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ABSTRACT

The elimination of emerging pollutants has become a global concern due to their detrimental
impact on the environment and even humans. The effects of water contamination have
prompted efforts to find economical and ecologically acceptable treatment methods to reduce
therelated  environmental  risks.Adsorption = and  the  related  technologies
(filtration/biofiltration) where this process takes place have attracted a lot of attention because
of their affordability, ease of use, and efficacy, particularly when it comes to removing dyes
from wastewater. As a result, both conventional (activated carbon, clays, zeolites) and non-
conventional (agro-industrial/forestry/industrial wastes, nanomaterials, among others)
materials have demonstrated efficiencies greater than 90%. The focus of the research has
been on biosorption, an emerging technology, as a means of remediating heavy metals and
dyes through a novel technique. Because the functional groups are present, adsorption
employing agriculture and food industry wastes has demonstrated a higher absorption rate
than the standard approach. These days, this chapter discusses the use of pigeon feather and
sorghum straw as an alleged adsorbent for getting rid of harmful synthetic organic dyes that
come from waste water. Therefore, as a valorization alternative for these residues, the present
work has examined the synthesis of modified nanocomposites film from agro-industrial
residues and food industrial residue derived from the sorghum processing industry and
poultry farm for use in the removal of Methylene blue (MB) and Crystal violet (CV) from
contaminated water.
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1. INTRODUCTION

Many adsorbents have been tested for their ability to reduce dye concentrations in aqueous
solutions [1]. Activated carbon is a commonly used conventional adsorbent, but it can be
expensive and not suitable for large-scale treatment [2]. In addition to activated carbon, other
adsorbents such as peat, chitin, silica, and agricultural wastes have also been reported.
However, these alternative adsorbents often have lower adsorption capacities compared to
activated carbon [3]. Therefore, there is a need for the development and utilization of newer
and advanced adsorbent materials to overcome the limitations of conventional adsorbents and
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improve the efficiency and effectiveness of adsorption processes [4]. These newer adsorbent
materials offer unique properties, such as high surface area, tunable pore sizes, and specific
functional groups, which allow for improved adsorption capacities and selectivity [5].In
conclusion, the development and utilization of advanced adsorbent materials is crucial for
addressing the limitations of conventional adsorbents and improving the efficiency of
adsorption processes in various applications, including wastewater treatment, gas removal,
and CO2 capture. Furthermore, these advanced adsorbent materials offer the potential for
more sustainable and cost-effective solutions, which are essential in addressing
environmental challenges and promoting a greener future. In conclusion, the utilization of
advanced adsorbent materials is necessary to overcome the limitations of conventional
adsorbents and enhance the efficiency of adsorption processes in various applications [6].
Therefore, the use of conventional adsorbents for adsorption processes has certain limitations
in terms of their effectiveness and efficiency. Therefore, the development and utilization of
newer and advanced adsorbent materials is crucial to overcome these limitations and improve
the efficiency of adsorption processes.Wastewaters from industry make up a sizable amount
of this pollution [7].

Conventional Adsorbents for Water Treatment:

Water pollution is a major environmental concern, particularly due to the presence of heavy
metals and dyes in wastewater [8]. Conventional adsorbents have been widely used for water
treatment to remove these contaminants [9]. Conventional adsorbents include activated
carbon, zeolites, and clay minerals [10] Activated carbon is a commonly used conventional
adsorbent for heavy metal and dye removal.It has a high adsorption capacity and is effective
in removing a wide range of contaminants [11].Zeolites, on the other hand, have a porous
structure that allows for effective adsorption of heavy metals and dyes. Clay minerals, such as
bentonite and kaolin, have also shown promise as conventional adsorbents for water
treatment. These materials are readily available and can be easily processed for use as
adsorbents. However, conventional adsorbents have certain limitations [12]. They can be
expensive, especially in large-scale applications, and their separation from the treated water
can be challenging.
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Figure 1. Conventional adsorbents for the removal of pollutants from wastewaters [13].
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Non-Conventional Adsorbents for Contaminant removal in water treatment:

