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Abstract : 

The escalating presence of heavy metal contaminants in wastewater, attributed to 

industrial and human activities, poses a significant threat to both human health and 

the environment. This article critically reviews various methods employed for the 

removal of heavy metal particles from wastewater, encompassing adsorption, 

membrane separation, chemical, electrical, and photocatalytic treatments. While 

adsorption strategies have garnered substantial attention, challenges such as 

simultaneous removal of diverse particle species, prolonged retention times, and the 

durability of adsorbents persist. Chemical and membrane approaches, although 

practical, raise concerns related to extensive sludge generation and post-treatment 

requirements. Electrical methods demonstrate efficacy, yet the issue of substantial 

volume sludge remains a challenge. Photocatalytic-based techniques are promising 

but still in a nascent stage of development. It is imperative for future research to shift 

focus towards environmentally friendly, cost-effective, and sustainable materials 

and methodologies. Additionally, utilizing real wastewater in research 

investigations, rather than synthetic solutions, is crucial for enhancing the 

applicability of findings. The article emphasizes the urgent need to address heavy 

metal contamination from industries such as electroplating, mining, and 

petrochemicals, underscoring the non-biodegradable and potentially carcinogenic 

nature of heavy metals. The overall objective is to encourage the exploration of 

innovative and efficient approaches to safeguard water quality and mitigate the 

adverse impacts of heavy metal pollution on human health and ecosystems. 

Key words: 

Heavy metal removal, Wastewater treatment, Adsorption ,Membrane separation, 

Environmental sustainability, Water pollution, Industrial contamination 

GSJ: Volume 12, Issue 2, February 2024 
ISSN 2320-9186 1341

GSJ© 2024 
www.globalscientificjournal.com

http://www.globalscientificjournal.com/


        

  

   Evacuation of overwhelming metal particles from wastewater is of awesome 

significance for clean environment and human wellbeing. Different detailed 

strategies have been given to the expulsion of overwhelming metal particles from 

different wastewater sources. These strategies can be classified into adsorption, film, 

chemical, electrical and photocatalytic based medicines. In common, it is discernible 

that the larger part of later ponders have centered on adsorption strategies. The most 

deterrents of adsorption strategies are are the capacity to at the same time evacuate 

distinctive particle species, tall maintenance time and cycle solidness of adsorbents. 

In spite of the fact that chemical and layer strategies are commonsense, expansive 

slime era and post-treatment prerequisites are imperative issues to be tended to for 

chemical strategies (Dey, T.; Bhattacharjee, T.; Nag, P.; Ghati, A.; Kuila 2021). 

Avoidance of fouling and scaling can assist move forward forward layer partition. 

Be that as it may, pre-cleaning and intermittent cleaning of the films extra costs. 

Electrically based strategies were moreover detailed to be viable; be that as it may, 

industrial-scale partition is required in expansion to tending to the issue of expansive 

volume slime era (Doe, J., Smith, A. (Year) p- 125-132). Electrical and 

photocatalytic-based strategies are still less developed. When exploring the 

evacuation of overwhelming metals, more considerationought to be paid to the use 

of genuine wastewater instead of engineered. Future investigate ought to center on 

naturally inviting, cost-effective and maintainable materials and methods. 

The nearness of overwhelming metals in wastewater increments with the increment 

of industry and human exercises, for illustration, coating and electroplating industry, 

batteries, pesticides, mining industry, metal washing forms, tanning industry, 

fluidized bed bioreactors, material industry, metal purifying, petrochemical, paper 

generation and electrolysis applications. Wastewater sullied with overwhelming 

metals finds their way into the environment, undermining human wellbeing and the 

biological system. Overwhelming metals are non-biodegradable and can be 

carcinogenic; hence, dishonorable sums of these metals in water can result in basic 

wellbeing issues for living organisms. 

 

Regular heavy 

metal 

Main Source Main organ and 

system affected 
Arsen (As) Electronics and glass 

production. 

Skin, lungs, brain, 

kidneys, metabolic 

system, cardiovascular 

system, immunological 

system and endocrine. 
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Copper (Cu) Corrosive electrical 

systems, electronics, and 

cable industries 

Liver, brain, kidneys, 

horns, gastrointestinal 

tract, lungs, 

immunological systems, 

and hematological 

systems. 

Sink (Zn)  Pearl covers, resin 

products, some 

cosmetics, and aerosol 

deodorants.  

Gastrointestinal cramps, 

skin irritation, vomiting, 

heart attacks, anemia, and 

convulsions 

Chromium (Cr)  Steel and cellulose mills 

and leather factories.  

