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Abstract 
The Tamilnadu Chromate Chemicals Limited (TCCL) is a company which produced Chromium for chrome tanning leather 

industries located in the industrial belt of Ranipet, Vellore District, Tamilnadu. It was closed because of heavy pollution in the year 
1997. The chromium ore which was stored in the company is slowly seeping out along with rain water and mixed with ground water 
aquifers. Hence the present study, attempts to estimate the chromium level in the stagnant water present in and around the industry and 
remediate using biological waste. The water collected from experimental area was analyzed using AAS, which shows the presence of 
cadmium, chromium, Manganese, Lead. The biological wastes from banana were selected for the remediation studies as it is one of 
the chief commercial plants, cost effective and available throughout the year. The different varieties of banana available in the market 
were procured and the peels were used as bio-adsorbent for remediating the polluted water. Poovan banana peels shows highest 
adsorption level 92.94% followed by Red Banana peel 92.83%, Karpooravalli banana peel 88.94%, Green banana variety 87.63%, 
Rasthali banana variety 89.61% and Elachi banana variety 91.25%.  
Key words: Heavy Metal Chromium, Bio adsorption, Banana peels. 
 
Introduction 

Heavy metals released from industries as effluent pollute the soil and ground water as it seeps into the soil. (Won et al., 2014; 
Abdi and Kazemi, 2015; Shakoor et al., 2015). Heavy metals are the toxic and non-biodegradable substances when bio accumulated 
create serious complications to the living organisms. Heavy metal waste has been increased rapidly since the revolution of the 
industries. The metal from the industrial activities are mobilized and enter into the soil or water and enters the food chain. The metals 
are necessary for the human beings in the activation of enzymes and enzyme cofactors in trace amounts but accumulation of heavy 
metals becomes toxic causing adverse effects on the living beings. Beyond a certain level, Chromium it is toxic (Balamurugan et al., 
2004), mutagenic (Gili et al., 2002), carcinogenic (Codd et al., 2003) and teratogenic (Asmatullah et al., 1998). Recent studies have 
revealed that the untreated waste water from the industrial sources affects the water quality of the surroundings and makes the water 
unfit for consumption.   

 
Banana is otherwise called as Apple of paradise, which is one of the most important crops grown by more than 130 countries 

in the world belonging to the genus Musa (family Musaceae). In India the banana production was about 24.9 million tons while the 
total world production of Banana during 2012 was about 13 9.2 million tons.  Almost all the modern edible bananas come from the 
two wild species – Musa acuminata, Musa balbisiana. The scientific names of bananas are Musa acuminata, Musa balbisiana 
depending on their genomic constitution 

 
Several research groups have used raw and chemically treated banana peels for the removal of toxic heavy metal ions from 

aqueous solutions and industrial wastewater. Banana peel has been used as an adsorbent to remove the metals copper and lead from 
the wastewater which gave it on to use banana peel as an adsorbent to remove the chromium. Banana peels are used as good 
biosorbents as it is economical and gives efficient result (Vijayaraghavan and Yun, 2008). 

 
Materials and Methods 

The study area selected was the industrial belt of Ranipet, Vellore. Water samples were collected from TCCL industry. 
Different varieties of banana were chosen and purchased from the local market. Banana varieties chosen for the experiment are Red 
banana (Musa acuminate), Rasthali banana, Elachi banana, Green banana (Musa acuminate AAA genome), karpooravalli banana 
(Musa acuminate - ABB genome), yellow poovan banana - (Musa acuminate - ABB genome).  

