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Abstract: Heavy metals have been classified as dangerous environmental pollutants. Interest in
feasible ways to reduce heavy metals pollution is a noble goal. Adsorption is an effective method
based on its effectiveness and low- cost. Nowadays, low-cost bio-sorbents have been utilized to
replace costly expensive adsorbents. Rich cellulose materials are effective heavy metal adsorbents,
and their performance can be enhanced via chemical modification. The present work reviews the
steady progress in the utilization of agriculture by-product wastes as heavy metal bio-sorbent. The
unique advantages of these by-products such as renewability, abundance, simple processing, and
low cost, justifier this work. The results confirm that the chemically treated agro-wastes exhibit high-
removal efficiency (reaches 95% in most cases). The adsorption isotherm studies indicate that the
concentration of the metal ions has a significant effect on the adsorption process. The Freundlich
model provides a physical adsorption model of the metal ions on the bio-sorbent surface. Langmuir
isotherm offers an estimate of the effect of different factors on the efficiency of the process. The
adsorption kinetics studies offer an idea of reaction pathways including the adsorption mechanism
and the efficiency of the metal ion removal. Applying the pseudo-first-order and pseudo-second-
order models describes the adsorption kinetics. This information can be utilized in developing
effective strategies to remove heavy metal ions using chemically treated agro-waste. The data
confirmed that chemical modification is a significant parameter in the efficiency of metal ion
removal. The feasibility and effectiveness of using these cellulosic by-products as bio-sorbent should
be given attention and encouraged

Keywords: heavy metals; aqueous system- toxicity; agriculture by-products; agro-wastes; bio -
sorbents; adsorption kinetics

1. Introduction

1.1. Heavy metals toxicity

Industrial waste stream is mostly contaminated with several toxic heavy metals. Leather
tanning, the textile industry, plating metals, fertilizer, pesticide production, batteries, and paper
industries are the most common pollutant activities in this regard, Table 1 illustrate the different
sources of toxic heavy metals. Heavy metals are environmental un-ecofriendly, they are classified as
highly toxic and carcinogenic pollutants [1]. They reach human bodies through foods causing serious
diseases such as cancer, blindness, blood diseases...... etc. [2]. The metal is considered toxic if its
density is greater than 5g / cm?, specific gravity > 5, and has an atomic weight between 36.5 — and
200.6. Unfortunately, these metals are not degradable and also have a great ability to spread in the
ecosystem, especially in the aqueous system. They easily reach agricultural soil and find their way to

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202312.2155.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 December 2023 doi:10.20944/preprints202312.2155.v1

human food. This destructive chain must be broken and the metal ions have to be prevented from
reaching the human tissues. High doses of heavy metals cause serious diseases. The data in Table 2
refer to the various humane diseases resulting from poisoning with heavy metals. In detail, Lead and
zinc cause brain and bone damage, and some heavy metals cause damage to genetics [3]. A high dose
of zinc can cause notable health difficulties, such as stomach problems, skin agitation, puking,
sickness, and anemia. Mercury damages the human nervous system. High doses of mercury have a
bad effect on the function of the lung and kidneys [4]. Nickel causes serious lung and kidney diseases
in addition to gastrointestinal distress, lung fibrosis, and skin diseases. In general, nickel is a human
carcinogen [5,6]. According to the U.S. Environmental Protection Agency cadmium is classified as a
human carcinogen, it causes severe dangers to human health. High exposure to cadmium causes
kidney dysfunction and high-level doses of exposure cause death. Lead is a very dangerous heavy
metal for the central nervous system, the kidney, and the liver. Its dangerous effects extend to causing
serious diseases such as muscle weakness, insomnia, anemia, dizziness, renal damage, and irritability
[7,8]. Chromium reaches in the aqueous environment as Cr* and Cr*. Cr+* is classified as more toxic.
Accumulated Cr*¢ in the human body affects the physiology of humans, and its dangerous effect
extends to lung carcinoma. Chromium salts are one of the most important causes of cancer and
serious skin diseases [9].

Table 1. Major sources of heavy metals.

The industry or activity Generated Heavy metal
Electroplating Chromium, lead, nickel, cadmium
Leather tanning Chromium, arsenic, lead
Pesticide manufacture Lead, cadmium, arsenic, mercury
Paints manufacture Chromium, lead, nickel

Paper industry mercury

Bleaching processes Cadmium, arsenic, mercury
Batteries industry Lead, cadmium

Table 2. Serious diseases caused by heavy metals.

Heavy metal Disease References

Brain, bone, and Genetic damage
Lead and zincions Stomach problems, Skin agitation [104-106]
Puke, Sickness, Anemia.

Nervous system damage.

