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Abstract
The recent researches are moving to removal of the agricultural and industrial pollutants from sewage treatment 

and discuss the possibility of the re-use of this water for agricultural purposes. The chemical contaminants represent 
the most dangerous types of contaminants found in the water for a many reasons, they are non- biodegradable 
environmentally and their high toxicity at very low concentrations in addition to the cumulative impact in the bodies of 
living organisms. The most toxic heavy metals are lead, mercury and chromium. It was estimated that the estimated 
that global impact of lead is 18-22 million people and of mercury 15 to 19 million people at 2010 according to 
Blacksmith Institute’s World worst pollution problems. Contamination of the water resources with these elements, 
leads to polluting of the entire food chain and represents a real threat to the ecosystem. Thus, pure water shortage 
becomes a crucial problem worldwide. Among the most important research that can contribute to solving the 
problem of those related to water purification and improving the quality and re-use even in agriculture, for example, 
instead of wasted and discarded. There are many scientific methods applied in this regard. They include adsorption, 
precipitation, ion exchange, reverse osmosis, electrochemical treatments, membrane filtration, evaporation, 
flotation, and oxidation and biosorption processes. Some of these techniques however, have disadvantages such 
as incomplete metal removal, high reagent and energy requirements and generation of toxic sludge or other waste 
products. Among all these techniques, the adsorption is economically favorable and technically easy to separate. 
Instead of using commercial materials researchers have worked on inexpensive materials such as natural and 
agricultural products. Several works concerned the removal of heavy metals but the present work focuses on the 
sorbents based on biomass and their efficiency in removal of heavy metals from waste water.
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Introduction
Problem statement

As a result of different human activities, the world is facing serious 
threats of air, land, and water pollutions. Water pollution in particular, 
has raised severe environmental impacts. In addition to the shortage 
of resources of water due to drought and misuse, production of large 
volumes of wastewater has put a lot of pressure on the humankind. 
There are different types of water contaminants. They are summarized 
in Figure 1. Among these pollutants, the inorganic pollutants are 
extremely harmful due to their high toxicity and non-biodegradability.

Sources of inorganic pollutants

Heavy metals, like mercury, lead, tin, cadmium, selenium, and 
arsenic are introduced to the environment by different human activities 
and deposit slowly in the surrounding water and soil [1-4]. In many 
developing counties, little attention is paid to the environmental 
issues that the drainage of waste w ater into lakes and rivers is 
very common. The uncontrolled activities cause poisoning of fresh 
water resources which affects the entire eco-system. The top six toxic 
pollutants are given in Table 1 whereas the major sources of heavy 
metals are presented in Figure 2.

Hazardous effect of heavy metals

As potent pollutants, heavy metals were intensively investigated 
from the point of view of persistence and toxicity. The accumulation of 
heavy metals certainly has adverse effect on aquatic flora and fauna and 
may constitute a public health problem where contaminated organisms 
are used for food. They can cause poisoning, initiate cancer, and result in 
brain damage when found above the tolerance levels [5-8]. The agencies 

for the environmental monitoring have set permissible limits for heavy 
metals levels in drinking water because of their harmful effects. The 
hazardous effects of some metals are listed in Table 2 [9].

Conventional Methods for Heavy Metal Removal
The conventional technologies include physical, chemical or 

biological (Figure 3) [10-16]. Some of these methods are illustrated in 
Figure 4. Each of these methods has its advantages and disadvantages so 
that they are inadequate to deal with the wastewater treatment problem; 
the advantages and disadvantages of the conventional methods for 
metal removal are listed in Table 3.

