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ABSTRACT 
 
The increased release of poisonous heavy metals such as Lead (Pb) has severely caused environment as well as 
public health problems. Thus, the removal of lead by economical and conventional ways is of great importance. This 
was done by using Sulphonated powder of inner layer of Cassava and the uptake percentage was determined at 
various pH, time and adsorbent by using AAS . It was found that the amount of lead adsorbed increases with the 
decrease in the pH and was found to be maximum at pH of 2.0 where there was around 40% removal of the lead. 
With increase in time, the adsorption increases following the Langmuir model of adsorption isotherm. Also, the 
concentration of the adsorbent was found to be directly proportional to the amount of lead adsorbed as it increased 
from 40% at 1g to 51% at 2g keeping the pH of the solution constant. 
 
Key words: Lead, Cassava inner layer, sulphonation, Langmuir adsorption isotherm, AAS, equilibrium time 
_____________________________________________________________________________________________ 

 
INTRODUCTION 

 
Industrial wastewaters are important sources of pollution of heavy metals, which carry severe environment [1] and 
public health problems [2, 3]. Exposure to soil contaminated with heavy metals may deleteriously affect human 
health which may occur from inhalation, ingestion, or absorption of these toxins [4, 5, 6]. A metal at a concentration 
exceeding the tolerance level may be regarded as toxic if it impairs the growth or metabolism of cells [7]. The 
mechanism of lethal toxicity of a high concentration of heavy metal during a  short term exposure may be different 
in the way that they disrupt the respiratory surface while during a long term exposure, the metal accumulates in the 
internal organs [8]. The heavy metals enter in to the food chain through bioaccumulation from contaminated water, 
soil and air and pose a serious threat as they cannot be degraded neither destroyed [9]. In this era of industrialization, 
the various advancements in the industrial activities has further increased the release of heavy metals to a very high 
level [2]. Some of the toxic pollutants such as Pb, Cr, Cd, etc. are introduced as wastes from various processes into 
food [10]. Lead is one of the highly poisonous metal (regardless if inhaled or swallowed), affecting almost every 
organ and system in the body, the main target being nervous system both in adults and children. 
 
Toxicological Data has investigated it as a tumorigen, mutagen and reproductive effector. Lead and other smelter 
emissions are human reproductive hazards [11]. When released into the soil, this material is not expected to leach 
into groundwater. This material may bio accumulate to some extent. Lead when ingested acts as a poison for the 
organism. At lower levels it causes abdominal pain and spasms, nausea, vomiting, headache, acute poisoning, 
insomnia, dizziness, high lead levels in blood and urine with shock, coma and death in extreme cases [11]. On 
contact with skin and eye, lead compounds cause local irritation, redness, abrasion and pain. Lead entering through 
any means causes headache vomiting, dizziness, cyanosis, decreased blood pressure, and possibly respiratory 
paralysis. Children exposed to lead have lower IQs and may experience permanent learning disabilities and 
behavioural disorders when compared to children not exposed to lead [12]. Over the course of lifetime, exposure to 
moderately elevated lead levels can contribute to higher chances of stroke, and kidney disease [13]. A number of 
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treatment methods for the removal of lead and lead compounds from industrial wastewaters and other aqueous 
solutions are in practice. Some of these methods being electrolytic deposition, electro dialysis, electrochemical, 
evaporation, precipitation, ion exchange, reduction, reverse osmosis, etc [2]. However, most of these methods suffer 
a serious drawback of capital investment as the cost of the instrument as well as the operational costs is very high 
[2]. Thus, phytoremediation becomes a sustainable method which induces the technology of cleaning the 
environment from the heavy metals by using plants or plant parts at a low cost level [14, 15, 16, 17]. The 
sulphonated powder of inner layer of Cassava acts as a phytoremediating agent and helps in the removal of lead with 
cost effectiveness. In our work, we have used this treated powder as an adsorbent to remove toxic lead compounds 
from the source. 

 
EXPERIMENTAL SECTION 

 
(i) Preparation of the adsorbent:  
The Cassava vegetable was collected from a vegetable shop in Vellore market. First the outer thin crust layer of the 
vegetable was peeled off and then the inner thick layer was taken. The inner layer was kept for sun dry, and then it 
was made into powder form by using mortar and pestle. The powder was sulphonated by treating it with 0.75N of 
sulphuric acid overnight and washing it repeatedly under normal water so as to remove extra traces of acid. The 
sample was then air dried for 3-4 days [2, 18, 19, 20, 21]. This is the sulphonated powder of inner layer of Cassava. 
 
