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ABSTRACT

Article History:

The study investigated the removal of divalent manganese (Mn2*) cations using watermelon rinds, as a low-

cost adsorbent, in a batch-type adsorption system under different ranges of the most important operating
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conditions affecting the adsorption process, which included pH, contact time, initial concentration of divalent
manganese ions (Mn?+), agitation rate, temperature, and adsorbent dosage. The operating factor values varied
between 1-10, 5-180 minutes, 1-40 ppm, 100-500 rpm, 25-50°C, and 0.5-7 g, respectively. The results

obtained indicated that a dose of 6.5 g of Iraqi virgin watermelon rinds successfully treated solutions
contaminated with divalent manganese (Mn2+*) cations by 81.4% in 150 minutes, at the highest temperature,
with an agitation speed of 400 rpm, and a pH of 8.
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1. INTRODUCTION

Adsorption is defined as a basic physicochemical phenomenon that occurs
at the interface between two phases, one solid and the other fluid (either
liquid or gas), where particles (atoms, ions, molecules) from the fluid
phase accumulate on the surface of the solid phase, as a result of
electrostatic attraction forces, weak physical bonds, or chemical
interaction between the adsorbent surface particles and the adsorbed
particles (Hasan et al., 2025). Adsorption depends on fundamental
properties of the adsorbent material such as surface area, functional
groups, energy distribution, porosity, and permeability (Alsarayreh et al.,
2025b). It is also affected by several operational factors such as pH,
concentration, temperature, zero charge point, and process time (Alalwan
et al,, 2021). In adsorption technology, the set of dynamic and sequential
steps that particles follow when transitioning from the liquid phase to the
solid phase is referred to as the adsorption mechanism (Abbas and
Ibrahim, 2020). This mechanism generally involves three steps, the first is
the movement of particles within the gaseous or liquid phase until they are
close to the solid surface; this step is called mass transfer (Alwan et al.,
2021). This step is subject to several factors, including diffusion rate,
solution viscosity, substance concentration, and fluid kinetics (Alsarayreh
etal., 2024). The particles then move to the outer surface of the adsorption
medium, having passed through the film boundary layer and overcome the
forces resisting their advance (Al-Hermizy et al,, 2025). In this step, the
actual bonding between the adsorbent and adsorbate particles occurs at
the active sites within the large and medium-sized pores. The diffusion
step within the pores is often the slowest in the adsorption mechanism
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(Alhamd et al., 2024a). While the final step is diffusion within the
microporous particles, where the structure of the adsorbed material plays
a crucial role in determining the speed and efficiency of the process
(Alalwan et al,, 2018). This step may be accompanied by reactions such as
ion exchange or the formation of complexes and precipitates, as well as the
possibility of secondary rearrangement of the adsorbed particles on the
surface (Abbas et al.,, 2021). Adsorption can be classified, according to the
interaction forces controlling the bond between the adsorbent and
adsorbed particles, into two main types: physical adsorption and chemical
adsorption (Hasan et al,, 2021). Physical adsorption can be defined as the
adsorption resulting from weak physical bonding forces such as van der
Waals forces and hydrogen bonds (Khaleel et al., 2022). This type is
characterized by being reversible, occurring rapidly, and often
multilayered, where particles can be arranged in layers on top of each
other (Mahmood et al,, 2025). Furthermore, this type does not require
high activation energy; therefore, the adsorption enthalpy does not exceed
40 kJ/mol (Hameed and Abbas, 2024). This type of adsorption is clearly
affected by changes in concentration, applied pressure, and system
temperature (Alsarayreh et al.,, 2024). Chemosorption, on the other hand,
results from the formation of stronger and more specific bonds, such as
strong chemical bonds resembling covalent or ionic bonds, between the
adsorbent and specific active sites on the surface of the adsorbent (Akhtar
et al, 2024). It is characterized as irreversible because it requires a large
amount of energy to reverse, therefore it occurs more slowly than the
previous type (Agboola and Benson, 2021). This type requires high
activation energy, as the adsorption enthalpy is higher than 80 kJ/mol. It
is often monolayer because each adsorbed particle occupies a specific site,
and it is selective towards specific types of pollutants (Alsarayreh et al.,
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2025a). In addition to the two types mentioned above, there are other
forms such as ion exchange, where an adsorbed particle is replaced by a
particle bound to the adsorption surface; electrostatic adsorption, which
occurs as a result of the effect of opposite charges; and coordinate
adsorption, where metal ions are formed that are capable of forming
complexes with functional groups on the surface of the adsorbent medium
(Alsharif, 2025). Furthermore, a distinction can be made between single-
layer and multi-layer adsorption, and between adsorption on
homogeneous and heterogeneous surfaces (Tenea et al.,, 2024). One of the
most widely used adsorbents is activated carbon, the most popular
adsorbent among all other materials (Maddodi et al.,, 2020). It is known for
its high ability to adsorb various types of materials under a wide range of
operating conditions due to its unique characteristics, such as its diverse
functional groups, very high surface area, and advanced porous structure
(Scholz, 2023). Zeolite is also considered a well-known adsorption
material (Khudair et al., 2024). It is a composition of aluminum silicates
characterized by its unique crystalline structure, which has channels and
pores of a specific molecular size. Therefore, it is also known as (molecular
sieves) (Zulfigar et al.,, 2025). It has long been used in material separation
processes and the efficient treatment of contaminated media (water and
air), and at the same time it can be used as a catalyst in many petroleum
processes and chemical applications (Mancinelli and Martucci, 2025). One
of the most well-known and popular absorbent materials is silica gel, a
porous form of silicon dioxide, known for its high ability to absorb
moisture (drying) and used in product preservation and packaging (Chen
and Lo, 2022). In addition to its use in drying gases and purifying
hydrocarbons, alumina or aluminum oxide is also used as a catalyst in
many important chemical reactions (Shadhan et al., 2024). Clays such as
bentonite have also been used as effective adsorption media, particularly
in water treatment, due to their availability and reasonable cost (Reyes-
Bozo et al,, 2025). In the last two decades, other materials have emerged
that have been used as highly efficient adsorbents, such as nano-oxides
like iron oxide and titanium oxide, metal-organic frameworks (MOFs), and
others (Abbas et al,, 2020). Despite the efficiency of these materials and
their ability to treat many pollutants, especially in aquatic environments,
their use faces many challenges and obstacles. The most prominent of
these limitations is their high production cost and exorbitant price,
especially for activated carbon, advanced nanomaterials, and metal-
organic frameworks (MOFs) (Kidanemariam and Cho, 2025). Producing
these materials requires specialized manufacturing techniques that are
costly, resulting in their high price. This makes their use economically
limited and unsuitable, restricting their application in large-scale settings
(Alhamadani et al, 2026). Furthermore, these materials require
continuous regeneration, as restoring the adsorbent capacity after
saturation requires costly and energy-intensive chemical or thermal
processes (such as solvent washing or burning) and often results in a loss
of part of the material’s mass as well as a gradual decrease in its efficiency
after each regeneration cycle (Alminshid et al., 2021). On the other hand,
the byproducts of the recycling process itself may be liquid or gaseous
waste that requires treatment (Ali et al, 2023). This material is
characterized by its selectivity towards certain pollutants, and while this
is an advantage, it has another drawback that becomes evident in highly
polluted environments: it may adsorb beneficial substances or fail to
adsorb harmful substances, which then remain in the medium untreated

