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ABSTRACT 
 
 Heavy metal contamination is a major environmental issue and a health concern too. These 
metals are persistent in the environment, contaminate the food chain and are toxic. There are various 
promising techniques for their removal but adsorption is an ideal alternative to other expensive methods. 
This review article focuses on different types of low cost adsorbents and their efficiency. There are many 
remediation methods but adsorption is efficient and cost effective. Adsorption using low cost adsorbents 
like agricultural waste and marble waste is an innovative solution for heavy metal removal. Agricultural 
waste are cheap and abundant, these have important benefits over commercial activated carbon. Marble 
waste is an environmental issue, as this industry is growing, waste disposal has become a huge concern 
and threat to the environment and human health. This utilization converts the agricultural and marble 
wastes into value-added product and at the same time decontaminates the environment. This industrial 
waste reutilization has a major impact on the economic growth of the country. 
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Introduction 

 The term “heavy metal contamination” refers to the direct or indirect release of hazardous heavy 
metals into the environment. Their tenacity makes it an international issue.  

 New contaminants are emerging along with growing industrialization, causing serious health and 
environmental hazards on a worldwide scale. 

 Numerous hazardous materials, including heavy metals (Pb, Ni, Cu, Hg, Cr, etc.), are included 
in this industrial waste. 

 Because heavy metals are hazardous to both individuals and the environment, they are a 
serious problem. In the environment, heavy metals do not biodegrade due to their high density.  

 Conventional approaches to treat heavy metals include oxidation, reduction, ultrafiltration, 
electro dialysis, and ion exchange. However, these approaches have a number of drawbacks, including 
low efficiency and the inability to completely remove the heavy metals at higher concentration. 

 These methods are based on different principles and processes, like reverse osmosis uses 
cellophane membranes, the process of ultrafiltration works on size exclusion principle.  

 Chemical precipitation involves the usage of chemical reagents and coagulants, electro dialysis 
works on the basis of potential difference.  
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 Apart from all these usual methods, there is a new way of separating these metals, that is 
adsorption.  

 Adsorption is an eco-friendly, economical, and efficient alternative to all of these techniques. 

 The process of adsorption involves the accumulation of atoms or molecules on a surface; the 
material deposited is referred to as the adsorbate, and the surface is referred to as the adsorbent.  

 Adsorption using low cost adsorbents is very economical, one such low-cost adsorbent is 
industrial solid waste, which can be used for adsorption. 

 Adsorption using inexpensive adsorbents, such as those derived from industrial solid waste and 
agricultural waste, is one of the most effective ways to remove heavy metals. 

 High bio sorption capacity is demonstrated by cellulose-containing agricultural waste and plant 
wastes in both modified and unmodified forms can be utilised.  

 An inexpensive substitute for commercially available activated carbon is agricultural waste.  

 Natural stones like marble are formed using a variety of methods. The increasing demand is 
causing the marble business to grow steadily. The entire process consists of several steps, and after the 
polished marble is finished, marble dust is also created.  

 When marble trash is disposed of in landfills, it pollutes the environment in several ways.  

 There is a solution to this, as waste marble has the ability to function as zeolite and an 
adsorbent. 

 The importance of garbage has changed due to growing environmental and public health 
concerns; recycling waste is the most sustainable option. 

This paper reviews the different types of low cost adsorbents, their efficiency and combinations: 

• Zeolite from marble waste 

• Sugarcane waste (bagasse) 

• Coconut husk 

• Groundnut shell 

• Rice husk 

Importance of Heavy Metal Removal  

Pollutants found in industrial discharge (waste) include heavy metals, which are particularly 
dangerous since they can cause cancer. Both the environment and living beings are harmed by these. 

 When heavy metals are combined with other environmental factors like soil, water, or air, they 
can become extremely poisonous. The heavy metals Pb, Zn, Cu, As, Cr, Ni, Cd, and Hg are most 
commonly detected in industrial waste. 

Usefulness of these metals cannot be denied but their excess amount is very harmful.  

