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ABSTRACT

Mangifera indica leaf powder (MIFP) was used as a non-conventional plant biosorbent developed from mature leaves
of mango, was investigated in batch adsorption experiments on textile wastewater. Process parameter which includes
pH, adsorbent dosages and contact time were varied in order to evaluate their influence on the adsorption process. As
the Mangifera indica foliages are locally available easily and are also cost-effective, so it can be used in little greater
amounts to obtain complete removal of heavy metals. The percentage removal efficiency of Cu(ll) was higher with
increasing contact time and the equipoise time in nearly 240 minutes as 89.94 at pH 7 in the dosage content of 2.0g.
The percentage removal efficiency of Cd(l11) and Pb(l1) were attained in contact time of 180 minutes such as 89.61 and
84.42, with the level of pH 6 respectively, and Zn (1) was 85.88 and Ni(ll) was 89.94, at pH 7 severally. The results
obtained indicated that the adsorption of Ni(ll) on MIFP was better than other ions. Besides that, the adsorption of Ni
on MIFP was found in the good fit with the Langmuir isotherm.

Keywords: Mangifera indica, Cadmium, Lead, Nickel, Zinc, Copper, Adsorption, Textile Dye effluents, Langmuir and
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1. INTRODUCTION

Adsorption process offers the benefits of low costs, probability of heavy metal removal from the textile wastewater and
regenerates the potential biosorbent, though research has been carried out for developing cost effective heavy metal removal
techniques. The treatment of wastewater has become popular to the removal of toxic metals as a result of technological
developments and industrials activates, the amount of heavy metals discharged into streams and rivers by industrial and municipal
wastewater has been increasing pollution, such as Cadmium(Cd(ll)), Lead(Pb(ll)), Nickel(Ni(Il)), Zinc(Zn(Il)) and Copper
(Cu(I1). However, heavy metals such as chromium, iron, mercury, lead, cadmium are toxic to organisms. Increased use of metals
and chemicals in process has resulted in the generation of large quantities of effluent that contains high level of toxic heavy metal
and their presence poses environmental-disposal problems so adsorption processes are generally used. Hence used alternative
source of mango leaf powder are a low-cost agricultural waste which could be used for adsorption of heavy metals in wastewater.

A lot of industries generate colored effluents containing various dyes and pigments and discharge the same to natural water
bodies. Such effluents are characterized by fluctuating pH with large load of suspended solids and high oxygen demand [1]. The
textile industry and the pulp and paper mills discharge highly coloured effluents, which retain their colour even after going
through the conventional biological treatment process unless tertiary treatment measures [2-4] are taken to remove colour by
adsorption on activated carbon etc. Lignin, a biopolymer recovered from pulp and paper industry was used for the uptake of Cd*
ions [5] and sawdust of Red fir was used Hg2+ removal and it is seen that the sorption capacity increased with increasing
temperature and pH [6]. Presently more than 9000 dyes are incorporated in colour index [7]. The textile industries alone account
for two thirds of the total dye production and about 10-15% of dyes used are discharged into the effluents [8].
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Industrial Wastewater and Heavy Metals are commonly released in the wastewater from various industries. Electroplating and
surface treatment practices leads to creation of considerable quantities of wastewaters containing heavy metals such as Cadmium,
Zinc, Lead, Chromium, Nickel, Copper, Vanadium, Platinum, Silver and Titanium. Apart from this wastewater from leather,
tannery, textile, pigment and dyes, paint, wood processing, petroleum refining industries and photographic film production
contains significant amount of heavy metals. These heavy metal ions are toxic to both human beings and animals. The toxic
metals cause physical discomfort and sometimes life threatening illness and irreversible damage to vital body system. Adsorption
is recognized as a superior technique in terms of initial cost, simplicity of design, ease of operation and insensitivity towards toxic
substances [9] and granulated activated carbon (GAC) or powdered activated carbon (PAC) is a favorite method for the removal
of persistent organics. However, adsorbent grade activated carbon is cost-prohibitive and regeneration of the used carbon s not
straightforward [10]. Many novel materials have been used to test as adsorbents to replace activated carbon with cheaper
alternatives and to utilize various waste products for the purpose [11]. In this paper, aqueous solutions of five toxic metals were
taken as modal systems for testing the utility of MIFP as a biosorbent.

