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Abstract
Malachite green (MG) dye is a common industrial dye and organic contaminant that can be found in (waste)water. Textile and food industries
make use of MG as dyeing and food coloring agents, respectively. However, MG is both genotoxic and mutagenic. Hence, the elimination of MG
from MG-laden-wastewater is germane. This review summarizes up-to-date researches that have been reported in literature as regards the
decontamination of toxic MG wastewater. Various removal methods (adsorption, membrane, Fenton system, and heterogenous and homogeneous
photodegradation) were discussed. Of the two basic technologies that are comprehensively explored and reviewed, chemical treatment methods
are not as viable as physical removal methods, such as the adsorption technology, due to the lack of secondary pollutant production, simple
design, low operation costs, and resource availability. This review also presents various practical knowledge gaps needed for large-scale ap-
plications of adsorptive removal methods for MG. It concludes by recommending further research on the techniques of cheap and simple
decontamination of MG to get clean water.
© 2023 Hohai University. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

About 29% of the total world population, amounting to 2.1
billion people, needs access to securely managed water while
11% requires access to better-quality water services within a
30-min walking distance from their households (Chen et al.,
2007; WHO, 2017). Also, there are many people that dwell
in poor-quality water environments due to the lack of sanitation
and excess flooding (Young et al., 2019). This causes water
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quality insecurity for lives of humans and animals. It has been
projected that about 5 billion of the global population would
experience water scarcity and water pollution challenges by the
year 2050, with South Asia and Sub-Saharan Africa greatly
negatively impacted (Chaplin-Kramer et al., 2019; Oladoye
et al., 2022). In urban setting, industrial wastewater is one of
the prominent sources of surface and ground water contami-
nation. For instance, pulp and paper, textile, smelting, food,
and pharmaceutical industries generate both organic and
inorganic pollutant-loaded wastewater.

The dyeing and textile industries release a large magnitude
of wastewater with many non-biodegradable and biodegradable
contaminants (Pandey et al., 2022). Although textile/dyeing
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Fig. 1. Molecular structure of leucomalachite.
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wastewater consists of a number of contaminants, synthetic
coloring dyes are of concern because a large volume of them is
used while a very small amount binds to fabric and the rest is
discharged as effluent. Globally, a total of 3 � 108 kg of dyes
are discharged as wastewater on an annual basis (Sghaier et al.,
2019). Textile industries alone are responsible for releasing a
high magnitude of polluted wastewater. Annually, about
6.40 � 108 m3 and 1.84� 109 m3 of wastewater are discharged
in India and China, respectively (Kishor et al., 2021;
Samuchiwal et al., 2021).

Among various forms of dye that are used in product
manufacturing, malachite green (MG) dye must be reckoned
with. The physico-chemical properties of MG dye are pre-
sented in Table 1. It has been used as dye for leather, jute,
cotton, paper, silk, and wool, and as food coloring additive
(Srivastava et al., 2004; Amuda et al., 2007). In addition, MG
can also be used in aquaculture as antiseptic and fungicide, as
well as medical anthelminthic and disinfecting agent (Chen
et al., 2007). However, due to the persistence and bio-
accumulation tendency of MG dye, it accumulates in aquatic
animals when it is discharged in the water body, and it even-
tually enters into the human system via the food chain (Shi
et al., 2018; Shrivastava et al., 2022). MG exhibits various
forms of associated potential toxic effects like carcinogenesis,
teratogenesis, and mutagenesis in the human body (Lellis
et al., 2019; Song et al., 2020). Furthermore, in the mamma-
lian body system, MG can be biochemically reduced to a
chemical substance known as leucomalachite (LMG) (Fig. 1)
that can accrue in the body for greater than five months
(Oplatowska et al., 2011). LMG has been found to increase
lung adenomas in F344 male rates, facilitating liver tumor
when appropriately initiated (Culp et al., 2002).

Consequently, it is imperative that proper and/or effective
wastewater treatment be carried out prior to the discharge of
MG dye-containing wastewater into the environment.
Table 1

Physicochemical properties of MG dye.

