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The potential removal and preconcentration of lead (II), copper (II), chromium (III) and iron (III) from
wastewaters were investigated and explored. Three new alumina adsorbents of acidic, neutral and basic
nature (I-III) were synthesized via physical adsorption and surface loading of 1-nitroso-2-naphthol
as a possible chelating ion-exchanger. The modified alumina adsorbents are characterized by strong
thermal stability as well as resistance to acidic medium leaching processes. High metal up-take was
found providing this order: Cu(II)> Cr(Ill) > Pb(Il) owing to the strong contribution of surface loaded

iﬁl r‘/rvl?rr]gS: 1-nitroso-2-naphthol. The outlined results from the distribution coefficient and separation factor eval-
1-Nitroso-2-naphthol uations (low metal ion concentration levels) were found to denote to a different selectivity order:
Removal Pb(II) > Cu(II) > Cr(III)) due to the strong contribution of alumina matrix in the metal binding processes.
Heavy metals The potential applications of alumina adsorbents for removal and preconcentration of Pb(II), Cu(1I), Cr(III)
Wastewater from wastewaters as well as drinking tap water samples were successfully accomplished giving recovery

values of (89-100+ 1-3%) and (93-99 & 3-4%), respectively without any noticeable interference of the

wastewater or drinking tap water matrices.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Removal of toxic heavy metals such as lead, mercury, cadmium,
chromium and arsenic from various wastewaters is considered
as one of the most important and challenging areas of water
treatments. The rapid and growing industrialization have led to
excessive disposal of heavy metals creating major environmental
pollution problems and global concern [1]. Moreover, heavy metals
are often detected in wastewaters as a result of industrial activ-
ities [2]. Heavy metals are known for their non-biodegradability
and accumulation in living systems, causing serious diseases and
disorders.

Various methods of heavy metals removal from wastewaters
have been the subject of different researches [3-6]. Most of these
processes are unacceptable owing to their high cost, low efficiency,
disposal of sludge, inapplicability to a wide range of pollutants
[2]. Adsorption, on the other hand, is one of the most recom-
mended physico-chemical treatment processes that is commonly
used and applied for heavy metals removal from water samples
and aqueous solutions. In addition, adsorption process is well
recognized as one of the most efficient methods for removal of
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heavy metals from their matrices. Adsorption is mainly based on
the utilization of solid adsorbents from either organic, inorganic,
biological or low cost materials [7,8]. Heavy metal removal via
adsorption by organic adsorbents is usually accomplished by the
applications of polymeric ion-exchangers in which the binding
and interaction of metal species with these adsorbents is favored
via ion-exchange mechanism or by applications of chelating poly-
mers where as the target metal ions are directly attached to this
kind of adsorbents via chelation or complex formation mech-
anism [9-12]. Naturally occurring materials, either modified or
unmodified, organic adsorbents such as chitosan and crosslinked
carboxymethyl-chitosan, polysaccharide-based materials and lig-
nocellulosic fibers with their surface characteristic functional
groups in the form of hydroxyl or carboxyl were also found
great research interests [13-15]. Biological adsorbents, referred as
biosorbents, are commonly derived from biological components
such as bacteria, fungi and algae that are characterized and capable
of complex formation and/or ion-exchange reactions with metal
ions via their functional groups in a process known as biosorption
[16,17]. Removal and extraction of heavy metals based on applica-
tions of biosorption approach are commonly performed owing to
the major advantages of various biosorbents such as the econom-
ical nature, eco friendly behavior, regeneration for multiple uses
and high selectivity toward different metals [2]. Low cost adsor-
bent materials originated from industrial products or wastes are
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also known as biosorbents and widely used for removal of heavy
metals from water samples and these include components of plants,
wood, grasses, compost, peat moss and carbon materials [18-24].

Inorganic solid adsorbents as alumina, silica and zirconia are
well characterized by their high mechanical properties and strong
resistivity to thermal degradation as compared to other biosor-
bents or organic adsorbents. In addition, several other advantages
of alumina are characterized when used and applied as adsor-
bent for heavy metals removal and these include high surface
area, existence in several structures and amphoteric properties
[25]. Activated form of alumina is also considered as one of the
most commonly used adsorbent for heavy metal removal, precon-
centration and separation of trace amounts of elements in flow
injection-atomic spectrometry [26]. Several reports were focused
and published on the utilization of alumina types for removal of
toxic heavy metals from various matrices as well as preconcentra-
tion and determination of lead in drinking waters [27]. Activated
alumina can be used as both cation and anion-exchangers, depend-
ing on solution pH. Under basic conditions, alumina displays a high
affinity for a wide range of cationic species [28,29] while under
acidic conditions it exhibits a high affinity for anionic species [30].
Removal of Se(IV) and Se(VI) from water by alumina-coated sand
was studied and reported [31]. A method was described for the
immobilization of 2-mercaptonicotinic acid on the surface of three
different alumina adsorbents for preconcentration of Pb(II) and
Cu(II) from sea water [32]. Alumina adsorbents—physically loaded
thiosemcarbized and thiosemicarbazone derivatives were recently
reported for Cr(Ill)/Cr(VI) speciation in various water samples
[33-35]. Heavy metal removal and binding properties of physically
adsorbed 2-thiouracile on the surface of porous alumina from water
samples was also described and reported [36]. Other applications
of modified alumina adsorbents were also reported for removal of
various toxic heavy metals from different water samples [37-39].