To overcome the limitations of conventional adsorbents, researchers have explored the use of
non-conventional adsorbents for heavy metal and dye removal from contaminated water
[7].non-conventional adsorbents include nanostructured materials, bioadsorbents, and low-
cost adsorbents. Nanostructured materials, such as graphene, fullerenes, and metal organic
frameworks, have shown promise in removing heavy metals from contaminated water
[14].Their high surface area and unique properties make them effective adsorbents for
pollutants.Bioadsorbents, such as chitosan and lignin, offer an economical and
environmentally friendly approach to water treatment. They have demonstrated outstanding
removal capabilities for heavy metals and dyes, surpassing the performance of commercial
activated carbon [15]. Low-cost adsorbents, including chitosan, zeolites, and waste slurry,
have also been found to be highly efficient in removing heavy metals from contaminated
water. Overall, the use of non-conventional adsorbents provides opportunities for improved
efficiency and cost-effectiveness in water treatment [11]. Moreover, the advancements in
nanotechnology have opened up new possibilities for utilizing nanomodified adsorbents in
wastewater treatment [16].These nanomodified adsorbents offer the potential for innovative
solutions to address the issue of water pollution [17]. In conclusion, both conventional and
non-conventional adsorbents have shown promise in removing heavy metals and dyes from
contaminated water. While conventional adsorbents such as clay minerals have been
effective, non-conventional adsorbents offer advantages such as lower cost, higher efficiency,
and environmental friendliness [18]. These non-conventional adsorbents, particularly
nanostructured materials and bio adsorbents, have demonstrated outstanding removal
capabilities for heavy metals and dyes in wastewater treatment processes [19].non-
conventional adsorbents, including nanostructured materials, bio adsorbents, and low-cost
adsorbents, offer innovative and efficient solutions for the removal of heavy metals and dyes
from contaminated water. Therefore, it is crucial for researchers and professionals in the field
of water treatment to continue exploring and utilizing both conventional and non-
conventional adsorbents to provide effective and sustainable solutions for the removal of
heavy metals and dyes from contaminated water [11]. In conclusion, both conventional and
non-conventional adsorbents have shown promise in removing heavy metals and dyes from
contaminated water.While conventional adsorbents such as activated carbon and minerals
have been widely used for the removal of heavy metals and dyes from contaminated water,
non-conventional adsorbents, such as chitosan, zeolites, waste slurry, and nanomodified
materials, have emerged as promising alternatives [20].

These non-conntional adsorbents have demonstrated higher removal capacities and lower cost
compared to conventional adsorbents. They also offer the potential for innovative and
sustainable solutions to address water pollution.Therefore, it is recommended to further
explore the potential of these non-conventional adsorbents and their application in water
treatment processes. In conclusion, both conventional and non-conventional adsorbents have
shown promise in removing heavy metals and dyes from contaminated water[21]. Non-
conventional adsorbents, such as graphene, fullerenes, and metal organic frameworks, offer
advantages in terms of cost-effectiveness and efficiency, and they have the potential for wider
applications in wastewater treatment.Overall, the use of both conventional and non-
conventional adsorbents is essential in addressing the issue of heavy metal and dye removal
from contaminated water [22].Both conventional and non-conventional adsorbents, including
nanostructured materials and bio adsorbents, have proven to be effective in removing heavy
metals and dyes from contaminated water [11]. Furthermore, the utilization of non-
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conventional adsorbents provides additional benefits such as lower cost, higher removal
capacities, and the potential for sustainable and environmentally friendly solutions.In
conclusion, the use of both conventional and non-conventional adsorbents is crucial for
effectively addressing the removal of heavy metals and dyes from contaminated water [11].
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Figure 2.Non-conventional adsorbents for the removal of pollutants from wastewaters [23].
Heavy Metal Removal from Water Sources:

There are various adsorbents that can be used for the removal of heavy metals from
contaminated water sources. Conventional adsorbents, such as activated carbon and minerals,
have been widely used for this purpose [24]. However, non-conventional adsorbents have
also shown promising results in terms of their efficiency and cost-effectiveness
[25].However, non-conventional adsorbents have also emerged as promising alternatives.
These include materials such as zeolites, waste slurry, nanomodified materials like graphene
and metal organic frameworks[26].

Table 1: WHO guideline for metal concentration in drinking water [S3].

