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1. Introduction and Literature Review 

Survival of living being cannot be imagined without water. It sustains life and is 

available in large quantity as the free gift of nature. Water considered as an abundant 

renewable resource, is now becoming an inadequate resource (Mehta, 2007). On this 

planet water is not evenly distributed. Fresh water is only 3% of the total water available 

on earth out of that only 0.01% is available for human consumption (Hinrichsen and 

Tacio, 2002). Fresh water is available as surface water and groundwater. Groundwater 

contributes only 0.6% of the total water resources on the earth, and is a preferred source 

of drinking water in rural as well as urban areas in India (Meenakshi and Maheshwari, 

2006).  

Various geogenic and anthropogenic sources are responsible for ground and 

surface water pollution (Kass et al., 2005; Amina et al., 2004; Oren et al., 2004; Anwar, 

2003). Geometric increase in population, rapid urbanization, industrialization, 

agricultural development and modern technology have impacted adversely on quality and 

quantity of water in India (CPCB, 2010). Depletion of available freshwater resources, 

declining ground water levels and deteriorating water quality are important factors, 

raising several challenges in India to manage water resources. The annual per capita 

availability of renewable freshwater in the country has decreased from 6042 cubic meters 

in 1947 to 1845 cubic meters in 2000 (CPCB, 2010). More and more ground water 

resources are depleting and polluting too much surface water, without pondering over 

future (CPCB, 2010). 

 The main anthropogenic sources of water pollution in India include textiles, 

pharmaceuticals, ceramics, petrochemicals, food, steel, oil mills, sugar, fertilizer, and 

leather tanning industries (Sial et al., 2006). Various contaminants including fluoride, 

chloride, arsenic, nitrate, sulfate, pesticides, dyes and heavy metals have been reported in 

water from different parts of India (Liu et al., 2005; Charles et al., 2005; Muhammad et 

al., 2004; Rukah et al., 2004; Mulligan et al., 2001). 

 Groundwater contamination due to the high nitrate concentration has become a 

significant environmental problem in many parts of the world (Rao, 2006; Rivett et al., 

2007; Roy et al., 2007). As per the BIS standard for drinking water, the maximum 
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permissible limit of nitrate is 45 mg/L. The main anthropogenic sources of nitrate are 

sewage effluents and excessive dose of nitrogenous fertilizers from cropping system 

(Suthar, 2009). The most common impact of nitrate ingestion on health is a type of blood 

disorder called “Methemoglobinemia” commonly known as blue baby syndrome (Suthar 

et al., 2009). A high level of nitrate in water is one of the reasons that resulted in 

increased risk for respiratory tract infections in children (Gupta et al., 2000; Weyer et al., 

2001). Ground water level of nitrate (>45 mg/L) has been reported from Andhra Pradesh, 

Bihar, Delhi, Haryana, Orissa, Punjab (CGWB, 2008). 

Iron is commonly available in water either as a soluble ferrous iron or the 

insoluble ferric iron. The BIS permissible limit of iron in drinking water is <1.0 mg/L. 

High concentration of iron (>1.0 mg/L) in ground water has been found in many states 

including Andhra Pradesh, Assam, Bihar, Chhattisgarh, Goa, Gujarat, Haryana, 

Jharkhand, Karnataka, Kerala, Madhya Pradesh, Maharashtra, Manipur, Meghalaya, 

Orissa, Punjab, Rajasthan, Tamil Nadu, Tripura, Uttar Pradesh, West Bengal and 

Andaman & Nicobar (CGWB, March 2008). 

Arsenic is a naturally occurring trace element found in rocks, soil and water. 

Arsenic has been recognized as a toxic element and is considered a human health hazard. 

The BIS permissible limit of arsenic in ground water is 0.01 mg/L (BIS, 1991; Mohan 

and Pittman, 2007). Continuous consumption of arsenic contaminated water can cause 

various health disorders including birth complications and cancer (Li et al., 2008; Tokar 

et al., 2011). In India ~10 million people are at risk on account of arsenic contamination 

(Ghosh et al., 2007). In West Bengal, 79 blocks in 8 districts have been affected with 

arsenic contamination. The most affected areas are the eastern side of Bhagirathi river in 

the districts of Malda, Murshidabad, Nadia, North 24 Parganas and South 24 Parganas 

and western side of the districts of Howrah, Hugli and Bardhman (CGWB, 2008). Apart 

from West Bengal, arsenic contamination in ground water has been found in Bihar, Uttar 

Pradesh, Assam and Chhattisgarh (CGWB, 2008). Over exposure to arsenic may cause a 

decrease in production of white and red blood cells, gastrointestinal irritation, disruption 

in the heart rhythm, damage blood vessels and cause “pins and needles” sensation in 

hands and feet (Abernathy et al., 2003). 
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The ground water having chloride concentration >1000 mg/L is not suitable for 

drinking purposes. High values of chloride (>1000 mg/L) are reported in Andhra Pradesh, 

Delhi, Gujarat, Rajasthan and Tamil Nadu (CGWB, 2008). 

Fluoride is essential as well as harmful for human being. Most of the fluoride 

found in groundwater is naturally occurring from the breakdown of rocks and soils or 

weathering and deposition of atmospheric particles (Jagtap et al., 2012). BIS has 

recommended 1.0 mg/L as desirable limit and 1.5 mg/L as permissible limit in drinking 

water. Its excessive intake causes fluorosis. Fluorosis is prevalent in 17 states of India 

including Assam (0.2–18.1 mg/L), Andhra Pradesh (0.11–20.0 mg/L), Bihar (0.6–8.0 

mg/L), Delhi(0.4–10.0 mg/L), Gujarat (1.58–31.0 mg/L), Haryana (0.17–24.7 mg/L), 

Jammu and Kashmir (0.05–4.21 mg/L), Karnataka (0.2–18.0 mg/L), Kerala (0.2–2.5 

mg/L), Maharashtra (0.11–10.2 mg/L), Madhya Pradesh (0.08–4.2 mg/L), Orrissa (0.6–

5.7 mg/L), Punjab (0.44–6.0 mg/L), Rajasthan (All the 32 districts 0.2–37.0 mg/L), 

Tamilnadu (1.5–5.0 mg/L), Uttar Pradesh (Unnao, Agra, Meerut, Mathura, Aligarh, 

Raibareli, Allahabad 0.12–8.9 mg/L), and West Bengal (Birbhum, Bhardaman, Bankura 

1.5–13.0 mg/L) (Susheela, 1999). 

In addition to the above geogenic sources, anthropogenic activities also make 

ground water contaminated. Some of the sources included dyes, phenol, heavy metal, 

pesticides, PAH, pharmaceutical industries (Verma et al., 2012; Ji et al., 2012). 

 Wastewater containing dyes causes several problems because of its high toxicity 

and possible accumulation in the environment. The main sources are textile, dyeing and 

finishing industries that liberate dyes into the water. Most of these dyes are synthetic in 

nature and are classified on the basis of their chemical structures as azo, anthraquinone, 

triphenylmethane and phthalocyanine derivatives. Most of these dyes contain aromatic 

rings, which have carcinogenic and mutagenic effects (Robinoson et al., 2001; Mittal et 

al., 2006). There are about 10,000 garment manufacturers and 2100 bleaching and dyeing 

industries in India. Majority of them are concentrated in Tamil Nadu, Punjab and Gujarat 

(Ravikumar and Dutta, 1996). Gujarat is one of the most industrialized states in India and 

has many traditional textile units. It is a major producer of chemicals, polymers, 

fertilizers, dyes and dye intermediates, synthetic resins, paints and inks. Gujarat accounts 
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for 20% of the chemicals manufactured in India. In this state more than 750 units are 

engaged in the manufacturing of dyestuffs (Rathi, 2002). 

Heavy metals are extremely toxic. These are found in soil, surface and 

groundwater due to anthropogenic activities include discharged of industrialized 

wastewater without any treatment into natural ecosystems including rivers, lakes, and 

other water bodies (Larison et al., 2000). Consequently, heavy metals pose a potential 

threat to various terrestrial and aquatic organisms including human health (Hsu et al., 

2006; Wei et al., 2010). 

Chromium, lead, cadmium, nickel are the important heavy metals found in ground 

and surface water in India (Saha et al., 2006). The main anthropogenic sources of 

chromium are electroplating, metal finishing, magnetic tapes, pigments, leather tanning, 

chemical manufacturing, brass, electrical & electronic equipment and catalysis industries 

(Mohan et al., 2006). The permissible limit and desirable limits of chromium in drinking 

water is 0.05 mg/L (BIS, 2003). India is a leading leather manufacturing country. Kanpur, 

one of India’s most polluted cities possesses more than 60 tanneries situated on the bank 

of pious river the Ganga. Tanning process requires a lot of water and most of the 

untreated waste is discharged into local groundwater and the Ganges River (Mohan et al., 

2006). The wastewaters produced from these units are the main source of chromium 

contamination in Kanpur and nearby areas. 

The major sources of lead pollution in natural waters include the discharge of 

waste from acid battery manufacturing, metal plating and finishing, printing, 

metallurgical alloying, lead mining, ceramics and glass industries (Jalali et al., 2002; 

Patel et al., 2006). Lead in general is responsible for metabolic poison and enzyme 

inhibiton (King et al., 2007). The anthropogenic emission of lead is at least 100 times 

higher than natural emissions (Patel et al., 2006). High concentrations of lead (13–545 µg 

g
-1

) have been found in Chhattisgarh state of central India. 

The main constraints that inhibit the better management of the water quality in 

India are unpredicted rainfall, uneven geographic distribution of surface water resources, 

overuse of ground water, salinisation of water and partially treated and untreated 

wastewater from urban settlements (CPCB, 2010). These environmental challenges may 
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be mitigated through four broad approaches including improving efficiencies and 

minimizing losses of water, recharging groundwater aquifers, abatement and treatment of 

water pollution and reuse and recycling of wastewater (CPCB, 2010). In most parts of the 

country, wastewater from domestic and industrial sources is hardly treated. This 

wastewater contains high amount of organic and inorganic pollutants. Poor 

environmental management systems, especially in thermal power stations, chemicals, 

metals and minerals, leather processing and sugar mills, have lead to discharge of highly 

toxic and organic wastewater (CPCB, 2010).  

The enforcement of regulations in discharge of industrial wastewater and limited 

extraction of groundwater needs to be strengthened, while more incentives are required 

for treating wastewater and its reuse and recycling to be enforced (CPCB, 2010). Non-

biodegradability, persistency and accumulation in multiple factor at higher trophic level 

made heavy metals pollution is a serious concern in the environment and this required 

attention (CPCB, 2010). 

Various methods were used to treat water having metal ions concentration. These 

include filtration (Zouboulis et al., 2002), solvent extraction (Lee et al., 2000), activated 

sludge (Bromley-Challenor et al., 2000), bacterial treatment (La Para et al., 2000), 

irradiation by nuclear radiations (Rela et al., 2000; Basfar et al., 2002), ultrasonic 

treatment (Suzuki et al., 2000), and magnetic separation (Karapinar, 2003). These 

wastewater treatments technologies are significant in water treatement but they produce 

other harmful effects in various manners. Although traditional methods have better 

efficiency to remove heavy metals but these methods are expensive and even ineffective 

and expensive in the concentration range of 1-100 mg/ L (Ceribasi and Yetis, 2001). The 

comparative evaluation of traditional methods is shown in table 1.1. 

Adsorption method to remove heavy metals has been widely used. Some selective 

adsorbents to remediate heavy metals include red mud (Gupta et al., 2001), coal (Lakatos 

et al., 2002), photocatalyst beads (Idris et al., 2010), nanoparticles (Liu et al., 2010; Yuan 

et al., 2010), multi-walled carbon nanotubes (Pillay et al., 2009), biomass (Sharma et al., 

2009) and activated carbon fabric cloth (Mohan et al., 2005). Activated carbon is 
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considered to be the most appropriate option for metal remediation from wastewater. 

Despite the above facts activated carbon is expensive to use in daily practices. 

