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Abstract

A new and efficient solid phase extraction method is described for the preconcentration of trace heavy metal ions. The method is based on
the adsorption of Fe3+, Cu2+ and Zn2+ on 2-phenyl-1H-benzo[d] imidazole (PHBI) loaded on Triton X-100-coated polyvinyl chloride (PVC).
The influences of the analytical parameters including pH and sample volume were investigated. Common coexisting ions did not interfere on
the separation and determination of analytes under study. The adsorbed analytes were desorbed by using 5 mL of 4 mol L−1 nitric acid. The
preconcentration factor is 90. The detection limits (3 sigma) were in the range of 0.95–1 �g L−1. The sorbent exhibited excellent stability and its
sorption capacity under optimum conditions has been found to be more than 2.7 mg of ions per gram of sorbent. The recoveries of analytes were
generally higher than 95%. The relative standard deviations (R.S.D.s) were generally lower than 4%. The method has been successfully applied to

some real samples.
© 2008 Elsevier B.V. All rights reserved.
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. Introduction

The considerable emphasis has been carried out on the
emoval of toxic metal ions, lead to the development of a variety
f analytical methodologies. Hence, there has been considerable
rowth in the analytical chemistry of various metal ions [1–4].
ccurate and precise analyses of traces of heavy metal ions
y instrumental analysis techniques including inductively cou-
led plasma-mass spectrometry (ICP-MS), inductively coupled
lasma-atomic emission spectrometry (ICP-AES) and flame
tomic absorption spectrometry (FAAS), etc. are an important
art of the analytical chemistry [5–7], because of ecological

nd health problems associated with environmental contami-
ation continues to rise. Direct instrumental analysis of these
amples is difficult because of complex formation and signifi-
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ant matrices, which invariably influence normal instrumental
nalysis [8]. In addition, some metals have low concentrations,
hich are near or below the limit of detection of the instrument.
reconcentration can solve the above two problems and leads

o simplified heavy metal determination [9–14]. Solid phase
xtraction is a universal technique in this respect compared to the
onventional liquid extraction [15–18]. Solid phase extraction is
ased on the utilization of a major constituent as bonded station-
ry phase immobilized with different ligand or functional group.
he nature of the functional group determines the phase selec-

ivity for metal ion while the regeneration of the phase depends
n polymer matrix [15–19].

PVC-coated analytical reagent possesses some definite
dvantages [20]. It does not swell or strain, has good mechani-
al strength and undergoes heat treatment. Suitable applications

f modified PVC for the separation and preconcentration of
etal ions from large sample volume demand the process to be

oth thermodynamically and kinetically favorable. To achieve
aximum efficiency it is necessary to optimize the operational
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ariables. The time taken for the adsorption of the metal ion and
he attainment of the equilibrium condition by the immobilized
VC is of considerable importance.

The purpose of this work is to investigate the feasibility of
bsorption of these ions including, copper, iron and zinc ions on
riton X-100-coated PVC modified with 2-phenyl-1H-benzo[d]

midazole (PHBI). For obtaining maximum signal for evaluation
f these ion contents, the effective parameters, viz. pH of sam-
le, amount of PHBI and solid phase, type and concentration of
luting agent must be optimized.

. Experimental

.1. Instruments

The measurements of metal ions were performed with a
himadzu 680 atomic absorption spectrometer equipped with
hollow cathode lamp and a deuterium background correc-

or, at respective wavelengths using an air–acetylene flame.
he instrumental parameters were those recommended by the
anufacturer. A Metrohm 691 pH/Ion meter with a combined

lass–calomel electrode was used for adjustment of test solution
H.

.2. Reagent and solutions

Acids and bases were of the highest purity available from E.
erck, Darmstadt, Germany and were used as received. Dou-

ly distilled deionized water was used throughout. Nitrate salts
f lead, cadmium, mercury, cobalt, nickel, copper, zinc, magne-
ium, calcium, strontium, barium, silver, sodium and potassium
E. Merck, Darmstadt, Germany) were of the highest purity
vailable and used without any further purification. The pH
djustment was done by addition of dilute nitric acid or sodium
ydroxide to prepare the desired pH solution. The ligand BHBI
as synthesized according to literature [21] (Scheme 1).

.3. Measurement of amount of PHBI loaded on Triton
-100-coated PVC

A 10 mL of 0.005 mol L−1 NaOH solution containing 20 mg
f PHBI was added to 1 g of PVC and 50 mg of Triton X-100
n a 25-mL vial and shaken. Then a portion of the supernatant
iquid was diluted to the appropriate volume and the absorbance

f the solution was measured at maximum wavelength. Compar-
sons of the absorbance of supernatant solution with absorbance
f PHBI solution before addition indicate the amount of PHBI
dsorbed on Triton X-100-coated PVC.