The present study deals with a simple, direct and efficient
surface modification procedure via physical immobilization of
1-nitroso-2-naphthol, as an important analytical reagent and
chelating ion-exchanger [40-42], for the formation of three mod-
ified adsorbents (I-III) based on acidic, neutral and basic alumina
matrices. The feasibility of modified alumina adsorbents along with
their characteristic bi-functionality based on alumina surface active
groups and active donor atoms (N and O) of 1-nitroso-2-naphthol
was investigated and explored in this work for removal and pre-
concentration of lead (II), copper (II), chromium (III) and iron (III)
as well as other heavy metal ions from wastewater and drinking
tap water samples by static and dynamic techniques.

2. Experimental
2.1. Chemicals and solutions

1-Nitroso-2-naphthol (formula weight=173.17 and melting
point =106 °C) was purchased from Aldrich Chemicals and used as
received. Three alumina types of standard specifications (150 mesh,
58 A°, and surface area=155m?/g) were purchased from Aldrich
Chemical Company, USA. The first type is an acidic alumina with
a pH-value of 4.5+0.5 for the aqueous suspension. The second
alumina type is a neutral with an assigned pH 7.0+ 0.5 of aque-
ous suspension and the third alumina phase is a basic type with a
pH-value of 9.5+ 0.5.

Buffer solutions with pH 1.0, 2.0, 3.0, 4.0, 5.0, 6.0 and 7.0 were
prepared from 1.0 M hydrochloric acid solution and 1.0 M sodium
acetate trihydrate solution by mixing the appropriate volumes of
the two solutions and diluting to 1.01. The pH-value of resulting
solutions was adjusted by a pH meter. Hydrochloric acid, sodium
acetate trihydrate and metal salts are all of analytical grade and

purchased from Aldrich Chemical Company, USA and BDH Limited,
Poole, England. The metal ion solutions were prepared from doubly
distilled water (DDW).

2.2. Instrumentation

Thermolyne 47900 furnace was used to determine the mmol/g
surface coverage values of modified alumina adsorbents via ther-
mal desorption analysis. Infrared spectra of the modified alumina
adsorbents (I-III) were recorded from KBr pellets by using a
PerkinElmer spectrophotometer, model 1430. The electron impact
mass spectra of blank alumina, chelating compound and modified
alumina adsorbents (I-1II) were carried out using a Varian MAT 212
mass spectrometer equipped with a direct insertion probe (DIP)
in the Institute for Inorganic and Analytical Chemistry, Muenster
University, Germany. The mass spectral sheets were computerized
to give I/Base and its corresponding mass. The pH-measurements
of the metal ions and buffer solutions were carried out with an
Orion 420 pH-meter and this was calibrated against standard buffer
solutions of pH 4.0 and 9.2. Atomic absorption analysis for deter-
mination of the metal concentration was performed by using a
SHIMADZU model AA-6650.

2.3. Synthesis of alumina adsorbents—physically
immobilized-1-nitroso-2-naphthol adsorbents (I-11I)

A sample of 1.73g (10.0 mmol) of 1-nitroso-2-naphthol was
weighed and transferred to a 250 ml conical flask. 100 ml of toluene
was then added to this sample and allowed to stir on cold until
complete dissolution of the organic modifier. To this solution
10.04+0.1g of alumina, either acidic, neutral or basic type was
added and the reaction mixture was further stirred for 4h. The
newly modified alumina adsorbents (I-IIl) were filtered, washed
with 100 ml toluene on three times, 50 ml ethyl alcohol and finally
with 50 ml of diethyl ether. Alumina adsorbents (I-III) were then
allowed to dry in an oven adjusted to 60 °C for 8 h.

2.4. Surface coverage determination

The determination of surface coverage values of modified alu-
mina adsorbents (I-III) were accomplished by thermal desorption
method. In this method, 100+ 1 mg of the dry alumina adsor-
bents (I-1I) was weighed and ignited at 550 °C in a muffle furnace.
The initial temperature was set at 50°C and gradually increased
to 550°C in about 20 min. The ignited alumina was then kept at
this temperature for 1h and left to cool down inside the furnace
till 70°C. The sample was transferred to a desiccator and left to
reach to the room temperature. The weight loss of the organic
chelating compound was determined by the difference in sam-
ple weights before and after the process of thermal desorption.
Blank samples of alumina adsorbents were also subjected to the
same thermal desorption procedure as described for comparison
with the results obtained for alumina-physically loaded-1-nitroso-
2-naphthol adsorbents (I-III).

2.5. Stability test of alumina adsorbents (I-111) in acidic solutions

A sample of modified alumina adsorbent (0.5 g) was mixed with
50 ml of the selected buffer solutions (pH 1-7) in a 100 ml volumet-
ric flask and automatically shaken for 1 h. The mixture was filtered,
washed with another 50 ml portion of the same buffer solution
and DDW and dried at 70°C. 25.0 + 1 mg of the buffered alumina
adsorbent was added to a solution containing 9.0 ml of buffer (pH
6) and 1.0ml of 0.1 molar of Cu(Il). The mixture was automati-
cally shaken for 30 min and the degree of hydrolysis of alumina
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adsorbents (I-1II) in different buffer solutions was determined from
the metal up-take values of Cu(lII).

