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Abstract: Heavy metal pollution possess a great potential threat to the environment and has its own damaging effects to
plants, animals and ultimately to human health, because of its release into the environment and water bodies results in a
variety of illnesses related with the risk of dermal damage, respiratory problems and several kinds of cancer. The removal
of heavy metals from aqueous solutions by using biomass to reduce the problem of limited and scarce water resources
which is considered the most important obstacles at all that prevent the continued implementation of plans State's
expansion, maximize benefit from the available water resources and reduce the growing gap between available water
resources and the required water needs to maintain international water security and the health of the human. Thus, our
study is to investigate the ability of natural bio sorbents for removing heavy metal aqueous solution.
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1 Introduction

Toxic heavy metals release into the environment such water
bodies causes food contamination and so food safety for the
human consumption is a serious worldwide public issue
[1]. There is evidence that heavy metals present in the
environment, even in low concentration, are responsible for
producing a variety of illnesses related with the risk of
dermal damage, respiratory problems and several kinds of
cancer. [2] Owing to longer residence time and ability to
form non-biodegradable compounds and its toxic effects,
removal of heavy metal from contaminated sites is given
priority to restore ecosystem functions and stability [3].So
treatment of waste water as an additional resource to reduce
the problem of limited and scarce water resources by the
addition of this resource to maximize benefit from the
available water resources and reduce the growing gap
between available water resources and the required water
needs. Heavy metals can be removed from aqueous
solutions by several non-effective methods such as ion
exchange, chemical precipitation, adsorption and
membrane separation [4]. Many studies were conducted to
develop an effective, available and environmental-friendly
methods for removal of heavy metals by using biosorbents,
as microbial biomass, waste materials generated due to
agricultural by-products such as: sugar cane bagasse fly ash
and peat [5], rice husks and straws [6], soya bean, saw dust,

walnut and seeds hull, corn cobs and banana peels [7].The
feasibility of heavy metals ions removal from aqueous
solution onto natural biosorbents such rice straw, rice bran,
rice husk, hyacinthroots, neem leaves has been investigated
[8]. Thus, our study aim to convert agricultural waste to
useful, economic value biosorbents for the removal of
heavy metal from aqueous solution which would be useful
to the environment and to maximize benefit from waste
water. As the cheaper biosorbent materials increasing the
economic value of this plant under different initial metal
ions concentration, pH, contact time, dosage, concentration
and temperature.

2 Heavy Metal

The use of natural materials for heavy metals removal is
becoming a concern in all countries. Heavy metals have
been excessively released into the environment due to rapid
industrialization and have created a major global concern.
Heavy metal ions have great effects on all forms of life [9].
Heavy metals are presented in nature and industrial waste
water, so the presence of heavy metals in surface and
ground water pose a contamination problem. Large number
of industries can produce and discharge wastes containing
different heavy metals into the environment. The main
source of heavy metal pollution are metal plating, mining,
smelting, battery manufacturing, tanneries, petroleum
refining aand pigment manufacture. The term ‘“heavy
metal” is entirely applied to a group of metals (and metal-
like elements) with density greater than 5 g/cms, atomic
number above 20 and is toxic or poisonous at low
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concentrations [10].

The main elements that considered as a heavy metals are
chromium (Cr), manganese (Mn), cobalt (Co), copper (Cu),
zinc (Zn), molybdenum (Mo), mercury (Hg), nickel (Ni),
tin (Sn), lead (Pb), cadmium (Cd), antimony (Sb),etc. Three
kinds of heavy metals are of concern, including toxic
metals (such as Hg, Cr, Pb, Zn, Cu, Ni, Cd, As, Co, Sn,
etc.), precious metals (such as Pd, Pt, Ag, Au, Ru etc.) and
radionuclides such as U, Th, Ra, Am, etc [11].

2.1 Chromium

There are two stable oxidation states of chromium found in
the environment, Cr (llI) and Cr (VI) which have
contrasting toxicities, mobility and bioavailability. While
Cr (l) is relatively innocuous and immobile, Cr (VI)
moves readily through soils and aquatic environments and
is a strong oxidizing agent capable of being absorbed
through the skin. Trivalent chromium, Cr (lll), is an
essential element required for normal carbohydrate and
lipid metabolism.

2.2 Lead

Lead is a heavy metal poison which forms complexes with
Oxo-groups in enzymes to affect virtually all steps in the
process of hemoglobin synthesis and porphyria metabolism
[12]. Toxic levels of lead in human have been associated
with encephalopathy, seizures and mental retardation [13].

2.3 Copper

Copper, one of the most widely used heavy mental, is
mainly employed in, electrical, electroplating industries,
and in larger amounts is extremely toxic to living
organisms. The presence of copper (1) ions causes serious
toxicological concerns, it is usually known to deposit in
brain, skin, liver, pancreas and myocardium [14]. Copper
usually occurs in nature as oxides and sulphides. Copper is
an essential substance to human life. Copper is found in a
variety of enzymes and is used for biological electron
transport. Inhalation of copper produces symptoms similar
to those of silicosis and allergic contact dermatit is. Copper
normally occurs in drinking water from copper pipes, as
well as from additives designed to control algal growth.
Common oxidation states of copper include the less stable
copper (I) state, Cu*, and the more stable copper (1) Cu?*
[15]. Environmental contamination due to copper is caused
by mining, printed circuits, metallurgical, fiber production,
pipe corrosion and metal plating industries [16] the other
major industries discharging copper in their effluents are
paper and pulp, petroleum refining and wood preserving.
Agricultural sources such as fertilizers, fungicidal sprays
and animal wastes also lead to water pollution due to
copper. Copper may be found as a contaminant in food,
especially shell fish, liver, mushrooms, nuts and chocolates.

