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ABSTRACT

Coriander powder, derived from the seeds of the Coriandrum sativum plant, represents a promising and eco-friendly solution
for pollutant removal from aqueous environments. This review paper aims to provide a thorough consolidation of recent
research on the utilization of coriander powder as an adsorbent for various contaminants. The scope of the review encompasses
its effectiveness in adsorbing a range of pollutants, including heavy metals, synthetic dyes, and organic contaminants. The
paper delves into the fundamental mechanisms of adsorption as they pertain to coriander powder. It examines the interaction
between the adsorbent and different types of pollutants, providing insights into how coriander powder facilitates the removal
process. The review also highlights key factors influencing the adsorption capacity of coriander powder, such as particle size,
pH, temperature, and contact time, and explores how these variables affect the efficiency of pollutant removal. In addition, the
review discusses potential modifications and treatments that can enhance the adsorption performance of coriander powder.
These modifications may include chemical treatments, physical alterations, or the development of composite materials.
The paper aims to identify and summarize the advancements in enhancing the adsorbent’s performance, thus providing
a comprehensive overview of current practices and future directions in the field. By consolidating findings from various
studies, this review provides valuable insights into the practical application of coriander powder in water treatment processes
and offers guidance for future research aimed at optimizing its use as a low-cost, sustainable adsorbent for environmental
remediation.
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1. INTRODUCTION Among these natural materials, coriander powder—a byproduct
of the spice industry—has garnered significant attention as a
potential adsorbent for water treatment. Derived from the seeds of
the Coriandrum sativum plant, coriander powder is not only readily
available but also comes at a low cost. Its potential as an adsorbent
is attributed to its inherent chemical properties and structure, which
can facilitate the adsorption of various pollutants. Research has shown

that coriander powder can effectively adsorb heavy metals, synthetic

Environmental pollution, particularly the contamination of water
bodies by heavy metals, dyes, and organic compounds, presents
severe challenges to both ecosystems and human health. Studies
have demonstrated that the presence of these pollutants in aquatic
environments can lead to detrimental effects on wildlife, disrupt the
ecological balance, and pose significant risks to human populations,

including health hazards and economic burdens [1,2].

Traditional water treatment methods, including chemical precipitation,
ion exchange, and membrane filtration, have been widely used to
address water pollution. However, these techniques often come
with several limitations. Chemical precipitation, while effective for
some pollutants, can produce hazardous sludge that requires further
disposal. lon exchange processes can be costly and may require
frequent regeneration of the exchange material. Membrane filtration,
though efficient, can suffer from high operational costs and membrane
fouling, which decreases performance and increases maintenance
requirements [3].

In response to these challenges, adsorption has emerged as a versatile
and increasingly popular method for water purification. Adsorption
involves the adhesion of pollutants from the aqueous phase onto a
solid surface, effectively removing contaminants from water. Recent
research has highlighted the advantages of using natural, sustainable
materials as adsorbents in adsorption processes. These materials often
exhibit favorable properties such as low cost, high availability, and
environmental friendliness.
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dyes, and organic contaminants from aqueous solutions, making it a
promising candidate for sustainable water treatment solutions [4,5].

This review aims to explore and synthesize the current research
on the use of coriander powder in adsorption on its applications,
focusing effectiveness, mechanisms, influencing factors, and
potential modifications to enhance its performance. By providing a
comprehensive analysis of the available literature, the review seeks
to highlight the viability of coriander powder as an eco-friendly
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alternative to traditional water treatment methods and to identify areas
for future research and development in the field of water purification.

2. CHEMICAL COMPOSITION AND PROPERTIES OF
CORIANDER POWDER

Coriander powder, derived from the seeds of the C. sativum plant,
is rich in a variety of bioactive compounds that contribute to its
effectiveness as an adsorbent. Understanding these components and
their roles is crucial for evaluating the powder’s potential in water
purification applications.