2.6. Determination of metal adsorption capacity

Batch equilibrium technique was used to determine the metal
adsorption capacity values (umol/g) of modified alumina adsor-
bents (I-III). A series of metal ions including Mg(II), Ca(Il), Mn(II),
Cr(III), Fe(III), Co(II), Ni(II), Cu(Il), Zn(Il), Cd(II), Hg(I) and Pb(II)
in various buffer solutions (pH 1.0, 2.0, 3.0, 4.0, 5.0, 6.0 and 7.0)
were used and the metal adsorption capacity values were deter-
mined in triplicate. In this method, 50 + 1 mg of the dry adsorbent
was weighed and added to a mixture of 1.0 ml of 0.1 M metal ion
and 9.0 ml of the selected buffer solution into a 50 ml measuring
flask. These were then shaken at room temperature for 30 min by
an automatic shaker. After equilibration, the mixture was filtered
and washed three times with 100 ml-DDW. The unbounded metal
ion was subjected to complexometric titration using 0.01M-EDTA
solution or by atomic absorption spectrophotometric analysis.

Batch equilibrium technique was also used and applied to study
the effect of shaking time intervals (1, 5, 10, 15, 20, 25 and 30 min)
on the metal adsorption capacity and the extraction percentage of
some selected metal ions according to the following procedure. A
sample of dry alumina adsorbent, 50 & 1 mg, was added to a mixture
of 1.0 ml of 0.1 M of each metal ion and 9.0 ml of the optimum buffer
solution. This mixture was shaken for the selected period of time,
filtered, washed with 100 ml DDW and the unextarcted metal ion
by alumina adsorbent was determined by complexometric EDTA
titration.

2.7. Determination of the distribution coefficient

Determination of the distribution coefficient values of modi-
fied alumina adsorbents (I-III) was performed by using a series
of metal ions. The selected metal ions were Mg(II), Ca(II), Mn(II),
Cr(III), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Pb(II). The con-
centration of each metal ion solution was adjusted as ~1.0 pgml~!
in 0.1 molar sodium acetate solution except Fe(Ill) was prepared
in buffer pH 2. In a 25 ml measuring flask, 100 & 1 mg of the mod-
ified alumina adsorbents (I-111) was weighed. 10 ml of 1.0 pgml-!
metal ion was then added and the flask was shaken by an automatic
shaker for 1h. This mixture was filtered and washed with 10 ml
DDW. The volume of metal ion was completed to 50 ml by using
5% hydrochloric acid solution. Standard and blank solutions of the
same metal ion were also prepared. The concentration of metal ion
in the sample, standard and blank solutions were determined by
atomic absorption analysis.

2.8. Removal and extraction of heavy metals from industrial
wastewater samples by alumina adsorbents (I-11I)

Wastewater samples were collected from Damnhour drug fac-
tory and spiked with ~1.0-2.0 wg ml~! each of Fe(Ill), Cr(III), Cu(II)
and Pb(II) followed by flame atomic absorption analysis of these
samples. The extraction procedure of these heavy metal ions from
water samples was accomplished by running 1.01 over a micro-
column packed with 500 mg of the selected modified alumina
adsorbent with a flow rate 10.0 ml min—. The effluent solution was
collected and acidified with hydrochloric acid and subjected for
atomic absorption spectrophotometric analysis of the unextarcted
metal ion. Wastewater samples were also subjected for atomic
absorption spectrophotometric analysis before running over the
micro-column. A blank sample was also measured by atomic
absorption spectrophotometric analysis for the direct comparison.

Table 1
Surface coverage and pH-values of alumina adsorbents-physically adsorbed 1-
nitroso-2-naphthol (I-1II).

Alumina phase pH-value Thermal Metal probe
desorption (mmol/g)
(mmo/g)

Blank acidic alumina 4.4 - -

Blank neutral alumina 6.7 - -

Blank basic alumina 8.9 - -

Modified acidic alumina (I) 43 0.352 0.440

Modified neutral alumina (II) 5.4 0.349 0.450

Modified basic alumina (III) 6.0 0.345 0.450

Values of mmol/g are the average of triplicate determination with ¥RSD =1-3.

2.9. Preconcentration of heavy metals from drinking tap water

Preconcentration of Cr(III), Fe(Ill) and Pb(Il) was performed
according to this procedure. 1.01 of drinking tap water sample was
spiked with ~5.0ngml-! of the target metal ion. Water samples
were then passed over a preconcentration micro-column packed
with 500 mg-modified alumina adsorbents (I-III) with a flow rate
of (~10.0mlmin~') under air pressure. The adsorbed metal ion
on the alumina surface was desorbed by the flow of 5.0ml of
concentrated nitric acid and determined by atomic absorption
analysis to identify the percentage recovery and preconcentration
values.

