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ABSTRACT 

As pollution levels continue to rise, it has become a major source of worry. Because of its toxicity and hazard to 

human life and the ecosystem, the presence of heavy metals in the environment is a significant source of worry. 

Toxic metal ions are increasingly contaminating urban and industrial wastewaters, resulting in considerable 

environmental degradation. As a consequence, water contamination occurs, and water quality deteriorates, 

damaging aquatic ecosystems. Pollutants may also leak into the groundwater and have an impact on the 

deposits. These inorganic micro-pollutants are of great concern since they are non-biodegradable, extremely 

poisonous, and have the potential to cause cancer. Heavy metal adsorption is by far the most successful and 

extensively used method for heavy metal removal from effluents. The price is low. Heavy metals are now 

effectively removed using non-conventional materials.  
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1. INTRODUCTION 

Heavy metals are very poisonous and dangerous to the environment. Heavy metals have found their way into the 

environment as a result of rapid industrialization and population growth. In the aquatic environment, these 

metals  

are often detected much beyond the tolerance level. Because metal ions are non-biodegradable, theirIngestion 

may be harmful at certain amounts. Heavy metals are major toxicants that, when exposed to and accumulated in 

the body, may cause harm to people and animals. This is a major source of worry, both for personal and public 

health reasons. Heavy metals have been shown to interact with important trace minerals both at the absorption 

level and during metabolism. The neurological, reproductive, renal, and hematological systems are all affected 

by heavy metals that are absorbed and stored. Toxic heavy metals such as lead, cadmium, mercury, and others 

may be measured using anodic stripping voltammetry. Cadmium is a metallic element that is utilized as a heat 

stabilizer and a pigment ingredient in the making of polymers. It is a poison and a carcinogen. Inorganic 

pigments include hexavalent chromium as a component. On living tissue, it is carcinogenic and corrosive. Lead 
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is a metallic element that is employed as a thermal stabilizer in polymers and as apacifier in inorganic pigments. 

It's a poison that builds up over time. Mercury is a metallic element that is utilized in the production of inorganic 

pigments. It's a neurotoxin, to be sure. Ion exchange, reverse osmosis, chemical precipitation, and electro 

floatation are some of the processes used to remove harmful metals. These methods are expensive and out of 

reach for developing countries like India. Due to its simplicity, adsorption has an advantage over other methods 

in wastewater treatment. As an adsorbent, activated carbon is extensively utilized. It is, however, far more costly 

and suffers losses during regeneration. As a result, low-cost, non-traditional adsorbent materials such as Various 

researchers have recently tested sawdust, neem leaves, and water hyacinth, among other things. 

 

2. THE PROPERTIES OF ADSORBENTS 

The majority of industrial adsorbents are divided into three categories: Oxygen-containing compounds which 

include materials like silica gel and zeolites, which are often hydrophilic and polar. Carbon-based compounds 

include materials like activated carbon and graphite, which are usually hydrophobic and non-polar. Adsorbents 

are often utilized as spherical pellets, rods, moldings, or monoliths with hydrodynamic diameters ranging from 

0.5 to 10 mm. They must have strong abrasion resistance, thermal stability, and tiny pore sizes, resulting in a 

larger exposed surface area and hence a greater adsorption surface capacity. The adsorbents must also have a 

specific pore structure that allows gaseous vapors to move quickly. Activated carbon, zeolites, and silica gel are 

the most often utilized adsorbents. Activated carbon is a porous, amorphous material made up of micro 

crystallites with a graphite lattice that is often sold in tiny pellets or powder form. It's the most popular 

adsorbent. Its utility stems mostly from its huge microspore and mesopore contents, as well as the high surface 

area that results. Carbonaceous materials such as coal (bituminous, subbituminous, and lignite), peat, wood, and 

nutshells may be used to make activated carbon (i.e. coconut). Carbonization and activation are the two 

processes of the manufacturing process. The carbonization process entails drying and then heating to remove 

by-products from the original material, such as tars and other hydrocarbons, as well as drive out any gases 

produced. The carbonization processis finished by heating the material to 400–600 °C in an oxygen-deficient, 

non-combustible environment. The carbonized particles are "activated" by exposing them to a high-temperature 

oxidizing agent, such as steam or carbon dioxide. This chemical burns away the pore-blocking structures formed 

during the carbonization phase, resulting in the formation of a porous, three-dimensional graphite lattice. 

Activated carbon is a kind of carbon that has been activated. It is often used for the treatment of waste gas (and 

wastewater) and the adsorption of organic compounds and non-polar adsorbents. Silica gel is a chemically inert, 

nontoxic, polar, and dimensionally stable (400 °C) amorphous form of SiO2 that may be used as an adsorbent. 

