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                                   Summary 

Industrialization and urbanization have led to an increase in biogeochemical cycling of many 

elements, including heavy metals resulting in their significant amounts being deposited into 

natural aquatic and terrestrial ecosystems becoming a significant worldwide problem. To 

eradicate the metallic pollution in environmental restoration areas over conventional methods, 

biosorption has been enormously considered an alternative metal removing method, based on 

metal-sequestering properties of certain natural materials of biological origin. 

 After careful screening of 19 biosorbents of different origin (rice husk, rice bran, sawdust, 

corn cob, Cicer arientinum pods, stem and leaves, sugar cane peelings, sugar cane baggasse, 

Moringa olifera pods, Pongamia pinnata pods, khas, pyrolysed carbons prepared from pods 

of Pongamia pinnata, Cassia fistula, Moringa olifera, commercial active carbon,  fish (Labeo 

rohita) scales, fermentation byproduct and fungus Trichoderma harzianum). Fish (Labeo 

rohita) scales, Pongamia pinnata and Cassia fistula pods carbon were able to bind maximum 

amounts of metals (Pb, Cd, Cu, Cr, Co, Ni, Zn) in mg g-1 of these biomaterials and found to be 

the most efficient biosorbents for Pb(II) and Cd(II) because they are key environmental 

pollutants of major toxicity and found in different industrial effluents. 

 The influence of different experimental parameters such as pH, biosorbent dosage, biosorbent 

particle size, initial metal concentrations, temperature, agitation speed and contact time on 

Pb(II)/Cd(II) biosorption was investigated,  in batch experiments to optimize the best 

operating conditions. Optimizations of physical and environmental parameters have 

confirmed that the Pb(II)/Cd(II) sorption by fish (Labeo rohita) scales (FS), Pongamia 

pinnata and Cassia fistula pods carbon( PPPC ,CFPC) was dependent on pH, dose, initial 
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metal concentration, contact time and shaking speed. Metal sorption by FS, PPPC and CFPC 

was found to be independent of particle size as well as solution temperature.  

These results revealed that specific metal uptake increased with an increase in initial 

Pb(II)/Cd(II) ion concentrations with all three tested biosorbents at optimized dose 0.05g of 

biomass, temperature 30°C, particle size 150(FS, PPPC) and 40(CFPC) microns and pH 

3.5,4.5 in case of Pb(II) and 6.0 for Cd(II), agitating at 200 rpm . The maximum uptake values 

correspond to 472, 331 and 318 mg g -1 of biosorbents for Pb(II) and 500,797 and 570 mg g-1 

for Cd(II) for FS, PPPC and CFPC respectively  at an initial concentration of 800 ppm. 

Inhibition of Pb(II) biosorption by Alkali/Alkaline Earth metals Na, K, Mg and Ca was 

insignificant at both 1 mM and 10 mM concentration of these ions. These ions were released 

during biosorption of Pb(II) supporting ion exchange as one of the biosorption mechanisms. 

Among other cations, Al3+, Fe3+, Fe2+ showed more inhibition of Pb(II) uptake as compared to 

Hg2+, Cd2+, Cu2+,Zn2+, Co2+, Mn2+ etc. for all the three biosorbents. Presence of EDTA, 

cyanide, tartrate, citrate and acetate also exerted inhibitory effect upon Pb(II) biosorption 

more as compared to sulphate, chloride and nitrate. 

The attention was focused on Pb(II)/Cd(II) removal after different physical and chemical pre-

treatments. All physical modifications increased the sorption capacity of FS while autoclaved 

and boiling greatly reduced the Pb(II)/Cd(II) sorption capacity in case of PPPC and CFPC. All 

other acidic and basic pretreatments affected the biosorption capacity of three biosorbents in 

different ways.  

Desorption of sorbed Pb(II) from these biosorbents was investigated by employing distilled 

water, hydrochloric acid, sodium hydroxide and Na-EDTA as eluents. Hydrochloric acid (0.1 

M) was found to give the elution efficiency 62.55-15.41, 42.46-22.61 and 35.24-33.34% for 
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FS, PPPC and CFPC respectively. The values of percentage Pb(II) elution by NaOH and Na-

EDTE were less than HCl. A poor metal recovery was observed for distilled water. Pb(II) 

cyclic sorption-desorption studies were carried out  in batch mode. The percentage decrease in 

sorption capacity after three subsequent sorption-desorption cycles was found to be in the 

order Na-EDTA > HCl > NaOH > distilled water.  

Application of Langmuir, Freundlich, Dubinin-Radushkevich and Temkin adsorption 

isotherms revealed that the Pb(II) sorption equilibrium for fish scales was heterogeneous in 

nature and was well described by Freundlich equation while Langmuir sorption isotherm was 

followed by the sorption data of PPPC and CFPC very well. The sorption isotherm data for 

Dowex-SBR-P and IRA-400 for Pb(II) biosorption  represents none of the model fitted to ion 

exchange resins neither in terms of qcal nor in terms of R2 where as  the applicability of these 

isotherm’s models to the present biosorbents-Cd(II) data approximately follow the order: 

Freundlich > Langmuir > Temkin  > Dubnin-Radushkevich. However for PPPC, qcal by 

Langmuir model agrees more strongly with qexp.  

A comparison between pseudo first-order, pseudo-second order, intra particle diffusion and 

second order rate equation models, kinetic parameters suggested that Pb(II)/Cd(II) biosorption 

by FS, PPPC and CFPC followed the pseudo-second order kinetics rather than pseudo-first 

order, intra particle diffusion and second order rate equation kinetics since the value of qe 

obtained form pseudo-second-order kinetic model was in close agreement with that of 

experimental value whereas the value of qe computed from other kinetic models did not agree 

with the experimental value.  

Maximum Pb(II)/Cd(II)  biosorption capacities (mg g-1) of Ca-alginate immobilized FS, PPPC 

and CFPC were found to be as 545.8, 780, 564.67 and 382.5, 465, 426 respectively. Ca-
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alginate immobilized FS biomass was more stable showing good biosorption potential so used 

for scale up studies.  

Instrumental analysis of FS, PPPC and CFPC was carried out using Fourier transform infrared 

spectroscopy (FTIR), scanning electron microscopy (SEM), X- ray diffraction analysis (XRD) 

and energy dispersive X-ray analysis (EDAX). 

FTIR analysis confirmed the involvement of amino, carboxylic, alcoholic and carbonyl groups 

in Pb (II) biosorption by FS. FTIR spectroscopic analysis of PPPC/CFPC revealed the 

existence of various alkane, aromatic C=C and oxygen functionalities along with aromatic 

NO2 and surface SO2 complexes. All these spectra loaded with Pb (II) indicated elongation of 

all these bands after Pb (II) biosorption, suggesting the role of these groups during biosorption 

process. Various physicochemical modifications bring about substantial variations in the FS, 

PPPC and CFPC chemical structure confirmed by FTIR spectroscopy. 

SEM image of these biosorbents seems to be rough, protrusion and irregular facilitating the 

metals adsorption in different parts of these materials, corroborating that these natural 

biomaterials present an adequate morphological profile for metallic cations take up. 

The results from XRD studies revealed that the low crystallinity and amorphous nature of all 

biosorbents and diffraction patterns of metal loaded samples indicated the metals adsorption 

leads to deposit on biosorbents as crystalline state, employing chemical precipitation as major 

mechanism involved in Pb(II) and Cd(II) biosorption. 

EDAX studies documented the disappearance of Na, K and Ca peaks or significant intensity 

decrease from the spectrum of Pb(II)/Cd(II) laden biomass supporting the ion exchange 

process during metal biosorption.  
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Ca-alginate immobilized FS biomass was used in packed bed column for continuous Pb(II) 

sorption studies from synthetic lead and a textile industry effluent without any significant 

alteration in sorption capacity/elution efficiency.  

Physicochemical analysis of textile industry effluent represented the reduction in pollution 

parameters as SO4
-2, COD and BOD after passing through adsorbent column while the TDS, 

Ca, Mg, Na, total hardness and conductivity of textile industry efflunt was increased 

indicating the involvement of these ions during Pb(II) biosorption using Ca-alginate 

immobilized FS biomaterial supporting the ion exchange as a major mechanism. 

These findings open up new avenues in the toxic metals sequestration by locally available fish 

scales, active carbons prepared by heat pyrolysis, making unwanted natural biopolymers 

industrially attractive because of their capability of lowering heavy metal ion concentrations 

to parts per billion levels from water bodies/industrial effluents as cheap and eco-friendly safe 

technology.  
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CHAPTER 1 

GENERAL INTRODUCTION AND LITERATURE REVIEW 
 
1.1 Introduction  
 
Water, comprising 70% of Earth’s facade is undeniably the most valuable usual reserve 

existing on our globe. The living on the Earth would be non existing without this 

invaluable solvent. In spite of it, pollution of water reserves is a frequent incidence. 

There are numerous sources of water contamination, but two foremost categories subsist: 

direct and indirect pollutant sources. Direct sources comprise effluent outfalls from 

industries, refineries and waste management foliage while indirect sources consist of 

contaminants that come into the water supply from soil / land water systems and from the 

atmosphere via rainfall. In common, contaminants appear in two extensive classes, viz. 

organic and inorganic. A few organic water pollutants consist of industrial solvents, 

impulsive organic compounds, insecticides, pesticides and food processing waste, etc. 

Inorganic water contaminants comprise metals, fertilizers and acidity caused by industrial 

runoffs etc. (Prabhakar, 2001; Vijayaraghavan and Yun, 2008; Inyang et al., 2012). 

To limit the scope, our studies take into consideration 2nd group of contaminates under 

inorganic division i.e. metals. In the industrialized world, anthropogenic sources of metal 

inputs into the environment include (Gavrilescu, 2004; Volesky, 2007): 

      (a) Metal plating and metal- finishing operation, 

(b) Mining and ore processing operations, 

(c) Metal processing, battery and accumulator industrialized operations, 

(d) Thermal power production (throughput of enormous quantities of coal), 

(e) Nuclear power production, etc. 
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The presence of metal ions in final industrial effluent posses an adverse serious 

environmental disposal / hazard and health impact to all kinds of biota. Owing to their 

persistent accumulation and non degradable nature, these metals even at extremely low 

concentrations not only damage the internal organs of human body but also block 

functional groups of many vital enzymes (Alluri et al., 2007; Lim et al., 2010). 

Of the vital metals, lead, cadmium, mercury, arsenic and chromium(VI) are regarded as 

poisonous whereas extensive usage and increasing levels of copper, nickel, cobalt and 

zinc in the environment are of detrimental concerns while radionuclides (Co,Sr,U,Th) 

exhibit serious threats  too (Moore,1990; Gadd, 2009; Ho and El-Khaiary, 2009). 

From the standpoint of environmental pollution control, there is significant require for 

emergent methods for effectual elimination of metals from wastewater at least below the 

regulatory level.  

1.1.1 Overview of conventional methods for metal removal 

 
In environmental restoration areas conventional techniques practiced to eradicate metals 

from wastewater include chemical precipitation/flocculation, ion exchange, 

electrochemical and membrane processes (Veglio et al., 2003; Hanif et al., 2007a)     

1-In precipitation process a soluble material is forced to form a suspension of solid 

particles to affect solid liquid separation. Metals get precipitated as hydroxide by addition 

of calcium/sodium/potassium hydroxides. These methods are often employed due to easy 

installation of equipment, inexpensive maintenance and low energy requirement for 

removing bulk of metal ions which lastly leads to the production of a high water 

containing sludge, the discarding of which is expenditure insentive (Gray, 1999; Eccles, 
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1999), moreover precipitation methods lack the specificity and is unsuccessful in 

mitigation of metal ions at low levels (Ahluwalia and Goyal, 2007). 

2-Ion exchange is a practice in which ions are replaced among a solution and insoluble 

matrices, typically synthetic organic ion exchange resins which reveal an elevated 

specificity for certain metals with capability to attain ppb levels of clean up while 

treatment of  huge volumes of industrial effluents (Aderhold et al., 1996). However a 

high cost of resins ($ 30-50/Kg) and capital expenditures are constrains to operate such a 

system (Volesky, 1999). 

3-Electrochemical approaches like electro winning, electro coagulation and cementation 

used an electrical discharge/current to remove metals from solutions (Ahuwalia and 

Goyal, 2007).The fecundity of these processes involve no additional chemicals are 

necessary and not any sludges are formed however, the utilization of electricity depends 

very powerfully on the energy cost and the quantity of electrical energy consumed per 

treated amount of metallic ion solution (Rao et al., 2001). 

4-Membrane processes (Kojima and Lee, 2001) as osmosis, reverse osmosis, dialysis or 

electro dialysis entail the usage of semi porous membranes for the revival of metallic 

cations from wastewater and have a tendency to be utilized in extremely specialized 

applications i.e. in recycle of expensive metals in the catalyst producing industry. These 

membrane processes are stuck by the troubles of inadequate flow rates, wavering of the 

membranes in salty and acidic environment and fouling by inorganic and organic class.  

In recent years a lot has been discussed concerning the negative aspects of these 

traditional processes (Atkinson et al., 1998; Crini, 2006; Nadeem et al., 2008a; Nadeem 

et al., 2009 a) summarizing as expensive, not ecofriendly and unsuccessful as applied to 
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low potency wastes with metal cations concentration fewer than 100 ppm (Volesky, 

1990) are the major thwart towards their prolific commercial utility. 

1.1.2 Biological methods 

Recently the search for alternate, effective and pioneering new action technologies has 

directed concentration towards the biological/natural methods for the treatment of 

effluents (Prasad and Freitas, 2003; Ho, 2008). There are three standard recompenses of 

biological technologies for the elimination of pollutants (Gavrilescu, 2004; Igwe and 

Abia, 2006)   

 Biological processes can be conceded out in situ at the infected location, 

 Bioprocess technologies are typically benevolent (no derived contamination), 

 These processes are price valuable. 

1.1.1.1 Biosorption/Bioaccumulation 

Of the different biological methods, biosorption/bioaccumulation has been demonstrated 

to hold superior prospective to substitute conformist methods for toxicants (metal) 

sequestration (Volesky and Holan, 1995; Malik, 2004). A few confusion has been 

prevailed concerning the employment of expressions biosorption and bioaccumulation 

depending on the state of biomass. In this regard, bioaccumulatation is defined as the 

observable fact of alive cells; while, biosorption mechanisms are based on the 

employment of lifeless biomaterials.  Bioaccumulation can be regarded as the uptake of 

contaminants by live cells. The toxicants can transfer into the cells, gather intracellularly, 

crossways the cell membrane and all the way through the cell metabolic cycle (Malik, 

2004). Inversely, biosorption can be regarded as the instant uptake by dead biological 

resources. Biosorption can be distinctively said as the removal of substances from various 
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solutions by natural origin materials (Aksu, 2005; Zafar et al., 2007; Vijayaraghavan and 

Yun, 2008). Biosorption has definite intrinsic benifits over bioaccumulation. In wide-

ranging, the use of living organisms (bioaccumulation) may not be a preference for the 

permanent treatment of highly toxic organic/inorganic contaminants. Since the toxicants 

ratio becomes much high or when the practice operated for a long time, the toxicant 

accumulated may attain the saturation (Eccles, 1995) and an organism’s metabolism may 

be irregular, resulting in demise of the creature. This situation can be avoided by use of 

dead biomaterial (biosorption) eliminating the difficulty of toxicity and financial aspects 

of nutrient deliver and culture preservation, also flexible to ecological conditions and 

contaminants concentrations. 

Thus due to its encouraging distinctiveness biosorption has become technically feasible 

and economically attractive approach using biological materials as sorbents. Biosorption 

has discrete recompense over conventional methods:  

 It is non-polluting  

 It can be highly selective 

 More efficient 

 Regeneration of biosorbent 

 Possibility of metal recovery 

 Easy to operate so cost-effective when treating volumeneous waste having little 

metal contents (Hawari and Mulligan, 2006; Pal et al., 2006; Tokcaer and Yetis, 

2006; Pavasant et al., 2006; Hammaini et al., 2007; Yu et al., 2007; Liu and Xu, 

2007). 
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Biosorption is a fast and reversible process of passive metal uptake of toxic metal ions 

from wastewater (Veglio et al., 1997; Volesky, 1999; Zafar et al., 2007). Biomaterial 

shows this belonging, as an ion exchange resin of natural source (Volesky,1990), binding 

capability of certain biomass is analogous with artificial ion exchangeres (Wase and 

Foster,1997) costing about ($ 30-50/Kg) while biosorbent costs only  ($ 4-7 / Kg) 

(Volesky ,1999). 

Volesky and Holan (1995) published a comprehensive review of microbes with their 

metal binding capacities while the biosorption of metals by means of dead biomaterials is 

broadly discussed by Modak and Natarajan (1995). 

A frequent justification for such studies is to identify highly proficient biosorbents that 

are low-priced. A biosorbent can be well thought-out as low cost if it requires slight 

processing, present in abundant quantity in nature or it is a waste matter from another 

industry (Bailey et al., 1999). In past few years various kinds of macro algae (seaweeds), 

plant materials (leaves, barks, sawdust), animal materials (hair, crustaceans), sludges 

from (sewage treatment, waste processing, distilling industries), an array of bacterial and 

biomaterials arising from fermentation, food and brewing industries have been 

recognized and acknowledged as effectual metal sequestring agents (Gadd, 2009). 

From substantial published reports on metal biosorption research revealed that 

biosorption is focusing on: 

•Biosorbents! It is essential to identify capable biomaterials from a big puddle of 

cuurrently accessible and cheap biomassess (Kratochvil and Volesky, 1998). 
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•The mechanism of biosorption! concerning metallic ion biosorption is  implicit partially  

uptil now. It necessitates identifying the metal uptake mechanism by biosorbents and 

understanding the biosorbent - metal communications (Wang and Chen, 2006). 

•Large scale experiments! The biosorption process is fundamentally at the Labscale 

level. It is in an immense difficulty to relate biosorption process into real practice 

(Tsezos, 2001).Only a few patents and large scale operation plants have been reported so 

far (Gavrilescu, 2004). 

1.1.3 Lead 

Lead is a very soft, malleable, dense (11.3 g/cc), blue-grey, ductile/transition metal of 4A 

group of the periodic table with atomic number “82”, atomic mass “207.2 ” amu and 

found in 2+ oxidation state with its unique property of  chemical inactivity and 

consequent resistance to corrosion and chemical attack. 

Lead occurs as sulfide ores (Galena, PbS) in mountaineous regions of many parts in the 

world. It is most abundant heavy metal in the earth’s crust (Lowe, 1994). Lead has been 

used in a wide variety of application i.e. in the manufacture of plates for storage batteries, 

pipes for the conduction of corrosive chemicals, sheets for the linning of sinks, vats and 

other surfaces in contact with chemicals, the softness and high density of lead made it 

desirable for use in shotgun shells and among lead alloys, solders are used in lots of 

application. Electric cables intended for underground or underwater use is protected by 

lead sheath. Numerous compounds of lead are of commercial importance. Lead salts are 

relatively insoluble, brightly colored and widely used in glazes, paints and colored/ 

printing inks. PbCrO4 is the base for corrosion resistant paints on bridges and other metal 
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structures. The hydroxycarbonate, Pb3(OH)2 (CO3)2 is white lead , widely used as base of 

indoor paints. Litharge (PbO) is used in making optical glass, in rubber industry and with 

glycerin as a plumber’s cement.The annual utilization of lead is 3 million tons,  being 

used in the manufacture of electrical accumulators and batteries,  in gasoline as alkyl 

additives, construction, cable coating,  ammunition and other usages (Volesky, 1990). 

Water effluents leaving these plants contain high levels of lead. 

1.1.3.1 Toxic Legacy of lead 

 
Of all the poisonous chemicals in the atmosphere, lead is most pervasive; the widespread 

use of lead has had adverse health effects. Lead inhibits the enzymes involved in the 

biosynthesis of heme, lead interferes particularly with ferrochelatase enzyme, producing 

anemia (Fujita et al., 2002). Low blood lead levels cause reduction of nerve conduction 

velocity while higher levels are associated with nerve degeneration (Spiro and Stigliani, 

2003; Sanders et al., 2009). So it poisons thousands of people every year, particularly 

kids in metropolitan areas (Bellinger, 2004).  

1.1.4 Cadmium  

 
Cadmium is a soft silvery white, malleable, ductile metallic element, with a bluish hue, 

no distinct taste or smell belong to 2B group of the periodic table with atomic 

number”48”,atomic mass 112.41 amu found naturally in primary mineral form of  

Greenockite (CdS) in earth’s crust. Cadmium is rarely found in its pure form, commonly 

found as cadmium oxide, cadmium sulphate, or cadmium chloride. The whole world’s 

annual cadmium production is around 20,000 tons. Cadmium has widespread industrial 

uses, in electroplating, paint pigments, plastics, cadmium alloys and cadmium electronic 
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compounds as (CdTe). Discharge of cadmium into natural water is derived from these 

industries. 

1.1.4.1 Toxic Legacy of cadmium 

 
Cadmium has been established as a very toxic heavy metal to humans and environment. 

A disease Itai-Itai is specifically associated with cadmium poisoning, causing in multiple 

fractures arising from osteomalacia (Nogawa and Kido 1993). Cadmium tends to 

accumulate in the human body with 33% in kidney and 14% in the liver. Chronic 

cadmium poisoning produces proteinuria and causes the formation of kidney stones and 

hypertension (Volesky, 1999; Kazantzis, 2004). Therefore, it is a challenging task to 

remove lead/cadmium metals from the wastewaters containing high levels of them. 
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1.2 Review of Literature 
 
Biosorption is considered a potential technology for contaminant deletion/ revival from 

solution, for a couple of years due to its easiness, similar operation to usual ion exchange 

technology. The development of biosorption is carried out throughout the world and often 

cited out in the literature. Some revelvent literature is reviewed below:  

1.2.1 Forms of biomaterials in biosorption research 

 
Keeping in view the broad variety of biosorbents, a straightforward and all embracing 

definition of biosorption by Gadd, (2009) is as: The biosorption can express any scheme 

where a sorbate interacts with a biosorbent with an increase at sorbate-biosorbent 

boundary, and thereby reducing the solution sorbate concentration.  

Pioneering research on heavy metals biosorption has focused to recognition of microbial 

biomass types while non microbial biomasses including  many kinds of plant materials 

(agricultural/forestry), animal materials, seaweeds, waste sludges  and derived products 

have also been studied  in recent years by various researchers for heavy metal 

sequestration potential from aqueous solutions. 

1.2.1.1 Microbial biosorbents 

Microbial biosorbents including both dead and live heterotrophs (bacteria, fungi and 

yeast) and photo autotrophs (algae and cyanobacteria) have received attention during 

1980-90 as potent biosorbent materials for metal containment from aqueous solutions for 

a variety of metals and exhibit interesting metal binding capacities (Thompson and 

Watling, 1987; Brady et al., 1994; Chang et al., 1997; Mameri et al., 1999; Nakajima and 

Tsuruta, 2004; Selatnia et al., 2004a; Tunali et al., 2006). The job played by microbes in 
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elimination and revival of heavy metals has been comprehensively reviewed (Kapoor and 

Viraraghavan, 1995; Veglio and Beolchini, 1997; Davis et al., 2003). 

A wide range of microbial biosorbents arise from industrial fermentation, activated 

sludges, food, pharmaceutical, brewing and distilling industries and have received 

continued attention by various researchers (Brierley, 1990a, b; Fourest and Roux, 1992; 

Niu et al., 1993; Puranik and Paknikar, 1999a; Bai and Abraham, 2002; Park et al., 2004; 

Ahuwalia and Goyal, 2005; Ringot et al., 2007). Table 1.1 describes a few of the 

significant results of metallic elements biosorption with microbial biosorbents. 
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Table 1.1 Literature reported on metal biosorption by microbial biosorbents  
 
Biosorbent            Metal                                    Reference 
             
 
Fungal  
         
Mucor rouxii                                    Pb, Zn, Cd, Ni             Yan and Viraraghavan (2003) 
Aspergillus niger                              Cr, Fe                          Goyal et al., (2003) 
                                                 Pb                                Kim et al., (1995) 
                                                          Th                                Tsezos and Volesky (1981) 
Candida utilis                                    Cr, Cu, Pb                    Muter et al., (2002) 
R. arrhizus                                         Ni, Cd, Zn, Pb, Cu       Fourest and Roux (1992)         
                                                           Cd                                Holan and Volesky (1995) 
                                                           Cr                                 Bai and Abraham (1998)                                                     
Streptoverticillium cinnamoneum      Pb, Zn                          Puranik and Paknikar (1997) 
Trametes versicolor                            Cr                                 Bayramoglu et al., (2003) 
                                                           Cd                                Gabriel et al., (1996) 
Bacterial 
 
Pseudomonas putida                         Pb,Cd,U                      Choi et al.,(2009) 
Rhodococcus opacus                         Cr(III)                     Calfa and Torem (2008) 
Sphingomonas paucimobilis             Cd                               Tangaromsuk et al., (2002) 
Bacillus firmus                                  Pb, Cu, Zn                   Salehizadeh & Shojaosadati (2003) 
B. coagulans                                      Cr(VI)                         Srinath et al., (2002) 
B. megaterium                                   Cr(VI)                          Srinath et al., (2002) 
Zoogloea ramigera                            Cr(VI)                          Nourbakhsh et al., (1994) 
                                                           Cu                                Aksu et al., (1992) 
Streptomyces noursei                         Cd, Cu, Ni                   Mattuschka and Straube (1993) 
                                                           Pb, Zn, Ag, Co            Mattuschka and Straube (1993) 
                                                           Cr, Pb                          Mattuschka and Straube (1993) 
S. longwoodensis                                Pb, U                           Friis and Keith (1986) 
S. rimosus                                           Zn                               Mameri et al., (1999) 
Ochrobactrum anthropi                     Cr, Cd, Cu                   Ozdemir et al., (2003) 
Thiobacillus ferrooxidans                  Zn                                Baillet et al., (1998) 
 
Algal 
 
Chlorella fusca                                  Pb                                Wehreim and Wettern (1994) 
Chlorella sorokiniana                       Cd                                Akhtar et al., (2003) 
Cladophora crispate                         Cr                                 Nourbakhsh et al., (1994) 
Caulerpa lentillifera                         Cu, Cd, Pb, Zn             Apiratikul et al., (2004) 
Dunaliella sp.                                   Cr                                 Donmez and Aksu (2002) 
Fucus vesiculosus                             Cd                                Holan et al., (1993) 
                                                          Ni, Pb                          Holan and Volesky (1995) 
Fucus spiralis                                    Cd                               Cordero et al., (2004) 
Ecklonia maxima                               Cd                               Stirk and Staden (2002) 
Laminaria japonica                           Cd                               Yun et al., (2001) 
Laurencia obtuse                               Cr                                Hamdy, (2000) 
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Table 1.1 Continued 
 
 
Biosorbent            Metal                                    Reference 
             
 
 Lyngbya taylorii                            Cd, Pb, Ni, Zn                  Klimmek et al., (2001) 
Phormidium laminosum                 Cu, Ni, Zn                        Blanco et al., (1999) 
Pilayella littoralis                          Al, Cd, Co, Cr, Ni, Zn      Carrilho and Gilbert (2000) 
Pachymeniopis sp.                          Cr(VI)                              Lee et al., (2000) 
Tetraselmis suecica                        Cd                                    Perez-Rama et al., (2002) 
Ulothrix zonata                               Cu                                    Nuhoglu et al., (2002) 
Ulva lactuca                                    Hg                                    Zeroual et al., (2003) 
 
Microbial preparations 
 
Bio-Fix biosorbent                          Zn                                    Gavrilescu, (2004) 
Alga-SORBTM                                            Heavy Metals                 Brierley et al., (1985) 
AMT-BIOCLAIMTM   (MRA)                             ″                                              Darnall, (1991) 
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1.2.1.2 Non microbial biosorbents 

Non microbial biosorbents for heavy metal mitigation/recovery can be classified into 

various categories such as; Agro/Forestry waste plant materials (leaves, roots, wood, 

bark, sawdust) and activated carbons derived from these waste plant materials, animal 

materials (hair, crustaceans), seaweeds and waste sludges derived from sewage treatment 

or other waste processing application or distilling industries as well as different 

chemicals. 

