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Abstract: In recent years industrialization, consequent urbanization and increasing population, has 
lead to pollution of basic amenities of life air, water and soil. The major pollutants from the industrial 
complexes are effluents with heavy metals. Chromium is a highly toxic element and major pollutant 
present in the environment. Chromium (III) and (VI) are mainly found in chrome plating, dyes and 
pigments, leather tanning, and wood preserving. Chromium (VI) is mobile and easily soluble into 
cells of an organism. There are many methods like ion exchange, ultra filtration, reverse osmosis etc 
by which chromium (VI) can be removed but they are quiet expensive and have many other 
disadvantages. In our present study, natural products considered to be wastes were used as adsorbents 
because of its high availability and low-cost. Low cost adsorbent used was Green coconut shell in a 
processed form in order to compare the efficiency. This study, reports the efficiency of low cost 
biosorbents in remediation of chromium (VI). It is seen that the biosorbents, green coconut shell has 
showed high biosorption capacity as it reduced 50% of 100mg/L concentration of chromium in a span 
of 24 hrs. The obtained results showed that incubation time and size of adsorbent affected the uptake 
capacity of biosorbent. As the time increased the percentage of adsorption increased till 264 hours. 
Smaller the size more efficient is the adsorption capacity. Hence, low cost biosorbents can be 
potential agents of bioremediation of heavy metals which are toxic to all life forms especially to 
humans. 
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Introduction  
 
 In the wake of industrialization, consequent urbanization and increasing population, the basic amenities of life 
i.e. air, water and soil are being polluted continuously. Industrial complexes have become the focus of environmental 
pollution. The major pollutants from the industrial complexes are effluents with heavy metals. Chromium, a highly toxic 
element is a major pollutant present in the environment, are mainly found in chrome plating, dyes and pigments, leather 
tanning, and wood preserving (Anyakora et al., 2011). Chromium (Cr) is a heavy metal that can exist in six valence 
states, 0, II, III, IV, V and VI, which represent the number of bonds an atom is capable of making. Trivalent (Cr-III) and 
hexavalent (Cr-VI) are the most common chromium species found environmentally. Trivalent is the most stable form 
and its compounds are often insoluble in water. Hexavalent Chromium is the second most stable form, and the most 
toxic. Many of its compounds are soluble. Most chromium VI in environment is due to anthropogenic activities. 
Occupational exposure is via inhalation. Cr (III) is poorly absorbed, whereas Cr (VI) is readily absorbed.. Exposure to 
chromium leads to nasal irritation, nasal ulcers, and perforation of nasal septum and hypersensitivity reactions and 
chronic holes of the skin (Holmes et al., 2008). World Health Organization and  Indian Standard Institution has the 
desirable limit for Cr (VI) in drinking water is 0.05mg/L and With reference to Central pollution control board, the 
allowable chromium concentration in effluents is 2.0-5.0 mg/L. The techniques conventionally used for removal of 
heavy metals from contaminated sites include: reverse osmosis, electro dialysis, ultra filtration, ion-exchange, chemical 
precipitation, phytoremediation, etc. Each of these methods has its own merits and demerits (Hima et al., 2007) the 
methods suggested are being time consuming and needs expertise. Bioremediation is a process of removal of toxic 
metals using living organisms. Bioaccumulation is the widely used bioremediation technique which involves the 
accumulation of heavy metals in the organism. Though the technique is widely used, has its own pros and cons. 
Biosorption is a physicochemical process that occurs naturally in certain biomass which allows it to passively 
concentrate and bind contaminants onto its cellular structure. The most frequently studied biosorbents are Bacteria, 
Fungi and Algae. But more recently, the search for new cost effective biosorbents has directed attention and natural 
sorbents which can effectively remove toxic metals (Senthilkumar et al., 2000).   A successful biosorption process 
requires preparation of good biosorbent. The process starts with selecting various types of biomass. Pretreatment and 
immobilization are done to increase the efficiency of the metal uptake. The adsorbed metal is removed by desorption 
process and the biosorbent can be reused for further treatments ( Hima et al.,2007). In our study, biomass of Green 
coconut shell considered as waste and disposed to the environment without any further usage, was used as adsorbent 
because of its high availability and low-cost.  
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Materials and Method  
 
Sampling 
        The adsorbent Green coconut shell waste was collected from coconut vendors , sun dried for 2 days and was 
blended in a mixer. The blended powder was sieve separated on the basis of  particle size of 719 microns and 250 
microns and pre treated with 0.1 M NaOH for 3 hours and then washed with distilled water to remove the traces of 
NaOH( Rosa et al.,2010).The sample was filtered and then dried at 50°c in Hot air oven . 
 
Estimation of Chromium (VI) 
        Chromium estimation was carried out by spectrophotometric method using Diphenylcarbazide (APHA 2005).  
Chromium (VI) was determined colorimetrically by reaction with diphenylcarbazide in acid solution. A pink colour 
complex was formed, absorbance was read at 540nm. Chromium standard of 100mg/L was prepared using potassium di 
chromate. Optical density of known standard samples was recorded and Graph of absorption versus amount of 
chromium (µg) was plotted. 
 