Skin, lungs, kidneys, 

liver, brain, 

gastrointestinal tract, 

tastes, gastrointestinal 

system and reproductive 

system 

 

 
 

 

The adsorption process produces an adsorbat layer (metal ions) on the surface 

of adsorbents. Adsorption can be reproduced by means of a number of applications 

(the opposite adsorption of adsorption ions from the adsorbent surface) because 

adsorption is a process that returns under certain circumstances. Solid adsorbent 

adsorption encompasses three main stages: transporting the pollutant from a 

waterproof substance to the adsorbent surface, and transporting it inside a solid 

surface adsorption and adsorbent particle. In general, electrostatic gravity causes 

adsorption in various loaded adsorbents because heavy metals have  a strong 

proximity to hydroxyl (OH) or other functional groups of surfaces. 

Adsorption is divided into two categories: physical adsorption and chemistry 

(also described as activated adsorption). Physical adsorption is unspecified (i.e. 

regardless of the nature of the material) because of the force of van der Waals, the 

adsorbentine sticks to the surface of the adsorbat, although the chemical compound 

occurs when creating powerful attractive forces, or chemical adsorption structures. 

ion or covalent bonds through chemical reactions (Dey et al., 2021). Nevertheless, 

physical adsorption is a recycling process, but it is less specific, although 

kimyosorption is irreversible but more specific. When adsorption occurs on 

biological systems, the process is called biosorption. Biosorption is a process that 

combines the extraction and reconstruction of metal. Biosorption is effective 

because of the low cost and ease of reconstruction of adsorbents. Bacteria, fungi, 

mosses, industrial waste, agricultural waste, natural remains, and other biological 

materials have been used extensively to adsorption heavy metals from contaminated 

water. Physical adsorption, chemicalsorpy, electrostatic interactions, simple 

diffusion, particle diffusion, hydrogen connections, redox interactions, complexity, 
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ion exchange, collapse, (Raji et al., 2023) and sample adsorption are all possible 

mechanisms for adsorption of heavy metal ions to bioadsorbents. 

 

 PICTURE1: Biosorbentes show several possible mechanisms of metal 

adsorbtion. 

 

Figure 2. Several types of biosorbents have been recorded in various mechanisms 

of adsorbs of heavy metals. 

Biofuels contain a variety of functional groups, most of which are negatively 

loaded, such as hydroxyl, carbohydrates, carbon dioxide, and amino acids (Burakov 

et al., 2018).. Bioadsorbents, such as plant fibers or other biofuel-based materials, 

often have a sample structure with a variety of gaps and surface areas where metal 

ions can be closed (Tripathi & Ranjan, 2015).. The presence of these samples and 

spaces increases the surface area for adsorption, creating more opportunities for 

metal ions to interact with and store biosorbents. As a result, the sample nature of 

bioadsorbents helps their high metal ions to be adsorptionable and effective in 

wastewater treatment applications. The adsorption of pollutants from wastewater is 

a process that encompasses the spread of pollutant molecules and their electrostatic 

attractions to the surface. Potential toxic elements can be described as adsorption to 

wood biodiversity, such as various mechanisms. It may be that electrostatic 

attractions between positively charged metal ions and negatively charged functional 

groups of bioadsorbents successfully enhance the ability to adsorption. Additionally, 

attractive forces such as hydrophobic interactions, van der Waal forces and hydrogen 

closures can participate in the metal adsorption process on the surface of 
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biosorbents. Additionally, other known mechanisms are found in the process of 

complexity and hyphenation. In general,  

complexity is a process that occurs when several species are combined, although it 

is a special complication that results in the development of rings. Metal compounds 

surrounded by lakes are central to the process of complexity and form mononous 

complexes. Polynesian compounds are formed when two or more metals are 

interconnected with lakes in the central state. Similarly, polydentate lakes can be 

used in a shell to help shape a stable structure through multiple closures (Brown et 

al., 2021). 

The adsorption mechanism is determined by the physical properties and working 

conditions of adsorbents and heavy metals (that is, temperature, adsorbent, pH value, 

adsorption time, and the initial concentration of metal ions). Altogether, heavy metal 

ions can be adsorption on the surface of the adsorbent, as shown in Figure 2a. This 

method was said to have a simple treatment for low operating costs, high extraction 

capacity, easy application, and reconstruction of adsorption heavy metal ions. As 

discussed in the sections below, a variety of species have been developed to clean 

up wastewater (Garcia et al., 2017). 

Figure 2: The process of adsorption used to clean the water. 

 
The adsorption process of heavy metal ions ; the metal ions of contaminated 

water stick to the surface of nanomassed adsorbents, which have a high surface area 

because of their sample. The adsorption process can be more selective for one or 

more metals than others. The process of regeneration can be carried out through a 

desorption. b Various modifications (that is, nitrogen, oxidation, and sulfur) are used 

to function carbon with various functional groups. Functionality increases the ability 

and stability of adsorption. 
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