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Abstract— Heavy metal ions pollution in water is the major environmental challenge risking millions of human lives 
especially in the developing countries. In developing countries where there is scarcity of resources for the water treatment 
/purification; in such scenario agricultural waste material is best possible option. In this study effect of different parameters on 
the bio sorption of heavy metals ion (Ni2+, Pb2+, Cr6+) by the agricultural waste biomass. The parameters namely pH, metal ions 
concentration, contact duration, quantity of adsorbent, shaking speed (rate) and temperature were optimized and compared. 
The selected biomass was effective for the removal of heavy metals from water. 
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I. INTRODUCTION 
 
Today water discharges from industries are the major 
causes of water pollution resulting in destabilized 
ecosystems. The availability of pure water is an 
essential element for the sustainability of life on earth.  
The water quality depends on aquatic environment 
maintained by its chemical, physical, and biological 
interactions[1]. Though the industrialization has 
improved the quality of human life but at the same 
time industrial waste is posing great threat 
environment and hence all living creatures. Among 
different environmental contamination heavy metal 
contamination is water is one of serious issue as heavy 
metal discharges imperils ecosystem because of the 
smelting, development of mining and other industrial 
activities[2, 3]. The following ions of metals are 
reported to be in greater quantity in water in the order 
of Zn > Pb > Ni > Cu > Mn > Fe > Cr > Cd. The heavy 
metals have been cause for the various diseases 
namely, hepatitis,  cancer, neurodegenerative diseases, 
multiple sclerosis, muscular dystrophy and multiple 
sclerosis etc. [4, 5]. These findings suggest that water 
purification research is of utmost important and a lot 
of research has been conducted in this discipline. 
Multiple techniques have been designed for the water 
purification such as precipitation, reverse osmosis, 
evaporation and condensation, bacterial and fungi bio 
sorption techniques [6-10]. Use of the agriculture 
waste for the removal of heavy metals is economical 
and feasible Method in this regard. Research suggest 
the application of agricultural waste as adsorbent  
potential to removal heavy metals and this method is 
cheaper, simpler and can be done by common man 
quiet easily [11, 12]. In this study different adsorption 
parameters e.g. pH, metal ions concentration, contact 
duration, quantity of adsorbent, shaking speed (rate) 
and temperature were optimized and compared for 
removal of heavy metals Ni2+, Pb2+ and Cr6+ by the 
application of biosorption using agricultural waste as 
biomass adsorbent. 

II. MATERIAL AND METHODS 
 
Chemical Reagents and instruments: Formaldehyde 
(2%), Pb(NO3)2, NiSO4.6H2O, K2Cr2O7, 0.1M NaOH 
0.1M HCl were purchased from Sigma-Aldrich. 
Atomic Absorption Spectrophotometer (Perkin Elmer 
AA-100 Analyst) digital pH meter (Mettler Toledo), 
and thermometers were used in this study.  
 
Biomass preparation: Biomass adsorbent agricultural 
waste stem of Brassica Campestris stem were taken, 
dried and ground to powder.  
 
Preparation heavy metal ions aqueous solution: Three 
different metals ionic solutions of (Ni2+, Pb2+, Cr6+) of 
different concentrations were prepared separately and 
were utilized for biosorption process. 
 
Biosorption studies: Initially different amounts of bio 
sorbents were used for 50 mL aqueous salts solutions 
of nickel, chromium and lead ions. Different 
parameters of the adsorptions were analyzed and were 
optimized for maximum adsorption of metal ions.   
 
Atomic absorption Spectroscopy (AAS): The metal 
ions concentrations were quantified using ASS 
analysis. The metal ions were analyzed before and 
after biosorption of agricultural waste i.e. stems of 
Brassica Campestris by using standard solution for 
calibration curve. 
 