Common name Molecular

formula

Molecular

formula

weight (g/mol)

IUPAC name

Malachite oxalate C52H54N4O12 927.000 [4-[[4-(Dimethylamino)phe

phenylmethylidene]cyclohe

dien-1-ylidene]-dimethylaza

2-hydroxy-2-oxoacetate; ox

Malachite chloride C23H25ClN 364.911 [4-[[4-(Dimethylamino)phe

phenylmethylidene]cyclohe

dien-1-ylidene]-dimethylaza

chloride

Note: IUPAC refers to the International Union of Pure and Applied Chemistry.
Currently, there are a number of treatment technologies or
strategies for the remediation of wastewater contaminated with
MG dye. Some strategies adopted for removing MG depend on
the operational treatment cost, waste product composition, and
the dye’s nature (Raval et al., 2022). These methods are
categorized into physical and chemical technologies (Wu
et al., 2022). The techniques involved in each of the
methods are summarized in Fig. 2. A number of compilation
of studies on the aforementioned treatment methods have been
published but with inherent gaps to be filled, such as the lack
of specificity for a particular dye and consideration of a single
method of treatment (El-Kady et al., 2018; Dihom et al.,
2022). These published reviews, however, only presented in-
dividual methods and thus, lacked comparisons of methods, as
well as details on the practical-knowledge gap regarding the
adsorption technology.

However, this review presents a synthesis of various studies
on physical and chemical treatment strategies for MG dye. It
comprehensively and extensively explores, describes, and
highlights the differences (merits and demerits inclusive) of
the two main MG dye wastewater treatment strategies. Owing
to the low-cost and ease of design of adsorption technologies,
the review specially enumerates and discusses various factors
for adsorptive removal methods of MG dye for the effective
design of wastewater treatment plants.
Other known name Molecular structural formula

nyl]-

xa-2,5-

nium;

alic acid

Aniline green; basic green 4;

diamond green B; Victoria

green B

nyl]-

xa-2,5-

nium;



Fig. 2. Methods employed for removal of dye from environment.
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2. Removal strategies for malachite green dye
Fig. 3. Membrane filtration processes used for removal of dyes.
2.1. Physical removal methods

2.1.1. Adsorption technology
The adsorption technology is the most common method that

has been reported for the removal of dye (Ho, 2020). Usually,
this method involves the synthesis of appropriate adsorbents,
which is followed by the characterization of the material using
various physicochemical techniques (Moradi and Panahandeh,
2022). These characterization procedures include phase iden-
tification of the material, provision of information on unit cell
dimensions, and identification of the presence of organic and
inorganic compounds in the material (Sleeman and Carter,
2005; Patel et al., 2021). The specific functional groups preva-
lent in the material are determined via spectrum data (Mohamed
Shameer and Mohamed Nishath, 2019). They also produce
images that reveal the morphology and composition of the
surface of materials (Hubbs et al., 2013; Zhao and Liu, 2022).
Once the characterization steps confirm the prowess of mate-
rials to remove the dye, appropriate procedures are carried out to
achieve the purpose for which the material was synthesized.
These include the alterations of pH, dosage, contact time,
temperature, and the concentration of the dye (Tran et al., 2022).
Examples of various adsorbents that have been used in the
removal of MG are summarized and presented in Table A.1 in
Appendix A.