Any packaging container using copper material may
contaminate the product such as food, water and drink [17].
In some instances, exposure to copper has resulted in
jaundice and enlarged liver. It is suspected to be responsible
for one form of metal fume fever [18]. Containing is linked
to an increase in lung cancer among exposed workers [19].

2.4 Cadmium

The most severe form of Cd toxicity in humans is “itai-
itai”, a disease characterized by excruciating pain in the
bone [20, 21]. Other health implications of Cd in humans
include kidney dysfunction, hepatic damage and
hypertension [22]. However, it has been suggested that
overall nutritional status (rather than mere Cd content of
food) is a more critical factor in determining Cd exposure.

Emission, effluents and solid discharge from industries,
vehicle exhaustion and metals from smelting and mining,
use of insecticides/pesticides, disposal of industrial and
municipal wastes in agriculture, and excessive use of
fertilizers are the most sources of contamination to water by
heavy metals [23, 24, 25]. They cannot be destroyed
biologically but are only transformed from one oxidation
state or organic complex to another. Therefore, heavy metal
pollution possess a great potential threat to the environment
and human health, because of its release into the
environment and water bodies results in food contamination
and so food safety for human consumption is a serious
worldwide public issue and is widely addressed, the entry
of heavy metals in aquatic ecosystems is linked to the
generation of various by products or wastes from metal
refineries, battery and paint industries and mining of natural
deposits [26, 27].

3 Adsorbents

Any material that has adsorptive properties, if adsorbent of
a material that is not synthetically produced and has
adsorptive properties in terms of chemical species of
inorganic and organic origins the material is called natural
adsorbent and can be used for the removal of heavy metals,
such materials are Agricultural by product .Also biological
materials (algae, fungi, microbial cultures, and aquatic
plants) have been used as bio adsorbent in several studies
[28]. Also many researchers studied the ability of natural
bio sorbents to remove Cd?* ions from aqueous solution.
Bio sorption of cadmium ions by an agricultural waste
product. Adsorbent materials derived from low-cost
agricultural wastes can be used for the effective removal
and recovery of heavy metal ions from wastewater streams.
Intense research attention is now focused on cost effective,
ecofriendly and easily available adsorbent particularly of
biological origin natural materials that are available in large
quantities, or certain waste products from industrial or
agricultural operations, may have potential as inexpensive
sorbents. However, the performance of a bio sorbent
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depends on the characteristic properties of the biomass as
well as the microenvironment of the target toxicant. The
search for an appropriate and inexpensive biomass is a
continuing process. The most effective and optimized
utilization of a biomass demanded a detailed understanding
of the binding mechanism [29, 30, 31]. The bio sorption
process involves two phases as following: a solid phase
(bio sorbent) and a liquid phase (solvent) which consist
dissolved species to be sorbed (metal ions).There are
numerous ways for the metal to be uptake by the cell due to
the complex structure of microorganisms. Hence, the
mechanism of bio sorption is a complicated process. Bio
sorption mechanisms can be divided into two subdivisions
by the dependence on the cells’ metabolism, which are
metabolism dependent and non-metabolism dependent. Bio
sorption is considered to be a fast physical or chemical
process. A significant number of bio sorption studies on the
removal of heavy metal from aqueous solutions have been
conducted worldwide. Nearly all of them have been
directed towards optimizing bio sorption parameters to
obtain the highest removal efficiency while the rest of them
are concerned with the bio sorption mechanism. The bio
sorption rate depends on the type of the process. According
to literature, bio sorption can be divided into two main
processes: adsorption of the ions on cell surface and
bioaccumulation within the cell [32].

3.1 Advantages of Bio sorption Process
Overall, compared with the conventional heavy metal
removal methods, the potential advantages of bio sorption

process includes [33]:

» High selectivity in terms of removal and recovery of
specific heavy metals.

+ Ability to handle multiple heavy metals and mixed
wastes.

* Use of naturally abundant renewable biomaterials that can
be cheaply produced.

* Greatly improved recovery of bound heavy metals from
the biomass.

* Operation over a wide range of physiochemical conditions
including temperature, pH, and presence of other ions
(including Ca (1) and Mg (11)).

* Greatly reduced volume of hazardous waste produced.

* High affinity, reducing residual metals to below 1 ppb in
many cases.

* Relatively low capital investment and low operational
cost.

3.2 Factors Effecting on Biosorption of Metals

Bio sorption depends on many factors that can effect on it.
Some of these factors are related to the biomass and metal
and the others are related to environmental conditions. The
major factors that affect the bio sorption process are:

A- Characteristics of Biomass:

The nature of the biomass or derived product may be
considered one of the important factors, including the
nature of its application such as: freely-suspended cells,
immobilized preparations, and living biofilms. Growth and
nutrition on the biomass, and age can also influence bio
sorption due to changes in cell size, wall composition, and
extra cellular product formation.