Mercury ions Bad effect of lung and kidney

[107-109]

Lung and kidney diseases, Gastrointestinal distress, Lung

Nickel ions . . C . .
fibrosis, Skin diseases, Human carcinogen

[110-112]

Human carcinogen
Cadmium ions Severe dangers to human health. Kidney dysfunction, High-level [113-115]
doses of exposure cause death

Damage the central nervous system kidney, and the liver disease,

Lead ions ) . .
Muscles weakness, Insomnia, Anemia, Dizziness, Renal damages

[116-118]

Classified as more toxic
Chromium Cr*6 Disturbance of physiology of humans, Lung carcinoma, Causes [119-121]
of cancer, Serious skin diseases

1.2. Traditional methods of heavy metals removal

Several methods have been trialed to get rid of toxic heavy metals. Adsorption membrane
filtration, ion exchange, and precipitation are favorite traditional methods that have been extensively
investigated and widely used. Different traditional methods employed in heavy metal removal are
illustrated in Figure 1. These methods have several disadvantages that make them undesirable. The
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high costs and limited reusability are significant defects [10]. Heavy metal removal using activated
carbon as an adsorbent is a commanding technology based on its simple operational process.
Activated carbon adsorbents are widely used, they offer high surface area in addition to their high
micropores. A great number of works are studying the utilization of activated carbon for heavy
metals elimination [11]. However, activated carbon itself is an expensive material, in addition to the
harsh conditions of the formulation process which needs high energy and chemicals. Carbon
nanotubes are another significant technique discovered by lijimain 1991 [12]. Carbon Nanotubes have
been utilized based on their unique properties. They have been verified to have great potential for
heavy metal elimination for several heavy metal ions and show great efficiency in the removal of
toxic ions such as lead, cadmium, copper, nickel, and chromium. However, carbon Nanotubes have
low removal efficiency for several heavy metals [13-15], therefore, they have to be treated with
oxidizing agents such as hypochlorite, permanganate, or nitric acid to increase the removal capacity
of metal ions [16]. Finding an effective and low-cost sorbent is a noble target. Table 3 illustrates the
efficiency of some common agriculture by-products as heavy metal bio-sorbents for different heavy
metal ions. The agriculture by-products are a big cellulose and lignin store. Cellulose fiber and lignin
are great natural polymers. The reticulated structure of the lignocellulose creates a great affinity to
heavy metals absorbance. Considering the abundance, the cheap price, and the ease of obtaining these
products as by-products of the farms, employing them is a great advantage. The adsorption
techniques using low-cost bio-sorbent from agriculture by-products, based on the great advantages
of these by-products. is a promising technique. The high removal efficiency and regeneration are
significant advantage. In recent days, a great expansion in the use of agriculture by-products as heavy
metals bio-sorbent is greatly observed and become more attractive [17-21]. The heavy metals
adsorption based on low-cost biomass involves the utilization of the rich cellulose agricultural by-
products in addition to yeasts, algae, and seaweeds.

Traditional methods used for heavy metal

removal
%
h Oxidation
Precipitation Electrochemical lon exchange Adsorption reduction

process

N

Figure 1. The different traditional methods used for heavy metal removal from aquatic system.
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Table 3. Agriculture by-products as heavy metal bio-sorbents (Hussain, Madan et al. 2021).

S. No. Type of waste -water Type of adsorbent gii:;lze?gt/m Metal ion aA;:g;r:n:f (mg/g) ;1"1\1/[11111(:) '(I;ecr;lperature pH references
) Pb+2 5.80
1 Hospital waste water Cassava peels 10 Cu 8.00 20-120  39.85 8.0 [122]
2 Aqueous solutions Ash Gound peel 6.0 Cr*6 18.70 40-60  28.0 1.0 [123]
3 Aqueous solution Barly straw 1.0 Cu* 4.64 12 25.0 6.0-7.0 [124]
4 Aqueous solutioin Cashew Nut 3.0 Ni*2 18.86 30 30.0 5.0 [125]
5 Electroplating wash water ~ Chemically modified orangepeel 2.0 Cu®? 289.0 180 30.0 5.0 [126]
6 Aqueous solution Modified Lawny Grass 0.5 Pb+ 137.12 400 29.85 6.0 [127]
7 Aqueous solution Grapefruites peel 2.0 U+ 140.79 60-80  30.0 4.0-6.0 [128]
8 Aqueous solutioin Peaunt Shell 1.0 Cr+ 4.32 360 30.0 2.0 [129]
9 Aqueous solution Sugar can and orange peel 1.0 Pb+2 68.69 and 27.86 30 25.0 5.0 [130]
5.0 Ni*2 39.75
10 Electroplating waste water ~ Mango peel 5.0 Cu? 46.09 120.0  25.0 6.0 [131]
5.0 Zn*? 28.21
11 Aqueous solution Whwat shell 10 Cu* 17.42 60.0 25.0 7.0 [132]
12 Aqueous solution Sulfonated biochar 2.0 Pb+ ;172 5.0 180.0 45 [133]
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2. Modification of the agriculture by-product waste

