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ABSTRACT

The aim of this study was to use low cost adsorbents, which consist of inner peel (albedo) of pomelo fruit as a
plant wastes adsorbents for removal of heavy metals from aqueous solutions by packed bed column
technique(PBC). The effect of three variables: pH value, contact time and chemical modification were
investigated samples of plant waste (albedo) were tested to determine the phytochemical materials that
contained in it, and estimate its removal efficiency which gives the best performance in heavy metals removal.
Phytochemical investigation of the albedo showed the presence of flavonoids, tannins, coumarin, volatile oils,
terpenoids, anthraquinone glycosides, pectin, lignin and cellulose. Adsorption tests of the inner peel (albedo)
adsorbents showed the best removal efficiencies: 94% for Co and Ni at pH 4.5 and 98 min. 98.2% for Pb at pH 3.5
and 156 min and 96% for Cd obtained at pH 6 and 98 min. In addition, removal efficiency of albedo was
increased in multi ions system than the single ions system. Moreover, results revealed that the chemically
modified albedo was better than the raw albedo in multi ions system.

Keywords: pomelo fruit, Inner peel (albedo), Adsorption, Cobalt, Lead, Nickel, Cadmium, aqueous solutions.
1. INTRODUCTION

Industrial wastewater contains high levels of heavy
metals that may pollute the water once it is discharged
to the nature. These metals include arsenic, chromium,
copper, zinc, cobalt, cadmium, lead, boron, nickel,
mercury, sulfur and silver. Heavy metals are elements
that have more than five times the specific gravity than
that of water. They are one of the most toxic types of
water pollutants. At least 20 metals are considered to
be toxic, and approximately half of these metals are
released to the environment in amounts that are
hazardous to the environment and harmful to the living
organisms, in addition to the human health [1]. Some of
the treatment processes for removing heavy metals
from industrial waste water include precipitation with
coagulation and flocculation, ion exchange, complexing
of dry biomass and adsorption. However, limitations
can be found such as: Precipitation produces large
amounts of heavy metals rich waste sludge; ion
exchange and biomass methods are costly and cannot
be readily applied to large scale applications [2].
http://crmb.aizeonpublishers.net/content/2017/6/crmb1336-1344.pdf

Adsorption process is a low cost effective, applicability
on large scales, relatively quick method of heavy metals
removal from industrial waste water regardless of the
concentration of the heavy metals or the volume of
water that it is dissolved in [3]. Different materials
were used as adsorbents which collect or adsorb the
heavy metals from the industrial waste water. These
materials include plants and agricultural wastes such
as: cashew nut shells [4], olive cake, date pits and fruits,
tea factory waste, maize cobs, and wood saw dust to
name a few [5].Plant waste products and other natural
products are readily used as adsorbates, hence,
allowing for an inexpensive and feasible method of
removing solids from industrial waste water [6]. Plant
and agricultural wastes have many physicochemical
characteristics
properties
including:
Chemical
composition (primary and secondary metabolites),
functional groups (chemical groups such as: C-H, C=O,
N-H, C-OH, C-O-C, O-H and C-N), surface texture, surface
area, porosity and type of electrical charges. The
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secondary metabolites of plant wastes often refers to
the cellulose, hemicellulose, lignin, pectine, silicates,
phenolic compounds, essential oils, Glycosides, alkaloid
and coumarins that considered major active
components of plant and agricultural wastes[7]. On the
other hand, type of surface electrical charges effects on
pH value of the reaction medium and thus the
adsorption and removal process , when pH value
increases, the overall surface electrical charge on the
adsorbents become negative and adsorption process
decreases, while if pH value decreases, surface
electrical charge become positive and adsorption
process increases [8].This work is aimed to use low
cost adsorbents, which consist of pomelo fruits albedo
(peel pith) as plant waste adsorbents for removing
heavy metals from aqueous solutions by packed bed
column technique (PBC)technique as well as study the
effect of two variables (pH value and contact time) on
adsorption process.

2. MATERIALS AND METHODS

2.1 Collection and Preparation of pomelo albedo
samples
Pomelo fruits samples were collected from local
markets during December – 2016. The external peels of

all samples were removed and albedo was taken and
cut by a knife, all samples washed with deionized water
by mixing inashakerfor24hrs. After that,water was
decanted and the process was repeated three times
until color removed from the samples. Then, the clean
pomelo inner peels placed in a large glass dish and
dried at room temperature.
After drying, clean plants wastes were crushed by
binder and sievedthrougha3mmsieveto separate and
remove the fine particles. Samples of albedo adsorbents
were then divided into two groups (Figure 1): The first
group, albedo absorbents were left as raw materials for
experiments. The second group, adsorbents were
treated with (0.1M) HCl for 3 hrs at 30°C for conducting
chemically modification, and washed with double
distilled water. After that, The adsorbents were treated
with (0.1M) NaOH for 3 hrs at 30°C, and washed by
double distilled water. Then, the samples were dried at
60°C [9].
All samples (Raw and Modified albedo adsorbents)
were kept in precleaned plastic bottles with air tight to
avoid absorption of moisture from the atmosphere
[10].