Scheme 1. The structure of ligand.
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.4. Preparation of PHBI-coated PVC

50 mg of Triton X-100 and 20 mg of PHBI were added to
0 mL of water solution containing 1 g PVC particles and its
H was adjusted to 10 by addition of dilute nitric acid. The
H was adjusted to 2 with 2 mol L−1 hydrochloric acid to form
HBI-impregnated ad-micelles on PVC particles while shaking

he suspension with a stirrer. After mixing for 15 min, the super-
atant solution was discarded and the remaining was packed
nto a column. The column was washed by passing 5 mL of
mol L−1 HNO3, and then the column was neutralized with
.01 mol L−1 aqueous ammonia. When kept in a refrigerator the
orbent is stable at least for 1 week. The concentration of Triton
-100 was fixed below the critical micellization concentration
f Triton X-100.

.5. Model studies

The performance of method was tested with model solution
rior to its application to real samples. pH of the 200 mL of
he model solution containing analytes was adjusted by addi-
ion of dilute nitric acid or sodium hydroxide to prepare the
esired pH solution. The solutions were contacted for 80 min
ith solid phase. The adsorbed ions were then eluted with
mL of 4 mol L−1 nitric acid in acetone. The analyte ions

n the eluent were determined by flame atomic absorption
pectrometer.

.6. Pretreatment and analysis of real samples

The orange juice was treated according to literature [22].
ll the real samples were prepared according to our previous
ublications [23–25]. Then the procedure given in Section 2.5
as applied to each sample.

. Results and discussion

.1. Influences of pH

The PHBI chemical structure shows that it could behave as
basic substance. In acidic media active nitrogen sites could be
rotonated. This reveals that the mechanism of sorption of ions is
H dependent and pH could affect the stability of the complexes.
ne of the most important factors in a solid phase extraction
rocedure is the pH of the aqueous phase for the quantitative
ecoveries [26–33]. The reaction between analyte ions and the
omplexing agent can be influenced by changes of pH value.
he influences of the pH on iron, copper, zinc and PHBI sorption
nto Triton X-100-coated PVC was investigated over the range
rom 2.0 to 9.0 keeping other parameters constant. Fig. 1 shows
hat iron, zinc and copper were effectively adsorbed in pH of
.0.
.2. Effects of amounts of PHBI

The sorbent was employed in this work as a proper ligand
or the extraction of trace of these ions from aqueous solu-
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ig. 1. Effect of pH on the recoveries of analyte ions (eluent: 5 mL of 4 mol L−1

itric acid, n = 3).

ions. While cross-linked PVC shows only a little tendency (less
han 10%), Triton X-100-coated (less than 40%) for the extrac-
ion of these ions, PHBI loaded on Triton X-100-coated PVC
s capable of extracting these ions from the sample solutions
uantitatively.

Due to the amount of PHBI, which is also an important fac-
or in the preconcentration studies for the quantitative recoveries
f analyte ions from the working media, the influences of the
HBI amounts on the retention of Fe3+, Cu2+ and Zn2+ on Tri-

on X-100-coated PVC was also examined in Fig. 2. Maximum
ecovery at 200 mL of 0.2 �g mL−1 for all analyte ions could
e achieved using 20 mg PHBI. A series of different amounts
f the solid sorbent (0.25–1.5 g) were used for sorption of ions
rom 200 mL of 0.2 �g mL−1 of these ions solutions. The per-
ent adsorption of ions using different amount of the sorbent
howed that the appropriate amount of the solid sorbent could
e 1.0 g.

.3. Effects of amounts of PVC

The influences of the amounts of PVC in solid phase were
lso investigated. The results are given in Fig. 3. The recoveries

f analytes above 1.0 g of solid phase were below 95% with
mL of the eluent. In the proposed procedure, 1.0 g of PVC is

ecommended.

ig. 2. Effect of amount of PHBI on recoveries of analyte ions (pH 6, eluent:
mL of 4 mol L−1 nitric acid, n = 3).
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ig. 3. Effect of amount of PVC on the recoveries of analyte ions (pH 6, eluent:
mL of 4 mol L−1 nitric acid, n = 3).

