
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

185,000 200M

TOP 1%154

6,900



10 

Application of Luffa Cylindrica in Natural form  
as Biosorbent to Removal of Divalent Metals 

from Aqueous Solutions - Kinetic and 
Equilibrium Study 

Innocent O. Oboh, Emmanuel O. Aluyor and Thomas O. K. Audu 
 University of Benin,  

 Nigeria 

1. Introduction  

Environmental pollution due to the discharge of heavy metals from various industries, 
including metal plating, mining, painting and agricultural sources such as fertilizers and 
fungicidal sprays are causing significant concern because of their toxicity and threat to 
human life, especially when tolerance levels are exceeded (Gupta et al., 2009). 
The species with the most toxicological relevance found in the industrial effluents are the 
heavy metals. These species are bio-accumulative and not biodegradable over time (Abdel-
Ghani et al., 2009). 
Activated carbon is the most employed adsorbent for heavy metal removal from aqueous 
solution (Mohan et al., 2005). However, the extensive use of activated carbon for metal 
removal from industrial effluents is expensive (Babel and Kurniawan, 2003), limiting its 
large application for wastewater treatment. Therefore, there is a growing interest in finding 
new alternative low-cost adsorbents for metal removal from aqueous solution, such as: 
microorganisms (Martins et al., 2006; Klen et al., 2007), and residuals of agricultural 
products (Basil et al., 2006; Lima et al., 2007). 
The greatest demand for metal sequestration today comes from the need to immobilize the 
metals released to the environment (or mobilized) by and partially lost through human 
technological activities. It has been established that dissolved metals (particularly heavy 
metals) escaping into the environment pose a serious health hazard (Kuyucak and Volesky, 
1990). They accumulate in living tissues throughout the food chain, which has humans at its 
top, multiplying the danger. Thus, it is necessary to control emissions of heavy metals into 
the environment. 
Urban and industrial wastewaters with toxic metal ions are a serious environmental 
problem (Santhy and Selvapathy, 2004). Metals have a high degree of toxicity, which can be 
deleterious for both the human beings and the environment. Inorganic micro pollutants are 
of considerable concern because they are non-biodegradable, highly toxic and have a 
carcinogenic effect (Cimino, et al., 2000). 
"Heavy metals" are chemical elements with a specific gravity that is at least 5 times the 
specific gravity of water. Some well-known toxic metallic elements with a specific gravity 
that is 5 or more times that of water are arsenic, 5.7; cadmium, 8.65; iron, 7.9; lead, 11.34; and 
mercury, 13.546 (Graeme and Pollack, 1998).  There are 35 metals that concern us because of 
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occupational or residential exposure; 23 of these are the heavy elements or "heavy metals": 
antimony, arsenic, bismuth, cadmium, cerium, chromium, cobalt, copper, gallium, gold, 
iron, lead, manganese, mercury, nickel, platinum, silver, tellurium, thallium, tin, uranium, 
vanadium, and zinc (Life Extension, 2009). 
Generally, heavy metals inflict toxicity by forming highly stable ligands as giant molecular 
complexes with the organic compounds in the body. The bioaccumulated heavy metal 
bounded with the organic compound modifies the biological organic molecule which in many 
occasions losses their ability to function properly, consequently, resulting in malfunction, 
change major constituents of the affected cells, and in some instances, the cell dies. At the 
death of the cell, the normal functions of the body systems are interfered and common 
symptoms are manifested depending on the organ affected (David and Norman, 1986). 
In the present study, the following heavy metals namely: lead, copper, zinc and nickel were 
investigated. 
a. Lead can contaminate the environment through natural geochemical and anthropogenic 

processes. The anthropogenic sources of lead to the environment include coal 
combustion, sewage wastewaters, automobile emissions, battery industry, mining 
activities and the utilization of fossil fuels (King et al., 2007). Various plant materials 
viz. rice husk, maize cobs, coconut and seed hull, saw dust, maize leaf and olive 
pomace have been studied for Pb removal from water bodies. An investigation dealt 
with the abatement of Pb (II) ions from aqueous system using Saraca indica leaf powder 
(SILP). The manuscripts also reported the applicability of leaf biomass for Pb (II) metal 
ion recovery and regenerate the exhausted biosorbent thereby making the process more 
economical, beneficial and cost effective (Goyal et al., 2008). 

