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ABSTRACT

Sugarcane bagasse (SCB) and beet pulp (BP) are promising low cost natural wastes with
cellulose–lignin polymeric structure. Their adsorption properties for the removal of Pb(II)
and Na(I) under variable conditions of solution pH, time of equilibrium, weight of adsor-
bent, and metal ion concentration were investigated. These two adsorbents were character-
ized using Fourier transform infrared spectra, Scanning electron microscope (SEM), and
X-ray diffraction. SCB and BP showed high percentage of extraction of Pb(II) (100.0 ± 1.0%
and 100.0 ± 0.5%) and Na(I) (97.5 ± 0.1% and 98.9 ± 0.1%), respectively. The adsorption iso-
therm data for Pb(II) and Na(I) ions by the two adsorbents were modeled using Langmuir
and Freundlich equations. Furthermore, the adsorption kinetics data were best fitted with
the pseudo-second-order type. Finally, the proposed method has been successfully applied
for removal of Pb(II) from environmental water samples. Adapting batch condition, this
application revealed high efficiency and good precision as indicated by recovery values
95.2–103.2% and RSD% = 0.339–1.333%. Moreover, SCB and BP were used to reduce sodium
ion concentrations from irrigation water for improvement of plants production.
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1. Introduction

Heavy metals are continual pollutants due to their
toxic, non-biodegradable, and accumulative character-
istics. Because of the rapid increase of the industrial
and mining activities which are responsible for the
growing metal content in surface and groundwater
(GW), heavy metal pollution of water bodies has
become a serious problem in the world [1]. Some
heavy metals at trace concentrations are essential for
human metabolism. However, at high concentrations,
most of these metals may be toxic [2]. From the
perspective of environmental toxicology, lead is a
very dangerous heavy metal since it finds its way
into air and water through various sources such as

lead smelter, battery manufacture, and paper indus-
try. In addition, natural sources of the environmental
lead contamination may include forest fires, volcanic
eruptions, mineral breakdown, translocation, and
sedimentation from dust storms [3,4]. In fact, lead as
a poisonous metal can cause severe health problems
for humans. It can attack almost all organs and
systems in the human body, especially the nervous
system in young children as well as blood and brain
disorders [5]. Furthermore, the presence of such
heavy metal in water resources represents a major
concern due to its extreme toxicity toward aquatic
system and environment [6]. On the other hand,
sodium as one of the alkali metals is an essential
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element for human, animals, and plants, and has an
electrolytic significance [7]. So, it has received more
attention than other elements in the alkali metals
group. However, excessive sodium salt concentration
acts as an environmental stress that reduces plant’s
growth. All crop plants have physiological limits to
salt concentration. Concentration above a certain
threshold may reduce crop yields or cause death of
plant cells [8–10]. For instance, high sodium concen-
tration (salinity) in seed cells may induce changes in
protein activity by affecting the hydration of nuclear
contents, causing an inhibition of enzyme activity
[11–13]. Therefore, the choice of an efficient technique
for removal of such metal ions from water and waste-
water (WW) is very important. For this purpose, sev-
eral methods have been adapted including chemical
precipitation, ion exchange, solvent extraction, reverse
osmosis, and solid phase extraction (SPE) [14–17]. In
fact, SPE has been known as a powerful tool for sep-
aration and removal of various inorganic and organic
analytes. Recently, research efforts have been intensi-
fied and focused on the beneficial utilization of envi-
ronmentally friendly solid phase extractors. In this
respect, low cost natural polymeric wastes have
received much attention on metal ions removal from
contaminated water [18,19]. The most popular adsor-
bents among them are agricultural wastes [20]. They
are available in large quantities at a low price such
as sugarcane bagasse (SCB) [15,16,20], sugar beet pulp
(BP) [21], and other low cost adsorbents [22]. SCB
and BP are mainly composed of cellulose and lignin
(Fig. 1) with a capacity for binding metal cations due
to the occurrence of hydroxyl, carboxylic, and pheno-
lic groups in their structures [15,16].

As the water is the main artery of human life,
animals, and plants, it has been necessary to find a
method to purify water and to reduce the salinity of
water used for irrigation. So, the main goal of the
current study is to apply simple and direct SPE tech-
nique utilizing SCB and BP as environment-friendly
adsorbents for the removal of Pb(II) ions from water
samples using batch mode. The efficiency of the same
adsorbents to reduce Na(I) concentrations from irriga-
tion water is also aimed to be explored for improving
the productivity of zea maize and wheat as ones of
the most popular cultivars in Egypt.

