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Introduction

The increasing prevalence of environmental pollutants necessitates the develop-
ment of effective and sustainable remediation strategies. Biochar, derived from
agricultural waste, has emerged as a promising material for addressing heavy
metal contamination in soil, offering significant pollutant sequestration capabili-
ties and optimal adsorption parameters such as pH and contact time [1].

Simultaneously, the accumulation of emerging organic pollutants in water sources
poses a significant threat to ecological and human health. Novel synthesized
titanium dioxide nanoparticles doped with nitrogen have shown potential for
visible-light-driven photocatalytic degradation, effectively removing pharmaceuti-
cals through advanced oxidation processes [2].

Microplastic pollution is another critical environmental challenge, particularly in
wastewater treatment. Constructed wetlands have demonstrated efficiency in cap-
turing various microplastic types, with vegetation and substrate playing crucial
roles in their removal, presenting a nature-based solution for this persistent issue

[3].

Industrial effluents often contain hazardous dyes that require efficient removal. A
composite adsorbent made from chitosan and graphene oxide has been developed
for the effective decolorization of methylene blue, showcasing high efficiency and
reusability for dye removal from aqueous solutions [4].

The remediation of petroleum hydrocarbon-contaminated soil can be enhanced
through integrated approaches. Combining bioremediation with phytoremediation,
specifically using microbial inoculation and selected plant species, has shown syn-
ergistic effects in reducing hydrocarbon concentrations and improving soil health
[5].

Textile wastewater, characterized by recalcitrant organic pollutants like reactive
red 195, can be effectively treated using advanced oxidation processes. Fenton
and photo-Fenton processes have been evaluated for their degradation efficiency,
demonstrating the effectiveness of these methods in pollutant removal [6].

Fluoride contamination in drinking water is a widespread concern. Magnetic iron
oxide nanoparticles functionalized with calcium ions offer a novel and efficient
method for fluoride removal, with their magnetic properties facilitating easy sepa-
ration and potential reuse [7].

Industrial wastewater frequently contains heavy metals that require effective treat-
ment. Algae have been investigated as cost-effective and environmentally friendly
biosorbents for the removal of metals such as copper, zinc, and nickel, comparing
the performance of different algal species [8].

Persistent organic pollutants, like bisphenol A, pose challenges to conventional
water treatment methods. Electrochemical oxidation using boron-doped diamond
electrodes provides an efficient approach for their degradation, exhibiting high re-
moval rates and low energy consumption [9].

Ammonium contamination in wastewater is another significant issue. Modified ze-
olites have shown enhanced adsorption capacities for ammonium removal through
ion exchange and surface modification, with demonstrated potential for regenera-
tion and reuse [10].

Description

The development of biochar from rice straw presents a sustainable method for re-
mediating heavy metal-contaminated soil, specifically targeting lead and cadmium.
The research details the biochar’s characteristics and its adsorption capacity, iden-
tifying optimal conditions for pollutant removal, thus offering a cost-effective ap-
proach to soil pollution control [1].

Advancements in nanotechnology have led to the synthesis of novel nitrogen-
doped titanium dioxide nanoparticles, which exhibit photocatalytic activity under
visible light. This material is effective in degrading emerging organic pollutants
and pharmaceuticals in water, highlighting its potential in advanced oxidation pro-
cesses for water treatment [2].

Constructed wetlands are proving to be a viable nature-based solution for mitigat-
ing microplastic pollution in municipal wastewater. Studies have analyzed the spa-
tial distribution and removal efficiency of various microplastic types within these
systems, emphasizing the role of their structural components in capture [3].

A novel composite adsorbent, integrating chitosan and graphene oxide, has been
engineered for the efficient removal of methylene blue dye from industrial effluents.
Characterization of its surface properties and kinetic analysis confirm its high ef-
ficacy and reusability for decolorization processes [4].

For the remediation of soil contaminated with petroleum hydrocarbons, a combined
strategy of bioremediation and phytoremediation has been investigated. This inte-
grated approach leverages microbial activity and specific plant species to enhance
pollutant degradation and promote soil health recovery [5].

The degradation of textile dyes in wastewater is addressed through Fenton and
photo-Fenton processes. Research has focused on optimizing parameters such
as pH, hydrogen peroxide, and iron concentration to maximize the removal effi-
ciency of recalcitrant organic compounds [6].

A unique method for removing fluoride from drinking water involves the use of
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magnetic iron oxide nanoparticles functionalized with calcium ions. The synthesis
and characterization of this adsorbent highlight its capacity and selectivity, with
magnetic separation simplifying its recovery and reuse [7].

Algae are emerging as sustainable biosorbents for treating industrial wastewater
contaminated with heavy metals. Comparative studies on different algal species
have assessed their biosorption performance for metals like copper, zinc, and
nickel, underscoring their potential as an eco-friendly alternative [8].

Electrochemical oxidation offers a powerful technique for treating contaminated
water. The application of boron-doped diamond electrodes for the oxidation of
bisphenol A has revealed degradation pathways and identified intermediate prod-
ucts, demonstrating high efficiency and low energy requirements [9].

Modified zeolites are being utilized for enhanced ammonium removal from wastew-
ater. Through ion exchange and surface modifications, these materials exhibit im-
proved adsorption capabilities, along with the potential for effective regeneration
and reuse in water treatment applications [10].

Conclusion

This compilation of research addresses various environmental pollution challenges
through innovative remediation techniques. Studies explore the use of biochar for
heavy metal soil remediation, photocatalytic degradation of organic pollutants us-
ing doped nanoparticles, and microplastic removal via constructed wetlands. Com-
posite adsorbents and modified zeolites are investigated for dye and ammonium
removal from industrial wastewater, respectively. Phytoremediation and bioreme-
diation are combined for hydrocarbon-contaminated soil. Advanced oxidation pro-
cesses like Fenton and photo-Fenton are evaluated for textile dye degradation.
Magnetic nanoparticles offer a novel approach for fluoride removal, while algae
show promise as biosorbents for heavy metals. Electrochemical oxidation is pre-
sented as an efficient method for degrading persistent organic pollutants.
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