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Abstract: Studies using biosorbents for controlling heavy 

metals is the main stream of research on pollution control 

methods. This study explores the potential of SYZYGIUM 

CUMMINI seed powder as an effective bio sorbent in 

aqueous solution. Investigations have been made to 

optimize various physico chemical parameters such as 

adsorbent dosage, contact time, pH and initial 

concentration for the maximum removal of chromium (VI) 

from the aqueous solution. Maximum adsorption was 

observed at room temperature under acidic condition of pH 

4 with a contact time of 120 minutes. The percentage 

removal efficiency was found to be higher at lower 

concentrations. Based on these investigations Syzygium 

Cumini seeds can be used as a low cost alternative in bio 

sorption of waste waters containing lower concentrations of 

Cr (VI). 
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I. INTRODUCTION 

Eco-toxicity on living organism has become a prime concern 

in the last few decades. Our environment is continually 
exposed to pollution by organic and inorganic compounds 

such as pesticides and heavy metals. The main sources of 

Heavy metals are mining industries, run-off effluents, 

electroplating industries, tannery effluents, processing of 

radioactive materials, metal plating industries, etc. The 

industrial effluents contain different derivatives of heavy 

metals such as Cd, Pb, Ni, Cr, As, Cu, Fe etc. which are 

continuously discharged into the ecosystem and produce 

significant toxic impact. Among these Cr is the most 

important and highly toxic heavy metal. The most common 

forms of chromium which are used in industrial processes are 
trivalent chromium [Cr (III)] and hexavalent 

chromium[Cr(VI)].The chromium toxicity is mainly induced 

from its hexavalent form comparatively to chromate and 

dichromate ions. Cr (VI) is present in different compounds 

like calcium chromate, ammonium dichromate, chromium 

trioxide, chromic acid, lead chromate, potassium dichromate, 

sodium chromate and zinc chromate which has various 

industrial applications. Cr (VI) is also used in industries such 

as textile dyeing, leather, tanning, electroplating, fertilizers, 

metallurgical etc. Hexavalent chromium is highly mobile and 

considered carcinogenic because of its mutagenic and 

carcinogenic properties and hence more hazardous than any 
other metals. In addition, it also has a d v e r s e effect on 

human skin, kidney and liver. It causes respiratory problems, 

alteration of genetic material, lung cancer, and bronchitis.  

 

The concentration of Cr (VI) should not exceed 0.05 mg/L in 

drinking water. The tolerance limit for Cr(VI) discharge into 

inland surface water is 0.1mg/L in order to comply with this 

limits ,it is essential that industries treat their effluent to 

reduce the Cr(VI) ion concentration in water and waste water 

to acceptable levels before its transport and cycling into the 

natural environments. Several methods are utilised to remove 

Cr (VI) from industrial waste water. Some of them are 

chemical precipitation, ion exchange, reduction, adsorption, 

foam separation electrochemical, precipitation, cementation, 
evaporation, reverse osmosis, freeze separation, bio sorption. 

Most of these methods suffer with high capital and 

regeneration cost. Among these, biological processes 

(biosorption, bioaccumulation and biodegradation) have been 

proposed as potential methods for the removal of heavy 

metals from the environment and biosorption is considered to 

be most promising process for removing hazardous and 

environmentally undesirable chemicals. This process 

includes removal of both organic and inorganic constituents 

even at very low concentrations and it is relatively easy and 

safe to operate under both batch and continuous equipment 

with no sludge formation. and the adsorbent can be 
regenerated and reused. Syzygium cumini (jambul) is an 

evergreen tropical tree which is found in Bangladesh, India, 

Nepal, Pakistan, Sri Lanka, Malaysia, Philippines, and 

Indonesia.  Its seed is used in various healing systems like 

Ayurveda (to control diabetes), Unani and Chinese medicine 

for digestive ailments. Literature survey reveals that in most 

of the peer reviewed journals, the adsorption study of Cr (VI) 

with Syzygium cumini Seed powder as a bio sorbent has not 

been investigated and this is the first such study undertaken.  

 

II. MATERIALS AND METHODS 
A. MATERIALS 

Syzygium Cumini Seeds were collected from the local area 

and washed repeatedly with water to remove dust and 

soluble impurities. It was dried in natural sunlight for about 

two weeks and the skin layers were completely removed. 

Then the material were grinded well and stored in an air tight 

box. The powdered material was used as such and no pre-

treatment was given to the materials. 

 

B. METHODS 

1. Preparation of Cr(VI) Solution 

All the chemicals used were of analytical reagent grade. The 
standard stock Cr (VI) was prepared by dissolving 2.83 g of 

K2Cr2O7 in 1000 ml of distilled water. For working 

solutions it was further diluted to desired concentrations 
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ranging as 20,40,60,80 and 100 mg/L by diluting desired 

quantity of the above stock solution. The estimation of 

hexavalent chromium was carried out by using Diphenyl 

carbazide as per standard methods (APHA, 1995). Labomed 
UV-VIS spectrophotometer at 540 nm was used for 

measurement.  The pH was adjusted using sulphuric acid and 

sodium hydroxide.  