2. Experimental

2.1. Chemicals and materials

All chemicals, metal salts, and other reagents used
were of analytical grade and were purchased from
Merck, Germany. SCB and BP were obtained from

Abou-Korkas Sugar Factory, El-Minia, Egypt. WW
was collected from Abou-Korkas Sugar Factory,
El-Minia, Egypt. Drinking tap water (DTW), GW, zea
maize, and wheat seeds were collected from El-Minia
governorate, Egypt. Doubly distilled water (DDW)
and mineral water (MW) were obtained from our lab
and a local company for natural water, respectively.

2.2. Instrumentation

Mechanical shaker (Model 75) manufactured by
Burrell Corp. Pittsburgh, PA, USA was used for the
shaking process. The Fourier transform infrared
(FT-IR) analyses of the adsorbents before and after
metal-ion adsorption were obtained from KBr pellets
by using FT-IR (Model 410) JASCO, Japan. Scan elec-
tron microscopy analysis (SEM) was obtained using
JSM-5400 LV JEOL, Japan. X-ray diffraction (XRD) was
carried out by Philips X-ray diffractometer PW 1370,
Co. with Ni filtered Cu Kα radiation (1.5406 Å). A
Fisher Scientific Accumet pH-meter (Model 825),
Germany, calibrated against two standard buffer solu-
tions at pH 4.0 and 9.2 were used for all pH measure-
ments. Atomic absorption measurements of Pb(II) ion
were performed with Perkin Elmer 2380 spectrometry,
England. A flame photometer (Corning 410, Corning
Science Products, Halstead, Essex, England) was used
for measurements of Na(I) ion concentrations.

2.3. Development of SCB and BP adsorbents

SCB and BP were first washed thoroughly with
distilled water to remove the dust particles, then
soaked overnight in 0.1 N NaOH solution and washed
with DDW. Then, they were soaked in 0.1 N
CH3COOH for 2–3 h to remove the traces of NaOH
[23]. Finally, the produced adsorbents were washed
with DDW and then filtered, well dried, powdered,
and sieved before use. The average particle size was
0.75 mm for SCB and 0.5 mm for BP.

2.4. Adsorption measurements using batch equilibrium
technique

The percentage of extraction of Pb(II) and Na(I)
ions using SCB and BP were determined in triplicate
under static conditions by the batch equilibrium tech-
nique. 4.0 and 2.0 g each of SCB and BP, respectively,
was added to a mixture of 1.0 and 0.1 mL of 0.1 M
each of Pb(II) and Na(I), respectively, and solution of
pH 2.0–6.0 for Pb(II) and 2.0–10.0 for Na(I) (solutions
of 0.1 M HCl and 0.1 M NaOH were used for pH
adjustment); the total volume was completed to 50 ml

8912 S.A. Ahmed / Desalination and Water Treatment 57 (2016) 8911–8926



by DDW in a 100 mL measuring flask. This mixture
was mechanically shaken for 60 min at room tempera-
ture to attain equilibrium [16]. The SCB and BP were
separated by filtration, washed with DDW, and the
unretained metal ions in the filtrate were determined
by complexometric EDTA titration for Pb(II) and flame
photometry for Na(I). The equation of metal extraction
could be obtained as follows:

Percentage of extraction ¼ ðCo � Cf=CoÞ�100 (1)

where Co refers to the initial concentration of metal ion
in mol L−1, Cf equals concentration of the unsorbed
metal ion in the filtrate in mol L−1. Moreover, the effect
of contact time on Pb(II) and Na(I) uptake was deter-
mined under the same batch conditions, but at differ-
ent shaking periods (10, 30, 45, 60, 90, and 120 min)
and at the optimum pH for Pb(II) and Na(I). The effect
of Pb(II) and Na(I) concentrations (2 × 10−4–2 × 10−3 M)
and weight of adsorbent (0.1–5.0 g) on their uptake
efficiency by SCB and BP were also systematically
investigated.