Removal of heavy metals by adsorption

Adsorption is known to be one of the best of the technologies for 
the decontamination of water because it is an effective, economical and 
ecofriendly treatment technique. It is a process strong enough to realize 
water reuse obligation and high runoff standards in the industries. 
Adsorption is basically a mass transfer process by which the metal ion 
is transferred from the solution to the surface of sorbent, and becomes 
bound by physical and/or chemical interactions [17-20]. All adsorption 
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The Top Six Toxic Threats: Estimated Population at risk at Identified Sites*(million people) Estimated Global Impact** (million people)
1. Lead 10 18-22

2. Mercury 8.6 15-19
3. Chromium 7.3 13-17

4. Arsenic 3.7  5-9
5. Pesticides 3.4  5-8

6. Radionuclides 3.3  5-8

*Population estimates are preliminary and based an ongoing global assessment of polluted sites. 
**Estimated global impact is extrapolated from current site research and assessment coverage.

Table 1: The top six toxic threats.

Figure 1: Different water contaminants.
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mechanisms are dependent on solid-liquid equilibrium and on mass 
transfer rates. Based on the types of intermolecular attractive forces 
adsorption could be divided into the following types [21,22].

Physical adsorption

It is a process in which binding of adsorbate on the adsorbent 
surface is caused by van der Waals forces of attraction or hydrogen 
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bonding. Physical adsorption can only be occurred in the environment 
of low temperature and under appropriate pH conditions.

Chemical adsorption

This kind of adsorption involves a strong interaction results from 
chemical reaction between the adsorbent and the adsorbate. This 
interaction creates new types of electronic bonds (Covalent, Ionic).

General mechanism of adsorption

In general, the main steps involved in adsorption of pollutants on 
solid adsorbent are:

1. Transfer of the metal ion from bulk solution to the outer surface of 
the adsorbent.

2. Internal mass transfer by pore diffusion from outer surface of 
adsorbent to the inner surface of porous structure.

3. Adsorption of adsorbate onto the active sites of the pores of 
adsorbent.

4. The overall rate of adsorption is governed by either film formation 
or intra particle diffusion or both as the last step of adsorption are 
very fast as compared to the other two steps.

Low cost adsorbents 

There are several locally existing materials that can be used for the 
removal of heavy metals. Low cost adsorbents such as natural materials, 
agricultural wastes, modified biopolymers, or industrial by-products 
are found to be more encouraging in heavy metal removal due to the 
following considerations [6,17]. (I)They are economical, (II) they are 
metal selective, (III) they are regenerative, (IV) absence of toxic sludge 
generation (V) metal recovery and (VI) they are highly effective.

Recently, research for the removal of heavy metals from industrial 
effluent has been focused on the use of agricultural by-products as 
adsorbents through biosorption process. Moreover, biopolymers are 
posse a number of different functional groups, such as hydroxyls and 
amines, which increase the efficiency of metal ion uptake. The origin 
of the biomass must be taken into account while choosing the biomass 
for metal removal.

Classic biosorbents can be derived from three sources as follows:

1. Non-living biomass such as bark, lignin, shrimp, krill, squid, crab 
shell, etc.

2. Algal biomass.

3. Microbial biomass, e.g. bacteria, fungi, and yeast [9,23,24].

4. Agricultural products. 

In the next sections of this review, the removal of heavy metals 
by different agricultural wastes, modified biopolymers and bio-based 
nanocomposites will be discussed.

Removal of Heavy Metals by Agricultural Wastes

Numerous agricultural wastes such as wool, rice, straw, coconut 
husks, peat moss, exhausted coffee [25-27], waste tea [28], rice hulls 
[29-31], cork biomass [32], seeds of Ocimum basilicum [33], coconut 
shells [34], soybean hulls and cotton seed hulls [35], saw dust of walnut 
[36] untreated coffee dust [37], papaya wood [38], peanut hulls [39], 
citrus peel [40] were used as sorbents for metal removal. However, sea 
weeds, molds, yeasts, bacteria have been tested for metal biosorption 

Metal Source Route of Entry Toxicity Effect Permission level (mg/L)

Arsenic Pesticides, fungicides, metal smelters Inhalation and ingestion Irritation of respiratory system, Liver and Kidney 
damage, Loss of appetite, nausea and vomiting  etc. 0.020