2.1. Cellulose and Hemicellulose

Coriander seeds are abundant in fibrous components such as
cellulose and hemicellulose. These polysaccharides form the
structural framework of the plant cell walls and are characterized
by their high porosity and surface area. The presence of cellulose
and hemicellulose in coriander powder provides several benefits for
adsorption processes:

e  Porous Structure: The fibrous nature of cellulose and hemicellulose
creates a porous network within the powder, significantly
increasing its surface area. A greater surface area allows for more
active sites where pollutants can adhere, thereby enhancing the
overall adsorption capacity of the powder [6].

e  Physical Adsorption: The porous structure facilitates the physical
adsorption of contaminants, which involves the adhesion of
pollutants to the surface of the adsorbent without forming chemical
bonds. This mechanism is crucial for the removal of a wide range
of pollutants, including heavy metals and organic dyes.

2.2. Proteins

Coriander powder also contains various proteins that contribute to its
adsorption capabilities. Proteins are complex macromolecules with
functional groups that play a significant role in adsorption processes:

e Amino and carboxyl groups: Proteins in coriander powder
possess amino and carboxyl groups, which are capable of
participating in ion exchange and complexation reactions. These
functional groups can interact with pollutants, particularly metal
ions, through coordination bonds or electrostatic interactions [7].

e  Complexation mechanisms: The ability of proteins to form
complexes with pollutants enhances the removal efficiency
of coriander powder. For example, the chelation of metal
ions by protein functional groups can significantly reduce the
concentration of these pollutants in aqueous solutions.

2.3. Essential Oils

Coriander seeds are also known for their essential oils, which

include compounds such as linalool and borneol. These oils

contribute to the adsorption properties of coriander powder in the
following ways:

e  Hydrophobic interactions: Essential oils possess hydrophobic
properties that enable them to interact with non-polar or hydrophobic
pollutants. This interaction can enhance the adsorption of organic
contaminants, such as synthetic dyes, by providing additional
adsorption sites through hydrophobic forces [8].

e Increased adsorption efficiency: The presence of essential oils
can improve the overall efficiency of the adsorption process by
promoting the uptake of hydrophobic pollutants and potentially
influencing the interactions between the adsorbent and various
contaminants.
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3. FACTORS AFFECTING ADSORPTION CAPACITY

The efficiency of coriander powder as an adsorbent for removing
pollutants from aqueous solutions is influenced by several key factors.
Understanding these factors is crucial for optimizing the adsorption
process and achieving effective pollutant removal.

3.1. pH

e  Effect on ionization: The pH of the solution plays a critical role
in determining the ionization state of both the functional groups
on the adsorbent and the pollutants. The ionization affects the
interactions between the adsorbent and adsorbate. For example,
at different pH levels, carboxyl and amino groups on coriander
powder can become protonated or deprotonated, altering their
ability to interact with pollutants [4,9].

e Impact on adsorption efficiency: The adsorption efficiency can
vary with pH, as it affects the charge of the adsorbent surface and
the speciation of the pollutants. For instance, heavy metal ions
might be more effectively adsorbed at certain pH levels where the
adsorbent’s functional groups are optimally charged to interact
with the metal ions.

3.2. Contact Time

e Influence on adsorption extent: The contact time between the
adsorbent (coriander powder) and the adsorbate (pollutant)
directly impacts the extent of adsorption. Typically, adsorption
occurs rapidly at the beginning, and the rate decreases as the
adsorbent sites become occupied [5,10].

e  Equilibrium time: Equilibrium is usually reached within a few
hours, after which the rate of adsorption slows down significantly.
Understanding the optimal contact time is essential for designing
effective adsorption processes and ensuring complete removal of
pollutants.

3.3. Initial Concentration

e  Effect of concentration: Higher initial concentrations of pollutants
in the solution generally lead to increased adsorption rates, as
there are more pollutant molecules available for interaction with
the adsorbent [11]. This often results in higher removal efficiency
up to a certain point.

e  Saturation of adsorption sites: However, as the concentration
increases, the adsorbent may reach saturation, meaning that all
available adsorption sites are occupied. Beyond this point, the
adsorption efficiency may not increase significantly, and excess
pollutants will remain in the solution [6].

