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ABSTRACT 

Toxic metals are often discharged by a number of industrial processes and this has been a 

challenge for a long time. A number of methods have been developed for the removal of heavy 

metals from liquid waste using physical and chemical treatments. However, some of these 

methods have high reagent requirements and generate toxic sludge. In this study the adsorption 

of heavy metal [Pb(II)] ion using untreated Senna occidentalis from aqueous solutions was 

investigated under batch mode. The effect of solution pH, adsorbent dosage, contact time and 

initial metal ion concentration of aqueous solution were investigated. Maximum removal of 

metal ion took place at pH 3-4, the adsorption of heavy [Pb(II)] ion increased with increase in the 

biomass dosage and reduced with increase in initial metal ion concentration.  It was concluded 

that S. occidentalis is a good adsorbing media for Pb(II) ion in aqueous solution.    
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INTRODUCTION 

Water pollution due to development in technology, continues to be of great concern. With 

increasing generation of heavy metals from technological activities, many aquatic environments 

face metal concentrations that exceed water quality criteria designed to protect the environment, 

animals and humans [1]. 

Heavy metals are chemical elements with a specific gravity that is at least 5 times the specific 

gravity of water and is toxic or poisonous even at low concentrations. Some well-known toxic 

metallic elements are arsenic, (sp.gravity 5,7); iron( sp.gravity 7,9); chromium (sp.gravity 7,19); 

cadmium (sp.gravity 8.65); lead (sp.gravity 11,34); and mercury (sp.gravity 13,54) [2]. 

Heavy metals are highly dispersed in a wide variety of economically important minerals. They 

are released to the environment during mineral extraction process. Therefore, mining are 
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considered as the primary anthropogenic source of heavy metals [3] Heavy metals ions are 

discharged into water system from various industrial activities such as electroplating industries, 

electronic equipment manufacturing and chemical process plants. Due to rapid development of 

industrial activities, the levels of heavy metals in water systems have substantially increased [4].  

Heavy metals can easily enter the food chain because of their high solubility in water [1] . 

Cadmium, copper, chromium, lead and zinc are extremely toxic heavy metals of widespread use 

in many industries. The heavy metals pollution represents an important problem, with human 

health concerns and serious ecological consequences. It is therefore essential to remove heavy 

metal from industrial waste water and drinking water [5].  

Plant materials are mainly comprised of cellulose materials that can absorb heavy metal cations 

in aqueous solution. Numerous waste biomass sources are available in nature in which 

adsorption properties have been reported e.g. rice husk, saw dust, tea and coffee waste, orange 

peel peanut shells, activated carbon, dry tree leaves and barks [1, 6] Adsorption of heavy metal 

ions occurs as a result of physicochemical interaction, mainly ion exchange or complex 

formation between metal ions and the functional groups present on the cell surface [2]. 

Heavy metal toxicity can result in damaged or reduced mental and central nervous function, 

lower energy levels, and damage to blood composition, lungs, kidneys, liver and other vital 

organs. Long-term exposure may result in slowly progressing physical, muscular and 

neurological degenerative processes that mimic alzheimer’s disease, parkinson’s disease, 

muscular dystrophy, and multiple sclerosis. Allergies are not uncommon, and repeated long-term 

contact with some metal (or their compounds) may cause cancer. For some heavy metals, toxic 

level can be just above the background concentrations naturally found in nature. Therefore, it is 

important to learn about heavy metals and take protective measure against excessive exposure 

[7]. 
 

MATERIALS AND METHOD 

Sample Collection and Preparation 

The S. occidentalis leaf used for this research work was collected from College of Science and 

Technology at Waziri Umaru Federal Polytechnic, Birnin Kebbi, Kebbi State, Nigeria.      
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The S. occidentalis leaf used was washed in clean container distilled water, air dried under room 

temperature. They were then ground into fine powder using mortar and pestle and sieved using 

200 mesh sieves. It was then stored until time of use.     