Figure 1: Plant adsorbents after configuration for studies.

2.2 Phytochemical Investigation for Albedo of
Pomelo
For the phytochemical investigation, hydro methanolic
solvent (methanol 80%) was used for extracting the
albedo by soxhlet apparatus [11] and then analyzed
the extract for the determination of presence or
absence of different plant constituents (secondary
plant products) by usual qualitative tests of
phytochemical constituents such as flavonoids (Alkali
test), alkaloids (Dragendroff reagents) and Tannins
(Ferric chloride test) [12], Coumarin (Alkali with
Fluorescence test), Saponins (Olive oil test), Resins
(acetic anhydride test) and Volatile Oils (Fluorescence
test) [13], Terpenoids (Salkowski test) [14], Gum and
Mucilage (Swelling test) [15], Anthraquinones
glycosides (Borntrager’s test) [16], Cardiac glycosides
(Liebermann’s test) and Pectin (Alkali test) [17], Lignin
(Aniline test) [18] and Cellulose (Iodin- zinc chloride
test) [19].
http://crmb.aizeonpublishers.net/content/2017/6/crmb1336-1344.pdf

2.3 Preparation of aqueous Solutions
1-Standard solutions of heavy metals (single ion
system)
Standard solutions of heavy metals were prepared as
mentioned in [20] based on the atomic and molecular
weight and the concentrations of metals
A standard solution of Cobalt, nickel, Lead and
Cadmium were prepared with concentration of 50 mg/l
for each of them separately by using Co (NO₃)₂, NiCl2,
6H2O, (CH3COO)2.3H2O and CdCl2 respectively. These
solutions was passed through 0.45µm membrane filter
to prevent the passage of any insoluble particles and
saved as standard solutions for experiments.
2-Standard solution of Multi-ions solution (Multiions system)
A standard solution of multi-ions system with
concentration of 50 mg/l of each cobalt, lead, cadmium
1337
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and nickel was prepared by using same quantities that
were used previously but in same volume of DDW. The
heavy metal ions concentrations of samples of standard
aqueous Solutions were measured before and after
treatment by atomic absorption spectroscopy.
2.4 Experimental Design
In general, the purpose of an experimental design is to
determining the optimum operation conditions through
analyzing and simulating of a process with the objective
of optimizing a response which is affected by several
independent variables [21].
In this work, an experimental design was carried out
according to the Box–Wilson design with two variables:
pH value at range (3-6) and contact time at range (15180 min.). This experimental design was chosen

because it considered a suitable design for this study
[22].
2.5 Laboratory Scale Design (Columns set-up)
The schematic representation of experimental column
"packed bed column (PBC)" is shown in figure (2). The
adsorption studies were carried out in six transparent
glass columns, Each column had 2.0cm internal
diameter and 30cm in height. The adsorbents (albedo)
were confined in the column by fine Teflon (PTFE) filter
(No. 1) at the bottom and a glass beads layer was
placed at the top of the adsorbents to ensure a uniform
distribution of influent through the adsorbents.
The influent waste water from plastic feed container (5
Liters) was introduced to the column through a rubber
stopper fixed at the top and controlled by a valve at the
lower end.

Figure 2: Experimental column (packed bed column).
2.6 Adsorption experimental procedure
All the six glass columns were washed with de-ionized
water before the adsorption experiments. Columns
were filled with plant wastes samples for standard
aqueous solutions treatments .
Four columns were used individually for each type of
heavy metal adsorption (single ion system) in order to
determine and estimate the efficiency of adsorbent for
treatment and removal of heavy metals.
The efficiency of adsorbent was determined according
to certain parameters that were: pH value, contact time
and adsorbents modification.
The fifth column was used for the treatment of multiions system with suitable condition (pH and contact
times). Furthermore, the sixth column was used for
treatment of mixture of heavy metals (multi-ions
system) with modified albedo adsorbent. Finally, the
experiment of regeneration of adsorbents were carried
http://crmb.aizeonpublishers.net/content/2017/6/crmb1336-1344.pdf

out with the same design and approach of fifth and
sixth column.
2.7 Factors affecting adsorption of heavy metals
The main investigated parameters that may influence
heavy metals adsorption were; pH value, contacting
time andadsorbents modification.
1- pH value effect
The experiment was carried out according to Box –
Wilson design at a range of pH from 3 to 6 for waste
water contained of Co, Cd, Pb and Ni,with different
contact timevalues . The acidic and alkaline pH of the
solution was maintained by adding the required
amount of HCl and NaOH solutions [22].
2 - Contact time
The effect of contact time for heavy metals removal by
adsorbent was determined according to Box – wilson
1338
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design at different periods from 15 to 180 min., with
differentpH values [22].
3 - Adsorbents modification
The activity of modified albedo adsorbents for heavy
metals removal was used for the treatment of mixture
of heavy metals (Multi-ions system) with suitable
condition (pH value and contact time) according to the
previous experiments results.
2.8 Fourier transform infrared spectroscopy (FTIR)
analysis
This technique was employed to determine the
functional groups responsible for metals uptake, befor
and after using the adsorbents (albedo of pomelo) for
water treatment[23, 24].
2.9 Calculations of Removal Efficiency
The following equation was used to calculate the
removal efficiency of adsorption process [25]:

