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Abstract – The potential of Acid Treated (ATC) and Untreated Cocoa Leaves (UTC) biosorbents used for removal of Pb2+ from 
wastewater at warfront was studied using batch adsorption technique. Atomic Adsorption Spectroscopy (AAS) was used to ascertain the 
residual Pb2+ concentration after the adsorption process. The optimum operational experimental conditions: adsorbent dose, pH, initial 
Pb2+ concentration and contact time were obtained. It was found that the percentage sorption of Pb2+ increased with; higher adsorbent 
doses (0.8-1 g/25cm3), increase in pH levels (7 - 9), increased Pb2+ concentration (between 150 – 200 mg/L) and increased contact time (150 
- 180 minutes). The result showed that cocoa leaves have the potential to remove Pb2+ polluted wastewater at about 99.8% removal. The 
biosorbents were characterized using Fourier Transform Infrared Spectroscopy (FTIR). It showed the presence of O-H, O-CO-, N-N=O 
and    -C-H are responsible for the adsorption of Pb2+ onto the biosorbents. The adsorption of Pb2+ onto ATC and UTC from wastewater 
at war front best fitted into Pseudo-Second Order Kinetic Model validated by the coefficient of regression R² values close to infinity. The 
equilibrium sorption data were fitted best into Freundlich isotherms with R2 value for ATC is 0.5754 and UTC for 0.6441. The maximum 
monolayer coverage (Qo) from Langmuir isotherm model was determined to be 117.65 mg/g for ATC and 53.35mg/g for UTC. The 
Freundlich Isotherm model showed the sorption intensity (n) of 0.348 for ATC and 0.1557 for UTC indicated favorable adsorption.  
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I. INTRODUCTION 

Water is a vital component for human life and human 
activities are very much connected to availability, 
accessibility of quality and portable water. Unfortunately, 
water is in limited supply, which even undergoes intense 
pollution. In the near future, availability of water could get 
worse as a consequence of climate change (Ajaelu and 
Dawodu, 2013). Some techniques which have been used in 
heavy metal removal from effluent include ion-exchange, 
chemical precipitation, electro dialysis, electrolytic 
extraction, reverse osmosis and cementation (Mohammed et 
al., 2005) are expensive, cannot remove metals at low 

concentration (Bishnoi et al., 2004) and produce large 
volume of sludge (Srivastava and Goyal, 2010). Agricultural 
waste materials are usually composed of different 
components with varying functional groups like carboxyl, 
amino, alcohol and esters (Gupta and Ali, 2000). These 
groups have the ability to bind heavy metals by donating an 
electron pair for coordinate bonding to form complexes with 
the metal ions in solution or replacing hydrogen ions for 
metal ions in solution (Fomina and Gadd, 2014). Treatment 
of biomass for adsorption help to desorb inorganic and 
organic materials adsorbed during plant growth which may 
interfere with the metal ions during adsorption (Tichaona and 
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Olindah, 2013) and also increases the capacity of the sorbent 
by cleaning up the surface, opening up pores and also 
chemically modifies the sorption sites (Mahamadi, and 
Chapeyama, 2011). Biosorption is the most recent 
environmentally friendly technique that is cost effective. It 
involves the use of natural waste (biomass) as an agent that 
attracts and adhere pollutants unto its surface (adsorbent) 
(Alfarra et al., 2014). Although there are a number of reviews 
on the adsorption capacity of various biomasses considering 
the complexity of various factors that influence the process 
and highly efficient biosorbents that are cost effective need to 
be identified. Several wars have taken place where the war-
front is the side of a river or even on water bodies. The fact 
that the bullet’s head is about 90% lead, which makes it 
possible for the water body to be contaminated with the lead 
ions, coupled with the possibility of intentional 
contamination of the water with the metal by the opponent 
side. It’s imperative to develop a simple, cost effective and 
efficient method of decontamination or purifying the water 
body in case the need for the usage of such water arises by 
the soldiers. Thus, the research is important and needed for 
application at war-front and other situations that need 
decontamination. This research is to evaluate the efficacy of 
biosorbent prepared from cocoa leaves for the removal of 
Pb2+ from contaminated water at warfront. 