Metal Cu Cr cd Hg Pb As Ni
Permissible 2000 50 3 3 10 10 700
limit, ug/L

These non-conventional adsorbents have demonstrated higher removal capacities and lower
cost compared to conventional adsorbents. In conclusion, both conventional and non-
conventional adsorbents have proven to be effective in the removal of heavy metals from
contaminated water [27]. Different adsorbents can be used for the removal of heavy metals
and dyes from contaminated water sources. Conventional adsorbents, such as activated
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carbon and minerals, have been widely used for this purpose [28]. However, non-
conventional adsorbents are gaining attention due to their improved efficiency and cost-
effectiveness.Figure (3) Harmful effect of heavy metal on human health according to [29].
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Figure 3.Harmful effects of heavy metals on human health. [29].

Dye Elimination Techniques in Water Treatment:

In water treatment processes, various techniques are employed for the elimination of dyes
from contaminated water [11]. These techniques include adsorption, coagulation/flocculation,
advanced oxidation processes, and membrane filtration. Among these techniques, adsorption
is considered one of the most efficient methods for dye removal. It involves the use of
adsorbents to attract and bind dye molecules, thereby removing them from the water. Some
conventional adsorbents that have been commonly used for dye removal include activated
carbon, clay minerals, and zeolites [30]. However, non-conventional adsorbents are emerging
as promising alternatives for dye elimination.These non-conventional adsorbents, such as
nanostructured materials, bio adsorbents, and low-cost adsorbents, offer advantages in terms
of their enhanced adsorption capacity, cost-effectiveness, and eco-friendliness.Some
examples of non-conventional adsorbents for dye removal include graphene, fullerenes,
graphitic carbon nitride, and metal organic frameworks. These materials have shown
exceptional dye removal capabilities and hold great potential for application in water
treatment processes [31].In conclusion, both conventional and non-conventional adsorbents
have proven to be effective in the removal of heavy metals and dyes from contaminated water
sources and offer viable solutions for water treatment processes. Organic adsorbents such as
bio adsorbents, agricultural waste materials, and natural polymers are considered non-
conventional adsorbents that have emerged as promising alternatives for dye removal due to
their abundant availability, low cost, and eco-friendly nature.
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Figure 4: Schematic diagram of Adsorption process

Comparing Conventional and Non-Conventional Adsorbents:

When comparing conventional and non-conventional adsorbents, it is important to consider
factors such as adsorption capacities, selectivity, and cost-effectiveness [32]. Conventional
adsorbents, such as activated carbon, have been widely used for water purification due to
theirbiosorption capacities and versatility [33]. However, these conventional adsorbents can
be expensive to produce and may require extensive processing [34]. On the other hand, non-
conventional adsorbents such as nanomaterials, bio adsorbents, and low-cost materials offer
alternative options that can overcome the limitations of conventional adsorbents. These non-
conventional adsorbents provide enhanced adsorption capacities, selectivity, and cost-
effectiveness for water purification processes [35].For example, nanomaterials, such as
carbon nanotubes and graphene oxide, have shown high adsorption capacities due to their
large surface area and unique structural properties [36]. Bio adsorbents, derived from natural
sources such as agricultural waste and biomass, have also gained attention for their eco-
friendly nature and ability to remove contaminantssuch as heavy metals and
dyes.Additionally, low-cost adsorbents, such as agricultural by-products and industrial waste
materials, offer a cost-effective alternative for water treatment [37]. These non-conventional
adsorbents can often be obtained at low cost or even as waste products, making them more
economically viable options for water purification. In summary, both conventional and non-
conventional adsorbents have their advantages and limitations.

