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Abstract  

With the onset of industrialization mankind has witness various 

environment issues in the society. This industrialization has not only 

brought development and prosperity but eventually disturb the 

ecosystem. One of the impacts is visible, in form of water pollution. 

Water used in industries creates a wastewater that has a potential hazard 

for our environment because of introducing various contaminants such 

as heavy metals into soil and water resources.  Pollution with heavy 

metals is one of the most serious environmental problems in world. 

Effluents from large number of industries viz., electroplating, leather, 

tannery, textile, pigment & dyes, etc., contains significant amount of 

heavy metals in their wastewater. The conventional methods of treatment 

of heavy metal contamination includes  chemical precipitation, chemical 

oxidation, ion exchange, membrane separation, reverse osmosis, electro 

dialysis etc. These methods are costly, energy intensive and often 

associated with generation of toxic by-products and required skilled 

manpower. The verities of heavy metal ions in waste water includes 

metals ions such as Cd, Cu, Ni and Zn. These are hazardous in nature 

and have adverse effect on human health and are carcinogenic. In the 

present study feasibility of various adsorbent like activated carbon, 

lignite is carried out on batch scale for removal ofheavy metal ions from 

actual industrial effluents to reduce the load of ETP. 

Keywords: Adsorption, Activated Carbon, Heavy metal ions, Water 

Pollution 

 

I. INTRODUCTION 

ATER is very essential for humans, animals, and plants. 

However, in spite of its importance, it is an extremely cheap 

commodity – next only to air. Perhaps because it is so cheap, 

it receives enormous environmental insults from a variety of 

sources such as domestic wastes, agricultural activities, 

leachates from solid waste dumps, and industrial effluents 

among others. According to UN estimates, the total annual 

amount of produced wastewater is approximately 15x106m3, 

which is six times more water than exists in all the rivers of 

the world. Consequently, many fresh water reservoirs are 

becoming unsuitable for daily usage owing to the untreated 

disposal of wastewater[1]. Pollutants from these sources cause 

various deleterious effects to human beings in particular, who 

are exposed to them in the form of drinking, cooking, bathing, 

washing, etc. Heavy metals are very important 

fromenvironmental pollution considerations because they are 

non-biodegradable and hence persistent in the environment. 

Hence, they cause serious health problems such as brain 

damage, heart, kidney, and liver damage and various 

neurological malfunctions[2]. Effect of various heavy metals 

on human health is given in the table below. 

Table: 1 Hazardous effect of some heavy metals[3][4][5][6] 

Heavy 

Metal 

Toxicities MCL 

(mg/L) 

Arsenic Skin manifestations, visceral 

cancers and vascular disease 

0.05 

Cadmium Kidney damage, renal disorder, 

human carcinogen 

0.01 

Chromium Headache, diarrhea, nausea, 

vomiting, carcinogen 

0.05 

Copper Liver damage Wilson disease, 

insomnia 

0.25 

Nickel Dermatitis, nausea, chronic asthma, 

coughing, human carcinogen 

0.20 

Zinc Depression, lethargy, neurological 

signs and increased thirst 

0.80 

Lead Damage to the foetal brain, 

diseases of the kidneys and 

circulatory system 

0.00003 

 

The contamination of water by toxic heavy metals through 

the discharge of industrial wastewater is a worldwide 

environmental problem. Many chemical methods such as 

chemical precipitation, electro-floatation, ion exchange and 

reverse osmosis have been used for the removal of heavy 

metals[7]. However, these methods are all very expensive and 

may not be affordable for many small-scale industrial 

concerns, particularly in the less-developed countries. Thus, 

there is the need to devise alternative efficient but cheap 

methods[2]. Studies on the treatment of effluent bearing heavy 

metals have revealed adsorption to be economical and 

efficient for removing heavy metals, organic pollutants and 

dyes from polluted waters. Several adsorbents such as 

activated carbon, silica, and lignite can be used in the 

purification of water. Activated carbon has shown to be an 

efficient adsorbent for the removal of a wide variety of 

organic and inorganic contaminants present in the aquatic 

W 
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environment. Because of its high surface areas that range from 

500 to 1500 m2/gm it is widely used in the treatment of 

wastewaters. The effectiveness of Activated carbon in 

cleaning up polluted water is due to its well-developed 

porosity structure as well as the presence of a wide spectrum 

of surface functional groups. This makes it capable of 

distributing pollutants on its large internal surface, making 

them accessible to reactants. Effectiveness of activated 

carbons to act as adsorbents for a wide range of contaminants 

is well noted[8]. 