II. MATERIALS AND METHODS 

2.1 Samples collection 
Cocoa leaves (Theobroma cacao L) were collected as 

composite sample made up of leaves obtained from many 
trees. The leaves were stored in air tight sacs, to avoid 
exposure to air and rotting. It was transported immediately 
and taken for identification. Water sample was collected from 
rivers located at Birnin Gwari warfront, Kaduna State. 

2.2 Preparation of Adsorbate: 
Stock solution of Pb2+ was prepared using standard 

method and serial dilution of the stock solution was made to 
obtain the working standard. The existing concentration of 
Pb2+ in the water sample was ascertained using AAS 
Spectroscopy and various known concentrations of the Pb2+ 

were spiked the water sample collected from the warfront. 
Analytical grade reagents were used throughout the work. 

2.3 Adsorbent Preparation 
The sample, cocoa leaves was pretreated as described by 

Tichaona and Olindah (2013). The plant leaves was washed 
with tap water, sun dried, grounded using a miller, sieved to 
obtain uniform particle size and oven dried at 105oC±0.1 to 
constant mass and stored in plastic container. The sample was 

divided into two, a part was modified using hydrochloric acid 
(0.1 mol dm-3) and labeled as Acid Treated Cocoa (ATC) and 
the second was left unmodified, also labeled Unmodified 
Treated Cocoa (UTC). Cocoa powdered sample was modified 
using the procedure described by Ege and Doner (2013), 
where 10 g of the sample was mixed with 200 cm3 of the 
0.1M HCl solution for 72 hours at room temperature. At the 
end, the powdered sample was washed to obtain a pH of 7. 
After which it was oven dried at 60oC for three days and 
stored in a container for biosorption process.  

2.4 Batch biosorption procedure 
The biosorption process was carried out as described by 

Tijjani et al., (2011). 0.1 g of ATC and UTC samples each 
were mixed separately and water sample was spiked with 25 
cm3 of Pb2+ ion solution of initial concentration of 100 mg/L 
at room temperature. The mixture was shaken continuously 
on a shaker at 200 revolutions per minute (rpm), at varying 
time intervals. At the end of each contact time, the mixture 
was digested and filtered. The concentration of Pb2+ in the 
filtrate was determined using AAS (AAS-HP serial number 
MY14470001, model AA320N). The percent sorption of Pb2+ 
ions onto the biosorbents were calculated using the 
expression in equation 1: 

% Sorption = 
஼బି஼೑

஼బ
× 100……. (1) 

The amount of Pb2+ ions adsorbed at equilibrium, 𝑞௘  
(mg/g) was calculated using equations 2 

𝑞௘ =
(஼೚ି஼೐)

௠
𝑉 ……. (2) 

Co = Initial concentration of Pb2+ before adsorption (mg 
L-1), Cf = final concentration of Pb2+ after adsorption (mg/L); 
Ce = equilibrium concentration of Pb2+ (mg/L), m = mass of 
adsorbent (g), V = Volume of the Pb2+ solution (cm3), 𝑞௘ = 
amount of Pb2+ adsorbed at equilibrium per unit weight of the 
adsorbent (mg g-1); 

2.5 Optimization of adsorption parameters 

2.5.1 Effect of Biosorbent dosage on adsorption process 

The adsorbent doses of ATC and UTC each were varied 
within the range of 0.1, 0.2, 0.4, 0.6, 0.8 and 1 g, which were 
mixed with 25 cm3 of 100 mg/L of the Pb2+ solution. The 
mixture was agitated at 200 rpm at room temperature for a 
period of 60 minutes. The mixture was digested and filtered. 
The residual Pb2+ concentration was determined using AAS. 

