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Abstract
Lagenaria vulgaris (LV) shell was used as a biosorbent for the removal of heavy metal ions, Pb2+, Cd 2+ and Zn 2+, from aqueous solutions. Experiments were carried out under batch conditions. The effects of contact time, initial pH, temperature
and stirring speed on removal efficiency are presented. Sorption of the investigated metals was fast, reaching equilibrium
after about 5 to 10 min, depending on the metal. Biosorption was highly pH-dependent, and the optimal pH for investigated
metals was in the range of 4.5 to 6.0. The effects of temperature demonstrated that biosorption of the metals is a chemical
process. SEM analysis revealed interesting morphological changes after acid refinement of the raw biosorbent and metal
uptake that is related to the chemical nature of the biosorption process. EDX analysis of Lagenaria vulgaris biosorbent
(LVB) before and after metal sorption revealed that the ion exchange mechanism was the principal sorption process. Fourier
transform infrared spectroscopy (FTIR) analysis has shown that major functional groups (carboxyl and hydroxyl) on the
biosorbent surface took part in the metal ion uptake process as active sites. The results obtained showed that Lagenaria
vulgaris based biosorbent could be used as an effective and low-cost pre-treatment step for removal of toxic metals from
wastewaters.
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Introduction
Toxic heavy metals are released into the biosphere through
industrial activities and spread into the environment. Their
presence in the environment can be detrimental to people,
plants and animals. These inorganic micro-pollutants are nonbiodegradable, highly toxic and have a carcinogenic (Cd) and
suspected carcinogenic (Pb) effect (Cimino et al., 2000). They
can accumulate in water, soil, plants and living tissues, thus
becoming concentrated throughout the food chain.
The efficiency of heavy metal absorption by plants is
affected by numerous factors such as: plant species, natural
habitat of the plants, pH of the soil, organic matter content,
and whether the habitat is naturally rich in toxic metals or is
anthropogenically polluted. A variety of industries are responsible for the release of toxic heavy metals into the environment
through their wastewaters. These include: manufacturing of
paper, pesticides and batteries, iron production, and many
other industries, such as metal finishing, electroplating, printed
circuit and non-ferrous metal works (Friedman and Waiss,
1972; Kjellstrom et al., 1977; Forstner and Wittman, 1981;
Kabata-Pendias and Pendias, 2001; Pastircakova, 2004; Celik
and Demirbas, 2005). Therefore, it is desirable that their levels
be considerably reduced in industrial and municipal effluents to
meet regulatory standards.
Conventional methods have been used to remove metal ions
from water effluents, such as: lime precipitation (Esalah et al.,
2000), or oxidation/reduction process, coagulation and flotation
(Zouboulis et al., 1997) and effective, but expensive, processes
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such as ion exchange, reverse osmosis (Dang et al., 2009),
electrodialysis (Canet et al., 2002), ultra-filtration, electrolytic
removal, etc. (Gardea-Torresdey et al., 1998; Zhang et al., 1998;
Patterson, 1985; Inglezakis et al., 2003). However, these conventional techniques have their own inherent limitations such
as lower efficiency, sensitive operating conditions, and secondary sludge production (Ahluwalia and Goyal, 2005). The most
widely used method for removing heavy metals from water is
precipitation as insoluble hydroxide in weak alkaline medium
(Patterson, 1985). However, a major problem with this method
is the disposal of the precipitated hydroxide. Another powerful
technology is the adsorption of heavy metals from domestic
and industrial wastewaters using activated carbon (Horikoshi
et al., 1981; Hosea et al., 1986; Ravindran et al., 1999; Toles
and Volesky, 2000; Marshall, 2002). However, the high cost of
the activated carbon and its loss during regeneration restrict its
application (Dhiraj, 2008).
For the past 15 years an alternative method for removal of
toxic metal ions from wastewater has been considered, based
on the sorption capacity of waste materials, both organic
and inorganic (Volesky and Holan, 1995). The materials that
have been investigated as biosorbents include aquatic plants
such as seaweeds (Williams and Edyvean, 1997), sugarcane
bagasse, mould, yeast, and other microbial and agricultural
products such as wool, rice, straw, banana peel, coconut husk,
hazelnut husk, tree bark, peat moss, peanut skins, tea leaves,
etc. (Brauckmann, 1990; Tan et al., 1993; Volesky and Holan,
1995; Williams et al., 1998; Cimino et al., 2000; Johnson et al.,
2002). These biomaterials, which are by-products or wastes
from various industrial activities and agricultural waste materials, have wide application. The major advantages of biosorption over conventional treatment methods include low cost,
high efficiency, minimisation of chemical or biological sludge
and possibility of biosorbent regeneration (Zhao et al., 1999;
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