b. Copper metal contamination exists in aqueous waste streams from many industries 
such as electronic and electrical, metal plating, mining, manufacture of computer heat 
sinks, Copper plumbing, as well as biostatic surface, as a component in ceramic glazing 
and glass colouring (Tumin et al., 2008). Copper is regularly used in agricultural 
chemicals for mildew prevention, and as algicides in water treatment of industrial 
waters. It is also used as a preservative for wood, leather, and fabrics. Workers in, or 
those living near mines, smelters, metal fabrication and manufacturing plants, wood 
treatment plants, phosphate fertilizer plants, and waste water plants may also 
experience excessive copper exposure (Jolley et al., 2003). Probably the most likely route 
of excessive copper intake for most people will be through drinking water. Although high 
copper concentrations are rare in most water sources, all water is aggressive toward 
copper, brass and bronze plumbing fixtures to some extent. In some cases the water will 
dissolve some of the copper, especially when it sits for long in pipes. Soft water is more 
aggressive than hard water, because hard water will often lay down a protective scale 
layer that keeps the water from direct contact with the pipe (Jolley et al., 2003).  

c. Nickel metal contamination exists in natural deposits; industrial processes that use 
nickel catalysts, such as coal gasification, petroleum refining, and hydrogenation of fats 
and oils. They have also been identified in residual fuel oil and in atmospheric 
emissions from nickel refineries. Nickel is toxic and relatively widespread in the 
environment. It is used in a wide variety of industries such as plating and cadmium–
nickel battery, phosphate fertilizers, mining, pigments, stabilizers and alloys, and find 
its way to the aquatic environment through wastewater discharge. Therefore, a 
systematic study on the removal of nickel from wastewater is of considerable 
significance from an environmental point of view (Singh, 2008). 

d. Although zinc occurs naturally, most zinc find its way into the environment because of 
human activities. Mining, smelting metals (like zinc, lead and cadmium) and steel 
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production, as well as burning coal and certain wastes can release zinc into the 
environment.  High level of zinc in soil may result from the improper disposal of zinc-
containing wastes from metal manufacturing industries and electric utilities. Drinking 
water that flows through metal pipes coated with zinc also are sources of zinc exposure. 
Zinc is often found in effluents discharged from industries involved in acid mine 
drainage, galvanizing plants, natural ores and municipal waste water treatment plants 
and is not biodegradable and travels through the food chain via bioaccumulation. 
Therefore, there is significant interest regarding zinc removal from waste waters since 
its toxicity for humans is 100-500 mg/day. World health organization (WHO) 
recommended the maximum acceptable concentration of zinc in drinking water as 5.0 
mg/l (Rakesh et al., 2010). 

Loofa sponge is a lignocellulosic material composed mainly of cellulose, hemicelluloses and 
lignin (Rowell et al., 2002). The fibers are composed of 60% cellulose, 30% hemicelluloses and 
10% lignin (Mazali and Alves, 2005). The fruits of L. cylindrica are smooth and cylindrical 
shaped (Mazali and Alves, 2005). L. cylindrica is a sub-tropical plant, which requires warm 
summer temperatures and long frost-free growing season when grown in temperate regions. It 
is an annual climbing which produces fruit containing fibrous vascular system. It is a summer 
season vegetable. It is difficult to assign with accuracy the indigenous areas of Luffa species. 
They have a long history of cultivation in the tropical countries of Asia and Africa. Indo-
Burma is reported to be the center of diversity for sponge gourd. The main commercial 
production countries are China, Korea, India, Japan and Central America (Bal et al., 2004). 
The structure of Luffa cylindrica for example, is cellulose based (Rowell et al., 2002; Mazali and 
Alves, 2005), and the surface of cellulose in contact with water is negatively charged. Metal 
compounds used in this study will dissolve to give the cationic metal and this will undergo 
attraction on approaching the anionic Luffa cylindrica structure (Ho et al., 2002). On this basis, it 
is expected that a metal cation will have a strong sorption affinity for Luffa cylindrica.  
The study investigated time dependence and concentration dependence studies on the 
sorption of some selected divalent metal ions on the seeds and sponge mixture of Luffa 
cylindrica. The data obtained from the batch concentration studies were fit into Langmuir, 
Sips, Redlich-Peterson and Freundlich adsorption isotherms to establish mechanism for the 
biosorption process. The kinetics of the biosorption process was established by fitting the 
data from the time dependency study into pseudo-first order, Avrami (Fractional order), 
Intra-particle diffusion and pseudo-second order kinetic models. 