Cadmium Welding, electroplating, pesticide fertilizer, 
Cd-Ni batteries Inhalation and ingestion Lung, liver and kidney damage; Irritation of 

respiratory system 0.06

Chromium Paints, electro plating and metallurgy
Inhalation, ingestion, 

and absorption through 
skin

Lung damage and Irritation or respiratory system 0.05

Mercury Pesticides, batteries, paper industry
Inhalation, ingestion 

and absorption through 
skin

Irritation of respiratory system; lung, liver kidney 
damage, and loss of hearing and muscle 

coordination

0.01(vapor)

Lead Paint, pesticide, smoking, automobile 
emission,mining, Inhalation and ingestion Lung and liver damage; loss of appetite, nausea 0.15

Nickel Electrochemical industries Inhalation Lung, liver and kidney damage 0.1

Table 2: The sources, route of entry and hazardous effect of some heavy metals.

Figure 3: Conventional technologies for heavy metal removal.

 

Physical
methods

• Sedimantation
• Screening
• Filteration
• Membrane sepration

Chemical 
methods

• Chemical precipitation
• Coagulation
• Ion exchange
• Adsorption
• Neutralization
• Solvent extraction

Biological 
methods

• Aerobic
• anaerobic



Citation: Abdel-Raouf MS, Abdul-Raheim ARM (2017) Removal of Heavy Metals from Industrial Waste Water by Biomass-Based Materials: A Review. 
J Pollut Eff Cont 5: 180. doi: 10.4172/2375-4397.1000180

Page 4 of 13

Volume 5 • Issue 1 • 1000180
J Pollut Eff Cont, an open access journal
ISSN:2375-4397

with encouraging results [41-44]. Table 4 shows various agricultural 
sorbents and the metal they removed [45-50].

The parameters which have been investigated for optimizing the 
use of adsorbent in wastewater treatment include:

1. Nature of adsorbent and adsorbate,

2. Metal concentration,

3. Temperature and pH of the aqueous solution,

4. Kinetics of adsorption,

5. Adsorption isotherm and

6. The contact time

Most of these wastes were used without chemical modification 
[34-51]. Thus they showed poor metal removal in addition to their non- 
metal selectivity.

Removal of Heavy Metals by Chemically-Modified 
Agricultural Wastes

The need for strong adsorbents has been emerged due to the 
intensification of industrial activity and environmental stress. To 
overcome this problem, several works have been done in order to extract 
effective materials by chemical treatment or chemical modification of 
these wastes.

An abundant source of potentially metal-sorbing biomass is 
lingo-cellulosic agricultural waste materials. These materials could 
be reasonably priced alternate for the treatment of heavy metals in 
wastewater [52]. 

Agricultural waste materials are usually composed of lignin and 
cellulose as the main constituents. Other components are hemicellulose, 
extractives, lipids, proteins, simple sugars, starches, water, hydrocarbons, 

Figure 4: Illustrations for some conventional methods for metal removal.
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Conventional treatment Advantages Disadvantages Ref.

Chemical precipitation It is relatively simple, inexpensive cost and non- metal 
selective

Large production of sludge, slow metal precipitation and poor 
settling [85-87]

Ion exchange
Metal selective Elevated 

[88-89]High treatment capacity
maintenance cost

Fast kinetics

Membrane filtration

Removing suspended solid, organic compounds 
and heavy metals. Various types of membranes are 
found according to the size  of the particle such as 
ultrafiltration, nanofiltration and reverse osmosis

Low flow rate

[13,90-92]
High cost

Electrochemical treatment
Meal selective, pH sensitive

[90,92]Reduced sludge 
Relatively high cost

production
Coagulation and flocculation Simple and non-metal selective Production of sludge, transfer of toxic compounds into solid phase [91,93,94]

Table 3: Advantages and disadvantages of some heavy metals removal conventional methods.
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ash and many more compounds that contain a variety of functional 
reactive groups. Cellulose and starch are the most potential candidates 
accepting chemical modification by various reactions, i.e. ethoxylation, 
carboxy methylation, amidation…etc.