Early 1970s witness the preliminary reports onto usage of agricultural products and by 

products for heavy metal elimination from solutions (Friedman and Waiss, 1972; Randall 

et al., 1974a, b; Henderson et al., 1977). 

Among the various resources in biological waste, different biomasses have been 

recognized for their biosorptive uptake potential and different kinds of biomaterials have 

revealed different levels of metal uptake and comprehensively reviewed by various 

researchers (Kumar and Bandyopadhyay, 2006; Khan et al., 2004; Ahluwalia and Goyal, 

2007; Babel and Kurniawan, 2003). 

Biosorbents of plant origin include Cassia fistula (Hanif et al., 2007a), Moringa olifera 

(Bhatti et al., 2007), Rice bran, (Zafar et al., 2007), Rose waste biomass (Iftikhar et al., 

2009), Corn cob and pod, ( Igwe and Abia, 2003, 2005), Sago waste, (Quek et al., 1998), 

Banana pith ,(Low et al., 1995); Sugar beet pulp, (Reddad et al., 2002d),Wheat bran 

(Dupond and Guillon, 2003), Sunflower stalk (Gang and Weixing,1998), Shea butter seed 

pods (Eromosele and Otitolaye, 1994), Sugarcane bagasse, (Krishnani et al., 2004). 
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Several research reports have been published on metal sorption properties of sea weeds 

and their derivatives (Aderhold et al., 1996; Davis et al., 2000; Yang and Volesky 1999; 

Volesky, 2003; Aravindhan et al., 2007; Yang and Chen, 2008; Vilar et al., 2008; 

Senthilkumar et al., 2007; Romera et al., 2007; Murphy et al., 2007; Webster and Gadd, 

1996; Webster et al., 1997). Davis et al., (2003) reviewed the metal uptake performance 

of brown seaweeds and highlighted their biosorption mechanism.  

Since at the dawn of the age of environmental awareness, in the 1990s, the research on 

the evaluation of metal binding capacity of various kinds of abundant, natural 

biomaterials has gained momentum. 

Many investigators have worked out biosorptive potential of materials coming from 

animal sources. Of these fish scales, present study, (Nadeem et al., 2008a), egg shell 

membrane (Ishikawa et al., 2002), poultry litter (Al-Asheh et al., 2003) and animal bone 

powder (Abdel-Halim et al., 2003). Current publications depict that crab shells too have 

outstanding arsenic (Niu et al., 2007), copper and cobalt (Vijayaraghavan et al., 2006) 

and lead removal (Lee et al., 1997) due to the NH2 group that is ever-present in crabs 

shell (Niu and Volesky, 2001, 2003, 2006).  

Sekhar et al., (2003) tested a plant biomass for removal of 11 different toxic metals and 

found the capacity of biomass to be constant after three cycle of sorption/deadsorption.  

The uptake capacity of different metals by Quercus liex phytomasses was established to 

be diverse with the recycling possibility of the phytomass (Prasad and Freitas, 2000). 
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The findings of Sharma et al., (2006), for Cd removal by shelled M.oleifera seeds open 

up new avenues in the toxic metal elimination from water courses at less cost, domestic 

and environment affable secure technology. 

Biosorption processes are applicable not only to the aqueous solutions but also to 

effluents originating either from a plant. This aspect has been studied by many 

investigators (Low et al., 1995; Iqbal et al., 2002). Hanif et al., (2007a) used waste 

Cassia fistula biomass and Verma and Shukla, (2000) tried two different origin 

biomasses to eradicate nickel from effluents. 

Another cheap source of biomass is the waste sludge arising from sewage handling plants 

(Aksu and Akpinar, 2001; Hammaini et al., 2003; Sag et al., 2003), waste processing 

applications (Gao and Wang, 2007; Pamukoglu and Kargi 2007; Barros et al., 2007; 

Hawari and Mulligan 2006; Hammaini et al., 2007) or distilling industries (Nasir et al., 

2007; Nadeem et al., 2008). 

Norton et al., (2003) tried activated sludge while Nasir et al., (2007) investigated the 

effectiveness of pretreated distillation waste of rose for Pb and Zn removal. 

Utilization of various agro/ forestry waste for chars/ ashes/ activated carbon preparation 

has been recognized as highly effective and innovative adsorbents for the exclusion of 

metallic-cations from metal bearing effluents. (Ayyappan et al., 2005; Nomanbhay and 

Palanisamy, 2005; Amuda et al., 2007; Mansoor and Adhoum, 2002; Gercel et al., 2007; 

Nadeem et al., 2009a) 

Kadirvelu et al., (2003) prepared the activated carbon of waste by products of agriculture 

for mercury(II) and nickel(II) uptake. Kobya et al., (2005) utilized apricot stones, to 

prepare active carbon and examined the adsorption capacity of variety of metal ions. 



 

17 

Conventional adsorbents (Motoyuki,1990) and different chemicals purified from 

microbes by different researchers (Liu et al., 2002; Liu et al., 2003; Dutta et al., 2008) 

have been studied. Araujo and Teixeira, 1997 has examined alginate beads for Cr (III) 

sorption. Igwe and Abia, (2006) in their report compared the sorption capacities of 

natural biosorbents with commercial synthetic cation-exchange resins and some 

conventional adsorbents. 

Table1.2 comprehensively summarizes non microbial biosorbents of different origins, 

used by different investigators for variety of metals with encouraging results. 
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Table 1.2 Literature cited on metal biosorption by non microbial biosorbents  
 
Biosorbent            Metal                                    Reference 
             
 
Plant derived 
 
Blackgram bran (BGB)                      Cu                                    Nadeem et al., (2009b) 
Cicer arientinum(acid modified)        Pb                                    Nadeem et al.,(2009c) 
Cicer arientinum(base modified)        Pb                                   Nadeem et al., (2007) 
Neem                                                   Zn                                   Arshad et al., (2008) 
Cassia fistula                                      Ni                                    Hanif et al., (2007a) 
 Moringa olifera                                 Zn                                    Bhatti et al., (2007) 
 Rice bran (acid treated)                      Ni                                    Zafar et al., (2007)   
Rice bran (alkali treated)                     Ni                                    Zafar et al., (2009)     
Cotton waste biomass                         Pb                                    Riaz et al., (2009)  
Rose waste biomass                            Pb, Co                             Javed et al., (2007) 
Wheat stem and Spent Babul Bark      Ni                                   Verma and Shukla (2000) 
Oryza sativa L. hush                           Pb                                    Zulkali et al., (2006) 
Waste tea-leaves                                 Pb, Ni, Zn, Fe                  Joshi et al., (2003), 
                                                                                                     Ahluwalia and Goyal (2005) 
Wolffia globosa                                    Cd, Cr                             Upatham et al., (2002) 
Water hyacinth roots                            Cr                                    Low et al., (1997) 
Helianthus annuus L. (Sunflower)       Cu                                   Lin et al., (2003) 
Allium sativum L. (Garlic)                    Cd                                   Jiang et al., (2001) 
Grape stalk waste                                 Cu, Ni                            Villaescusa et al., (2004) 
Hemidesmus indicus                             Pb                                  Chandrasekhar et al., (2003) 
Myriophyllum spicatum                        Pb, Cu, Cd                     Keskinkan et al., (2003) 
Alfalfa                                                   Cu, Pb                           Tiemann et al., (1999) 
Artocarpus heterphyllus                       Cd                                  Inbaraj & Sulochana (2004) 
Azolla filiculoides                                  Pb                                 Sanyahumbi et al., (1998) 
Banana pith (Musacea zingiberales)     Pb, Cu, Ni, Cr, Zn         Low et al., (1995) 
Carrot pulp                                            Pb, Ni, Zn, Fe                Joshi et al., (2003) 
Ceratophyllum demersum                      Cu, Pb, Zn                     Keskinkan et al., (2004) 
Cupressus Female Cone                         Cr                                 Murugan &Subramanian (2003) 
Eucalyptus wood powder                       Pb, Ni, Zn, Fe                Joshi et al., (2003) 
Eucalyptus bark                                     Cr                                  Sarin and Pant (2006) 
Ground corncobs                                   Cd, Cu, Pb, Ni, Zn        Vaughan et al., (2001)                                                    
Larrea tridenta                                            Cu                                 Gardea-Torresdey et al., (2004a,b) 
Olive mill solid residue                          Hg, Pb, Cu, Zn, Cd        Pagnanelli et al., (2002) 
Paper mill sludge                                    Pb, Cu, Ag, Cd               Calace et al., (2003) 
Sago processing waste                            Cu, Pb                            Quek et al., (1998) 
Sawdust                                                  Zn, Ni, Cd, Cu, Pb         Marin and Ayele (2002) 
Azadirachta indica(Neem leaves)               Pb                                  Bhattacharyya & Sharma(2004) 
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Table 1.2 Continued 
 
Biosorbent            Metal                                    Reference 
             
 
 
Wheat stem                                         Cd                                      Tan and Xiao (2009) 
Corn starch                                         Zn, Cu, Pb, Cd                    Zacaria, (2002) 
 
Activated carbons derived from plants  
 
Pongammia pinnata pods carbon      Pb                                        Nadeem et al., (2009a) 
 Apricot stone active carbon               Ni, Co, Cd, Cu, Pb, Cr,       Kobya et al., (2005) 
Activated bagasse carbon                   Cr                                        Mor et al., (2002) 
Silk cotton hull, coconut sawdust,      Ni, Hg                                  Kadirvelu et al., (2003) 
sago waste, maiz cob, banana pith carbon  
Coconut shell carbon                          Pb                                        Sekar et al., (2004)                                                       
Pith, bagasse, saw dust                        Pb                                        Ayyappan et al., (2005) 
 
Animal source  
 
Fish scales                                          Pb                                        Nadeem et al., (2008a) 
Animal bone powder                          Pb                                        Abdel-Halim et al., (2003) 
Star fish                                              Pb, Cd, U                             Choi et al., (2009) 
Egg shell membrane                           Au                                       Ishikawa et al., (2002) 
Crab shell                                                Ni                                    Vijayaraghavan et al., (2005a) 
Chicken feathers                                Cu, Zn                                  Al-Asheh et al., (2003) 
  
Sea weeds  
 
Brown seaweeds                                Cu,Ni.Pb,Zn,Cd                     Aderhold et al.,(1996)  
Sargassum hemiphyllum                    Ag,Cd,Co,Cd,Mn,Ni,P          Tsui et al.,(2006) 
Ecklonia sp.                                       Cr                                           Park et al., (2004) 
 
Waste sludges 
 
Distillery sludge                                  Pb                                          Nadeem et al., (2008)  
Distillation sludge of rose petals         Pb, Zn                                   Nasir et al., (2007) 
Dried activated sludge                        Pb, Cd                                    Wang et al., (2006) 
Dewatered activated sludge                Zn                                          Norton et al., (2003)    
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Table 1.2 Continued 
 
Biosorbent            Metal                                    Reference 
             
 
 
Chemical sorbents 
 
Aluminium oxide (Al2O3)                 Cd                                      Sen and Sarzali (2008) 
Calcium alginate beads                     Cu,Pb,Cd                            Papageorgiou et al.,(2009)  
Duolite GT-73                                   Pb,Cu,Zn,Cd,Ni                 Zacaria,(2002) 
Amberlite IRC-718                             ″                                                ″ 
Amberlite 200                                     ″                                               ″ 
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1.2.2 Factors affecting biosorption 

 
The study of the effectiveness of the metal uptake by the biosorbents is essential for the 

industrial application of biosorption, and is affected by variouos environmental variables 

such as: pH of the solution, biosorbent dose, biosorbent particle size, temperature, 

concentration of initial metal ion, agitation speed, contact time and competing ions/co-

ions (Seidel et al., 2002; Ahalya et al., 2003; Wang and Chen, 2006). A comprehensive 

discussion regarding the effects of these factors on the biosorption phenomenon has been 

illustrated in the Results and Discussion Chapter. 

1.2.3 Mechanism(s) of biosorption 

 
Biosorption is binding of chemical species to bio origin polymers and generally   refered 

as passive or physico-chemical interaction of the sorbate to a biomass, independent of 

metabolism. The mechanism(s) concerned in biosorption are frequently complex to 

identify.  

Biosorption, metal sequestration can occur via: 

 Adsorption (ionic, chemical and physical) 

 Ion exchange 

 Complexation /coordination 

 Precipitation  

 Inorganic microprecipitation  
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1.2.3.1 Adsorption 

 
Adsorption: is mainly widespread form of sorption, where a sorbate interacts with a 

sorbent resulting in an accumulation at the adsorbate-adsorbent boundary. The exact 

nature of bonding (ionic, covalent or metallic) depends on the properties of the variety 

concerned and the adsorbed substance is generally classified as exhibiting physisorption, 

chemisorption or electrostatic sorption (Veglio and Beolchini, 1997). 

Any individual or a mixture of the above metal binding mechanisms may be functional to 

various degrees in immobilizing metallic species on the sorbent. A number of chemical 

functional groups in the biosorbents are responsible for eliminating metals from 

immediate solutions. Most sorbents possess a variety of ligands which participate in 

binding the metals: carboxyl, sulfhydryl, phosphate, amine, hydroxyl on their surface 

(Hanif et al., 2007a). 

In the category of adsorption, Polikarpov (1966) indicated that in marine environment 

radionuclides in sea adsorbed directly on aquatic microorganisms. 

Zhou and Kiff (1991) hypothesized that adsorption is responsible for copper biosorption. 

Furthermore Fourest and Roux (1992) demonstrated the biosorption of heavy metals by 

Rhizopus arrhizus took place through adsorption. 

Tsezos and Volesky (1982 a, b) demonstrated that Th and U biosorption by fungul 

biomass is also dependent on physical adsorption in the chitineous composition. 

1.2.3.2 Ion exchange 

 
Ion exchange is the replacement of an ion in a solid phase in contact with a solution 

cation by another ion/cation. Cell walls of natural biopolymers contain different 

polysaccharides as basic building blocks and divalent metal ions exchange with counter 
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ions of polysaccharides (Tsezos and Volesky; 1981). Marine algae can exchange with 

counterions of heavy metals, showing the biosorptin uptake of metals (Kuyucak and 

Volesky; 1988). Good evidence exists that ion exchange has an imperative role in metal 

amputation by seaweeds (Tsui et al., 2006; Williams and Edyvean, 1997). Ion exchange 

was also found to be responsible for different metals (Cd+2, Ni+2, Cu+2, Zn+2 and Pb+2) 

biosorption by dead macrophytes (Miretzky et al., 2006) and for Cu+2 biosorption by 

fungi (Muraleedharan and Venkobachar 1990). Friis and Keith (1986) hypothesized that 

U and Pb biosorption takes place via ion exchange between metal ions and 

phosphodiester group residue counter ions, found in Streptomyces longwoodensis. 

1.2.3.3 Complexation 

 
The biosorptive metal up take from solution may also take place through coordination 

complex formation after interaction among the metal ions and functional groups. Metal 

ions can attach to monodentate or polydentate ligands (chelation) (Cabral, 1992). 

Chen et al., (1990) reported that copper adsorption onto peat is due to complexation and 

ion exchange. The coordination complex formation is suggested between the metal and 

chitin’s N or O. However, cell wall components other than chitin have also been reported 

(Volesky, 1990). Ca, Mg, Cd, Zn and Hg accumulation by Pseudomonas syringae, occur 

through complexation (Cabral, 1992). 

Tsezos and Volesky (1981) reported that Th and U bioremoval by Rhizopus arrhizus 

involve adsorption as well as complexation. Similarly Aksu et al., (1992) hypothesized 

that Cu biosorption by C.vulgaris and Z.ramigera takes place through adsorption and 

complex formation between metal and functional groups of cell wall. 
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Several studies have inferred that indeed a diversity of metal binding mechanisms may be 

functioning in the metals biosorption simultaneously to varying degrees (Tsezos and 

Volesky, 1982 a, b; Treen-Sears et al., 1984). 

1.2.3.4 Precipitation 

 
 It is a result of chemical interaction between the metal and the cell surface, where bound 

metal/radionuclides can operate as loci for succeeding deposition resulting in elevated 

uptake capacities. Biosorption of actinides on dead fungal biomass is due to precipitation 

generating as hydrolysis product formation (Gadd and White, 1989). This fact is the 

terminal step of Uranium bio-retention. In Rhizopus arrhizus, biosorption comprised 

coordination of U to the nitrogen amine of chitin, adsorption in the cell wall chitin 

arrangement followed by slower precipitation of the derivative (uranyl hydroxide) in the 

cell wall, that result in an additional uptake of uranium (Tsezos and Volesky 1982a). 

It is noteworthy that Holan et al., 1993 found the trapment of metals in the form of 

insoluble microdeposits contributing to Cd(II) biosorption by marine algae. 
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1.2.4 Study of biosorption mechanism 

 
The biosorption phenomenon is dependent on metal and cell surface properties. Various 

investigators have attempted to characterize the biomass functional groups and elucidate 

biosorption mechanisms involved in metal biosorption in variety of ways. 

1.2.4.1 Chemical composition studies of biosorbents 

 
 Various researchers had tried to investigate the chemical composition of biosorbents                                      

 suggesting the possible role of certain components in metallic biosequestration (Drake et 

al., 1996). 

Tarley and Arruda (2004) demonstrated that like other vegetable biomasses, rice husks 

are comprised of cellulose, hemi-cellulose and lignin resulting in great amounts of C, H 

and N contents and correlated this physical characterization with excellent tendency to 

remove chemical species from effluents. 

Conrad and Hansen (2007) recognized the contents of major components of coir 

including waxes, pectin, lignin and hemicelluloses, cellulose with compositional variation 

as in literature and indicated, the carboxylate and phenolic groups within the network of 

pectin, lignin and hemi-cellulose are known as major sites of metal binding, resulting in 

bonds of low or high covalent character. 

1.2.4.2 Instrumental techniques used in biosorption studies 

 
The application of various sensitive analytical/instrumental techniques is a direct 

approach to study metal cell interaction for the identification of metal biosorption 

mechanisms at the molecular level. Some of the techniques used are elaborated below: 
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1.2.4.2.1 Fourier Transform Infrared (FTIR) Spectroscopy 

 
During biosorption phenomenon the nature of binding sites and their contribution can be 

evaluated using FTIR spectroscopy. 

Hanif et al., (2007a) used different parts of C. fistula as a less expensive biomaterial for 

the elimination of nickel commencing from hazardous aqueous streams. They used FTIR 

spectra to confirm the presence of different groups on the cell surface of C.fistula for 

nickel biosorption.   

Nadeem et al., (2008a) proved the involvement of amino, carboxlic, phosphate and 

carboxyl groups on Pb(II) biosorption by fish scales using FTIR spectroscopy. Moreover 

it was revealed that different physical and chemical pretreatments of fish (Labeo rohita) 

scales affected the surface functional groups in a different way. 

Riaz et al., (2009) employed FTIR spectroscopy to detect vibration frequency changes in 

Gossypium hirsutum (cotton) seed cake biomass before and after lead uptake and 

identified carboxyl, carbonyl, amino and alcoholic group on G.hirsutum biomass 

responsible for lead sequestration with the observation that absorbance of the peaks in 

lead loaded sample was consequently lower than virgin sample. 

 FTIR spectra showed that gold biosorption by Cladosporium cladosporiodides did not 

include any chemical reactions and probably gold anions (AuCl4)- were bound to 

protonated carbonyl and carboxyl groups by electrostatic interactions. Gold biosorption 

by C. Cladosporiodides indicated that C-N and C-O species might be involved (Pethkar 

et al., 2001). On the other hand silver biosorption by this strain involved carbonyl and 

carboxyl functional groups (C-O and C=O). Moreover silver, copper, cadmium and lead 

biosorption by this strain also involved C-H, N-H, OH and NH3
+ moieties.  
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1.2.4.2.2 Electron Paramagnetic Resonance (EPR) Spectroscopy 

 
Nakajima (2002) studied the copper biosorption by bacteria using ESR spectroscopy. 

ESR spectra of copper discovered that copper in cells has the tetragonally distorted 

octahedral arrangement with N and O ligands. 

 Muraleedharan and Venkobachar (1990a) identified the existence of a free radical in the 

cell wall of Ganoderma lucidum using electron paramagnetic resonance spectroscopy. 

Nakajima, (2002) studied the Cu(II) bioaccumulation in the intact and chemically 

pretreated cells of Micrococcus luteus with the aid of EPR spectroscopy. The EPR 

spectra depicted the typical powder pattern of Cu(II) cation in a tetragonally distorted 

octahedral environment both in treated and intact cells. 

1.2.4.2.3 Energy Dispersive X-ray (EDAX) and X-ray Diffraction (XRD) Spectroscopy 

 
EDX can provide information concerning the chemical and elemental distinctiveness of a 

biomaterial.  

Tunali et al., (2006a) studied lead and copper biosorbed on Bacillus sp. and established 

the contribution of an ion exchange mechanism during the biosorption with the help of 

EDX. Mullen et al., (1989) confirmed silver ions by (EDAX) analysis.  

In a study on mechanism of interference of Al on U biosorption by Rhizopus arrhizus, 

Tsezos et al., (1997) employed electron microscopy and EDAX.  The combination of 

spectral, kinetic and equilibrium studies allowed the authors to conclude that Al 

interference with U biosorption by the precipitation. 

In order to clarify the chemical nature of cell bound lanthanum, Kazy et al., (2006) used 

XRD analysis and verified the cellular COO-1 and PO4
-3 groups in La(II) biosorption by 

Pseudo manas sp. biomass. 
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Tarley and Arruda (2004) evaluated the X-ray diffraction spectra for rice husks with a 

broad peak from 15 to 35 2θ diffraction angles indicative of the existence of amorphous 

silica. The silicon contents in the rice husks were further quantified with the assistance of 

X-ray fluorescence spectrometer. 

Sar et al., (1999) reported the X-ray diffraction pattern of powder samples of metal free 

control and Ni or Cu metal sorbed lyophilized Pseudomonas aeruginosa to establish the 

chemical nature of sorbed copper or nickel. They showed the metal-biosorbent 

complexation resultant from interaction with variety of anionic ligands like S2-, HCO3
-, 

CO3
-2, SO4

-2, OH- or PO4
-3 present in the lipopolysacchride and other surface polymers of 

gram -ve bacteria, proteins or other detoxifying ligands, finally resulting in the 

precipitation/deposition of both cations predominantly on the cell as phosphide crystals. 

EDAX and XRD analysis of nickel-exposed cells of Aspergillus niger ascertained that the 

crystals deposited on the cells were nickel oxalate dihydrate (Magyarosy et al., 2002).   

1.2.4.2.4 X-ray Photoelectron Spectroscopy (XPS) 

 
X-ray Photoelectron Spectroscopy for chemical analysis is one of the most powerful 

analytical techniques to investigate surface chemistry (functional groups) of solids in a 

nondestructive manner. XPS provides the awareness about the oxidation states of 

atoms/ions (Gupta et al., 2000) 

Figueira et al., (1999) observed with the XPS that iron was present in two oxidation 

states, Fe2+ and Fe3+. It was further proved by FTIR spectroscopic analysis, that carboxyl 

groups were responsible for both iron species uptake while sulfonates were involved for 

ferric ion biosorption. 
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Krishnani et al., (2008) used XPS and reported quantification of sorbed metals in samples 

having a high level of adsorbed metals. However, this technique is helpful in species 

recognition and relative abundances determination. They used XPS to characterize the 

surface chemistry of lignocellulosic biomatrix of rice husk and found that the XPS 

spectra of biomass consisted of C and O as major entities, while further elements were 

Ca, Mg, Na and Si. The Cr treated biomass revealed a widespread reduction of Cr(VI) 

biosorbed onto biomaterial in its trivalent form. 

 XPS studies of acetone washed biomass of S.uvarum by Ashkenazy et al., (1997) 

revealed the involvement of oxygen and nitrogen containing functionalities in lead 

biosorption process. 

1.2.4.2.5 Nuclear Magnetic Resonance (NMR) Spectroscopy 

 
Tarley and Arruda (2004) employed 13C NMR spectroscopy to characterize rice milling 

byproduct. The spectrum presented the lignin cellulose structure. The resonance lines 

were attributed to repeating units of cellulose, hemicelluloses and lignin by attributing the 

signal intensity to glucose, acetate and guaiacyl units respectively, along with the 

observation of some aromatic carbons. 

Wang and Xing (2007) made use of 13C NMR spectra of biopolymer derived chars in 

governing the sorption of organic contaminants. 13C NMR spectra of biopolymers (chitin 

and cellulose) revealed the total polar and aliphatic polar C contents of CEL and CHT 

were greatly reduced after charring, with a great increase in the aromaticity. 
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1.2.4.2.6 Scanning Electron Microscopy (SEM) 

 
The morphological uniqueness of rice husks was described by Tarley and Arruda (2004) 

using scanning electron microscope. The morphology of this material presents the uneven 

surface of the rice which facilitates the sorption of metals in different parts of the 

biomaterial. 

Oliveira et al., (2008) noticed a marked morphological difference between the surface of 

coffee husks before and after the biosorption of metal cations. The SEM micrograph of 

native coffee husks obviated the uneven patches which represent oddly disseminated 

abrasions in the husk skin but the surface of coffee husks became smoother after Cu(II) 

sorption while morphology resembles an arrangement of interrelated veins with regard to 

chromium adsorption. The authors attributed it to the differences in ionic states and 

sorption mechanisms. They proposed simple cation exchange mechanism for dipositive 

metal ions and reduction for chromium oxyanions, since they observed the same 

morphological behaviour for zinc and cadmium with changeable surface softness.  

Jacques et al., (2007) adopted SEM and identified hollow space on yellow passion fruit 

shell (YPFS) surface, corroborating this biomaterial presents good individuality to be in 

use as biosorbent for Cr(III) and Pb(II) sorption. 

1.2.4.2.7 Energy Dispersive Spectrometry (EDS) 

 
The Energy Dispersive Spectrometry (EDS) analyzer predicts in situ elemental 

composition. 

Bueno et al., (2007) obtained EDS spectra before and after lead, copper and 

chromium(III) biosorption onto R.opacus biomass. The EDS analysis confirmed the 

uptake of all cations. It was also observed on the EDS spectra that the peaks of potassium 



 

31 

vanished after metal biosorption. This observation suggested that the metallic species had 

replaced potassium on the cell wall of R.opacus, indicating ion exchange as one of the 

mechanism of lead, chromium and copper biosorption for this bacterial strain. 