3. Results and discussion

3.1. FT-IR analysis

SCB and BP as lignocellulosic compounds are
generally considered as structures built by cellulose
molecules, organized in microfibrils and surrounded
by hemicellulosic materials (xylans, mannans, gluco-
mannans, galactans, and arabogalactans), lignin, and
pectin along with small amounts of protein [24], Fig. 1.
The FT-IR spectra of SCB and BP before and after
adsorption of Pb(II) and Na(I) were performed to
determine the vibration frequency changes in their
functional groups within the range of 4,000–400 cm−1

as shown in Figs. 2(A), 2(B) and Table 1. The spectral
measurements supported the complex nature of the
examined adsorbents. FT-IR spectra of SCB and BP
before Pb(II) and Na(I) adsorption were similar and
showed as follows: an absorption peak around
3,428.81 cm−1 indicated the existence of free and inter-
molecular bonded hydroxyl groups (–OH). The other
peaks observed for SCB and BP at 2,923.56 and
2,927.41 cm−1, respectively, can be assigned to –C–H
stretching vibration. The presence of strong C–O band

Fig. 1. Chemical structure of (a) cellulose and (b) lignin in SCB and BP molecules.
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Fig. 2A. FT-IR spectra of (a) SCB, (b) SCB-Pb(II), and (c) SCB-Na(I) phases.

Fig. 2B. FT-IR spectra of (a) BP, (b) BP-Pb(II), and (c) BP-Na(I) phases.
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at 1,113.69 and 1,054.87 cm−1 due to –OCH3 group in
addition to the peaks at 896.73, 624.82, and 611.32 cm−1

related to bending modes of aromatic compounds con-
firm the presence of lignin structure incorporated SCB
and BP [25]. Moreover, a weak intensity band located
at 1,628.59, 1,509.03, 1,428.03, and 1,636.30, 1,506.13,
1,426.10 cm−1 was argued to –COOH stretching vibra-
tion of galacturonic acid [26] (Figs. 2A(a) and 2B(a)).
Generally, the binding of metal ions to adsorbents may

proceed via complexation with functional groups, ionic
exchange, surface precipitations, and chemical reaction
with surface sites [27]. Regarding FT-IR for SCB and BP
after Pb(II) and Na(I) adsorption, it was found that oxy-
gen containing functional groups vis, methoxy –OCH3,
carboxy –COOH and phenolic –OH groups are affected
after uptake process. This was judging from changes in
shapes or band intensities and shifting in their posi-
tions from 1,054.87 and 1,113.69 cm−1 to 1,039.94 and

Table 1
List of absorption frequencies of FT-IR spectra of SCB and BP before and after adsorption of Pb(II) and Na(I)

Absorption frequencies before metal sorption
(cm−1)

Absorption frequencies
after metal sorption using
SCB, (cm−1)

Absorption frequencies
after metal sorption
using BP, (cm−1)

Groups SCB BP Pb(II) Na(I) Pb(II) Na(I)

–OH 3,428.81 3,428.81 3,417.11 3,442.06 3,423.17 3,424.16
–CH 2,923.56 2,927.41 2,917.71 2,919.67 2,924.74 2,925.93
–OCH3 1,113.69 1,113.69 1,110.21 1,111.81 1,030.88 1,031.43

1,054.87 – 1,039.94 1,038.94 – –
Lignin structure 896.73 624.82 897.60 897.73 – –

611.32 – 663.52 663.71 559.95 560.91
–COOH 1,628.59 1,636.30 1,631.96 1,632.80 1,738.17 1,738.70

1,509.03 1,506.13 1,604.65 1,514.00 1,641.74 1,641.07
1,428.03 1,426.10 1,461,046 1,426.87 1,426.63 1,426.08

Fig. 3. XRD of (a) SCB, (b) BP, (c) SCB-Pb(II), (d) SCB-Na(I), (e) BP-Pb(II), and (f) BP-Na(I) phases.
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1,110.21 cm−1 for –OCH3, from 1,628.59, 1,509.03, and
1,428.03 cm−1 to 1,631.96, 1,604.65, and 1,461.46 cm−1

for –COOH, and from 3,428.81 to 3,417.11 cm−1 for
–OH after adsorption of Pb(II) and shifted to 1,038.94
and 1,111.81 cm−1, to 1,632.80, 1,514.0, and
1,426.87 cm−1 and to 3,442.06 cm−1 after adsorption of
Na(I) using SCB, respectively. On the other hand, for
the BP adsorbent the bands are shifted after Pb(II)
adsorption to 1,030.88 cm−1, to 1,738.17, 1,641.74, and
1,426.63 cm−1 and 3,423.17 cm−1 and after Na(I)
adsorption to 1,031.43 cm−1, to 1,738.70, 1,641.07, and
1,426.08 cm−1 and 3,423.16 cm−1 for –OCH3, –COOH
and –OH, respectively. In addition to the peaks at
896.73, 624.82, and 611.32 cm−1 of lignin structure of
the two adsorbents shifted to 897.60, 663.52, and 897.73,
663.71 cm−1 using SCB and to 559.95 and 560.91 cm−1

using BP for adsorption of Pb(II) and Na(I),
respectively. These results indicated the participation
of –OCH3, –COOH, and –OH via oxygen atom for Pb
(II) and Na(I) binding to SCB and BP (Fig. 2A(b, c) and
2B(b, c)). This is in agreement with Person principal for
hard–soft acids and bases [28].