2. MATERIALS AND METHODS

2.1 Preparation

Mango leaves were collected from locally available trees and washed thoroughly by using distilled water to clean them from dirt
and impurities. After that, the leaves were dried and until the leaves turned brownish in colour. After drying, the leaves were
crunched by a mechanical grinder and were sieved to size of 80pm conserved in a glass bottle for utilize as an adsorbent.

2.2 Equilibrium studies

Equilibrium data, commonly known as adsorption isotherms, are basic requirements for the design of adsorption systems.
Classical adsorption models, Langmuir [12] and Freundlich [13], were used to describe the equilibrium between heavy metals on
the MIFP at constant temperature. The Langmuir equation is valid for a monolayer sorption on a homogenous surface with a finite
number of identified sites and when there are no interactions between the sorbed species. The linear form of Langmuir equation is

given in equation;
Ce Ce 1
() = (Gna) * ()
qe qgmax qgmax K

where Ce(mg/l) is the equilibrium concentration of adsorbate; ge(mg/g) is the quantity of adsorbed material (mg/g) at equilibrium,
K is the Langmuir equilibrium constant related to the energy of sorption (mg/l) and g, is the maximum amount of metal ions per
unit weight of MIFP.

The empirical Freundlich equation applies to multilayer sorption on a heterogeneous surface and can only be employed in the low
intermediate concentration ranges. The Freundlich equation is given in equation;

1
logge = logK + <;) logCe
where the K (mg g-1) and n (value between 0 and 1) are the Freundlich constant characteristic on the system. K and n are
indicators for adsorption capacity and adsorption intensity, respectively [14-22].

3. RESULTS AND DISCUSSION

3.1 Effect of pH

The pH is an important parameter in all the adsorption processes. For a typical experiment was carried out to removal of heavy
metals from the aqueous solution. It was seen that there was no adsorption between pH 1.0 and 5.0, and the percentage removal
efficiency of Cd(Il) was maximum as 83.67 at pH 6.0, the adsorption process of Pb(Il) was attained for maximum percentage
removal efficiency as 79.72 at the level of pH 6. By further increasing of pH level from 6 to 7, the percentage removal of Ni(ll)
was obtained maximum and it was 83.05. Similar Zn(ll) and Cu(ll) was attained maximum and it was 79.60 and 85.27
respectively (Fig. 1). These interpretations of gradually rise in percent adsorption for the anionic dyes onto neem leaves were
similar to that studied [23]. The pH values from acidic to alkaline medium causes both the degree of ionization of dye molecules
and the surface attribute of the adsorbent to various, which in turn affect the biosorption rate of dyes. Another side, the presence of
high concentration of ions on the adsorbents in the basic medium at pH of 8-11 complete effectively with the dye molecules have
the effect of making happen to decreased percent adsorption for both dyes onto the surface of the adsorbent.
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Fig.1. pH Vs Percentage removal efficiency of Toxic Metals

3.2 Effect of Adsorbent Dosage

The effect of adsorbent dosage from 0.5 to 2.5g in dye wastewater is shown in (Fig.2 and Fig.3). It can be observed that
the increase in the biosorbents dosage causes an increase in the percentage of metal removal. The percent adsorption of
metals onto the adsorbent varied for Cd the percentage removal efficiency of Cd(Il) was maximum at 83.67% with the
dosage content of MIFP (2.0g) as biosorbent and the adsorption process of Pb(1l) was attained for maximum percentage
removal efficiency as 79.72 with the dosage content of 2.0g (Fig. 2). After increased from the pH level 6 to 7, the
percentage removal of Ni(ll) was obtained maximum and it was 83.05. Similar Zn(1l) and Cu(ll) was attained maximum
and it was 79.60 and 85.27 respectively at the dosage content of biosorbent as MIFP 2.0g (Fig. 3). As the amount of
adsorbent increases, the number of active sites available for adsorption also increases, thus increasing the percent
removal for the dyes. Initial stages of dosage content in 0.5g had started its removal efficiency, while at maximum
dosage 2.0g; there was the greater availability of convertible places which ultimately led to the removal of maximum
efficiency of ions.
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Fig.2. Dosage Content vs Percentage removal efficiency of Toxic metals
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Fig.3. Dosage Content Vs Percentage removal efficiency of Toxic metals