2.10 Statistical analysis
All data of experimental designed were analyzed
statistically by using statistica program(Anova test).

3. RESULTS AND DISCUSSION

3.1 Phytochemicals investigation
The results of qualitative phytochemicals analysis for
hydro methanolic extract of pomelo albedo showeda
presence of flavonoids, tannins, coumarin, volatile oils,
terpenoids, anthraquinone glycosides, pectin, lignin
and cellulose. While, alkaloids, resins, gum and
mucilage, saponins and cardiac glycosides were not
found (Table 1).

Table 1: phytochemicals analysis of albedo extract
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Phytochemicals
Flavonoids
Alkaloids
Tannins
Coumarins
Saponins
Resins
Volatile Oils
Terpenoids
Gum and Mucilage
Anthraquinones Glycosides
Cardiac Glycosides
Pectins
Lignin
Cellulose

The phytochemicals evaluation of albedo extract is a
necessary step for determining the active materials of
albedo that play an essential role in the adsorption
process depending on functional chemical groups of
these materials[26]. Secondary metabolites of plants
are considered as an important parameter for plant
adsorbents because they help in predicting the
efficiency of adsorption process that depends on its
chemical structures[27]. Also, the main advantage of
plants waste and secondary metabolites of plants
(active materials) over other conventional adsorbents
is their strong affinity and high selectivity toward
heavy metals due to the abundant availability of

http://crmb.aizeonpublishers.net/content/2017/6/crmb1336-1344.pdf

Positive Reaction
Yellow colour
Reddish brown colour
Greenish black colour
Yellow fluorescence colour
Emulsion solution
Orange to Yellow colour
Pinkish fluorescence colour
Reddish brown colour
Swelling form
Pink – Red colour
Violet – Blue ring colour
White flocculation
Yellow colour
Blue colour

Results
+
+
+
+
+
+
+
+
+

binding functional groups on the plants waste and
secondary metabolites of plant part surfaces[28].
3.2 Adsorption experimental studies
Determining the ability of adsorption process and
removal efficiency of the heavy metals according to
the Box-Wilson Design.
The adsorbent materials showed different efficiency for
adsorption process at different conditions (pH value
and contact time),heavy metal residuals (after
treatment) ranged from 0.9 to 10.1 ppm (Table 2).
Furthermore, different removal efficiency (E.R) of
heavy metals (Co, Pb, Ni and Cd) was observed removal
efficiency ranged from 80% to 98.2%(Table 3).
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Table 2: Residual concentrations of heavy metals (after treatment) at different pH value and contact time.
No.
1
2
3
4
5
6
7
8
9

Parameters
pH Values
Contact
(min.)
3.5
40
3.5
156
5.5
156
5.5
40
3
98
6
98
4.5
15
4.5
180
4.5
98

Time

Co (50PPM)
10.1
9
7
7.5
6
5
4
4.5
3

Heavy Metals (Residuals) PPM
Pb
Ni
(50 PPM)
(50 PPM)
2.5
8.5
0.9
7
1.1
4
1.4
6
1.5
5
1.5
4
1.6
7
1.7
3.5
1.9
3

Cd (50PPM)
5
4.5
4.8
4.7
3
2
2.1
2.1
2.2

Table 3: Different removal efficiency (E.R) of Heavy metals (after treatment) at different pH value and contact time.
No.
1
2
3
4
5
6
7
8
9

Parameters
pH Values
Contact
(min.)
3.5
40
3.5
156
5.5
156
5.5
40
3
98
6
98
4.5
15
4.5
180
4.5
98