3.4. Temperature

e  Thermodynamic and kinetic effects: Temperature affects both
the kinetics and thermodynamics of the adsorption process.
Generally, increased temperature can lead to higher adsorption
rates due to enhanced molecular movement and diffusion [1,8].

e Impact on adsorption capacity: The effect of temperature on
adsorption capacity can vary. For some processes, higher
temperatures may increase adsorption due to higher energy
availability, while for others, it may reduce adsorption if the
process is exothermic. Temperature-dependent studies help in
understanding the optimal conditions for effective pollutant
removal.
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3.5. Adsorbent Dosage

e  Availability of adsorption sites: The amount of coriander powder
used in the adsorption process influences the number of available
adsorption sites. A higher dosage of adsorbent typically increases
the overall removal efficiency because more sites are available for
pollutant adsorption [4,12].

e Effect on efficiency: While increasing the adsorbent dosage
can improve removal efficiency, it also comes with diminishing
returns at higher dosages. Beyond a certain point, additional
adsorbent may not significantly enhance the removal efficiency
but could lead to increased costs and operational challenges.

4. MECHANISMS OF ADSORPTION

The removal of pollutants from aqueous solutions using coriander
powder involves several adsorption mechanisms. Each mechanism
plays a crucial role in determining the efficiency and effectiveness of
the adsorbent in capturing various types of contaminants.

4.1. Physical Adsorption

Physical adsorption, also known as physisorption, is primarily driven
by van der Waals forces, which are weak intermolecular interactions.
This mechanism involves the following characteristics:

e Van der Waals forces: These forces are weak attractions between
molecules or particles due to temporary dipole interactions. In
physical adsorption, pollutants adhere to the surface of coriander
powder through these non-covalent interactions [1].

e Non-chemical bonding: Unlike chemical adsorption, physical
adsorption does not involve the formation of chemical bonds
between the adsorbent and adsorbate. This type of adsorption is
typically reversible, meaning pollutants can be desorbed from the
surface under certain conditions.

e  Surface areaand porosity: The effectiveness of physical adsorption
is enhanced by the porous structure of coriander powder. The
increased surface area provided by cellulose and hemicellulose
allows for greater contact with pollutants, facilitating the
adsorption process [12].

4.2. Chemical Adsorption (Chemisorption)

Chemical adsorption, or chemisorption, involves the formation of
strong chemical bonds between the adsorbate and specific functional
groups on the adsorbent surface. This mechanism includes:

e  Formation of chemical bonds: Chemisorption involves the
formation of covalent or ionic bonds between the adsorbate and
functional groups on coriander powder, such as amino, hydroxyl,
and carboxyl groups [11]. This interaction is generally stronger
than physical adsorption and often results in irreversible bonding.

e  Functional groups: The proteins and other components in
coriander powder contain functional groups capable of reacting
with pollutants. For example, amino groups can form amine bonds
with metal ions, and hydroxyl groups can engage in hydrogen
bonding with organic molecules [13].

e  Selectivity: Chemisorption often exhibits higher selectivity for
specific pollutants due to the formation of tailored chemical bonds.
This allows for targeted removal of particular contaminants from
water.

4.3. Ion Exchange

Ion exchange is a process where ions are exchanged between the
adsorbate and the adsorbent. This mechanism is particularly relevant
for the removal of ionic pollutants, such as heavy metals:
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e  Exchange of ions: During ion exchange, ions present in the
pollutant solution are exchanged with ions on the surface of the
coriander powder. This process typically occurs in the presence of
an ion-exchange resin or similar materials [4].

e  Relevance for heavy metals: Coriander powder can facilitate the
removal of heavy metals through ion exchange, as metal ions are
exchanged with ions present on the adsorbent surface, effectively
reducing their concentration in the solution [6].

e  Capacity and efficiency: The ion exchange capacity depends on
the concentration of exchangeable ions on the coriander powder
and the affinity of these ions for the pollutants.

4.4. Complexation

Complexation involves the formation of stable complexes between
metal ions and functional groups on the adsorbent. This mechanism
includes:

e  Formation of complexes: Complexation occurs when metal
ions in the solution interact with functional groups on coriander
powder, forming stable coordination complexes. This interaction
enhances the removal efficiency of metal ions from the aqueous
phase [10].

e  Functional groups involved: Functional groups such as
carboxyl, hydroxyl, and amino groups play a significant role in
complexation. These groups can donate electron pairs to metal
ions, leading to the formation of stable chelates or complexes [9].

e  Effectiveness for metal removal: Complexation is particularly
effective for removing heavy metals, as it leads to the formation of
stable complexes that are less likely to re-dissolve in the solution.