3.3 Effect of Contact Time

Fig. 4 and Fig. 5, showed the percentage removal of the various heavy metals by the MIFP as biosorbent. For all the metal ions
present in the textile wastewater, there was a progression in the percentage removal of metal ions present in the textile wastewater
with contact time. An increased of removal efficiency with an increase in contact time and this could be detailed discussed by
chemical attraction of the adsorbents for toxic ions. It can be clearly observed that the percentage of adsorption generally
increased until time reached, the Cd(lI) and Pb(ll) had obtained the maximum percentage removal efficiency of metals 89.61 and
84.42 in 240 minutes respectively at pH 6 in the dosage content of 2.0g (Fig. 4). The maximum percentage removal efficiency of
Ni(Il) was obtained as 89.83 at pH 7 with contact time 180 minutes; meanwhile Zn(Il) was 85.88 and Cu(ll) was 89.94 had
attained 240minutes at pH 7 (Fig.5). Afterwards the process becomes comparatively constant as it approaches equilibrium

conditions until equilibrium was achieved at a respective time.
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3.4 Adsorption Isotherms

The regression equation of MIFP through regression analysis for calculating the parameters of Langmuir
isotherm, Freundlich isotherm, Temkin isotherm, Dubinin-Redushkevich isotherm, Harkin-Jura isotherm and
Jovanovic isotherm were shown in the Table 1 and Figures 6 to 12. The essential characteristic of Langmuir
isotherm can be shown in terms of RL (dimensionless separation parameter) which is indicative of isotherm
shape and predicts whether an adsorption system is favorable. These results inferred that the equilibrium
adsorption data of toxic metals were conformed well fitted to the isotherms; however, higher value of R?
indicates Langmuir isotherm as the most favorable.
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Fig.8. Freundlich Isotherm plot for toxic metals
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Table 1 Isotherm Model Characteristics for MIFP

Cd(In Pb(I) Ni(ll) Zn(11) Cu(ll)

Langmuir Isotherms
R? 0.966 0.932 0.983 0.838 0.960
R. 0.967 0.981 0.973 0966 0.960
Omax (MQ/Q) 18.51 35.71 14.08 12.65 15.87
b (I/mg) 0.025 0.002 0.015 0.005 0.014

Freundlich Isotherms

R? 0.827 0.905 0.846 0.821 0.940
n 1.290 1.219 2.392 1.298 1.536
Ke 0.320 0.058 0.160 0.070 0.180

Temkin Isotherms

R2 0.834 0.779 0.767 0678 | 0915
B 0.183 0.225 0.213 0170 | 0.188
KT (I/mg) 2.066 0.222 1.272 0212 | 1362

Dubinin-Radushkevick Isotherms

R2 0.926 0.833 0.867 0760 | 0.923
qD (mg/g) 1.424 3.221 2.179 3115 | 1.956
B 0.069 0.154 0.102 0290 | 0.022

Harkin-Jura Isotherms

R2 0.918 0.914 0.869 0.803 0.878
A 5.730 1.811 12.52 2.170 2.110
B 1.552 2.074 1.330 2.230 1.060

Jovanovic Isotherms

R2 0.887 0.898 0.825 0.808 0.925
gmax 0.308 0.287 0.280 0.304 0.303
KJ 0.764 0.264 0.763 0.195 0.691

4 CONCLUSION

The results of the MIFP studied can be used as a low cost adsorbent alternative for heavy metal removal from
dye wastewater. It indicates a great capacity for adsorption and is highly efficient. The percentage removal of
Cu(ll) was higher with increasing contact time and the equipoise time is nearly 240 minutes as 89.94 at pH 7 in
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the dosage content of 2.0g. As the Mangifera indica foliages are locally available easily and are also cost
effective, so it can be used in little greater amounts to obtain complete removal of heavy metals. Thus, it can be
concluded that Mangifera indica foliages can be considered as an alternative biomass for the removal of Ni(ll)
ion, since it is effective, low cost and abundant, it can be obtained locally. Thus reducing heavy metals from
wastewater, environmental pollution can be lowered. The results attained are best fitted with the Langmuir
isotherms.
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