B- Initial Metal lon Concentration:

The initial concentration provides an important driving
force to overcome all mass transfer resistance of metal
between the aqueous and solid phases [42]. Increasing
amount of metal adsorbed by the biomass will be increased
with initial concentration of metals. Optimum percentage of
metal removal can be taken at low initial metal
concentration. Thus, the metal uptake increases with
increase in initial concentration.

C- Temperature:

In contrast to bioaccumulation process, bio sorption
efficiency remains unaffected within the range 20-35°C,
although high temperatures, may increase bio sorption in
some cases, but these high temperatures may cause
permanent damage to microbial living cells and then
decreasing metal uptake [34]. Adsorption reactions are
generally exothermic and the adsorption increases with
decreasing temperature. The maximum bio sorption
capacity for Ni and Pb by S. cerevisiae was obtained at 25
°C and found to decrease as the temperature was increased
to 40 ° C [35].

D- Acidity:

pH seems to be the most important parameter in the bio
sorption processes. Bio sorption is similar to an ion-
exchange process, i.e. biomass can be considered as natural
ion-exchange materials which mainly contain weakly acidic
and basic groups. Therefore, pH of solution influences the
nature of biomass binding sites and metal solubility; it
affects the solution chemis try of the metals, the activity of
the functional groups in the biomass and the competition of
metallic ions. Competition between captions and protons
for binding sites means that bio sorption of metals like Cu,
Cd, Ni, Co and Zn is often reduced at low pH values [37,
38]. The metal uptake increases when pH increases from
3.0 to 5.0. Optimum value of pH is very important to get a
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highest metal sorption, and this capacity will decrease with
further increase in pH value.

E- The Surface Area to Volume Ratio:

It may be important for individual cells or particles, as well
as the available surface area of immobilized biofilms. In
addition, the biomass concentration may also affect bio
sorption efficiency with a reduction in sorption per unit
weight occurring with increasing biomass concentration
[36].

F- Biomass Concentration:

Concentration of biomass in solution affects the specific
uptake [39]. At a given equilibrium concentration, the
biomass adsorbs more metal ions at low cell densities than
at high densities [40]. So electrostatics interaction between
the cells plays an important role in metal uptake. Lower
biomass concentration, the specific uptake of metals is
increased because an increase in bio sorbent concentration
leads to interference between the bindings sits [41].

3.3 Thermodynamic and Kinetic Parameters for
Bio sorption Process

The thermodynamic parameters, AH, AS, and AG, for the
bio sorption process were calculated using the relationships
(1) and (2).

Inb= AS°R — AH°/RT 1)

Where, b (Langmuir constant related to energy). The plot of
In b versus 1/T yields a slope and intercept whose values
correspond to AH/R and AS/R, respectively. These values
can then be used to compute AG by applying the Gibbs
relationship:

AG°=AH°- TAS° )
Calculation of metal uptake
The metal ions uptake at equilibrium was calculated by:

[q] e =V(Co —Ce)W (3)
where ge in mg/g is metal ions absorption capacity, V in
liters is the volume of the metal ions solution and Win gram
is the amount of the bio sorbent, Co and Ce in mg/L are
initial and final (equilibrium) metal ion concentrations,
respectively. The removal efficiency of the metalions was

also determined using;

R.E%=((Co-Cs))/Cox100 4)

Where, R. E % is the percentage of metal ions removed.
Kinetics study analysis

The mechanism of the adsorption of Metal ions was tested
using pseudo-first-order and pseudo-second-order kinetic
models. Pseudo- first-order and pseudo-second order
models are giving by Equations 5 and 6, respectively in a
linear form.

IN(Qe-0t)=IN Qe -ka t (5)
(q)=1/(k Q) + (t/ Q) (6)

Where, k1 is the rate constant of pseudo, gt is the metal
ions solution uptake in mg/g at time tandge is the metal
ions solution uptake in mg/g at equilibrium. A plot of In
(ge-qr) against t was made and ge and k1 values were
obtained from the slope and intercept, respectively. k2 is
the rate constant of pseudo-second order . Plot of (t/qt)
against t gives (1/ k. ge?) as intercept from which k2 can be
obtained and (1/qe¢) as slope. Both models are tested for
suitability using correlation coefficient, R? [30, 31].

4 Literature Survey on Removal of Heavy
Metals by Bio sorbents

Vole sky (2001) et al., [43] revealed that the adsorption of
metal ions from aqueous solution onto bio sorbent has been
a subject of interest in chemistry, environmental sciences
and other research area. It is maintained that heavy metal
ligand adsorption onto biomass is a rather complex process
affected by several factors. Mechanisms involved in the bio
sorption process include chemisorption, complexation,
adsorption-complexation on surface and pores, ion
exchange, micro precipitation, heavy metal hydroxide
condensation onto the bio surface, and surface adsorption.

Selatnia (2004) et al., [44] said that the most important
parameters controlling heavy metal adsorption are metal
ion type, metal concentration, pH of solution, bio sorbent
dosage and contact time. The Kkinetics of heavy metals
adsorption on bio sorbents is a significant factor in
determining heavy metals retention in solid/solution
environments, there is an observed relationship between the
metal bio sorption and the magnitude of negative charge on
the surface of the bio sorbent, which is related to the
surface functional groups. Awvailability of negatively
charged groups at the bio sorbent surface is necessary for
the bio sorption of metals to proceed.

