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PREFACE 

Water pollution caused by toxic heavy metals originated from different industries is 

the most concern issue of environmental pollution in present scenario. Although, 

many conventional and non-conventional techniques have been developed for 

removal of heavy metals from industrial wastewaters, but theses have some 

difficulties related to their cost effectiveness, energy consumption, secondary 

pollutants etc. In this regard, biosorption has emerged as an innovative, eco-friendly, 

cost effective and probable alternative to prevalent conventional technologies for 

removal of toxic metal ions. The objective of present study was to treat industrial 

effluents of tannery and flashlight containing two very toxic heavy metals chromium 

(Cr) and lead (Pb), respectively by adsorption process. Biochar of commonly 

occurring fruit and industrial wastes viz. peels of sweet lemon (SLPB), lemon (LPB) 

& orange peel (OPB) and bagasse (BB) were for the process  

The physicochemical characterizations of selected biosorbents were based on 

proximate and ultimate studies, CHNS, surface properties, SEM & EDX, FTIR and 

XRD eruditions. The Boehm titration was done to access important acid functional 

groups present in adsorbents which may aid in adsorption of Cr and Pb by different 

ion-exchange, complexion, addition and substitution chemical reactions. The 

alterations in surface morphology before and after adsorption were ascertained by 

SEM and EDX studies. The comparative study of all four adsorbents was based on 

optimization of different parameters viz. adsorbent dosage, contact time, pH, 

temperature and initial metal ion concentration. The optimized dose and contact time 

were found to be in range of 5.0 to 10 g L
-1

 and 160 to 180 minutes for Cr and 3.5 to 

5.0 g L
-1

 and 140 to 180 minutes for Pb, respectively. The increasing order of removal 

efficiencies was BB<OBB<LPB<SLPB for all of the selected parameters. The 

maximum removal of Cr and Pb
 
was found to be 95.47 and 97.42 %, at pH 3 and 5 

and temperature of 65 and 55 ºC, respectively by SLPB. Further, effect of initial metal 

concentration on removal efficiencies of all selected adsorbents was lowest that may 

be due to dependence of this factor onto adsorbent dosage and contact time. Besides, 

the maximum removal of Cr and Pb from industrial wastewaters were attained by 

SLPB (97.82 & 97.11 %) followed by LPB (91.50 & 87.80 %), OPB (86.64 & 

86.07%) and BB (74.23 & 75.38 %) at the end. The best results were obtained at 
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relatively less acidic pH (between 3-5). The most important parameter that affected 

the removal process was pH and the best-suited adsorbent was SLPB. Further, 

kinetics involved in adsorption of Cr and Pb present in tannery and flashlight 

wastewater, were studied following pseudo first and pseudo second order models. 

Further, due to their simplicity, Freundlich and Langmuir equations were used to 

describe the relationship between equilibrium metal biosorption qe (mg L
-1

) and final 

concentrations Ce (mg L
-1

) at equilibrium. The interpretations of the isothermic model 

were also based on values of R
2
. In addition to this, the monolayer adsorption capacity 

(qmax) of all adsorbents for the removal of Cr and Pb were also observed. The 

thermodynamic parameters (∆G
º
, ΔHº and ∆Sº) were also estimated to observe mode 

of processes at higher temperature. The desorption study was done to assess the 

reusability of adsorbents and possible extraction of metals with suitable eluants. The 

most important aspect of the study was the risk assessments of treated wastewaters. 

The phyto-toxicity experiments were conducted over some economic plants i.e. green 

moong, tomato and lady’s finger. The bioaccumulation tendency of both metals with 

effect of treated wastewaters over growth parameters (root & shoot length, no. of root 

& leaves, fresh & dry weight) were also observed for selected plant species. The 

results were compared with limit prescribed by CPCB and WHO (0.1-0.2 mg kg
-1 

for 

Cr & 0.1 mg kg
-1 

for Pb). The results suggested that very less concentration of both 

heavy metals were observed in selected plants which may be considered as negligible. 

Further, development of fruits was found to be very low in comparison to control like 

that of growth parameters. This might be due to higher concentrations of salts present 

in treated wastewater, which may be removed by following various other eco-friendly 

techniques e.g. coagulation where alum is utilized as potential coagulant, electro 

dialysis that involve the application of electric field for removal of ionic contaminants 

etc. This might increase growth and development of plants as well as might reduce 

concentrations of heavy metals with combination of adsorption technique. Therefore, 

it may be concluded that irrigation of these plants with the biosorbent treated 

wastewaters will not cause any threat or risk to the lives of humans. 
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1. Introduction 

Population of the developing countries like India is being increasing tremendously in last 

few decades. Increasing population pose several problems to the health of the 

environment such as unmanaged and blind consumption of the natural resources, 

pollution of the air, water and soil. Urbanization, industrialization, developmental and 

constructional activities have increased in passing years to fulfill needs of rapidly 

increasing population (Li et al. 2017). These activities have escalated the problem of 

contamination of the air, soil and aquatic environment systems. Among all natural 

resources, water is one of the most essential necessities of all living beings to sustain 

their lives as most of the civilizations have developed near water bodies. Living beings 

require water for drinking and is used for domestic, industrial and irrigation purposes. 

Furthermore, water is the most copious natural resources on the earth that is being 

contaminated continuously by the excessive and nonsensical usages by human beings 

(Kumar et al. 2015). This has caused a dangerous situation of scarcity and unavailability 

of save drinking water in many parts of the world including India. Thus, there emerges a 

need to save the water resources, treat & decontaminate surface water for sustainable 

development of present as well as of future generations. 

1.1 Water profile on the earth 

About 71% of the earth's surface is covered with water, 96.5% of which is found in 

oceans (saline in nature), 3.4% as groundwater (1.7%), in glaciers of Antarctica and 

Greenland (1.7%), a minor portion in other larger water forms, and 0.001% in air as 

vapors, clouds & rainfall (Gleick 1993). Merely 3% of total fraction of the earth's water is 

fresh water that contains 68.7% icecaps and glaciers and 30.1% in groundwater. Further, 

<0.3% of all freshwater is found to be present in rivers, lakes as surface water, and very 

lesser amount i.e. 0.003% freshwater is confined within biological systems and in the 

atmosphere (Fig. 1.1). 
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Figure 1.1 Water profile of the Earth (Source- SPC Water, Sanitation Program: Water 

Distribution) 

1.2 Water Pollution 

Hydrology, physiology, biology and chemistry of determine the quality of water. 

These factors not only influence the quality of water but may also cause water 

pollution if present in excess amount. Moreover, toxins and contaminants are being 

added to the aquatic system by various anthropogenic actions and also by some 

natural processes. Thus, water pollution may be defined as the variation in the 

physiochemical and biological properties of water that interfere in the color, taste and 

smell and threatens the health of living beings.  

1.3 Sources and types of water pollution 

Various point and non-point sources are responsible for rising up the complications of 

water contamination. Point sources included toxic chemicals present in effluents of 

factories, and industrial units and hazardous smokes released by automobiles. 

Whereas, pollution generated by agricultural, storm water runoff or rubbles carried 

into water bodies fall under non-point source. The most common sources of water 

pollution have been presented in Fig. 1.2 and details account of it have been given 

below - 

i. Industrial effluents 

Industries contribute to water pollution by disposing off treated/partially treated 

wastes directly into water bodies, releasing poisonous smokes that may intensify acid 
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rain and alteration in temperature of water. Further, disposal of wastes directly into 

aquatic systems and high temperature of effluents may reduce quantity of oxygen in 

water, resulting in deaths of aquatic fauna. 

ii. Agricultural run off 

Farmers normally apply different chemicals in the form of pesticides, insecticides, 

herbicides and fertilizers to enhance the growth and productivity. These nutrients and 

substances are soaked by soil which in filters into the ground water causing its 

pollution. During rain, these chemicals are added into run-off and flow into surface 

watercourses and pollute them. 

iii. Sewage and household wastes 

Sewage is commonly a cloudy, dilute, aqueous solution containing minerals and 

organic matter. Sewage, domestic wastes, households and food processing plants 

cause about 25% of total water pollution, which includes human excreta, soaps, 

detergents, metals, glass and garden rubbish. 

iv. Thermal and radioactive pollutants 

These pollutants include the wastes chiefly from atomic, nuclear and thermal power 

plants. The release of unutilized heat is highest in thermal power plants which 

adversely affect the aquatic environment. Apart from electric power plant, various 

industries with cooling requirement contribute in thermal loading. Whereas, large 

doses of radionuclides are also being added in water bodies by these thermal and 

nuclear power plants, nuclear tests, nuclear reactors, nuclear installation, operations of 

power, processing fission and fusion products etc. Extremely toxic radioactive 

elements e.g. thorium(Th), polonium(Po), radium (Ra), uranium(U), plutonium(Pu) 

etc. are produced from neutron bombardments of atomic fuel. 

v.  Plastics 

Plastic is an unavoidable substance that is produced, used and greatly consumed all 

around the world on a large scale. About 400 years are required to degrade by natural 
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processes. Direct dumping of it into the water or on the road and land eventually 

contaminate the water body as it is washed away by the rain. 

vi.  Pathogens 

Incompetently treated sewage discharges large amount of harmful pathogens 

especially sewage plants due to inadequately designed secondary treatment system. 

The common bacterial species used as bacterial indicator of water pollution are 

mainly coliform bacteria and others e.g. Burkholderia pseudomallei, Giardia lamblia, 

Salmonella sp., worms (helminthes), Novovirus, Hepatitis A. etc. that may cause 

various health related problems 

vii.  Oil Leakage  

Oil stumbles from tankers and ships severely affect marine water quality as it forms a 

thick layer that chunks sunlight and suffocates the fishes and other aquatic animals 

leading to their death. 

 

Figure 1.2 Probable sources and paths of emergent contaminants into the ambient 

environment (Source- Grassi et al. 2012) 

1.3 Types of water pollution 

It may be divided into ground water and surface water pollution depending upon the 

existence of water. Furthermore, it may also be categorized on the basis of pollutants 

e.g. physical, chemical and biological pollution of water. 



 Chapter 1                                                                                                                     Introduction 

POONAM/DES/BBA University, Lucknow/2019                                                                              5 

1.3.1 Ground water pollution  

It is defined as water occurring in inundated constituents below water table. Ground 

water pollution is usually irreversible and is very difficult to restore the original water 

quality after contamination. It is susceptible with contamination caused by domestic, 

industrial and agricultural wastes as well as run off from urban area etc. 

1.3.2 Surface water pollution  

Surface water is confined in rivers, lakes, soil profiles, atmospheric and biological 

systems. It comes in the direct contact with the atmosphere, streams, and surface 

drains. Therefore, there occurs a continuous exchange of dissolved and atmospheric 

gases, which may contaminate the water body. Main contaminants of surface water 

are compounds, which impart color, odor and turbidity, e.g. oil, grease, phenols, toxic 

metals and organics; toxic radionuclides; thermal effluents and chlorinated 

compounds (chloroform and chloramines) etc. Furthermore, same sources of ground 

water pollution are also responsible for surface water pollution. 

1.3.3 Physical pollution of water 

This kind of pollution causes fluctuations in water color, odor, taste, turbidity and 

current properties. Colloidal matter, fine suspended particles and soil, free chlorine, 

phenols, actinomycetes, hydrogen sulphite, ammonia, phenols, algae, fungi, bacteria 

and micro-organisms (protozoa, nematodes, bacteria etc.) are the main pollutants that 

alters the physical characteristics of water bodies.  

1.3.4 Chemical pollution of water 

It alters acidity, alkalinity, pH, oxygen content of the water body. Chemical pollution 

is caused by either inorganic & organic pollutants or by both. Organic pollutants may 

be biodegradable (proteins, fat , carbohydrates, sugar, starch, polymers from domestic 

wastes, slaughter houses, food processing, industrial wastes) or non–biodegradable 

(pesticides, fungicides, bactericides, herbicides, insecticides, nematocides etc.) 

whereas, inorganic pollutants of water consists of gases, toxic metals and compounds. 
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1.3.5 Biological pollution of water 

Excretory products of warm blooded mammals including man, wild and domestic 

animals are main offenders of causing bacterial pollution. The main pollutants belong 

to coliform groups, fecal streptococci and miscellaneous organisms. It is also fetched 

by bacteria, viruses, algae, diatoms like protozoa, crustaceans, and plant toxins. 

Generally, control measures are not adopted to check these pathogenic contaminants. 

1.4 Heavy Metal Pollution 

Pollution of water resources with potentially toxic heavy metals e.g. arsenic, copper, 

lead, chromium, nickel, mercury etc. is a severe global problem (Zhang et al. 2014). 

Heavy metals (HMs) and other trace elements are vital for proper operation of biotic 

system and their shortage or excess may cause several ill effects on living beings. Heavy 

metals are highly toxic in nature, non-biodegradable, persistence and it‟s continuous 

deposition into the vicinity of receiving water body may contaminate food chain. 

Furthermore, it may get bio accumulated in the fatty living tissue causing threat to the 

lives if consumed for drinking and other purposes (Hernández-Montoya et al. 2013; 

Poonam and Kumar 2018). Therefore, it is essential to treat metal contaminated 

wastewater prior to discharge to the environmental systems mainly in aquatic bodies. 

1.4.1 Definition 

Heavy metal is a common collective term used to denote groups of metals and metalloids 

having atomic no between 63.5 to 200.6 and density greater than 5.0gm cm
-3

 (Thakur 

and Parmar 2013; Lakherwal 2014). 

1.4.2 Sources of heavy metals 

Natural and anthropogenic sources are responsible for the contamination of water bodies 

by HMs, however, in urban areas, activities like industrial and municipal effluent 

discharge without proper treatment, sewage disposal, mining, smelting processes etc. are 

making the situation more complex (Dirilgen et al. 2011). Discharge from the industries 

e.g. tanneries, electroplating, fertilizers, pesticides, batteries, refining ores, ore refineries, 

alloy industries, pigment, fuel, photographic material manufacturing explosive 

manufacturers, smelting of metalliferous, surface finishing aerospace, gasoline, radiator 

manufacturers etc. are mainly responsible for the HM contamination in the aquatic 
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system (Banerjee et al. 2012; Jadhav et al. 2015). Different sources and maximum 

permissible limits of the various heavy metals for the purpose of agricultural uses have 

been presented in Table 1.1. 

Table 1.1 Probable sources of heavy metals in water 

Heavy Metals Probable Sources References 

Lead(Pb) Painting, mining processes,  automobiles,  

electroplating,  detergents, chemical 

manufacturers, surfactants, preservatives etc. 

Abas et al. (2013), 

Poonam et al. 

(2018) 

Chromium(Cr) Chrome plating, dyes, batteries, tanning and  

leather industries, textile industries, chemical 

industries etc. 

Alluri et al. 

(2007); Poonam 

and Kumar (2018) 

Mercury(Hg) Chloro-alkali industries, chemical 

manufactures, pesticide factories, detergents, 

pharmaceuticals, alloy industries, oil 

refineries, fabric softeners, adhesives, drugs, 

fluorescent light tubes  etc. 

Alluri et al. 

(2007); Abas et al. 

(2013) 

Cadmium(Cd) Smelting, Cd-Ni batteries, phosphate 

fertilizers, mining activities, stabilizers, alloy 

industries, sludge etc. 

Abas et al. (2013) 

Copper(Cu) Water pipes, electrical and metal plating 

industries, electroplating, metal finishing 

industries, photographic materials, pesticides, 

insecticides, copper jewelry, cooking pots etc. 

Babel and 

Kurniawan 

(2003); Alluri et. 

al. (2007)  

Nickel(Ni) Battery manufacturing industries, pigments, 

explosives, papers, metal vending, fuel, 

effluent of silver refinery etc. 

Alluri et. al. 

(2007); Babel and 

Kurniawan (2003) 

Zinc(Zn) Smelting, surface finishing industries, 

aerospace, galvanization, paints, fossil fuel 

consumption, pesticides manufacturers, 

polymer stabilizers etc. 

Alluri et. al. 

(2007); Abas et al. 

(2013) 

Arsenic (As) Pesticides, fungicides, insecticides, metal 

smelters, car batteries, treated wood products, 

chemical weapons and  pharmaceuticals etc. 

Babel and 

Kurniawan 

(2003); Abas et al. 

(2013) 

1.4.3 Heavy metal toxicity 

In passing few decades, contamination of water by HMs has emerged as major 

environmental problem due to their toxicity and accumulative behavior. Selected of HMs 

are very vital to humans e.g. cobalt, copper, zinc etc., nevertheless larger magnitudes 
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may cause physiological illnesses. In contrast to other pollutants, HMs are not 

biodegradable and endure a global ecological cycle where main corridors are natural 

waters. An overview of toxicity of various HMs is presented in Table 1.2. 

Table 1.2 Toxicity symptoms of various heavy metals 

Heavy 

metals 

Toxicity Health 

problems/Symptoms 

References 

Lead(Pb) Damage central nervous system 

(CNS), encephalopathy, kidney, 

liver and reproductive system, 

hyperactivity, vertigo, anorexia, 

respiration, digestion, cancer of 

lungs, bones etc. 

Headache, nausea, 

vomiting, chest pain, 

dizziness, irritability, 

weakness of muscles, 

hallucination, thyroid 

dysfunction, fatigue, 

schizophrenic like 

behavior etc. 

Alluri et. al. 

(2007); 

Vetriselvi and 

Santhi (2015); 

Bai et al. 

(2017) 

Chromium

(Cr) 

Affects human physiology, skin 

diseases, respiratory problems, 

acute renal failure, alteration in 

genetic material, pulmonary 

fibrosis, carcinogenic etc. 

Loss of appetite, 

irritation in skin, 

dizziness, vomiting, 

fever, weakened immune 

system, headache, 

diarrhea, nausea etc. 

Alluri et. al. 

(2007); 

Sharma and  

Malaviya 

(2016) 

Mercury(

Hg) 

Neurotoxin changes to CNS, 

cerebral palsy, tremors, 

impairment of pulmonary and 

kidney functions, gingivitis, 

hypertonia, rheumatoid arthritis, 

birth defects etc. 

Nausea, termers, loss of 

vision, chest pain, 

vomiting, loss of hearing 

and vision, loss of 

appetite etc. 

Babel and 

Kurniawan 

(2003); Alluri 

et al. (2007) 

Cadmium(

Cd) 

Renal disorder, insomnia, 

inflammation & enlargement of 

liver, probable carcinogen etc. 

Chest pain, whole body 

pain, weak digestion etc. 

Fu and Wang 

(2011) 

Copper(C

u) 

Wilson‟s disease, hypertension, 

schizophrenia, insomnia, autism, 

autism, stuttering, postpartum 

psychosis, heart problems, cystic 

fibrosis, convulsion or even 

death etc. 

Vomiting, cramps, 

nausea, chest pain, loss 

of appetite,  etc. 

 Alluri et al. 

(2007); 

Thakur and  

Parmar, 

(2013) 

Nickel(Ni) Carcinogenic, renal problems, 

gastro-intestinal distress, 

myocarditis, pulmonary fibrosis, 

skin dermatitis, damage to lungs 

& CNS, cancer of lungs, bones 

Skin irritation, chest 

pain, vomiting, loss of 

appetite, improper 

digestion, rapid 

respiration, coughing, 

Alluri et. al. 

(2007); 

Thakur and 

Parmar (2013) 
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and nose etc. chest pain, etc. 

Zinc(Zn) Anemia, depression, lethargy, 

neurological problems, 

dermatitis etc. 

Stomach cramps, skin 

irritation, nausea, higher 

thirst, diarrhea etc. 

 Thakur and 

Parmar (2013) 

Arsenic 

(As) 

Skin manifestations, visceral 

cancers, cardio-vascular 

diseases, damage to circulatory 

and nervous system, produces 

liver tumors, gastrointestinal 

problems, renal damage etc. 

Nausea, vomiting, loss of 

appetite and vision, 

severe diarrhea, 

confusion, drowsiness, 

cramping muscles, hair 

loss, hypotension, night 

blindness and convulsion 

etc. 

Alluri et. al. 

(2007); 

Ungureanu et 

al. (2015) 

1.4.4 Regulatory guidelines on heavy metals  

In Indian context, the regulatory guidelines for maximum limits of various toxic HMs 

into the nearby water bodies have been given by Central pollution Control Board 

(CPCB) under „The Environmental Protection Rule (1986)‟. The categorizations of 

maximum limits of HMs in the effluent discharge have been done on the basis of 

usage and quality of receiving water bodies. It is categorized into four categories i.e. 

inland surface water, public sewers, land for irrigation and marine coastal areas. The 

standards for various heavy metals have been summarized in the table 1.3. 

Table 1.3 General standards for heavy metal concentration (mg L
-1

) in 

wastewaters/effluents (CPCB 2013) 

S.No. Heavy metals Inland 

surface 

water 

Public 

Sewers 

Land for 

irrigation 

Marine 

coastal 

areas 

1 Lead (Pb) 0.1 1.0 - 2.0 

2 Chromium (Cr) 2.0 2.0 - 2.0 

3 Mercury (Hg) 0.01 0.01 - 0.01 

4 Cadmium (Cd) 2.0 1.0 - 2.0 

5 Copper (Cu) 3.0 3.0 - 3.0 

6 Nickel (Ni) 3.0 3.0 - 5.0 

7 Zinc (Zn) 5.0 15.0 - 15.0 

8 Arsenic (As) 0.2 0.2 0.2 0.2 
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1.4 Conventional and non-conventional techniques to remediate heavy metals from 

water  

Over a few decades a number of conventional techniques have been identified by 

different scientists and researchers for elimination of HMs from different industrial 

effluents. These techniques include chemical precipitation, ion exchange, 

electrochemical removal, membrane filtration, chemical oxidation-reduction, reverse 

osmosis, ultra filtration, electro dialysis etc. (Banerjee et al. 2012). A brief account of 

these techniques have been described below- 

1.4.1 Chemical precipitation process involves the addition of precipitating reagent in 

the wastewater. As precipitants are added, they attract the pollutants and transform it 

into the solid form, which is separated at the end, from the clean water following 

gravitational settling. Precipitation of metals and other impurities is accomplished by 

adding coagulants such as alum, lime, Fe salts and organic polymers. 

1.4.2 Electrodialysis (ED), a membrane process, depends upon the power of electric 

field. Under the effects of electric fields, ions are transported through a semi 

permeable membrane, which is cation or anion selective. Generally, these membranes 

are made up of polyelectrolytes that in term are negatively charged. Thus, it rejects 

negative charged ions and permits positively charged ions to flow through. 

1.4.3 Coagulation and flocculation followed by disinfection are an indispensable 

part of water treatment system (Ungureanu et al. 2015). Coagulation is a chemical 

process involving addition of coagulants or chemicals in water. The suspended 

materials are encouraged by coagulants to aggregate together to form a semisolid 

material called as “flocs”.  After this, flocculation process starts which is slow and 

mild mixing of water to boost up formation of flocs and grow to a size that can easily 

be settle out with the effect of gravity. 

1.4.4 Ultrafiltration, as the name suggest, it is a filtration process, which occurs 

through membrane of pore size ranging from 0.1 to 0.001 micron. Its working 

involves different kinds of forces like pressure and concentration gradient. These 

forces enable the process to occur through a semi-permeable membrane. A semi-

permeable membrane is a kind of biological membrane that works on the process of 
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diffusion and only allows the selective molecules or ions to pass through it. Thus, this 

process has the potential to remove different kinds of polluting agents with high 

molecular-weight, colloidal materials, organic and inorganic polymeric molecules. 

This process is utilized by different industries like chemical and pharmaceutical 

manufacturing industries, food and beverage processing industries and wastewater 

management plants for the purification and treatment of polluted water (Fu and Wang 

2011). 

1.4.5 Reverse osmosis, is a technique that uses semi-permeable membrane to remove 

suspended and larger particles from drinking water. This technique can also remove 

larger molecules, ions, and biological agents like bacteria from polluted water. It 

works on the principle of osmosis, which involve the movement of solvent from low 

concentration towards higher solute concentration through a membrane. This process 

is commonly applied for the purification of water from sea water for the removal of 

salt and other organic materials from wastewater, electroplating and metal finishing, 

pulp and paper industries, mining and petrochemical, textile, food processing 

industries, municipal wastewater, and polluted groundwater (Mohsen-Nia et al. 2007). 

1.4.6 Nanofiltration is the transitional treatment technique between ultrafiltration and 

reverse osmosis. It is a promising technology for rejection of HM ions and other 

contaminants from wastewater. This technology takes advantage of ease in operation, 

consistency and moderately low energy consumption along with high competence for 

pollutant removal (Fu and Wang 2011). 

1.4.7 Sorption is evolving as a probable substitute to the existing conventional 

technologies for removal and recovery of contaminants and metals from aqueous 

solutions. It is a physicochemical process that utilizes different dead or live biological 

substances for removal of HMs. It utilizes functional groups present inside or on the 

surface of biosorbents as binding sites for HM ions. It is further divided into two 

kinds i.e. absorption and adsorption. Absorption process involves the whole volume 

of the substance whereas, adsorption process utilizes only surface of the sorbent. 

Husks, peels, microbial biomass, agricultural and animals wastes have been used as 

efficient sorbents for treating water and wastewater (Ghaedi et al. 2010; Feng and 

Guo 2012; Poonam and Kumar 2018).  
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A comparative study of advantages and disadvantages of different convention 

techniques has been summarized in Table 1.4. 

Table 1.4 Advantages and disadvantages different conventional technologies used for 

treatment of heavy metals from water and wastewater 

S. 

No. 

Mode Methods Advantages Disadvantages 

1 

P
h

y
si

ca
l 

Electro-

chemical 

methods 

Metal selectivity; extraction of 

pure metals; chemical free 

operation; Potential treatment 

>2000 mg/dm
3
 

High capital cost; 

density and initial pH 

of the solution 

2 Membrane 

filtration 

Requirement of small place; 

high separation selectivity; 

work at low pressure; less 

production of solid waste; low 

chemical consumption 

High operational cost 

of  membrane fouling; 

high maintenance 

cost; low flow rate 

3 Electro-

dialysis 

High separation selectivity High operational cost 

and energy 

consumption 

4 

P
h

y
si

co
ch

em
ic

a
l 

Activated 

carbon 

High efficiency (>99%); can 

remove most of the metals 

Cost of activation of 

carbon; performance 

depends upon the kind 

of the adsorbate 

5 Sorption Cost efficient; minimization of 

sludge; regeneration of bio-

sorbents; High efficiency; No 

additional nutrient 

requirement; metal recovery 

Metal valance state 

cannot be altered 

6 Photo-

catalysis 

 By-products are less harmful; 

removal of metals and organic 

pollutants instantaneously 

Limited application; 

operating time is 

longer 

7 C h e m ic a
l Chemical Inexpensive; simple operation; Generation of huge 
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S. 

No. 

Mode Methods Advantages Disadvantages 

Precipitation removal of most of the metals; 

nonmetal selective 

amount of sludge and 

additional operating 

cost for sludge discard 

8 Chemical 

Coagulation 

Sludge settles down; 

dewatering 

Costly; large 

ingesting of chemicals 

9 Ion-exchange High rejuvenation of 

materials; metal specific 

High initial 

investment and 

maintenance cost 

1.5 Adsorption process for treatment of heavy metals 

Adsorption is identified as a very effective, efficient and economic technique for 

elimination of HMs from water and wastewater. Adsorption is a broad term, which 

includes removal of physicochemical and organic pollutants including HMs from the 

water resources through different organic, inorganic and biological substances. 

Whereas, the usage of organic and biological substances is called as „biosorption‟, 

which is a subsidiary branch of adsorption processes.  

1.5.1 Definition of ‘Adsorption’ 

Adsorption is the adhesion of the molecules, ions or atoms of a liquid, soil or a gas to 

a surface by forming a film on the surface of the adsorbent. It a mass relocation 

procedure that comprises of gathering of ingredients at boundary of two phases i.e. at 

liquid-liquid, gas-liquid, gas-solid, or liquid-solid interface (Grassi et al. 2012). The 

term „adsorption‟ was coined by a German Physicist Heinrich Kaysen in 1881.  

1.5.2 Adsorbents and adsorbate 

Adsorbents are the substances that are used as substrate to perform adsorption 

processes. Adsorbents may be activated charcoal (Arulkumar et al. 2012), agricultural 

wastes e.g. bagasse (Poonam et al. 2018), peels of orange (Feng et al. 2011; Bernard 

and Jimoh 2013), lemon (Rajoriya and Kaur 2014), sweet lemon (Poonam and Kumar 

2018), tea waste (Thakur and Parmar 2013), water melon shell (Banerjee et al. 2012), 

leaves of palm (Alfa et al. 2012), industrial wastes like saw dust (Malwade et al. 
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2016), biological wastes like Bacillus licheniformis biomass (Upadhyay et al. 2017) 

or chemicals like zinc ferrite (ZnFe2O4) (Adeogun et al. 2017) etc. Whereas, 

adsorbate is the medium used to be treated by adsorbents e.g. water and wastewater, 

soil. The adsorptive performance of an adsorbent is strongly reliant on chemical 

structure of the adsorbate (Ungureanu et al. 2015). 

1.5.3 Kinds of adsorbents 

Usually adsorbents are divided into two broader categories i.e. natural and 

synthesized adsorbents (Fig. 1.3). 

a. Naturally occurring- This include various living and non-living substance 

that occur naturally e.g. microorganisms, algae, fungi, agricultural wastes. 

b. Synthesized products- This include various adsorbents obtained form from 

various industrial, domestic processes e.g. tea, paper & pulp, fertilizer wastes 

modified chemicals, activated carbons, biopolymers e.g. chitosan etc.  

 

Figure 1.3 Classification of low cost adsorbents 

1.6 Treatment of industrial wastewater by adsorption processes 

With the dawn of civilization, industrial development has exceeded rapidly in the past 

few decades. It has added a huge amount of different pollutants including HMs into 

the receiving water bodies. In developing countries like India, tannery and battery 

manufacturing industries are very common and significantly contribute towards the 
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economy of the country. These industries generate a huge amount of colored, fowl 

smelling concentrated effluents. These effluents not only pollute the water bodies but 

also the ambient air and create toxicological and aesthetical problems (Anandkumar 

and Mandal 2011).  

Currently, Indian leather Industry possesses 6
th

 position all over the world in 

the leather production and is among the top ten foreign exchange recipients for the 

country (Sharma and Malaviya 2016). There are more than three thousand tanneries 

spread all over India specially located in Tamil Nadu, West Bengal, Uttar Pradesh, 

Andhra Pradesh, Bihar, Gujarat, and Maharashtra of which about 80% of tanneries 

come under small-scale zone (Bharagava and Mishra 2018). Moreover, as estimation, 

about 0.8 million tons chrome tanned leather wastes are generated per year globally 

(Yan et al. 2016). Therefore, tannery industry is known as one of the highest water 

polluting industries. It utilizes animal hides and skins that are transformed by use of 

water, chemicals and mechanical process. Normally, chrome-tanning technique is 

applied for leather manufacturing as it produces leather with the supreme performance 

at a reasonable price (Mohammed and Sahu 2015). About 60% of the tanneries use 

chromium tanning 32 times greater than vegetable and other tanning methods 

(Ouaissa et al. 2012). The effluents contain tons of organic substances, inorganic salts 

e.g. enzymes, sodium sulphide, lime, ammonium salts, sulphuric acidazo dyes, 

phenols, p-Cresol, dichloro-benzoic acid, phthalates, polychlorinated biphenyls, 

pesticides, sulphonated oils etc. (Goutam et al. 2017; Vilardi et al. 2018). These 

chemical are supposed to increase the TDS, TSS BOD, COD, pH, conductivity, high 

levels of Cr in the effluent (Ahmed et al. 2011; Bhatti et al. 2017;Kuppusamy et al. 

2017). The main problematic part of the discharge of tannery effluent is with the 

amount of Cr, which is described as one of the most toxic element posing adverse 

effect on the health of living beings. Likewise, battery or flashlight manufacturing 

industry is also one of the eldest industries of India and uses large quantities of water. 

It also produces dense, fowl smelling hazardous effluent with heavy loads of 

inorganic pollutants and HMs e.g. Pb, Cu, Cd & Ni (Vergili et al. 2017). The highest 

concentration of Pb have been reported in the battery manufacturing industrial 

effluents as salts of lead are used on a larger scale to produce batteries as these have 

the characteristics of resistance to corrosion. The special reversible reaction between 
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lead oxides, lead sulfates and lead di oxides with sulphuric acid is used in production, 

negative and positive drying operations (Bahadir et al. 2007). 

Industries discharge their effluent into the nearby water bodies without any or 

improper treatment (Poonam and Kumar 2018). Normally, farmers utilize water of 

these receiving water bodies for irrigation purpose that contains different pollutants 

with HMs including Cr and Pb. These HMs may contaminate the food chain and get 

bio-accumulated in the fatty and living tissue posing threat to the lives. Therefore, in 

order to prevent negative impacts of these HMs, it became essential to treat the 

effluent before discharge into receiving water bodies. Conventionally, 

physicochemical and biological processes such as flocculation, oxidation, 

sedimentation, filtration, activated sludge, bioremediation etc. are used to treat the 

wastewater generated by these industries (Ayoub et al. 2011; Martino et al. 2013; 

Mansoorian et al. 2014; Ahmed et al. 2016; Ravulapalli and Kunta 2018). However, 

adsorption process is preferred over these methods due to its affinity, selectivity 

toward HMs and other contaminants, possible regeneration of the metals and being 

economic as well as ecofriendly (Piccin et al. 2012; Fabbricino  et al. 2013; Yan et al. 

2016; Dinh  et al. 2017; Mella et al. 2017). The present work was aimed to remove 

heavy metals present in industrial wastewater by application of different adsorbents in 

an ecofriendly and cost effective manner. More precisely, following specific 

objectives were drawn for this study – 

1. Estimation of physicochemical properties and heavy metals present in the 

industrial wastewater. 

2. Removal of heavy metals from wastewater using various combinations of 

agricultural wastes. 

3. Optimization of control techniques for the removal of heavy metals from the 

wastewater using agricultural wastes. 

4. Risk assessment of heavy metals to the environment. 
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2. Review of Literature 

Water is the most vital natural resources on the surface of the earth and one of the 

most essential needs of human beings. However, access to safe drinking water is very 

narrow especially in third world countries. Statistics shows water borne diseases cause 

about 90% of all deaths of children under five years old in developing nations. Here, 

resistance of children to infections is also very low (WHO 2015). Water pollution 

caused by organic and inorganic compounds, heavy metal is a foremost worry for 

environmental protection and human health (Kurniawan et al. 2011). Inorganic 

pollutants includes chlorides, phosphates, nitrates, sodium ions, potassium ions, 

carbonates and bicarbonates, heavy metals (HMs) like As, Cd, Pb, Ni, Fe, Cr, Hg, Co 

etc. Whereas organic pollutants comprise of pesticides, fertilizers, hydrocarbons, 

plastics, biphenyls, cleansers, oils, drugs, proteins and carbohydrates.  

Toxic heavy metals contamination of water is a worldwide problem initiated 

by natural or manmade sources, primarily, wastewaters generated by metal plating, 

paints and pigments, ceramic and glass industries. According to the US 

Environmental Protection Agency (USEPA), HMs represent a serious problem for 

human health because they are non-biodegradable and tend to accumulate in living 

organisms causing several diseases in humans (Argun and Dursum 2008). Further, 

exposure to elevated levels of HMs causes various adverse effects not only to humans 

but all other living beings present in or near the vicinity of water by food chain. The 

excess of HMs may result in ill effects e.g. impairing mental and neurological 

function, kidney and liver malfunctioning etc. (Alluri et al. 2007; Song et al. 2011; 

Vetriselvi and Santhi 2015). In alive creatures, HM ions can bind to nucleic acids, 

proteins, and small metabolites that may end in altered or lost biological utilities of 

cells with losing homeostatic regulation, finally ensuing lethal health problems (Liu et 

al. 2009). Therefore, it is essential to abolish such lethal HMs before discharging it 

into the aquatic ecosystem (Singanan et al. 2013). 

Various physicochemical conventional and non- conventional treatment 

techniques are used now days by the researchers to restore the quality of aquatic 

system and remove HMs such as ion exchange (Khan and Paquiza 2011), reverse 

osmosis and nanofiltration (Liu et al. 2008; Ungureanu et al. 2015), precipitation 

(Gharabaghi et al. 2011), and other physicochemical processes including 

electrochemical methods, coagulation & flocculation (Fu and Wang 2011; Ungureanu 
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et al. 2015). However, these methods are associated with noteworthy drawbacks, e.g. 

chemical and energy necessities, unsafe sludge generation, low efficacy for HM 

concentration below 100 mg L
-1

 and high cost at larger scale (Banerjee et al. 2012). 

Among these treatment techniques, adsorption is usually favored for exclusion of HM 

ions due to its high competence, easy handling, accessibility to raw materials and low 

cost (Salam et al. 2011; Kim et al. 2013; Poonam et al. 2018). Adsorption is an 

efficient method for the removal of low concentrations of toxic metal ions from 

aqueous solutions. In this context, biosorption has emerged as an auspicious 

technique, with many benefits as (1) high efficiency even with low metal 

concentrations, (2) low cost, (3) no additional nutrients requirements, (4) easy 

operation, (5) possible metal recovery, and (6) deprived of harmful effects on the 

environment (Manzoor et al. 2013; Poonam and Kumar 2018). 

Low cost biosorbents are normally agricultural, animal, industrial and 

household wastes e.g. bark, stem, leaves, roots, flowers, husk, skin, bran, stone, tea 

waste, sawdust, paper wastes etc. (Banerjee et al. 2012; Nguyen et al. 2013). These 

are mainly composed of polymers like cellulose, hemi-cellulose and lignin that have 

large amount of surface functional groups (Basu et al. 2017; Shehzad et al. 2018). 

Some of the main functional groups present in biosorbents are carboxylic, phenolic, 

alcoholic, carbonyl, phenolic, amino groups etc. (Liang et al. 2010; Guiza 2017). 

These groups have the affinity towards inorganic ions and organic groups to form 

complexes or chelates. The process involves the substitution of H
+
 for HM ions 

present in medium or contribution of an electron pair to form complexes with HM 

ions in solutions (Sarker et al. 2017). These biosorbents can be adapted for better 

efficiency and manifold reuses to improve their applicability at industrial scale 

(Poonam et al. 2018). Many researchers have reported adsorption as an effective and 

ecofriendly method for the removal of low concentrations of HM ions from aqueous 

solutions (Kim et al. 2013; Nguyen et al. 2013; Lakherwal 2014; Anastopoulos  et al. 

2016; Basu et al. 2017).  

Numerous aspects are affect adsorption of HMs comprising kind of adsorbent, 

chemistry of HMs and environmental conditions. In this context, definite mechanism 

of biosorption is not completely implicated, however several mechanisms have been 

anticipated. Chief mechanisms of biosorption comprise of chemisorption, 

complexation, diffusion and ion exchange etc. For instances, Taha et al. (2011) 

reported removal of Pb(II), Cd(II) and Zn(II) using potato peel by ion-exchange 
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mechanism. They found the high adsorption capacity of potato peels to active 

functional groups such as carboxylic, phenolic and hydroxyl groups. Similarly, 

Netzahuatl-Muñoz et al. (2012) examined ion exchange and electrostatic interaction 

mechanisms for removal of Cr(III) and Cr(VI) by Cupressus lusitanica bark. They 

explained that principal mechanisms involved in biosorption of Cr(III) biosorption in 

four steps: (1) Cr(VI) complexes formation, (2) reduction of Cr(VI) to Cr(III), (3) 

formation of carboxyl groups and (4) interaction of Cr(III) with carboxyl groups to 

form Cr(III) carboxylate complexes. Through FTIR, SEM, EDX methods, Witek-

Krowiak et al. (2013) exposed the prevailing mechanisms for biosorption of Cr(III) 

and Cu(II) onto soybean meal waste include (1) ion exchange, (2) chelation by 

carboxyl and hydroxyl groups, and (3) precipitation. It was reported that hydroxyl, 

carboxyl, phosphate, hydroxyl, amino and thio groups played major role in binding 

with the contaminants present in ionic form on biosorbent’s cell walls (Witek-

Krowiak et al. 2013). These functional groups may alter their hydrogen ions for 

metals or other hydrophilic groups or donate an electron pair for complex formation 

with HM ions (Kumar et al. 2011). Lasheen et al. (2012) specified participation of 

carboxylic groups in Pb adsorption by chemically modified orange peel. Whereas, 

Feng et al. (2011) reported that carboxyl and hydroxyl groups were involved in 

biosorption of metal ions by grafted polymerization-modified orange peel. Likewise, 

fluoride was removed from water by Zr–Mn composite material prepared via co-

precipitation method (Tomar et al. 2013). A by-product of pyrolysis process, was 

successfully used as an alternative low-cost adsorbent for exclusion of Ni(II)and 

Co(II) ions from aqueous solution by Kılıc et al. (2013). 

 

Figure 2.1 Possible mechanism of adsorption (Source- Sud et al. 2008) 
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In addition to this, various factors are also responsible for successful 

adsorption of HMs from water and wastewater. The details of these factors have been 

given below- 

1. pH of the solution is an important factor that governs adsorption of HMs. The 

hydrogen ions effectively increase or decrease adsorption of metal ions present 

in the solution as H
+ 

ion compete with the cations or the ions of the solution. 

Thus, pH values affect surface charge of bio-sorbents and ionization of HMs 

and competition of these with co-existing ions of the solution (Park et al. 

2010; Nguyen et al 2013). At lower pH, there will be positive charge on the 

surface of the adsorbent, thus there will be more competition for the cations. 

Thus, adsorption of metals with the positive charge will be low and of the 

negative charge will be comparatively higher. Rajoriya and Kaur (2014), 

reported increase in Zn uptake with increasing pH till the equilibrium was 

attained by using lemon and banana peel as adsorbent. The maximum removal 

of Zn by lemon and banana peel was 87.5% and 90.5% respectively at pH 4. 

In the same way, Li et al. (2013) and Božić et al. (2013), also reported the 

same pattern of increased removal percentage with increasing pH, for Cu, Cr
3+

 

and Cu, Ni, Zn by using root powder of Eicchornia crassipes and beech saw 

dust, respectively. But, study of removal of Cr
6+

 by Li et al. (2008) through 

beads of powder of Rhizopus cohnii and Fe3O4 coated with alginate and 

polyvinyl alcohol did not supports this assumption, as they reported that at pH 

1, almost all hexavalent Cr in the solution was removed. Fathima et al. (2015) 

also reported increased removal percentage of Cr
3+

ions with increasing pH up 

to 4 by using fungal biomass (Termitomyces clypeatus) as adsorbent.  

2. Specific surface area is described as total available area on the surface of 

biosorbents for adsorption (Naeem et al. 2007). Adsorption is a phenomenon 

that is very dependent upon specific surface area of particular adsorbent. 

Tomar et al. (2013) reported that specific surface area of nano-adsorbent Zr–

Mn before and after F adsorption was found to be 234.973and 247.280 m
2
 g

-1
, 

respectively. Results clearly indicate that large surface area of the adsorbent 

facilitated process and after adsorption, surface areas increased accordingly. 

Ahmady-Asbchin et al. (2008) reported low surface area of Ficus serratus for 
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the removal of Cu which is increased by the water immersion thus 

enlargement of the surface area increased adsorption capacity. 

3. Particle size is directly related to surface area of adsorbent as finer will be 

particle of adsorbent, larger the surface area and higher will be the probability 

of the adsorption of HMs on the surface. Tomar et al. (2013), Ahmady-

Asbchin et al. (2008), Bernard and Jimoh (2013) etc. had reported that finer 

particles of the different adsorbent had higher efficiency to remove heavy 

metals from the solutions. 

4. Nature of adsorbent can be described as the structure, physicochemical 

properties, solubility and the porosity of the adsorbent. An adsorbent with 

compact structure, high porosity and lower solubility in the solvent will be 

having a tendency to adsorb higher amount of the metals and other organic 

and inorganic contaminants (El-Sheikh et al. 2004). 

5. Effect of temperature on biosorption of HMs has been analyzed by various 

researchers. Some of them have reported that adsorption is an exothermic 

process while others have reported it to be an endothermic process (Kılıç et al. 

2013; Reddy et al. 2014; Elabbas et al. 2016; Khan et al. 2017; Lin et al. 

2017). Temperature of the solution affects solubility of HMs, inorganic and 

organic contaminants, diffusion rate of the metals, damages the active binding 

sites and thus, the adsorption rate also (Park et al. 2010). Rajoriya and Kaur 

(2014) reported exothermic adsorption with decreased removal i.e. from 82.68 

to 71.76% and 86.8 to 76.4% of Zn by using lemon and banana peel as 

adsorbent, with increase in the temperature from 30 to 50
0
C by lemon peel and 

banana peel, respectively. Likewise, Fathima et al. (2015) also reported 

maximum removal efficiency (21.79 mg g
-1

) of fungal biomass (Termitomyces 

clypeatus) for Cr
3+ 

ions with minimum temperature ie 30
0
C, when experiments 

were carried out among temperature range of 30, 40, 50, 60 and 70
0
C. 

However, Buasri et al. (2012) reported opposite trend as they found increase in 

biosorption of Zn with an increase in the temperature up to 70
0
C i.e. 

endothermic adsorption. It was explained as activation of metal ions at 

coordinating sites of minerals, available for biosorption amplified with higher 

temperature. Likewise, Kılıç et al. (2013) also reported higher rate of 

adsorption of Ni and Co by using bio-char of by-product of almond shell 

pyrolysis with increasing temperature. Authors explained it as increased 
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adsorption rate may be recognized as upsurge in no. of active surface sites 

accessible for adsorption at higher temperatures. 

6. Dosage of adsorbents has been considered an important factor to influence 

adsorption of HMs by different researchers (Kılıç et al. 2013; Fathima et al. 

2015; Chen et al. 2018). They have reported that as dosages of adsorbent have 

been increased, adsorption rates have also been found to increase until the 

equilibrium is reached. This may be described on basis of increase in surface 

area, adsorbent particles adjacent to metal ions or ratio of adsorbent particles 

available to metal ions (Guiza 2017; Temesgen et al. 2018). Bernard and 

Jimoh (2013) found increase in adsorption of Pb, Fe, Cu and Zn with 

increasing dosage of activated carbon of orange peel until equilibrium point. 

Pb attained maximum removal at lower dosage with 100% removal; Fe and Zn 

were removed by 70.06% and 32.53% with the dose of 1g and Cu 61.29% 

with the dose of 0.8g. Furthermore, Kılıç et al. (2013) also reported increased 

percentage of adsorption with increasing adsorbent dosage for Ni and Co, by 

using biochar of by-product of almond shell pyrolysis, till saturation point. 

