results are depicted in Figure 1.
The recovery values for analytes ions at the acidic pH’s were
not quantitative. Iron (III) and lead (II) ions were quantitatively
recovered on Amberlite XAD-1180/PV chelating resin in the
pH range of 8-9. For preconcentration-separation of iron, lead
and other metals from real samples by solid phase extraction, at
pH 8 or higher pHs is possible32-35. All further work was carried
out at pH 9 by using ammonia/ammonium chloride buffer
solution. The volume of the relevant buffer added (10 mL) had
no effect on the recoveries.

Eluent type and eluent volume

Various eluent solutions for desorption of Pb(II) and Fe(III)
ions from the XAD-1180/PV column were evaluated at 5 ml/min
flow rate of the each eluent. Both ions were quantitatively recovered
(>95%) with 1 mol/L HNO

3
, 2 mol/L HNO

3
, 1 mol/L HCl and 2

mol/L HCl. The volumes of 1 mol/L HNO
3
 as eluent on the

recoveries of analytes were also investigated at the eluent volume
range of 3-10 mL. This work was performed at pH 9. The results
were given in Figure 2. The recoveries of analytes were quantitative
in the eluent volume range of 5-10 mL. In all subsequent works,
5.0 or 10.0 mL of 1 mol/L HNO

3
 was used as eluent.

The column can be reused after regenerated with 10 mL 1 mol/
L HNO

3
 and 10 mL distilled water, respectively, and relatively stable

up to 50 runs without appreciable loss of ligating sites. The chelating
resin could be stored for at least three months and used repeatedly
without any appreciable amount of reagent being lost.

Flow rates

The influences of the flow rates of the sample and eluent solution
for the recoveries of analytes were investigated in the flow rate
ranges of 1-10 mL/min. The recovery values for analyte ions were
quantitative in all the working range of sample flow rates. The
quantitative recovery values for eluent solution were obtained at
the flow rate range of 1-7 mL/min for lead(II) and 1-8 mL/min for
iron. All further studies were performed at the sample and eluent
flow rates of 5.0 mL/min.

Figure 1. The pH effect of the recoveries of lead and iron on XAD-1180-PV
resin (Eluent: 1 mol/L HNO

3
, N=3)
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Influences of resin amounts

Because of the amounts of adsorbent to the glass column is an
important point for the recoveries of analytes on the solid phase extraction
studies26-28, the effects of amounts of XAD-1180/PV resin were examined
by preparing columns filled resin amount range of 300-1000 mg. Then
the test procedure given in Experimental was applied. The results were
depicted in Figure 3. Pb(II) and Fe(III) ions were quantitatively retained
on the resin at the resin amounts of 500-700 mg. In all further studies,
the short glass column was filled with 600 mg of resin. If the amount of
resin is more than 700 mg, the retained metals cannot be eluted
completely with 10 mL of 1 mol/L HNO

3
.

Sample volume

The effect of the sample solution volume on the metal sorption
was studied by passing 25-1000 mL volumes through the column
at a 5 mL /min flow rate. The adsorption of the metal ions with
600 mg of chelating resin was not affected by sample volume
below 500 mL. Above 500 mL of sample solution, the percent
sorption decreased for the analytes (Figure 4). The recoveries of
analytes decrease probably due to the excess analytes loaded over
the column capacity with increasing sample volume above 500
mL . In the present study 500 mL of sample solution was adopted
for the preconcentration of the investigated ions, the adsorbed
metals can be eluted with 5 mL of 1 mol/L HNO

3
 and a

preconcentration factor of 100 is achieved.

Matrix effects

The possible interferences of some alkaline and earth alkaline
salts and some transition metals as sulfate salts on the retentions
of lead and iron ions on XAD-1180/PV resin were also
investigated. The quantitative recovery values were obtained for
analyte ions in 0.05 mol/L Na

3
PO

4
, 0.25 mol/L NaF, 0.90 mol/L

NaCl, 0.11 mol/L Na
2
SO

4
, 0.14 mol/L KNO

3
, 0.50 mol/L KCl,

0.40 mol/L CaCl
2
 and 0.50 mol/L MgCl

2
. Quantitative recovery

values were obtained for lead and iron ions at 0.001 mol/L of
Cu2+, Cr3+, Co2+, Mn2+, Ni2+, Al3+, Cd2+ and Zn2+ ions.

Figure 3. Effects of resin amounts on the recoveries of analytes (pH:9, Eluent:

1 mol/L HNO
3
, N=3)

Table 1. Analysis of two waters spiked analyte ions (pH:9, Sample volume 100 mL, Eluent: 1 mol/L HNO
3
, Eluent volume: 5 ml, N=4)

River Water Artificial Seawater

Element Added, µg Found, µg x ± sd* Recovery,% Found, µg x ± sd* Recovery,%

Pb 0 N.D - N.D -
10 9.9±0.4 99±3 9.8±0.5 98±2
20 19.8±0.3 99±3 20.2±0.4 101±3
40 40.2±0.3 101±3 39.6±0.3 99±3

Fe 0 N.D - N.D -
5 5.1±0.3 102±3 4.9±0.3 98±2
10 10.1±0.3 101±3 10.1±0.4 101±2
20 19.8±0.4 99±3 20.2±0.5 101±3

*sd: standard deviation, N.D.: not detected

Figure 2. Effects of eluent volume (pH:9, Eluent: 1 mol/L HNO
3
, N=3)

Figure 4. The influences of the sample volume on the retentions of Pb(II) and

Fe(III) from XAD-1180/PV resin (pH:9, Amount of resin: 600 mg, Eluent: 1

mol/L HNO
3
, N=3)
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Application of the real samples

The presented preconcentration procedure was applied to three
different reference materials (SRM 1515 Apple Leaves, SRM 2711
Montana Soil and NRCC-SLRS-4 Riverine Water) for the
determination of contents of lead(II) and iron(III) ions. The certified
and observed values for SRM samples were given in Table 2. The
results are in good agreement with the certified values for the
investigated analyte ions.