 

II. LITERATURE REVIEW 

To fulfill the industrial demand of a cheap and efficient low 

cost biomaterial, several materials have been reviewed as 

potential adsorbent. These adsorbent are classified into two 

types: Conventional and Non-conventional, as shown in 

Fig.1.Conventional adsorbents have been used on limited 

scale, including alumina, zeolite, AC, silica gel and bauxite, 

among the non-conventional, the most frequently used is 

agricultural waste. 

Adsorption is a mass transfer process that involves the 

accumulation of substances at the interface of two phases or a 

separation technique from which target elements of the 

liquid/fluid phase are shifted to the solid surface. Owing to its 

ease of operation and wide range of applications, adsorption is 

considered as a comprehensive water treatment and 

reclamation technique. It can also be applied for the removal 

of organic, inorganic, and biological pollutants with a removal 

efficiency of up to 99%. Therefore, the technique has gained 

attention for the treatment of industrial wastewater, 

mainlyowing to the low-cost, metal selectivity, easy metal 

recovery, higher heavy metal uptake, and reuse[1]. 

The technique is the result of attractive forces between 

adsorbed molecules and the solid surface. These attractive 

forces are weak Van der Waals forces, hydrogen bonding, and 

dipole-dipole interaction, which ensures successful 

desorption. It is independent of the electronic properties of the 

adsorbent and adsorbate molecules. Moreover, the 

Physisorption can be mono or multilayer, a reversible process 

and it decreases with an increase in temperature. Commercial 

adsorbents rely on physical adsorption.  

Electrostatic chemical bonding between the adsorbate and 

adsorbent occurs in a monolayer and is usually an irreversible 

process, which is site specific and dependent on the 

temperature increase. It involves an exchange of electrons 

between specific surface sites and solute molecules, which 

results in the formation of strong chemical bonds. Very high 

temperatures are required for desorption. The adsorption of 

organic molecules exhibits a large range of binding energies. 

 

 

 

Figure: 1- Adsobent types and classification 
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Table: 2 Research carried out till date 

Reference Method used Heavy Metal Removed Publication 

year 

K. Kadirvelu et al[9] Adsorption on AC made from Coir Pith Copper and Nickel 2001 

Deepak Gola[10] Biadsorption on Fungi Copper, Nickel and Zinc 2016 

Ahmed Fawzy El-Kafrawy[3] Adsorption on β cyclodextrin Copper 2017 

Hala Ahmed Hegazi[11] Adsorption on rice husk and fly ash Copper and Nickel 2013 

Mona Karnib[8] Adsorption on AC, silica and composite Nickel and Zinc 2014 

Omar E. Abdel Salam[12] Adsorption on Peanut husk charcoal, fly ash, 

natural zeolite 

Copper and Zinc 2011 

Bernard E.[13] Adsorption on Activated carbon produce 

from Coconut shell 

Copper and Zinc 2013 

I Nhapi[14] adsorption on Carbonized Rice husk and 

Activated rice husk 

Copper and Zinc 2011 

Abdunnasir Mohamed Etorki[15] Adsorption on FAVA BEANS Zinc 2014 

Amir Hossein Mahvi[16] Adsorption on Tea waste Nickel 2005 

M Nageeb Rashed[17] Adsorption on activated carbon prepared 

from sewage sludge 

Copper 2018 

O.I. Asubiojo[2] Adsorption on bagasse, paddy husk, corn cob, 

wheat bean 

Zinc 2009 

Wael M. Ibrahim[4] Adsorption on Marine microalge Copper 2016 

Bulut Yasemin[19] Adsorption on Walnut sawdust Nickel 2007 

E. Erdem [20] Adsorption on natural zeolite Copper and Zinc 2004 

Ashutosh Tripathi[6] Adsorption on AC Copper, Nickel and Zinc 2015 

I.M. Kenawy[21] Adsorption on cellulose Copper and Zinc 2017 

Nalenthiran Pugazhenthiran Adsorption on AC Copper and Nickel 2016 

Samar H. Mohamed[22] Adsorption on chitin Nickel and Zinc 2015 

J. RUBIO[23] Adsorption on natural zeolite Copper, Nickel and Zinc 1997 

G. Annadurai[24] Adsorption on banana and orange peels Copper, Nickel and Zinc 2003 

Bin Yu a[25] Adsorption on local Sawdust Copper 2000 

 

Various research paper shows that verities of adsorbent used 

to remove heavy metals from industrial waste water. Majority 

of them used Activated carbon made from various natural 

material that is available cheaply and in abundant quantity to 

make process cost effective that to without losing heavy metal 

removal efficiency of the process. Table 2 below shows the 

work done so far by various researchers.     