2.5.2 Effect of pH on adsorption process 
The effect of pH on the adsorption of Pb2+ ions onto ATC 

and UTC biosorbent were investigated over a pH range of 3 



Biosorption Efficacy of Biosorbents Prepared from Cocoa Leaves Used for Removal of Lead Polluted Wastewater at Birnin Gwari War 
Front, Kaduna State 
 

 
 
Vol. 23 No. 2 November 2020                 ISSN: 2509-0119 200 

to 9. Adjustments of pH were done using 0.1M HCl and 0.1M 
NaOH as required. The initial concentration 100 mg/L of Pb2+ 
was mixed and agitated with optimum biosorbents dose (0.8-
1 g) for 60 minutes over a shaker at 200 rpm at room 
temperature. The mixture was digested and filtered. The 
concentration of the residual Pb2+ ion in the filtrate was 
determined using AAS. 

2.5.3 Effect of adsorbate concentration on adsorption 
process 

Varying the spiked initial concentrations of Pb2+ ion 
solution (5, 50, 100, 150 and 200) mg/L, 25 cm3 of the 
solution was mixed with the biosorbents at optimum 
experimental conditions at 200 rpm for 60 minutes. The 
mixture was digested and filtered. The filtrate was taken for 
AAS analysis to determine the residual metal ion 
concentration. 

 

2.5.4 Effect of contact time on adsorption process 
The effect of contact time on the biosorption process was 

evaluated over a period of 30, 60, 120, 150 and 180 minutes 
at optimum experimental conditions. The mixture was 
digested and filtered. The filtrate was taken for AAS analysis 
to determine the residual Pb2+ concentration. 

III. RESULTS AND DISCUSSION  

2.6 FTIR interpretation  

The prominent vibration bands established for FTIR 
analysis of cocoa leaves are presented in Figure 1. The 
functional groups identified and their corresponding wave 
lengths include; O-H (3373 cm-1), C-H2 stretching (2922 cm-

1), -CH3 (2855 cm-1), O-CO- saturated acid anhydride (1736 
cm-1), N-N=O (1449 cm-1), CH3- symmetrical deformation 
(1375 cm-1), S group of C=S (1162 cm-1). Some of these 
functional groups participated in the adsorption process 
supporting a chemisorption mechanism (Dada et al., 2015). 

 

Figure 1. FTIR chart of biosorbent (Cocoa Leaves) 

 

2.7 Effect of adsorption parameters 
The effect of biosorbent dosage on Pb2+ removal from 

contaminated water at warfront using ATC and UTC is 
presented in figure 2. The percentage removal of Pb2+ was 
observed to increase from 99.9985 – 99.9990% for ATC and 
99.9920 – 99.9968 % for UTC as the amount of biosorbent 
dose increased gradually from 0.1 – 1.0 g. The maximum 
biosorption was obtained at the biosorption dose of 1.00 g at 
100 % for ATC and 0.8 g at 99.996 % for UTC removal which 
indicated that the optimum of the biosorbent was sufficient to 
adsorb maximum Pb2+ of 100 mg/L. Such increase could be 
due to the availability of vacant sites as biosorbent dose 
increased. The result is in conformity with previous studies 

on some biosorbents (Abdel-Chani and El-Chaghaby, 2009). 
Thereafter, the percentage removal of Pb2+ decreased for 
UTC with increase in biosorbent dose due to the biosorbent 
surface became saturated with the Pb2+. 

The amount of Pb2+ removed from contaminated water at 
warfront as a function of pH onto ATC and UTC is presented 
in Figure 3. The percentage removal of Pb2+ increased from 
99.99 - 100 % for ATC and 99.41 - 99.72 % for UTC as the 
pH of the solution increased from 3-9. The increase was 
attributted to decrease competition between H+ and the Pb2+ 
for the vacant sites which eventually lowers coulumbic 
repulsion of the Pb2+. Decrease in percentage removal of Pb2+ 

from 99.72 – 99.68 % as pH increased is due to the formation 
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of soluble complexes of the Pb2+ which also compete for the 
active sites (Leyva et al., 2009). 

The concentration of Pb2+ adsorbed by ATC and UTC 
from contaminated water at warfront is presented in figure 4. 
The percentage removal increased progressively from 88.52 
– 99.84 % for ATC and 61.74 - 99.44 % for UTC as 
Pb2+concentration was increased from 5 – 200 mg/L. This is 
due to increased collision among the Pb2+with the biosorbent 
surface and high rate of Pb2+ dispersion onto biosorbent 
surface (Wang et al., 2013). 