They reported optimum adsorbent dose 7 and 4 g L
-1

 for Ni and Co, 

respectively. Likewise, Thakur and Parmar (2013) also reported increase in 

removal percentage of Ni, Cu and Zn with dose range 0.2 to 1gm/100ml of 

solution, by using tea waste as adsorbent. The maximum adsorption 

percentage was 91% for Ni at dose of 4 g L
-1

, 84% for Cu and 91% for Zn at 6 

g L
-1

, respectively. Fathima et al. (2015) also reported increasing removal 

percentage of Cr
3+ 

ions from fungal biomass (Termitomyces clypeatus) with 

increasing adsorption dosages upto the equilibrium point. The maximum 

removal of Cr
3+ 

was found to be 92.40% at adsorbent dose of 5 g L
-1

.  

7. Contact time is also important factor as it affects the adsorption rate of HMs 

by different adsorbents. Most of the researchers have reported that initially, 

the rate of adsorption has been found to be rapid as there are numerous vacant 

active sites. It provides energy to bring HM ions from majority of solution to 

the accessible sites by reducing resistance of mass transfer between bulk phase 

and adsorbent (Rajoriya and Kaur 2014). However, after attaining the 

equilibrium, the rate of adsorption decreases because of saturation of available 

sites. Salam et al. (2011) studied consequences of contact time on exclusion of 

Cu and Zn by peanut husk, fly ash and natural zeolite. They found that the rate 
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of metal uptake was as high as 60% for Cu
2+

 and 62% for Zn
2+

, when natural 

zeolite was used as adsorbent, in first 30 min and at equilibrium, 97.5% Cu
2+

 

and 90% Zn
2+

were removed from the aqueous solution. Further, Bernard and 

Jimoh (2013) studied effect of contact time on adsorption of Pb, Fe, Cu and Zn 

from wastewater of electroplating industry by activated carbon of orange peel. 

They reported removal rate of all of the HMs increased with increasing contact 

time till equilibrium point, which was 60 minutes for Pb(100%), Cu(51.47%) 

and Zn(20.12%) and 40 minutes  for Fe(56.63%). Likewise, Thakur and 

Parmar (2013) and Tomar et al. (2013) and Rajoriya and Kaur (2014) have 

also reported same findings for different HMs. Tomar et al. (2013) also 

reported increased removal of F ion with increased contact time upto 145min 

by using Zr-Mn composite materials. Kılıç et al. (2013) studied effect of 

contact time (30-240 min) on removal of Ni and Co by using bio-char of by-

product of almond shell pyrolysis. They also reported increased amount of 

adsorption for both of the metal until 150min after that the adsorption sites 

were found to be saturated and removal remained constant after that. Rajoriya 

and Kaur (2014) reported increased removal of Zn by lemon and banana peel 

with equilibrium time of 260 min for both. 

8. Initial metal ion concentration enforces the transport of HM ions from 

solution to the surface of adsorbents (Taha et al. 2011). In common, it has 

been found that the rate of the adsorption increased as initial metal ion 

concentration increased. Busari et al. (2012) studied the biosorption of Zn on 

corn cob and reported that biosorption of Zn increased with upsurge in metal 

ion concentration up to 750 ppm, beyond that no significant biosorption was 

observed. According to authors this pattern of biosorption was because of the 

involvement of the energetically less favorable sites. Tomar et al. (2013) also 

found the same result of increased removal percentage of F
-
 ions with increase 

in initial metal ion concentration. Kılıç et al. (2013) also reported increased 

adsorption amount as initial concentration of Ni and Co were gradually 

increased within the range of 50-200 mg/L by using bio-char of by-product of 

almond shell pyrolysis. But, Salam et al. (2011) reported that removal of Cu 

and Zn reduced with increase in initial metal ions concentration, using peanut 

husk, fly ash and natural zeolite as adsorbents. According to the authors, the 

adsorption sites were saturated as the initial metal ion concentration increased. 

They reported that maximum removal of Cu and Zn was 91% and 96% 
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respectively, at concentration 10mg/l using natural zeolite. Similarly, the study 

of removal of Cu from solution by using water melon shells as adsorbent done 

by Banerjee et al. (2013) also reported decrease in removal percentage as the 

initial ion concentration was increased. Further, Rajoriya and Kaur (2014) also 

reported decrease in percentage removal of Zn as concentration of Zn 

increased from 50-300 mg/L, when lemon and banana peel were used as 

adsorbents. The results were explained on the basis of diffusion of metal ion 

by intraparticle diffusion to adsorbent surface and at higher metal ion 

concentration to adsorbent proportion, higher energy sites used to saturate and 

process start on lower energy sites. 

9. Selectivity of the adsorbents is an important parameter as different organic 

materials are used as bio-adsorbents, which have different preferences for 

different metals to adsorb. Taha et al. (2011) reported that potato peel had 

higher efficiency to remove Pb in comparison to Cd and Zn. Likewise, Alfa et 

al. (2012) reported higher removal of Cu than Pb by frond and leave samples 

of dump palm. Similarly, Bernard and Jimoh (2013) reported higher removal 

of Pb by orange peel than Fe, Cu and Zn at different parameters like pH, 

contact time and adsorbent dosages. These studies indicated that some organic 

materials have higher selectivity towards different heavy metals, which highly 

depends upon the active sites and adsorbing groups present in adsorbents. 

Adsorption Modeling 

A no. of mathematical impressions, isotherms, kinetics, thermodynamic studies and 

desorption mechanisms have been given by different scientists and researcher to 

support and describe the hypothesis of adsorption as function of pressure (if gas) or 

concentration (if liquid) at constant temperature (Anastopoulos and Kyzas 2014). A 

brief aspect of these are given below- 

Adsorption Isotherms 

 These models are mostly used to describe the maximum amount of heavy metals 

(adsorbate) adsorbed by certain adsorbent and the mode of interaction taking place 

between them (Bharathi and Ramesh 2013).  
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1. Langmuir Isotherm- In 1916, Irving Langmuir proposed an adsorption model to 

explain the variation of the adsorption with respect to the pressure. This model is used 

to define the single-layer adsorption, where molecules are adsorbed at fixed number 

of well-defined, homogeneously distributed all over the surface of adsorbent 

(Langmuir 1918). 

Assumptions of Langmuir isotherms are as following- 

i) There is the availability of fixed no. of vacant or adsorption sites on surface of 

solid. 

ii) The shape and the size of adsorption sites on surface of the adsorbents are equal. 

iii) All of the adsorption sites can adsorb maximum one gaseous molecule and in this 

process, a constant amount of heat energy is released. 

iv) There exists a dynamic equilibrium between adsorbed gaseous molecules and free 

gaseous molecules-  

 

  where, Ka is equilibrium constant for forward reaction and Kd is equilibrium 

constant for backward direction. 

v) Adsorption is always monolayer or unilayer and reversible, when there is no 

interaction between molecules adsorbed on active site and neighboring site 

(Ruthven 1984; Febrianto et al. 2009). 

The mathematical equation of Langmuir isotherms (non-linear form) have been 

given below- 

 

 Whereas, Langmuir isotherms linear form is as following- 

 

Where, qe= equilibrium metal adsorption capacity of the adsorbent (mg g
-1

), 

Ce (mg L
-1

) = equilibrium solute concentration in the solution; b = Langmuir constant 

of maximum sorption monolayer capacity and bonding energy of the adsorption, qm = 
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saturated monolayer adsorption capacity (mg g
-1

), bL= constant related to energy of 

sorption and equilibrium (L mg
-1

) 

2. Freundlich Isotherm - On contrary with Langmuir’s isotherm, this isotherm 

interprets the adsorption on heterogeneous surfaces and there is also no compulsion of 

the formation of a monolayer. In 1909, Herbert Freundlich gave this expression to 

describe the isothermal disparity of adsorption of gas molecules adsorbed by unit 

mass of solid adsorbent with pressure. It describes an empirical relation between 

concentrations of solute on surface of an adsorbent to concentration of solute in the 

liquid with which it is in contact with (Freundlich 1906).  

This isotherm works on the assumption that when adsorbate concentration 

increases, the concentration of the adsorbate on adsorbent surface also increases, but 

the adsorption energy exponentially decreases, when the adsorption process is 

completed (Faust and Aly 1987). 

The mathematical expression of Freundlich isotherm (non-linear form) is given 

below- 

 

Whereas, the linear form of Freundlich isotherm is s following-  

 

where, Kf = coefficient of adsorption equilibrium; 1/n = heterogeneity factor 

3 BET Isotherm- This hypothesis works on the condition, where there is an 

adsorption on multilayer system i.e. some of the adsorbent molecules are adsorbed on 

already adsorbed molecules, forming a multilayer. This condition is contrary to the 

Langmuir isotherm’s single layer system. To overcome with this kind of situation, in 

1938 Stephen Brunauer, Paul Emmett, and Edward Teller discovered a model 

isotherm that consider these kinds of possibilities into account. On the name of all of 

the three scientists, their theory was called as BET theory, after initials in names of 

the scientists. This theory take into account that gaseous molecules behave ideally and 

each adsorbed molecule may provide a site for the adsorption of the molecule in the 

layer above it, thus producing a multiple layer system. The mathematical impression 

of their theory is as following- 

https://en.wikipedia.org/wiki/Herbert_Freundlich
https://en.wikipedia.org/wiki/Concentration
https://en.wikipedia.org/wiki/Adsorbent
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where,  x= pressure divide by the vapor pressure for the adsorbate at particular 

temperature, v= STP volume of the adsorbed adsorbent, vmon= STP volume of the 

amount of adsorbate required to form a monolayer, and, c = equilibrium constant b 

(used in Langmuir isotherm) multiplied by the vapor pressure of the adsorbent 

(Source- Derivation of the BET and Langmuir Isotherms 2011). 

4. Kisliuk Isotherm- Sometime there may be such kind of interaction where, a 

gaseous molecule is adsorbed on the surface of a solid from a significant interaction 

between a  other gas molecules in the gaseous phase. On such kind of situation, 

Langmuir isotherm fails to be applied, as it considers no interaction between the 

adsorbing molecules. Such effect was studied by Paul Kisliuk in 1957, where he used 

nitrogen and tungsten as adsorbate and adsorbent respectively (Kisliuk 1957). He 

found that there was an increase in the probability of adsorption around molecules 

present on surface of the substrate. To compensate for this increased probability of 

adsorption, Kisliuk discovered precursor state theory, that defines that molecules 

would enter a precursor state at interface between solid adsorbent and adsorbate in the 

gaseous phase. The precursor state decides the probability of adsorption will depend 

upon the proximity of the adsorbate to other adsorbate molecule that has already been 

adsorbed. The mathematical expression for the Kisliuk isotherm is given by- 

 

where, SD= adsorption rate constant, kE= sticking coefficient 

5. Redlich-Peterson Isotherm- This isotherm is a hybrid form of Langmuir and 

Freundlich isotherm and it does not follow ideal monolayer adsorption (Wasewar 

2010). It supports Freundlich model at higher concentration and Langmuir equation at 

lower concentration limit. The numerator is from the Langmuir isotherm and 

denominator has an exponential function (Redlich and Peterson 1959).This equation 

can be utilized in either homogenous system or heterogeneous system and can be 

described as follows- 
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 where, KR and aR= Redlich-Peterson isotherm constants (L mg
-1

), qe= 

equilibrium metal adsorption capacity of the adsorbent (mg g
-1

),  Ce= equilibrium 

concentration of adsorbate (mg L
-1

),  β = exponent (lie between 1 and 0). 

When β = 1 

 

6. Temkin Isotherm- This isotherm is explains the condition of on account of the 

adsorbing material and the adsorbate interactions. This equation does not involve the 

concentration factor and the model undertakes that (i) heat of adsorption of all 

molecules in the layer decreases linearly rather than logarithmic with coverage due to 

adsorbate-adsorbate interaction and (ii) adsorption is characterized by an uniform 

dispersal of binding energies, up to some maximum binding energy (Temkin and 

Pyzhev 1940; Aharoni and Ungarish 1977). Temkin isotherm is represented by 

following equation: 

 

 where, KT = equilibrium binding constant (L mg
-1

), R = universal gas constant 

(8.314J mol
-1 

K
-1

), T = Temperature at 298 K, KT = Temkin isotherm equilibrium 

binding constant (L g
-1

), b = Temkin isotherm constant 

7. Dubinin-Radushkevich-This is an empirical isotherm equation. It is used, 

extensively, for the estimation of the nature of the biosorption process by the help of 

Gaussian energy distribution onto the heterogeneous surface of bio-sorbents (Dubinin 

and Radushkevich 1947). The equation is represented as following- 
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 where, qm= the maximum biosorption capacity of the bio-sorbent (mg g
-1

), B = 

constant related to free energy of biosorption {mol
2
 (kJ

-2
)
-1

}, £ = Polanyi potential 

8. Sips model- This model is derived from the combination of Langmuir and 

Freundlich models (Deniz and Karabulut 2017). This model is more competent as 

compared to others to describe the biosorption equilibrium (Sips 1948). The equation 

is represent as- 

 

where,  Ks = Sips equilibrium constants (mg
-1 

L), nS (-)= Sips model exponent 

Kinetic models 

Adsorption kinetics is a significant parameter to define basic characteristics of an 

effective adsorbent (Wang et al. 2012). These studies are conducted to find the 

optimum condition for full-scale adsorption process (Anastopoulos and Kyzas 2014). 

It describes the mechanisms involved that controls the sorbate interaction at the solid–

solution interface at different time. Kinetic modeling reveals the adsorption 

mechanism and the rate controlling factors involved in the process. The rate of the 

adsorption process depends upon the mass transport and chemical reaction process 

(Kyzas and Matis 2014; Anastopoulos et al. 2016). There is several kinetic models 

e.g. pseudo-first order, pseudo-second order, Weber-Moris and Elovich are available. 

Among these pseudo first and second order kinetic models are commonly used (Table 

2.1). In the present work, pseudo-first and second order reactions were employed to 

obtain the adsorption mechanisms involved in Cr and Pb elimination procedures by 

various biochars (Lagergren et al. 1898; Ho et al. 2000). 

Pseudo-first kinetic model (Eq 1) is given as- 

                         (1) 

where, q1 and qt are quantites of heavy metals (mg g
-1

) absorbed at equilibrium time t, 

respectively, and k1 is first-order rate constant (min
-1

). 
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According to Mckay and Ho (1999), pseudo-second order kinetic model (Eq 2) is 

expressed as- 

                                               (2) 

                                              (3) 

Eq.(3), modified Ritchie's-second order kinetic model, is applied for calculation of 

initial sorption rate, h(mg g
-1

min
-1

) (Eq. 4). 

                                                         (4) 

where, q2 is the maximum adsorption capacity (mg g
-1

) for pseudo-second-order 

adsorption, K2 is equilibrium rate constant for pseudo-second-order adsorption (g mg
-1

 

min
-1

) and h is initial sorption rate (mg g
-1 

min
-1

). 

Thermodynamic models 

It is a measure of adsorption spontaneity, the nature of adsorbents and adsorbate at 

equilibrium conditions (Anastopoulos and Kyzas 2014). It also explores the 

temperature range for favorable adsorption. The important thermodynamic parameters 

are change in Gibbs energy (∆G
º
), adsorption enthalpy (∆H

º
) and entropy (∆S

º
). The 

expression of Gibbs free energy is given as- 

                                                (5) 

where, ∆Gº
 
= Gibbs free energy change (kJ mol

-1
); R= universal gas constant; 

T= absolute temperature at 298K. The distribution coefficient KL (L mol
-1

) of 

isothermic fit is calculated by the following relationship- 

 

The Van’t Hoff equation for calculating enthalpy (∆H
º
) and entropy (∆S

º
) is 

given by- 

In (KL) =   and, 



Chapter 2                                                                                Review of Literatures 

POONAM/DES/BBA University, Lucknow/2019                                                                 31 

In ( ) = -  

where, Entropy change = KL (L mol
-1

) from Langmuir model; Qe = metal ions 

adsorbed at concentration (mg L
-1

); Ce = residual ion concentration in solution (mg L
-

1
); ∆Hº = enthalpy change  (kJ mol

-1
) and ∆Sº

 
= entropy change (kJ mol

-1
) 

The Clasius Clapeyron is given by- 

∆H
0 

=  

where, Ceads is the equilibrium concentration of HMs on the adsorbent (mg g
-1

) 

and Ceaq is the equilibrium concentration of HMs in the aqueous solution (mg L
-1

). The 

values of ∆Hº
 
and ∆Sº were calculated from the slope and intercept of Van’t Hoff plot 

between ln ( ) versus 1/T. Further, the mathematical formulas are represented in 

Table 2.1 through which adsorption data at different temperatures are calculated.  

Table 2.1 The mathematical impressions of important kinetic and thermodynamic 

models 

Expression Equation Plots Parameters References 

KINETICS 

Pseudo first 

order kinetic 

(Non-linear) 

 

-  

 

 

qt (mg g
-1

) = amount 

adsorbed at time t 

(min); k1 (min
-1

) = 

pseudo first order rate 

constant; 

k2
 
(g mg

-1
 min) = 

pseudo second order 

rate constant 

 

 

Blanchard et 

al. (1984); 

Lagergren 

(1898); Ho 

and Mckay 

(1999); 

Anastopoulos 

et al. (2016) 

Pseudo first 

order kinetic 

(Linear) 

 

In (qe-

qt) vs t 

Pseudo 

second order 

kinetic (Non-

linear) 

 
- 

Pseudo 

second order 

kinetic 

(Linear) 

 
t/qt vs t 
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THERMODYNAMICS 

Gibbs   - Gibbs free energy 

change; R= universal 

gas constant; T= 

Temperature at 298K 

 

 

 

 

Anastopoulos 

and Kyzas 

(2014); 

Anastopoulos 

et al. (2016) 

Van’t Hoff In (bL) =  

 

In ( ) = -  

In (bL) 

vs   

In ( ) 

vs  

Entropy change; bL 

(L/mol) from 

Langmuir model; Qe 

metal ions adsorbed at 

concentration (mg/L); 

Ce residual ion 

concentration in 

solution (mg/L); K = 

QmXbL calculated from 

Langmuir constants 

Clasius 

Clapeyron 

∆H
º 
=  - Enthalpy change 

Desorption process 

Although most of the naturally occurring agricultural wastes have the potential to 

adsorb heavy metals from aqueous medium, but the ability of adsorbents to be 

regenerated is a crucial factor to access its reusability. An ideal adsorbent should have 

better desorbing power together with higher adsorption capability to enhance the 

efficiency of the process (Peng et al. 2017). To regenerate bio-sorbents, desorption 

process is used which is the simple process of removing adsorbed metals from 

adsorbents. The most common practical method for desorption of HMs from biomass 

is leaching with dilute acid (Kariuki et al. 2017). Some of the adsorbents can be 

efficiently desorbed to reuse it as adsorbent but some of these may lose their natural 

structure after desorption process. Thus, these cannot be reused efficiently for further 

treatment of wastes water (Ngulube et al. 2017). Generally, desorption process is 

carried out to rejuvenate and regenerate precious metals and to reuse adsorbent for 

minimizing the loads of wastes/sludge in the environment. Different researchers and 

scientists have reported various eluants for the purpose of desorption of heavy metals. 

Reddy et al. 2014 reported 0.1M NaOH showed highest desorption capacity ie 98.7% 
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within 30 minutes for Cr
3+ 

ions from watermelon rind as compared to 0.1M HCl and 

water as eluting agents. In the beginning, rate of desorption is comparatively higher 

due to escaping of gas phase molecules from the adsorbent surface towards liquid 

medium i.e. eluants (Hassan et al. 2015). Basu et al. (2017) have used 0.1M HCl, 

H2SO4, HNO3, Na2CO3 and EDTA (ethylene diamine tetra acetic acid) as eluants for 

desorption of Pb adsorbed onto cucumber biomass. The desorption percentage of Pb 

was about 97% for 0.1 M HCl in comparison to other four eluants. They performed 

adsorption-desorption cycle for five times to reach to the results. Petrović et al. (2017) 

desorbed zinc and copper on raw corn silk by three different solutions: 0.1 mol L
−1

 

HNO3, deionized water at pH 2.0 and deionized water at pH 4.0. Maximum 

desorption efficiency was 92.80% for Cu in deionized water at pH 2.0 and 99.0% for 

Zn in 0.1 mol L
−1

 HNO3. Other eluants ie 0.1 mol L
−1

 HNO3 and deionized water at 

pH 4.0 desorbed 92.96% and 5.36% Cu, respectively; 91.60 and 2.52% for Zn by 

deionized water at pH 2.0 and deionized water at pH 4.0, respectively in three cycles. 

Further, it was also reported that desorption efficiencies of both metals were lower 

than 6.0% at pH 4.0 and almost all adsorbed metals were recovered in acidic 

solutions. The reason may be formation of coordination complexes between metal 

ions and active functional groups. In the same way, Altun and Pehlivan (2012) 

desorbed Cr(VI) ions on walnut shells modified with citric acid by 0.5M HCl. They 

reported 20-25% desorption of Cr
6+ 

ions in the acidic medium by three cycles, which 

was comparatively low than the study made by Petrović et al. (2017) in the acidic 

medium for Cu and Zn ions. The pattern of desorption of metals in acidic eluants were 

also followed by Kariuki et al. (2017). They regenerated 70% Cu and 50% Pb by 0.1 

M HCl and about 25% Cu and ~15% Pb by 0.1M EDTA from roger mushroom 

biomass. Li et al. (2013), Velazquez-Jimenez et al. (2013), Suksabye and Thiravetyan 

(2012), Basu et al. (2017) and Poonam et al. (2018) reported the same pattern of 

desorption of different heavy metals in acidic medium but Reddy et al. (2014) 

reported about 98.7% desorption of Cr
3+

 by NaCl from water melon rind. Thus, in 

most of the cases maximum desorption were reported by acidic eluants in comparison 

to bases, salts and deionized water. 

 Heavy metals are one of the most troublesome pollutants in respect to their 

toxicity, bioaccumulation properties and as precursor of many bio-chemical reactions 

in the environment. Although, many conventional and non-conventional techniques 
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have been developed for removal and treatment of the contaminated waste water, but 

none of them have proved to be the best one in all the aspects (like cost effectiveness, 

energy consumption, secondary pollutants etc.). In present scenario, biosorption is 

emerging as an innovative, eco-friendly, cost effective and possible substitute to 

current conventional technologies for elimination and/or retrieval of contaminants and 

metal ions from aqueous medium. The selection of appropriate adsorbent is one of the 

most crucial aspects of this technology. Among different biosorbents available, 

naturally occurring agricultural wastes with excess carbon substances have shown 

excellent potential for adsorption of heavy metals as well as dyes and different 

organic substances (volatile organic carbons, persistent organic pollutants etc.). 

Furthermore, most of the heavy metals and pollutants adsorbed can also be recycled 

and reused by the process of desorption.  

Almost all of the naturally occurring biowastes show excellent heavy metal 

adsorption ability at suitable conditions and/or with appropriate modifications. 

Different functional groups associated adsorbents and their surface are and smaller 

pore size facilitate the adsorption process. The adsorption conditions such as 

temperature and pH of medium also influences adsorption process. 

In the present study, potential of naturally occurring bio-wastes i.e. peels of 

sweet lemon, lemon, orange and bagasse were used to treat wastewater of tannery and 

flashlight manufacturing industries containing Cr and Pb.  Different parameters, 

which influence the adsorption process like adsorbent dosage, contact time, pH, 

temperature and initial metal ion concentration, related isotherms, kinetics & 

thermodynamics, desorption potential were also studied.  

In the present study, potential of naturally occurring bio-wastes i.e. peels of 

sweet lemon, lemon, orange and bagasse were used to treat wastewater of tannery and 

flashlight manufacturing industries containing Cr and Pb.  Different parameters, 

which influence adsorption processes like adsorbent dosage, contact time, pH, 

temperature and initial metal ion concentration, related isotherms, kinetics & 

thermodynamics, desorption potential were also studied. 
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3. Material and Methods 

3.1 Site Selection 

Two sampling sites have been identified for the collection of industrial effluent, as 

follows- 

1. Common Effluent Treatment Plant, Banther, Unnao, U. P.- It is located at 

26º33’36’’N & 80º30’48”E and is a effluent treatment plant for the raw effluents 

coming out from different leather manufacturing industries of Unnao, Utter 

Pradesh. 

2. Eveready Industries India Ltd., Mill Road, Aishbagh Park, Lucknow, U. P.- 

It is located at 26º50’22”N & 80º53’33”E and is a battery manufacturing 

industry engaged in manufacturing different kinds of batteries for cars, inverters, 

torches etc. 

 



Chapter 3                                                                                                     Material and Methods 

POONAM/DES/BBA University, Lucknow/2019                                                                  36 

Figure 3.1 Description of sampling site for collection of wastewaters from Unnao and 

Lucknow, situated in Uttar Pradesh, India 

3.2 Sample collection  

The samples of wastewaters were collected from outlet both of the selected industries 

in plastic gallons of 10 litres during winters of January 2014, 2015 and 2016 to reduce 

the impact of microbial activity on physicochemical characteristics of wastewaters and 

for avoiding the maximum standard errors. 

 

Figure 3.2 Sampling of wastewaters from tannery (a) and battery manufacturing (b) 

industries 

3.3 Chemicals- The chemical reagents utilized in present study were of analytical 

reagent (AR) grade from E. Merck, Darmstadt, Germany.  

Protocols- The wastewater samples were analyzed physico-chemically by using 

methods of APHA (2005) and Maiti (2004). 

3.4 Analysis of the Samples 

The analytical methods and instruments used for the physicochemical analysis of 

wastewater have been summarized in Table 3.1. 
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Table 3.1 Methods and instruments used in physicochemical analysis of 

wastewater 

S.No.  Parameter Method Instrument/Equipment 

1 Total suspended 

solids  

Filtration and Weighing  

Weighing Machine 

2 Total dissolved 

solids 

 Filtration and Weighing 

3 Total solids Filtration and Weighing 

4 pH value Electrometric Method pH meter 

5 Electrical 

Conductivity 

Instrumental Method Conductivity meter 

6 BOD  Titrimetric Method                 - 

7 COD  Open Reflux Method                 - 

8 Alkalinity  Titrimetric Method                 - 

9 Total Hardness Titrimetric Method                  - 

10 Chloride (Cl) Titrimetric Method                  - 

11 Total 

phosphorus (P) 

Digestion in Kjeldhal 

method 

Spectrophotometer 

12 Nitrogen-nitrate 

(N-NO3
-
) 

By Cataldo et al (1975) 

Method 

Spectrophotometer 

13 Sulphate Turbidimetric Method Spectrophotometer 

14 Cations(Na, K 

& Mg, Ca) 

Standard Calibration 

Method  

Ion Chromatograph 

15 Anions (PO4
3-

) 

16 Chromium (Cr) Open Digestion (nitric acid 

& perchloric acid in 5:1) 

Atomic absorption 

spectroscope 17 Lead (Pb) 

3.5 Adsorbent preparation 

Sweet lemon, lemon & orange peels and bagasse were gathered from juice stalls of 

Rajnikhand, Lucknow. Then all of these were brought to the laboratory and washed it 

carefully firstly with tap water and after that with deionized water for removing dust 

and unwanted objects. Lastly, all of them were air dried for 2-3 weeks to eliminate 

moisture content. Then, were subjected to pyrolysis at temperature of about 400±10ºC 
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for all of the peels and 300±10ºC for bagasse wit time duration of about 3.5 and 2.5 

hours, respectively. Afterward, overnight cooling, biochars were washed thoroughly 

with deionized water to eliminate undesirable ash contents. Subsequently biochars 

were dehydrated in oven and stored in desiccated conditions in airtight dishes. 

3.6 Characterization of the adsorbent 

Following instruments and their techniques were used for characterization of selected 

adsorbents- 

3.6.1 Atomic Adsorption Spectrometer (AAS): The concentrations of HMs 

were determined by AAS of VARIAN AA240FS. 

3.6.2 Fourier Transform Infrared Spectroscopy (FT-IR): The functional 

groups involved in adsorption of HMs were determined by NicoletTM6700-FT-IR. 

3.6.3 Scanning Electron Microscope (SEM): Alteration in surface 

morphology was examined by JSM-6490LV-SEM micrographs, manufactured by 

JEOL, Japan. 

3.6.4 Energy-dispersive X-ray Analysis (EDX): Elemental compositions of 

biochars were analyzed by JSM-6490LV-EDX designed by JEOL, Japan. 

3.6.5 Brunauer–Emmett–Teller (BET): Quanta Chrome Nova-1000- BET 

surface analyzer (under liquid N2 temperature) was used to determine the surface area 

and pore size of biochars. Further, porosity and textural properties were studied by 

adsorption-desorption studies. Pore diameter and volume was evaluated Barrett-

Joyner-Halenda (BJH) method and newly generated micropore volume was measured 

by de Boer t-method (Venkatesha et al. 2016).  

3.6.6 X-ray diffraction (XRD): XRD was used to observe the structural 

integrity of SLPB. Step scanning at 2θ = 0.0200 /sec from 30 to 800 on PANalytical 

X’ Pert PRO MPD X-ray diffraction was applied for data recording, with 

monochromatized Cu K α radiation (λ= 0.15406). 

3.6.7 CHNS: The elemental configuration (C, H, N, S and O %) were 

analyzed by CHNS analyzer (model no. Flash EA112 Series, manufactured by 

Thermo Finnigan, Italy). 
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3.7 Quantitative evaluation of surface acidic functional groups on the adsorbent 

Boehm titration method was used to detect acidic functional groups on surface of 

biochars (Boehm et al. 1964; Boehm 2002; Oickle et al. 2010). In the process 50 ml of 

0.05 M NaHCO3, Na2CO3 and NaOH bases were used in which 0.5 g of adsorbent was 

added. Likewise, samples along with blank were shaken for 24 hrs at 120 rpm and 

filtered to remove extra particles. Thereafter, 20 ml of filtrate from each one was 

titrated with 0.05 M HCl to neutralize base completely, and then back titration was 

done by blank solution with 0.05 M NaOH with phenolphthalein indicator to determine 

end point of the process at room temperature (25±3
 
ºC). All of the solutions were made 

up of millipore water. The difference between molar NaOH and Na2CO3 was 

anticipated to be the phenolic group content as described by Oickle (2010), Kurniawan 

et al. (2011) and Abdelhafez and Li (2016). 

Following steps were used to calculate different surface acidic groups- 

1. Calculation of surface acidic groups amount (Ax) 

 

where, mx = mass of biochar (gm), Vbx = volume (ml) of HCl utilized for titration of 

blank,  Vx= volume (ml) used for sample titration of respective bases solution after 

biochar addition, MHCl = molarity of HCl concentration in moles L
-1

,  2.5 is a 

coefficient for decrease of titration sample volume in comparison to reaction sample 

volume (50ml/20ml),  2. Calculation of the amount of different kind of surface groups 

a. Amount of phenolic groups, Aph = A3 – A2 – A1 

b. Amount of carboxylic groups, Aca = A1 

c. Amount of carboxylic from lactones hydrolysis groups Ala = A2 – A1 

where A1, A2 and A3 are amount of surface acidic groups for NaHCO3, 

Na2CO3 and NaOH, respectively.  

3.8 Biochar Yield 

5 g of agricultural wastes were subjected to production of biochar. The calculation of 

yield of biochar was done by following formula (Sadaka et al. 2014; Qiao et al. 2017)-  
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where, mbiochar = mass of biochar (g), mraw = mass of raw agricultural wastes (g) 

3.9 Moisture and Ash Content 

Moisture content: It was determined by drying up of 1 g of samples for 24 hrs in an oven 

at temperature of 100±5
º
C until constant weight was gained. Moisture content was 

calculated as- 

 

where, wi = initial weight of adsorbent (g), wf= final weight of adsorbent after drying (g)  

Ash content: 1gm of samples were taken into a porcelain crucible and placed in the muffle 

furnace at 500±5 
º
C for 5 hours. Afterwards, it was cooled down in a desiccator for 15-20 

minutes. Finally, ash content was calculated as- 

 

where, W0 = weight of empty crucible (g), W1 = weight of crucible (g) + weight of 

adsorbent (g), W2 = weight of crucible (g) + weight of ashed sample (g) (Basu et al. 2017; 

Poonam and Kumar 2018). 

3.10 Experimental set-up 

The experiments were performed altering adsorbent dosage from 1.0 to 10 g L
-1

 with 

difference of 0.5 g, for 100 ml in 250 ml Erlenmeyer flasks at 120 rpm with time duration 

of 10, 20 to 200 minutes at time intervals of 20 minutes. The pH was maintained from 2 

to 6 by 0.1 N NaOH and 0.1 N HCl. The temperature ranges used in the experiments were 

25, 35, 45, 55, 65 and 75 ºC which was maintained in orbital shaker (Uni-Tech Sales- 

1.21 A).The initial metal ion concentration ranged as 5, 10, 20, 40 and 80 ma L
-1

. 

Analytical reagent (AR) grade stock solutions of 1000 mg L
-1 

of Cr and Pb were used in 

the experiments for preparing working and standard solutions. 

3.11 Analytical Method  
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The amounts of HMs adsorbed were calculated by following mass balance relationship- 

 

and, percent removal at equilibrium (qe) was calculated as- 

 

where, C0 and Ce (mg L
-1

) are concentrations of metal ions at initial stage and 

equilibrium, respectively. v is volume of wastewaters in ml and w is weight of adsorbent 

in grams (g). 

3.12 Adsorption rate kinetics 

In the present study, pseudo-first and second order reactions were utilized to describe the 

adsorption mechanisms involve in Cr and Pb removal processes by different biochars 

following Lagergren et al. (1898) and Ho et al. (2000). 

3.13 Adsorption isotherm studies 

The data of experimental uptake (qe) were verified by isothermic models (Langmuir and 

Freundlich) and separation factor (RL) at room temperature (25±3ºC). Freundlich 

isotherm assumes the usage of heterogeneous surface and infinite surface coverage for 

adsorption of HMs. Whereas, Langmuir isotherm undertakes complete adsorption of 

heavy metals with monolayer coverage on homogenous adsorbent surface without any 

interaction between adsorbed ions. The adsorbent possess uniform adsorption sites with 

identical energy levels and at equilibrium the speed of molecules adsorption will be equal 

to their escape velocity from the adsorbent's surface (Langmuir 1916).  

Furthermore, likelihood of Langmuir isotherm was proved by a dimensionless 

constant viz. separation factor or equilibrium parameter separation factor (RL) (Hall et 

al. 1966; Weber and Chakraborti 1974). The expression of RL is given as following- 
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where, C0 is initial metal concentration. The value of RL between 0 and 1present 

favorable adsorption and higher than 1 shows unfavorable adsorption. 

3.14 Thermodynamic Studies 

Thermodynamic studies measure adsorption spontaneity, nature of adsorbents and 

adsorbate at equilibrium. It also explores temperature range for favorable adsorption. 

The important thermodynamic parameters are change in Gibbs energy (∆Gº), 

adsorption enthalpy (∆Hº) and entropy (∆S
º
) which were calculated by following Van’t 

Hoff and Clasius Clapeyron equations (Anastopoulos and Kyzas 2014). 

3.15 Desorption study  

0.1 M HCl, HNO3 and H2SO4, and NaOH were utilized as eluants. 1 g of metal 

encumbered adsorbent was added in 100 ml of eluants and incubated for 180 minutes at 

room temperature (25±3ºC) with rotatory speed of 150 rpm. Finally, HMs containing 

eluants were analyzed in AAS for analyzing the concentration of HMs (mg L
-1

). 

3.16 Seed germination test 

The certified seeds of economic plants i.e. vegetables (lady’s finger, sponge gourd, bottle 

gourd, pumpkin, bitter gourd), legumes and oil yielding seeds (green moong, tomato and 

rapeseed) and fruit (tomato) were obtained from Kisan Seeds Limited, Lucknow. The 

viability of the seeds was more than 90%.  The viable seeds were surface sterilized in 

0.1% HgCl2 for five minutes for disinfection. Then seeds were washed thoroughly by 

distilled water for 2-3 times. After that 10 seeds of each were taken into petri dishes (100 

mm) covered with double layered filter paper (Whatman no. 1) (Kumar et al. 2009; Asfaw 

et al. 2012). The seeds were wetted with the treated wastewaters and control was taken as 

tap water. The treated wastewater were diluted 50% by tap water as seeds used to wrought 

in highly polluted industrial wastewaters, if used without dilution. The experiments were 

performed in dark at 25± 3ºC for 3 days and germination percentage of all the seeds was 

determined for every 24 hrs. All of the experiments were performed in triplicates to avoid 

standard error and deviation. The germination percentage was calculated following Asfaw 

et al. (2012)- 
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3.17 Pot experiments and growth parameters 

The pot experiments were conducted in the Research Field Station of Department of 

Environmental Science, BBA University, Lucknow (26°46'5.77"N and 80°55'38.92"E). 

Lady’s finger (Abelmoschus esculentus), tomato (Solanum lycopersicum) and green 

moong (Vigna radiate) were selected on the basis of seed germination percentage for pot 

experiments. Fifteen seeds of each plant were sown in 12 inch diameter earthen pots 

containing 8 kg soil which were placed under the net house conditions. The pots were 

irrigated with SLPB, LPB, OPB and BB treated wastewaters of tannery and flashlight 

industries. The control was taken as the tap water and irrigation was given equally to each 

pot. The randomly samples of all the three plants were uprooted at interval of 15, 30, 60, 

90 and 120 days and were analyzed for growth parameters e.g.  root length (cm), no. of 

roots,  shoot length (c), no. of leaves, fresh weight (g), dry weight (g) and buds or fruits as 

well as concentration of Cr and Pb (mg g
-1

) into the vegetative parts of the plants. The 

root and shoot length were measured by measuring ruler and fresh weight and dry weight 

by electric pan balance. Dry weight was taken after keeping plant samples into hot air 

oven at 80 ºC for 24 hours. Further, the concentration of HMs into the plant samples were 

analyzed after digestion of 1 g of dried plant parts on hot plate with 3:1 ratio of HNO3 and 

HClO4. After digestion, the samples were filtered and stored into tested tubes after 

making up with 0.1 N HNO3. The stored samples were analyzed in AAS for observing the 

concentration (mg g
-1

) of Cr and Pb into the plants.  
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Figure 3.3 Experimental setups for evaluation of risk assessment by different selected 

plants  
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4. Results and Discussion 

4.1 Estimation of physicochemical properties and heavy metals present in the 

industrial wastewater 

The first objective of the study was to estimate concentration of heavy metals present 

in the industrial wastewaters. Industrial wastewaters were collected from tannery and 

flashlight manufacturing industries. The physicochemical characteristics of both 

wastewaters have been discussed below- 

4.1.1 Physicochemical properties of tannery and flashlight wastewater  

The tannery and flashlight wastewater were characterized based on its 

physicochemical properties, which have been summarized in Table 4.1. The examined 

parameters were compared with limits as prescribed by CPCB (2013) for irrigation on 

land, and Inland Surface Water-Bangladesh Standard (ISW-BDS, 1997) for surface 

water (Chowdhury et al. 2013). 

4.1.1.1 Temperature 

It is an important factor that affects all chemical and biological processes of water 

(Bhatia et al. 2018). The temperature of both wastewaters ranged between 18.533- 

32.60 
º
C. The variation found among the temperatures was due to season and time of 

the sampling as tannery waste water were collected in the starting of winters 

(November, 2015) and flashlight were in the end of winters (March, 2016). 

4.1.1.2 pH  

pH is described as the hydrogen ion activity caused by  the carbonates, bicarbonates 

and CO2 of water (Kumar et al. 2015). It influences the ionic activity that affects the 

chemical reactions taking place in water (Poonam et al. 2018). pH of the collected 

tannery and flashlight wastewater was found to be 8.667 and 4.703 respectively. 

Similar observations were reported by Ayoub et al. (2011), Kumar et al. (2012), Islam 

et al. (2014), Shegani (2014), Goutam et al. (2017)  and Bharagava and Mishra (2018)  

for tannery wastewater. They have also reported the range of pH as 6.45-9.04, 7.58, 

2.8 to 12.50, 8.7 to 10.8, 8.2 and 8.49 respectively, in wastewater generated by 



Chapter 4                                                                                                  Results and Discussion 

POONAM/DES/BBA University, Lucknow/2019                                                           46 

various tanning processes and referred the wastewater to unsuitable for direct 

irrigation to the nearby water bodies. The result of present study for flashlight 

wastewater was in agreement with Dermentzis et al. (2012); Vajihabanu et al. (2015) 

and Korrapati et al. (2017) reporting  acidic pH as 2.96, 5.4 and 2.34, respectively. 

4.1.1.3 Electrical Conductivity (EC) 

It measures the ability of water to conduct electricity, which is influenced by different 

impurities, salts, chemicals present in wastewater (Agbalagba et al. 2011; Akpomie 

and Dawodua 2015). It depends upon the chelation belongings of aquatic systems and 

may cause an inequality in metal accessibility for aquatic fauna and flora (Akan et al., 

2007). EC of tannery and flashlight wastewater was found to be 16.393 and 24.167 

mS cm
-1

. Such a high conductivity may be caused by different acidification and 

neutralization reaction during the industrial processes (Pintor et al. 2014). Regulatory 

agencies like BIS have not given any limit for EC, but ISI-2000/ISW-BDS has given 

the limit as 0.028 mS m
-1

. The results were found to be beyond the limits of ISI an 

ISW-BDS. The observed results were supported by previous studies of Mandal et al. 

(2010), Baccar  et al. (2013), Chowdhury et al. (2013), Swathi et al. (2014), Goutam 

et al. (2017) and Bharagava and Sandhya (2018) for tannery wastewater. They have 

also reported the same findings with 20, 14.71, 18.65, 13.24, 11.65 and 4.16 mS cm
-1

, 

respectively for tannery wastewater. Whereas, Vergili et al. (2017) reported EC of 

flashlight industry as 7.83 mScm
-1

 supporting results of preset study.   

4.1.1.4 Dissolved Oxygen (DO) 

The amount of oxygen dissolved per liter of water is referred as DO. It is an important 

parameter to judge the quality of the water as well also for different aquatic animals 

for sustaining their lives. As both wastewaters were too much polluted with different 

kinds of organic and inorganic pollutants, the DO was not available in any of them. 

Verma et al. (2008) have recommended that the low DO (≤ 4 ppm) of untreated 

effluents were the consequence of high organic contamination. 

4.1.1.5 Biological Oxygen Demand (BOD) 

The amount of oxygen required by different microbes for degradation of organic 

materials present in the wastewater is known as BOD. It is an indicator of organic 
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pollutants in the water body (Bhatia et al. 2018). The concentration of BOD in both 

wastewaters were found to be 3742.798 and 2968.02 mg L
-1

,
 
respectively, which is 

very outrageous in comparison to the recommended limits given CPCB (100 mg L
-1

), 

ISI (30 mg L
-1

) and ISW-BDS (250 mg L
-1

). The reasons behind such a trend are the 

higher amounts of different organic materials, cleaning and preserving materials used 

in the processes. The results are in agreement with Chowdhury et al. (2013) and Islam 

et al (2014), who have reported BOD in various tannery effluents in the range of 600-

7500 and 3980 mg L
-1 

in different tanning processes.  

4.1.1.6 Chemical oxygen demand (COD)  

COD is the measurement of oxygen required by the reactions to oxidize organic 

matters present in the wastewater. The levels of COD for both wastewater was 

23780.0 and 12500.50, respectively, which exceeded the recommended limits given 

by CPCB (250 mg L
-1

), ISI (400 mg L
-1

) and ISW-BDS (250 mg L
-1

). Such higher 

concentrations of COD represent noxious conditions and presence of resistant organic 

impurities (Bhatiya et al. 2018). These higher concentrations of COD in both 

wastewaters may be due to organic substances used to manufacture the leather and 

battery, respectively. These results for tannery wastewater were in agreement with 

Chowdhury et al. (2013), Islam et al. (2014), Shegani (2014) and Zhao et al. (2017a) 

who have reported COD ranges from 1550 to 18600; 47.2 to 2560, 920 and 14540 mg 

L
-1

, respectively, in the wastewater of various practices applied during leather 

production. 

4.1.1.7 Solids 

Different semi-solid, solid inorganic salts, organic matter and dissolved gases found 

to be mixed up, dissolved or suspended in the wastewater for example sand, 

sediments, carbonates and bicarbonates etc. These are further divided into total 

dissolved solids (TDS), total suspended soils (TSS) and total solids (TS). The 

concentrations of TDS, TSS and TS in both wastewater were 13330.00 and 1455.333; 

4388.667 and 757.333; and, 16405.333 and 2217.667 mg L
-1

, respectively. The 

concentration of all solids in tannery wastewater was very high as compared to the 

recommended limits prescribed by CPCB, ISW-BDS. The reason for such an elevated 

concentration of solids may be the usage of excess amount of tanning agent, 
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preservatives and other chemicals. Whereas, the concentration of TDS for flashlight 

wastewater fell under the limits of CPCB (2100 mg L
-1

), ISI and ISW-BDS (2100 mg 

L
-1

) but the TSS exceeded the limits of CPCB (200 mg L
-1

) ISI and ISW-BDS (100 

mg L
-1

). Overall, TS for flashlight also surpassed the limits as given by ISI and ISW-

BDS (2200 mg L
-1

). Results of the present study are in agreement with Islam et al. 

(2014) reporting ranges of TDS and TSS in different tanning wastewater as 9000- 

45000, 5800 to 49500 and 1500 to 9500 mg L
-1

, respectively. They have reported that 

high concentrations of solids may be attributed to incomplete processing‟s of skin and 

hides in leather production causing turbidity in the receiving water body, demises in 

the photosynthetic activity and congestion of gills in aquatic animals. Higher values 

of TDS high TDS value may cause osmotic stress and interrupts the osmoregulatory 

functions (Bharagava and Mishra (2018). The results were also in good agreement 

with Kumar et al. (2012), Chowdhury et al. (2013) and Shegani (2014), and 

Bharagava and Mishra (2018). Kumar et al. (2012) have reported TDS, TSS and TS in 

tannery wastewater as 7681.20, 1873.12 and 9557.32 mg L
-1 

respectively. Chowdhury 

et al. (2013) have also reported the same pattern for TDS and TSS for tannery 

wastewater as 6800 and 14,000 mg L
-1

, respectively. Whereas, Shegani (2014) has 

reported TDS and TSS as 1670 to 32269, 33 to 14174.0 mg L
-1

, respectively. Goutam 

et al. (2017) observed 4064 and 2216 mg L
-1

 of TDS and TSS in tannery wastewater. 

Bharagava and Mishra (2018) reported 11,028, 3491.3 and 194 mg L
-1 

of TS, TDS 

and TSS in tannery wastewater, supporting the present study. 

4.1.1.8 Alkalinity 

Alkalinity measures the ability of water to nullify the effects of acids without any 

change in the pH. It was found to be 1260.00 and 400.00 mg L
-1

 for tannery and 

flashlight wastewater, respectively. The main causes for such high values may be 

hydroxides, carbonates and bicarbonates present in the wastewater (Kumar et al. 

