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ABSTRACT 

Since the last few decades, environmental remediation through a sustainable 
approach is gaining importance. One such attempt has been made in the present 
work to remove heavy metals from industrial effluents using one of the most 
prominent animal wastes, the chicken feathers. Biosorption has been a promising 
technique to remove heavy metals from industrial effluents. In the present work, 
cleaned but untreated chicken feathers were used to remove Cu(II) ions from 
electroplating industry wastewater. The physicochemical characteristics like 
colour, pH, ash content, iodine number and bulk density of chicken feathers were 
also determined. The FT-IR spectrum of chicken feathers did not show a 
recognizable difference after biosorption which indicated physical adsorption. The 
adsorption isotherm study showed that the Freundich isotherm model was the best 
fit as compared to Langmuir isotherm model. The results obtained were supported 
statistically by using Chi-square test. In the desorption study, EDTA was found to 
be a most effective desorbing agent in comparison with acid, alkali and deionized 
water. Thus, the present work explores the efficiency of chicken feathers to act as 
biosrbent as remove heavy metals from industrial effluents in a simple, economic 
and sustainable manner.  
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INTRODUCTION 

Industrial discharge of toxic heavy metals has been one of the major reasons of 
pollution to receiving water bodies. The indigenous micro-organisms find it very 
difficult to degrade these heavy metals in situ. These metals ions through the 
process of bioaccumulation and biomagnification pass from one organism to 
another especially through microorganisms, aquatic flora and fauna, which in turn, 
may enter into the human food chain and result in health problems.[1] The 
symptoms of heavy metal pollution depend upon its type and concentration and they 
vary from simple metabolic disruption to lethal and genetic disorders. A lot of 
environmental nuisance has been reported which has raised the need of the 
treatment of industrial effluents for removel of heavy metals before its discharge 
into water bodies.  

Various physicochemical treatment processes for metal-contaminated waste 
streams include chemical precipitation, ion exchange, membrane filtration, carbon 
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adsorption, and co-precipitation/adsorption [2]. All these techniques have their own 
advantages and limitations. As compared to different techniques, the adsorption 
process has been found to be one of the most promising technologies in water 
pollution control in terms of cost, simplicity of design and operation [3]. Activated 
carbon is explored worldwide for the waste water treatment applications but its high 
capital and regeneration cost limits its large-scale applications for the removal of 
metals and other aquatic pollutants, which have encouraged researchers to look for 
low-cost alternative adsorbents utilizing agro-industrial wastes [4], [5], [6].  

Biosorption is a passive adsorption process, based mainly on the affinity 
between biosorbent and the sorbate [7]. Earlier, the study of biosorption technique 
was restricted to micro-organism. But the need of developing an economical, simple 
and sustainable methods for biosorption process diverted the attention of 
researchers to explore different agricultural animal and industrial wastes. Presently 
different agricultural and industrial have been explored for biosorption of different 
heavy metals from industrial effluents. A number of investigations have been 
carried out for the removal of heavy metals from aqueous systems using agricultural 
waste and by-products[8]. But very few references are available for biosorption of 
heavy metals using animal wastes.  

The demand for chickens for its meat and eggs has been increasing over the 
years. Intensive poultry production causes difficulties for handling waste and 
managing pests and diseases caused by poultry wastes. Some poultry waste like 
chicken feathers, eggshells, etc can be studied for pollution control. This can create 
an industrial applications of poultry waste. This will also lead to sustainable 
development where solid waste can be used for the removal of pollutants from 
liquid waste by a simple process of biosorption. A chicken has about 5% to 7% of 
its body weight in feathers so chicken feathers are an important by-product of the 
poultry industry. Chicken feather is composed of 90 % keratin. Keratin operates 
through active polar sites on their surface to attract metal ions via physical and 
chemical adsorption process [9]. Hence chicken feathers can act a good biosorbent 
for binding to metal ions. Considering the pollution and health hazard aspect of 
discarded chicken feathers, the present work was carried out to find the application 
of this poultry waste for copper ion biosorption from industrial effluents. Further, a 
mathematical model for biosorption was studied using Freundlich and Langmuir 
adsorption isotherm. A desorption study was also carried out with the aim to 
regenerate biosorbent.  