There are two main ways for preparation of sorbents containing 
polysaccharides:

1. Crosslinking reactions, a reaction between the hydroxyl or amino 
groups of the chains with a coupling agent to form water-insoluble 
cross-linked networks (gels);

2. Immobilization of polysaccharides on insoluble supports by 
coupling or grafting reactions in order to give hybrid or composite 
materials.

Cellulose is the first abundant biopolymer on earth. It can be 

obtained from different sources Figure 5. It is a crystalline homo-
polymer of glucose with β1 4 glycosidic linkage and intramolecular and 
intermolecular hydrogen bonds, Figure 6 [53]. Chemical modification 
of cellulose has resulted in tremendous number of cellulose derivatives. 
In this respect, Polysaccharides (PS) of cellulose, soluble, corn- and 
maize-derived starches with variable amylose/amylopectin content 
were cross-linked with epichlorohydrin (EPI) to form polymeric 
adsorbents. The properties of the cross-linked PS-EPI materials were 
prepared by varying the synthesis conditions (nature of polysaccharide, 
temperature, and reagent ratios) to afford network polymer materials 
with tunable properties [54].

Mahajan and Sud [55] used Dalbergia sissoo pods, a lignocellulosic 
nitrogenous waste biomass, was evaluated for sequestering of Cr (VI) 
from synthetic wastewater. In terms of their structure, Dalbergia sissoo 

Figure 5: Sources of cellulose.
 

The agricultural waste The metal they removed Reference

Tea industry waste
Cd (II), Cu (II), [45]

Ni (II) Maloc and Nuhoglu [47]
Cr(VI) Maloc and Nuhoglu [48]

Pretreated rice husk Cd (II) Kumar and Bandyopadhyay [46]
Grape stalk wastes Cu (II), Ni (II) Villaescusa et al.  [50]

Dehyrated wheat stalk Cu (II) Ozer and Ozer [49]
Potato peels Cu (II) Amana et al. [95]

Maize cob and husk Zn (II), Cd (II) and Pb (II) Igwe et al. [96]
 Pb (II) Abdel-Ghani et al. [97]

Water melon shell Cu (II) Banerjee et al. [98]
Cork powder Zn (II) Kanawade and Gaikwad [99]
Tobacco stem Cr(VI) Sheth et al. [100]

Table 4: Some agriculture waste-based sorbents.
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pods (DSP) can be regarded as a lingo-cellulosic agricultural waste 
material containing reasonable amount of proteins and fibers. The 
metal removal capacity was examined versus many factors, such as 
effects of pH adsorbent dose, initial metal-ion concentration, stirring 
speed, and contact time.

In our previous work [56], hydrogels nanoparticles were synthesized 
by graft copolymerization of acrylic acid and N-isopropylacrylamide 
(NIPA) onto carboxymethyl cellulose (CMC). The prepared nanogels 
were used to remove copper and lead ions from aqueous solutions. 
The effects of pH, time, crosslinker concentrations, temperature, and 
initial metal ion concentration on the metal ion removal capacity were 
investigated.

Furthermore, Tripathy et al. [57] have investigated the +ve metal 
ion (i.e. Cu2+, Ni2+, Zn2+, Pb2+ and Hg2+) sorption behavior of cellulose-
based superabsorbent hydrogels. Sorption results showed that the values 
of the +ve percent ion uptake were 13.8, 11.5, 9.8, 9.0 and 8.7 at the 
maximum values, separately. In addition, cyanoethyl cellulose-based 

superabsorbent hydrogels were prepared and used for the adsorption 
of copper (II) ions from aqueous solutions. It was found that metal-ion 
removal depends on the protonation and deprotonation properties of 
acidic and basic groups, i.e. pH value of the medium [58].

Moreover, cellulose was grafted into acrylamide to prepare 
hydrogels for use in water and metal ions sorption [59]. The conditions 
of grafing were investigated and the sorption of different metal ions by 
grafted cellulose was investigated.