5. APPLICATIONS OF CORIANDER POWDER AS AN
ADSORBENT

5.1. Lead (Pb) Removal

Coriander powder has demonstrated significant effectiveness in

removing lead ions (Pb*") from aqueous solutions. The high adsorption

capacity of coriander powder for lead can be attributed to several factors:

e  Affinity for carboxyl and hydroxyl groups: Coriander powder
contains functional groups such as carboxyl (-COOH) and
hydroxyl (-OH) groups, which have a strong affinity for lead ions.
These groups can form stable interactions with lead ions through
ion exchange and complexation mechanisms [1].

e Mechanism of adsorption: The lead ions can interact with the
carboxyl and hydroxyl groups on the surface of the coriander
powder, leading to effective adsorption. These interactions can
occur through electrostatic attraction or coordination bonds,
which help in reducing the concentration of lead in contaminated
water [2].

e  Environmental and health implications: Lead is a highly toxic
metal that poses serious health risks, including neurological
and developmental damage. The ability of coriander powder
to efficiently remove lead ions makes it a valuable tool for
addressing lead contamination in drinking water and other
aqueous environments.

5.2. Cadmium (Cd) Removal

Cadmium (Cd*") is another heavy metal that has been effectively

removed using coriander powder. The mechanisms involved in

cadmium removal include:

e Jon exchange mechanism: Coriander powder’s fibrous structure and
ion-exchange properties facilitate the exchange of cadmium ions
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with other ions present on the surface of the adsorbent. This process
helps in reducing the concentration of cadmium in water [10].

e  Complexationmechanism: Inaddition to ion exchange, complexation
plays a significant role in cadmium removal. Cadmium ions can
form stable complexes with functional groups on coriander powder,
enhancing the overall adsorption efficiency [3].

e  Toxicity of cadmium: Cadmium is a highly toxic metal that can
cause severe health issues, including kidney damage and bone
disease. The use of coriander powder for cadmium removal is
beneficial for mitigating these health risks and ensuring safer
water quality.

5.3. Copper (Cu) Removal

Copper (Cu?) removal using coriander powder has also been

investigated, with promising results indicating its effectiveness:

e  Adsorption studies: Research has shown that coriander powder
can significantly reduce copper concentrations in contaminated
water. The adsorption of copper ions is facilitated by the functional
groups present in the powder, which interact with the metal ions
to remove them from the solution [11].

e Mechanisms involved: The removal of copper involves both physical
adsorption and chemical interactions, including ion exchange and
complexation. These mechanisms enable coriander powder to
effectively capture and remove copper ions from water [7].

e Importance of copper removal: While copper is an essential trace
element, excessive concentrations in water can lead to toxicity
and health problems. Effective removal of copper is important for
maintaining water quality and preventing adverse health effects.

5.4. Dye Removal

Synthetic dyes are a significant environmental concern due to their
widespread use in the textile industry and their potential to cause serious
pollution in water bodies. Coriander powder has been investigated as
a promising adsorbent for the removal of various synthetic dyes from
aqueous solutions. Two notable examples are methylene blue and
rhodamine B.

5.4.1. Methylene blue removal

Methylene blue is a commonly used synthetic dye with applications

in textiles and other industries. The removal of methylene blue using

coriander powder involves the following aspects:

e  High adsorption capacity: Studies have demonstrated that coriander
powder exhibits a high adsorption capacity for methylene blue.
This effectiveness is largely due to the powder’s ability to provide
ample surface area and interaction sites for the dye molecules [4].

e  Langmuir isotherm model: The adsorption process for methylene
blue onto coriander powder is well-described by the Langmuir
adsorption isotherm model. This model assumes that adsorption
occurs on a surface with a finite number of identical sites, where
each site can hold only one molecule of dye. The Langmuir model
suggests that the adsorption process reaches a maximum capacity
when all the active sites are occupied [8].

e  Mechanism of adsorption: The high adsorption capacity of
coriander powder for methylene blue can be attributed to its
porous structure and the presence of functional groups that
interact with the dye molecules. The interaction may involve
physical adsorption through van der Waals forces or chemical
interactions involving functional groups on the adsorbent surface.