2015). None of the regulatory agencies (e.g. IS, WHO, BIS, FAO etc.) except CPCB 

(2013) has yet prescribed any limit for this parameter in water or wastewater, yet.  

CPCB (2013) has given the maximum limit as 500 mg L
-
1, which was followed by 

flashlight wastewater. The results were found to be in agreement with Islam et al. 

(2014) and Shegani (2014) who have also reported alkalinity in the range of 654.26, 

2500-17500 and 100- 380 mg L
-1

, respectively, for wastewater generated from 
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different processes of tannery industry. Soaking, liming and unhairing, deliming & 

bating processes may be responsible for such results.  

4.1.1.9 Chloride (Cl
-
) 

Chloride is an important parameter, which helps in balancing the acid-base reactions 

of the biological system. Cl
-
 concentration for both wastewater was 1626.15 and 

140.41, respectively. The excess concentration of Cl
- 

in tannery wastewater may be 

due to usage of chloride preservatives (NaCl and ZnCl2) for flesh and skin (FAO 

2018). The results fell under CPCB (1000 mg L
-1

) whereas, tannery wastewater never 

followed any recommended guideline. The results were supported by previous studies 

of Islam et al. (2014), Shegani (2014) and Zhao et al. (2017a), illustrating the range of 

Cl
-
 for wastewater generated from different processes occurring during leather 

production as 19250 to 23500 mg L
-1, 

177.25 to 30205.0 and 792.0 mg L
-1

, 

respectively. The reason behind such higher concentrations of Cl
- 
may be soaking and 

pickling processes.  

4.1.1.10 Sulphate (SO4
2-

) 

The main source of sulphate is natural from the oxidation of sulphite ores, gypsum 

and anhydrite (Prakash and Somashekar 2006). It is an important factor for analysis of 

wastewater as excess of this may cause catharsis, dehydration and gastro-intestinal 

irritation to human beings. The concentration of sulphate in both wastewaters was 

found to be 114.333and 43.757 mg L
-1

,
 
respectively. The results followed the limits 

prescribed by ISI and ISW-BDS and CPCB (1000 mg L
-1

). The reason behind this 

may be the presence or absence of sulphate ores in the water body or secondary 

chemicals containing sodium sulphate (UNIDO, 2011). The result was supported by 

the previous studies of Kumar et al. (2012) who have reported the level of SO4
2-

 in 

tannery wastewater as 86.30 mg L
-1

. Chowdhury et al. (2013), Swathi et al. (2014) 

and Zhao et al. (2017a), have also given the range of SO4
2-

 as 3.7 to 2586.4, 135.19, 

733.0 mg L
-1

 in wastewater generated from various proceedings of the leather 

production. Previous study of Dermentzis et al. (2012) and Mansoorian et al. (2014) 

5.0 and 280 mg L
-1 

of SO4
2- 

indicating its presence in the battery manufacturing 

industry likewise the results of present study. 
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4.1.1.11 Total Phosphorus (TP) 

This is an essential plant nutrient, which is used in the form of fertilizers for 

intensifying the crop growth and development. These practices pollute the nearby 

water bodies due to run off from agricultural fields. The concentration of TP in the 

tannery and flashlight wastewater were 4.53 and 67.50 mg L
-1

, respectively. However, 

Zhao et al. (2017a) reported a much higher concentration of TP i.e. 349 mg Gallic 

acid equivalent L
-1 

in tannery wastewater. Whereas, Ayoub et al. (2011) supported the 

results of present study by finding TP concentration in tannery effluent in the range of 

12.5 to 41.2 mg L
-1

. 

4.1.1.12 Nitrate (NO3
-
)  

It is also an essential plant nutrient and very common pollutant of water bodies. The 

main source of its pollution is the agricultural practices where nitrogen fertilizers are 

used extensively for enhancing the productivity. Its elevated levels in drinking water 

may cause methemoglobinemia in infants and even stomach cancer in adults (Kumar 

et al. 2015). The concentration of NO3
-
 in tannery wastewater was 88.06 mg L

-1
, 

whereas, in flashlight wastewater, it was not detected. The results were very much 

higher than the prescribed guidelines of CPCB (10 mg L
-1

) and IS (20 mg L
-1

). The 

source of NO3
-
 in tannery wastewater may be proteins and nitrogen complexes 

existing in animal hides and skins, used for the leather production (Ahmed et al. 2012; 

Poonam et al. 2018). Previous study done by Shegani (2014) and Goutam et al. (2017) 

supported the results by reporting NO3
-
 range from 1 to 70 and 14.05 mg L

-1
, 

supporting present study for
 
tannery wastewater. However, Zhao et al. (2017a) 

reported a much higher concentration of NO3
-
 i.e. 300.0 mg L

-1 
in tannery wastewater. 

4.1.1.13 Total Hardness  

The capacity of water to produce lather with soap is measured traditionally by total 

harness of the water. It reflects the occurrence of multivalent cations derived from 

salts of carbonates, bicarbonates and fluorides of calcium, magnesium, nitrate, 

strontium, iron etc. (WHO, 2011; Kumar et al. 2012). It was found to be 925.24 and 

621.0 mg L
-1

, for tannery and flashlight wastewater, respectively. These results, also, 
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did not follow the prescribed guidelines of WHO (100 mg L
-1

) and IS (300 mg L
-1

). 

Although the higher concentrations of hardness may cause urolithiasis but moderate 

concentration may also be beneficial in some cases as it prevents the corrosion of iron 

pipes, epidemiological and clinical incidence of atherosclerosis is also prevented 

(Abdellah et al. 2013). The results for tannery wastewater were supported by the 

previous study of Kumar et al. (2012) who reported it to be 455.04 mg L
-1

.  

4.1.1.14 Cations 

Sodium (Na
+
), potassium (K

+
), magnesium (Mg

2+
) and calcium (Ca

2+
) have been 

analyzed in both wastewater. These cations and their salts are crucial for some of the 

important parameter of water/wastewater e.g. EC, hardness, alkalinity etc. Na
+
 content 

in tannery and flashlight wastewater was 698.98 and 50.96, respectively. 

 Na
+
 and K

+
 are essential element for living beings and is often present in water 

in the form of salts of it e.g. sodium sulphate, sodium carbonate, sodium chloride, 

potassium permanganate and potassium chloride.  These cations maintain the normal 

osmotic pressure in cells (WHO, 2003; WHO, 2009). Na
+
 content in tannery and 

battery wastewater was 698.98 and 50.960 mg L
-1

, respectively. In addition, 

concentration of K
+
 in both wastewaters was 294.50 and 11.65 mg L

-1
, respectively. 

Ahmed et al. (2011) and Chowdhury et al. (2013) have also reported similar findings 

for high Na
+
 content in tannery wastewater. Whereas, Kumar et al. (2011) have 

illustrated low Na
+
 content in the tannery wastewater. Ahmed et al. (2011) also 

support present study for K
+
 content in tannery wastewater.  

Mg
2+

 and Ca
2+ 

are primary ions, existing in many sedimentary rocks 

(limestone and chalk), and vital mineral constituents of food. Salts of these cations are 

the main cause of hardness of the water (WHO, 2009a; WHO, 2011). The 

concentration of both cations in tannery wastewater was 207.77 and 8.94 mg L
-1

, 

respectively. The concentration of Ca
2+

 in flashlight wastewater was 229.83 and 12.65 

mg L
-1

, respectively. Tannery wastewater exceeded the limit of CPCB specified for 

Mg
2+

 and Ca
2+

, whereas, flashlight wastewater followed the same guidelines. Ahmed 

et al. (2011), Kumar et al (2011) and Chowdhury et al. (2013) have also reported 

similar findings for high Ca
2+

 content in tannery wastewater. Dermentzis et al. (2012) 
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illustrated similar findings for battery (flashlight) wastewater. Vajihabanu et al. 

(2015) also reported low Ca
2+

 and Mg
2+

 content in battery wastewater. 

4.1.1.15 Heavy Metals (HMs) 

Health of flora and fauna has been adversely influenced by the higher concentrations 

of toxic heavy metals. The concentrations of Cr and Pb were 3.84 and 2.39 mg L
-1

, 

respectively. Results also exceeded the limits recommended by BIS for public sewer 

as 2.0 and 1.0 mg L
-1

 for Cr and Pb, respectively. The higher concentration of Cr and 

Pb may cause different serious health related problems and affect the nervous and 

reproductive system, kidney, liver, brain and bony tissues (Suksabye and Thiravetyan 

2012; Poonam et al. 2018).  

Studies of Kumar et al. (2012) and Swathi et al (2014) have supported present 

study, as the results were almost similar for concentration of Cr in the wastewater of 

tannery as 4.67 and 3.34 mg L
-1

. Previous study of Bahadir et al. (2007), Mansoorian 

et al. (2014), Korrapati et al. (2017) and Vergili et al. (2017) have also reported the 

concentration of Pb in the battery wastewater as 3.09, 9.0, 1.21 and 4.5 mg L
-1

. They 

have indicated that the release of such wastewater will pollute the water body with 

adversely affecting the health of the aquatic organisms.  
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Table 4.1 Physicochemical properties of Tannery and Flashlight wastewaters 

Data are presented as mean of five replicates ± S.D. (i.e. n = 5), parameters are 

expressed in mg L
-1

 except for pH, temperature (
º
C) and EC (mS cm

-1
); nd = not 

detected; CPCB = Central Pollution Control Board (2013); ISI-2000=Indian Standard 

Institute–2000, ISW-BDS=Inland Surface Water-Bangladesh Standard (Chowdhury et 

al. 2013) 

S 

No 

Parameters Tannery 

(Average± S.D.) 

Flashlight 

(Average± S.D.) 

CPCB 

(2013) 

(ISI-2000 

/ISW-

BDS) 

1  Temperature 18.53 ± 0.06 32.6±0.30 40 - 

2  pH  8.67±0.15 4.70±0.17 5.5-9.0 6-9 

3  Electrical 

conductivity  

16.39 ±0.31 24.17±0.75 - 0.029 

4 Dissolved oxygen nd  nd  - 4–6 

5 Biological oxygen 

demand 

3742.80±179.99 2968.02±29.20 100 30/250 

6 Chemical oxygen 

demand 

23780.0±1680.83 12500.50±165.75 250 250/400 

7 Total dissolved 

solids 

13330.0±69.54 1455.33±6.43 2100 2100 

8 Total suspended 

solids 

4388.67 ±84.67 757.33±74.72 200 100 

9 Total solids 16405.33±204.47 2217.67±4.03 2300 2200 

10  Alkalinity  1260.000±125.284 400.00±2.646 500  

11 Chloride  1626.153±155.668 140.413±1.86 1000  

12  Sulphate 1149.33±34.79 43.757±3.17 1000 1000 

13  Total Phosphorus  4.53±0.24 67.50±1.40 - - 

14 Nitrate  88.06±1.68 nd 20 - 

15 Total hardness 925.24 ±11.56 621.0±263.24 200-600 - 

16 Na
+
 698.98±61.83 50.96±0.54 - - 

17 K
+
 294.50±8.501 11.65±1.27 - - 

18 Mg
2+

 207.77±11.11 8.94±2.19 30-100 - 

20 Ca
2+

 229.83±7.65 12.65±0.39 75-200 200 

21 Chromium (Cr) 3.84±0.12 nd 2.0 - 

22 Lead (Pb) nd 2.39±0.03 1.0 - 
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4.2. Removal of heavy metals from water using various combinations of 

agricultural wastes/by-products 

In the present study, adsorption techniques were used for the removal of HMs from 

tannery and flashlight manufacturing industry wastewater. The details of main 

physicochemical characteristics of the adsorbents used in the study and various 

combinations of the parameters affecting the adsorption processes have been given 

below-  

4.2.1 Screening of the adsorbent 

The adsorbent selected were peels of sweet lemon (Citrus limetta), peels of lemon 

(Citrus limon), peels of orange (Citrus sinensis) and bagasse. Among various 

adsorbents used by other researchers, these four were selected mainly due to- i) Ease 

in availability, ii) Low cost, iii) Environmental friendly, iv) Don‟t require chemical 

for preparation of biochar, and iv) Abundance of biopolymers with different surface 

binding groups. All of these wastes were easily available in the local fruit markets, 

juice shops and juice industries (Santos et al. 2015; Poonam et al. 2018). After juice 

extraction, these very promising lignocellulosic feedstock (are of no usage and create 

problem of their disposal which otherwise, may cause environmental pollution (Kelly-

Vargas et al. 2012; Tahir et al. 2016). The usage of these agricultural wastes not only 

abate the environmental pollution, but also, is easily available and cost efficient to be 

used as bio-sorbent for HMs (Bhatnagar et al 2010; Shakoor and Nasar 2016). These 

substances are also rich in biopolymers like cellulose, pectin, hemicellulose, lignin 

etc. These components possess a no. of functional groups e.g. carboxyl, hydroxyl, 

amino, carbonyl, phosphate etc. which act as binding sites for HMs (Liang et al. 2010; 

Ning-chuan and Xue-yi 2012; Basu et al. 2017; Shehzad et al. 2018). Sugarcane 

bagasse is mainly composed of about 50% cellulose, 30% hemicelluloses and 25% 

lignin polymers and fat and waxes, ash, silica etc. in trace amounts, which also 

possesses different active functional groups facilitating the adsorption practices 

(Homagai et al. 2010; da Silva et al. 2013; Rocha et al. 2015; Martins et al. 2017). 

Primary and secondary hydroxyl groups are the main components among different 

other unique functional groups of bagasse, which play major role binding the HMs 

(Ramos et al. 2015; Sarker et al. 2017). Further, adsorption capacity, surface area, dry 

weight and carbon content were also brought into consideration before selecting these 

as adsorbent for treating the heavy metals present into tannery and flashlight 

manufacturing industry wastewater. 
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The adsorbents were utilized in the form of biochar; a carbonaceous, fine-

grained, black, solid residue produced by thermal treatment/decomposition of plant or 

animal biomass, industrial wastages etc. These are rich in carbon content in limited 

condition of O2 at relatively low temperature (from 300 to 1000 °C) and is normally 

resistant to bio-chemical decay (Lehmann and Joseph 2015; Shin 2017). The main 

advantage of biochar lies in its large surface area, high porosity, structural diversity, 

roughness heterogeneity and high adsorption capacity (Mary et al. 2016; Zhao et al. 

2017). The International Biochar Initiative (IBI) states „„biochar is a solid material 

obtained from the carbonization of biomass‟‟. The carbonization process produces 

much more heteroatoms than activated carbon. These heteroatoms with different 

functional groups present in biochar, aid in the adsorption of HMs on their surfaces 

(Yu et al. 2015; Štefelová et al. 2017). Present study was supported by previous 

studies of Pan et al. (2013); Karim et al. (2015); Park et al. (2015); Ahmadi et al. 

(2016); Shin et al. (2017) and Mehmood et al. (2017) etc. for successfully treating 

water and wastewater for Cr and Pb removal with the application of biochar of 

agricultural wastes. Mohan et al. (2011) used oak wood and oak bark for successful 

removal of Cr
6+

 from water, whereas,  Pan et al. (2013) applied biochars of peanut, 

soybean, canola and rice straws for removal of Cr
3+

 and Karim et al. (2015) used 

banana peduncle biochar for removal of Cr
6+ 

from aqueous solution. Park et al. (2015) 

utilized sesame straw biochar for removal of Pb
2+

, Cr
3+ 

and other heavy metals, Wang 

et al. (2015) used biochar of pinewood for Pb
2+

 removal and Abdelhafez and Li 

(2016) employed sugarcane bagasse biochar and orange peel biochar for Pb
2+ 

removal. In addition to this, Ahmadi et al. (2016) applied dew melon peel biochar for 

removal of Cr
6+

 from industrial wastewater, Shin et al. (2017) utilized Hizikia 

fusiformis biochar for Pb
2+

 and other heavy metals from aqueous solution and 

Mehmood  et al. (2017) applied rice straw based biochar for treating Pb
2+

 with other 

heavy metals. 

Further, converting the agricultural wastes into biochar also enhances the 

surface area, which may be verified by results of physicochemical studies discussed in 

next section 4.2.2.  

4.2.2 Physicochemical characterization of adsorbents 

All the four adsorbents viz. SLPB, LPB, OPB and BB, were characterized on the basis 

of their physicochemical properties. The proximate and ultimate studies of all the four 

adsorbent are given in Table 4.2. The “ultimate analysis” signifies the charred 



Chapter 4                                                                                                  Results and Discussion 

POONAM/DES/BBA University, Lucknow/2019                                                           56 

biomass composition in weight (%) of C, H and O in addition to S and N (if any). 

While, the “proximate analysis” contributes towards biochar yield, volatile, ash and 

moisture contents (Mohan et al. 2011). Elemental C, H and nitrogen (N) of all the 

charred agricultural wastes were analyzed by combustion. O was determined by 

difference. C/H ratio, C/N ration, BET surface area, pore volume and pore diameters 

were also determined. 

Table 4.2 Physicochemical characteristics of different adsorbents   

a 
Data are represented as dry weight %; 

b 
Data are retrieved from BET study; 

c 
Data are 

retrieved from CHNS analyzer; 
c
* Determined by difference 

S.no. Characteristics Sweet 

lemon peel 

biochar 

Lemon peel 

biochar 

Orange 

peel 

biochar 

Bagasse 

biochar 

1 Moisture content (%) 0.44±0.01 0.20±0.01 0.93±0.019 1.97± 0.01 

2 Ash content (%) 2.80±0.66 6.63±0.03 5.70±0.034 7.34± 0.03 

3 pH   8.73±0.21 8.20±0.30 6.83±0.35 9.27±0.21 

4 C %
c
 46.72±0.27 45.19±1.48 41.15±0.78 38.15±0.53 

5 H %
 c
 7.43±0.20 7.08±0.18 6.70±0.31 6.08±0.04 

6 N %
 c
 5.22±0.19 2.57±0.13 3.16±0.45 4.56±0.29 

7 S % 
c
 0.16±0.02 0.004±0.00 0.17±0.01 0.27±0.01 

8 O %
c *

 50.94±0.22 45.16±1.73 48.82±1.12 40.47±0.64 

9 H/C ratio
 c
 0.16±0.004 0.16±0.00 0.16±0.00 0.16±0.00 

10 C/N ratio 
c
 9.48±0.22 18.64±0.29 6.48±0.35 8.76±0.00 

11 Yield biochar % 86.67±1.62 84.47±2.12 79.20±1.83  73.33±3.16 

12 Pore Volume (cc g
-1

) 0.05±0.00 0.04±0.01 0.03±0.00 0.04±0.00 

13 Pore Diameter (nm) 1.61±0.05 2.15±0.01 2.37±0.05 1.58±0.02 

14 Surface area (m² g
-1

) 30.62±0.45 24.89±0.52 15.21±0.40 12.63±0.30 

15 Tot. surface acidic 

groups (mol g
-1)

 

7.38±0.02 7.48±0.02 7.41±0.08 7.03±0.05 

16 Carboxylic 

groups(mol g
-1

) 

5.30±0.25 4.93±0.12 4.48±0.08 5.15±0.08 

17 Lactonic groups (mol 

g
-1

) 

0.51±0.09 1.90±0.13 2.11±0.14 1.28±0.21 

18 Phenolic groups (mol 

g
-1

) 

1.57±0.32 0.66±0.04 0.812±0.09 0.60±0.11 
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4.2.2.1 Moisture content 

The moisture content of SLPB, LPB, OPB and BB was found to be low with average 

values of 0.44, 0.20, 0.93 and 1.97 % respectively. The order of moisture content was 

LPB<SLPB<OPB<BB. Higher moisture content may block the pores of the surface 

by attaching to it, which may result in decrease in the approachability of the HMs 

towards biochar. In addition to this, the accessibility and availability of the binding 

sites may also be affected. This may also decrease the durability and life span of the 

biochar (Lam et al. 2017). Thus, low moisture content favored the adsorption of HMs 

in present study. The results were found to be closer to earlier studies of Mohan et al. 

(2011); Vithanage et al. (2015); Ahmadi et al. (2016); Kołodyńska et al. (2017) and 

Zhao et al. (2017). The detailed values for these studies have been represented in 

Table 4.3 

4.2.2.2 Ash content  

The moisture content of SLPB, LPB, OPB and BB was found to be relatively low 

with average values of 2.80, 6.63, 5.70 and 7.34 %, respectively. The ash content 

were found to be order of SLPB< OPB< LPB<BB. Low ash content supported the 

adsorption of HMs by preventing the formation of unwanted by-products of catalytic 

reactions caused by inorganic minerals present in the ash (Mahamad et al. 2015; Lam 

et al. 2017). The reason for lower values may be the maximum elimination of O2 in 

bio charring of the waste biomasses (Poonam et al. 2018). The results were found to 

be closely related to the earlier studies of Mohan et al. (2011); Fernandez et al. 

(2014); Van Vinch et al. (2015); Ahmadi et al. (2016); Kołodyńska  et al. (2017); Lam 

et al. (2017); Štefelová  et al. (2017) and Zhao et al. (2017). The results of these 

studies have been given in Table 4.3 

4.2.2.3 CHNS 

The amount of total carbon(C), the total hydrogen(H), nitrogen(N), sulfur(S) and 

oxygen present in the SLPB, LPB, OPB and BB have been shown in Table 4.2 The 

average C content in four of the selected adsorbents was moderate, comprising 46.72, 

45.19, 41.15 and 38.15 % respectively. The average O content was comparatively 

high, occupying 50.94, 45.16, 48.82 and 40.47 % of average compositions of biochar. 

Further, average H content was 7.43, 7.08, 6.70 and 6.08 %, respectively, which may 
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be due to breakdown of weaker bonds in biochar configuration and exclusion of 

water, hydrocarbons, H2, CO and CO2 during pyrolysis (Ahmad et al. 2014). Further, 

average N and S content were 5.22, 2.57, 3.16, 4.56 and 0.16, 0.004, 0.17 and 0.27 %, 

respectively. The average C/H ratio was 6.58, 6.30, 12.73 and 6.31, whereas, C/N 

ratio was 9.48, 18.64, 6.49 and 8.76, respectively, for all of the four adsorbents. 

According to Yu et al. (2015), lower H/C ratios with C implies that biochar contain 

small amounts of organic remainders from the original plant, such as cellulose, lignin, 

but also have high carbonization. Moreover, Cely et al. (2014) have explained that 

H/C ratio of all of the four adsorbent was ≤0.3 with moderate C content, which point 

out the highly condensed aromatic ring system, whereas, molar H/C ratio of ≥0.7 

suggested non-condensed structures of biochar. Although the difference among four 

was very little for H/C ratio, it was lowest for LPB followed by SLPB, BB and OPB 

suggesting the higher degree of carbonization occurred in LPB followed by the 

formerly said order (Chun et al. 2004; Vithanage et al. 2015). Further, all of the four 

biochar showed comparatively higher N and C/N ratio and comparatively lesser C% 

(Table 4.2) may be due to incomplete charring with remaining decomposed organic 

matter. This might be the reason for difference in specific surface area of all four 

biochar as examined by BET analysis described in next section 4.2.2.4 (Poonam et al. 

2018). Furthermore, higher values of H and O percentage indicate accessibility of 

binding sites responsible for successful adsorption of Cr and Pb (Table 4.2). A very 

little concentration of N and S in all of the four adsorbents were also recorded as 

shown in Table 4.2. This was confirmed by the presence of some nitrogen and sulfur 

containing compounds/groups as discussed in upcoming section under 4.2.2.8. In 

brief, among all four adsorbents SLPB and LPB showed higher C and H content with 

lower H/C ratio which suggest it to be more efficient adsorbents than OPB and LPB 

which possessed comparatively lesser C and H content with higher H/C ratio. The 

comparison of previous studies with different biochars to present study has been 

summarized in Table 4.3. From there, we can figure out that the results of present 

study were in good agreement with Roberts et al. (2015), Vithanage et al. (2015), Yu 

et al (2015), Kołodyńska et al. (2017), Lam et al. (2017), Batista et al. (2018) etc. 

4.2.2.4 Biochar yield  

The biochar yield (Yieldbiochar) from natural agricultural wastes has been presented in 

Table 4.2. Sweet lemon peel assimilated maximum biochar yield of 86.67 % followed 
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by lemon peel (84.47%), orange peel (79.20%) and bagasse (73.33%). The yield of 

biochar depends mainly upon the composition of waste biomass (cellulose or 

holocellulose, lignin, ash and extractives) used for the generation of biochar, 

temperature and time taken in pyrolysis processes (Novotny et al. 2015). SLPB, LPB 

and OPB were produced at 400±10ºC for 3 and half hours whereas, BB was produced 

at 300±10 ºC for 2.5 hours. It has been reported by many researchers that higher 

lignin and cellulose content gives higher biochar yield (Gani and Naruse 2007; Lee et 

al. 2013). In brief, higher temperature of pyrolysis generates higher carbon and ash 

content, carbon stability and biochar aromaticity, porosity, and specific surface area, 

but lowers the volatile content and yield of biochar (Wu et al., 2012; Zhao et al., 

2013). The results of present study were in good agreement with Roberts et al. (2015) 

who have described the biochar yield of different seaweeds (Saccharina, Undaria, 

Sargassum, Gracilaria, Kappaphycus and Eucheuma) in the range of 49.0-61.8% and 

explained that seaweed yields more biochar than ligno-cellulosic biomass during 

pyrolysis regardless of species or location. Ahmadi et al. (2016) and Lam et al. (2016) 

observed 45.2 and 87% biochar yield from dew melon peel and orange peel, 

respectively; Štefelova et al. (2017) reported 28% biochar yield from beech and 

spruce sawdust. Whereas, Fernandez et al. (2016), Mohan et al. (2011) and Park et al. 

(2015) reported only 33, 20 and 22.6 % biochar yield from orange peel, oak wood and 

sesame straw, respectively, probably due to short pyrolysis time (Table 4.3).  

4.2.2.5 Surface properties 

The whole phenomenon of „adsorption‟ depends upon the most important 

characteristic i.e. the „surface area‟ and other properties like pore volume and pore 

size. Methods of Brunauer et al. (1938) were applied to determine these surface 

properties using BET analyzer. The  surface areas of SLPB, LPB, OPB and BB with 

average values  was as 30.62, 24.89, 15.21 and 12.63 m
2
 g

-1
 and average pore volume 

was 0.05, 0.04, 0.03 and 0.04 cc g
-1

 and average pore diameter was 1.61, 2.15, 2.37 

and 1.58, respectively. The values of pore diameter indicated that it might also 

participate in adsorption processes which dominant in all of the four biochars (Mohan 

et al. 2012). The order of surface area was BB<OPB<LPB<SLPB, pore volume was 

OPB<LPB<BB<SLPB, and, pore diameter was BB<SLPB<LPB<OPB (Fig 4.1). 

Relatively low value of BB surface area and pore diameter was may be because of 
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incomplete charring of the adsorbent, lesser carbonization and macro or meso porosity 

(Qiao et al. 2017; Poonam et al. 2018). The average pore size and pore volume were 

relatively high as compared to the studies of Ahmadi et al. (2016) and comparatively 

low than Shin et al. (2017) and Fernandez et al. (2014). However, the results of 

present study were supported by Mohan et al. (2011); Van Vinch et al. (2015); Yu et 

al. (2015); Lam et al. (2015) and Hu et al. (2018). The details of these previous 

studies have been mentioned in Table 4.3 In addition to this SEM studies may also 

confirm the results of surface properties which have been discussed in next section 

4.2.2.5. 

 

Figure 4.1 Surface properties (pore volume, pore size and pore diameter) of all the four 

adsorbents; bar representing ± S.D.
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Table 4.3 Comparison of ultimate and proximate characteristics of biochars prepared by different waste biomasses 

Sn Adsorbent Nature Moisture 

Content 

Ash 

Content 

C H O
a
 N S Pore 

Volume 

Pore 

Diameter 

Surface 

area 

Reference 

1 Oak wood and  

oak bark 

BC 3.17 

1.56 

2.92 

11.09 

82.83 

71.25 

2.70 

2.63 

8.05 

12.99 

0.31 

0.46 

0.02  

0.02 

0.41 

1.06 

- 

- 

2.73 

1.88 

Mohan et al. 

(2011) 

2 Marigold (Tagetes 

spp.) 

BioC 5.30 32.50 65.55 - - - - - - 178 Singanan and 

Peters (2013) 

3 Orange peel AC - 3.4 82.5 2.5 14.1 0.9 0.0 1.2 4.3 1090 Fernandez et al. 

(2014) 

4 Rice husk, 

Rice straw 

BC 

BC  

- 

- 

- 

- 

40.4 

29.17 

0.28 

0.25 

2.69 

3.71 

0.22 

0.25 

- 

- 

- 

- 

- 

- 

295.57 

256.96 

Jindo et al. 

(2014) 

5 Sesame straw BC - - 72.6 2.1 21.7 2.9 0.42 0.041 - 289.2 Park et al. 

(2015) 

6 Orange peel BC - 7.8 62.1 3.6 30.9 2.4 0.8 - - - Santos et al. 

(2015) 

7 Eucalyptus sawdust BC - - 45.48 6.33 45.34 0.12 - 0.0003 7.45 1.57 Sun et al. 

(2015) 

8 Pine Cone 

Pine cone (Zn-loaded) 

BC 

CMBC 

3.12  

3.08 

2.13 

 2.14 

67.88 

71.21 

3.89 

3.03 

22.07 

20.43 

0.55 

0.51 

<0.01 

<0.01 

0.016 

0.028 

- 

- 

6.60 

11.54 

Van Vinh et al. 

(2015) 

9 Tea waste 

Rice husk 

BC 

BC 

1.57  

3.42 

12.84  

39.24 

73.63 

47.71 

1.71 

1.29 

7.67 

7.69 

3.39 

0.65 

- 

- 

0.02  

0.05 

1.75 

5.29 

342.22 

377.00 

Vithanage et al. 

(2015) 

10 Pine wood  BC - 4.02 85.68 2.13 11.19 0.33 - 0.003 - 209.6 Wang et al. 

(2015) 

11 Corn straw 

Manganese oxide-

modified biochar 

BC 

CMBC 

- 

- 

10.17 

12.60 

85.26 

73.00 

1.75 

0.33 

5.16 

10.90 

- 

- 

- 

- 

- 

- 

- 

- 

60.97 

3.18 

Yu et al. (2015) 

12 Dew lemon peel BC 2.1 14.23 83.2 3.12 13.47 0.2 nd 0.0013 0.71 196 Ahmadi et al. 

(2016) 

13 Sugarcane bagasse 

and Orange peel 

BC 

BC 

- 

- 

12.21 

11.17  

74.02 

88.83 

2.61 

3.60 

2.37 

28.09 

1.00 

2.13 

- 

- 

0.045
b
 

0.0001
b
 

65.008 

28773.7 

92.30 

0.21 

Abdelhafez and 

Li (2016) 
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*All the physicochemical properties have been expressed in % except for C/H ratio, C/N ratio, Pore Volume (cc g
-1

), Pore Diameter (nm) and 

Surface area (m² g
-1

);  

**AC-activated Carbon; BC-Biochar; CMBC-Chemically modified biochar; CTA-Chemically treated adsorbent; MB-Modified biochar; NA-Natural 

adsorbent; nd-not detected; BioC-Bio-Carbon 
a
 Calculated by difference;

 b 
m

3
 t

-1

14 Biochar BC 3.95 59.42 29.12 0.82 - 0.82 - 0.075 - 115.5 Kołodyńska et 

al. (2017) 

15 Pea pod, 

Cauliflower leaves 

Orange peel 

BC 

BC 

BC 

7.0 

9.0 

13.0 

3.50 

18.86 

5.50 

3.32 

31.80 

3.20 

4.75 

3.2 

4.83 

53.30 

59.40 

52.90 

2.40 

4.01 

1.56 

0.23 

1.59 

0.27 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Mary et al. 

(2016) 

16 Orange peel, 

Biochar and 

Activated Carbon 

NA 

BC 

AC 

11.3 

 6.0  

5.0 

3.0  

9.0  

3.2 

42.5 

73.7 

84.0 

6.0 

4.3 

1.1 

51.0 

21.0 

14.0 

0.5 

1.0 

0.9 

0  

0 

 0 

- 

0.0075 

0.60 

- 

65 

23 

- 

20.8 

1350 

Lam et al. 2017 

17 Seaweed (Hizikia 

fusiformis) 

BC - - - - - - - 0.036 2.851 50.24 Shin (2017) 

18 Spruce sawdust  

Beech sawdust 

BC 

BC 

 1.7 

0.9 

49.1 

48.9 

6.2 

6.1 

30.7 

30.9 

- 

- 

- 

- 

0.32 

0.27 

- 

- 

910 

794 

Štefelová et al. 

(2017) 

19 Giant reed (Arundo 

donax L.) 

BC 3.23 6.85 87.19 0.40 10.40 1.47 0.54 - - - Zhao et al. 

(2017) 

20 Corncobs and 

Corncobs ( Na2S 

modified) 

BC 

CMBC 

- 

- 

- 

- 

85.12 

83.28 

- 

- 

10.47 

1073 

0.6 

0.52 

3.81 

4.6 

0.1197 

0.2340 

 11.813 

195.643 

Hu et al. (2018) 

21 Orange peel and 

sugarcane bagasse 

BC 

BC 

- 

- 

- 

- 

58.0 

59.0 

5.0 

4.0 

35.0 

37.0 

2.0 

1.0 

0.0 

0.0 

 

9.4×10
−8  

8.7×10
−8

 

m
3
 g

-1
 

- 186.0 

159.0 

Batista et al. 

(2018) 

22 Bagasse  

(Present study) 

BC 1.968 7.337 38.153 6.076 50.94 4.557 0.272 0.039 1.579 12.628 Poonam et al. 

(2018)  
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4.2.2.6 SEM and EDX analysis 

SEM is used to witness the alterations arisen in the surface morphology by comparing the 

SEM micrographs before and after adsorption of metals (Basu et al. 2017). The surface 

structures of all the four waste biomasses, their biochar, before and after treatment, have 

been represented in Fig 4.2, 4.3, 4.4, 4.5. The agricultural bio-wastes in their natural form 

possessed flattened, walls smooth and homogenous surface (Fig 4.2–4.5a). Temperature 

treatments for biochar production not only increased the surface area but also, altered the 

surface structures and converted it into amorphous, uniformly porous and heterogeneous 

surfaces holding irregular cavities and pore of different shape and size as visible from Fig 

4.2-4.5 (b) (Lam et al. 2017; Zhao et al. 2017). These cavities may be caused by the loss 

of water and volatiles from fresh biomass with remaining non-volatile components 

transformed into biochar (Uçar et al. 2015). In addition to this, the changes also occurred 

in the shape and size of the asymmetrical particles present on the surfaces of the 

adsorbents, some residues of cell wall, conducts and vessels could be seen (Fernandez et 

al. 2014). After adsorption of respective HMs (Cr and Pb) from wastewater (tannery and 

flashlight), the irregular cavities became filled with some white, crystalline structure 

which may be caused by the formation of different complexes of the respective metals. 

The results of present study were found to be in good agreement with previous studies of 

Baig et al. (2014), Fernandez et al. (2014), Abdelhafez and Li (2016), Mary et al. (2016), 

Guiza (2017),  Lam et al. (2017) and Zhoa et al (2017) for adsorption of HMs and dyes 

bybiochar of different agricultural wastes. 

The EDX analysis of all four adsorbents (SLPB, LPB, OPB and BB) confirmed 

adsorption of HMs as well as observations of SEM micrographs. Changes in the EDX 

peaks as natural agricultural waste material and as biochar before adsorption and after 

adsorption of HMs can be clearly anticipated by EDX spectrums presented in Fig 4.2, 4.3, 

4.4 & 4.5b. Initially, the peaks of SLP, LP, OP and B showed the existence of some 

common elements such as C, O and Ca. Change in elemental composition was observed 

during conversion of former‟s natural wastes into biochar. Most of the time, biochars of 

selected materials retained peaks of C, O, Ca etc. as major elements. The reason behind 

this may be the removal of the basic material of natural adsorbents (lignin, cellulose, 

volatiles etc.) during thermal strokes. Further, SLPB, LPB and BB also showed the 

presence of Pt and Zr, and, the peaks of SLPB also had Bi, K and Mg. After, adsorption 

of Cr and Pb (20ppm), respective peaks in the spectrum of all of the four adsorbents 

appeared which supported successful adsorption of both HMs. When considering the 
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SLPB spectrums, peaks of Bi, Mg and Zr disappeared whereas peaks of Cr appeared 

during Cr adsorption. In addition to this, during Pb,
 
removal peaks of Mg disappeared and 

Pb
 
appeared which confirmed the successful adsorption of both HMs by SLPB. Similarly, 

EDX spectra adsorption of Cr and Pb
 
by LPB represented disappearance of Si by Cr and 

Pb
 
peaks by respective adsorption processes. In the same way, peaks of K and Si of OPB 

were replaced by the peaks of Cr and Pb after completion of the adsorption of Cr and Pb
 

from respective aqueous solutions. Likewise, peaks of Cr and Pb replaced the peaks of O 

and Ca after accomplishment of the adsorption process in BB. Further, the appearances of 

some other peaks like Na, Pt, Zr, Si etc. may be due to their presence in chemicals used 

for the EDX analysis processes. All these reallocations of the peaks of metals with peaks 

of same oxidation numbers suggested that ion-exchange mechanism might be involved in 

the HMs adsorption processes (Uçar et al. 2015). At last, the EDX spectrums of treated 

wastewater i.e. tannery and flashlight also showed the presence of respective HMs (Cr 

and Pb) with the existence of other elements like Na, K, Cl, Mg, Bi, Zr, Pt etc. These 

extra elements were found to be present in both wastewaters as reported in 

physicochemical studies. Thus, the results of EDX suggested that both HMs present in 

wastewaters as well as the extra polluting elements may also be eliminated successfully 

by applying selected adsorbents. The results were found to be in agreement with Uçar et 

al. (2015), Mary et al. (2016), Kołodyńska et al. (2017), Basu et al.  (2017), Poonam et al. 

(2018) etc. 
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Figure 4.2 SEM micrographs of sweet lemon (Citrus limetta) peel (a), its biochar (b), 

after treatment of tannery (c) and flashlight (d) wastewater; EDX spectrum of sweet 

lemon (Citrus limetta) peel (e), its biochar (f), Cr(g), Pb (h), after treatment of tannery (i) 

and flashlight (j) wastewater 
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Figure 4.3 SEM micrographs of lemon (Citrus limon) peel (a), its biochar (b), after 

treatment of tannery (c) and flashlight (d) wastewater; EDX spectrum of lemon (Citrus 

limon) peel (e), its biochar (f), Cr(g), Pb (h), after treatment of flashlight (i) and tannery 

(j) wastewater 
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Figure 4.4 SEM micrographs of orange (Citrus sinensis) peel (a), its biochar (b), after 

treatment of tannery (c) and flashlight (d) wastewater; EDX spectrum of orange (Citrus 

sinensis) peel (e), its biochar (f), Cr (g), Pb (h), after treatment of tannery (i) and 

flashlight (j) wastewater 
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Figure 4.5 SEM micrographs of bagasse (a), its biochar (b), after treatment of tannery (c) 

and flashlight (d) wastewater; EDX spectrum of BB (e), its biochar (f), Cr(g), Pb (h), after 

treatment of tannery (i) and flashlight (j) wastewater 
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4.2.2.7 Surface acidic functional groups 

The concentration of surface acidic groups in all of the four adsorbents was measured 

by Boehm titration method (Boehm 1994) and has been presented in Fig 4.6. The total 

concentration of these groups in SLPB, LPB, OPB and BB was 7.38, 7.48, 7.41 and 

7.03 mol g
-1

, respectively (Table 4.4). The concentration of carboxylic acidic groups 

in all of the adsorbents was maximum with average values of 5.30, 4.93, 4.48 and 

5.15 mol g
-1

, respectively. The concentration of lactonic and phenolic groups in the 

selected adsorbents was 0.51, 1.90, 2.11, 1.28 and 1.57, 0.66, 0.82, 0.60 mol g
-1

, 

respectively. 

Among these, carboxylic acid group occupied an average of 71.80, 65.84, 

60.52 and 73.23 % in SLPB, LPB, OPB and BB, respectively. Except SLPB, all the 

remaining three adsorbents possessed lactonic groups in higher concentration than 

phenolic groups. The average concentration of lactonic groups in SLPB, LPB, OPB 

and BB was 9.57, 38.63, 47.05 and 24.96 %, respectively. Whereas, the average 

concentration of phenolic groups present in SLPB, LPB, OPB and BB was 21.31, 

8.76, 11.03 and 8.55 %, respectively. The results of the Boehm titration for surface 

acidic groups concluded that all of the adsorbents had the important acid functional 

groups i.e. carboxylic groups, phenolic groups, lactonic (esters) groups that aid in the 

adsorption of HMs by different ion-exchange, complexion, addition and substitution 

chemical reactions. The obtained results are also supported by FTIR analysis 

described in next section.  

The results of the present study was in agreement with Abdelhafez and Li 

(2016) who had also observed the majority of carboxylic acid surface function groups 

in  sugarcane bagasse and orange peel biochar. Uçar et al. (2015) have also reported 

the similar results for majority of carboxylic acidic functional groups than phenolic 

and lactonic groups. Further, Han et al. (2013) had described the effect of pyrolysis 

temperature on surface acidic groups of switchgrass, hardwood and softwood. They 

found that carboxylic groups in the three types of biochars were reduced by fast 

pyrolysis than slow pyrolysis, the phenolic groups were found to be elevated and 

lactonic group showed no effect of pyrolysis conditions. 
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Figure 4.6 Surface acidic groups concentration (mol g
-1

) present in SLPB, LPB, OPB 

and BB; bar represents ±S.D 

4.2.2.8 FTIR 

In order to explore the chemical structure and major surface functionalities groups 

present in the selected adsorbents (biochars), FTIR analysis was carried out (Solum et 

al. 1995; Gomez-Serrano et al. 1996; Hassan et al. 2014). These functional groups and 

chemical bonds present in them are one of the most important factors, which affect 

the adsorption of HMs. The spectra of the all of the four selected adsorbents, its 

biochar, HMs (Cr and Pb) loaded biochar and biochar after treating the tannery and 

flashlight wastewater have been presented in Fig 4.7-4.10 and were identified 

following the interpretations of Lambert et al. (1987).  

Sweet lemon peel possessed broadest peak at 3409.8 cm
-1

 due to presence of 

OH groups may be in the form of moisture or phenolic or alcoholic groups (Gupta et 

al. 2011; Huang et al. 2012; Kim et al. 2013; Baig et al. 2014). Other major peaks at 

2931.3, 1629.5, 1416.4, 1102.8 and 1064.0 cm
-1

 were, due to presence of OH in 

carboxylic acids, C=O of ketonic and ester groups, C-N in primary amides, C=S in 

thiocarbonyl groups and Si-O-Si in siloxane, respectively (Wang  and Chen 2015; 

Abdelhafez and Li 2016; Basu et al. 2017). The minor peaks at 1740.7 and 1331.4 cm
-

1
 were the representatives of C=O lactones, aldehydes, aromatic nitro compounds and 

sulfones, respectively. After thermal treatment during biochar production, the major 

peak responsible for OH groups due to moisture disappeared and a new peak at 

3416.5 cm
-1

 appeared (Samsuri et al. 2013). This peak was existent owing to presence 

of NH2 groups in the form of amines and amides offered by N-H stretch (Santos et al. 
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2015; Shin 2017). The other major peaks that appeared in SLPB were at 1568.4 and 

1419.8 cm
-1

 due to NO2 in aliphatic nitro compounds and CH3 in aliphatic 

compounds, COOH in carboxylic acids (Lim et al. 2009; Baig et al. 2014) (Fig 4.7a). 

These OH, COOH and NO2 groups were of the interest for successful adsorption of 

HMs present in solutions and wastewater. Now, when SLPB was subjected to Cr and 

Pb adsorption from synthetic solution of known concentration (20 ppm), shift in the 

position of peaks were observed. The major peaks in SLPB were shifted to 1618.2, 

1445.8, 1365.1 and 1206.3 cm
-1

 after Cr adsorption. Conversion of carboxylic acids 

into phenolic groups, ketonic groups, formation of COO
-
 groups salts, C-O-C ethers 

with C=C stretching and C-C-N bending  were evident from the appearance  of these 

peaks (Basu et al. 2017). These transformations were evidence of formation, 

deformation and stretching of different bonds through ion exchange, addition or 

dissociation chemical reactions (Kim et al. 2015; Poonam et al. 2018). In the same 

way, the major peak of SLPB was shifted from 3416.5 to a minor peak at 3418.2 cm
-1 

after Pb adsorption (Fig 4.7b). The other major peak at 1568.4 and 1419.8 cm
-1

 were 

shifted to 1369.6 and 1318.5 cm
-1

, respectively (Trakal et al. 2016). This shift may be 

because of the conversion of NO2 in aromatic compounds to NO2 in aliphatic 

compounds by symmetrical stretching of NO2. On the other hand, when SLPB was 

added to tannery wastewater, the major peak was recorded at 3438.0, 1629.7 and 

1441.6 cm
-1

. These peaks were the result of the reallocation of major peaks of SLPB 

at 3416.5, 1568.4 and 1419.8 cm
-1

, indicating involvement of esters, lactones, CH3 

deformation, C-N stretching  and carboxylic acids in adsorption of Cr from the 

wastewater (Momcilovic et al. 2011; Basu et al. 2017; Shin 2017). The carboxylic 

acids might be converted to ketonic groups whereas, CH3 deformation produced some 

aliphatic compounds of it, NO2 in aliphatic nitro compounds were converted into 

primary amines and amides by NO2 anti-symmetrical stretch. The disappearance of 

other weak peaks might be evident of exhaustion of the adsorbent for further 

association or dissociation reactions. Moreover, SLPB treated with flashlight 

wastewater showed the major peaks at 3415.7 cm
-1

 corresponding to the presence of 

moisture or OH groups in the form of alcohols or phenols by stretching of O-H bond 

(Fig 4.7c). Other major peaks were recorded at 1564.2, 1427.0, 1118.6 and 1045.2 

cm
-1

, which were the indicatives of the presence of COO
-
 groups in carboxylic acid 

salts, OH in carboxylic acids, C-O-C in in aliphatic ethers C-NH2 in primary aliphatic 

amines Si-O-Si in silaxanes, S=O in alkyl sulfoxides, P-OH in organo-phosphorus 
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compounds (Basu et al. 2017; Shin 2017; Zhao et al. 2017; Hu et al. 2018). These 

groups might be created from different stretching and deformation of different bonds 

present in the esters, lactones, amines, amides and carboxylic acids. 