 

2. Batch experiments 

The experiments were carried out in conical flasks by 

agitating a pre-weighed amount of powdered adsorbent of 

Syzygium Cumini seed powder with the aqueous chromium 

(VI) solutions for a predetermined period. The biosorbent 

doses were maintained 0.1to1 g/L for different experiments. 

The adsorbent is filtered using whatman filter paper ( no 41) 

from aqueous solution for analysis of hexavalent chromium 
on spectrophotometer. Adsorption isotherm study is carried 

out with 30 mg/L concentrations of chromium (VI) and the 

adsorbent dosage of 0.1to1 g/L. The effect of pH, the effect 

of adsorbent, effect of the time duration and the effect of 

initial concentration are studied. All the experiments were 

carried out under room temperature. In this study, Langmuir 

and Freundlich isotherm models were used to analyze the 

equilibrium data. 

 

III. RESULTS AND DISCUSSION 

A. Effect of Adsorbent dosage 
The effect of adsorbent dosage is studied and the results 

obtained are summarised in graph1.To determine the 

optimum dosage of Syzygium Cumini seed powder it is 

added to conical flask containing 30 mg/l aqueous solution. 

The solution is kept in orbital shaker for about 120 minutes 

and is filtered and analysed for residual chromium 

concentration using spectrophotometer. The dosage which 

gives minimum residual concentration is adopted as optimum 

concentration. A graph was drawn with adsorbent added 

against the percentage Chromium removal. Fig – 1 illustrates 

the optimum dosage of Chromium removal. The maximum 
removal was 92.86% at 0.8 grams. 

 
Fig 1: Dosage Vs % Removal of Chromium 

 

B. Effect of Contact time 

The effect of contact time up to 240 minutes on chromium VI 

adsorption was studied using biosorbent dose of 0.8 g/L and 

hexavalent Chromium concentration of 30 mg/L.  The 

samples were treated for 15, 30, 45, 60, 90, 120, 180, 240 

minutes with raw SCSP. These conical flasks were kept in 

orbital shaker for agitation at 120 rpm .Samples were taken 

out and filtered. It was then tested in UV-VIS 

spectrophotometer at 540 nm for the Chromium 
concentration in the solution. Then the graph was drawn with 

adsorbent added against the percentage of Chromium 

removal. Fig-2 illustrates the optimum contact time against 

percentage of Chromium removal. The maximum removal 

was 96.23% at 120 minutes. 

 
Fig 2: Contact time Vs % Removal of Chromium 

 

C. Effect of pH 

The experiments using 100 mL of 30 mg/L Cr(VI) solutions 
for 120 minutes and adsorbent dose of 0.8 g were carried out 

at pH  4 to 10 and the biosorption of Cr(VI) is depicted in 

figure-3. The acidic medium (pH-4) has been found to show 

maximum biosorption up to 96% which decreases to 73% at 

neutral (pH-7) Figure-3. 

 
Fig 3: pH VS % Removal of Chromium 

 

D. Effect of Initial concentration 

Standard Cr (VI) solutions of 100 mL having initial 

concentration of 30, 40, 50, 60, 70, 80, 90 and 100 mg/L 

were treated with biosorbent 0.8 g dose in each solution and 

the pH was maintained at 4. The concentration of Cr (VI) in 

the solution was determined using the standard methods. The 

percentage adsorption increases up to 95.67% for 30 mg/L 
Cr (VI) concentration there after it decreases (figure-4). 
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Fig 4: Initial concentration VS % Removal of Chromium 

 
IV. SURFACE MORPHOLOGY STUDY 

The biosorbent Syzygium Cumini seed powder and 

Chromium (VI) loaded was studied using Scanning Electron 

Microscopy and the same is given in below figure 5 and 6. 

The microscopy shows that most of the hexavalent chromium 

is adsorbed on the surface of the biosorbent particles. 

 
Fig 5: SEM of biosorbent Syzygium Cumini seed powder 

 
Fig. 15: SEM of biosorbent loaded with Cr (VI) 

 

V. CONCLUSION 

An attempt is made to utilize locally available agricultural 
residues as adsorbent for removal of Cr (VI) from aqueous 

solutions. The utility and viability of Syzygium Cumini seed 

powder as adsorbent for removal of Cr (VI) using synthetic 

samples is investigated. The optimal conditions for Cr (VI) 

removal for the adsorbent were studied. It is observed that the 

maximum removal occurs at an Initial Cr (VI) concentration 

of 30ppm, at pH, 4 with an adsorbent dosage of 0.8g and 

maximum agitation time of 120 minutes. The adsorption 

efficiency was graphed and the results are effectively 

depicted. 
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