Time

Co
80
82
86
85
88
90
92
91
94

3.3 Factors affecting adsorption of heavy metals
According to the results that obtained from studied the
effects of parameters (pH values and contact time) on
heavy metals removal efficiency by inner peels of
pomelos in packed bed column(PBC)(Table 3), the
adsorbents showed high removal efficiency of metals
with little differences on the ability of adsorbents for
heavy metals removal.
3.3.1 pH values
It seems clearly removal efficiency of all adsorbent
materials for removal of Co, Pb, Cd and Ni was affected
with increasing pH value. According to the arithmetic
means of removal efficiency, highest removing was
occurred at pH 4.5 and 6 that were 94.95 % and 93.75
% respectively,while removal efficiency was decreased
with decreasing the pHvalue, lowest removal efficiency
was occurred at pH 3.5 which was 87%.pH of the
adsorption process is an important controlling
parameter in heavy metals adsorption process [29].
This parameter is directly related to the competition of
hydrogen ions with metal ions at active sites on the
adsorbent surface [30]. In a study carried out by
Abdullah and Prasad (2010), the adsorption of nickel
(II) was increased when pH was increased from 1 to 6
by using tamarind bark. Dong et al., (2010) [32]
reported that the best pH for the chromium adsorption
was 5.5 by amino starch preparation and its adsorption
for Cr.
3.3.2 Contact Times
All adsorbent materials exhibited higher removal
efficiency at a variable contact time ranged from 15 to
180 min. for Co, Pb, Cd and Ni, the best contact time for
http://crmb.aizeonpublishers.net/content/2017/6/crmb1336-1344.pdf

Removal Efficiency of Heavy Metals (%)
Pb
Ni
Cd
95
98.2
97.8
97.2
97
97
96.8
96.6
96.2

83
86
92
88
90
92
86
93
94

90
91
90.4
90.6
94
96
95.8
95.8
95.6

The
Means
87
89.3
91.55
90.2
92.25
93.75
92.65
94.1
94.95

highest removal efficiency were 94.95% and 93.75%at
98 min.(Table 3).While the lowest removal efficiency
was 87% at 40 min. Contact time is one of the
important parameters for the successful adsorption
application. Generally, in a given contact time, there
are three primary rate steps in the adsorption of
materials from solution by plant wastes. First is the
transport of the adsorbate through a surface layer to
the exterior of the adsorbent (film diffusion); second is
the diffusion of the adsorbate within the pores of the
adsorbent (pore diffusion); third is the adsorption of
solute on the interior surfaces bounding pore and
capillary spaces. For most operating conditions,
transport of adsorbate through the 'surface layer' or
boundary layer is rate-limiting, if sufficient turbulence
is provided, transport of the adsorbate within the
porous adsorbents may control the rate of uptake [33].
Kurniawan, et al. (2003) [34] mentioned that the
contact time required by all types of adsorbents for
metals removal from real waste water was relatively
short, ranging from 2 to 6 hrs, suggesting a rapid
transport of adsorbate species from the bulk to the
surface of adsorbents.
3.4 Multi-ions solution (Multi-ions system)
The removal of heavy metals from multi-ions system
shown higher removal efficiency of adsorbents more
than single ions system. Pomelo inner peels had the
highest ability of adsorption processwith 0.9, 0.3, 0.9
and 0.5 for Co, Pb, Ni and Cd ,respectively (Table 4). At
the same time, removal efficiency of Co, Pb, Ni and Cd
were 98%, 99%, 98% and 99% respectively. In this
context, Husoon (2011) [35] found that the adsorption
process was enhanced when heavy metal concentration
1340
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was increased up to certain values. Also, Dong et al.,
(2010) [32] reported that the increase of metal
concentration caused a significant enhancement in the
reaction extent of heavy metals adsorption from

aqueous solution. Therefore, the adsorption is highly
dependent on the concentration of metal ion especially
in multi-ions system. [37].

Table 4: The removal efficiency of albedo adsorbent for metals in single ions system and multi ions system.
Heavy
Metals
(50 ppm)
Co
Pb
Ni
Cd

Single Ions System
Residual Concentration
Removal
Efficiency
3
94%
1.9
96.2%
3
94%
2.2
95.6%

3.5 Adsorbents modification
The modification by HCl (1M) and NaOH (1M) on the
effectiveness of adsorbents of heavy metals removal is
illustrated in Table (4and5). High differences were
observed between the ability for heavy metals removal
by treated and non-treated plants wastes with HCl (1M)
and NaOH (1M) (Table 5).According to the results of
adsorption process by modified adsorbents, the
removal efficiency of pomelo inner peels became best
and higher than raw adsorbents. This experiment
carried out depending on the best removal efficiency
was obtained that were at pH 4.5 and contact time 98
min (table 3). Several studies have mentioned that the
Pretreatment methods using diﬀerent kinds of
modifying agents such as organic and metallic acid
solutions were for purpose of removing soluble organic
compounds, eliminating coloration of the aqueous
solutions and increasing eﬃciency of heavy metals
adsorption [38, 39, 40, 41]. Plants waste modification

Multi Ions System
Residual Concentration
Removal
Efficiency
0.9
98%
0.3
99%
0.9
98%
0.5
99%

could enhance their natural capacity and increase the
efficiency of the plants waste and their active materials
(plant secondary metabolites) as natural adsorbents.
Also, the prolonged contact with water, natural
adsorbent tends to disintegrate, in order to overcome
such problems, chemical modification and activation of
the raw adsorbents are required and this considered an
advantage for natural adsorbents [27]. The basic of
modifications is to make changes in adsorbent
structure to enhance its properties (capacity,
resistance, etc.). The researchers have proposed certain
modifications for adsorbent backbone to improve its
adsorption capacity through grafting reactions [42].
The modification can improve adsorbent’s removal
performance and selectivity for metals; alter the
physical and mechanical properties of the polymer;
control its diffusion properties and decrease the
sensitivity of adsorption to environmental conditions
[43].