III. RESULTS AND DISCUSSION 
 
Adsorbent dosage effect on metal ions removal: The 
amount of adsorbent was optimized to determine the 
metals ions removal capability from the water. 
Different amount of adsorbent was used ranging from 
200mg/50mL to 1200mg/mL. The trends of 
adsorption for Cr6+ were found to be roughly similar 
(i.e. nearly above 90% adsorption) while varying the 
adsorbent amount. However, Ni2+ and Pb2+ ions 
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adsorption was found to be increase with increase in 
amount of adsorbent as their adsorption increased 
from 20% to nearly 50% while changing the adsorbent 
amount from 200-1200mg/50mL. Figure 1 shows the 
trends of adsorption with the variation in adsorbent 
amount.  

 

 
Figure 1  Metal ions (%) removal with change in amount of 

adsorbent. 
 
Effect of pH variation on the adsorption process:  The 
effect of pH change was evaluated keeping the amount 
of adsorbent (1g), metal ions concentration 
(120mg/mL), shaking rate (150rpm) constant. It was 
observed that the overall adsorption process of 
metallic ions increases with increase in pH for the 
(Ni2+, Pb2+, Cr6+) as shown in the    Figure 2. The 
trends in adsorption are almost similar with for all ions 
however, Pb2+, Cr6+ found to be almost 100% at pH 11 

and Ni2+ was slightly lesser than other two ions. 
 

 
Figure 2 Effect of pH variation on the adsorption of metal ions. 
 
Effect of time duration on the adsorption process: 
Time duration of contact between the ions and 
adsorbent in the ionic solution is also key factor of 
adsorption process. The effect of contact time was 
determined keep all the other factor constant. Figure 3 
shows the effect of contact time on the adsorption 
process of ions on the adsorbent. It can be seen, that 
time of contact have no effect on the adsorption of 
metal ions. Based on this observation, it can be 
concluded that adsorption process is almost 
independent of contact time. The metal ions Pb2+, Cr6+ 
were found to be adsorbed almost 95% while Ni2+ was 
found to be 65% adsorbed. Thus, minimum time of 15 

minutes contact time is sufficient for the complete 
adsorption process. 

 

 
Figure 3 Effect of contact time on the adsorption of metal ions 

 
The effect of temperature change on the adsorption 
process: Temperature is also one of the key parameter 
for the adsorption process. The effect of temperature 
was assessed on the adsorption process for the metal 
ions Ni2+, Pb2+, Cr6+. 
In Figure 4 the line graph represents the effect of 
temperature on the adsorption of metal ions while 
keeping the all other parameters constant. It can be 
observed that adsorption of Pb2+ and Cr6+ ions is 
independent of the temperature variation as their 
adsorption was found to be almost 100% against all 
temperature changes. However, temperature change 
had abrupt effect on the adsorption of Ni2+. The 
adsorption of Ni2+ was fond to increases with increase 
in temperature and it reached from 60% to 100% 
adsorption the increase in temperature from 20-60 °C. 
Thus, for the adsorption of Ni2+ 60 °C is optimal best 
temperature for adsorption. 
 

 
Figure 4  Effect of temperature on the adsorption process of the 

metal ions. 
 
Effect of variation of shaking on the adsorption 
process: Speed of mixing (shaking rate) is also one of 
important factor in the adsorption process. Effect of 
shaking rate was evaluated using different rates after 
adding the adsorbent in the individual metal ions 
solution. It was found that rate adsorption increases 
with shaking speed (rate) solution. Adsorption 
increases to with increase in the shaking from 50 rpm 
to 250 rpm then graph become flat which suggest no 
change from that point on, as shown in Figure 5. 



International Journal of Management and Applied Science, ISSN: 2394-7926                                                 Volume-5, Issue-3, Mar.-2019 
http://iraj.in 

Effect of Different Parameter on Removal of Heavy Metal Ions (Ni2+, Pb2+, Cr6+) from Waste Water using Biomass Adsorbent 
 

58 

 
Figure 5Effect of shaking rate variation on adsorption process 

of metal ions 
 
Significance of the study: Heavy metal contamination 
in water is the major problem world especially 
industrial areas and some time in remote areas too. 
Agricultural waste application for the purification of 
water from heavy metal ions is a greener method 
compared to conventional techniques. Bioadosprtion 
is a cheaper, simple and most effective process for the 
purification of water from the heavy metals. Most 
importantly common man can be benefited from it 
without any extensive training.                                          
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