Cellulose, lignin, and hemicellulose are the main constituents of the agriculture bio-wastes, in
addition to sugar, proteins, and lipid [22]. Accordingly, the agriculture bio-wastes have shown plenty
of polar function groups such as alcoholic, aldehydic, ketonic, phenolic, and carboxylic groups which
have great ability to bind with the metal ions forming complexes via lone pairs donating [23].
However, the adsorption efficiency of the untreated bio-sorbent itself is low. Chemical treatment of
agricultural waste is considered a factor that has a strong influence on the process of adapting it as
an adsorbent surface. The process of chemical modification of these wastes includes some chemical
processes. The pretreatment process is an essential process to enhance adsorption performance, the
process involves surface modification to introduce some functional groups that can bend with the
metal ions [24]. The surface modification of the bio-sorbents involves using some modifying agents.
The modifying agents include basic solutions such as sodium hydroxide, acidic solutions such as
nitric acid, and hydrochloric acid, oxidizing agents such as citric acid and hydrogen peroxide [25-
27]. The wall of the plant cell rich of pectin cellulosic compounds (polysaccharides) which can be
modified by different chemical reagents to increase the number of function groups on the surface,
therefore enhancing the rate of linkage with metal ions [25]. The alkaline treatment is an important
treatment in this regard, it ionizes pectin yielding negative ions which bind with metal ions. In
general, the alkaline treatment using sodium hydroxide enhance the adsorption efficiency [28,29].
Incorporating of phenolic substances into the bio-sorbent improves binding with the metal ions [30].
Esterification, phosphorylation, methylation and hydrolysis of amide and carboxylate groups are
significant modification methods [31]. Al-Qodah et [32]developed an effective bio-sorbent from green
algae after modifying it through phosphorylation, according to the author the phosphorylation
process increases the phosphate group on the surface and quiescently the binding efficiency of the
metal ion with the surface is significantly enhanced. And the modified algae show significant removal
efficiency of Cu*2. The acidic treatment by using sulfuric acid has been reported [33,34]. Martin et al
found that treatment of sugar bagasse with H2SOs leads to formation of negative at lower pH and
increase the surface area, and the sulfuric acid oxidizes bagasse to carboxylic groups. Transferring
agro-wastes into activated carbon has been reported [35,36]. Activated carbon is an effective heavy
metal removal due to its highly microporosity and large specific surface, moreover, the high
mechanical strength made it an effective heavy metal removal [37,38]. Transferring of the agriculture
bio-wastes into activated carbon takes place through pyrolysis treatment which involved heating to
convert lignin to activated carbon with high surface area [39]. In details, the Table 4 illustrates the
different chemical process for modification of the agro-wastes:
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Table 4. Different process involves agriculture by-product chemical treatments.

The process  The reagent Action The effectiveness of removal Reference

The mechanical properties and thermal stability increase,

The treatment of the agro-wastes by The process involves enhance the surface area and . . .
exposing more function groups, accordingly the

base , the common bases are sodium exposing more function groups due to esters

Alkylati i i h li h ifi 134,1
kylation hydroxide KOH or potassium hydrolysis and the removal of amorphous fiber 1nteract1'on between the metal ins 'and the modified [134,135]
. . .. surface is strongly enhanced leading to ease the
hydroxide KOH. such as hemicellulose and lignin . .
adsorption of metal ions.
Acidification promote the hydrolysis of the Reduce the mineral content leading to increase the
Treatment the agro-waste with cellulose creating more function groups and removal capacity, and create more adsorption sites.
Acidification mineral acids such as HNOs, HCl,  opening the reticular shape of the cellulosic Therefore, the removal efficiency of the bio-sorbent [136-138]
HsPO4, H2SO4 structure, the process involves increase the increase, due to improvement of the acidic behavior and
oxygen content of the product hydrophilicity of the surface

The process involves the reaction of

hydroxyl group in cellulose forming

ester group. The common reagent  The process adds functional groups to the surface
Esterification used are EDTA of the agro-wastes. It imparts carboxylic group to

(Ethylenediaminetetraacetic acid), the surface.

citric acid and maleic anhydride

anhydride

Esterification enhances hydrophobicity and mechanical
properties of the agro-wastes, accordingly the increase
the rate of binding of the metal ions with the modified
surface.