Mullen et al., (1989) confirmed the presence of Ag ion by EDAX- analysis when they 

employed Acinetobacter baumannii BL54 for silver removal from photographic 

wastewater effluent. 

Tunali et al., (2006) studied both lead and copper laden biomass of Bacillus sp. using 

EDX and they elucidated ion exchange as leading mechanism in the bioremoval of both 

metals. 

1.2.4.2.8 Transmission Electron Microscopy (TEM) 

 
TEM is helpful in studying the localization of metals throughout the cell structure giving 

an insight into the metal sorption mechanism. 

Zhou et al., (2005) demonstrated the TEM images before and after lead adsorption 

revealing that lead sorption on beads occurs in all areas of the beads .With the support of 

SEM, XPS, XRD and FTIR techniques authors described three concurrent mechanistic 

processes, complex formation among Pb2+ and N, adsorption and hydrolysis product 

precipitation on the beads in crystalline state took place. 

TEM studies of Pb2+ accumulation in S. cervisiae by Suh et al., (1998) after varying 

exposure intervals to sorbate (lead) solution, corroborated that the first step is a quick 

binding to the cell wall and passive transportation of Pb2+ through the cell wall for a 

small time within 3-5 minutes whereas the next step is the penetration through the cell 

membrane into the cytoplasm. 
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1.2.5 Theoretical modeling of biosorption data 

 
Models have an important role in technology transfer from a laboratory to industrial 

scale. Appropriate models help in understanding biosorption mechanism, analyze 

experimental data along with the prediction of queries to operational conditions and 

optimization processes. 

1.2.5.1 Sorption isothermal modeling 

 
Numerous isotherm equations are in use for the equilibrium modeling of biosorption 

systems, the Langmuir, Freundlich, Dubnin-Radushkevich and Temkin isotherms have 

been adopted in present study to fit the data. These isotherms present the relationship 

between sorbed (qe) and aqueous concentrations (Ce) at equilibrium corresponding to the 

equilibrium distribution of metal ions between aqueous and solid phases as the initial 

concentration increases. The Langmuir equation is based on the following assumptions 

(Langmuir, 1918; Cruz et al., 2004):     

 The solid surface presents a finite number of energetically uniform identical sites. 

 There is no interactions among adsorbed species i.e. the amount adsorbed has no 

influence on the rate of adsorption. 

 A monolayer is formed when the solid surface reaches saturation.      

Langmuir equation refers to (Langmuir, 1918). 

                                                qe       =     (qmax b Ce) / (1+b Ce )                                 (1) 

   where qe (mg g -1) is equilibrium sorption capacity and Ce (mg L-1) is  equilibrium 

concentration. qmax( mg g-1) is the maximum amount of metal ion per unit weight of 

adsorbent  and b is a constant (L mg-1).  
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 Langmuir equation can be linearized as: 

                                            Ce/qe=1/qmaxb +  Ce/qmax                                    (2) 

By plotting Ce/qe versus Ce, qmax and b can be determined. 

The Freundlich equation is based on adsorption on heterogeneous surface (Freundlich, 

1906) and can be given as: 

                                              qe= KF .Ce
1/n                                                               (3)           

where KF and 1/n are Freundlich constants. Equation (3) can be linearized as:  

                                          log qe =   log KF  +  1/n logCe                                (4)                                                

  slope 1/n and intercept ln KF can be determined from straight line.  

Dubnin-Radushkevich Isotherm is used to estimate the characteristic porosity of the      

biomass and the apparent energy of adsorption (Dubinin and Radushkevich, 1947). The 

Dubnin-Radushkevich isotherm equation is as: 

                                       qe    =    qm  e-2                                                         (5) 

 It can be linearized as: 
 

                                        ln qe =    ln qm-2                                                                 (6) 

where q is mg sorbate g-1 sorbent, qm (mg g-1) is theoretical sorption capacity. The 

Polanyi sorption potential , is equal to  

                                          =  RT ln(1+1/Ce)                                                  (7) 

R is the gas constant (8.314 J mol-1 K-1), T(K) is absolute temperature, Ce is the 

equilibrium concentration of sorbate in solution (mg L-1). The constant  is related to 

mean free energy, E (KJ mol-1) of sorption per mole of the sorbate (Hobson, 1969; Dubey 

and Gupta, 2005) :         E = 1/(2)1/2                                                               (8) 
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This gives the idea about adsorption mechanism. The value of E  between 8 & 16 KJ  

mol-1, represents chemical ion exchange while for E< 8 Kjmol-1, the biosorption process 

is physical in nature (Dubinin and Radushkevich, 1947; Onyango et al., 2004) .                                              

 Temkin isotherm assumes that the heat of adsorption of all the molecules in a layer 

decreases linearly with coverage and the adsorption is characterized by distribution of 

maximum binding energy (Temkin, 1934; Temkin and Pyzhev, 1940). Commonly, it is 

represented as:            qe =   RT/ b ln (KtCe  )                                              (9) 

Linear form of Temkin isotherm is expressed as: 

                                    qe = Bln Kt+BlnCe                                                  (10) 

The isotherm constants Kt and B can be computed from plot of qe versus lnCe, where 

B=RT/ b  represents heat of adsorption, T is absolute temperature in Kelvin and R is 

universal gas constant,1/b and Kt (L mg-1) are constants.  

1.2.5.2 Kinetic modeling 

 
Several kinetic models are available to describe the kinetics of heavy metal biosorption in 

batch systems (Ho and McKay 1998a; Yang and Volesky 1999; Gupta et al., 2001, 2006; 

Ho, 2008). To understand the controlling mechanism of metal biosorption on biosorbents 

pseudo-first order equation of Lagergren (Lagergren,1898; Ho, 2004), pseudo-second 

order equation of Ho and McKay (Ho and McKay, 2000), intra particle diffusion form of 

Weber- Moris relationship (Weber and Moris, 1963) and second order rate equation 

(Nabizadeh et al., 2005) were used in this study. 

The pseudo first order Lagergren model is expressed as: 

                                        dqt  / dt       =           K1(qe-qt)                              (11)                                           

where K1 (min-1) is constant of pseudo-first-order adsorption model, qe and qt (mg g-1) 
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denote the amounts of meta cations sorbed on biosorbents at equilibrium and t time 

(min.). Integration of above equation at, qt =0 at t = 0 and qt = qt   at t = t resulted as: 

                         log (qe- qt ) = log qe – K1t/ 2.303                               (12) 

Constant K1 and qe can computed from the slope and intercept, plotting log (qe-q) vs. t. 

Pseudo second order rate expression can be presented as follows: 

                                             dqt / dt  =   K2 (qe-qt)2                                       (13) 

where K2 is the rate constant (g. mg-1 min-1). Integration of equation (13) applying  

qt = 0 when t = 0 and qt = qt at t = t, leads to: 

                                            t /qt           =    1/ K2qe
2   +   t/qe                           (14) 

qe and  K2 can be obtained from the slope and intercepts of plots of t/qt versus t. 

 Kinetic information is of significant practical value for technological applications (Ho 

and McKay 1998; Deng et al., 2006; Loukidou et al., 2004) and to find significant 

parameters for a bioreactor design (Cruz et al., 2004).     

The rate parameters of intra-particle diffusion are determined using following form of 

Weber- Moris relationship (Weber and Moris, 1963):  

                                qt   =  Kid t 1/2  + C                                            (15) 

where C is intercept and Kid is the intra-particle transport rate constant. qt is sorbed 

concentration (mg g-1) at time t (Ayyappan et al., 2005). 

Second-order rate equation is expressed as: 

                                           tk
q

1

)q-(q

1

ete

                                        (16) 

Where qe and qt are metal cations adsorbed at equilibrium and time, t (mg g-1) whereas k◦ 

is constant of adsorption (g mg-1 min-1). 
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 1.2.6 Biosorption a new technology venture: lab to industry 

 
Current search on biomaterials has provided informations about metal retention capacities 

of biosorbents in use, selectivity of the biomaterial towards a specific metal cation, ease 

of metal recovery, process economics over conventional methods employed and 

resistance by other effluent parameters like existence of co-ions which compete with the 

target metallic cations towards the functional sites on the biosorbent surface evincing 

their enormous industrial potential. 

The highest priority key factor requiring consideration corresponding to commercial/ 

industrial potential and biosorption application feasibility, is the use of low cost/free of 

charge waste biomass, the cost of biosorbent immobilization and regeneration for 

subsequent biosorption and regeneration. (Andersson, 1999; Veglio et al., 1997; 

Vijayaraghavan and yun, 2008; Tsezos, 2001) clearly pin pointed that victorious 

biosorbent technology depends on the biosorptive potentail along with steady  biomass 

availibility for the technology development. 

Presently, biosorption has been conducted using readily accessible biomaterial in their 

indigenous state or after subsequent processing in the detoxification of wastewater 

containing metals, decontamination of radioactive wastewater, recovery/containment of 

strategic/rare metals from seawater and recovery of metals from ores processing 

solutions. 

1.2.7 Biosorbent immobilization: the state of art 

 
For the technological application of biosorption, freely suspended biomasses are not 

suited with particular drawbacks as compaction, clogging, post separation of freely 

suspended biomass when used for the treatment voluminous effluents, washout from the 
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system, maintenance of biosorbent stability, reuse/regeneration of exhausted/used 

biomass and improvement of high pressure fall in the column approach (Fu and 

Viraraghavan, 2003; Gupta et al., 2000: Veglio and Beolchini, 1997; Vijayaraghavan and 

Yun, 2007a). 

Alternatively immobilized biomass overcomes these difficulties and exhibits greater 

potential, simple separation of biomaerial and effluent, increased mechanical strength, 

high biomass loading, reduced blockage and head-loss in a column operation with better 

regeneration characteristics applications in chemical engineering processes (Tsezos and 

Deutschmann, 1990; Tobin et al., 1993; Hu and Reeves, 1997). 

In the environmental application of immobilized biomass the selection of matrix of 

immobilization is a very important issue since this matrix establishes the mechanical 

power and chemical confrontation of the ultimate bioadsorbent for the utility of 

consecutive adsorption-deadsorption cycles (Bai and Abraham, 2003) 

 Most enormously used immobilization technique among a range of technical methods 

cited in literature for biosorbents immobilization (Veglio and Beolchini, 1997), is the 

entrapment of biomass in a polymeric support. Natural polymers have been widely in use 

as the matrix for immobilization enhancing the biosorbent efficacy and sorptive capacity 

of biosorption system for metallic cations (Arica et al., 2001; Bajpai et al., 2004). 

Important immobilization matrices successfully employed for cell entrapment include 

sodium alginate (Bai and Abraham, 2003; Xiangliang et al., 2005), polysulfone 

(Beolchini et al., 2003; Yan and Viraraghavan, 2001; Vijayaraghavan et al., 2007), 

polyacrylamide (Bai and Abraham, 2003), polyurethane (Hu and Reeves, 1997) and 

epoxy resins (Blanco et al., 1999). 
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Good results have been obtained by Macaskie et al., (1987) demonstrating the Cd uptake 

from liquid waste supplemented with glecerol-2-PO4 using a Citrobacter sp. 

immobilization on gel and solid supports. 

Sekhar et al., 2004 carried out batch and column experiments using an immobilized 

biomass resulted from a plant (H. indicus) to remove lead, proving IPBFIX to be practical 

for a novel technology to eliminate and recapture lead from wastewaters with an attempt 

to remove lead from an industrially contaminated site’s polluted (surface and ground) 

water. Their findings also revealed that binding of lead ions takes place on cell wall of 

the plant biomass but not on the polymeric support, supporting Fu and Viraraghavan, 

(2003) who reported the immobilization of a biomass into solid matrix maintains the 

native properties of the biomass with improved strength and handling capacity. 

Blanco et al., in 1999 immobilized a cyanobacterium on polysulfone and epoxy resins for 

copper, nickel and zinc uptake. They were victorious in reuse of polysulfone biomatrix 

beads for ten consecutive sorption/desorption cycles without noticeable efficacy loss after 

regenerating with 0.1M NaOH.  

1.2.8 Biomass engineering approaches for biosorbents  

 
Several approaches such as use of waste biomass or physiological or chemical 

manipulation of biomass to alter the metal binding properties of biomass to specific 

requirements are in use. 
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1.2.8.1 Chemical modification of biosorbents 

 

As biosorption takes place on the biomass surface, so role of cell surface polymers in 

cationic metal uptake has been well understood by chemical modifications of binding 

sites on surface after physicochemical pretreatments of the biomass (Nadeem et al.,2008). 

Chemical modification procedures involve:  

 Physicochemical pretreatment 

 Binding site enhancement 

 Binding site modification and polymerization 

Common chemical pretreatments include acids, alkalies, ethanol and acetone treatments 

of biosorbents while physical pretreatments involve heating, boiling, autoclaving and 

freeze drying etc. (Nadeem et al., 2009a; Nadeem et al., 2007; Goksungur et al., 2005; 

Bai and Abrahan, 2002). Success of a chemical pretreatment strongly depends on the 

cellular components of the biomass itself. In many cases, acidic pretreatment has proved 

successful; this is because some of the impurities and ions blocking the binding sites can 

easily be diminished (Benguella and Benaissa, 2002). 

Nadeem et al. (2008) employed the sugar-cane industry’s sludge and pretreated it 

physically as well as chemically and ompared the lead biosorption capacity of raw and 

pretreated sludge. The researchers identified NaOH as being most appropriate for 

opening up new binding sites, with 35.83% enhancement in Pb(II) uptake capacity as  

that of native biomass.  

Chubar et al. (2004a) experienced the biosorption of heavy metals using treated cork 

biomass noticing 30% raise of cork biomass sorption capacity for Cu when pretreated 
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with 0.5M sodium chloride. While the pretreatment with calcium chloride solution, 

boiling in deionized water or washing with 0.1N NaCl and NaOH did not improve the 

performance of the biomass. The use of oxidizing agents (NaClO and NaIO3) in the 

pretreatment steps allowed an increase of sorption capacity of the biomass. 

Enhancement or modification of binding sites on a biomass seems to enhance the 

biosorptive uptakes by many folds. Various procedures are reported for the augmentation 

of these active groups on the biosorbents. 

Xuan et al., (2006) employed citric acid to modify an alkali sponified biomass, which 

increased the total acidic sites. In particular they reported the orange peel biomass 

modified with citric acid improving the lead uptake. In 2005, Deng and Ting 

copolymerized acrylic acid onto the biomass surface to enhance the carboxyl groups, 

resulting in five and seven fold enhancements for copper and cadmium uptake 

respectively compared to pure biomass.  

1.2.8.2 Growth conditions  

 
Work has been reported in literature on culture environment of cells and their biosorption 

potential. The conditions in which biomass cultivate affects the cell surface phenotype 

which influence its biosorptive capacity (Gadd, 1990). 

1.2.9 Scale up / continuous biosorption studies  

 
To assess the technological probability of biosorption procedure for authentic 

applications, continuous biosorption studies are of greatest concern. Scale up studies can 

be carried out in, full bed columns, fluidized bed and continuous stirred tank reactors 

(Gavrilescu, 2004). 
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Among these various column configurations, packed bed columns have been identified to 

be appropriate, efficient, inexpensive and suitable approach for process biosorption 

(Kogej and Pavko, 2001; Seed and Iqbal, 2003; Volesky, 2003; Chu, 2004; Zhang and 

Banks, 2006). 

Aksu in 2005 reported the packed bed sorption has a wide range of progression 

manufacturing qualities, involving a high outfitted yield and the comparative simplicity 

of scaling up trials. Considerable informations, regarding the sequestration and removal 

of heavy metals ions by various immobilized biomasses in packed bed reactors at fixed 

bed height are available (Kratochvil and volesky 1998; Gupta et al., 2000). 

Gardea-Torresdey et al., (1996) conducted column experiments to examine the binding of 

Ni(II) to silica immobilized alfalfa plant tissues under the influence of flow setting. They 

found the efficacy for Ni(II) deletion and revival from the solution was steady even after 

twelve cycles on the same column. 

 In a packed bed column, Goksungur et al., (2003) studied calcium alginate immobilized 

caustic treated waste baker’s yeast biomaterial. They used calcium alginate gels with and 

without biosorbent particles and found that calcium alginate gel was an excellent 

biosorbent for copper biosorption because caustic treated yeast biomass immobilized in 

calcium alginate showed a slight increase in the biosorpton capacity presenting a readily 

accessible waste biomass commencing from fermentation industries as a substitute for 

copper depletion from industrial wastewaters. 

Aksu and Kustal, (1998) made a comprehensive study on copper biosorption by the Ca-

alginate immobilized green algae Cladophora sp. in a packed bed column reactor under 

the influence of flow rate and influent metal concentration. 
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Yan and Viraraghavan (2001) immobilized Mucor rouxii biomass in a polysulfone 

matrix, packed into a plastic column, to remove metal ions at a specified flow rate. The 

sorbed metal ions can be effectively eluted with HNO3, and column can be regenerated 

with H2O and reused for further sorption. The column kinetics were suitably described by 

Thomas model. 

Other column contactor as fluidized and continous stirred tank reactors are scantly used 

for the bioadsorption purposes (Prakasham et al., 1999; Solisio et al., 2000) to achieve 

mixing and mass transfer in the reactor, fluidized bed reactors function constantly so have 

need of high flow rates to keep the biosorbents in suspension (Muraleedharan et al., 

1991). Continuous stirred tank reactor is helpful when the bioadrbent is in the form of 

powder (Cossich et al., 2002) however these undergo high operating and capital 

expenditures (Volesky, 1987). 

Vijayaraghavan et al., (2005) compared the performance of six dissimilar varieties  

seaweeds and found brown seaweed indicated superior uptake for both cobalt and nickel, 

among several tested eluents, 0.1M CaCl2 (in HCl) appeared practical for both metals 

with slightest harm to S.wightii biomaterial. Scale up studies revealed that highest bed 

height as well as lowest flow rate resulted in better metal uptake.  

1.2.10 Desorption and reuse of biosorbents (regeneration) 

 
Industrial development of biosorbent technology for contaminants depletion is dependent 

on effectiveness of the regenerated biomass after pollutant’s elution. 

A victorious desorption practice employs the appropriate choice of eluents, which is 

dependent on the biosorbent type and mechanism of biosorption. In this regard, 

seemingly, an eluent must be non destructive to biomaterial, effective, cheap and 
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environment friendly. Several scientists have conducted extensive work on selection 

studies to recognize right eluents for biosorption process. Of these, the work of Horsfall 

et al. (2006) is note worthy; they examined the effects of acidic, basic and neutral 

chemical reagents on the recovering of Pb and Cd from metal laden biosorbent of C. 

bicolor by eluting the biomass in five successive cycles using different strengths of 

desorption agents. About 94% Pb and 74% Cd were recovered with 0.01M HCl. So 

recovery with diluted HCl solution was the better option amongst all the tested reagents. 

Kuyucak and Volesky (1989) evaluated the performance of different eluents in stripping 

cobalt from Co+2 laden Ascophyllum nodosum and identified CaCl2 (0.05M) in the 

presence of HCl to be the best eluent, without causing any modification in the cell 

structural design and its structural materials. 

Akhtar et al., (2007a) used different desorbing agents like distilled water, HCl, NaOH, 

Sodium carbonate / bicarbonate and EDTA, evaluating HCl as giving maximum elution 

of uranium from T.harzianum. 

For the reuse of a plant biomass, Sekhar et al., (2003) subjected the used biomass to 

desorption with HNO3, retaining the biosorption capacity of biosorbent constant after 

three cycles. 

In a study on gold adsorption by means of activated carbon resulting from apricot stones, 

Soleimani and Kaghazchi (2008) carried out desorption from gold plating wastewater 

with mixture of sodium hydroxide and organic solvents at ambient temperatures. 

Pagnanelli et al., (2002) carried preliminary studies with variety of metals using a solid 

biosorbent coming from olive mill. Regeneration tests with CaCl2, HNO3 and HCl gave 

excellent outcome. 
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1.2.11 Application of biosorption to real industrial effluents 

 
Biosorption is a confirmed practice potentially for decontamination of heavy metallic 

ions and the revival of expensive metals like gold, pladium and platinum. However there 

is less information published on probing the compatibility of biosorbents for actual 

industrialized runoffs which is of utmost concern. 

Kratochvil and Volesky (1998) emphasized on the necessity of extensive testing of a 

biosorbent performance before its profitable / industrialized utility because industrial 

runoff often contain several toxic metals which offer competitive ion exchange. 

Since the industrial effluents comprised of organic as well as inorganic constituents, it is 

obligatory to study the solution chemistry of effluents and if necessary, suitable effluent 

pretreatment should be performed prior to the implementation of biosorption technology. 

Literature has also predicted that extreme conditions of pollution parameters may affect 

the binding capabilities of a biomass (Vijayaraghavan et al., 2006a) 

Riaz et al., (2009) highlighted Pb(II) biosorption from hazardous aqueous streams from 

glass, ceramic and paint industries using cotton waste biomass. They performed sorption 

kinetic experiments at optimized condition indicating sorption equilibrium reached faster 

(120 min) in industrial samples in comparison to synthetic wastewater (360 min) 

adopting seed cake of G.hirsutum. 

Hanif et al., (2007b) explored the capability of C. fistula to eradicate nickel from seven 

different effluents collected from Faisalabad, an industrial city of Pakistan.  

In another study Hanif et al., (2008) used C.fistula internal pods mass suspension with 

particles > 0.255 mm to treat textile industry effluents of drying and finishing unit .The 

authors thoroughly characterized the effluents and successfully reported the reduction in 
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physico-chemical parameters of effluents and stated that the method appeared to be 

suitable for industrial wastewater treatment in profoundly industrialized areas of 

developing and developed countries.  

1.2.12 Commercial biosorbents 

 
There has been a sudden increase of biosorption associated research in latest years, so it 

would be estimated that more commercialized biosorbents in the waste treatment fields. 

However, there have been a small amount of examples where bioadrption process, the 

state of art, has managed to reach commercialization. 

A potent biosorbent AlgaSorb TM was developed employing a fresh water algae Chlorella 

vulgaris and nonliving algae immobilized in a silica gel matrix, to treat wastewater. It can 

effectively reduce metals from dilute solution, i.e., 1-100 ppm and reduces the metal 

contents below 1 mg/L or even more.  Another instance concerned the procedure 

developed by AMT-Bioclaim TM, which consists of Bacillus biomass (Brierley, 1990b). 

The bioadsorbent Bio-Fix comprises of a variety of sources, including plants, bacteria, 

fungi (Lemna sp. and Sphagnum sp.), yeast and algae. The biomaterial is mixed with 

xanthum and guar gums to provide a steady product and immobilized as beads onto high 

density polysulfone. There is variable affinity for different metals. Al+3 > Cd+2 > Zn+2 > 

Mn+2 with much lower affinity for Mg+2 and Ca+2. Metallic cations elution takes place 

using acids and it is possible the bioadsorbent be used for 120 cycles. The judious 

bioadsorbents selection compete the viable ion exchangers used conventionally in the 

elimination of metallic ions. However, the economics of these biosorbents merit their 

commercialization. 
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To attract more beneficial usage of biosorbent technology in the environment based on 

commercial development application and replacement of currently used conventional 

treatment methods suggest that only promote research should be intended for in these 

fields to clean up our environment.  

1.2.13 Lead and Cadmium biosorption 

 
Randall et al., (1974 a, b) had corroborated that in tannin rich redwood bark the 

polyhydroxy polyphenol functional groups are the vigorous species in Pb and Cd 

sorption. 

Sabadell and Krack (1975) studied numerous varieties of wood for lead and cadmium 

sorption. 

Randall et al., also made a study in 1978 using peanut biosorbent, performed 

polymerization with formeldehyde to avoid discharge of color and degeneration upon 

extended exposure to water. The resulted product proved stable in water and effective for 

Cd, Pb and other heavy metals removal. 

Sorptive capabilities of xanthates, due to their easy preparation with relatively 

inexpensive reagents were studies using xanthated saw dusts by Flynn et al., (1980) 

reporting random variations in the particle size and porosity. Xanthates sorption ability 

also decreased with age due to disintegration and sulfur containing species air oxidation 

showing batch testing highly selective adsorption capacities for Pb, Cd and others. 

A study of McLelland and Rock (1988) indicated, peat can be used as a good sorbent for 

Pb, Cd along other heavy metals mitigation, due to its highly porous (95%) structure and 

great area (> 200 m2/g).  
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Roy et al., (1993) investigated the structure similarity of green algae Chlorella 

minutissima with rice hulls, which is by produce of commercial harvesting of rice. Their 

study revealed the rice hulls show the same adsorption capacity as of algae for Pb and 

Cr(VI) but twice the algae for Cd sorption. 

Research by Volesky and Prasetyo (1994) adapting the brown seaweeds, Ascophyllum 

nodosum in column mode to sequester cadmium with binding capability to be 67 mg Cd / 

g seaweed while experiments by Leusch et al., (1995) explored the different 

modifications of A. nodosum and Sargassum fluitans for lead, cadmium along with other 

heavy metals. Their modifications consisted of formaldehyde and glutaraldehyde 

crosslinking and polyethylenimine embedding. 

Peternele et al., (1999) carried out research on Pb and Cd adsorption onto funtionalized 

formic lignin of baggasse noticing the Pb adsorption follows the adsorption in monolayer 

and Cd data presents multilayer sorption at the temperatures upper than 30C suggesting 

the temperature is an important factor in single metal system. 

Mohan and Singh (2002) carried out studies using activated carbon derived from 

baggasse. They reported the 100% sorption attraction of baggasse resulting carbon for 

cadmium and zinc, better than other available adsorbents. In terms of process economics 

they found that activated carbon prepared was found to be cheap than commercially 

accessible carbons. 

Bhattacharyya and Sharma (2004) developed an adsorbent from the foliage of the Neem 

to remove lead from water under the influence of various operational parameters. Their 

findings revealed a small amount of adsorbent could remove greater than 90% of lead in 

five hours from 100 ppm solution. The adsorption found to be exothermic, computation 
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of G, S and H presented the Pb(II) interaction with Neem leaves powder 

thermodynamically favorable. They characterized adsorbent using various analytical 

techniques like FTIR, XRF and SEM.  

Shibbi and Anirudhan in 2006, examined the effectiveness of abundantly available 

lignocellulosic agrowaste banana stalk in Pb(II) and Cd(II) cations mitigation while Nasir 

et al., (2007) studied Pb(II) sorption. FTIR analysis of Rosa centifolia confirmed 

carboxylic, carbonyl, sulfoxide and thioesters groups participation in Pb(II) biosorption, 

suggesting ion exchange mechanism for Pb(II) sorption. 

Wang et al., (2006) showed activated sludge, a complex consortium of microorganisms 

removed very rapidly and reached equilibrium within 60 minutes giving the 85.5% and 

83.7% removal of lead and cadmium respectively in the first 15 minutes. The short 

contact time of biosorbent for both metal biosorption indicates the binding of lead and 

cadmium ions to active sites occurred preferably onto the solid surface, with no 

significant ion diffusion towards the interior of the particle of dried activated sludge. 