Ma (2004) et al., [45] indicated that the mechanism of bio
sorption often involves chemical reaction between
functional groups present on the bio sorbent surface and the
metal ions. This involves, in most cases, formation of
metal-organic complexes or cation exchange reactions due
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to high cation exchange capacity of the bio sorbents.

Minamisawa (2004) et al., [46] investigated adsorption of
Cd?* and Pb?* ions at pH 2- 6.7 onto the biomaterials
chitosan, coffee, green tea, tea, yuzu, aloe, and Japanese
coarse tea, and onto the inorganic adsorbents, activated
carbon and zeolite. High adsorptive capabilities were
observed for all of the biomaterials at pH 4 and 6.7. In the
adsorption of Cd?* lons, blend coffee, tea, green tea, and
coarse tea have comparable loading capacities to activated
carbon and zeolite. Although activated carbon, zeolite, and
chitosan are utilized in a variety of fields such as
wastewater  treatment, chemical and metallurgical
engineering, and analytical chemistry, these adsorbents are
costly. On the other hand, processing of the test
biomaterials was inexpensive, and all the biomaterials
except for chitosan were able to adsorb large amounts of
Cd?* and Pb?* ions after a convenient pretreatment of
washing with water followed by drying. The high
adsorption capability of the biomaterials prepared from
plant materials is promising in the development of a novel,
low-cost adsorbent. From these results, it is concluded that
heavy metal removal using biomaterials would be an
effective method for the economic treatment of wastewater.
The proposed adsorption method was applied to the
determination of amounts of Cd?* and Pb?* ions in water
samples.

Park (2006) et al.,[47] revealed that materials known as
“natural adsorbents” have recently been successfully
employed in metal adsorption processes. The term “natural
adsorbent” is assigned to any material that is not
synthetically produced and has adsorptive properties in
terms of chemical species of inorganic and organic origins.
Biosorption of heavy metals from aqueous solutions is a
relatively new process that is proven very promising in the
removal of contaminants from aqueous effluents.

Owoyokun, (2009) [48] showed that Delonix regia pod
biosorbent proved to be a very effective biosorbent in the
removal of MB dye from was tewaters depending on the

Results of the equilibrium, kinetic and thermodynamic
studies of the bio sorption of MB dye solutions on Delonix
regia (flamboyant tree) pod bio sorbent. Bio sorption of MB
dye solutions was, to a large extent, dependent on initial
concentration, bio sorbent dosage, pH and temperature. Bio
sorption of MB dye solutions obeyed Langmuir and
Freundlich isotherms. RL value from Langmuir and n from
Freundlich isotherms shows that bio sorption of MB dye
solutions on Delonix regia is favorable, thermodynamic
studies confirmed that the bio sorption process was
exothermic and spontaneous at room temperature and near
room temperature. Kinetic studies carried out revealed that
the kinetic data tended to fit well in second order Kinetics,
confirming the chemisorption of dye solutions on Delonix
regia.Ramakrishnan (2009)et al., [49] found out that
flamboyant tree pod can sorb Hg?* ions from water and
adsorption process follows the pseudo-second Kinetic
model and the equilibrium data fitted wellto both
Freundlich and Redlich-Peterson isotherm model.

Chakravarty (2010) et al., [50] investigated the bio
sorption of Metal ions on bael leaves (Aeglemarmelos) for
the removal of Metal ions from aqueous solution using
different doses of adsorbent, initial pH, and contact time.
The maximum Pb loading capacity of the bael leaves was at
pH 5.1. SEM and FTIR studies indicated that the adsorption
of Metal ions occurs inside the wall of the hollow tubes
present in the bael leaves and carboxylic acid, thioester and
sulphonamide groups are involved in the process. The
sorption process was best described by pseudo second order
kinetics. Among Freundlich and Langmuir isotherms, the
latter had a better fit with the experimental data (cf. Figl).

Jimoh (2012) et al.,[ 51] showed that the metal adsorption
for Cu?*, Pb?* and Co?* ions onto Delonix regia is critically
linked with pH, the role of hydrogen ion was investigated at
different ph. The amount of metal ions

= Ca o Cu

T -
Fig. 1: SEM and metal mapping images of native bael leaves (A and C) and Pb(ll) loaded bael leaves (B

and D).

© 2018 NSP
Natural Sciences Publishing Cor.


http://www.naturalspublishing.com/Journals.asp

32

A. M. Abu-Dief, M.M. Zikry: Adsorption of the heavy metal lons onto ...

removed by the substrate at low pH of 1, 2, and 3 were low
compared to pH of 4 and 5. This may be due to increase in
competition between the hydrogen ion and the metal ions,
because at this pH value, the concentration of hydrogen ion
is high. As such hydrogen ions were being removed by the
substrate, instead of the metal ions. It would be plausible to
suggest that at lower pH value, the surface of the adsorbent
is surrounded by hydroxonium ions (H3O"), thereby
preventing the metal ions from approaching the binding
sites of the sorbent. This means that at higher H*
concentration, the bio sorbent surface becomes more
positively charged such that the attraction between biomass
and metal action is reduced. As the pH increases from 4 to
6, more negatively adsorption sites became available thus
facilitates increase in amount of metal ions sorbed.
Maximum occurred at pH 5. The plausible reason for the
better adsorption observed at pH 5 and pH 6 may be
attributed to the larger number of H* ions present, which in
turn neutralize the negatively charged adsorbent surface,
thereby reducing hindrance to the diffusion of organics at
higher pH (cf. Fig.2).