It's made by reacting sodium silicate with sulfuric acid, then going through a variety of post-processing steps 

including aging, pickling, and so on. The pore size distributions produced by these post-treatment procedures 

are diverse. The adsorption of heavy (polar) hydrocarbons from natural gas is done using silica. Zeolites are 

crystalline aluminasilicates with a repeating pore network that release water at high temperatures. They may be 

natural or manmade. In addition to these primary adsorbents, numerous additional inexpensive and naturally 

occurring adsorbents have recently been employed,for example, sawdust. Water hyacinth, neem leaves, etc. 
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3. METHODOLOGY OF ADSORPTION 

Certain adsorbents are preferentially transported from the fluid phase to the surface of insoluble, stiff particles 

suspended in a vessel or packed in a column during the adsorption process. It's the buildup of atoms or 

molecules on a material's surface. The adsorbate (the molecules or atoms being gathered) forms a film on the 

adsorbent's surface throughout this process. Adsorption may be found in a variety of natural, physical, 

biological, and chemical systems, and it is frequently exploited in industry. Adsorption, like surface tension, is a 

result of surface energy. 

 

3.1. Kinematic Adsorption 

One of the main parameters determining the effectiveness of adsorption is the kinetics of adsorption, which 

describes the solute absorption rate and, in turn, regulates the contact duration of the adsorption process. For the 

adsorption of metal ions on adsorbents, the Freundlich isotherm is used. It has the following representation: 

1/ n log Ce log qc = log K 

Where qc is the quantity of metal ion adsorbed per gram of adsorbent (mg/g), Cv is the equilibrium 

concentration of a metal ion in solution, and K and n are constants that take into account all variables that 

impact adsorption capacity and intensity. 

 

3.2. Spectrophotometric Process for Atomic (AAS Method) 

AAS (atomic absorption spectrometry) is an analytical method for determining element concentrations. Atomic 

absorption is so sensitive that it can detect changes in a sample down to parts per billion of a gram. The method 

makes use of the wavelengths of light that are absorbed by a given element. The atoms of various elements 

absorb light at different wavelengths. Analyzing a sample to identify whether it contains a certain element 

necessitates the use of that element's light. The sample is atomized in AAS, which means it is turned into ground 

state free atoms in the vapor state, and a beam of electromagnetic radiation generated by exciting heavy metal 

atoms is transmitted across the vaporized sample. The heavy metal atoms in the sample absorb some of the 

radiation. More radiation is absorbed as the number of atoms in the vapor increases. The quantity of heavy metal 

atoms determines how much light is absorbed. Several samples with known heavy metal content are run under 

the same circumstances as the unknown to create a calibration curve. The quantity the standard absorbs is 

compared to the calibration curve, allowing the heavy metal content in the unknown sample to be calculated. 

 

4. RESULT OF ADSORPTION FOR HEAVY METAL REMOVAL 

Heavy metals, phenols, oil, grease, and other contaminants may be found in industrial effluents. Because of their 

toxicity and the lowering of normal oxygen levels in the water, foreign contaminants that pollute water sources 

may be detrimental to human life. Heavy metals have a variety of harmful consequences, including renal and 

liver problems, hypertension, and carcinogenic effects. Precipitation, ion exchange, reverse osmosis, solvent 

extraction, and other heavy metal removal methods are all quite costly. The adsorption technique is relatively 

straightforward and clean in operation, and it may be utilized to effectively remove heavy metals.Heavy metal-

containing effluents are combined with adsorbents in either a batch or column adsorption method. The solution 
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containing heavy metals was taken in beakers during the batch adsorption operation. The solution was combined 

with adsorbents, and paddles were allowed to revolve within the beakers for a set amount of time. Heavy metal-

containing solutions may also be combined with the adsorbents by shaking them in a mechanical shaker for a 

specified amount of time. Glass columns are filled with adsorbents in column research. Heavy metal-containing 

effluent is collected in an above tank and sent through a glass column with adsorbents. Heavy metals are 

measured in the water after it passes through the glass column. Figure 1[2] shows the % elimination of several 

heavy metals such as lead, copper, chromium, and nickel across time intervals. 

 

 

 

Figure 1: shows the percentage of heavy metals removed via adsorption 

 

5. CONCLUSION AND SUMMARY 

The adsorption technique may efficiently remove heavy metals. The particle size of adsorbents, amount of 

adsorbent, contact duration, and ph of effluent solution are all factors that influence the percentage of heavy 

metals adsorption. The proportion of heavy metals removed rises with the contact time, reaching a maximum 

value before declining Increases as the starting concentration rises. Increases when particle size decreases. 

Increases in proportion to the amount of adsorbent used, pH varies somewhat, with a high of approximate pH 4-

5. 
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