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Abstract
The underutilization of agricultural waste products in recent years has resulted in environmental issues owing to
improper disposal. As a result, heavy metals removal from aqueous systems utilizing sorbent materials produced
from agricultural wastes has received a lot of attention. The current study provides an insightful review of the
use of bio-adsorbents synthesized from maize/corn residues to decontaminate various toxicants from wastewater.
Although bio-adsorbents made from maize/corn residues have shown to be efficient in the sequestration of heavy
metals from wastewater, no study has looked at hybrid bio-adsorbents made from various parts of the maize/corn
plant. Moreover, all studies practically investigate the sorption processes using the one-factor design technique,
which exceedingly consumes time and is expensive for a significant number of biosorption/adsorption factors.
Besides, the majority of the studies used bio-adsorbents produced from maize/corn biomass to remove heavy
metals from single sorption systems. Furthermore, very few studies have focussed on heavy metals desorption from
the exhausted maize/corn bio-adsorbents following the adsorption process to recycle the spent bio-adsorbents for
future usage, which would be more cost-effective. Based on the gaps revealed in this review, it is recommended that
further investigations on the usefulness of bio-adsorbents derived from maize/corn biomass in cleansing different
water toxicants should be carried out.
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Introduction

Heavy metals as eminent environmental pollutants are
generally present in agricultural, mining, and industrial
wastewater. Among the most pressing environmental
pollution issues to be eradicated in recent times is
the decontamination of poisonous heavy metals from
water and wastewater. Due to heavy metals toxicity,
persistence, and bioaccumulation in the food chain, the
unauthorized discharge of these ions into the aquatic

environment results in various health-related problems
(Bayuo et al., 2020). Nowadays, due to overpopulation,
water resources are depleting due to recalcitrant metal
ions, therefore, there is a need to re-evaluate the
patterns of waste disposal to save water reservoirs (Iqbal
& Khera, 2015).
The most common heavy metals triggering substantial
health threats to all living species based on their
persistence in the ecosystem include arsenic(III, V),
cadmium(II), chromium(III, VI), lead(II), mercury(II),
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Treatment techniques including solvent extraction,
complexation, electrodeposition, foam flotation, and
cementation can also remove heavy metals, but they
have drawbacks such as slow kinetics and insufficient
selectivity (Wang & Zhu, 2007). However, among
these, adsorption technology has emerged as the first
line of defense, particularly for contaminants that are
resistant to other methods of removal (Sharma et al.,
2019; Mohd et al., 2021).
Adsorption technique. The adsorption method is the
most reliable and appropriate in several purifications,
separations, waste treatment processes, and chemical
compound recovery, especially in industrial systems.
Adsorption is widely replacing almost all the other
purifications and separations methods attributable to
its high efficiency in removing most pollutants from

aqueous media (Noroozi & Sorial, 2013). The other
methods have been recognized to be expensive and
required high consumption of time, chemicals, and
energy, as well as the creation of secondary pollutants
(Bayuo et al., 2019). Adsorption is the mass transfer of
the contaminant (adsorbate) to be removed from the
liquid or gas phases onto a solid (adsorbent) interface
where it gets accumulated due to physical and/or
chemical interactions as represented in Figure 2. Hence,
adsorption may occur as a result of neither physical
nor chemical interactions and it can also involve
both interactions. While in physical adsorption the
adsorbate molecules form a multilayer on the adsorbent
surface, chemical adsorption leads to the formation of
a monolayer by the adsorbate molecules as displayed in
Figure 2.

Figure 2. Aschematic 
diagram showing the 
adsorption of adsorbate 
molecules on the surface 
of the adsorbent (this 
figure is reproduced from 
Soliman &Moustafa  
(2020) with permission 
from Elsevier, copyright 
2020)
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In adsorption, the high price of commercial adsorbents
is recognized as the main hindrance to industrial
applications. For instance, considering the economic
factors and industrial applications, it is not advisable to
employ commercial adsorbents in water and wastewater
purification. As a result, the emphasis on heavy metals
adsorption is directed toward using natural materials
in addition to certain waste products resulting from
agricultural and industrial operations, which are
abundantly present. According to Dinesh & Pittman
(2007) generally, these materials have little economic
value, are inexpensive, and are available everywhere in
large quantities. Therefore, adsorption using naturally
and locally available materials as bio-adsorbents is highly
recommended and the main relevance of this technique

against conventional water and wastewater treatment
techniques are cost-effectiveness, high efficacy, fewer
chemicals consumption, and, bio-adsorbent recycling
and metal ions retrieval capabilities (Vilar et al.,
2007). For instance, studies have shown the effective
use of plant biomasses including jack fruit peel and
orange peels, papaya seeds, rice husks, and spent tea in
decontaminating heavy metals (Deshmukh et al., 2009;
Grassi et al., 2012; Rahdar et al., 2019).
Adsorption of heavy metals from aquatic environments
by various adsorbents is usually influenced by several
independent variables as a function of two dependent
variables, which include removal efficiency (%) and
uptake capacity (mg/g). Some of these independent
influencing variables include contact time, pH of the
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