The effect of contact time on the removal Pb2+ from 
contaminated water at warfront by biosorbents is presented in 

figure 5. It was evident that percentage removal efficiency of 
Pb2+ increased slowly from 99.62 – 99.79 % for ATC and 
98.71 - 99.84 % for UTC as contact time increased from 
30.00 – 180.00 minutes. The result exhibited satisfactory 
sorption of Pb2+ attained within the first 150.00 min of contact 
time. Further increase in contact time led to no significant 
sorption of Pb2+. Therefore, the contact time of 150.00 
minutes was selected as the optimum contact time for ATC 
and UTC which was supported by Elhadi et al., (2013). 
Increase in the first 150.00 minutes could be due to the 
availability of uncovered surface of the biosorbent. 
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2.8 Adsoption Kinetics 

2.8.1 Pseudo First-order kinetics equation 

It describes adsorption in solid-liquid systems according 
to the adsorption capacity of solids. It is assumed that one 
Pb2+ ion is adsorbed on one position of the adsorbent surface 
(Dada et al., 2016). The linear equation of Pseudo first-order 
is shown in equation 3. 

 log(𝑞௘ − 𝑞௧) = 𝑙𝑜𝑔𝑞௘ −
௞భ௧

ଶ.ଷ଴ଷ  
  ………… (3) 

k1 and qe were determined from the slope and intercept of 
the linear plot of log (qe – qt) versus t. The correlation 
parameters obtained are presented in Table 1. The qe (2.23 
mg/g for ATC and 2.177 mg/g for UTC biosorbents) values 
indicated that few amount of Pb2+ were adsorbed within a 
limited time k1 (145.58 L/min for ATC and 158.33 L/min for 
UTC biosorbents) and the correlation of determination R2 

(0.8217 for ATC and 0.8833 for UTC biosorbents) suggested 
that biosorption of Pb2+ by biosorbent prepared from cocoa 
leaves partly fitted into Pseudo first order model due to fair 
correlation between 𝑙𝑜𝑔 (𝑞௘ −  𝑞௧) and t. (Tilaki et al., 2004). 

2.8.2 Pseudo second order kinetics model  

It describes adsorption using chemisorption kinetics in 
liquid solutions (Dada et al., 2016). The model assumes that 
one Pb2+ was adsorbed onto two vacant sites of the adsorbent 
surface. The linear expression is given in equation 4  

𝑡
𝑞௧

ൗ =
ଵ

௞మ௤೐
మ +

ଵ

௤೐
𝑡 ……………… (4) 

The constant k2 was obtained from the slope of the linear 
plot of t/qt against t. Table 1 also showed the correlation 
parameters of Pseudo second order model of Pb2+ biosorption 
onto ATC and UTC biosorbents. The R2 (1.00 for ATC and 
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1.00 for UTC biosorbents) values depicted that the adsorption 
of Pb2+ best fitted into pseudo second order model than 

pseudo first order model due to better correlation between 
௧

௤೟
 

and t. 

2.8.3 Elovich model 
The general explanation for this form of kinetics law 

involves that the active sites are heterogeneous in nature and 
therefore, exhibit different activation energies for 
chemisorption (Tilaki et al., 2004). The linearized equation 
as presented in equation 5 

𝑞௧ =
ଵ

ఉ
 𝐼𝑛(𝛼𝛽) +  

ଵ

ఉ
 𝐼𝑛 𝑡 ………. (5) 

Where α is the initial adsorption rate (mgg-1.min), β is 
desorption constant during any experiment. Both 𝛼 and 𝛽 
were obtained from the slope and intercept of the plot of qt 
versus ln(t). The correlation parameters of Elovich model on 
Pb2+ adsorption onto ATC and UTC biosorbents are presented 
in Table 1. R2 (0.2587 for ATC and 0.4574 for UTC 
biosorbents) values indicated that the adsorption of Pb2+ 
poorly fitted into Elovich model. 