2. Materials and methodology 

2.1 Preparation of Luffa cylindrica 
The plant materials (sponge and seeds) were dried at room temperature for a period of three 
days. The biosorbent was screened to obtain a geometrical size of 0.25 - 0.5mm. The ground 
seed and sponge were mixed at a ratio of 1:1. 

2.2 Preparation of aqueous solutions 
Stock solutions of Nickel, Lead, Copper, and Zinc were prepared with distilled water and 
Nickel (II) tetraoxosulphate (VI), Lead (II) trioxonitrate (V), Copper (II) tetraoxosulphate (VI) 
and Zinc chloride respectively. All working solutions were obtained by diluting the stock 
solutions with distilled water. The pH of the effluent was adjusted to 5. The concentration of 
metal ions in effluent was analyzed by Atomic Absorption Spectrophotometer. A duplicate 
was analyzed for every sample to track experimental error and show capability of 
reproducing results (Marshall and Champagne, 1995). 
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2.3 Scanning electron microscope and elemental analysis 

The microstructures, composition, and morphology of Luffa cylindrica the biosorbent 
material was analysed by means of scanning electron microscopy (SEM). A Philips scanning 
electron microscope (ESEM XL30) equipped with energy dispersive X-ray spectrometer 
(EDX) was used to analyse the various elemental composition found in the powders. 

2.4 Fourier transform infra red analysis 

Fourier transform infrared spectroscopy (FTIR) of the adsorbent was done by using an FTIR 
spectrometer (Model FTIR 2000, Shimadzu, Kyoto, Japan). About 150 mg KBr disks 
containing approximately 2% of Luffa cylindrica sample was prepared shortly before 
recording the FTIR spectra in the range of 400 – 4000.0 cm-1 and with a resolution of 4 cm-1. 
The resulting spectra were average of 30 scans. 

2.5 Surface area 

The surface area of the Luffa cylindrica sample was determined using Flowsorb 2300 
manufactured by Micrometrics Instrument Corporation, USA. Krypton gas was used in 
conducting single-point surface area measurements. Liquid nitrogen was used in setting the 
adsorption of nitrogen gas by the samples. The Luffa cylindrica was degassed at 100oC for 30 
minutes and were then cooled to liquid nitrogen temperature. The surface area of the 
sample under measurement was then read from the display-meter. The value of the surface 
area recorded was then converted to specific surface area (m2/g) by dividing the reading on 
the display by the weight of the Luffa cylindrica sample. 

2.6 Biosorption experiment 

The experiments were carried out in the batch mode for the measurement of adsorption 
capabilities. The bottles with 500ml capacity were filled with 50ml of the synthetic 
wastewater, and 1g of dried plant materials (ground). The bottles were shaken for a 
predetermined period of 2h at room temperature in a reciprocating shaker 300 rpm. The 
separation of the adsorbents and solutions was carried out by filtration with Whatman filter 
paper No. 42 and the filtrate stored in sample cans in a refrigerator prior to analysis. The 
residual metallic ion concentrations were also determined using an Atomic Absorption 
Spectrophotometer (AAS). 
The amount of the metal ion sorbed and percentage of removal of metal ion by the 
biosorbent were calculated by applying the Equations (1) and (2), respectively:  

 
( )
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=  (2) 

where q is the amount of metal ion sorbed by the biosorbent (mg/g); C0 is the initial ion 
concentration put in contact with the biosorbent (mg/L), Cf is the final concentration (mg/L) 
after the batch biosorption procedure, V is the volume of aqueous solution (L) put in contact 
with the biosorbent and m is the mass (g) of biosorbent. 
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2.7 Kinetic and equilibrium studies 

The kinetic equations, which are, Avrami (Lopes et al., 2003), pseudo first-order (Largegren, 
S., 1898), pseudo-second order (Ho, Y.S., Mckay, G.M., 1999), Elovich (Ayoob et al., 2008) 
and intra-particle diffusion model (Weber Jr. and Morris, 1963) are given in Table 1. 
 

