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ABSTRACT

A simultaneous preconcentration method was developed for determi-
nation of trace amounts of Cu, Fe and Pb by atomic absorption spec-
trometry. The method is based on the retention of their bis(2-hydroxy
phenyl amino)glyoxime(oxime I) complexes by naphthalene methyltrioctyl
ammonium chloride adsorbent in a column. The adsorbed metal com-
plexes were eluted from the column with nitric acid and Cu, Fe and Pb
were determined by flame atomic absorption spectrometry. Several
parameters such as pH of the sample solution, ligand concentration,
volume of the sample and the amount of methyltrioctyl ammonium
chloride loaded on naphthalene were evaluated. The effect of diverse
ions on the preconcentration was also investigated. A preconcentration
factor of up to 100 or more can easily be achieved depending on the
volume of the sample taken. The calibration graphs were obtained in
the range of 5-40, 10-100 and 10-200ng ml-1 for Cu, Fe and Pb in the
initial solution, respectively, when using 500ml of the solution. The
detection limit based on three standard deviations of the blank was 2.2,
3.1, and 4.2ng ml-1 for Cu, Fe and Pb, respectively. The relative stan-
dard deviations (R.S.D.) of 1.1-2.7% for Cu, 2.2-3.6% for Fe and 12-
2.9% for Pb were obtained. The method was applied to the determina-
tion of Cu, Fe and Pb in river and wastewater samples.
 2007 Trade Science Inc. - INDIA

INTRODUCTION

The determination of metal ions in natural
samples such as waters, soils and biological fluids is
very important part of environmental and public

health studies. However, the direct determination of
metal ions at trace level is limited due to their low
level of concentration and matrix interferences. Flame
atomic absorption spectrometry(FAAS) which has
been continuously used for the determination of trace
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metal ions suffers from insufficient sensitivity for di-
rect determination of metal ions in environmental
samples. Therefore a preconcentration or separation
step is frequently necessary to improve the detection
limit and sensitivity. For this purpose several separa-
tion and preconcentration procedures have been de-
veloped for trace metal ion determination involving
different analytical strategies. These methods include
ion exchange[1] liquid extraction[2], anodic stripping
voltammetry[3], cloud point[4], coprecipitation[5] and
solid-phase extractions[6�10,24-30]. Among the various
methods, solid-phase extraction has received more
acceptances due to its simplicity, rapidity and attain-
ability of large preconcentration factor.

Avariety of solid materials such as modified ion
exchange resins[11�13], functionalized resins with chelat-
ing reagents[14], activated carbon[15], zeolites[16], cel-
lulose[17] andimmobilized microorganisms on
sepiolite[18] have been used for preconcentration of
trace metals. Microcrystalline naphthalene[19�21] and
benzophenone[22] have also been used as solid-phase
for adsorptive extraction of metal ion complexes.

In this work a simultaneous solid-phase
preconcentration method for the determination of
copper, iron and lead by atomic absorption is de-
scribed. The method is based on the adsorption of
their bis(2-hydroxyphenylamino)glyoxime(oximeI)
complexes on methyltrioctyl ammonium chloride
supported on naphthalene used as an adsorbent in a
column. The complexes adsorbed on the naphtha-
lene adsorbent are then eluted with nitric acid solu-
tion and Cu, Fe and Pb are determined by FAAS.

hallow cathode lamp and air-acetylene burner. The
instrumental parameters were as follows: wavelength
324.8, 248.2 and 217.0nm for Cu, Fe and Pb, re-
spectively. The lamp currents of 3, 13 and 7.5mA
were used for Cu, Fe and Pb, respectively. Band pass
was 0.5nm for three elements. All pH measurements
were made using a Metrohm digital pH meter with a
combined glass electrode. AShimadzu rotary oil
vacuum pump type SA18was used.

Reagents

Doubly distilled de-ionized water and analytical
grade reagents were used for the preparation of all
the solutions. The stock solution of 1000gml-1 cop-
per was prepared by dissolving 0.6706 g of CuCl

2
,

5H
2
O(Merck) in water and diluted to 250ml in a

volumetric flask. This solution was standardized
iodometric procedure[23]. The required concentration
of copper solution was prepared by appropriate di-
lution of the stock solution. The stock solution of
1000gml-1 iron was prepared by dissolving 0.8634
g ofNH

4
Fe(SO

4
)
2
12H

2
O (Merck) in 100 ml of dis-

tilled water containing 10 ml of concentrated hy-
drochloric acid. This solution was standardized us-
ing dichromate procedure[23]. More dilute solutions
were prepared by appropriate dilution of the stock
solution. The stock solution of 1000gml-1 lead was
prepared by dissolving 0.1599g of Pb(NO