3. Results and discussion
3.1. Surface coverage and characterization

Determination of the surface coverage values of modified alu-
mina adsorbents can be accomplished by several well known
methods including thermal desorption method as well as metal
probe testing method [32-34]. The surface coverage values
of the newly modified alumina-physically adsorbed 1-nitroso-
2-naphthol adsorbents (I-IlI) were determined by these two
previously mentioned methods. The determined surface cover-
age values based on this method were found to be 0.352, 0.349
and 0.345mmol/g for modified alumina adsorbent-physically
adsorbed 1-nitroso-2-naphthol (I), (II) and (III), respectively. These
values confirm the possible binding via adsorption of 1-nitroso-2-
naphthol on the surface of either an acidic, neutral or basic alumina
type. The closeness in the mmol/g surface coverage values for these
modified alumina adsorbents (I-III) proves that there is no role for
the pH-values of the blank unmodified acidic, neutral and basic
alumina adsorbents in the physical adsorption process. The reason
for such similar behavior and trends of newly modified alumina
adsorbents (I-III) is mainly due to the close pH range (4.3-6.0) of
these adsorbents as listed in Table 1. The second method used in
this work for determination of the surface coverage values is the
metal probe testing. In this method, the highest bound metal to
the surface of newly modified adsorbent, as determined and evalu-
ated by the metal sorption capacity p.mol/g value, is usually taken
as a representative value for the surface coverage of this modi-
fied adsorbent. According to this method, the estimated surface
coverage mmol/g value for modified acidic alumina adsorbent (I)
was found to be 0.440 mmol/g based on the value of metal sorp-
tion capacity of Cu(ll). The modified neutral and basic alumina
adsorbents-physically adsorbed 1-nitroso-2-naphthol (II) and (III)
were found to be 0.450 mmol/g as identified from the metal capac-
ity values of Cu(Il) with these two alumina adsorbents. The reason
for such high surface coverage determination by this method may
be attributed to the contribution of the alumina matrix owing
to the ion-exchange characters incorporated into these types of



352 M.E. Mahmoud et al. / Journal of Hazardous Materials 173 (2010) 349-357

90.0

85
80
751
70
65
60
55
50

5 45
40
35
30
25
20
151
104

0. ™ T
4000.0 3000 2000

1500 1000 500 350.0

cm-!

Fig. 1. Infrared spectrum of alumina adsorbent (III).

solid supports [43,44]. Table 1 compiles the surface coverage val-
ues of newly modified alumina adsorbents—physically adsorbed
1-nitroso-2-naphthol (I-III) as determined by the thermal desorp-
tion and metal probe-testing methods. The pH-values of blank
unmodified alumina and modified alumina adsorbents (I-III) are
also listed.

Surface modification of solid supports, as alumina, with organic
modifiers, as chelating compounds, can be generally characterized
on the basis of determination and analysis of the newly mod-
ified alumina adsorbents (I-III) by infrared spectrophotometric
method. The infrared spectrum of 1-nitroso-2-naphthol exhibited
several characteristic infrared peaks at 3450, 3150, 1550, (1638,
1581, 1450)cm~! due to v-OH, v-CH aromatic, v-NO and v-
C=C, respectively. The blank acidic, neutral and basic alumina
adsorbents showed the characteristic peaks at 3600-3400, 1650
and 1000-400cm~! that are mainly due to the alumina matrix
[32]. However, the IR-spectra of modified alumina adsorbents
(I-1II) are dominated by the peaks corresponding to the alu-
mina matrix as shown in Fig. 1 and provided as a representative
example. The characteristic peaks of surface loaded 1-nitroso-2-
naphthol were identified as weak or very weak ones owing to
the determined low surface coverage or percentage of this organic
modifier.

3.2. Stability of the alumina adsorbents

3.2.1. Thermal stability

Mass spectrometry technique is one of the powerful analytical
methods of analysis for qualitative and quantitative determina-
tion of organic and inorganic compounds. It can be used for the
identification of products formation as well as study of surface
modification and thermal decomposition of loaded organic com-
pounds [45]. Thus, alumina adsorbents-chemically or physically
loaded organic compounds can be tested for surface modification
as well as thermal stability via their analysis by the mass spectro-
metric technique under electron impact ionization with a heating
range reaching to 300-350°C in a way similar to that described and
known for pyrolysis of polymer compounds by mass spectromet-
ric technique [46]. The mass spectra of 1-nitroso-2-naphthol and
blank acidic, neutral and basic alumina matrices were studied for
the sake of comparison with newly modified alumina adsorbents
(I-1II). The 70-eV EI-MS-DIP of 1-nitroso-2-naphthol as an organic
modifier was characterized by the presence of the base peak at m/z
173 (100%) as the molecular ion. In addition, two other fragment
ions at m/z 156 (46%) and 143 (12%) and these two peaks are related
to the loss of the hydroxyl and nitroso group from the molecular

ion, respectively. Some other fragment ion peaks at 127 (27%), 115
(25%),101 (7%),89 (5%),76 (3%) and 51 (3%) are related and derived
from the ionization of the naphthalene ring moiety. The 70-eV EI-
MS-DIP of blank acidic alumina exhibited a peak at m/z 18 which is
mainly due to the presence of either adsorbed water molecules on
the surface of blank acidic alumina adsorbent or to the presence of
water molecules inside the ionization chamber of the mass spec-
trometer. The latter attribution is assisted by the presence of the
mass spectral peak at m/z 44 which corresponds to the presence
of CO, molecule [47]. No other characteristic fragment ion peaks
could be identified from the mass spectrum of blank alumina. The
70-eV EI-MS-DIP spectrum of modified acidic alumina adsorbent (I)
showed also the characteristic three masses at 18, 28 and 44 which
are related to H,0, N, and CO, molecules respectively. No evidence
for the molecular ion at m/z 173, but only few low abundant (<2%)
fragment ions, that are related to the organic modifier, at m/z 143,
127,105 and 83 and these can be directly refer to the surface mod-
ification of acidic alumina with 1-nitroso-2-naphthol. In addition,
one can easily conclude that modified acidic alumina adsorbent (I)
is highly thermally stable under the studied heating temperature
range.

The same trend and observation were identified and char-
acterized in the 70-eV EI-MS-DIP spectra of modified alumina
adsorbents (II) and (III).