Kinetic model Equation 

Pseudo-first-order (Largegren, S., 1898) 
 
Pseudo-second-order (Ho, Y.S., Mckay, G.M., 1999) 
 
Elovich (Ayoob et al., 2008) 
 
Avrami (Lopes et al., 2003) 
 
Intra-particle diffusion (Weber Jr.and Morris, 1963) 
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Table 1. Kinetic adsorption models 

The isotherm equations which are, Langmuir (Langmuir, 1918), Freundlich (Freundlich, 1906). 
Sips (Sips, 1948) and Redlich–Peterson (Redlich and Peterson, 1959) are given in Table 2. 
 

Isotherm Equation 

Langmuir (Langmuir,1918) 
 
 
Freundlich (Freundlich, 1906) 
 
The Redlich-Peterson (Redlich and Peterson, 1959)   
 
 
Sips (Sips,1948) 
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Table 2. Equilibrium isotherm models  

2.8 Evaluation of the kinetic and isotherm parameters 

In this work, the kinetic and equilibrium models were fitted employing the non-linear fitting 
method, using the non-linear fitting facilities of the software NLREG version 6.5. 

3. Results and discussion 

3.1 Results 
 

Specific surface area - BET  (m²/g)                                                                  0.28  
Total Surface area (m²/g)                                                                               1.1895  
Pore Diameter Range (µm )                                                               1051.309204 to 0.003577  

 

Table 3. Physical properties of the Luffa cylindrica biosorbent 
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Elements Weight% Atomic% 

C 79.33 86.91 
O 12.25 10.07 
P 00.95 00.40 
S 00.75 00.31 
Cl 01.58 00.59 
K 03.86 01.30 
Ca 01.29 00.42 

Table 4. Elemental composition of the Luffa cylindrica biosorbent 

    

       
(a) Subfigure A      (b) Subfigure B 

       
(c) Subfigure C     (d) Subfigure D 

       
(e) Subfigure E    (f) Subfigure F 

       
(g) Subfigure G      (h) Subfigure H 

Fig. 1. Scanning electron microscopy of Luffa cylindrica seeds and sponge mixture biosorbent: 
(A) transversal view of the mixture of seed and sponge 33×; (B, C, D, E) transversal view of 
the mixture of seed and sponge 1000×; (G, H) transversal view of the mixture of seed and 
sponge 5000×. 
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Fig. 2. A plot showing the pore size distribution of the biosorbent - L. cylindrica 

 

 
 

Fig. 3a. FTIR spectrum of the mixture of seed and sponge of L. cylindrica biosorbent before 
biosorption. 
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Fig. 3b. FTIR spectrum of the mixture of seed and sponge of L. cylindrica biosorbent after  
biosorption of Ni2+ions . 

 

 
Fig. 3c. FTIR spectrum of the mixture of seed and sponge of L. cylindrica biosorbent after  
biosorption of Cu2+ions. 
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Fig. 3d. FTIR spectrum of the mixture of seed and sponge of L. cylindrica biosorbent after 
biosorption of Pb2+ions. 

 

 
Fig. 3e. FTIR spectrum of the mixture of seed and sponge of L. cylindrica biosorbent after 
biosorption of Zn2+ions. 
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Fig. 4. % Removal of heavy metal ions from aqueous solutions (50 ml, pH 5.0) with 
increasing dosage of the heavy metals using L. cylindrica (1.0 g) as biosorbent for 2h. 
 
