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Abstract: Waste fish scale powder shows Chitosan properties to adsorb hazardous metals of contaminated waste water or 
effluent. As the waste fish scale was crushed and dried to fine powder, it was coated on non reactive polyurethane foam. The 
objective of this study was to understand removal of hazardous metals using waste fish scale impregnated on polyurethane foam 
and quantify with voltametric method. Various parameters such as pH, amount of adsorbent, contact time etc. are studied. The 
best removal and recovery was found at pH- 5 to 6, 300 mg amount of adsorbent (for 50 ml sample solution) and contact time of 
90 min. This procedure was applied for determination of Zn (II), Cu (II), Cd(II), Pb(II), Fe(II) and Mn(II) in industrial effluent. 
The results indicated that waste fish scale impregnated on polyurethane foam is a promising adsorbent for removal of hazardous 
metals from industrial effluent. 
Keywords: Hazardous metals; Polyurethane foam; Chitosan: 

I.  INTRODUCTION 
India is among top ten industrialized countries in the world. Pollution is a main problem of industrial civilization. The pollutants are 
the outcome of various chemical industries like Pesticides, detergents, plastics, petrochemicals, paints, dyes, food additives etc.[1-3]. 
Besides these, there are a number of effluents and emissions in the atmosphere. Mining activities also add to this problem 
particularly dusting and particulate matter thus, pollution is a gift of industrial civilization [4-7]. Among the many other low cost 
absorbents identified, chitosan has the highest absorption capacity for several metals. Chitosan chelates five to six times [8-12] greater 
amounts of metals than chitin. This is attributed to the free amino groups exposed in chitosan because of deacetylation of chitin [13-

15]. The waste fish scale in dry and fine powder form, shows the property of adsorbent exactly like chitosan. As the fish scale was 
dried and ground to fine powder it was necessary to provide physical support and increase the accessibility of the metal binding sites 
for process applications. The adsorption capacity of chitosan was increased by impregnated on polyurethane foam [16-23], hence the 
similar base material was tested here for the dry powder of waste fish scale. In this work removal and recovery of hazardous metals 
such as Zn (II), Cu (II), Cd(II), Pb(II), Fe(II) and Mn(II) in industrial effluent using waste fish scale powder impregnated 
polyurethane foam was studied.  

II.  MATERIALS AND METHODS 
A. Instrument Specification 
Differential pulse Voltammetric analysis experiments were performed with a Metrohm 797 VA Computerized (Switzerland) 
equipment with three electrode system consisting Hanging mercury drop electrode (HMDE) as working electrode, Platinum as 
auxiliary electrode and Ag / AgCl / KCl as reference electrode. Elico LI-127 digital pH meter (Elico India Ltd., Hyderabad, India) 
with a combined glass electrode was used for measurement of pH.  

B. Chemicals Preparation 
All chemicals used were of analytical reagent grade. The 1000 mg/L stock solution of Zn (II), Cu(II), Cd(II), Pb(II), Fe(II) and 
Mn(II) heavy metals were prepared by dissolving appropriate amount of ZnCl2, CuCl2.2H2O, Cd(NO3)2.4H2O, Pb(NO3)2, FeCl3, and 
Mn(NO3)2 metal ions in slightly acidic double-distilled water [24-26]. The solutions prepared were then standardized using volumetric 
method and then appropriate quantities were diluted to get 50 mg/L concentrations. An effluent sample was synthetically mixing 
appropriate volume of each standard to get 50 mg/L of each metal. Polyurethane foam was purchased from local market. All 
volumetric Glassware’s used were of A-grade (Borosil India Ltd. make). 
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C. Preparation Of Adsorbent From Waste Prawns Scale 
The waste Fish (prawn) scales were collected from local fish market of Ratnagiri (Maharashtra) India. The cleaned waste prawns 
scale was dried in the sunlight for two days, then kept oven at 60oC temperature till it becomes crispy. Using Mechanical grinder, it 
was ground to fine powder of particle size less than 50 mesh. In 50 gm powdered prawn scale was mixed with 200 ml of 10% HCl 
then 10% NaOH, 10% NaOH solution was added for de-protination. After 24 Hrs. it was washed 4-5 times by distilled water. In that 
solution 50 % NaOH solution was added for deacetylation. After 24 Hrs. it was washed by distilled water till all traces of acid or 
base present are removed. Solution was filtered by using whatman filter paper no 1. The residue was kept in oven at 60oC 
temperature for 8 hrs. The dried prawn scales powdered chitosan was stored in air tight polythene bottle for further analysis [11]. 