3.2.2. Medium stability

The stability of modified alumina adsorbents—physically
adsorbed 1-nitroso-2-naphthol (I-III) in different acidic buffer
solutions (pH 1-7) was tested to identify the possible degree of
leaching or hydrolysis of the organic chelating modifier, 1-nitroso-
2-naphthol, from the surface of each alumina adsorbent. The results
of this study proved that modified alumina adsorbent (I) is highly
stable in most buffer solutions (pH 2-6) with a percentage stability
of 91%. Only solution with pH 1.0 was found to exhibit high leach-
ing or hydrolysis (<83% stability) of the organic modifier from the
adsorbent surface. Modified neutral alumina adsorbent-physically
adsorbed 1-nitroso-2-naphthol (II) was found to be highly stable in
buffer solutions (pH 3-5) with a percentage stability of >89% while
in the other pH solutions as pH 1 and 2, the percent stability values
were found to be less than 80.0%. Newly modified basic alumina
adsorbent (III) was found to be highly stable in buffer solutions pH
3-7 with a stability value (>90%) at pH 6.0 and high leaching pro-
cesses were detected in lower pH solutions. Thus, it is evident that
the stability of these modified alumina adsorbents (I-III) are highly
identified in the working pH range 3-6.
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Table 2

Metal adsorption capacity (mol/g) in optimum pH.
Metal ion Phase (I) Phase (II) Phase(III)

p.mol/g pH p.mol/g pH pmo/g pH

Mg(Il) 00 1-7 00 1-7 00 =7
Ca(1n) 00 1-7 10 1-7 00 1-7
Cr(111) 240-270 6-7 240 6-7 240 6-7
Mn(IT) 00 1-7 00 1-7 00 1-7
Fe(1II) 100 3-4 100 3-4 80-100 3-4
Co(Il) 10 6 00 1-7 00 1-7
Ni(IT) 20-30 6-7 20-30 6-7 20-30 6-7
Cu(l1) 440 7 450 7 450 7
Zn(Il) 20-30 6-7 20-40 6-7 40 7
Cd(Ir) 10 6-7 00 4-7 00 4-7
Hg(Il) 100 6-7 60-100 6-7 60-100 6-7
Pb(1I) 180 7 180 7 190 7

Values of wmol/g are the average of triplicate analysis with %RSD =0-2.

3.3. Metal adsorption properties of modified alumina adsorbents
(I-11)

3.3.1. Effect of pH-value on the metal adsorption capacity

The effect of pH of tested metal ion solutions on the amount
extracted by the modified alumina adsorbent is considered as the
major important factor in such procedure because of the liability of
most metal ions to be strongly influenced by free or immobilized
chelating compound as 1-nitroso-2-naphthol at certain pH-values.
Metal capacity values (MC;) at any time, expressed in wmol/g, can
be calculated based on Eq. (1).

(Co — Ce)Vmi « 1000 (1)
Massg

MC; =
where Cy and (; are the initial and final metal ion concentrations in
solution expressed in mol1~1. V is the volume of metal ion solu-
tion expressed in ml and Massg is the mass of adsorbent expressed
in gram. Table 2 summarizes the determined metal adsorption
capacity values, expressed in pmol/g, for the tested metal ions
along with the optimum pH for binding of each metal ion.

It is evident from the listed metal adsorption capacity values
that the pH range 6-7 is the optimum ones for forcing maximum
binding and extraction processes between newly modified alumina
adsorbents (I-1II) with most metal ions as Cr(III), Co(II), Ni(II), Cu(II),
Zn(Il), Cd(II), Pb(Il) and Hg(Il). On the other hand, Mg(II), Ca(Il)
and Mn(II) were found to show no or little tendency to bind and
extract by any one of the modified alumina adsorbents judging from
the determined metal adsorption capacity values (0-10 pmol/g).
The pH-value of contact solution of metal ion and alumina adsor-
bent was also found to show no effect in binding and extraction
process of Mg(Il), Ca(Il) and Mn(Il) by modified alumina adsor-
bents (I-III). Fe(Ill) was found to give its maximum metal capacity
(80-100 pmol/g) by the three modified alumina adsorbents (I-III)
in the pH range 3-4. However, Fe(Ill) was only examined in solu-
tions of pH 1-4 to avoid any precipitation of Fe(OH)3 in presence
of buffer solutions with pH 5-7.

In addition, it is also evident from the data of metal adsorp-
tion capacity values listed in Table 2 that most of the tested metal
ions were found to exhibit similar binding properties with the
three newly modified alumina adsorbents (I-III). For example, the
metal adsorption capacity values of Ni(Il) were found to be the
same (20-30 pmol/g) for alumina adsorbents (1), (II) and (III). Cu(II)
was found as the highest extracted metal ion giving rise to metal
adsorption capacity values of 440,450 and 450 p.mol/g for modified
alumina adsorbents (1), (II) and (III), respectively. Hg(II) behaved in
asimilar fashion as other metal ions giving metal adsorption capac-
ity values of 100, 60-100 and 60-100 pmol/g for modified alumina
adsorbents (I), (II) and (1), respectively. However, it is important to

