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Abstract:

Conventional methods of heavy metal removal from water such as chemical precipitation and filtration, oxidation and reduction,
electrochemical treatment, reverse osmosis, ion exchange or distillation are economically non-viable, because they involve the
use of sophisticated equipment and high cost of plant maintenance. This necessitated the search for cheap and promising
methods of water treatment. Moringa oleifera seeds have been reported to have biosorption properties, however, the efficiency
and mechanism of biosorption has not been fully established. In this study, Fourier transform infrared (FT-IR) spectroscopy,
batch adsorption and batch kinetics studies were conducted, to determine the functional groups, biosorption performance and
probable biosorption mechanism of M. oleifera seeds powder. FT-IR analysis revealed the complex nature of the seed with
carbonyl group (C=0), amine group (C-NH), hydroxyl group (OH) and stretching of C-H bond of CH, groups present.
Regression analysis revealed that Pb(Il) and Cd(ll) adsorption fits better to Freundlich isotherm model than Langmuir model.

The theoretical maximum adsorption capacity (q,, ) and adsorption intensity (b) were higher for Cd(l1) when compared to

Pb(1l). The adsorption of Cd(ll) fits the intraparticle diffusion model. The constant depicting boundary layer effect (C), indicated
that Cd(ll) and Pb(Il) adsorption occur via a multilayer adsorption mechanism and mass transfer was not the only rate limiting
step in the biosorption process. This finding suggest that M. oleifera seeds has higher biosorption activity for Cd(l1) than Pb(ll),
and that the adsorption occurs via physical process rather than chemical process.

1. Introduction

Surface water from sources such as rivers, streams and pounds, although common, may be exposed heavy metals and pollution. In
Nigeria, indiscriminate disposal of sewage, industrial and agricultural wastes, coupled with mobilization of unearthed metals from
mining sites by runoff, have been the major sources of toxic metals pollution of surface water (Galadima et al., 2011). Also, poverty,
ignorance and poor implementation of government policies and regulations, including illegal mining have compounded the problems
of metals pollution (Galadima et al., 2011).

Removal of heavy metals from water and wastewater may involve chemical precipitation and filtration, oxidation and reduction,
electrochemical treatment, reverse osmosis, ion exchange and/ or distillation. Such methods are economically non-viable especially in
developing countries, because they involve the use of sophisticated equipment and require expertise (Basu et al., 2003; Volesky,
2003). High cost of importing chemicals, health safety of such chemicals and cost of plant maintenance are additional challenges in
using these conventional methods of water treatment (Glenda and Gregory, 1996). In an effort to develop an alternative, low cost,
effective and safe method of improving water quality and heavy metal removal from water and wastewater, researchers have focused
on using renewable plants and microbial biomass. Moringa oleifera is one of such plant biomass currently receiving enormous
attention.

The use of M. oleifera for water purification is part of African indigenous knowledge (Sajidu et al., 2006). Moringa was first studied
and confirmed for its coagulant property by Jahn (1981), after observing women in Sudan use the seeds to clarify the turbid Nile
water. The seeds act as a flocculent that attract and aggregate suspended particles in water, these particles then precipitate out of the
water as flakes, leaving clearer water. Other works reported the used of the seeds in absorbing and removing a wide range of Gram-
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positive and Gram-negative bacteria, algae, organic pollutants and pesticides from water (Suarez et al., 2003; Suarez et al., 2005;
Akhtar et al., 2007a, Akhtar et al., 2007b).