 

 
Fig. 5. Time dependent study of the sorption of lead, copper, zinc and nickel on L. cylindrica 
seeds and sponge mixture using 1.0 g biosorbent dose. Initial lead, Nickel, Copper and Zinc 
concentrations were 20.0, 4.0, 5.0 and 2.5 mg/L respectively with pH 5.0. 
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Metal ions (M2+) Kinetic 
model 

Parameters 
Cu Pb Zn Ni 

Pseudo-
First order 
 
 
Pseudo-
Second 
order 
 
Intra-
particle 
diffusion 
 
 
Elovich 
 
 
 
Avrami 

qe (mg/g) 
ke1 (g/mg min) 

r2 
 

qe (mg/g) 
ke2 (g/mg min) 

r2 
 

k(mg/g min0.5) 
C (mg/g) 

r2 
 

┙ (mg/g min) 
┚ (g/mg) 

r2 

 
Kav(min-1) 

nav 
qe(mg/g) 

r2 

0.1886 
0.1044 
0.9819 

 
0.2002 
1.1300 
0.9883 

 
0.0168 
0.0419 
0.7933 

 
10.2050 
56.7641 
0.7375 

 
0.3228 
0.3235 
0.1886 
0.9819 

0.9843 
0.1720 
0.9991 

 
1.0004 
0.9183 
0.9997 

 
0.0824 
0.2691 
0.6989 

 
1.292E+13 

38.7968 
0.9704 

 
0.5434 
0.5434 
0.9794 
0.9983 

0.1100 
0.1364 
0.9947 

 
0.1138 
3.7011 
0.9977 

 
0.0094 
0.0278 
0.7401 

 
7649.602 
167.0520 
0.8709 

 
0.3374 
0.4042 
0.1099 
0.9947 

0.1141 
0.0240 
0.9556 

 
0.1490 
0.1522 
0.9666 

 
0.0102 
0.0026 
0.9752 

 
0.0070 
29.3910 
0.9054 

 
-0.1163 
-0.2064 
0.1141 
0.9556 

Table 5. Kinetic model rate parameters obtained using the nonlinear methods. 

 

Metal ions (M2+) Isotherm 
Parameters 

Cu Ni Pb Zn 

Langmuir 
 
 
 

 
Freudlich 
 
 
 

Sips 
 
 
 
 
Redlich-
Peterson 

Qmax 
KL 
r2 
 

KF 
n 
r2 

 

Qmax 
Ks 
n 
r2 
 

Arp 
Krp 
g 
r2 

2.26E+04 
1.4580 
0.4922 

 
0.2519 
0.5897 
0.5381 

 
1.19E+04 

0.5897 
2.11E-05 
0.5381 

 
-0.5421 
0.0458 
1.0000 
0.7449 

8.20E+03 
7.01E-06 
0.3518 

 
0.0015 
0.2121 
0.9231 

 
1.59E+03 
9.51E-07 
0.2120 
0.9231 

 
-0.2936 
0.0117 
1.0000 
0.9632 

1.36E+05 
8.32E-06 
0.6571 

 
0.2544 
0.3846 
0.7189 

 
7.90E+04 
3.22E-06 
0.3845 
0.7189 

 
-0.2525 
0.3875 
1.0000 
0.8218 

2.89E+04 
3.00E-05 
0.8576 

 
1.3655 
0.6801 
0.9212 

 
1.14E+04 
1.20E-04 
0.6801 
0.9212 

 
-1.0178 
0.5072 
1.0000 
0.9539 

Table 6. Equilibrium isotherm parameters obtained using the nonlinear methods. 
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3.2 Discussion 