(ii) Batch adsorption study:  
The batch adsorption studies were performed in an orbiteck electrical shaker using 250 ml conical flask having 100 
ml of the stock solution (0.01mg/L) with 1 gm of adsorbent at a shaking speed of 200 rpm at room temperature. 
After the equilibration was achieved, the contents were filtered using Whatmann No. 4 filter paper and the amount 
of lead in the filtrate was determined by AAS (Atomic Absorption Spectroscopy) 
 

RESULTS AND DISCUSSION 
 

(i) Effect of pH on lead (Pb) uptake:  
The effect of pH on the removal of lead from aqueous solution is shown in table 1 and fig 1. The pH of the solution 
to be tested (test solution) was set in the range from 1 to 5 by using concentrated sulphuric acid (H2SO4) and sodium 
hydroxide (NaOH) with continuous testing on pH meter. The readings were taken after every hour and % removal of 
lead was calculated with the help of AAS (Atomic Absorption Spectroscopy) by keeping concentration of the 
adsorbent as constant. It was found that till pH of 2.0, % removal of lead was increasing and after this pH the % 
removal of lead was dropping. 
 

Table 1:  pH vs. % removal of lead using the inner skin of cassava 
 

pH % removal of lead 
1.0 32 
2.0 40 
3.0 20 
4.0 14 
5.0 6 
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Fig 1:  pH vs. adsorption of lead using the inner skin of cassava 
 
 (ii) Effect of time on lead (Pb) uptake 
The effect of time on removal of lead from the aqueous solution is shown in table 2 and fig. 2. The weight of the 
adsorbent and pH were kept constant. The pH of the solution was taken as 2.0 where maximum adsorption was 
inferred from the above result. It was found that with the increase in time, the % removal of lead increased from 11 
to 40 %, thereby suggesting that time has a direct impact on the % removal of lead. 
 

Table 2:  Time vs. % removal of lead using inner skin of cassava 
 

Time (hrs) %age removal of lead 
1 11 
2 20 
3 29 
4 35 
5 40 

 

 
 

Fig 2:  Time vs. % removal of lead using the inner skin of cassava 
 

The effect of time vs. % removal of lead follows the Langmuir adsorption isotherm process where adsorption and 
desorption are simultaneous processes occurring in the presence of each other. 
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Langmuir model is followed out of all the 5 types of adsorption isotherm models. Fig 3 shows the Langmuir model. 

 
 

Fig 3:  % Removal of lead represented by the Langmuir model adsorption isotherm 
 
where PS is saturation pressure. 
 
Thus giving us a monolayer adsorption graph [22]. 
 
(iii) Effect of concentration on the Pb uptake: 
The effect of concentration on removal of lead from the aqueous solution is shown in table 3 and fig. 4. To know the 
effect of the concentration of the adsorbent on the lead uptake, 3 samples were taken having different concentrations 
of 1, 1.5 and 2g at a constant pH and temperature and were subjected to shaker at a constant rpm. Readings were 
taken after every hour. It was found that with the increase in the amount of the adsorbent, there was an increase in 
the % removal of lead from 40 to 51 with 1g increase in the weight of the adsorbent. Thus suggesting that there is a 
direct impact on the amount of adsorbent for the % removal of lead. 
 

Table 3:  Concentration vs. % removal of lead using the inner skin of cassava 
 

S. No. Amount of the adsorbent (g) % removal of lead 
1 1 40 
2 1.5 47 
3 2 51 
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Fig 4:  Concentration vs. adsorption of lead using the inner skin of cassava 
 

CONCLUSION 
 

The study was done to investigate the adsorption capabilities of chemically treated Cassava's inner layer by using 
aqueous solution of lead. It was found that the adsorption highly depends on the pH of the aqueous solution, time 
and the concentration of the adsorbent. It was concluded that the adsorption percentage of lead heavy metal is 
maximum at pH 2. Since, the adsorbent was treated with sulphuric acid of 0.75N (approx. pH 2), thus it might be 
because of this reason that the maximum adsorption is reaching at pH of 2. 
 
Time was also found to have a significant role on the adsorption of lead. It was seen that with increase in time, the % 
removal of lead increases which shows that there is direct relation between time and adsorption. Also, it follows the 
basic adsorption isotherm process based on the Le-Chatelier principle and can be represented in the form of Type-1 
adsorption isotherm graph out of all 5 types. 
 
The concentration of the adsorbent also plays a significant role in the adsorption phenomena and it was seen that 
concentration is directly proportional to the % removal of lead from the aqueous solution. 
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