(Alminshid etal.,, 2025). Adsorption technology has attracted the attention
of many environmental researchers due to its numerous advantages,
including its simple design, ease of operation, lack of need for complex
equipment or large spaces, low energy consumption, and remarkable
ability to treat many pollutants (Ali etal,, 2021). Adsorption has the ability
to treat polluted environments even at extreme concentrations, and is
therefore a promising and sustainable solution, especially if suitable
alternatives are used for materials that face challenges and limitations in
operation (Abbas and Abbas, 2013a). The most prominent alternatives
that have attracted specialists are agricultural and industrial waste, as its
use offers numerous benefits. This waste is considered one of the most
significant contemporary environmental challenges due to the substantial
expansion of agricultural and industrial activities (Ali et al., 2020a). The
accumulation of these wastes or their disposal in unplanned ways leads to
multiple environmental problems, including air, water, and soil pollution
(Abbas et al., 2019a). But converting them into useful materials will make
them a sustainable economic and environmental resource instead of
disposing of them, thus reducing their negative environmental impacts
and transforming them into materials of added value. Among the most
prominent waste materials investigated for their suitability in water
treatment are sawdust, pomegranate peels, lemon peels, tangerine peels,
almond shells, watermelon rinds, rice husks, mandarin peels, spent tea
leaves, mango peels, banana peels, orange peels, plastic waste, aluminum
foil, sunflower seed husks, pistachio shells, pineapple peels, and tree
leaves such as Eucalyptus, buckthorn, tangerine, alga, Water Hyacinth
(Eichhornia Crassipes), and others, eggshell (Alhamadani et al., 2026; Ali et
al, 2024a; Al-Hermizy et al,, 2022; Gadooa et al, 2025; Hammed et al.,
2025; Abbas and Nussrat, 2020; Abbas and Abbas, 2013b; Alhamd et al,,
2024b; Al-Ali et al., 2023; Abed et al., 2025a; Abdullah et al.,, 2023; Hasan
et al,, 2021; Abed et al., 2025b; Ghulam et al., 2020; Abdulkareem et al.,
2023; Ali et al,, 2025; Ibrahim et al., 2025a; Ali et al., 2020b; Alhamadani
et al, 2025; Ibrahim et al.,, 2025b; Mahmood et al.,, 2025; Abbas et al,,
2019b; Hashem et al,, 2021). Due to their unique properties, such as their
suitable structure, surface area, and multiple functional groups, these
materials have proven their ability to remove many pollutants, including
dyes, pesticides, heavy metals, hardness, acids, inorganic toxins,
pharmaceutical residues, sulfur, and medications (Hameed and Abbas,
2024; Abd Al-Latif et al., 2023; Abbas and Abbas, 2013c; Ibrahim et al,,
2021; Abbas and Abbas, 2014; Alalwan et al., 2020; Ibrahim et al., 2020a;
Abbas and Alalwan, 2019; Ibrahim et al.,, 2020b). Although these materials
accumulate in large quantities after the treatment process is complete, the
application of the zero-residue level concept has provided a sustainable
solution to this problem (Rajaa et al, 2023). Toxic residues can be
converted into useful materials for several applications, including their
use as rodenticides for mice) and rabbits, conversion into environmentally
friendly organic fertilizer, use as an additive for reinforcement the
concrete mixture, or as a raw material in the preparation of acetone or
promoted ethanol (Abd ali et al.,, 2018; Abd Ali et al., 2024; Abbas, 2015;
Abbas et al.,, 2022a; Abbas et al., 2022b; Hamdi, 2024). Watermelon rind is
considered an important type of agricultural waste due to its huge amount
produced in different countries in the world. Each fruit of watermelon
dispose between 10-20% of its weight as a waste rind. Thus, there is a very
big amount of rinds waste that must be used in an eco-friendly way. Table
1 show the annual production of watermelon rinds from 2000-2025.

Table 1: Annual Global Production of Watermelon Harvest

Year 2000 2001 2002 2003 2004 2005 2006 2007
Production (Million 76.7 78.2 80.9 82.0 84.1 87.3 89.8 91.1

Tons)

Year 2008 2009 2010 2011 2012 2013 2014 2015
Production (Million 92.2 93.0 93.5 95.1 96.7 97.8 98.9 100.5

Tons)

Year 2016 2017 2018 2019 2020 2021 2022 2023
Pmd“;‘(‘)’:sgm'""’“ 100.7 101.2 101.0 101.84 101.92 101.64 99.96 104.93

operating conditions, including pH, contact time, initial concentration,
agitation speed, temperature, and adsorption dose, to achieve the highest
efficiency of treatment.

Therefore, and because the literature lacks studies specifically targeting it
compared to other similar minerals, the current research aims to
investigate the performance of watermelon rinds as a low-cost adsorbent
for recovering one of the most important heavy metals, manganese, in a

batch-type adsorption unit. It also aims to determine the optimal 2. EXPERIMENTAL PROCEDURE
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This part of the research covers all the details related to the experimental
procedure of the study, from the materials used to explaining how the
practical part is carried out in terms of equipment, operating conditions
and their ranges, in addition to explaining the method of measuring heavy
metals automatically along with the method of preparing the calibration
curve.

2.1 Stock solution

To prepare manganese stock solution, 5.35 g of 98% purity manganese (II)
nitrate hexahydrate of chemical formula (Mn(NOs3)2-6H20) supplied from
Sigma-Aldrich, Germany, was dissolved in a sufficient quantity of double-
distilled water. After that the solution was carefully transferred to a clean
and sterile 1000 ml glass volumetric flask, and then the volume was
completed to a 1-liter solution. The stock solution prepared according to
the above method had a concentration of 1000 ppm of divalent manganese
(Mn2*) cations and stored in a dry, dark place until use.

2.2 Calibration curve

According to the method described in (Ali et al., 2020c), the divalent
manganese (Mn*2) cations in the solutions after treatment were measured
using an AAS apparatus, and a calibration curve was prepared by
measuring the absorbance of concentrations at a wavelength of 403.1 nm.
Each reading was measured triplicate to conduct the accuracy, and the
average values were recorded. By plotting the relationship between the
measured concentrations of divalent manganese (Mn*2) cations on the x-
axis and the corresponding absorbance on the y-axis, the calibration curve
required to detect the concentration of the target (Mn?*) cations in the

treated solutions was performed. Figure 1 shows the calibration curve
used in the current study.

2.3 Adsorbent medium

Iraqi watermelon rinds were collected from grocery stores selling
vegetables and agricultural products in Baghdad. After peeling, the peels
were washed several times with tap water until clean, and then rinsed
with double-distilled water. The clean peels were dried by spreading them
in an open air then drying using an electric oven at a temperature of 45°C
until the weight is constant. The dried peels were ground using a
laboratory grinder and the powder passing through 841 pum sieve was
selected. Iraqi virgin watermelon rind powder was stored in a cool, dry
place at < 4°C until use. Figure 2 shows the watermelon rinds used in this
study.

2.4 Adsorption unit

To determine the performance of Iraqi virgin watermelon rinds as a low-
cost adsorbent for recovering divalent manganese (Mn?*) cations, a batch-
type adsorption unit was employed. The first step was adjusting the
acidity, shaking speed, temperature, and initial concentration of
adsorbate. A determined amount of adsorbent, i.e. Iraqi virgin watermelon
rind powder, is mixed with the polluted solution in the experimental
container. The experimental parameters investigated were, temperature
(25-50°C), contact time (5-180 minutes), dose of Iraqi virgin watermelon
rinds (0.5-7 g), initial concentration of divalent manganese (Mn2*) cations
(1-40 ppm), agitation speed (100-500 rpm), and pH (1-10). The unit
continues to operate until it automatically shuts down.
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Figure 1: AAS Calibration Curve of Divalent Manganese Cation used in this

Study

The experimental flaks were then painstakingly extracted and filtered
using filter paper. The residual concentration of divalent manganese
(Mn*2) cations is detected by the AAS device, and calculated through
equations (1) and (2) (Gadooa et al., 2025):

C,
%R =1 -2 @)
i
4 (Cin - Cout)

T=1000 w @

Where: %R: Efficiency of divalent manganese (Mn2?*) cations recovery
during the process (-); Cin, Coye: Initial and final concentrations of divalent
manganese (Mn?*) cations before and after treatment, (ppm); gq:
Adsorption capacity of Iraqi virgin watermelon rinds, (mg/g); V: Volume
of aqueous solution utilized in the experiment (100 ml); w: weight of
adsorbent added to the experimental flask (g).