3
)
2
 (Merck)

in water and diluted to 100ml in a volumetric flask.
The required concentration of lead solution was pre-
pared by appropriate dilution of the stock
solution.A3.0mol l-1 nitric acid solutionwas prepared
by diluting 20ml of HNO

3
(Merck) to 100ml in a

volumetric flask.
Oxime I was synthesized and purified as follows:

40ml of ortho-aminophenol was dissolved in a mix-
ture of 40ml methanol and 67ml ethanol, and 27ml
of double distilled water was added. Then, 20mmol
dichloroglyoxime dissolved in 20ml methanol was
added instantly, and the obtained solution was stirred.
A white brown precipitated product will have ap-
peared slowly after 5min. After addition of 20mmol
sodium bicarbonate, the mixture was stirred for 3h.
Finally, the precipitated product, was filtered out,
washed with cold ethanol, and recrystallized from
water/methanol(3:1) mixture. The structure of the

EXPERIMENTAL

Apparatus

A Philips PU9100X flame atomic absorption
spectrometer was used for the determination of cop-
per, iron and lead. It was equipped with appropriate

NH

HO-N N-OH

NH

OH HO
Oxime 1
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compound was confirmed by NMR and FT-IR spec-
trometry[31].

General procedure

A funnel-tipped glass tube(80mm length and 8mm
i.d.)with a very fine bore was used as a
preconcentration column. It was filled with the ad-
sorbent slurry to a height of  7cm after slightly press-
ing the adsorbent in the column with a flat glass rod.
Solution(500ml) containing 5-50, 10-50 and 10-150ng
ml-1 of Cu, Fe and Pb, respectively, 1.9310-5mol l-1

bis(2-hydroxyphenylamino) glyoxime (oxime I) and
formate buffer solution(pH 4) was passed through the
column at a flow rate of 10ml min-1. The column pack-
ing was then washed with a small volume of water
and the naphthalene material was pushed down with
a flat glass rod to eliminate the excess water attached
to naphthalene. The metal ion complexes were eluted
with 5ml of HNO

3
 solution (3.0mol l-1) and Cu, Fe

and Pb were determined by FAAS. A blank solution
was also run under the same analytical conditions with-
out adding any Cu, Fe and Pb.

RESULTS AND DISCUSSION

The preliminary experiments showed that Cu, Fe
and Pb complexes with bis(2-hydroxyphenylamino)
glyoxime(oxime I), could be simultaneously retained
on the methyltrioctyl ammonium chloride-naphtha-
lene adsorbent. Therefore, the retention of these
complexes on a column containing methyltrioctyl
ammonium chloride-naphthalene adsorbent was cho-
sen for simultaneous preconcentration of Cu, Fe and
Pb with subsequent determination by FAAS.

Effect of pH

The effect of pH of the test solution on the re-
tention of Cu, Fe and Pb was studied. The pH val-
ues of solutions containing Cu, Fe and Pb complexes
with bis(2-hydroxyphenylamino) glyoxime (oxime I)
was adjusted in the range of 2-6 using appropriate
buffer solutions and the general procedure was fol-
lowed. The results of this study showed that maxi-
mum retention of the Cu, Fe and Pb was obtained at
pH 4 (Figure 1). Thus a formate buffer with pH 5.
was selected for further work.

Effect of oxime (1) concentration

The effect of oxime1 concentration on the reten-
tion of the Cu, Fe and Pb complexes was also investi-
gated. The concentration of OXIME1 was varied in a
number of 100 ml  volumetric flasks containing 50,
50 and 150ng ml-1 of Cu, Fe and Pb, respectively, and
the general procedure was followed. The results shown
in figure 2 indicate that the concentration of OXIME1
did not affect the retention of the all copper and iron
ions very much. However, the retention of lead was
increased with increasing OXIME1 concentration up
to 1.9310-5mol l-1 and remained constant at higher
concentrations. This behavior could probably be due
to the difference in the formation constants of the
metal ion complexes and the number of moles of the
ligand required for each metal ion to form a complex.
Therefore, OXIME1 concentration of 1.9310-5mol

Figure 1 : The effect of pH on the absorbance of the (a) 50
ng ml-1 of Cu, (b) 50ng ml-1 of Fe and (c) 150ng ml-1 of Pb.
Conditions: volume of the sample 100ml, bis(2-hydroxyphenylamino)
glyoxime (oxime I) (OXIME1) concentration 1.930-5mol l-1.

Figure 2 : The influence of bis(2-hydroxyphenylamino)
glyoxime (oxime I) concentration on the absorbance of
(a) 50ng ml-1 of Cu, (b) 50ng ml-1 of Fe and (c) 150ng ml-1

of Pb
Conditions: volume of the sample 100ml, pH 4.
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l-1 was selected as optimum.