Table 3 show the surface area and pore diameter range for the biosorbent used for this 
study. The Specific surface area using the BET method was 0.28m²/g and the Pore diameter 
range was between 1051.309204 to 0.003577µm. As observed, the surface area for the seed 
and sponge mixture of L. cylindrica is relatively low, with pore diameter values in agreement 
with those found for typical mesoporous materials (Hamoudi and Kaliaguine, 2003).  
Table 4 shows the elemental composition of Luffa cylindrica that was analysed by means of 
scanning electron microscopy (SEM). The Luffa cylindrica sample showed a very high 
percentage of carbon. 
Scanning electron microscopy (SEM) of the Luffa cylindrica biosorbent was taken in order 
to verify the presence of macropores in the structure of the fiber. In the micrographs 
presented Figure 1 (A - J) is observed the fibrous structure of Luffa cylindrica, with some 
fissures and holes, which indicated the presence of the macroporous structure. These, 
should contribute a little bit to the diffusion of the Ni (II), Pb (II), Cu (II) and Zn (II) to the 
Luffa cylindrica biosorbent surface. The small number of macroporous structure is 
confirmed by the low specific surface area of the biosorbent (see Table 3). As the 
biosorbent material presents few numbers of macroporous structure, it adsorbed low 
amount of nitrogen, which led to a low BET surface area (Passos et al., 2006; Vaghetti et al, 
2003; Arenas et al., 2004; Passos et al., 2008). Therefore the major contribution of the Ni 
(II), Pb (II), Cu (II) and Zn (II) uptake can be attributed to micro- and mesoporous 
structures (see Figure 1 (A-J)). 
The pore size distribution of the Luffa cylindrica sample was obtained by Mercury intrusion 
method, and it is shown in Figure 2. The distribution of average pore diameter curve 
presents a maximum with an average pore diameter of about 30 µm. The amount of pores 
seen in the Luffa cylindrica biosorbent decreases for average pore diameters ranging from 30 
to 1000 µm. On the other hand, the amount of average pores ranging from 3.0E-03 to 30 µm 
is predominant. Therefore, this biosorbent can be considered mixtures of micro- and 
mesoporous materials (Passos et al., 2006; Vaghetti et al, 2003; Arenas et al., 2004; Passos et 
al., 2008). 
Figure 4 show the percent removal of Ni2+, Pb2+, Cu2+ and Zn2+  ions from the aqueous 
solution using Luffa cylindrica seeds and sponge mixture. The highest percent removal for 
the dosage of 1000 mg of the biosorbent was 98.2 for Pb2+and was followed by 95.2, 87.6 and 
43.5 for Zn2+, Cu2+ and Ni2+ ions respectively. 
Figures 3 a - e show the FTIR spectral. The functional groups on the binding sites were 
identified by FTIR spectral comparison of the free biomass with a view to understanding the 
surface binding mechanisms. The significant bands obtained are shown in Figure 3 a - e. 
Functional groups found in the structure include carboxylic, alkynes or nitriles and amine 
groups (Pavia et al., 1996).   
The stretching vibrations of C-H stretch of -CHO group shifted from 2847.05 to 2922.20, 
2852.58, 2852.46 and 2852.43 cm-1 after Cu2+ , Zn2+, Pb2+  and Ni2+ions biosorption. The 
assigned bands of the carboxylic, amine groups and alkynes or nitriles vibrations also 
shifted on biosorption. The shift in the frequency showed that there was biosorption of Cu2+, 
Zn2+, Pb2+  and Ni2+ ions on the L. cylindrica biosorbent and the carboxylic and amine groups 
were involved in the sorption of the Cu2+ , Zn2+, Pb2+  and Ni2+ions. 
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Adsorption kinetic study is important in treatment of aqueous effluents as it provides 
valuable information on the reaction pathways and in the mechanism of adsorption 
reactions. 
In this study nonlinear kinetic equations were preferred to the linear equations, since there 
are always errors associated with linearization (Mohan et al., 2005; Kumar, 2007; Kumar, 
2007). Therefore large errors in kinetic and equilibrium parameters could be obtained, if a 
not suitable linear equation is utilized (Mohan et al., 2005; Kumar, 2007; Kumar, 2007). In 
addition, the nonlinear kinetic equations have successfully been employed to obtain these 
adsorption parameters with excellent accuracy for different adsorbates and adsorbents 
(Kumar, 2007; Kumar, 2007; Arenas et al., 2007; Jacques, et al., 2007; Jacques, et al., 2007; 
