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 ABSTRACT 

The adsorption of divalent nickel ions from synthetic wastewater by biomass of brown 

mustard (Brassica juncea) was investigated. The influence of contact time, initial metal ion 

concentration and temperature on metal ions removal has been studied. These variables had 

a considerable function in promoting the sorption process of Ni (II) ions using the biomass. 

The biosorption experiments were carried out with the initial concentration of Ni (II) as100 

mg/L at the biomass dose rate of 2.5g/100mL. The equilibrium time was found to be of the 

order of 150 min for the maximum removal of 98.40 % of divalent nickel ions from 

synthetic wastewater. 

 

 
INTRODUCTION 

Heavy metals are frequently discharged by a 

number of industries and can lead to the contamination of 

freshwater and marine eco-system. Presence of heavy 

metals in natural and human-altered environments poses a 

higher risk to public health because of their toxic, non-

biodegradable and bioaccumulation nature [1]. The removal 

of toxic heavy metal ions from wastewater has been widely 

studied in recent years, because they may be toxic to 

organisms including humans [2]. 

It is well known that many heavy metals are 

harmful to life. According to the World Health 

Organization (WHO) listing, the metals of most immediate 

concern are aluminum, chromium, manganese, iron, cobalt, 

nickel, copper, zinc, cadmium, mercury and lead. These 

metals are significantly   toxic   to   human   beings   and 

ecological environments [3].  
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Divalent nickel is toxic to most organisms for 

concentrations higher than 0.05 mg/L. It is carcinogenic in 

animals [4]. It is frequently encountered in raw wastewater 

effluent from industries, such as non-ferrous metal, mineral 

processing, electroplating, porcelain enameling, copper 

sulfate manufacturing, and battery and accumulator 

manufacturing process. According to the WHO guideline 

values, the maximum permissible concentration of nickel in 

drinking water is 0.02 mg/L. The accumulation of large 

quantities of Ni (II) in humans can cause a variety of 

negative health effects and leading to death [5]. Therefore, 

it is necessary to reduce the concentration of nickel in 

industrial effluent before it is discharged into the 

environment. 

In order to remove toxic heavy metals like Ni (II) 

from water systems, some of the conventional methods 

have been used till date are electrolytic deposition, electro 

dialysis, electrochemical, evaporation, precipitation, ion 

exchange, reduction, reverse osmosis [6 – 8]. However, 

most of these methods are associated with high 

instrumental and operational costs [9]. Further, they may 

generate secondary wastewater that is more difficult to treat 

and disposal problems of solid wastes [10, 11]. 
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Recently, adsorption has become one of the best 

alternative treatment techniques for wastewater overloaded 

with heavy metals. Basically, it is a mass transfer process 

by which an adsorbate is transferred from the liquid phase 

to the surface of the adsorbent and becomes bound by 

physical and/ or chemical interactions [12]. Moreover, it is 

a simple and versatile process and does not involve any 

extensive energy consumption [13, 14]. 

Adsorption by pure activated carbon (PAC) is 

more effective for metal ions removal from wastewater 

system. But the method becomes highly expensive for 

treatment of waste water [15]. Hence, new search for the 

low cost and environmentally friendly materials as 

adsorbents for the treatment of wastewaters is essential.  

The main objectives of this article evaluation of 

the capability of the biomass generated from the very 

commonly cultivated brown mustard (Brassica juncea) a 

vegetable species in Tamil Nadu, India, for the removal of 

toxic heavy metal ion Ni (II) from synthetic wastewater as 

working model for its application of real industrial 

wastewater treatment. The effect of various important 

parameters such as pH, heavy metal concentrations and 

biomass dosages, contact time and temperature on the metal 

ion removal process is discussed. 

 

MATERIALS AND METHODS 

Preparation of the adsorbent 

The brown mustard (Brassica juncea) plant leaves 

were collected from the local agricultural garden and 

repeatedly washed with double distilled water to remove 

the dust and other water-soluble impurities and dried at 

room temperature (30 
o
C). The plant material was ground 

using laboratory ball mill, then sieved to 1.0 – 3.0 mm size 

and stored in clean airtight polythene container for further 

use.  

 

Preparation of the metal solution 

A stock solution of 1000 mg/L of Ni (II) ion was 

prepared by dissolving 4.4783 g of NiSO4 6H2O (Analytical 

grade substance supplied by Merck) and diluted to 1L. The 

working solutions of different concentrations were obtained 

by further diluting the stock solutions in distilled water. The 

desired pH of the adsorbate solution was adjusted using 0.1 

N HCl or NaOH. 