Effect of nitric acid as the eluent

Studies were carried out to investigate the influ-
ence of different acids as eluents for the retained
complexes. Nitric acid was chosen as an eluent ow-
ing to its effective elution of the adsorbed complexes.
The effect of eluent concentration on the absorbance
of eluted solution containing Cu, Fe and Pb was ex-
amined. The absorbance of all three ions was in-
creased, as the HNO

3 
concentration increased up to

3.0mol l-1 and it remained constant above this con-
centration. Therefore a nitric acid concentration of
3.0mol l-1 was selected for subsequent studies. In
order to choose proper volume of the eluent, the
retained complexes were stripped with different vol-
umes (3-10ml) of 3.0mol l-1 nitric acid. 10ml would
not be suitable because it gave a smaller
preconcentration factor and 3ml was not sufficient
for the elution. Hence, 5ml of 3.0mol l-1 nitric acid
was chosen for subsequent elution of the metal ion
complexes for more convenient.

The effect of amount of methyltrioctyl ammo-
nium chloride

The amount of methyltrioctyl ammonium chlo-
ride loaded on naphthalene was optimized and the
results are shown in figure 3.Aloading of 1g of
methyltrioctyl ammonium chloride on 10g of naph-
thalene gave highest absorbance for the three ions.

Effect of sample and elution flow rate

The retention of Cu, Fe and Pb complexes with
OXIME1 on naphthalene adsorbent was not affected
by sample flow rates in the range of 2-8 ml min-1.
Thus the experiments were performed at a sample
flow rate of 8mlmin-1 which was the maximum flow
rate attainable by the pump we used. It is the same
for the elution flow rate and flow rates in the range
of 2-8 ml min-1 can be applied without any loss in
recovery.

Effect of sample volume

The volume of the aqueous-phase was varied
from 25 to 500ml all containing same amounts of
Cu, Fe and Pb so that the final solutions after per-
forming the preconcentration procedure would have
the same concentrations. It was found that the ab-
sorbance was constant in all solutions after follow-
ing the preconcentration procedure. However, at
higher volumes the analysis time is increased. There-
fore a preconcentration factor of 100 can be easily
achieved when using 500 ml nitric acid concentra-
tion of 3.0mol l-1 was selected for subsequent stud-
ies. In order to choose proper volume of the eluent,
the retained complexes were stripped with different
volumes(3-10ml) of 3.0mol l-1 nitric acid. 10ml would
not be suitable because it gave a smaller
preconcentration factor and 3ml was not sufficient
for the elution. Hence, 5ml of 3.0mol l-1 nitric acid
was chosen for subsequent elution of the metal ion
complexes for more convenient.

The effect of amount of methyltrioctyl ammo-
nium chloride

The amount of methyltrioctyl ammonium chlo-
ride loaded on naphthalene was optimized and the
results are shown in figure 3. Aloading of 1 g of
methyltrioctyl ammonium chloride on 10 g of naph-
thalene gave highest absorbance for the three ions.

Effect of sample and elution flow rate

The retention of Cu, Fe and Pb complexes with
OXIME1 on naphthalene adsorbent was not affected
by sample flow rates in the range of 2-8ml min-1.
Thus the experiments were performed at a sample
flow rate of 8mlmin-1 which was the maximum flow
rate attainable by the pump we used. It is the same
for the elution flow rate and flow rates in the range

Figure 3 : The effect of the amount of methyltrioctyl
ammonium bromide loaded on the column: (a) 50ng
ml-1 of Cu, (b) 50ng ml-1 of Fe and(c)150ng ml-1 of Pb.
Conditions: Volume of the sample 100ml, pH4, bis(2-hydroxypheny

lamino) glyoxime (oxime I) concentration 1.9510- mol l-1.
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of 2�8 ml min-1 can be applied without any loss in
recovery.

Effect of sample volume

The volume of the aqueous-phase was varied
from 25 to 500ml all containing same amounts of
Cu, Fe and Pb so that the final solutions after per-
forming the preconcentration procedure would have
the same concentrations. It was found that the ab-
sorbance was constant in all solutions after follow-
ing the preconcentration procedure. However, at
higher volumes the analysis time is increased. There-
fore a preconcentration factor of 100 can be easily
achieved when using 500ml of the sample and
eluting the column with 5ml of nitric acid.

The sorption capacity

The sorption capacity of the adsorbent was de-
termined by batch process. The adsorbent slurry was
filtered on a filter paper and air-dried. Adsorbent(1
g) was equilibrated with 100ml of a solution con-
taining 1, 1 and 5gml-1 of copper, iron and lead,
respectively, for 24h at optimum conditions. The
loading capacity for each metal ion was calculated
from the difference between the metal ion concen-
tration before and after adsorption. The values were
100, 100 and 300g g-1 of adsorbent for copper, iron
and lead, respectively.