Figure 2: Iraqi Watermelon Rinds used in this Study

3. RESULTS AND DISCUSSION:
3.1 Influence of pH factor

The results obtained from varying pH, as shown in Figure 3, indicate the
percentage removal increases from 2.476% to 22.339% with increasing
pH between 1-8, then constant at upper values. It is observed that the
percentage removal is low at high acid values. As a result, the hydrostatic
repulsion between the surface of the watermelon rinds and the divalent
manganese cations increases, and consequently, the available active sites
for trapping the target ions are insufficient, resulting in minimal removal
efficiency (Alsarayreh et al., 2024). Thus, increasing their binding to the
functional groups responsible for adsorption, and consequently, the
removal efficiency begins to rise between pH 2 and 8. After exceeding a pH
value of 8, the removal efficiency remains almost constant and is close to
22.339%. The adsorption mechanism within this pH range has shifted
from electrostatic forces to physical adsorption or stable surface
coordination (Alhamd et al.,, 2024a).
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Figure 3: Effect of pH on the removal of divalent manganese (Mn*2)
cations using Iraqi watermelon rinds @250 rpm, 1g, 1 ppm, 50°C

3.2 Agitation speed

The results obtained from varying agitation speed, as shown in Figure 4,
indicate the percentage removal increases from 4.276% to 63.956% with
increasing agitation speed from 100-400 rpm, respectively. This
improvement in efficiency can be explained by the fact that increasing the
agitation speed of the adsorption unit leads to improved mixing and
contact efficiency between the contaminating solution and the adsorbent
in the experimental flask (Abdullah et al, 2023). After exceeding the
agitation speed of 400 rpm, it is observed from Figure 4 that the removal
efficiency remains constant and unchanged. This result can be attributed
to the dynamic equilibrium between the adsorbent and adsorbate
material, such that the number of adsorbed ions equals the number of ions
released from the surface of medium (Abbas et al., 2019b).

Figure 4: Effect of agitation speed on the removal of divalent manganese
(Mn*2) cations using Iraqi watermelon rinds @50°C, 1 g, 8, 180 mins, and
1 ppm

3.3 Initial concentration

The results obtained from varying initial concentration, as shown in Figure
5, show that the relationship between percentage removal and initial
concentration decreases from 63.956% to 7.431% as the initial
concentration of divalent manganese (Mn?*) cations increases from 1 to
38 ppm, respectively. This decrease is attributed to the fixed number of
active sites in the adsorbent material, which is able to accommodate a
specific quantity of the target (Mn2*) cations. If the initial concentration is
low, the adsorbent will be able to efficiently retain a greater number of
divalent manganese cations (Alhamadani et al., 2025). At the same time,
Iraqi virgin watermelon rinds can only adsorb a limited number of (Mn2+)
cations, and this makes the number of unadsorbed (Mn?+) cations greater
as the initial concentration increases, and thus the treatment efficiency
decreases according to equation (1) (Hameed and Abbas, 2024).
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Figure 5: Effect of initial concentration on the removal of divalent
manganese (Mn+*2) cations using Iraqi watermelon rinds @50°C, 1 g, 8,
180 min, and 400 rpm

3.4 Adsorbent dosage

The results obtained from varying adsorbent dosage, as shown in Figure
6, show that the relationship between the percentage removal and the
dose of the adsorbent is a direct relationship as the percentage removal
increase from 3% to 81.36% with an increase in the adsorbent dose from
0.5 to 6.5 g. The increase in the mass of the adsorbent means an increase
in surface area and therefore an increase in the number of active sites that
can participate in the capture of divalent manganese (Mn2*) cations, given
the constant concentration (Ibrahim et al, 2021). Consequently, the
concentration of target (Mn?+*) cations in the solution will decrease. Thus
providing a greater opportunity for target ions to reach the adsorption
surface or vice versa, leading to higher treatment efficiency (Mahmood et
al, 2025).

Figure 6: Influence of adsorbent dosage on the removal of divalent
manganese (Mn*2) cations using Iraqi watermelon rinds @50°C, 38 ppm,
8, 180 min, and 400 rpm

3.5 Contact time

The results obtained from varying contact time, as shown in Figure 7,
indicate that the percentage removal increases from 2.75% to 81.36%
with an increase in contact time from 5 to 150 minutes, respectively. This
classic result can be explained by the fact that increasing the time
increases the chance of divalent manganese (Mn+*2) cations reaching the
active sites on the surface of Iraqi virgin watermelon rinds (Alwan et al.,
2021). Upon reaching a time of 165 minutes, the treatment efficiency
reaches its maximum value, and no significant improvement in the
adsorption of pollutant (Mn2*) cations occurs thereafter as a result of
reaching a state of saturation, such that Iraqi virgin watermelon rinds
cannot adsorb any additional amount of divalent manganese (Mn2+)
cations (Alhamd et al.,, 2024b).
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Figure 7: Influence of adsorbent dosage on the removal of divalent
manganese (Mn*2) cations using Iraqi watermelon rinds @50°C, 38 ppm,
8, 6.5 g and 400 rpm

Figure 8: Influence of temperature on the removal of divalent manganese
(Mn*2) cations using Iraqi watermelon rinds @150 minutes, 38 ppm, 8,
6.5 g, and 400 rpm

3.6 Temperature structural decomposition in the adsorbent material and demonstrating its
high capacity for recovering target (Mn?*) cations at elevated

The results obtained from varying temperature, as shown in Figure 8, temperatures (Ali et al.,, 2024b).

indicate that percentage removal increases from 4% to 81.36% with an
increase in temperature from 25-50 °C, respectively. This behavior can be
explained by the fact that increasing the temperature leads to an increase
in the kinetic energy of the pollutant (Mn?*) cations, thus increasing their
chances of reaching the active sites on the adsorption surface (Abed et al.,
2025a). The above results also indicate no decrease in processing

3.7 Literature survey

Many researchers used raw and modified watermelon rind as a low-cost
adsorbent to treat contaminated water. Each study obtained a different
result. Table 2 show a literature review of most important of these

efficiency with increasing temperature, ruling out the possibility of investigations.
Table 2: Some studies used watermelon rinds as an adsorbent
Type of Watermelon Modification method Pollutant Adsorption unit Ma.xn.mum Reference
rind Efficiency
Treated Chemically by HNO;, Methyl P.a?athlon Batch 99% Memon et al., 2008
and Thermally Pesticide
Raw - Cu(1D) Batch 84% Banerjee etal,, 2012
Raw : cdqn Batch 88.6% Lakshmipathy etal,
2013
Methylene blue, 489.8 mg/g, .
Treated Chemically by HCI Crystal Violet, and Batch 104.76 mg/g, and Lakshmipathy and
hodamine B dyes : Sarada, 2014
r y 86.6 mg/g
92.6 mg/g and i
Raw and treated Chemically by H2S04 Brilliant Green Batch e/e Lakshmipathy etal,
188.6 mg/g 2015
. 116.2 and 39.2 Lakshmipathy and
Treated Chemically by HCI Pb(11), and Cu(Il) Batch me/g Sarada, 2016
Microwave-Irradiated 55.80%,
in H202, 0
Raw and treated s Cd(ID) Batch 69.39%, Husein etal., 2017
NaOH and deionized 66.22%, and
water 71.77%
Raw - methylene blue Batch 188.68 mg/g Jawad et al., 2018
89.03%, and .
Raw - Fe(II) and Pb(II) Batch 95.74% Augustine et al.,, 2019
Raw - Ca(ID) Continuous 67 mg/g Abbas and Nussrat, 2020
Treated Microwave Zn(II) Batch 36.90% Yilmaz and Tugrul, 2021
Raw - Ce(III), and Pr(III) Batch 90% Devanathan et al., 2022
Raw and treated Chemlcz;lgf dby citric As Batch 81% and 99.99% Letechipia et al,, 2023
Raw - Cr(VD) Batch 83.41% El-Tawabty et al,, 2024
Treated Cl?emlcaIIyI by F- Batch 85.97% Ndung'u et al,, 2025
triethylamine
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4., CONCLUSIONS