MATERIALS AND METHODS 

Collection and preparation of biosorbent: The chicken feathers were 
collected from a local slaughterhouse shop in Mumbai (MS), India. The feathers 
were cleaned multiple times with tap water followed by rinsing with deionized 
water. The washing process was done to remove blood, dirt and dung attached to 
chicken feathers. After complete oven drying at 60oC, the feathers were cut into fine 
pieces using scizzors and preserved in air-tight container till further use. This 
sample was used as biosorbent. 
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Preparation of salt solution: Stock solution (1000 mg/L) of Cu(II) ions were 
prepared by dissolving the required amount of analytical grade CuSO4.5H2O in 
deionized water. The working standard solutions were prepared by diluting the 
stock solution to appropriate volumes. 

Characteristics of biosorbents: The physical, chemical and surface 
characteristics of untreated biosorbent viz. chicken feather were studied to 
determine their properties.  

 Colour: The colour of the biosorbent was identified by visual 
observation. 

 Iodine number: The iodine number was evaluated by using the 
method given by [10]. 0.1 g of biosorbent was placed with 25 ml of 
iodine solution in 250 ml conical flask and the solution were shaken 
for 1 minute. After that the evaluation were filtered and 10 ml of the 
filtrates were titrated with 0.01 N sodium thiosulfate solution until 
clear solution were obtained. The iodine number of the biosorbent was 
determined by using the given formula: 

Iodine number (mg/g) = V * (Ti  Tf) * Ci * Mi 

                                 Ti * g 

Where, V = volume of iodine solution (ml) 

Ti = volume of sodium thiosulfate solution used for the titration of 10 ml filtrate 

g = weight of adsorbent (0.1 g) 

Mi = molar weight of iodine (126.9044 g/mol) 

Ci = concentration of iodine solution (0.01 N) 

 Bulk Density: The bulk density of the biosorbent was determined by 
gravimetric method. The weight of the dried measuring cylinder (10 
ml capacity) and cylinder tightly packed with biosorbent were found 
out. The difference in their weights represented the mass of the 
biosorbent and it was divided by the volume occupied by the 
biosorbent. Bulk density was calculated by using the following 
formula: 

Bulk density (g/mol) = M2  M1 

                                   V 

Where, M2 = mass of measuring cylinder + sample (g) 

M1 = mass of empty measuring cylinder (g) 

V = volume of cylinder (ml) 

 pH of the biosorbent: The pH of the aqueous extract of biosorbent 
was determined     by using pH meter. 

 Ash content The determination of ash content evaluates the mineral 
content present in the biosorbent. 1 g of biosorbents was taken in a 
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pre-weighted silica crucible and was heated in muffle furnace at 500 
oC for three hours. The residue was allowed to cool in a desiccator and 
weighed. The ash content (%) was estimated using following formula: 

Ash content (%) = W2  W0 x 100 

                   W1  W0 

Where, W0 = weight of empty crucible (g) 

W1 = weight of empty crucible + biosorbents (g) 

W2 = weight of empty crucible + ash content (g) 

 FT IR analysis: Fourier Transform InfraRed (FT-IR) 
Spectrophotometer (Jasco FT/IR-4100 type A C208161016) was used 
to assess the presence of functional groups on the surface of the 
biosorbent. The study was carried out by using potassium bromide 
(KBr) disc method. The spectrum of the biosorbent was recorded 
within range of 400 to 4000 cm  wavenumbers.  

Biosorption process: Biosorption process was conducted using batch method. 
100 mL of Cu(II) ions solution (50 mg/L) was treated with  0.1 g of biosorbent  in 
250 mL conical flask at 30 oC and the solution was shaken at 100 rpm in an orbital 
shaker. After an hour, the solution was filtered using Whatman filter paper No. 1. 
The Cu(II) ions from the filtrate was estimated using Standard Neocuprine method. 
The aqueous solution of biosorbent under study was used as blank. Under optimum 
condition, the effluent from electroplating industry was also treated with biosrbent. 

Factors affecting Biosorption process: The effect of various factors viz. pH, 
temperature, metal ion concentration, biosorbent dosage, contact time and agitation 
speed on biosorption process using chicken feathers were studied.  