Table 5: Comparing the removal efficiency of raw and modified albedo adsorbent for metals in multi ions system.
Heavy Metals
Multi Ions System
50ppmCo
Pb
Ni
Cd

-

Raw Albedo Adsorbent
Residual Concentration
Removal
Efficiency
0.9
98.2%
0.3
99.4%
0.9
98.2%
0.5
99%

3.6 Statistical analysis of Adsorption experimental
studies by Anova test
Results of this study were analyzed by Anova test to
find out the significant effects of parameters on
adsorption process and heavy metals removal. It is
worth mentioning that the situation which we can
choose between one-way ANOVA and other statistical
test is when the explanatory variable has exactly two
levels. In that case the same conclusions can be reached
regardless of which method has been used [46].In
statistics, analysis of variance (ANOVA) is a method
used to compare means of samples (using the F
distribution). This can be used only for numerical data.
Typically, however, the one-way ANOVA is used to test

http://crmb.aizeonpublishers.net/content/2017/6/crmb1336-1344.pdf

Modified Albedo Adsorbent
Residual Concentration
Removal
Efficiency
0.08
99.8%
0.002
100%
0.08
99.8%
0.025
99.95%

for differences among at least three groups [45].
Results of ANOVA were carried out for determining the
pH value and contact time that affect the treatment of
aqueous solution and heavy metals removal (Table 6).
In all ANOVA statistical tests, the level of significance is
p ≤ 0.05 suggesting that the test is considered to be
statistically signiﬁcant [47]. According to table 7, pH
values and contact time did not show significant effect
on the heavy metals adsorption and removal from the
aqueous solution. While the type of heavy metals
showed a significant difference between ability of the
plant wastes towards heavy metals adsorption and
removal from aqueous solution (Table7).
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Table 6: Anova test of pH value and contact time and there effects on adsorption process by raw inner peels of pomelo.
No.

pH Values

1
3.5
2
3.5
3
5.5
4
5.5
5
3
6
6
7
4.5
8
4.5
9
4.5
At a probability (p ≤ 0.05)

Contact
(min.)
40
156
156
40
98
98
15
180
98

Time

Means of Heavy
Metals (PPM)
6.525
5.35
4.23
4.90
3.875
3.125
3.675
2.950
2.525

Standard
Deviation (S.D.)
2.967
3.024
2.112
2.250
1.746
1.430
2.118
1.116
0.487

F - Value
1.527

P
Value
0.149

-

Comment
Not- Significant

Table 7: Anova test of heavy metal types and there effects on adsorption process by raw inner peels of pomelo.
Heavy
Means
of
metals
Metals (PPM)
Co
6.233
Pb
1.566
Ni
5.333
Cd
3.377
At a probability (p ≤ 0.05)

Heavy

Standard
(S.D.)
2.231
0.434
1.779
1.262

Deviation

3.7 Fourier transforms infrared spectroscopy
(FTIR) analysis
The FTIR technique was used to study the main
changing in functional groups that present in pomelo
albedo before and after removing heavy metals from
aqueous solution. Figure 3 shows the FTIR spectra of
raw pomelo albedo before removing heavy metals.
Generally, the cellular wall of most citrus albedo
contains insoluble polysaccharides that composed of
pectin, cellulose, and hemicelluloses [52]. The most
distinct absorption peak was observed on the
untreated spectra (a), with the presence of a peak
located at ~1741.8 cm-1 that indicates the presence of
C=O and C-O-C stretching of the acetyl and uronic ester
groups of polysaccharides, such as pectin, lignin and
hemicellulose[35,54]. It is also shown in Figure 3 that
all of the samples have peak 3346.78 cm-1, which
indicates the presence of O-H stretching vibration and
O-H bending of the absorbed water. The absorption
peaks in the region of 1644.98 cm-1 and around
~2923.83 and 2853.10 cm-1 correspond to the O-H and
C-H groups [55]. The vibration peak around 1454-