Sekar et al., (2004) prepared an activated carbon by occasional atmospheric temperature 

stirring of coconut shell with concentrated sulfuric acid and performed batch experiments 

to discover effectual lead depletion at various metal cation contents with qmax 26.5 mgg-1. 

Desorption studies revealed 75% Pb(II) stripping with 0.02M HCl, elucidating the system 

of sorption is ion exchange. 

Kim et al., (1995) reported selective Pb(II) adsorption as compared to other alkaline 

metal ions as K+, Na+, Mg+2 and Ca+2 by Undaria pinnatifida. They used TEM 

(Transmission Electron Microscope) to confirm the localization of lead ions. The electron 

dense part of cell component observed through TEM was analyzed by EDX, indicating 
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after contact with lead, the characteristic lead peak appeared confirming the electron 

dense part to be lead. Furthermore XPS distinguished the Pb biomass complex formation 

through COO-1 or OH-1 groups of alginic acid by simple Pb precipitation by measuring 

chemical shift. 

In 2006, Tunali et al. confirmed the communications between metallic cations and active 

groups of the biomass (Bacillus sp.) with the aid of FTIR, SEM and EDAX analysis. 

Nadeem et al., (2009c) investigated the modified Cicer arientinum pod biomass for 

Pb(II) sorption.  

1.2.14 Aims and objectives 

 
Although waste biomasses from animal/plant sources are abundant in nature, but they 

still need to be explored for their metal sorption ability. The present work explores the 

unexploited property of fish (Labeo rohita) scales, available in abundance as a waste 

material, and Pyrolysed carbons derived from agro/forestry products Pongamia pinnata 

and Cassia fisutla, pods as new/innovative biosortive approaches to remove the key 

environmental pollutants of major toxicity, Pb(II) and Cd(II) from aqueous/industrial 

effluents as they represent unused resources of no economic values, widely available and 

are environment friendly. 

Objectives include: 
 

i. Screening and evaluation of various biosorbents for their metal uptake potential 

and their selectivity towards different heavy metals. 

ii. Determination of optimum bio-removal conditions of metal ions with respect to 

the physico-chemical influence of environmental parameters such as pH of the 
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solution, biosorbent particle size, biosorbent dose, temperature, shaking speed, 

initial sorbate concentration and contact time. 

iii. Application of various kinetic and equilibrium models to biosorption data. 

iv. Physical and chemical pre-treatments of the selected biomasses and their FTIR 

characterization. 

v. To address the preferential binding of metals in mixed metal solution. 

vi. To identify preferential regions for localization of accumulated metals on selected 

biomassess  by scanning electron microscopy (SEM), X-ray diffraction analysis 

(XRD) and energy dispersive X-ray analysis (EDAX) techniques to propose a 

feasible mechanism of Pb and Cd biosorption. 

vii. To characterize the nature and binding mechanism of chemical/functional groups 

in biomasses which were responsible for metal bindings using Fourier Transform 

Infrared (FTIR) Spectroscopy. 

viii. Elution studies to achieve maximum desorption of metal ions from loaded 

biomasses with different chemical nature desorbents. 

ix. Repeated use of biosorbents in subsequent sorption-desorption cycles. 

x. Immobilization of biosorbents to calcium alginate polymer matrix to improve 

their performance in sorption studies. 

xi. To conduct flow experiments using fixed-bed column to demonstrate the 

implementation of this technology on the large scale.  

xii. To conduct flow experiments to industrial effluents. 

xiii. To moinitor the pollution parameters for industrial effluents. 
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CHAPTER 2 

MATERIALS AND METHODS 
 2.1 Biosorbents 
 
 A total of nineteen biosorbents used in screening studies were distributed among four 

groups: Agriculture / forestry by products (rice husk, rice bran, sawdust, corn cob, Cicer 

arientinum pods, stem and leaves, sugarcane peelings, sugarcane baggasse, Moringa 

olifera pods, Pongamia pinnata pods, khas), pyrolysed carbons prepared from pods of 

Pongamia pinnata, Cassia fistula, Moringa olifera and commercial active carbon, animal 

source fish (Labeo rohita) scales, fermentation byproduct and fungus (Trichoderma 

harzianum). 

All the samples were washed, sundried and grounded in agate pestle and mortar to get a 

standard size of 0.767 mm for screening studies. 

2.1.1 Collection of biosorbents 

2.1.1.1 Agro forestry biosorbents 

 
The use of biosorbents from numerous lignocellulosic agro wastes is a very constructive 

and well recognized approach in heavy metal sorption, because they are inexpensive, 

possess high adsorption properties due to their ion exchange capabilities. Among agro 

forestry biomasses corncobs, Cicer arientinum phytomasses, sugarcane were collected 

from fields of different regions of Punjab, Pakistan.  C.fistula, M.olefiera, P.pinnata pods 

were collected manually by removing/collecting the mature pods from plants or falling 

beneath the respective tree which often litter the ground, from the target plants during 

August-September, 2006 from the University of Agriculture and NIBGE, Faisalabad, 

Pakistan. Seeds were removed by hands. Seeds were winnowed. Pods were washed 
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carefully using distilled H2O to get rid of dust & debris. They were dried under sun 

followed by oven drying at 65 C for three days till constant weight. Sawdust (shisham) 

and khas was obtained from local timber industry. Agricutural residues, rice husk and 

rice bran were collected from a rice milling industry situated in Hafizabad, Punjab, 

producing in large quantities as a waste creating environmental problem. 

2.1.1.2 Pyrolysis of forestry products pods  

 
 The pyrolysis was conceded out in a temprature controlled furnace (EYELA Electric 

Furnace, TMF-2100, Japan). About 100g of the sample was placed in a Tin container, in 

the middle of the furnace. During pyrolysis, heating was made at 10°C /min to 550°C and 

was detained for 4±0.5 hrs (Nadeem et al., 2009a). The pyrolysed sample thus obtained 

was compressed into powder form and sieved into three different sizes, viz., 40, 63 and 

150µ through octagon siever (OCT-DIGITAL 4527-01). These samples were stored at 

room temperature in separate airtight containers free from moisture until further use. 

2.1.1.3 Fish scales biomass 

 
Fish (Labeo rohita) scales were obtained from Jhang Bazar, Faisalabad, Pakistan.  

Washed repetitively dried under sun. The scales were then set aside in a heating oven at 

70°C till the fish scales became crunchy. Converted to powder form by grinding in a 

mechanical grinder (Retsch, Germany). The powder was then sieved as described in the 

previous section. The fractions with 40, 63 and 150 µ were separated for use in sorption 

tests and preserved in polyethylene containers for further use as biosorbent (Nadeem et 

al., 2008a). Biosorbents used in the present study are presented in Fig.2.1 
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Fig.2.1 Photographs of the biosorbents (a) Fish scales,(b) Fish scales powder,(c) 
Pongamia pinnata pods,(d) Pongamia pinnata pods carbon,(e) Cassia fistula pods,(f) 

Cassia fistula pods carbon 

a b

c d 

f e 
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2.1.1.4 Fungus collection 

 
Fungus Trichoderma harzianum and fermentation byproduct were collected from Process 

Biotechnology Division, NIBGE, Faisalabad. 

2.2 Metal solutions  
 
Stock metal ions solution having concentration 1000 mg L-1 were prepared from lead 

nitrate (BDH, Analar, England), cobalt chloride, zinc sulphate, copper sulphate, nickel 

sulphate, chromium chloride (Merck), cadmium iodide (City Chemical Corporation, New 

York) by dissolving an appropriate amount of metal salt into deionized water. All the 

working solutions were set by appropriate dilution of the 1000 mg L-1 solution with 

distilled water. All the chemicals were of ACS reagent rank and used as such. 

2.3 Analytical determination 
 
The metal contents in the solution were determined using flame Atomic Absorption 

Spectrophotometer (Perkin Elmer, A Analyst 300, AA Win Lab Software, flame mode). 

The HCL of Pb, Cd, Zn, Ni, Co, Cu, Cr were operated at 15 mA current, 0.7 nm slit 

width and 283.3, 228.8, 213.9, 232.0, 240.7, 324.8 and 324.8 nm wavelengths 

correspondingly. The FAAS was calibrated with series of metals standard solutions in the 

linear ranges. 

2.4 Batch biosorption trials 
 
Batch trials by adding 0.05 g of each nineteen biosorbent to a series of conical flasks 

having 100 mL solution of 100 mg L-1 of different metal ions separately at pH 4.0 ± 0.1 

maintained using 0.1M HCl or NaOH at 30 ± 0.5 C in an orbital shaker (IFS-1-W 

Kuhner, Switzerland) working at 200 rpm along with blank samples having different 

metal ions solution without biosorbents, were conducted in respect of screening studies. 
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After 24 hr contact time, the biomasses were separated by filtration. The metal contents 

in supernatants after appropriate dilution were determined using Flame Atomic 

Absorption Spectrophotometer.  

After screening (biosorbents and metals), biosorption trials were  performed to study the 

adsorbent capacity of  fish scales, Pongamia pinnata pods carbon  and Cassia fistula 

pods carbon by changing the pH of lead and cadmium solutions, adsorbents dosage, 

particle sizes, temperature, mixing speed,  adsorbates concentration,  and contact time. 

An orbital shaker was used for the batch experiments at 200 rpm under controlled 

temperature of 30oC. Pb(II) and Cd(II) solutions at different pHs were prepared by setting 

the pH with 0.1 M NaOH or 0.1M H2SO4. A known amount of the adsorbents of the 

appropriate particle sizes were added to the batch reactor system and kept in the shaker 

for 20 hrs to attain equilibrium. To understand the maximum uptake of the adsorbent and 

its behavior at high metal concentrations, the solutions of various concentrations ranging 

25-800 ppm were prepared. The optimized dose and particle size was added to every 

Erlenmeyer flasks. These flasks were placed in the orbital shaker, which provided calm 

end over end shakeup for 24 h, and then the flasks contents were filtered through a 0.45 

µm filter. Pb(II) and Cd(II) remaining in the solution were analyzed with FAAS. Controls 

without adsorbents were run correspondingly. The sorption kinetic experiments were 

performed for 24 h under conditions of pH 3.5 and 4.5 for lead and cadmium 6.0, initial 

metal concentration (100ppm), particle size (150µ). At each predetermined time point, a 

2 mL solution was collected through Millipore and analyzed for metal contents. The 

effect of sorbent loading (0.25-2g L-1) was also examined.    
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2.5 Metal Uptake 
 
Metal uptake was determined as by (Nadeem et al., 2008a). The initial Ci (mg L-1) and 

leftover concentration Ce (mg/L), were estimated by AAS and qe (mg metal sorbed/g 

sorbent) as (Eq.17): 

         Ci – Ce 

   qe =      ----------------------    ×    V                    (17) 

            M 

here V is  solution volume in L and M represents adsorbent mass in g. 

The extent of sorption in percentage is found from the relation (Volesky 1990). 

      Ci – Ce 

         Sorption (%) =       --------------     ×     100                    (18) 

           Ci  

2.6 Metal Elution and Regeneration of Biomass 
 
The elution of heavy metals is the general method, allowing both revival of metal ions 

and recycling of sorbents for subsequent uses. The metal laden biomasses after Pb(II) 

biosorption were gently washed  with H2O. Then different eluents solutions as distilled 

H2O, 0.1M hydrochloric acid, sodium hydroxide and ethylenediaminetetraacetic acid 

(Na2EDTA) were tested in triplicates by mixing metal loaded aliquots of biomasses (0.05 

g) with 30mL of each regenerator in 250 mL conical flask for 3h at 200 rpm. The left 

over process was similar as that of the biosorption trials. The biomasses were washed 

with distilled water to remove the traces of eluents after desorption,  and once more 

suspended in metal bearing aqueous solution for sorption, adsorption followed by 
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desorption was conducted thrice. The losses in the biomass weight were calculated after 

finally dried overnight at 60 C (Vijayaraghavan et al., 2005). 

The eluted metal contents per gram of the each biomass qdes for both metals were 

calculated from concentration of metal (mg L-1) desorbed, Cdes into the eluent from the 

following equation. 

                                                      qdes     =       Cdes V/W                                   (19) 

here V is volume of solution (30 mL) , W represents biosorbent weight. The % metal 

desorbed was determined as: 

                                        % desorption   =      qdes / qa x 100                             (20)  

2.7 Mass Balance Studies  
 
To carry out mass balance calculations; Pb(II) and Cd(II) batch biosorption studies were 

performed at various initial metal concentrations ranging from 25-800 mg L-1 with three 

biomasses. Acid digestion of Pb(II) and Cd(II) loaded biomasses was carried out with 

concentrated HCl and HNO3 in a ratio of 3:1. To estimate the amount of metal ions in 

0.05 g of metal laden biomass, 10 mL of acids mixture was added in 50 mL Erlenmeyer 

flasks and heated the contents on a hot plate, followed by evaporation to a few milli 

litters. On cooling, samples were filtered and diluted with distilled water with a final 

volume up to 100 mL and subjected to metal contents determination by atomic absorption 

spectrometry. 

2.8 Pretreatment of Biosorbents 
 
1.0 g/15 mL of each biosorbent was subjected to various physical or chemical 

pretreatments as follows: 
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2.8.1 Physical pretreatments 

 
 Heated at 100oC for 24h,  

 Boiled for thirty minutes in distilled water  

 Autoclaved at 121oC, 15 psi for 15 minutes in distilled water. 

2.8.2 Chemical pretreatments 

 
Three biosorbents in equal quantities were shaken for 30 minutes with each of the 

following solutions (0.1M) separately at 100 rpm and 30±0.5 C 

 HCl 

  H2SO4 

 H3PO4 

 NaCl  

 NaOH 

 Ca(OH)2 

  Al(OH)3  

 NaCl 

The biosorbents were washed after every treatment uptil pH of the washed liquid become 

constant, dried in an Eyle Oven at 110oC for 24 h. Homogenized in a pestle and mortar. 

The biosorbents were stored in sealed containers at room temperature for subsequent use. 
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2.8.3 Metal biosorption by pretreated biomasses 

 
Biosequestration experiments with pretreated samples along with controls (metal solution 

without biomass) and positive controls (metal solution containing native biomass) were 

conducted in batches to assess the consequence of pretreatments on the biosorptive 

potential of biosorbents at the optimized conditions of Pb(II) and Cd(II) biosorption for 

each biosorbent. 

2.9 Biosorption by Immobilized Biomass 

2.9.1 Immobilization of biomasses by Ca-alginate 

 
The immobilization of fish (Labeo rohita) scales, Pongamia pinnata pods carbon (PPPC) 

and Cassia fistula pods carbon (CFPC) viz. entrapment as: Na-alginate (Sigma) 2.0 g was 

dissolved in 100 mL of deionized H2O with steady stirring to keep away from lumps 

development. 2.0 g of dried powder of 3 biomass with particle size 150, was added 

under magnetic rousing conditions, separately to form a consistent blend having 

composition of 2% biomass in 2% sodium alginate. The homogenized slurry was 

introduced to 0.2M CaCl2 using micropipette tip. The Ca-alginate beads having diameter 

2±0.2mm, were stored in water at 4 C till use. Blank beads with 2% w/v lacking 

biosorbents were primed and stored in the same manner (Pradhan and Rai, 2001; Akhtar 

et al., 2009). 

Ca-alginate beads (control) and biosorbents (FS, PPPC, CFPC) immobilized beads are 

presented in Fig.2.2. 
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Fig.2.2 Photographs of immobilized biomasses (a) plain Ca-alginate beads, (b) FS 
immobilized Ca-alginate beads, (c) PPPC immobilized Ca-alginate beads, (d) CFPC 

immobilized Ca-alginate beads 
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c d
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2.9.2 Batch biosorption trials by immobilized biomass 

 
Lead and cadmium biosorption on Ca-alginate plain and immobilized FS, PPPC, CFPC 

beads was investigated in batch adsorption under the influence of pH, kinetics and 

equilibrium experiments. A series of metallic cations concentration (25-800 mg L-1) was 

prepared from 1000mg L-1 stock solution of Pb(II) and Cd(II). The pH effect on 

biosorptive uptake was premeditated in pH array 3.0-5.5 and 1-8 for Pb(II) and Cd(II) 

respectively having fixed initial concentration (100mg L-1) at 30 C with continuous 

mixing at 200rpm. Each biomass bead (both with biosorbent and without biosorbent) 

equivalent to 0.05g of dehydrated biosorbent was incubated with (pH 4.5 and 6.0 for lead 

and cadmium respectively) 100 mL of metal solutions for 20hrs. For process kinetics, 

aliquots of the liquid phase were withdrawn at the predefined time intervals (0-1440 

min). Pb(II) and Cd(II) contents in aliquots were determined with FAAS. 

The biosorbent beads giving greatest biosorptive potential were chosen to promote the 

upscale setup. 

2.9.3 Scale up studies for Pb(II) removal from aqueous solutions 

2.9.3.1 Column experiments 

 
Continuous run adsorption experiments were carried out in a pyrex glass column having 

diameter 1.6, height of 54 cm using fish scales immobilized Ca-alginate beads.  

A known quantity (33.85 g) of biosorbent beads was packed inside the column to give in 

the bed depth of 49 cm. The bed volume was near 80 mL.The 100 mg L-1 Pb(II) solution 

was passed t at 1.2 mL/min by a peristaltic pump (PP40, Miclins). Pb(II) solution pH was 

adjusted to 4.5. Glass wool was placed on two ends of the column, to allow the even 
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distribution of the influent and to prevent the FS beads from floating. A glass bead was 

kept at the top of column for steady flow. Tygon tubing was adopted for the connections. 

The column was sealed at the bottom having a steel clamp. The metal solution samples 

coming through the column were got at diverse passed volume (time intervals) and 

checked for metal concentration till the equilibrium was attained in the column.  

2.9.3.2 Column sorption desorption cyclic studies for industrial effluent 

 

Column sorption desorption cyclic studies were conducted using textile industrial 

effluents having Pb(II) concentration of 25 mg L-1 at a flow rate of 1.2 mL/min at fish 

scales immobilized bed height of 49 cm. After the column reached exhaustion, Pb(II) 

laden biosorbent  was regenerated with 0.1M HCl followed by washing the bed. Then, 

the column was fed again with industrial effluents and biosorptive study was passed out 

keeping all parameters same. After bed exhaustion, eluent was fed into column and 

regeneration studies were conducted. These sorption/desorption cycles were repetitive 

two times to assess the Ca-alginate entrapped biosorbent uptake capability. 

2.9.3.3 Industrial effluent collection 

 

The wastewater sample from a textile industry located in Faisalabad, Punjab, Pakistan 

was collected. Triplicate samples were collected, stored and analyzed for water quality 

parameters before and after the column biosorption according to protocols as reported 

earlier by some researchers (Hanif et al., 2008; Ali et al., 2007; Hanif et al., 2005).  
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2.10 Theoretical approach 
 

Biosorption is taken as a fast physical or chemical process, and its rate is distinguished by 

the process type and its quantitative measure is made by experimental equilibrium 

isotherms. 

2.10.1 Equilibrium modeling 

 

Among several adsorption isotherms in metal mitigation, Langmuir, Freundlich, Dubinin-

Raduskevich and Temkin  isotherms were applied for fitting the data in this study. The 

mathematical description of these models is presented in Chapter-1. 

2.10.2 Kinetic modeling 

 

A variety of kinetic adsorption models are recognized to examine the experiment data 

points. In present study, pseudo-first-order, pseudo-second-order, Weber-Morris intra-

particle diffusion and second order rate equation models have been adopted to fit the 

experiment data points. The mathematical expression of kinetic models is described in 

Chapter-1. 

2.11 Instrumental Analysis Studies of Pb(II) and Cd(II) biosorption. 

2.11.1 Fourier Transform Infrared (FTIR) Spectroscopic analysis 

 
The frequency variations of biosorbents active groups were determined by FTIR 

Spectroscopy using the equipment and protocol as adopted by (Nadeem et al., 2008a; 

Nadeem et al., 2009a) appended in the appendix II. The spectra of biosorbents before and 

after Pb(II) biosorption were recorded. To see the effect of different physicochemical 
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pretreatments on biosorbents functional groups, FTIR spectra after different 

pretreatments and metal exposure were also recorded. 

2.11.2 X-ray Diffraction (XRD) studies 

 
XR- Diffractometer (mode 3040/60 X’pert PRO PANalytical) was used to get X-ray 

diffraction scans of the samples at the Chemistry Department, QAU, Islamabad, Pakistan. 

Biosorbents samples with and without metals Pb(II) and Cd(II) exposure were exposed to 

X-ray (=1.54060 A) with the 2 angle varying between 0 and 80. The applied voltage 

and current were 40kV and 30mA respectively. 

2.11.3 Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray analysis 
(EDAX) studies 

 

Morphological characteristics of biosorbents (un immobilized as well as immobilized) 

before and after biosorption were evaluated by using JEOL (JSM 5910) scanning electron 

microscope equipped with EDAX system at University of Peshawar, Pakistan. The 

biosorbent samples were coated with gold (Au) to amplify the electron transmission and 

to get better worth of micrograph prior to being introduced to SEM-EDAX for analysis 

and an accelerating voltage of 20kV was applied. 

2.12 Statistical analysis 
 
All the experiments were conceded out in triplicate and experimental errors were 

predicted and represented with error bars and standard deviations were indicated 

wherever required. All the statistical analysis was completed using Microsoft Excel 2004 

version Office XP and slide write version 3.0 and 7.0. 
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CHAPTER 3 

RESULTS AND DISCUSSION 
 
3.1 Screening Studies 
 
 
To screen and choose the potential biomaterial with adequately elevated metal uptake 

capability and selectivity for metallic cations are the fundamentals for up scale 

biosorption progression. 

Equilibrium experiments carried at 30C with 0.5 gL-1 of nineteen biosorbents at the 

constant pH 4.0 to screen biomaterials at fixed initial metal concentration 100 mgL-1, of 

different metallic species separately. Table 3.1 shows uptake capacity (mgg-1) of different 

biosorbents after 24 hours of incubation. 

The values of sorption capacity (q) varied from 2.02 -196.8 mg metal g-1 of 19 

biosorbents for seven different targeted metals. All the biomaterials presented metallic 

cations sorption upto a specific level but the fish (Labeo rohita) scales, Pongamia 

pinnata and Cassia fistula pods carbon were able to bind maximum amounts of different 

metals to these biomaterials. 

The preliminary screening studies experiments showed the fish (Labeo rohita) scales 

were capable of binding the subsequent amounts of metallic ions in mg g-1 of biomaterial: 

196.5mg Pb/g, 96mg Cd/g, 185.6mg Cu/g, 72.1mg Ni/g, 141.1mg Cr/g, 108mg Co/g and 

39.6mg Zn/g followed by Pongammia pinnata and Cassia fistula pods carbon 

respectively: 174.24 & 168.68 mg Pb/g, 185.1 & 74.2 mg Cd/g, 184.7 & 127.3 mg Cu/g, 

83.3 & 40.9 mg Ni/g, 102 & 37.1mg Cr/g, 167.4 &154 mg Co/g, 38.0 & 13.0 mg Zn/g 

respectively. 
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The values of adsorption capacities of tested materials from the present study are 

equivalent or significantly higher than lignocellulosic biosorbents reported previously in 

literature. Reddad et al., (2002 a,b,c,d) conducted studies on natural lignocellulosic 

biopolymer (sugar beet pulp) and found mg metal adsorbed/g of sorbent as: 24.4, 10, 

73.76, 17.8, 21.1, 11.8 for Cd, Cr(III), Pb, Zn, Cu and Ni respectively. Krishnani et al., 

(2008) reported that an agro waste biomatrix was capable to bond amount of metals in 

mg g-1 of biomaterial 54mg Pb g-1, 33.1mg Hg g-1, 14.4mg Cd g-1, 10.8mg Cu g-1, 8.5mg 

Co g-1, 7.47mg Zn g-1, 7.7mg Mn g-1, and 5.4mg Ni g-1. Furthermore, our screening 

studies show higher sorption capacities than earlier recorded using carbon cloth/granular 

carbon for lead, copper and nickel sequestration (Kadirvelu et al., 2000). 

A significant difference between the biosorption of metallic cations by different types of 

sorbents tested was observed. Since the metal biosorption from solution is predominantly 

due to the existence of different physicochemical interaction between the biosorbents and 

metal ions in solution, morphological differences within different biomasses can greatly 

influence the biosorption process (Lo et al., 1999).  

Volesky (1990) hypothesized the stereo-chemical differences in the polysaccharide 

structures of biomass cell wall, even can make a significant difference in the acceptance 

of metallic ions by these structures.  

Based on the preliminary metal uptake experimental results, the biosorbents, fish scales, 

Pongammia pinnata and Cassia fistula pods carbons adsorbed most of the metal ions 

among others, effectively, so they were chosen for a more in depth investigation of Pb(II) 

and Cd(II) biosorption. Since Lead and Cadmium are frequently present in high amounts 

in industrial effluents of most industrial operations (Menzer, 1991., Volesky, 1992). Both 
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elements are regularly deposited easily in the atmosphere devoid of any pretreatment 

causing serious ecological damages due to toxicity of these metals (Benhima et al., 

2008). In the work presented here the fish (Labeo rohita) scales is named as FS, 

Pongammia pinnata and Cassia fistula pyrolysed pods carbons as PPPC and CFPC 

respectively.  
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Table 3.1 Adsorption capacities for screening studies (mg g-1) 
 

Biosorbents Pb Cd Cu Ni Zn Co Cr 

Moringa olifera pods. 71.06 49.9 24.0 17.1 13.0 33.4 21.4 

Moringa olifera pods carbon 77.2 131.5 165.0 35.2 38.6 125.2 102.6 

Saw dust 51.8 42 96.5 12.3 27.9 96.2 50.6 

Rice husk 90.38 28 50.0 16.3 56.0 152.8 32.69 

Rice bran 124.04 48.9 90.0 30.5 40.7 164.0 42.8 

Corn cob 43.98 17.1 79.1 9.5 35.0 114.0 52.6 

Cicer arientinum pods 69.42 31.3 78.0 41.9 45.1 30.8 56.6 

Cicer arientinum stem 87.96 64.30 63.3 51.5 35.0 64.6 57.2 

Cicer arientinum leaves 83.28 57.20 119.6 74.1 32.0 111.0 70.0 

Fish scales 196.3 96.00 185.6 72.1 39.6 108.0 141.0 

Fermentation by-product 17.54 36.6 78.9 89.5 23.1 61.4 55.4 

Sugar cane peels 15.32 52.1 42.4 97.3 96.0 87.4 48.2 

Bagasse 2.02 26.6 43.5 90.0 24.0 107.6 46.0 

Pongamia pinnata pods carbon 174.24 185.1 184.7 83.3 38.0 167.4 102.0 

Cassia fistula husk 53.78 67.8 108.0 46.1 24.0 108.2 36.0 

Cassia fistula pods carbon 168.5 74.2 127.3 40.9 13.0 154.0 37.1 

Khas 64.9 31.3 50.0 31.3 20.5 171.0 30.0 

Activated carbon 16.68 59.8 84.0 51.7 28.0 141.2 14.6 

Trichoderma harizanium 129.82 58 47.0 74.3 28.0 104.4 41.4 

 
0.05 gram dry weight of biosorbents were incubated with 100 mL of 100 ppm of different 
metals solution. Sorption capacities (mg g-1) were measured after 24 hours shacking at 
200 rpm and 28±2 °C. Three readings are averaged along SD < 3.0. 
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3.2 Optimization of biosorption conventional experimental variables 
 
The influence of different operational variables on lead and cadmium biosorption by FS, 

PPPC and CFPC were studied in batch mode, which are essential in the assessment of full 

scale biosorption prospective of any biomaterial. 