compare the identified metal adsorption capacity values of modi-
fied alumina adsorbents (I-III) with those determined for the same
metal ions by blank acidic, neutral and basic alumina adsorbents.
The blank adsorbents were found to exhibit similar trends of metal
up-take capacity values (<10 pwmol/g) for Mg(Il), Ca(Il) and Mn(II)
in all buffer solutions. However, blank acidic, neutral and basic alu-
mina adsorbents were characterized by their low affinity for other
tested metal ions such as Cr(III), Cu(II), Pb(II) or Hg(II) compared to
modified alumina adsorbents (I-III). The determined metal adsorp-
tion capacity values by blank alumina adsorbents were found in the
range of 40-60, 70-100, 10-20 and 20-30 pwmol/g for Cr(III), Cu(lI),
Pb(Il) and Hg(II), respectively. Thus, one can conclude from the
results and discussion of metal adsorption properties of alumina
adsorbents (I-III) that the organic modifier, 1-nitroso-2-naphthol
is the major directing and acting force in the processes of metal
up-take and adsorption by modified alumina adsorbents (I-III).
In addition, acidic-basic characters of blank alumina adsorbents
has no role in directing the metal capacity toward either one and
this conclusions proves the suitability and equal efficiency of any
modified alumina adsorbent either, acidic or neutral or basic for
use and application in metal ion extraction and separation. How-
ever, the adsorption properties of blank acidic, neutral and basic
alumina adsorbents toward various metal ions were extensively
studied, explored and evaluated in our previously published work
[32] and the results can be clearly used to show a direct compari-
son with modified alumina adsorbents. This conclusion can also be
confirmed from the following close increasing orders for the tested
metal ions by the newly modified alumina adsorbents (I-III).

For alumina adsorbent (I), the order is: Mg(Il)=Ca(ll)=
Mn(II) < Co(11) < Cd(11) < Ni(II) = Zn(1I) < Fe(111) = Hg(11) < Pb(11) < Cr(1I1)
< Cu(Il).

For alumina adsorbent (II), the order is: Mg(Ill)=Mn(Il)=
Cd(II) = Co(II) < Ca(II) < Ni(II) ~ Zn(II) < Hg(II) < Fe(III) < Pb(II) < Cr(III)
< Cu(I).

For alumina adsorbent (IlI), the order is: Mg(Il)=Ca(ll)=
Mn(II) = Co(II) =Cd(II) < Ni(II) < Zn(II) < Hg(1I) = Fe(IIT) < Pb(II) < Cr(III)
< Cu(II).

3.3.2. Effect of shaking time on the metal adsorption capacity

The importance of shaking time comes from the need for
identification of the possible rapidness of binding and extrac-
tion processes of the tested metal ions by the newly modified
adsorbents. In addition, certifying the optimum time for complete
extraction of the target metal ion is usually aimed for many reasons,
as the comparison with other well known modified adsorbents or
chelating polymers as well as the optimum time is usually useful
when separation of metal ions from each other is aimed. For these
reasons only two metal ions were selected to conduct this study
and these are Cu(Il) and Pb(II).

Figs. 2 and 3 represent the effect of selected shaking time values
(1,5,10,15, 20, 25 and 30 min) on the percentage extraction of the
tested metal ions. It is clear from Fig. 2 that Cu(ll) was similarly
behaving toward extraction by the three newly modified alumina
adsorbents (I-1II). Very close percentage extraction values can be
observed under the identical shaking time values. In addition, Cu(II)
was found to show percentage extraction values of ~80% when only
5-min shaking time was used. This time shows also that fast equi-
libration of Cu(Il) with either alumina adsorbent (I) or (II) or (III).
There is no superiority evidence of any adsorbent in the extraction
process of Cu(Il), but only similar trends and behaviors as previ-
ously described in Section 3.3.1.

The same trends, observations, arguments and conclusions can
be outlined for the extraction of Pb(Il) by modified alumina adsor-
bents (I-1II) as shown in Fig. 3. It is evident from Fig. 2 that Pb(II)
was found to behave in a close fashion toward extraction by the
three modified alumina adsorbents (I-1II). Moreover, under identi-
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Fig. 3. Effect of shaking time on the percent extraction of Pb(II) by modified alumina
adsorbents (I-11I).

cal shaking time values, very close percentage extraction trends of
Pb (II) were observed. However, the only basic difference between
extraction of Pb(II) versus Cu(Il) is the somewhat slowness of Pb(II)
extraction by the three modified alumina adsorbents (I-III). More
than 10-min of shaking time were needed to reach a range of 80%
extraction of Pb (II) by alumina adsorbents (I-1II). However, com-
plete extraction of Pb(II) by alumina adsorbents (I-11I) was reached
after 15-min of shaking time.

3.4. Distribution coefficients and separation factors

Evaluation of the metal binding properties is considered more
convenient by the distribution coefficient (Ky) when the possible
concentrations of the tested metal ions are in very low concentra-
tion levels especially in the range of part per million or part per
billion. The K4-value is determined from Eq. (2).

_ mmol of extracted metal ion/g-alumina phase
" mmol of unextracted metal ion/volume of solution

Kq (2)

The separation factor is one of the key points in the evalua-
tion process of selective solid phase extraction of target metal ions
from other interfering ions. The separation factor (a4/) of any two
cations A and B is calculated from the distribution coefficient values
K4 (A) and Ky (B), respectively as given in Eq. (3).

K4(A

Qp/p = #E'ﬁ (3)

The distribution coefficient values of various tested metal ions
as determined by modified alumina adsorbents (I-III) are given in
Table 3. It is evident from Table 3 that Fe(IIl) is the highest extracted
ion by modified acidic alumina adsorbent (I) with a K4 =902. Pb(II)
was found to be give a K4=631 as the second highest extracted
metal ion by modified alumina adsorbent (I). This conclusion can
be confirmed by evaluation of the separation factors for these tested

Table 3
Distribution coefficient of metal ions.