http://crmb.aizeonpublishers.net/content/2017/6/crmb1336-1344.pdf

F - Value

P - Value

Comment

15.719

0.000

Significant

1518.98 cm-1 related to the bending vibration of the
C=C and C-H bonds in polysaccharide aromatic rings,
while 1340 - 1205.52 cm-1 related to the carbonyl
amide C-N [56]. A band around 1176.40 and 1135.65
cm-1 that represents the C-O and C-H stretching
vibration, confirms the structure of cellulose and
oleanolic acid. The vibration peak around 1037.62,
1013.65 and 986.76 cm-1 that represents the C=O as
ester groups. Furthermore, the increase in the intensity
of these groups indicates to the increase of the
crystallinity of the samples [57, 58]. Overall, the typical
absorption band that appears in the extracted cellulose
from pomelo albedo spectra is similar to the
characteristic of pure cellulose. Also, the band at peak
3346.78 cm-refers to presence of terpenoids and
anthraquinone glycosides [59]. While, figure 4 shows
the FTIR spectra of raw pomelo albedo after removing
heavy metals that showed there are significantly
different on the major peaks, which explains clearly
that the binding of these functional groups with heavy
metals in adsorption process and removing the heavy
metals from aqueous solution.

1342

Majid R. Majeed / Curr Res Microbiol Biotechnol. 2017, 5(6): 1336-1344

4. REFERENCES
1.

Ahmed El Nemr, Azza Khaled, Ola Abdelwahab, Amany ElSikaily. (2008). Treatment of wastewater containing toxic
chromium using new activated carbon developed from date
palm seed. Journal of Hazardous Materials, 152(1): 263-275.
2. George, T.; Franklin, L. and Stensel, H. (2004). Wastewater
Engineering Treatment and Reuse. Metcalf Eddy Inc. New
york, USA, Mcgraw-Hill.
3. Jason, P. Pope. (1996). Activated Carbon and Some
Applications for the Remediation of Soil and Groundwater
Pollution Ground water Pollution primer’, CE: 4594, Soil and
Ground Water Pollution, Civil Engineering Department,
Virginia Tech.
4. Kumar, P.; Ramalingam, S.; Kirupha, S.; Murugesan, A.;
Vidhyadevi, T.and Sivanesan, S.(2011).Adsorption behavior
of nickel(II) onto cashew nut shell: Equilibrium,
thermodynamics, kinetics, mechanism and process
design.Chemical Engineering Journal, 167: 122–131.
5. Mamdouh, M. Nassar,(2006). Adsorption of Fe+3 and Mn+2
from Ground Water onto Maize Cobs Using Batch Adsorber
and Fixed Bed Column. Journal of Separation Science and
Technology. Vol.41: 943- 959.
6. Sciban, M.; Radetic, B.; Kevresan , Z. and Klasnja M. (2007).
Adsorption of heavy metals from electroplating wastewater
by wood sawdust. Bioresource Technology. Vol. 98: 402-409.
7. Stroeven P.; Bui, D.D. and Sabuni, E.(1999). Ash of vegetable
waste used for economic production of low to high strength
hydraulic binders. Fuel 78: 153–159.
8. Malkoc, E.;Nuhoglu, Y. and Abali,Y. (2006). “Cr (VI)
Adsorption by Waste Acorn of Quercus ithaburensis in Fixed
Beds: Prediction of Breakthrough Curves,” Chemical
Engineering Journal, 119(1): pp. 61-68.
9. Nitin W. and Vidya N. (2013) .cadmium removal from
aqueous solution by modified low cost adsorbents.
International Journal of Civil, Structural, Environmental and
Infrastructure Engineering Research and Development
(IJCSEIERD), 3(4): 17-26.
10. Bhatti, H. N., Khalid, R., Hanif, M. A. (2009). Dynamic
Biosorption of Zn(II) and Cu(II) using pretreated Rosa gruss
an teplitz (red rose) distillation sludge. Chemical Engineering
Journal. 148, 434-443.
11. Harborne, J. B. (1984). Phytochemical methods, 2nd edition,
Chapman and Hall publications, London, NewYork, pp. 5088.
12. Evans, WC. (2002). trease and evans pharmacognosy 15th
edition . W. B. saunders company LTD, London, England , pp.
137 -240.