Based on the surveyed literature presented in Table A.1, the
adsorbent removal efficiency ranged from 78.88% with sulfur-
doped titanium dioxide (S-TiO2) (Giang et al., 2022) to
99.86% with sulfur-doped titanium dioxide/porous reduced
graphene oxide (S-TiO2/rGO) (Giang et al., 2022). Further-
more, green adsorbents (eco-friendly) have been used to achieve
a similar purpose. This includes crab shell biochar (Wu et al.,
2022), Zingiber officinale plant leaves (Buvaneswari and
Singanan, 2022), laccase immobilized biochar (pine needle)
(Pandey et al., 2022), and rice husk-modified biochar (Tsai
et al., 2022). The removal efficiencies of these green adsor-
bents were 99%, 88%, greater than 85%, and 95%, respectively.
Moreover, non-green materials that are purely synthesized but
prepared using green materials have also been used. This
comprises watermelon rind-styrene-based molecular imprinted
polymer (Awokoya et al., 2022) and green ironecopper oxides,
which are synthesized using Parthenocissus quinquefolia
(Zhang et al., 2018). Sometimes, the adsorption process is
combined with a bioremediation process (phycoremediation),
as seen in a recently published article (Pathy et al., 2022). Pathy
et al. (2022) employed the microalgal-kombucha-SCOBY
(symbiotic culture of bacteria and yeast) composite to remove
MG from aqueous solutions and achieved a removal efficiency
greater than 98%, indicating the efficacy of the combined
technique in treating MG-loaded wastewater.

2.1.2. Membrane technology
Another effective method, through which dye can be

removed from aqueous media, is membrane processes
(Marszałek and _Zyłła, 2021). Membrane is a specific permeable
medium or barrier that has the ability to restrict themovement of
certain materials of different sizes (Ahmad et al., 2002). Pre-
cisely, the term concerning this process is the membrane
filtration process. This process can be operated using two main
approaches, which are the cross-flow and dead-end filtration,
depending on the direction of the feed stream to the orientation
of the membrane (Scott et al., 1996). Based on the two
approaches of membrane filtration, the process is generally
achieved via any of the four methods (All�egre et al., 2006;
Kumar et al., 2012) shown in Fig. 3.

However, a significant fall-out is associated with the use of
the membrane filtration process, which is the clogging of the
filter pores by dye molecules. This challenge makes the mem-
brane process less utilized in the dye industry for wastewater
treatment (Kumar et al., 2012). Consequently, filters are
continuously changed to achieve high dye removal efficiencies.
This process makes the membrane method uneconomical due to
its high cost and short life span (Kumar et al., 2012). Perhaps this
disadvantage is why research works have not focused on using
membrane technologies to remove MG from the environment.
Of all the scientific articles considered in this study, only two
research works reported the removal of MG from aqueous so-
lutions using the membrane technique. Raval et al. (2022)
employed an emulsion liquid membrane, while Iqbal et al.
(2022) used the cross-flow membrane filtration (Iqbal et al.,
2022) with removal efficiencies of 94.99% and 97.00%.
Apparently, the use of membrane technologies for removing
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MG from the environment should be fully explored, even
though they show prospects concerning the removal of MG. It
therefore requires that this method should be investigated more
closely andmight be combinedwith other techniques to ensure a
100% removal efficiency of MG, provided that it is non-toxic.
2.2. Chemical removal methods (photochemical and
non-photochemical methods)

2.2.1. Non-photochemical methods

2.2.1.1. Fenton system for degrading malachite green. The
reagents of Fenton are made from hydrogen peroxide and
divalent iron (Ajiboye et al., 2020). The reaction of these two
materials leads to the generation of hydroxyl radicals that are
highly oxidizing:

Fe3þþH2O2/Fe3þþ ,OHþOH� ð1Þ
Hydroxyl radicals attack MG molecules to generate prod-

ucts that are either non-toxic or less toxic. Hashemian (2013)
used the Fenton process to degrade 95.5% of MG within
15 min under acidic conditions. It was observed that the
Fenton degradation of MG was an endothermic process and
could be described by the pseudo-second-order kinetic model.
With 20 mg/L of MG, an initial divalent iron concentration of
0.10 mmol/L, and an initial hydrogen peroxide (H2O2) con-
centration of 0.50 mmol/L, there was 99.25% degradation of
MG within 1 h. The reaction was, however, carried out at a
constant temperature of 30�C under acidic conditions
(Hameed and Lee, 2009). In another investigation by Chen
et al. (2002), the Fenton process catalyzed with different ar-
omatic organic additives was used to degrade MG. The pres-
ence of the aromatic organic content sped up the MG
degradation rate and revealed the effect of the addition of
amido aromatics, carboxylic aromatics, p-benzoquinone, m-
hydroxylbenzoic acid, p-hydroxylbenzoic acid, salicylic acid,
and hydroquinone. Hydroquinone had the greatest impact on
the rate of the degradation of MG. This is because it has the
ability to continuously regenerate Fenton reagents. Complexes
have also been used to catalyze the Fenton reaction for the
degradation of MG. For example, [Fe(III)-salen]Cl complex
displayed 97.94% decolorization and 54.35% total organic
carbon removal within 24 min when it was introduced into the
Fenton system (Bai et al., 2013). Several modified forms of the
Fenton process have been used to remove MG dye, and some
of them are shown in Table 2.