One of the main challenges in removing contaminants from water is the presence of heavy
metals and dyes.Heavy metals are toxic substances that can have detrimental effects on
human health and the environment.[38].They can enter water sources through industrial
discharge, mining activities, and agricultural runoff [39]. Dyes, on the other hand, are
synthetic organic compounds commonly found in wastewater from industries such as textiles,
paper, and leather.These dyes not only pose aesthetic concerns but can also be toxic and
carcinogenic. To effectively remove heavy metals and dyes from contaminated water, both
conventional and non-conventional adsorbents can be utilized [40]. Some conventional
adsorbents commonly used for heavy metal and dye removal include activated carbon,
zeolites, clay minerals, and silica gel [41]. However, these conventional adsorbents have
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certain limitations, such as high cost, limited adsorption capacity, and selectivity for specific
contaminants.Non-conventional adsorbents, on the other hand, offer alternative options for
efficient and cost-effective removal of heavy metals and dyes.They can be derived from
various sources, including carbon nanomaterials, bio adsorbents, and low-cost materials like
agricultural waste and industrial by-products[25,41]. These non-conventional adsorbents,
derived from natural sources such as agricultural waste and biomass, have also gained
attention for their eco-friendly nature and ability to effectively remove contaminants from
water. Some examples of non-conventional adsorbents that have shown promise in heavy
metal and dye removal include rice husk, [42] sugarcane bagasse, [43]sawdust, [44]coconut
shell, [45]and groundnut shell [46].These materials are abundant and readily available,
making them attractive options for water purification.Additionally, the use of nanostructured
adsorbents has been explored in recent years.These nanostructured adsorbents, such as metal
oxides and carbon-based nanomaterials, have unique properties that enhance their adsorption
capacity andefficiency in removing heavy metals and dyes from water.In conclusion, a
combination of both conventional and non-conventional adsorbents can be used for the
efficient removal of heavy metals and dyes from contaminated.

Innovative Materials for Water Decontamination:

In today's rapidly changing world, the significance of accurate weather forecasts cannot be
overstated.Similarly, the issue of water pollution and the need for effective removal of heavy
metals and dyes from contaminated water has become a pressing concern.Adsorption is one
of the most efficient techniques for removing noxious heavy metals from water.Traditional
adsorbents, such as activated carbon, zeolites, clay minerals, and silica gel, have been
commonly used for this purpose [47].Despite their effectiveness, these conventional
adsorbents often have limitations such as high cost, limited capacity, and selectivity for
specific contaminants. To overcome these limitations, researchers have turned to non-
conventional adsorbents derived from natural sources and waste materials.These non-
conventional adsorbents, including carbon nanomaterials, bio adsorbents, and agricultural
waste and industrial by-products, offer alternativeand low-cost options for water purification.
They have shown promising results in removing heavy metals and dyes from contaminated
water [48].Furthermore, nanotechnology has emerged as aninnovative approach for water
decontamination.Nano adsorbents, such as metal nanoparticles and carbon-based
nanomaterials, have been developed to enhance the adsorption capacity and efficiencyof
these materials in removing heavy metals and dyes from water.These nanostructured
adsorbents have unique properties, such as high surface area, tuneable pore size, and
functional groups, which enhance their adsorptioncapacity and selectivity.By utilizing a
combination of conventional and non-conventional adsorbents, including nanostructured
materials, it is possible to achieve efficient removal of heavy metals anddyes from
contaminated water. This approach can significantly contribute to the protection of human
health and aquatic ecosystems, as well as addressing water scarcity issues.In addition to this,
the efficiency of developed materials for adsorption of the heavy metals is discussed in detail
along with the comparison of their maximum adsorption capacity in tabular form [49]. Non-
conventional adsorbents, such as carbon nanomaterials, bio adsorbents, and agricultural waste
and industrial by-products, offer alternativeand low-cost options for the removal of heavy
metals and dyes from contaminated water. These non-conventional adsorbents have shown
promising results and offer advantages such as lower cost, higher capacity, and selectivity for
specific contaminants. Overall, the use of both conventional and non-conventional
adsorbents, including nanostructured materials, provides a comprehensive solution for the
removal of heavy metals and dyes from contaminated water, offering cost-effective and
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efficient methods for water purification.In conclusion, the use of non-conventional adsorbents
derived from natural sources, waste materials, and nanomaterials offers a promising solution
forthe removal of heavy metals and dyes from contaminated water. The combination of
conventional and non-conventional adsorbents, including nanostructured materials, provides
a comprehensive and cost-effective solution for the removal of heavy metals and dyes from
contaminated water [18]. This comprehensive approach to water purification using a
combination of conventional and non-conventional adsorbents, including nanomaterials,
offers an efficient and cost-effective solution for removing heavy metals and dyes from
contaminated water. In summary, a wide range of organic and inorganic pollutants, including
heavy metals and dyes, pose a serious concern for human health and aquatic ecosystems.
Adsorption techniques using both conventional and non-conventional adsorbents, including
nanostructured materials, have shown great potential for efficiently removing heavy metals
and dyes from contaminated water.