3.2.1 Effect of pH on Pb(II) and Cd(II) biosorption 

 
pH is a very significant affecting factor in the metallic sorption. pH effect on lead uptake 

by FS, PPPC and CFPC was considered in series of 3.5-5.5 because the metal 

precipitation occurs above and below this range. In order to make a comparison between 

sorption capacities of biosorbents and commercial synthetic ion exchangers, Dowex-

SBR-P and IRA-400 under the pH influence were also investigated (Fig.3.1a). The 

highest removal capacities 196.80 and 170.86 mg g-1 of Pb (II) ions by FS and PPPC 

were obtained at pH 3.5 and the overall removal capacity of Pb (II) decreased to 86.96 

and 18.36 mg g-1 as pH increased upto 5 (Dean and Tobin 1999; Prakasham et al., 1999; 

Kapoor et al., 1999). The extent of Pb(II) biosorption on CFPC increased from 138.62-

168.08 mg g-1  in this study  when pH  of the system varied from 3.5-4.5. The initial 

sorption rate of CFPC increased rapidly in this pH range and then decreased slightly in 

the range 4.5-5.0. Maximum biosorption occurred at pH 4.5. Dowex-SBR-P and IRA-400 

had depicted maximum sorption capacity of 81.91 and 95 mg g-1 dry weight (0.05g) at 

PH 4.5. Beyond this PH the sorption capacity values decrease (Fig 3.1a). The sorption 

capacities (mg g-1) possessed by ion exchange resins were very low than natural 

biomaterials. 
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Metallic ions uptake and pH dependency was corelated to the active sites on the 

biomaterial surface as well as to solution chemistry by (Quek et al., 1998). –COOH can 

be regarded as imperative sites of metallic ion uptake using different biomaterials 

(Kratochvil and Volesky 1998). pH affects the possible binding sites in 

agricultural/forestry material (Akhter et al., 2007).  

The Cd(II) biosorption by the biosorbents, FS, PPPC and CFPC was also affected by 

solution pH (Fig3.1b). There had been an augment in biosorption capacity of biosorbents 

from 26.26-97.8, 16-184, 21.6-75.6 mg g-1 FS, PPPC and CFPC with rising pH 1 to 7. 

Maximum Cd(II) uptake enhanced by inceasing solution pH  from 3 to 5 for all the three 

biosorbents and further slow increase up to pH 7.0 was recorded. The optimal pH for 

Cd(II)  is pH ≥ 5.0 but noticing slight precipitation in control flask at pH 7.0 prohibited to 

carry the experiments using this pH. Tan and Xiao (2009), in their study on cadmium 

sorption by ground wheat stem had documented that wastewaters usually containing 

heavy metals show weak acidity so Cd(II) further biosorption studies were conducted at 

pH 6.0. The similar pH tendency was hardheaded using numerous diverse biological 

materials i.e. lead, cadmium, copper with olive pomace (Pagnanelli et al., 2003), 

cadmium and lead by dried activated sludge (Wang et al., 2006), lead, cadmium, nickel 

and copper by olive stone waste (Fiol et al., 2006). The increase in sorption uptake with 

concomitant increase in pH is due to increase in ionization extent of biosorbents groups 

(Friis and Keith, 1986; Zhou and Kiff, 1991).                                                                         

The metallic ions contact with active sites situated at biosorbents is greatly perceptive to 

pH of surroundings. The literature contradiction towards the pH dependancy on sorption 
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studies intricates, pH changes adsorption of metallic cations and varied towards the 

biosorbents and sorbates category (Tunali et al., 2006; Chang et al., 1997). 
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Fig. 3.1 Effect of pH on biosorption (a) Pb(II) and (b)Cd(II), (●)FS,(▲)PPPC, 
(■)CFPC(∆) Dowex-1,(□)IRA-400 (Ci=100mgL-1, V=100mL, temperature=30°C, 

agitation rate =200 rpm, contact time=20h) 
 
 
 

b 
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3.2.2 Effect of biosorbent dose 

 
Dose of a biosorbent, is an extensive issue towards effectual metallic ions adsorption.  

Dried biomass of FS, PPPC and CFPC (0.025g-0.200g) were exposed to 100mL of lead 

and cadmium solutions at optimum pH for an incubation period of 20 hours on a rotary 

shaker at 200rpm followed by filtration using Whatman filter paper No. 1 and the 

residual Pb (II)/ Cd(II) in the filtrate were measured using AAS separately. 

The results given in Fig.3.2 (a) and (b), show the precise metal uptake values at different 

amounts (0.025g-0.200g/100mL) of these biomasses were decreased with increasing dry 

biomass concentrations. Thus about 84.29%, 92.36% and 87.36% decreases were 

recorded in case of Pb(II) while 72.81%, 12.56% and 45.21% decreases were noticed in 

case of Cd(II) for FS, PPPC and CFPC, respectively, as the dry biomass increased from 

(0.025-0.200g/100mL). 

It had been certified towards hindrance among active groups and caused electrostatic 

interaction between cells at high amounts (De Rome and Gadd, 1987), while Fourest and 

Roux (1992) attributed the decline in Zn biosorption by rising biomasorbent 

concentration to shortage of metal to accessible binding sites. This effect was also 

recorded by other workers (Al-Asheh and Duvnjak, 1995; Hanif et al., 2007a; 

Padmavathy et al., 2003; Selatnia et al., 2004; Puranik and Pakniker, 1999; Nadeem et 

al., 2008a). 
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Fig. 3.2 Effect of biosorbent dose on  biosorption (a) Pb (II) and (b) Cd(II), 
(●)FS,(▲)PPPC,(■)CFPC (Ci=100mgL-1, V=100mL, temperature=30°C, agitation 

rate=200rpm, contact time=20h) 
 

 
 
 
 
 

b 
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3.2.3 Effect of biosorbent particle size on biosorption 

 
For selecting optimum particle size regarding three biosorbents, FS, PPPC and CFPC 

were graded by different sieves of particle sizes (150, 80, 40 microns). Each of these 

particle sizes were exposed to 100 ppm Pb(II) cation solution. Fig.3.3 (a) shows the 

influence of different particle sizes on the biosorption capacity (q). This figure shows that 

particle size of FS and PPPC is not effective on the sorption of Pb (II) whereas the 

smaller particle size of CFPC adsorb lead better than large particle sizes. 

It is evident that adsorbed Pb(II) amount by CFPC increased with decrease of the particle 

size. The adsorption capacity of CFPC was 168.62 mg/g at the size of 40 micron size 

while it decreases to 96.86 mg/g at 150 micron. So, due to remarkable difference in the q 

values in the particle range of 40-150 micron, the smaller particle size of CFPC was 

selected for further Pb(II) sorption studies. 

Since the surface area was larger, the improved removal of sorbate by small size 

biomasses has been observed earlier by Arshad et al., (2008) using Neem biomass, Ho 

and Mckay (1998a) using peat, Mckay et al., 1980 and Quek et al., 1998 in a study for 

removal of color by silica and Sago waste for lead and copper sorption correspondingly.    

The present study indicates that in case of FS and PPPC, the biosorbent particle size did 

not influence the Pb(II) adsorption capacity at 40,80,150 micron. q values remained 

constant in case of FS and with PPPC only 3% decrease in adsorption capacity with 

increasing particle size from 40-150 micron was observed which is assumed to be 

negligible. So150 micron particle size was selected for FS and PPPC biomasses. Effect of 

varying the sorbent dimension on the uptake tendency has been described by (Yang and 

Volesky, 1999; Cossich et al., 2002) too.  
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In one of their reports, Farajzadeh and Vardast (2003) reported that particle size of bran is 

not effective on the adsorption of lead and iron, whereas zinc, cadmium, copper and 

nickel are adsorbed better by smaller particles of rice bran. Although Leusch et al., 

(1995) noted that bigger particles of Sargassum fluitans and Ascophylum nodosum had 

higher metallic uptake than lesser sized particles in cases of Cd, Co, Ni, Pb and Zn.  

In case of Cd(II), the biosorbents were graded by different sieves of particle size 150, 

80,63 and 40 microns. Each of these particle sizes were exposed to 100 ppm Cd (II) 

cation solution at pH 6.0. When compared the results of particle sizes for three 

biosorbents (Fig.3.3b), 40 micron sieved size showed some what more sorption capacity 

as compared to other three particle sizes but q values remains nearly constant for the rest 

of selected particle sizes. No effect of changing sorbent particle size on q (mg g-1) is 

consistent with other reports (Yang and Volesky 1999; Cossich et al., 2002). All the 

particle sizes showed nearly the similar efficacy. It is always preferable to use rigid and 

slightly larger particles in sorption process (Volesky, 2001; Vijayaraghavan et al., 2006). 

So particle size of 150 micron was subsequently employed for all the three biosorbents in 

all Cd(II) biosorption experiments. 

Thus the control of biomass size on metal uptake appears to be the function of type of 

biomaterial and the metallic cation. 
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  Fig. 3.3 Effect of particle size of biosorbent on biosorption (a) Pb(II) and (b) Cd(II) 
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3.2.4 Effect of temperature  

 

Dried powder (0.05 g) of FS, PPPC and CFPC was added to 100 ppm Pb(II)/Cd(II) 

solution (100mL). pH of Pb(II) solution was adjusted  to 3.5 for FS and PPPC, 4.5 for 

CFPC. pH of Cd(II) solution was fixed to 6.0 for three biosorbents. The experimental 

tests were carried at 20-45.0±2 ºC for Pb(II) and at 10, 20, 30, 40 and 50±2 ºC for Cd(II) 

in a constant temperature shaker.  

Fig.3.4a shows that the temperature in the range 25-45°C did not produce any significant 

difference in Pb (II) adsorption capacity by FS, PPPC and CFPC. The effect of 

temperature in the range 10-50°C on Cd(II) biosorption capacity was also not so 

pronounced regarding all the three biosorbents (Fig.3.4b). In case of lead and cadmium 

sorption capacity at both temperature ranges, q value was decreased only to less than 

7.0%.  

The temperature independent sorption of lead and cadmium is in accordance  with a study 

by  Ahuja et al., (1999) related to Zn(II) biosorption by Oscillatoria anguistissima, Aksu 

and Kustal (1990) using Chlorella vulgeris for the deletion of metal ion solution, 

representing biosorption to be a passive energy independent process in difference to 

Aoyama et al., (2000), Dilek et al., (2002), Rapoport and Muter (1995) who noted 

superior uptake capacities using different biomasses at higher temperatures, which looks 

to involve some physiological process in addition to physicochemical relations.  
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Farajzadeh and Vardast (2003) also studied the effect of temperature between 20 to 60ºC 

and found temperature is less effective on sorption of Pb(II) using rice bran.  

According to literature, there is no clear temperature effect at sorption process for diverse 

metal biomaterial systems (Cordero et al., 2004; Cossich et al., 2002). Temperature 

independent biosorption process of Pb(II)/Cd(II) by FS, PPPC and CFPC is also in 

accordance with (Martins et al., 2004; Chubar et al., 2004). All further experiments were 

conceeded using 30oC (set by mineral processing laboratory (G13) at Bioprocess 

Technology Division, NIBGE, Faisalabad). 
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Fig. 3.4 Effect of temperatrure (°C) on biosorption (a) Pb(II) and (b)Cd(II) 
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3.2.5 Effect of Agitation Speed 

 
Optimal shaking rate effect, towards lead and cadmium ions uptake with FS, PPPC along 

with CFPC was studied by altering the agitation speed from 0 (without agitation) to 400 

rpm and is depicted in Fig.3.5 a, b. It can be seen that Pb(II)/Cd(II) uptake increases with 

raise in shaking rate (q = 159,134,130 mg g-1 in the lack of agitation and 197.64, 192, 188 

mg Pb(II)g-1(FS, PPPC, CFPC respectively) at 400 rpm,(q = 19.35, 113.36, 38.18 mgg-1 

in the absence of agitation and 114.4, 182.38, 90.85 mg Cd(II)g-1 (FS, PPPC, CFPC 

respectively) at 400 rpm for a contact time of 24 h. These results can be justified as raise 

of mixing speed, improves metallic cations dispersion towards biosorbents surface. This 

also depicts that an agitation speed 50-400 rpm is adequate to ansure that every active 

group is easily accessible to Pb(II)/Cd(II) uptake. So it was concorded to select 200 rpm 

as the optimum speed for all the experiments (Nomanbhay and Palanisamy, 2005; Ucun 

et al., 2002; Dilek et al., 2002; Nadeem et al., 2008a). 

Al-Qodah (2006) investigated the effect of mixing speed on elimination effectiveness of 

Cd+2 using native, NaOH or HCl treated sludge. He found for NaOH treated sludge the 

elimination efficacy increases from 10-69% as the agitation speeds raised from 25-200 

rpm. His results indicated that an agitation speed in the range 130-200 rpm is sufficient to 

get maximum removal. 
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Fig.3.5 Effect of agitation speed on biosorption (a) Pb(II) and (b) Cd(II),  

(●)FS, (▲)PPPC, (■)CFPC (Ci=100mgL-1, V=100mL, temperature=30°C, 

dose=0.05g, contact time=24h) 

 

 

 

b 
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3.2.6 Effect of initial metal concentration 

 
 100mL Pb(II) and Cd(II)  altering concentrations (25 to 800 mg/L as measured at the 

beginning of experiment by AAS) adjusted to optimum pHS, were treated with 0.05g of 

the dried  biomasses of FS , PPPC and CFPC  for 20 hours at constant temperature 

(30±0.1ºC).Thereby, the biosorption was completed and  necessary analyses were carried 

out .          

 Experimental data points obtained for lead and cadmium sorption by FS, PPPC and 

CFPC biomasses are shown in Fig.3.6 (a) and (b) respectively. These results exposed that 

metallic uptake augmented on increasing Pb(II)/Cd(II) ion concentrations with all three 

tested biosorbents.The maximum uptake values correspond to 472, 331 and 318 mgg -1 of 

biosorbents in case of lead and 500,797 and 570 mgg-1 in case of cadmium for FS, PPPC 

and CFPC correspondingly  at concentration of 800 ppm. 

An augmentation in metal adsorption could be due to an augment in electrostatic shared 

communications among active groups (Al-Asheh and Duvnjak, 1995; Nasir et al., 2007; 

Garni, 2005). A comparable tendency using various plant materials such as P. lobata 

ohwi (Kudzu) Brown et al., 2001, Echornia Speciosa (Nile rose) Abdel-Halim et al., 

2003, C. sempervirens (cypress), E. longifolia (cinchona) and P. halepensis (Pine) Al-

Subu, 2002 has been noted. 

 However, percent adsorption of Pb(II) decreased up to 57.14, 49.20 and 62.99% and  of 

Cd(II) up to 31.25, 49.81 and 35.625% for FS, PPPC and CFPC respectively  with an  

augmentation of initial metal ion concentration due to fast saturation of metal functional 

sites on the biomaterial (Ray et al., 2005; Nadeem et al., 2009a). It is appropriate to note 

that sorption by sorbents in literature has been projected at low metal concentrations for 
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metal sequestration, particularly 1-100 mg L-1 (Kapoor and Viraraghavan, 1995). So all 

the sorption tests were performed using 100 mg L-1 Pb(II)/Cd(II)  concentration.     
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Fig.3.6 Effect of initial metal ion concentration on biosorption (a) Pb(II) and (b) 

Cd(II), (q, (●) FS, (▲) PPPC, (■) CFPC  and % removal, (○) FS, ( ∆ ) PPPC, ( □) CFPC) 
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3.2.7 Effect of Contact Time 

 

Time course studies of lead and cadmium biosorption using FS, PPPC, CFPC and 

commercial resins Dowex-SBR-P and IRA-400 at the optimized conditions has been 

presented in Fig.3.7 (a) and (b). Figures showed that FS, PPPC and CFPC outperformed 

than both commercial resins in terms of uptake capacity and metal retention time.  

Kinetic data depicted that the maximum adsorption capacities and % biosorption of lead 

and cadmium were occurred in first 15 and 30 minutes for all the biosorbents 

respectively. The time course biosorption of Pb (II) (Fig.8a) reveals that in the  time 

interval (15 minutes) upto 84% ,75%  and 80% of total Pb(II) adsobed was removed by 

FS, PPPC and CFPC while at this time interval Dowex-SBR-P and IRA-400 removed 

63.18% and 57% Pb(II). In case of Cd(II) at 30 minutes ,44.38%, 71.20% and 57.90% of 

total Cd(II) biosorbed  was sequestered  with FS, PPPC and CFPC (Fig.3.7b). This figure 

also prescribes that in case of both metals and biosorbents, biosorption took place 

speedily, then it continued at a relatively slow rate to maximum at 120 minutes and 

thereafter nearly equilibrium was achieved at 2-6 hours. 

 These results indicate that sorption occurs in two steps, fast surface sorption and slow 

distribution. It is well known fact that rapid primary sorption is due to extracellular 

binding and slow adsorption results from intracellular binding. Similar conclusions were 

obtained by Riaz et al., 2009; Yin et al., 1999; Cheung et al., 2000; Ho et al., 1996; Kargi 

and Cikla, 2006. However, for higher contact time 12-24 hours, a slight decrease was 

observed in biosorption capacity, possibly due to a vortex phenomenon (Mameri et al., 

1999; Nadeem et al., 2008a). 
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Saeed et al. (2005) studied black gram husk  sorption for lead and reported that sorption 

rate was fast and equilibrium was attained within thirty minutes while Murthy and Ryan 

(1982) explored Hg, Cd, Cu, Pb and U sorption on cellulose-dithiocarbamate resins and 

noticed that the sorption rate was very slow. In fact, there are numerous parameters which 

affect biosorption rate. These parameters include agitation speed of aqueous phase, the 

amount of sorbent, the structural features of biosorbent, the presence of co-ions and the 

properties of ion under study. Therefore, it is possible that biosorbents differ in their 

removal rates towards the different metal ions (Nadeem et al., 2009c). 

 It was observed that in case of commercial resin Dowex-SBR-P the Pb(II) % removal 

enhanced only from 12.98 to 20.5 % at 15 min - 8 h afterwards a steady decrease in % 

removal (13.76%) was noticed at 24 hours. The same was the case for IRA-400 with 

maximum % removal (31.19%) at 4 hours, ultimately decreasing to 22.83% at 24 hours, 

representing that commercial resins tend to lose their metal retention capacity after few 

hours of adsorption. 

Present investigation showed that natural biosorbents FS, PPPC and CFPC performed 

much better as compared to ion exchange resins Dowex-SBR-P and IRA-400 for their 

metal biosorptive potential. Greater removal efficiency of heavy metals by natural 

biomasses than conventional adsorbents like ion exchange resins, commercial activated 

carbons and coal has been reported by many researchers (Azab and Peterson, 1989; Niu 

et al., 1993; Vasudevan et al., 2002, 2003; Shibbi and Anirudhan 2006) 
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Fig.3.7 Effect of contact time on biosorption (a) Pb(II) and (b) Cd(II), 

(●) FS, (▲) PPPC, (■) CFPC, (∆) Dowex-1, (□) IRA-400 
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3.2.8 Interference of competing co-ions on biosorption capacities of biosorbents 

 
Metals biosorption appears as a successful approach for abatement of heavy metals of 

industrial wastewater, which often contains a variety of other co-ions including light 

metal cations, other metal ions and anionic ligands which affect the removal process of 

primary metal ion. So far the development of biosorbent technology for the commercial 

applications is considered, the interference effects of competing cations must be 

investigated. Hence an extensive study on biomasses uptake capacities was carried out in 

presence of various coexisting ions and various anions. 

3.2.8.1. Effect of Alkali/Alkaline Earth metals on Pb(II) biosorption  

 
Effect of Alkali/Alkaline Earth metals ions (Na, K, Ca, Mg) on Pb(II) biosorption by FS, 

PPPC and CFPC was studied at (1:1) and (1:10) mM. Pb(II) and Alkali/Alkaline Earth 

metals concentrations and depicted in Fig.3.8 a,b,c 

This binary combination study of Pb(II) with alkali/alkaline earth metal competing ions 

show that presence of K+ and Na+ at their low and high concentration did not cause any 

substantial inhibition of Pb(II) biosorption by FS, PPPC, and CFPC. The order of 

suppression of the Pb(II) uptake was Ca+2 > Mg+2 > K+ ≥ Na+ for three biomasses.  

 Figure 3.8 shows that the effects of Na+ on Pb(II) biosorption by the biosorbents were 

insignificant even at 10 mM concentration (nearly 5-8% of initial Pb(II) biosorption by 

FS, CFPC and PPPC). 

The presence of K+ as co-ions behaved correspondingly with 1-2% reduction of Pb(II) 

uptake from PPPC and CFPC at 10mM K+ while it enhanced the Pb(II) biosorption by 2-

4% at both concentration for FS biosorbent. Magnesium inhibited the uptake efficiency 
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of biosorbent between 12.36-18.37% and calcium showed the maximum degree of 

inhibition about 22% at 10mM concentration.  

The suppression in Pb(II) uptake can be observed as antagonistic effect of cocations 

(Zhou and Kiff, 1991). Since the functional active groups at biomass are minimum, so 

other co-cations within the system struggle at the same time for these sites. This effect 

can be tremendously varied, due to attraction of these cations for active groups. Many 

researchers have observed that light metal cations competitions are unimportant (Tobin et 

al., 1993). Our findings show that primary ion Pb(II) sorption inhibition by light metal 

ions was weak, indicating that adsorption strength of Pb(II) is greater than light metal 

ions or it can be corroborated that Alkali/Alkaline Earth metals do not bind at the same 

active sites as Pb(II). Our results are in good accordance with findings of Kaewsarn et al. 

(2001) who reported Ca+2 and Mg+2 interference with ability of marinealga D.Potatorum 

in Cu+2 biosorption. Inthorn et al., (1996) had documented that Cd(II) biosorption by 

Cyanobacterium not altered by the presence of Alkali/Alkaline Earth metals sodium and 

potassium below concentration of 10mM and of Ca and Mg below 1mM. Furthermore, it 

reduced to half at 100mM Na, K and 10mM Mg and between 1 and 10mM Ca. The 

traditional ion exchange resins performance towards heavy metals mitigation is 

perceptive (sensitive) towards other light metallic cations within the medium whereas 

natural biosorbents like FS, PPPC and CFPC do not show such behavior, even Ca+2 and 

Mg+2 interference was not so significant presenting beneficial advantage over the 

commercially accessible ion exchange resins in the industrial effluents treatment 

containing high contents of metal ions than the target metal ions. 
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Fig.3.8 Effect of Alkali/Alkaline Earth metals cations on Pb(II) biosorption 

 

a 

b 

c 



 

92 

3.2.8.2 Effect of other cations on Pb(II) biosorption 

 
Pb(II) biosorption in the co-existence of equimolar ratio of (1:1) and (1:10) mM. Pb(II) 

and various heavy metal cations was investigated and presented in Fig.3.9 a,b,c 

Nearly all the heavy metals cationic solutions were primed from their nitrate salts since 

the ntitrate anion was found not to affect metal uptake (Matheickal, 1998). 

In the present investigation, Pb(II) biosorption (mgg-1) by FS followed an inhibition order 

of Fe+3 > Al+3 ≥ Fe+2 > Ni+2 > Hg+2 > Mn+2 > Cd+2 ≥ Cu+2 > Zn+2 ≥ Cr+6 > Co+2. Metal 

removal inhibition by Fe+3> Al+3 and Fe+2 become more than 40% at higher concentration 

ratio. 

The level of Pb(II) suppression recorded for PPPC was: Fe+3 > Fe+2 > Ni+2 ≥ Al+3 > Zn+2 > 

Cd+2 ≥ Cr+6 ≥ Cu+2 ≥ Hg+2 > Co+2 ≥ Mn+2 (Fig.3.9 b). The weakest competitors were Co+2 

and Mn+2 with less than 5% suppression at 1:1 mM ratio and greater than 10% reduction 

in removal efficiency at 1:10 mM concentration ratio. The degree of suppression by 

CFPC Fig.3.9 c followed nearly the same order as that of PPPC with least ability of Co to 

suppress the Pb(II) uptake by 3 and 7% at both concentration ratios. It is noteworthy that 

incidence of every cation lessened the Pb(II) uptake, however high level initial 

concentration of co-ions resulted in a high level of Pb(II) uptake capacity inhibition.   

Chemical literature clearly indicate that mixed metal ion solutions studies represent that 

metal uptakes by various biosorbents are poorer than a single ion solution (Chong and 

Volesky, 1995; Nakajima, 2001; Pandey et al., 2008) endeavoring the non specific nature 

of cell wall active groups and different cations struggle for the binding sites. In solution, 

in the existence of diverse co-ions, chemical interactions among the ions themselves, 

along with biomass, result in site competition (Sekhar et al., 2003). However, in the 
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present study regarding all the three biosorbents, Fe+3, Fe+2 and Al+3 restrained Pb(II) 

biosorption considerably. On the other hand, effect of Ni+2,Hg+2, Zn+2, Co+2, Mn+2, Cu+2, 

Cd+2 and Cr+6  was non significant. Extent of reduction depends upon the counter ions of 

other cations (Chong and Volesky, 1995). Yet the comprehensive multi component 

adsorption studies by biosorbents are required to fully illustrate the competitive sorption 

isotherms.  
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Fig.3.9 Effect of heavy metal cations on Pb(II) biosorption 
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3.2.8.3 Effect of anions on Pb(II) biosorption 
 
The effect of anions such as sulphate, phosphate, carbonate, bicarbonate, cyanide, 

tartrate, acetate, nitrate, chloride and EDTA on the Pb(II) sorption by the biosorbents 

were studied using respective sodium salts, because sodium ion does not show any 

pronounced inhibition effect on metal uptake (Kaewsarn et al., 2001 ). Fig.3.10 shows the 

Pb(II) biosorption by FS in presence of different anions at 1mM concentration. The 

inhibition order was EDTA > cyanide > acetate > tartrate > sulphate > chloride > nitrate 

> carbonate. EDTA, the strong complexing agent showed the highest (69.5) and 

carbonate exhibited least inhibition (1.5%). During Pb(II) biosorption by PPPC 

(Fig.3.10), inhibition by EDTA and tartrate was maximum nearly of the same degree  

(= 73%). Least degree of reduction for Pb(II) sorption was found for chloride and nitrate 

(<6%). The suppression order for other anions was: cyanide (44.12%) > acetate (17.65%) 

> sulphate (14.12%) > carbonate (8.89%). 

CFPC showed the inhibtion order: EDTA (50%) > acetate (35%) > cyanide (29%) > 

tartrate (20.18%) > chloride (13.64%) > sulphate (11.25%) > carbonate (8.8%) and 

nitrate (4.15%). 

 Pb(II) cation got precipitated in case of phosphate anion for all the three biosorbents. 