2.2.2. Photochemical methods

2.2.2.1. Ultraviolet (UV) light-assisted advanced oxidation
process. UV light has been utilized in combination with other
reactive species to affect the degradation of MG. Generally,
the UV light-assisted oxidation process, otherwise known as
homogenous photodegradation, is advantageous because there
is no formation of sludge and it is usually carried out under
ambient temperatures (Modirshahla and Behnajady, 2006;
Ghodbane and Hamdaoui, 2010). One of the combinations is
the use of ordinary hydrogen peroxide with UV light. The
widely accepted mechanism for their reaction is the splitting
of hydrogen peroxide in the presence of UV light to generate
hydroxyl radicals. The generated hydroxyl radicals then attack
MG molecules (and other organic pollutants) to produce other
highly reactive organic radicals that lead to complete oxidative
degradation of the dye (Modirshahla and Behnajady, 2006).
Another form involves the combination of UV light with
ferrous ions and hydrogen peroxide. This combination has
particularly been reported to be better than the use of UV/
H2O2. The effectiveness of the UV/H2O2/Fe

2þ process is
influenced by the concentration of ferrous ions (Khan et al.,
2013). In an investigation where 60 mg/L of ferrous ion was
used, there was 98% MG molecule degradation within 1 h
under acidic conditions, but there was 94% MG molecule
decomposition without the introduction of ferrous ions (Ghime
et al., 2019). Although UV is good for homogenous photo-
degradation, other forms of light have been investigated as a
replacement for UV light. Homogenous photodegradation of
MG molecules has been reported with good results. For
instance, pulsed light was used in combination with hydrogen
peroxide to degrade MG molecules. Complete decolorization
of the dye was observed with the use of 75-J/cm2 pulse light,
and the rate of degradation was found to be 0.071 0 cm2/J
(Navarro et al., 2019).

2.2.2.2. Catalyst-assisted advanced oxidation process.
Photocatalysts are semi-conductors that are sensitive to light
due to the fact that they possess band gap. They absorb pho-
tons, which causes the excitation of electrons from the valence
band to the conduction band as much as the absorbed photon
energy is either equal to or greater than the band gap energy.
The excitation of electrons causes the positively charged holes
to be released in the valence band of the semiconductors.
However, there is feasibility of the photo-generated electrons
(e�) and holes (hþ) to recombine, thereby leading to the release
of heat energy. On the other hand, the two reactive species may
undergo further reactions to generate other highly oxidizing
species that are useful for the degradation of organic pollutants.
For instance, holes can react with water to generate highly
oxidizing hydroxyl radicals (⸱OH) while electrons can react
with oxygen to form superoxide radicals (O�

2 ). These highly
oxidizing species will in-turn attack MG molecules to be less
toxic or non-toxic species (Ajiboye et al., 2021b, 2021c; Cheng
et al., 2022). The entire process was summarized by Ajiboye
et al. (2021a). One of the common photocatalysts that has
been used to degrade dyes is titanium oxide nanoparticles
(Bharati et al., 2017). To enhance its performance, several
modifications have been adopted on titanium oxide nano-
particles. For instance, iron, sodium, and nitrogen were used to
modify titanium oxide nanoparticles for better performance.
The combination of the impregnation method and green syn-
thesis was used for the modification. It was observed that there
was 96.57% degradation of MG molecules within 25.83 min of
visible light irradiation (Amigun et al., 2022). As revealed by
the machine learning modeling, the optimized conditions for
the removal of MG molecules in the presence of the bismuth



Table 2

Various modified Fenton processes used to remove MG dye.