Kinetics of the metal sorption

The rate of loading of Cu, Fe and Pb ions on the
adsorbent was determined by batch experiment.
Adsorbent(1g) was stirred with 100ml solutions con-
taining 50, 50 and 250ng ml-1 of copper, iron and
lead, respectively, for different time intervals. After
a predetermined time, the amount of metal ions
loaded was determined using the general procedure.
The variation of sorption as a function of time for
the metal ions is shown in figure 4. The loading half
time t

1/2
 defined as the time to reach 50% of total

loading capacity as estimated from figure 4 is about
7 min for copper and iron and 15 min for lead. It is
also observed that an equilibrium time of 15min was
required for 95-99% sorption of copper and iron and
30 min for 90% sorption of lead.

Analytical performance

The calibration graphs were obtained using the
recommended procedure under the optimum condi-
tions with a sample volume of 500 ml. Linear graphs
were obtained in the range of 5-40, 10-100 and 10-
200ng ml-1 for Cu, Fe and Pb in the initial solution,
respectively. (The concentration range in the final
solution after preconcentration is in the range of 0.5-
5.0, 1.0�5.0 and 1.0�15.0 µgml-1 for Cu, Fe and Pb,
receptively.) The equations for the lines were
A=7.210-3C-3.610-4, with r=0.9995 for copper,
A=2.910-3C+ 3.010-4 with r=0.9998 for iron and
A=1.110-3C+1.710-4 with r=0.9991. The detec-
tion limit based on three standard deviations of the
blank was 2.2, 3.1 and 4.2ng ml-1 for Cu, Fe and Pb,
respectively, when using sample volume of 500ml.

The relative standard deviations(R.S.D.) for 10
replicate measurements of 10 and 30ng ml-1 of Cu
was 2.7 and 1.1%, for 10 and 30ng ml-1 of Fe was
3.6and 2.0% and for 50 and 150ng ml-1 Pb was 2.9
and 1.1%.

Effect of foreign ions

The interference of co-existing ions on the de-
termination of Cu, Fe and Pb was studied.

Figure 4 : Kinetics of metal ions sorption on the adsor-
bent: (a) 50ng ml-1 of Fe, (b) 50ng ml-1 of Cu and (c)
250ng ml-1 of Pb.

TABLE 1 : The effect of interfering ions on the re-
covery of 50, 50 and 150ng ml-1 of Cu, Fe and Pb

Recoverya(%) 
Interfering ion 

Concentration 
of interfering 

 (mg l? 1) Fe Cu Pb 

Cd2+ 1000 99±1100±2 101±3
NH4+, K+, Mg2+, Li+, 
Cl? ,NO2-, SCN- SO42-100 100±2100±3 98±2

Hg2+, Zn2+, Cr3+, Ca2+, 
Se(IV), F? , Al3+ 10 100±299±299±1

ax ts/v n at 95% confidence (n=3) ; bMasked by NaB
4
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Solution(100ml) containing 50, 50 and 150ng ml-1

of Cu, Fe and Pb, respectively, and various amounts
of foreign ions were prepared and the procedure de-
scribed in the experimental section was applied. Any
deviation of 4% or more from the absorbance value
of the standard solution was taken as interference.
TABLE 1 shows the results. As can be seen a very
good selectivity is achieved.

APPLICATION

The proposed method was applied to the
preconcentration and determination of Cu, Fe and
Pb content of tap water (Saveh , 20 February ,2007),
seawater(taken from the Caspian sea, Anzali port,
11 November 2006)water samples. The water
samples were collected in polyethylene bottles and
kept in a refrigerator before use. The seawater sample
solution(50 ml) and 500ml for tap water were treated
under the recommended procedure. Accuracy of the
results was verified by analyzing the spiked water
samples. The recoveries for these elements were very
satisfactory (TABLE 2) indicating that the method
can be used reliably for the analysis of water samples.

CONCLUSION

Up to our knowledge this is the first time naph-
thalene adsorbent is used for simultaneous
preconcentration of three ions and their determina-
tion in the same sample batch. The adsorbent is eco-
nomical and can easily be prepared. The proposed
method for  simultaneous preconcentration and sepa-

ration of Cu, Fe and Pb is selective and allows the
determination of trace amounts of these elements
to be carried out by FAAS which is an available in-
strument in almost every laboratory. The detection
limits achieved are better than some of the previ-
ously reported methods using FAAS as detection
method[12,13,18]. The linear range of the method is suf-
ficient for the determination of Cu, Fe and Pb in
some environmental samples and was successfully
applied to the determination of copper, iron and lead
in tap water and seawater water samples with good
recoveries.
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