5.4.2. Rhodamine B removal

Rhodamine B is another synthetic dye known for its vibrant color
and use in various applications, including textiles and as a tracer
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dye. The removal of rhodamine B using coriander powder is

characterized by:

e  Effective removal through physical adsorption: Rhodamine B is
effectively removed from aqueous solutions by coriander powder
through physical adsorption. This process involves the adhesion
of dye molecules to the surface of the powder without forming
strong chemical bonds [11].

e Interaction with functional groups: The adsorption of rhodamine
B is facilitated by interactions between the dye molecules
and functional groups present on the coriander powder. These
interactions may include hydrogen bonding, van der Waals
forces, or electrostatic interactions, depending on the nature of
the functional groups and the dye molecules [5].

e  Efficiency and practicality: The ability of coriander powder to
remove rhodamine B efficiently demonstrates its potential as a
practical and cost-effective adsorbent for dye removal. This is
particularly important for addressing the environmental impact of
dye effluents from the textile industry.

5.5. Organic Contaminant Removal

Organic contaminants, such as phenols and pesticides, represent
significant pollutants in water sources due to their toxicity and
persistence. Coriander powder has been explored as an effective
adsorbent for removing these organic contaminants, offering a potential
solution for environmental remediation.

5.5.1. Phenol removal

Phenol is a common organic pollutant that can have harmful effects on

both human health and the environment. The removal of phenol using

coriander powder involves the following aspects:

e  Effective adsorption: Research indicates that coriander powder can
effectively reduce the concentration of phenol in aqueous solutions.
The adsorption capacity of coriander powder for phenol is influenced
by its chemical composition and physical properties [10].

e Adsorption kinetics: The kinetics of phenol adsorption onto
coriander powder are well-described by a pseudo-second-
order model. This model suggests that the rate of adsorption is
proportional to the square of the number of unoccupied sites
on the adsorbent surface. The pseudo-second-order model
implies that the rate-limiting step may involve the formation of
chemical bonds or interactions between phenol molecules and
the adsorbent [12].

e Mechanism of adsorption: The adsorption of phenol onto coriander
powder is likely driven by a combination of physical adsorption and
chemical interactions. Functional groups present in the coriander
powder may interact with phenol molecules through hydrogen
bonding or other mechanisms, facilitating effective removal.

5.5.2. Pesticide removal

Pesticides are organic contaminants that can pose risks to both

ecosystems and human health. The removal of pesticides using

coriander powder is an area of growing interest, with preliminary
studies providing insights into its potential effectiveness:

e  Preliminary findings: Initial studies suggest that coriander
powder can adsorb certain pesticides from aqueous solutions. The
effectiveness of coriander powder in removing pesticides may
vary depending on the specific pesticide, its chemical properties,
and the characteristics of the coriander powder [1].

e Adsorption mechanisms: The adsorption of pesticides onto
coriander powder may involve physical adsorption, ion exchange,
and complexation mechanisms. The interaction between the
pesticides and the functional groups on the coriander powder’s
surface can play a key role in the adsorption process [13].
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e Need for further research: While preliminary results are promising,
more research is needed to fully understand the mechanisms of
pesticide removal and to optimize the adsorption process. This
includes exploring the efficiency of coriander powder for different
types of pesticides, evaluating the effects of various operational
parameters (e.g., pH, temperature, contact time), and assessing
the practical applicability of coriander powder in real-world
scenarios.

6. MODIFICATIONS TO ENHANCE ADSORPTION
PERFORMANCE

To improve the effectiveness of coriander powder as an adsorbent,
various modifications can be applied. These modifications aim to
increase the adsorbent’s surface area, introduce new functional groups,
or combine it with other materials to enhance its adsorption capacity.
Here’s a detailed look at the main strategies:

6.1. Chemical Modification

e Introduction of functional groups: Chemical modification involves
treating coriander powder with acids, bases, or other chemicals to
introduce additional functional groups. These functional groups
can enhance the adsorbent’s ability to interact with pollutants.
For example, treating coriander powder with acids may introduce
more carboxyl or hydroxyl groups, which can improve its affinity
for certain pollutants [7,11].

e Increased surface area: Chemical treatments can also increase the
surface area of coriander powder by removing some of the less
reactive components or by creating new pores. This increased
surface area provides more sites for adsorption and can lead to
enhanced removal efficiency for various pollutants.

e  Modification methods: Common chemical modification methods
include acid treatment (e.g., using hydrochloric acid or sulfuric
acid), base treatment (e.g., using sodium hydroxide), and
oxidation treatments. Each method can target specific functional
groups or structural changes to optimize adsorption performance.