Type of Fenton system Initial MG

concentration

Other conditions MG degradation performance Reference

Electro-Fenton 0.5 mmol/L Room temperature; pH of 3;

0.2 mmol/L of Fe(III)

A pseudo-first-order decay constant

of 0.244 min�1
Oturan et al. (2008)

Fenton-like 50 mg/L pH of 3; H2O2 (30%);

1.0 � 10�4 mol/L of Fe(III)

95.5% degradation Hashemian (2013)

Heterogeneous electro

-Fenton and UVA

photoelectro-Fenton

50 mg/L pH of 3.0; 21.7 mA/cm2 98% mineralization García-Rodríguez et al. (2016)

Solar-Fenton 3.5 � 10�5 mol/L pH of 6.75; presence of Fe0-activated

carbon

A pseudo-first-order rate constant of

9 � 10�2 s�1
Singh et al. (2014)

Photo-Fenton 20 mg/L 500-W Xe lamp; neutral pH;

90 mmol/L of H2O2

99.9% degradation Jiang et al. (2018)

Bio-Fenton 20 mg/L Presence of glucose oxidase; 120 min 78% decolorization Karimi et al. (2012)
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ferrite photocatalyst are pH of 7, a dye concentration of
5 mg/L, a catalyst loading of 1.5 g/L, and a light intensity of
105 W (Jaffari et al., 2022). Other examples of the in-
vestigations that utilized photocatalysis for the degradation of
MG molecules are shown in Table A.2 in Appendix A.

3. Effects of parameters on adsorption of malachite green
dye

Assessment of the reviewed MG removal methods has
revealed their demerits. For example, chemical degradation of
MG could result in toxic intermediates, and chemical removal
methods might result in the release of more chemicals into the
MG-treated water. Hence, they are not green approaches.
Membrane fouling and high sludge production are characterized
with the membrane technology. However, the adsorption tech-
nology has few demerits, is of low price, and has attracted many
researchers. In order to apply adsorption for large-scale waste-
water remediation purposes, it is germane to understand the
influence of fundamental operating parameters, such pH, initial
MG concentration, dosage, and temperature.
3.1. Influence of solution pH
Solution pH plays a crucial role in influencing the
adsorption of MG because it alters the ion mobility, adsorbent
surface, and the ionization of MG dye molecules in solutions.
The MG structure shows the presence of positive nitrogen ions
that makes it a cationic basic dye. On dissolution, oxalate ions
in its structure enable the dye to have overall positive charges.
At low pH values, the ionic competition between Hþ and MGþ

zwitterion exists in the aqueous solution, reducing the amount
of the adsorbed MG. At higher pH values, a higher quantity of
MG is adsorbed because the excess of hydroxyl ions limits the
competition of Hþ and MGþ, leading to a higher aggregate of
MGþ (Ojediran et al., 2021). Likewise, the MG adsorption
capacity and removal percentage decreased in the acidic me-
dium because of the electrostatic repulsion between the
cationic MG dye and positively charged adsorbent surface.
However, the electrostatic attraction between the negatively
charged adsorbent surface and cationic MG dye occurs in the
basic solution pH, which increases the MG adsorption ca-
pacity and removal percentage.

Few studies have investigated the relationship of the
adsorption capacity of MG with different adsorbents in the
solution pH range. To evaluate the impact of solution pH on
the adsorption of MG, Ramaraju et al. (2014) used rice husk
treated with nitric acid and peroxide to adsorb MG from the
aqueous solution in a pH range of 2e11 and found an increase
in the removal efficiency of MG when the solution pH was
increased. The adsorbent surface reacts with hydrogen ions
(Hþ) at low pH values to form positively charged complex
ions (C�OHþ