The current study reached several conclusions, the most important of
which is that agricultural waste no longer represents an environmental
problem, but has become an important resource for addressing
environmental problems resulting from human activities. Therefore,
factories and activities that generate industrial waste can be established
at a suitable distance from agricultural fields to take advantage of this
untapped resource. The results of this study proved that a dose of 63 g of
Iraqi virgin watermelon rind, is capable of treating one liter of wastewater
contaminated by divalent manganese (Mn*2?) cations with a removal
percentage close to 81.5%, at a basic pH, 38 ppm initial concentration of
manganese, and a 50 °C, 400 rpm agitation speed, and 165 minutes.

REFERENCES

Abbas, F.S., Abdulkareem, W.S., and Abbas, M.N., 2022a. Strength
Development of Plain Concrete Slabs by the Sustainability Potential of
Lead-Loaded Rice Husk (LLRH). Journal of Applied Engineering
Science, 20(1), Pp. 160-167. https://d0i:10.5937 /jaes0-32253

Abbas, M.N., 2015. Phosphorus Removal from Wastewater Using Rice
Husk and Subsequent Utilization of the Waste Residue. Desalination
and Water Treatment, 55(4), Pp. 970-977.
https://doi.org/10.1080/19443994.2014.922494

Abbas, M.N,, Ali, S.T., and Abbas, R.S., 2020. Rice Husks as a Biosorbent
Agent for Pb*2 lons from Contaminated Aqueous Solutions: A Review.
Biochemical and Cellular Archives, 20(1), Pp. 1813-1820.
https://doi.org/10.35124/bca.2020.20.1.1813

Abbas, M.N,, Al-Madhhachi, A.T., and Esmael S.A., 2019a. Quantifying Soil
Erodibility Parameters due to Wastewater Chemicals. International
Journal of Hydrology Science and Technology, 9(5), Pp. 550-568.
http://doi.org/10.1504/1JHST.2019.10016884

Abbas, M.N., Al-Tameemi, .M., Hasan, M.B,, and Al-Madhhachi, A.T., 2021.
Chemical Removal of Cobalt and Lithium in Contaminated Soils using
Promoted White Eggshells with Different Catalysts. South African
Journal of  Chemical Engineering, 35, Pp. 23-32.
https://doi.org/10.1016/j.sajce.2020.11.002

Abbas, M.N,, and Abbas F.S., 2014. Application of Rice Husk to Remove
Humic Acid from Aqueous Solutions and Profiting from Waste
Leftover. WSEAS Transactions on Biology and Biomedicine, 11(9), Pp.
62-69.

Abbas, M.N,, and Abbas, F.S., 2013a. Iraqi Rice Husk Potency to Eliminate
Toxic Metals from Aqueous Solutions and Utilization from Process
Residues. Advances in Environmental Biology, 7(2), Pp. 308-319.

Abbas, M.N., and Abbas, F.S., 2013b. The Feasibility of Rice Husk to Remove
Minerals from Water by Adsorption and Avail from Wastes. Research
Journal of Applied Sciences, WSEAS Transactions on Environment and
Development, 9(4), Pp. 301-313.

Abbas, M.N., and Abbas, F.S., 2013c. The Predisposition of Iraqi Rice Husk
to Remove Heavy Metals from Aqueous Solutions and Capitalized from
Waste Residue. Research Journal of Applied Sciences, Engineering and
Technology, 6(22), Pp. 4237-4246.

Abbas, M.N,, and Alalwan, H.A., 2019. Catalytic Oxidative and Adsorptive
Desulfurization of Heavy Naphtha Fraction. Korean Journal of
Chemical Engineering, 12(2), Pp. 283-288.
http://doi.org/10.9713 /kcer.2019.57.2.283

Abbas, M.N,, and Ibrahim, S.A., 2020. Catalytic and thermal desulfurization
of light naphtha fraction. Journal of King Saud University - Engineering
Sciences, 32(4), Pp. 229-235.
https://doi.org/10.1016/j.jksues.2019.08.001

Abbas, M.N,, and Nussrat, T.H., 2020. A Statistical Analysis of Experimental
Data for the Adsorption Process of Cadmium by Watermelon Rinds In
a Continuous Packed Bed Column. International Journal of Innovation,
Creativity and Change, 13(3), Pp. 124-138.

Abbas, M.N,, Ibrahim, S.A., Abbas, Z.N., and Ibrahim T.A., 2022b. Eggshells
as a Sustainable Source for Acetone Production. Journal of King Saud
University - Engineering Sciences, 34(6), Pp. 381-387.
https://doi.org/10.1016/j.jksues.2021.01.005

Abbas, M.N., Al-Hermizy, S.M.M., Abudi, Z.N., and Ibrahim, T.A. 2019b.
Phenol Biosorption from Polluted Aqueous Solutions by Ulva lactuca
Alga using Batch Mode Unit. Journal of Ecological Engineering, 20(6),
Pp. 225-235. https://doi.org/10.12911/22998993 /109460

Abd ali, LK., Ibrahim, T.A,, Farhan, A.D., and Abbas M.N., 2018. Study Of the
Effect of Pesticide 2,4-D on the Histological Structure of the Lungs in
the Albino Mice (Mus musculus). Journal of Pharmaceutical Sciences
and Research, 10(6), Pp. 1418-1421.

Abd Alj, LK, Salman, S.D., Ibrahim, T.A., Abbas, M.N., 2024. Study of the
Teratogenic Effects of Antimony on Liver in the Adult Rabbit
(Oryctolagus cuniculus). Advancements in Life Sciences, 11(2), Pp.
462-469. http://dx.doi.org/10.62940/als.v11i2.2773

Abd Al-Latif, F.S., Ibrahim, T.A., and Abbas, M.N., 2023. Revealing Potential
Histological Changes of Deltamethrin Exposure on Testicular Tissue in
Albino Rabbits (Oryctolagus cuniculus). Advancements in Life
Sciences, 10(4), Pp. 619-626.
http://dx.doi.org/10.62940/als.v10i4.2323

Abdulkareem, W.S., Aljumaily, H.S.M., Mushatat, H.A., and Abbas M.N.,
2023. Management of Agro-Waste by Using as an Additive to Concrete
and Its Role in Reducing Cost Production: Impact of Compressive
Strength as a Case Study. International Journal on “Technical and
Physical Problems of Engineering” (IJTPE), 15(1), Pp. 62-67.