.4. Effect of type of surfactant and amount of Triton X-100

The influence of Triton X-100 on the percentage of com-
lexed ions adsolubilized was investigated by contacting 200 mL
f a solution containing 40 �g of each ion with solid phase
ontaining 50 mg of different surfactant including sodium dode-
yl sulphate (SDS), Triton X-100, cetyl trimethylammonium
romide (CTAB) and dodecyl trimethylammonium bromide
DTAB) and various amounts of PVC and 20 mg PHBI at pH
.0. In the absence of surfactant, ions were not retained quanti-
atively on solid phase extraction (SPE). Quantitative recoveries
ere obtained only with Triton X-100.
For examining the effect of Triton X-100, a set of similar

xperiment using solid phase compromise of 1 g PVC and dif-
erent amount of Triton X-100 were conducted. The results are
resented in Fig. 4. As can be seen by using Triton X-100, com-
lete and reversible adsorption–desorption could be achieved.
he retention of metal ions on hemi-micelles, which have a
ydrophobic surface, was clearly dependent on analyte com-
lex polarity. Therefore, addition of Triton X-100 is necessary.
he formation of minute amounts of ad-micelles was essential

o achieve complete adsolubilization of these ions as respec-
ive complex. At surfactant concentrations higher than about

0 mg g−1 PVC, a decrease in the percentage of ions retained
as observed as a result of the formation of micelles.

ig. 4. Influences of Triton X-100 concentration on recovery values (pH 6,
luent: 5 mL of 4 mol L−1 nitric acid, n = 3).
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Table 1
Effect of type and concentration of eluting agent on recovery of analytes (n = 3,
pH 6)

Eluent Recovery (%)

Zn Cu Fe

H3PO4 (4 mol L−1) 40 ± 3 23 ± 4 28 ± 4
HCl (4 mol L−1) 90 ± 1 77 ± 2 63 ± 3
H2SO4 (4 mol L−1) 18 ± 4 21 ± 4 57 ± 2
CH3COOH (4 mol L−1) 37 ± 3 26 ± 4 19 ± 4
HNO3 (1 mol L−1) 53 ± 2 43 ± 3 48 ± 3
HNO3 (2 mol L−1) 75 ± 2 68 ± 2 63 ± 2
HNO3 (3 mol L−1) 90 ± 1 87 ± 2 83 ± 2
HNO3 (4 mol L−1) 100 ± 1 98 ± 1 98 ± 1
HNO3 (4 mol L−1) 2 mL 50 ± 3 40 ± 3 45 ± 4
HNO3 (4 mol L−1) 4 mL 81 ± 3 70 ± 3 97 ± 3
HNO3 (4 mol L−1) 6 mL 100 ± 1 98 ± 1 97 ± 1
H
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lated under optimal experimental conditions after application
of the preconcentration procedure to blank solutions. The lim-
its of detection of the proposed method for the determination
of investigated elements were studied under the optimal exper-

Table 2
Effects of the interferences ions on the recoveries of the examined metal ions
(n = 3, pH 6)

Ion Interference/analyte
amount

Recovery (%)

Zn Cu Fe

Ba2+, Mg2+, Ca2+ 1000 100a 99 97
Na+, K+, Li+ 1000 100 97 96
Al3+ 1000 100 98 95
Ni2+ 450 97 94 92
Hg2+ 200 97 92 91
CH3COO− 900 98 91 90
Ti3+ 1000 100 98 99
Ag+ 150 95 94 91
Mn2+ 600 99 95 93
SO4

2− 600 99 95 93
2+
NO3 (4 mol L−1) 8 mL 94 ± 2 83 ± 2 89 ± 2
NO3 (4 mol L−1) 10 mL 96 ± 2 81 ± 2 95 ± 2

.5. Eluent types and eluent volume

In order to choose the most effective eluent for desorbing
he metal ions from the sorbent surface, a series of eluents (dif-
erent acids) were used in order to find a selective eluent for
esorbing enriched ions from sorbent surfaces. A total of 5 mL
f 4.0 mol L−1 of the above-mentioned eluents were used for
esorbing the adsorbed ions. The results (Table 1) showed that
he recovery is best when nitric acid solution was used as the
luent. The influence of the concentration of nitric acid on the
esorption of these ions was studied. For desorbing 40 �g of
ons, already adsorbed on 1.0 g of adsorbent, different concentra-
ions of the eluent (nitric acid) have been used. At concentrations

ore than 4 mol L−1 the extraction efficiency reached maxi-
um.

.6. Reusability of the synthetic adsorbent

The prepared synthetic sorbent was subjected to several load-
ngs with metal solution and elution with suitable eluent by
atch method. The shaking was continued up to 2 h and the des-
rbed metal ion was estimated following the procedure described
n earlier section. The sorption and desorption were repeated
everal times on the same adsorbent and the metal ion eluted
ach time was estimated. The capacity of the synthetic adsor-
ent practically did not change after repeated use of even 10
imes.

.7. Preconcentration factor

The elution volume strongly affects the preconcentration fac-
or, defined as the ratio of sample volume to elution volume.
y applying the optimum conditions volumes up to 450 mL
f 10 �g mL−1 of these ions can be completely adsorbed on

he solid phase and could be easily desorbed and detected by
AS. This shows that a preconcentration factor of 90 and load-

ng capacity of 2.7 mg g−1 of solid phase is achievable by the
ystem.