2 ), which repels MG cations for adsorption and
leads to a decreased adsorptive removal of MG. In
contrast, the surface of the adsorbent becomes negatively
charged (C�O�) at high pH values due to the presence of
excess OHe, thereby promoting the adsorption of the cationic
MG dye. The same applies to MG dye removal by activated
serpentine mineral decorated with magnetic nanoparticles
(MNP/SP). Seliem et al. (2020) studied the influence of pH
(2e10) on the MG dye uptake. They found that at acidic pH
values, the functional groups of MNP/SP became protonated
as �OHþ

2 and Si�OHþ that repelled the cationic MG dye for
the adsorption site, resulting in decreased MG uptake (Seliem
et al., 2020). In contrast, at high pH values, the adsorption
process was favorable due to electrostatic interactions between
deprotonated groups and the cationic MG dye:

MNP=SP�þC23H25N
þ
2 /MNP=SPþC23H25N2 ð2Þ

Lee et al. (2011) examined the impact of solution pH on the
adsorption of MG using aminopropyl functionalized magne-
sium phyllosilicate (AMP clay) to remove MG dye in a pH
range of 3e10. The result showed that the AMP clay increased
the removal rate of MG as pH was increased. In acidic con-
ditions, excess hydrogen ions enhanced the degree of pro-
tonation of AMP clay sheets, causing MG to show cationic
properties and further leading to a decreased MG removal rate
(Oladoye, 2022). The electrostatic force of attraction occurred
between the positively charged MG and negatively charged
surface of O� AMP clay sheets, causing the OH side of
carbinol base MG to predominantly interact at the neutral
amine group of the AMP clay via hydrogen bonding and
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leading to a high MG removal rate (Lee et al., 2011). Naushad
et al. (2019) also investigated the effect of pH on MG
adsorption by para-aminobenzoic acid modified activated
carbon (PABA@AC composite) with an initial dye concen-
tration of 15 mg/L, an adsorbent dosage of 30 mg, an agitation
speed of 100 r/min, a temperature of 298 K, a time period of
24 h, and a varying pH range of 2e9. The finding indicated
that the adsorption of MG increased as pH was increased from
2 to 7 and decreased slightly when pH exceeded 7. At low pH
values, the excess of hydronium ions (H3O

þ) led to the pro-
tonation of the surface of the PABA@AC composite, which
provided high positive charge densities on the PABA@AC
composite surface site, thereby decreasing the adsorption of
MG cations via electrostatic repulsion. As the solution pH was
increased, the surface of the PABA@AC composite became
negatively charged, enabling the adsorption of MG on the
PABA@AC composite through electrostatic and pep in-
teractions (Mazloom et al., 2016).

The point of zero charge (pHpzc) of the adsorbent and the
degree of acidity (pKa) of MG dye have been used to interpret
the adsorption performance of an adsorbent in relation to pH.
When pH < pKa, MG exists in anionic form. When pH > pKa,
MG exists in cationic form. When pH < pHpzc, the adsorbent
surface becomes positively charged, hindering the adsorption
of cationic MG dye. In contrast, when pH > pHpzc, the
adsorbent surface becomes negatively charged, favoring the
adsorption of cationic MG dye molecules. Gündüz and Bayrak
(2017) reported the adsorption of MG dye onto the carbonized
pomegranate peel (CPP) and depicted the pHpzc value of CPP
as 8.65 and the pKa value of MG as 6.9. This means that MG
dye was anionic at pH < 6.9, and the adsorbent was cationic at
pH < 8.65. At pH < 6.9, MG was anionic, and CPP was
cationic, in which the removal rate increased because of the
electrostatic attraction between MG and CPP. At pH > 6.9,
both MG and CPP were cationic, in which the MG dye uptake
remained constant due to van der Waals interaction in the pH
range of 7e8. When pH > 8.65, MG was cationic, and CPP
was anionic, increasing the adsorption rate due to the com-
bined effects of ionic and van der Waals interactions.