Metal ion Adsorbent (I) Adsorbent (II) Adsorbent (III)
Mg(II) 10 80 100
Ca(II) 63 501 631
Cr(I11) 59 3162 6940
Mn(II) 42 631 1000
Fe(III) 902 2512 1585
Co(II) 130 1000 1000
Ni(II) 153 1259 1995
Cu(lr) 63 7943 7943
Zn(11) 40 794 1589
Cd(1n) 30 1000 1589
Pb(II) 631 50119 39811

Distribution coefficient values are the average of triplicate analysis with %RSD = 0-3.

metal ions. The separation factor asp for Fe(IlI) versus other tested
metal ions by modified acidic alumina adsorbent (I) were also
determined and evaluated. Itis evident that Fe(Ill) can be selectively
extracted from other interfering metal ions as Mg(II), Cd(II), Zn(II),
Cr(IIT), Mn(II), Cu(Il), Ca(Il). Possible interference of some metal
ions as Co(II), Ni(II) and Pb(II) due to the low calculated separation
factors for Fe(Ill) versus these three metal ions.

Table 3 compiles also the data of distribution coefficient val-
ues for the tested metal ions as determined by the modified
neutral alumina adsorbent (II). Fig. 4 represents the separation
factors calculated of Pb(II) versus other interfering metal ions. It
is evident from the data in both Table 3 and Fig. 4 that physi-
cal adsorption and binding of 1-nitroso-2-naphthol on the surface
of neutral alumina phase (II) has forced some selective char-
acters in binding with certain metal ions as Pb(Il), Cu(Il) and
Cr(IIT). It is also evident from Fig. 4 that Pb(II) can be selectively
removed and separated from other interfering metal ions as Mg(II)
(aPb/Mg=626.5), Ca(ll) (aPb/Ca=100.0), Mn(II) (aPb/Mn=79.4),
Cr(1I1) (aPb/Cr = 15.9), Fe(I1l) (aPb/Fe = 20.0), Co(1l) (aPb/Co=50.1),
Ni(II) (aPb/Ni=39.8), Zn(Il) (aPb/Zn=63.1), Cd(II) («Pb/Cd =50.1)
and (aPb/Cu=6.3). No possible interference in the process of selec-
tive removal of Pb(Il) is expected owing to the high separation
factor values of lead versus these interfering metal ions.

The values of the distribution coefficient for the tested metal
ions by modified basic alumina adsorbent (III) are listed in Table 3.
Fig. 5 shows the separation factors of Pb(Il) versus other interfering
metal ions. In the same manner, modified basic alumina adsorbent
(1IT) was also found to exhibit certain selectivity properties toward
Pb(II), Cu(Il) and Cr(III). Possible selective separation of Pb(II) from
Mg(II), Ca(1I), Mn(II), Fe(II), Co(II), Ni(II), Zn(II) and Cd(II) due to high
separation factors as evident from Fig. 5. In addition, no possible
interference of both Cu(Il) and Cr(III) in the selective separation of
Pb(II) by the newly modified basic alumina phase (III).

cu(ll)
criin
Fe(lll)
Ni(lT)
d(l)

on

NI,

interferring metal

T
Ma(l) T T T T T T d
0 100 200 300 400 500 600 700 800

Separation factor

Fig. 4. Separation factors of Pb(Il) versus other interfering metal ions by alumina
adsorbent (II).
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Comparison of the results obtained by determination of metal
capacity versus distribution coefficient refers to the following
points. Considering the results of metal adsorption capacity study,
one can easily conclude that first, the three studied modified alu-
mina adsorbents (I-III) are similar in their metal up-take and
adsorption properties (Cu(II) > Cr(III) > Pb(Il)) when the concentra-
tion levels of metal ions are high in the moll~! or mmoll-! range.
Second, the same orders of affinity and selectivity toward various
tested metal ions were elucidated regardless of the mmol/g adsorp-
tion capacity values. Third, the effect of pH-values of the newly
synthesized alumina adsorbents (I-III), given in Table 1, is showing
no significant difference between these adsorbents. Fourth, the sur-
face loaded 1-nitroso-2-naphthol is well characterized as the only
effective and reacting species with interacting metal ions without
any significant role of the alumina matrix. On the other hand, when
dealing with low concentration levels of metal ions (ugml~! or
ng ml~1)asin the case of the distribution coefficient determination,
the following points are apparent. First, neutral and basic alumina
adsorbents are similarly behaving toward various tested metal ions
(Pb(II) > Cu(II) > Cr(III)), while acidic alumina adsorbent (I) was dif-
ferently behaving giving this order Fe(IIl) > Pb(II). The high affinity
of adsorbent (I) for Fe(lII) is strongly assisted by the pH of the acidic
alumina as well as soft-hard acid-base phenomenon. Second, the
order of the distribution coefficient values increases from acidic
alumina (I) to neutral alumina (II) to basic alumina (III) referring to
the strong influence and role of the pH-values of tested adsorbents
in which low concentration levels of metals are existing and favor-
ing the strong binding with higher pH-value of modified alumina
matrix. Third, 1-nitroso-2-naphthol as the surface organic chelating
compound was found to contribute less in the case of distribution
coefficient determination, while the most contributing species in
this study is related to the alumina matrix either acidic, neutral
or basic. Thus, the conclusion that can be drown from this com-
parative study refers to the necessity of performing both studies,
distribution coefficient and metal adsorption capacity, for accurate
and practical evaluation of the affinity and selectivity characters
incorporated into modified alumina adsorbents for removal of toxic
heavy metals.