Table 1: Adsorption Kinetic Models’ Parameters for the Sorption of Pb2+ onto ATC and UTC Biosorbents 

Biosorbents 
Kinetic Models 

Pseudo first order  Pseudo second order  Elovich model 

ATC 

Qe = 2.23 mg/g 
K1=  145.58 min-1 

R2 =  0.8217 

Qe = 0.015 mg/g 
K2 = 23.64 g/mg/min 
R2 =1 

α= 4.25 g min2/mg 
β=204.08 g min2/mg 
R2= 0.2587 

UTC 

Qe = 2.177 mg/g 
K1=  158.33min-1 

R2 =  0.88833 

Qe = 0.0145 mg/g 
K2 = 31.48 g/mg/min 
R2 =1 

α= 3.639 g min2/mg 
β= 71.43 g min2/mg 
R2= 0.4574 
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2.9 Adsorption Isotherm 

The experimental equilibrium data obtained for the 
adsorption capacity (qe) was used to plot the linear equation 
of the following adsorption models; Langmuir and 
Freundlich isotherms. The plot which best fits the 
experimental data (Ajaelu and Dawodu, 2013), having the 
highest R2 value was used in explaining the adsorption 
processes (Febrianto et al., 2009).  

2.9.1 Langmuir Isotherm  
Assumes monolayer coverage with a second order 

reaction equilibrium model and that all adsorption sites are 
uniformly occupied. The linear equation is given in equation 
6.  

஼೐

   ௤೐
=

ଵ

௤೘ೌೣ
. 𝐶௘ +

ଵ

௄ಽொ೘ೌೣ
  ……… (6) 

Table 2 showed the correlation parameter of Langmuir 
isotherm of Pb2+ biosorption onto ATC and UTC biosorbents. 
Qo (117.65 mgg-1 and 54.35 mgg-1) suggested that some 
heterogeneity in the surface or pores of biosorbent will play 
a role in large amount of Pb2+ removal in contaminated water 
at warfront. RL values (0.0029 and 0.013) indicated that the 

biosorption of Pb2+ onto ATC and UTC was favourable and 
R2 (0.4854 and 0.4426) value showed that the process of Pb2+ 

biosorption poorly fit into Langmuir isotherm due to poor 

correlation between 
஼೐

௤೐
  and 𝐶௘. 

2.9.2 Freundlich Isotherm 
It assumes multi-layer adsorption of Pb2+, that is having 

more one adsorbate in one pore. The linearized equation is 
presented in equation 7. 

log 𝑞௘ = log 𝐾ி + 𝑙𝑜𝑔
ଵ

௡
𝐶௘  ………..  (7) 

Table 2 also showed the Freundlich isotherm constants 
and correlation coefficient of Pb2+ biosorption onto ATC and 
UTC biosorbents. The 1/n (2.87 for ATC and 6.4 for UTC 
biosorbents) values indicate normal biosorption, which 
signified higher adsorption of Pb2+ unto ATC and UTC 
biosorbents, n (0.348 for ATC and 0.1557 for UTC 
biosorbents) values indicated favourable biosorption (since 
n<1) and R2 (0.5754 for ATC and 0.6441 for UTC 
biosorbents) value indicated that sorption of Pb2+ onto ATC 
and UTC biosorbent fit into Freundlich isotherm better than 
Langmuir due to fair correlation between 𝐼𝑛𝑞௘  and 𝐼𝑛𝐶௘.  
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Table 2. Correlation Parameters of Langmuir and Freundlich Isotherms of Pb 2+ adsorption onto ATC and UTC Biosorbents. 