Low cost biosorbents have gained momentum to remediate proteins, steroids, 

pharmaceuticals, drugs, precious metal and radioactive element (Sag et al., 2001; Tsezos, 

2003; Tsuruta, 2004). These biosorbent can be used either in living or nonliving forms 

and has drawn worldwide attention (Wase and Forester, 1997). 

Table 1.1 Advantages and disadvantages of traditional metal removal technologies   

(Source- Volesky, 2000; O’Connell et al., 2008) 

Methods Advantages Disadvantages 

Chemical precipitation and 

filtration 

-Simple 

-Inexpensive 

-Removal of almost all metals 

-At higher concentration difficult separation 

processes 

-Production of large amount of sludge 

Chemical coagulation -Sludge settling 

-Dewatering 

-High cost 

-High amount of chemical consumption 

Chemical  oxidation or 

reduction 

-Mineralization -Slow rate in biological system 

Electrochemical treatment 

 

-Recovery of metals 

-Metal selective 

-No consumption of chemicals 

-Ultra pure metals can be   

achieved 

-Expensive at high concentration  

-High capital costand running cost 

-Initial solution pH and current density 

Reverse osmosis 

 

-Pure effluent -At high pressure scaling of membrane  

Ion exchange 

 

-Recovery of metals 

-Metal selective 

-High regeneration of material 

-Resin is expensive 

-Less number of metal ions removed 

Adsorption 

 

-Conventional sorbent carbon 

-High efficiency 

-Not for metals 

-Cost of activated carbon 

Membrane process and 

ultrafilteration 

-Less chemical consumption 

-High efficiency 

-Expensive and generation of sludge 

-High initial and running cost 

-Low flow rates 

-Percent removal decrease in the presence of 

other metals 
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Biosorption is described as the removal of contaminants by the passive (not 

metabolically controlled) binding to non-living biomass from an aqueous solution (Davis 

et al., 2003). The biosorbents possess metal-sequestering property and can be used 

effectively and efficiently to decrease the concentration of toxic ions in solution. It can 

also effectively sequester dissolved metal ions with high efficiency and therefore it is 

well suited for the treatment of high volume and low concentration complex wastewaters 

(Wang and Chen, 2006). The biosorption is considered to be the most perspective way to 

clean environment at low capital cost. Its non-invasiveness, minimum operational cost, 

easy implementation and high acceptance in public draw their attention to use at 

worldwide levels (Wase and Forester, 1997). Uptake of metals by living materials is 

called bioaccumulation but the same uptake by dead biomass is called biosorption. The 

major differences between biosorption and bioaccumulation are given in Table 1.2. 

Table 1.2 Differences between biosorption and bioaccumulation  

(Source- Chojnacka, 2010)          

 

 

 

 

 

  

  

 

 

 

 

  

 A variety of biosorbents including algae, fungi, yeast, moss, bacteria and 

agricultural wastes are used to sequester heavy metals from water and wastewater (Davis 

et al., 2003; Wang and Chen 2006; Davis et al., 2006; Varma et al., 2006; Ahluwalia and 

Goyal, 2007). Major biosorbents used in remediation of metals and dye are hazelnut 

shells, peanut hulls, walnut shells, and green coconut shells (Johns et al., 1998; 

Biosorption Bioaccumulation 

Passive process Active process 

Dead biomass Live biomass 

Metals are bounded 

with cellular surface 

Metals are bound with cellular 

surface and interior 

adsorption absorption 

Reversible process Partially reversible process 

Nutrients are not 

required 

Nutrients are required  

Single stage  process Double stage process 
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Kurniawan et al., 2006). Maple sawdust, oak, black locust, Cassia fistula biomasses were 

used for the removal of nickel (Hanif et al., 2007; Sciban et al., 2006; Shukla et al., 

2005). Mustard oil cake was used to remediate nickel, copper, zinc, chromium, 

mangenese, cadmium, and lead (Ajmal et al., 2005). The other biosorbent used for 

various contaminants are Rhizopus oryzae biomass for dye rhodamine B, sugar-beet pulp 

pectin gels for heavy metals and Boston ivy leaf powder for ammonia (Das et al., 2006; 

Mata et al., 2009; Liu et al., 2010). Some commercial available biosorbents are 

AlgaSORB
TM

, B.V. Sorbex AMT-Bioclaim
TM

, Bio-Fix, RAHCO, Bio-Beads (Park et. al., 

2010). 

Some of the important studies related to the present investigation are discussed in 

the subsequent paragraphs. 

Akar et al. (2009) investigated, agro-waste product (waste of Phaseolus vulgaris 

L.) to remediate reactive textile dye from aqueous solutions. The batch biosorption 

experiments have been conducted at various pH, biosorbent dosage, contact time and 

temperature. Biosorption efficiency of Brazilian pine-fruit shell towards reactive red 194 

textile dye removal from aqueous solution was studied by Lima et al., (2008). The effects 

of shaking time, dose and pH on biosorption capacity have been investigated. In acidic 

pH region (pH 2.0) the biosorption was favorable. The equilibrium data were fitted to 

Langmuir, Freundlich, Sips and Redlich–Peterson isotherm models. Arundo donax L. 

(hydrophyte) reed based anion exchange resin was used for nitrate removal from aqueous 

solution by Xu et al., (2012). The maximum adsorption capacity (QMAX) for nitrate was 

44.61 mg/g.   

Artificial neural network (ANN) model was applied by Giri et al., (2011) to 

explore the removal efficiency of Bacillus cereus for arsenic from aqueous solution. The 

maximum biosorption of arsenic (III) was 85.24% at pH 7.5, equilibrium time of 90 

minutes, biosorbent dose of 6 g/L. The experimental data was used to train a back 

propagation (BP) learning algorithm having 4-7-1 architecture. The model used tangent 

sigmoid function. 75% of data was taken as training and 25% for testing. High degree of 

correlation (R
2 

= 0.986) was reported between experimental and modeled data. A 

mathematical model was used to develop the biosorption phenomenon of lead, cadmium, 
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and zinc transport through porous fiber matrice in lignocellulosic material (chemically 

modified hemp fibers) by Pejic et al., (2011). These results showed that the biosorption 

process was fast at the beginning and became slow over a period of time. This may be 

due to electrostatic repulsive interactions between ions into the fibers. The effective 

diffusion coefficients of metal ions through the fibers, and the effectiveness of sorption 

were determined by a mathematical model based on the second Fick’s law. Proposed 

mathematical model optimized the complex process of biosorption in better way through 

porous fiber matrices. 

Biomatrix prepared from rice husk was studied by Krishnani et al., (2008). 

Biomatrix was prepared by partial alkali digestion of rice husk. This matrix efficiently 

removed Ni, Zn, Cd, Mn, Co, Cu, Hg, and Pb in single and mixed metal solutions. 

Adsorption followed both Langmuir and Freundlich isotherm models. This was probably 

due to the real heterogeneous nature of the surface sites involved in the metals uptake. It 

was concluded that biomatrix has calcium, magnesium OH and COOH groups in the 

lignocellulosic materials and ion exchange is the dominating mechanism. Yun et al. 

(2001) investigated protonated brown algae (Ecklonia) biomass for biosorption of Cr
3+

. 

Carboxyl groups present in the biomass were responsible for binding of trivalent 

chromium in the pH range of 1.0 - 5.0. 

Microalga (Chlorella miniata) was used to remediate chromium (Han et al., 

2007). Experiments were conducted to determine the mechanism and uptake capacity of 

Cr
6+

. The capacity of total Cr [Cr
3+

and Cr
6+

] was maximum at an initial pH of 3.0. FTIR 

analysis confirmed the presence of amino groups on the algal biomass was the major 

adsorption site for Cr
6+

 biosorption in acidic pH while the reduced Cr
3+ 

was mainly 

sequestered by carboxylate groups. Dried Fucus vesiculosus, Fucus spiralis, Ulva linza, 

Ulva compressa, Ulva intestinalis,Ulva lactuca, Palmaria palmate and Polysiphonia 

lanosa were utilized for chromium biosorption by Murphy et al., (2008). The metal 

sorption was pH dependent. The maximum sorption for Cr
3+

and Cr
6+

occured at pH 4.5 

and pH 2.0 respectively. The equilibrium time required for Cr
6+ 

and Cr
3+ 

binding were 

180 and 120 minutes respectively. The highest removal efficiency for both Cr
3+ 

and Cr
6+ 
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was observed for Palmaria palmate (red sea weed). Chromium binding capacity of ulva 

species was due to amino, carboxyl, sulphonate and hydroxyl groups. 

Chromium biosorption mechanism is a complex process due to the presence of 

different compounds in biomaterials. Park et al., (2008) used XAS and XPS to determine 

the chromium binding groups during Cr
6+ 

biosorption on brown seaweeds (Ecklonia) and 

it was established that Cr
6+ 

had an octahedral geometrical arrangement during binding. 

The bond distance between chromium and oxygen was 1.97-1.99 Å. Oxygen containing 

groups, carboxylic and phenolic groups helped in Cr
3+ 

binding. Cr
3+ 

formed because of 

Cr
6+ 

reduction by biomass (Park et al., 2008).  

The different aquatic weeds reed mat (Cannomois Vvirgata), water lettuce (Pistia 

stratiotes), arrow-leaved tear thumb (Polygonum sagittatum), lotus flower (Nelumbo 

nucifera), green taro (Colocasia esculenta), water lily flower (Nymphaea sp.), water 

hyacinth (Eichornia crassipes), and mangrove leaves (Rhizophora mangle L) were 

utilized for Cr
3+

and Cr
6+

 removal (Elangovan et al., 2008). The kinetic and equilibrium 

experiments confirmed that mangrove leaves had Cr
6+ 

removal capacity of 8.87 mg/g 

followed by water lily flower (8.44 mg/g). The maximum adsorption capacity by reed 

mat was 7.18 mg/g. Cr
6+ 

was reduced to Cr
3+

 by tannin, phenolic compounds and 

different functional groups present in the biosorbent. Treatment with acids significantly 

increased Cr
6+ 

removal capacity of all the biosorbents while alkali treatment reduced the 

Cr
6+ 

removal capacities. 

Zvinowanda et al. (2009) investigated maize tassel as an alternative adsorbent for 

Cr
6+ 

removal. Experiments have been carried out to find the effects of pH,
 
temperature, 

contact time, initial metal ion concentration and adsorbent dose on Cr
6+

 adsorption in 

batch methods. The maximum removal occurred at ~pH 2.0 and at 25 ºC (equilibrium 

time of 1 hour). Maize tassel showed high percentage of Al, Mg and Si. These 

compounds may be responsible for the tough elastic properties exhibited by the tassel 

powder (Zvinowanda et al., 2009). The immense potential of maize tassel could be an 

alternative adsorbent for toxic metal ions remediation. Cinnamon bark (Cinnamonum 

zeylanicum) biosorbent was explored for chromium remediation by Zainal (2010). The 

batch experiments have been carried out to know the potentiality of this biosobent for 
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chromium removal. The optimum pH was 2.0 while equilibrium time was two hours. The 

biosorption data were well fitted to Dubinin-Radushkevich (D-R), Freundlich and 

Tempkin adsorption isotherm model. The maximum adsorption capacity was 12.49 mg/g.  

The waste biomass of seaweed Kappaphycus alvarezii was also used as potential 

biosorbent for chromium removal (Kang et al., 2011) at pH 3. The maximum sorption 

capacity was 0.86 mg/g. Langmuir, Freundlich and BET isotherms models were applied 

to find mechanisms. Ion exchange coupled with a complexation was the dominating 

mechanism. In the presence of copper and cadmium, the removal capacity was 

suppressed.  

Peanut shells were explored to remove chromium from water (Krowiak et al., 

2011). Several mathematical models were applied to determine the biosorption 

mechanisms. Langmuir model fitted the data well. Pseudo-second order kinetic model 

best fit the data. Complete biosorption occurred at an equilibrium time of 20 minutes. The 

maximum adsorption capacity of peanut shells was 27.86 mg/g. 