http://crmb.aizeonpublishers.net/content/2017/6/crmb1336-1344.pdf

13. Parekh. J and Chands. S, 2008. Phytochemical screening of
some plants from Western regions of India, Plant Arch, 8: 657
– 662.
14. Sofowora, A.O. (1993). Medicinal Plants and Traditional
Medicine in Africa. University of Ife Press 2nd Ed. Pp. 96-106.
15. Khandelwal, k.R.(2008). Practical pharmacognosy, teaching
us and experiments. Nirali Prakashan, India, 2ndedition: p.
146.
16. Kokate, C.K., Purohit, A.P., Gokhale, S.B. (2008). Textbook of
Pharmacognosy,
Forty second edition, Nirali Prakashan,
India: pune: p. 1-4.
17. Sood, niharika and Mathur, Abhishek. (2014).Evaluation of
pharmacological activities of pectin extracted from apple and
citrus pomace. An international quarterly journal of biology
and life sciences, 2(4):1204-1205.
18. Kalaskar M. G.1, Shah D. R.1, Raja N. M.1, Surana S. J.1 and
Gond N. Y. (2010). Pharmacognostic and Phytochemical
Investigation of Ficus carica Linn. Ethnobotanical Leaflets 14:
599-609.
19. Toteja, G.S. (1990).Manual methods of analysis for
adulterants and contaminants in foods. Indian Council of
Medical Research (ICMR), New Delhi, p.27.
20. Prescott, M.; Harley, J.P. and Klein, D. A. (1996). Microbiology
3rd ed., WMCBrow Publishers, New York, p. 935.
21. Peter, M. S and Timmerhouse, R. (2001). Plant Design and
Economics for Chemical Engineers. 2nd ed. McGraw –Hill,
Book CO. Petroleum Oily Sludge.
22. Box, G. E., and Hunter, J. C. (1998). Conservation and
Recycling, 21: 227-245.
23. Arivoli, S.; Nandhakumar, V.; Saravanan, S. and Najarajan, S.
(2009). Adsorption dynamics of copper ion by low cost
activated carbon. The Arabian J. Sci. Eng. 34 (1A).
Ahalya N, Ramachandra T.V., Kanamadi R.D (2004),
Biosorption of heavy metals, Journal of Chemistry and
Environment, 7(4): 71-79.
24. Caliphs, M., Zvinowanda, J., Okonkwo, O., et al. (2010).
Recovery of lead (II) from aqueous solutions by Zea mays
tassel biosorption. American J. Biochem. Biotechnol. 6 (1): 110.
25. Fahad, H. G. (1994). A study of efficiency of different
microorganisms in thorium sorption from aqueous solutions.
M.Sc. thesis. College of Science, Baghdad University, Iraq.
26. Nguyen, T.A.H.; Ngo, H.H.; Guo,W.S.; et al. (2013).
Applicability of agricultural waste and by-products for
adsorptive removal of heavy metals from wastewater.
Bioresource Technology 148 : 574–585.
27. Kumar, Upendra. (2006). Agricultural products and byproducts as a low cost adsorbent for heavy metal removal

1343

Majid R. Majeed / Curr Res Microbiol Biotechnol. 2017, 5(6): 1336-1344

28.

29.
30.

31.

32.
33.

34.
35.
36.

37.
38.
39.
40.

41.
42.
43.
44.

from water and wastewater. Scientific Research and Essay
Vol. 1 (2), pp. 033-037.
Banerjee, K., Ramesh, S.T., Nidheesh, P.V., Bharathi, K.S.,
2012. A novel agricultural waste adsorbent, watermelon shell
for the removal of copper from aqueous solutions. Iranica J.
Energy Environ. 3, 143–156.
Lodeiro, P., Cordero, B., Barriada, J.L., Herrero, R. (2006). de
Vicente MES. Biosorption of cadmium by biomass of brown
marine macroalgae. Bioresour Technol.;96:1796–803.
Abdullah,M. A. and Prasad, A. G. D. (2010). Biosorption of
Cr(VI) from synthetic waste water using the fruit shell of
gulmohar (Delonix regia); Application to electroplating waste
water , j. BioReources 5(2), 838-853.
Dong, A.; Xie, J.; Wang, W.; Yu, L.; Liu, Q. and Yin, Y. (2010). A
noval method for amino starch preparation and its
adsorption for Cu (II) and Cr (VI). Journal of Hazardous
Materials, 181: 448-454.
Walter, L.J.; Kovacik, T. L. and Herdendorf, C. E.(1974).
Mercury occurrence on sediment cores from western Lake
Erie, Ohio, J. Sci., 74(1): 1-19.
Kurniawan, T. A.,Chan, G. Y. S., W. Lo, H., Babel, S. (2003).
Comparisons of low-cost adsorbents for treating
wastewaters laden with heavy metals, Journal Science of the
Total Environment, 366. 409– 426.
Husoon, Z. A.(2011). Biotreatment of lead and copper in
battery factory wastewater. Ph.D thesis, College of Science,
University of Baghdad, Iraq.
Balakrishnan, V.; Arivoli, S.; Begum, A. and Ahmed, A. (2010).
Studies on the adsorption mechanism of Cu (II) ions by a new
activated carbon. J. Chem. Pharm. Res. 2 (6): 176-190.
Gupta, V.K., I. Ali Suhas and D. Mohan. (2003). Equilibrium
uptake and sorption dynamics for the removal of a basic dye
(basic red) using low-cost adsorbents. J. Colloid Interface Sci.,
265, 257-264.
Baral, S. S.,Das, S. N., Rath, P., Chaudhary, G. R. (2007).
Chromium (VI) removal by calcined bauxite, Biochem. Eng. J.
34(1): 69-75.
Rahman, H., Shakirullah, M., Ahmad, I., Shah, S., Hamedullah.
(2006). Sorption studies of nickel ions onto sawdust of
Dalbergia sissoo. J.Chin. Chem. Soc. 53, 1045–1052.
Abia, A.A., Didi, O.B., Asuquo, E.D.(2006). Modelling of Cd2+
sorption kinetics from aqueous solutions onto some thiolated
agricultural waste adsorbents. J. Appl. Sci. 6, 2549–2556.
Crini, G.; Gimbert, F.; Robert, C.; Martel, B.; Adam, O.; MorinCrini, N.; de Giorgi, F.; Badot, P.M.(2008) The removal of
Basic Blue 3 from aqueous solutions by chitosan-based
adsorbent: Batch studies. J. Hazard. Mater., 153, 96–106.
Jayakumar, R.; Prabaharan, M.; Reis, R.L.; Mano, J.F. (2005).
Graft copolymerized chitosan—Present status and
applications. Carbohydr. Polym., 62, 142–158.
Abia, A.A. and Igwe, J.C. (2005). Sorption kinetics and
intraprticulate diffusivities of Cd, Pb and Zn ions on Maize
cob. Afri. J. Biotech., 4: 509-512.
Howell, D. (2002). Statistical Methods for Psychology.
Duxbury. pp. 324–325. ISBN 0-534-37770-X.
Zulkali, M.M.D., Ahmad, A.L., Norulakmal, N.H. (2006). Oryza
sativa L. husk as heavy metal adsorbent: Optimization with
lead as model solution. Bioresource Technology 97: 21–25.