 
    Fig 1 Poovan banan    Fig 2 Karpooravalli  banana     Fig 3 Red banana        Fig 4 Elachi banana 
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   F ig 5 Green banana           Fig 6 Rasthali banana                   Fig 7Banana Peels in Orbital Shaker 
 
 

 
                             Fig 8  Banana peels – Drying              Fig 9 Siever                    Fig 10 Banana peels added to Sample 

 
The banana peels were removed and washed thoroughly in distilled water to remove the external dirt. The peels cut into small 

pieces and kept in the hot sun at 90 ° c for 3 days. Then the dried peels were rinsed with distilled water and kept in Shaker for 35 
minutes at 350 rpm, after which the moist peels were sun dried for one day and also kept in the hot air oven for 24 hours at 45 ° c to 
remove the moist content. The dried banana peels were grinded into powder, sieved using 250-micron sieve and stored in plastic 
container for experiment.  

 
Sufficient amount of all the five varieties of banana peels powder were storage in dry containers to use for bio-absorption 

experiments. 8 grams of Banana peel powder was added to 100 ml of effluent collected from the TCCL industry. Likewise, 6 
Experimental Setup was made ready in 250 ml conical flask with the concentration of 8 mg/l and shaken thoroughly. It was kept for 
24 hours and the solution was filtered using Whatman filter paper and heavy metal ion concentration was measured by Atomic 
Absorption Spectrophotometer.   
 
Result And Discussion 

The analysis of the effluent collected from TCCL Industry, Ranipet Industrial area contained different heavy metals like 
Cadmium, Chromium, Magnesium and Lead. Table 1 shows the estimated heavy metal concentration of the effluent and the mean 
absorption. Fig 1 represents the concentration of the heavy metals in mg/l. From the above result the Heavy metal Cadmium is -0.008 
mg/l, Chromium is 286.308 mg/l, Magnesium is 60.158mg/l and Lead is 0.87 mg/l. Chromium found to be more in concentration. 
Based on this result further research work was carried out to bio remediate the chromium present in effluent.  

 
Table 1. Estimation of heavy metal in the effluent sample collected from TCCL, Ranipet. 

Sample Conc. Of heavy 
metal (mg/l) 

Mean 
Absorption 

Cadmium -0.008 -0.0012 
Chromium 286.308 0.4988 
Magnesium 60.1585 0.7425 
Lead 0.87 0.0103 
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Fig 11. Concentration of different heavy metals present in the effluent sample collected from TCCL, Ranipet, Vellore,  
Tamil Nadu, India 

 
 

As banana peels are very effective, economical, and available throughout the year and we find many varieties cultivated, it 
was selected as the bio-absorbent to remediate the heavy metal chromium from the effluent (Shakoor et al., 2015; Abid et al., 2016).  
The effluent was analysis to find the concentration of Chromium as 286.308 mg/l, which is before remediation. Table 2 shows the Red 
banana variety with a mean absorption of 0.0204 has 92.83% of absorption, Elachi banana variety with a mean absorption of 0.0247 
has 91.25% of absorption, Rasthali banana variety with a mean absorption of 0.0290 has 89.61% of absorption, Green banana variety 
with a mean absorption of 0.0340 has 87.63% of absorption, Karpooravalli banana variety with a mean absorption of 0.0308 has 
88.94% of absorption and Poovan banana variety with a mean absorption of 0.0198 has 92.94% of absorption. 

 
Table 2. Absorption Efficacy of variety of banana peels on heavy metal Chromium 

Banana Variety Conc. Of 
Cr (mg/l) before 
remediation 

Conc. Of 
Cr (mg/l) after 
remediation 

Mean 
Absorption 

% of Absorption 

Red banana 286.308 20.524 0.0204 92.83 
Elachi banana 286.308 25.046 0.0247 91.25 
Rasthali banana 286.308 29.722 0.0290 89.61 
Green banana 286.308 35.397 0.0340 87.63 
Karpooravalli banana 286.308 31.651 0.0308 88.94 
Poovan banana 286.308 20.202 0.0198 92.94 

 
Fig 12.  Absorption of heavy metal Chromium by various banana peels 
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Conclusion 
 Banana peels are economic, easily available and effective for the adsorption of heavy metal chromium. The percentage of 
absorption of each variety of banana peel proves to be a significant solution to overcome the problem of ground water pollution 
caused by industrial revolution. 
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