Like copper is necessary for the creation of enzymes, but it’s excessive use can be harmful. 
Numerous cancers can occur by arsenic. Nickel can lead to lung fibrosis and gastrointestinal irritation. As 
a neurotoxic, mercury has an impact on the nervous system. Chromium has carcinogenic properties. Pb 
can lead to number of different body system dysfunctions. 

 Since commercial zeolite is expensive, creating zeolite from leftover marble powder is an 
innovative method.  

 Hydrated crystalline alumino silicates are what natural zeolite is made up of. Waste marble 
powder can be utilised as a zeolite due to its significant silica and alumina content. A possible adsorbent 
can be formed by agricultural waste, including peanut shells, rice husk, coconut husk, and sugarcane 
bagasse. 

 These materials are abundant, inexpensive, and environmentally benign, among their numerous 
benefits. 

 Bagasse, or around 25% of the total weight, is recovered as a residue after sugarcane is ground 
for juice extraction. It is a potential adsorbent. 

 The disposal of groundnut shell, a carbonaceous fibrous solid waste, is a challenge. It is 
capable of becoming an adsorbent. 
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 32% cellulose, 20% hemicellulose, 21% lignin, and 20% additional organic materials, such as 
protein and fat, are found in rice husk. It have the ability to adsorb. 

 The husk of coconuts has bio adsorbent properties. 

Each of the adsorbents listed above are both economical and effective. 

 When treating industrial waste, using waste materials adsorbent will be more cost-effective than 
using other more involved techniques. The amount of waste marble that is produced at various phases is 
so much that storage becomes an issue. This method of using marble trash will not only reduce pollution 
to the environment but also have economic benefits. 

The adsorbents derived from the components listed above are practical and reasonably priced : 
Marble trash and composite agricultural waste. 

• A combination of marble debris and agricultural waste composite could work well as an 
adsorbent.  

• The review of the literature indicates that heavy metal removal has been extensively studied.  

• There are numerous traditional techniques for removing heavy metals. 

 Research has been done on the adsorption of industrial waste by utilising agricultural waste.  A 
composite of agricultural waste has been examined utilising KCl as an activating agent for Pb(ll) and 
As(ll) adsorption. Coconut husk, both raw and acid-treated, shown a good capacity to adsorb Cr and Ni. 

Groundnut shells are effective bio adsorbent for the elimination of heavy metals and the 
treatment of waste. 

 The effectiveness of sugarcane bagasse as an adsorbent for heavy metals is 89.31% for Pb (ll) 
ions and 96.33% for Ni(ll) ions, respectively. For the removal of Zn and Fe, it demonstrated 89% and 91% 
efficiency, respectively. It also shows adsorption of  Fe2+ ions. 

Adsorption of heavy metal ions from waste water utilising various techniques was demonstrated 
by rice husk.  For Cu (ll) removal, rice husk treated with H3O4 is utilised. 

Cu and Ni were successfully absorbed by rice husk and orange peel, and using a batch 
adsorption procedure, rice husk powder adsorbed Cr, Pb, and Zn. 

Activated carbon and natural zeolite were successful in removing Pb2+ and Cd2+ ions.³⁰ The 
zeolite-like compounds made from marble powder exhibited encouraging adsorption capabilities. With an 
effectiveness of 96.01%, marble powder was able to remove zinc effectively. 

Conclusion 

 Massive industrialisation is accompanied with the emergence of new pollutants posing severe 
health problems and environmental issues globally.  

 There is a need for an improved quality treatment for the removal of hazardous materials and 
metal ions from the environment.  

 A review of various adsorbents for heavy metal removal shows that adsorption by the help of 
low cost adsorbents shows good efficiency in elimination of heavy metals from industrial waste.  

These low cost adsorbents are cost effective and environment friendly.  

References 

1. Ain Q-U-, Farooq MU, Jalees MI. (2020). Application of magnetic graphene oxide for water      
purification: Heavy metals removal and disinfection. Journal of Water Process Engineering, 
33:101-144.  