[139,140]

The process involves replacing of the
hydroxy group in the cellulose with
other function groups, ethylene
oxide, epoxides are the common
reagents used in etherification
Diethylenetriamine,
ethylenediamine,
triethyleneteramine are also utilized.
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The process involves the increase of functional groups
The process generates positive function and enhancement the efficiency of the interaction of
Etherification groups yielding adsorption sites for holding of =~ metal ions with the surface. Functional groups such as- [139,141].
anions, such as phosphate, nitrate, and sulfate. COO, S~ and NH- are familiarized to the agro-wate

surfaces

Biochar has a great specific surface area leading to
increase the removal efficiency of the bio-surface. The
introduction of certain functional groups, heteroatoms
into biochar can improve its surface properties and
consequently the enhancement of the removal efficiency

Carbonization involves the thermal

decomposition of agro-wastes The mineral constituents in biochar surfaces
Carbonization producing a carbonaceous material, promote the construction of metal precipitates on [142-144]
as a result, the bio-mass converted the surface

into biochar
of the material.
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Th invol fting of th
€ process INvolves gra tng © the The chemical initiator produces free radicals
agro - waste with the polymeric . .
. which react with hydroxyl groups on

material, the backbone of a polymer _, . . . . . . . .

. . . lignocellulose, it is extensively used owing to its Grafting change the physiochemical properties of the

is connected to a side chain of agro- low cost and simple processing. The linkage agro-waste which enhances the adsorption efficiency due
Grafting wastes forming a branched co- plep & & 8 p Y [139,145,146]

between backbone of the polymer and the side  to the extra added function groups through forming the
chain of the lignocellulose in agriculture wastes  copolymer.

helps to form copolymer which increase the

number of sites on the surface

polymer, grafting-from is the
common treatment used and a
appropriate initiator is utilized to
introduce the modification process.

Grafting promotes the electrostatic attraction and
complex formation between the toxic metal ions
The process involves introducing  and grafted functional. Introducing metal oxides
transition metal or transition metal in the surface of agro-waste enhance particular ~ Transition metal and grafted metal-agro-waste displays

Magnetization oxide into the agro-wastes such as  functionalities to increase. Adsorption properties, good adsorption properties for the removal of toxic [147-149]
FeClz, FeCls, Fe20s and zero-valent  for example, modification of lignocellulose with heavy metals compared with raw agro-wastes
nano metals magnetic materials enhancing adsorption the

efficiency of the surface permitting facile recovery
of the agro-wastes
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3. Adsorption mechanism

Understanding the mechanism of the adsorption of metal ions on the bio-sorbent offers an
opportunity to enhance the efficiency of the process, as it is important to explain the method that
linkage with the surface of the adsorbent. The function groups on the surface (-OH hydroxyl, - COOH
carboxylic, -O- ether, and -NH2 amines) play a significant role in this regard, therefore, the chemical
adsorption involves the interaction between the function groups on the bio-mass surface and the
metal ions [40]. In most cases, the process involves irreversible endothermic and selective conations
[41], the different available mechanisms can be summarized in Figure 2. On the other hand, several
factors strongly affect the adsorption process, such factors include the metal ion concentration (initial
concentration), the pH value, temperature, and the bio-sorbent dose. Therefore, different adsorption
models have to be well studied, adsorptions models provide details concerning the efficiency of the
process and offer possibilities of enhancing the efficiency of the adsorbate. The adsorption process
involves the displacement of metal ions to the surface of the adsorbent and binding to it. This process
can take place through physical or chemical interactions. The physical interaction is considered weak
and cannot be relied upon in the process, but the chemical interaction is considered to be the most
effective, as it includes the connection between the adsorbed ions and the adsorbed surface through
covalent or electrostatic bonds [42]. physical interference depends on van der Van forces, interference
by diffusion, and hydrogen bonds. Figure 3 display the adsorption mechanism via mono and di
adsorption process.

\ Precipitation lon exchange adsorption

‘ Agriculture byproducts ‘

Such as: +M

Sugarcane Pea peel

cucumber peels coconut
husks

Modification
Orange peel Palm straw

Acid/base/ oxidizing gent

Rice straw Banana peel

\O'ange peel Potato Peel /

Adsorbent

Figure 2. Different mechanisms of adsorption of heavy metals M* over the surface of bio-mass.
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Monolayer adsorption

Adsorptive . .
Adsorption Desorption
Adsorption

Bio- sorbent

Double layer adsorption

8 80,%%"c%0%%%" S $

Bio- sorbent

Figure 3. The adsorption mechanism via mono and di adsorption process.

4. Adsorption kinetics

The performance of the adsorption process can be defined using appropriate mathematical
models. The mathematical models are required for procedure raise and optimization studies. Several
kinetic models from previous works have been used to describe the absorption of metal ions. Three
types of models are used to describe the metal ions uptake, such models include kinetic, equilibrium,
and diffusion models. The kinetic models used to optimize the adsorption process and express bio-
sorption of the metal ions [43,44]. Several kinetics models are used. Three types of models can be
described kinetic, equilibrium, and diffusion models.