P
C
C
C
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.8. Reproducibility of the process

In order to find the relative error in the determination
f ions, the recommended procedure was repeated seven
imes under optimum conditions. The relative standard devi-
tion (R.S.D.) was found to be 2.04% (n = 7). The prepared
orbent was subjected to several loadings with the sample solu-
ion and subsequent elution with eluent. The capacity of the
dsorbent did not change after 10 cycles of sorption and desorp-
ion.

.9. Effect of matrix ions

To assess the possible applications of the procedure, the effect
f foreign ions which interfere with the determination of iron,
opper, zinc and lead ions by the presented method or/and often
ccompany analyte ions in various real samples was exam-
ned with the optimized conditions at above. A fixed amount
f analytes was taken with different amounts of foreign ions and
ecommended procedure was followed. The recoveries of ana-
ytes were higher than 95%. Tolerable limit was defined as the
ighest amount of foreign ions that produced an error not exceed-
ng 5% in the determination of investigated analyte ions by the
ombination of Triton X-100-coated PVC solid phase extraction
rocedure and the flame atomic absorption spectrometric deter-
ination methods. The results are summarized in Table 2. As it

s seen, large number of ions used have no considerable effect
n the determination of analyte ions.

.10. Figures of merit

The detection limit (LOD) of the present work was calcu-
b 450 98 91 90
o2+ 500 98 96 95
d2+ 350 99 93 91
l− 400 97 92 90

a All S.D.s are between 1% and 2.5%.
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Table 3
Levels of analyte ions in soil, blood and vegetable samples (n = 3, pH 6)

Added (�g g−1) Blood Soil lotus (tree)

Found (�g g−1) R.S.D. (%) Recovery
(%)

Found (�g g−1) R.S.D. (%) Recovery
(%)

Found (�g g−1) R.S.D. (%) Recovery
(%)

Fe 0.0 0.492 1.0 – 0.175 1.2 – 0.245 1.3 –
0.2 0.697 0.8 102.5 0.384 1.0 104.5 0.450 0.9 102.5

Cu 0.0 0.168 1.3 – 0.209 1.1 – 0.265 1.4 –
0.2 0.376 0.9 104.0 0.415 0.9 103.0 0.473 1.0 104.0
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n 0.0 0.146 1.3 – 0.154
0.2 0.351 0.9 102.5 0.358

mental conditions. The detection limits based on three times
he standard deviations of the blank (n = 5, XL = Xb + 3s, where
L is the limit of detection and Xb is the blank value) for Fe3+,
u2+ and Zn2+ were found to be 0.95, 1.58 and 1.23 �g L−1,

espectively.

.11. Applications

We have explored the feasibility of the methodology given
n Section 2 using preconcentration with Triton X-100-coated
VC for the determination of Cu2+, Zn2+and Fe3+ in different
nvironmental matrices by standard addition method. Reliability
as checked by spiking experiments and independent analysis.
he results for this study are presented in Table 3 for blood,
oil and lotus tree samples and in Table 4 for river water and
range juice. The recovery of spiked samples is satisfactorily
easonable and was confirmed using addition method, which
ndicates the capability of the system in the determination of
u2+, Zn2+and Fe3+. A good agreement was obtained between
he added and measured analyte amounts. The recovery values
alculated for the added standards were always higher than 95%,
hus confirming the accuracy of the presented procedure and its
ndependence from the matrix effects.

able 4
ecovery of trace elements from spiked environmental samples after application
f presented procedure (n = 3, pH 6)

on Added (�g mL−1) Found (�g mL−1) R.S.D. (%) Recovery (%)

iver water

e 0 0.089 1.4 –
0.2 0.295 0.9 103.0

u 0 0.079 1.3 –
0.2 0.283 0.9 102.0

n 0 0.046 1.3 –
0.2 0.249 0.9 101.5

range juice

u 0 0.162 1.0 –
0.2 0.368 0.8 103.0

n 0 0.294 1.0 –
0.2 0.501 0.8 103.5

e 0.0 0.678 0.8 –
0.2 0.883 0.6 102.5
1.1 – 0.148 1.4 –
0.9 102.0 0.355 1.0 103.5

. Conclusions

The method is relatively rapid as compared with previously
eported solid phase extraction procedures for the enrichment of
etal ions at trace levels. The presented procedure was success-

ully applied to analyte ion contents of various environmental
amples including natural waters. The recoveries of analytes
rom the model solutions including diver ions up to the high
olerance limit were almost quantitative (>95%). The detec-
ion limits of analyte ions investigated are superior to those of
reconcentration techniques for analyses [34–42]. The good fea-
ures of the proposed method showed that it is a convenient and
imple one. Also the presented method is relatively rapid as com-
ared with previously reported procedures for the enrichment of
nalytes in real samples.
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