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With the global population growth and increasing fruit consumption, a
significant amount of fruit peels and seeds are discarded as waste. Citrus fruits,
being among the most consumed, produce abundant, cost-effective waste rich in
natural compounds, attracting researchers’ attention for environmental
applications. Water pollution, particularly from heavy metals such as Cr(VI),
Cr(111), Fe(l1), Zn(1n), Ni(l, Cu(lr), Cd(lr), Co(ll), Pb(1l), Zr(1V), U(VI), and
As(V), poses a major environmental challenge, threatening human health,
ecosystems, and economies. These metals, due to their high toxicity, density,
and bioaccumulation potential, present serious risks. This review article
examines studies on the use of citrus waste as natural and eco-friendly
adsorbents for removing heavy metals from water. The review findings indicate
that citrus peels, owing to their chemical and structural properties, exhibit
significant potential for heavy metal adsorption. Key factors influencing
adsorption efficiency include solution pH, initial metal concentration, adsorbent
dosage, contact time, process temperature, and particle size. Studies demonstrate
that optimizing these parameters can substantially enhance adsorption capacity
and removal efficiency. This review highlights the high potential of citrus waste
as a cost-effective and environmentally friendly solution for treating heavy
metal-contaminated wastewater.
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EXTENDED ABSTRACT

Introduction

Water is a vital resource, yet only 1% is drinkable, and pollution worsens due to population growth,
urbanization, and industry. Conventional water treatment is costly and generates waste, making natural
solutions like citrus waste appealing. Citrus residues (peels, pulp) contain bioactive compounds with
uses in food, pharmaceuticals, and cosmetics. They are also utilized in biofuels, animal feed, and biogas
production. Due to their porous structure, citrus residues work as biosorbents for removing heavy metals
and pollutants from wastewater. Functional groups like hydroxyl and carboxyl enhance their adsorption
capacity. Heavy metals (Pb, Cd, Ni, Cr) pose serious health risks, requiring effective removal methods.
Citrus-based biosorbents offer a low-cost, eco-friendly alternative to traditional treatments. Their
effectiveness depends on pH, concentration, contact time, temperature, and particle size. Understanding
these factors can optimize citrus-based water purification methods.

Study of the Parameters Affecting Heavy Metal Adsorption:
1. Effect of pH

The pH of a solution significantly affects heavy metal adsorption by influencing functional group
ionization and metal solubility. At low pH, excess hydrogen ions compete with metal cations, reducing
adsorption efficiency. Higher pH enhances ionization, decreasing competition and increasing
adsorption capacity. Each metal has an optimal pH range, with Cr(VI) best adsorbed in neutral
conditions, while Pb(Il) and Ni(ll) show higher adsorption in alkaline environments.

2. Effect of Biosorbent Dosage

The biosorbent dosage significantly impacts heavy metal removal efficiency by providing more active
sites for adsorption. However, excessive dosage can cause particle aggregation, reducing the effective
surface area and adsorption capacity. Optimizing the biosorbent amount is essential to balance
efficiency and capacity.

3. Effect of Contact Time

Understanding adsorption kinetics is crucial for optimizing water treatment with citrus-based
biosorbents. Adsorption occurs in two stages: Rapid initial adsorption, as vacant sites are available.
Slower adsorption, as active sites become occupied until equilibrium is reached. For example, Cr(VI)
reaches equilibrium in 120 minutes, while Cd(Il) may take longer.

4. Effect of Initial Metal Concentration

The initial concentration of metal ions affects both adsorption capacity and efficiency. Higher
concentrations increase the driving force for mass transfer but reduce removal efficiency as adsorption
sites become saturated. Optimizing metal ion concentration is crucial for effective water treatment.

5. Effect of Temperature

Temperature significantly affects the adsorption of heavy metals by citrus residues. In many cases,
higher temperatures increase adsorption capacity due to enhanced ion mobility and activated adsorption
sites. However, some metals like Cr(l11) exhibit reduced adsorption at higher temperatures. Typically,
the optimal temperature for most citrus-based biosorbents is around 30°C.

6. Effect of Particle Size

The size of biosorbent particles affects adsorption by influencing surface area and available sites.
Smaller particles generally increase adsorption capacity, but excessively small particles may lead to
aggregation and reduced efficiency. For metals like Cr(VI) and Pb(Il), smaller particles enhance
adsorption, while for others like Zn(ll), particle size has less impact. Identifying the optimal particle
size for each metal is key to maximizing adsorption.

Conclusion

Citrus waste, such as orange and lemon peels, offers a sustainable and eco-friendly solution for water
purification, effectively removing heavy metals and pollutants. Its high surface area and functional
groups help reduce agricultural waste and environmental pollution. Despite challenges in scaling
production, ongoing research may make citrus-based biosorbents a viable alternative to conventional
water treatment methods.
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