4.1. kinetic models

Adsorption kinetic are utilized to explore the effect of various parameters on the rate of reaction
and estimate equilibrium time during metal ions uptake. There are several kinetics models used to
describe the adsorption of the metal ions in the bio-sorbent, such models include zero, first, and
pseudo-first orders as well as the pseudo-second-order and reversible reaction first-order in addition
to other models [44].

However, The most used kinetic models that describe the biosorption of metal ions include
second-order, pseudo-second-order, and Elovich models [44,45]. Linear regression is used to study
the appropriate kinetic model. The well-known linear least squares method has also been utilized
together with the linearization of kinetic rate, the detection coefficient Rz, and the amount
approximation unity this indicates a good appropriate. However, non-linear optimization modeling
was utilized, because the linearization could affect the error variance. In general, the models explain
the reaction path to describe the performance of the adsorbents [44,46]. Therefore, the time at
equilibrium can be studied in addition to the path of the process to recognize the optimal conditions
of the process. However, the nature of the bio-sorbent significantly affects the adsorption process
based on the physiochemical process of the agro-wastes [47]. Langmuir model is the most favorable
model in this regard. It is a pseudo-first-order, it is used to describe the adsorption in an aqueous
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solution by a solid sorbent (like metal ions in water) [25]. The pseudo-first-order model can be
represented by the equation
dqt

a ks1(qe — qt) 1)

Where qt and ge represent the adsorption capacity at any time and the capacity at equilibrium
respectively, and ks is the first -order rate constant. At limit conditions (t =0, qt =0, the equation can
be integrated to

e — ekSlt (2)
Qe - Qt

In(qe — qp) = Inge — kg1t 3)

Plotting In (ge — qt) vs. t gives results in a straight line which will detect the applicability of the
empirical study of the, and qe and ksl can be found from the intercept values and the slope of the
straight line, respectively, The kinetic model pseudo-second-order assumes the existence of
chemisorption via electrons interchange between the hydroxyl groups and or the functional groups
of (bio-sorbent) and the metal ions. [25,48]

The differential form of this model is [49]:

~ B _ g 402 @
t
where k2 (g mg s) represents the model rate constant. By integrating and after separating the
variable quantity at the borderline conditions of gt =0 at t =0 and gt = gt at t = t the equation become
as

— = k2t ®)
q e qt Qe
Plotting of 1/(ge — g¢) against ¢ could bear a straight line which represents the slope of 1/g. and
intercept of k2, accordingly qe can be guess and compared by practical results.

4.2. Isotherm models

These models provide an idea of the mechanics of the adsorption process. Moreover, they can
be used to study the efficiency of the adsorbent surface. The importance of these models lies in their
use in estimating the amount of adsorbed material (the ideal amount), because it is possible to
determine the equilibrium state between the amount of adsorbed material and the amount remaining
in the solution [22,50]. Several models were reported in this regard, The Freundlich model is the most
favorable one in this regard it is used to study the adsorption of metallic ions on the surface of a solid
bio-sorbent, according to this model, it is assumed that the surface of the adsorbent is smooth and
the adsorbent has no equivalent sites. Freundlich model is described by the following mathematical
equation

qe = kfCe'/"

Where ge is the amount of metal ion (mg/g) adsorbed by one gram of adsorbent, Ce represents the
concentration of the remaining metal ion in the solution at equilibrium conditions (mg/L), Kf
represents Freundlich constant, and n is the adsorption intensity, it describes the efficiency of the
adsorption process. Based on the fact reported by Freundlich states that the adsorption energy
decreases to the minimum value when all adsorption sites on the surface of the adsorbent are
completely consumed [51].

therefore, the suitability of Freundlich can be estimated by plotting log qe against log

1
logge =logKf +; logc 6)

Therefore, this equation is a straight line with a slope = 1/n and intercept K
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4.3. Adsorption thermodynamics

It is important to emphasize that temperature is a significant parameter in the adsorption of the
metal ions on the solid surface of the bio-mass. The process is usually processed via the two common
exothermic or endothermic conditions. This can be known by determining the temperature change
during the process. Van't Hoff equation is used to determine the different thermodynamic functions
such as free energy, entropy, and enthalpy [52].

d(linKeq)/dt = AH/RT?2 7)
Where the equilibrium constant is
e
Ke = q? ke @®)

The free energy change can be calculated from the following equation
AG° = AH® + T°As )
Knowing that Gibbs free energy are related to the equilibrium constant as following
AG° = RT linKeq (10)
Adding the two equations to each other’s, the result is the following mathematical equation
lin Keq = —AH°/RT +°As/R (11)

Therefore, plotting lin Keq against 1/T produces a straight line, the entropy and change in the
enthalpy can be determined from the intercept and slope of the obtained line. If the AH" is positive
then the reaction is endothermic, in the case of negative °AG the process is favorable [53,54].