Durian shell waste, a potential biosorbent was investigated by Kurniawan et al., 

(2011) for Cr
6+ 

removal from wastewater. The study was carried out at different 

temperatures, pH and doses to determine maximum removal of chromium.  Langmuir and 

Freundlich isotherm models were used to fit the data. The maximum biosorption capacity 

of durian shell was 117 mg/g. The biosorption process onto durian shell surface was 

spontaneous, irreversible and endothermic in nature. It was concluded that chemisorption 

was the dominating mechanism. Sorptive potential of sunflower (Helianthus annus) stem 

for Cr
3+

 from aqueous solution was studied by Malik et al., (2005). The 180-300 µm 

mesh size was used. The surface area of 2m
2
/g was measured by BET method. In the 

presence of other ions, sorption capacity decreased. The equilibrium time for the reaction 

was 10 minutes. The proximate analysis of high density sunflower stem (180–300�µm) 

revealed that sunflower stem is composed of substantial amount of cellulose, 

hemicelluloses and lignin. The potential binding sites in the cells were carbohydrate, 

amine, hydroxyl, and other functional groups. Ion exchange and surface complexation 

were proposed as a possible mechanism. Kinetics data followed Reichenberg and 

Lagergren equations over the entire agitation time, while Morris–Weber equation 
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followed partially up to 10 minutes. The D–R, Freundlich and Langmuir isotherm models 

well fitted the sorption data. Bisulphate, citrate, molybdate, Fe
2+

, Fe
3+

 and Y
3+

 ions 

caused decrease in sorption capacity. The negative enthalpy and free energy confirmed 

the exothermic and spontaneous nature of the process. 

Eichhornia crassipes, an aquatic submerged plant successfully remediate 

chromium from water (Mohanty et al., 2006). Its roots and stem were used for chromium 

removal. The biosorbent was characterized using FTIR. Hydroxyl groups were mainly 

responsible for the chromium binding in the pH range of 1–5. Initial part of the metal 

adsorption was governed by the diffusion process. The overall adsorption rate was best 

described by pseudo-second-order rate equation. The sorption data were well fitted by 

Freundlich model. E. crassipesis can be used to efficiently remove chromium for 

wastewater. Eucalyptus bark (EB) was used for chromium removal from wastewater 

(Sarin and Pant, 2006). Wastewater collected from metal finishing industry was also 

treated. The optimum pH for removal was ~2.0. Maximum removal capacity of EB was 

45 mg/g. The isotherm data well fitted the Freundlich model. Kinetic data followed first 

order Lagergren model. The negative values of Gibbs free energy confirmed the 

feasibility and spontaneous nature of the process. The potential of low cost agro-based 

materials including Tamarindus indica seeds (TS), crushed coconut shells (CS), almond 

shells (AS), ground nut shellz (GS) and walnut shells (WS) were investigated for Cr
6+ 

removal (Agarwal et al., 2006). Hexavalent chromium sorption capacity (qe) followed the 

sequence qe (TS) > qe (WS) > qe (AS) > qe (GS) > qe (CS). Sorption kinetic data followed 

first order kinetic model in all the cases. The equilibrium time was 150 minutes. Sorption 

data were well fitted to Freundlich isotherm model. Maximum desorption of Cr
6+ 

was 

achieved by NaOH in downflow column mode. Native and acid treated algae 

(Pithophora) was explored for metal binding capacity (Priya et al., 2007). Experiments 

were carried out to determine Cr
6+ 

removal at different pHs, amount of adsorbent and 

adsorbate concentration. The maximum removal occurred at pH 2.The adsorption 

capacities of native and acid treated algae were 434.10 and 666.21 mg/g respectively. 

Singh et al. (2008) reported that Cassia marginata seed gum can remediate 

hexavalent chromium from water. Biosorbent Cassia marginata seed gum-graft poly 
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(methyl methacrylate) was synthesized using microwave irradiation in the absence of any 

radical initiator or catalyst. Biosorbent synthesis was controlled by varying the amount of 

methyl methacrylate, microwave irradiation intensity and exposure time. Adsorbent 

characterization was performed using FTIR, XRD, TGA, and SEM. The sorption study 

was performed to determine the optimum pH, dose and concentration. The effect of 

electrolyte was also studied. pH 1.0 was the optimum value at which  maximum removal 

of Cr
6+

 occurred .The adsorption capacity was 16.94 mg/g  at an adsorbent dose of 5 g/L 

and at 30 °C. Freundlich and Langmuir isotherm models were applied. The adsorbent was 

also tested to treat industrial wastewater to efficiently remove Cr
6+

. 

Six different types of biosorbents namely rice husk, neem leaves, coconut shells, 

rice straw, rice bran and hyacinth roots were tested for removal of Cr
6+

 from aqueous 

solution (Singh et al., 2011). Except for rice husk, the optimum pH was 2.0 for all 

biosorbents. The optimum pH for rice husk was 1.5. The equilibrium time for all the 

adsorbent was in the range of 3-6 hrs. All adsorbents follow pseudo-second order rate 

model. Interaction between Cr
6+

 ions and natural adsorbents were chemical in nature. The 

adsorption process was endothermic and spontaneous in nature. Surface functional 

groups namely O–H, aliphatic C–H, unsaturated alkenes, aromatic C–NO2, carboxylate 

anion, Si–O groups, –SO3 and sulphonic acid groups were responsible for Cr
6+ 

uptake. 

Rice husk, neem leaves and coconut shells adsorption data were best fitted to Langmuir 

isotherm model while rice straw, rice bran and hyacinth roots followed the Freundlich 

adsorption isotherm model. The seeds of various plant species can be used as an 

adsorbent for metal removal. The seeds of Nirmali plant were used as a biosorbent for 

chromium remediation by Lakshmipathiraj et al., (2011). Dried powered Nirmali seeds 

have binding potential for chromium metal. The major functional groups responsible for 

chromium adsorption were OH and COOH. The zeta potential was 1.50. The maximum 

removal of Cr
6+ 

occurred at pH 1.0. The adsorption equilibrium was achieved within 4 

minutes. The maximum removal capacity was 59 mg/g for Cr
6+

. Interferences of anions 

on adsorptive capacity were insignificant. Adsorption followed pseudo second order rate 

equation. Free energy of the reaction was measured to be very high. Chemical and 

electrostatic interactions were the dominating mechanisms. 
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Duckweed (Wolffia globosa) (Upatham et al., 2002), saltbush (Atriplex 

canescens) (Sawalha et al., 2006), marine algal (Padina boergesenli) (Thirunavukkarasu 

and Palanivelu, 2007), moss (Hylocomium splendens) (Sari et al., 2008), walnut, hazelnut 

and almond shells (Pehlivan and Altun, 2008), Agaricus bisporus (Ertugay and  Bayhan, 

2008), waste tea fungal (Razmovski and Sciban, 2008), green algae (Cladophora albida) 

(Deng et al., 2009), pistachio hull waste (Moussavi and Barikbin, 2010) were also used 

for chromium remediation. The biosorption capacity of fungus (Rhizopus nigricans) for 

removal of lead in aqueous solution was 83.5 mg/g (Kojeg and Pavko, 2001).  

Lalang (Imperata cylindrica) one of the worst weed of the world was utilized for 

lead adsorption (Hanafiah et al., 2006a). Sodium hydroxide treated Lalang was utilized 

by Hanafiah et al., (2006a). The optimum pH was in the range of 4.0 to 5.0. Pseudo-

second order kinetic model was the best fitted model. The maximum adsorption 

capacities of NaOH treated and untreated Imperata cylindrica were 13.50 and 5.89 mg/g 

respectively (Hanafiah et al., 2007). Faster equilibrium time (20 minutes) was found for 

treated Imperata cylindrica versus untreated Imperata cylindrica (120 minutes). 

Ashraf et al. (2010) reported fruiting buds of mango plant for lead removal in 

single and binary metal solution. 255-355 µm particle size was used in the experiment. 

The adsorption capacity was 24.4 mg/g at an initial adsorbate concentration of 147.41 

mg/L. Ozer and Pirincci, (2006) studied the removal of lead by sulfuric acid treated 

wheat bran. Maximum lead removal of 82.8% was achieved at pH 6.0 after 2 hrs of 

contact time. Langmuir, Freundlich and Redlich-Peterson models were applied to 

determine the maximum adsorption capacity of wheat bran. Adsorption isotherm fitted 

well to the Redlich-Peterson isotherm models than Langmuir and Freundlich isotherm 

models. The sorption was endothermic in nature.  

Wong et al. (2003a) used carboxylic acids (citric acid, salicylic acid, tartaric acid, 

oxalic acid, mandelic acid, malic and nitrilotriacetic acid) treated rice husk for heavy 

metals removal. Maximum adsorption capacity (108 mg/g) was achieved by tartaric acid 

treated rice husk for lead. The reduction in the uptake capacity was found in case of rice 

husk esterified with tartaric acid. The adsorption of Pb by tartaric acid modified rice husk 

was also studied in the presence of chelators. It was found that higher molar ratios of 
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chelators such as nitrilo triacetic acid (NTA) and ethylenediamine tetraacetic acid 

(EDTA) caused decrease in adsorption of Pb. Say et al. (2001) investigated the removal 

of lead by dry fungal biomass (Phanerochaete chryosporium). The equilibrium time for 

metal uptake was 6 hrs. The uptake capacity was 85.9 mg/g. The separation factor lied 

between 0-1 indicated favourable sorption reaction. The Langmiur and Freundlich 

adsorption models were applied.  

Green leaves of Syzygium cumini L. were used as biosorbent for lead removal 

(King et al., 2007). Experiments have been carried out in a batch adsorption system as a 

function of pH, concentration, and adsorbent size. The Langmuir, Freundlich, Redlich-

Peterson and Temkin adsorption models were applied to describe the sorption data. 

Biosorption isothermal data were well interpreted by the Langmuir model followed by 

Temkin models. The maximum adsorption capacity was 32.47 mg/g.  

Zhang et al. (2006) compared the properties of polyurethane immobilised 

Sphagnum moss, the brown seaweed (Ascophyllum nodosum), sunflower waste and 

whole maize plant for the biosorption of lead in continuous flow packed columns.The 

biosorption capacities of seaweed, sunflower waste, Sphagnum moss, and maize were 

117.3 mg/g, 33.2 mg/g,        32.5 mg/g and 2.3 mg/g respectively. The uptake capacity 

increased with rise in pH. The optimum pH was 5.0. The data followed Langmuir 

isotherm and the pseudo second-order kinetic models. The biosorption was endothermic 

in nature. The ability of cork wastes to remove lead from aqueous solutions has been 

studied by Mesas et al., (2011). The influence of the aqueous pH and the initial metal 

concentration on the metal uptake were investigated. Cork has been proved to be an 

efficient biomaterial for heavy metal separation. The maximum sorption was found at pH 

5.0, FTIR and SEM were carried out to determine the modification in the chemical 

structure and morphology. The kinetic study indicated that adsorption occurred by both 

film and intraparticle diffusion. The different sorption models were also applied. The P-

factor approach based on the Langmuir model provided the best correlation for the metal 

cork system. 

Vázquez et al. (2012) studied chestnut (Castanea sativa) shell for lead removal. 

Shells were modified using 4% NaOH aqueous solution at 25 °C for 4 hrs. Alkali 
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treatment enhanced the adsorptive capacity. The alkali pre-treated chestnut shells were 

characterized before and after adsorption using scanning electron microscopy (SEM). 

Kinetic data followed the pseudo-second order model while the equilibrium data were 

best fitted by Sips and Freundlich models. Carboxyl and hydroxyl functional groups were 

involved in metal adsorption. Citrus limetta fruit peels treated with alkali were used for 

lead biosorption (Suryavanshi and Shukla, 2010). The alkali treated biomass enhanced 

the adsorption capacity up to 87%. The optimum pH for maximum adsorption capacity 

was 4.5. The biosorption capacity was 630 mg/g. Adsorption data were fitted by 

Langmuir and Dubinin-Radushkevich (D-R) models.  