Table 5

Table 4
Removal of toxic heavy metals from wastewaters by modified alumina adsorbents
(1-1m).

Alumina phase Metal ion mgl-! Spiked mg ~! Detected Percent extraction’

500 mg (1) Pb(1l) 1517 0.136 91 + 3%
Fe(l)  1.699 0.200 89 + 3%
500 mg (II) cu(l) 1471 0.002 99 + 1%
Pb(1l) 2.034 0.001 100 + 1%
500mg(lll)  Cr(lll) 1344 0.108 92 + 2%
cull) 1427 0.041 97 + 2%
Pb(1l) 1.503 0.080 94 + 2%

" Values are based on triplicate analysis with ¥RSD=1-3.

3.5. Removal and preconcentration of Cr(Ill), Fe(Ill), Cu(Il) and
Pb(1I) from water samples by modified alumina adsorbents (I-11I)

Toxic heavy metals such as chromium, copper, mercury, cad-
mium and lead are excessively released into the environments
due to rapid industrialization and are often detected in untreated
industrial wastewaters, which originate from various industrial
activities. Removal of these toxic species from industrial wastew-
aters by adsorption as one of the most effective physico-chemical
treatment processes is always planned and aimed. Therefore, the
following section is directed and devoted toward extraction and
removal of Cr(III), Fe(III), Cu(II) and Pb(II) from wastewater samples
collected from drug factory.

Table 4 summarizes the results of metal removal and extrac-
tion by modified alumina adsorbents (I-III) via micro-column
application. It is evident from the values given in Table 4 that
modified alumina adsorbents (II) and (III) are superior in the pro-
cesses of removal of heavy metal ions from wastewater samples.
Modified alumina adsorbent (III) was found to give percentage
recovery values of 92-97% for the spiked concentration of Cr(III),
Cu(Il) and Pb(II). Modified alumina adsorbent (II) was found to
give an excellent percentage recovery value for the spiked con-
centration of Cu(Il) and Pb(II). Modified alumina adsorbent (I)
was found to show 91% and 89% percentage recovery values
of the spiked concentration of Pb(II) and Fe(IIl), respectively as
listed in Table 4. One can easily identify that the three modi-
fied alumina adsorbents are experienced with excellent recovery
values for removal of the examined heavy metal ions without
possible interference of the matrix effect caused by the dis-
solved organic and inorganic components in the wastewater
samples.

Atomic absorption spectrophotometry (AAS) has been widely
used for the determination of metal ions via application of selec-
tive extraction and preconcentration techniques as the direct and
possible solution to remove co-existing species that interfere in the
detection process as well as to lower the detection limits of AAS. The
preconcentration technique, also known as enrichment, is usually
used to increase analyte/matrix ratio.

Metal preconcentration procedure was used in this section
to extract and preconcentrate ~5.000ngml-! of Fe(Ill), Pb(II)
and Cr(Ill) from drinking tap water samples by modified alu-
mina adsorbents (I), (II) and (III), respectively via micro-column
application. Table 5 summarizes the results of this preconcentra-
tion step by using 5 ml concentrated HNO3 as a preconcentration

Preconcentration of heavy metals from drinking tap water by modified alumina adsorbents (I-III).

Alumina adsorbent Sample volume (1) Metal ion ngml-! Spiked pgml-! Detected Percent extraction
500 mg (I) 1.0 Fe(1II) 5.097 0.950 93 + 3%
500 mg (11) 1.0 Pb(1I) 5.280 1.050 99 + 4%
500 mg (II1) 1.0 Cr(1IT) 5.160 0.980 95 + 3%

Values are based on triplicate analysis with %RSD =3-4.
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reagent for satisfying a preconcentration factor of 200. One can
conclude that an excellent percentage recovery value (99 +4%)
was established for preconcentration of Pb(II) by modified neutral
alumina adsorbent (II). The recovery of the spiked concentration
of Cr(Ill) (5.160ngml~!) was found to give a percentage recov-
ery value equal 95+ 3% by the application of modified alumina
adsorbent (III). Finally, preconcentration of Fe(Ill) by modified
acidic alumina adsorbent was found to give 93 4+ 3% of the spiked
concentration.

4. Conclusion

The present study proves the capability and effectiveness
of newly modified alumina-physically immobilized-1-nitroso-2-
naphthol adsorbents (I-III) for heavy metals removal from various
water samples. Modified alumina adsorbents were characterized
by strong stability toward acid leaching and thermal decompo-
sition. When high concentration levels of interacting metals are
used, the modified alumina adsorbents are characterized by excel-
lent similarity in their metal binding orders and by showing almost
identical behaviors owing to the strong contribution of the surface
loaded 1-nitroso-2-naphthol. The participation of alumina matrix
either an acidic, neutral or basic in metal binding processes is only
dominant when the concentration levels of metal ions are low and
in the range of microgram per milliliter or less. Removal and pre-
concentration of heavy metals from wastewater and drinking tap
water by modified alumina adsorbents were successfully accom-
plished without any matrix effects caused by the interference of
co-existing organic or inorganic species.
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