Therefore true biosorption could not be estimated in the presence of phosphate. Industrial 

wastewater often carries soluble anionic ligands along with heavy metals which 

profoundly affect the metals biosorption from aqueous effluents. These ligands alter the 

chemical states of metallic ion present, so varying bioadsorptive behaviour (Benjamin 

and Leckie, 1981). 
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Majority of biosorption reports depict, anions cause a diverse inhibition of metallic 

uptake and none of anion improved the metal bindings (De-carvalho et al., 1994; 

Kaewsarn et al., 2001; Tobin et al., 1987). The consistent findings were attained in the 

present study with all three biosorbents when the effect of few anionic ligands on Pb(II) 

biosorption was investigated. 
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Fig.3.10 Effect of anions on Pb(II) biosorption  

(at 1:1 mM  concentration ratio) 
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3.2.8.4 Alkali/Alkaline Earth metals of the biosorbents  

 
After acid digestion, alkali/alkaline earth metal ions concentration in the biosorbents was 

quantitatively predicted. From the results presented in Table 3.2 it was evident that for all 

the biosorbents the alkali/alkaline earth metal contents followed the order: Na  K Ca  

Mg. 

The concentration of Na+, K+ and Ca+2 ions was much higher while the Mg+2 present in 

all the three biosorbents was low. It indicates that these cations take part in bioadsorption 

progression. An analogous array of light ion contents was followed by Costa et al., 

(2001) who concluded that blades and stripes of seaweed Sargassum sp. took part to 

biosorb zinc. This observation indicated the input of ion exchange process.  
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Table 3.2 Quantitative determination of Alkali/Alkaline Earth metals in biosorbents 
 
Alkali/Alkaline              Quantity in the biomass (mg g-1) 

Earth metals 
                     FS         PPPC           CFPC  

   Na +                  634.80           471.50              414.00 

    K+                  148.20           296.40              123.40   

   Mg2+                  03.453          07.202               04.380   

   Ca2+                  92.89                     44.83              32.194   
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3.2.8.5 Alkali/Alkaline Earth metals release during biosorption mechanism 

 
The metal retention capacity (mg g-1) of biosorbents for Pb(II) / Cd(II) and release of 

Alkali/Alkaline Earth metals Na+, K+, Mg+2 and Ca+2 during biosorption process by 

respective biosorbent was investigated and results are presented in Table 3.3. These 

results vitiate that a major discharge of Ca+2 pursued by Mg+2, K+, and Na+ from FS, 

PPPC, and CFPC because of lead and cadmium binding indicating the dislodgment of 

alkali/alkaline earth metal ions with the heavy metal cations. The Na+ and K+ contents 

release, with respect to control biosorbents was very low as compared to Mg+2 and Ca+2. 

Analogously an affinity order was observed by Costa et al. (2001) during Zn(II) 

biosorption studies by a Sargassum sp.with a minimum release of sodium and potassium 

compared to calcium and magnisum. In the literature affinity between light and different 

biomasses have been described (Akhtar et al., 2007a; Hamdy, 2000) indicating that 

irrespective of the metal solute to be biosorbed divalent alkaline earth metal ions have 

key role in ion exchange properties. 

  The ratio of mg g-1 of metal ions biosorbed to the sum of mg g-1 of Na+, K+, Mg+2 and 

Ca+2 released from the biomasses were (1.024,0.81), (0.491,1.08) and (0.9561,1.06) for 

FS, PPPC and CFPC for lead and cadmium correspondingly. When the equivalent ratio 

of metallic ions bounded to cationic metals release equals the unity, this indicates that 

heavy metals are sequestered primarily as a substitute of cations in biosorbents (Martinez 

et al., 2006). In this study it is noticed that ratio for both metals surrounded at the 

biosorbets surface to summation of ions released  are nearly equal to unity in accordance 

to Villaescusa et al.(2004), who obtained the equalent ratio close to unity for copper and 
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nickel sorption presenting the ion exchange as major mechanism  in adsorption of metals 

on grape stalks.                                                                                                                                                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

102 

 
Table 3.3 Quantitative determination of Alkali/Alkaline Earth metals released 
during biosorption of   Pb(II)/Cd(II) from respective biosorbents  
 
Metal    Biosorbent      Sorption capacity      Alkali/Alkaline Earth metals  
                                                    (mg g-1)                                                     (mg g-1) 
 
                                                                            Na+           K+            Mg+2 Ca+2                                    
        
 Pb(II)               

                  FS               196.00       92.92      69.00       2.10        27.34               

                 PPPC              170.60                         73.60      241.80      4.07      28.22                                

                 CFPC                 168.62    98.80       48.82        1.99        26.75         

Cd(II) 

                  FS                96.00       50.00       54.60       1.99         11.6               

                 PPPC              174.43                          69.00      69.80       3.08         19.73                                

                 CFPC                  73.46     45.40     15.60        1.66         6.36 
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3.3 Mass balance studies 
 
Mass balance studies were conducted to provide evidence that during Pb(II) and Cd(II) 

biosorption  experiments the decline of metal ion contents in solutions were in actual fact 

due to biosorption phenomenon. Biosorption capacities were calculated from mass 

balance equation (17) based on concentration difference method. Pb(II)/Cd(II) loaded 

biomasses were unperturbed by filtration after 20 hours of contact of biomasses (FS, 

PPPC, CFPC) with metal solution having different  initial concentrations viz 25- 800 

mgL-1 Pb(II) and Cd(II) separately. Precisely washed biomasses were digested in 10 ml 

acid (HCI+HNO3) mixture in (3:1) ratio individually along with controls. Metal contents 

were noted in these digested samples by FAAS and the metal ions released/g of biomass 

were premeditated. The results documented in Tables 3.4 and 3.5 show a comparison 

between metal cations bioadsorbed and released after acid digestion. These results show 

that at low initial metal concentration the metal contents biosorbed to FS, PPPC and 

CFPC and metal contents released after acid digestion were nearly same contrary to the 

metal contents adsorbed and released at higher concentrations viz 400 and 800 ppm for 

lead and cadmium. Akhtar et al. (2007a) justified this large difference at higher 

concentrations as, at higher initial concentrations, some of the metal contents get 

precipitated in solution and it appears to contribute towards biosorption phenomenon but 

this is not a real fact. Moreover on washing the biomassess, the precipitates get washed 

along with the metal ions not sorbed effectively separated from biosorbent surface during 

washing. Metal contents after digestion in acid were only because of biosorption 

phenomenon.   
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Table 3.4 Amount of Pb(II) adsorbed and released after digestion of the biomass  
 
Biosorbent Initial solution           Metal biosorbed                  Metal released after 
  conc. (mg L-1)        (mg g-1)                  acid digestion (mg g-1) 
 
 

FS   25     34.00  0.04            33.9  1.2 
   50     68.9  0.102            67.6  1.8 

100   134.04  0.041          132.5  1.1 
200   148.00  0.03           145.8  1.3 
400   280.0  0.016           265.5  4.2 
800   472.0  0.024            415.7  5.0 

 
PPPC   25    30.28 0.039             29.7  0.8 
   50    62.02  0.024           61.5  1.2 
   100  122.64  0.068          121.9  0.2 
   200   241.30  0.021           239.7  1.7 
   400   255.20  0.022           225.9  5.5  

800   331.90  0.018           305.5  7.5 
 
CFPC                         25    47.24  0.051                 45.7  0.2 
   50    92.22  0.156              91.9  0.4 
   100  168.50  0.021            165.7  0.5 
   200  268.52  0.039            263.6  1.5 
   400   300.00  0.033            287.9  4.7 
   800   317.38  0.007            295.9  7.9 
 
 
 

Pb(II) biosorption:  pH 5.0 (FS, PPPC)   and   4.5 (CFPC)   
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Table 3.5 Amount of Cd(II) adsorbed and released after digestion of the biomass  
 
Biosorbent Initial Solution  Metal biosorbed     Metal released after 
  Conc. (mg L-1)       (mg g-1)                 acid digestion (mg g-1) 
 
 

FS   25     44.58  0.5          43.9  1.1 
   50    67.50  0.9          66.6  1.8 

100    96.00  1.3          94.5  0.1 
200  138.40  0.3         132.8  1.3  
400  270.00  2.0         260.5  4.2 
800  500.00  1.2         444.7  5.0 

 
PPPC   25   48.37  0.2         47.7  3.8 
   50   97.32  0.5         96.5  5.2 
   100             174.46  0.1        172.9  4.2 
   200  322.54  1.6        320.7  1.7 
   400  456.13  1.3        450.0  17.5  

800  797.00  1.9        775.5  21.5 
 
CFPC              25              38.68  0.6         38.0  0.2 
   50              59.58  0.0         57.9  0.4 
   100  73.54  1.2         72.7  1.5 
   200  144.74  1.1        142.6  2.5 
   400  288.20  2.3        255.9  4.7 
   800  570.00  2.5        512.9  5.9 
 
 
 
Cd(II) biosorption: biosorbent dose 0 .5 g L-1, pH 6.0  
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3.4 Effect of pretreatment on biosorbents  
 
Effect of different physical and chemical pretreatments on the adsorption capacity of FS, 

PPPC and CFPC was considered at optimized conditions of sorption i.e. 0.05 g 

biosorbents /100mL Pb(II) (pH 3.5,4.5)/Cd(II) (pH 6.0) of 100 mg L-1, temperature 30oC, 

shaker speed 200 rpm, agitation time 20 hrs.  

The effect of pretreatments on biosorbents for lead and cadmium is depicted in Fig. 3.11 

a, b respectively. All physical modifications increased the biosorption capacity of FS. 

The q values for lead and cadmium (mgg-1) of non-treated and physical modified FS were 

in following order: Autoclaved (200.47), (98.00) > Boiled (199.88), (97.00) > Heated 

(199.1), (96.65) > Non-treated (196.8), (96.00). The order of sorption capacity (mg g-1) in 

case of PPPC for Pb(II)/Cd(II) was as follows: heated (198.92),(186.04) > autoclaved 

(103.8),(102.00) > boiled (60.42),( 52.55). Autoclaved and boiling greatly reduced  

the Pb(II) sorption capacity  (from 167.38 to 60.42 for lead and from 174 to 50.55  

mgg-1 cadmium). The same order of preference was observed in case of CFPC for both 

metals with varied q values. 

Physical modifications of biomasses remove mineral and organic matter from 

biomaterials. (Nadeem et al., 2008) however the reduction in sorption capacity of 

autoclaved and boiled PPPC and CFPC may be due to loss of intracellular uptake (Cabuk 

et al., 2005) and heavy loss of biomass after boiling. 

Pb(II) and Cd(II) sorption capacities (mgg-1) of FS pretreated with mineral acids were in 

the following order: H3PO4 (201.86),(154.58) > HCl (199.18),(84.96) >  H2SO4 (146.42) 

,(82.93) respectively. The native FS biosorbent exhibited 196.8 and 96.00 mgg-1 sorption 

capacity for lead and cadmium. The order of preference in q values with PPPC for 
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Pb(II)/Cd(II) followed  HCl (167.38),(49.35) > H3PO4 (104.36),(25.67) > H2SO4 (102.36) 

,(23.00) and for CFPC was as HCl (40.93),(56.68) > H2SO4 (30.58) ,(55.12) ≈ H3PO4 

(29.88),(52.85). 

The difference in results after a specific treatment to the biomasses may be attributed to 

the specific type of interaction between the biomass and the chemical used for a 

particular pretreatment. Two factors are responsible for augment or decline in adsorption 

capacity of a particular biomass after acidic pretreatment. The net increase or decrease 

can be attributed to the part played by two factors. These are (i) the polymeric structure 

of biomass surface (Kapoor and Viraraghavan, 1998; Yan and Viraraghavan, 2000; 

Bhattacharyya and Sharma, 2004), (ii) acids can increase uptake capacity by rising 

surface area and porosity of biosorbent (Moreno-Castilla, 1997; Benguella and Benaissa, 

2002; Bhatti et al., 2007).  

Sorption capacities  (mgg-1) for lead and cadmium with the aid of FS pretreated using  

NaCl  and different bases were in the following order: Ca(OH)2 ≈ NaCl (200.76),(98.02) 

> Non-treated (196.8),(96) > Al(OH)3 (192.76),(94.05) > NaOH (149.14),(93.15) , with 

PPPC  Ca(OH)2 (200.2),(179.85) > NaCl ≈ NaOH (199.42),(176.85) > Al(OH)3(198.99), 

(138.95) and CFPC showed the same order of preference as PPPC with the q values in 

the range from 63.68-36.83 for lead and 60-32 for cadmium. The two factors are 

responsible for augment or decline in biosorption capacity of a particular biosorbent after 

basic treatment. The net augment or decline will be due to the contribution played by 

following two factors (i) alkali treatment of biomass may destroy autolytic enzymes 

(Dow and Rubery, 1977; McGahren et al., 1984; Mittleman and Geesey, 1985; Brierley 

et al., 1985; Muraleedharan and Venkobachar, 1990; Muraleedharan and Venkobachar, 
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1990a; Loaec et al., 1997; Kapoor and Viraraghavan, 1998), (ii) Deproteination 

theoretically, reduces metal uptake (Kapoor and Viraraghavan, 1998; Çabuk et al., 2005).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 



 

109 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3.11 Effect of different pretreatments on biosorption (a) Pb(II) and (b) Cd(II) 
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3.5 Sorption/desorption cyclic studies: Metal elution and regeneration of biosorbents 
  
In order to establish the reusability of lead/cadmium loaded biomasses, sorption-

desorption cycles were repeated thrice using HCl, NaOH, EDTA and distilled H2O as 

eluents.  

Results of regeneration studies have been presented in Table 3.6. The elution efficiency 

of HCl was 62.55-15.41, 42.46-22.61 and 35.24-33.34% for FS, PPPC and CFPC 

respectively.  

In the first cycle, sorption capacities of FS, PPPC and CFPC  were 196.8, 185.52, 168.92 

mg g-1 that decreased to 57.72 , 50.19, 65.33, mg g-1 using HCl as eluent, 80.313, 92.42, 

106.24, mg g-1 using NaOH , 30.42, 15.35, 55.33 mg g-1 using EDTA and 146.03, 23.63, 

82.09 mg g-1 with distilled water respectively. 

The values of percentage Pb(II) elution by NaOH were 25.84-13.39 , 14.38-13.14 , 24.52-

16.24% for FS ,PPPC and CFPC respectively. While, with EDTA these values were in 

the order of 65.85-23.7, 95-70.32, 37.91-21.42%. A cheap metal recuperation towards 

distilled H2O with less than 5% lead and cadmium was recovered from metal laden 

biomasses of FS, PPPC and CFPC. Although distilled H2O is unsuccessful in recovering 

the metal ions from the biomasses, however it renders the biomasses with recycle ability 

in a preferable order of q(mg g-1), FS > CFPC > PPPC (Table.3.6) 

The % decline in dried out biomasses weight observed during regeneration cycles was 

represented in Table 3.6 too. A significant weight loss (34, 18.4, 36%) resulted from HCl 

elution while NaOH caused 5.6 , 2 ,  6%  decrease in dry weight of FS, PPPC and CFPC 

respectively and no weight loss was observed for EDTA and distilled water. The elutant 

0.01M EDTA exhibited 65.85, 95 and 37% elution efficiency for FS, PPPC and CFPC 
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respectively with no biomass loss but decreased subsequent cycle metal biosorption 

capacity. The loss in metal adsorption capacity by biosorbents followed by every cycle 

could attributed to communications among the EDTA and active sites on the biosorbent 

surfaces. It is estimated, these sites block in an irretrievable manner by previously sorbed 

metals in the earlier cycles (Hammaini et al., 2007; Zhou et al., 1998). 

In this study mineral acid HCl proved quite effective in metal desorption with Pb(II). 

Recovery order from the biomasses was as: FS > PPPC > CFPC while % elution was 

nearly consistent for 3 cycles in case of CFPC with loss in adsorption capacity. In acidic 

media, the negatively charged groups at the biosorbent get protonated and become unable 

to attract positive charge carrying metallic cations so release the metal ions into recovery 

media. Moreover the protons in HCl media displace the bound metal ions on biomass 

surface. 

However, acidic nature of elutant (HCl) also inflicts some physico-chemical cell wall 

damage to the biosorbent’s structure causing biomaterial weight loss in succeeding round 

(Sar et al., 1999; Vijayaraghavan et al., 2005). 

 % Elution of the FS, PPPC and CFPC biomasses in subsequent cycles appears to be less 

than 20% on the average when NaOH was used as desorbent, ligands  deprotonation, so 

metallic cations seem it complicated to get separated from biosorbents. Horsfall et al., 

(2006) had also documented similar results for a plant C.bicolor biomass.     

In table, % desorption (which is the percentage of metal desorbed or extracted relative to 

initial metal loading at biomass) of lead and cadmium tends to decline after each 

sorption-desorption cycle. It could be contributed to sorption sites blockage in subsequent 

cycles. 
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It must be noted that biosorption process may be considered as a volume diminution 

process where huge volume of comparatively dilute metal waste is treated to give in a 

little volume of highly concentrated metallic solution. Findings of present study show 

that the biomasses can be regenerated and reused using various desorbents up to 

differential degree of metal retention/recovery demonstrating the potential of reusability 

of the biomass and/or desorbed targeted metal. Better elution efficiency, low biomass 

damage and non destructive to immobilized beads HCl was selected towards progression 

enlargement for biosorbent technology applications.  
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Table 3.6 Desorption of Pb(II) from loaded biosorbents by various eluents 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Biosorbent 
 

Desorbent 

Sorption capacity (mg g-1) at 
cycle 

% decrease 
in sorption 
capacity 

% Elution % decrease 
in weight 

after elution 1st 2nd 3rd 1st 2nd 3rd 

FS 

HCl 196.80 180.68 57.72 70.67 62.55 18.80 15.41 34.0 
NaOH 196.80 160.94 80.31 59.19 25.84 13.76 13.49 5.60 
Na-EDTA 196.80 63.07 30.42 84.54 65.85 56.36 23.70 0.00 
Distilled water 196.80 173.67 146.0 25.18 1.20 1.91 0.80 0.00 

PPPC 

HCl 185.52 89.94 50.19 68.76 42.46 29.85 22.61 18.4 
NaOH 185.52 160.94 92.42 47.30 14.38 13.76 13.14 2.00 
Na-EDTA 185.52 40.70 15.3 86.49 95.40 77.73 70.32 0.00 
Distilled water 185.52 45.52 23.63 82.26 0.039 0.900 0.817 0.00 

CFPC 

HCl 168.62 69.37 65.33 52.48 35.24 35.68 33.34 36.00 
NaOH 168.62 107.92 106.2 31.72 24.52 19.45 16.24 6.00 
Na-EDTA 168.62 72.43 53.33 58.58 37.91 23.52 21.42 0.00 
Distilled water 168.62 108.05 82.09 43.97 0.72 0.97 0.86 0.00 

Biosorbent 
 

Desorbent 

Sorption capacity (mg g-1) at 
cycle 

% decrease 
in sorption 
capacity 

% Elution % decrease 
in weight 

after elution 1st  3rd 1st 2nd  

FS 

HCl 196.80 180.68 57.72 70.67 62.55 18.80 15.41 34.0 
NaOH 196.80 160.94 80.31 59.19 25.84 13.76 13.49 5.60 
Na-EDTA 196.80 63.07 30.42 84.54 65.85 56.36 23.70 0.00 
Distilled water 196.80 173.67 146.0 25.18 1.20 1.91 0.80 0.00 

PPPC HCl 185.52 89.94 50.19 68.76 42.46 29.85 22.61 18.4 
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3.6 Immobilization of biomasses 
 
 For the triumphant industrial potential of biosorption, biosorbents immobilization 

procedure is necessary to increase its mechanical strength, reusability, density, resistance 

to mechanical environments and easy solid/ liquid separation. In this study, Ca-alginate 

gel was chosen for the immobilization experiments as it is abundantly and cheaply 

available, nontoxic with high selectivity towards certain metallic ion species. 

Pb(II)/ Cd(II) uptake efficiency of immobilized biomasses was evaluated in batch 

biosorption experiments, incubating the 1.2g immobilized biosorbents equivalent to 0.05g 

free biosorbent weight at 28±2oC and 200rpm with 100mL of 25-800 mg/L of lead and 

cadmium solutions respectively. Findings in Table 3.7 and 3.8 depict that lead and 

cadmium binding mg g-1 and % removal values after 20 hours of incubation presenting 

Ca-alginate immobilized FS, PPPC and CFPC performed much better than free 

biomasses.(Ca-alginate gel without biosorbents was also studied for biosorption under the 

same experimental conditions). Ca-alginate gel beads alone removed 34% and 21% of 

lead and cadmium respectively. The amount of lead and cadmium sorbed (sorption 

capacity mgg-1) augmented with increasing concentration of metallic cations in the 

NaOH 185.52 160.94 92.42 47.30 14.38 13.76 13.14 2.00 
Na-EDTA 185.52 40.70 15.3 86.49 95.40 77.73 70.32 0.00 
Distilled water 185.52 45.52 23.63 82.26 0.039 0.900 0.817 0.00 

CFPC 

HCl 168.62 69.37 65.33 52.48 35.24 35.68 33.34 36.00 
NaOH 168.62 107.92 106.2 31.72 24.52 19.45 16.24 6.00 
Na-EDTA 168.62 72.43 53.33 58.58 37.91 23.52 21.42 0.00 
Distilled water 168.62 108.05 82.09 43.97 0.72 0.97 0.86 0.00 
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sorption media. Greatest biosorption capacities (mgg-1) of Ca-alginate immobilized FS, 

PPPC and CFPC were found to be as 545.8, 780, 564.67 for Pb(II) and 382.5, 465, 426 

for Cd(II) respectively. 

The adsorption capacities for control Ca-alginate and immobilized biosorbent beads 

followed the order, Pb(II)>Cd(II). The difference in metal ions binding capacity of plain 

and immobilized biosorbents might be due to the properties of metal ions, viz ionic size, 

atomic weight or reduction potential of metal cations and the properties of the 

biosorbents viz structure, functional groups, surface properties (Bayramoglu et al., 2006; 

Arica et al., 2004). 

Results show (Table 3.7 and 3.8) that increasing the concentration, the % deletion 

decreases (99.882-34.83%, 99.776-48.75%, 99.514-35.2875%) for FS, PPPC and CFPC 

immobilized beads. The decrease in %age removal is well explained by the key fact that 

at lower initial metal ion concentration, nearly all the metal ions were adsorbed very 

quickly and further increase in metal concentration resulted in biosorbents beads surface 

saturation. Although all three biosorbents beads performed very well and were stable for 

a long time. However to limit the scope of study the FS immobilized beads were selected 

for further scale up studies. 

The enhanced biosorptive efficiency after the entrapment in Ca-alginate matrix may be 

because of reality that alginate itself is a good sorbent and it increases metal binding sites 

after incorporation of biosorbents in/on Ca-alginate beads. 
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Table 3.7 Biosorbents immobilization studies for Pb(II) 
 
Immobilized           Initial solution            q              %removal                                                
biosorbent        conc.  (mgL-1)                      (mgg-1) 
     
 

Ca-alginate beads 
                                    25   48.93  0.04   97.86  1.2 
   50   95.48  0.102  95.48  0.8 

100            187.08  0.041  93.54  0.1 
200             365.73 0.03  91.43  1.3 
400   450.7  0.016  56.34  1.2 
800   557.3  0.024  34.83  1.0 

 
FS   beads    
                         25   49.94  0.04   99.88  0.2 
   50   99.73  0.102   99.73  1.8 

100            193.2  0.041   96.6  0.8 
200            349.26  0.03  87.32  0.3 
400   421.0  0.016  52.63  1.12 
800   545.8  0.024  34.11  1.5 

 
PPPC beads   
                                    25   49.88 0.039  99.78  1.8 
   50   96.31  0.024  96.31  0.2 
   100            191.80  0.068  95.90  1.2 
   200            358.30  0.021  89.58  1.0 
   400            609.78  0.022  76.23  1.5  

800            780.00  0.018  48.75  1.2 
 
CFPC beads             
                                     25             49.78  0.051    99.51  0.2 
   50   99.26  0.156  99.26  0.4 
   100            191.14  0.021  95.57  1.5 
   200             343.18  0.039  85.80  0.5 
   400             376.50  0.033  47.06  1.7 
   800             564.6  0.007  35.29  1.9 
 
 
 

Pb(II) biosorption:  pH  4.5   



 

117 

 
Table 3.8 Biosorbents immobilization studies for Cd(II) 
 
Immobilized           Initial solution            q              %removal                                                
biosorbent         conc.  (mgL-1)                      (mgg-1) 
  
 

Ca-alginate beads 
                                    25   36.50  0.05  73.00  1.3 
   50   70.00  0.10  70.00  0.8 

100            135.10  0.04  67.55  0.3 
200            264.80  0.03  66.20  1.2 
400            284.00  0.01  35.50  1.3 
800            350.00  0.02  21.88  1.1 

 
FS   beads    
                         25   40.00  0.04   80.00  0.2 
   50   78.00  0.10   78.00  1.8 

100            154.80  0.04   77.40  0.8 
200            284.70  0.03   71.18  0.3 
400            298.00  0.01   37.25  1.6 
800            382.50  0.02   23.91  1.5 

 
PPPC beads   
                                    25   45.80  0.039  91.60  1.7 
   50   89.00  0.024  89.00  0.7 
   100            174.00  0.068  87.00  1.8 
   200            273.30  0.021  68.33  1.5 
   400            322.00  0.022  40.25  1.9  

800            465.00  0.018  29.06  1.1 
 
CFPC beads             
                                     25             34.00  0.051    68.00  0.9 
   50   66.00  0.156  66.00  0.2 
   100             131.60  0.021  65.80  1.6 
   200             254.50  0.039  63.55  0.8 
   400             370.30  0.033  46.28  1.9 
   800             426.00  0.007  26.63  1.6 
 
 
 

Cd(II) biosorption:  pH  6.0   
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3.7 Data Evaluation by Equilibrium and Kinetic Models 

3.7.1 Sorption Isotherms   

 
Analysis of equilibrium adsorption data is important in the design of biosorption systems 

and can be employed to evaluate the efficacy of different biomasses under varying 

operational conditions to optimize a working procedure (Benguella and Benaissa, 2002; 

Veglio et al., 2003a; Ray et al., 2005). Among several existing isotherms, sorption data 

was analyzed by four isotherms i.e. Langmuir, Fruendlich, Dubnin-Radushkevich and 

Temkin  to evaluate the maximum saturation capacity of FS, PPPC, CFPC and Dowex-

SBR-P and IRA-400. The main reason for the extensive use of these models is that they 

incorporate constants that are simply interpretable. All these equations present 

association among qe and Ce at equilibrium as the initial concentration increases. To get 

the equilibrium data Pb (II) concentrations were assorted while the biosorbent amount in 

every sample was reserved constant at the optimized conditions of pH, rpm and 

temperature. To ensure equilibrium conditions 24h of contact period were chosen. 

The Langmuir, Fruendlich, Dubnin-Radushkevich and Temkin  sorption isotherms of 

Pb(II) sorption onto FS, PPPC , CFPC and ion exchange resins are presented in Fig.3.12 

(a-d) respectively and their respective constants, correlation coefficients are enlisted in 

Table 3.9.  