3.2. X-ray diffraction

The crystallinity of SCB and BP could significantly
influence the adsorption properties by controlling the
accessibility to adsorption sites. Fig. 3(a) and (b)
shows the smooth shape of XRD pattern of SCB and
BP. There are two strong peaks in their diffractogram
at 2θ = 4.02◦ and 3.94◦, respectively. XRD patterns of
SCB and BP after adsorption with Pb(II) and Na(I) in
Fig. 3(c)–(f) mainly showed a slight shift and change
in intensity compared to the parent peaks of SCB
and BP patterns, indicating and emphasizing the
adsorption process [29].

3.3. Scan electron microscope

The surface morphology of SCB and BP were ana-
lyzed using a SEM before and after Pb(II) and Na(I) ions
adsorption, Figs. 4A and 4B. The microphotographs
before metal ions adsorption revealed clearly dense and
rough surface with narrow thickness between fibers
which facilitated the mass transfer rate of metal ions

Fig. 4A. SEM images of (a) SCB (b) SCB with Pb(II), and (c) SCB with Na(I).
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toward the adsorbent surface and consequently
improving its adsorption capacity [30] (Figs. 4A(a) and
4B(a)). After Pb(II) and Na(I) adsorption, the micro-
graphs revealed the presence of more smooth and even
surface with wide thickness. These changes of the struc-
ture of the two adsorbents confirmed the presence of
the selected metal ions on the surface of these
adsorbents (Figs. 4A(b, c) and 4B(b, c)).

3.4. Effect of pH on metal ion removal using SCB and BP

In the SPE studies of metal ions, the influence of
pH of an aqueous solution is one of the main factors
for quantitative recoveries of the analytes. The
predominant metal species at pH ≥ 2.0 are positively
charged [Mn+ and M(OH)(n−1)+]; therefore, uptake of
metals may proceed through Mn+ exchange process
with acidic sites H+, complexing with functional
groups, coordination, and/or chelation [31]. Due to
this important point, the effect of pH was investigated
in the pH ranges of 2.0–10.0 with the model solution,
keeping the other parameters constant. As shown in

Fig. 5, for the extraction of Pb(II) and Na(I) as a func-
tion of pH (2.0–10.0), it is noteworthy that a strong
dependence of the percentage of extraction values on
the pH of the tested metal ion solution is observed,
which can be summarized by the significant increase
in the percentage of extraction values ongoing from
2.0 to 6.0 for Pb(II) and from pH 2.0 to 10.0 for Na(I)
using SCB and BP. The optimum pH value was cho-
sen to be 5.0 for Pb(II) using SCB and BP, 6.0 and 10.0
for Na(I) using SCB and BP, respectively. However,
the two adsorbents showed low efficiency toward the
extraction of these two metal ions from aqueous solu-
tions at low pH values. At lower pH value, the H+

ions compete with metal cation for the exchange sites
in the system, thereby partially releasing the latter. At
high pH values, the adsorbent surface becomes more
negatively charged, increasing the attraction between
the metal ions and adsorbent, until a maximum is
reached at around optimum pH [2]. In this context, it
was found that with increase in pH of the solution,
the extent of extraction was found to range from
45.0% to 100.0 ± 1.0% and from 55.0% to 100.0 ± 0.5%

Fig. 4B. SEM images of (a) BP (b) BP with Pb(II), and (c) BP with Na(I).
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for Pb(II) at pH 2.0–5.0 and from 35.0% to 97.5 ± 0.1%
and from 0.0% to 98.9 ± 0.1% for Na(I) at pH 3.0–10.0
with SCB and BP, respectively. SCB and BP mainly
contain cellulose, hemi-cellulose, and lignin, but they
differ in their percentages. The percentages of cellu-
lose were 50% and 20–30% and of lignin were 23 and
10% for SCB and BP, respectively [24,26]. This variety
of chemical composition and consequently functional
groups make these two adsorbents show different effi-
ciencies for removal and extraction of metal ions over
a wide range of pH [25]. According to the chemical
structure shown in Fig. 1, the interaction of Pb(II) ions
onto SCB and BP adsorbents is mainly based on coor-
dination due to the presence of oxygen donor atoms
of methoxy, carboxyl, and hydroxyl groups. However,
the binding of Na(I) ions onto the two adsorbents is
basically due to ion exchange mechanism.