Lima et al., 2007; Lima et al., 2008). 
The kinetic study carried out showed that the sorption was best described by  all the models 
used. The experimental data for all the metal ions studied fitted very well to the Pseudo-
second order model then followed by Pseudo-first order, Avrami, Elovich and Intra-particle 
diffusion models. This was shown in Table 5. It was observed that Pb2+, Zn2+, Cu2+ and 
Ni2+ions had regression values (r2) for Pseudo-second-order as 0.9997, 0.9977, 0.9883 and 
0.9666  respectively. Both Pseudo first order, Pseudo-second order and Avrami models had 
values higher than that of Elovich and Intra-particle diffusion models which had a values of 
0.7401, 0.7933, 0.6989 and 0.9752 for Zn2+, Cu2+ , Pb2+ and Ni2+ions respectively. Thus it can 
be concluded that sorption kinetics using Luffa cylindrica seed and sponge mixture as 
biosorbent followed the Pseud-first-order, Pseudo-second-order and Avrami kinetic models. 
Hence, the pseudo-second-order model is better in explaining the observed rate. This 
suggests that sorption of the metal ions involve two species, in this case, the metal ion and 
the biomass (Herrero et al., 2008). These results are in accordance with similar researches 
carried out (Ho et al., 2004; Kumar et al., 2006; Lodi et al., 1998) with several natural 
sorbents. 
The time profile for the various metal ions studied on L. cylindrica is presented in Figure 5. 
The rate of Zn2+, Cu2+, Pb2+ and Ni2+ions removal was rapid in the first 20 minutes and it 
decreased progressively afterwards. It was observed that the biosorption process reached 
equilibrium after 120 minutes. 
The observed fast biosorption kinetics was consistent with the biosorption of metal 
involving non-energy mediated reactions, where metal removal from solutions is due 
purely to physico-chemical interactions between biomass and metal solution. This fast metal 
uptake from solution indicates that binding might have resulted from interaction with 
functional groups on the cell wall of the biosorbent rather than diffusion through the cell 
wall of the biomass this is in agreement with results that have been reported in many 
studies using different biosorbents on the uptake of different heavy metals (Kumar et al., 
2006; Pan et al., 2006; Bueno et al., 2008). 
The fitting of data to Redlich-Peterson, Sips, Langmuir and Freundlich isotherms suggest 
that biosorption of Pb (II) ions onto the biosorbent could be explained by Redlich-Peterson 
isotherm with correlation coefficient of 0.8218 as outlined in Table 6. The biosorption of Zn 
(II) ions onto the biosorbent could be explained by all the isotherms studied with correlation 
coefficients of 0.8576, 0.9212, 0.9212 and 0.9539 for Langmuir, Freundlich, Sips and Redlich-
Peterson isotherms respectively. The biosorption of Ni (II) ions onto the biosorbent could be 
explained by Freudlich, Sips and Redlich-Peterson isotherms with correlation coefficients of 
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0.9231, 0.9231 and 0.9632 respectively. The biosorption of Cu (II) ions could be explained by 
Redlich-Peterson isotherm with the correlation coefficient of 0.7449.  Because experimental 
qe values were lower than that of Qmax, considering the reported approaches in the literature 
(Hall et al., 1996; Ozer and Ozer, 2003), it may be suggested that biosorption takes place as 
monolayer phenomena and that L. cylindrica biomass was not fully covered by the metal 
ions. 

4. Conclusion  

The removal of metal ions from aqueous solution is of importance both environmentally 
and for water re-use. The Luffa cylindrica seeds and sponge mixture has been presented here 
as a good alternative biosorbent for Ni2+, Pb2+, Cu2+ and Zn2+  ions removal from aqueous 
solution. This biosorbent has the ability to sorb the Ni2+, Pb2+, Cu2+ and Zn2+  ions at the 
solid/liquid interface, when the sample were suspended in water at a pH of 5.0 and a 
contacting time of 2h to saturate the available sites located on the biosorbent surface. Out of 
the five kinetic models used to adjust the sorption, the best fit was the Pseudo-second order 
model and for the isotherm the best fit was Redlich-Peterson isotherm for Ni (II) ion 
biosorption onto L. cylindrica seeds and sponge mixture biosorbent.  
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