Various other biosorbents utilized for lead and chromium removal were reviewed 

by Kapoor and Virraghaavan, (1995), Davis et al., (2003), Farooq et al., (2010), Das 

(2010), Vijayaraghavan and Yun (2008), Aksu (2005), Volesky (2007). 

Biosorption has emerged in the last few decades as a modern water treatment 

technology that can provide rapid and efficient removal of pollutants from aqueous 

wastewater. To the best of our knowledge, very less attention has been given towards the 

development of Nirmali seeds powder and Pongamia pods powder biosorbents for heavy 

metals remediation. Thus, in the present proposal, attempts were made to develop 

Nirmali seeds powder and Pongamia pods powder biosorbents for the removal of lead 

and chromium from water and wastewater.  
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1.1 Objective of the study 

Biosorption is an effective way for removal of contaminants from water at low 

capital cost. Biosorbents have some remarkable properties that make them suitable for 

water remediation. These are readily available, have high removal efficiency, having low 

cost, easy implementation and can be regenerated and reused. 

Study was carried out to investigate the feasibility of Nirmali seeds powder and 

Pongamia pods powder for chromium and lead removal from water and wastewater.  

The specific objectives of the study were: 

 To select biosorbents  

 Chemical and physical processing of biosorbents  

 To characterise biosorbents (e.g. surface area and pore properties, pHPZC, 

elemental analyses, XRD, IR, SEM, EDX, EDXRF, TEM) 

 To optimize the process for the remediation of lead and chromium using 

developed biosorbents 

 Modelling and sorption studies using Langmuir and Freundlich isotherm models 

 To study the kinetics of removal process using various kinetic model at different 

temperature, dose and concentrations 

 Application of developed biosorbents to contaminated groundwater for lead and 

chromium removal 
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2. Materials and Methods 

2.1. Biosorbents sampling and preparation 

Biosorbents used in the study were Pongamia pinnata (Pongamia or Karanj) and 

Strychnos potatorum Linn. (Nirmali). Nirmali is commonly found in southern and central 

part of India, Srilanka and Burma. This tree is known as Nirmali or clearing nut tree 

because it was commonly used as coagulant for water purification in ancient time in India 

(Jayaram et al., 2009; Lakshmipathiraj et al., 2011; Yin et al., 2010). 

Pongamia tree is found in the foothills of the Himalaya, Andaman, across Indo-

China and in Northern Australia. The tree can be found in tidal mudflats and even in salty 

water. The mature tree can tolerate drought, wind, fire and frost (Krishen, 2006). The 

woody pods are green at early stage but it looks straw yellow or grey brown on ripening. 

Pods are ~5 cm long and oval in shape. The seeds have medicinal values. Oil obtained 

from seeds is used for the treatment of scabies, herpes and many other diseases. Every 

part of the tree including flowers, leaves, seeds and even ash have medicinal values as 

Pongam (Karanj) oil is used for many purposes as lubricant, soap making and as pesticide 

(Krishen, 2006).  

The biosorbent Pongamia was collected from Jawaharlal Nehru University 

(J.N.U.), New Delhi, India. The seeds from pods were removed manually and the seed-

less pods were grounded. Nirmali biosorbent was purchased from grocery market, Khari 

Baoli, Chandni Chowk, old Delhi, India. Both the biomasses were dried in sunlight to 

remove moisture content. After drying in sunlight, samples were grounded. The grinding 

was carried out in a commercial in grinder located at Khari Baoli, Chandni Chowk, old 

Delhi, India.  

The powdered samples were sieved into different mesh sizes (30-50 BSS mesh). 

The particle size of 30-50 mesh was used in the whole study. The powdered material (30-

50 mesh) was washed several times with doubly distilled water until a constant pH value 

was observed. Initial pH was 4.6 which changed to a constant value of pH 5.0 after 

multiple washing. Absorbance of filtrates was also recorded at the time of washing to 

check if any color was leached out. Scanning was performed in the UV-Visible scale of 

700-200 cm
-1

.Almost flat spectrum without any peak was recorded in case of both the 
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adsorbents. Biosorbents were finally washed with ethyl alcohol and dried at 70 
o
C for 48 

hrs in an oven (Digital hot air oven, Scientech Instruments, India). The biosorbents were 

stored in airtight polyjars in vacuum for further studies.  

2.2. Experimental procedure 

2.2.1. Reagents and equipments 

 The pH values of the solutions were measured using a pH meter (model 

EUTECH, pH 510). The initial pH value for sorption experiments of pH study 

(chromium 2-10; lead 2-6) was adjusted using reagent grade dilute HNO3 (0.1N) and 

NaOH (0.1N). Lead and chromium concentrations in the samples were determined using 

atomic absorption spectrophotometer model Aanalyst 400, Perkin Elmer with an air-

acetylene flame and Pb and Cr hollow cathode lamps. The characteristic wavelengths for 

lead and chromium analysis were 281.31 nm and 357.87 nm respectively. Mettler Toledo 

balance, model AB 265-S/FACT was used for weight measurements. The magnetic 

stirrer model SPINIT, Tarsons India was used for stirring of solutions during pH 

adjustment. 

2.2.2. Preparation of stock solutions  

 Stock solutions of chromium and lead (1000 mg/L) were prepared by 

dissolving the required amounts of K2Cr2O7 and Pb(NO3)2 in doubly distilled water of 

(pH ~ 3-4). The working solution (chromium 1-100 mg/L; lead 1-1000 mg/L) of different 

concentration range for sorption study was prepared by using stock solution. 

2.3. Material characterization 

2.3.1. Transmission electron microscopy 

 Samples of powdered dry biomass were fixed in glutaraldehyde (2.5%) and kept 

overnight in vacuum desiccators for better penetration of fixative solvents. These fixed 

samples were then washed thrice with PBS [(phosphate buffer (0.1 M) pH 7.2)] with an 

interval of 1 hr between each washing. Plant samples were post fixed in 1% osmium 

tetraoxide (OsO4) in 0.1 M phosphate buffer for 2 hrs at 4 °C. Samples were washed 

again by using phosphate buffer. The fixed plant samples were dehydrated in acetone 

(50-70%) for 1hr in series of solution 50% acetone, 70% acetone, 90% acetone and 95% 

acetone (Handbook to Electron Microscopy, Electron Microscope Facility, Department of 
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Anatomy AIIMS, New Delhi). Final dehydration was done by dry acetone. After 

dehydration, samples were washed by toluene at room temperature for 2 hrs. The 

dehydrated samples were infiltrated with toluene and araldite mixtures in different ratio at 

room temperature (25 °C) and finally samples were infiltrated with pure araldite mixture 

at a temperature of 50 °C for 2 hrs. 

 The next step of sample preparation is embedding. Samples were embedded in 

pure araldite (Epoxy Resin Araldite (M) CY 212) mixture in capsular form for 3 hrs. 

Polymerization of resin having specimen blocks in capsular form was accomplished in an 

oven at a temperature of 50 °C overnight. The temperature was then raised to 60 °C for 

48 hrs.  

Section cutting is the most important step of sample preparation and was done by 

glass knife (made from Belgium glass strip). The specimen blocks were trimmed by hand 

with a razor blade. The semi thin 1 µ sections were cut by using ultra-microtome. The 

semi-thin sections of specimens were stained with methylene blue dye and viewed under 

light microscope. The selected sections were re-trimmed with glass knife in proper region 

to get ultra thin sections (70-90 nm). These ultra thin sections (200 mesh) were mounted 

on copper grid. The sections were primarily stained with saturated solution of urinyl 

acetate. The secondary staining was done by lead nitrate. The sample specimens were 

viewed under JEOL 2100F microscope to know the internal biomass morphology. 

2.3.2. Scanning electron microscopy and energy dispersive analysis  

The surface physical morphology of biosorbents was examined using a Scanning 

electron microscope (SEM) (model Zeiss, EVO 40 accelerating voltage 10,000 V, 

working distance 9900 µm and emission current 13,300 nA). Dried samples were 

sprinkled over a double stick carbon tape. In, SEM the samples were coated with a thin 

layer of gold and mounted on an aluminium stub using a double stick carbon tape. Gold 

coating was done to convert the non-conductive samples into conductive. The SEM/EDX 

analysis gave the elemental composition of the sample. The sintered pellet was used in 

energy dispersive analysis by X-ray (EDX) using the same electron microscope in 

conjunction with a BRUKER EDX system. 
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2.3.3. Energy dispersive X-Ray fluorescence 

EDXRF was carried out on energy dispersive X-ray fluorescence spectrometer 

(model PANalytical Epsilon 5) was used to analyse the chemical composition of the 

biomass. Insmart System (INSMART XRF 40) was used to prepare the samples. Samples 

were mixed with boric acid and cellulose powder to make the pellet. The pellets were 

prepared by applying pressure of 5 ton. The size of prepared pellet was 34mm and 

exposure area was 8 mm.  

2.3.4. Fourier transform infrared spectroscopy 

 The FT-IR spectra were recorded on a Varian spectrometer (model 7000 FTIR, 

Varian) to identify the functional groups present in the biomass. It was mixed with 

potassium bromide in the ratio 1:20 to make a homogenous mixture by using pestle-

mortar, it was then placed on a steel dye at a pressure of 10 ton generated by hydraulic 

press (Spectrachrom Instruments, CAP-15T). The scanning range 500 cm
-1

- 4000 cm
-1 

was used for the analysis of the sample. 

2.3.5. X-ray powder diffraction  

The PANalytical X-ray diffractometer (X’Pert PRO) was used to obtain the X-ray 

diffraction (XRD) patterns of biomass powders using  Cu-K (X=1.54Å) at 45 kV and 40 

mA. The samples were scanned from 5.0250-89.9750° (2, where  is the angle of 

diffraction) at the of speed of 2° min.
-1

 

 2.3.6. CHNS Analysis  

Carbon, hydrogen, nitrogen and sulphur were analyzed using CHNS Analyzer 

(model LECO CHNS-932). It determines the presence of carbon, hydrogen, nitrogen and 

sulphur in terms of weight percent. The carrier gas used in the combustion reactor was 

helium with a flow rate of 80 ml min
-1

. Ultra pure oxygen with a flow rate of 20 ml min-
1
 

was used as fuel gas. The front furnace temperature was set at 980 °C and the GC oven 

temperature was 115°C. However, the actual combustion temperature of reactor reached 

up to 1800 °C. For analysis, oven dried samples were weighed in tin capsules. The 

capsules were sealed using tweezer. The sealed tin capsules were rolled compactly to 

avoid air entry. The samples were placed in the auto-sampler for analysis. 
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2.3.7. Surface area measurements 

Quantachrome surface area analyzer (model Autosorb-1) was used to determine 

the N2 adsorption isotherms. About 0.15 g of sample was out-gassed at 250 ºC for 12 hrs, 

prior to conducting adsorption measurements. The mercury density (ρHg) (equation 1) 

was measured by obtaining the sample volumes by excluding the volume of mercury 

from the volume of a previously calibrated glass cell. This was done by using a 

Quantachrome Poremaster mercury porosimeter. The helium density (ρHe) was measured 

in a Quantachrome Stereopycnometer, using ~3.0 g of sample (equation 2). 

 

 ρHg =  M/Vs                                         (1) 

 ρHe =  M/Vs
′                                        (2) 

 

where, M is the mass of the sample, Vs   is the volume of the sample and Vs
′  is the volume 

of the sample inaccessible to helium. 