The purification and clarification potentials of M. oleifera seed is not limited to removal of suspended organic and biological agents
only, the seed powder have been reported to have adsorption properties for heavy metals. A study by Veronica et al. (2012) reveals
that M. oleifera seed biomass performed well in biosorption of lead (Pb), copper (Cu), cadmium (Cd), nickel (Ni), manganese (Mn)
and zinc (Zn). The study also reveals that the biosorption capacity was neither affected by pH in a range of 3.5-8.0 nor the presence of
other metal ions in a multi-metal solution. Mataka et al. (2006) reported that M. oleifera seed powder at a level of 2.5 g/100 ml
reduces lead level in water by over 96%. A laboratory scale experiment reported by Sharma et al. (2006) indicated that adsorption data
of cadmium uptake by M. oleifera seed fits to Freundlich isotherm model with an optimal cadmium uptake of 85.1% at 4.0 g biomass
dosage, 25 mg metal concentration, pH of 6.5, contact time of 40 minutes and 200 ml volume of test solution. Earlier report by Sajidu
et al. (2005) shows that M. oleifera seed kernel and press cake has the ability to remove metal ions at a range of 70-89% for lead, 66-
92% for iron and 44-47% for cadmium. Though the seeds of M. oleifera have been reported to have biosorption potentials, the
biosorption process parameters and probable biosorption mechanism has not been fully established.

In this study, Fourier transform infrared (FT-IR) spectroscopy, batch adsorption and batch Kinetics studies were carried out, to
determine the functional groups, biosorption performance and probable biosorption mechanism of locally available seeds of M.
oleifera.

2. Materials and Experimental Design/ Methods

2.1. Collection and Preparation of M. oleifera Seeds

Dried seeds of M. oleifera were collected within Sokoto metropolis; the seeds were stored at room temperature and were shelled
manually. The kernels were crushed using pestle and mortar, and then sieved using 200-250 um apertures Laboratory Test Sieve
(Kardam et al., 2010).

2.2. FT-IR Analysis of M. oleifera Seeds powder

In order to have an idea of available functional groups in M. oleifera seed, FT-IR analysis was conducted. M. oleifera seed powder
was mixed with a dried spectra grade potassium bromide (KBr), the mixture was then milled with a small agate mortar until the seed
powder was completely mixed with the KBr powder. After milling, the mixture was immediately compressed for about 5 minutes, and
the thickness of the KBr-sample pellet was controlled to 1 mm (Silverstein et al., 1981). The KBr-sample pellet formed was analysed
using MB3000 FT-IR spectrometer (ABB Analytical Measurements, Canada).

2.3. Batch Adsorption and Batch Kinetics Experiment
Batch adsorption experiments were carried out in 250 ml Erlenmeyer flask containing 100 ml of metal solution and 0.4 g of M.
oleifera seed powder. The pH was adjusted to 6.5 and the mixture was shaken at 120 rpm for 30 minutes. The solution was allowed to
equilibrate for 1 hour, filtered using Whatman filter paper (No. 42). The filtrate was analysed for equilibrium metal concentration
using AA240FS Atomic Absorption Spectrophotometer (Varian Medical Systems Inc., USA) (Volesky, 2003; Sahabi et al., 2010).
Metal uptake was calculated using equation 2.1.

V(C,-C.)
Metal uptake ‘q’ (mg/g) = T ................................................................ (2.1)

Where: C; and C. = Initial and Equilibrium Metal Concentration (mg/L); V= Volume of Solution (L); S= Weight of Biosorbent (g).
Adsorption isotherm was obtained from a plot of metal uptake against equilibrium metal concentration.

For batch kinetics studies, duplicate flasks were removed at time intervals of 10, 20, 30, 60, 90 and 120 minutes respectively.
Adsorption kinetics was obtained from a plot of metal uptake against contact time (Volesky, 2003; Sahabi et al., 2010).

2.4. Data Analysis
DATAFIT Software, Version 9.0 (Oakdale, United States) was employed for curves fitting of batch adsorption and batch kinetics data.
The evaluation of fitting parameters was done using nonlinear regression analysis.

3. Result and Discussion

3.1. FT-IR Analysis of M. oleifera Seeds Powder
The result of FT-IR analysis for M. oleifera seed powder is given in Figure 1.
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Figure 1: FT-IR Spectrum of M. oleifera seeds powder

FT-IR spectra of M. oleifera seeds powder revealed a bandwidth around 3400cm that is attributed to the stretching of hydroxyl (-OH)
functional group present in proteins, fatty acids, carbohydrate molecules and lignin units (Reddy et al., 2012). The peaks at 2850cm!
and 2890cm! corresponds to asymmetric and symmetric stretching of C-H bond of CH; groups, the high intensity of these bands may
be as a result of the high lipid content of the seeds. The bands at 1725cm™ and 1650 cm are as a result of carbonyl (C=0) stretching.
The carbonyl functional group may be due to the presence of proteins in the seeds powder. Also, the carbonyl group may be as a result
of lipids present in the seed. The stretching at 1575¢cm™ may be as a result of C-NH group of peptides and amino acid in the seeds
(Reddy et al., 2010b).