The Role of Adsorbents in Environmental Remediation:

Adsorbents play a crucial role in environmental remediation by effectively removing
pollutants, such as heavy metals and dyes, from contaminated water. They act as a "sponge,"
attracting and binding to these contaminants, preventing them from further polluting the
water. Conventional adsorbents, such as carbon nanomaterials, bio adsorbents, and
agricultural waste and industrial by-products, offer alternative and sustainable options for the
removal of heavy metals and dyes from contaminated water [50]. On the other hand, non-
conventional adsorbents, including nanostructured materials, provide even more advantages
in terms of lower cost, higher capacity and selectivity, and faster adsorption rates. Overall,
the use of both conventional and non-conventional adsorbents is essential for effective and
efficient removal of heavy metals and dyes from contaminated water, and offers a promising
solution for water purification [50]. non-conventional adsorbents, such as nanostructured
materials, have shown great potential in removing heavy metals and dyes from contaminated
water. They offer advantages such as higher adsorption capacity, faster removal rates, and
greater selectivity [51]. Thesenano adsorbents are considered as a viable alternative to
conventional adsorbents due to their unique properties and have drawn significant attention in
the field of water treatment.

Future Perspectives on Adsorbent Use in Water Treatment:

Future perspectives on adsorbent use in water treatment involve further exploration and
development of nano adsorbents. Thesenano adsorbents have the potential to revolutionize
water treatment processes, providing more efficient and cost-effective solutions for removing
heavy metals and dyesfrom contaminated water. In addition, research should focus on
improving the transport and stability of nano adsorbents in aqueous media, as well as
addressing any potential health and environmental concerns associated with their use. By
utilizing the unique properties of carbon nanostructures, such as fullerenes, carbon nanotubes,
graphene, and graphene oxide, researchers have been able to develop efficient adsorbents for
the removal of heavy metals and dyes from contaminated water. Furthermore, the
development of innovative adsorbents using novel materials and techniques should also be
explored
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Conclusion:

In conclusion, both conventional and non-conventional adsorbents play a crucial role in the
removal of heavy metals and dyes from contaminated water. They provide advantages such
as lower cost, higher capacity, selectivity, and faster adsorption rates. The use of
nanostructured materials as non-conventional adsorbents offers even greater potential for
efficient water purification. The future of adsorbent use in water treatment lies in the
continued exploration and development of nano adsorbents, utilizing materials such as
fullerenes, carbon nanotubes, graphene, and graphene oxide. Thesenano adsorbents have
unique properties and show promise in revolutionizing water treatment processes. In addition,
further research should focus on improving the transport and stability of nano adsorbents in
aqueous media and addressing any potential health and environmental concerns associated
with their use.

REFERENCES:

1. Dutta, S., Gupta, B R., Srivastava, S K., & Gupta, A K. (2021, January 1). Recent advances on the
removal of dyes from wastewater using various adsorbents: a critical review. Materials advances,
2(14), 4497-4531. https://doi.org/10.1039/d1ma00354b

2. El-Sayed, M E A. (2020, October 1). Nanoadsorbents for water and wastewater remediation.
https://doi.org/10.1016/].scitotenv.2020.139903

3. Li, Y., Chen, Z., Li, R., & Cheng, C. (2020, November 25). Photocatalytic Degradation of Industrial
Printing and Dyeing Wastewater with Rice Husk-Based Porous Carbon Supported Titanium Dioxide.
https://doi.org/10.1088/1755-1315/598/1/012021

4. Cerino-Cordova, F J., Déavila-Guzmén, N E., Leon, A., Salazar-Rabago, J J., & Soto-Regalado, E.
(2020, June 10). Revalorization of Coffee Waste. https://doi.org/10.5772/intechopen.92303

5. Phouthavong, V., Yan, R., Nijpanich, S., Hagio, T., Ichino, R., Kong, L., & Li, L. (2022, January
29). Magnetic Adsorbents for Wastewater Treatment: Advancements in Their Synthesis Methods.
Materials (Basel), 15(3), 1053-1053. https://doi.org/10.3390/mal1503105.