The proposed method has been also applied to natural water
samples including a tap water, a river water, a seawater and a bottled
mineral water the enrichment and flame atomic absorption
spectrometric determinations of lead and iron ions. The results are
given in Table 3.

The proposed preconcentration/separation method has been
combined with the microwave assisted digested human hair sample.
The levels of lead and iron (N=5) were 1.2±0.1 μg/g and 85±5
μg/g, respectively.

Comparative data from some recent papers on solid phase
extraction of traces metal ions on the various adsorbents for the
figure of the merits are summarized in Table 4. The method
presented in this study is most promising for the analyte ions as the
preconcentration factor is 100. The preconcentration factor achieved
with presented procedure is superior to solid phase extraction
method given in Table 4.

Table 2. The levels of lead (II) and iron (III) in some reference standard materials (pH:9, Eluent: 1 mol/L HNO
3
, N=4)

NRCC-SLRS-4 Riverine Water (µg/L) SRM 1515 Apple leaves (µg/g) SRM 2711 Montana Soil (µg/g)

Element Certified value Observed value Certified value Observed value Certified value Observed value

Pb 0.086±0.007 BDL 0.47±0.24 0.50±0.05 1162±31 1135±28
Fe 103±5 100.2±2.6 (83±5)* 87.3±3.2 (2.89±0.06)x104 (2.67±0.12) x104

*The value in the parenthesis is not certified; BDL: Below the detection limit; Uncertainty at 95% confidence limit

Table 4. Comparative data from some recent papers on solid phase extraction of metals

Analytes Adsorbent Complexing Agent pH Eluent PF DL, μg/L RSD% Ref.

Pb Diaion Brilliant 8 1 mol/L HNO
3

50 3.7 < 10 36

HP-2MG cresyl blue

Cu, Fe, Silica 2-aminotiazole Ethanolic 0.25-2.0 mol/L HCl 10 0.1-3.2 <10 37

Ni, Zn media

Cu, Zn, Amberlite XAD-7 Alizarin red S 8.5-10.0 3 mol/L HNO
3

5 9-32 0.2-0.5 38, 39

Mn  and Dowex 1X-8

Fe polyurethane foam Thiocyanate acidic ascorbic acid - 0.75 1.2 40

Pb polyurethane foam 2-(2-thiazolylazo)-p-cresol 10 - 16 0.25 5 41

Pb Naphthalene Alizarin red pH 8-9 2 mol/L HNO
3

40 53 1-8-4.6 42

Pb, Cd C
60

 and C
70

Ammonium acidic ethanol - 0.1-2.4 4.1 43

pyrrolidinedithiocarbamate

Pb C-18, O,O-diethyl-dithiophosphate acidic ethanol 129 0.2 1.2 44

Pb, Bi activated carbon Dithiophosphoric acid acidic ethanol 12-19 0.21-0.25 4-19 45

 O,O-diethyl ester

Pb polyurethane foam 2-(2-thiazolylazo)-5- 9 1.5-2.5 mol/L HCl 45 2.2 2.4-6.8 46

dimethylaminophenol

Pb Amberlite XAD-2 2-(2-benzothiazolplazo) 6.5-8.5 0.1 mol/L HCl 27 3.7 2.3-4.4 47

-2-p-cresol

Cd, Pb Chromosorb 106 1-(2-pyridylazo)2-naphthol 8-9 1 mol/L HNO
3
 in acetone 250 0.19-0.32 < 7 48

Pb, Fe Amberlite XAD-1180 Pyrocatechol violet 8-9 1 mol/L HNO
3

100 0.20-0.37 < 10 This Work

RSD%: Relative Standard Deviation%, DL: Detection Limit, PF: Preconcentration Factor

Table 3. The concentration of lead and iron levels in natural water
samples after preconcentration (pH:9, N=5)

Concentration (μg/L)

Sample Pb Fe

Tap water 6.7±0.4 27.6±1.8
River water 2.5±0.2 6.8±0.4
Sea water 7.2±0.5 47.3±2.5
Bottled mineral water 2.9±0.2 15.7±0.6

Uncertainty at 95% confidence limit

Analytical performance of the method

The correctness of results was verified by analyzing the
concentration after the addition of known amounts of analytes into
a river and an artificial sea water samples. The results were
summarized in Table 1. Satisfactory recoveries were obtained for
spiked analyte ions. The recoveries were higher than 95%, thus
confirming the accuracy of the presented procedure.

The detection limits for the analyte ions were obtained from
the signals of twenty blank samples and the slope of the calibration
curve. The detection limits were defined as the sample
concentration giving signals equal to three times the standard
deviation of blank signal. The detection limits are: 0.37 μg/L for
Pb(II) and 0.20 μg/L for Fe(III).
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CONCLUSION

The proposed method provides a simple, fairly rapid and reliable
technique for preconcentration and determination of iron and lead
from the environmental samples. The matrix effects with the method
were reasonably tolerable. The elution was easily performed with
1 mol/L HNO

3
. The XAD-1180/PV resin is quite durable with

recycling time >50 cycles, without any major change in its
quantitative metal recovery nature. The good features of the
proposed method showed that it’s a convenient and low cost one.
Also the method is relatively rapid as compared with previously
reported procedures for the enrichment of traces metal ions. The
technique can be applied to environmental samples without the
risk of contamination. Results for three reference standard materials
confirmed the reliability of the procedures.
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