D. Preparation Of Fish Scale Impregnated Polyurethane Foam 
20 gms of fish scale powder was slowly added to 500 ml of 10% acetic acid with constant stirring. The mixture was heated to get a 
whitish viscous adsorbent gel. The polyurethane foam cubes (0.5 x 0.5 x 0.5 cm in size) used for the coating of adsorbent gel had an 
average pore size of 0.6 Χ 0.8 mm.  About 200 ml of adsorbent gel was diluted with water (400 ml) and heated to 40 – 50oC. About 
40 gms of polyurethane foam (PUF) was slowly added and mechanically agitated using a rotary shaker at 200 rpm for 24 hours. 
This gel-impregnated PUF was washed with deionised water and dried. This process was repeated twice more to get a thick coating 
of adsorbent on PUF [16]. 

E. Preparation Of Adsorbent Column For Recovery And Its Optimization 
A glass column (300 mm x 20 mm) having a stop cock and with glass wool as a support at the bottom was packed with 300 mg of 
the fish scale  impregnated on polyurethane foam. The column bed was washed with distilled water prior to use.  

F. Procedure of Metal Removal by Adsorption 
A known amount (200 mg to 400 mg) of fish scale impregnated on polyurethane foam was mixed with 50 ml of the 50 mg/L (mixed 
ion solution or synthetic effluent) metal ion solution with adjusted acidic pH (Between 2 to 7) was mixed and kept with occasional 
shaking for fixed time (30 min. to 150 min). The solution was then filtered and the fish scale impregnated on polyurethane foam was 
separated. The filtrate was analyzed for the amount of metals ions unadsorbed.  

G. Procedure of Metal Recovery (stripping) From Adsorbent 
The metal ions adsorbed fish scale impregnated on polyurethane foam separated from the adsorption process was then filled in the 
separation column and then the metal ions were stripped back using 10 ml 1M HCl at 1 ml per minute flow rate. The concentration 
of stripped metals was also checked for verification of adsorption efficiency [27-29]. 

H. Differential Pulse Voltammetric Measurements 
10 ml ultra pure water, 5 ml of 0.1M of KCl and 1ml of acetate buffer (pH 4.6) was taken in polarographic vessel and then the 
measurement was started for blank under the given parameters Table-1. 1 ml of sample (metal solutions 50 mg/L before adsorption, 
after adsorption and stripped back solution after adsorption) was added to polarographic vessel and then voltamogram was recorded. 
Then to this solution the standard metal ion solution was added (three additions of 0.1ml) under the same conditions.  

Table: 1 Operating parameters for Cyclic Voltmeter Instrument:- 
Parameters Description 

Working electrode Hanging Mercury Dropping Electrode (HMDE) 
Calibration Standard addition method 

Mode Differential pulse 
Initial purge time 300 s 

Addition purge time 10 s 
Pulse amplitude 0.05 V 
Start potential -1.3 V 
End potential 0.05 V 
Voltage step 0.006 V 

Voltage step time 0.1 s 
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Sweep rate 0.06 V/s 0.06 V/s 
Peak Potential (Zn) -9.80V 
Peak Potential (Cu) -0.10V 
Peak Potential (Cd) -0.56V 
Peak Potential (Pb) -0.38V 
Peak Potential (Fe) -0.46V 
Peak Potential (Mn) -1.2V 

 
III.  RESULT & DISCUSSION 

The results of various process optimization measurements are as follows: 