Lim (2014) et al., [54] studied the ability of Calcareous
skeletons in removingCd?* and Metal ions from aqueous
solutions. The factors affecting adsorption were evaluated
with respect to adsorbent size, contact time, adsorbent
dosage, pH, and initial concentration to determine the
optimum conditions for Cd?*and Metal ions removal. The
optimum dosage for removal of Cd**and Metal ions were
20 and 10 g/L, respectively. The pH of both metal solutions
had shifted from acidic to alkali condition after
equilibrating with the adsorbent. The adsorption capacity of
CS appeared to be higher when the initial metal
concentrations increased above 1 mg/L. This investigation
has proved that CS has a great potential for removing metal
contamination in acidic water.

Hossain (2015) et al., [2] studied that the shell dust of the

+

(/L)

ORWLhAN®

+

g

0.5

Amountof metallons recovered

1 1.5 =z

-

snail L. luteola (LSD), a waste biomaterial, as a low cost
and environment friendly bio sorbent for cadmium removal
from aqueous solution the maximum bio sorption capacity
of LSD is 18.55 mg g The main functional group
responsible for chelation are OH, C=0, C=C and C-C, as
supported by FTIR analysis. The isotherm model follows
Langmuir model (R?= 0.996) better than Freundlich model
(R?= 0.969). The biosorption process conformed to the
pseudo second order (R2= 0.999) Kinetics better than the
pseudo first order (R2= 0.833) kinetics.

Feizi (2015) et al.,[24] indicated that the residues of
sunflower, potato, canola, and walnut shell were used as
sorbents to sorb heavy metals (Fe, Mn, Zn, Ni, Cu, and Cd)
from aqueous solutions using batch experiments. The effect
of pH and contact time was investigated. The plant residues
showed considerable capacity for removal of Fe, Mn, Zn,
Cu, and Cd from aqueous solution but Ni sorption by
residues was negligible. Chemical activation of sorbents
with NaOH enhanced Ni sorption. The sorption kinetic of
heavy metals was described well by pseudo second order
model, the sorption mechanisms such as electrostatic
attraction and ion exchange as well as complexation seems
to be the most occurring phenomena.

Shahanaz Begum (2015) et al., [55] indicated that the
removal of heavy metals cadmium, chromium and lead
from water has been taken up by batch adsorption
techniques using Mirabilis Jalapa leaves powder as bio
sorbent. Effect of pH, biomass dose and contact time highly
affects the overallCd?*, Cr* and Pb?* uptake of bio sorbent.
The sorption was pH dependent and the percentage removal
of Cd?*,Cr®* and Pb?* was increased with increasing adsorb
ate solution pH. Maximum removal found to be at pH 6.0
for Cd?*, 5.5 for Cré*and 4.5 for Pb? *. The optimum time
was observed to be 2 hours with optimum dosage 100 mg,
results show that Freundlich isotherm models fit for the
adsorption equilibrium data in the examined concentration

m Cua
mPb
Co

=z Z.5

Do=zmmg mas==s ()

Fig.2: Effect of dosage on sorption of Co(ll), Pb(Il), and Cu(ll) ions by Delonix regia flower.
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Fig.3: Adsorption of cadmium (I1), chromium (V1) & lead (I1) on biosorbent Mirabilis jalapa with various dosages.

range of (1 - 6 pg/mL).The selected Mirabilis Jalapa leaves
powder was an effective, novel and eco-friendly bio sorbent
for the removal of Cd?*,Cr®* and Pb?*ions (cf. Fig.3).

Xu (2016) et al., [29] exhibited the recycling of agriculture
wastes of ramie stalk as bio adsorbents for Cd?*ions
removal. Based on our experimental results, it is realized
thatCd?* adsorption to ramie stalk is highly pH sensitive,
indicating the adsorption is driven by surface complexation
reaction. The high adsorption capacity of ramie stalk
toward Cd?* (gm = 10.33 mg g, 0.09 mol-Cd g*?), which
corresponds to around 21.95% of active adsorption sites
available of ramie stalk, is believed to be closely related to
its high cellulose and lignin content. The inhomogeneous
surface of ramie stalk due to the high cellulose and lignin
content also accounts for the observation that the adsorption
kinetic is described well by the pseudo second order kinetic
model. Results from thermodynamic studies suggest that
the adsorption process is endothermic and spontaneous. All
these properties demonstrate the potential of ramie stalk as
a low cost bio adsorbent for the application of heavy metal
removal.

