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Abstract—Heavy metal toxicity because of industrial waste has been a threat to the environment for the past several decades, particularly 

within the developing countries like India, China and Kingdom of Thailand wherever price effectiveness of the removal method may be a 

major factor. 

This industrialization has not only brought development and prosperity however eventually disturbed the system. One of the impacts is 

visible; in kind of pollution. Within the gift study heavy metal contamination of water bodies has been mentioned. Effluents from sizable 

amount of industries viz., electroplating, leather, tannery, textile, pigment & dyes, paint, wood process, crude purification, photographic 

material production etc., contains vital measure of heavy metals in their waste. The traditional strategies of treatment of heavy metal 

contamination includes chemical precipitation, chemical reaction, natural action, membrane separation, reverse osmosis, electro 

chemical analysis etc. These strategies square measure expensive, energy intensive and sometimes related to generation of hepatotoxicity 

byproducts. Thus, the adsorption has been investigated as a price effective technique of removal of serious metals from waste. In the 

present study numerous low cost adsorbent has been reviewed as an abatement of serious metal pollution from lignin, iron (III) 

hydroxide and red mud, low husks, feather palm waste, tea plant waste, sugar beet pulp, battery trade waste, ocean nodule residue and 

grape stalk wastes are explored for their practicableness to get rid of hepatotoxic heavy metals from contaminated water. These adsorbent 

includes materials of natural origin like zeolites, clay, sphagnum moss and polysaccharide square measure found to be an efficient agent 

for removal of toxic serious metals like lead, Cd, Zn, Cu, Ni, Hg, Cr etc. aside from these numerous agricultural wastes like rice husk, 

neem bark, black gram, waste tea-coffee, walnut shell, coconut coir, coconut husk, bagasse etc. were also established as a potent 

adsorbent for heavy metal removal. Beside that low cost industrial by product like ash, blast furnace sludge, waste slurry. 
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I. INTRODUCTION 

     Water pollution caused because of addition of heavy metals ensuing from the commercial activities is increasing staggeringly and could be 

a matter of global concern. 

Mining, mineral dressing and metallurgic operations area unit generating effluents containing significant metals. The heavy metals gift 

within the waste matter is persistent and non-degradable in nature. Moreover, they are soluble in aquatic atmosphere and so will be simply 

absorbed by living cells. Thus, by getting into the organic phenomenon, they can be bioaccumulated and biomagnified in higher biological 

process levels conjointly. The heavy metals, if absorbed higher than the permissible labels, could lead on to serious health disorders. In 

lightweight of the facts, treatment of heavy metals containing industrial effluent becomes quite necessary before being discharged into the 

atmosphere. The scientists and environmental engineers area unit so facing a tricky task of cost effective treatment of waste matter containing 

heavy metals. The standard strategies for heavy metal removal from waste matter includes chemical precipitation, chemical reaction, activity, 

membrane separation, reverse osmosis, electro chemical analysis etc. These strategies don't seem to be terribly effective are costly and need 

high energy input. They are related to generation of toxic sludge, disposal of that renders it costly and non-eco-friendly in nature. Within the 

recent past, range of approaches has been investigated for safe and economical treatment of heavy metal laden waste matter. Adsorption has 

emerged dead set be higher different treatment strategies. it's same to be effective and economical attributable to its comparatively low value. 

Authors have claimed sorption to be best, safest and most efficient strategies for the treatment of waste effluents containing heavy 

metals[1][2]. The key good thing about adsorption method for heavy metal removal is a smaller amount initial further as operation cost, 

elementary style and fewer demand of management systems[3]. Generally the heavy Metals are present within the effluent at low 

concentrations and adsorption is suitable even once the metal ions are present at concentrations as low as 1 mg/L. This makes sorption 

associate economical and favorable technology for heavy metal removal from effluent. The adsorbent is also of mineral, organic or biological 

origin. It might be zeolites, industrial byproducts, agricultural waste, biomass and chemical compound material. one in every of the standard 

adsorbent, activated carbon has been extensively utilized in several applications. However, the high cost effectiveness of activation processes 

limits its usage in wastewater treatment processes. This analysis activity aims toward causative within the explore for price effective or low 

cost adsorbents of natural origin and their relevance in recovery also as removal of heavy metals from the industrial effluent[4]. 