 

Biosorption process 

Batch adsorption experiments were carried out by 

using series of iodine flask containing 0.5 to 4.0 g of 

biomass sample with 100 mL of synthetic solution of Ni 

(II) of the desired concentration of 100 mg/L at a constant 

temperature (30 ± 1
o
C). The initial pH values of the 

solution were 4.5. The experimental flaks were agitated at a 

string speed of 250 rpm for a pre-determined time of 180 

min. At the end of the agitation period, the solution was 

filtered off using Whatman No 40 filter paper. The progress 

of adsorption was assessed by determining the residual 

concentration of Ni (II) in filtrate by using atomic 

absorption spectrophotometer.  

The percent removal of nickel ions and the amount of 

metal ion adsorbed from synthetic wastewater was 

calculated by the following equations:  
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Where Co and Ce are the initial and equilibrium 

concentrations of the adsorbate (mg/L), w is mass of 

biomass (g) and V is volume of the synthetic wastewater 

(mL) respectively.   

 

Biosorption parameters 

Optimization of level of pH, required contact time 

for establishing proper equilibrium, and the amount of 

biomass for best adsorption process is very much essential. 

Hence, systematically, the following steps were carried out.  

The effect of pH on the biosorption of Ni (II) ions 

was carried out in the range of 2.0 to 6.5 g at the interval of 

0.5 g. The initial concentration of the metal ions was kept at 

100 mg/L at the desired experimental temperature and the 

amount of biomass was 2.0 g. For the purpose of 

optimization of amount of biomass, a series of experimental 

flasks were loaded with biomass in the range of 0.5 to 5.0 g 

at the interval of 0.5 g. The solution pH was kept at 4.5. By 

keeping the level of pH and amount of biomass as constant 

parameters, the equilibrium time was set from 30 to 180 

min at the interval of 30 min. Role of temperature is also 

one of the important parameter on the biosorption process 

of mental ions on the adsorbent, so by considering the pH, 

equilibrium time, amount of biomass as constant and the 

working temperature is varied from 30 to 80 
o
C at the rate 

of 10 
o
C for the accomplishment of best biosorption. 

To illustrate the influence of different amount of 

metal ions concentration on biosorption process, the 

biosorption experiments were carried out using the initial 

concentration of Ni (II) ion 10, 25, 50 and 75 mg/L 

respectively.  In all the above experiments, properly 5 ml of 

aliquots were taken from the suspension and the 

concentration of Ni (II) ion is determined by using AAS. 

The data obtained were analyzed and standard deviations of 

the statistical tests were carried out using the program of 

analysis of variance (ANOVA) by using SPSS program. 

 

RESULT AND DISCUSSION 

Characterization of biomass sample 

The characterization of biomass is very much 

essential to ascertain the proper adsorption capacity of the 
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adsorbents in any metal ion removal process. The important 

physico-chemical properties of the brown mustard 

(Brassica juncea) are presented in Table 1.  

 

Effect of pH 

It is well known that the pH of the aqueous 

solution is one of the influential parameter on the 

biosorption of metal ions by biosorbents [16]. The pH of 

the solution affects the protonation of the functional groups 

present in the biosorbent and also the metal ion solution 

chemistry. Therefore, in order to establish the effect of pH 

on the adsorption of Ni (II) ions, the batch equilibrium 

studies were carried out in different pH values. The 

analytical result are presented in the Figure 1 and shows 

that the amount of divalent nickel ions removed from 

aqueous solution as a function of pH at a concentration of 

100 mg/L. The amount of Ni (II) ions removed from 

solution increases rapidly from pH 3.5 to pH 6. It is 

estimated that, the maximum removal of 98.40 % of nickel 

ion was established at the pH 4.5. At low pH, there was 

clear competition for sorption sites between Ni (II) and 

protons. Above pH 6, the rate of removal of nickel ions 

from the solution by the brown mustard biomass started 

decreasing which indicates the hydroxylation and 

precipitation of Ni (II) at higher pH. 

 

Effect of amount of biomass 

A study on the influence of amount of adsorbent is 

an important parameter in the adsorption process because it 

determines the capacity of adsorbent for a given initial 

concentration of metal ion solution. The effect of adsorbent 

dose on the percent removal of Ni (II) at an initial 

concentration of 100 mg/L is presented in Figure 2. The 

results reveal that, the increase in Ni (II) ion from 30.25 % 

to 98.40 % with the required optimum dose of 2.5 g/100 

mL. Beyond the optimum dose the removal efficiency did 

not change with the adsorbent dose. Removal of Ni (II) ion 

with an increase in the amount of biomass is due to the 

increase in surface area and adsorption sites available for 

adsorption [17]. Further, it can be accredited to the binding 

of metal ions onto the surface functional groups present on 

the biomass. Similar research findings have also been 

reported from other researchers [18 – 20]. 