Lemon peel also possessed a broad and strong peak at 3408.5 cm
-1

 that 

symbolize the existence of NH2 in aromatic amines, primary amines and amides due 

to N-H stretch found in proteins (Yu et al. 2015). Other major peaks were at 1626.1 

and 1066.4 cm
-1 

which represented ketonic groups by C=O stretch, C=C stretch of 

vinyl ethers, NH2 deformation in primary amines, and C-N stretch in primary aliphatic 

amines, Si-O-Si in siloxanes, SO3H in sulfonic acids, respectively (Jindo et al. 2014; 

Yorgun and Yıldız 2015). The weak peaks at 2928.1, 1733.0, 1414.7, 1321.8, 1242.9 

and 1101.1 cm
-1 

validating the presence of –CH3 and CH2 in aliphatic compounds, 

C=O in lactones, OH in carboxylic acids, COO
-
 groups in carboxylic acids, NO2 in 

nitro aromatic compounds, Ar-O in ethers, C-C-N in amines, C-O-C in ethers, 

respectively (Santos et al. 2015; Van Vinh et al. 2015; Abdelhafez and Li 2016). After 

conversion into biochar, some very minute peaks appeared at 3907.2 to 3730.2 cm
-1

, 

which might be due to moisture content. The major peaks at 3404.4, 2923.1, 1629.1, 

1426.8 and 1373.2 cm
-1

 corresponded to same groups as that of lemon peel except for 

1058.7 cm
-1

 that represented OH groups in primary and cyclic alcohols and SO3H in 

sulfonic acids (Baig et al. 2014). Weak peaks at 1266.8 and 1160.1 cm
-1

 showed the 

presence of Si-CH3 in silanes and lactones, and C-OH in alcohols and SO2 in sulfones, 

respectively (Basu et al. 2017; Hu et al. 2018). This implied that very little change in 

functional groups occurred during biochar production in comparison to SLPB. Now, 

when LPB was used to treat Cr and Pb present in solution of known concentration (20 

ppm), the broad peak of LPB disappeared (Fig 4.8a). Cr treated LPB showed the 

presence of major peaks at 1614.2, 1366.1 and 1224.2 cm
-1

 resultants of shift in the 

peaks after adsorption. These peaks represented N-H deformation in primary amides, 

NH3 deformation in amino acids, C=O stretch in ketones and C=C stretching  in vinyl 

ethers, COO
-
 groups in carboxylic acids salts and NO2 in aromatic nitro compounds, 

C-N in aromatic amines, C-O-C in ethers, lactones and sulfonic acids (Devi and 

Saroha 2014; Qiao et al. 2017; Zhao et al. 2017). Whereas, Pb
 

treated LPB 

represented major peaks at 1608.1 and 1209.5 cm
-1

 indicating towards the existence of 

NH2 deformation in primary amines and C=O stretching in ketones, and C-C-N 

bending in amines, C-O-C anti-symmetrical stretch in lactones and P=O stretch in 
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phosphorus oxy acids (Santos  et al. 2015) (Fig 4.8b). Such stretch and deformations 

were evident of action and reactions of different chemical reactions after adsorption of 

HMs. Finally, when LPB was used for treating tannery wastewater a very minute shift 

in the position of strong peaks from 3404.4 to 3444.3 cm
-1

 and 1629.1 to 1632.0 cm
-1

 

was recorded. These shift brought no change in the functional groups. However, other 

minor peaks at 1413.4 and 1223.5 cm
-1

 showed the presence of OH groups carboxylic 

acids, C-N stretch in primary amides and C-O-C in ester and lactones as well as in 

aromatic amines (Santos et al. 2015; Abdelhafez and Li 2016; Kołodyńska et al. 

2017). Disappearance of other minor and major peaks from LPB after treating tannery 

wastewater and flashlight wastewater was evidence of transformation of functional 

groups by different addition, substitution, complexation reactions after adsorption of 

HMs. In the same way, LPB after treating flashlight wastewater, stronger  peaks at 

3404.4, 2923.1 and  1426.8 cm
-1

 were shifted a little at 3415.4, 2908.7 and 1431.2 cm
-

1
, respectively, which brought no change in the composition of functional groups 

(Baig et al. 2014; Yu et al. 2015; Zhao et al. 2017). Nevertheless, changes in the 

position of peak at 1629.1 and 1160.1 cm
-1

 were recorded which took the position at 

1569.7 and 1023.5 cm
-1

. These changes indicated that breaking of old bond in ketone 

and primary amides, and alcohols for the formation of new groups and bonds in  

carboxylic acids and aliphatic nitro compounds, and cyclic alcohols after adsorption 

of Pb (Fig 4.8c).  

 The orange peels possessed broad and strongest peaks at 3412.9 cm
-1 

corresponded to OH groups in alcohols and phenols, N-H stretching in aromatic 

amines, primary amines and amides  (Tan et al. 2008; Luo et al. 2012). Other major 

peaks were present at 2936.1, 1632.4, 1104.5 and 1066.0 cm
-1

, representing C-H anti-

symmetrical and symmetrical stretching in aliphatic compounds of CH3 and CH2, 

C=O stretching in ketones and NH2 deformation in primary amides, C-O-C stretch in 

ethers, C-O stretch in C-OH alcohols and C-N stretching in primary aliphatic amines, 

respectively (Santos et al. 2015; Van Vinh et al. 2015; Yu et al. 2015; Abdelhafez and 

Li 2016). The minor peaks at 1737.2, 1369.0 and 1262.4 cm
-1

 were the indicatives of 

C=O stretching on anhydrides, aldehydes and lactones, COO
- 

groups in carboxylic 

acids and N
+
-O

- 
in pyridine, C-O-C anti-symmetrical stretch in esters and lactones 

(Han et al. 2013). Temperature treatment given during biochar production gave two 

broader peaks at 3384.2 and 1439.2 cm
-1

(Lammers et al. 2009)(Fig 4.9a). These peaks 
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were the representatives of alcoholic and carboxylic groups and CH3 anti-symmetrical 

deformations, respectively. The other major peaks at 2967.9 cm
-1

 for CH3 anti-

symmetrical and symmetrical stretching, 1569.8 cm
-1

 for COO
-
 in carboxylic acids 

and C=C stretching, 1162.4 cm
-1

 for C-O stretch in alcoholic groups and 1046.0 cm
-1 

for S=O in sulfoxides were recorded (Keiluweit et al. 2010; Seredych and Bandosz 

2011; Hu et al. 2018). Major changes in the peaks positions were observed when OPB 

was subjected to adsorb Cr and Pb
 
from solutions of known concentrations (20 ppm 

each). Only three strong peaks were recorded for Cr adsorption at 3405.4, 1606.2 and 

1194.3 cm
-1 

which were the indicatives of NH2 groups present in aromatic amines, 

primary and secondary amides, ketonic groups with C=O stretching and OH groups in 

alcohols (Pan et al. 2013; Santos et al. 2015). The absence of other major and minor 

peaks might be because of unavailability of other functional groups due to exhaustion 

the OPB after Cr adsorption. Likewise, changes and shift in the peaks of OPB were 

also recorded after Pb adsorption. The position of broadest peak was altered and it 

was recorded at 1614.3 cm
-1

, which indicated presence of C=O groups in ketones, 

C=C in vinyl ethers, NH3
+
 in amino acids. Other major peaks were recorded at 1367.4 

and 1225.3 cm
-1

 which were the indication of presence of COO
-
 groups in carboxylic 

acid salts, SO2 in sulfonyl chlorides, and C-O-C in esters and lactones and C-N in 

aromatic amines, respectively (Özçimen and Ersoy-Meriçboyu, 2010; Hu et al. 2018) 

(Fig 4.9b). At the end, tannery and flashlight wastewater were treated with LPB, 

which showed shift in positions and disappearances of some major bands (Fig 4.9c). 

Tannery wastewater treated OPB showed minute shift in the position of strongest 

bond from 3384.4 to 3412.9 cm
-1

, without affecting the functional groups. Whereas, 

minor bands at 2967.9, 1569.8, 1439.2 cm
-1

 shifted to 2925.8, 1578.2 and 1414.8 cm
-

1
, respectively. These alterations confirm the conversion of amides into amines due to 

N-H stretch, aliphatic compounds containing CH3 and CH2 groups into aldehyde 

groups due to C-H bending, and CH3 in aliphatic compounds into carboxylic acids 

due to O-H bending, respectively (Devi and Saroha 2014;Yu et al. 2015). In the same 

way, when flashlight wastewater was treated with LPB, the broadest and sharp peaks 

at 3384.4 and 1439.2 cm
-1

 only changed its position to 3415.4 and 1427.4 cm
-1

, 

respectively, which did not affect the functional groups (Fig 4.9d). But, other sharp 

peaks appeared at 1569.6, 1427.4, 1164.2 and 1054.7 cm
-1

 corresponded to COO- and 

OH groups in carboxylic acids, CH3 in aliphatic compounds, COH in alcohol, C-O-C 

in ethers and CNH2 in primary aliphatic amines, respectively  same as that of OPB 
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(Zhang et al. 2007; Lu et al. 2012; Baig  et al. 2014; Santos et al. 2015; Trakal et al. 

2016). The reason behind the presence of same functional groups may be the affinity 

of the HMs to that places which did not come under the range of the IR spectra.  

 The spectra of the bagasse, its biochar (Fig 4.10a) Cr loaded BB, Pb loaded 

(Fig 4.10b), BB after treating tannery wastewater and BB after treating flashlight (Fig 

4.10c) wastewater are presented Fig 4.10. The broad and strongest peak at 3352.9 and 

1055.1 cm
-1

 indicated the presence of OH in alcohol and phenols by –OH stretching 

andSO3 in sulfonic acids, CH-OH in cyclic alcohols, S=O in alkyl sulfoxides and P-

O-C stretching in organo phosphorus compounds, respectively (Lu et al. 2012; Pan et 

al. 2013). Other major peaks were recorded at 2896.0, 1634.0, 1427.0, 1372.7, 1249.6, 

1162.4 and 1113.0 cm
-1

 corresponding to –CH3 and CH2 in aliphatic compounds, 

C=O and NH2 in amides due to C=O stretch and NH2 deformation, OH in carboxylic 

acids, NO2 in aromatic nitro compounds, Ar-O in aryl ethers due to C-O stretch, SO2 

in sulfones, C-O-C in aliphatic ethers and organo phosphorus compounds with S=O in 

alkyl sulfoxides, respectively (Pakula et al. 2007; Abdelhafez and Li 2016). After 

biochar production, the major peaks were vanished excluding –CH stretching at 

2925.3 cm
−1

, C=O stretch in ketones signified by minor peak at 1711.0 cm
-1

, C=C 

stretch in alkenes and C=O stretch in secondary amides presented by a loud peak at 

1631 cm
-1

. Other minute peaks at 1364.4 and 1249.6 cm
-1

 showed the presence of 

NO2 groups in aliphatic nitro compounds and Ar-O groups in alkyl ethers. After, 

adsorption of Cr and Pb from solutions of known conc. (20 ppm), shift in the position 

of peaks and disappearance of some minor peaks were observed (Fig 4.10a). After Cr 

adsorption, the sharp peaks were not shifted, but the minor peak at 1711.0 and 1364.4 

cm
-1

 were shifted to 1631.2 and 1440.5 cm
-1

, respectively, which symbolized the 

alteration of functional groups after adsorption of HMs (Trakal et al. 2016). The C=O 

in ketones and C=C groups in alkenes were transformed into C=O in primary amides 

and CH3 in aliphatic compounds and OH in carboxylic acids, which indicated that 

breaking and formation of chemical bonds took place (Yao et al. 2011; Baig  et al. 

2014; Kołodyńska et al. 2017). In the same way, after the adsorption of Pb, the strong 

peaks were moved to 1618.1 and 1431.7 cm
-1

 representing C=O stretching and C-N 

stretch in primary amides and C-H and CH2 deformations, respectively (Fig 4.10b). 

Likewise, BB after treating tannery and flashlight wastewater, the spectra represented 

emergence and disappearance of some minor peaks (Fig 4.10c). Very minute changes 
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in the position of broad and sharp peaks occurred, which symbolized the presence of 

same functional groups as that of BB after treating both wastewaters. Disappearance 

of minor peaks at 1711.0 cm
-1

 indicated merging of C=O groups of ketones into some 

other functional groups after tannery wastewater treatment. Further, emergence of a 

minor peak at 2856.2 cm
-1 

symbolized the presence CH3 and CH2 groups of aliphatic 

compounds after adsorption of Cr. Similarly, disappearance of peaks at 2925.3, 

1711.0 and 1249.6 cm
-1

 indicated their involvement in the production of some other 

functional groups such as aliphatic, phenolic and ketonic compounds after flashlight 

wastewater treatment by BB (Wang et al. 2013; Qiao  et al. 2017). Moreover, shift in 

the position of peak from 1364.4 to 1441.6 cm
-1

 was observed which symbolized the 

substitution of functional groups of NO2 in aliphatic nitro groups with NO 

symmetrical stretch or COO
- 
group in carboxylic acid salts or SO2 in sulfonic chloride 

compounds to CH3 in aliphatic compounds with deformation of bond among C and H 

atoms (Baig et al. 2014;Abdel-Fattah et al. 2015). These phenomenons of alteration of 

peak positions, appearance and disappearance of major and minor peaks after 

adsorption of HMs suggested the involvement of different chemical reactions like 

addition, substitution, ion-exchange etc. in the process. 

FTIR spectroscopy illustrated that all of the four adsorbents were found to be 

rich in the array of different functional and chemical groups which might have aided 

in the sequestration of HMs. The strong peaks between 3846.8 and 3352.9 cm
-1

 which 

may be ascribed to -OH stretching vibrations of cellulose, pectin and lignin (Guo et al. 

2008; Chia et al. 2012; Reddy et al. 2014; Kołodyńska et al. 2017). The higher carbon 

content as well as the organic matter marked the stretching of the chemical bonds 

(Abdelhafez and Li 2016). Further, shift in the position of peaks among biochars 

before and after adsorption of HMs proposes that the process might be smoothed by 

chemisorption ensuing in binding of HMs by the nucleophilic functional groups 

(Poonam et al. 2018). The loss of some of the functional groups from biochars after 

adsorption, implied that these groups were consumed in the uptake of the respective 

HMs (Lima et al. 2016). The alteration of secondary amide into primary amide and -

CH to C=C were marked of creation and detachment of bonds through ion exchange 

or other specific mechanisms (Kim et al. 2015). This phenomenon favored the 

adsorption of HMs onto the surfaces of all the selected adsorbents. It may also be 

established that the breakdown of cellulose, hemicellulose, lignin and polysaccharides 
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components present in the adsorbents point towards the breaking and reshuffle of 

stronger bonds of carboxyl groups and evolution of NO groups (Srinivasan and 

Ganguly 1991; Coates 2000; Wang et al. 2013; Mendez et al. 2014; Qiao et al. 2017). 

It addition to this, involvement of P, S and N were evident from the different related 

groups present in all of the four adsorbents in the form of sulfonic groups, amides, 

organo-phosphorus compounds etc. (Basu et al. 2017). According to Machado et al. 

(2011), phenolic, carboxylic and alkyl groups also played important role in adsorption 

of HMs as they have oxygen containing functional groups providing adsorption sites. 

Moreover, results of EDX analysis and surface acidic groups explained earlier in 

above sections 4.2.2.6 and 4.2.2.7 respectively supported the FTIR analysis for 

particular adsorbents. Further, previous studies of Van Vinh et al. (2015), Yu et al. 

(2015), Abdelhafez and Li (2016), Ahmadi et al. (2016), Kołodyńska  et al. (2017), 

Mary et al. (2016), Trakal et al. (2016), Qiao et al. (2017), Shin (2017), Hu et al. 

(2018) etc. supported the finding of present study. 

 

 

 

 

 

 

 

 

 

 

Figure 4.7 FTIR spectra of sweet lemon peel and its biochar (a), SLPB after adsorption of 

Cr and Pb (b), SLPB after treatment of tannery and flashlight wastewaters (c) 
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Figure 4.8 FTIR spectra of lemon peel and its biochar (a), LPB after adsorption of Cr and 

Pb (b), LPB after treatment of tannery and flashlight wastewaters (c) 
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Figure 4.9 FTIR spectra of orange peel and its biochar (a), OPB after adsorption of Cr 

and Pb (b), OPB after treatment of tannery and flashlight wastewaters (c) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10 FTIR spectra of bagasse and its biochar (a), BB after adsorption of Cr and Pb 

(b), BB after treatment of tannery and flashlight wastewaters (c) 
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4.2.2.7 XRD 

X-ray diffraction (XRD) patterns of all the four adsorbents before and after adsorption 

of HMs have been shown in Fig 4.11. It is used to define the crystal structure of 

adsorbents intended for investigation (Zheng et al. 2017). The sharp diffractogram 

peaks for all of the adsorbent found to be in the range of 24.35 to 26.41º (2θ). 

Occurrence of sharp crystalline peak for SLPB at 24.37º (2θ), LPB at 26.59º (2θ), 

OPB at 24.35º (2θ) and BB at 26.41º (2θ) signified the presence of natural cellulose, 

lignin and non-crystalline hemicellulose materials (Reddy et al. 2012; Komolwanich 

et al. 2014; Liu et al. 2014; Ma et al. 2016; Cui et al. 2018; Fallah et al. 2018). After 

treating both wastewaters, slight change in the position of peaks were recorded for all 

the four adsorbents, however no change in the crystallinity of biochars was observed 

(Meng et al. 2018). The sharpest peak of SLPB minutely shifted its position from 

24.37º (2θ) to 24.17 and 24.29º (2θ), respectively, after adsorption of Cr and Pb from 

tannery and flashlight wastewaters. However, change in the intensities can be 

visualized from Fig 4.11(a), as it was 434 cts for SLPB and 318 and 334 cts for Cr 

and Pb
 
loaded SLPB. Likewise, the most prominent peak for LPB was recorded at 

26.59º (2θ), which minutely changed its position to 26.63 and 24.35º (2θ), 

respectively, after treating both wastewaters Fig 4.11(b). Some changes in the 

intensities were also recorded as it was 437 cts before adsorption, which was 

decreased to 397 and 414 cts, respectively, after adsorption of particular HMs from 

both wastewaters. The loudest crystalline peak for OPB was recorded at 24.35 º2θ at 

intensity of 461 cts, which changed its position to 29.49 and 24.37 º(2θ), respectively 

with decrease in intensities with 343 and 397 cts, correspondingly, after treating 

tannery and flashlight wastewaters (Fig 4.11c). In the same way, the highest pitched 

peak for BB was observed at 26.41º (2θ) with an intensity of 427 cts (Fig 4.11d). 

After adsorption of Cr and Pb from tannery and flashlight wastewaters, a little change 

in the position of the sharpest peak was recorded at 29.49 and 24.37º (2θ), particularly 

with noticeable change in the intensities with 343 and 438 cts, respectively. 

Alternations in the intensities verified the adsorption of HMs, which suppressed the 

intensities after adsorption of Cr and Pb, respectively, except for BB after treating 

flashlight wastewater. This increase in the intensity may be caused by presence of 

alkali (NaOH) in the wastewater or mixture and/or inclusion complex formation after 

adsorption (Tsiepe  et al. 2017; Zhao et al. 2017). However, decrease in the 2θ 
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positions after adsorption may cause a little decrease in the crystallinity of adsorbents 

due to presence of different chemicals in wastewaters (Nekouei et al. 2017). 

According to Devi and Saroha (2014) presence of CaCO3 in the biochar was evident 

from the occurrence of peaks at 29.21º (2θ). All of the selected biochars exhibited the 

diffractogram peaks at 29.21º (2θ) with different intensities of 221, 301, 254 and 263 

cts for SLPB, LPB, OPB and BB, respectively, confirming the presence of CaCO3 in 

them. Moreover, results were also in accordance with EDX analysis explained in the 

section 4.2.2.6. Further, other intermediate peaks were also present in the 

diffractogram of all the four adsorbents after treating tannery and flashlight 

wastewaters, which may be attributed to respective bindings of Cr and Pb on to them.  

 The results of the present study were found to be in good agreement with 

previous studies done by various workers (Baig et al. 2014; Basu et al. 2017; Slimani 

et al. 2017; Zhao et al. 2017; Gil et al. 2018; Peng et al. 2018; Qian et al. 2018; Yang 

et al. 2018). Baig et al. (2014) detected diffraction peak appeared at 16.1 and 22.4 º 

(2θ) for magnetic Kans grass biochar during adsorption of As (III and V) which could 

be assigned to natural cellulose. Basu et al. (2017) who observed crystalline peak at 

21.49 and at 30.44º (2θ) for cucumber peel before and after adsorption of Pb
 

possessing amorphous nature due to occurrence of hemicellulose and lignin in the 

biomass. Gil et al. (2018) recorded XRD diffractogram for ostrich bone ash for 

removal of Hg and Pb at 2θ = 25.87, 29.83, 31.88, 32.99, 34.58, 39.66, 46.51 and 

49.47 °. Zhao et al. (2017) found decrease in the diffraction intensity of biochars 

derived from giant reed (Arundo donax L.) prepared at 500 to 800 °C. However, 

increase in the diffraction intensity was also detected because of small amount of 

NaOH in the raw material derived from the feedstock. Peng et al. (2018) reported 

XRD peaks at 14.9, 16.5 and 22.5 º, confirming the crystalline structure of cellulose I 

in the ramie fiber used for adsorptive removal of Cd ions. Qian et al. (2018) also 

reported peaks of cellulose centered at 22.5º (2θ) for filter paper modified with 

sodium alginate composite to treat methylene blue dye from wastewater.  
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Figure 4.11 X-ray diffractogram of SLPB(a), LPB(b), OPB(c) and BB(d) before and 

after treatment of tannery and flashlight wastewaters 

4.2.3 Different combinations of parameters affecting the adsorption processes 

In the present study, SLPB, LPB, OPB and BB were used for removal of Cr and Pb
 
from 

industrial wastewaters. All of the four adsorbents were provided with different 

combinations of physicochemical parameters to select the best one for treating 

wastewaters. Among the various physicochemical parameters i.e. pH, temperature, initial 

metal concentration, adsorbent dosage and contact time were used for analyzing the 

performance of biochars selected agricultural wastes. Firstly, the adsorbents were applied 

on solution of known concentration of 20 ppm each for Cr and Pb before applying it for 

industrial wastewaters. The influence of these five parameters on removal of HMs from 

solutions (20 ppm) have been discussed below- 

4.2.3.1 Adsorbent Dosage  

Biosorption is an effective and promising practice for water and wastewater treatment but 

sometimes the higher cost is documented as the principal obstacle to its comprehensive 

applicability. Thus, the optimization of adsorbent dosage is the utmost requirement for 

scale-up and designing of large scale equipments for industrial and practical approach 
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(Ahmadi et al. 2016). The dose of the adsorbent is the most important factor, which 

affects the surface area, availability of binding sites and interaction of HMs with 

adsorbents (Bansal et al. 2009). It delineates the adsorption capacity of the selected 

adsorbents at specified initial metal ion concentrations (Bhatti et al. 2016). Different 

ranges of adsorbent dosage at room temperature (25±3ºC) with initial metal concentration 

of 20 mg L
-1

 have been tested for the removal of Cr and Pb ions, respectively (Fig 4.12). 

Further, a detailed description of effect of contact time onto removal percentage and 

concentration of both HMs have been discussed below- 

  The effect of SLPB adsorbent dosage was observed in the range of 2.0 to 5.0 and 

2.5 to 3.5 g L
-1

, respectively for Cr and Pb (Fig 4.12a and Table 4.4). The amount of 

adsorption and removal rate increased with increasing the adsorbent dosage until the 

equilibrium was attained. The removal rate increased from 72.97 to 83.38 and 72.50 to 

93.83 %, respectively by increasing the dosage from 2 to 5.0 and 2.5 to 3.5 g L
-1

 for Cr 

and Pb. The maximum removal of Cr (83.38%) and Pb
 
(93.83 %) was achieved at 5 and 

3.5 g L
-1 

of optimized dosage at 200 and 160 minutes of contact time, respectively. 

Further increase in adsorbent does not affect removal rate that may be due to aggregation 

of biomass and HMs at the binding sites causing electrostatic repulsion among them. The 

amounts of Cr and Pb remained in the solution after saturation points were 3.32 and 1.23 

mg L
-1

, respectively in comparison to initial metal concentration of 20 mg L
-1

.  

  The ranges of 2.0 to 4.0 and 3.0 to 6.0 g L
-1

, respectively
 
of adsorbent dosage at 

difference of 0.5 g L
-1

 for contact times of  10 to 180 minutes (described in next section 

4.2.3.2) with interval of 20 minutes were selected for adsorption of Cr and Pb
 
by LPB 

(Fig 4.12c and Table 4.4). Likewise, SLPB, amount of adsorption and removal rate also 

enhanced with increasing adsorbent dosage until the equilibrium point. The removal rate 

was found to increase from 50.37 to 72.75 and 69.17 to 87.33 %, respectively with 

increasing dosage of 2 to 4.0 and 3 to 6.0 g L
-1

 for Cr and Pb, respectively. The maximum 

removal of Cr (72.75%) and Pb (87.33%) was attained with optimized dosage of 4.0 and 

6.0 g L
-1 

at 160 minutes of contact time. The amounts of Cr and Pb remained in the 

solution after saturation point were 5.45 and 2.53 mg L
-1

, respectively in comparison to 

initial metal concentration of 20 mg L
-1

. 

OPB was utilized in the 5.0 to 8.0 and 2.5 to 4.5 g L
-1

 dosage at difference of 0.5 

g L
-1

, for contact times of 10 to 180 and 200 minutes with intervals of 20 minutes were 
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selected for adsorption of Cr and Pb (Fig 4.12e and Table 4.4). Likewise, SLPB and LPB, 

increase in adsorption amount and removal rate were observed with increasing adsorbent 

dosage until the equilibrium point. The removal rate increased from 54.93 to 64.87 and 

69.67 to 84.15 %, respectively with increasing dosage of 2 to 4.5 and 3 to 6.0 g L
-1

 for Cr 

and Pb, respectively. The optimum dosage of OPB for removal of Cr and Pb (87.33%) 

was 8.0 and 4.5 g L
-1 

at 160 and 180 minutes of contact time, respectively. Only 7.03 and 

3.17 mg L
-1

 of Cr and Pb, respectively were remained in the solution after saturation point 

in contrast to initial metal concentration of 20 mg L
-1

. 

  The ranges of adsorbent dosages of BB for removal of Cr and Pb
 
were 7 to 10 

and 3 to 5 mg L
-1

, respectively with contact time of 10 to 180 and 160 minutes at intervals 

of 20 minutes (Fig 4.12g and Table 4.4). As defined for SLPB, LPB and OPB, the 

adsorption and removal rate were found to increase with increasing adsorbent dosage until 

the equilibrium. The maximum removal of Cr (59.93%) and Pb (70.42%) was attained 

with dosages of 10 & 5 g L
-1 

at 160 & 140 minutes, respectively. The amount of Cr and 

Pb remained in solution after attaining equilibrium 8.02 and 5.92 mg L
-1

, respectively in 

contrast to initial metal concentration of 20 mg L
-1

. 

  All of four adsorbents showed increase in the adsorption of HMs with increasing 

dosage. The increase in the adsorbent dosage contributed towards the enhancement of 

surface area and binding sites that increased the adsorption rate (Attia et al. 2010; Asgari 

et al. 2013; Sun et al. 2015; Guiza 2017; Temesgen et al. 2018). Thus, instantaneous and 

equilibrium sorption capacities of different adsorbents are functions of dosage (Ramesh et 

al. 2013). After attaining equilibrium, further increase in dosage do not affect removal 

rate at constant initial metal ion concentrations (Lasheen et al. 2012; Bhatti et al. 2016). 

This may be due to decrease in the quantity adsorbed per unit mass  with increasing 

adsorbent dosage which result in split of flux or concentration gradient between solute 

(HMs) concentration present in solution and on the surface of the adsorbent (Vadivelan 

and Kumar 2005). The possible overlap of the binding sites due to aggregation of biomass 

at higher dosages of adsorbents may also be responsible for the same, which may render 

the surface area and block the binding spots along with decline in distribution path span 

(Boveiri Monji et al. 2008; Ahmadi et al. 2016; Manzoor et al. 2017). 

  The results of the present study were consistent with previous studies of Attia et 

al. (2010), Soliman et al. (2011), Ramesh et al. (2013), Baig et al. (2014), Ahmadi et al. 

(2016), Bhatti et al. (2016), Guiza (2017), Tovar et al. (2018) etc. (Table 4.4). 
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4.2.3.2 Contact time  

It is also an important factor that affect adsorption rate of HMs with respect to different 

adsorbents. A variety of ranges of contact time have been tested for removal of Cr and Pb 

ions with initial concentration of 20 mg L
-1 

at room temperature (25±3ºC). The time 

interval was maintained to be 20 minutes from 20 to the maximum range of contact time 

of selected adsorbents except for initial 10 and 20 minutes as shown in Fig 4.12. The 

detailed effects of contact time on adsorption rate and initial metal concentrations of Cr 

and Pb
 
for selected adsorbents have been discussed as following- 

  The rate of removal increased with increasing the contact time from 10 to 160 

and 180 minutes by SLPB for Cr and Pb. During initial 10 minutes, rate of removal 30.32 

and 17.88 %, which reached to 83.38 and 93.87 % respectively, for Cr and Pb after 

attaining equilibrium point (Fig 4.12b). Further increase in contact time do not affected 

removal process that may be due to exhaustion of active sites. Thus, the optimum contact 

time required by SLPB for removal of Cr and Pb
 
was 160 and 180 minutes, respectively. 

  Similarly, removal rate of Cr and Pb
 
by LPB was 17.58 and 26.6 % respectively, 

during initial 10 minutes. At equilibrium point 72.75 and 87.33 % of Cr and Pb
 
were 

found to be adsorbed by LPB at 160 minutes of contact time (Fig 4.12d). Thus, the 

optimum contact time required by LPB for removal of both HMs was 160 minutes. 

  As described for SLPB and LPB, OPB removed 17.48 and 7.83 % of Cr and Pb
 

during initial 10 minutes of contact time. When contact time was increased from 10 to 

160 and 180 for Pb
 
and Cr, removal rate was also increased considerably and reached to 

64.87 and 84.15 % at optimum contact times. Further rise in contact time did not affect 

removal percentage (Fig 4.12f). Therefore, optimum contact time for removal of Cr and 

Pb was 180 and 160 minutes, respectively. 

  BB also followed the same trend of removing both HMs ions as that of SLPB, 

LPB and OPB. During initial 10 minutes 16.30 and 17.88 % of Cr and Pb were removed 

which attained the equilibrium at 180 and 140 minutes of contact time with removal rate 

of 59.93 and 93.87 %, respectively. Further enhancement in contact time did not 

contributed towards the increase in removal percentage (Fig 4.12h). Therefore, the 

optimum removal rate for both HMs was 180 and 140 minutes, respectively. 

  The rate of removal in the beginning was found to be higher for both HMs and 

became slower on later phases. This trend may be exemplified by the accessibility of 
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active vacant sites and higher electrostatic attraction between the HM ions and ligands 

present on the surface of adsorbents at initial level (Homagai et al. 2010; Baig et al. 2014; 

Uçar et al. 2015; Bhatti et al. 2016). At later stages, no. of active sites were reduced and 

got saturated that decreased the adsorption rate of HMs (Kannan and Karrupasamy 1998; 

Sliman et al. 2011; Singha and Das, 2012; Vithanage et al. 2015; Guiza, 2017, Temesgen 

et al. 2018). Further, rise in contact time had no effect on removal rate of HMs and after 

sometimes it started declining (Feng et al. 2011; Ramesh et al. 2013). This may be due to 

aggregation of HM ion all around the binding sites of selected biochars causing 

competition and hindrance in the movement of adsorbate (HMs) for left over sites which 

delayed the adsorption processes afterwards (Bhatti et al. 2016; Basu et al. 2017; Shehzad 

et al. 2018). This end up into saturated sites of adsorbents and also resistance due to 

repulsion of same charges i.e. Cr and Pb molecules in the adsorbents increases. This may 

also be the possible reason behind the decrease in the removal percentage on increasing 

the contact time after equilibrium points (Mittal et al. 2010). Thus, mechanism of 

adsorption is not only governed by physical and chemical characteristics but also on mass 

transfer process (Lasheen et al. 2012). 

The results of the present study were in accordance with prior studies of Attia et 

al. (2010), Soliman et al. (2011), Ning-chuan and Xue-yi (2012), da Silva et al. (2013), 

Pan et al. (2013), Ramesh et al. (2013), Baig et al. (2014), Santos et al. (2015), Uçar et al. 

(2015), Abdelhafez and Li (2016), Ahmadi et al. (2016), Bhatti et al. (2016), Kołodyńska 

et al. (2017), Basu et al. (2017), Guiza (2017) etc. The details of which have been 

described in Table 4.4. 

 

Figure 4.12.1 Effect of adsorbent dosage & contact time on adsorption of Cr (a) and Pb 

(b) by SLPB at room temperature (25±3ºC) and initial metal ions conc. of 20 mg L
-1
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.  

Figure 4.12.2 Effect of adsorbent dosage and contact time on adsorption of Cr (c) and Pb 

(d) by LPB at room temperature (25±3ºC) and initial metal ions conc. of 20 mg L
-1

 

 

Figure 4.12.3 Effect of adsorbent dosage and contact time on adsorption of Cr (e) and Pb 

(f) by OPB at room temperature (25±3ºC) and initial metal ions conc. of 20 mg L
-1

 

 

Figure 4.12.4 Effect of adsorbent dosage and contact time on adsorption of Cr (g) and Pb 

(h) by BB at room temperature (25±3ºC) and initial metal ions conc. of 20 mg L
-1

, S.D. 

shown by bars  
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4.2.3.3 pH 

It is a steering factor which administer the adsorption process by influencing surface 

charges besides controlling other factors like metal speciation, sequestration, mobility & 

degree of ionization of HMs and competition with co-existing ions of solutions (Nguyen 

et al. 2013; Ullah et al. 2013; Basu et al. 2017). Metal adsorption is reliant upon kind and 

ionic state of functional groups existing on surface of adsorbent and their chemistry. 

These phenomenon are directly connected to pH of medium (Babel and Kurniauan, 2004; 

Feng et al. 2011).The effect of pH on removal of Cr and Pb have been presented in Fig 

4.13, respectively. As previous experiments had shown that formation of metal-

hydrolyzed species [M(OH)
+
] might occur with subsequent precipitation of metal-ion 

hydroxides [M(OH)2(s)] pH (>7.0), so, the experiments were not evaluated further on 

higher pH (Liu and Liu 2003; Ning-chuan and Xue-yi, 2012; Ramesh et al. 2013; Ramos 

et al. 2015; Hu et al. 2018). The range of pH tested for was 1-4 for SLPB, LPB and OPB, 

whereas, for BB it was 1-5 for Cr and for Pb
 
2-6 for SLPB, LPB and OPB; and 2-5 for 

BB. The experiments were performed for 10, 20-200 and 10, 20-180 minutes of contact 

time for Cr and Pb respectively, with duration of 20 minutes for 20ppm concentration of 

both HMs solutions at room temperature considering optimized doses. The trend of 

removal of HMs by adsorption process was an increase with increasing pH until a certain 

level, and then decreased. The details of this pattern have been discussed below-  

During initial 10 mins, SLPB removed only 7.57 % of Cr at pH 1 and 7.82 % of 

Pb
 
and 2. In next 10 minutes, the rate of removal was increased to 20.28 and 23.28 %, 

respectively, for Cr and Pb. Therefore, further test were preceded after 20 minutes of time 

duration for all of the remaining three adsorbents. Further, no change in removal 

percentage was noticed after 200 and 180 minutes of contact time for respective metals, 

which may be due to the exhaustion of the adsorption sites.  Moreover, the average 

removal rate increased from 7.57 to 93.82 % for Cr and 7.82 to 91.2 % for Pb
 
at pH

 
1 and 

2, respectively. As the pH of the solution was increased from 1 to 3, and 2 to 5 for Cr and 

Pb, the concentration of the metals in the respective solution decreased from 1.24 to 0.91 

and 0.11 to 0.03 mg L
-1

 after 200 and 180 minutes of contact time, respectively. The 

removal rate of Cr was increased from 93.82 to 95.47 % and 91.23 to 97.42 % for Pb
 
with 

increasing pH from 1 to 3 and 2 to 5. Further, increase in pH, caused the precipitation of 

Cr and Pb,
 
which increased the concentration of it in the solution. At pH 4 and 6 the 
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concentration of Cr and Pb increased from 0.91 to 0.92 and 0.52 to 0.55 mg L
-1 

in the 

solution , respectively. So, further test was not carried out with increasing pH (Fig 4.13a & 

b). Hence, optimum pH for removal of Cr and Pb from respective solution by SLPB was 3 

and 5, respectively.  

  As explained earlier for SLPB, range of pH for LPB was also same. The pattern 

of removal of Cr and Pb were also similar to that of SLPB, where removal rate increased 

with increasing pH from 1 to 3 and 2 to 5 for Cr and Pb,
 
respectively. Further, due to 

precipitation, the concentration of both metals in their respective solutions increased. The 

removal rates were found to increase from 91.20 to 94.03 and 91.10 to 96.27 % after 

increasing pH from 1 to 3 and pH 2 to 5 for Cr and Pb, respectively. The concentrations 

of both HMs in particular solutions were found to decrease from 1.76 to 1.19 and 1.78 to 

0.75 mg L
-1

, respectively with increasing pH (Fig 4.13a & b). Thus, the optimum pH for 

removal Cr and Pb from respective solutions by LPB were 3 and 5, respectively as that of 

SLPB. 

  As described earlier for OPB, ranges of pH and contact time for OPB were same 

for removal of Cr and Pb from respective solutions. Increase in removal rate was 

observed with increase in pH, from 1 to 3 and 2 to 5 for Cr and Pb, respectively. Removal 

percentage increased from 88.08 to 91.98 & 90.67 to 95.08 % after 180 & 160 minutes of 

contact time, respectively for removal of Cr and Pb
 
from particular solutions. The 

concentrations of Cr and Pb
 
remained in solution after foresaid contact times was 1.61 and 

0.983 mg L
-1

, respectively (Fig 4.13). So, optimum pH for removal Cr and Pb
 
from by 

OPB were found to be 3 and 5, respectively as that of SLPB and LPB. 

The pH range was set to be 1-4 and 2-4 for observing the effect of it on removal 

efficiency of BB with contact time of 20-180 minutes. As explained earlier for other three 

adsorbents, removal percentage increased with upsurge in pH until equilibrium was 

achieved at pH 4 for both HMs.  The removal percentages were observed to increase from 

63.57 to 72.13 and 72.15 to 81.48 %, respectively for Cr and Pb
 
after 180 minutes of 

equilibrium contact time. Only 5.57 and 3.70 mg L
-1

 of Cr and Pb
 
remained in the 

solution after adsorption process (Fig 4.13). Thus, the optimum pH for removal Cr and Pb 

from respective solutions by BB was found to be 4 irrespective of other three adsorbents 

as explained earlier.  

The surfaces of all of adsorbents were found to be acidic in nature, as observed by 

Boehm titration, which has been explained earlier in section 4.2.2.7. At lower pH (from 

1-2) the surface as well as HMs were positively charged generating Coulombic repulsion, 
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so the adsorption was higher at pH above 2 but lesser overhead pH 5 (Soliman et al. 

2011; Guiza, 2017; Poonam et al. 2018). As the pH of the solutions (Cr and Pb) was 

increased from 1 to 4 (or 5) for different adsorbents, a rise in the removal percentage was 

observed (Hu et al. 2018). It may be because of increase in the surface negativity of the 

adsorbents due to presence of more OH
- 
ions, which allow the deprotonation of functional 

groups of biochars with release of H
+
 and H3O

+ 
(Kołodyńska et al. 2017; Chen et al. 

2018). Now, these deprotonated functional groups serve as available binding sites, 

generating strong electrostatic attraction with positively charged adsorbent surface, which 

increases the adsorption rate (Basu et al. 2017; Shehzad et al. 2018). However, repulsion 

between positive charged HMs and H
+
 & H3O

+
 may also exist, which may be crossed 

over by strong electrostatic attraction among negative charged OH
- 

ions present in 

solution and up-surging surface negativity of adsorbents due to increasing pH and left 

greater number of ligands with negative charges after deprotonation (Das et al. 2007; 

Feng et al. 2011; Homagai et al. 2010). Further, as discussed earlier the adsorption of Cr 

and Pb
 
was favored by acidic medium and above optimum pH (most of the time pH 4 and 

5 for respective adsorbents), a sharp decrease in adsorption was observed. The reason 

behind this may be the increase in electrostatic interactions between adsorbent and the 

adsorbate, which further, depend upon availability of functional groups (Uçar et al. 2015, 

Van Vinh et al. 2015). Moreover, basic medium of the solution also contributed towards 

the dominance of OH
-
 ions with the negatively charged hydrated ions of Cr and Pb 

mainly in the form of Cr2O7
2–

, HCrO4
–
, Cr3O10

2–
, Cr4O13

2-
, HPbO2

− 
etc. (Pan et al. 2013; 

Zhang et al. 2013; Bhatti et al. 2016; Rai et al. 2016). These species form complexes with 

the acidic functional groups, especially with O atoms present on the surfaces of 

adsorbents, which hindered the adsorption rate. Cr(OH)3, Cr(OH)6, Pb(OH)2, Pb(NO3)2, 

Pb(CH3COO)2, C8H16Cr2O10 etc. are the main complexes formed which precipitate out in 

the solution, on increasing pH most of the time above 7 (Leyva-Ramos et al. 1995; Ning-

chuan and Xue-yi 2012; Ramesh et al. 2013). These complexes either do not contribute 

towards adsorption of HMs causing no effect on adsorption rate or decreases it (Iqbal et 

al. 2009; Ramesh et al. 2013; Guiza 2017). At higher pH, sometimes these metal 

complexes used to develop positive charges onto their surfaces, which may be in the form 

oxides (CrO2
+
, Cr2O5

+
, PbO

+
), hydrides (Cr(OH)

2+
, Cr3(OH)

+5
, Cr3(OH)4

5+
, PbOH

+
, 

Pb2(OH)4
+
) etc. after exhaustion of adsorption sites (Manzoor et al. 2017). This causes 

repulsion of positive charged metals ions resulting in further decrease in the adsorption of 

HMs (Leyva-Ramos et al. 1995; Gupta et al. 2011; Uçar et al. 2015). Moreover, as pH 
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increases, dual competition among the predominating anions of Cr and Pb to be adsorbed 

and dominating OH
- 
ions in basic medium are developed (Shin 2017). In addition to this, 

it may also be justified by the presence of weak covalent coordination bonds formed 

between the HMs and surface functional groups of biochars (carboxyl, hydroxyl, alkyl 

etc.) in basic conditions which also decreases the adsorption rate (Attia et al. 2010). Thus, 

the present study followed these phenomenon as explained above with optimum removal 

of HMs at pH <5 but >2. 

The results of the present study were found to be comparable to Feng et al. 

(2011); Salam et al. (2011); Soliman et al. (2011); Alfa et al. (2012); Ning-chuan and 

Xue-yi (2012); Bernard and Jimoh (2013); da Silva et al. (2013);  Li et al (2013); Pan et 

al. (2013); Rezaei (2013); Velazquez-Jimenez et al. (2013); Rajoriya and Kaur (2014); 

Reddy et al. (2014); Fathima et al. (2015); Uçar et al. (2015); Van Vinh et al. (2015); 

Abdelhafez and Li (2016); Bhatti et al. (2016); Kołodyńska et al. (2017); Basu et al. 

(2017); Guiza et al. (2017); Upadhyay et al. (2017); Chen et al. (2018); Tovar et al. 

(2018); etc. for different adsorbents including biochars of the same agricultural wastes 

used for removal of Cr
3+

 and Cr
6+

, Pb
2+

 and other HMs. The details of these previous 

studies have been tabulated in Table 4.4 

 

Figure 4.13 Effect of pH on adsorption of Cr (a) and Pb (b) by different adsorbents at 

room temperature (25±3°C) with optimized dosages and  contact time for respective 

adsorbents and initial metal ions concentration of 20 mg L
-1

, S.D. shown by bars 
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adsorption (Baig et al. 2014). The effects of temperature on the concentration of HMs 

present in the solution by all the four biochar adsorbents have been displayed in Fig 4.14. 

The experiments were performed for 200 and 180 minutes of contact time for Cr and Pb 

respectively, with duration of 20 minutes for 20 ppm concentration of both HMs solutions 

at different temperatures (25, 35, 45, 65 and 75ºC) considering optimized doses as 

discussed in section 4.2.3.1.  

  The range of temperature selected for SLPB was 25-65 and 75 ºC, respectively, 

for removal of Pb
 
and Cr from respective solutions. The rate of removal increased from 

72.67 to 84.77 and 89.70 to 94.30 % with increasing temperature from 25 to 65 and 55 ºC 

for Cr and Pb, respectively. After this, the removal rate decreased to 0.57 and 0.37 % after 

further increase of 10ºC in temperature for Cr and Pb. At saturation point, only 3.04 and 

1.14 mg L
-1

 of Cr and Pb were remained in the solution, respectively in comparison to 

initial HM concentration of 20 mg L
-1 

(Fig 4.14 a & b). So, the optimum temperature for 

removal of Cr and Pb
 
was recorded as 65 and 55 ºC, respectively. 

  Similar to SLPB, LPB was also utilized at 25-65 and 75 ºC, respectively, for 

removal of Pb
 
and Cr from respective solutions. The rate of removal was found to 

increase from 65.63 to 79.20 and 84.32 to 91.15 % respectively, with increasing 

temperature form 25 to 65 and 55 ºC for Cr and Pb. Further increase of 10 ºC, 1.40 and 

0.35 % decrease in the removal rate was observed. After maximum adsorption, only 4.16 

and 1.77 mg L
-1

 of Cr and Pb remained in the solution (Fig 4.14 a & b). Thus, the 

maximum removal of Cr and Pb
 
was achieved at optimum temperature of 65 and 55 ºC, 

respectively. 

  Likewise SLPB and LPB, OPB was also utilized at 25- 65 and 75 ºC, 

respectively, for removal of Pb
 
and Cr from respective solutions. The rate of removal was 

found to increase from 63.62 to 71.85 and 77.57 to 88.98 % respectively, with increasing 

temperature form 25 to 65 and 55 ºC for Cr and Pb. Further increase in temperature (75 

and 65 ºC) caused 0.44 and 1.27 % decrease in removal percentage of Cr and Pb, 

respectively. Only 5.63 and 2.20 mg L
-1 

of initial concentrations of HMs were remained in 

the solution after reaching the saturation point (Fig 4.14 Fig 4.14 a & b). Thus, optimum 

temperature for elimination of Cr and Pb
 
was 65 and 55 º C, respectively. 

  The temperature range for observing its effect on removal percentage of Cr and 

Pb
 
was 25-75 ºC. The removal rate was found to increase from 50.83 to 66.05 and 53.20 

to 71.30 % respectively, with increasing temperature from 25 to 65 for Cr and Pb. This 
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was recorded as the maximum removal as further increase in the temperature caused 

decrease of 0.635 and 0.785 %, respectively, in removal rates of HMs from that of at 65ºC 

(Fig 4.14 Fig 4.14 a & b). Thus, optimum temperature for removal of Cr and Pb
 
was 65 

ºC for both HMs. 