 

II. SOURCES OF HEAVY METALS 

      The term heavy metal refers to any metallic matter that contains a comparatively high density and is harmful or toxic at low 

concentrations. Samples of heavy metals include mercury (Hg), cadmium (Cd), arsenic (As), metallic element (Cr), thallium (Ti), and lead 

(Pb). significant metals square measure natural elements of the Earth's crust. they can not be degraded or destroyed. To a small extent they 

enter our bodies via food, drinking water and air. As trace components, some heavy metals (e.g. copper, selenium, zinc) are essential to 

maintain the metabolism of the human body. However, at higher concentrations they will cause poisoning. Heavy metal poisoning may 

result, for example, from drinking-water contamination (e.g. lead pipes), high ambient air concentrations close to emission sources, or intake 

via the organic phenomenon. 

Heavy metals are dangerous as a result of they have a tendency to bioaccumulate. Bioaccumulation means that associate degree increase 

within the concentration of a chemical during a biological organism over time, compared to the chemical's concentration within the 

atmosphere. Compounds accumulate in living things any time they're concerned and stored quicker than they're dampened (metabolized) or 
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excreted. significant metals will enter a facility by industrial and client waste, or perhaps from acidic rain breaking down soils and cathartic 

significant metals into streams, lakes, rivers, and groundwater[3][4]. 

 

III. ADSORPTION 

As mentioned earlier, adsorption has emerged out as effective, economical and ecofriendly treatment technique. it's a method potent 

enough to satisfy water reprocess obligation and high effluent standards in the industries. adsorption is essentially a mass transfer method by 

that a substance is transferred from the liquid part to the surface of a solid, and becomes certain by physical and/or chemical interactions[5]. 

It is a partition method within which few elements of the liquid part square measure relocated to the surface of the solid adsorbents. All 

adsorption ways are dependent on solid-liquid equilibrium and on mass transfer rates. The adsorption procedure will be batch, semi-batch 

and continuous. At molecular level, adsorption is principally owing to enticing interfaces between a surface and also the cluster being 

absorbed. relying upon the types of unit engaging forces adsorption can be of following types 

PHYSICAL ADSORPTION 

It is a general incident and occurs in any solid/liquid or solid/gas system. Physical adsorption could be a method during which binding of 

adsorbate on the adsorbent surface is caused by van der Waals forces of attraction. The electronic structure of the atom or molecule is hardly 

disturbed upon physical adsorption. Van der Waals forces originate from the interactions between induced , permanent or transient electrical 

dipoles. Physical sorption will solely be discovered within the surroundings of low temperature and below applicable conditions, gas section 

molecules can kind multilayer adsorption. industrial adsorbents utilize physical adsorption for its surface binding [6]. 

CHEMICAL ADSORPTION 

It is a results of chemical interaction between the solid and also the adsorbate substance. It is also known as activated sorption. it's 

irreversible. it's notably necessary in chemical change. Therefore the energy of chemisorptions thought of like chemical change. it should be 

exoergic or heat-absorbing processes ranging from terribly little to terribly massive magnitudes. The elementary step in chemisorptions 

usually involves large activation energy[7].  