These results depict Freundlich model (Fig.3.12 b) better fits the adsorption process of Pb 

(II) by FS in comparison to the other models (Fig.3.12 a, c, d) due to higher correlation 

coefficient. The qmax calculated from Freundlich model was in good concord with 

experimental value. The magnitude of experimental qmax for FS was found to be 472 mg 

g-1. 



 

119 

These results predict Langmuir adsorption isotherm is followed to PPPC and CFPC 

sorption data very well. The Langmuir capacity, qmax, showed that PPPC and CFPC had a 

mass capacity 370 and 322 mg g-1 respectively for Pb(II) cation, which is closer to their 

experimental values 331.9 and 317.38 mg g-1.The values of qmax computed for PPPC and 

CFPC from Fruendlich and Dubnin-Radushkevich  sorption isotherms are 438.68 , 

409.43 and 275.62, 265.73 respectively, far away from the experimental values. 

Moreover, when R2 values of the models are compared, indicate Langmuir model better 

fits the Pb(II) sorption process onto PPPC and CFPC due to high correlation  coefficient. 

The sorption isotherm data for Dowex-SBR-P and IRA-400 for Pb(II) biosorption 

represents, none of model fitted to ion exchange resins neither in terms of qcal nor in 

terms of R2 (Table 3.9) . 

In order to access the different isotherms and their legality, plots for each isotherm for 

Cd(II) sorption  by FS, PPPC and CFPC  at optimized conditions are represented in  

Fig.3.13 a-d and isotherm constants are summarized in Table 3.10. Application of these 

models for biosorbents-Cd(II) data points more or less follow the: Freundlich > Langmuir 

> Temkin  > Dubnin-Radushkevich. However for PPPC, qcal by Langmuir model agrees 

more strongly with qexp.  

The direct comparison of the FS, PPPC and CFPC with other biosorbent materials is an 

intricate issue, owing to the applicability of different set of experimental conditions. 

However qmax values for FS, PPPC and FS for lead and cadmium were greater than 

depicted in literature. The qmax for the sorption of lead at tea leaves (Singh et al., 1993), 

flax shive carbon (El-Shafey et al., 2002), rose waste biomass (Javed et al., 2007), wild 

cocoyam (Junior and Spiff, 2005) and marine algae (Jalali et al., 2002) were 150.3, 
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147.1, 151.1, 37.17 and 85.7 mg g-1. qmax values for Cd(II) sorption on straw carbon 

(Larsen and Schierup,  1981), flax shive carbon (El-Shafey et al., 2002), wild cocoyam 

(Junior and Spiff, 2005), sugar beet pulp (Pehlivan et al., 2008) were reported as 11.1, 

39.1, 42.19 and 0.13 mg g-1respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

121 

 
  
 
 
 
 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.3.12 Equilibrium study for Pb(II) biosorption (a) Langmuir (b) Freundlich (c) 
Dubinin (d)Temkin (●) FS, (▲) PPPC, (■) CFPC (∆) Dowex-1, (□) IRA-400 
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d 
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Table 3.9 Equilibrium isotherms models parameters for Pb(II) biosorption 
 

Isotherm Model Biosorbent Synthetic resin
Model Parameter FS PPPC CFPC Dowex-1 IRA-400 

Freundlich 

1/n 0.539 0.543 0.304 0.140 0.606 

K  (dm3g-1) 14.42 13.24 57.38 93.90 6.11 

R2 0.9719 0.9347 0.9500 0.0934 0.7662 

qcal   (mgg-1) 438.84 438.68 409.44 148.68 240.05 

Langmuir 

KL (dm3 g-1) 5.906x10-3 0.01169 0.0818 .0011 .0033 

qmax (mgg-1) 553.40 370.92 322.165 216.826 336.92 

R2 0.8998 0.9938 0.9999 0.0871 0.3842 

Temkin  

bT (KJ mol-1) 28.871 34.912 53.829 144.31 21.846 

Kt (dm3g-1) 1.9813 6.0044 2.2641 6.9576 17.958 

R2 0.9161 0.9715 0.9854 0.6177 0.6049 

Dubinin-
Radushkevich 

BD(mol2/KJ2) 3.33 x10-3 4.46 x10-3 6.795 x10-4 6.115 x10-4 5.192 x10-3 

qD (mgg-1) 264.59 275.62 265.73 48.066 175.91 

R2 0.9129 0.9677 0.9633 0.0565 0.6836 

Experimental q qexp (mgg-1) 472 331.9 317.38 1546.1 744.9 
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Fig.3.13 Equilibrium study for Cd(II) biosorption (a) Langmuir (b) Freundlich (c) 

Dubinin (d) Temkin (●) FS, (▲) PPPC, (■) CFPC 

 

 

 

 

aa b 

c d 



 

124 

 

Table 3.10 Equilibrium isotherms models parameters for Cd(II) biosorption 
 

Isotherm Model Biosorbent 

Model Parameter FS PPPC CFPC 

Freundlich 

1/n 0.47373 0.404248 0.612767 

k  (dm3/g) 20.28098 66.07284 9.84964 

R2 0.926059 0.984044 0.940429 

qcal   (mg/g) 374.51 745.688 4539.6 

Langmuir 

KL (dm3/g) 4.545x10-3 22.674 x10-3 2.22016 x10-3 

qmax (mg/g) 603.86 807.1025 918.27 

R2 0.80828 0.957029 0.628668 

Temkin  

bT (KJ/mol) 27.69712 24.5075 21.7498 

Kt (dm3/g) 5.600187 1.18039 11.060089 

R2 0.750708 0.92573 0.787524 

Dubinin-
Radushkevich 

BD(mol2/KJ2) 1.058x10-3 5.43x10-3 2.3995 x10-3 

qD (mg/g) 198.909 416.525 210.4047 

R2 0.666378 0.909667 0.704796 

Experimental q qexp (mg/g) 657.6 797 669.6 
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3.7.2 Kinetic Models 

 
To be aware of the practical application of sorption and batch reactor design, batch rate 

investigation can be adopted. Several kinetic models are available to explain heavy metal 

biosorption kinetics in batch mode (Yang and Volesky, 1999; Gupta et al., 2006; 2001). 

To recognize the mechanism of Pb (II) biosorption on FS, PPPC, CFPC and commercial 

resins Dowex-SBR-P and IRA-400 pseudo-first order equation of Lagergren  (Lagergren, 

1898), pseudo-second order equation of Ho and McKay (Ho and McKay, 2000) intra 

particle diffusion relationship by Moris-Weber (Moris and Weber, 1963) and second 

order rate equation were used in this study. Adsorption rate constants and qe can be 

calculated using slope and intercept of these plots (Fig. 3.14 a-d)  

A comparison between pseudo first-order, pseudo-second order intra-particle diffusion 

and second order rate equation models, kinetic parameters (Table 3.11) suggested that Pb 

(II) biosorption by FS, PPPC and CFPC pursued the pseudo-second order kinetics than 

pseudo-first order, intra particle diffusion and second order rate equation kinetics since 

the value of qe got from pseudo-second-order model was in close accordance with the 

experiment data value whereas the value of qe computed from other kinetic models did 

not agree with the experimental value. This indicates that pseudo-first order, intra particle 

diffusion and second order rate equation kinetics might be insufficient to interpret the 

mechanism of Pb(II) biosorption (Ho et al., 2001). A sorption kinetic study was 

conducted to evaluate the Pb(II) sorption capacity of commercial resins Dowex-SBR-P 

and IRA-400. Kinetic data evaluation of these synthetic resins revealed that R2 values for 

the pseudo first-order and pseudo-second order models are high > 0.96 but the qcal from 

both models did not match to the qexp up to great extent. 
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Kinetic parameters of these kinetic models for Cd(II) sorption by FS, PPPC and CFPC 

(Fig.3.15 a-d) were also calculated and are given in Table 3.12. The correlation 

coefficient (R2) was 0.9989, 0.9998 and 0.9994 for FS, PPPC and CFPC respectively in 

case of pseudo second order kinetic model and qexp were much consistent with calculated 

one. These results imply that the adsorption systems studied could well be explained by 

pseudo second order kinetic model at all time intervals in comparison to pseudo-first 

order, intra particle diffusion and second order rate equation kinetic expressions.  

By comparing the correlation coefficient R2 obtained from the pseudo-first order, intra 

particle diffusion and second order rate equation for lead and cadmium kinetic data for 

biosorbents and synthetic resins / biosorbents respectively,  follow the order: pseudo-first 

order > second order rate equation > intra particle diffusion  model but the calculated qe 

values do not concur very well with the experimental facts. Hence these models cannot 

provide an accurate fit to experimental data. Since Ho and McKay (1998a, 1999a) had 

corroborated this fact. 

A number of earlier workers proposed pseudo second order kinetic model for describing  

the sorption of cations on peat ( Ho and McKay, 2000), on dried activated sludge (Wang 

et al., 2006), rose waste (Javed et al., 2007), tree fern (Ho, 2006), palm kernel fiber (Ho 

and Ofomaja, 2006), tea waste (Amarasinghe and Williams, 2007), protonated rice bran 

(Zafar et al., 2007), waste distillery sludge from sugar-cane industry (Nadeem et al., 

2008) and distillation waste of rose petals (Nasir et al., 2007). 

These kinetics informations are of significant practical value for technological 

applications (Ho and McKay, 1998; Deng et al., 2006; Loukidou et al., 2004) and can be 

adopted to find significant parameters for a bioreactor design (Cruz et al., 2004).  
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Fig. 3.14 Kinetic study for Pb(II) biosorption using (a) pseudo first order (b) pseudo 

second order (c) intra particle diffusion (d) 2nd order rate equation model 
(●) FS, (▲) PPPC, (■) CFPC, (∆) Dowex-1, (□) IRA-400 
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Table 3.11 A comparison between kinetic models parameters for Pb(II) biosorption 
 

Kinetic Model Biosorbent Synthetic resin 

Model Parameter FS PPPC CFPC Dowex-1 IRA-400 

Pseudo first order 
Kinetic model 

qe (mgg-1) 18.84 58.80 4.49 15.25 27.57 

K1 (min-1) 3.73  10-2 1.33 10-2 1.37 10-2 1.77 10-3 2.00 10-3 

R2 0.9996 0.9357 0.99532 0.96498 0.97149 

Pseudo second  
order 

 

qe (mgg-1) 172.95 172.98 181.82 29.52 45.85 

K2 

(mgg-1.min-1) 1.41  10-3 3.4 10-1 9.052 10-4 1.04 10-3 1.62 10-3 

R2 0.9999 0.9998 0.9997 0.98878 0.9983 

Intraparticle 
diffusion model 

C 175.33 150.63 158.74 14.28 20.14 

Kid (min-1) 3.3410-3 8.410-1 5.3710-1 8.7310-2 1.4810-1 

R2 0.01064 0.64797 0.46393 0.378191 0.43728 

Second order rate 
equation 

 

qe (mgg-1) 6.4597 8.7996 28.52 13.12 28.01 

K 
(g mg-1min-1) 1.3210-2 3.3410-3 2.510-3 2.410-3 1.410-4 

R2 0.9299 0.9776 0.9947 0.8203 0.8945 

Experimental q qexp (mgg-1) 178.5 179 180 40.20 62.38 
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Fig. 3.15 Kinetic study for Cd(II) biosorption using (a) pseudo first order (b) pseudo 
second order (c) intra particle diffusion (d) 2nd order rate equation model 

(●) FS, (▲) PPPC, (■) CFPC 
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Table 3.12 A comparison between kinetic models parameters for Cd(II) biosorption 
 

Kinetic Model Biosorbent 

Model Parameter FS PPPC CFPC 

Pseudo first order 
Kinetic model 

qe (mgg-1) 88.55 45.57 47.04 

K1 (min-1) 1.14  10-2 1.17 10-2 1.72 10-2 

R2 0.9903 0.9255 0.983 

Pseudo second 
order 

 

qe (mgg-1) 97.19 174.24 70.05 

K2 

(mgg-1.min-1) 2.87  10-4 1.12 10-3 4.76 10-3 

R2 0.9989 0.9998 0.9994 

Intraparticle 
diffusion model 

C 37.886 133.394 33.393 

Kid (min-1) 19.3110-1 14.3110-1 22.2310-1 

R2 0.8496 0.7437 0.7578 

Second order rate 
equation 

 

qe (mgg-1) 17.55 11.05 17.45 

K 
(g mg-1min-1) 1.9510-3 6.0110-3 4.6710-3 

R2 0.9051 0.9272 0.9508 

Experimental q qexp (mgg-1) 96 174 74 
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3.8 Characterization studies 
 
Metal biosorption by FS, PPPC and CFPC was studied using Fourier Transform Infrared 

Spectroscopy (FTIR), Scanning Electron Microscopy (SEM), Energy Dispersive X-ray 

Analysis (EDAX) and X-ray Diffraction Analysis (XRD). 

3.8.1 FTIR characterization of biosorbents 

 
The sorption of Pb(II) onto FS, PPPC and CFPC was investigated by  FTIR spectroscopy 

which  has been commonly employed  to identify vibrational frequency changes in a 

molecule (Murphy et al., 2007). The FTIR spectra of FS, PPPC, CFPC and differently 

pretreated FS, PPPC, CFPC were scanned in the range of 400-4000 cm-1 before and after 

Pb(II) exposure Fig.3.16, 3.17, 3.18 .   

3.8.1.1 FTIR characterization of fish scales and physicochemical pretreatments 

 
 FTIR analysis for FS and differently pretreated FS were taken before and after Pb (II) 

uptake. The main functional groups present on surface of FS were amino, carboxylic, 

phosphate, carbonyl, alcoholic and ethers. The spectra of non treated fish scales showed 

peaks at 3500 cm-1 to 3000 cm-1 due to –NH stretching and –NH bending between 1550 

cm-1 and 1500 cm-1 presenting amino groups while C=O stretching at 1641 cm-1 (Pal et 

al., 2007; Keskinkan et al., 2003). The peaks in the region 1470-1365 cm-1 are 

representative of amino substituted alkyl group. The peaks produced from 3000-2500 cm-

1 are due to carboxylic group. There is a clear vanishing of a peak at 1335 cm-1 in (Fig. 

3.16a) when compared with that of Pb (II) loaded FS (Fig.3.16 b). This observation 

indicates the involvement of amino group in biosorption process.  A distinctive peak 

near1079.33 cm-1 indicative of stretching phosphate was observed in FS spectra. After 
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contact with Pb (II) solution, the FS exhibit spectra with clear shifts of phosphate band to 

the lower frequency 968 cm-1. Since phosphate has a major region of absorption between 

950 cm-1 and 1100 cm-1 (Friis and Keith 1986). This shift is typical for the complexation 

of phosphate groups by coordination with metal ions (Aravindhan et al., 2004). Finally it 

is noted in lower wavenumber region (under 700 cm-1) a sharp peak at 537 cm-1 appeared 

after lead sorption in comparison with lead unloaded FS, which contained multiple 

absorption peaks in this region. This change is due to an interaction among lead and N-

carrying bio-ligands. Thus  the peak at 968 cm-1 and 537 cm-1are characteristics of the 

stretching vibrations of Pb (II) ions(Tunali and Akar, 2006) . Moreover, FTIR spectral 

analysis of fish scales with Pb (II) showed enlargement of all peaks after Pb (II) sorption 

(Loukidou et al., 2004).   

3.8.1.1.1. Effect of physical pretreatment 

 
Fig. 3.16 c, d show the surface functional groups of autoclaved FS before and after Pb 

(II) uptake. From the figure, it can be noted, there is no effect of autoclaving on the FS 

functional groups (i.e. amino, carboxylic and carbonyl) absorbing in the range 4000-1500 

cm-1. However, autoclaving has an impact on ether, phosphate and alkylated amino 

groups. These functional groups were mainly responsible for Pb (II) biosorption by 

autoclaved FS. The FTIR spectra of boiled FS (Fig. 3.16 e, f) revealed that functional 

groups (i.e. amino and carboxylic groups) absorbing in the range 4000-2000 cm-1 are 

undisturbed after boiling pretreatment. Pb (II) biosorption by boiled fish scale was mainly 

due to involvement of phosphate functional group in sorption process. Preheating of FS 

did not influence the surface functional groups, however, it changed the role of functional 
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groups in the Pb (II) sorption process (Fig. 3.16 g, h). Alkylated amino groups and 

carboxylic groups are significant contributors for the Pb (II) sorption by heated FS. 

3.8.1.1.2 Effect of Basic pretreatment 

 
 Basic pretreatment with NaOH, Ca(OH)2 and Al(OH)3 of FS did not have any significant 

influence on the environment of active sites accountable towards Pb (II) sorption, when 

compared to non-treated FS (Fig.3.16 i-n).  

3.8.1.1.3 Effect of acidic pretreatment  

 
 Acidic pretreatment of FS showed very interesting results on function groups of 

biosorbent. The pretreatment with HCl, H2SO4 and H3PO4 showed markedly different 

results from each other. Pretreatment of FS using HCl resulted in degeneration of the 

most of functional groups present on cell wall of FS. Amino, alkylated amino and 

carbonyl groups were completely denatured by this pretreatment (Fig.3.16 o, p) whereas 

FS pretreatment with H2SO4 generated more sorption sites on cell surface of biomass. 

H3PO4 also affected functional groups sorption behavior but to a lesser extent in 

comparison to HCl pretreatment of FS. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

134 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Aldehydes, 
Ketones & 
Esters 
(C=O Stretch) 

Amines & 
Amides 
(N-H Bend) 

Phosphates
(PO4

3- Stretch)  
N containing 
bioligands 

c 

d 

e 

f 

g 

h 

N containing 
bioligands  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4000.0 3000 2000 1500 1000 400.0
cm-1

A 

Carboxlyic Acids 
(H-bonded O-H Stretch  & 
C=O Stretch) 

 Esters 
(C=O Stretch) 

Amines &  
Amides 
 (N-H Stretch) 

Aldehydes, 
Ketones & 
Esters 
(C=O Stretch) 

Amines & 
Amides 
(N-H Bend) 

Phosphates
(PO4

3-Stretch)  
N containing 
bioligands 

4000.0 3000 2000 1500 1000 400.0
cm-1

A 

a 

b 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Amines &  
Amides 
 (N-H Stretch) 

Carboxlyic Acids 
(H-bonded O-H Stretch  & 
C=O Stretch) 

Esters
(C=O Stretch) 



 

135 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.16 FTIR spectra observed for FS (a–t), (a) Non-treated FS, (b) Pb(II) loaded non-treated FS, 
(c) Autoclaved FS, (d) Pb(II) loaded autoclaved FS, (e) Boiled FS, (f) Pb(II) loaded boiled FS, (g) 
Heated FS, (h) Pb(II) loaded heated FS, (i) NaOH pretreated FS, (j) Pb(II) loaded NaOH pretreated 
FS, (k) Ca (OH)2 pretreated FS, (l) Pb(II) loaded Ca (OH)2 pretreated FS, (m) Al (OH)3 pretreated 
FS, (n) Pb(II) loaded Al (OH)3 pretreated FS, (o) HCl pretreated FS, (p) Pb(II) loaded HCl 
pretreated FS, (q) H2SO4 pretreated FS, (r) Pb(II) loaded H2SO4 pretreated FS, (s) H3PO4 pretreated 
FS, (t) Pb(II) loaded H3POs pretreated FS 
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3.8.1.2 FTIR characterization of PPPC and its physicochemical pretreatments 

 
 The FTIR spectra of PPPC and differently pretreated PPPC were scanned before and 

after Pb(II) exposure Fig.3.17 (a-v).  In all the recorded spectra, 4000 – 3000 cm-1 the 

bands of stretching O – H vibrations are revealed which can be attributed to surface 

hydroxylic groups and physically adsorbed water (Chen and Wu, 2004). 

The weak absorption peaks in 2250 – 2400 cm-1 can be assigned to double bonded carbon 

oxygen groups. The strong absorption bands in 1500-1600 cm-1 suggested the 

overlapping of aromatic ring stretching vibrations with the bands of carboxylate moieties 

(Puziy et al., 2002). In this regard, sharp distinctive peak at 1598 cm-1 in all spectra is 

assigned to C=C skeletal stretch in aromatic ring (such as diketones, keto esters and keto 

enols) 

Narrow bands observed at 1350 and 1450 cm- 1present in all spectra correspond to C-H 

 in-plane vibrations  in various alkane bonds (Martins et al., 2007). The two characteristic 

bands at 878 & 834 cm-1 are assigned to aromatic C-H out of the plane bending vibrations 

(El-Hendawy, 2006) 

The small and broad peaks in 1000 – 1300 cm-1  region for all carbons could attributed to 

C-O stretch and O-H bend form of alcohols, phenols, ethers , carboxlic acids and lactones 

(Leboda  et al.,  2003;  Chen and Wu, 2004; Yu, et al., 2007a). 

Diffuse reflectance FTIR spectra of PPPCs depict low intensive bands over 1000 – 450 

cm-1 indicating the various oxides. 766 and 702 cm-1 peaks represent NO2 bending 

vibrations in aromatic NO2 groups. In spectrum, 700 – 610 cm-1 absorption band of PPPC 

can be described to symmetrical stretch of S-O groups, verifying SO2 complexes (Gercel 

et al., 2007). 



 

137 

Band shifting gives a clue towards contact of active sites on PPPC with Pb (II). The 

observable change in the spectrum of lead exposed PPPC was in carboxylate groups, with 

a shift from 1389 to 1352 cm-1. This can be correlated to carboxylate groups contributing 

to Pb(II) uptake. 

3.8.1.2.1 Effect of NaCl and Basic pretreatment  

 
Fig.3.17 (c-j) show the spectra of PPPC after NaCl, NaOH, Ca(OH)2, as well as Al(OH)3 

treatments. These FTIR spectra show the strong broad overlapping bands between 4000-

3000 cm-1, since basic pretreatments suggest the relative increase of hydroxyl groups 

corresponding to this region which may be due to surface reaction occurring to lactone 

groups  (Pendleton et al., 2002) as, 

 

NaOH
O

O

HO

O O

Na
+

+

 

    

In the presence of a base, “hydrolysis” can lead to the formation of more carboxylic (-

COOH), carboxylate (-COO-) and alcoholic (-OH) groups which enhance the cationic 

sorption dominating a very clear sharp peak at 1047.38, 1042.46, 1043.20 cm-1 for 

NaOH, Ca(OH)2 and NaCl treatments respectively after Pb(II) exposure. 

3.8.1.2.2 Effect of acidic pretreatment 

 
The spectrum of PPPC impregnated with HCl, H2SO4 and H3PO4 is shown in Fig.3.17 (k-

p). Several changes took place through the acid treated spectra compared with untreated 
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PPPC spectrum. The acidic treatment increases peaks at 1000-1200 cm-1. This implies an 

increase in phenols, ethers and lactones (Chen and Wu, 2004). It displayed a sharp 

absorption peak at 1068, 1073 and 1063 cm-1 in HCl, H2SO4 and H3PO4 treated PPPC 

respectively. When an acid is involved in modification it breaks many bonds leading to 

liberation/elimination of many light and volatile products such as water, acetic acid, 

methanol and furan derivatives (Guo and Lua, 2003; El-Hendawy, 2006). This behavior 

is reliable with the disappearance of C=C at 1598 and C-H at 1386 cm-1 in the PPPC 

spectrum followed by the new peaks at 1490 and 1413 cm-1 (in HCl treatment) 1581 and 

1403 cm-1 (in H2SO4 treatment) and 1586 cm-1 after H3PO4 modification. 

3.8.1.2.3. Effect of physical pretreatment 

 
Fig.3.17 (q-v) shows FTIR spectra that represent changes in heat treated, boiled and 

autoclaved PPPC.  Some similarities for heat treated and autoclaved samples to native 

PPPC’s were observed in the range 4000-3000 cm -1existed but slightly shifted in the 

location and intensity causing decrease in aliphaticity in the PPPC by heat treatment 

(Gercel et al., 2007) while in the autoclaved sample slight changes in the N and S 

containing oxides region were observed. After autoclave treatment the band at 1388 cm –1 

showed effective increase in its intensity and was shifted to slightly higher position (1450 

cm-1). This includes the band at 1450 cm-1 resulting in a broad overlapping band at 

1291.4 cm-1 after Pb(II) exposure.  However, pretreatment of PPPC using heat increased 

Pb(II) sorption while autoclave pretreatment  inhibited to some extent. 

Significant changes took place in the spectrum of boiled PPPC compared with native 

PPPC spectrum. It displayed only three overlapping bands in the higher region at 3989, 

3640, 3472 cm-1 and two distinct peaks at 1587 and 878 cm-1 bands in the lower 
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wavenumber region, attributed to C=C stretch and C-H aromatic stretch due to the heavy 

loss of biomass from boiling (Yan and Viraraghavan, 2000) with significant reduction in 

adsorption capacity of Pb(II) as compared to heat treated and autoclaved PPPC.  
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Fig. 3.17 FTIR spectra observed for PPPC (a–v), (a) Non-treated PPPC, (b) Pb(II) loaded non-
treated PPPC, (c–j) effect of NaCl and basic pretreatment on PPPC, (c) NaCl treated PPPC, (d) 
Pb(II) loaded NaCl treated PPPC, (e) NaOH treated PPPC, (f) Pb(II) loaded NaOH treated PPPC, 
(g) Ca(OH)2 treated PPPC, (h) Pb(II) loaded Ca(OH)2 treated PPPC, (i)Al(OH)3 treated PPPC, (j) 
Pb(II) loaded Al(OH)3 treated PPPC, (k–p) effect of acidic pretreatment on PPPPC, (k) HCl treated 
PPPC, (l) Pb(II) loaded HCl treated PPPC, (m) H2SO4 treated PPPC, (n) Pb(II) loaded H2SO4 treated 
PPPC, (o) H3PO4 treated PPPC, (p) Pb(II) loaded H3PO4 treated PPPC, (q–v) effect of physical 
pretreatment on PPPPC, (q) heat treated PPPC, (r) Pb(II) loaded heat treated PPPC, (s) boiled 
PPPC, (t) Pb(II) loaded boiled PPPC, (u) autoclaved PPPC and (v) Pb(II) loaded autoclaved PPPC 

 

 

Skeletal stretch of 
dikotenes, ketoesters & 
ketoenols 
(C=C Stretch) 

Alkanes 
(C-H Stretch) 

Alcohols, phenols, ethers, 

carboxylic acids and lactones 

(C-O-Stretch, O-H bend)  

Various oxides 
(SO2 Stretch, NO2 bend) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Surface bond 
water 
 (O-H Stretch) 

Double bonded carbon 
oxygen groups 
(C=O Stretch) 

4000.0 3000 2000 1500 1000 400.0
cm-1

 
k 
 
 
 
l 
 
 
 
m 
 
 
 
n 
 
 
 
o 
 
 
 
p 

Skeletal stretch of
dikotenes, ketoesters & 
ketoenols 
(C=C Stretch) 

Alkanes 
(C-H Stretch) 

Alcohols, phenols, ethers, 

carboxylic acids and lactones 

(C-O-Stretch, O-H bend)  

Various oxides 
(SO2 Stretch, NO2 bend) 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Surface bond 
water 
 (O-H Stretch) 

Double bonded carbon 
oxygen groups 
(C=O Stretch) 

4000.0 3000 2000 1500 1000 400.0
cm-1

q 
 
 
 
 
 
r 
 
 
 
s 
 
 
 
t 
 
 
u 
 
 
v 
 

A 

A 



 

142 

3.8.1.3 FTIR characterization of CFPC and its physicochemical pretreatments    

  
The FTIR spectra of CFPC and differently pretreated CFPC were scanned before and 

after Pb(II) exposure Fig.3.18 (a-v).  In all the recorded spectra, 4000-3000 cm-1 the 

bands of stretching O-H vibrations are revealed which can be attributed to surface 

hydroxylic groups and physically adsorbed water (Bueno et al., 2007; Chen and Wu 

2004). Usually the position of hydrogen–bonded OH groups is in the region 3200-3650 

cm-1 for alcohols and phenols (Yang and Lua 2006). The weak absorption peaks in 2900 

– 2300 cm-1 can be assigned to double bonded carbon oxygen groups (Nadeem et al., 

2008). The FTIR spectrum of native CFPC indicated weak and broad peaks in the range 

1800-1500 cm-1 related to C=O stretching  in carbonyls , carboxyls, lactones and phenols. 