Abdolali (2016) et al.,[56] showed that bio sorbent
namely multi-metal binding bio sorbent (MMBB) made
from a combination of tea wastes, maple leaves and
mandarin peels, was prepared to evaluate their bio sorptive
potential for removal of Cd?*, Cu?*, Pb?*, Zn®* ions from
multi-metal aqueous solutions. FTIR and SEM were
conducted, before and after bio sorption, to explore the
intensity and position of the available functional groups and
changes in adsorbent surface morphology. Carboxylic,
hydroxyl and amine groups were found to be the principal
functional groups for the sorption of metals. Pseudo-first
and pseudo second-order models represented the kinetic
experimental data in different initial metal concentrations
very well. Among two-parameter adsorption isotherm
models, the Langmuir equation gave a better fit of the

equilibrium  data. The calculated thermodynamic
parameters indicated feasible, spontaneous and exothermic
bio sorption process. Overall, this novel MMBB can
effectively be utilized as an adsorbent to remove heavy
metal ions from aqueous solutions.

Abdel-Rahman (2016b)et al., [31] studied The removing
of toxic heavy metal from aqueous solution by agricultural
bio sorbents by studying the effect of nano sized (Delonix
regia) and chemically modified bio sorbent citric acid
Delonix regia (CADR) for removing the PbZ*ions.TEM,
XRD and EDS,FT-IR, SEM methods were used for
characterizing the bio sorbent (Delonix regia). The effect of
contacttime, pH, temperature, dosage of bio sorbent, and
Pb2* ion concentration on adsorption process were studied.
The maximum bio sorption capacities (gm) of Pb?* by
Delonix regia bio sorbent was 43.62 mg/g. The highest R.E
was (93.5%) at pH 5.FT-IR method showed that the
adsorption of metal ions occurs by functional groups on the
surface of Delonix regia powder. The biosorption process
was endothermic from thermodynamic parameters. The
pseudo second-order model more fit (R?=0.999) than the
pseudo first-order model (R? = 0.985) from studying the
kinetic parameters, The experimental data fit with
Freundlich isotherm(R? close to 1). These results indicated
that Delonix regia is available agricultural, low cost,
environment friendly bio sorbent for removing the Pb?
ions (cf. Fig.4).

4.1 Literature Survey on Removal of Heavy
Metals by Moringa Oleifera and Delonix Regia

Montgomery, (2001) [57] observed that the active sites
hypothesized to be responsible for the adsorptive capability
of Moringa oleifera contain functional groups such as
hydroxyl, carboxyl, amines, phenolic, methoxyl, hydroxyl-
aliphatic groups. The plant is generally chemically
composed of a large protein molecule with a molecular
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Fig.4: Pseudo-second order for sorption of Pb?* ions by
Delonix regia pod.

mass of 6.5 kDa.The protein occursin large concentrations
in the seeds, leaves, stem and bark. Further research,
detailed indeed to answer specific chemistry questions on
the adsorption behavior and nature (coagulation and
flocculation properties) would be required to assign specific
molecules to specific compositional function.

Reddy (2010a) et al. [58] investigated the removal
efficiency ofthe bark of Moringa oleifera for Pb?* from
aqueous systems. It was revealed that the bark is endowed
with hydroxyl and/or carboxyl functional groups as the
Metal ions were observed to be chelated with these ions (cf.
Fig. 5)
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Fig.5: FTIR spectra of Moringa oleifera.

Meneghel (2013) et al.,[59] indicated that the efficacy of
using the byproduct of Moringa oleifera Lam. seeds as an
adsorbent for removal of cadmium (Cd) from contaminated
water. The effects of the adsorbent mass, solution pH,
contact time, and temperature were evaluated. In the

preliminary studies, the mass of adsorbent (200-1200 mg)
and pH conditions (5.0, 6.0, and 7.0) were varied. The time
studies were performed at 20-180 min and the temperature
studies at the range of 25-65 °C. The isotherms of
adsorption were linearized according to Langmuir,
Freundlich, and Dubinin—Radushkevich (D-R) models. The
results showed better fit by the Freundlich and D-R models
for Cd adsorption, describing a multilayer adsorption and,
the maximum capacity of adsorption (gm) obtained was
7.864 mg g*. Based on these results, it was concluded that
the bio sorbent was effective in remediation of solutions
containing Cd and thus the use of this alternative material is
a viable option, since it has low cost and it is a byproduct
which has not undergone previous treatment.

Meneghel (2014) et al.,[60] studied the efficiency of
Moringa (Moringa oleifera Lam.) seeds for removing lead
ions Pbfrom water was evaluated. Parameters such as
solution pH, adsorbent mass, contact time between solution
and adsorbent, isotherms, thermodynamic, kinetics, and
desorption were evaluated. The maximum adsorption
capacity of the biosorbent was found to be 12.24 mg g%, it
has been concluded that Moringa (Moringa oleiferaLam.)
seeds can be considered very effective and feasible for
remediating Pb%*contaminated solutions, since this material
is itself an untreated and low-cost byproduct.