A. Effect of pH 
The pH of the sample solution taken for adsorption was adjusted to pH 2, 3, 4, 5, 6 and 7 before adsorption. The % recovery (the 
ratio of recovered metal after adsorption from fish scale impregnated on polyurethane foam to input concentration) of the metals 
from the adsorption media showed the optimum adsorption at pH 6 for Zn (II), Cu (II), Fe (II), Mn(II) and pH 5for Cd (II) and Pb 
(II).  Figure 1 indicates the graphical representation of the results, where it is clear that the adsorption is less than 30% at pH 2, 
between 50 to 55% at pH 3, about  80% at pH 4 but exceed 90% at pH 5 in almost all cases.  
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Fig. 1:   % recovery of metals at different pH after recovery from adsorption media 

B. Effect Of Amount Of Fish Scale Impregnated On Polyurethane Foam 
The amount fish scale impregnated on polyurethane foam used for adsorption was varied from 200 mg to 400 mg for 50 ml sample. 
The maximum % recovery (the ratio of recovered metal after adsorption from fish scale impregnated on polyurethane foam to input 
concentration) as optimum at 300 mg. For 200 mg and 250 mg the recovery was less than 60% and around 80% respectively, while 
from 300 mg and above the recovery is almost constant at 90.5% to 92.5%. The fig 2 indicates the optimization of % recovery 
against amount of adsorbent taken for adsorption of 50 mg/L metal ion solution at pH 6 for Zn (II), Cu (II), Fe (II), Mn(II) and pH 5 
for Cd (II) and Pb (II). 
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Fig. 2: % recovery of metals at different amount of fish scale impregnated on polyurethane foam. 
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C. Effect Of Contact Time Of Adsorbent 
The optimized adsorption condition i.e. pH and Amount of adsorbent for metal ions were set externally before the adsorbent was 
added. The contact time was varied from 30 min. to 150 min. The results show 90 min. was sufficient contact time for adsorption. 
The results are summarized in Fig 3.  
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Fig. – 3:  % recovery of Heavy metals at different contact time between metal ion and fish scale impregnated on polyurethane foam. 

(Other parameters as per optimized conditions). 
 
D. Results Of Adsorbing Capacity Of Fish Scale 
The results of various metals present in the sample before and after adsorption with fish scale impregnated on polyurethane foam at 
optimized conditions (mentioned above) are reported in table 2. 
 

Table 2: Results of metal present in sample before and after adsorption with fish scale impregnated on polyurethane foam:- 

metal 
 Amount of metal in mg per 50 ml sample 

Before in sample After in filtrate Recovery 
Zinc (II) 303+0.3 9+0.3 293+0.3 

Copper (II) 405+0.3 13+0.3 392+0.3 
Cadmium (II) 158+0.3 6+0.3 152+0.3 

Lead (II) 185+0.3 6+0.3 178+0.3 
Iron (II) 605+0.3 19+0.3 585+0.3 

Manganese (II) 358+0.3 12+0.3 345+0.3 
 
It was considered of interest and to support the adsorption is due to fish scale and not only because of the polyurethane. The results 
of various metals present in the sample before and after adsorption at optimized conditions (mentioned above) with only using 
polyurethane are reported in table 3. 

Table: 3 Results of metal present in sample before and after adsorption with pure polyurethane foam:- 

metal 
 Amount of metal in mg per 50 ml sample 

Before in sample After in filtrate Recovery 
Zinc (II) 325 242 81.6 

Copper (II) 428 335 89.9 
Cadmium (II) 151 109 34.7 

Lead (II) 203 158 41.2 
Iron (II) 585 435 140.4 

Manganese (II) 320 238 75.8 
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IV.  CONCLUSION 
Fish scale impregnated on polyurethane foam as solid phase offers a simple, efficient and cost- effective method for removal of Zn 
(II), Cu (II), Cd(II), Pb(II), Fe(II) and Mn(II). Under the optimised conditions, these metals were quantitatively adsorbed at pH 5.0 
for Cd(II) and Pb(II), pH 6 for Zn(II) , Cu(II), Fe(II) and Mn(II). 300 mg of adsorbent and 90 min, contact time was sufficient for 
efficient adsorption of these heavy metals.  Considering the costal border of India the dry fish scale is available in plenty and the 
same can be used as low cost hazardous metal removal material.  
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