6.2. Thermal Treatment

e  Enhancement of porosity: Thermal treatment involves heating
coriander powder to alter its physical structure. This process can
enhance the powder’s porosity by expanding the material and
creating additional surface area and micropores [3,10].

e Impact on adsorption capacity: Heating can improve the
adsorption capacity of coriander powder by making it more
porous and increasing the accessibility of active sites. However,
excessive heating might lead to the degradation of some functional
groups, so optimization of the temperature and duration is crucial
for achieving the desired enhancement.

e  Temperature considerations: The temperature used in thermal
treatment should be carefully controlled. Typical thermal
treatments range from moderate to high temperatures, depending
on the desired changes in the powder”’s structure.

6.3. Composite Formation

e  Combination with other materials: Forming composites by
combining coriander powder with other adsorbent materials, such
as activated carbon, clay, or zeolites, can significantly enhance
adsorption performance [1,6].

e  Activated carbon: Activated carbon is known for its high surface
area and adsorption capacity. When combined with coriander
powder, it can enhance the overall effectiveness of the composite
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adsorbent by providing additional adsorption sites and improving
pollutant removal.

e Clay and zeolites: Adding materials, such as clay or zeolites can
improve the mechanical strength and stability of the adsorbent,
as well as provide additional functional groups or adsorption
sites. These materials can also help in targeting specific types of
pollutants and broadening the range of adsorbable substances.

e  Composite preparation methods: The preparation of composites
can involve physical mixing, impregnation, or other methods to
ensure that the coriander powder is effectively combined with
the additional materials. The choice of materials and preparation
method depends on the specific application and target pollutants.

7. FUTURE DIRECTIONS AND CHALLENGES

Despite the promising potential of coriander powder as an adsorbent,
there are several key challenges that need to be addressed to fully
realize its applications in water treatment and other environmental
remediation processes. Here’s a detailed exploration of these challenges
and future research directions:

7.1. Scale-Up

e  Challenges in scaling up: While laboratory-scale studies have
shown that coriander powder can effectively remove pollutants,
scaling up these processes to industrial or municipal levels
presents several challenges. These challenges include ensuring
consistent quality and performance of the adsorbent in larger
quantities and adapting the production and application methods to
fit large-scale water treatment systems [4,9].

e  Process development: Developing scalable processes involves
optimizing the preparation methods, enhancing the efficiency of
adsorption at larger scales, and ensuring that the adsorbent can
be produced cost-effectively. Research is needed to establish
protocols for large-scale production and integration of coriander
powder into existing water treatment infrastructure.

e Cost and feasibility: In addition, the economic feasibility of using
coriander powder on a large scale must be assessed. This includes
evaluating the costs associated with production, transportation,
and application, as well as comparing these costs to other
conventional adsorbents.

7.2. Regeneration and Reusability

e Regeneration techniques: One of the critical aspects of making
coriander powder a viable option for water treatment is developing
effective methods for regenerating spent adsorbent. Regeneration
techniques involve removing the adsorbed pollutants from the
coriander powder so that it can be reused [10,12].

e  Assessment of reusability: The efficiency of regeneration and the
subsequent reusability of coriander powder need to be thoroughly
evaluated. This involves testing the adsorbent’s performance after
multiple cycles of adsorption and regeneration and determining
the extent to which its adsorption capacity is retained over time.

e Cost-effectiveness: Regeneration processes should be cost-
effective and not negate the economic benefits of using coriander
powder as an adsorbent. The development of regeneration methods
should also consider the impact on the overall sustainability of the
treatment process.

7.3. Mechanistic Understanding

e Molecular mechanisms: A deeper understanding of the molecular
mechanisms involved in the adsorption process is essential for
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optimizing conditions and improving performance [11,13]. This
includes studying the interactions between the adsorbate and the
functional groups on coriander powder at a molecular level.

e  Optimization of conditions: Research should focus on elucidating
how factors such as pH, temperature, and contact time influence
adsorption mechanisms. This knowledge can help in fine-tuning
the conditions to maximize the efficiency of coriander powder as
an adsorbent.

e  Advanced characterization: Advanced analytical techniques, such
as spectroscopy and microscopy, can be employed to gain insights
into the adsorption process and the structural changes occurring in
coriander powder during adsorption.