Abdullah, W.R,, Alhamadani, Y.A.]., Abass, LK., and Abbas, M.N., 2023. Study
of Chemical and Physical Parameters Affected on Purification of Water
from Inorganic Contaminants. Periodicals of Engineering and Natural
Sciences, 11(2), Pp. 166-175.
http://dx.doi.org/10.21533 /pen.v11i2.3508

Abed, Y.M,, Allawi, F., Ali, S.M,, Alhamd, S.J., Ibrahim, T.A., and Abbas, M.N.,
2025b. Implementing a Sustainability Approach by Converting Plastic
Bottle Waste from a Mischievous Substance to a Beneficial Material by
Means of Zero Residue Level Concept. Karbala International Journal of
Modern Science (KIJoMS), 11(3), Pp. 396-411.
https://doi.org/10.33640/2405-609X.3413

Abed, Y.M., Salman, A.A., Alhamd, S.J., Abbas, M.N., Al-Obaidi, M.A., and
Challoob, S.H., 2025a. Effective Removal of Stannous lons from
Aqueous Solutions Using Mango Peels: Adsorption Performance and
Mechanistic Visions. International Journal of Environmental Analytical
Chemistry. https://doi.org/10.1080/03067319.2025.2519870

Agboola, 0.D,, and Benson, N.U., 2021. Physisorption and chemisorption
mechanisms influencing micro (Nano) plastics-organic chemical
contaminants interactions: A review. Frontiers in Environmental
Science, 9. https://doi.org/10.3389 /fenvs.2021.678574

Akhtar, M.S., Ali, S., and Zaman, W., 2024. Innovative Adsorbents for
Pollutant Removal: Exploring the Latest Research and Applications.
Molecules, 29(18), 4317.
https://doi.org/10.3390/molecules29184317

Al-Alj, S.I.S., Abudi, Z.N., and Abbas, M.N., 2023. Modelling and Simulation
for the use of Natural Waste to Purified Contaminated Heavy Metals.
Journal of the Nigerian Society of Physical Sciences, 5(1), Article No.
1143. https://doi.org/10.46481/jnsps.2023.1143

Alalwan, H.A., Abbas, M.N., Abudi, Z.N., and Alminshid, A.H., 2018.
Adsorption of thallium ion (T1+3) from Aqueous Solutions by Rice Husk
in a Fixed-Bed Column: Experiment and Prediction of Breakthrough
Curves. Environmental Technology and Innovation, 12, Pp. 1-13.
https://doi.org/10.1016/j.eti.2018.07.001

Alalwan, H.A.,, Abbas, M.N,, and Alminshid, A.H., 2020. Uptake of Cyanide
Compounds from Aqueous Solutions by Lemon Peel with Utilising the
Residue Absorbents as Rodenticide. Indian Chemical Engineer, 62(1),
Pp. 40-51. https://doi.org/10.1080/00194506.2019.1623091

Alalwan, H.A., Mohammed, M.M,, Sultan, A.J.,, Abbas, M.N., Ibrahim, T.A.,
Aljaafari, H.A.S., and Alminshid, A.A., 2021. Adsorption of Methyl Green
Stain from Aqueous Solutions using Non-Conventional Adsorbent
Media: Isothermal Kinetic and Thermodynamic Studies. Bioresource
Technology Reports, 14, 100680.
https://doi.org/10.1016/j.biteb.2021.100680

Alhamadani Y.A., Abbas S.S., Hashim H.A., Abed Y.M., and Abbas M.N,,
2025. Tree Leaves as Non-Familiar Adsorbent Media for Addressing
Solutions Contaminated by Eutrophication Anions. Water
Conservation and Management (WCM), 9(4), Pp. 723-730.
https://doi.org/10.26480/wcm.04.2025.723.730

Alhamadani Y.A.]., Abed Y.M., Shahadha R.W.,, Salman, A.A., and Abbas M.N.,
2026. Using Sawdust as a Sustainable Adsorbent for Removing Toxic
Heavy Metals from Aqueous Solution. Environmental Health
Engineering and Management Journal. 13(1).

Alhamd, S.J., Abbas, M.N,, Al-Fatlawy, H.J.]., Ibrahim, T.A., and Abbas, Z.N.,

Cite The Article: Hawraa Ali Hashim, Nazar Munem Abdalsahib, Younus Mohammed Abed, Zahraa A. Alwitry, Mohammed Nsaif Abbas (2026). Removal of Manganese

Cations as A Type of Heavy Metals from Contaminated Aqueous Solutions using Agricultural Waste: Watermelon Rinds as A Case Study.
Water Conservation and Management, 10(1): 87-94.



https://doi:10.5937/jaes0-32253
https://doi.org/10.1080/19443994.2014.922494
https://doi.org/10.1016/j.sajce.2020.01.002
http://doi.org/10.1504/IJHST.2019.10016884
https://doi.org/10.1016/j.sajce.2020.11.002
http://doi.org/10.9713/kcer.2019.57.2.283
https://doi.org/10.1016/j.jksues.2019.08.001
https://doi.org/10.1016/j.jksues.2021.01.005
https://doi.org/10.12911/22998993/109460
http://dx.doi.org/10.62940/als.v11i2.2773
http://dx.doi.org/10.62940/als.v10i4.2323
http://dx.doi.org/10.21533/pen.v11i2.3508
https://doi.org/10.33640/2405-609X.3413
https://doi.org/10.1080/03067319.2025.2519870
https://doi.org/10.3389/fenvs.2021.678574
https://doi.org/10.3390/molecules29184317
https://doi.org/10.46481/jnsps.2023.1143
https://doi.org/10.1016/j.eti.2018.07.001
https://doi.org/10.1080/00194506.2019.1623091
https://doi.org/10.1016/j.biteb.2021.100680
https://doi.org/10.25130/tjes.31.2.1

Water Conservation and Management (WCM) 10(1) (2026) 87-94

2024b. Removal of Phenol from Oilfield Produced Water using Non-
Conventional Adsorbent Medium by an Eco-Friendly Approach.
Karbala International Journal of Modern Science (KIJOMS), 10(2), Pp.
191-210. https://doi.org/10.33640/2405-609X.3350

Alhamd, S.J., Abbas, M.N., Manteghian, M., Ibrahim, T.A., Jarmondi, K.D.S.,
2024a. Treatment of Oil Refinery Wastewater Polluted by Heavy Metal
Ions via Adsorption Technique using Non-Valuable Media: Cadmium
Ions and Buckthorn Leaves as a Study Case. Karbala International
Journal of Modern Science (KIJOMS), 10(1), Pp. 1-18.
https://doi.org/10.33640/2405-609X.3334

Al-Hermizy, S.M.M., Al-Ali, S.I.S., Abdulwahab, I.A., and Abbas, M.N., 2022.
Elimination of Zinc Ions (Zn*?) from Synthetic Wastewater Using
Lemon Peels. Asian Journal of Water, Environment and Pollution,
19(5), Pp. 79-85. https://doi.org/10.3233/A]JW220073

Al-Hermizy, S.M.M., Awadh, H.A, and Abbas, M.N,, 2025. Biosorption
Technique Using Water Hyacinth Plant as an Effective and Sustainable
Approach for Treating Oil Refinery Waste: Vanadium Element as a
Case Study, Journal of Ecological Engineering, 26(6), Pp. 251-272.
https://doi.org/10.12911/22998993/202658

Ali, G.AA., and Abbas, M.N.,, 2020a. Atomic Spectroscopy Technique
Employed to Detect the Heavy Metals from Iraqi Waterbodies Using
Natural Bio-Filter (Eichhornia crassipes) Thera Dejla as a Case Study.
Systematic Reviews in Pharmacy, 11(9), Pp. 264-271.
https://doi.org/10.31838/srp.2020.9.43

Al

G.A.A., Ibrahim, S.A., and Abbas, M.N., 2021. Catalytic Adsorptive of
Nickel Metal from Iraqi Crude Oil using Non-Conventional Catalysts.
Innovative Infrastructure Solutions, 6(7), Pp. 1-9.
https://doi.org/10.1007 /s41062-020-00368-x