Specific surface areas (SBET) were evaluated by applying the BET equation from 

the N2 adsorption isotherms. The relative pressure (p/p
0
) range was between 0.05 and 

0.35, and am (i.e., the average area occupied by a molecule of N2 in the monolayer) to be 

16.2 Å
2
. The adsorption isotherms were also used to obtain the macro-pore (Vma), meso-

pore volumes (Vme) and micro-pore volumes (Vmi). The micro-pore volumes (W0) were 

obtained by Dubinin-Radushkevich equation (Dubinin, 1975 and Dubinin, 1968). 

              log W = log W0 −  Dlog2   
p0

p
                       (3) 

where W is the micro-pore volume that has been filled with liquid N2 when the relative 

pressure is p/p
0
 and W0 is the total micro-pore volume. D is a constant characteristic of 

the micro-pore structure of the adsorbent. Vma, Vme, Vmi and W0 were expressed as liquid 

volumes. The total pore volume (VT) was calculated using the equation (4) 

 

                         VT =
1

ρHg
 −

1

ρHe
                                        (4) 
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2.3.8. Zero point charge (pHPZC) measurement 

               The zero point charge (pHPZC) of the biosorbents (Pongamia pods powder and 

Nirmali seeds powder) were also measured (Not and Schwarz, 1989). At different pH 2, 

4, 6, 8, and 10 pHpzc was measured using 0.01 M NaCl aqueous solutions. These pH 

values (2, 4, 6, 8, 10) were adjusted with either a 0.1N HCl or a 0.1N NaOH aqueous 

solution. Samples (0.01g) were brought into contact with these solutions (5 mL of each) 

and the system was stirred for 48 hrs. The supernatant was then decanted and its pH was 

measured. 

2.3.9. Sorption Procedure 

 The sieved and dried biomass were added to metal solution in 50 mL beakers 

and placed in water bath shakers (model MSW275, Macro Scientific, India & RC51000, 

Scientech). The sample solutions were filtered by using Whatman filter paper no.1.  

 Batch sorption studies were performed to obtain the rate and equilibrium data 

for lead and chromium adsorption on biosorbents. 

2.3.9.1 Effect of Solution pH 

The pH experiment was performed to determine the optimum pH. Known amount 

of adsorbent was added into 50 ml of adsorbate with initial concentrations (lead-50 mg/L, 

chromium-10 mg/L) in the pH range of (pH 2- 10. for chromium and pH 2-6 for lead). 

The pH of metal ions solution was adjusted using 0.1 N HNO3 and 0.1 N NaOH. The 

flasks were placed in water bath shaker for 48 hrs at 25 ⁰C.  

The metal uptake by the adsorbent phase was calculated by the difference 

between the initial metal concentration of the solution and the equilibrium metal 

concentration in solution  using the following mass balance equation.  

                                                               qe = (Co − Ce)V/W     (5)  

   

Where, Co and Ce are initial and equilibrium metal concentrations (mg/L); V is the 

volume (L) of adsorbate and W is the weight (g) of the adsorbent. 
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2.3.9.2 Kinetic studies and modeling 

Kinetic studies were performed to determine the effect of contact time, 

temperature, concentrations and dose on biosorbents. 

2.3.9.2.1 Effect of dose  

Different amount of biosorbents (2, 4, 10 g/L) were taken for both the biosorbents 

to know the optimum dose.  

2.3.9.2.2 Effect of Temperature 

To determine the effect of temperature on the adsorption of metal ions, known 

amount of adsorbent was added to 50 ml of metal ion solution.  Experiments were carried 

out at 25, 35 and 45 ⁰C. 

2.3.9.2.3 Effect of Contact Time  

To determine the effect of contact time on the metal ions adsorption, known 

amount of adsorbent was added into 50 ml of metal ions solution at an optimum pH. 

Experiments were carried out at different time intervals i.e. 1, 2, 4, 5, 6, 24, and 48 hrs at 

fixed amount of dose and concentration. 

2.3.9.2.4 Effect of Concentration  

To determine the effect of initial metal concentration, 10-80 mg/L (chromium) 

and 100-500 mg/L (lead) were taken to investigate the concentration effect. The fixed 

amount of adsorbents was added to 50 ml of metal solution.  

Modeling- 

Pseudo first order kinetic model-  

A simple adsorption kinetic model, the pseudo-first-order equation suggested by 

Lagergen (Lagergren, 1898). 

     ln
 qe−qt 

qe
= −k1t   (6)   

or 

                                                             qt = qe 1 − e−k1t                   (Non linear form) 

where k1 (min
-1

) is the first order adsorption rate constant, qe and qt  are the amounts of 

adsorbate adsorbed at equilibrium and at time “t” respectively. 
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Pseudo second order kinetic model- 

The pseudo second order is influenced by the amount of adsorbate on adsorbent’s surface 

and the amount of adsorbate adsorbed at equilibrium (Ho et al., 1999). The rate is directly 

proportional to the number of active sites on the adsorbent’s surface. The pseudo second 

order equation can be written as  

                                       
t

qt
=

1

k2qe
2 +

t

qe
                                         (7) 

                                                  Rate = k2qe
2      

 

Rate constant (k2) and qe values were determined from the plots at different temperatures 

and concentrations. 

2.3.9.3. Sorption studies and modeling 

Models would be helpful in predicting the adsorption data when it is used at large 

scale. Studies were conducted at different temperatures 25 ⁰, 35 ⁰ and 45 ⁰C to obtain 

equilibrium isotherms. 

Freundlich isotherm 

The Freundlich model describes the equilibrium on heterogeneous surfaces It does 

not indicate a finite sorbent uptake capacity. It should only be applied in the low to 

intermediate concentration range. The nonlinear Freundlich equation is 

                                                                qe = kfCe

1
n                                   (8) 

where qe is the amount of solute adsorbed per unit weight of adsorbent (mg/g), Ce is the 

equilibrium solute concentration in the solution (mg/L), constant kF indicates the 

biosorbent’s relative adsorption capacity (mg/g) and 1/n is the constant representing 

adsorption intensity. 

 Langmuir isotherm 

The Langmuir adsorption isotherm describes the adsorbent surface as 

homogeneous on an assumption that all the adsorption sites have equal adsorbate affinity. 

It also assumes that adsorption at one site does not affect adsorption at an adjacent site. 

The Langmuir adsorption isotherm is not the mechanistic approach instead, it provides 
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information on uptake capabilities and equilibrium behavior (Do, 1998). The nonlinear 

Langmuir equation is  

                                                              qe =
Q0bce

1+bc e
                                  (9)  

where qe is the amount of solute adsorbed per unit weight of adsorbent (mg/g), Ce is the 

solute equilibrium concentration in solution in mg/L, Q
°
 is the monolayer adsorption 

capacity (mg/g) and b is constant related to the net enthalpy, H, of adsorption (b ∝ e 
-

∆H/RT
). 

2.3.9.4. Applications of biosorbents in actual ground water sample treatment 

The biosorption efficiency of Pongamia pods powder and Nirmali seeds powder 

in real waste water was investigated by collecting ground water from Mathura district of 

Uttar Pradesh, India. Real water/wastewater systems contain a complex mixture of ions.  

The pH of the water (50 mL) was adjusted using HNO3 to 2.0 for chromium and 4.0 for 

lead before applying biosorbents. A predetermined amount (10 g/L) of biosorbents was 

added to each sample. After 48 hrs, the samples were filtered and the chromium and lead 

concentrations were measured by AAS.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER-III 

RESULTS AND DISCUSSIONS (I) 

 



Results & Discussions (I) 
 

27 | P a g e  
 

3. Results and Discussion 

3.1. Characterization of biosorbents 

3.1.1. Surface area (SBET), pore volumes, density and pHPZC 

Surface area provides important information about sorption procedure. Surface 

area is an important property of powdered material. Large surface area is preferable for 

sorption. The data showed that Pongamia pods powder has negligible surface area but 

Nirmali seeds powder has 0.6 m
2
g

-1
. The pore size area is also an important aspect to the 

accessibility of sorbate molecules to the sorption surface. Macro pore in case of Nirmali 

seeds powder is more than that of Pongamia pods powder. W0 is also negligible in both 

biosorbents.  

pHPZC values are given in Table 3.1. The PZC is the pH where the net surface 

charge is zero (Mohan et al., 2011). At this value the net charge becomes zero due to 

neutralization effect of H3O
+
 and OH¯. It is usually determined in relation to an 

electrolyte’s pH and the PZC value is assigned to a given substrate or colloidal particle. 

In other words, PZC is the pH value at which a solid submerged in an electrolyte exhibits 

zero net electrical charge on the surface of adsorbent. The pHPZC values for Nirmali seeds 

powder and Pongamia seeds powder are 4.4 and 6.0 respectively (Table 3.1). 

3.1.2. Elemental analyses 

 The elemental analyses of Nirmali seeds powder and Pongamia pods powder are 

given in Table 3.2. From analysis, it is clear that both biosorbents have high carbon and 

hydrogen while nitrogen and sulphur are present in very small amount. Nirmali seeds 

powder and Pongamia pods powder have almost same weight percent of carbon. 

3.1.3 X-ray powder diffraction (XRD) 

The XRD patterns of Nirmali seeds powder and Pongamia pods powder are 

presented in Figure 3.1 (a, b). The XRD pattern of Nirmali seeds powder shows two 

broad peaks. The peaks centered at 2θ =72.634 and 72.815 may be due to silica and 

calcite respectively. Similar results were reported earlier for Cassia grandis and Cassia 

marginata (Singh et al., 2008 and Singh et al., 2007).  

The XRD pattern of Pongamia pods powder is presented in Figure 3.1(b). The 

peak centered at 2θ = 72.634
o
 may be assigned to calcite (X’Pert HighScore, Philips 

analytical B. V.). Peak observed at 2θ = 21.869
o
 may be assigned to silica. Similar peaks 
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in the 2 θ range of 15
o 

to 35
o
 diffraction angles were reported for the presence of silica in 

rice husk (Kamath and Proctor, 1998; Dell et al., 2001; Tarley et al., 2004). 

3.1.4. Infrared spectroscopy (FTIR) 

The identification of various forms of different constituents in Nirmali seeds 

powder and Pongamia pods powder has been carried out with the help of FTIR 

spectroscopy. The FTIR spectra of Nirmali seeds powder (neat and chromium loaded) 

and Pongamia pods powder are given in Figure 3.2 (a, b). Nirmali seeds powder [Figure 

3.2 (a)] shows weak and broad peaks in the region of 1056-3410 cm
-1

. Approximate FTIR 

band assignment in case of Nirmali seeds powder indicated the presence of alcohols, 

carboxylic acid, C-H, C=O and O-H stretching modes (Jayaram et al., 2009; 

Lakshmipathiraj et al., 2011). The band appeared at 1458 cm
-1

 in unloaded Nirmali seeds 

powder shifted to 1373 cm
-1

 when loaded with chromium. Furthermore, the band at 3410 

cm
-1 

was also shifted to 3423 cm
-1

 after chromium adsorption. The band assignments are 

given in Table 3.3. 

Similarly, in Pongamia pods powder various absorption bands appeared at 

1056.98, 1458.18, 1652.99, 2362.79, 2926.00 and 3410.13 are assigned to C-O, C-H, 

C=O, NH2, C-H and O-H bonds respectively (Elangovan et al., 2008). 

3.1.5. Scanning electron microscopy (SEM) and energy dispersive analysis (EDX) 

 SEM micrographs of powdered Nirmali seeds are shown in Figure 3.3 (A-F). 

Micrographs show various types of morphological structures. These included hexagonal 

tubes like structure [(Figure 3.3 (B)], fibrous structure [Figure 3.3 (C)] and the 

honeycomb like structure [Figure 3.3 (A)]. Similar SEM micrographs of Nirmali seeds 

powder were reported earlier (Lakshmipathiraj et al., 2011; Stojanovic et al., 2011). 

Figure 3.5 (A-F) represent the micrographs of powdered pods of Pongamia. It has 

open tubule-like structure [Figure 3.5 (B)]. It is clear that the pod powder is highly 

fibrous in structure and has rough texture [Figure 3.5 (D)]. Plant vessels of horizontal as 

well as vertical orientation were also visible [Figure 3.5 (D-E)]. These vessels were open 

and have many cavities on their external surface. These structures may also contribute to 

the absorption capacity of the material.  

The SEM/EDX analysis spectra of Nirmali seeds powder and Pongamia seeds 

powder are given in figures 3.4 (A-B) and 3.6 (A-B) respectively. Nirmali seeds powder 
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contain high percentage of oxygen than Pongamia, but less carbon. Calcium is present in 

Nirmali seeds powder which is absent in Pongamia pods powder. Yb is present in both 

the biosorbents but higher amount is seen in Pongamia pods powder. 