5. The adsorption properties of the rich cellulose agriculture by-products

Agriculture by-products include leaves, stems, and pods......... etc. During the seasons of tree
trimming large quantities of these agricultural wastes are produced, as well as the herbaceous trees
that are either spent or even disposed of after the fruits are harvested. Although it is a large
storehouse of high-value cellulosic materials, it does not find optimal use. The agriculture biomass is
built from cellulose, lignin, carbohydrate, and some silica. Lignin and cellulose are the largest natural
polymers in the universe in terms of quantity, lignin is the second-largest substance after cellulose.
Lignin forms the plant cell wall. It provides the building of the plant. It is an effective material in the
adsorption process [55]. It acts as a chelating agent to bind the heavy metal. Therefore, it is act as a
reaction sit complexing material and metal ions can be absorbed by complexion. Lignin is the only
large-scale biomass source of the cross-linked phenolic polymer, In particular. It is utilized to get rid
of toxic chromium ions and other toxic metals [56].Cellulose is a polysaccharide or carbohydrate
(complex carbohydrate), it has built-in more than 3000 glucose units. It acts as a cell wall supporting.
However, the reticular construction and function groups give these fibers adsorption properties. The
presence of some functional groups keeps these bio-wastes ideal adsorption surfaces for heavy metals
eliminations. Those function groups include alcoholic, phenolic, acetamido groups, in addition to
amino, and sulfhydryl and carbonyl [57]. The adsorption mechanism involves several steps. The
process includes chemisorption, complexation, adsorption on the surface, diffusion through pores,
and ion exchange. Many by-products of bio-masses were used for the same purpose. Examples
include materials such as rice husks, coconut, sugar beet pulp sugarcane bagasse, shells of maize corn
cob, walnut shells, coffee grain, grapes, cotton stalks, sunflower stalks, and wheat brans and husks,
in addition to trees bark and peels of fruits like apple, orange, banana [58-66].