 

IV. ADSORPTION BY NATURAL WASTE MATERIAL 

Use of agricultural byproducts as adsorbents for significant metal removal from industrial waste water has been increasing today. Most 

of the studies were centered on plant wastes like rice husk and neem bark[10][11],Black gram husk[12],Waste tea, Turkish coffee, Walnut 

shell[13][14], maize leaf[15], teak leaf powder[16], coraindrum sativum[17] lalang leaf powder18, peanut hull pellets[19], sago waste[20], 

shrub leaves[21][22], tree fern[23][24][25], grape stalk wastes[26],etc. are studied intimately. The benefits of victimisation agricultural 

wastes for wastewater treatment include simple technique, wants modest process, superior adsorption ability, selective adsorption of heavy 

metal ions, economical, easy availability and simple regeneration. On the opposite hand, the use of untreated agricultural wastes as 

adsorbents may also fetch variety of problems like tiny sorption ability, elevated chemical oxygen demand (COD) and biological oxygen 

demand (BOD) likewise as total organic carbon (TOC) because of discharge of soluble organic compounds contained within the plant 

materials[27][28]. The rise of the COD, physical structure and TOC will cause diminution of dissolved gas (DO) content in water and may 

build threats to the aquatic life. Consequently, plant wastes need to be changed or treated before being applied for the cleansing of heavy 

metals. 

 

V. LOW COST ADSORBENTS 

     The removal of significant metals by exploitation low cost adsorbent is found to be lots of encouraging in extended terms as there are 

several materials existing domestically and abundantly like natural materials, agricultural wastes or industrial by-products which can be used 

as low-cost adsorbents[8].There is increasing analysis interest in using different low-cost adsorbents. Many such materials are investigated, 

as well as microorganism biomass, peat, compost, leaf mould, palm press fiber, coal, sugarcane pulp, straw, wool fiber and by product of rice 

mill, soybean and oilseed hulls etc[9].To be commercially viable, an adsorbent should have high selectivity to facilitate fast separations, 

favorable transport and kinetic characteristics, thermal and chemical stability, mechanical strength, resistance to fouling, regeneration 

capability and low solubility within the liquid in contact. adsorption method has many advantages over the conventional ways of heavy metal 

removal. Some of the gains of adsorption method are: (I) Economical, (II) metal property, (III) Regenerative, (IV) Absence of virulent 

sludge generation (V) metal recovery and most significantly (VI) effective. Various low cost adsorbent derived from varied natural further as 

anthropogenic sources are enforced for treatment of waste water contaminated with heavy metals. The adsorbents largely used are 

agricultural waste, industrial byproducts, natural materials or changed biopolymers[4]. 

 

VI. PREPARATION OF ADSORBENTS 

TEA WASTE  

Simple procedure to organize the adsorbent, first off teawaste washed so rins with water[29]. After drying in 100°C, it absolutely was 

ground and screened using screen with mesh size 10. before the experiments removed different soluble dirtiness and coloured parts from the 

T.W. by washing with distilled water for a lot of times till a colorless solution of tea waste was spectrometrically determined at space 

temperature. Decolorized and clean tea waste was dried at temperature for a number of days by spreading on gauze. Black tea created from 

tea plantations from central highlands of land ―high grownup tea‖ was used for the experiments, Soluble and coloured parts were far from tea 

by washing with boiling water. This was repeated till the water was nearly color less. The tea leaves were then washed with water and were 

oven dried for 12 h at 85°C. The dried tea waste was sieved and hold on in sealed polyethylene luggage[30]. 

RICE HUSK  

Rice husk is agricultural waste largely out there in rural areas, collected their and grinding in grinders than sieved & washed with water 

repeatly for dirt and different particulate removal, then dryied in hot oven at 100°C for 24 hours, then either directly used as an adsorbent or 

treated with H2SO4 then washed again with water for removing acidity, washing upto entirely acidity are removed then dried at 100°C for 

12 hours then collected in air tight plastic luggage so used as AN adsorbent[31]. 