Ali (2015) et al., [4] used the Moringa oleifera leaves (bio
sorbent) for Cd?* ions removal from water as a natural
alternative for synthetic sorbents. Synthetic water was used
to find optimum conditions for water treatment using bio
sorbent. The effect of biosorbent dosage and particle size,
contact time, and pH effect were studied. Atomic
Absorption Spectroscopy (AAS) was used to monitor the
Cd?*ions concentration before and after treatment with bio
sorbent. Fourier Transform Infrared Spectroscopy (FTIR)
was used to monitor bio sorbent structure changes before
and after loading withCd?*ions. Many parameters were
studied such as: dosage of bio sorbent (1-10 g/L), contact
time (2-20 min), particle size, pH range, and Cd?*ions
concentrations. FTIR result showed changes in the finger
print area of bio sorbent functional groups due to
adsorption of Cd?* ions. As a conclusion, Moringa oleifera
leaves can be used as an effective, low cost, and
environmentally friendly bio sorbent for the removal of Cd

(11) from water.

Jimoh (2012) et al., [50] studied that the bio sorption
process was pH, Contact time, dosage and metal ion
concentration dependent. Contact time of adsorption was
found to occur at 60 minutes for all three metal ions.
Pseudo-First and Second order kinetic model can be used to
describe the binding of Cu ions to Delonix regia flower.
However, pseudo-first order can be used to describe the
kinetics for the bio sorption of Pb and Co ions.
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Removal of metal ions from their solutions in the presence
of agricultural materials may be due to the adsorption on
surface and pores, and also to complexation by these
materials.

Ajisha (2015) et al., [61] showed that the pyrolyzed
Delonix regia pod carbon for the removal of excess fluoride
ions from the water that harm the human and the
environment was studied. The adsorbent was characterized
both physically and chemically. Surface chemistry
characterization was done with pH-drift method. Batch
adsorption studies were carried out for the effect of pH,
dosage, contact time, initial fluoride concentration and
temperature.

Equilibrium data were studied using Freundlich, Langmuir
models, in which Freundlich isotherm was considered to be
the best fit for the adsorbent. The sorption nature was
studied using thermodynamic parameters which showed
spontaneous, irreversible, stable and endothermic. The
adsorption kinetics follows pseudo-second order.

Ali et al ., (2016) [25] indicated that decrease in peanut
hulls particle size increases the metal uptake. It is apparent
that the greater accessibility to pores and a greater surface
area are increased by decreasing the peanut hulls particle
size. The number of diffusion paths is increased as a result
of opened cracks and channels on the particle surface, and
therefore the ability to penetrate the internal pore of peanut
hulls structures is very high and the number of sorption
sites for sorbent-solute interaction is increased, thereby
resulting in increasing % Cu?* ions removal from the
solutions.

Kariuki et al., (2017) [62]. Studied that the potential of
rogers mushroom (Lepiota hystrix) biomass in bio sorption
of copper and lead from aqueous solutions. The efficiency
of bio sorption was tested in batch experiments and the
metal ion concentration analyzed using flame atomic
absorption spectrometry. The analysis of FTIR spectrum
reveals that the metal ions uptake by roger mushroom
involves interaction of metal ion and hydroxyl, carboxyl
and carbonyl groups of the biomass at optimum pH of 4.5—
6.0 and sorbent mass of 1.5-2.1 g for Cu and Pb,
respectively. Adsorption capacities were found to be 3.9
and 8.9 mg/g at a contact time of 25-40 min and initial
metal ion concentration of 300-500 pg/g for Pb and Cu,
respectively. The biosorption process follows second order
kinetics and fitted the Langmuir isothermmodel. The result
shows that rogers mushroom biomass has a good potential
to be used in removal of metal ions and can be used up to
three  adsorption/desorption  cycles  without losing
efficiency. Its use in real life situation can alleviate
pollution and increase the quality of water for human
consumption and sanitary purposes.

Aman et al ., (2018 ) [63] used Rose flowers for the

extraction of essential oil or rose water. The vast majority
of the leftover biomass is generally wasted. The aim of the
present study was to analyse the rose flower biomass as a
potential bio sorbent for metals chromium (111), mercury(l1)
and zinc(Il), to remove them from industrial effluents. A
number of variables were analysed, including untreated,
acid-treated and base-treated biomass, biomass dosage,
metal ion concentration, contact time, and pH. Increase in
biomass dosage and metal ion concentration increased
biosorption. The pH proved to be a very important factor
and all the metals showed high adsorption at slightly acidic
to moderately basic pH 6-10. They showed very low
uptake at low pH. Contact time had little effect on the
adsorption capacity of zinc, but was very crucial in the case
of mercury. Base treatment favoured adsorption of mercury
and zinc. The adsorption of Cr3*, Hg?* and Zn?* on rose
biomass can be explained by Langmuir and Freundlich
isotherms equally well, and the adsorption process followed
pseudo second order kinetics.

5 Adsorption of Heavy Metals by the
Chemically Modified Bio sorbents

Treating biomass with a base like NaOH and a subsequent
citric acid modification stabilizes the biomass due to
insertion and crosslinking of carboxyl groups and thus
increases its cation uptake ability [64].

Reddy (2010b) et al.,[65] studied the Moringa oleifera
leaves (MOL); an agro-waste material as a precursor to
prepare a new biosorbent. The leaves were washed with
base and citric acid, and obtained new chemically modified
MOL bio sorbent (CAMOL) for sequestration of Metal ions
from aqueous solution. The effect of experimental
parameters such as pH, dose, initial concentration, contact
time and temperature on the bio sorption was studied. The
kinetic data were analyzed using three adsorption Kinetic
models: the pseudo-first and second-order kinetics and intra
particle diffusion. The equilibrium data were analyzed
using Langmuir, Freundlich, Dubinin—Radushkevick and
Temkin isotherm models. The thermodynamic properties
AGe, AH° and ASe showed that bio sorption of Metal ions
onto CAMOL was spontaneous, endothermic and feasible
in the temperature range of 293-313K. Investigations
carried out proved that CAMOL is a bio sorbent with good
potential for removal of lead from the aqueous medi (cf.
Fig. 7).