6. Heavy metal removal efficiency of some significant agriculture by-products

The optimal use of each type of agricultural waste to be able to remove metal with high efficiency
is an important issue. Athar Hussain et al [67] illustrate the optimal use of different agriculture by-
products regarding the type of wastewater and the optimal conditions of processing, Table 2 shows
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the data cited by the authors. The data in the table confirmed that the operating efficiency of
agricultural waste varies according to the type or source and depends on the ideal conditions.
However, the main returns of bio-sorption are its high removal efficiency and the use of inexpensive
bio-sorbents. Bio-sorbents can be classified into three categories based on their sources. Such
categories include non-living bio-masses such as lignin, shrimp, and bark, the second category is algal
biomass, and the third one is microbial biomass, yeast, fungi, and bacteria are clear examples [68].
Searching for renewable, low-cost, and effective heavy metal adsorbent is a noble target for many
researchers. Hundreds of works have been cited in this regard. Effectiveness and high efficiency even
in low metal ion concentration in addition to ease of processing and potential metal recovery is a
competitive advantage [69,70]. The chemistry of the metal solution, time of processing, nature of the
plant bio-sorbent, and the environment or condition of the sorption process are significant factors
that control the removal efficiency. Therefore, studies have been accomplished to define the optimal
conditions of the processing for different types of agro-waste. Alalwan et al use coconut waste to
remove lead and cadmium with adsorption efficiency of 263 mg/g and 285 mg/g respectively, they
also use black oak bark and wheat brans to remove mercury and chromium with an adsorption
capacity was 400 mg/g, and 310 mg/g respectively [71]. The performance of removal of copper and
zinc ions by Soybean and mustard has been studied by humelnicu, Ignat et al., the products show a
remarkable capacity for ion removal and soybean itself exhibits high adsorption capacity towards
zinc ions [72]. Lemon peel was utilized as an inexpensive bio-sorbent to remove nickel, cadmium,
and lead ions, the ions have been reduced to 67.9%, 96.4%, and 90.11% respectively [73]. The
performance of removal of Zn 2, Cd *2, and Fe *2 from wastewater has been studied using wheat
straw, sugarcane bagasse, sawdust, and rice hull by Osman et al, the results show that the acidified
rice hull and sawdust show a higher capacity for removing the ions from waste waters compared
with the other bio-sorbent (Osman, Badwy et al. 2010). Daifullah tested two kinds of bio-sorbents
using rice husk, they tested the removal efficiency of Fe, Mn, Zn, Cu, Cd, and Pb ions, the efficiency
of removal was approximately 100% [74]. Tartaric acid-modified rice husk has been used as heavy
metals bio-sorbent in a batch study, it shows significant removal for lead and copper ions, and the
highest adsorption capacity has been recognized at pH from 2 to 3 [75]. Munaf and Zein reported that
the modified rice husk has a great ability to remove the chromium, zinc, copper, and cadmium ion
with a considerable efficiency reaches to 79 %, 85 %, 80 %, and 85 % respectively [76]. Mulberry leaves
were used to remove Pb?, Ni2*, Cu?, and Co?" with considerable efficiency [77]. The performance of
corn cob and wheat bran for removal of cobalt (II) and nickel (II) are studied by Magaji and Saleh, the
agriculture by-products exhibit great efficiency without chemical treatment [78]. Banana peel
removes Pb*? with removal efficiency reaching 98.146% [79]. Banana peel is also used by Afolabi,
Musonge et al. to remove copper and lead ions in a single and binary system, the banana peels were
an efficient bio-sorbent for the removal of the two ions. Mariana et al use Gayo coffee for the removal
of lead from the waste stream with good performance [80]. Ramos et al remove Co*2, Ni*%, and Cu*?
from the aqueous waste stream using sugarcane bagasse after treatment with phthalic acid [81].
Peternele studied the removal of Cd (II) and Pb (II) using lignin extracted from sugar cane bagasse
and functionalized by formic. According to the study, the Pb (II) adsorption process follows
Langmuir’s model and Cd (II) presents adsorption in multilayer, especially at temperatures greater
than 30°C [82]. Homagai et al. used charred sugarcane with carbon di-sulfide to remove Cd, *?, Pb*,
Ni*?, Zn*?, and Cu*?, the prepared bio-sorbent exhibits great removal efficiency towards the metal ions
[83] Tea waste is widely used as a bio-sorbent, considering that, it contains condensed tannins and
some function groups such as hydroxyl, carboxylic, and phenolic and high content of cellulose, lignin,
and hemicellulose, it has been utilized for heavy metal removal with considerable removal efficiency.
Weng et al. use tea waste to remove Cu *2 after treatment with a basic solution. They reported that
the treated tea has a removal capacity greater than activated carbon [84]. Lei Nie et al (2021)al use
green tea waste based on the presence of hydroxyl and phenolic groups, they studied the removal of
polluting metal ions of Cu?* and Cr ¢ from an aqueous waste stream by fabricating hydrogels
containing waste green tea [85]. Nutshells are a favorite cellulose-rich bio-sorbent. The performance
of the shell towards Cr* removal was investigated by Pehlivan and Altun, they reported that the
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shells have a high capacity to remove Cr*, and the efficiency of removal was pH-dependent, whereas,
the highest removal efficiency was recognized at lower pH < 3.5 [86]. The peel by-products are
common agriculture by-products produced from the household kitchen and vegetable and/or fruit-
based industrial activities. Peels form about 25% of some fruits, accordingly, they have been used as
low-cost bio-sorbent. Taha et al use potato peel as a bio-sorbent, they reported that decreasing the
pH of the solution is a significant factor for the ion exchange mechanism [87]. Marshall [88] tested the
adsorption of Cu?* by using soybean hulls modified with citric acid, the hulls were extracted by 0.1
N NaOH followed by modification with different citric acid concentrations ranging from 0.1 to 1.2 M
at 120°C and 90 minutes. The results showed that the adsorption capacities of removal for Cu? of
citric acid-modified hulls were 0.68 to2.44 mmoles/g, while it was 0.39 m moles/g for unmodified
hulls. Soybean bio-waste has been investigated for Cr ** and Cu *2 removal by Witek — Krowiak et al
[89], they reported that the process involves three steps exchange, chelating with carboxylic and
hydroxyl groups, and precipitation. However, protons of some functional groups in the bio-mass
such as hydroxyl and carboxylic are replaceable protons, so they are replaced by heavy metals
creating a capacity of removal, it also may add lone pair donner to capture the heavy metals [90].
Pomegranate peel was reported as an effective heavy metal removal. It is a bio-waste of juice making
and wine, according to saad et al., its production in Tunisia is approximately reached 71597 tons per
year [91], this potential mass production provides a chance to use this bio-waste as an effective low-
cost bio-sorbent. Ay et al investigated pomegranate waste as heavy metal removal, they study the
removal capacity of lead (II) cations at low temperatures, and they reported that the highest removal
efficiency at 353 K was 193.94 mg/g [92]. Silke Schiewer and Santosh B.Patil investigated the removal
of Cd*2 using citrus peels. They reported that the performance of the uptake of the peel was particle
size-dependent and the uptake was fast with equilibrium gotten after 30-80 minutes [93]. Ricordel et
al used acidified peanut husks after treatment with mineral acid and the treated husk shows
significant removal efficiency [94]. Netzahuatl-Munoz et al. examine the mechanism of removal
efficiency of Cr *® and Cr *¢ by Cupressus Lusitanica, they illustrate that adsorption was the significant
process of Cr* removal, the process proceeds via four steps, complex formation, reduction chromium
hexavalent to chromium tri-valent followed by carboxylic acid formation, and the resulted carboxylic
acids complexed with the metal chromium ions, and the mechanism of Cr* removal involves ion
exchange and electrostatic attraction force [95]. Feng and Gue removed copper, zinc, and lead ions
by using orange peel, they study the mechanism of the removal, according to the authors the ion
exchange was the mechanism of the removal [96]. Hexa-valent chromium ions are very toxic and
carcinogenic. Leather tanning and tannery waste-stream are the main sources of Cr*. Great efforts
have been attempted to study the best utilization of the bio-sorbent to remove chromium from the
waste stream. Bio-sorbent from agriculture and cellulosic by-products have been utilized, they show
high removal capacity. Jain et al use neem leaf powder, and they reported that the leaf powder shows
good efficiency as Hexa-chromium removal, the removal capacity was 58%, and the efficiency of
removal was directly proportional to the dose of the bio-sorbent and the contact time [97]. Guo et al
tested the removal of Cr +6 using micro - and mesoporous rice husk-based activated carbon. They
reported that the rice husk carbon is an excellent sorbent for Cr * removal from wastewater ranging
from 5 to 60 mg/1 at 0.8 g/l adsorbent dose and pH lower than 5 at an equilibration time of two hours
[98]. Chand et al. investigated the removal of hexavalent chromium from the waste stream using
adsorption based on bagasse and coconut jute. The uptake was most effective at low pH and low Cr+
dose [99]. Patrizia Jankovic et al studied the removal of Cr *? from tannery waste using saccharomyces
cerevisiae yeast, they proved that the yeast is great to use for low-budget and highly efficient
wastewater tanneries purification [100]. Kalak et al modified biowaste sorbents to remove heavy
metal ions from wastewater, they activated the surface of Elderberry, Gooseberry and Paprika
residues using acetic acid to develop biosorption of Cu (II), Cd (II) and Fe(IIl), the modification
materials show high performance efficiency [101]. Belamya javanica snail was used to produce shell
dust and chitosan, the prepared material used as an eco-friendly bio-sorbent, it shows potential
removal of copper, cadmium, and lead ions with an adsorption percentage of up to 95% [102].
Muhammad Aji Pangestu et al prepare an effective bio-sorbent from Tofu Dregs to adsorb total
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chrome metal from a tannery waste stream, they reported that the removal efficiency was 98% and
the level of total chromium residual 0.33 mgy/I [103]. Based on all these data, the study confirms the
effectiveness of using the agro-waste by-products as heavy metals bio-sorbents, the study emphasizes
the importance of making efforts to develop and update research in this direction.