7.4. Environmental Impact

e Lifecycleassessments(LCAs): Evaluating the overall environmental
impact of using coriander powder involves conducting LCAs to
assess the environmental footprint of production, application,
and disposal [1,8]. LCAs help in understanding the resource
consumption, emissions, and potential environmental benefits of
using coriander powder compared to other adsorbents.

e Potential secondary pollution: It is important to assess any
potential secondary pollution issues that may arise from using
coriander powder. This includes evaluating whether the use
of coriander powder could lead to the generation of any new
pollutants or waste products that might impact the environment.

e  Sustainability considerations: The sustainability of coriander
powder as an adsorbent should be assessed in terms of its
availability, environmental impact, and overall contribution to
pollution control efforts.

7.5. Effectiveness in Pollutant Removal

Coriander powder has demonstrated considerable efficacy in adsorbing
a broad spectrum of pollutants from water. Its ability to remove heavy
metals such as lead, cadmium, and copper, as well as synthetic dyes,
such as methylene blue and rhodamine B, highlights its potential in
tackling diverse contamination issues. In addition, preliminary research
indicates that coriander powder can also address organic contaminants,
such as phenols and pesticides.

e  Heavy metals: The adsorbent’s effectiveness in removing heavy
metals is attributed to its functional groups and structural
characteristics that facilitate various adsorption mechanisms,
including ion exchange and complexation.

e  Dyes: The high adsorption capacity for synthetic dyes suggests
that coriander powder can effectively address color pollution in
wastewater, a common issue in the textile industry.

e  Organic contaminants: While more research is needed, initial
studies suggest that coriander powder can also remove organic
contaminants, contributing to its broad applicability in water
treatment.

7.6. Advantages of Coriander Powder

The use of coriander powder as an adsorbent offers several advantages:

e  Low cost: Coriander powder is a byproduct of the spice industry,
making it a cost-effective material compared to synthetic or
commercially available adsorbents.

e  Availability: Its widespread availability and ease of procurement
further enhance its practicality for large-scale applications.

e  Eco-friendly: As a natural and biodegradable material, coriander
powder presents an environmentally friendly alternative to
conventional adsorbents, reducing the overall ecological footprint
of water treatment processes.
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7.7. Challenges and Future Directions

Despite its promising attributes, several challenges must be addressed to

fully realize the potential of coriander powder in practical applications:

e Scale-up: Developing scalable processes for the production and
application of coriander powder in real-world water treatment
systems is essential. This includes ensuring consistent quality and
performance across larger quantities and adapting to industrial
requirements.

e  Regeneration and reusability: Investigating methods for
regenerating spent adsorbent and assessing its reusability are
crucial for ensuring cost-effectiveness and sustainability. Effective
regeneration techniques will enhance the longevity and economic
viability of coriander powder as an adsorbent.

e Mechanistic understanding: Gaining deeper insights into
the molecular mechanisms of adsorption will help optimize
conditions and improve performance. Advanced characterization
techniques are needed to understand how different factors
influence adsorption.

e  Environmental impact: Evaluating the overall environmental
impact of using coriander powder, including LCAs and potential
secondary pollution issues, is important for assessing its
sustainability and long-term applicability.

8. CONCLUSION

Coriander powder has shown promising potential as an eco-friendly
and sustainable adsorbent, particularly valuable in environmental
remediation. Derived from the seeds, leaves, and stems of C. sativum,
coriander-based adsorbents have demonstrated high adsorption
capacities for pollutants such as heavy metals, organic contaminants,
and dyes, such as methylene blue. Its effectiveness is primarily due to
the natural porosity and surface chemistry of coriander biomass, which
offers ample binding sites for various pollutants. Coriander powder’s
low cost and wide availability further enhance its appeal as a green
alternative to synthetic adsorbents.