 The bands appearing in the FTIR spectra of native CFPC shown in Fig.3.18a at 1603, 

1483 and 1366 cm-1 can be assigned to carbonyl (e.g. ketone), δ(C-H) vibrational peak 

for –CH2= and –CH3 – or carboxylate ion (COO-1) respectively. Diffuse reflectance FTIR 

spectra of CFPC depict low intensive bands over 1000 – 450 cm-1 indicating the various 

oxides whilst the absorption peak at 578 cm-1can be assigned to γ (O-H) bending (Yang 

and Lua 2006). 

After contact with Pb (II) solution, the CFPC Fig.3.18b exhibit spectra with clear 

appearance of sharp peaks after 1800 cm-1. A strong peak at 1591 cm-1 due to v(C=C) 

vibration in aromatic ring. The change in lead loaded CFPC was in overlap of 1483 and 

1366 cm-1 bands, resulting in a broad region with appearance of a single peak at 1347  

cm-1 indicating symmetrical stretch of the carboxylate groups, suggesting that 

carboxylate, involve in Pb(II) uptake (Nadeem et al., 2009a). 
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The peaks at 882,764 cm-1 represent absorption due to γ(C-H) bending (Yang and Lua 

2006) whilst the peak at 673 can be attributed to the  stretching vibration of S-O, assuring 

the involvement of  SO2 complexes (Gercel et al., 2007; Nadeem et al., 2009a). 

Moreover, FTIR spectral analysis of CFPC after Pb(II) exposure indicated elongation of 

all these bands, signifying the role of these functional sites during Pb(II) sorption process 

(Loukidou et al., 2004). 

3.8.1.3.1 Effect of NaCl and Basic pretreatment  

 
 Pretreatment with NaCl, NaOH, Ca(OH)2 and Al(OH)3 of CFPC did not have any 

significant influence on the nature of functional groups responsible for Pb (II) biosorption  

(Fig.3.18 c-j), when compared to non-treated CFPC it became clear that pretreatments 

with NaCl and all bases resulted in loss of absorption peaks in 4000-2000cm-1.  

3.8.1.3.2 Effect of acidic pretreatment 

 
The spectrum of CFPC after pretreatment with HCl, H2SO4 and H3PO4 is depicted in 

Fig.3.18 (k-p). Acidic pretreatment of CFPC showed very interesting results on 

functional groups of biosorbent. The pretreatment with HCl, H2SO4 and H3PO4 showed 

markedly different results from each other. Pretreatment of CFPC using HCl resulted in 

degeneration of the most of functional groups present on cell wall of CFPC (Fig.3.18 k,l) 

whereas CFPC pretreatment with H2SO4 and H3PO4 also affected functional groups but to 

a lesser extent in comparison to HCl pretreatment of CFPC. However the HCl treatment 

increased the relative concentration and intensity of the peaks after Pb(II) exposure as 

compared to H2SO4 and H3PO4 treatments.   
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3.8.1.3.3 Effect of physical pretreatment 

 
Fig.3.18 (q-v) comprise FTIR spectra exhibiting changes taking place in heat treated, 

boiled and autoclaved CFPC. Preheating and autoclaving brought about significant 

changes in the spectra of CFPC compared with native CFPC spectrum. They displayed 

only three overlapping bands in the higher region and two distinct peaks at lower 

wavenumber region. The FTIR spectra of boiled CFPC (Fig.3.18s, t) revealed that 

functional groups absorbing in the range 4000-2000 cm-1 are undisturbed after boiling 

pretreatment. The elongation of all functional groups peaks after Pb(II) exposure resulted 

in all physically treated CFPC samples. 
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Fig. 3.18 FTIR spectra observed for CFPC (a–v), (a) Non-treated CFPC, (b) Pb(II) loaded non-
treated CFPC, (c–j) effect of NaCl and basic pretreatment on CFPC, (c) NaCl treated CFPC, (d) 
Pb(II) loaded NaCl treated CFPC, (e) NaOH treated CFPC, (f) Pb(II) loaded NaOH treated CFPC, 
(g) Ca(OH)2 treated CFPC, (h) Pb(II) loaded Ca(OH)2 treated CFPC, (i) Al(OH)3 treated CFPC, (j) 
Pb(II) loaded Al(OH)3 treated CFPC, (k–p) effect of acidic pretreatment on CFPC, (k) HCl treated 
CFPC, (l) Pb(II) loaded HCl treated CFPC, (m) H2SO4 treated CFPC, (n) Pb(II) loaded H2SO4 
treated CFPC, (o) H3PO4 treated CFPC, (p) Pb(II) loaded H3PO4 treated CFPC, (q–v) effect of 
physical pretreatment on CFPC, (q) heat treated CFPC, (r) Pb(II) loaded heat treated CFPC, (s) 
boiled CFPC, (t) Pb(II) loaded boiled CFPC, (u) autoclaved CFPC and (v) Pb(II) loaded autoclaved 
CFPC 
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3.8.2 Scanning Electron Microscopy (SEM) 

 
SEM micrographs of FS, PPPC and CFPC were scanned before and after lead and 

cadmium sorption at 1000 and 250 magnification and are presented in Fig.3.19-

3.21respectively. 

SEM micrograph of fish scales resemble a network of interconnected veins with a rough 

and uneven biomass surface Fig3.19 (a) indicated that FS surface was enclosed by a 

coating of Pb(II) and Cd(II) Fig.3.19 (b, c). 

Scanning electron microscopy of the biosorbents PPPC and CFPC showed that the 

surfaces of these biomaterials presented some non smooth patches/cavities which 

represented oddly distributed abrasions on the surfaces of both types of carbons 

(Fig.3.20&3.21). 

There is a morphological difference between the surfaces of FS, PPPC and CPPC before 

(Fig. 3.19-3.21a) and after the biosorption of the Pb(II) Fig. 3.19-3.21b and Cd(II) Fig. 

3.19-3.21c  cations. It is clearly seen that the surface of the biosorbents after cationic 

biosorption became smoother than it was before biosorption endeavoring the existence of 

the sorbed metals on the surface with varying degrees of smoothness of surfaces after 

lead and cadmium biosorption, a strong density of shiny particles/pellets, crystal in case 

of cadmium.  

The morphological differences between the biosorbent surface with adsorbed metals can 

be attributed to sorption mechanisms i.e., simple cation exchange of Cd(II) sorption. 

(Martinez et al., 2006) similar microstructural features are found to be reported by, 

(Jacques et al., 2007; Tunali et al., 2006). 
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SEM images of plain Ca-alginate beads and FS, PPPC and CFPC immobilized beads are 

shown in Fig. 3.22-3.25 with 1000 and 250 times magnification. 

The SEM micrographs of biosorbents immobilized alginate beads were dissimilar than 

the plain beads revealing an even distribution of biosorbents on the beads surface Fig. 

3.23, 3.24, 3.25 (a).This consistent delivery is an imperative reason for the appropriate 

bioadsorption of metals on the entire biosorbents entrapped beads surface (Arica et al., 

2003). 

SEM image of the simple Ca-alginate and biosorbents immobilized beads after 20hr. 

Pb(II) exposure resulted in some  luminous and smoothy surfaces (Fig 3.22-3.25 b) which  

indicate  the presence of  inorganic elements which was confirmed by EDAX analysis. 

The morphology of these biosorbents seems to be rough, protrusion and irregular 

facilitating the metals adsorption in different parts of these materials, corroborating that 

these natural biomaterials present an adequate morphological profile for metallic cations  

take up. 
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Fig.3.19 SEM micrograph of FS: (a), (a1) control (without metal) (b), (b1) Pb(II) 
loaded and (c),(c1) Cd(II) loaded biomass at 250 and 1000 magnification 
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Fig.3.20 SEM micrograph of PPPC :( a), (a1) control (without metal) (b), (b1) Pb(II) 

loaded and (c),(c1) Cd(II) loaded biomass at 250 and 1000 magnification 
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Fig.3.21 SEM micrograph of CFPC :( a), (a1) control (without metal) (b), (b1) Pb(II) 

loaded and (c),(c1) Cd(II) loaded biomass at 250  and 1000 magnification 
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Fig.3.22 SEM micrograph of plain calcium alginate beads: (a), (a1) control (without 

metal) (b), (b1) Pb(II) loaded  biomass at 250  and 1000 magnification 
 

 
 
 

b b1 

a a1 



 

153 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3.23 SEM micrograph of FS immobilized beads: (a), (a1) control (without metal) 

(b), (b1) Pb(II) loaded  biomass at 250  and 1000 magnification 
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Fig.3.24 SEM micrograph of PPPC immobilized beads: (a), (a1) control (without 
metal) (b), (b1) Pb(II) loaded  biomass at 250  and 1000 magnification 
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Fig.3.25 SEM micrograph of CFPC immobilized beads: (a), (a1) control (without 
metal) (b), (b1) Pb(II) loaded  biomass at 250  and 1000 magnification 
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3.8.3 Energy Dispersive X-rays Analysis (EDAX) 

 
EDAX is a constructive approach to access chemical/elemental distinctiveness towards 

natural absorbents. In the present study EDAX scans of FS, PPPC and CFPC were got 

before and after Pb(II) and Cd(II) sorption while calcium alginate beads and biomasses 

immobilized beads EDAX spectra were recorded  before and after lead exposure and 

accessible in Figs.3.26-3.32 respectively. 

The EDAX analysis of biosorbents and beads confirmed the presence of metal cations 

revealing metallic cations signals.  The disappearance of alkali and alkaline earth metals 

such as Ca, Mg, K and Na peaks or significant intensity decrease were observed in metals 

exposed biosorbents/beads compared with unexposed biosorbents/beads suggesting a 

cation exchange mechanism as proposed by Volesky et al., 1993. 
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Fig.3.26 EDAX spectra of FS :( a) control (without metal) (b) Pb(II) loaded and (c) 

Cd(II) loaded biomass 

 
 
 
 
 

a 

b 

c 



 

158 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3.27 EDAX spectra of PPPC :( a) control (without metal) (b) Pb(II) loaded and 

(c) Cd(II) loaded biomass 
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Fig.3.28 EDAX spectra of CFPC :( a) control (without metal) (b) Pb(II) loaded and 

(c) Cd(II) loaded biomass 
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Fig.3.29 EDAX spectra of plain calcium alginate beads :( a) control (without metal) 

(b) Pb(II) loaded 
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Fig.3.30 EDAX spectra of FS immobilized alginate beads :( a) control (without 

metal) (b) Pb(II) loaded 
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Fig.3.31 EDAX spectra of PPPC immobilized alginate beads :( a) control (without 

metal) (b) Pb(II) loaded 
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Fig.3.32 EDAX spectra of CFPC immobilized alginate beads :( a) control (without 

metal) (b) Pb(II) loaded 
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3.8.4 X-ray diffraction analysis (XRD) 

 
The XRD patterns of pure lead nitrate, cadmium iodide, biosorbents (FS, PPPC and 

CFPC) and metal loaded biosorbent powders are presented in Figs.3.33-3.36. 

The control fish scales biomass, lacking more distinguished peaks characterized the 

amorphous nature of the fish scales (Fig.3.34). 

 The Pongammia pinnata pods pyrolysed residue (PPPC) exhibited most bands between 

2 =200- 400 (Fig.3.35a) associating low crystallinity of the sample. 

Fig.3.36a shows the X-ray diffraction pattern of CFPC with a broad peak centered from 

150 to 350   2, diffractional angles indicative of amorphous silica (Tarley and Arruda, 

2004; Liou, 2004; Proctor, 1990). This observation was also confirmed by EDAX 

analysis (Fig.3.28). 

The metals sorption XRD patterns of lead and cadmium bearing biosorbents show  

distinct and complex peaks  Fig 3.34-3.36 b and c  respectively indicating the deposition 

of crystallized Pb(II) and Cd(II) which may correspond to metal hydroxides (M(OH)2) 

and carbonates (M3(CO3)2(OH)2,MCO3). Since in the aqueous solution, the metal 

hydrolysis exists to produce the metal hydroxides and metal carbonates may result from 

carbon dioxide gas dissolution from the atmosphere (Zhou et al., 2005). 

With regards to metal sorbed biosorbents, the d-pacing  of most of bands correspond to 

that of the pure Pb(NO3)2 and CdI2 as indicated in Fig (3.33a and b) correspondingly, 

representing metal- biomass complexation ensuing the communications with ligands like: 

S-2, HCO3
- , CO3

-2 , SO4
-2, OH- and PO4

-3 etc, on the biosorbents surface in crystalline 

state. 
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All the three biosorbent materials were characterized as being of low crystallinity, almost 

amorphous. However, the crystallinites in the metal bearing biosorbents were designated 

by evident peaks appearance in XRD patterns of the adsorbents. 

 These finding seems to involve that the metal removal would be the result of formation 

of metal-ssociated precipitate or the chemical precipitation seems to be the major 

mechanism involved in the Pb(II) and Cd(II) biosorption by FS, PPC and CFPC as during 

the Cu+2 adsorption on plant biomass (Schneider et al., 2001) who examined some 

existing adsorption data and concluded that both ion exchange and surface precipitation 

mechanisms would take place in Cu+2 sorption but unidentified (Liu and Xu, 2007). 

 Results from XRD studies revealed that the low crystallinity and amorphous nature of all 

biosorbents and diffraction patterns of metal loaded samples indicated the metals 

adsorption leads to deposit on biosorbents as crystalline state, employing chemical 

precipitation as major mechanism involved in Pb(II) and Cd(II) biosorption. 
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Fig.3.33 X-ray diffraction spectra of pure compounds (a) Pb(NO3)2 (b) CdI2 
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Fig.3.34 X-ray diffraction spectra of FS (a) control (without metal) (b) Pb(II) loaded 

and (c) Cd(II) loaded biomass 
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Fig.3.35 X-ray diffraction spectra of PPPC :( a) control (without metal) (b) Pb(II) 

loaded and (c) Cd(II) loaded biomass 
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Fig.3.36 X-ray diffraction spectra of CFPC :( a) control (without metal) (b) Pb(II) 

loaded and (c) Cd(II) loaded biomass 
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3.9 Case study for scale up: Pb(II) biosorption 
 
Ca-alginate immobilized FS was packed in a glass column (Fig.3.37) to demonstrate the 

suitability of column operations. Samples collection was made at very short intervals 

initially, subsequently the interval was extended. The samples were analysed periodically 

to determine the Pb(II) contents in the effluents using FAAS. 

3.9.1 Column studies by Ca-alginate immobilized FS biomass 

 
Breakthrough curve inside Fig. 3.38 shows the amount of lead remained in the effluent 

after passing 100 mgL-1 lead solution at rate of 1.2 mL/min at bed height of 49 cm was 

allowed to pass through Ca-alginate immobilized FS biomass column. It can be seen that 

most of Pb(II) ions were totally retained in the column until 3.0 L of influent (38 bed 

volume)  Pb(II) solution of 100 mg L-1 was passed through the continuous flow mode. 

After bed volume 38, column decreased in its capability to eliminate lead cations in 

synthetic solution. This may be due to the binding groups dissemination Pb(II) ions. At 

about 9.0 L of influent volume (bed volume 113), the column was nearly saturated and 

was able to bind very little amount of Pb(II) contents. The column would need 

regeneration for the second cycle at this stage. The column capacity was calculated using 

breakthrough curve at entire exhaustion and found to be 532 mgg-1, much larger than 

batch tests with native FS as well as with Ca-alginate immobilized FS biomass. 

For industrial potential of biosorption, continuous operation with immobilized 

biomaterials in a packed column mode is the most convenient configuration with many 

process engineering compensations involving elevated yield along with quite simple scale 

up (Volesky and Holan, 1995). Immense literature reports have been available on the 
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removal of variety of heavy metals employing different types of biomaterials in apacked 

bed reactors (Gardea-torresdey et al., 1996; Vijayaraghavan et al., 2005; Krishnani et al., 

2008) at different experimental conditions. 
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Fig.3.37 Experimental set-up used to carry out FS-packed column experiment 
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Fig.3.38 Break through curve for Pb(II) biosorption 
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3.9.2 Pb(II) biosorption from industrial effluents 

 
Nowadays effluent management is among the most imperative matter needed to tackle by 

industries. To assess the feasibility of process application of biosorbent technology, the 

efficacy of the fixed bed reactor (packed with Ca-alginate immobilized FS biomass) was 

evaluated with a textile industry effluent. Textile industry effluent with initial lead, 25 mg 

L-1 was maintained at pH 4.5 and passed through the adsorbent at bed height 49 cm 

adjusted at 1.2 mL/min in a down flow mode. Experimental set up employed in the 

present study for Pb(II) biosorption using a textile industry effluent is depicted in 

Fig.3.39.Textile industry effluent run was continued until the biosorbent was completely 

exhausted. The exhausted adsorbent was regenerated using 0.1 N HCl for Pb(II) 

recovery. Fig.3.40 represents the breakthrough curve for the lead elimination, in textile 

industry effluent. The break through curve followed a typical S-shaped curve. The 

adsorbent FS packed immobilized material could purify 12 L (approximately 150 bed 

volume) of textile industry effluent in the cycle 1 while 11 L (approximately 137.5 bed 

volume) of industrial effluent in the second cycle.    

The Ca-alginate immobilized FS biomass column capacity at complete exhaustion was 

709 mg g-1 in first cycle while 650 mg g-1 in cycle-2 computed by integrating the area 

under the breakthrough curve for textile industry effluent.  

Vijayaraghavan et al. (2005) observed an abundant biosorbent showed 15.08 and 20.04 

mg Ni g-1 uptake from two electroplating industrial effluents where effluent-2 was 

characterized with low conductivity, total dissolved solids and total hardness in 

compaision to effluent-1, inferring a negative effect on nickel uptake because these ions 
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compete in engagement of the binding sites. They regenerated biosorbent bed with 0.01 

M EDTA and reused for seven cycles with a slight decrease in adsorption efficacy and 

proved that crab shell shows fundamental distinctiveness in handling Ni-electroplating 

industrial runoff. 

Hanif et al. (2007b) performed a batch study to access the ability of C.fistula biomass to 

remove nickel from diverse industrial runoffs while Pandey et al. (2008) reported the 

bioremoval of cadmium from polluted groundwater as well as industrial wastewater using 

a perennial wild plant, Calotropis procera as biosorbent. 
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Fig.3.39 Experimental set-up used to carry out FS-packed column experiment with 

textile effluent (a), FS beads after interaction with textile industry effluent (b) 
 

 

b 

a 



 

177 

 
                                                Influent Volume (Litres) 
 

Fig.3.40 Break through curve for Pb(II) biosorption using textile industry effluent 
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3.9.3 Physicochemical analysis of effluent 

 
 Physicochemical investigation of effluent is the primary requististes used for monitoring 

and control of discharges for the assessment of treatment plant performance. For the 

textile industry effluent sample, the water quality parameters were measured before and 

after passing through the continuous flow (Ca-alginate immobilized FS biomaterial) 

sorption column. The characteristics of the textile industrial effluent at both stages are 

listed in Table 3.13. 

These experimental results represent the reduction in SO4
-2 contents, chemical oxygen 

demand and biological oxygen demand after passing through  adsorbent column while the 

amount of total dissolved solids, calcium, magnesium and sodium along with electric 

conductivity of textile industry efflunt was increased indicating the involvement of these 

ions during the biosorption of Pb(II) from the industrial effluent using Ca-alginate 

immobilized FS biomaterial supporting the ion exchange as a major mechanism. 

Vijayaraghavan et al., (2005) used two different electroplating industries effluents with 

different physicochemical properties and concluded, crab shells effectively eradicate Ni- 

electroplating effluents. 

Akhtar et al., (2009) studied the feasibility of field application of biosorbents and 

evaluated the performance of the Ca-alginate immobilized Trichoderma harzianum fixed 

bed reactor with bacterial leach liquor as influent having a charactristic mineral 

composition.  

Our study highlighted the significance for carrying comprehensive physicochemical 

testing for the compatibility of biosorption with an industrial runoff. 
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Table 3.13 Physicochemical analysis of textile industry effluent 
 

Physicochemical parameter 
Textile industry effluent 
before passing through 

column 

Textile industry effluent 
after passing through 

column 

Sulfate (SO4) mgL-1 89 48 

Chemical oxygen demand (COD) mgL-1 225 199 

Biological oxygen demand (BOD) mgL-1 70 63 

Total dissolved solids mgL-1 3424 3788 

Calcium (Ca) mgL-1 72 100 

Magnesium (Mg) mgL-1 34 43 

Sodium (Na) mgL-1 1476 1508 

Potassium (K) mgL-1 Nil Nil 

Electrical conductivity (EC) mScm-1 3.35 5.92 

Total hardness (as CaCO3) mgL-1 320 430 
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Conclusions 
 
Based upon the work reported in this thesis, following conclusions may be made: 

 

i. Screening studies proved Fish (Labeo rohita) scales, Pongamia pinnata and Cassia 

fistula pods carbon as potential biosorbents for Pb(II) and Cd(II) biosorption. 

ii. Optimizations of physical and environmental parameters have confirmed that the 

Pb(II)/Cd(II) sorption by fish (Labeo rohita) scales (FS), Pongamia pinnata and Cassia 

fistula pods carbon( PPPC ,CFPC) was dependent on pH, dose, initial metal 

concentration, contact time and shaking speed. 

iii. Metal sorption by FS, PPPC and CFPC was found to be independent of particle size   

and solution temperature. 

iv. The maximum Pb(II) uptake capacity correspond to 472, 331 and 318 mg g -1 for FS, 

PPPC and CFPC respectively at optimized dose 0.05g of biomass, temperature 30° C, 

particle size 150(FS, PPPC) and 40(CFPC) microns, pH 3.5,4.5, agitation rate 200 rpm 

and initial concentration of 800 mg L -1. 

v. The maximum Cd(II) uptake capacity correspond to 500,797 and 570 mg g-1 for Cd(II) 

for FS, PPPC and CFPC respectively  at optimized dose 0.05g of biomass, temperature 

30° C, particle size 150 microns, pH 6.0, agitation rate 200 rpm and initial concentration 

of 800 mgL -1. 

vi. Inhibition of Pb(II) biosorption by Alkali/Alkaline Earth metals Na, K, Mg and Ca was 

insignificant at both 1 mM and 10 mM concentration of these ions. These ions were 

released during biosorption of Pb(II) supporting ion exchange as one of the biosorption 

mechanisms. 
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vii. Other cations and anions inhibited Pb(II) biosorption to varying extent. 

viii. All physical modifications increased the sorption capacity of FS while autoclaved and 

boiling greatly reduced the Pb(II)/Cd(II) sorption capacity in case of PPPC and CFPC. 

ix. All acidic and basic pretreatments affected the biosorption capacity of three biosorbents 

in different ways 

x. 0.1M HCl gave maximum elution of lead from FS while a poor metal recovery was 

observed for distilled water. 

xi. Pb(II) sorption by FS was heterogeneous and described by Freundlich equation while 

Langmuir isotherm was followed by  PPPC and CFPC. None of the model fitted to ion 

exchange resins Dowex-SBR-P and IRA-400 for Pb(II) biosorption. Where as Cd(II)-

biosorbents data follow the order: Freundlich > Langmuir > Temkin  > Dubnin-

Radushkevich. 

xii. Kinetic parameters suggested that Pb(II)/Cd(II) biosorption by FS, PPPC and CFPC 

followed the pseudo-second order kinetics rather than pseudo-first order, intra particle 

diffusion and second order rate equation kinetics. 

xiii. FTIR analysis confirmed the involvement of amino, carboxylic, alcoholic and carbonyl 

groups by FS and existence of various alkane, aromatic C=C and oxygen functionalities 

along with aromatic NO2 and surface SO2 complexes in PPPC and CFPC with 

elongation of all these bands after Pb(II) biosorption. 

xiv. Substantial variations in the FS, PPPC and CFPC chemical structure after various 

physicochemical modifications were also confirmed by FTIR spectroscopy. 

xv. SEM images corroborate that these natural biomaterials present an adequate 

morphological profile for metallic cations take up. 



 

182 

xvi. XRD studies revealed the low crystallinity and amorphous nature of all biosorbents 

employing chemical precipitation as major mechanism involved in Pb(II) and Cd(II) 

biosorption. 

xvii. EDAX studies documented the disappearance of Na, K and Ca peaks or significant 

intensity decrease from the spectrum of Pb(II)/Cd(II) laden biomass supporting the ion 

exchange process during metal biosorption . 

xviii. Ca-alginate immobilized FS biomass was used in packed bed column for continuous 

lead sorption from synthetic Pb(II) and textile industry effluent without any significant 

alteration in sorption capacity/elution efficiency. 

xix. Physicochemical investigation of effluent represented the reduction in pollution 

parameters as SO4
-2, COD and BOD after passing through adsorbent column while the 

TDS, Ca, Mg, Na, total hardness and conductivity of textile industry efflunt was 

increased indicating the involvement of these ions during Pb(II) biosorption using Ca-

alginate immobilized FS biomaterial supporting the ion exchange as a major mechanism. 
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APPENDIX-II 
 

Ph.D work research publications 

 
Following papers were published based upon the work done in this thesis: 
 

1. Raziya Nadeem, Tariq Mahmood Ansari, Ahmad Mukhtar Khalid. Fourier 

Transform Infrared Spectroscopic characterization and optimization of Pb(II) 

biosorption by fish (Labeo rohita) scales. Journal of Hazardous Materials. 

156(2008) 64-73 (Impact Factor 2.975). 

2. Raziya Nadeem, Tariq Mehmood Ansari, Kalsoom Akhter and Ahmad Mukhtar 

Khalid. Pb(II) sorption by Pongamia pinnata  pods carbon (PPPC). Chemical 

Engineering Journal. 152 (2009) 54–63. (Impact Factor 2.813). 

3. Raziya Nadeem, Tariq Mehmood Ansari, Kalsoom Akhter and Ahmad Mukhtar 

Khalid. Fourier Transform Infrared Spectroscopic characterization and 

optimization of Pb(II) sorption by Cassia fistula pyrolysed carbon. A poster 

presented by author at “Taiba International Chemistry Conference, TICC 2009” at 

Al-Madinah Al-Munawarah, Saudi Arabia (23-25 March 2009). 

These papers and poster are appended at the end of this thesis. 
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