In an aqueous environment, many pollutants are present,
including MG. Thus, it is essential to explore the influence of
solution pH on MG adsorption in the mixture of dyes. Li et al.
(2022) used the anionic methyl orange (MO) dye and cationic
malachite green (MG) dye as the model dyes, and the modified
attapulgite-reduced graphene oxide composite aerogel (ATP-
RGO CA) was used to test the effect of pH. They revealed an
improved removal rate of MG by ATP-RGO CA in the binary
dye system at pH < 4, compared to the removal rate of MG in
the unitary system. At pH > 6, the removal rate of MG by
ATP-RGO CA remained constant, which showed that the
coexistence of MG and MO significantly promoted the
adsorption of MG onto ATP-RGO CA in an acidic environ-
ment. Likewise, the adsorption studies of MG, methyl violet,
and methylene blue using the amylopectin dialdehyde-Schiff
base (APDA-EA) revealed increased dye removal capacities
of APDA-EA from pH of 2 to pH of 5.5. A further increase in
the solution pH did not alter the dye removal capacity. This
could be attributed to that most of the hydroxyl groups of
APDA-EA were available for adsorbing these cationic dyes at
pH of 5.5, and the MG removal capacity was greater than the
other two dyes (Sasmal et al., 2020). In contrast, a study of the
dependence of Congo red and malachite green adsorption on
the initial solution pH using the ackee apple seed-bentonite
composite (CBAAS) observed a different trend. The results
revealed that the MG removal capacity slightly decreased from
90% to 84% when pH was increased from 2 to 10, showing
that the adsorption mechanism is controlled by electrostatic
attraction at low pH values. As pH is increased, the mecha-
nism of adsorption is controlled by pep interaction or van der
Waal’s interaction, leading to an insignificant effect of pH on
the adsorption capacity (Adebayo et al., 2020). All the re-
ported studies shown in Tables A.3 through A.5 in Appendix A
had pH values ranging from 4 to 10. In summary, to ensure a
high removal of MG from aqueous solutions with adsorption,
the optimum solution pH must be within 4e10, and at these
pH intervals, the electrostatic attraction occurs between the
cationic MG dye and negatively charged adsorbent.
3.2. Influence of adsorbent dosage
To determine the efficacy of the adsorbent in removing MG
molecules from aqueous solutions, it is imperative to investigate
the influence of adsorbent dosage. Generally, the adsorption
capacity is inversely proportional to the adsorbent dosage
because of the overlapping of readily available active sites for
dye adsorption. Another possible explanation could be that a
high adsorbent dosage leads to the unsaturation of adsorbent
sites and enhances aggregation, thereby increasing the diffusion
path length and decreasing the total surface area of the adsor-
bent. On the other hand, a greater adsorbent dosage increases the
removal percentage of the dye due to the higher total surface
area and the availability ofmore active sites ready for adsorption
until the attainment of equilibrium (Bilal et al., 2022).