Batch Studies 
        The batch studies were carried in 250ml conical flasks at Room Temperature (RT)  by shaking at an interval of two 
hours. 0.5g of biosorbent Green coconut shell waste was mixed with 100ml of standard chromium solution(100mg/L) in 
250ml conical flask. After a known contact period of 24, 48, 72, 96 hours (h), 0.5ml of solution was collected from 
conical flask and centrifuged at 6000rpm for 5 minutes at 4°c. The supernatant thus collected was estimated for 
chromium by DPC method (Shankar Congeevaram., 2006). Adsorption studies were conducted in triplicates. 
 
Column Studies 
               A borosilicate column (21cm X 2.2cm) was filled with adsorbent Green coconut shell waste corresponding to 
3cm bed heights. The adsorbent was initially heated with distilled water to 80°C to remove the lipids. The bed was then 
filled with 10ml of chromium solution (100mg/L). After a known contact period of 24, 48, 72, 96 hours (h), 0.5ml of 
solution was collected and estimated for chromium by DPC method The amount of chromium before and after 
adsorption was determined by DPC method. 
 
Results and Discussion  
 
Sampling 
       The Green coconut shell samples of different sized particles obtained by sieve method were collected processed and 
stored at room temperature for analysis. 
 
Estimation of Chromium(VI) 
      The hexavalent chromium was determined calorimetrically by reaction with diphenylcarbazide in acid solution. 
Absorbance at 540nm was found to increase as the as the chromium concentration increases. The results are as plotted 
in Figure 1. 

 

                                                 Figure1: Standard Chromium curve by DPC method.  

Batch Studies 

        The amount of chromium decreased from day 1 to day 8. Sample of particle size 719 microns was found to adsorb 
90mg of chromium from the solution, whereas, that of particle size 250 microns was found to remove chromium 
completely from the solution on day 8. Comparisons of amount of chromium in the solution with both the particle sizes 
are as depicted in Figure 2 ( 2a and 2b) 
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Figure 2: Effect of Particle size on Adsorption in Batch studies 2a: Chromium removal capacity of green coconut shell. 
2b: Percentage adsorption of green coconut shell 

Column Studies 

         The amount of chromium was found to reduce gradually and total amount of chromium was to be absorbed in 30h. 
Sample of particle size 250 microns was found to adsorb chromium completely in a short contact time(42h), whereas, 
the same of particle size 719 microns showed 100% adsorption by the end of 48h. percentage adsorption by sample of 
both particle sizes are compared in Figure 3 (3a and 3b). 

             

Figure 3: Effect of Particle size on Adsorption in column studies 3a: Chromium removal capacity of green coconut 
shell. 3b: Percentage adsorption of green coconut shell 

SEM and EDS Analysis 

       Scanning electron microscope evaluated the morphological characteristics of coconut. The micrographs of coconut 
shell powder before metal uptake and the respective EDS (Energy Dispersive Spectroscopy) analyses are presented in 
Fig 4a and 5 respectively. Fig 4b and 6 show the same for coconut shell after chromium uptake.  

                                

Figure 4: Scanning electron micrograph of coconut shell a) Before and b)after Cr biosorption. 
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        Figure 4 a shows a quite irregular and porous material. This surface characteristic would be substantiating the high 
adsorption observed for particles of larger size, through mass transport inside the sorbent. Figure 4 b shows no 
significant difference between the surface of particles loaded with metal ions and the particles that does not suffer the 
biosorption process . 

                    

Figure 5: EDS diffractogram of micrographs of coconut shell before Cr uptake. 

The EDS analysis presented in Figure 5 shows the presence of Cu, K, O and C as natural species on the coconut shell, as 
already expected. The presence of these elements could influence on the adsorption mechanism thought ionic exchange 
interactions. 

The EDS analysis in the particle loaded with chromium presented in Figure 6, shows the presence of chromium bands, 
and the absence of Ca, K, Na, O and Mg bands. This could be indicative of ionic exchange mechanism involvement 
between these elements and Cr on the surface of particles. The band of Au appears in the EDS, a time that the 
metalizing of the samples was carried through with this element.   

 

Figure 6:EDS diffractogram of micrographs of coconut shell after Cr biosorption. 
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Conclusions  
 
          The study establishes the role of low cost adsorbent  like green coconut shell in biosorption, accumulation and 
remediation of chromium (VI). Heavy metals can be toxic to all the life forms especially to humans due to their strong 
affinity to form complexes with the constituents of cell membrane, causing impairment of their functions and loss of 
integrity. However, low cost adsorbents can be potential agents for bioremediation of heavy metal pollution. 
The study when conducted in batch revealed that capacity of green coconut shell to biosorb the heavy metal chromium 
(VI). Sample G showed to absorb 50% of chromium with an incubation of 24h and 90% adsorption in 144hrs. 
      The results obtained showed that incubation time affected the uptake capacity of biosorbent. As the time increased 
the percentage of adsorption increased till 264 hours.  Another important parameter was the influence of the particle size 
(719 and 250 microns) used to uptake chromium. It showed increase in chromium adsorption with decrease of particle 
size of biomass. Later, a column study was performed in which Sample G and was found to adsorb maximum amount of 
chromium. So finally, green coconut shell powder of 250 microns showed better results than 719 microns. The analyses 
accomplished by MEV-EDS proved the presence of chromium in the biomass particles i.e green coconut shell powder 
after biosorption. The micrographs obtained show a quite irregular and porous material. This surface characteristic 
would be substantiating the high adsorption observed for particles of larger size, through mass transport inside the 
sorbent. 
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