 Effect of pH: To study the effect of pH on biosorption process, 0.1 g 
of biosorbent was added to 100 mL of aqueous solutions containing 
50 mg/L of Cu(II) ions in 250 mL conical flasks and the biosorption 
process was studied at different pH viz. 2, 4, 6, 8 and 10 for 60 mins 
at 30 oC.  

 Effect of temperature: 0.1 g of biosorbent into aqueous solutions 
containing 50 mg/L Cu(II) ions at different temperatures viz. 20, 30 
and 40 oC were  shaken at 100 rpm 60 mins at pH 6.  

 Effect of metal ion concentration: The effect of concentration of was 
studied by adding 100 mL of  different Cu(II) ions concentration (10, 
50, 100 mg/l) to 0.1 g of  biosorbent in 250 mL conical flasks and the 
biosorption process was carried out for 60 mins at 30 oC with orbital 
stirrer at 100 rpm at pH 6.  

 Effect of biosorbent dosage: The effect of biosorbent dose was 
studied by adding different doses (0.1, 0.5, 1g) of biosorbent to 250 
mL conical flasks containing 100 mL solutions of 50 mg/L of Cu(II) 
ions at pH 6 and the biosorption process was carried out for 60 mins 
at 30 oC with orbital stirrer at 100 rpm.  
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 Effect of contact time: The effect of contact time on biosorption 
process was studied by adding 0.1 g of biosorbent to 100 mL of 
aqueous solutions containing 50 mg/L Cu(II) ions at pH 6 and the 
biosorption process was carried out for different time period like 30, 
60, 90, 120 minutes at 30 oC.  

 Effect of agitation speed: 0.1 g of biosorbent was added into 100 mL 
of aqueous solutions having different agitation speed (0, 50, 100, 150, 
200 rpm) and containing 50 mg/L aqueous solution at pH 6 and 
biosorption process was carried out for 60 minutes at 30 oC.  

Study of adsorption isotherm: Freundlich and Langmuir Adsorption 
isotherms were determined by taking 100 mL of metal solution of various 
concentrations ranging from 10 to 50 mg/L in conical flask and maintaining the 
optimum conditions. The residual concentration of Cu(II) ions after biosorption was 
analysed by Neocuprine estimation method  using UV Spectroscopy at 450 nm. The 
graph of Freundlich and Langmuir isotherm was plotted using excel sheet. 

Desorption process: Desorption was carried out by batch experimental 
method. In this study the adsorbents was regenerated by using 0.1 N NaOH, 0.1 N 
HCl, 0.1 N EDTA and distilled water. 100 mL of each desorbents sample were taken  
in conical flask containing 0.1 g of already used biosorbent. The flasks were shaken 
for 1 hour in a mechanical shaker at 50 rpm. The residual concentration of 
respective metal ions after adsorption was analysed by Neocuprine estimation 
method  using UV spectroscopy at 450 nm. 

Statistical analysis: Chi-square test was applied to the data collected from the 
experiments conducted for determining adsorption isotherm. The parameters used 
in this test were experimental value obtained for biosorption capacity (qexp) and 
biosorption capacity calculated from model (qcalc). The Chi-square ( 2) test can be 
calculated as follows: 

2 = (qe exp  qe cal)2 
      qe cal 

where qe exp (mg/g) is the equilibrium capacity obtained experimentally  

qe cal (mg/g) is the equilibrium capacity obtained by calculation from the model. 

RESULTS AND DISCUSSION 

The chicken feathers as a biosorbent for the biosorption of copper ions from 
industrial effluents was studied in the present work. The pH of biosorbent was found 
to be 6.0 + 0.5. The bulk density was found to be 0.27 g/ml that is less than 1.2 mg/l 
which shows that biosorbent is fine in nature. Iodine index was found to be 144.43 
while Ash content was estimated to be 33.27 %. The above characterization shows 
that chicken feathers have good adsorption properties FT-IR spectroscopy was used 
to study functional groups present in the biosorbent. Fig 1a and fig 1b show before 
and after treated FT-IR spectra of the biosorbent.  
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Fig 1. FT IR spectra of biosorbent (a) Before (b) After biosorption 