6. Santhosh, C., Velmurugan, V., Jacob, G., Jeong, S K., Grace, A N., & Bhatnagar, A. (2016,
December 1). Role of nanomaterials in water treatment applications: A review.
https://doi.org/10.1016/j.cej.2016.08.053

7. Baig, U., Faizan, M., & Sajid, M. (2021, June 1). Effective removal of hazardous pollutants from
water and deactivation of water-borne pathogens using multifunctional synthetic adsorbent
materials: A review. Journal of  cleanerproduction, 302, 126735-126735.
https://doi.org/10.1016/j.jclepro.2021.126735

8. Baig, U., Faizan, M., & Sajid, M. (2021, June 1). Effective removal of hazardous pollutants from
water and deactivation of water-borne pathogens using multifunctional synthetic adsorbent
materials: A review. Journal of cleaner production, 302, 126735-126735.

9. Ahmad, A. (2021, May 10). A review on conventional and novel materials towards heavy metal
adsorption in wastewater treatment application.
https://www.sciencedirect.com/science/article/abs/pii/S095965262100809X

10. Behera, M., Nayak, J., Banerjee, S., Chakrabortty, S., & Tripathy, S K. (2021, August 1). A review
on the treatment of textile industry waste effluents towards the development of efficient mitigation
strategy: An integrated system design approach. https://doi.org/10.1016/j.jece.2021.105277

11. Liu, C., Wu, T., Hsu, P., Xie, J., Zhao, J., Li, K., Sun, J., Xu, J., Tang, J., Ye, Z., Lin, D., & Cui, Y.
(2019, May 22). Direct/Alternating Current Electrochemical Method for Removing and Recovering
Heavy Metal from Water Using Graphene Oxide Electrode. https://doi.org/10.1021/acsnano.8b09301

12. Chai, W S., Cheun, J Y., Kumar, P., Mubashir, M., Majeed, Z., Banat, F., Ho, S., & Show, P L.
(2021, May 1). A review on conventional and novel materials towards heavy metal adsorption in
wastewater treatment application. https://doi.org/10.1016/j.jclepro.2021.126589

13. Crini G (2006) Non-conventional low-cost adsorbents for dye removal. BioresourTechnol 97:1061—
1085. https://doi. org/10.1016/j.biortech.2005.05.001

Volume X1V, Issue 12, 2022 Page No: 833



Journal of Xi'an University of Architecture & Technology ISSN No : 1006-7930

14. Yu, G., Wang, X., Liu, J., Jiang, P., You, S., Ding, N., Guo, Q., & Lin, F. (2021, January 13).
Applications of Nanomaterials for Heavy Metal Removal from Water and Soil: 4 Review.
Sustainability (Basel), 13(2), 713-713. https://doi.org/10.3390/su13020713

15. Brido, G D V., Andrade, J C D., Silva, M G C D., & Vieira, M G A. (2020, April 15). Removal of
toxic metals from water using chitosan-based magnetic adsorbents. A review. Environmental
chemistry letters, 18(4), 1145-1168. https://doi.org/10.1007/s10311-020-01003-y

16. Krsti¢, V., Urosevié, T., &PeSovski, B. (2018, December 1). A review on adsorbents for treatment of
water and wastewaters containing copper ions. Chemical engineering science, 192, 273-287.
https://doi.org/10.1016/j.ces.2018.07.022

17. Jangid, P., & Inbaraj, M P. (2021, March 6). Applications of nanomaterials in wastewater treatment.
https://www.sciencedirect.com/science/article/pii/S2214785321001693

18. Singh, N B., Nagpal, G., Agrawal, S., & Rachna. (2018, August 1). Water purification by using
Adsorbents: A Review. https://www.sciencedirect.com/science/article/abs/pii/S2352186417302663

19. Chakraborty, R., Asthana, A., Singh, A K., Jain, B., & Susan, M A B H. (2020, February 20).
Adsorption of heavy metal ions by various low-cost adsorbents: a review.
https://doi.org/10.1080/03067319.2020.1722811