All four adsorbents showed rise in adsorption percentage with increase in 

temperature till 65 and 55 ºC for all of adsorbent for Cr and Pb, respectively, except at 

65ºC for BB. The increase in temperature intensified the metal binding tendency and 

mobility of HM ions tending to be adsorbed, resulting upsurge in removal percentage of 

HMs (Baig et al. 2014; Fathima et al. 2015). It may also be due to decrease in the 

boundary layer thickness surroundings adsorbents which in turn decreased mass transfer 

resistance of adsorbate in boundary layer (Banerjee et al. 2012). This trend proposed that 

adsorption of both HMs was endothermic and chemisorption was involved in comparison 

to physisorption (Leyva-Ramos et al. 1995; Mohan et al. 2011; Hu et al. 2018). 

According to An et al. (2018), synergistic effects of physisorption and chemisorption may 

cause further decrease in the removal percentage where heat was supposed to be release 

and utilize, respectfully. These endothermic processes may be controlled by intra particle 

and pore diffusion as suggested by Wu et al. (2013) and Baig et al. (2014a). The 

temperature higher than room temperature, boosts adsorption of HMs may also be 

explained on the basis of enhanced surface activity and kinetic energy of the solute 

(HMs), nevertheless, physical damage to the adsorbents might reduce adsorption process 

at much more higher temperatures (Bhatti et al. 2016). Further, lower temperatures also 

did not favor adsorption processes due to requirement of heat to accelerate the reaction 

rates (Abdelhafez and Li 2016). The results of the present study was found to be 

consistent with Liang et al. (2009), Banerjee et al. (2012), Rezaei (2013), Fathima et al. 

(2015), Abdelhafez and Li (2016); Hu et al. (2018) etc. for different adsorbents including 

biochars of same agricultural wastes used for Cr
+3

 and Cr
+6

, Pb
+2

 and other HMs. Details 

of these previous studies have been presented in Table 4.4. 
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Figure 4.14 Effect of temperature on adsorption of Cr (a) and Pb (b) by different 

adsorbents with optimized dosages and contact time for respective adsorbents and initial 

metal ions concentration of 20 mg L
-1

, S.D. shown by bars 

4.2.2.5 Initial metal concentrations 

Initial metal concentration is important in describing the capacity of particular adsorbent 

for extracting different concentrations of HMs onto their surfaces. In addition to this, 

different industries dispose of different concentrations of HMs into the nearby water 

bodies (Ahmadi et al. 2016). Therefore, it is pertinent to find out capacity of adsorbent 

based on different metal ion concentrations so that adsorbents may be utilized practically 

at industrial levels. Moreover, initial metal ion concentration enforces transport of HMs 

from solution to surface of adsorbent (Taha et al. 2011). In order to observe effect of 

initial metal ion concentrations on adsorptive removal of Cr and Pb, different initial metal 

concentrations (5, 10, 20, 40 mg L
-1

) were studied with optimized dosages and contact 

time of respective adsorbent at room temperature (25±3ºC) and shown in Fig 4.15. 

SLBP adsorbed about 4.70, 8.53, 15.15 and 29.76 mg L
-1

 of Cr and 4.92, 9.15, 

16.19 and 31.32 mg L
-1 

of Pb
 
from initial metal ion concentrations of 5, 10, 20 and 40 mg 

L
-1

, respectively. Thus, removal percentage was 94.06, 85.27, 75.74, 74.39 and 95.80, 

89.70, 76.05 and 76.875 % for Cr and Pb w.r.t. initial metal ion concentrations. The 

remaining amount of Cr and Pb for the same initial metal ion concentrations were 0.30, 

1.47, 4.85, 10.24 and 0.08, 0.85, 3.81, 8.68 mg L
-1

, respectively (Fig 4.15 a & b). Thus, 

results suggested that although the amount of HMs adsorbed onto SLPB was increased 

with increasing initial metal ion concentration but removal percentage was found to 

decrease for most of the times with respect to both HMs. The reason behind this 
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phenomenon might lie in the fact that at lower concentrations more vacant sites were 

available, which became filled with respective metal ions causing aggregation and 

repulsion among the charged ions resulting in the decrease in removal rate (Sun et al. 

2015; Ahmadi et al. 2016). Hence, based on amount of HM ions adsorbed, the optimum 

initial metal ion concentration was 40 mg L
-1

 and if the maximum removal rate would be 

considered then it will be 5 mg L
-1

 for both HMs. 

Following the same pattern of SLPB, amount of Cr and Pb
 
adsorbed by LPB were 

4.36, 8.11, 13.12, 27.75 and 4.79, 8.97, 15.21, 30.75 mg L
-1

, respectively for same of the 

initial metal ion concentrations. The removal rate was decreased mostly with increasing 

the initial metal ion concentrations as 87.26, 81.07, 65.62, 69.38 and 95.80, 89.70, 76.05, 

76.88 %, respectively for Cr and Pb. The remaining concentrations of both the HMs were 

0.64, 1.89, 6.88, 12.25 and 0.21, 1.03, 4.79, 9.25 mg L
-1

, respectively (Fig 4.15 a & b). 

The same reasons and optimum initial metal ion concentrations as described for SLPB 

might also be considered for LPB also.  

Likewise, SLPB and LPB, the amount of Cr and Pb
 
adsorbed by OPB was 4.08, 

7.91, 12.43, 26.71 and 4.41, 8.52, 13.33, 29.61, respectively for same initial metal ion 

concentrations. The removal rate decreased for most of the times with respect to 

increasing initial metal ion concentrations for both the HMs and reached to equilibrium 

point with removal of 81.34, 79.07, 62.17, 66.78 and 88.20, 85.20, 66.65, 74.03 %. The 

residual amount of both HMs in the solution was 0.93, 2.09, 7.57, 13.29 and 0.59, 1.48, 

6.67, 10.39 mg L
-1

, respectively (Fig 4.15a & b).  

The similar pattern of SLPB, LPB and OPB for adsorbed amount and removal 

percentage for afore said initial metal ion concentrations were established for BB for Cr 

and Pb. The amount of Cr and Pb adsorbed were 3.73, 5.66, 9.82, 22.52 and 3.87, 6.66, 

11.52, 26.30 mg L
-1

 for the similar initial metal ion concentrations. The removal rate was 

recorded as 74.66, 56.63, 49.09, 56.30 and 77.46, 66.60, 57.62, 65.74 %, respectively for 

Cr and Pb. The left over amount of the HMs in the solution were 3.73, 5.66, 9.81, 22.52 

and 3.87, 6.66, 11.52 and 26.30 mg L
-1

, respectively (Fig 4.15a & b). The same 

explanations for the removal pattern and optimum initial metal ion concentrations might 

also be given for BB as explicated for SLPB and LPB.  

The uptake of the HMs increased consistently with escalating concentrations (5 

to 40 mg L
-1

) due to involvement of energetically favorable sites with increasing metal 

concentration in the aqueous solution (Lasheen et al. 2012), but removal percentage 

decreased more significantly with further increase in initial metal ion concentrations for 
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both selected HMs. At lower concentrations, the surface of the adsorbents used to be 

saturated with the HM ions enhancing removal rate. However, decrease in the rate of 

removal may be explicated by fact that at higher concentrations formation of more 

functional groups on the surfaces of adsorbents occurred. However, at the constant 

adsorbent dosages, the active sites to accommodate HMs were also constant which 

resulted in decreased removal efficiency (Han et al. 2013; Basu et al. 2017).  As 

elucidated by Nadeem et al. (2016) and Zhao et al. (2017) the steering force for 

overcoming mass transfer resistance could be served by concentration gradient resisting 

the mass transfer at elevated concentrations, which may enhance the amount of adsorbed 

HM ions. Further, increasing initial metal ion concentrations also developed higher 

competition among the HM ions for limited available active binding sites, which also 

distressed the removal efficiencies of different adsorbents (Soliman et al. 2011; Sun et al. 

2015; Lima et al. 2016). Moreover, the main objective of the study was to get maximum 

removal rate for both HMs, but removal percentage was reduced with increasing initial 

metal ion concentrations for the optimized dosage. Therefore, experiments with further 

higher concentrations were not considered and optimized initial metal ion concentrations 

for both HMs were reported as 40 mg L
-1

. 

  The present study was also supported by earlier studies of Soliman et al. (2011), 

Ning-chuan and Xue-yi (2012), da Silva et al. (2013), Baig et al. (2014), Uçar et al. 

(2015), Abdelhafez & Li (2016), Kołodyńska et al. (2017);  Bhatti et al. (2016), Baus et 

al. (2017), Guiza (2017). The details of these studies have been given in the Table 4.4. 

 

Figure 4.15 Effect of initial concentration on the adsorption of Cr and Pb ions onto by 

different adsorbents with optimized dose and contact time for respective adsorbents at 

room temperature (25±3ºC), S.D. shown by bar
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Table 4.4 Optimized conditions for removal of heavy metals by different naturally occurring bio-sorbents 

S.n. Metals Adsorbents Mode  Parameters Results(Optimized conditions) References 

1 Pb
2+

 Orange peel xanthate Batch  1. pH; 2. Contact time; 3. Temperature; 4. Initial metal 

ion concentration 

1. 5; 2. 20 minutes; 3. 30ºC; 4. 100 

mg L
-1

 

Liang et al. (2009) 

2 Pb
2+

, Cd
2+

 & 

Ni
2+

 

Orange peel Batch  1. pH (2 to 5.5); 2. Contact time  1. 5.5; 2. 180 minutes  Feng et al. (2011) 

3 Pb
2+

 Sugarcane bagasse Batch  1. pH (1.0–4.0); 2. Contact time; 3. Dose (25, 50, 75, 

100, 125 and 150 mg); 4. Initial metal ion concentration 

(10–100 µmol) 

1. 6; 2. 60 minutes; 3. 100 mg; 4. 

100 µL 

Soliman et al. 

(2011)  

4 Cu
2+

 & Zn
2+

 Peanut husk 

charcoal, fly ash and 

natural zeolite 

Electroplating 

industry & 

Batch  

1. Adsorbent dose; 2. Contact time; 3. pH (4-11); 4. 

Initial metal ion  concentration 

1. 5 g L
-1

; 2. 2hrs and 3hrs 

respectively; 3. Cu-6, Zn-7 by 

Peanut husk, Cu-8, Zn-8 by Fly ash, 

Cu-6, Zn-6 by Natural zeolite; 4. 10 

mg L
-1

 

Salam et al. 

(2011) 

5 Cu
2+

 & Pb
2+

 Frond & leaf samples 

of dump palm 

Batch 1. Contact time 1. 90 min Alfa et al. (2012) 

6 Cd
2+

, Cu
2+

 & 

Pb
2+

 

Orange peel Batch 1. Adsorbent dose (0.1-1 g L
-1

); 2. Contact time (5-120 

min); 3. Initial metal ion  concentration 

1. 1 g L
-1

; 2. 30 min; 3. 20 mg L
-1

 Lasheen et al. 

(2012) 

7 Cu
2+

, Zn
2+

 & 

Pb
2+

 

Orange peel Batch  1. pH (2.5 to 6.0); 2. Contact time; 3. Initial metal ion 

concentration 

1. 5.5 2. 120 minutes, 3. 50 mg L
-1

 

(Cu
2+

& Zn
2+

)
 
and 200 mg L

-1 
(Pb

2+
) 

Ning-chuan and 

Xue-yi (2012) 

8 Cu
2+

 Water melon shells Batch 1. Adsorbent dose; 2. Contact time; 3. Initial metal ion 

concentration; 4. Particle size; 5. pH(2-10); 6. 

Temperature (30, 40 & 50
º 
C) 

1. 0.02g L
-1

; 2. 120 min; 3. 20 ppm 

4.150µm & 300 µm; 5. 8; 6. 50 ºC 

Banerjee et al. 

(2012) 

9 Cu
2+

 Garden grass Batch 1. pH; 2. Adsorbent dosage; 3. Initial metal ion 

concentration; 4. Contact time; 5. Temperature 

1. 6; 2. 5 g L
-1

; 3. 10-100 mg L
-1

; 4. 

400 min (6 hrs); 5. 293–343 °K 

Hossain et al. 

(2012) 

10 Pb
2+

, Fe
2+

, 

Cu
2+

 & Zn
2+

 

Activated orange 

peel (Activation by 

Electroplating 

Industry 

1. Contact time; 2. Adsorbent dosage; 3. pH 1. 60 min for all except Fe (40min); 

2. 1 g/50 ml of effluent; 3. 6 except 

Bernard and 

Jimoh (2013) 
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S.n. Metals Adsorbents Mode  Parameters Results(Optimized conditions) References 

1.0M ZnCl2) Pb
2+ 

(2) 

11 Co
2+ 

& Cr
3+

 Sugarcane bagasse Batch 1. pH (2.4 to 7.1); 2. Contact time; 3. Initial metal conc. 

4.  Temperature 

1. 6.5 and 5.8; 2. 30 minutes; 3. 190 

and 180 mg L
-1 

4. 25 
◦
C. 

da Silva et al. 

(2013) 

12 Ni
2+

 & Co
2+

 Biochar of pyrolysis 

of almond shell 

Batch  1. pH; 2. Adsorbent dosage; 3. Contact time 1. 7; 2. Ni- 7 g L
-1

, Co- 4 g L
-1

; 3.  

15 min for both metals 

Kılıç et al. (2013) 

13 Cu
2+

 and 

Cr
3+

 

Root powder of 

Eicchornia crassipes 

Batch  1. pH 

 

1. 5 and 6 

 

Li et al (2013) 

14 Cr
3+

 Crop straw derived 

biochars 

Batch  1. pH (2.5 to 5.0); 2. Contact time;  1. 5; 2. 120 minutes;  Pan et al. (2013) 

15 Cd
2+

, Pb
2+

 & 

Zn
2+

 

Agave salmiana 

bagasse 

Batch  1. pH; 2. Temperature; 3. Initial conc.  1. 5; 2. 25 ºC; 3. 80 mg L
−1

 Velazquez-

Jimenez et al. 

(2013) 

16 Cr
6+

 Spirulina sp. Batch  1. Contact time; 2. Initial metal conc. and pH; 3.Initial 

metal conc.; 4. Temperature 

1. 120 min; 2. 10 mg L
-1

 and 5; 3. 

50 mg L
-1

; 4. 25 °C 

Rezaei (2013) 

17 Ni
2+

, Cu
2+

, 

Zn
2+

 

Tea waste Batch  1. Contact time; 2. pH; 3. Adsorbent dosage 4. Initial 

metal ion concentration 

1. 120 min; 2. pH 5; 3. 0.4g /100ml, 

for Ni, 0.6 g /100ml, for Zn and Cu; 

4. 10 ppm. 

Thakur and 

Parmar (2013) 

18 Zn
2+

 Lemon and banana 

peel 

Batch  1. Adsorbent dosage; 2. Contact time; 3. pH, 4; 

Temperature 

1. 1g/100ml; 2. 260 minutes; 3. 4; 

4. 30
0
C 

Rajoriya and Kaur 

(2014) 

19 Cr
3+

 Water melon rind Batch  1. pH; 2. Contact time; 3.  Adsorbent dosage; 4. Initial 

metal ion conc. 

1. 3; 2. 30 minutes; 4. 0.5 mg L
-1

; 5.  

50 mg L
-1

 

Reddy et al. 

(2014) 

20 Cr
3+

 Fungal biomass 

(Termitomyces 

clypeatus) 

Batch  1. pH; 2. Temperature (30-70 ºC); 3. Adsorbent dosage. 1. 4; 2. 60 ºC; 3. 5 g L
-1

 Fathima et al. 

(2015) 

21 Co
2+

, Cu
2+

, 

& Ni
2+

 

Sugarcane bagasse Batch  1. pH (2.0 to 5.75); 2. Adsorbent dose; 3. Contact time; 

4. Initial metal ion concentration 

1. 5.75 for Co
2+

 and Ni
2+

, and 5.5 

for Cu
2+

; 2. 0.2 g L
-1

; 3. 180, 250, 

and 75 minutes; 4. 25
 º

 5. 0.79 

Ramos et al. 

(2015) 
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S.n. Metals Adsorbents Mode  Parameters Results(Optimized conditions) References 

mmol L
-1

 

22 Pb
2+

& Ni
2+

 Rapeseed oil cake 

(activated C) 

Batch  1. pH (1-5 and 1-6); 2. Contact time; 3. Initial metal 

concentration (50-500 ppm) 

1. 5 and 6; 2. 360 minutes for both; 

3. 250 and 300 ppm 

Uçar et al. (2015) 

23 As
3+

 Pine cone biochar Batch  1. pH (2-4) 1. 2 Van Vinh et al. 

(2015) 

24 Pb
2+

 Sugarcane bagasse 

and orange peel 

biochar 

Batch  1. pH (2-6); 2. Contact time (5 to 360 minutes); 3. Initial  

concentration (5.64 to 223.34 mg L
-1

); 4. Temperature 

(15-45 ºC); 5. Adsorbent dose 

1. 5; 2. 30 and 15 minutes; 3. 57 mg 

L
-1

; 4. 25º C; 5. 1 g L
-1

 

Abdelhafez and Li 

(2016) 

25 Zr
4+

 Citrus peel Batch  1. pH (2.0 to 5.0); 2.Adsorbent dosage; 3. Contact time; 

4. Temperature; 5. Initial metal conc. 

1. 3.5, 2. 0.05 g, 3. 40 minutes, 4. 

30
◦
C; 5. 90 mg L

-1
 

Bhatti et al. 

(2016) 

26 Cu
2+

, Zn
2+

, 

Cd
2+

, Co
2+

 & 

Pb
2+

 

Artificial biochar Batch  1. pH (2.5 to 5.0); 2. Contact time; 3. Initial metal ion 

conc.  

1. 5, 2. 360, 3. 200 mg L
-1

 Kołodyńska et al. 

(2017) 

27 Cd
2+

 Husk of lentil Batch  1. pH; 2. Temperature 1. 5; 2. No significant effect Basu et al. (2016) 

28 Pb
2+

 Cucumber peel Batch  1. pH; 2. Contact time 1. 5; 2. 60 minutes Basu et al. (2017) 

29 Cu
2+

 Orange peel  Batch  1. pH, 2. Temperature; 3. Contact time; 4. Initial metal 

ion concentration  

1. 5; 2. 20 ºC; 3. 60 minutes; 4. 

Increased adsorption 

Guiza (2017) 

30 Hg
2+

 Biomass of Bacillus 

licheniformis 

Batch 1. Metal concentration; 2. Adsorbent dosage; 3. pH; 4. 

Contact time 

1. 5-1000 μg ml
-1

; 2. 25 mg; 3. 7; 4. 

1 hr 

Upadhyay et al. 

(2017) 

31 Cd
2+

 Litchi peel, orange 

peel, pomegranate 

peel and banana peel 

Batch  1. pH (1 to 7); 2. Initial concentration; 3. Adsorbent 

dose 4. contact time; 5. Temperature 

1. 5; 2. 300 mg L
-1

; 3. 0.1 g 4. 10 

hrs; 5. 25 °C 

Chen et al. (2018) 

32 Ni
2+

 Na2S-modified 

biochar 

Batch  1. pH (1.8-7.0); 2. Temperature (10-50ºC);  1. 6; 2. 50 ºC Hu et al (2018) 

33 Cr Sweet lemon peel Tannery 

wastewater 

1. Adsorbent dose; 2. Contact time 1. 5.0 g L
-1

; 2. 200 minutes Poonam and 

Kumar (2018) 
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S.n. Metals Adsorbents Mode  Parameters Results(Optimized conditions) References 

34 Pb Sugarcane bagasse  Flashlight 

wastewater 

1. Adsorbent dose; 2. Contact time; 3. pH (2-5) 1. 5 g L
-1

; 2. 140 minutes; 3. 5 Poonam et al. 

(2018) 

35 Pb Lemon peel Batch  1. pH; 2. Adsorbent dose 1. 6; 2. 0.5 g Tovar et al. (2018) 

36 Cr Sweet lemon peel 

biochar 

B
a

tc
h

 

1. Adsorbent dosage (2-5 g L
-1

); 2. Contact time (10-220 

minutes); 3. pH (1-4); 4. Temperature (25-75 ºC); 5. 

Initial metal ion concentration (5-40 mg L
-1

) 

1. 5 g L
-1

; 2. 200 minutes; 3. 3; 4. 

65 ºC; 5. 40  

 

 

 

 

 

 

 

Present study 

37 Pb Sweet lemon peel 

biochar 

1. Adsorbent dosage (2- 3.5 g L
-1

); 2. Contact time (10-

180 minutes); 3. pH (2-6); 4. Temperature (25-65 ºC); 5. 

Initial metal ion concentration (5-40 mg L
-1

) 

1. 3.5 g L
-1

; 2. 160 minutes; 3. 5; 4. 

55 ºC; 5. 40  

38 Cr Lemon peel biochar 1. Adsorbent dosage (2-4 g L
-1

); 2. Contact time (10-180 

minutes); 3. pH (1-4); 4. Temperature (25-75 ºC); 5. 

Initial metal ion concentration (5-40 mg L
-1

) 

1. 4 g L
-1

; 2. 160 minutes; 3. 3; 4. 

65 ºC; 5. 40  

39 Pb Lemon peel biochar 1. Adsorbent dosage (3-6 g L
-1

); 2. Contact time (10-220 

minutes); 3. pH (2-6); 4. Temperature (25-65 ºC); 5. 

Initial metal ion concentration (5-40 mg L
-1

) 

1. 6 g L
-1

; 2. 200 minutes; 3. 5; 4. 

55 ºC; 5. 40  

40 Cr Orange peel biochar 1. Adsorbent dosage (5-8 g L
-1

); 2. Contact time (10-180 

minutes); 3. pH (1-4); 4. Temperature (25-75 ºC); 5. 

Initial metal ion concentration (5-40 mg L
-1

) 

1. 8 g L
-1

; 2. 160 minutes; 3. 3; 4. 

65 ºC; 5. 40  

41 Pb Orange peel biochar 1. Adsorbent dosage (2.5-4.5 g L
-1

); 2. Contact time (10-

200 minutes); 3. pH (2-6); 4. Temperature (25-65 ºC); 5. 

Initial metal ion concentration (5-40 mg L
-1

) 

1. 4.5 g L
-1

; 2. 180 minutes; 3. 5; 4. 

55 ºC; 5. 40  

42 Cr Bagasse biochar 1. Adsorbent dosage (7-10 g L
-1

); 2. Contact time (10-

180 minutes); 3. pH (1-5); 4. Temperature (25-75 ºC); 5. 

Initial metal ion concentration (5-40 mg L
-1

) 

1. 10 g L
-1

; 2. 160 minutes; 3. 4; 4. 

65 ºC; 5. 40  

43 Pb Bagasse biochar 1. Adsorbent dosage (3-5 g L
-1

); 2. Contact time (10-160 

minutes); 3. pH (2-5); 4. Temperature (25-75 ºC); 5. 

Initial metal ion concentration (5-40 mg L
-1

) 

1. 5 g L
-1

; 2. 140 minutes; 3. 4; 4. 

65 ºC; 5. 40  
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4.3. Optimization of control techniques for removal of heavy metals from 

industrial wastewaters using agricultural wastes/by-products. 

In the present section, optimization process for removal of HMs by the selected 

adsorbents from industrial wastewater (tannery and flashlight) has been described. 

Further, the best suited adsorption isotherms (Langmuir and Freundlich), kinetics 

(pseudo first and second order) and thermodynamic parameters were discussed for 

adsorptive removal of HMs from industrial wastewaters. In addition the maximum 

adsorption capacity and removal efficiency with desorption ability of all the four 

adsorbents were also discussed. The detailed accounts of the process has been given 

below- 

4.3.1. Optimized conditions for removal of heavy metals (Cr and Pb) 

Details of the optimized conditions for maximum removal of both HMs have been 

summarized in Table 4.5 

Comparative study of the all four adsorbents suggested that SLPB was the best 

for removal of Cr and Pb. The optimized dose and contact time was found to be in 

range of 5.0 to 10 g and 160 to 180 minutes for Cr and 3.5 to 5.0 g and 140 to 180 

minutes for Pb, respectively. The maximum removal efficiencies followed the trends 

of BB<OBB<LPB<SLPB for dosage and contact time, pH, temperature and initial 

metal concentrations. pH was found to be the most important factor impelling 

removal of both HMs from wastewaters. The maximum removal of Cr and Pb
 
was 

found to be 95.47 and 97.42 %, respectively at pH 3 and 5 by SLPB, respectively. pH 

and temperature affect the surface charges and mobility of ions which are important 

aspects of adsorption (Baig et al. 2014; Guiza 2017). Further, alteration in adsorbent 

dosage and contact time also affected adsorption but their removal percentage was a 

bit low. Further, effect of initial metal concentration on the removal efficiencies of all 

four adsorbents was lowest. The reason may be dependence of this factor onto the 

adsorbent dosage and contact time (Basu et al. 2017). Findings related that, the most 

important parameter that affected the removal process was pH and the best-suited 

adsorbent was SLPB. 
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Table 4.5 Optimized conditions of different parameters for removal of Cr and Pb by 

selected adsorbents  

S.n. Adsorbent Heavy 

metal 

Dose (g L
-1

) and 

Contact time 

(minutes) 

pH Temperature 

(ºC) 

Initial metal ion 

conc. (mg L
-1

) 

 Value Removal 

(%) 

Value Removal 

(%) 

Value Removal 

(%) 

Value Removal 

(%) 

1 SLPB Cr 5.0 & 

200 

83.38 3 95.47 65 84.77 40 74.39 

2 SLPB Pb 3.5 & 

160 

93.87 5 97.42 55 94.30 40 78.30 

3 LPB Cr 6.0 & 

160 

72.75 3 94.03 65 79.20 40 69.38 

4 LPB Pb 4.0 & 

160 

87.33 5 96.27  55 91.15 40 76.88 

5 OPB Cr 8.0 & 

160 

64.87 3 91.97 65 71.85 40 66.78 

6 OPB Pb 4.5 & 

180 

84.15 5 95.08 55 88.98 40 74.03 

7 BB Cr 10.0 

& 

180 

59.93 4 72.13 65 66.05 40 56.30 

8 BB Pb 5.0 & 

140 

70.42 4 81.23 65 71.30 40 65.74 

4.3.2. Optimization of control technique for improving physicochemical 

properties of industrial wastewaters 

The best-optimized conditions as described in Table 4.5 were used to improve the 

physicochemical properties and to remove the HMs present in wastewaters of tannery 

and flashlight manufacturing industries. The main characteristics that affect the 

quality of the wastewater are of BOD, COD, EC and pH. Therefore, the selected 

adsorbents were applied in its best-optimized conditions to enhance the quality of 

industrial wastewaters before its possible discharge into the near-by water bodies. The 

details of all of the optimized control techniques have been given below- 

4.3.2.1. Effect of optimized adsorbent dosage and contact time on BOD of 

industrial wastewaters 

The optimized adsorbent dosage and contact time used for all four adsorbents for 

improving the quality of tannery and flashlight industrial wastewaters. The 

concentration of BOD has been found to reduce for both wastewaters on treating it 
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with all of the four adsorbents (Fig 4.16a & b). The initial concentration of BOD was 

found to be 3742.80 and 2968.02 mg L
-1

 for tannery and flashlight wastewaters, 

respectively. On treating these with SLPB, LPB, OPB and BB, the concentration of 

BOD was reduced to 1727.23, 2189.59, 2346.28, 2682.01 and 1966.77, 2080.38, 

2230.42 and 2315.08 mg L
-1

, respectively, at room temperature (25±3ºC). The 

removal percentages of BOD for tannery wastewater for SLPB, LPB, OPB and BB 

were increased from 12.12, 12.12, 11.13 and 10.39 % to 53.85, 41.50, 37.31 and 

28.34 % respectively, until the optimum dosage and contact time. In the same manner, 

for flashlight wastewater the BOD removal percentage was also increased from 18.23, 

16.71, 12.05 and 11.29 to 33.74, 29.91, 24.85 and 22.00 %, respectively. The trend of 

improvement in BOD of both wastewaters was observed as BB<OPB<LPB<SLPB. 

The main reason behind this may be the surface area of the adsorbents as, the 

maximum removal of BOD was reported with the SLPB possessed maximum surface 

areas, followed by LPB, OPB and BB. Thus, the best adsorbent for improving the 

BOD of wastewaters was SLPB.  

Lowering of organic masses present in the wastewaters might cause drop in 

the concentration of BOD. The organic mass might adhere to the adsorbents, which 

were filtered out from wastewater lowering the organic masses as well as the BOD of 

the wastewater (Tahir and Naseem 2007). The study of Ayoub et al. (2011) supported 

the present study for reduction in BOD concentration of tannery wastewater after post 

treatment of wastewater by lime/bittern coagulation and activated carbon adsorption. 

 

Figure 4.16 Effect of different adsorbents on BOD of tannery (a) and flashlight (b) 

wastewaters at optimized dosages, contact time and room temperature (25±3ºC), 

±S.D. 
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4.3.2.2. Effect of optimized adsorbent dosage and contact time on COD of 

industrial wastewater 

Optimized dosage and contact time were applied to bring the reduction in COD of 

both wastewaters. The reduction in COD was observed with increasing dosage and 

contact time until the saturation point (Fig 4.17 a & b). The initial COD of tannery 

and flashlight wastewaters was observed as 23780.0 and 12000.5 mg L
-1

, respectively. 

At the saturation point of all of SLPB, LPB, OPB and BB, COD was reduced to 

7666.67, 8200.0, 16726.67, and 22706.67 mg L
-1

, respectively for tannery wastewater 

and 6883.33, 9917.83, 9667.33 and 10338.83 mg L
-1

, respectively for flashlight 

wastewater. The application of SLPB, LPB, OPB and BB reduced COD concentration 

of tannery wastewater from 22.75, 24.31, 5.94 and 3.59 % to 67.76, 65.52, 29.66 and 

4.51 % by respectively, until optimum dosage and contact time. Likewise, the COD of 

flashlight wastewater was reduced from 29.63, 10.97, 6.02 and 6.15 to 42.64, 17.35, 

19.44 and 13.85 % respectively, by the application of SLPB, LPB, OPB and BB. 

Similar to BOD, the trend of reduction in COD of wastewaters caused by various 

biosorbents followed the pattern BB<OPB<LPB<SLPB.  

Improvement in water quality due to the adsorption process was quite apparent 

which may be due to the reduction of organic matter form the wastewaters as that of 

BOD (Tahir and Naseem 2007). The results of present study was supported by Ayoub 

et al. (2011) who reported reduction in the COD of tannery wastewater after post 

treatment of the wastewater by lime/bittern coagulation and activated carbon 

adsorption process. 

 

Figure 4.17 Effect of different adsorbents on COD of tannery (a) and flashlight (b) 

wastewaters at optimized dosages, contact time and room temperature (25±3ºC), 

±S.D. 
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4.3.2.3. Effect of optimized adsorbent dosage and contact time on pH of 

industrial wastewaters 

Optimized dosage and contact time for all of the four adsorbents, also affected pH of 

the wastewater generated from tannery and flashlight manufacturing units. However, 

the influence on the pH was very low as compared to BOD and COD. The pH of 

tannery and flashlight wastewaters were 8.67 and 4.70, which was reduced by 6.15, 

6.15, 2.69, 5.0 and 13.53, 13.53, 3.53 and 11.76 %, respectively by treatments of 

SLPB, LPB, OPB and BB. After attaining the saturation points, the pH of tannery and 

flashlight wastewaters treated by four adsorbents was found to be 8.133, 8.133, 8.433, 

8.233 and 4.07, 4.07, 4.07, 4.15, respectively (Fig 4.15 a & b).  

The reduction in pH of both wastewaters might be caused by the effect of 

adsorbent‟s pH as the surface of SLPB, LPB, OPB and BB were enriched with surface 

acidic groups (Fig 4.6) as explained in section 4.2.2.7. These acidic groups might 

release H
+ 

ions in the wastewaters after addition of the adsorbents, which might be the 

possible reason for reduction in the pH of both industrial wastewaters.  

Figure 4.18 Effect of different adsorbents on pH of tannery (a) and flashlight (b) 

wastewaters at optimized dosages, contact time, pH and room temperature (25±3ºC), 

±S.D. 
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recorded as 16.39 and 24.17 mS cm
-1

, respectively. After treating both wastewaters 

with optimizes dosage of SLPB, LPB, OPB and BB, EC was reduced to 13.93, 14.0, 

13.92, 14.55 and 21.24, 21.74, 22.19, 23.28 mS cm
-1

, respectively (Fig 4.19). The 

reduction (%) was observed to be 15.0, 14.58, 15.09, 11.22 and 12.13, 10.04, 8.19, 

3.67 %, respectively. Change in EC was not so much pronounced, however, it might 

be caused due to decrease in pH and availability of excess of surface acidic groups. 

 

Figure 4.19 Effect of different adsorbents on EC of tannery (a) and flashlight (b) 

wastewaters at optimized dosages, contact time and room temperature (25±3ºC), 

±S.D. 
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The effect of optimized dosage and contact time on removal of Cr and Pb
 
from 

tannery and flashlight wastewaters was the same as that of solutions of known 

concentration. The removal percentage improved with increasing adsorbent dosage & 

contact time and became stagnant after achieving the saturation point (Fig 4.20). The 

optimized dosage and contact time of four adsorbent were same as descried in above 

section 4.3.1. The concentration of Cr in tannery wastewater and Pb in flashlight 

wastewater were 3.842 and 2.393 mg L
-1

, respectively. After attaining the saturation 

point with SLPB, LPB, OPB and BB, the concentration of Cr and Pb remained in the 

tannery and flashlight wastewaters were 0.084, 0.327, 0.513, 0.990 and 0.069, 0.292, 

0.333, 0.589 mg L
-1

, respectively. These residual concentrations of both HMs fall 

under the recommended standards of Inland Surface Water-Bangladesh Standard 

(Chowdhury et al. 2013). The residual concentration of Pb
 
after treating it with SLPB 

fell under the recommended concentration of CPCB (Table 4.1). During initial 20 

minutes about 77.60, 70.68, 65.21 and 52.02 % of Cr from tannery wastewater 73.78, 

66.07, 57.88 and 64.79 % of Pb from flashlight wastewater were removed. The 

maximum removal of Cr and Pb
 
were accomplished by SLPB (97.82 & 97.11 %) 

followed by LPB (91.50 & 87.80 %), OPB (86.64 & 86.07%) and BB (74.23 & 75.38 

%) at the end.  

The reason behind increase in removal rate with increasing dose and contact 

time was the availability of free vacant sites at initial level. Later on the adsorption of 

both HMs were slowed down which might be due to difficulty in occupying the 

remaining vacant binding sites (Tahir et al. 2016). Further, intraparticle diffusion 

process might also be responsible at later stage caused by the exhaustion of binding 

sites and aggregation of remaining HMs (Manzoor et al. 2017). This phenomenon 

generated alterations in the concentration gradients among HMs and adsorbent 

causing decrease in the removal percentage (Kanchana et al. 2011). Similar trends of 

chromium and lead adsorption by various biomasses has been reported in previous 

work as a function of contact time and adsorbent dosage e.g. orange (Citrus cinensis) 

waste (Pérez Marín et al. 2009); sugarcane bagasse (Ullah et al. 2013); Polymer-based 

hybrid (Vetriselvi and Santhi 2015), peanut hull waste (Tahir et al. 2016a); corn cob 

waste (Manzoor et al. (2017) etc.  Ullah et al. (2013) reported equilibrium time of 240 

minutes for removal of Cr (II and VI) from tannery wastewater by sugarcane bagasse 

waste. Mohammed and Sahu (2015) reported removal of 99% of Cr by adsorption at 

pH 4, contact time 240 min and adsorbent dosage of 3.5 g L
-1

 by eucalyptus bark. 
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Dinh et al. (2017) reported about 92.35% adsorption of Pb at equilibrium time of 120 

mins by MnO2 loaded chitosan. Lee et al. (2017) testified optimum contact time 90 

minutes for removal of Pb
 
by biochar from palm oil sludge. Vergili et al. (2017) 

reported 2 g L
-1 

and 360
 
minutes of contact time

 
with high Pb

 
elimination as 83% by 

weak acid cation resin from battery (flashlight) industry wastewater. Likewise, 

Ravulapalli and Kuntha (2018) reported adsorbent dosage of 2g L
-1

 and agitation time 

30 minutes for removal of 96.8 % of Pb
 
from battery manufacturing industrial 

wastewater by carbon prepared from the seeds of Caryota urens plant. Zhang et al. 

(2018) described contact time of 60 minutes for maximum removal of Pb
 
by oxidized 

mesoporous carbon (OMC).  
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Figure 4.20 Effect of adsorbent dosage and contact time on the concentration of Cr 

and Pb, present in tannery and flashlight wastewaters by SLPB(a, b), LPB(c, d), OPB 

(e, f) and BB(g, h) at room temperature (25±3ºC), ±S.D. *For clear visibility 

concentrations of Cr and Pb
 
have been divided by 2 
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0.51 and 0.99 mg L
-1 

of Cr and 0.07, 0.29, 0.33 and 0.59 mg L
-1 

of Pb were left in 

tannery and flashlight wastewater, respectively. These residual concentrations of both 

HMs fall under the recommended standards of Inland Surface Water-Bangladesh 

Standard (Chowdhury et al. 2013).Moreover, the maximum removal of Cr and Pb
 
was 

accomplished by SLPB (97.4 & 96.80 %) followed by LPB (91.32 & 88.16 %), OPB 

(86.03 & 85.66 %) and BB (84.12 & 77.02 %). In comparison to adsorbent dosage 

and contact time, HMs removal percentages were high, but the differences were not 

marked. 

The flexible behavior of Cr and Pb
 
adsorption at different pH values might be due to 

surface charges. In the range of pH 2–3, HCrO4
−
, HPbO2

−
 ions dominated and with 

increasing pH, it was converted into CrO4
- 
and PbO2

- 
(Liu and Liu 2003; Wang et al. 

2009)
.
 Further, the surface used to be bear positive charges at lower pH, which 

resulted in higher adsorption of both HMs due to higher electrostatic interactions 

(Ullah et al. 2013). Results of present study were in agreement with previous 

literatures available on the usage of different adsorbents for removal of HMs from 

industrial wastewaters including tannery and flashlight e.g. Bahadir et al. (2007) 

reported optimum pH; 4.5 for removal of Pb from battery manufacturing wastewater 

by Rhizopus arrhizus biomass. Similarly, Bairagi et al. (2011) reported 86% removal 

of Pb at optimum pH; 5 for by Aspergillus versicolor from battery manufacturing 

industrial wastewater. Ullah et al. (2013) reported pH 2 for maximum removal of Cr 

present in tannery wastewater using sugarcane bagasse as adsorbent. Mohammed and 

Sahu (2015) and Dinh et al. (2017) reported optimum pH 4 for removal of 81% of Cr 

and 92.35% of Pb from eucalyptus bark and manganese dioxide nanoparticles loaded 

chitosan, respectively. Bhatti et al. (2017), who have reported 79.6% removal of Cr 

present in tannery wastewater by using tire as adsorbent with dose 1.3 g, pH 3 and 

contact time 910 min.  Manzoor et al. (2017) also reported the removal of Cr(III) from 

tannery wastewater at pH 5, contact time 400 min and adsorbent dose 0.1 g, whereas 

for Cr(VI), pH 2.0 with average removal of 64.52 and 55.88 %, respectively by corn 

cob biomasses. Anandkumar and Mandal (2011) and Zhao et al. (2017a) reported pH 

2 for successful elimination of Cr from tannery wastewater by using TiO2 hollow 

spheres and tannery residual biomass as adsorbent. Yan et al. (2016) also reported pH 

5 as optimum pH for removal of Pb by porous leather particles. Although, the removal 

percentages of these studies were quite low in comparison to present study but pH 
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used for the process was same as that of present study. Zhang et al. (2018) reported 

optimum pH 5 for adsorption of Pb
 
onto oxidized mesoporous carbon (OMC). 

Ravulapall and Kuntha (2018) observed 89.0% removal of Pb at optimum pH 7 by 

carbon derived from seeds of Caryota urens plant. 

 

Figure 4.21 Effect of pH on the concentration of Cr (a) and Pb
 
(b) present in tannery 

and flashlight wastewaters after treating it by SLPB, LPB, OPB and BB with 

optimized dosage and contact time at room temperature (25±3ºC), S.D. shown by bar 
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the process (Wang et al. 2012; Uçar et al. 2015; Bhatti et al. 2017; Mella et al. 2017; 

Farooghi et al. 2018). Usually, pseudo-first order model assumes that the adsorption 
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rate is controlled by only one process or a mechanism involving a sole class of 

adsorbing sites, whereas, the impression of pseudo-second order model is that the 

adsorption procedure is a chemically mediated involving valence forces by the 

exchange or sharing of electrons between adsorbate and adsorbent (Guan et al. 2016).  

It is applied when rate of capturing of sites is proportional to square of no. of 

unoccupied sites on adsorbent (Ho and McKay 2000). Thus, the kinetics involved in 

the adsorption of Cr and Pb present in tannery and flashlight wastewaters, were 

studied following pseudo first and pseudo second order models given by Lagergren et 

al. (1898) and Ho et al. (2000), respectively.  

The plots of pseudo-first-order and pseudo-second order for the adsorption of 

Cr and Pb onto different adsorbents have been presented in Fig 4.22.  

The results of the kinetic models for Cr and Pb
 
are depicted in Table 4.6-4.13 

 

Figure 4.22.1 Role of time pseudo first order kinetic plots and pseudo second order 

kinetic plots for removal of Cr (a, b) and Pb
 
(c, d) from industrial wastewaters by 

SLPB 
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Figure 4.22.2 Role of time pseudo first order kinetic plots and pseudo second order 

kinetic plots for removal of Cr (e, f) and Pb
 
(g, h) from industrial wastewaters by LPB 
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Figure 4.22.3 Role of time pseudo first order kinetic plots and pseudo second order 

kinetic plots for removal of Cr (i, j) and Pb
 
(k, l) from industrial wastewaters by OPB

 

Figure 4.22.4 Role of time pseudo first order kinetic plots and pseudo second order 

kinetic plots for removal of Cr (m, n) and Pb
 
(o, p) from industrial wastewaters by BB 
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Table 4.6 Pseudo first order and pseudo second order kinetic constants for sorption of 

Cr onto SLPB 

Parameters Dosage (g) 

3.0 3.5 4.0 4.5 5.0 

qe (exp.) (mg g
-1

) 11.38 9.97 9.00 8.28 7.52 

Pseudo First order model constants 

q1  (mg g
-1

) 3.34 3.21 2.48 2.68 3.02 

K1 (min
-1

) 0.24 0.25 0.22 0.23 0.35 

R
2
 0.92 0.90 0.95 0.93 0.87 

Pseudo Second order model constants 

q2  (mg g
-1

)
*
 10.78 9.40 8.52 7.77 7.30 

K2 (g
-1

 mg
-1

min
-1

) 73.84 106.08 84.32 139.89 135.89 

R
2
 0.997 0.996 0.998 0.996 0.997 

h (mg g
-1

min
-1

) 1.14 1.01 0.90 0.83 0.77 

  * Calculated from graph qe/t vs 1/t 

Table 4.7 Pseudo first order and pseudo second order kinetic constants for sorption of 

Pb
 
onto SLPB 

Parameters Dosage (g) 

1.5 2.0 2.5 3.0 3.5 

qe (exp.) (mg g
-1

) 14.29 11.18 9.05 7.65 6.64 

Pseudo First order model constants 

q1  (mg g
-1

) 7.76 5.19 4.20 4.39 2.93 

K1 (min
-1

) 0.01 0.01 0.01 0.02 0.02 

R
2
 0.89 0.91 0.96 0.82 0.93 

Pseudo Second order model constants 

q2  (mg g
-1

)
*
 13.51 10.42 8.62 7.41 6.41 

K2 (g
-1

 mg
-1

min
-1

) 11.97 17.36 20.50 23.61 19.84 

R
2
 0.99 0.99 0.99 0.99 0.996 

h (mg g
-1

min
-1

) 14.71 11.36 9.35 8.00 6.90 

   * Calculated from graph qe/t vs 1/t 

Table 4.8 Pseudo first order and pseudo second order kinetic constants for sorption of 

Cr onto LPB 

Parameters Dosage (g) 

4.0 4.5 5.0 5.5 6.0 

qe (exp.) (mg g
-1

) 7.75 7.16 6.03 6.24 5.85 

Pseudo First order model constants 

q1  (mg g
-1

) 2.62 2.56 2.57 2.16 2.38 
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K1 (min
-1

) 0.01 0.01 0.01 0.01 0.02 

R
2
 0.93 0.90 0.91 0.95 0.90 

Pseudo Second order model constants 

q2  (mg g
-1

)* 8.64 7.51 5.87 5.48 4.57 

K2 (g
-1

 mg
-1

min
-1

) 31.63 52.35 95.59 95.87 178.04 

R
2
 0.98 0.96 0.95 0.96 0.92 

h (mg g
-1

min
-1

) 0.81 069 0.53 0.51 0.41 

   * Calculated from graph qe/t vs 1/t  

Table 4.9 Pseudo first order and pseudo second order kinetic constants for sorption of 

Pb onto LPB 

Parameters Dosage (g)  

1.5 2.0 2.5 3.0 3.5  4.0 

qe (exp.) (mg g
-1

) 9.83 7.68 6.77 5.92 5.27 5.70 

Pseudo First order model constants  

q1  (mg g
-1

) 5.14 5.10 4.67 3.08 2.23 1.83 

K1 (min
-1

) 0.02 0.01 0.03 0.03 0.03 0.02 

R
2
 0.92 0.92 0.95 0.89 0.99 0.88 

Pseudo Second order model constants  

q2  (mg g
-1

)
*
 0.96 0.92 0.71 0.65 0.55 0.17 

K2 (g
-1

 mg
-1

min
-1

) 76.02 68.37 286.56 102.63 208.35 314.59 

R
2
 0.997 0.98 0.99 0.99 0.99 0.91 

h (mg g
-1

min
-1

) 0.94 0.93 0.67 1.60 0.54 0.19 

* Calculated from graph qe/t vs 1/t  

Table 4.10 Pseudo first order and pseudo second order kinetic constants for sorption 

of Cr onto OPB 

Parameters Dosage (g) 

6.0 6.5 7.0 7.5 8.0 

qe (exp.) (mg g
-1

) 4.63 4.57  4.42  4.29 4.16 

Pseudo First order model constants 

q1  (mg g
-1

) 1.62 1.60 1.66 1.635 2.29 

K1 (min
-1

) 0.02 0.01 0.01 0.01 0.02 

R
2
 0.96 0.93 0.92 0.89 0.82 

Pseudo Second order model constants 

q2  (mg g
-1

)* 0.56 0.36 0.33 0.31 0.30 
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K2 (g
-1

 mg
-1

min
-1

) 15.55 38.09 42.56 46.49 50.84 

R
2
 0.999 0.995 0.995 0.99 0.995 

h (mg g
-1

min
-1

) 4.85 4.85 4.71 4.57 4.48 

* Calculated from graph qe/t vs 1/t 

Table 4.11 Pseudo first order and pseudo second order kinetic constants for sorption 

of Pb onto OPB 

Parameters Dosage (g)  

2.0 2.5 3.0 3.5 4.0 4.5 

qe (exp.) (mg g
-1

) 8.98 7.53 6.42 5.63 4.99 4.59 

Pseudo First order model constants  

q1  (mg g
-1

) 4.42 4.43 3.51 3.08 2.70 3.03 

K1 (min
-1

) 0.01 0.01 0.01 0.01 0.01 0.02 

R
2
 0.87 0.90 0.91 0.92 0.89 0.88 

Pseudo Second order model constants  

q2  (mg g
-1

)
*
 8.01 6.85 5.88 5.19 4.56 4.27 

K2 (g
-1

 mg
-1

min
-1

) 0.02 0.02 0.02 0.02 0.03 0.03 

R
2
 0.95 0.95 0.92 0.93 0.92 0.92 

h (mg g
-1

min
-1

) 1.10 0.75 0.6 0.56 0.54 0.47 

* Calculated from graph qe/t vs 1/t  

Table 4.12 Pseudo first order and pseudo second order kinetic constants for sorption 

of Cr onto BB 

Parameters Dosage (g) 

8.0 8.5 9.0 9.5 10.0 

qe (exp.) (mg g
-1

) 3.21 3.08 3.00 2.88 2.85 

Pseudo First order model constants 

q1  (mg g
-1

) 1.43 1.32 1.28 1.26 1.09 

K1 (min
-1

) 0.01 0.01 0.01 0.01 0.01 

R
2
 0.95 0.96 0.95 0.93 0.98 

Pseudo Second order model constants 

q2  (mg g
-1

)* 2.97 2.82 2.64 2.52 2.37 

K2 (g
-1

 mg
-1

min
-1

) 18.27 18.09 22.41 25.65 25.69 

R
2
 0.96 0.98 0.98 0.98 0.99 

h (mg g
-1

min
-1

) 1.36 1.30 1.21 1.14 1.10 

  * Calculated from graph qe/t vs 1/t  
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Table 4.13 Pseudo first order and pseudo second order kinetic constants for sorption 

of Pb onto BB 

Parameters Dosage (g)  

2.5 3.0 3.5 4.0 4.5 5.0 

qe (exp.) (mg g
-1

) 6.41 5.47 4.79 4.35 3.83 3.62 

Pseudo First order model constants  

q1  (mg g
-1

) 2.47 0.93 0.89 0.96 0.96  0.82  

K1 (min
-1

) 0.02 0.01 0.01 0.01 0.02 0.01 

R
2
 0.82 0.96 0.89 0.96 0.93 0.96 

Pseudo Second order model constants  

q2  (mg g
-1

)
*
 3.436 3.846 4.348 4.587 5.181 6.135 

K2 (g
-1

 mg
-1

min
-1

) 4.888 6.586 24.263 8.456 11.474 15.061 

R
2
 0.998 0.999 0.974 0.997 0.996 0.997 

h (mg g
-1

min
-1

) 3.546 3.891 4.717 4.831 5.435 6.536 

   * Calculated from graph qe/t vs 1/t  

The interpretation and conformity of experimental data and model predicted were 

based on the values of correlation coefficients (R
2
) (Bhatti et al. 2017). R

2
 values of 

pseudo-second-order kinetic model were higher than pseudo-first-order model for all 

four adsorbents treating Cr and Pb from tannery and flashlight wastewaters (Table 

4.6-4.13). Adsorption by SLPB possessed R
2
 values as 0.92, 0.90, 0.95, 0.93 and 0.87 

for pseudo first order and 0.997, 0.996, 0.998, 0.996 and 0.997 for pseudo second 

order rate kinetic for removal of Cr from tannery wastewater at optimized conditions, 

respectively. Likewise, R
2
 values for pseudo first and second order rate kinetics 

acquired by SLPB for treating flashlight wastewater were .89, 0.91, 0.82, 0.93 and 

0.99, 0.99, 0.99, 0.996, respectively. Same trend was also followed by LPB for 

treating tannery and flashlight wastewaters as it showed R
2
 values for pseudo first and 

second order rate kinetics as 0.93, 0.896, 0.91, 0.95, 0.90  and 0.93, 0.90, 0.91, 0.95, 

0.90; and  0.92, 0.92, 0.95, 0.89, 0.99, 0.88 and 0.997, 0.98, 0.99, 0.99, 0.99, 0.91, 

respectively. Treatment of both industrial wastewaters by OBP possessed R
2
 values as 

0.96, 0.93, 0.92, 0.89, 0.81 & 0.999, 0.995, 0.99, 0.995 in regards of tannery 

wastewater and 0.97, 0.90, 0.91, 0.92, 0.89, 0.88 & 0.95, 0.95, 0.94, 0.93, 0.92, 0.92 

for flashlight wastewater, respectively for pseudo first and second order rate kinetics. 