LANGMUIR ISOTHERM FREUNDLICH  ISOTHERM 

ATC UTC ATC UTC 

Qo= 117.65(mgg-1) 
KL= 3.399(L/mg) 
RL=  0.0029 
R2 = 0.4854 

Qo= 54.35(mgg-1) 
KL= 0.757(L/mg) 
RL= 0.013 
R2 =  0.4426 

Kf = 7.73 
N = 0.348 
R2 =  0.5754 

Kf = 82.459 
N = 0.1557 
R2 =  0.6441 
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IV. CONCLUSION 

This study revealed that biosorbents prepared from cocoa 
leaves have the potential of decontaminating Pb2+ from 
contaminated water sourced from warfront. The water sample 
was spiked with a known concentration of Pb2+ prior to 
experimental. The adsorption of Pb2+ onto Acid Treated 
Cocoa (ATC) and Untreated Cocoa (UTC) leaves depended 
on various operational parameters. It was inferred that the 
removal of Pb2+ from contaminated water increased as the 
biosorbent doses increased. Kinetics data were best described 
by pseudo second order, which is a chemisorption reaction. 
The equilibrium sorption data showed better correlation with 
the Freundlich isotherm therefore signifying the applicability 
of multilayer coverage of cocoa leaves which encompass the 
surface heterogeneity and exponential distribution of active 

sites. Cocoa leaves are therefore a potential and effective 
adsorbent for Pb2+ removal from wastewater at war front.  

REFERENCES 

[1] Ajaelu CA and Dawodu MO., (2013) Sequestration of 
Cadmium Ions onto Mango (Mangifera Indica) Seed 
Biomass: Kinetics And Equilibrium Studies. Journal of 
Chemical and Pharmaceutical Research, 5(9):1-9 

[2] Ajmal M., Kham A.H., Ahmad. A. (1998). Use of 
sawdust in the removal of copper (II) from industrial 
wastes. Water Res. J. 32 (10) 3085 – 3091. 

[3] Alfarra RS, Ali NE, Yusoff MM, (2014), Removal of 
Heavy Metals by Natural Adsorbent: Review. 
International Journal of Biosciences.  4 (7), p. 130-139. 
ISSN: 2220-6655, retrieved from 

y = -2,8738x + 2,0451
R² = 0,5754

0
0,5

1
1,5

2
2,5

3
3,5

4
4,5

-0,8 -0,6 -0,4 -0,2 0
In

 q
e

In Ce

Figure 14. Freundlich isotherm of Pb2+

biosorption onto ATC

y = -6,4222x + 4,4123
R² = 0,6441

0
0,5

1
1,5

2
2,5

3
3,5

4
4,5

0 0,1 0,2 0,3

In
 q

e

In Ce

Figure 15. Freundlich isotherm of Pb2+ 

biosorption onto UTC



Biosorption Efficacy of Biosorbents Prepared from Cocoa Leaves Used for Removal of Lead Polluted Wastewater at Birnin Gwari War 
Front, Kaduna State 
 

 
 
Vol. 23 No. 2 November 2020                 ISSN: 2509-0119 209 

http://dx.doi.org/10.12692/ijb/4.7.130-139. Accessed 
on 26/04/2017  

[4] Ashraf R. and Ali T.A., (2007), Effect of heavy metals 
on soil microbial community and  mung beans  seed 
germination. Pakistan Journals of Botany, 39 (2), 629-
636. 

[5] Bin, Y.Z., Shukla, A., Shyam, S.S., Doris, K.L., (2001). 
Removal of heavy metal from solution by  saw dust in 
Adsorption–removal of lead and comparison of its 
adsorption with copper.  J. Hazard. Mater. 84 (1) 83 – 
94. 

[6] Bishnoi NR, Bajaj M, Sharma N, Gupta A (2004). 
Adsorption of Cr(VI) on Activated Rice Husk Carbon 
and Activated Alumina. Biores. Technol. 91. 305 – 307.  

[7] Dada A. O., Latona D. F., Ojediran O. J., and Nath O. 
O. (2015). Adsorption of Cu (II) onto Bamboo 
Supported Manganese (BS-Mn) Nanocomposite: Effect 
of Operational Parameters, Kinetic, Isotherms, and 
Thermodynamic Studies. J. Appl. Sci. Environ. 
Manage. Vol. 20 (2)409 –422   
http://dx.doi.org/10.4314/jasem.v20i2.24 