2. Akanni AO, Ogbiye AS, OyekanmiEO, Onakunle OO. (2019). Adsorption and desorption  
efficiency of a sugarcane bagasse in the removal of fe2+ from a galvanizing industry. IOP 
Conference Series: Materials Science and Engineering, 640(1):012-096. 

3. Barnhart J.1997. Occurrences, uses, and properties of chromium. Regulatory Toxicology      and 
Pharmacology, 26(1).  

4. Borba CE, Guirardello R, Silva EA, Veit MT, Tavares CRG. (2006). Removal of nickel(ii) ions 
from aqueous solution by biosorption in a fixed bed column: Experimental and theoretical 
breakthrough curves. Biochemical Engineering Journal, 30(2):184-191.  



22          International Journal of Education, Modern Management, Applied Science & Social Science (IJEMMASSS) - January - March, 2024 

5. Covarrubias C, García R, Arriagada R, Yánez J, Garland MT. (2006). Cr(III) exchange on 
zeolites obtained from kaolin and natural mordenite. Microporous and Mesoporous Materials, 
88(1-3):220-231.  

6. Ezeonuegbu BA, Machido DA, Whong CMZ, et al. (2021). Agricultural waste of sugarcane 
bagasse as efficient adsorbent for lead and nickel removal from untreated wastewater: 
Biosorption, equilibrium isotherms, kinetics and desorption studies. Biotechnology Reports, 30.  

7. Hanafiah SF, Salleh NF, Ghafar NA, et al. (2020). Efficiency of coconut husk as agricultural 
adsorbent in removal of chromium and nickel ions from aqueous solution. IOP Conference 
Series: Earth and Environmental Science, 596:012-048.  

8. Hegazi HA. (2013). Removal of heavy metals from wastewater using agricultural and industrial 
wastes as adsorbents. HBRC Journal, 9(3):276-282.  

9. Hydari S, Sharififard H, Nabavinia M, Parvizi M reza, (2012). A comparative investigation on      
removal performances of commercial activated carbon, Chitosan bio sorbent and 
chitosan/activated carbon composite for Cadmium. Chemical Engineering Journal, 193-194:276-
282.  

10. Isaac PJ, Amaravadi S, M.S.M K, K.K C, R L. (2019). Synthesis of zeolite/activated carbon 
composite material for the removal of lead (ii) and cadmium (ii) ions. Environmental Progress 
&amp; Sustainable Energy, 38(6). 

11. Javed I, Mateen F, Rafique U, Tabassum N, Balkhair KS, Aqeel Ashraf M. (2015). Synthesis of 
zeolite from Marble Powder Waste: A Greener Approach and its application for the removal of 
inorganic metals from wastewater. Desalination and Water Treatment, 57(22):10422-10431.  

12. Lakshmana Naik R, Rupas Kumar M, Bala Narsaiah T. (2023). Removal of heavy metals (Cu & 
Ni) from wastewater using rice husk and orange peel as adsorbents. Materials Today: 
Proceedings, 72:92-98.  

13. Malik R, Ramteke DS, Wate SR. (2007). Adsorption of Malachite Green on groundnut shell 
waste based powdered activated carbon. Waste Management, 27(9):1129-1138.  

14. Mehdipour S, Vatanpour V, Kariminia H-R. (2015) Influence of Ion Interaction on lead removal 
by a polyamide nanofiltration membrane. Desalination, 362:84-92.  

15. Mohan D, Pittman Jr. CU. (2006).  Activated carbons and low cost adsorbents for remediation of 
tri- and hexavalent chromium from water. Journal of Hazardous Materials. 137(2):762-811.  

16. Mohanty A, Misra M, Drzal L, Selke S, Harte B, Hinrichsen G. (2005). Natural fibers, 
biopolymers, and biocomposites. Natural Fibers, Biopolymers, and Biocomposites. Published 
online.  