Likewise, BB also showed R
2
 values closer to 1 for pseudo first and second order rate 
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kinetics for adsorption of Cr and Pb
 
from industrial wastewaters. The values were 

0.95, 0.96, 0.95, 0.93, 0.98 & 0.95, 0.96, 0.95, 0.93, 0.98, respectively for Cr and 

0.82, 0.96, 0.89, 0.96, 0.93 & 0.998, 0.999, 0.974, 0.997, 0.996, respectively for Pb.  

 Although the adsorption process partially followed rate equations at different 

times as the differences in R
2
 values were very rare for adsorption of both HMs by the 

selected adsorbents but the best agreement was seen between the experimental data 

and those obtained within the pseudo-second order (Dinh et al. 2017). Further, higher 

values of R
2
 in comparison to pseudo first order kinetics also supported this 

interpretation. In addition to this, determination coefficients for pseudo-first order 

were also good and obtained straight-line for intercepts plotted for log (qe – qt) against 

t. However, values of these intercepts were neither close to nor nearby the values of 

qe. Further, the determination coefficients for the pseudo-second order were the 

maximum and the qe values acquired from plots of t/qt against t were also very close 

to those obtained from the experimental data (Table 4.6-4.13) for both HMs by all the 

selected adsorbents. Therefore, adsorption reactions were likely to be pseudo second 

order, assuming that rate of adsorption is directly proportional to no. of active surface 

sites (Ho and McKay 1999; Marsal et al. 2012). It is usually affected by amount of 

HMs present on surfaces of adsorbents and amount of metal adsorbed at equilibrium 

time (Vergili et al. 2017). Thus, it could be concluded that the adsorption mechanism 

of both metals followed chemisorption more appropriately than physisorption as 

pseudo second order kinetic model fitted well with adsorption of both HMs (Bairagi 

et al. 2011; Yan et al. 2016; Bai et al. 2017; Panda et al. 2017; Poonam et al. 2018; 

Zhang et al. 2018). The results of the present study is in good agreement with 

previous studies conducted on adsorption of Cr(II and VI) and Pb(II)  viz. Bairagi et 

al. (2011); Marsal et al. (2012); Fabbricino et al. (2013);  Martino et al. (2013); Yan et 

al. (2016); Bai et al. (2017); Dinh et al. (2017); Manzoor et al. (2017); Panda et al. 

(2017); Ravulapalli and Kuntha (2018); and Zhang et al. (2018). 

4.3.4. Adsorption isotherm for removal of heavy metals (Cr and Pb) from 

industrial wastewaters 

Adsorption isotherms are applied to define the adsorption equilibrium for wastewater 

treatment by providing valuable information about adsorbent surface (Naiya et al. 

2014). It is an important aspect of adsorption studies to optimize the design of the 

process and adsorption capacity with behavior of the adsorbents (Anandkumar and 
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Mandal 2011; Bai et al. 2017; Farooghi et al. 2018). At equilibrium, tannery and 

flashlight wastewaters were allowed with varying dosages of adsorbent to treat these 

wastewaters to examine the maximum loading capacities until the optimum removal 

was achieved at room temperature (25±3ºC). Because of their simplicity, Freundlich 

and Langmuir equations are the most widely used models to describe relationship 

between equilibrium metal biosorption qe (mg L
-1

) and final concentrations Ce (mg L
-

1
) at equilibrium (Azza et al. 2013; Yan et al. 2016; Panda et al. 2017). Therefore, 

adsorption processes were justified by linear forms of Langmuir and Freundlich 

isotherms (Langmuir 1918; Freundlich 1906). 

 Plots of 1/qe versus 1/Ce for the adsorption of Cr and Pb have been presented 

in Fig 4.23. The interpretation of the isothermic model was based on the values of R
2
 

for both HMs. The R
2
 values of Langmuir & Freundlich isothermic model for 

adsorption of Cr and Pb
 
onto the surface of SLPB were 0.89 & 0.99 and 0.95 & 0.98, 

for LPB were 0.97 & 0.99 and 0.96 & 0.94, for OPB were 0.999 & 0.999 and 0.94 & 

0.95; and for BB were 0.96 & 0.98 and 0.93 & 0.93, respectively. As the values of R
2
 

for both the isotherms were nearby 1, and there were a little variation between both 

isotherms, results implied that in comparison to Langmuir, Freundlich isothermic 

model better fitted for adsorption of  Cr and Pb from tannery and battery wastewaters 

(Mella et al. 2017). However, both isothermic models may be considered to fit with 

adsorptive removal of Cr and Pb
 
experimental data (Tahir and Naseem 2007; Marsal 

et al. 2012; Baccar et al. 2013; Manzoor et al. 2017; Farooghi et al. 2018). From the 

perspective of reliability coefficients and graphs, it was observed that Freundlich 

isotherm showed better prophesy of Cr and Pb adsorption by SLPB, LPB, OPB and 

BB. Therefore, it could be concluded that adsorbent surfaces were heterogeneous and 

availed multi-layer adsorption with interactions between adsorbate and absorbent 

(Dinh et al. 2017). Whereas, assumption of Langmuir model was that there were no 

interactions between solute particles and adsorbent surfaces with monolayer 

adsorption of HMs (Uçar et al. 2015). Further, results of present study were in good 

agreement with Azza et al. (2013), Martino et al. (2013), Guan et al. (2016), Yan et al. 

(2016); Karunanayake et al. (2017), Lee et al. (2017), Manzoor et al. (2017), Farooghi 

et al. (2018); Ravulapalli and Kuntha (2018); Zhang et al. (2018) etc. These studies 

reported the good fit of Langmuir and Freundlich isothermic models for adsorption of 
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various HMs including Cr(III & VI) and Pb(II), favoring more appropriately to 

Freundlich (based of R
2
 values), similar to present study.  

 The value of RL is equal to 1 show linear and 0 means irreversible adsorption. 

In present study, RL value was less than 0 for all four selected adsorbents for treating 

tannery and flashlight wastewaters which represented favourable adsorption of Cr and 

Pb
 
(Anandkumar and Mandal 2011, Sönmezay et al. 2012, Martino et al. 2013, Lee et 

al. 2017, Ravulapalli and Kuntha 2018). The parameters of Langmuir and Freundlich 

isotherms are presented in Table 4.14 and separation factor (RL) in Table 4.15. 

 

Figure 4.23.1 Langmuir and Freundlich isotherm models for adsorption of Cr (a, b) 

and Pb
 
(c, d) on SLPB 
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Figure 4.23.2 Langmuir and Freundlich isotherm models for adsorption of Cr (e, f) 

and Pb
 
(g, h) on LPB 

 

Figure 4.23.3 Langmuir and Freundlich isotherm models for adsorption of Cr (i, j) 

and Pb
 
(k, l) on OPB 
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Figure 4.23.4 Langmuir and Freundlich isotherm models for adsorption of Cr (m, n) 

and Pb
 
(o, p) on BB 

Table 4.14 Langmuir along with Freundlich isotherm constants for the adsorption of 

Cr and Pb by different adsorbents 

Adsorbents Heavy metals Langmuir constants Freundlich constants 

qmax (mg g
-1

) b (L mg
-1

) R
2
 KF (mg g

-1
) n R

2
 

SLPB Cr 2872.50 11.50 0.89 3.70 0.97 0.99 

Pb 2840.91 22.73 0.95 0.004 0.64 0.98 

LPB Cr 874.96 40.16 0.97 4.25 0.64 0.99 

Pb 940.69 105.26 0.96 9.84 0.9 0.94 

OPB Cr 116.75 12.52 0.999 5.35 1.56 0.999 

Pb 512.53 43.10 0.94 16.11 0.83 0.95 

BB Cr 2.745 1.32 0.96 1.31 3.57 0.98 

Pb 12.74 4.12 0.93 0.36 2.29 0.93 

*Values are given for optimum dosages for treating tannery wastewater (3.842 mg L
-1

) 

and flashlight wastewater (2.39 mg L
-1

) 
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Table 4.15 Separation factor (RL) form Langmuir isotherm for Cr and Pb
 
of tannery 

and flashlight wastewaters 

SLPB Dose (g) 3.0 3.5 4.0 4.5 5.0 - - 

Cr RL 0.18 0.16 0.14 0.13 0.12 - - 

SLPB Dose (g) 1.5 2.0 2.5 3.0 3.5 - - 

Pb RL 0.22 0.18 0.15 0.13 0.11 - - 

LPB Dose (g) 4.0 4.5 5.0 5.5 6.0 4.0 - 

Cr RL 0.20 0.18 0.16 0.20 0.14 0.20 - 

LPB Dose (g) 1.5 2.0 2.5 3.0 3.5 4.0 1.5 

Pb RL 0.998 0.998 0.998 0.997 0.997 0.996 0.998 

OPB Dose (g) 6.0 6.5 7.0 7.5 8.0 - - 

Cr RL 0.12 0.1 0.10 0.10 0.09 - - 

OPB Dose (g) 2.0 2.5 3.0 3.5 4.0 4.5 - 

Pb RL 0.66 0.61 0.57 0.53 0.50 0.47 - 

BB Dose (g) 8.0 8.5 9.0 9.5 10.0 - - 

Cr RL 0.69 0.67 0.68 0.66 0.64 - - 

BB Dose (g) 2.5 3.0 3.5 4.0 4.5 5.0 - 

Pb RL 0.75 0.72 0.69 0.66 0.63 0.60  

 

4.3.4.1. Adsorption capacities of different adsorbent and removal efficiency 

of adsorption 

The amount of adsorbents in grams required to adsorb maximum amount of HMs or 

pollutants in milligrams onto their surface is known as its maximum or monolayer 

adsorption capacity. It is usually calculated with the help of Langmuir isotherm and is 

denoted as qmax. The adsorption capacity of Cr and Pb on different agricultural wastes 

have been summarized in the Table 4.16. 

The monolayer adsorption capacity (qmax) of SLPB, LPB, OPB and BB for 

removal of Cr and Pb were found to be 2872.5 and 2840.91, 874.96 and 940.69, 116.75 

and 512.53, 2.75 and 12.74 mg g
-1

, respectively (Table 4.16). The value of qmax for BB 

was found to be less than previous reported literatures; the reason may lie in fact that 

treatment of wastewaters with constant concentration was performed in comparison to 

solutions of metals containing higher concentrations (Naiya et al. 2014; Wang et al. 

2012). In addition to this, previous studies of  Feng and Guo (2012); Doke and Khan 

(2012); Isaac and Shivakumar (2013); Reddy et al. (2014); Fathima et al. (2015); 

Vetriselvi and Santhi (2015); Elabbas et al. (2016); Wu et al. (2016); Basu et al. 

(2017); Esteves et al. (2017); Gaur et al. (2018) etc. many others supported the 

findings of present study, details of which have been given in Table 4.16. 
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Table 4.16 Comparative account of metal adsorption capacities of various waste 

materials 

S. 

No.  

Adsorbent Heavy 

metals 

Adsorption 

capacity(mg g
-1

) 

References  

1 Oak wood charcoal and wood 

charcoal ash 

Cr
6+

 30.1 and 46.17 Pehlivan et al. (2011) 

2 Walnut shell and citric acid 

modified walnut shell 

Cr
6+

 0.154 and 0.596 

mmol g
-1

 

Altun and Pehlivan 

(2012) 

3 Orange peel NaOH and CaCl2 

treated 

Pb
2+

 209.8  Feng and Guo (2012) 

4 Activated carbon of wood ash 

shell 

Cr
6+

 151.51 Doke and Khan (2012) 

5 Eichhornia crassipes root 

activated 

Cr
6+

 36.34  Giri et al. (2012) 

6 Biomass of Eicchornia Pb
2+

 90% Ibrahim et al. (2012) 

7 Coir pith (chemically 

modified) 

Cr
6+

 196.00 Suksabye and 

Thiravetyan (2012) 

8 Corn cob (physically and 

chemically modified) 

Cr
3+

 84.546 Fonseca-Correa et al. 

(2013) 

9 Annona squamosa shell 

(Custard apple) 

Pb
2+

 90.93 Isaac and Shivakumar 

(2013) 

10 Root powder of Eicchornia 

crassipes   

Cr
3+

 33.98 Li et al. (2013) 

11 Rose petals waste Pb
2+

 119.92 Manzoor et al. (2013) 

12 Biomass of Spirulina sp Total Cr 90.91 Rezaei (2013) 

13 Marigold (biocarban) Pb
2+

, Cr
3+

 94.8% & 95.4% Singanan and Peters 

(2013) 

14 Avage bagasse  Pb
2+

 22.64 Velazquez-Jimenez et al. 

(2013) 

15 Tea residue Pb
2+

 64.10 Yang and Cui (2013) 

16 Watermelon rind Cr
3+

 172.6 Reddy et al. (2014) 

17 Biomass of Termitomyces 

clypeatus 

Cr
3+

 24.84 Fathima et al. (2015) 

18 Black rice husk ash Cr
6+

 98.46% Georgieva et al. (2015) 

19 Forest bio-waste Pb
2+

 74.35 Kim et al. (2015) 

20 Banana peel  Pb
2+

 15.1 μmol g
−1

 Šabanović et al. (2015) 

21 Polymer based hybrid Cr
6+

 81.4 Vetriselvi and Santhi 

(2015) 

22 Egg shell and powdered 

marble  

Cr
3+

 ~99% Elabbas et al. (2016) 

23 Pineapple waste  Pb
2+

 77.16 Mopoung and 

Kengkhetkit (2016) 

24 Rice straw (modified with 

rice straw) 

Cr
6+

 15.82 Wu et al. (2016) 

25 Cucumber peel Pb
2+

 133.60 Basu et al. (2017) 

26  Heat-treated wood of Pinus Cr 19.4 Esteves et al. (2017) 
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pinaster 

27 Corncob (modified) Cr
6+

 131.6 Lin et al. (2017) 

28 Hizikia fusiformis sea weed Pb
2+

 2.89 Shin (2017) 

29 Sweet lemon peel   Cr 2872.50 Poonam and Kumar 

(2017) (Present study) 

30 Sweet lemon peel  Pb
2+

 2840.91 Present study 

31 Lemon peel  (present study) Cr 874.96 Present study 

32 Lemon peel (present study) Pb
2+

 940.69 Present study 

33 Orange peel (present study) Cr 116.75 Present study 

34 Orange peel (present study) Pb
2+

 512.53 Present study 

35 Bagasse  (present study) Cr 2.75 Present study 

36 Soya bean seeds Pb
2+

 0.72 Gaur et al. (2018) 

37 Bagasse (present study) Pb
2+

 12.74 Poonam et al. (2018) 

(Present study) 

4.3.5. Thermodynamic studies for removal of heavy metals (Cr and Pb) from 

industrial wastewaters 

The effect of temperature onto the adsorption of 5, 10, 20 and 40 ppm aqueous 

solution of Cr and Pb
 
was studied at optimum dosage and contact time for estimation 

of thermodynamic parameters. The temperature range for Cr and Pb were in between 

298 to 338K as discussed in section 4.2.3.4. Two real wastewaters were not selected 

due to difficulty in maintaining the temperature in comparison to contact dosage and 

contact time. Since, temperature influences the adsorption process, so the 

thermodynamic studies were concentrated upon the solutions of known 

concentrations.  

The negative value of ∆Gº indicates the spontaneous nature of the adsorption 

process, whereas positive values reflect non-spontaneous adsorption. Further, the 

values of ΔHº gave an idea about the type interactions between the adsorbent and 

adsorbate (Mella et al. 2017; Fontoura et al. 2017). The positive and values ∆Hº
 

indicates endothermic and exothermic adsorption, respectively. Whereas, positive 

value of ∆Sº represents increased randomness and negative value shows decrease in 

randomness at solid–solution interface during adsorption (Erentürk and Malkoç 2007; 

Anandkumar and Mandal 2011; Marsal et al. 2012; Sönmezay et al. 2012; Baccar  et 

al. 2013; Dinh et al. 2017; Khan et al. 2017). The Van‟t Hoff plots for the 

determination of the thermodynamic parameters have been shown in Fig 4.24 and 

values given in Table 4.17. Besides above, results were found to be in good 

agreement with previous studies of Altun and Pehlivan (2012); Hossain et al. (2012); 

Wang et al. (2012); Yadav et al. (2012); Kılıç et al. (2013); Reddy et al. (2014); 
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Elabbas et al. (2016); Wu et al. (2016); Deniz and Karabulut (2017), the details of 

which have been given in Table 4.18 

 

Figure 4.24.1 Van‟t Hoff plots for adsorption of Cr (a) and Pb
 
(b) from aqueous 

solutions (5, 10, 20 and 40 mg L
-1

) by SLPB with optimized conditions  

Figure 4.24.2 Van‟t Hoff plots for the adsorption of Cr (c) and Pb
 
(d) from aqueous 

solutions (5, 10, 20 and 40 mg L
-1

) by LPB with optimized conditions 

 

Figure 4.24.3 Van‟t Hoff plots for the adsorption of Cr (e) and Pb
 
(f) from aqueous 

solutions (5, 10, 20 and 40 mg L
-1

) by OPB with optimized conditions 
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Figure 4.24 Van‟t Hoff plots for the adsorption of Cr (g) and Pb
 
(h) from aqueous 

solutions (5, 10, 20 and 40 mg L
-1

) by BB with optimized conditions 

Table 4.17 Thermodynamic parameters for adsorption of Cr and Pb onto different 

adsorbents 

SN Adsorbent  

and 

Heavy 

metal 

∆Hº 

(kJ mol
-1

) 

∆Sº 

(kJ mol
-1

) 

 

∆G
0
 (kJ mol

-1
) 

T= 298K T= 308K T= 318K T= 328K T= 338K 

1 SLPB Cr 7258.85 31.57 -2259.80 -2412.88 -2686.19 -2942.70 -3604.47 

2 SLPB Pb 3600.54 18.35 -1976.62 -2187.61 -2403.04 -2526.71 - 

3 LBB Cr 2541.79 13.70 -1579.17 -1656.08 -1759.83 -1961.04 -2120.11 

4 LPB Pb 2651.44 14.87 -1794.16 -1880.02 -2127.25 -2207.30 - 

5 OPB Cr 4796.49 21.52 -1619.64 -1815.53 -2065.37 -2266.90 -2468.99 

6 OPB Pb 1308.25 9.62 -1565.82 -1638.09 -1761.96 -1845.75 - 

7 BB Cr 3130.10 11.92 -413.84 -600.81 -601.48 -731.18 -950.07 

8 BB Pb 4835.25 20.29 -1191.89 -1421.24 -1604.31 -1901.64 -1959.06 

Interpretation Endothermic Increase in 

randomness 

Spontaneous 

Table 4.18 List of thermodynamic parameters for adsorption isotherm and kinetics for 

heavy metals adsorbed on different bio-sorbents 

S. 

no. 

Adsorbents Heavy 

metals 

Thermodynamics References 

1 Viscum album L. Pb
2+

 ∆G = -ve;  ∆H, ∆S = +ve Erentürk and Malkoç (2007) 

2 Cashew nut shell Ni
2+

 ∆G, ∆H, ∆S = -ve Kumar et al. (2011) 

3 Walnut shell and citric acid 

modified walnut shell 

Cr
6+

 ∆G = -ve;  ∆H, ∆S = +ve Altun and Pehlivan (2012) 
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4 Garden grass Cu
2+

 ∆G, ∆S = +ve;  ∆H = -ve Hossain et al. (2012) 

5 Coir pith (chemically 

modified) 

Cr
6+

 ∆G, ∆H, ∆S = +ve Suksabye and Thiravetyan 

(2012) 

6 Bamboo charcoal(modified 

with cobalt coating) 

Cr
6+

 ∆G, ∆H = -ve; 

∆S = +ve 

Wang et al. (2012a) 

7 Bamboo (modified by KMnO4) Pb
2+

 ∆G, ∆H, ∆S = -ve Wang et al. (2012) 

8 Sand (modified) Cr
6+

 ∆G, ∆H, ∆S = -ve Yadav et al. (2012) 

9 Almond shell (biochar) Ni
2+

, 

Co
2+

 

∆G; ∆H; ∆S = +ve Kılıç et al. (2013) 

10 Watermelon rind Cr
3+

 ∆G; ∆H; ∆S = -ve Reddy et al. (2014) 

11 Egg shell & powdered marble Cr
3+

 ∆G = -ve;  ∆H, ∆S = +ve Elabbas et al. (2016) 

12 Rice straw (modified by rice 

straw) 

Cr
6+

, 

Ni
2+

 

∆G = -ve;  ∆H, ∆S = +ve Wu et al. (2016) 

13 Composite bio-sorbent of  sea 

weed community 

Zn
2+

 ∆G = -ve Deniz and Karabulut (2017) 

14 Orange peel (Cellulosic waste) Cu
2+

 ∆G; ∆H; ∆S = -ve Guiza (2017) 

15 Guar gum–nano zinc oxide Cr
6+

 ∆G = -ve;  ∆H, ∆S = +ve Khan et al. (2017) 

16 Corncob (modified) Cr
6+

 ∆G = -ve;  ∆H, ∆S = +ve Lin et al. (2017) 

17 Corn silk Cu
2+

, 

Zn
2+

 

∆G = -ve;  ∆H, ∆S = +ve Petrović et al. (2017) 

*∆G(-ve)= adsorption process is spontaneous and feasible, ∆G(+ve)= process is non-

spontaneous; ∆H(-ve)= endothermic process, ∆H +ve)= exothermic process; ∆S(-ve)= 

decrease in randomness at solid-liquid interface, ∆S(+ve)= increase in randomness at 

solid-liquid interface 

4.3.6. Desorption and reuse of adsorbents 

The HMs loaded adsorbents creates disposal problems due to their hazardous nature 

(Vetriselvi and Santhi 2015). To overcome these problems desorption of HMs in a 

suitable eluant is practiced. It is an important process to discover the recuperating 

capacity and reusability of the adsorbents for applying it commercially (Zhang et al. 

2018). Three acids (HNO3, HCl and H2SO4) and one base (NaOH) of 0.1 M were 

selected as eluants to evaluate desorption of the adsorbed HMs from tannery and 

flashlight wastewaters. The experiments were performed at optimized conditions of 

dosage with mixing speed of 150 rpm for 24 hrs at room temperature (25±3ºC).  

Desorption of Cr and Pb
 
has been presented in Fig 4.25. 

About 45.63, 45.75, 55.38 and 54.43 % of Cr desorption was recorded from 

SLPB, LPB, OPB and BB, respectively. The maximum desorption was attained by 0.1 

M HNO3 for SLPB and 0.1 M HCl for remaining three adsorbents. The order of 
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desorption for Cr was found be in the order of OPB>BB>LPB>SLPB. Similarly, the 

maximum desorption of 88.15, 88.98, 86.82 and 90.05 % was achieved by SLPB, 

LPB, OPB and BB, respectively for Pb. The most suitable eluant for desorption of Pb
 

was 0.1 M HCl for SLPB, LPB and OPB, and 0.1 M HNO3 for BB. The order of 

desorption was recorded as BB>LPB>OPB>SLPB. Other eluants used for desorption 

of Cr were 0.1 M H2SO4 and NaOH, which also desorbed Cr and Pb to some extent 

but low in comparison to HNO3 and HCl (Fig 4.25). After, first cycle of desorption, 

further desorption was not found to be satisfactory which may be due to incomplete 

elution and/or damage of sorption sites (Lam et al. 2016). 

The results of present study were in good agreement with previous studies 

done by Suksabye and Thiravetyan (2012), Rezaei (2013), Velazquez-Jimenez et al. 

(2013), Vetriselvi and Santhi (2015), Poonam et al. (2018) as these reported 

maximum desorption of Cr and Pb in single cycle. Furthermore, Mondal (2009), 

Gupta et al. (2010), Bairagi et al. (2011), Altun and Pehlivan (2012), Li et al. (2013), 

Reddy et al. (2014),  Kariuki e al. (2017), Karunanayake et al. (2017), Lee et al. 

(2017), Manzoor et al. (2017), Vilardi et al. (2018), Zhang et al. (2018) etc. supported 

results of present study for desorption of Cr and Pb from different adsorbents using 

similar eluants. The details of these studies have been summarized in Table 4.19.

 

Figure 4.25 Desorption capacity of different eluants for desorption of Cr and Pb from 

selected adsorbents ±S.D. shown by bar 
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Table 4.19 Desorption of Cr and Pb from various adsorbents 

Heavy metal Adsorbate Medium  Eluants Maximum Efficiency Cycle Reference 

Pb
2+

 Tea waste Aqueous solution 0.1 M HNO3 99.8 % 4 Mondal  (2009) 

Cr
6+

 Carbon slurry Aqueous solution 1% HNO3 and HCl, 0.3M NH4OH 

and NaCl, deionized water 

HNO3 5  Gupta et al. (2010) 

Pb
2+

 Aspergillus versicolor  Battery industrial 

wastewater 

0.1M HCl 85% 5 Bairagi et al. (2011) 

Cr
6+

 Walnut shell Aqueous solution 0.5 M HCl 25.0% 3 Altun and Pehlivan 

(2012) 

Cr
3+ 

& Cr
6+

 Coir pith Electroplating industrial 

wastewater 

1 M NaOH and 2M HNO3 86.68% Cr
3+

 by 2M HNO3, 

11.43% Cr
6+

 by NaOH 

- Suksabye and 

Thiravetyan (2012) 

Cr
3+

 Root powder of 

Eichhornia crassipes 

Aqueous solution HCl, HNO3 H2SO4, thiourea and 

EDTA (0.2 M all) 

>50% Cr
3+ 

by  H2SO4  3 Li et al. (2013) 

Cr Biomass of Spirulina 

sp. 

Aqueous solution EDTA, HCl, HNO3 (0.1 M all) 95% by HNO3 - Rezaei (2013) 

Pb
2+

 Agave bagasse Aqueous solution 0.1 N HNO3 45% at pH 2 - Velazquez-Jimenez et al. 

(2013) 

Cr
3+

 Water melon rind Aqueous solution HCl, NaOH(0.1 M Both) and water 98.7% by NaCl 4 Reddy et al. (2014) 

Cr
6+ 

& Pb
2+

 Polymer-based hybrid Tannery wastewater NaOH(1 M) 96% - Vetriselvi and Santhi 

(2015) 

Pb
2+

  Rogers mushroom Aqueous solution EDTA and HCl (0.1 M)  ~50% Pb
2+

 HCl 3 Kariuki e al. (2017) 
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Pb
2+

 Magnetic biochar Aqueous solution HCl (0.1 M) >75% 3 Karunanayake et al. 

(2017) 

Pb
2+

 Palm oil sludge char Aqueous solution HCl (0.05–1.00 mol L
−1

) 0.99 desorption rate 5 Lee et al. (2017) 

Cr
3+ 

& Cr
6+

 Corn cob biomass Tannery wastewater NaOH (0.1 M) 86 and 79.4 %, respectively 5 Manzoor et al. (2017) 

Cr
6+

 Mixed-iron coated 

olive stone 

Tannery wastewater NaOH and C2H2O4 (1 M) Not reversible  5 Vilardi et al. (2018) 

Pb
2+

 Oxidized mesoporous 

carbon 

Aqueous solution Ethanol and diluted NaOH ~ 15.5% 5 Zhang et al. (2018) 

Pb
2+

 Bagasse biochar Battery industrial 

wastewater 

HNO3, HCl, H2SO4, and NaOH 

(0.1 M) 

~90% by HNO3 - Poonam et al. (2018) 

(Present study) 
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4.3.7 Comparison among different adsorbents based on various optimized 

parameters to treat industrial wastewaters 

A comparative study was conducted to obtain the best adsorbents for treating both 

industrial wastewaters by selected adsorbents at optimized conditions. Results have 

been presented in Table 4.20 & 4.21 and Fig 4.26 & 4.27. SLPB was recorded to be 

the best adsorbents for removal of Cr and Pb from tannery and flashlight wastewater. 

The removal efficiency and capacity was found to be maximum for SLPB followed 

by LPB, PB and BB for treating both wastewaters. SLPB followed Freundlich 

isotherm, whereas, LPB followed Freundlich & Langmuir isotherms for removal of 

both toxic metals. OPB followed Langmuir and Freundlich for removal of Cr form 

tannery wastewater, whereas, Freundlich for removal of Pb
 

from flashlight 

wastewater. Moreover, BB followed Freundlich and Langmuir isotherms for removal 

of both toxic metals from respective industrial wastewaters. All the selected 

adsorbents followed pseudo second order kinetics for both HMs from particular 

industrial wastewaters. In addition to this, the best eluant for extraction of Cr form 

SLBP was 0.1 M HNO3, whereas, for LBP, OPB and BB was 0.1 M HCl. Likewise, 

for extraction of Pb form SLBP, LBP, OPB 0.1 M HCl and for BB was 0.1 M HNO3. 

 

Figure 4.26 Comparative account of different adsorbent for removal of COD, BOD 

(a) and residual Cr conc. with its removal percentage (b) of tannery wastewater at 

optimized conditions  
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Figure 4.27 Comparison of different adsorbent for removal of COD, BOD (a) and 

residual Pb
 
conc. with its removal percentage (b) of flashlight wastewater at optimized 

conditions  

Table 4.20 Comparison of optimized conditions of different adsorbents for treatment 

of tannery wastewater 

Adsorbent Dose 

(g) 

Contact time 

(min.) 

qmax (mg 

g
-1

) 

Isotherm Kinetics Desorption (%) and 

Eluant (0.1 M) 

Sweet lemon 5.0 200 2872.50 F PS II 45.63±0.98, HNO3 

Lemon 6.0 160 874.960 F PS II 45.75±0.54, HCl 

Orange 8.0 160 116.750 L and F PS II 55.38±1.83, HCl 

Bagasse 10.0 180 2.745 F PSII 54.43±0.78, HCl 

*L =Langmuir isotherm, F= Freundlich isotherm, PS II = pseudo-order-second rate 

kinetics 

Table 4.21 Comparison of optimized conditions of different adsorbents for treatment 

of flashlight wastewater 

Adsorbent Dose 

(g) 

Contact 

time (min.) 

qmax (mg 

g
-1

) 

Isotherm Kinetics Desorption (%) and 

Eluant (0.1M) 

Sweet lemon 3.5 160  2840.91 F PS II 88.15±1.89, HCl 

Lemon 4.0 160 940.69 L PS II 88.98±2.94, HCl 

Orange 4.5 180 512.53 F PS II 86.82±1.17, HCl 

Bagasse 5.0 140 12.74 L PS II 90.05±0.58, HNO3 

*L =Langmuir isotherm, F= Freundlich isotherm, PS II = pseudo-order-second rate 

kinetic 
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4.4 Risk assessment of heavy metals to the environment 

It is a very important practice to assess the risk involved with wastewaters of different 

industries as these have a lot of toxic pollutants including heavy metals. These heavy 

metals have the tendency to be accumulated into living tissues of nearby vegetation, 

contaminating the food chain, which may harm the health of humans and other living 

beings (Hossain al. 2015). Therefore, the study of risk assessment became essential 

part to avoid such hazardous happenings. Risk assessment was observed by irrigating 

seeds and plants of some economic crops viz. lady‟s finger, green moong and tomato 

with treated tannery and flashlight wastewaters. The potential effects of both 

wastewaters on growth, yield and metal bioaccumulation in the selected economically 

plants were tested in pot experiments under greenhouse conditions. The details of the 

results obtained have been discussed as following- 

4.4.1 Seed germination test 

Economically important plants i.e. vegetables (lady‟s finger, sponge gourd, bottle 

gourd, pumpkin, bitter gourd), legumes and oil yielding seeds (green moong, tomato 

and rapeseed) and fruit (tomato) were selected for seed germination test in tannery 

and flashlight wastewaters. The germination tests were performed for 3 days with 50 

% dilution of treated wastewater. The reason behind this lie in the fact that due to high 

concentration of pollutants, the seed used to wrought, so, the experiments were 

performed by diluting wastewaters by 50%. Among these, lady‟s finger, tomato and 

green moong were selected for additional tests based on higher seed germination rate. 

The results of seed germination test have been summarized in Table 4.22 to 4.25. 
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Table 4.22 Seed germination(%) of legumes, fruit and oil yielding plants treated with tannery wastewater (TO) by different adsorbents  

Seeds DAY 1 DAY 2 DAY 3 

Control 

Green Moong 53.33±5.77 96.67±5.77 100.00±0.00 

Tomato 13.33±11.57 100.0±0.0 100.00±0.00 

Rapeseed 0.00±0.0 60.0±10.0 73.33±5.77 

 TO TO (50%) TO TO (50%) TO TO (50%) 

Green Moong 0.00±0.00 93.33±5.77 0.00±0.00 96.67±5.77 0.00±0.00 100.00±0.00 

Tomato 0.00±0.00 80.00±0.00 0.00±0.00 90.00±0.0 0.00±0.00 86.67±5.77 

Rapeseed 0.00±0.00 10.00±0.00 0.00±0.00 10.00±0.0 0.00±0.00 13.33±5.77 

Sweet lemon peel biochar 

Green Moong 0.00±0.00 100.00±0.00 46.667±5.77 100.00±5.77 50.00±10.00 100.00±0.00 

Tomato 0.00±0.00 93.33±5.77 40.00±010.00 93.33±5.774 43.33±5.774 86.67±5.77 

Rapeseed 0.00±0.00 6.67±5.77 0.00±0.00 13.33±5.77 13.333±5.77 13.33±5.77 

Lemon peel biochar 

Green Moong 0.00±0.00 100.00±0.00 56.66±5.77 100.00±5.77 56.67±5.77 56.667±5.77 

Tomato 0.00±0.00 93.33±5.77 46.67±5.77 93.33±5.77 50.00±0.00 50.00±0.00 

Rapeseed 0.00±0.00 3.33±5.77 0.00±0.00 0.00±0.00 13.33±5.77 0.00±0.00 

Orange peel biochar 

Green Moong 0.00±0.00 13.33±5.77 26.67±5.77 100.00±0.00 33.33±5.77 100.00±0.00 

Tomato 0.00±0.00 13.33±5.77 26.67±5.77 96.67±5.77 26.67±5.77 96.67±5.77 

Rapeseed 0.00±0.00 0.00±0.00 0.00±0.00 20.00±0.00 0.00±0.00 20.00±0.00 
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Table 4.23 Seed germination (%) of legumes, fruit and oil yielding plants treated with flashlight wastewater by different adsorbents 

Seeds Day 1 Day 2 Day 3 

 FW FW (50%) FW FW (50%) FW FW (50%) 

Sweet lemon peel biochar 

Green Moong 0.00±0.00 26.67±5.77 63.33±15.28 100.00±0.00 63.33±5.774 100.00±0.00 

Tomato 0.00±0.00 13.33±5.77 66.67±5.77 93.33±5.77 66.67±5.774 93.33±5.77 

Rapeseed 0.00±0.00 0.00±0.00 20.00±5.77 56.67±5.77 20.00±0.00 56.67±5.77 

Lemon peel biochar 

Green Moong 0.00±0.00 13.333±5.774 56.67±5.77 100.00±0.00 56.667±5.774 100.00±0.00 

Tomato 0.00±0.00 6.67±5.774 43.33±5.77 93.33±5.77 53.333±5.774 93.33±5.77 

Rapeseed 0.00±0.00 6.67±5.774 10.00±0.00 53.33±5.77 13.333±5.774 56.67±5.77 

Orange peel biochar 

Green Moong 0.00±0.00 23.33±5.774 40.00±0.00 100.00±0.00 56.67±5.77 100.00±0.00 

Tomato 0.00±0.00 20.00±0.00 43.33±5.77 93.333±5.77 43.33±5.77 93.33±5.77 

Rapeseed 0.00±0.00 0.00±5.774 3.33±5.77 50.00±0.00 6.67±5.77 46.67±5.77 
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Table 4.24 Seed germination (%) of vegetables treated with tannery wastewater by 

different adsorbents 

Seeds Day 1 Day 2 Day 3 

Control 

lady’s finger 43.33±5.774 63.33±5.77 96.67±5.77 

sponge gourd 16.67±5.774 46.67±5.77 96.67±5.77 

bottle gourd 13.33±5.774 30.00±0.00 96.67±5.77 

pumpkin 20.00±0.00 46.67±5.77 93.33±5.77 

bitter gourd 13.33±5.774 26.67±5.77 90.00±0.00 

Sweet lemon peel biochar 

lady’s finger 0.00±0.00 16.67±5.77 76.67±5.77 

sponge gourd 0.00±0.00 66.67±5.77 43.33±5.77 

bottle gourd 0.00±0.00 0.00±0.00 0.00±0.00 

pumpkin 0.00±0.00 0.00±0.00 23.33±5.77 

bitter gourd 0.00±0.00 66.667±11.55 13.33±5.77 

Lemon peel biochar 

lady’s finger 0.00±0.00 83.33±5.774 73.33±20.82 

sponge gourd 0.00±0.00 20.00±10.00 53.33±5.77 

bottle gourd 0.00±0.00 10.00±0.00 10.00±10.00 

pumpkin 0.00±0.00 16.67±11.55 36.67±5.77 

bitter gourd 0.00±0.00 13.33±5.77 20.00±10.00 

Orange peel biochar 

lady’s finger 0.00±0.00 66.67±11.55 93.33±5.77 

sponge gourd 0.00±0.00 16.67±5.77 43.33±5.77 

bottle gourd 0.00±0.00 0.00±0.00 3.33±5.77 

pumpkin 0.00±0.00 66.667±5.77 20.00±5.77 

bitter gourd 0.00±0.00 0.00±0.00 3.333±5.77 

Tannery wastewater (50% dilution) 

lady’s finger 0.00±0.00 66.67±11.55 90.00±5.77 

sponge gourd 0.00±0.00 16.67±5.77 16.67±5.77 

bottle gourd 0.00±0.00 0.00±0.00 3.33±5.77 

pumpkin 0.00±0.00 66.67±5.77 16.67±5.77 

bitter gourd 0.00±0.00 0.00±0.00 6.67±5.77 
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Table 4.25 Seed germination (%) of vegetables treated with flashlight wastewater by 

different adsorbents 

Seeds Day 1 Day 2 Day 3 

Sweet lemon peel biochar 

lady’s finger 16.667±5.774 66.667±5.77 76.67±5.77 

sponge gourd 13.333±5.774 53.333±5.77 43.33±5.77 

bottle gourd 13.333±5.774 56.667±5.77 0.00±0.00 

pumpkin 3.333±5.774 26.667±5.77 23.33±5.77 

bitter gourd 16.667±5.774 16.667±5.77 10.00±10.00 

Lemon peel biochar 

lady’s finger 86.67±23.09 96.67±5.77 100.0±0.00 

sponge gourd 0.00±0.00 6.67±5.77 53.33±5.77 

bottle gourd 0.00±0.00 13.33±5.77 26.67±20.82 

pumpkin 0.00±0.00 6.67±5.77 33.33±15.28 

bitter gourd 0.00±0.00 6.67±5.77 23.33±15.28 

Orange peel biochar 

lady’s finger 0.00±0.00 53.33±5.77 90.00±5.77 

sponge gourd 0.00±0.00 16.67±5.77 16.67±5.77 

bottle gourd 0.00±0.00 10.00±10.0 3.33±5.77 

pumpkin 0.00±0.00 13.33±5.77 16.67±5.77 

bitter gourd 0.00±0.00 10.00±10.00 6.67±5.77 

Flashlight wastewater (50% dilution) 

lady’s finger 13.33±5.77 53.33±5.77 93.33±5.77 

sponge gourd 0.00±0.00 6.67±5.77 43.33±5.77 

bottle gourd 0.00±0.00 0.00±0.00 3.33±5.77 

pumpkin 0.00±0.00 13.33±5.77 20.00±0.00 

bitter gourd 0.00±0.00 0.00±0.00 3.33±5.77 

As seen from Table 4.22 to 4.25, green moong and tomato among legumes, 

fruit and oil yielding plants, and lady‟s finger among vegetables exhibited maximum 

germination index at day 3. In initial two days, the germination rates of all seeds were 

found to be in the range of 0.00 to 66.67 %. Green moong, tomato and lady‟s finger 

represented 100 & 100, 86.67 & 93.33 and 96.67 & 76.67 % seed germination by 

SLPB treated wastewater at day 3. Similarly, seeds of green moong, tomato and 

lady‟s finger irrigated with LPB treated the wastewater of tannery and flashlight 
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wastewaters represented 76.67 & 100, 56.67 & 50 % and 100 & 53.33 % of 

germination index. Similar results were also obtained for OPB treated wastewater 

with 100 & 96.67, 100 & 93.33 and 90 % of germination index for seeds of green 

moong, tomato and lady‟s finger, respectively. Furthermore, seeds were found to 

wrought in the treated wastewater of both industries due to higher concentrations salts 

and other pollutants which affected the germination index adversely. None of seeds 

were germinated in such conditions, therefore, experiments were performed with 50 

% of dilution of treated wastewater afterwards. About 90 and 93.33% of germination 

index was observed with 50% diluted tannery and flashlight wastewaters as compared 

to 0 % for lady‟s finger seeds for both wastewaters without dilution. Moreover, tap 

water was used as control for conducting seed germination experiments, which 

demonstrated 100 % germination rate at day 3. Other seeds i.e. sponge gourd, bottle 

gourd, pumpkin, bitter gourd and rap seeds were not able to tolerate the 

concentrations of both wastewaters. Thus, lady‟s finger, tomato and green moong 

were selected for pot experiments in greenhouse effect to explore the effect of residue 

Cr and Pb
 
onto the growth parameters and its bioaccumulation into the plants. Results 

of the present study were in good agreement with Asfaw et al. (2012) who reported 

maximum seed germination of tomato plants in the tannery wastewater dilute up to 

25% and least in undiluted wastewater. 