3.5. Effect of weight of SCB and BP adsorbents

The weights of SCB and BP adsorbents were varied
from 0.1 to 5.0 g. Fig. 6(a) represents the relation
between the weight of SCB adsorbent and percentage

of extraction of Pb(II) at pH 5.0 and of Na(I) at pH
6.0. It may be observed that on increasing the weight
of SCB from 0.1−4.0 g, the percentage of extraction of
Pb(II) and Na(I) increased from 27.0% to 100.0 ± 1.0%
and from 18.0% to 97.5 ± 0.1%, respectively and
remained constant up to 4.0 g. On the other hand
(Fig. 6(b)) records the BP weight profile vs. Pb(II) at
pH 5.0 and Na(I) at pH 10.0 adsorbed per unit mass.
It was found that, the percentage of extraction
increased for Pb(II) from 50.0% to 100.0 ± 0.5% and
for Na(I) from 35.0% to 98.9 ± 0.1% at 0.1−2.0 g and
remained constant up to 2.0 g.

3.6. Effect of shaking time (kinetic studies)

Shaking time is an important factor in the process of
evaluation of the SCB and BP. The batch experiments
were carried out at different contact times 10, 30, 45, 60,
90, and 120 min for SCB with Pb(II) concentration
(0.1 mmol) at pH 5.0 and for Na(I) concentration
(0.01 mmol) at pH 6.0. The experiment repeated for BP
adsorbent with the same Pb(II) concentration at pH 5.0
and for Na(I) concentration at pH 10.0 and 50.0 mL

pH

%Extraction 

(b)

pH

%Extraction 
(a)

Fig. 5. Percentage extraction of (a) Pb(II) and (b) Na(I) as a function of pH using SCB and BP.

Weight (gm)Weight (gm)

%Extraction 

(b)
%Extraction 
(a)

Fig. 6. Effect of SCB and BP weight on % extraction of (a) Pb(II) and (b) Na(I).
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contact solution. Results of percentage of extraction of
Pb(II) and Na(I) using SCB and BP as a function of shak-
ing time intervals are represented in Fig. 7(a) and (b).
The equilibrium is reached within 120 and 90 min of
contact for SCB and BP, respectively, and reached a sat-
uration level. In the beginning, the ions adsorbed occu-
pied selectively the active sites on SCB and BP. As the
contact time increased, the active sites on the adsorbent
were filled. The results which are plotted in Fig. 7(a)
and (b) clearly indicated that the equilibrium for Pb(II)
and Na(I) is attained in 120 min of contact using SCB
and in 90 min using BP.

The adsorption kinetic data of Pb(II) and Na(I)
measured on SCB and BP adsorbents, were analyzed
in terms of pseudo-second-order adsorption equation
[32]. This equation can be written as follows:

t=Qt ¼ 1=k2Q
2
e þ ð1=QeÞt (2)

Here, k2Q
2
e is the initial adsorption rate (mmol g−1

min−1), k2 (g mmol−1 min−1) is the rate constant of
adsorption, Qe (mmol g−1) the amount of metal ion
sorbed at equilibrium, and Qt (mmol g−1) the amount of
metal ion on the surface of the adsorbent at time t (min).
υo and Qe can be obtained from the intercept and slope of
a plot of t/Qt vs. t (Fig. 8), respectively. Therefore, k2Q

2
e

calculated to be 5.945 × 10−4 and 0.699 × 10−4,
Qe = 4.0 × 10−2 and 3.7 × 10−3 mmol g−1, and k2 = 0.371
and 5.1 g mmol-1 min−1 and r2 = 0.962 and 0.973
using SCB for Pb(II) and Na(I), respectively.
k2Q

2
e equal 2.906 × 10−3 and 3.514 × 10−4, Qe = 5.99 × 10−2

and 5.85 × 10−3 mmol g−1, and k2 = 0.835 and
10.27 g mmol-1 min−1 and r2 = 0.996 and 0.996 using BP
for Pb(II) and Na(I) ions, respectively. Since the kinetic of
the uptake has to be determined in order to establish the
time course of the uptake process, the previous results of
correlation factors showed that the adsorption kinetic

data were best fitted with the pseudo-second-order
model.