3.1.6. Energy dispersive analysis and X-ray fluorescence analysis (EDXRF) 

The EDXRF analysis spectra of Nirmali seeds powder [Figure 3.7 (A-B)] and 

Pongamia pods powder [Figure 3.8] summarizes their elemental composition. Major 

elements present in Nirmali seeds powder are Ca, Yb, Fe, S, Si, Ti, Zn while Pongamia 

pods powder shows the presence of Ca, Si, P, S, Mn, Fe. Same elements were confirmed 

using SEM/EDX. 

3.1.7. Transmission electron microscopy (TEM)  

 TEM micrographs of Nirmali seeds powder are shown in Figure 3.9 (A-F). Cell 

wall like structure appears in Figure 3.9 (E) while irregular structure of different sizes 

appears in Figure 3.9 (D) (Riahi et al., 2009). At low resolution [Figure 3.9(A)] spherical 

shapes of the particles are clearly visible but at higher magnification these particles get 

associated and forms sheet like structure. 

TEM micrographs of Pongamia pods powder are shown in Figure 3.10 (A-D). 

The cells appeared in micrograph are irregular in shape and size. These cells get 

associated and form globular structure [Figure 3.10 (D)]. 
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 Table: 3.1 Surface area (SBET), pore volumes, density and zero point charge values 

for Nirmali seeds powder and Pongamia pods powder  

 

 

Table: 3.2 Elemental analyses of Nirmali seeds powder and Pongamia pods powder  

 

 

 

 

 

 

 

 

 

 

 

 

 

Adsorbents 
SBET 

(m
2
g

-1
) 

Vma 

(cm
3
 g

−1
) 

Vme 

(cm
3
 g

−1
) 

W0 

(cm
3
 g

−1
) 

ρHg 

(g cm
-3

) 

ρHe 

(g cm
−3

) 
pHPZC 

Nirmali seeds 

powder 
0.6 0.22 0.00 0.001 1.04 1.27 4.4 

Pongamia 

pods powder 
0.0 0.18 0.08 0.000 0.8 1.35 6.0 

Adsorbents C (Wt %) H (Wt %) N (Wt %) S (Wt %) 

Nirmali seeds powder 46.375 7.0885 1.434 0.0725 

Pongamia pods 

powder 
45.58 6.3965 0.8195 0.0245 
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Table: 3.3 FTIR spectral analysis of Nirmali seeds powder and Pongamia  

pods powder 

 

Wave number (cm
-1

) 

Pongamia 

pods powder 
Nirmali seeds powder 

Functional group  References 

Neat Neat Loaded 

1056.98 1056.98 1056.98 

C-O stretching 

vibration of 

alcohols and 

carboxylic acid 

Jayaram et al., 2009; 

Lakshmipathiraj et 

al., 2011; Elangovan 

et al., 2008 

1458.18 1458.18 1373.31 Vibration of C-H 

1652.99 1652.99 1652.99 

C=O stretching 

vibration of 

hydrogen bonded 

hydroxyl group, 

amide  

2362.79 - - NH2 stretch 

2926.00 2926 2934 
Stretching 

vibrations of C-H 

3410.13 3410.13 3423 

Stretching vibration 

of hydrogen bonded 

hydroxyl group 
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Table: 3.4 EDXRF analysis of Nirmali seeds powder and Pongamia pods powder 

 

Table: 3.5 SEMEDX elemental analysis of Nirmali seeds powder and Pongamia pods powder 

Adsorbents 

Elements 

 

Mg 

(ppm) 

 

Si 

(ppm) 

P 

(ppm) 

S 

(ppm) 

Cl 

(ppm) 

K 

(ppm) 

Ca 

% 

Ti 

(ppm) 

V 

(ppm) 

Mn 

(ppm) 

Fe 

(ppm) 

Cu 

(ppm) 

Zn 

(ppm) 

As 

(ppm) 

Sr 

(ppm) 

Yb 

% 

W 

(ppm) 

Pt 

(ppm) 

Pb 

(ppm) 

 

Nirmali seeds 

powder 

206.76 1447.49 126.74 659.78 102.86 176.21 0.25 116.27 5.251 36.411 1022.98 144.63 108.240 6.914 39.156 0.351 280.615 9.761 30.657 

Pongamia 

pods powder 
- 188.77 61.00 241.36 - 30.139 0.21 - - 3.30 31.76 11.37 8.7 - 35.445 1556.66 - - - 

Adsorbents 

Elements (wt.%) 

Carbon Oxygen Calcium Ytterbium 

Nirmali seeds powder 38.37 55.34 0.16 0.40 

Pongamia pods powder 41.3 49.39 - 2.24 
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Figure 3.1 XRD spectra of (a) Nirmali seeds powder before and after 

chromium biosorption and (b) Pongamia pods powder.  
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Figure 3.2 FTIR spectra of (a) Nirmali seeds powder before and after 

chromium biosorption (b) neat Pongamia pods powder. 
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A B 

C D 

E F 

Figure 3.3 SEM micrographs of Nirmali seeds powder at different magnifications (A) 403X  

(B) 2.58KX (C) 343X (D) 1.55KX (E) 8.39KX and (F) 9.91KX.  
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Figure 3.4 (A, B) EDX spectra of Nirmali seeds powder.  
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A B 
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E F 

Figure  3.5 SEM micrographs of Pongamia pods powder at different magnifications (A) 262X  

(B) 424X (C) 536X (D) 992X (E) 1.74KX and (F) 1.97KX.  
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Figure 3.6 (A, B) SEM/EDX spectra of Pongamia pods powder.  
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Figure 3.7 (A, B) EDXRF spectra of Nirmali seeds powder. 
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Figure 3.8 EDXRF spectrum of Pongamia pods powder. 
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Figure 3.9 TEM of Nirmali seeds powder at different magnifications (A) 1200X (B) 1200   

(C) 3000X (D) 6000X and 9 (F) 6000X. 
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Figure 3.10 TEM images of Pongamia pods powder at different magnifications         

(A) 2000X (B) 4000X (C) 8000X and (D) 10000 X. 
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4.1. Sorption studies  

4.1.1. Effect of pH on metal ion binding 

The change in adsorption of lead and chromium in a pH range of 2.0-10.0 on 

Nirmali seed powder and Pongamia pods powder has been studied. The dependence 

of the amount of lead and chromium adsorbed on two biosorbents vis-à-vis pH is 

shown in Figure 4.1(a,b). The effect of pH on chromium adsorption was studied at an 

initial concentration of 10 mg/L and 25 °C. The optimum pH for the chromium 

removal is 4.0 [Figure 4.1(a)]. The equilibrium pH was also determined. There is an 

increase in the solution pH after complete adsorption of chromium. Similar results 

were also reported in literature on Mangroove leaves (Elangovan et al., 2008). The 

effect of pH on the adsorption of chromium is attributed to interactions between ions 

in solution and complexes formed at the adsorbent surfaces. Chromium exists as 

different species at different pH (Mohan et al., 2005). At pH 4.0, chromium exists as 

Cr2O7
2-

. It is clear from pHPZC (Nirmali seeds powder = 4.4 and Pongamia seeds 

powder = 6.0) values that below this pH, surface of biosorbents is positively charged 

and this helps in binding of chromate ions. The decrease in chromium adsorption at 

higher pH values may be due to the decrease in net positive charge at the surfaces. 

Thus, all the sorption and kinetic studies has been conducted at pH 4.0. 

 The optimum pH for lead removal on Nirmali seeds powder and Pongamia 

seeds powder is 4.5. At pH 2.0, the removal is insignificant (57 and 48% on Nirmali 

seeds powder and Pongamia seeds powder respectively). As pH increases, the 

removal of lead also increases. After pH 4.5, no significant change in lead adsorption 

took place [Figure 4.1(b)]. As pH is further increased beyond 6.0, onset of metal 

hydrolysis and precipitation took place (Bhattacharyya and Sharma, 2004). Thus, pH 

studies were restricted in the range of 2.0-6.0 to correlate metal ions removal with 

adsorption. 

 The low adsorption in acidic medium (pH ≤ 2.0) is attributed to the fact that 

the surface of biosorbent are positively charged in this pH range. Due to the 

competition between H3O
+
 ions and metal ions for the available sites on the 

biosorbents, the lead adsorption is insignificant (Jayaram et al., 2009). Thus, all the 

subsequent studies on lead remediation using biosorbents were conducted at pH 4.5. 

Similar results were obtained by Pejic et al., (2009) where lead remediation was 

carried out on pH 4.5. 
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4.2 Kinetic studies and modeling 

 Successful applications of adsorption processes required the development of 

low cost, non toxic and locally available biosorbents of known kinetic parameters and 

sorption characteristics (Mohan et al., 2007). The knowledge of optimum conditions 

would help in designing a better adsorption process. In view of this, the effects of 

various parameters including the effect of contact time, amount of adsorbent, particle 

size of adsorbent, concentration of adsorbate, and temperature were examined and 

discussed in the subsequent paragraphs. 

 At a desired temperature, predetermined amount of adsorbent was added to 

beaker containing 50 ml of lead or chromium solutions in a water bath shaker. The 

solution was agitated and at predetermined intervals, adsorbate was separated and 

analyzed for lead and chromium uptake by AAS. 

4.2.1. Effect of contact time 

 In simple preliminary sorption kinetic studies, different times of contacts are 

studied for the sorption equilibrium to be achieved or untill there is no more change in 

the sorption. Thus, the effect of contact time on the rate of chromium and lead 

removal on developed biosorbents was studied (figures 4.2 and 4.3). It is clear from 

the figure that removal is very fast in the beginning and typically 0 to 40.68% 

chromium and 0 to 90% lead on Nirmali seeds powder; 0 to 11.9% chromium and 0 to 

96% lead on Pongamia pods powder were removed in the first hour of contact.  

 The initial rapid sorption of chromium by Nirmali seeds powder and 

Pongamia pods powder is followed by a very slow approach leads to equilibrium.  It 

is also clear that ~72 hrs can be considered as the time required to complete the 

adsorption on both the adsorbents. The lead adsorption by Nirmali seeds powder and 

Pongamia pods powder was rapid as compared to chromium adsorption. Equilibrium 

was reached within 3 hrs of contact time for Nirmali seeds powder and 1 hr for 

Pongamia pods powder. 

4.2.2. Effect of adsorbent dose 

 The effect of amount of Nirmali seeds powder and Pongamia pods powder on 

the rate of lead and chromium uptake is shown in figures 4.2 and 4.3. There is a 

substantial increase in the chromium adsorption on increasing the dose of Nirmali 

seeds powder and Pongamia pods powder from 2 g/L to 4 g/L. On further increase in 

the dose to 10 g/L, removal of chromium also increases in the same proportion. 

Therefore, 10 g/L has been decided as an optimum dose to carry out all the batch 
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sorption and kinetic studies. Furthermore, the half life i.e. the time taken to reduce the 

concentration to 50% of its total adsorption (t50) also decreases [t50 at 2 g/L (4 hrs); t50 

at 4 g/L (5 hrs), t50 at 10 g/L (4 hrs)] 

 Similar trends were obtained for lead removal on Nirmali seeds powder. On 

doubling the dose from 5 g/L to 10 g/L, the removal also becomes double i.e. 68% to 

89%. On introducing another 5 g/L, the adsorption does not increase in the same ratio. 

The increase in adsorption is only 4%.  Thus, keeping this in view, the amount of 

Nirmali seeds powder taken in all subsequent studies is 10 g/L. Furthermore, the half 

life i.e. t50 is insignificant (t50 <30 minutes at 5, 10, and 20 g/L) at different dosage. 

 Studies were also conducted to determine the optimum dose of Pongamia pods 

powder for chromium and lead removal (figures 4.2 and 4.3).  

 Percent chromium adsorption increases with increase in adsorbent (Pongamia 

pods powder) dose from 2 to 5 g/L (33 to 59%) and 5 to 10 g/L (59 to 77%). On 

further addition of 10 g/L, the chromium removed also increases (77 to 94%).  