4.4.2 Effect of treated wastewaters on growth parameters of lady’s finger, tomato 

and green moong 

The growth parameters (root length, no. of roots, shoot length, no. of leaves, fresh and 

dry weight) of the selected plants and bioaccumulation of heavy metals in the plants 

were observed on 15, 30, 60, 90 and 120 days after seed sowing (DAS). The tap water 

was used as control. Details of the effect of treated wastewaters on the 

bioaccumulation of HMs and plant growth parameter have been given below- 

4.4.2.1 Effect on lady’s finger (Abelmoschus esculentus) 

Lady‟s finger is an important economic crop, which are grown in a larger number all 

over the world. The effect of treated tannery and flashlight wastewaters irrigation on 

the growth parameters and bioaccumulation of Cr and Pb 15, 30, 60, 90 and 120 DAS 

have been presented in Table 4.26 & 4.27. All of the growth parameters including 
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root length, no. of roots, shoot length, number of leaves, fresh and dry weight showed 

significant decrease in comparison to control after 15, 30, 60, 90 and 120 DAS. At 

fruiting time (120 DAS), decrease in the root length was 57.77, 88.85, 85.92 & 89.44 

% , in number of roots 39.39, 52.52, 40.40 & 40.40 %, in shoot length  9.93, 11.50, 

14.51 & 29.41 %, in number of leaves 20.22 % (no change for LPB), in fresh weight 

53.46, 4998, 54.33 &  66.49 %, in dry weight 48.58, 47.37, 50.20 & 10.93 % and no. 

of fruits 42.79 (SLPB, OPB and BB) & 49.795 (LPB) %, respectively recorded in 

comparison to control for SLPB, LPB, OPB and BB treated tannery wastewater 

irrigation. In the same way, flashlight treated wastewaters irrigation also recorded 

retardation in the growth parameters. Decrease in root length was 39.58, 50.73, 46.93 

& 53.66 % , in number of roots 40.40, 47.48, 41.42 &  56.58 %, in shoot length  6.93, 

0, 10.46 &  16.86 %, in number of leaves 0, 0, 20.22 &  20.22 %, in fresh weight 

20.25, 49.65, 47.44 &  58.90 %, in dry weight 10.93, 40.49, 47.37 &  24.29 % and in 

no. of fruits 57.08, 57.08, 42.79 & 85.71 %, respectively in comparison to control for 

SLPB, LPB, OPB and BB treated flashlight wastewater irrigation. 

Further, the concentration of Cr and Pb
 
in SLPB, LPB, OPB and BB treated 

wastewaters were found to be very low as  0.08, 0.33, 0.51 & 0.99, and 0.07, 0.29, 

0.33 & 0.59 mg L
-1

  respectively. When these treated wastewaters were used to 

irrigate lady‟s finger plants, only 0.005, 0.004, 0.013 & 0.035 mg L
-1 

and 0.003, 

0.006, 0.009 & 0.009 mg L
-1

, respectively of Cr and Pb
 
were found to be bio-

accumulated. Among these, only BB treated tannery wastewater transferred maximum 

amount of Cr into the plant followed by OPB, LPB and minimum by SLPB. Similar 

trend was also reported for flashlight irrigated wastewater. The bio-accumulated 

amount in lady‟s finger was found to be very low except for plants of BB treated 

tannery wastewater. 

Table 4.26 Effect of tannery wastewater treated by different biochars on growth 

parameters of lady‟s finger (Abelmoschus esculentus) 

SN Days  Parameters Control Sweet Lemon Lemon Orange Bagasse 

1 15  

Root length 

(cm) 

4.63±0.85 3.17±0.35 3.47±0.35 3.40±0.56 2.77±0.15 

30 4.23±0.25 3.87±0.21 4.07±0.32 4.00±0.20 3.33±0.31 

60 11.37±1.03 8.00±0.46 8.07±0.15 7.97±0.47 6.20±0.30 

90 13.83±1.53 5.70±0.44 2.27±0.21 1.50±0.30 1.43±0.42 

120 11.37±1.03 4.80±0.36 1.27±0.21 1.60±0.17 1.20±0.27 

2 15  11.33±1.16 8.33±1.16 10.33±0.58 10.00±2.65 8.33±1.53 
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30 No. of roots 22.00±2.00 17.00±1.732 15.67±0.58 13.67±1.53 14.67±1.16 

60 34.33±4.04 31.33±1.16 31.67±1.53 31.33±3.22 27.33±2.08 

90 34.33±1.16 24.33±2.08 19.67±1.54 19.67±2.08 22.33±3.07 

120 33.00±2.646 20.00±2.00 15.67±1.53 19.67±2.08 19.667±5.69 

3 15  

Shoot 

length(cm) 

13.57±1.36 14.70±0.62 12.83±1.19 14.57±0.65 12.27±2.57 

30 21.13±0.85 18.33±1.11 18.13±0.21 17.43±2.90 22.53±3.47 

60 24.93±1.36 22.17±1.53 22.50±2.36 20.58±1.22 19.40±2.03 

90 27.93±2.50 23.07±2.53 21.60±2.54 21.30±1.71 18.30±3.69 

120 25.50±1.18 22.97±3.12 22.57±1.50 21.80±0.82 18.00±1.87 

4 15  

No. of leaves 

4.33±0.58 3.33±0.58 4.00±1.00 4.33±0.58 3.33±0.58 

30 4.67±0.58 6.67±0.58 5.33±0.58 5.333±0.58 5.67±1.16 

60 2.33±1.16 2.33±0.58 2.33±0.58 1.67±0.58 1.333±0.58 

90 2.33±0.58 1.67±0.58 2.67±0.58 2.33±0.58 1.67±0.58 

120 1.667±0.58 1.33±0.58 1.67±0.58 1.33±0.58 1.33±0.58 

5 15  

Fresh weight 

(g) 

1.60±0.07 0.98±0.07 1.16±0.08 1.25±0.23 0.91±0.06 

30 3.12±0.52 2.56±0.34 2.45±0.12 1.48±0.27 2.76±0.42 

60 2.11±0.35 2.52±0.23 2.14±0.08 1.52±0.08 1.41±0.02 

90 2.84±0.35 1.17±0.07 1.34±0.11 1.22±0.11 0.80±0.13 

120 2.99±0.86 1.39±0.22 1.50±0.26 1.37±0.40 1.00±0.13 

6 15  

Dry weight 

(g) 

0.18±0.04 0.09±0.01 0.09±0.01 0.13±0.02 0.08±0.01 

30 0.31±0.06 0.25±0.05 0.28±0.04 0.15±0.03 0.20±0.07 

60 0.27±0.03 0.24±0.02 0.19±0.01 0.13±0.01 0.13±0.01 

90 0.19±0.03 0.12±0.03 0.13±0.02 0.12±0.01 0.32±0.18 

120 0.25±0.06 0.13±0.02 0.13±0.02 0.12±0.03 0.22±0.04 

7 15  

Buds/fruits 

0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

30 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

60 2.33±0.58 1.67±0.58 1.67±0.58 1.667±0.577 1.33±0.58 

90 3.00±1.00 1.67±0.58 1.33±0.58 2.00±1.00 1.33±0.58 

120 2.33±0.58 1.33±0.58 1.67±1.53 1.333±0.577 1.33±1.16 

Cr (mg L
-1

) in treated 

wastewater 

0.00±0.00 0.08±0.01 0.33±0.03 0.51±0.01 0.99±0.05 

Cr (mg kg
-1

) ) in plant 

biomass 

0.00±0.00 0.01±0.00 0.004±0.00 0.01±0.00 0.04±0.01 

Table 4.27 Effect of flashlight wastewater treated by different biochars on growth 

parameters of lady‟s finger (Abelmoschus esculentus) 

S. 

No. 

Days  Parameter

s 

Control Sweet 

Lemon 

Lemon Orange Bagasse 

1 15  

Root 

length 

(cm) 

4.63±0.85 3.63±0.15 2.80±0.53 2.80±0.30 2.43±0.21 

30 4.23±0.25 4.93±0.47 3.40±0.27 3.47±0.25 3.83±0.35 

60 11.37±1.03 8.27±0.21 9.40±0.85 7.97±0.68 8.00±0.56 

90 13.83±1.53 9.43±0.97 7.50±0.89 6.50±0.61 5.53±0.25 

120 11.37±1.03 6.87±0.31 5.60±0.56 6.03±0.80 5.267±0.416 

2 15  

No. of 

roots 

11.33±1.16 10.33±2.08 8.33±0.58 8.33±0.58 7.67±0.58 

30 22.00±2.00 21.33±1.16 18.67±1.16 17.67±2.31 16.33±1.53 

60 34.33±4.04 30.67±1.16 29.33±1.16 27.67±1.53 26.33±2.31 

90 34.33±1.16 22.67±2.31 21.33±3.06 23.33±1.53 17.33±2.08 

120 33.00±2.65 19.67±1.53 17.33±2.08 19.33±3.06 14.33±4.04 

3 15  

Shoot 

length(cm) 

11.93±1.53 15.33±2.52 66.00±5.74 18.00±2.00 17.67±1.16 

30 21.13±0.85 24.07±1.38 21.50±0.89 21.33±1.66 20.37±0.81 

60 24.60±1.90 22.83±0.95 25.40±2.38 23.53±1.74 22.13±1.95 
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90 25.93±4.12 22.70±2.26 25.90±2.43 22.93±3.12 21.67±0.97 

120 25.50±1.18 23.73±1.97 25.50±0.91 22.83±2.52 21.20±3.01 

4 15  

No. of 

leaves 

4.33±0.58 3.33±0.58 3.33±0.58 3.67±0.58 4.33±0.58 

30 4.67±0.58 6.33±0.58 5.00±1.00 4.67±0.58 4.33±0.58 

60 2.33±1.16 2.33±1.16 1.67±1.53 2.33±1.16 2.00±1.73 

90 2.67±0.58 2.33±1.16 1.33±0.58 1.33±0.58 1.33±0.58 

120 1.67±0.58 1.67±0.58 1.67±0.58 1.33±0.58 1.33±0.58 

5 15  

Fresh 

weight (g) 

1.60±0.07 0.92±0.20 1.40±0.30 1.28±0.04 1.23±0.03 

30 3.12±0.52 4.91±0.85 2.43±0.61 1.36±0.10 1.31±0.03 

60 2.10±0.35 3.18±0.25 3.09±0.39 2.78±0.21 2.66±0.27 

90 3.18±0.25 3.09±0.39 2.78±0.21 2.66±0.27 1.19±0.05 

120 2.99±0.86 2.39±0.34 1.51±0.26 1.57±0.26 1.23±0.18 

6 15  

Dry 

weight (g) 

0.18±0.04 0.07±0.02 0.12±0.05 0.14±0.01 0.10±0.02 

30 0.31±0.06 0.32±0.06 0.24±0.07 0.11±0.01 0.13±0.02 

60 0.19±0.03 0.19±0.01 0.13±0.01 0.13±0.02 0.11±0.01 

90 0.26±0.05 0.26±0.06 0.27±0.02 0.25±0.03 0.11±0.01 

120 0.25±0.06 0.22±0.02 0.15±0.01 0.13±0.02 0.19±0.06 

7 15  

Buds/fruit

s 

0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

30 0.00±0.00 0.33±0.58 0.33±0.58 0.67±0.58 0.00±0.00 

60 2.67±0.58 2.33±1.16 1.67±0.58 1.67±0.58 1.67±0.58 

90 3.00±1.00 1.33±0.58 1.33±0.58 1.00±1.00 0.00±0.00 

120 2.33±0.58 1.00±1.00 1.00±1.00 1.33±0.58 0.33±0.58 

Pb (mg L
-1

) in treated 

wastewater 

0.00±0.00 0.07±0.01 0.29±0.03 0.33±0.03 0.59±0.01 

Pb (mg kg
-1

) ) in plant 

biomass 

0.00±0.00 0.00±0.00 0.01±0.00 0.01±0.00 0.01±0.00 

 

Figure 4.28 Comparison of effect of tannery wastewater treated by different 

adsorbents on lady‟s finger (Abelmoschus esculentus) by control (TO = tannery 

wastewater; SL= sweet lemon; L= lemon and O= orange) 
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Figure 4.29 Comparison of effect of flashlight wastewater treated by different 

adsorbents on lady‟s finger (Abelmoschus esculentus) by control (BO= flashlight 

wastewater; SL= Sweet lemon; L= lemon and O= orange) 

4.4.2.2 Effect on tomato (Solanum lycopersicum) 

Similar trend of significant decrease in growth parameters like that of lady‟s finger 

was also observed on tomato also after 15, 30, 60, 90 and 120 DAS in comparison to 

control (Table 4.28 & 4.29). At fruiting time, decrease in the root length was 27.08, 

30.95, 33.98 & 46.54 %, in number of roots 7.23, 2.67, 3.04 & 16.0 %, in shoot length 

33.74, 30.21, 29.76 & 33.70 %, in number of leaves 42.87, 35.69, 32.15 & 21.44 %, 

in fresh weight 19.86, 21.14, 22.57 & 5370 %, in dry weight 32.24, 40.58, 45.16 & 

63.59 % and in no. of fruits 30.44, 39.13, 52.17 & 52.17 %, respectively for SLPB, 

LPB, OPB and BB treated tannery wastewater irrigation in comparison to the control. 

Similarly, flashlight treated wastewater irrigation also resulted in poor growth and 

development of tomato plants. Decrease in root length was 12.77, 23.16, 30.30 & 

36.58 %, in number of roots  18.25, 11.03, 18.25 & 18.25 %, in shoot length 17.6, 

13.90, 27.69 & 27.24 %, in number of leaves 42.87, 14.26, 24.97 & 21.44 %, in fresh 

weight 19.86 (for all) %, in dry weight 37.30, 9.99, 13.38 & 12.49 % and in no. of 

fruits 78.26, 56.53, 73.91 & 73.91 %, respectively in comparison to control for SLPB, 

LPB, OPB and BB treated flashlight wastewater irrigation.  
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Further, the concentration of Cr and Pb
 
in biosorbent treated wastewater were 

found to be very low same as that of irrigation wastewater utilized for lady‟s finger. 

After irrigation to tomato plants, only 0.00, 0.01, 0.01 & 0.04 mg L
-1 

and 0.00, 0.01, 

0.01 & 0.01 mg L
-1

, respectively of Cr and Pb were found to be present in the plant 

biomass. Among these, BB and OPB treated tannery wastewater transferred higher 

amount of Cr into the plant whereas, LPB and SLPB treated tannery wastewater 

irrigation transferred a very low concentration into the plant biomass. The bio-

accumulated amount of Cr and Pb in tomato plants was very little except for plants 

irrigated with BB and OPB treated tannery wastewater. 

Table 4.28 Effect of tannery wastewater treated by different biochars on growth 

parameters of tomato (Solanum lycopersicum) 

SNo. Days  Parameters Control Sweet 

Lemon 

Lemon Orange Bagasse 

1 15  

Root length 

(cm) 

2.63±0.15 1.43±0.12 1.13±0.06 2.37±0.32 2.150±0.09 

30 5.17±0.40 3.53±1.00 3.93±0.38 4.17±0.35 4.033±0.21 

60 16.83±1.7 11.13±1.74 11.07±0.51 12.13±2.12 10.633±0.85 

90 16.60±0.72 14.60±3.58 12.60±1.85 11.67±1.68 10.767±0.46 

120 15.40±1.31 11.23±1.06 10.63±0.91 10.17±1.60 8.233±1.03 

2 15  

No. of roots 

11.67±0.58 10.33±0.58 9.67±0.58 8.00±1.73 8.33±1.16 

30 25.67±2.08 20.33±2.52 22.00±3.00 22.67±4.62 23.00±4.58 

60 51.67±3.51 43.00±2.65 50.00±2.65 52.00±2.65 44.67±3.51 

90 63.67±3.79 55.00±3.61 56.67±2.08 53.33±4.16 45.33±4.51 

120 57.67±2.52 51.333±3.51 55.33±3.06 55.00±4.36 43.67±4.73 

3 15  

Shoot length 

(cm) 

12.13±0.55 8.53±0.45 9.37±0.32 10.43±0.40 10.23±0.25 

30 30.03±4.10 28.40±4.19 24.33±1.94 27.23±3.73 23.57±1.27 

60 39.17±3.11 29.97±2.25 32.83±2.52 35.03±4.38 33.57±1.50 

90 60.57±1.95 37.53±1.95 36.77±3.98 41.73±3.27 38.20±3.16 

120 59.47±3.66 39.40±3.01 41.50±3.32 41.77±2.97 39.43±0.75 

 15  

No. of 

leaves 

9.67±0.58 10.67±0.58 9.33±0.58 7.33±0.58 8.33±0.58 

30 8.33±1.53 7.33±0.58 6.33±0.58 7.33±1.16 6.33±0.58 

60 10.33±1.53 8.33±1.53 9.67±1.53 8.67±1.16 8.33±0.58 

90 10.67±1.53 6.68±1.16 7.67±1.16 8.33±0.58 7.33±1.53 

120 9.33±2.31 5.33±0.56 6.00±0.00 9.33±0.58 7.33±1.16 

5 15  

Fresh 

weight(g) 

0.85±0.16 0.78±0.12 0.32±0.06 0.46±0.08 0.53±0.03 

30 6.78±1.85 3.69±0.55 4.43±0.19 4.69±0.47 4.3±0.97 

60 20.59±1.07 10.50±1.92 17.31±1.87 12.24±1.26 11.43±0.77 

90 26.33±0.86 13.93±1.32 12.47±1.00 12.57±1.90 8.10±0.85 

120 23.47±1.42 16.73±1.21 16.47±2.63 16.17±2.16 9.67±0.80 

6 15  

Dry weight  

(g) 

0.07±0.03 0.08±0.0 0.04±0.01 0.05±0.01 0.04±0.01 

30 0.62±0.16 0.35±0.11 0.29±0.04 0.49±0.18 0.50±0.13 

60 1.77±0.20 0.97±0.18 1.64±0.24 1.14±0.08 1.05±0.07 

90 2.03±0.21 1.30±0.12 1.19±0.05 1.15±0.10 0.78±0.10 

120 2.56±0.40 1.61±0.23 1.52±0.25 1.41±0.09 0.93±0.12 

7 15 Buds/Flowers 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

30 0.667±0.577 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 



Chapter 4                                                                                                  Results and Discussion 

POONAM/DES/BBA University, Lucknow/2019                                                           146 

60 4.667±1.155 3.67±0.58 3.67±1.16 2.33±0.58 3.33±1.16 

90 7.667±0.577 5.33±0.58 5.33±0.58 4.33±0.58 3.33±1.53 

120 7.667±1.528 5.33±0.58 4.67±0.58 3.67±1.16 3.67±0.58 

Cr (mg L
-1

) in treated 

wastewater  

0.00±0.00 0.08±0.0 0.00±0.00 0.51±0.01 0.99±0.05 

Cr (mg kg
-1

) in plant 

biomass 

0.000±0.00 0.00±0.00 0.01±0.01 0.01±0.00 0.04±0.01 

Table 4.29 Effect of flashlight wastewater treated by different biochars on growth 

parameters of tomato (Solanum lycopersicum) 

S.No. Days  Parameters Control Sweet 

Lemon 

Lemon Orange Bagasse 

1 15  

Root length 

(cm) 

2.53±0.25 2.77±0.38 2.33±0.23 2.60±0.17 2.23±0.15 

30 5.17±0.40 5.00±0.36 5.00±0.8 4.27±0.21 3.67±0.38 

60 16.83±1.65 15.73±0.68 16.60±0.46 15.63±0.76 14.40±0.82 

90 16.60±0.72 15.60±1.06 16.40±1.06 11.63±0.91 12.23±0.81 

120 15.40±1.31 13.43±1.16 11.83±0.67 10.73±1.01 9.77±0.67 

2 15  

No. of roots 

11.67±0.58 8.33±0.58 8.33±0.58 8.00±1.732 7.33±0.58 

30 25.67±2.08 21.67±1.53 18.67±0.58 21.00±1.00 18.33±0.58 

60 51.67±3.51 48.67±3.22 51.00±3.61 50.00±4.36 51.33±4.04 

90 63.67±3.79 57.33±3.06 58.00±6.08 52.00±3.61 47.33±5.03 

120 57.67±2.52 41.67±3.51 48.00±3.00 41.67±4.04 41.67±6.51 

3 15 Shoot 

length(cm) 

12.13±0.55 12.03±0.38 12.03±0.74 12.63±0.15 10.83±0.35 

30 30.03±4.10 27.63±2.08 19.97±3.14 24.07±1.91 23.43±0.86 

60 39.17±3.11 26.40±0.58 32.90±0.72 32.37±0.23 29.40±0.62 

90 60.57±1.95 48.60±0.58 53.97±1.46 47.67±1.56 44.30±3.35 

120 59.47±3.66 49.00±3.15 51.20±2.46 43.00±2.88 43.27±4.29 

4 15 No. of 

leaves 

9.67±0.56 8.33±0.58 8.33±0.58 9.33±0.58 8.67±0.58 

30 8.33±1.53 6.67±0.58 5.33±0.58 6.00±1.00 5.33±0.58 

60 10.33±1.53 8.67±0.58 9.33±0.58 9.00±1.73 7.33±1.53 

90 10.67±1.53 10.33±1.53 9.67±2.08 8.33±0.58 9.67±2.08 

120 9.33±2.31 8.00±2.00 7.00±1.00 5.67±0.58 7.33±1.53 

5 15  

Fresh 

weight(g) 

0.85±0.16 0.92±0.03 0.87±0.02 1.02±0.03 0.84±0.03 

30 6.78±1.85 5.26±1.12 5.38±0.28 2.95±0.34 1.48±0.30 

60 20.59±1.07 7.34±0.34 9.10±0.54 7.41±0.57 8.81±0.43 

90 26.33±0.86 20.73±2.25 18.82±1.89 15.83±1.16 15.500±1.00 

120 23.47±1.42 22.89±1.46 20.88±1.58 17.87±0.93 23.300±3.21 

6 15  

Dry weight 

(g) 

0.07±0.03 0.06±0.01 0.07±0.01 0.06±0.01 0.05±0.01 

30 0.62±0.16 0.46±0.08 0.50±0.03 0.28±0.04 0.13±0.03 

60 1.77±0.20 0.72±0.03 0.87±0.04 0.74±0.04 0.84±0.02 

90 2.03±0.21 1.86±0.12 1.69±0.16 1.46±0.18 1.37±0.17 

120 2.56±0.40 2.31±0.18 2.22±0.11 1.59±0.21 2.24±0.33 

7 15  

Buds/fruits 

0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

30 0.67±0.58 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

60 4.67±1.16 2.67±1.16 1.33±0.58 4.00±1.73 1.67±0.58 

90 7.67±0.58 3.67±1.53 3.67±1.53 2.67±1.16 2.67±0.58 

120 7.67±1.53 1.67±0.58 3.33±0.58 2.00±1.00 2.00±1.00 

Pb (mg L
-1

) in treated 

wastewater 

0.00±0.00 0.07±0.01 0.29±0.03 0.33±0.03 0.59±0.01 

Pb (mg kg
-1

) ) in plant 

biomass 

0.00±0.00 0.00±0.00 0.01±0.00 0.01±0.00 0.01±0.00 
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Figure 4.30 Comparison of effect of tannery wastewater treated by different 

adsorbents on tomato (Solanum lycopersicum) by control (Details are same as Fig. 

5.28) 

 

Figure 4.31 Comparison of effect of flashlight wastewater treated by different 

adsorbents on tomato (Solanum lycopersicum) by control (Details are same as Fig. 

5.29) 

4.4.2.3 Effect on green moong (Vigna radiata) 

Decrease in growth parameters similar to lady‟s finger and tomato was also observed 

on green moong after 15, 30, 60, 90 and 120 DAS in comparison to control (Table 

4.30 & 4.31). At fruiting time, decrease in the root length was 37.34, 22.79, 39.55 %, 

in number of roots 30.51, 15.25 & 11.88 %, in shoot length 19.14, 21.76 & 24.93 %, 
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in number of leaves 40.01, 20.22 & 40.01 %, in fresh weight 25.77, 55.27 &  52.96 

%, in dry weight 48.64, 54.09 & 53.18 % and in no. of fruits  20.22, no change &  

20.21 %, respectively for SLPB, LPB and OPB treated tannery wastewater irrigation 

in comparison to the control. Similarly, flashlight treated wastewater irrigation also 

reported decrease in growth and development of green moong plants. Decrease in root 

length was  35.13, 18.04 & 34.49 %, in number of roots  15.25, 15.25 & 13.56 %, in 

shoot length 4.55, 11.57 & 1.93 %, no change in number of leaves, in fresh weight 

26.65, 26.92 & 61.42%, in dry weight 28.63, 27.27 & 58.18 % and in no. of fruits 

20.22, 20.22 & 40.01 %, respectively in comparison to control for SLPB, LPB, OPB 

and BB treated flashlight wastewater irrigation. Whereas, the plants irrigated with BB 

treated tannery and flashlight wastewater died within 90 DAS. 

Further, the concentration of Cr and Pb
 
in biosorbent treated wastewater swere 

found to be very low same as that of irrigation wastewaters used for lady‟s finger and 

tomato. Only 0.004, 0.005 & 0.008 mg L
-1 

and  0.001, 0.001 & 0.002 mg L
-1

, 

respectively of Cr and Pb
 
were found to be present in the green moong plants, after 

irrigation of SLPB, LPB and OPB treated tannery and flashlight wastewaters. 

Although, plants irrigated with BB treated wastewaters died within 90 DAS, but OPB, 

LPB and SLPB treated tannery and flashlight wastewaters irrigation transferred a very 

low concentration into the plant biomass. Thus, the bio-accumulated amount of both 

HMs in green moong plants was very low except for plants irrigated with BB. The 

results were in good agreement with Javaid et al. (2000) who reported retardation in 

growth and pod yield of green moong grown in soil contaminated by tannery 

wastewater.  

Table 4.30 Effect of tannery wastewater treated by different biochars on growth 

parameters of green moong (Vigna radiata) 

S. 

No. 
Days  Parameters Control Sweet 

Lemon 

Lemon Orange Bagasse 

1 15  

Root length  

(cm) 

2.80±0.30 2.63±0.38 2.70±0.35 2.17±0.31 2.40±0.46 

30 4.70±0.35 2.27±0.21 4.30±1.15 4.40±1.15 3.83±0.25 

60 9.27±0.68 7.57±0.50 7.93±.67 9.07±0.45 8.63±0.51 

90 12.40±1.15 7.23±0.81 8.20±0.30 6.80±0.87 dead 

120 10.53±0.70 6.60±1.25 8.13±2.20 6.37±2.04 dead 

2 15  

No. of roots 

10.33±1.16 8.667±1.53 7.33±0.58 9.67±0.58 9.67±2.08 

30 18.00±3.00 17.33±1.16 14.67±1.53 19.00±1.00 19.33±1.16 

60 23.67±1.53 22.33±2.52 22.00±2.65 21.00±1.00 20.33±1.53 
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90 20.33±1.53 13.67±2.52 20.67±3.06 20.00±2.00 dead 

120 19.67±4.51 13.67±3.22 16.67±3.22 17.33±4.16 dead 

3 15  

Shoot length 

(cm) 

21.10±0.56 18.40±1.87 13.70±1.23 20.13±0.35 18.27±0.42 

30 22.60±0.56 17.60±0.95 23.60±1.412 21.00±0.78 18.67±1.39 

60 25.40±0.27 21.50±4.58 23.07±2.30 27.70±1.04 26.67±0.93 

90 25.70±0.44 20.87±2.10 18.73±2.03 18.10±1.35 dead 

120 24.20±1.57 19.57±0.95 18.93±1.38 18.17±1.53 dead 

 15  

No. of 

leaves 

6.33±0.58 6.33±0.58 5.00±1.00 6.67±0.58 5.33±1.16 

30 7.67±2.08 6.00±1.00 6.00±1.00 5.00±1.00 4.67±1.16 

60 4.33±0.58 4.33±0.58 4.00±1.00 3.33±0.58 3.67±0.58 

90 2.33±0.58 1.67±0.58 1.33±0.58 1.333±0.578 dead 

120 1.67±0.58 1.00±1.00 1.33±0.58 1.00±1.00 dead 

5 15  

Fresh 

weight(g) 

0.85±0.18 1.06±0.06 0.47±0.09 1.22±0.15 0.960±0.08 

30 1.98±0.19 1.42±0.07 3.03±0.14 2.59±0.50 1.803±0.04 

60 3.29±0.75 2.39±0.17 2.60±0.20 2.68±0.18 2.760±0.24 

90 2.50±0.30 0.95±0.13 1.03±0.13 1.15±0.13 dead 

120 2.60±0.27 1.19±0.20 1.16±0.09 1.23±0.27 dead 

6 15  

Dry weight 

(g) 

0.12±0.03 0.13±0.02 0.04±0.02 0.17±0.02 0.11±0.09 

30 0.38±0.03 0.22±0.05 0.49±0.04 0.48±0.11 0.30±0.05 

60 0.27±0.06 0.23±0.02 0.24±0.03 0.26±0.01 0.26±0.02 

90 0.22±0.03 0.09±0.01 0.123±0.05 0.11±0.01 dead 

120 0.22±0.03 0.11±0.02 0.10±0.01 0.10±0.01 dead 

7 15  

Buds/fruits 

0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

30 2.00±1.73 0.67±0.58 0.33±0.58 1.00±1.00 1.67±0.58 

60 3.67±0.58 3.33±0.58 3.00±1.00 3.67±0.58 3.33±0.58 

90 2.33±0.58 1.67±0.58 2.00±1.00 1.67±0.58 dead 

120 1.67±0.58 1.33±0.58 1.67±0.58 1.33±0.58 dead 

Cr (mg L
-1

) in  treated 

wastewater 

0.00±0.00 0.084±0.01 0.33±0.03 0.51±0.01 0.99±0.05 

Cr (mg kg
-1

) in plant 

biomass 

0.00±0.00 0.00±0.00 0.01±0.00 0.01±0.00 dead 

Table 4.31 Effect of flashlight wastewater treated by different biochars on growth 

parameters of green moong (Vigna radiata) 

S. 

No. 
Days  Parameters Control Sweet 

Lemon 

Lemon Orange Bagasse 

1 15  

Root 

length (cm) 

2.80±0.30 3.43±0.21 3.50±0.30 2.73±0.21 2.167±0.31 

30 4.70±0.35 2.70±0.27 3.43±0.21 3.37±0.38 3.167±0.35 

60 9.267±0.681 6.40±0.17 8.97±1.10 8.63±0.42 8.100±0.70 

90 12.40±1.15 7.30±0.78 10.33±0.91 7.30±0.56 dead 

120 10.53±0.70 6.83±1.46 8.63±2.14 6.90±1.70 dead 

2 15  

No. of 

roots 

10.33±1.16 10.33±0.58 7.33±0.58 7.33±1.16 7.67±1.16 

30 18.00±3.00 15.00±2.65 14.00±1.732 16.33±1.53 13.00±1.73 

60 23.67±1.53 17.33±2.08 17.667±2.082 18.67±3.22 16.67±1.53 

90 20.33±1.53 16.33±1.53 22.00±3.00 17.33±2.08 dead 

120 19.67±4.51 16.67±2.89 16.67±5.03 17.00±2.65 dead 

3 15  

Shoot 

length(cm) 

21.10±0.56 15.57±1.86 20.97±0.42 22.07±0.61 21.40±0.92 

30 22.60±0.56 26.60±1.55 22.37±0.71 24.13±2.12 21.40±0.76 

60 25.40±0.27 21.80±0.30 23.03±0.50 26.733±1.55 23.87±2.28 

90 25.70±0.44 21.10±1.87 24.43±2.16 22.200±2.04 dead 

120 24.20±1.57 23.10±2.55 21.40±0.92 23.733±0.68 dead 
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4 15  

No. of 

leaves 

6.33±0.58 5.67±0.58 5.67±0.58 5.67±0.58 5.67±0.58 

30 7.667±2.08 6.33±0.58 5.67±0.58 5.33±0.58 4.33±0.58 

60 4.33±0.58 3.33±0.58 4.33±0.58 3.33±1.53 3.67±1.53 

90 2.33±0.58 1.67±0.58 1.67±0.58 1.67±0.58 dead 

120 1.67±0.58 1.67±0.58 1.67±0.58 1.00±1.00 dead 

5 15  

Fresh 

weight (g) 

0.85±0.18 0.90±0.19 0.71±0.18 0.75±0.11 0.82±0.15 

30 1.98±0.19 2.42±0.24 2.03±0.41 2.06±0.07 1.73±0.40 

60 3.29±0.75 2.40±0.23 2.22±0.13 2.89±0.29 2.46±0.18 

90 2.50±0.30 2.27±0.21 1.78±0.20 0.83±0.23 dead 

120 2.60±0.27 1.91±0.17 1.90±0.61 1.00±0.09 dead 

6 15  

Dry weight 

(g) 

0.120±0.030 0.119±0.045 0.097±0.015 0.110±0.020 0.120±0.036 

30 0.377±0.032 0.393±0.067 0.367±0.197 0.230±0.104 0.270±0.036 

60 0.270±0.061 0.227±0.021 0.210±0.010 0.270±0.026 0.233±0.015 

90 0.217±0.031 0.203±0.015 0.150±0.030 0.080±0.030 dead 

120 0.220±0.026 0.157±0.015 0.160±0.056 0.092±0.008 dead 

7 15  

Buds/fruits 

0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

30 2.00±1.73 1.00±1.00 1.00±1.00 1.00±1.00 0.67±0.58 

60 3.67±0.58 2.67±0.58 3.667±0.58 3.33±0.58 3.33±0.58 

90 2.33±0.58 1.33±0.58 1.667±0.58 1.00±1.00 dead 

120 1.67±0.58 1.33±0.58 1.333±0.58 1.00±0.00 dead 

Pb (mg L
-1

) in treated 

wastewater  

0.00±0.00 0.07±0.01 0.29±0.03 0.33±0.03 0.59±0.01 

Pb (mg kg
-1

) ) in plant 

biomass 

0.00±0.00 0.001±0.001 0.001±0.001 0.002±0.001 dead 

 

 

Figure 4.32 Comparison of effect of tannery wastewater treated by different 

adsorbents on green moong (Vigna radiate) by control (Details are same as Fig. 5.28)
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Figure 4.33 Comparison of effect of flashlight wastewater treated by different 

adsorbents on green moong (Vigna radiate) by control (Details are same as Fig. 5.29) 

 

The maximum growth parameters were recorded with tannery and flashlight 

wastewater treated with sweet lemon followed by lemon and orange biochars in all of 

the plants. Whereas, concentrations of Cr and Pb were found to be lowest with 

treatment of SLPB, followed by LPB and OPB for all three selected plants. The 

concentrations of HMs bio-accumulated in the selected plant species were very low 

for almost all of the selected adsorbents but the best one was reported by SLPB and 

the concentrations were under the limit prescribed by CPCB i.e. 0.05 mg L
-1

 for both 

HMs, and also under the limit given by WHO i.e. 0.1-0.2 mg kg
-1 

for Cr & 0.1 mg kg
-

1 
for Pb (Jhamaria et al. 2015). Auda et al. (2011) reported normal range of Pb in 

edible plants as 0.02 to 20 mg kg
-1

, which was very high as compared to 

bioaccumulation of Pb in all of the selected plants in the present study. Such 

concentrations may be considered as negligible, but the development of fruits were 

also found to be very low in comparison to control like that of growth parameters. 

This might be due to higher concentrations of salts present in the treated wastewaters, 

which may be removed by following various other eco-friendly techniques e.g. 

coagulation where alum is utilized as potential coagulant, electro dialysis that involve 

the application of electric field for removal of ionic contaminants etc. (Teh et al. 

2014). This may increase the growth and development of plants as well as also reduce 

the concentrations of HMs with combination of adsorption technique. Moreover, the 

bioaccumulation of HMs in the selected plants irrigated with biosorbent treated 

wastewaters will not cause any severe effect onto the health of human and other 

animals feeding on it. The main reason for such impression is that the conc. of HMs in 
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the plant system was very low and translocation of such a little concentration into the 

fruits will hardly be noticeable. Therefore, it may be concluded that irrigation of these 

plants with the biosorbent treated wastewater will not cause any threat or risk to the 

lives of humans. 

The results of the present study were in good agreement with Thapliyal et al. 

(2011) who found conc. of Cr in lady‟s finger biomass to be 18 µ g
-1 

after irrigating 

the plants with domestic wastewater. Jhamaria et al. (2015) observed retarded growth 

and 15.26 and 4.25 mg kg
-1

 of Cr and 11.39 and 5.21 mg kg
-1

 of Pb accumulated into 

tomato and lady‟s finger, respectfully, after irrigation with untreated industrial 

wastewater (dye). Hossain et al. (2015) reported concentrations of Cr(< 0:05) and 

Pb(< 0:01) below the detection limit in the fruits of cherry tomato, after treatment of 

wastewater sludge and sludge biochar. In the same way, Ali et al. (2017) reported 

bioaccumulation of 0.26 & 0.33 mg kg
-1

 of Cr and 0.96 & 0.51 mg kg
-1

 of Pb in lady‟s 

finger and tomato after irrigation with industrial wastewater. Alghobar and Suresha 

(2017) reported the conc. of Cr and Pb to be 15 and 12 mg kg
-1

 in tomato after 

irrigation of treated sewage wastewater. Likewise, Cheshmazar et al. (2018) found 

that 0.44 and 1.71 mg kg
-1 

of Cr and Pb bioaccumulation in tomato plants after 

irrigation with industrial and municipal wastewater. 
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Conclusion 
 

With rising competition for water and deteriorating freshwater resources, 

consumption of marginal quality water for different domestic and agricultural 

purposes has posed new challenges for environmental management during past few 

decades, especially in developing countries including India. Although, industrial 

usage of water is very low when compared to agricultural usage, dumping of 

industrial wastewaters on land and/or on surface water bodies make water resources 

unsuitable for other usages. Industries discharge various inorganic, organic and 

biological pollutants into receiving water bodies with inappropriate or even without 

treatment of wastewaters. Such contaminated water possesses different toxic 

pollutants among which heavy metals (HMs) are the primary ones that have the 

potential to get bio-accumulated with contamination of the food chain. Agricultural 

practices often use these contaminated water for irrigation that may result in the food 

chain contamination with hazardous effects onto the health of human beings. 

Heavy metals are the most troublesome pollutants in respect to their toxicity, 

bioaccumulation properties as precursor of many bio-chemical reactions in the 

environment. Although, many conventional and non-conventional techniques have 

been developed for removal and treatment of the contaminated wastewater, but none 

of them have proved to be the best one in all the aspects (like cost effectiveness, 

energy consumption, secondary pollutants etc.). In present scenario, biosorption has 

emerged as an innovative, eco-friendly, cost effective and probable alternative to 

prevailing conventional technologies for elimination and/or recovery of contaminants 

and metal ions from aqueous solutions. Among different bio-sorbents available, 

naturally occurring agricultural wastes with excess carbon substances have shown 

excellent potential for adsorption of heavy metals. Furthermore, most of the heavy 

metals adsorbed can also be recycled and reused by the process of desorption. 

Among various industries, tannery and flashlight manufacturing industries are 

very common and hold important place in the economy of our country; India. 

However, often these industries discharge wastewater on the land or into nearby water 

bodies without proper treatment. The wastewaters possess different inorganic and 
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organic pollutants, especially heavy metals i.e. Cr and Pb. The objective of the present 

study was to treat both of these two wastewaters by adsorption process with the help 

of biochar of the some fruit and industrial wastes viz. peels of sweet lemon (Citrus 

limetta), lemon (Citrus limon) & orange peel (Citrus sinensis) and bagasse after 

physicochemical characterization of the selected adsorbents. The potential of naturally 

occurring bio-wastes to work as suitable adsorbent for Cr and Pb present in both of 

the industrial wastewater had been examined. Different parameters that influence the 

adsorption process like pH, temperature, surface area, dosage etc., related isotherms 

and kinetics, desorption potential of different adsorbents were also analyzed. 

  The physicochemical characterizations were based on the observations of 

proximate and ultimate studies, CHNS, surface properties, SEM & EDX, FTIR and 

XRD eruditions. The proximate and ultimate studies revealed that the highest surface 

area was of SLPB (30.62 m
2
 g

-1
) followed by LPB (24.89 m

2
 g

-1
), OPB (15.21 m

2
 g

-1
) 

and BB (12.628 m
2
 g

-1
). Whereas average pore volume was 0.053, 0.037, 0.025 and 

0.039 cc g
-1

 and average pore diameter was 1.612, 2.145, 2.371 and 1.579, for SLPB, 

LPB, OPB and BB, respectively. The maximum biochar yield was obtained by SLPB 

(86.67%) followed by lemon peel (84.47%), orange peel (79.20%) and bagasse 

(73.33%). Further, the total concentration of surface acidic groups in SLPB, LPB, 

OPB and BB was 7.382, 7.480, 7.408 and 7.033 mol gm
-1

, respectively with 

maximum carboxylic acids with values of 5.30, 4.925, 4.483 and 5.15 mol gm
-1

, 

respectively. The concentration of lactonic and phenolic groups in the selected 

adsorbents was 0.508, 1.90, 2.108, 1.283 and 1.573, 0.655, 0.817, 0.601 mol gm
-1

, 

respectively. It reflected that all of the adsorbents had the important acid functional 

groups i.e. carboxylic groups, phenolic groups, lactonic (esters) groups that shall help 

in the adsorption of HMs by different ion-exchange, complexion, addition and 

substitution chemical reactions. Moreover, CHNS study reported that among all four 

adsorbents SLPB and LPB showed higher C and H content with lower H/C ratio 

which suggest it to be more efficient adsorbents than OPB and LPB which possessed 

comparatively lesser C and H content with higher H/C ratio. This suggested that all of 

the selected adsorbents had significant surface properties to bind HMs onto their 

surfaces. 

The alterations in the surface morphology before and after adsorption of HMs 

were ascertained by the study of SEM and EDX. The selected biosorbents possessed 
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flattened, walls smooth and homogenous surface their natural form whereas, 

temperature treatments increased the surface area and converted it into biochar that 

had amorphous, uniformly porous and heterogeneous surfaces holding irregular 

cavities and pore of different shape and sizes. After adsorption of HMs from both of 

the wastewater, the irregular cavities became filled with some white, crystalline 

structure which may be caused by the formation of different complexes of the 

respective metals.  Thus, SEM studies supported the successful adsorption of HMs. 

Whereas, EDX analysis of all of the four adsorbents also confirmed the adsorption of 

HMs as changes in peaks of natural agricultural wastes and as biochar before 

adsorption and after adsorption of HMs were established by the absence and presence 

of peaks of HMs in the spectrums, respectively. Initially, peaks of all of the selected 

biosorbents displayed existence of some common elements (C, O and Ca). After 

conversion into biochar all of them retained peaks of C, O, Ca etc. as major element 

which may be due to the removal of lignin, cellulose, volatiles etc. during thermal 

strokes. Further, EDX spectrums of treated wastewaters i.e. tannery and flashlight 

also showed the presence of respective HMs (Cr and Pb) with the existence of other 

elements like Na, K, Cl, Mg, Bi, Zr, Pt etc. These extra elements were found to be 

present in both of the wastewater. Thus, EDX study suggested that HMs present in 

wastewater and other pollution causing elements may also be eliminated successfully 

by the application of selected adsorbents. 

The chemical configuration and chief surface functional groups responsible 

for effective adsorption of HMs were determined by FTIR study. FTIR spectroscopy 

illustrated that selected adsorbents were found to be rich in gathering of different 

functional and chemical groups. The strong peaks between 3846.8 and 3352.9 cm
-1

 

were attributed to -OH stretching vibrations of biopolymers and poly saccharides 

(lignin, pectin, cellulose etc.) that symbolized the composition of agricultural wastes. 

Further, shift in the position of peaks among biochars before and after adsorption of 

HMs proposes that process was smoothed by chemisorption as a resultant of binding 

of HMs by the nucleophilic functional groups. Further, some of the functional groups 

were lost after adsorption of HMs which implied that these groups were consumed in 

the uptake of the respective HMs. The alteration of secondary amide into primary 

amide and -CH to C=C were marked of formation and dissociation of bonds and 

groups through ion exchange or some other mechanisms that favored adsorption of 
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HMs onto surfaces of all selected adsorbents. In addition to this, the breakdown of 

polysaccharides components present in the adsorbents pointed towards the breaking 

and rearrangement of stronger bonds of carboxyl groups and involvement of P, S and 

N were evident from the different related groups present in all of the four adsorbents 

in the form of sulfonic groups, amides, organo-phosphorus compounds etc. Moreover, 

phenolic, carboxylic and alkyl groups also played significant role in the adsorption of 

HMs by providing adsorption sites. The results of EDX analysis and surface acidic 

groups also supported the FTIR analysis for all of selected adsorbents.  

The changes in the structural crystallites of selected adsorbents before and 

after adsorption of HMs were studies on the basis of XRD. The sharpest diffractogram 

peaks for all of the adsorbents were found to be in the range of 24.35 to 26.41º (2θ). 

The existence of sharp crystalline peak for SLPB at 24.37º (2θ), LPB at 26.59º (2θ), 

OPB at 24.35º (2θ) and BB at 26.41º (2θ) signified the presence of natural cellulose, 

lignin and non-crystalline hemicellulosic materials. After treating both wastewaters, 

slight changes in the position of peaks were recorded that demonstrated no change in 

the crystallinity of biochars. The minute alternations in the intensities verified the 

adsorption of HMs that suppressed the intensities after adsorption of Cr and Pb, 

respectively, except for BB after treating flashlight wastewater. This increase in the 

intensity may be caused by presence of alkali (NaOH) in the wastewater or mixture 

and/or inclusion complex formation after adsorption. Whereas, decrease in 2θ 

positions after adsorption might cause little decrease in the crystallinity of adsorbents 

due to presence of different chemicals in the wastewater. Further, all selected biochars 

exhibited diffractogram peaks at 29.21º (2θ) with different intensities of 221, 301, 254 

and 263 cts for SLPB, LPB, OPB and BB, respectively, confirming the presence of 

CaCO3 in them. These results were also in agreement with the surface Boehm titration 

and EDX analysis. In addition to this, the intermediate peaks present in the 

diffractogram of all the four adsorbents after treating tannery and flashlight 

wastewater might be attributed to respective bindings of Cr and Pb on to them. 

Comparative study of all four adsorbents was based on the parameters viz. 

adsorbent dosage, contact time, pH, temperature and initial metal ion concentration. 