COCONUT HUSK 

Coconut simply obtainable in all temple and religious places, collected them dried in hot oven at 80°C for four hours then grinds in 

grinder within the powder type then sieved a hundred and twenty millimetre sizes than washing with H2O for dirt and different particulate 

removing, however dried at 100°C for 24 hours then used as AN adsorbent[32]. 
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NEEM LEAVES 

The neem tree belongs to the Meliaceae family and is native to Indian sub-continent. Its seeds and leaves have been in use since 

precedent days to treat a number of human ailments and additionally as a house pesticide. The trees are also called an air setup. The healthful 

and antiseptic properties of the tree are place to use during a variety of applications. The mature neem tree leaves utilized in this 

investigation were collected from the trees in nearby area. neem tree leaves were washed thrice with water to get rid of mud and water 

soluble impurities and so dried until the leaves become crisp. The dried leaves were pulverised. The pulverised neem tree leaves were used 

as adsorbent.  

The parameters that have an effect on effluent treatment, like heavy metal concentration and adsorbent indefinite quantity were 

investigated in batch-mode adsorption studies[33]. 

 

VII. ADSORPTION PROCESS  

 Adsorption experiments were carried out in batch mode at ambient temperature. adsorption could be a process that happens once a gas 

or liquid matter accumulates on the surface of a solid or a liquid (adsorbent),forming a molecular or atomic film (the adsorbate). adsorption 

is operative in most natural physical, biological, and chemical systems, and is wide utilized in industrial applications like activated carbon, 

synthetic resins and water purification. Just like physical phenomenon, adsorption could be a consequence of surface energy. Adsorption is 

typically represented through isotherms, that is, functions that connect the number of adsorbate on the adsorbent, with its pressure (if gas) or 

concentration (if liquid). Describing method of adsorption, particularly Freundlich isotherm, langmuir isotherm, BET isotherm, etc. We will 

affect Freundlich Adsorption Isotherm in additional details: 

WHAT IS FREUNDLICH ADSORPTION ISOTHERM ? 

In 1909, Freundlich gave an empirical expression representing the equal variation of adsorption of a amount of gasadsorbed by unit mass of 

solid adsorbent with pressure. This equation is thought as Freundlich adsorption isotherm Freundlich adsorption equation. 

(x/m)=kP
1/n

     (1) 

Where x is that the mass of the gas adsorbed on mass (m) of the adsorbent at pressure (p) and  constants (k, n) whose values depend on 

adsorbent and gas at specific temperature. 

As per Freundlich adsorption equation (1) 

Taking log each side of equation, we get, 

log(x/m)=log(k) + (1/n)log(p)  (2) 

The above equation is comparable with comparable equation of line, y = mx + c wherever, m represents slope of the line and c represents 

intercept on y axis.  

Plotting a graph between log(x/m) and  log p, we are going to get a straight line with value of  slope  equal to 1/n  and  log k as y-axis 

intercept. 

 

 

 
LIMITATION OF FREUNDLICH ADSORPTION ISOTHERM 

Experimentally it absolutely was determined that extent of adsorption varies directly with pressure until saturation pressure p is reached. on 

the far side that time rate of adsorption saturates even when applying higher pressure. so Freundlich adsorption isotherm failing at higher 

pressure. 

 

RESULTS AND DISCUSSION 

The present investigation shows that the low value adsorbents like rice husk, neem bark, black gram, waste tea-coffee, walnut shell, 

coconut husk, bagasse will be used as an efficient adsorbent for the treatment of wastewaters containing metals like chromium (VI), iron (III), 

nickel (II) and mercury (II). adsorption dynamics, isotherms on the removal of metals for all the adsorbates were examined[34]. 

 

CONCLUSION 

The analyses of the results indicate that rice husk, neem bark, black gram, waste tea-coffee, walnut shell, coconut husk, bagas etc. like most 

different natural absorbents can be utilized in the treatment method of heavy metals and therefore the rice husk, neem bark, black gram, waste 

tea-coffee, walnut shell, coconut husk, bagasse as an agricltral wastes are low cost material and so it might be convenient to use it in industrial 

wastewater treatment plants. 

log P 

Intercept=log K 

                      log (x/m) 

 Slope=1/n  
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