17. Namasivayam C, Kadirvelu K. (1999). Uptake of Mercury (II) from wastewater by activated 
carbon from an unwanted agricultural solid by-product: Coirpith. Carbon, 37(1):79-84.  

18. Naseem R, Tahir SS. (2001). Removal of pb(ii) from aqueous/acidic solutions by using bentonite 
as an adsorbent. Water Research, 35(16):3982-3986.  

19. Nguyen TAH, Ngo HH, Guo WS, et al. (2013). Applicability of agricultural waste and by-products 
for adsorptive removal of heavy metals from wastewater. Bio resource Technology, 148:574-585.  

20. Obayomi KS, Bello JO, Nnoruka JS, Adediran AA, Olajide PO. (2019). Development of low-cost 
bio-adsorbent from agricultural waste composite for pb(ii) and as(iii) sorption from aqueous 
solution. Cogent Engineering, 6(1). 

21. Okoro HK, Alao SM, Pandey S, et al. (2022). Recent potential application of rice husk as an 
eco-friendly adsorbent for removal of heavy metals. Applied Water Science, 12(12). 

22. Priya AK, Yogeshwaran V, Rajendran S, et al. (2022). Investigation of mechanism of heavy 
metals (CR6+, pb2+& zn2+) adsorption from aqueous medium using rice husk ash: Kinetic and 
thermodynamic approach. Chemosphere, 286:131-796.  

23. Razi MA, Gheethi AA-, ZA IA. (2018). Removal of heavy metals from textile wastewater using 
sugarcane bagasse activated carbon. International Journal of Engineering &amp; Technology, 
7(4.30):112.  

24. Ren Y, Zhang M, Zhao D. (2008). Synthesis and properties of magnetic cu(ii) ion imprinted 
composite adsorbent for selective removal of copper. Desalination, 228(1-3):135-149.  



Siya Madhukar, Dr. Meena Dochania & Dr. Gajendra Singh: A Review on Recent Potential..... 23 

25. Renu, Agarwal M, Singh K. (2016). Heavy metal removal from wastewater using various 
adsorbents: A Review. Journal of Water Reuse and Desalination, 7(4):387-419.  

26. Shafi A, Ahmad F, Zaidi S. (2023). Removal of heavy metals from wastewater with special 
reference to groundnut shells: Recent advances. Heavy Metals – Recent Advances [Working 
Title]. Published online.  

27. Srivastava VC, Swamy MM, Mall ID, Prasad B, Mishra IM. (2006). Adsorptive removal of phenol 
by Bagasse Fly Ash and activated carbon: Equilibrium, Kinetics and Thermodynamics. Colloids 
and Surfaces A: Physicochemical and Engineering Aspects, 272(1-2):89-104.  

28. Vargas Betancur GJ, Pereira Jr. N. (2010). Sugar cane bagasse as feedstock for second 
generation ethanol production. Part I: Diluted acid pre-treatment optimization. Electronic Journal 
of Biotechnology, 13(3).  

29. Wan Ngah WS, HanafiahMAKM. (2008). Removal of heavy metal ions from wastewater by 
chemically modified plant wastes as adsorbents: A Review. Bio resource Technology, 
99(10):3935-3948. 

30. Wazwaz A, Al-Salaymeh A, Khan MS. Removing heavy metals through different types of soils 
and marble powder found in Oman. Journal of Ecological Engineering. 2019;20(4):136-142.  

31. Yadav S, Yadav A, Bagotia N, Sharma AK, Kumar S. (2021). Adsorptive potential of modified 
plant-based adsorbents for sequestration of dyes and heavy metals from wastewater – A 
Review. Journal of Water Process Engineering, 42:102-148.  

32. Zhang Y, Zheng R, Zhao J, Ma F, Zhang Y, Meng Q. (2014). Characterization of H3PO4 treated 
rice husk adsorbent and adsorption of copper(ii) from Aqueous Solution. BioMed Research 
International, 2014:1-8. 

 

❖◆❖ 