 

 

III. MATERIALS AND METHODS 

A. Collection of samples and preparation 

The waste water Sample was collected from the CPC Blue 

Industries (Gujarat, India).It was carefully bottled in a 

plasticContainer with sealand was immediately taken to the 

laboratory for analysis and Preserved at room temperature in a 

sealed container. 
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B. Chemicals 

All the chemicals used were of analytical grade. All 

solutions are prepared in distilled water.  

 

C. Procedure 

The adsorption of heavy metals by the adsorbents like 

Activated Carbon and lignite was studied using batch 

experiments. Adsorption experiment was carried out in a 

beaker (250 ml) containing precisely measured 100 ml sample 

of waste water and 2 gm of the previously prepared activated 

carbon and lignite separately.The beakercontaining adsorbents 

andwastewater was placed on magnetic stirrer for rigorous 

stirring at 150 rpm and at room temperature of 32oC for 2 

hours and 72 hours in two different batchesto ensure 

equilibrium was established. The suspension was filtered 

usingwat-man filter paperand dried for further analysis using 

FTIR spectroscopy. FTIR was used to analyze the 

concentrations of the different metal ion present in the filtrate. 

 

D. FTIR spectroscopy [Fourier transform infrared spectra] 

Functional groups in CPC Blue waste water sample were 

determined by infrared analysis conducted on an FTIR 

spectrometer. 

The FT-IR analysis was measured with the spectrometer 

(Spectrum 100 Perkin Elmer, Jasco, Japan). A KBr pellet 

containing the sample was used for the FT-IR spectroscopic 

measurements and the spectra were collected in the scan range 

between 400 and 4000cm-1. 

 

 

Figure 2: FTIR scan of Activated carbon spectra 1 for fresh, 

spectra 2 after 2 hours of usage and spectra 3 after 72 hours of 

usage as absorbent 

 

 

Figure 3: FTIR scan of Lignite spectra 1 for fresh, spectra 2 

after 2 hours of usage and spectra 3 after 72 hours of usage as 

absorbent 

 

IV. EFFECT OF VARIOUS PARAMETERS 

In this study effect of various parameters such as Contact 

Time, Amount of Absorbent Dosage, and pH of waste water 

were closely observed. 

 

A. Effect of Contact Time

The effect of contact time on removalof metal ions was 

studied for a period of 120 min. 2 g of the adsorbents 

(activated carbon) was added to different conical flask 

containing 100 mL of wastewater, the flask was closed and 

placed on a Magnetic Stirrer, and agitated at 150 rotation per 

minute (rpm), for each of the different contact times chosen 

(20, 40, 60, 80,100 and120 minute). The content of each flask 

was filtered and analyzed after each agitation time12

 

B. Effect of Adsorbent Dosage: 

Different dosages of the Adsorbents (2 g) were added in 

different conical flasks Containing 100 mL of 

wastewatersolution, corked and agitated on a Magnetic Stirrer 

for2 h at a speed of 150 rotations per minute (rpm) at a room 

temperature of 32oC. The content of each flask was 

thenfiltered and analyzed after the agitation time13. 

 

C. Effect of pH: 

Over a pH range of 2-6, the effect of pH on Adsorption on 

metal ions was studied. For this particular study, 50 mL of 

wastewater was measured into different 250 mL conical flask 

and 1 g of the activated carbon being the optimum Adsorbent 

from the previous experiment, was added and agitated at 150 

rpm for two hour. The pH was adjusted from 2-6 usingHCI. 

What man filter paper was used to filter the mixture and the 

filtrate analyzed to determine the concentrations of metal ions. 
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V. CONCLUSION 

After reviewing various research work conducted using 

verities of adsorbent for removal of heavy metal ions from 

industrial waste water we reach to the conclusion that 

adsorption can be the cheapest and less laborious method 

for removal of heavy metal ions and does not require skill 

manpower. On top of that various types of waste generated 

from natural resources can be used as adsorbent hence it is 

kind of environment friendly. Adsorption can be used as 

effective process without the fear of losing removal 

efficiency.  
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