 
 

Preparation of Stock Solution 

Lead acetate (CH3COO)2Pb salts is used in the preparation of the salt stock solutions. Stock 

Pb(II) solutions (1,000mg/l) was prepared by dissolving accurately weighed amounts of Lead 

acetate in 1000 ml distilled water. Working solutions of different concentration were prepared 

from the stock solution by serial dilution with distilled water [8]. 
 

 

Batch Sorption Experiment 

Definite amount 0.2 of Senna occidentalis leaf was added to the metal ion solution (200 ml) in a 

250 ml stopper conical flask and agitated for the desired contact time using orbital shaker at 200 

rpm. The contents of the lead(II) ion in the test flask were separated from bio-sorbent by 

filtration through a filter paper and was analyzed using Atomic absorption spectrophotometer 

(AAS) (Buck Scientific, Model 205). The sorption capacity of metals was investigated under 

different condition and calculated using 

𝑄𝑒 =  
(𝐶𝑜 − 𝐶𝑒) × 𝑉

𝑚
 

Where Qe = adsorption capacity at equilibrium, V = volume of adsorbate solution (ml), m = 

mass of Senna occidentalis leaf (g), Co = initial concentration in mg/L, Ce = concentration at 

equilibrium (mg/L) [9]. 

The removal percentage (R %) is defined as the ratio of difference in metal concentration before 

and after adsorption (Co – Ce) to the initial concentration before and after adsorption (Co – Ce) 

to the initial concentration of the adsorbate in aqueous solution (Co) shown below: 

%R = 
(𝐶𝑜− 𝐶𝑒) ×100 

𝐶𝑜
 

Where Co initial concentration in mg/L, Ce = concentration at equilibrium (mg/L) [9]. 
 

Effect of pH 

The optimum pH for adsorption for adsorption of (Pb) by the biosorbents was determined 

experimentally using the method of Barakat [10]. Metal solutions with the concentration of 

100mg/L were prepared in distilled water from the stock solutions. Samples of 100bml from 
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these solutions were poured into 8 Erlenmeyer flasks. The initial pH of the samples was adjusted 

to various values in the range of 2 to 6 and each sample was adjusted using either 0.1 M H2SO4 

or NaOH solution. Subsequently, 0.5g of biosorbents was added to each flask. Equilibrium 

condition for heavy metal adsorption was obtained after 2 hours of agitation at room temperature 

and 120 rpm. Samples were taken after filtering the samples by Whatman filter paper, after 

equilibrium was achieved and heavy metal concentration were analyzed by using atomic 

absorption spectrometer [10]. 
 

 

Effects of Biosorbents Doses 

To investigate the effects of biosorbent doses, 100 ml of water samples at pH 4 with 100 mg/l of 

initial metals [Pb (II)] concentration were stirred in a 250 ml Erlenmeyer flask. Doses of 

specified biosorbent (between 0.2-1.2 g per 100ml water) were added to each Erlenmeyer flask 

and shaken at 120 rpm for 2-8 hours. At the end of the shaking period, the Erlenmeyer flask was 

removed from the shaker and the contents allowed to settle for 5 minutes and then filtered 

through Whatman filter paper. The filtrates were then separately analyzed [10]. 

 

Effects of Contact Time 

The effects of contact time (5-30 minutes) on adsorption of metals (Pb) onto biosorbents were 

studied at the optimum stirring rate, initial metal concentration (100mg/l) and adsorbent dose. 

The experimental procedure was the same as in the effect of adsorbent dose except that the 

beakers were removed from the batch apparatus in the course of the experiment at specified 

intervals (between 5-30 minutes) and analyzed for residual concentrations of metals [10]. 

 

Effects Initial Metal Concentrations 

The effects of initial metal concentration [Pb(II)] ion on adsorption onto biosorbents were 

examined with optimum pH, doses and contact time for 100-300 mg/l metals concentration in 

100 ml water. After filtering the water samples were analyzed for residual concentrations of 

metals. The optimum concentrations of metals were taken on in this study during other 

experiments [10]. 
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RESULTS AND DISCUSSION 

Effects of pH on Adsorbate Solution 

pH is one of the most important environmental factor forbiosorption of heavy metal ions. pH 

values influence the site dissociation of a biomass as well as the solution chemistry of heavy 

metal [11]. 