3.7. Effect of initial metal ion concentrations (adsorption
isotherm studies)

Interaction of adsorbent with adsorbate such as
metal ion is heavily dependent on the initial concen-
tration of adsorbate. The adsorption of metal ion is
considered as a combination of various physicochemi-
cal and stereochemical factors which are basically
depend on the interacting species. The potential affin-
ity between adsorbate and adsorbent, bond energy
and adsorption capacity can be determined by con-
struction of various isotherm models. In addition, the
adsorption isotherm can be used to describe the distri-
bution of the adsorbed molecules between the liquid
and solid phases at equilibrium state. Such evaluations
are generally applied to provide important and valu-
able information for optimizing the experimental con-
ditions for adsorbent applications. The two most
commonly employed isotherm models for describing
adsorption of metal ions by different adsorbents and
bio-adsorbents are the Langmuir and Freundlich
[3,15]. To find out the mechanistic parameters associ-
ated with Pb(II) and Na(I) adsorption, the results
obtained by the adsorption experiments were ana-
lyzed as follows. The adsorption isotherms for binding
of Pb(II) and Na(I) with SCB and BP were determined
by the batch technique at pHs 5.0, 6.0, and 10.0,
respectively. Thus, solutions of Pb(II) and Na(I) in the
concentration range 2.0 × 10−4–2.0 × 10−3 M were sha-
ken for 120 and 90 min with a constant weight 4.0 and
2.0 g of SCB and BP, respectively.

The Freundlich model assumes a heterogeneous
adsorption surface with sites having different adsorp-
tion energies [33]. Linearized form of the Freundlich
equation was given by the following equation [34]:

%Extraction 

(b)
%Extraction 

Shaking time (min) Shaking time (min)

(a)

Fig. 7. % Extraction of (a) Pb(II) and (b) Na(I) as a function of shaking time using SCB and BP.
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logQe ¼ logKF þ n logCe; (linear form) (3)

where Qe is the equilibrium metal ion concentration
on adsorbent (mmol g−1), Ce is the equilibrium
concentration of the metal ion (mmol L−1), KF is the
Freundlich constant (mmol g−1) which indicates
the adsorption capacity and represents the strength of
the adsorptive bond, and n is the heterogeneity factor
which represents the bond distribution, Fig. 9(a) and
(b). The values of KF and n were presented in Table 2.
From this table, it is clearly showed that the data of
adsorption isotherm using SCB and BP adsorbents
with Pb(II) are well fitting to the Freundlich model
[35]. A value of 1/n < 1 represents an isotherm, where
the marginal sorption energy increases with increasing
surface concentration. This value can be also inter-
preted by assuming strong adsorption, strong intermo-
lecular attraction within the adsorbent layers, and
high penetration of the solute in the adsorbent and
mono-functional nature of the adsorbate [36]. Thus,

the initial concentration of metal ion in solution
remarkably influenced on the equilibrium uptake of
Pb(II) by SCB and BP adsorbents due to higher avail-
ability of metal ion for adsorption. Moreover, a high
driving force to overcome all mass transfer resistance
of metal ion between the aqueous solution and adsor-
bent is suggested in the presence of high initial metal
ion concentration. This also results in higher probabil-
ity of collision between metal ion and adsorbent as
well as higher metal uptake.

Distribution of metal ions between liquid and solid
adsorbent could be also described by Langmuir
adsorption isotherm. It is based on the assumption
that metal ions are chemically adsorbed on a fixed
number of well-defined sites. Each site could hold
only one ion (monolayer adsorption); all site are ener-
getically equivalent (homogeneous surface); and there
is no interaction between the ions [2]. The linearized
Langmuir isotherm allows the calculation of adsorp-
tion capacities and the Langmuir constant. The model
is described by the following equation [37]:

0 20 40 60 80 100 120
1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0 Pb(II)

t/q
t x

 1
03

time(min)

0 20 40 60 80 100 120
1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0
Na(I)

time(min)

0 20 40 60 80 100 120

0.5

1.0

1.5

2.0

2.5 Pb(II)

time(min)

0 20 40 60 80 100 120
0

5

10

15

20

25

Na(I)

time(min)

t/q
t x

 1
04

t/q
t x

 1
03

t/q
t x

 1
03

(a)

(b)

Fig. 8. Pseudo-second-order kinetic plots for the sorption of Pb(II) and Na(I) on: (a) SCB and (b) BP.
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Ce=Qe ¼ ð1=QoÞCe þ ð1=QobÞ; (linear form) (4)

where Ce and Qe are the equilibrium concentrations of
adsorbate in the liquid and adsorbed phases in
mmol ml−1 and mmol g−1, respectively [38]. Qo