8.1. Adsorption Mechanisms and Performance

Recent studies have highlighted coriander powder’s high affinity
for pollutants through adsorption isotherm models (e.g., Langmuir
and Freundlich models) that explain how contaminants adhere to
coriander’s surface. The adsorption process is governed by multiple
mechanisms, including ion exchange, hydrogen bonding, and van der
Waals forces. Specifically, activated carbon derived from coriander
shows superior performance in adsorbing dyes and heavy metals.
For example, a study by de Souza et al. (2022) used coriander-based
activated carbon to effectively remove methylene blue from water,
demonstrating its high adsorption capacity and favorable kinetics.
These results confirm coriander’s utility in various water treatment
applications.

8.2. Development of Coriander-based Composite Materials

To enhance the adsorption capabilities of coriander biomass, researchers
are increasingly developing composite materials by combining
coriander with other adsorbent materials. One recent development
includes the creation of coriander-based carbon composites doped with
materials, such as iron oxide or zinc oxide, which improve structural
stability and catalytic efficiency. These composites not only increase
adsorption efficiency but also enable additional functions, such as
photocatalysis for degrading organic pollutants under light exposure.
Such advancements make coriander-based adsorbents viable in both
adsorption and catalytic degradation applications, expanding their
functionality in water treatment systems.

www.ijacskros.com



Indian Journal of Advances in Chemical Science

2024; 12(4): 245-251

8.3. Optimization of Adsorbent Preparation and Surface Modification

Advances in processing methods have also enhanced the adsorption
potential of coriander powder. Traditional approaches, such as
pyrolysis and chemical activation, are now being optimized to
increase surface area and modify the surface properties of coriander-
based adsorbents. For instance, optimized activation using potassium
hydroxide (KOH) has been shown to increase the porosity and surface
area of coriander-derived activated carbon, significantly boosting its
adsorption efficiency for pollutants, such as heavy metals. Researchers
are also exploring surface modification techniques, such as grafting
functional groups onto the coriander’s surface, to increase its affinity
for specific contaminants.

8.4. Application in Heavy Metal Removal

Recent research has shown that coriander powder can effectively adsorb
heavy metals, including lead, cadmium, and arsenic, from aqueous
solutions. The natural functional groups on coriander’s surface—such as
hydroxyl, carboxyl, and amino groups—bind strongly with heavy metals,
enabling high removal efficiency even at low concentrations. Studies
have highlighted coriander’s potential in environments with complex
mixtures of metals, as it exhibits selective adsorption capabilities.
This selectivity makes it particularly useful for industrial wastewater
treatment, where metal contamination is often a pressing issue.

8.5. Sustainability and Environmental Impact

Coriander powder’s sustainable nature makes it especially attractive
for large-scale environmental applications. Unlike synthetic adsorbents
that often require significant energy for production and disposal,
coriander-based adsorbents are biodegradable and renewable. The
environmental footprint associated with using coriander is relatively
low, especially when it is sourced as an agricultural byproduct. In
addition, the spent adsorbents, after being used in pollutant removal,
can often be regenerated or safely disposed of without generating
secondary pollution.

8.6. Challenges and Areas for Future Research

While coriander powder shows great promise, challenges remain that
require further research. One key issue is the regeneration of coriander-
based adsorbents. Current methods of adsorbent regeneration, such as
chemical washing, are not always effective or eco-friendly. Research
is ongoing to develop methods for easily regenerating coriander-based
adsorbents, potentially using lower-energy techniques or biodegradable
regenerants. Another area for exploration is scalability. Although
coriander is inexpensive, the logistics of large-scale application need
to be optimized to make its use in industrial settings practical.

Continued research also aims to improve the adsorption selectivity of
coriander-based adsorbents. By fine-tuning the physical and chemical
properties of coriander powder through surface modifications and
composite formation, scientists hope to enhance its ability to target
specific pollutants effectively. With these improvements, coriander
powder could become a versatile and reliable option in diverse
remediation applications, from rural water treatment systems to
complex industrial effluents.

KROS Publications

8.7. Future Outlook and Implications for Environmental Remediation

As research progresses, coriander powder holds potential not only in
pollutant adsorption but also in integrated environmental solutions,
including sustainable agriculture and waste management. Its dual
functionality as both an adsorbent and biodegradable material
aligns with the goals of circular economy frameworks, where waste
materials are repurposed for environmental benefits. With further
research into its regeneration, selective adsorption, and composite
capabilities, coriander-based adsorbents are positioned to become
a cornerstone in green chemistry and sustainable water treatment
solutions.
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