Ali, S.AK,, Abudi, Z.N., Abbas, M.N,, Alsaffar, M.A., and Ibrahim T.A., 2024b.
Synthesis of Nano-silica Particles using Eucalyptus globulus Leaf
Extract and Their Innovative Application as an Adsorbent for
Malachite Green Dye, Russian Journal of Applied Chemistry, 97(1), Pp.
2-14. https://doi.org/10.1134/S1070427224010099

Al

i, S.A.K., AL-Kaabi, Z., Kasim, M.N., Abbas, M.N., and Ibrahim, T.A., 2023.
Remediation of Antimony from Aqueous Solutions by Adsorption
Technique: Isothermal, Kinetic and Thermodynamic Studies. Indian
Journal of Environmental Protection, 43(14), Pp. 1316-1325,
(Conference 2023). https://www.e-ijep.co.in/43-14-1316-1325/

Ali, S.AK. Almhana, N.M. Hussein, A.A., and Abbas M.N. 2020b.
Purification of Aqueous Solutions from Toxic Metals using Laboratory
Batch Mode Adsorption Unit Antimony (V) lons as a Case Study.
Journal of Green Engineering (JGE), 10(11), Pp. 10662-10680.

Alj, S.M,, Saeed, B.M.,, Alwitry, Z.A., Abbas, M.N., 2025. Employment of Non-
Conventional Material in Purification of Contaminated Aqueous
Solutions. Water Conservation and Management (WCM), 9(4), Pp.
495-506. http://doi.org/10.26480/wcm.04.2025.495.506

Alj, S.T., Qadir, H.T., Moufak, S.K., Al-Badri, M.A.M., and Abbas, M.N., 2020c.
A Statistical Study to Determine the Factors of Vitamin D Deficiency in
Men: the City of Baghdad as a Model. Indian Journal of Forensic
Medicine and Toxicology, 14, 1, Pp. 691-696.
https://doi.org/10.37506/ijfmt.v14i1.132

S.T., Shahadha, R.W., Abdulkareem, W.S., and Abbas M.N., 2024a.
Available Low Cost Agro-Waste as an Efficient Medium to Eliminate
Heavy Metal Contamination using Sustainable Approach Achieving
Zero Residue Level, Journal of Ecological Engineering, 25(10), Pp.
160-175. https://doi.org/10.12911/22998993/191945

Al

Alminshid, A.H., Alalwan, H.A., Mohammed, M.M,, and Abbas, M.N., 2025.
Spectroscopic Study of Methane Reaction Mechanism on Mgo
Nanoparticles. Ionic, Pp. 13-29.
https://doi.org/10.1080/00194506.2025.2459833

Alminshid, A.H., and Abbas, M.N., Alalwan, H.A,, Sultan, A.J., and Kadhome,
M.A., 2021. Aldol Condensation Reaction of Acetone on Mgo
Nanoparticles Surface: An In-Situ Drift Investigation. Molecular
Catalysis, 501, 111333. https://doi.org/10.1016/j.mcat.2020.111333

Alsarayreh, A.A,, Al-zoubi, H.Q., and Abbas, M.N., 2025b. Sustainable Nickel
Removal from Water by using Waste Tea Leaves For Eco-Friendly
Water Treatment. Indian Chemical Engineer.
https://doi.org/10.1080/00194506.2025.2459833

Alsarayreh, A.A,, Ibrahim, S.A., Alhamd S.J., Ibrahim T.A,, and Abbas M.N.,,
2024. Removal of Selenium Ions from Contaminated Aqueous
Solutions by Adsorption using Lemon Peels as a Non-Conventional

Medium. Karbala International Journal of Modern Science (KIJOMS),
10(4), Pp. 511-531. https://doi.org/10.33640/2405-609X.3375

Alsarayreh, A.A,, Nsaif, R.Z.,, Nsaif, M.M,, Nsaif, Z.M., and Abbas, M.N., 2025a.
Nickel Remediation by Adsorption Technique Achieving the Concept
of Zero Residue Level. The Jordan Journal of Civil Engineering (JJCE),
19(1), Pp. 13-29. https://doi.org/10.14525/]JJCE.v19i1.02

Alsharif, A.M., 2025. Understanding Adsorption: Theories, Techniques, and
Applications. IntechOpen. doi: 10.5772 /intechopen.1008865

Alwan, E.K,, Hammoudi, A.M., Abd, I.K,, Abd Alaa, M.O., and Abbas, M.N,,
2021. Synthesis of Cobalt Iron Oxide Doped by Chromium Using Sol-
Gel Method and Application to Remove Malachite Green Dye.
NeuroQuantology, 19(8), 32-41
http://doi:10.14704/nq.2021.19.8.NQ21110

Augustine, A.U.,, Ishaq B., Akpomie, T.M,, and Odoh R, 2019. Removal of
Lead (II) and Iron (II) ions from Aqueous Solutions Using Watermelon
(Citrillus lanatus) Peels as Adsorbent. Open Access Journal of
Chemistry, 3(1): Pp. 1-7.

Banerjee, K., Ramesh, S.T., Gandhimathi, R., Nidheesh, P.V., and Bharathi,
K.S., 2012. A Novel Agricultural Waste Adsorbent, Watermelon Shell
for the Removal of Copper from Aqueous Solutions. Iranica Journal of
Energy and Environment, 3 (2): Pp. 143-156.
http://doi.org/10.5829/idosi.ijee.2012.03.02.0396

Chen, H.-Y., and Lo, .-T., 2022. Theoretical and Experimental Adsorption
of Silica Gel and Activated Carbon onto Chlorinated Organic
Compounds in Water: A Case Study on the Remediation Assessment of
a Contaminated Groundwater Site. Applied Sciences, 12(23), 11955.
https://doi.org/10.3390/app122311955

Devanathan, R, Vivekanandan, B. Rengadurai, S. Balaji, G.L, and
Lakshmipathy, R., 2022. Efficiency of Watermelon rind towards
adsorption of Ce (III) and Pr (III) ions, Materials Today: Proceedings,
55(Part 2): Pp. 253-258.
https://doi.org/10.1016/j.matpr.2021.06.429

El-Tawabty, D.S., Abd El-Aleem, .M., Ahmed, S.S., El-Hadary, A.E., and Alj,
R.M,, 2024. Hexavalent Chromium Adsorption by Watermelon Peels
from Tannery Wastewater. Egyptian Journal of Chemistry, 67: Pp. 241-
250.