20. El-Reash, Y G A. (2021, January 1). Recent advances in heavy metal removal by chitosan
basedadsorbents.https://www.sciencedirect.com/science/article/abs/pii/S0144861720311735

21. Jawed, A., Saxena, V., & Pandey, L M. (2020, February 1). Engineered nanomaterials and their
surface functionalization for  the removal of  heavy  metals: A review.
https://doi.org/10.1016/j.jwpe.2019.101009

22. Abu Nada, A., McKay, G., & Abdala, A. (2020, March 24). Recent Advances in Applications of
Hybrid Graphene Materials for Metals Removal from Wastewater. https://www.mdpi.com/2079-
4991/10/3/595/pdf

23. Crini G, Badot PM (2008) Application of chitosan, a natural aminopolysaccharide, for dye removal
from aqueous solutions by adsorption processes using batch studies: a review of recent literature. Prog
Polym Sci 33:399-447. https://doi.org/10.1016/j. progpolymsci.2007.11.001

24. Gupta, G., Khan, J., & Singh, N. (2021, January 1). Application and efficacy of low-cost adsorbents
for metal removal from contaminated water: 4 review. Materials today: proceedings, 43, 2958-2964.
https://doi.org/10.1016/j.matpr.2021.01.316

25. Adsorption of heavy metals on conventional and nanostructured materials for wastewater treatment
purposes: A review. (2018, February 5).
https://www.sciencedirect.com/science/article/pii/S0147651317307881

26. Younas, F., Mustafa, A., Farooqi, Z U R., Wang, X., Younas, S., Mohy-Ud-Din, W., Hameed, M A.,
Abrar, M., Maitlo, A A., Noreen, S., & Hussain, M M. (2021, January 18). Current and Emerging
Adsorbent Technologies for Wastewater Treatment: Trends, Limitations, and Environmental
Implications. Water (Basel), 13(2), 215-215. https://doi.org/10.3390/w13020215

27. Kobielska, P A., Howarth, A J., Farha, O K., & Nayak, S. (2018, March 1). Metal-organic
frameworks for heavy metal removal from water. Coordination chemistry reviews, 358, 92-107.
https://doi.org/10.1016/j.ccr.2017.12.010

28. Singh, N., Nagpal, G., Agrawal, S., & Rachna, (2018, August 1). Water purification by using
Adsorbents: A Review. Environmental technology & innovation, 11, 187-240.
https://doi.org/10.1016/j.€ti.2018.05.006

29. Masindi V., Muedi K.L. Environmental Contamination by Heavy Metals. Heavy Met. 2018; 10:115—
132.

30. Bondarev, A. (2021, September 15). Application of the Natural Cellulosic Supports for the
Treatment of the Industrial Effluents. https://doi.org/10.35219/mms.2021.3.08

31. Wu, X., Deng, X., & Zhi, Z. (2021, March 1). Application of Nano Purification Materials in
Wastewater Treatment. https://doi.org/10.1088/1755-1315/692/3/032015

32. Qu, J. (2008, January 1). Research progress of novel adsorption processes in water purification: A
review. https://doi.org/10.1016/s1001-0742(08)60001-7

33. Amari, A., Noreen, A., Osman, H., Sammen, S S., Al-Ansari, N., & Salman, H M. (2023, February
24). Investigation of the viable role of oil sludge-derived activated carbon for oily wastewater
remediation. https://doi.org/10.3389/fenvs.2023.1138308

34. Biological Powdered Activated Carbon System. (2023, January ).
https://publications.waset.org/search?q=Biological%20Powdered%20Activated%20Carbon%20Syste
m

35. El-sayed, M E A. (2020, October 15). Nanoadsorbents for water and wastewater remediation.
https://www.sciencedirect.com/science/article/abs/pii/S0048969720334239

Volume X1V, Issue 12, 2022 Page No: 834



Journal of Xi'an University of Architecture & Technology ISSN No : 1006-7930

36. Rafique, M., Tahir, M B., & Sadaf, I. (2019, January 1). Nanotechnology: An Innovative Way for
Wastewater Treatment and Purification. https://doi.org/10.1007/978-3-030-02381-2 5