Cellulose derivatives were also applied for preparation of hydrogels 
used in water treatment and heavy metal removal. Hydroxyethyl 
cellulose (HEC) was grafted by acrylic acid (AA), and a mixture 
of acrylic acid (AA) and Acrylamide (Am) with two different AA/
Am composition ratios (70/30 and 30/70) to produce HEC-g-AA 
(copolymer I) and of HEC-g-AA-Am copolymers (copolymer II & 
copolymer III) respectively, using potassium persulphate/ sodium 
bisulphate as redox initiation system [60]. The optimal conditions for 
removal of Ni from aqueous solutions using the prepared copolymers 
were studied through variation of pH, agitation time, and metal ion 
concentrations.

Starch  or  amylum  is a  polymeric  carbohydrate  consisting of 
a large number of  glucose  units joined by  glycosidic bonds. This 
polysaccharide is produced by most green plants as an energy store. It 
is the second abundant carbohydrate afer cellulose and it exists in large 
amounts in staple foods such as  potatoes,  wheat,  maize  (corn),  rice, 
and cassava, Figure 7.

It has unique structure since it consists of two types of molecules: 
the linear and helical amylose and the branched amylopectin, Figure 8. 
Depending on the plant, starch generally contains 20 to 25% amylose 
and 75 to 80% amylopectin by weight.

Figure 6: Chemical structure of cellulose.

 

Figure 7: Some sources of starch.
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Intensive researches have been made to use starch and its modified 
products in removing heavy metals from wastewater. In this respect, 
Graft copolymers of cassava starch and acrylonitrile were synthesized 
in aqueous solution using ceric ammonium ion as the initiator. The 
grafted copolymer and the hydrolyzed graft copolymer (hydrogel) 

were used as sorbent for the uptake of heavy metals from the aqueous 
media. The sorption capacity was evaluated by measuring the extent 
of sorption of nickel, copper, and leads metals ions, under equilibrium 
conditions [61].

Figure 8: Chemical formula of starch.
 

Figure 9: Some corn starch esters [64].
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Hydrogels based on saponified products of poly (acrylonitrile, 
AN)-starch composites were prepared, characterized and their water 
abosrbency properties examined. The water absorbency properties of 
these hydrogels were found to rely on variables affecting the magnitudes 
of both polymerization and saponification. The prepared hydrogels 
were used to abstract some heavy metals from aqueous solution [62].

The removal effecinecy of metal ions from their aqueous solution 
by crosslinked carboxy methyl corn starch was investigated [63]. Lead, 
cadmium, and mercury ions in water were almost completely removed 
when 1% starch (DS 0.081, pH 6.0) was used. Starch could be recovered 
by washing the metal ions from the complex with weak acid (pH 2.0) 
although the metal-binding activity of the starch was slightly reduced 
by this process.

Corn starch has been modified with naturally occurring compounds, 
maleic acid (MA) and itaconic acid (IA), by esterification in an aqueous 
medium catalyzed by NaOH to produce adsorbents for heavy metals 
removal in water. The effect of the mono and di-substitution with both 
acids, on the solubility and the swelling capacity of the modified starch 
has been investigated.

Additionally, the capability of the modified starches with itaconic 
acid to adsorb aqueous metal cations such as Ni+2, Zn+2, Cd+2, and 
Pb+2 was monitored and the data were compared with the native corn 
starch. The modified and native starches showed reasonable adsorption 
capacity for all the investigated cations. It was shown that the native 

starch did not exhibit selectivity for any of the cations, whereas the 
itaconate starches removed higher content of Pb+2 with the lowest 
hydration radius in comparison with other ions [64]. The structural 
formulae of the prepared esters are given below in Figure 9.

Starch was functionalized by acid hydrolysis and/or oxidized by 
nitrogen oxides to create carboxylic groups at C-6. Sorption of Cu2+ ions 
was investigated as a function of hydrogel structure and environmental 
factors. Hydrogels exhibit structure-property relationship in the 
sorption of Cu2+ ions. The hydrogel that showed the maximum ion 
uptake was used to study the effect of contact time, temperature, pH, 
and Cu2+ ions concentration on the sorption capacity. Figure 10 shows 
the suggested interaction between the Cu2+ ions and the carboxylated 
starch [65].