(mmol g−1) and b (ml mmol−1) are Langmuir con-
stants, which are related to maximum adsorption
capacity of Pb(II) and Na(I) and affinity parameter,
respectively, using SCB and BP adsorbents. These con-
stants can be calculated from the intercept (1/Qob)
and slope (1/Qo) of the linear plot, Ce/Qe vs. Ce given
in Fig. 10(a–c). The correlation coefficient (r2) showed
that the Langmuir model fitted the results better than
Freundlich model for BP with Pb(II) and Na(I) and for
SCB with Na(I) as shown in Table 2. Moreover, the
essential characteristics of the Langmuir isotherm can
also be expressed in terms of a dimensionless constant
separation factor or equilibrium parameter, RL, which
is defined as: RL = 1/(1 + bCo) where, b is the

Langmuir constant (indicates the nature of adsorption
and the shape of the isotherm accordingly) and Co is
the initial concentration of analyte. The RL value indi-
cates the type of the isotherm [38]. The RL for Pb(II)
and Na(I) adsorption were also calculated in Table 2
and supported a highly favorable adsorption process
based on Langmuir model.

4. Applications

4.1. Removal of Pb(II) from environmental water samples

In order to demonstrate the validity of the studied
method in the batch system, the accuracy and precision
were investigated using different water samples: WW,
DTW, MW, and GW spiked with a known amount of
Pb(II). The spiked concentrations of lead ions were set
at the regulatory levels of heavy metals in an aqueous
solution. Individual water solutions (50 mL) containing
10.0 ppm of Pb(II) were stirred with each SCB and BP

Table 2
Parameters of Freundlich and Langmuir isotherm constants for binding of Pb(II) and Na(I) using SCB and BP at room
temperature

Freundlich constants Langmuir constants

Sorbent Metal ion KF 1/n r2 Qo
a bb × 104 r2 RL

SCB Pb(II) 2.39 × 10−3 0.087 0.958 5.38 × 10−3 6.41 0.189 0.008
Na(I) 3.71 × 10−3 4.016 0.897 8.77 × 10−3 1.39 0.985 0.066

BP Pb(II) 3.80 × 10−2 0.943 0.981 8.98 × 10−3 0.58 0.962 0.079
Na(I) 7.94 × 10−3 3.012 0.757 18.18 × 10−3 1.10 0.976 0.016

ammol g−1.
bml/mmol.
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Fig. 9. Freundlich plot for the sorption of Pb(II) on (a) SCB and (b) BP at constant temperature.
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(4.0 g) at pH 5.0 for 120 min at 25˚C. Ten milliliter of
the effluent solution taken at the end of the experiment
(the residual concentrations of lead ions) were deter-
mined using atomic absorption spectrophotometry.
Under the previous optimum conditions, the method
validation was performed by repeating the same
experiment five times. The accuracy and precision
were calculated as the recovery percentage and relative
standard deviation percentage (RSD%).

The method validation should be investigated in
order to check the accuracy and precision of the new
proposed removal method. The following equation
was used for calculation of percentage of removal of
Pb(II) ions:

Percentage of removal ¼ ðCi � Cf=CiÞ � 100 (5)

where Ci is the initial concentration of Pb(II) and Cf is
its concentration in filtrate. Good agreement was
obtained between the added and recovered analyte
contents using the experimental procedure. The per-
centage of recovery calculated for the standard addi-
tions was always higher than 95.0%, thus, confirming
the accuracy of the procedure. RSD% values for the
determination of the analytes in the spiked samples
were in range of 0.544–1.532%, Table 3. Therefore, SCB
and BP were suitable for extraction and removal of the
lead ions. The precision of the method (RSD and RSD
%) are acceptable according to the established refer-
ences [2,39]. Moreover, the results were also compared
statistically with the reference method. The F- and
t-values did not exceed the theoretical ones (Table 3),
indicating no significant difference [2,40].
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Fig. 10. Langmuir plot for the sorption of (a) Na on SCB, (b) Pb(II) and (c) Na(I) on BP at constant temperature.

8922 S.A. Ahmed / Desalination and Water Treatment 57 (2016) 8911–8926



4.2. Reduce the sodium ion concentrations (salinity) from
irrigation water for improvement the growth of plants

Prepare different concentrations of NaCl (0.00, 100,
200, and 300 mM) using DDW and justify the pH to
the suitable value for growing zea maize and wheat
cultivars (pH 7.0). 4.0 g each of SCB and BP are
soaked in the previous concentrations of NaCl over-
night at room temperature and then filtered. The fil-
trate is used for irrigation of zea maize and wheat
plants. The improvement of the growth of the two
plants can be traced by calculation of their weight and
leaf area (growth parameters). The results were

compared statistically using SPSS program with refer-
ence samples.