Conclusion

Huge amounts of industrial aqueous waste- streams are daily generated into the eco-system as
a result of the progress in industrial activities. Works have been devoted to getting rid of the toxic
heavy metals. Searches are focusing on finding cheap and effective methods. Adsorption is an
effective method in this regard, because of its effectiveness, low cost, and simple processing. Studies
exhibit that the bio-sorbents from agriculture by-products are effective and promising sorbents for
heavy metals removal. Agriculture by-products such as maize cope, husk, palm date, ...etc. are big
cellulose stores. Using these by-products as bio-sorbent is a promising strategy. They exhibit high-
removal efficiency. The renewability and the availability in the local environment in abundance,
cheapness, and simple processing are attractive features that encourage the use of these agricultural
bio-wastes.

Recommendations for future work

The review showed the importance of agricultural by-products as heavy metals bio-sorbents.
The cited data confirmed the effectiveness of using these materials depending on their high
adsorption efficiency, as well as simple processing and abundant availability. The chemical treatment
of agro-waste is a significant factor in enhancing the removal efficiency. The following are some
recommendations that can be drawn from the study.

e  Future studies to convert agricultural waste into bio-sorbent should focus on searching for the
most appropriate treatment methods and optimal conditions for such treatment, as various
studies confirm that these factors mainly affect the adsorption efficiency.

e The conversion of these agro-waste wastes into advanced materials such as bio-adsorbent
surfaces is considered a promising field that must be paid attention to

e usage of these wastes has to be developed based on its renewability and abundance, especially
in light of the environmental challenges and the resources shortage.
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