Furthermore, Khalil and Abdel-Halim [66] prepared anionic starch 
containing carboxyl groups and studied its utilization as chelating 
agent. Sorption efficiency of the alkali treated samples increased with 
increasing the acrylic content. The sorption values for different heavy 
metals depended on the metal ion and follow the order Hg2+ > Cu2+> 
Zn2+> Pb2+. The proposed structure of starch -metal chelates is given in 
Figure 11.

Recently, [67] prepared a novel cross-linked starch-graft-
polyacrylamide-co-sodium xanthate (CSAX) by grafting 
copolymerization reaction of corn starch, acrylamide (AM), and 
sodium xanthate using epichlorohydrin (EPI) as cross-linking reagent 

Figure 10: Possible interaction between the carboxylated starch and Cu2+ ions [65].

Figure 11: Proposed structure of starch-metal chelates.
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Figure 12: Preparation of amphoteric starch [68].

and ceric ammonium nitrate (CAN) as initiator. The performance of 
the prepared hydrogel was investigated in wastewater treatment.

Lately, the adsorption processes of metal anions by amphoteric 
starch with quaternary ammonium and carboxymethyl groups have 
been investigated. Xu et al. [68] studied the removal of Pb (II) from 
aqueous solution by adsorption on a series of cross-linked amphoteric 
starches with different DS. It was found that the adsorption capacity 
was dependent on the pH of the solution, the dose of the cross-linked 
amphoteric starch, and the initial concentration of Pb (II) ion. The 
suggested reactions involved in the preparation process are shown in 
the following scheme (Figure 12).

Cross-linked amphoteric starches (CASs) were also used for 
removal of Cr (VI) from aqueous solution [69]. The adsorption process 
was found to be dependent on initial pH, concentration of Cr (VI), dose 
of CAS, and temperature. Furthermore, cross-linked starch phosphate 
carbamates were prepared and used to adsorb Cu (II) ions from an 
aqueous solution. Batch adsorption experiments were carried out as a 
function of adsorption time, adsorbents dose, pH, substitute groups’ 
content, initial Cu(II) ions concentrations, and temperature [69,70].

Removal of Heavy Metals by Nanocomposites based on 
Biopolymers

In spite of their ultimate importance, biopolymers when used in 
neat form they have a few hindrances that limit their utilization, for 
instance, their low surface area and difficulty of separation from 
solution. On the other hand, magnetic sorbents have a high surface area 
and are easy to be isolated from the medium and control in complex 
multiphase systems with an outer magnetic field. Hybrid composites 
(organic and inorganic) of high stability can be obtained by forming 
a polymer shield over an inorganic Nano material along these lines 
joining the upsides of both materials. Composites made from various 
polysaccharides comprise another class of naturally safe materials for 
diverse biological and industrial applications. It was stated that magnetic 
Nano-materials functionalized with biopolymers, for example, chitosan 
[71,72], gum Arabic [73], β-cyclodextrine [74] and cellulose [75], have 
been utilized for the exclusion of toxic metals from aqueous solution. 

Very little work has been done for preparation of starch composite. In 
this respect, the starch extracted from potato peels was adapted with 
acrylic acid. Nanoparticles composed of modified starch polymer and 
Fe3O4 (modified potato starch-magnetic nanoparticles, MPS-MNPs) 
were synthesized. The prepared Nanoadsorbents were used for selective 
abstraction of Pb2+, Cu2+, and Ni2+ ions from water [76]. The grafting 
reaction of acrylic acid onto starch is provided in.

Starch-graft copolymers are strongly required in industry due to 
their low cost and biodegradablility and thus environmental friendly. 
Starch-graft copolymers have become the focal point for the preparation 
inorganic-organic superabsorbent Nanocomposite because of due to 
environmental concerns.

It has been shown that starch can effectively stabilize Nanoscale 
magnetite particles, and starch-stabilized magnetite nanoparticles 
(SMNP) are potent sorbents for in situ remediation of arsenic-
contaminated soils [77].