Hydroxyl, carbonyl and amine functional groups have been proposed to be responsible for metal binding and uptake by plant biomass
via adsorption, coordination, chelation, complexation and/ or ion exchange (Volesky, 2003). Thus, these functional groups may be
responsible for the biosorption properties of M. oleifera seeds powder.

3.2. Equilibrium Isotherms Studies

Figure 2 and Figure 3 shows the curve fittings of Cd (11) and Pb (I1) equilibrium adsorption data to Langmuir and Freundlich isotherm
models. Table 1 shows the isotherm fitting parameters and corresponding error functions of Pb(Il) and Cd(Il) to Langmuir and
Freundlich isotherm model as obtained by non linear regression analysis using DATAFIT Software (Oakdale, United States).
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Figure 2: Curve fitting of equilibrium adsorption data with Langmuir and Freundlich isotherm models for Cd (11).
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Figure 3: Curve fitting of equilibrium adsorption data with Langmuir and Freundlich isotherm models for Pb(ll).

Langmuir isotherm
Parameters Pb(I1) Cd(1n
Qi (MY Y 24.504 38.633
b 1.548 4.927
RSS 4.578 2.641
SE 1.235 0.938
R? 0.967 0.961

Freundlich isotherm
ke (Lg™h 14.219 0.363
Ne 1.838 1.333
RSS 3.654 2.382
SE 1.104 0.891
R? 0.974 0.965

Table 1: Isotherm Parameters for Adsorption of Pb (1) and Cd (I1) onto M. oleifera Seeds Powder

Key: Qe = Theoretical maximum adsorption capacity
b = Langmuir constant related to adsorption-desorption energy
kF = Freundlich constant indicating adsorption capacity
Ne = Freundlich constant adsorption intensity
RSS = Residual sum of squares
SE = Standard error
R? = Coefficient of regression

Based on regression coefficient (R?) values, the experimental data for adsorption of Cd(l1) and Ph(Il) onto M. oleifera seeds powder fit
better to Freundlich isotherm model than the Langmuir isotherm model.
The Langmuir isotherm model assumes a monolayer adsorption onto an adsorbent surface containing finite number of identical sites

and without interaction between the adsorbed molecules. Theoretical maximum adsorption (., ) is useful in comparing the

adsorption capacity of biosorbent for different toxic metal under experimental conditions (Volesky, 2003). At starting pH 6.5 and
biomass dose of 4.0g/L, M. oleifera seeds powder gave a higher theoretical maximum adsorption of 38.633 mg g* and 24.504 mg g'*
for Cd(Il) and Pb(ll) respectively. Also, the index of affinity of M. oleifera seeds powder for metal ions onto a finite monolayer
adsorbent surface, b, revealed a higher value for Cd(11) (4.927) than for Pb(Il) (1.548).

Freundlich adsorption isotherm describes absorption as a sorption process that occurs on an energetically heterogeneous surface,
which is not limited by monolayer capacity. In other words, it is an indicator of heterogeneity (Volesky, 2003; Sahabi et al., 2010).
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Both the multilayer adsorption capacity (ng) and adsorption intensity (ke) values of Pb(ll) obtained by non linear regression analysis
from experimental data were higher than that of Cd(ll). This is an indication that Pb(Il) adsorption is favoured more by energetically
heterogeneous multilayer formation process, while Cd(Il) adsorption is less favored by this process. This finding further confirm that
the adsorption of Cd(ll) may be more of a finite monolayer process while that of Pb(Il) is more of heterogeneous multilayer process.
The fitting of equilibrium data of Cd(Il) to Freundlich isotherm model is in agreement with report of Sharma et al. (2006) which
earlier revealed that cadmium adsorption onto M. oleifera seeds powder fit Freundlich isotherm model. In contrast, the fitting of
equilibrium data of Pb(I1) to Freundlich and Langmuir isotherm model was not in agreement with the findings of Adelaja et al. (2011),
that the adsorption of Pb(Il) onto M. oleifera seeds powder does not conform to Freundlich and Langmuir isotherm model.