Baek et al. (2010a) quantified the adsorption percentage of
MG using degreased coffee bean (DCB) at different adsorbent
dosages with a fixed adsorbate concentration. Baek et al.
(2010b) found that increasing the adsorbent dosage made
many active sites available for a fixed MG concentration,
enhancing adsorption. Abdi et al. (2017) studied the adsorption
removal percentage of MG and the adsorption capacities of the
zeolitic imidazolate framework (ZIF-8) and its hybrid nano-
composites based on graphene oxide (GO) and carbon nano-
tubes (CNTs) at different dosages. The adsorption of MG
increased with the adsorbent dosage, whereas the adsorption
capacities of all the three adsorbents decreased as the adsorbent
dosage was increased. Of the three adsorbents, ZIF-8 was least
efficient because of its inability to disperse during the sorption
process. The developed hybrid nanocomposites enhanced the
adsorptive surface area. The enhancement in surface area
thereby resulted inmore available active surface sites. However,
ZIF-8@CNT-3 nanocomposites were an exception of this
observation because their structure aggregated, leading to
reduced surface area. The observed reduction in the surface area
of ZIF-8@CNT-3 subsequently led to a decrease in the MG
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removal percentage. Haounati et al. (2021) investigated MG
removal using the SDS/CTAB@Montmorillonite organoclay
composite. It was observed that the MG removal percentage
increased from 73.26% to 99.32% when the adsorbent dosage
was increased from 0.1 g/L to 1.0 g/L. This was attributed to
more available sites at the adsorbent surface, leading to an in-
crease of the contact surface area between MG dye and
adsorbent surface. In contrast, the adsorbent capacity of
MG by the SDS/CTAB@Montmorillonite organoclay com-
posite decreased from 1 465.31 mg/g to 198.511 mg/g when the
dosage was increased from 0.1 g/L to 1.0 g/L (Haounati et al.,
2021). This significant decline could be attributed to the fact
that a high adsorbent dosage is insufficient to combine with the
active adsorption sites, resulting in a surface equilibrium state.
Sharma and Nandi (2013) investigated the effect of sugarcane
bagasse (SDP) dosage on the dye uptake and removal percent-
age ofMGdye at different initial dye concentrations of 25mg/L,
50 mg/L, 75 mg/L, and 100 mg/L. At each adsorbent dosage,
MG adsorption potential increased with the adsorbate concen-
tration. This was because the initial dye concentration provided
more adsorption sites (Sharma and Nandi, 2013). All these
studies suggest that it is necessary to determine the optimum
dosage of the adsorbent in order to achieve the maximum
removal efficiency for MG molecules.
3.3. Influence of initial MG concentration
The initial dye concentration significantly influences
adsorption because it increases the ratio of dye molecules to
the surface area of the adsorbent and improves the molecular
diffusion of dyes into the adsorbent (Mehmandost et al., 2022).
Due to the availability of more adsorption sites and functional
groups on the adsorbent, the adsorption capacity increases
with the initial dye concentration (Dutta et al., 2021). How-
ever, the adsorption capacity decreases because of the limited
adsorbent surface area (Zhou et al., 2019). Yu et al. (2017)
conducted a study on the MG uptake using CO2-activated
porous carbon derived from cattail biomass and reported an
increase in the adsorption capacity from 93.24 mg/g to
210.18 mg/g as the initial concentration was increased from
40 mg/L to 100 mg/L. This was attributed to a strong driving
force provided by the initial dye concentration to overpower
the resistance to mass transfer of dyes between solid and
aqueous phases. Likewise, the MG adsorption capacity of
durian seed-based activated carbon increased from 22.00 mg/g
to 332.08 mg/g when the initial MG concentration was
increased from 25 mg/L to 500 mg/L. This was because of the
availability of more active sites at the initial stage. Subse-
quently, the adsorption rate became slow because of the
electrostatic repulsion between solute molecules and bulk
phases of the adsorbent (Ahmad et al., 2014).

Furthermore, several studies have revealed that increasing the
initial MG concentration resulted in a decrease in the MG
removal percentage. This is attributed to the saturation of
adsorption sites on the adsorbent surface caused by the adsorbate
species. Peighambardoust et al. (2020) observed that the MG
removal efficiency declined from 91.34% to 47.43% for car-
boxymethyl cellulose-g-polyacrylamide hydrogel and decreased
from 94.914% to 51.460% for carboxymethyl cellulose-g-
polyacrylamide/montmorillonite nanocomposite hydrogel. The
active sites of the adsorbent became saturated, leading to an
increasing electrostatic repulsion between the adsorbent surface
and cationic MG dye molecules (Peighambardoust et al., 2020).
Similarly, Deokar and Sabale (2014) examined the removal of
methylene blue and MB from a binary solution on dried Ulva
lactuca and found a decrease in the removal percentage of MG
when the initial concentration of the binary solution was
increased. This was due to the formation of a monolayer over the
adsorbent surface at a low initial dye concentration.

4. Conclusions

Malachite green is a useful dye but becomes toxic to human
when ingested through water. Sequel to the carcinogenic,
mutagenic, and toxicity potentials of MG, the present syn-
thesis comprehensively discusses two basic elimination stra-
tegies of MG from wastewater. Chemical methods have lower
comparable merits to the adsorption technology, in terms of
operational cost, sustainability, simplicity, resource availabil-
ity, and operational expertise. Improvement of these tech-
niques is needed to overcome their shortcomings because the
yearning for clean water is still a continuous process.
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