The optimized dose and contact time were found to be in range of 5.0 to 10 g L
-1

 and 

160 to 180 minutes for Cr and 3.5 to 5.0 g L
-1

 and 140 to 180 minutes for Pb, 
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respectively. The increasing order of removal efficiencies was BB<OBB<LPB<SLPB 

for all of the selected parameters. pH and temperature affect the surface charges and 

mobility of the ions which are important aspects of adsorption. The maximum 

removal of Cr and Pb
 
was found to be 95.47 and 97.42 %, at pH 3 and 5 and 

temperature of 65 and 55 ºC, respectively by SLPB. Further, the effect of initial metal 

concentration on removal efficiencies of all selected adsorbents was lowest that may 

be due to dependence of this factor onto adsorbent dosage and contact time. Besides, 

the most important parameter that affected the removal process was pH and the best-

suited adsorbent was SLPB.  

Further, concentration of BOD was reduced for both wastewaters on treating it 

with selected adsorbents. The removal percentages of BOD for tannery wastewater by 

SLPB, LPB, OPB and BB increased from 12.12, 12.12, 11.13 and 10.39 % to 53.85, 

41.50, 37.31 and 28.34 % respectively, until the optimum dosage and contact time. 

Likewise, BOD removal percentage was also increased from 18.23, 16.71, 12.05 and 

11.29 to 33.74, 29.91, 24.85 and 22.00 %, respectively for flashlight wastewater. The 

increasing order of improvement in BOD of both wastewaters was observed as 

BB<OPB<LPB<SLPB. In addition to this, application of selected adsorbents also 

reduced COD concentration of tannery wastewater from 22.75, 24.31, 5.94 and 3.59 

% to 67.76, 65.52, 29.66 and 4.51 %, respectively at optimum dosage and contact 

time. The pH of tannery and flashlight wastewaters were 8.67 and 4.70, which was 

reduced by 6.15, 6.15, 2.69, 5.0 and 13.53, 13.53, 3.53 and 11.76 %, respectively by 

treatments of SLPB, LPB, OPB and BB. After attaining saturation, pH of tannery and 

flashlight wastewaters treated by four adsorbents was found to be 8.133, 8.133, 8.433, 

8.233 and 4.07, 4.07, 4.07, 4.15, respectively. The reduction in pH of both 

wastewaters might be caused by the effect of adsorbent’s pH as the surface of 

adsorbents was enriched with acidic groups. Likewise pH, EC of both wastewaters 

was also not affected significantly. EC of tannery and flashlight wastewater was 16.39 

and 24.17 mS cm
-1

, respectively. After treating it with optimizes dosage of SLPB, 

LPB, OPB and BB, EC was reduced to 13.93, 14.0, 13.92, 14.55 and 21.24, 21.74, 

22.19, 23.28 mS cm
-1

, respectively. The reduction (%) was observed to be 15.0, 

14.58, 15.09, 11.22 and 12.13, 10.04, 8.19, 3.67 %, respectively. Further, alteration in 

EC was not much distinct, however, it might be caused due to reduction in pH and 

availability of excess of surface acidic groups. 
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The main objective of the study was to remove HMs present in wastewaters 

discharged by tannery and flashlight manufacturing industries. Chromium (Cr) and 

lead (Pb) were chief HMs present in tannery and flashlight industrial wastewaters. 

Among different parameters, three viz. dosage, contact time and pH were considered 

for removal of HMs both wastewaters. These parameters showed high removal 

percentage during optimization process and also did not require any special 

supervision or technical acquaintance during operation. The concentration of Cr in 

tannery wastewater and Pb in flashlight wastewater were 3.842 and 2.393 mg L
-1

, 

respectively. After treatment with SLPB, LPB, OPB and BB, the residual 

concentration of Cr and Pb wastewaters were 0.084, 0.327, 0.513, 0.990 and 0.069, 

0.292, 0.333, 0.589 mg L
-1

, respectively. The maximum removal of Cr and Pb
 
were 

attained by SLPB (97.82 & 97.11 %) followed by LPB (91.50 & 87.80 %), OPB 

(86.64 & 86.07%) and BB (74.23 & 75.38 %) at the end. The best results were 

obtained at relatively less acidic pH (between 3-5). However, treatment with BB 

recorded maximum removal of Pb at pH 5. At saturation point only 0.08, 0.33, 0.51 

and 0.99 mg L
-1 

of Cr and 0.07, 0.29, 0.333 and 0.59 mg L
-1 

of Pb were left in tannery 

and flashlight wastewater, respectively which fell under recommended limits of 

Inland Surface Water-Bangladesh Standards. Moreover, the maximum removal of Cr 

and Pb
 
was accomplished by SLPB (97.4 & 96.80 %) followed by LPB (91.32 & 

88.16 %), OPB (86.03 & 85.66 %) and BB (84.12 & 77.02 %).  

The kinetic studies describe elementary conducts of adsorbent and deliver 

information about adsorption mechanism. The pseudo-first order model follows that 

adsorption rate was controlled by the mechanism involving a sole class of adsorbing 

sites, whereas, the imprint of pseudo-second order model is that adsorption procedure 

is a chemically mediated involving valence forces by exchange or sharing of electrons 

between adsorbate and adsorbent. Thus, the kinetics involved in the adsorption of Cr 

and Pb present in tannery and flashlight wastewater, were studied following pseudo 

first and pseudo second order models. The higher values of R
2 

were recorded for 

pseudo second order kinetic model in comparison to pseudo first order. Therefore, the 

adsorption reactions were likely to be pseudo second order, which assumes that rate of 

adsorption was directly proportional to the number of active surface sites. Thus, it 

could be concluded that the adsorption mechanism of both metals followed 
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chemisorption more appropriately than physisorption as pseudo second order kinetic 

model fitted well with adsorption of both HMs. 

Further, due to their simplicity, the Freundlich and Langmuir equations were 

used to describe the relationship between equilibrium metal biosorption qe (mg L
-1

) 

and final concentrations Ce (mg L
-1

) at equilibrium. The interpretations of isothermic 

model were based on values of R
2
 for both HMs. The R

2
 values of Langmuir & 

Freundlich isothermic model for adsorption of Cr and Pb
 
onto the surface of SLPB 

were 0.889 & 0.993 and 0.952 & 0.978, for LPB were 0.971 & 0.991 and 0.957 & 

0.936, for OPB were 0.999 & 0.999 and 0.94 & 0.953; and for BB were 0.959 & 

0.984 and 0.93 & 0.927, respectively. As the values of R
2
 for both of the isotherms 

were nearby 1, and were higher for Freundlich isothermic model, so it better fitted for 

adsorption of Cr and Pb from tannery and battery wastewater in comparison to 

Langmuir. Thus, it could be concluded that adsorbent surfaces were heterogeneous 

and availed multi-layer adsorption with interactions between adsorbate and absorbent. 

In addition to this, the monolayer adsorption capacity (qmax) of SLPB, LPB, OPB and 

BB for the removal of Cr and Pb were found to be 2872.5 and 2840.91, 874.96 and 

940.69, 116.75 and 512.53, 2.745 and 12.741 mg g
-1

, respectively.  

Further, thermodynamic parameters (∆G
º
, ΔHº and ∆Sº) were estimated to 

observe the effect of temperature onto the adsorption of 5, 10, 20 and 40 ppm aqueous 

solution of Cr and Pb
 
at optimum dosage and contact time. The negative value of ∆G

º
 

indicates the spontaneous nature of the adsorption process, whereas positive values 

reflect non-spontaneous adsorption. Further, the values of ΔHº gave an idea about the 

type interactions between the adsorbent and adsorbate. The positive and negative 

values ∆Hº
 
indicates endothermic and exothermic adsorption, respectively. Whereas, 

positive value of ∆Sº represents the increased randomness and negative value shows 

decrease in randomness at the solid–solution interface during adsorption. The results 

indicated that the adsorptive removal of Cr and Pb were endothermic, spontaneous 

and increase in randomness with increased temperature was recorded as values of 

ΔHº, ∆G
º
 & ∆Sº were positive, negative and positive.  

 The desorption study revealed that about 45.63, 45.75, 55.38 and 54.43 % of 

Cr desorption was recorded by SLPB, LPB, OPB and BB, respectively. The 

maximum desorption was attained by 0.1 M HNO3 for SLPB and 0.1 M HCl for 
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remaining three adsorbents. The order of desorption for Cr was found be in the order 

of OPB>BB>LPB>SLPB. Similarly, the maximum desorption of 88.15, 88.98, 86.82 

and 90.05 % was achieved by SLPB, LPB, OPB and BB, respectively for Pb. The 

most suitable eluant for desorption of Pb
 
were 0.1 M HCl for SLPB, LPB and OPB, 

and 0.1 M HNO3 for BB. The order of desorption was recorded as 

BB>LPB>OPB>SLPB. 

The best adsorbents for treating both industrial wastewater by selected 

adsorbents at optimized conditions was found to be SLPB based on the comparison 

with other three adsorbents as removal efficiency and capacity was found to be 

maximum for SLPB followed by LPB, PB and BB for treating both of the wastewater. 

SLPB followed Freundlich isotherm, whereas, LPB followed Freundlich & Langmuir 

isotherms for removal of both of the toxic metals. OPB followed Langmuir and 

Freundlich for removal of Cr form tannery wastewater, whereas, Freundlich for 

removal of Pb
 
from flashlight wastewater. Moreover, BB followed Freundlich and 

Langmuir isotherms for removal of both of the toxic metals from respective industrial 

wastewater. All of the selected adsorbents followed pseudo second order kinetics for 

both of the HMs from respective industrial wastewater. In addition to this, the best 

eluant for extraction of Cr from SLBP was 0.1 M HNO3, whereas, for LBP, OPB and 

BB was 0.1 M HCl. Likewise, for extraction of Pb form SLBP, LBP, OPB 0.1 M HCl 

and for BB was 0.1 M HNO3. 

Further, phyto-toxicity of treated wastewaters was tested on some of the 

economic plants i.e. vegetables (lady’s finger, sponge gourd, bottle gourd, pumpkin, 

bitter gourd), legumes and oil yielding seeds (green moong, tomato and rapeseed) and 

fruit (tomato) by performing seed germination test. Green moong and tomato among 

legumes, fruit and oil yielding plants, and lady’s finger among vegetables exhibited 

maximum germination index at day 3. Green moong, tomato and lady’s finger 

represented 100 & 100, 86.667 & 93.33 and 96.667 & 76.667 % seed germination by 

SLPB treated wastewater at day 3. Similarly, seeds of green moong, tomato and 

lady’s finger irrigated with LPB treated the wastewater of tannery and flashlight 

wastewater represented 76.667 & 100, 56.667 & 50 % and 100 & 53.33 % of 

germination index. Similar results were also obtained for OPB treated wastewaters 

with 100 & 96.667, 100 & 93.33 and 90 % of germination index for seeds of green 
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moong, tomato and lady’s finger, respectively. Furthermore, seeds were used to 

wrought in the treated wastewater of both of the industries due to higher 

concentrations salts and other pollutants which affected the germination index 

adversely. Therefore, experiments were performed with 50 % of dilution of treated 

wastewater afterwards. About 90 and 93.33 % of germination index was observed 

with 50% diluted tannery and flashlight wastewater as compared to 0 % for lady’s 

finger seeds for both wastewaters without dilution. Moreover, tap water was used as 

control for conducting seed germination experiments, which established 100% 

germination rate at day 3. Other seeds i.e. sponge gourd, bottle gourd, pumpkin, bitter 

gourd and rap seeds were not able to tolerate the concentrations of both of the 

wastewater. Thus, lady’s finger, tomato and green moong were selected for pot 

experiments in the greenhouse conditions to explore the effect of residue Cr and Pb
 

onto the growth parameters and its bioaccumulation into the plants. Further, the 

maximum growth parameters were recorded with tannery and flashlight wastewaters 

treated with sweet lemon followed by lemon and orange biochars in all of the plants. 

The concentrations of Cr and Pb were found to be lowest by treatment of SLPB, 

followed by LPB and OPB for all three selected plants. Whereas, the amount of HMs 

bio-accumulated in selected plant species were very low after treatment with all of 

selected adsorbents but the best one was observed with SLPB and amounts were 

under prescribed limits of CPCB i.e. 0.05 mg L
-1

 for both HMs, and also under the 

limit of WHO i.e. 0.1-0.2 mg kg
-1 

for Cr & 0.1 mg kg
-1 

for Pb. Such concentrations 

may be considered as negligible, however, development of fruits was found to be very 

low in comparison to control like that of growth parameters. This might be due to 

higher concentrations of salts present in the treated wastewater, which may be 

removed by following various other eco-friendly techniques e.g. coagulation where 

alum is utilized as potential coagulant, electro dialysis that involve the application of 

electric field for removal of ionic contaminants etc. This might increase growth and 

development of plants as well as might reduce concentrations of HMs with 

combination of adsorption technique. Moreover, the bioaccumulation of HMs in 

selected plants irrigated with biosorbent treated wastewater will not cause any severe 

effect onto the health of human and other animals feeding on it as the conc. of HMs in 

the plant system was very low and translocation of such a little concentration into 

fruits will hardly be noticeable. Therefore, it may be concluded that irrigation of these 

plants with the biosorbent treated wastewater will not cause any threat or risk to the 

lives of humans. 
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 Most of the previous studies done so far, have utilized either chemical or 

modified adsorbents for treating industrial wastewater. These chemical may generate 

hazardous toxic secondary pollutant, which may harm the quality of water bodies. In 

present study, usage of biochars of different agricultural wastes did not cause any 

harm to the quality of water body and made the process of removal of HMs from 

wastewater eco-friendly and cost efficient.  Thus, it can be concluded that, 1) All of 

the selected naturally occurring bio-wastes showed excellent heavy metal adsorption 

ability at optimized conditions. 2) Different functional groups associated with 

adsorbents, their surface areas and smaller pore size facilitate the adsorption process. 

3) The adsorption conditions such as temperature and pH of the medium also 

influenced the adsorption process. 4) Adsorption was an exothermic process, 

spontaneous process with increasing randomness with increasing temperature until the 

optimized temperature was obtained. 5) The best-fitted kinetic model for adsorption 

of Cr and Pb from tannery and flashlight wastewater by all of the four selected bio-

sorbents was pseudo-second-order rate kinetics. It depicted that the mechanism 

involved in removal of both of the HMs followed chemisorption in comparison to 

physisorption. 6) The mechanism was multilayered and heterogeneous as all of the 

adsorbents were in accordance with the Freundlich isotherm.  

 Regardless of enough progress made in the field of adsorptive removal of 

heavy metals and other pollutants, there are still some knowledge gaps to be filled. 

Additional studies related to- 1) improve the adsorption capacity by mixing up two or 

more adsorbents of different characteristics; 2) the studies should be formed for 

medium polluted with multiple contaminants with one or mixture of different 

adsorbents; 3) reusability of different adsorbents after adsorption by the process of 

desorption; 4) generation and collection of different precious metals after adsorption; 

and, 5) lowering the cost associated with the use, reuse and regeneration of the 

adsorbent and precious metals.  
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Abstract
Agricultural waste of bagasse was employed for investigating its lead (Pb2+) removal potential from wastewater of battery 
manufacturing industry. To optimize maximum removal efficacy of the bagasse, it was thermally modified in the form of 
biochar. Adsorption kinetics and mechanism including various parameters (contact time, dose and pH) were studied employ-
ing biochar prepared from bagasse waste. The optimum adsorption occurred at pH 5 with 140 min. of contact time utilizing 
5 g of adsorbent dosage at room temperature (25 ± 3 °C). The maximum removal efficiency was recorded as 12.741 mg g−1 
with 75.376% of removal at optimum pH 5 as compared to the initial concentration in the effluent. The result illustrated the 
most suitable fit was for Langmuir isotherm with monolayer and homogenous adsorption of Pb2+. The kinetics involved in 
the process was observed to be pseudo-second-order, which indicates chemisorption as a major phenomenon involved in 
the process. The characterization of the adsorbent biochar was done by SEM, EDX and FTIR analysis that provided details 
about ultrastructural and functionality of organic moiety present to have porous and rough surface, favoring the adsorption 
process. The functional groups identified by the FTIR analysis demonstrated involvement of carboxyl groups in Pb2+ binding. 
Postadsorption elution of metal-loaded bagasse was executed by 0.1 M HNO3 with about 90% of regeneration.

Keywords  Biosorption · Biochar · Isotherms · Kinetics · Desorption · Water pollution · Heavy metals

Introduction

Industrialization and urbanization have all the limits to sus-
tain a healthy and peaceful life on the earth (Li et al. 2017). 
Among them, aquatic pollution caused by release of various 
heavy metals (HMs) from different anthropogenic activities 
is one of the major environmental concerns (Amuda et al. 
2007; Ajenifuja et al. 2017). These HMs have the bioaccu-
mulation tendency, non-biodegradable nature and may con-
taminate the food chain threatening the existence of living 
beings (Rangabhashiyam and Selvaraju 2015; Poonam and 
Kumar 2018).

Lead (Pb2+) is one of the most toxic HMs, as lowest con-
centration in drinking water may cause serious problems to 
the nervous and reproductive system, kidney, liver, brain 
and bony tissues (Renner 2010; Andrade et al. 2015). The 
recommended concentration level of by the Environmen-
tal Protection Agency (EPA) is 0.015 and 0.05 mg l−1 in 
drinking and wastewater, respectively (Salmani et al. 2017; 
Gil et al. 2018). The main sources of the Pb2+ pollution 
are battery manufacturing industry, shooting ranges, paint 
industries, mining processes, chemical manufacturers, sur-
factants, preservatives, etc. (Xu et al. 2013; Liu et al. 2016; 
Laidlaw et al. 2017; Mehmood et al. 2017). The removal of 
Pb2+ from wastewater is accomplished by various conven-
tional techniques like precipitation with hydroxide ion or 
lime, ion exchange, coagulation, electrochemical process, 
reverse osmosis and ion flotation (Wang and Chen 2009; 
Kong et al. 2014; Ehrampoush et al. 2015). But, these meth-
ods are expensive as well as produce secondary wastes such 
as persistent organic pollutants, volatile organic compounds 
(Salmani et al. 2017; Banerjee et al. 2012). Therefore, one 
of the most effective and low-cost techniques, adsorption, 
has attracted researchers for the removal of HMs from 
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water bodies (Trans et al. 2010; Uçar et al. 2015). However, 
modification of adsorbents for better performance may be 
a restricting factor in view of consumption of energy and 
chemicals (Gil et al. 2018). Till now available studies sug-
gest the use of readily available and cheaper materials for 
example agricultural wastes, industrial wastes and household 
wastes, algae and fungi for the removal of Pb2+ from water 
(Saka et al. 2011; Taha et al. 2011; Ibrahim et al. 2012; 
Reddy et al. 2014; Cheraghi et al. 2015).

Various researchers have used the by-product of sugar-
cane, i.e., bagasse adsorption of different pollutants includ-
ing heavy metals, dyes (Joseph et al. 2009; Saad et al. 2010; 
Said et al. 2013; Gardare et al. 2015; Abdelhafez and Li 
2016; Tahir et al. 2016). It is an easily available waste which 
can be collected from different sugar mills and juice shops. 
In the present study bagasse was used as adsorbent for the 
purpose of removal of Pb2+ from battery manufacturing 
industry effluent. The adsorbent was thermally modified 
into biochar to enhance the efficiency of adsorbent as ther-
mal treatment increased the surface area and porosity of the 
adsorbent (Doke and Khan 2017). Adsorption is a surface 
phenomenon which depends on a number of parameters like 
pH, contact time, adsorbent dose, initial metal concentra-
tion, pore size, temperature, surface area (Buasri et al. 2012; 
Nguyen et al. 2013; Salmani et al. 2017). The goal of the 
present study is to assess the effectiveness and performance 
of bagasse biochar for the removal of Pb2+ from wastewater 
of battery manufacturing industry effluent. Therefore, the 
effect of contact time and adsorbent dose on room tempera-
ture (25 ± 3 °C) and at pH 5 (optimized) was investigated to 
optimize the kinetics and isotherms involved in the process. 
The experiments were performed in batch technique, and 
adsorption capacity was calculated in the each step for the 
optimization of the parameters.

Materials and methods

Sample collection

Wastewater was collected from the effluent outlet of battery 
manufacturing industry situated near Aishbagh Park, Luc-
know, UP. The samples were collected in sampling gallons 
of 10 l during winter season (January 2016) to minimize the 
influence of microbial activity on physicochemical proper-
ties of the wastewater which were examined by following 
methods of APHA (2005).

Adsorbent preparation

Bagasse was collected from sugar juice shops of Rajnikhand, 
Lucknow. After collection, it was brought to the laboratory 
and washed out thoroughly first with tap water after that 

deionized water for removing dust and unwanted objects. 
Lastly, bagasse was air-dried for 2 weeks to remove the 
moisture content. Then, it was subjected to pyrolysis at 
temperature of about 300 ± 10 °C for 2.5 h. After cooling 
overnight, the biochar was washed thoroughly with deion-
ized water to remove unwanted ash contents. Thereafter, it 
was dried in the oven and stored in desiccated condition in 
airtight containers.

Characterization of the adsorbent

All of the chemical reagents used in the present study were 
of analytical reagent (AR) grade from E. Merck, Darm-
stadt, Germany. The adsorbent was characterized by atomic 
adsorption spectrometer (AAS), Fourier transform infrared 
spectroscopy (FTIR), scanning electron microscope (SEM) 
and energy-dispersive X-ray analysis (EDX) studies. The 
concentration of Pb2+ was determined by AAS (Varian 
AA240FS). The functional groups present in the biochar 
before and after treating the wastewater were determined by 
FTIR (NicoletTM 6700). Surface morphology was observed 
by SEM (JSM-6490LV, manufactured by JEOL, Japan) 
micrographs. Further, elemental composition was analyzed 
by EDX (model no. JSM-6490LV, designed by JEOL, Japan) 
and elemental composition (C, H, N and S %) was analyzed 
by CHNS analyzer (model no. Flash EA112 Series, manu-
factured by Thermo Finnegan). Surface area and pore size 
of bagasse biochar (before and after treatment) were char-
acterized by Quanta Chrome Nova-1000 surface analyzer 
instrument under liquid N2 temperature. Further, adsorp-
tion–desorption studies were performed in order to deter-
mine the evolution of porosity and textural properties and 
surface are from Brunauer–Emmett–Teller (BET) method. 
Barrett–Joyner–Halenda (BJH) method was used to evalu-
ate pore diameter and volume and de Boer t-method for the 
newly generated micropore volume measurement (Venkate-
sha et al. 2016). The structural integrity of the sample was 
observed by powder X-ray diffraction (XRD). The data were 
recorded by step scanning at 2θ = 0.0200/s from 30 to 800 
on PANalytical X’ Pert PRO MPD X-ray diffraction with 
graphite monochromatized Cu K α radiation (λ = 0.15406).

Quantitative evaluation of surface acidic functional 
groups on the adsorbent

The acidic functional groups present on the surface of biochar 
were determined by the following Boehm titration method 
(Boehm et al. 1964; Oickle et al. 2010). 0.05 M NaHCO3, 
Na2CO3 and NaOH bases were used in this method. 0.5 g of 
adsorbent was added in 50 ml of three bases. After that, the 
samples along with blank were shaken for 24 h at 120 rpm 
and then filtered it to remove extra particles. Thereafter, 
20 ml of filtrate from each one was titrated with 0.05 M HCl 
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to neutralize the base completely, and then backtitration was 
done by the blank solution with 0.05 M NaOH. The phenol-
phthalein indicator was used to determine the end point of the 
reaction. All titrations were carried out at room temperature 
(25 ± 3 °C), and the solutions were made up of Millipore 
water. The difference between molar NaOH and Na2CO3 was 
assumed to be the phenolic group content as described by 
Oickle (2010) and Abdelhafez and Li (2016).

Following steps were used to calculate different surface 
acidic groups

1.	 Calculation of surface acidic groups amount (Ax) 

 where mx = mass of biochar (gm), Vbx = volume (ml) 
of HCl used for the titration of blank, Vx = volume (ml) 
used for sample titration of respective bases solution 
after biochar addition, MHCl = molarity of HCl concen-
tration in moles/lit., 2.5 is a coefficient for decreasing 
titration sample volume in comparison with reaction 
sample volume (50 ml/20 ml),

2.	 Calculation of the amount of different kinds of surface 
groups

a.	 Amount of phenolic groups, Aph = A3–A2–A1
b.	 Amount of carboxylic groups, Aca = A1
c.	 Amount of carboxylic from lactones hydrolysis 

groups Ala = A2–A1
	   where A1, A2 and A3 are amount of surface acidic 

groups for NaHCO3, Na2CO3 and NaOH, respec-
tively.

Moisture and ash content

Moisture content: 1 g of sample was dried for 24 h in an 
oven at temperature of 100 ± 5 °C until constant weight was 
gained. Moisture content was calculated using the follow-
ing formula

where wi = initial weight of the adsorbent (gm), wf = final 
weight of adsorbent after drying (gm).

Ash content: It was determined with the help of muffle 
furnace by weighing 1 g of the sample and placing it into a 
porcelain crucible. The crucible was heated up to 500 ± 5 °C 
for 5 h. The material was allowed to cool down in a desicca-
tor for 15 min. The ash content was calculated by using the 
following formula

Ax =

(

Vbx − Vx

)

.MHCl.2.5

mx

mol gm−1

Moisture content(%) =
wi − wf

Wi

× 100

Ash content(%) =
W2 −W0

W1 −W0

× 100

where W0 = weight of empty crucible (g), W1 = weight of 
crucible (g) + weight of adsorbent (gm), W2 = weight of cru-
cible (g) + weight of ashed sample (g) (Basu et al. 2017; 
Poonam and Kumar 2018).

Experimental setup

The adsorption experiment was performed by varying 
adsorbent dosage from 2.0 to 5.0 g L−1 at an interval of 
0.5 g, for 100 ml in 250-ml Erlenmeyer flasks at rotating 
speed of 120 rpm. The pH was optimized for maximum 
adsorption by shifting it from 2 to 5 with 0.1 N NaOH and 
0.1 N HCl. The contact time was also optimized by vary-
ing it from 20 to 140 min at an interval of 20 min, until the 
maximum adsorption was achieved.

Adsorption rate kinetics

The adsorption kinetics involved is an important param-
eter to describe the basic traits of a good adsorbent (Wang 
et al. 2012). It provides the process which controls the 
sorbate reactions in the solid–solution interface at differ-
ent time. The present study pseudo-first- and second-order 
reactions were utilized to describe the adsorption mecha-
nism involved in the Pb2+ removal processes by bagasse 
biochar (Lagergren 1898; Ho et al. 2000).

The pseudo-first-order kinetic model (Eq.  1) is 
expressed as

where q1 and qt are the amount of Pb2+ (mg g−1) absorbed 
at equilibrium and at time t, respectively, and k1 is the first-
order rate constant (min−1).

According to Mckay and Ho (1999), pseudo-second-
order kinetic model (Eq. 2) is expressed as

Equation (3), modified Ritchie’s second-order kinetic model, 
is used to calculate the initial sorption rate, h (mg g−1 min−1) 
(Eq. 4). 

where q2 is the maximum adsorption capacity (mg g−1) 
for the pseudo-second-order adsorption, K2 is the equilib-
rium rate constant for the pseudo-second-order adsorption 
(g mg−1 min−1), and h is initial sorption rate (mg g−1 min−1).

(1)In
(

q1 − qt
)

= Inq1 − k1t

(2)
t

qt
=

1

k2q
2
2

+
1

q2
t

(3)
1

qt
=

1

K2q2t
+

1

q2

(4)h = K2q
2
2
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Adsorption isotherm studies

The experimental uptake (qe) values obtained from batch 
assay were analyzed using adsorption isotherm models 
(Langmuir and Freundlich) and separation factor (RL) at 
room temperature (25 ± 3 °C) and other optimized condi-
tions, i.e., pH 5, dose 5.0 g and 140 min of contact time.

The linear form of Freundlich adsorption isotherm is 
given as the following

where Kf and n are Freundlich constants for distribution 
coefficient and intensity, respectively.

The Langmuir equation is given as

where qe is the equilibrium metal ion concentration, Ce is the 
equilibrium metal ion concentration in the solution (mg l−1), 
qmax is the monolayer adsorption capacity of bagasse bio-
char (mg g−1), and KL is the Langmuir adsorption constant 
(L mg−1).

Analytical method

The amount of Pb2+ adsorbed was calculated by the fol-
lowing mass balance relationship

and percent removal at the equilibrium (qe) was calculated 
as the following

where C0 and Ce (mg l−1) are the metal concentrations at 
initial stage and equilibrium, respectively. v is the volume 
of the effluent in ml, and w is the weight of the adsorbent 
in grams(gm).

Desorption study

Desorption experiments were performed with metal-
loaded biochar of bagasse to check the reusability of the 
adsorbent. 0.1 M HCl, HNO3 and H2SO4, and NaOH were 
used as desorbing eluants. One gram of the Pb2+-loaded 
adsorbent was added in 100 ml of eluants and incubated 
for 3 h at 30 °C at 150 rpm.

log qe = logKf +
1

n
logCe

Ce

qe
=

1

qmaxKL

+
Ce

qmax

qe =
C0 − Ce

w
× v

Removal(%) =
(C0 − Ce)

Ce

× 100

Results and discussion

Physicochemical properties of battery 
manufacturing industry effluent

The physicochemical properties of battery manufactur-
ing industry effluent are presented in Table 1. Most of the 
parameters were found to be beyond the limits prescribed 
in Bureau of Indian Standards (BIS 10500: 2012) for on 
land irrigation. pH, temperature and electrical conductiv-
ity (EC) affect the ionic concentration of the effluent and 
influence the chemical reactions in the aquatic environment 
(Akpomie and Dawodua 2015). Different salts, used in the 
processes, may be the reason for higher values of pH as well 
as EC. Chemical oxygen demand (COD), biological oxygen 
demand (BOD), dissolved oxygen (DO), total dissolved sol-
ids (TDS), total suspended solids (TSS) and total solids (TS) 
define the amount of pollution caused by different organic 
and inorganic pollutants affecting the water quality. Besides 
hardness and alkalinity higher concentration of nitrate, phos-
phate and sulfate may be attributed to the usage of different 
chemicals and salts during the battery manufacturing pro-
cesses (Ahmed et al. 2012).

Table 1   Physicochemical properties of battery manufacturing indus-
try effluent

Results are expressed as mean of five replicates ± SD (i.e., n = 3); all 
the results were expressed in mg l−1 except for color, odor, pH, tem-
perature (°C) and EC (Siemen m−1)
nd not detected

S. no. Parameters Average ± SD BIS (10500:2012)
On land for irrigation

1 Color Transparent white –
2 Odor Light vinegar Non-objectionable
3 Temperature 29.733 ± 0.208 –
4 pH 8.033 ± 0.208 5.5–9
5 EC 24.167 ± 0.751 –
6 BOD 2968.02 ± 29.197 100
7 COD 12,500.50 ± 165.751 –
8 TDS 1455.333 ± 6.429 2100
9 TSS 757.333 ± 74.717 200
10 TS 2217.667 ± 4.028 2300
11 Acidity 583.333 ± 4.578 –
12 Alkalinity 400.00 ± 2.646 –
13 Chloride 140.413 ± 1.859 –
14 Sulfate 43.757 ± 3.174 –
15 Phosphate 67.5033 ± 1.402 –
16 Nitrate nd –
17 Total hardness 

(as CaCO3)
621.00 ± 263.236 –

18 Lead (Pb2+) 2.393 ± 0.030 0.1
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The concentration of Pb2+ in the effluent was found to 
be 2.393 mg l−1 which exceeded the limit of 0.1 mg l−1 as 
prescribed by BIS (10500: 2012). Higher concentration of 
Pb2+ in the water bodies may be harmful for health of flora 
and fauna (Babel and Kurniawan 2003; Alluri et al. 2007).

Screening of biosorbents

Three thermally modified agrowastes (biochar of bagasse, 
orange and coir) were observed for their suitability for 
adsorbing Pb2+ (Fig. 1). Among them, bagasse biochar 
showed maximum adsorptive removal of 75.38% Pb2+ in 
comparison with orange (70.36%) and coir (61.98%) for the 
same adsorbent dosage of 5.0 g l−1. The variation in the 
adsorption efficiencies may be attributed to variations in the 
morphology and binding sites of the adsorbents (Petrović 
et al. 2017).

Characteristics of adsorbent

The proximate and ultimate study of the adsorbents is sum-
marized in Table 2. The ash content was found to be low 
with average value of 7.337% because of the biochar-pro-
ducing processes which eliminate the oxygen content. The 
moisture content was also found to be very low with average 
value of 1.968% which facilitated the adsorption process. 
The bagasse biochar was alkaline in nature as pH was found 
to be 8.967 which could be recognized by the detachment of 
alkali metal, i.e., Ca2+ as their concentration was found to 
be moderately high as shown in EDX spectrum of biochar 
(Fig. 2e). The surface area of the biochar (12.378 m2 g−1) 
seems to be rough and irregular which was confirmed by 
SEM image of bagasse biochar (Fig. 2b). Further, the bio-
char showed comparatively higher C/H and C/N ratio and 
less C % (Table 1) which suggests that the charring process 
was not accomplished well with some decomposed matter. 

This may also be a reason for comparatively lesser specific 
surface area of the biochar as analyzed by BET. In addition 
to this, higher values of H and O % indicate availability 
of binding sites responsible for the successful adsorption 
of Pb2+ (Table 1). The results were found to be in good 
agreement with Fernandez et al. (2014); Abdelhafez and Li 
(2016); and Basu et al. (2017).

SEM and EDX

SEM and EDX images showed the change in the morphol-
ogy of the adsorbent before and after adsorption process 
(Fig. 2). The differences in SEM image of (a) bagasse, (b) 
its biochar and (c) Pb2+-loaded biochar could be clearly 
visualized. Before charring the surface was uniform and 
very smooth, and after thermal treatment, it became com-
paratively rough and irregular increasing the surface area. 
After adsorption, the space became filled with some irregu-
lar, crystalline structures which supported the adsorption of 
Pb2+ from the effluent. In addition to this, existence of Pb2+ 
in the EDX spectrum may aslo be considered in the sup-
port successful adsorption of the metal (Fig. 2d, e).

FTIR

Adsorption process is affected by the groups and bonds pre-
sent in the adsorbent. In order to investigate the chemical 
structure and major functional groups present, which may be 
responsible for adsorption process, FTIR analysis was car-
ried out (Solum et al. 1995). The spectra of the (a) bagasse, 
(b) its biochar and (c) Pb2+-loaded biochar are presented 
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Fig. 1   Adsorption efficiency of different agrowastes at room tempera-
ture (25 ± 3 °C), ± SD shown by error bar

Table 2   Characteristics of bagasse biochar

a Data are presented as dry weight percent
b Data are retrieved from BET analysis
c Data are retrieved from CHNS analyzer
c *Determined by difference

S. no. Characteristics Values

1 Moisture content (%)a 1.968 ± 0.012
2 Ash content (%)a 7.337 ± 0.033
3 pH 9.267 ± 0.208
4 Pore volume (cc/g)b 0.039 ± 0.003
5 Pore diameter (nm)b 1.579 ± 0.023
6 Surface area (m2/g)b 12.628 ± 0.30
7 C %c 38.153 ± 0.531
8 H %c 6.076 ± 0.038
9 O %c* 50.942 ± 0.215
10 N %c 4.557 ± 0.289
11 S %c 0.272 ± 0.010
12 C/H ratioc 6.314 ± 0.064
13 C/N ratioc 8.759 ± 0.002
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(a) (b)

(c)

(d) (e)

Fig. 2   SEM images of: a bagasse, b bagasse biochar, c lead (Pb2+)-loaded bagasse biochar; EDX spectrum of d bagasse biochar and e lead 
(Pb2+) adsorbed
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in Fig. 3. The broad peaks between 3846 and 3438 cm−1 
show the presence of –OH stretching vibrations of cellu-
lose, pectin and lignin in all the three spectra (Guo et al. 
2008; Reddy et al. 2014). After thermal treatment, most 
of the major peaks were disappeared except –CH stretch-
ing at 2925.3 cm−1, C=O stretch in ketones represented by 
broad peak at 1711 cm−1, C=C stretch in alkenes and C=O 
stretch in secondary amides represented by a sharp peak at 
1631 cm−1. The stretching of the chemical bonds is marked 
by the higher carbon content as well as the organic matter 
(Abdelhafez and Li 2016). After the adsorption of Pb2+ the 
peaks were shifted to 1629.7, 1441.67 and 874.9 7 cm−1 rep-
resenting C=O stretching at C–N stretch in primary amides 
at C-H and CH2 deformations, respectively. Conversion 
of secondary amide to primary amide and –CH to C=C is 
evident of formation and dissociation of bonds and groups 
through ion exchange or some other mechanisms (Kim et al. 
2015). The shift in the functional groups between non-
treated and treated adsorbent suggests that the adsorption 
of Pb2+ might be facilitated by the process of chemisorption 
resulting in binding of the metal by the nucleophilic func-
tional groups resulting in the formation of metal complex. 
This process also supported the adsorption of Pb2+ onto the 
bagasse biochar.

Surface acidic groups

The surface acidic group concentrations of bagasse bio-
char are represented in Fig. 4. The total concentration of 
surface acidic groups was 7.033 mol g−1. The carboxylic 
acidic functional groups occupied maximum concentra-
tion of 5.15 mol g−1 in comparison with other phenolic 
(1.283 mol g−1) and lactonic (0.601 mol g−1) acidic groups. 
The results of the Boehm titration indicated majority of car-
boxylic acidic groups occupying 72.963% of total surface 
acidic groups, followed by lactonic (18.182%) and phenolic 
(8.855%) groups. These results were in good agreement with 
those of FTIR analysis, explained earlier.

Effect of pH

The effect of pH on concentration of Pb2+ is presented in 
Fig. 5. pH is an important controlling parameter in adsorp-
tion process as it determines the surface charge of adsorbent, 
degree of ionization of the adsorbate and extent of dissocia-
tion of functional groups present on active sites (Yang and 
Cui. 2013; Salam et al. 2011). Thus, the effect of H+ ions 
concentration in the battery manufacturing industry effluent 
was studied at different pHs at optimized dosage (5.0 g l−1) 
and contact time (140 min). Above pH 7, precipitation of 
oxides of Pb2+ was formed; therefore, the study was confined 
to pH range of 2.0–6.0 (Basu et al. 2017). The optimum pH 
for the removal of Pb2+ was found to be 5. As the pH of the 

effluent was increased from 2 to 5, the adsorption capacity 
of the adsorbent also increased from 3.34 to 3.68 mg g−1. 
In acidic medium, availability of binding sites increases 
and removal of H+ ions in the solution facilitates it being 
replaced by Pb2+ which is termed as chelation. Since Pb 
has +2 charges, two carbon atoms are involved in chelating/
binding of the metal resulting in the formation of metal com-
plex. This may also be the probable reason for the shift in 
the IR spectra too. At lower pH, there was Coulombic repul-
sion between positively charged binding sites and cations 
which suppressed the removal rate, further (Liu and Zhang 
2009). The result is in agreement with previous studies for 
the removal of Pb2+ by bamboo charcoal (Wang et al. 2012), 
dried water hyacinth (Ibrahim et al. 2012), rapeseed oil cake 
(Uçar et al. 2015) and strain of Alcaligenes sp. (Jin et al. 
2017).

Effect of adsorbent dosage

The effect of adsorbent dosages on the concentration of Pb2+ 
in battery manufacturing industry effluent is presented in 
Fig. 5. The experiments were carried out at different dos-
ages ranging from 2.5 to 5 g l−1. For convenience in pre-
senting the data, the initial dose was chosen as 2.5 g l−1 
since the removal rate was found to decrease from 66.696 
to 64.345% and so on, when the dosage was reduced from 
2.5 to lesser. But, when the amount of adsorbent dosage was 
increased further from 2.5 to 5.0 g l−1, the removal percent-
age increased from 66.696 to 75.376%. It can be justified by 
the fact that increasing dose upsurges the number of bind-
ing sites for the metal (Gil et al. 2018). The optimum dose 
for maximum removal of Pb2+ from effluent was recorded 
5.0 g l−1. Moreover, when dosage was increased further, 
removal rate decreased due to overloading and intracellular 
dissociation phenomenon, which affected the binding capac-
ity of the surface groups (Zhao et al. 2017). These results 
were in agreement with previous studies performed on many 
other adsorbents for different metals including Pb2+ (Oluy-
emi et al. 2012; Kılıç et al. 2013; Reddy et al. 2014).

Effect of contact time

The contact time also plays a major role in the adsorption 
of metals from effluent. The effect of contact time on the 
concentration of Pb2+ in the effluent is shown in Fig. 6. 
The contact time was varied from 20 to 140 min. In initial 
20 min about 64.79% of Pb2+ was adsorbed, after which the 
process slowed down and till 140 min the binding sites of 
the adsorbents became saturated with 75.376% removal of 
Pb2+. Thus, the optimum time for the removal of Pb2+ was 
140 min. No further change in the concentration of Pb2+ 
was observed due to exhaustion of the active binding sites. 
Similar outcomes were also accomplished when adsorbent 
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Fig. 3   FTIR spectra of: a 
bagasse, bagasse biochar before 
b and after c Pb2+ adsorption
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dosage and pH were optimized. Moreover, the results are in 
agreement with Uçar et al. (2015).

Adsorption kinetics

The plots of pseudo-first order and pseudo-second order for 
the adsorption of Pb2+ onto bagasse are presented in Fig. 7. 
The linear plots of t versus log(qe − qt) and t versus t/qt 
offer the pseudo-first- and second-order rate constants K1 
and K2, respectively, which are calculated by the slope and 
intercept. The corresponding values of K1, K2, qe and r2 are 
represented in Table 3.

According to correlation coefficients (r2), the correla-
tion coefficients for pseudo-second-order kinetic model 
were higher than those of the pseudo-first-order model for 
Pb2+. This suggests that the adsorption process followed the 
pseudo-second-order kinetics, indicating adsorption takes 
place by chemisorptions (Reddy et al. 2014). The results of 
the present study are in good agreement with previous stud-
ies, which also reported that the adsorption process follows 
the pseudo-second-order kinetics (Uçar et al. 2015; Ibrahim 
et al. 2012; Wang et al. 2012).

Adsorption isotherm

Adsorption isotherms are used to describe the adsorption 
equilibrium for wastewater treatments by providing useful 
information regarding adsorbent surface (Uçar et al. 2015; 
Naiya et al. 2009). At equilibrium, battery manufacturing 
industry effluent was allowed to contact with varying dos-
ages of bagasse biochar to examine the maximum loading 
capacity of the adsorbent used. Adsorption process was jus-
tified by applying linear forms of Langmuir and Freundlich 
isotherms (Langmuir 1918; Freundlich 1906).

The plots of Langmuir isotherm for 1/qe versus 1/Ce and 
Freundlich isotherm for log qe versus log Ce are presented 
in Fig. 8. Moreover, values of different parameters for both 
isotherms and separation factor (RL) are given in Table 4.

Although there is very less difference between both of the 
isotherms, the results indicated that in comparison with Fre-
undlich (r2 = 0.927), Langmuir isotherm (r2 = 0.9298) better 
fitted for the adsorption of Pb2+ from battery manufacturing 
industry effluent. Langmuir model assumes that there were 
no interactions between solute particles and adsorbent sur-
faces, and solute particles were distributed in a monolayer 
carbon surface (Uçar et al. 2015). The monolayer adsorption 
capacity (qmax) of bagasse biochar for the removal of Pb2+ 
from battery manufacturing industry effluent was found to 
be 12.74 mg g−1. The value of qmax was found to be less than 
previously reported literature; the reason behind this may be 
the treatment of effluent (with lesser conc. of 2.39 mg l−1 
Pb2+) than of known solutions of metals (with higher metal 
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conc.) containing higher concentrations of it (Reddy et al. 
2014; Naiya et al. 2009; Wang et al. 2012).

Further, the feasibility of Langmuir isotherm can also 
be proved by a dimensionless constant, viz. separation fac-
tor or equilibrium parameter separation factor (RL) (Hall 
et al. 1966). It is represented as follows

where C0 is initial metal concentration. If the value of RL is 
between 0 and 1, then the adsorption is favorable, and if it 
is higher than 1, then adsorption is unfavorable. If RL = 1, 
then adsorption is linear, and the RL = 0 indicates irrevers-
ible adsorption. In the present study, RL value was less than 
0, i.e., 0.603, showing favorable adsorption of Pb2+ onto 
bagasse biochar.

RL =
1

1 + KLC0

Desorption and reuse of adsorbent

Desorption process is a reverse process of adsorption and 
is important to understand its recovering capacity and reus-
ability for commercial application (Zhang et al. 2018). Three 
acids (HNO3, HCl and H2SO4) and one base (NaOH) of 0.1 M 
were used as eluants to assess the desorption process. HNO3 
was found to be the best eluants to desorb about 90.05% of 
Pb2+ from the adsorbent (Fig. 9). The result is in agreement 
with previous studies done by Naiya et al. (2009) and Mondal 
(2009).
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Table 3   Pseudo-first-order and 
pseudo-second-order kinetic 
constants for sorption of lead 
(Pb2+) onto bagasse biochar

*Calculated from graph 1/t versus 1/qt

Parameters Dosage (g)
2.5 3.0 3.5 4.0 4.5 5.0

qe (exp.) (mg g−1) 6.411 5.467 4.792 4.353 3.834 3.621
Pseudo-first-order model constants

q1 (mg g−1) 2.471 1.758 1.227 1.135 1.086 1.432
K1 (min−1) 0.016 0.014 0.014 0.009 0.018 0.012
R2 0.817 0.963 0.961 0.889 0.925 0.963

Pseudo-second-order model constants
q2 (mg g−1)* 6.412 5.467 4.792 4.353 3.834 3.621
K2 (g−1 mg−1 min−1) 15.060 11.474 8.456 24.263 6.586 4.887
r2 0.997 0.999 0.974 0.996 0.996 0.996
h (mg g−1 min−1) 6.536 5.435 4.831 4.717 3.891 3.546
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Conclusions

From different agricultural wastes, bagasse was screened 
as a potential adsorbent for removing from wastewater of 
battery manufacturing industry effluent. The adsorption 

process was found to be dependent upon the pH of the 
medium as well as the contact time and dosage. The maxi-
mum adsorption capacity was recorded as 12.741 mg g−1 
which is good for removing trace amount of metal from 
wastewater before disposal to the water bodies. The 
adsorption capacity of bagasse biochar may be increased 
by modifying it with various physicochemical methods 
like charring, addition of chemicals. The results concluded 
that the bagasse may be used as cost-effective adsorbent 
for the successful removal of different wastewater gener-
ating industries. It may also be utilized in the production 
of commercial bioadsorbents for removing various heavy 
metals from industrial effluents.
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Table 4   Langmuir along with Freundlich isotherm constants and separation factor for the adsorption of Pb2+ on bagasse biochar

*Value is given for optimum dose (5.0 g l−1) and conc. of effluent (2.39 mg l−1)

Langmuir constants Freundlich constants Separation factor

qmax (mg g−1) b (L mg−1) r2 KF (mg g−1) n r2 RL*

12.741 4.120 0.930 0.353 2.227 0.927 0.603
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