3.3. Kinetics Studies

Figure 4 and Figure 5 shows the curve fittings of Cd(ll) and Pb(ll) kinetics adsorption data to Intraparticle Diffusion model and
Elovich model. Table 2 shows the fitting parameters and corresponding error functions for adsorption of Cd(ll) and Pb(ll) onto M.
oleifera seeds powder as obtained by non linear regression analysis using DATAFIT Software (Oakdale, United States).
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Figure 4: Curve fitting of kinetics data with intraparticle diffusion model and Elovich model for Cd (I1)
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Figure 5: Curve fitting of kinetics data with Intraparticle diffusion model and Elovich model for Pb(Il)
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Intraparticle diffusion model
Parameters Pb(1) Cd(In
Ky (mgtg min®9) 2.779 -3.393
C 5.588 5.161
RSS 3.186 0.127
SE 3.259 0.206
R? 0.827 0.955
Elovich model
a (mgtg?! min?) 13011948224.265 1.490
B (g mg?) 5.066 24.026
RSS 6.915 3.094
SE 0.152 1.016
R? 0.000 0.000

Table 2: Kinetics Parameters for Adsorption of Pb(ll) and Cd(Il) onto M. oleifera Seeds Powder.

Key: Ky = Intraparticle diffusion rate constant
C = Constant depicting the boundary layer effect
o = Constant related to the rate of chemisorption
B = Constant related to surface coverage involved in chemisorption
RSS = Residual sum of squares
SE = Standard error
R? = Coefficient of regression

The regression coefficient (R?) obtained indicates that, the adsorption of Cd(l1) and Pb(ll) onto M. oleifera seeds fits Intraparticle
diffusion model. However, both Pb(Il) and Cd(ll) adsorption data did not fit to Elovich model. This suggest that mass transfer may be
the rate limiting process in the biosorption of Pb(Il) and Cd(Il) onto M. oleifera seeds powder, while chemisorption process may not
play significant role in the biosorption process.

The negative Intraparticle diffusion rate constant (kig) of Cd(ll) binding onto M. oleifera seeds powder is an indication that
equilibrium/ adsorption saturation is attained at low contact time (of 10 minutes), and Cd(Il) uptake was reduced as the contact time
was increased beyond 10 minutes. Also, because the fitting of Cd(Il) and Pb(II) adsorption’ to intraparticle diffusion model was not
100% due to the difference in mass transfer rate during the initial and final stages of adsorption, the constant depicting boundary effect
(C), show deviation (was above zero). This is an indication that there is some degree of boundary layer control and that intraparticle
diffusion is not the only rate limiting step. Thus, several other processes operating simultaneously may be controlling the system
(Reddy et al., 2010a). These findings concord with the reports by Santos et al. (2012) and Sharma et al. (2006), that metal adsorption
onto M. oleifera seeds powder is a complex process that may involve chemical processes, physical and ionic interaction, as well as
sequestration of metal ions by low molecular protein of the seeds.

4. Conclusion

M. oleifera seeds show reasonable biosorption performance for Cd(I1) and Pb(Il) and the equilibrium adsorption data conform more to
Freundlich isotherm than Langmuir isotherm model. Kinetic data suggest that mass transfer may be the rate limiting process for the
adsorption of Cd(l1) and Pb(ll) onto M. oleifera seeds powder. Based on these findings, it is logical to say that M. oleifera seeds have
biosorption activity and can go a long way in the improvement of water quality, as well as reducing the level of Cd(Il) and Pb(ll) in
raw water and wastewater, if properly exploited by communities facing water contamination by these metals.
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