From the previous results of batch studies it was
concluded that, SCB and BP adsorbents could be suit-
able for adsorption of sodium ions (percentage of
extraction >95.0%) at the optimum pH 6.0 and 10.0,
respectively. However, at these pH values, the plants
are not well grown. So, it is necessary to compromise
between the pH values suitable for reducing sodium
ion concentrations in water and at the same time per-
mit to well growth of the plants. As shown in Fig. 5,
at pH 7.0 (which is suitable for growing plants), the

Table 3
Recovery and precision of Pb(II) spiked natural water samples with SCB and BP using batch technique

Sample
% Recovery
SCB

aRSD
% F-value t-value

% Recovery
BP

RSD
% F-value t-value

b% Recovery in
reference method
[2,40]

Wastewater 103.2 ± 0.35 0.339 0.122 2.259 102.7 ± 0.45 0.438 0.202 1.163 102.0 ± 0.4
Drinking

tap-water
97.89 ± 0.50 0.511 2.250 0.712 96.48 ± 0.53 0.549 2.341 0.302 97.2 ± 1.4

Mineral water 95.20 ± 1.15 1.208 1.322 – 97.50 ± 1.30 1.333 1.690 – –
Groundwater 95.77 ± 1.00 1.044 1.000 0.583 96.2 ± 1.20 1.247 1.440 1.046 95.3 ± 1.5

N = 5.

Experimental conditions: 10.0 ppm of Pb(II) ions are spiked in: WW, DTW, MW, and GW samples, weight of phase 4.0 g and the sample

volume 50 ml at pH 5.0.
aRSD% relative standard deviation percentage of the recovery, Fcritical = 6.39, tcritical = 2.306, at the 95% confidence level.
b% Recovery by the reference method with (N = 5).

Table 4
Effect of reducing sodium ion concentrations using SCB and BP sorbents on weight and leaf area (growth parameters) of
(a) zea maize and (b) wheat plants

Na(I) concentrations (mM)

Percentage of weight of zea maize and
wheat attributed to control sample
[0.00 mM Na(I)]

Percentage of leaf area of zea
maize and wheat attributed to control
sample [0.00 mM Na(I)]

Referencea BP SCB Referencea BP SCB

(a) Zea maize
0.00 100.0 122.91 108.85 100.0 107.51 109.42
100.0 54.16 88.54 80.72 16.46 75.55 60.89
200.0 40.10 68.22 64.58 2.85 13.32 6.66
300.0 17.71 30.21 23.69 0.40 1.43 0.00
LSD (5%) 0.02 1.647

(b)wheat plants
0.00 100.0 71.25 126.25 100.00 135.09 125.15
100.0 93.35 83.75 132.50 125.15 104.68 69.00
200.0 28.75 54.15 48.35 0.40 6.43 28.65
300.0 4.40 0.00 6.02 0.06 0.00 3.60
LSD (5%) 0.002 0.347

aReference: percentage of weight of zea maize and wheat after irrigation with saline water (water contained different Na(I)

concentrations) without treatment with sorbent.
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percentage of extraction of Na(I) using SCB and BP is
calculated to be 60.0 and 88.0%, respectively. These
values are acceptable for reducing sodium ions con-
centrations in water for improvement of the growth of
plants [41]. Therefore, the effects of increasing concen-
trations of Na(I) using SCB and BP adsorbents on the
weight and leaf area (growth parameters) of zea maize
and wheat plants were investigated at pH 7.0 as
shown in Table 4(a) and (b) and Fig. 11. The data in
Table 4(a) and (b) showed that the growth parameters
of the two plants was decreased with increasing Na(I)
concentrations in reference samples (without treatment
of the two adsorbents). On the other hand, these
parameters was improved after adsorption of Na(I)
using SCB and BP as compared with reference
samples.

5. Conclusion

SCB and BP as natural solid phase extractors have
the following advantages: (a) benign lignocellulosic
materials, inexpensive (sugar cane industry wastes)
and rich in oxygen-containing functional groups; (b)
pronounced capability for high extraction of Pb(II) and
Na(I) ions with no need for chemical modification; (c)

applicable for selective removal of Pb(II) from different
natural water samples using batch technique; (d) suc-
cessful reducing of the concentration of sodium ions
from irrigation water based on positive parameters
used for measuring zea maize and wheat production.
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