37. Chikri, R., Elhadiri, N., Benchanda, M., &Maguana, Y E. (2020, November 23). Efficiency of
Sawdust as Low-Cost Adsorbent for Dyes Removal. https://doi.org/10.1155/2020/8813420

38. Heavy metals. (2023, February 6). https://www.appropedia.org/Heavy metals

39. Aziz, K H H., Mustafa, F S., Omer, K M., Hama, S., Hamarawf, R F., & Rahman, K O. (2023,
January 1). Heavy metal pollution in the aquatic environment: efficient and low-cost removal
approaches to eliminate their toxicity: a review. RSC advances, 13(26), 17595-17610.
https://doi.org/10.1039/d3ra00723¢

40. Yadav, S., Yadav, A., Bagotia, N., Sharma, A K., & Kumar, S. (2021, August 1). Adsorptive
potential of modified plant-based adsorbents for sequestration of dyes and heavy metals from
wastewater - A review. Journal of water process engineering, 42, 102148-102148.
https://doi.org/10.1016/j.jwpe.2021.102148

41. Othman, M S., Hussin, S A S., Rambli, A., & Zahid, Z. (2019, November 1). Equilibrium Isotherm
Models for the Adsorption of Methylene Blue from Wastewater. https://doi.org/10.1088/1742-
6596/1366/1/012033

42. Katheresan, V., Kansedo, J., & Lau, S Y. (2018, August 1). Efficiency of various recent wastewater
dye removal methods: A review. https://doi.org/10.1016/j.jece.2018.06.060

43. Kim, S., Park, C M., Jang, M., Son, A., Her, N., Yu, M., Snyder, S., Kim, D., & Yoon, Y. (2018,
December 5). Aqueous removal of inorganic and organic contaminants by graphene-based
nanoadsorbents: A review. https://www.sciencedirect.com/science/article/pii/S0045653518316862

44. Mathew, B B., Jaishankar, M., Biju, V G., &Beeregowda, K N. (2016, January 1). Role of
Bioadsorbents in Reducing Toxic Metals. Journal of toxicology, 2016, 1-13.
https://doi.org/10.1155/2016/4369604

45. Hegazi, H A. (2013, December 1). Removal of heavy metals from wastewater using agricultural and
industrial ~ wastes as adsorbents. HBRC  journal/HBRC  journal, 9(3), 276-282.
https://doi.org/10.1016/j.hbrcj.2013.08.004

46. Gusain, R., Kumar, N., & Ray, S S. (2020, February 1). Recent advances in carbon nanomaterial-
based adsorbents for water purification. https://doi.org/10.1016/j.ccr.2019.213111

47. Swami, D., & Buddhi, D. (2006, January 1). Removal of contaminants from industrial wastewater
through various non-conventional technologies: a review. https://doi.org/10.1504/ijep.2006.010576

48. Gupta, A., Sharma, V., Sharma, K., Kumar, V., Choudhary, S., Mankotia, P., Kumar, B., Mishra, H.,
Moulick, A., Ekielski, A., & Mishra, P K. (2021, August 20). A Review of Adsorbents for Heavy
Metal Decontamination: Growing Approach to Wastewater Treatment.
https://doi.org/10.3390/mal14164702

49. Santhosh, C., Velmurugan, V., Jacob, G., Jeong, S K., Grace, A N., & Bhatnagar, A. (2016,
December 1). Role of nanomaterials in water treatment applications: A review.
https://doi.org/10.1016/j.cej.2016.08.053

50. Dubey, S., Banerjee, S., Upadhyay, S., & Sharma, Y C. (2017, August 1). Application of common
nano-materials for removal of selected metallic species from water and wastewaters: A critical
review. Journal of molecular liquids (Print), 240, 656-677.
https://doi.org/10.1016/j.molliq.2017.05.107

51. Singh, N., Malik, M A., & Hashmi, A A. (2021, August 20). Nanotechnology and its Application in
Wastewater Treatment. https://doi.org/10.1002/9781119818915.ch13

52. WHO Guidelines Approved by the Guidelines Review Committee. Guidelines for Drinking-Water
Quality: Fourth Edition Incorporating the First Addendum; World Health Organization: Geneva,
Switzerland, 2017.

Volume X1V, Issue 12, 2022 Page No: 835