Gadooa, Z.A., Alsarayreh, A.A, and Abbas M.N., 2025. Adsorption of
Thallium using Tangerine Peels and Exploitation from the Waste in an
Eco-Friendly Manner. Ecological Engineering and Environmental
Technoloy, 26(2), Pp. 131-152.
https://doi.org/10.12912/27197050/196880

Ghulam, N.A., Abbas, M.N., and Sachit D.E., 2020. Preparation Of Synthetic
Alumina from Aluminium Foil Waste and Investigation of Its
Performance in the Removal Of RG-19 Dye from Its Aqueous Solution.
Indian Chemical Engineer, 62(3), Pp. 301-313.
https://doi.org/10.1080/00194506.2019.1677512

Hamdi, G.M., Abbas, M.N,, Ali, S.A.K,, 2024. Bioethanol Production from
Agricultural Waste: A Review. Journal of Engineering and Sustainable
Development (JESD), 28(2), Pp. 233-252.
https://doi.org/10.31272 /jeasd.28.2.7

Hameed, W.A, and Abbas, M.N., 2024. Dyes Adsorption from
Contaminated Aqueous Solution Using SiO; Nanoparticles Prepared
from Extracted Tree Leaves. Journal of Ecological Engineering, 25(7),
Pp. 41-57. https://doi.org/10.12911/22998993/187921

Hammed, A.S., Alsarayreh, A.A., and Abbas, M.N., 2025. Applying of Zero
Residue Level Concept in Integrated Management of Toxic and Solid
Wastes as a Sustainable Approach. Ecological Engineering and
Environmental Technology, 25(1), Pp. 353-378.
https://doi.org/10.12912/27197050/196409

Hasan, M.B., Al-Tameemi, [.M., and Abbas, M.N., 2021. Orange Peels as a
Sustainable Material for Treating Water Polluted with
Antimony. Journal of Ecological Engineering, 22(2,) Pp. 25-35.
https://doi.org/10.12911/22998993/130632

Hasan, M.B., Ibrahim, S.A., Rahmah, N.M., Ibrahim, T.A., Alminshid, A.H.,
and Abbas, M.N, 2025. Vanadium Remediation from Polluted
Wastewater Using a Novel Non-Conventional Adsorbent. Results in
Engineering (RINENG), 27, Article no. 105665.
https://doi.org/10.1016/j.rineng.2025.105665

Hashem, N.S,, Alj, G.A.A., Jameel, H.T., Khurshid, A.N., and Abbas M.N., 2021.
Heavy Metals Evaluation by Atomic Spectroscopy for Different Parts

Cite The Article: Hawraa Ali Hashim, Nazar Munem Abdalsahib, Younus Mohammed Abed, Zahraa A. Alwitry, Mohammed Nsaif Abbas (2026). Removal of Manganese

Cations as A Type of Heavy Metals from Contaminated Aqueous Solutions using Agricultural Waste: Watermelon Rinds as A Case Study.
Water Conservation and Management, 10(1): 87-94.



https://doi.org/10.33640/2405-609X.3350
https://doi.org/10.33640/2405-609X.3334
https://doi.org/10.3233/AJW220073
https://doi.org/10.25130/tjes.31.2.1
https://doi.org/10.31838/srp.2020.9.43
https://doi.org/10.1007/s41062-020-00368-x
https://doi.org/10.1063/5.0140124
https://www.e-ijep.co.in/43-14-1316-1325/
http://doi.org/10.26480/wcm.04.2025.495.506
https://doi.org/10.37506/ijfmt.v14i1.132
https://doi.org/10.12911/22998993/191945
https://doi.org/10.1080/00194506.2025.2459833
https://doi.org/10.1016/j.mcat.2020.111333
https://doi.org/10.1080/00194506.2025.2459833
https://doi.org/10.33640/2405-609X.3375
https://doi.org/10.14525/JJCE.v19i1.02
http://doi:10.14704/nq.2021.19.8.NQ21110
http://doi.org/10.5829/idosi.ijee.2012.03.02.0396
https://doi.org/10.3390/app122311955
https://doi.org/10.1016/j.matpr.2021.06.429
https://doi.org/10.12912/27197050/196880
https://doi.org/10.1080/00194506.2019.1677512
https://doi.org/10.31272/jeasd.28.2.7
https://doi.org/10.12911/22998993/187921
https://doi.org/10.12912/27197050/196409
https://doi.org/10.12911/22998993/130632
https://doi.org/10.1016/j.rineng.2025.105665

Water Conservation and Management (WCM) 10(1) (2026) 87-94

of Water Hyacinth (Eichhornia Crassipes) Plants: Banks of Tigris River
and Al-Zuhairat Village Sites. Biochemical and Cellular Archives, 21(2),
Pp. 3813-38109. https://connectjournals.com/03896.2021.21.3813

Husein, D.Z.,, Aazam, E., and Battia, M., 2017. Adsorption of Cadmium(II)
onto Watermelon Rind Under Microwave Radiation and Application
into Surface Water from Jeddah, Saudi Arabia, Arabian Journal for
Science and Engineering, 42: Pp. 2403-2415.
https://doi.org/10.1007/s13369-016-2381-2

Ibrahim, S.A., Alhamd, S.J.K, Ali, S.M., Abbas, M.N,, Ibrahim, T.A., and
Alsarayreh A.A, 2025a. Remediation of Aqueous Solutions
Contaminated by Benzidine Toxic Dye using Non-Conventional
Adsorbent: Morphological and Modelling Studies, Al-Qadisiyah
Journal for Engineering Sciences (QJES), 18(2), Pp. 66-78.
https://doi.org/10.30772/qjes.2024.149956.1244

Ibrahim, S.A., Alsarayreh, A.A., Khaled, T.T., Abbas, M.N., 2025b. Buckthorn
Leaves as an Efficient Material for Simultaneously Multi Eco-Friendly
Purposes. Journal of Engineering and Sustainable Development
(JESD), 29(4), Pp. 539-549. https://doi.org/10.31272 /jeasd.3033

Ibrahim, S.A., Hasan, M.B,, Al-Tameemi, I.M., Ibrahim T.A., and Abbas M.N.,
2021. Optimization of Adsorption Unit Parameter of Hardness
Remediation from Wastewater using Low-Cost Media. Innovative
Infrastructure Solutions, 6(4), Article number: 200.
https://doi.org/10.1007 /s41062-021-00564-3

Ibrahim, T.A., Mahdi, H.S., Abbas, R.S.,, and Abbas, M.N., 2020a. Study the
Effect of Ribavirin Drug on the histological structure of the testes in
Albino mice (Mus musculus). Journal of Global Pharma Technology,
12(02 Suppl), Pp. 142-146.
http://www.jgpt.co.in/index.php/jgpt/article/view/3233

Ibrahim, T.A., Mohammed, A.M., Abd alj, I.K., Abbas M.N., and Hussien S.A.,
2020Db. Teratogenic Effect of Carbamazepine Drug on the Histological
Structure of Testes in the Albino Mouse (Mus musculus). Indian
Journal of Forensic Medicine and Toxicology, 14(4), Pp. 1829-1834.
https://doi.org/10.37506/ijfmt.v14i4.11809

Jawad, A.H., Ngoh, Y.S., and Radzun K.A., 2018. Utilization of watermelon
(Citrullus lanatus) rinds as a natural low-cost biosorbent for
adsorption of methylene blue: kinetic, equilibrium and
thermodynamic studies. Journal of Taibah University for Science,
12(4): Pp. 371-381.
https://doi.org/10.1080/16583655.2018.1476206

Khaleel, L.R,, Al-Hermizy, S.M., and Abbas, M.N., 2022. Statistical Indicators
for Evaluating the Effect of Heavy Metals on Samaraa Drug Industry
Water Exposed to the Sun and Freezing. Tropical Journal of Natural
Product Research, 6(12), Pp. 1969-1974.
http://www.doi.org/10.26538/tjnpr/v6i12.12

Khudair, S.Y., Alsarayreh, A.A.,, and Abbas, M.N.,, 2024. Adsorption of
Vanadium from Iraqi Crude Oil on Nano Zeolite and Alum Sludge.
Journal of Engineering and Sustainable Development (JESD), 28(6),
Pp. 762-769. https://doi.org/10.31272 /jeasd.28.6.9

Kidanemariam, A. and Cho, S, 2025. Advanced Metal-Organic
Framework-Based Sensor Systems for Gas and Environmental
Monitoring: From Material Design to Embedded
Applications. Sensors, 25(21), 6539.
https://doi.org/10.3390/s25216539

Lakshmipathy, R., and Sarada, N.C., 2014. Adsorptive removal of basic
cationic dyes from aqueous solution by chemically protonated
watermelon (Citrullus lanatus) rind biomass, Desalination and Water
Treatment, 52: Pp. 6175-6184.
http://doi.org/10.1080/19443994.2013.812526

Lakshmipathy, R., Reddy, N.A., and Sarada, N.C., 2015. Optimization of
brilliant green biosorption by native and acid-activated watermelon
rind as low-cost adsorbent. Desalination and Water Treatment, 54: Pp.
235-244. http://doi.org/10.1080/19443994.2013.879082

Lakshmipathy, R, Reddy, N.A, and Sarada, N.C., 2016. Metal ion free
watermelon (Citrullus lanatus) rind as adsorbent for the removal of
lead and copper ions from aqueous solution. Desalination and Water
Treatment, 54: Pp. 235-244.

http://doi.org/10.1080,/19443994.2015.1072064

Lakshmipathy, R., Vinod, A.V., and Sarada, N.C,, 2013. Watermelon Rinds
as Biosorbent for Removal of Cd?* from Aqueous Solution: FTIR, EDX,
and Kinetic Studies. Journal of the Indian Chemical Society, 90, Pp.
1147-1154.