Each specific chemical bond often shows a unique energy absorption band in 
FTIR  analysis and it has been used as a useful tool to identify the presence of certain 
functional groups of the biosorbent. The surface of the adsorbent contains numerous 
functional groups so their spectra are complex. The broad and intense peaks around 

-OH stretching vibration. It indicates 
the free -OH group on the surface of the adsorbent and confirms the presence of 
alcohols and polyphenols as in cellulose and lignin. The peak observed at 2922 

-

be assigned to the bending mode of aromatic compounds. Considerable changes in 
the wavenumbers were not observed in most of the cases after the biosorption 
process. The vibration shown were to be weak bond since there was no distinct shift 
in variation. Hence the biosorption can be physical in nature. 

The biosorption process and factors affecting the same are presented in figures 
2-6. 
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From the above experiment, the optimum conditions for maximum biosorption 
were found to be pH 6 using 1 g of biosorbent for 120 minutes at 40 oC subjectd to 
agitation speed of 50 rpm having initial metal concentration of 10 mg/L. 

The Electroplating industrial effluents had 59 mg/L of Cu(II) ios and was 
treated in optimum condition. The percent removal under optimum condition was 
found to 23%. The synthetic waste water solution under optimum condition  was 
found to have  49.50% removal. Since effluent sample contains different 
components which can interfere with the biosorption process. Hence as compare to 
the spiked solution the removal of these heavy metals from the actual industrial was 
found to be less. 

Basically, adsorption isotherm showed the interactions between the adsorbate 
(copper ions) and biosorbent (chicken feather). Adsorption isotherm considered as 
an important factor in designing of adsorption process. Fitted isotherm can be used 
to figure biosorbent capacity in adsorbing the pollutant. While on other side, it also 
can be used to determine the optimum of biosorbent usage. In this study, most 
optimum performance of biosorbent was then applied for linear equations of 
Langmuir and Freundlich to fit the data, results are shown in Figures 8 and 9. Table 
1 shows various adsorption parameters. 
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Table 1. Equilibrium parameters for Freundlich and Langmuir isotherm models 

Metal 
ion  

Freundlich isotherm model Langmuir isotherm model 

KF 

(L/g) 

1/n N R2 qm b 
(L/g) 

RL R2 

Cu(II) 3.7809 0.5927 1.69 0.8727 28.90 0.0883 0.2817 0.3657 

From the above experiment, Freundlich isotherm showed better fit as compared 
to Langmuir isotherm. 

Desorption step is very important in the adsorption process, as it can improve 

of regeneration of the biosorbent and recovery of the metal ions can be explored by 
using desorption study. Desorption was carried out by using batch experimental 
method. In this study, the adsorbent was regenerated by using 0.1 N HCl, 0.1 EDTA, 
0.1 N NaOH and deionized water (D/W). In figure 10, it was observed that the 
removal of Cu(II) ions was less by using deionized water as compared to other 
desorbing agents under study. The chelating agent (EDTA) showed maximum 
desorption of metal ion from biosorbent. Further the desorption process was found 
to be better by HCl as compared to NaOH. Evidently the adsorbent can be used 
repeatedly for metal adsorption from aqueous solution.  

 

Fig. 10. Desorption process 
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The chi square value for different concentration of Cu(II) ions were studied for 
Freundlich isotherm and Langmuir isotherm. It is clear from table 2 that Freundlich 
model could fit the data statistically also. Hence, statistically it justify that 
biosorption process using chicken feathers followed Freundlich isotherm, hence is 
heterogenous in nature 

Table 2. Chi-square test values for different concentration of Cu(II) ions  

 

 

 

 

CONCLUSION  

Heavy metal pollution is a major problem in the present era. The present work 
explores the capacity of one of commonly discarded waste i.e. chicken feathers and 
the study is for the efficiency for the removal of copper ions from effluents. It was 
observed that chicken feathers were efficient in the removal of Cu(II) ions from 
electroplating industrial effluent. The characterization of the biosorbents indicated 
of the chicken feathers can be utilized as eco-friendly commercial biosorbent. 
Hence a present work gives a commercial to the chicken feathers in the field of 
environmental remediation. This might also help in reducing the pollution load of 
chicken feathers in a sustainable manner. 
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