 Keeping this in view and handling problems of large adsorbent dose, 10 g/L 

was selected as an optimum dose to carry out all the subsequent kinetics and sorption 

studies. Furthermore, the i.e. t50 also decreases with increase in the adsorbent dose and 

found to be (24 hrs, 24 hrs, 18 hrs, and 10 hrs at 2, 5, 10, and 20 g/L doses 

respectively). 

 Similar results were obtained for lead removal on Pongamia pods powder         

[Figure 4.3(b)]. With increase in dose 5 g/L to 10 g/L, the adsorption of lead becomes 

double. On introducing additional 10 g/L, the adsorption does not increase in the same 

proportion. Thus, an optimum dose of 10 g/L of Pongamia pods powder was used to 

carry out all the subsequent studies. . Furthermore, the half life i.e. t50 (t50 <30 minutes 

at 5, 10, and 20 g/L) at is found to be independent of adsorbent dose. 

4.2.3. Effect of temperature 

 The sorption studies for both biosorbents (Nirmali seeds powder and 

Pognamia pods powder) were carried out at 25, 35, and 45 °C for chromium metal 

ion. The adsorption increases with increase in temperature. This shows that the 

process is endothermic in nature. This is also confirmed by the fact that the time 

required for 50% completion of adsorption decreases with rise in temperature. 

4.2.3. Effect of intial metal concentration 

 The adsorption of chromium by Nirmali seeds powder and Pognamia pods 

powder at different concentrations of metal with time is shown in Figure 4.4. The 
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adsorption increases with increase in chromium concentration. For a purely adsorptive 

reaction, the rate varies directly with the adsorbate concentration. The amount of lead 

and chromium removed in the first hour of contact increases as the concentration of 

metal ion increases. Furthermore, the half life (t50) is found to be independent of 

concentration (Figures 4.4 and 4.5). The half life values are (t50 is <30 minutes at 100, 

200 and 500 mg/L) for lead –Nirmali system and (t50 is 5hrs for 10, 40, and 80 mg/L) 

for chromium-Nirmali system. The kinetic models were fitted to concentration data. 

The kinetic data are given in Table 4.3. 

The simple pseudo-first order rate equation as suggested by Lagergren (Mohan 

et al., 2011) and pseudo-second order kinetic model were applied to the biosorbents. 

The fitting of data at different adsorbate concentration, adsorbent dose, and 

temperature are shown in figures 4.7-4.16.  

All the parameters together with the regression coefficients as calculated using 

first and second order rate equations are given in Tables 4.3-4.5. It is clear from 

Tables 4.3-4.5 and figures 4.7-4.16, the R
2
 value as obtained from second-order rate 

equation are slightly better versus first-order rate equation. The correlation 

coefficients for most of the linear plots are superior (in most cases >0.98). It is also 

clear from tables 4.3-4.5 that theoretical and experimental qe values have an excellent 

agreement.  

Thus, pseudo-second order model assumes that the rate limiting step is a 

chemical adsorption of lead and chromium on biosorbents.  

4.3. Isotherm and modeling 

 The Freundlich isotherm model is one of the earliest empirical equation used 

to explain the sorption equilibrium data. This model is very frequently and popularly 

used in the description of adsorption of organics from aqueous streams on activated 

charcoal (D. D. DO, Adsorption analysis: Equilibria and Kinetics, Imperial College 

Press; 1998). 

Various parameters of the Freundlich equation can be estimated by plotting 

log (Ce) versus log (qe) as given by equation (8) in Material and Method section. 

 The Freundlich equation can be obtained by assuming that surface is 

heterogeneous due to the fact that the adsorption energy is distributed and the surface 

topography is patchwise i.e. having the same adsorption energy are grouped together 

into one path (DO, 1998). 
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 On the other hand, the Langmiur model is based on a kinetic principle i.e. the 

rate of adsorption is equal to the rate of desorption from the adsorbent surface (DO, 

1998).Various parameters of the Langmuir equation can be estimated by plotting 

Ce/qe versus Ce or 1/Ce versus 1/qe as given by the equation (9) in Material and 

Method section. 

The sorption equilibrium isotherms for chromium metal uptake on Nirmali 

seeds powder and Pongamia pods powder are shown in figures 4.17-4.20. Sorption 

data have been evaluated by Langmuir. Sorption data have been evaluated by 

Langmuir and Freundlich adsorption isotherm models. Data is better fitted by 

Langmuir isotherm model than Freundlich model. Isotherm data is shown in Table 

4.1.It is clear from the Table 4.1, the adsorption capacity increases with increase in 

temperature, thereby, indicating the process to be endothermic in nature.The 

maximum adsorption capacities (Q
0
) of Nirmali seeds and Pongamia pods powder 

5.65 and 5.56 mg/g respectively at 45 °C.  

The lead uptake on Nirmali seeds powder and Pongamia pods powder at 

different temperatures (10 mg/L to 1000 mg/L) have also been evaluated using the 

Langmuir and Freundlich adsorption isotherms. It is inferred that the data is better 

fitted to Langmuir model.  

The removal of lead by Nirmali seeds powder and Pongamia pods powder 

decreases with increase in temperature, thereby, indicating the process to be 

exothermic in nature. The lead removal decreases fro 23.81 mg/g to 23.25 mg/g when 

temperature increases from 25° to 45 °C. On the other hand, the lead adsorption 

decreases from 16.95 mg/g to 14.085 mg/g when temperature increases from 25° to 

45 °C. It is clear from Table 4.2, the decrease in case of Nirmali seeds powder is very 

small. Similar trend was obtained for the Freundlich adsorption capacity “KF” as 

reported in tables 4.1 and 4.2 for chromium and lead respectively. 

4.4. Application of biosorbents to treat surface water samples 

Real water/wastewater systems contain a complex mixture of ions and 

sorption efficacy is affected by competition of these ions for the sorption sites. The 

efficacy of biosorbents (Nirmali seeds powder and Pongamia pods powder) in real 

water systems was investigated by collecting groundwater from Mathura, Uttar 

Pradesh, India. An additional ~5.0 mg/L of chromium and lead solutions was spiked 

into this water sample. Nirmali seeds powder and Pongamia pods powder were then 

utilized to remediate chromium and lead from this groundwater under optimum 
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conditions previously obtained from batch sorption studies. The pH was adjusted to 

4.0 and 4.5 for chromium and lead respectively, before applying the biosorbents. A 

predetermined amount of biosorbents (10 g/L) was added to each sample. After 

equilibrating 48 hours, the samples were filtered and the metal concentrations were 

measured by AAS.  

Nirmali seeds powder remediate >99% lead and 95% chromium from water. 

Pongamia pods powder removed  >99% lead and 97% chromium. Thus the presence 

of solids and other interfering ions do not interfere in the sorption process. Therefore, 

these biosorbents can be applied to remediate chromium and lead from contaminated 

surface/groundwater. 
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Table 4.1 Freundlich and Langmuir isotherm parameters for chromium removal on 

Nirmali seeds powder and Pongamia pods powder at different temperatures. 

 

Isotherm 

parameters 

Nirmali seeds powder Pongamia pods powder 

25 °C 35 °C 45 °C 25 °C 35 °C 45 °C 

Freundlich 

KF (mg/g) 0.558 1.282 1.374 0.627 0.793 0.906 

1/n 2.155 3.497 2.710 1.927 2.101 1.972 

R
2
 0.980 0.652 0.678 0.990 0.961 0.917 

Langmuir 

Q
0 

(mg/g) 3.922 4.739 5.650 4.926 4.785 5.556 

b 1.952 6.732 12.150 2.982 4.362 6.460 

R
2
 0.947 0.982 0.988 0.952 0.965 0.962 

 

 

Table 4.2 Freundlich and Langmuir isotherm parameters for lead removal on 

Nirmali seeds powder and Pongamia pods powder at different temperatures. 

 

Isotherm 

parameters 

Nirmali seeds powder Pongamia pods powder 

25 °C 35 °C 45 °C 25 °C 35 °C 45 °C 

Freundlich 

KF (mg/g) 4.074 5.728 4.634 3.076 3.639 3.083 

1/n 2.899 3.425 2.976 3.279 3.759 3.367 

R
2
 0.678 0.879 0.768 0.733 0.894 0.774 

Langmuir 

Q
0 

(mg/g) 23.810 23.810 23.256 16.949 14.925 14.085 

b 0.085 0.112 0.221 0.052 0.096 0.124 

R
2
 0.990 0.985 0.999 0.973 0.993 0.994 
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Table 4.3 First order and pseudo-second order rate constants and comparative evaluation of qe as calculated experimentally 

and by using first and second-order rate equations at different chromium and lead concentrations. 

 

 

Conc. (mg/L) 

First order 

rate constant, 

k1 (h
-1
) 

R
2
 

First 

order rate 

constant, 

k1 (h
-1
) 

R
2
 

Second 

order rate 

constant, k2 

 (g mg
-1
 h

-1
) 

R
2
 

Second 

order rate 

constant, 

k2 

(g mg
-1
 h

-1
) 

R
2
 qe experimental (mg/g) 

qe, calculated using first-

order  

kinetic model 

(mg/g) 

qe , calculated using 

second-order  

kinetic model 

 (mg/g) 

Nirmali 

seeds 

Pongamia 

pods 
Nirmali seeds Pongamia pods Nirmali seeds Pongamia pods 

Nirmali 

seeds 

Pongamia 

pods 

Nirmali 

seeds 

Pongamia 

pods 

Nirmali 

seeds 

Pongamia 

pods 

Chromium 

10 10 3.178 0.940 1.243 0.984 0.27 0.995 0.031 0.99 0.955 9.549 0.553 7.816 0.99 9.615 

40 40 1.382 0.997 0.967 0.974 0.33 0.988 0.006 1 2.072 38.23 33.189 2.618 2.21 38.461 

80 80 3.869 0.940 1.105 0.974 7.63 0.411 0.002 1 2.572 77.97 2.512 1.285 2.46 83.33 

Lead 

100 100 10.364 0.764 - 0.005 1.30 1 76.92 0.999 9.240 9.634 0.547 0.360 9.26 9.80 

200 200 11.331 0.932 0.313 0.18 0.38 0.999 32.26 0.999 15.89 11.118 0.578 1.321 16.13 11.24 

500 500 6.080 0.446 0.234 0.011 0.21 0.999 333.33 0.999 20.465 13.83 0.514 0.668 20.83 13.89 
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Table 4.4 First-order and pseudo-second-order rate constants and comparative evaluation of qe as calculated experimentally 

and by using first and second order rate equations at different adsorbent dose. 

 

 

Dose (g/L) 

First 

order rate 

constant, 

k1 (h
-1
) 

R
2
 

First 

order rate 

constant, 

k1 (h
-1
) 

R
2
 

second order 

rate constant, 

k2 (g mg
-1
 h

-1
) 

R
2
 

second order 

rate constant, 

k2 (g mg
-1
 h

-1
) 

R
2
 qe experimental (mg/g) 

qe calculated using 

first-order 

kinetic model (mg/g) 

qe calculated using 

second-order kinetic 

model (mg/g) 

Nirmali 

seeds 

Pongamia 

pods 
Nirmali seeds Pongamia pods Nirmali seeds Pongamia pods 

Nirmali 

seeds 

Pongamia 

pods 

Nirmali 

seeds 

Pongamia 

pods 

Nirmali 

seeds 

Pongamia 

pods 

Chromium 

2 2 3.040 0.977 1.520 0.964 0.568 0.984 4.08 0.995 2.726 6.527 1.840 1.603 2.82 6.49 

4 5 2.764 0.9 1.382 0.981 0.349 0.986 13.89 0.999 1.485 9.016 0.873 8.318 1.52 9.01 

10 10 3.178 0.935 1.244 0.979 0.252 0.994 27.78 0.999 0.955 9.549 0.545 7.852 0.99 9.62 

- 20 - - 1.244 0.978 - - 62.50 1 - 9.737 - 7.727 - 9.80 

Lead 

5 5 3.178 0.943 - - 500 0.999 - 0.999 46.280 8.533 1.866 - 47.619 8.55 

10 10 1.244 0.974 - - 0 0.99 - 0.999 45.870 4.609 1.644 - 47.619 4.63 

20 20 1.658 0.986 - - 0 0.99 - 1 45.99 2.397 1.069 - 47.619 2.39 
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Table 4.5 First-order and pseudo-second-order rate constants and comparative evaluation of qe as calculated experimentally 

and by using first- and second-order rate equations at different temperature. 