The effect of pH on adsorption of Pb(II) ion was investigated using 100mg/l Senna occidentalis 

and the result shown in figure 1. 

Fig.1 shows that a rapid increase from 55.00% removal to 95.00%when the pH value changes 

from 2.0 to 5.0. The pH plays an important role in the adsorbtion process by affecting the surface 

charge to adsorbent, degree of ionization and speciation of the adsorbate [12]. 

 

Figure 1: Effect of pH on % Pb (ii) Removal 

 

Effect of Adsorbent Dosage 

This is an important parameter in an adsorbtion system as it indicates the number of binding sites 

available for adsorbtion of metal cations. A good adsorbent is one which has many binding sites 

such that, a small mass adsorbent can adsorb a big quantity of pollutant [13]. The biosorptive 

efficiency for Pb(II) ion as a function of biomass dosage was investigated with adsorbent dosage 

ranging from 0.2 to 1.2g when the concentration was kept constant of 100mg/L and the result 

displayed in fig. 2. From the result it can be seen that the percentage of metal ion adsorped on S. 

occidentalis increased with increase in the adsorbent dosage and maximum % removal was 
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98.52% at a dosage of 0.6g at which point the effectiveness of the removal begins to drop. The 

result clearly indicates that an increase in the mass of biosorbent increases the mass of 

biosorbent, this lead to increase the number of available adsorption binding sites hence an 

increase in the percentage adsorption [11]. 

 

 

Figure 2:  Effects of S.occidentalis dosage on %Pb (ii) Removal 

 

Effect of Contact Time 

Contact time plays a key role in the adsorption process and it often determines the amount of 

metal ions adsorbed on an adsorbent. It is an important parameter for successful use of the 

adsorbent for practical applications. The effect of contact time on adsorbtion on Pb(II) ion was 

investigated and the result displayed in figure 3. The percentage of lead adsorbed was found to 

increase with contact time for the first 10 minutes and began to drop gradually until it becomes 

constant after 25 minutes. This is because at low metal ion concentration the adsorption sites 

seemed to have taken up the available Pb ions more quickly due to less competition among the 

Pb ions for available binding sites. As time progresses there could be some repulsion between the 

cation. In the solution and the cation already adsorbed. However, once the binding sites have 

been occupied to saturation no more of the ions get adsorbed [14]. 
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Figure 3: Effects of contact time on % Pb (ii) removal at pH 5. 

 

Effects of Initial Concentration 

Initial concentration is one of the key parameters that must be considered in setting of a sorption 

system. Adsorption experiment in Pb (II) ion with concentration from 100 to 300 mg/l with fixed 

adsorbates doses of Senna Occidentals was investigated. The percentage Pb(II) ion removals 

ranges from 89.14 to 95.00% for mass of  0.20 g. The result is shown in figure 4. The result 

shows that the percentage Pb(II) ion adsorbed decreases with increased Pb(II) ion concentration. 

This can be attributed to the fact that the biosorbent have a limited number of active sites. The 

initial concentration provides an important driving force to overcome all mass transfer resistance 

of metal ion between the aqueous and solid phase, hence a higher initial concentration of metal 

ion may increase the adsorption capacity. However, at lower concentration there is plenty of 

binding sites available on the biosorbent for the attachment of the metal ions. At higher initial 

concentration there is competition for the binding sites as reported by Semerjian [15]. 
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Figure 4: Effect of metal concentration on % Pb (II) Removal. 

 

CONCLUSION 

From the study it can be concluded that S. occidentalis can be used as a natural sorbent for the 

removal of Pb (II) ion from aqueous solution. The removal of the Pb (II) ion is affected by 

condition such as pH, biomass dosage contact time and initial concentration. 
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