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Introduction

The expansion of industrial activities, energy production, mining operations, agricultural
practices, and widespread chemical usage have collectively led to a substantial rise in the
concentration of toxic pollutants in the environment. Concurrently, the escalating population
growth has heightened the demand for clean and accessible drinking water resources. The
discharge of approximately 2 million tons of industrial and agricultural wastewater into global
water bodies daily leads to various health issues and an estimated 14,000 deaths per day. The
presence of pollutants, including organic compounds, harmful chemicals, dyes, pH-altering
substances, heavy metals, dissolved salts and solids, and other toxins, in aquatic ecosystems
poses a constant threat to human health. These effluents can severely impact the quality of water
resources and the well-being of aquatic organisms.Trace quantities of heavy metals like
chromium, lead, and copper, commonly present in polluted soils, can adversely impact
microbes and plants. This can exacerbate iron deficiency symptoms, thereby hindering their
growth. Additionally, heavy metals can bind to the sulthydryl groups of proteins, resulting in
reduced enzyme activity. Heavy metals, organic substances, and toxic pollutants can have
severe consequences on living organisms. These substances readily accumulate in tissues, are
resistant to biological degradation, and exhibit high toxicity. They can enter the food chain and
adversely impact human health through a range of toxic effects, including toxicity,
carcinogenesis, genetic alterations, cardiovascular disorders, kidney damage, and neurological
impacts. Furthermore, the combination of heavy metals with sulthydryl groups of proteins can
lead to a decrease in enzyme activity, further exacerbating the harmful effects on living systems.
Hence, it is crucial to adsorb and reclaim heavy metals and other contaminants before their
release into the environment. Various techniques are employed to purify water and wastewater
from heavy metals, pollutants, and toxins. These approaches encompass physical processes
such as mixing, flocculation, sedimentation, and adsorption, as well as chemical methods
including chemical addition, sedimentation, gas transfer, adsorption, and disinfection. The
paper explores the use of advanced, efficient, and sustainable technologies in wastewater
treatment, with a focus on the process of surface adsorption using inexpensive and readily
available adsorbents as a cost-effective method for removing heavy metals from aqueous
solutions. Activated carbon, characterized by its unique spatial structure, high cation exchange
capacity, thermal stability, low cost, and abundant availability, has emerged as a promising
adsorbent that has garnered the attention of researchers. Additionally, the study investigates the
use of Flamintus algae, a natural adsorbent and a type of activated carbon, for the extraction of
heavy metal ions from polluted water. Furthermore, the research explores the enhancement of
heavy metal adsorption through the modification of activated carbon with MnFe204 magnetic
nanoparticles. In this study, the researchers synthesized Flamintus algae-MnFe204 using a
hydrothermal method and evaluated its ability to absorb Fe+2, Pb+2, and Cr+2 ions. The aim
of the research is to assess the potential use of magnetic Flamintus algae as a natural adsorbent
for the removal of these heavy metal ions.

Method

Experimental model

The present research is an experimental study that was carried out as a discontinuous system
in the laboratory. The chemicals used were obtained from Merck, Germany. For discontinuous
tests, usually 2 grams of modified Flamintus are used in 50 mL of each metal solution. Of
course, to investigate the effect of the amount of adsorbent on absorption, other ratios were also
used, for example, the ratio of 1 gram in 250 mL, but the optimal conditions of the experiments
were carried out in a ratio of 1 to 50. Atomic absorption spectrometry (AAS) was also used to
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determine the concentration of metal ions. All experiments were performed three times and the
obtained average was used as the final values in the calculations of adsorption isotherms and
kinetics.

Theories of attraction

Absorption experiments were carried out in a discontinuous system with 50 ml samples
containing Fe™, Pb™, and Cr? with a concentration of 25 to 100 mg/liter. The adsorption
process was carried out to determine the optimal pH, the effect of metal concentration, and the
determination of kinetic coefficients of adsorption and isotherm constants. In each case, the
adsorption capacity was obtained according to the following equation (Bagri, Hassani, Jarrah,
& Parnianchi, 2024).

[V(CO_Ce)]

ge = Ho=cl (1)

Where ge is the amount of heavy metals absorbed per unit of absorbent mass, Co is the
primary concentration, Ce is the secondary concentration at time t, V is the solution volume,
and m is the absorbent mass. To determine the adsorption kinetic coefficients and isotherm
constants for the adsorbent that had the highest removal efficiency during the tests to determine
the efficiency of the adsorbent, the effect of the initial concentration of Fe*2, Pb*™, and Cr*? on
the absorption rate was investigated over 2 hours. The resulting data were analyzed using
Langmuir, Freundlich, Temkin isotherm equations and first and second order synthetic
equations. The constants of the reaction rate and constants of the above-mentioned different
1sotherms were extracted to interpret the adsorption processes, adsorption capacity, adsorption
type and its energy. All test steps were repeated three times in order to reduce the error rate.

Dimensional analysis

In this research, the following kinetic models were used to investigate the absorption
behavior and to know the absorption reaction rate.

Quasi-first order kinetic model

The general state of the pseudo-first-order kinetic model equation is as equation (2).

In(qe — q¢) = In(qe) — kqt )

Where ge and qt are the amount of metal adsorbed on the adsorbent mass m/g in the
equilibrium state and at time t, respectively. By plotting log(qe-qt) against t, the values of
ge(mg/g) and k1(min™") can be obtained.

Quasi-quadratic Kinetic model

The general equation of the quasi-quadratic kinetic model is as equation (3).

t 1 1
qt kzqez qe ( )
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Results

The findings revealed that elevating the adsorbent dosage to 2 grams per 50 milliliters at a
concentration of 30 milligrams resulted in a 50% enhancement in removal efficiency.
Additionally, the adsorption capacity increased from 25% to 50% as the initial pH of the
solution was raised from 2 to 12. The data further suggested that the removal efficiency
improved with extended contact times but declined with higher initial concentrations of heavy
metals. Moreover, the Langmuir isotherm and the pseudo-quadratic kinetic model demonstrated
better alignment with the experimental data.

Conclusions

In this study, Filamentus-MnFe204 was synthesized and evaluated as a novel biosorbent for
the removal of Fe+2, Pb+2, and Cr+2 ions. Experimental data demonstrated that the magnetic
biosorbent is effective in adsorbing these heavy metal ions. The adsorption capacity was found
to be influenced by the pH of the solution and the adsorption time, with the maximum
adsorption capacity being obtained at pH 6.0. Kinetic studies revealed that the adsorption
process follows the pseudo-quadratic model, which provided a higher and more accurate
correlation coefficient compared to the first-order model. Thus, the pseudo-quadratic kinetic
model is considered a suitable model to describe the adsorption kinetics. The results of the
adsorption isotherm study indicated that the adsorption process follows the Langmuir isotherm.
Additionally, the studies showed that the magnetic biosorbent can be easily recovered due to
its magnetism and has great potential for the removal of Cu+2 and Cd+2 ions.
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