45. Ravikumar K, Ramalingam S, Krishnan S, Balu K. (2006).
Application of response surface methodology to optimize the
process variables for reactive red and acid brown dye
removal using a novel adsorbent. Dyes Pigm 70:18–26.
46. Zar, J. (1999). Biostatistical Analysis, 4th ed. Prentice Hall,
Upper Saddle River, NJ. Englewood Cliffs, pp.950- 929.
47. Okoro, I.A., Okoro, S.O., 2011. Agricultural byproducts as
green chemistry absorbents for the removal and recovery of
metal ions from wastewater environment. Continental J.
Water Air Soil Pollut. 2, 15–22.
48. Jiménez-Cedillo, M.J., Olguيn, M.T., Fall, C., Colin-Cruz, A.,
2013. As(III) and As(V) sorption on iron-modified nonpyrolyzed and pyrolyzed biomass from Petroselinum
crispum (parsley). J. Environ. Manage. 117, 242–252.
49. Marin-Rangel, V.M., Cortes-Martines, R., Villanueva, R.A.C.,
Garnica - Romo, M.G., Martinez-Flores, H.E., 2012. As(V)
biosorption in an aqueous solution using chemically treated
lemon (Citrus aurantifolia swingle) residues. J. Food Sci. 71:
10–14.
50. Zafar, M.N., Nadeem, R., Hanif, M.A., 2007. Biosorption of
nickel from protonated rice bran. J. Hazard. Mater. 143, 478–
485.
51. Grohmann K, Cameron RG, Buslig BS (1995) Fractionation
and pretreatment of orange peel by dilute acid hydrolysis.
Bioresource Technology 54: 129-141.
52. Sain M, Panthapulakkal S (2006) Bioprocess preparation of
wheat straw fibres and their characterization. Industrial
Crops and Products 23: 1-8.
53. Sgriccia N, Hawley M, Misra M (2008) Characterization of
natural fibre surfaces and natural fibre composites.
Composites Part A-Applied Science 39: 1632-1637.
54. Khalil HPSA, Ismail H, Rozman HD, Ahmad MN (2001) The
effect of acetylation on interfacial shear strength between
plant fibre and various matrices. European Polymer Journal
37: 1037-1045.
55. Nacos M, Katapodis P, Pappas C, Daferera D, Tarantilis PA, et
al. (2006) Kenaf xylan – A source of biologically active acidic
oligosaccharides. Carbohydrate Polymers 66: 126-134.
56. Alemdar A, Sain M (2008) Biocomposites from wheat straw
nanofibres: morphology, thermal and mechanical properties.
Composites Science and Technology 68: 557-565.
57. Elanthikkal S, Gopalakrishnapanicker U, Varghese S, Guthrie
JT (2010) Cellulose microfibres produced from banana plant
wastes: Isolation and characterization. Carbohydrate
polymers 80: 852-859.
58. Bicu I, Mustata F (2011) Cellulose extraction from orange
peel using sulfite digestion reagents Bioresource Technology
102: 10013-10019.

© 2017; AIZEON Publishers; All Rights Reserved
This is an Open Access article distributed under the terms of
the Creative Commons Attribution License which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

*****

http://crmb.aizeonpublishers.net/content/2017/6/crmb1336-1344.pdf

1344