[8] Dada, A.O, Olalekan, A.P, Olatunya, A.M., DADA, O 
(2016), Langmuir, Freundlich, Temkin and Dubinin–
Radushkevich Isotherms Studies of Equilibrium 
Sorption of Zn2+ Unto Phosphoric Acid Modified Rice 
Husk. Journal of Applied Chemistry (IOSR-JAC) ISSN: 
2278-5736. 3 (1), PP 38-45 

[9] Ege A., and Doner G., (2013). A new biosorbent for the 
removal of Cu (II) from aqueous solution; red marine 
alga, Ceramium rubrum. E3S Web of Conferences 1, 
25009 DOI:10.1051/e3sconf/20130125009 

[10] El-Chaghaby, G. A. F., Abdel-Ghani, N. T., and Hefny, 
M. (2009). Removal of lead from aqueous solution 
using low cost abundantly available adsorbents. 
International Journal of  Environmental Science and 
Technology, 4 (1): 67-73. 

[11] Elhadi, M. I., Abdelrahim, A. A. (2013). Heavy Metal 
Removal from Aqueous Solution and Human Plasma by 
Garlic Cloves. Journal of Basic and Applied Scientific 
Research 3 (2) 77- 81. 

[12] Febriantoa J, Kosasiha A. N., Sunarso J,  Jua Y, 
Indraswati N. and Ismadji S., (2009). Equilibrium and 
kinetic studies in adsorption of heavy metals using 
biosorbent: A summary of recent studies. Journal of 
Hazardous Materials ScienceDirect, 162, 616–645. 

Retrieved from www.elsevier.com/locate/jhazmat 
,retrieved on 15/07/2017. 

[13] Fomina M and Gadd G. M., (2014), Biosorption, 
Current Perspectives on Concept, Definition and 
Application. Bioresource Technology. 160, pg 3-14. 
Retrieved from 
www.sciencedirect.com/science/article/pi/S096085241
3019421  

[14] Gardea, T.J.L., Tiemann, K.J., Armendariz, V., 
Besseorberto, L., Chianelli, R.R., Rios, J., Parson, J.G., 
and Gamez, G. (2000). Characterization of Cr (VI) 
binding and reduction to Cr (III) by agricultural by-
product of Avena mondia (oat) biomass. Journal of 
Hazarduous material, 80:175-188. 

[15] Goldberg, S. (2005). Equations and Models Describing 
Adsorption Processes in Soils. In Chemical Processes in 
Soils (No. 8, pp.489-517). Madison,WI: Soil Science 
Society of America. 

[16] Govindarajan, C.R., Tromathi, T., and Sudha, P.N. 
(2011). Studies on adsorption of cadmium unto 
nanochitosan carboxymethyl cellulose blend. Archives 
of applied science Research 3(5): 572 – 580. 

[17] Gupta VK and Ali I. (2000) Utilization of bagasse fly 
ash (a sugar industry waste) for the removal of copper 
and zinc from wastewater. Sep. Puri.Technol 18, 131-
140. 

[18] Igwe, J.C., and Abia, A.A. (2007). Equilibrium sorption 
isotherm studies of Cd (II), Pb (II) and Zn (II) ions 
detoxification from waste water using unmodified and 
edta-modified maize husk. Electronic Journal of 
Biotechnology,10(.4): 536-548. 

[19] José, A., Fernández, L., José, M., Angosto,, and María, 
D. Avilés, (2014), Biosorption of Hexavalent 
Chromium from Aqueous Medium with Opuntia 
Biomass.The scientific World  Journal (2); 1-8.    

[20] Karaca, H., Tay, T., and Kivanç, M., (2010). Equations 
and Models Describing Adsorption Processes in soils. 
In Chemical Processes in Soils Water Practice & 
Technology 5 (1):1-10. 

[21] Leyva, R.R., Rangel, M.J.R., Mendoza, B.J., Fuentes, 
R.L., and Guerrero, C.R.M. (1997). Adsorption of 
cadmium (II) from aqueous solution on to activated 
carbon. Water Science  and Technology, 35 (7): 205-
211. 