 

Temperature (°C) 

First 

order rate 

constant, 

k1 (h
-1
) 

R
2
 

First order 

rate 

constant,  

k1 (h
-1
) 

R
2
 

second order 

rate constant, 

k2 (g mg
-1
 h

-1
) 

R
2
 

second 

order rate 

constant, 

k2 (g mg
-1
 

h
-1
) 

R
2
 qe experimental (mg/g) 

qe calculated using first-

order  kinetic model  (mg/g) 

qe calculated using 

second-order kinetic 

model (mg/g) 

Nirmali 

seeds 

Pongamia 

pods 
Nirmali seeds  Pongamia pods Nirmali seeds Pongamia pods 

Nirmali 

seeds 

Pongamia 

pods 

Nirmali 

seeds 

Pongamia 

pods 

Nirmali 

seeds 

Pongamia 

pods 

Chromium 

25 25 1.520 0.997 2.349 0.989 0.19 0.986 0.08 0.891 1.526 1.635 44.361 54.2 1.65 1.72 

35 35 2.764 0.916 2.073 0.986 0.42 0.996 0.14 0.985 1.871 1.883 1.205 1.629 1.95 2.13 

45 45 1.382 0.992 0.967 0.983 0.60 0.998 0.24 0.995 1.982 1.983 36.058 46.132 2.06 2.16 
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Table 4.6 Chromium remediation from contaminated ground water sample using 

Nirmali seeds powder and Pongamia pods powder (adsorbent dose: 10 g/L; equilibrium 

time: 48 hour; pH: 4.0; temperature: 25 
o
C; particle size: 30-50 mesh; volume of the 

water sample taken: 50 ml) 

 

Parameters 

Values 

(initial pH 8.44 which is 

adjusted to pH 4) 

Values after treatment 

with Nirmali seeds 

powder 

Values after treatment 

with Pongamia pods 

powder 

pH 4 4.31 4.76 

Na
+
 (mg/L) 189 188.8 177 

K
+
 (mg/L) 20.5 28.4 30.3 

Li
+
 (mg/L) 4.6 4.4 4.5 

Ca
2+

 (mg/L) 19.5 20.4 20.1 

Ba
2+

 (mg/L) 21.4 25.8 25.2 

Chromium (mg/L) 5 0.173 0.251 

 

Table 4.7 Lead remediation from contaminated ground water sample using Nirmali 

seeds powder and Pongamia pods powder (adsorbent dose: 10 g/L; equilibrium time: 48 

hour; pH: 4.5; temperature: 25 
o
C; particle size: 30-50 mesh; volume of the water 

sample taken: 50 ml) 

 

Parameters 

Values 

(initial pH 8.44 which is 

adjusted to pH 4.5) 

Values after treatment 

with Nirmali seeds 

powder 

Values after treatment 

with Pongamia pods 

powder 

pH 4.5 4.30 4.84 

Na
+
 (mg/L) 189 174 177 

K
+
 (mg/L) 20.5 21.6 24.3 

Li
+
 (mg/L) 4.6 4.5 4.3 

Ca
2+

 (mg/L) 19.5 20.6 19.3 

Ba
2+

 (mg/L) 21.4 20.4 20.6 

Lead (mg/L) 5 0.022 0.024 
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Figure. 4.1. Effect of pH on (a) chromium removal using Nirmali seeds powder and 

Pongamia pods powder [initial concentration of ~10 mg/L, adsorbent dose of 10 

g/L, particle size 30-50 B.S.S mesh and at 25 
°
C] (b) lead removal using Nirmali 

seeds powder and Pongamia pods powder [initial concentration of ~ 40 mg/L, 

adsorbent dose of 10 g/L, particle size 30-50 B.S.S mesh and at 25 
°
C]. 
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 Figure 4.2. Effect of contact time on the uptake of chromium by (a) Nirmali 

seeds powder (b) Pongamia pods powder at different adsorbent dose [pH 4.0, 

adsorbate concentration 10 mg/L, temperature 25 °C]. 

(b) 

(a) 
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(a) 

 Figure 4.3. Effect of contact time on the uptake of Pb by (a) Nirmali seeds 

powder (b) Pongamia pods powder at different adsorbent dose [pH 4.5, 

adsorbate concentration 10 mg/L, temperature 25 °C]. 

(b) 

(a) 
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Figure 4.4. Effect of contact time on the uptake of chromium by (a) Nirmali 

seeds powder (b) Pongamia pods powder at different adsorbate concentrations 

[pH 4.0, adsorbent dose 10 g/L, temperature 25 °C]. 
 

(a) 

)) 

(b) 

)) 
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Figure 4.5. Effect of contact time on the uptake of lead by (a) Nirmali seeds 

powder (b) Pongamia pods powder at different adsorbate concentrations [pH 

4.5, adsorbent dose 10 g/L, temperature 25 °C]. 
 

(a) 

(b) 
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Figure 4.6. Effect of contact time on the uptake of chromium by (a) Nirmali seeds 

powder (b) Pongamia pods powder at different temperature [pH 4.0, adsorbent 

dose 10 g/L, adsorbate concentration 20 mg/L]. 
 

(a) 

(b) 
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(a) 

 Figure 4.7. Pseudo-first order kinetic plots for the adsorption of chromium by 

(a) Nirmali seeds powder (b) Pongamia pods powder at different adsorbent dose 

[pH 4.0, adsorbate concentration 10 mg/L, temperature 25 °C]. 

(b) 

(b) 

(a) 



Results & Discussions (II) 

 

61 | P a g e  

 

  

 

 

 

 

 

 

 

  

 Figure 4.8. Pseudo-first order kinetic plots for the adsorption of lead by 

Nirmali seeds powder at different adsorbent dose [pH 4.5, adsorbate 

concentration 10 mg/L, temperature 25 °C]. 
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 Figure 4.9. Pseudo-second order kinetic plots for the adsorption of chromium by 

(a) Nirmali seeds powder (b) Pongamia pods powder at different adsorbent dose 

[pH 4.0, adsorbate concentration 10 mg/L, temperature 25 °C]. 

(b) 

(a) 
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 Figure 4.10. Pseudo-second order kinetic plots for the adsorption of lead by        

(a) Nirmali seeds powder (b) Pongamia pods powder at different adsorbent dose 

[pH 4.5, adsorbate concentration 10 mg/L, temperature 25 °C]. 

(a) 

)) 

(b) 

)) 
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Figure 4.11. Pseudo-first order kinetic plots for the adsorption of chromium by 

(a) Nirmali seeds powder (b) Pongamia pods powder at different adsorbate 

concentration [pH 4.0, temperature 25 °C, adsorbent dose 10 g/L]. 
 

(a) 

(b) 
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Figure 4.12. Pseudo-first order kinetic plots for the adsorption of lead by (a) 

Nirmali seeds powder (b) Pongamia pods powder at different adsorbate 

concentrations [pH 4.5, temperature 25 °C, adsorbent dose 10 g/L]. 
 

 

(a) 

(b) 
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Figure 4.13. Pseudo-second order kinetic plots for the adsorption of chromium by   

(a) Nirmali seeds powder (b) Pongamia pods powder at different adsorbate 

concentration [pH 4.0, adsorbent dose 10 g/L, temperature 25 °C]. 
 

(a) 

(b) 
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 Figure 4.14. Pseudo-second order kinetic plots for the adsorption of lead by       

(a) Nirmali seeds powder (b) Pongamia pods powder at different adsorbate 

concentration [pH 4.5, adsorbent dose 10 g/L, temperature 25 °C]. 
 

(b) 

(a) 
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Figure 4.15. Pseudo-first order kinetic plots for the adsorption of chromium by (a) 

Nirmali seeds powder (b) Pongamia pods powder at different temperatures [pH 4.0, 

adsorbent dose 10 g/L, adsorbate concentration 20 mg/L]. 
 

(a) 

(b) 
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Figure 4.16. Pseudo-second order kinetic plots for the adsorption of chromium by (a) 

Nirmali seeds powder powder (b) Pongamia pods powder at different temperatures 

[pH 4.0, adsorbent dose 10 g/L, adsorbate concentration 20 mg/L]. 
 

 

(a) 

(b) 



Results & Discussions (II) 

 

70 | P a g e  

 

 

 

 

 

 

 

 

 

 

Figure 4.17. Sorption isotherm of chromium by Nirmali seeds powder at 

different temperature (pH 4.0, adsorbent dose 10 g/L) solid lines represent the 

data fitted by (a) Langmuir (b) Freundlich isotherms. 
 

(a) 

(b) 
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Figure 4.18. Sorption isotherm of chromium by Pongamia pods powder at 

different temperature [pH 4.0, adsorbent dose 10 g/L]. Solid lines represent the 

data fitted by (a) Langmuir (b) Freundlich isotherms. 
 

(b) 

(a) 
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(a) 

(b) 

Figure 4.19. Sorption isotherm of lead by Nirmali Seeds powder at different 

temperature [pH 4.5, adsorbent dose 10 g/L]. Solid lines represent the data fitted 

by (a) Langmuir (b) Freundlich isotherms. 
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(b) 

Figure 4.20. Sorption isotherm of lead by Pongamia pods powder at different 

temperature [pH 4.5, adsorbent dose 10 g/L]. Solid lines represent the data 

fitted by (a) Langmuir (b) Freundlich isotherms. 
 

 

(a) 
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Conclusions 

In the present study, Nirmali seeds powder and Pongamia pods powder were 

used as low cost biosorbents. The biosorbents were characterized for BET surface 

area, CHNS analyses and pHPZC. Surface morphology was identified by SEM and 

TEM. Organic functional groups present in the samples were identified through FT-IR 

spectroscopy.  

The biosorbents (Nirmali seeds powder and Pongamia pods powder) were 

used to remediate chromium and lead from aqueous solution, using batch sorption and 

kinetic studies. Equilibrium and sorption dynamics for both biosorbents were 

performed at optimized pHs. Sorption data were modelled using Freundlich and 

Langmuir isotherm models. On the basis of the present study following conclusions 

were made  

 Based on the pH studies, maximum chromium adsorption for Nirmali seeds 

powder and Pongania pods powder occured at 4.5. 

 Kinetic studies for chromium and lead removal was performed at different 

adsorbent doses, adsorbate concentrations and temperatures. Kinetic data were 

modelled using pseudo-first order and pseudo-second order kinetic models. 

 Kinetic data of chromium and lead were better described by a pseudo-second 

order model. 

 Chromium adsorption by Nirmali seeds powder and Pongamia pods powder is 

endothermic in nature. 

 Lead adsorption has very insignificant effects of temperature on biosorbents 

(Nirmali seeds powder and Pongamia pods powder). 

 Sorption of chromium on Nirmali seeds powder followed the Langmuir 

model. 

 Both Langmuir and Freundlich models were followed in case of chromium 

removal on Pongamia pods powder. 

 Isotherm data for Nirmali seeds powder for lead removal followed only 

Langmuir model. 
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 These biosorbents were utilized to remove chromium and lead from spiked 

groundwater (collected from Mathura district, Uttar Pradesh, India) 

successfully.  

 These biosorbents can efficiently remove chromium and lead but, its 

efficiency can be increased with some physical and chemical treatments. 

 These biosorbents could be applied to remediate lead and chromium from 

industrial effluents (at its optimum pH = 4.0 to 4.5).         

 Biosorbents (Nirmali seeds powder and Pongamia pods powder) are effective 

to remediate lead and chromium, low cost and locally available. Thus, these 

can be utilised for heavy metals removal from water and wastewater. 
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