An et al. [78] developed a new engineered strategy to minimize the 
production and arsenic leachability of the process waste left behind. 
They prepared and tested a new class of starch-bridged magnetite 
nanoparticles for removal of arsenate.

A low-cost, “green” starch at 0.049% (w/w) was used as an additive 
to depress the agglomerating of the nanoparticles.

Very recently, synthetic nanoscale zerovalent iron (NZVI) stabilized 
with two polymers, Starch and Carboxymethyl cellulose (CMC) were 
investigated and compared for their capability in removing As (III) and 
As (V) from aqueous solutions as the most promising iron nanoparticles 
form for arsenic removal [79]. Furthermore, [80] studied the removal 
of copper (II) and lead(II) ions from aqueous solutions by Starch-graft-
acrylic acid/montmorillonite (S-g-AA/MMT) Nanocomposite. Several 
factors affecting removal efficiency were investigated. They include 
treatment time with the solution, initial pH of the solution, initial metal 
ion concentration, and MMT content.

Future Trends
Guar gum as a natural environmentally friendly biopolymer 
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Figure 13: Modification of starch by acrylic acid [76].

 

Figure 14: The suggested mechanisms of removal of Cd+2 by guar gum silica nanocompoites.
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broke ranks and quickly found its place among the most important 
carbohydrates. It is now used effectively in water treatment. In this 
respect, guar gum silica nanocompoites were effectively used in removal 
of Cd (II) from aqueous solution. Maximum removal was attained at pH 
8, contact time 2 hours, Cd (II) concentration 100 mg/L, temperature 
30oC and adsorbent dose 10 mg [81]. The suggested mechanisms are 
illustrated in Figure 14.

As a natural biopolymer, guar gum (GG) was covalently grafted 
[82] on the surfaces of multiwall carbon nanotube (MWCNT) to gain 
GG–MWCNT composite. Then iron oxide nanoparticles were covered 
by the

GG–MWCNT to prepare the magnetic GG–MWCNT–Fe3O4.

Furthermore, Polyacrylamide chains were grafted onto 
CMG backbone to obtain a novel polymeric flocculant based on 
polyacrylamide grafted carboxymethyl guar gum (CMG-g-PAM). The 
flocculation characteristics of grafted and ungrafted polysaccharides 
had been evaluated in kaolin suspension and municipal sewage 
wastewater.

A novel hydrogel [83] based on guar gum (GG) was prepared 
by the polymerization grafting of acrylamide onto guar gum, using 
potassium bromate/thiourea dioxide redox system for promoting the 
polymerization reaction. The so prepared polyacrylamide/guar gum 
graft copolymer was then cross-linked with glutaraldehyde (GA) to gain 
the sorbent material in the form of hydrogel. The obtained hydrogel was 
used for removal of hexavalent chromium ion (Cr (VI)) from aqueous 
solution.

Khan et al. [84] prepared Guar gum–nano zinc oxide (GG/nZnO) 
as economic and ecofriendly biocomposite. These composites were used 
adsorbents for enhanced removal of Cr (VI) from aqueous solution. 
The data revealed that the maximum adsorption was achieved at 50 min 
contact time, 25 mg/L Cr (VI) conc., 1.0 g/L adsorbent dose and 7.0 pH.

Our current research targets are to prepare multi-purpose 
interpenetrating polymer networks based on biopolymers for 
environmental and economical considerations.

Conclusion
Green chemistry approach focuses on replacing the synthetic 

polymers by naturally occurring materials by maximizing the 
utilization of biopolymers in different industrial, biological, and 
medical applications for economical and environmental concerns. In 
this respect, the application of biopolymers in water treatment was 
thoroughly studied.

Sources and hazardous effects of heavy metals were mentioned and 
conventional technologies for waste water treatment were reviewed. It 
was established that alleviating the environmental pollution of heavy 
metals by adsorption is more beneficial than other methods. Removal 
of heavy metals by different agricultural wastes was mentioned. 
Furthermore, the application of chemically modified agricultural wastes 
in water treatment was reviewed. Finally, utilization of nanocomposites 
based on biopolymers was discussed.
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