Letechipia, J.0., Gonzalez-Trinidad, ]., Jinez-Ferreira, H.E., Bautista-
Capetillo, C., Rovelo, C.0.R.,, Rodriguez, A.R.C.,2023. Removal of arsenic
from semiarid area groundwater using a biosorbent from watermelon
peel waste. Heliyon, 9: e13251.
https://doi.org/10.1016/j.heliyon.2023.e13251

Maddodi, S.A., Alalwan, H.A., Alminshid, A.H., Abbas, M.N., 2020. Isotherm
and Computational Fluid Dynamics Analysis of Nickel Ion Adsorption
from Aqueous Solution using Activated Carbon. South African Journal
of Chemical Engineering, 32, Pp. 5-12.
https://doi.org/10.1016/j.sajce.2020.01.002

Mahmood, R.S. Abbas, M.N.,, Abudi, Z.N., and Alsarayreh, A.A, 2025.
Harnessing the Green Method to Synthesize Cobalt Oxide
Nanoparticles and Testing Its Performance in Treating the Hidden
Pollution of Fluoride from Aqueous Solutions. Water Conservation and
Management (WCM), 9(3), Pp. 508-519.
https://doi.org/10.26480/wcm.03.2025.508.519

Mancinelli, M., and Martucci, A., 2025. Exploring the Potential of Zeolites
for Sustainable Environmental Applications. Sustainable Chemistry,
6(1), 9. https://doi.org/10.3390/suschem6010009

Memon, G.Z., Bhanger, M.I,, Akhtar, M., Talpur, F.N., and Memon, ].R., 2008.
Adsorption of methyl parathion pesticide from water using
watermelon peels as a low cost adsorbent, Chemical Engineering
Journal, 138: Pp. 616-621. http://doi.org/10.1016/j.cej.2007.09.027

Ndung'u S., Kinuthia E., Nyahanga T., and Kirkok S., 2025. Uptake studies
of fluoride ions from an aqueous media using triethylamine modified
watermelon rind biowastes. Discover Chemistry, 2(343): Pp. 1-20.
https://doi.org/10.1007 /s44371-025-00449-9

Rajaa, N., Kadhim, F.J.,, Abbas, M.N., and Banyhussan, Q.S., 2023. The
Improvement of Concrete Strength Through the Addition of
Sustainable Materials (agro-waste loaded with copper ions). 3rd
International Conference for Civil Engineering Science (ICCES 2023),
IOP Conf. Series: Earth and Environmental Science, 1232, 012038, 9
Pages. http://doi.org/10.1088/1755-1315/1232/1/012038

Reyes-Bozo, L., Vyhmeister, E., Castane, G. G., Chirinos, J., Zarraga, J.,
Sandoval-Yafiez, C., and Valdés-Gonzalez, H., 2025. A Systematic
Literature Review on the Use of Clays for Arsenic
Removal. Water, 17(9), 1402. https://doi.org/10.3390/w17091402

Scholz, M. 2023. How Activated Carbon Can Help You—Processes,
Properties and Technological Applications. Technologies, 11(6), 153.
https://doi.org/10.3390/technologies11060153

Shadhan, Z.J., Alhamd, S., and Abbas, M.N., 2024. Recovery of Vanadium
Element from Wastewater of Petroleum Refineries using Effective
Adsorbent: Mathematical Approach via Isothermal, Kinetics and
Thermodynamic Simulation. Al-Qadisiyah Journal for Engineering
Sciences (QJES), 17(3), Pp. 211-219.
https://doi.org/10.30772/qjes.2024.145441.1069

Tenea, A.G., Dinu, C,, Rus, P.A,, Ionescu, LA, Gheorghe, S, lancu, V.1, Vasile,
G.G., Pascu, L.F., and Chiriac, F.L., 2024. Exploring adsorption dynamics
of heavy metals onto varied commercial microplastic substrates:
Isothermal models and Kkinetics analysis. Heliyon, 10(15), e35364.
https://doi.org/10.1016/j.heliyon.2024.e35364

Yilmaz, O., and Tugrul, N., 2021. Zinc adsorption from aqueous solution
using lemon, orange, watermelon, melon, pineapple, and banana rinds.
Water  Practice and Technology, 17(1): Pp. 318-328.
https://doi.org/10.2166/wpt.2021.102

Zulfiqar, N,, Khalid, F., Khan, W., Yasien, W., Shakoor, F., Afzal, S., Joshi, S.,
and Inam,F, 2025. Engineering zeolitic and Nanostructured
molecular sieves for selective catalysis: Structural insights and
synthetic strategies. International Journal of Advanced Nano
Computing and Analytics, 4(2), Pp. 75-
87. https://doi.org/10.61797 /ijanca.v4i2.561

L 9>
CE—————

Cite The Article: Hawraa Ali Hashim, Nazar Munem Abdalsahib, Younus Mohammed Abed, Zahraa A. Alwitry, Mohammed Nsaif Abbas (2026). Removal of Manganese

Cations as A Type of Heavy Metals from Contaminated Aqueous Solutions using Agricultural Waste: Watermelon Rinds as A Case Study.
Water Conservation and Management, 10(1): 87-94.



https://connectjournals.com/03896.2021.21.3813
https://doi.org/10.1007/s13369-016-2381-2
https://doi.org/10.30772/qjes.2024.149956.1244
https://doi.org/10.31272/jeasd.3033
https://doi.org/10.1007/s41062-021-00564-3
http://www.jgpt.co.in/index.php/jgpt/article/view/3233
https://doi.org/10.37506/ijfmt.v14i4.11809
https://doi.org/10.1080/16583655.2018.1476206
http://www.doi.org/10.26538/tjnpr/v6i12.12
https://doi.org/10.31272/jeasd.28.6.9
https://doi.org/10.3390/s25216539
http://doi.org/10.1080/19443994.2013.812526
http://doi.org/10.1080/19443994.2013.879082
http://doi.org/10.1080/19443994.2015.1072064
https://doi.org/10.1016/j.heliyon.2023.e13251
https://doi.org/10.1016/j.sajce.2020.01.002
https://doi.org/10.26480/wcm.03.2025.508.519
https://doi.org/10.3390/suschem6010009
http://doi.org/10.1016/j.cej.2007.09.027
https://doi.org/10.1007/s44371-025-00449-9
http://doi.org/10.1088/1755-1315/1232/1/012038
https://doi.org/10.3390/w17091402
https://doi.org/10.3390/technologies11060153
https://doi.org/10.30772/qjes.2024.145441.1069
https://doi.org/10.1016/j.heliyon.2024.e35364
https://doi.org/10.2166/wpt.2021.102
https://doi.org/10.61797/ijanca.v4i2.561