Biosorption Efficacy of Biosorbents Prepared from Cocoa Leaves Used for Removal of Lead Polluted Wastewater at Birnin Gwari War 
Front, Kaduna State 
 

 
 
Vol. 23 No. 2 November 2020                 ISSN: 2509-0119 210 

[22] Mahamadi C. and Chapeyama R., (2011). Divalent 
metal ion removal from aqueous solution by acid-
treated and garlic-treated Canna indica roots. Journal of 
Applied Science and Environmental Management. 15 
(1), pp 97-103. 

[23] Mesfin, A, (2009), Removal of copper using Micro size 
coconut Husk powder, Equilibrium and Kinetic studies,  
J. Nat. Env and Poll. Tech, 8(2):389 - 394. 

[24] Mohammad T, Moheb A., Sadrzadeh M. and Razmi A. 
(2005). Modeling of metal ion removal in waste water 
by electrodialysis. Separation and Purification 
Technology, 41(1): 73-82. 

[25] Rafeah, W., Zainab, N., Veronica, U. (2009). Removal 
of mercury, lead and copper from aqueous solution by 
activated carbon of palm oil empty fruit Bunch. World 
Appl. Sci. J. 5: 84 – 91 

[26] Srivastava S. and Goyal P. (2010), Novel Biomaterials: 
Decontamination of Toxic Metals from Wastewater, 
Springer-Verlag Berlin. 

[27] Tichaona N., and Olindah H., (2013) Equilibrium 
Isotherm Analysis of The Biosorption of Zn2+ Ions by 
Acid Treated Zea Mays Leaf Powder. International 
Journal of Advances in Engineering & Technology, 6 
(1) pp 128-139. ISSN: 2231-1963 

[28] Tijani J. O., Musah M and Blessing I., (2011). Sorption 
of Lead (II) and Copper (II) ions from Aqueous Solution 
by Acid Modified and Unmodified Gmelina Arborea 
(Verbenaceae) Leaves. Journal of Emerging Trends in 
Engineering and Applied Sciences (JETEAS) 2 (5):734-
740 (ISSN: 2141-7016). 

[29] Tilaki, R.A., Mahvi, A.H., Shariat, M., and Nasseri, S. 
(2004). Study of Cadmium Removal from 
Environmental Water by Biofilm Covered Granular 
Activated Carbon. Iranian Journal of  Public Health, 
33(4):43-52. 

[30] Wang, L., Chen, Z., Yang, J., and Ma, F. (2013). Pb (II) 
Biosorption by Compound Bioflocculant: Performance 
and Mechanism. Desalination and Water Treatment, 1-
9. 

LIST OF CAPTION FIGURE 

Caption 1. FTIR chart of biosorbent (Cocoa Leaves) 
 
FIGURES 

Figure 2: Percentage removal of Pb2+ versus biosorbent dose 

Figure 3: Percentage removal of Pb2+ versus PH 

Figure 4: Percentage removal of Pb2+ versus concentration 
Figure 5: Percentage removal of Pb2+ versus contact time 
time 
Figure 6: Pseudo first order model for Pb2+ adsorption onto 
ATC 
Figure 7: Pseudo first order model for Pb2+ adsorption onto 
UTC 
Figure 8: Pseudo second order model for Pb2+ adsorption 
onto ATC 
Figure 9: Pseudo second order model for Pb2+ adsorption 
onto ATC 
Figure 10: Elovich model for Pb2+ adsorption onto ATC 
Figure 11: Elovich model for Pb2+ adsorption onto UTC 
Figure 12. Langmuir isotherm of Pb2+  biosorption onto 
ATC  
Figure 13. Langmuir isotherm of Pb2+  biosorption onto 
UTC  
Figure 14. Freundlich isotherm of Pb2+ biosorption onto 
ATC  
Figure 15. Freundlich isotherm of Pb2+ biosorption onto 
UTC 
  
TABLES 

Table 1: Adsorption Kinetic Models’ Parameters for the 
Sorption of Pb2+ onto ATC and UTC Biosorbents. 
Table 2. Correlation Parameters of Langmuir and Freundlich 
Isotherms of Pb 2+ adsorption onto ATC and UTC 
Biosorbents. 
 

 