Reddy (2012) et al., [66] indicated that action exchange
bio sorbent was developed by chemically modifying the
Moringa oleifera leaves powder by esterifying with NaOH
followed by citric acid treatment. The modified bio sorbent
was used for the removal of Cd?*, Cu?*and Ni?*ions from
aqueous solution. Different operational parameters such as
the effect of pH, biomass dose, equilibrium time and
temperature and initial metal ion concentrations were
studied. Experimental data were analyzed by Kinetic
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parameters and found that bio sorption of three metal ions
followed pseudo-second-order. Equilibrium data were
analyzed using the Langmuir, Freundlich, isotherm models.
The thermo dynamic properties, AG’, AH® and A S° showed
that bio sorption of Cd?*, Cu?*and Ni?* ions onto CAMOL

were spontaneous, endothermic and feasible in the
temperature range of 293-313K (cf. Fig. 6).
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Fig.6: (a) Pseudo-second-order plots for the bio sorption of
Pb(Il) onto CAMOL. (b) Weber and Morris plots for the
bio sorption of Pb(I1) onto CAMOL.

Singha(2015) et al., [67] showed that the agricultural waste
biomass has recently gained attention in the field of

o
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Citric acid anhydride

Collulone repoating unit

Waste water remediation because of their abundance and
renewable nature. In the present study, agricultural waste
cellulosic biomass has been modified through succinylation

reaction and subsequently used as an adsorbent for the
removal of Cu?*, Zn?*, Cd?* and Pb?* toxic metal ions from
aqueous solution. The removal of metal ions from aqueous
solution was investigated as a function of pH, contact time,
temperature and metal ion concentration. Pseudo-second-
order kinetic model was used to study adsorption Kinetics
for all metal ions. The thermodynamic parameters AH® and
AG°® values for metals ion adsorption on the succinylated
okra biomass adsorbent showed the process to be
spontaneous and exothermic in nature.

Salazar-Rabago (2016)et al.,[68] showed that the natural
sawdust from white pine (Pinusdurangensis) was
chemically modified by a hydro- thermal procedure using
citric, malonic and tartaric acids. The adsorption capacity of
modified sawdust towards Pb?* ions was considerably
enhanced due to the introduction of carboxylic groups on
the surface of modified sawdust during the modification,
and the adsorption capacity was almost linearly dependent
on the concentration of carboxylic sites. The natural
sawdust surface was acidic, and the MS surface became
more acidic after the modification. At T 25 oC and pH 5,
the maximum adsorption capacity of the optimal MS
towards Pb?* is high compared to natural sawdust and other
modified sawdust reported previously. The adsorption
capacity of modified sawdust was considerably reduced by
decreasing the solution pH from 5 to 3 due to electrostatic
interactions. The adsorption of Metal ions on the modified
sawdust was mainly due to ion exchange at pH 3 and to
both ion exchange and electrostatic attraction at pH 5.

Citric acid-modified collulone

Fig.7: Proposed reaction between citric acid and the cellulose in MOL to produce citric acid-modified MOL.
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List of abbreviations

Ce Equilibrium concentration of the adsorbate (mg/L)

Ci Initial concentration of the adsorbate (mg/L)

Ci Equilibrium concentration of the adsorbate at time t (mg/L)
FTIR Fourier transform infrared

DR Delonix regia

CA citric acid

CADR Delonix regia treated with citric acid

Pb-DR Lead - Delonix regia complex

Pb-CADR Lead - Delonix regia treated with citric acid complex

MO Moringa oleifera

Pb-M.O Lead - Moringa oleifera complex

Pb-CAMO Lead - Moringa oleifera treated with Citric acid complex
SEM Scanning electron microscopy

TEM Transmission electron microscopy

XRD X-ray differaction

EDAX Energy disperse analysis X-ray

V(L) Volume of solution used in the adsorption experiment in litre
w Dry weight of adsorbent (g)

T the absolute temperature (K)

R the gas constants (8.314x1073kJ mol™ K™)

6 Conclusions

In the current contribution, the sources of heavy metal ions
as a toxic materials as well as the reason why they need to
be removed from our environment have reviewed.
Conventional methods of removal are expensive; hence the
search of using low cost, friendly ecosystem material must
be needed. From the above literature study, it is observed
that biosorption is the most economical and eco-friendly
method for removal of heavy metal from domestic as well
as industrial wastewater. It is being an alternative to
conventional methods for the removal of toxic heavy
metals from industrial effluents. It offers several advantages
including cost effectiveness, high efficiency, minimization
of chemical/biological sludge, and regeneration of
biosorbent with possibility of metal recovery. The process
of biosorption has many attractive features including
removal of metals over quit broad range of pH and
temperature, its rapid kinetics of adsorption and desorption
and low capital and operation cost.
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