 

Effect of contact time 

From the economic system point of view, the role 

of the equilibrium time assessment is very important 

especially in many wastewater treatment applications. The 

effect of contact time on adsorption efficiency is depicted in 

Figure 3. The contact time needed to reach the maximum 

removal of Ni (II) ions by brown mustard biomass was 

dependent on the type of heavy metal. The equilibrium 

adsorption was attained through 150 min for Ni (II) at the 

pH of 4.5. The increased uptake of metal ions with contact 

time can be due to the decreased mass transfer coefficient 

of the diffusion controlled reaction between the adsorbent 

and the metal ions [3, 21]. The results suggest that, the 

adsorption process is progressively increases because of the 

initial abundant availability of active sites on the biomass. 

However, with the gradual occupancy of these sites, 

sorption becomes less efficient, leading to the slow stage 

[22]. On the other hand, the rapid sorption of Ni (II) may be 

due to the highly porous structure of the biomass. Rapid 

metal removal has significant practical importance, 

facilitating the use of small sorbent volumes, such as those 

used in these experiments, and ensuring efficiency and 

economy. 

 

Effect of initial metal ion concentration 

The relationship between the initial divalent nickel 

concentration of the solution and the percentage removal of 

Ni (II) is shown in Figure 4. Comparatively, the removal 

efficiency was significantly enhanced by the increase of 

initial metal ions concentration from 10 to 100 mg/L. The 

maximum percentage removal of divalent nickel ion was 

98.40 (Co = 100 mg/L). This is because the surface where 

the adsorption occurs reaches its maximum uptake. It is 

also suggest that increase in adsorbate concentration 

resulted in increase in number of available molecules per 

binding site of the adsorbent thus bringing about a higher 

probability of binding of molecules to the adsorbent [23]. 

This result also pointed out that less favorable sites present 

in the adsorbent become involved in the sorption process 

leading to the higher removal rate of metal ions in the 

synthetic wastewater. 

 

Effect of temperature 

The adsorption process may be an exothermic or 

endothermic in nature. Hence, it is important to study the 

influence of temperature on the adsorption process.  The 

adsorption studies over brown mustard biomass was carried 

out between 30 - 80ºC for at the initial feed concentration 

of 100 mg/L and at adsorbent dose of 2.5 g/100 mL. It can 

be seen that the adsorption of divalent nickel ions increased 

when the temperature was increased (Fig. 5). It is observed 

that, initially the percentage removal increases very sharply 

with the increase in temperature, but beyond a certain value 

of 40ºC, the percentage removal reaches almost a constant 

value. The results also indicated that the sorption was 

endothermic in nature. The increased sorption with the rise 

of temperature may be diffusion controlled process. The 

increased sorption with the rise of temperature is also due 

to the increase in the number of the sorption sites generated 

because of breaking of some internal bonds near the edges 

of active surface sites of the sorbent [1]. 
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Table 1. Physico-chemical properties of biomass of brown mustard (Brassica juncea)  

Parameters Values 

Moisture content (%) 65.45 

Bulk density (g/ml) 0.85 

Total loss of ignition (%) 94.50 

Total organic components (%) 82.65 

Insoluble components (%) 10.78 

Surface area (BET) (m2/g) 3.85 

C content (%) 78.25 

H content (%) 8.65 

 

Fig. 1. Effect of pH on the removal of Ni (II) ions. 

 

Fig. 2. Effect of biomass on the removal of Ni (II) ions. 

 
Fig. 3. Effect of contact time on the removal of Ni (II) 

ions. 

 

Fig. 4. Effect of initial concentration of Ni (II) on the 

removal process. 

 
Fig. 5. Effect of temperature on the removal of Ni (II) ions. 

 
 

CONCLUSION 

The brown mustard biomass is an environmentally 

friendly and potential adsorbent for the removal of heavy 

metals. This research work examined the efficiency of this 

adsorbent in removal of Ni (II) ions from synthetic 

wastewater. The present investigation shows that the brown 

mustard biomass is an effective and inexpensive adsorbent  

 

for the removal of Ni (II) ions from waste water. Results 

showed that low cost adsorbents can be used for the 

removal of heavy metals with a concentration 100 mg/L. It 

was found that the percentage removal of heavy metals was 

dependent on the dose of low cost adsorbent and adsorbent 

concentration. 
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