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Abstract

Water is one of the most vital natural resource, and is crucial for survival of all living organism. One of the major
polluting sources of this water is the industrial effluents. In developing countries, most of the industries are operated
in small and medium scales and some of these like electroplating and tannery industries discharge waste which is
rich with Cr (VI) salts. Such untreated effluents have raised several ecological concerns. Chromium has been
considered as one of the most toxic pollutant primarily because of its carcinogenic and teratogenic nature. The
present work was focused on investigation into suitable biological remediation of such effluents without subsequent
secondary pollution. It involved effect of concentration, contact time and pH variation on ability of the neem and
mango leaves in removing chromium ions form aqueous solution. The dried leaves were washed with deionised
water, air-dried and ground using ball mill. The leaf powders were added to 10 ppm stock metal ion solution made
from potassium dichromate where chromium exist as Cr (VI). These mixtures were shaken at a constant rate of 150
rpm, filtered and analyzed by Atomic Absorption Spectrophotometer. The maximum adsorption was obtained at pH
5.5, agitation rate of 150 rpm, particle size, of ground dry leaves, was 5 mm, initial concentration of Cr (VI) ions of 10
mg/l and contact time 24 hrs to 48 hrs. The maximum adsorption capacity was found to be 10 ppm Cr (VI) ion
concentration and 5.0 g/L of mango leaf powder (MLP) at pH 5.5. However, pH 7.0 was chosen as the optimum pH
(to prevent secondary pollution due to acidic pH of treated effluent). Better adsorption did not occur at higher
solution temperatures. The neem leaf powder was less effective in removing Cr(VI) ions from solutions. The
adsorption mechanism followed a pseudo second order kinetics.
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Introduction
The presence of heavy metals in the environment is of major

concern because of their toxicity due to bioaccumulating tendency
resulting in threat to human life and the environment. It is well known
that heavy metals can damage nerves, liver, and bones and could also
block functional groups of essential enzymes. Conventional methods
for removing dissolved heavy metal ions include chemical
precipitation, chemical oxidation or reduction, filtration, ion exchange,
electrochemical treatment, application of membrane technology,
evaporation recovery and biological treatment.

Although all the effluent treatment techniques can be employed to
remove heavy metals, they have their inherent advantages and
limitations. Among all these methods, adsorption process is
considered better than other methods because of convenience, easy
operation and simplicity of design. Further, this process can remove/
minimize different types of pollutants and thus have wider
applicability in water pollution control [1]. A fundamentally important
characteristic of good adsorbents is their high porosity and consequent
larger surface area with more specific adsorption sites. Activated
carbons display high adsorption capacity; but the high cost presents a
major drawback for practical applications, especially in the field of
industrial effluent treatment where activated carbons may play a very
useful role. Efforts have been made to develop low cost adsorbents for
the removal of heavy metals from aqueous solutions. A number of

natural and synthetic adsorbents like agricultural waste’s carbon [2],
clay [3], neem leaves [4], cooked tea dust [5], zeolites [6], teak leaves
activated carbon [7], cashew nut shell activated carbon [8], fly ash [9]
etc., have been studied by various researchers for the removal of heavy
metals [10].

The sludge removed from drinking and waste water treatment
plants generates growing amounts of waste, which have to be managed.
Sludge disposal is now recognized as one of the most important issues
by all environmental lists. The main concern about Cr (VI) compounds
is associated with their mobility, which can easily lead to the
contamination of both surface and ground waters. Cr (VI) can be toxic
for biological systems and water-soluble Cr (VI) is extremely irritating
and toxic to human body tissue owing to its oxidizing, potential and
easy permeating of biological membranes [11]. Cr (VI) is toxic to
numerous plants, animals, bacteria and as a confirmed human
carcinogen, poses a great threat to human health and environment
[12]. Trivalent chromium on the other hand, present mainly as
relatively insoluble, immobile and nontoxic hydroxides and oxides.
Bioadsorption plays an important role in removal of Chromium (VI)
from aqueous solutions. The main advantage of the bioadsorption
technology is its effectiveness in reducing the concentration of Cr (VI)
to very low levels and the use of inexpensive bioadsorbent materials
[13].

Various types of biomass have been used as the biosorbent for the
removal of toxic metals. Among these, plant leaves are chosen in this
study as they are proposed to be natural, simple and cheap biosorbents
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for the efficient removal of several heavy metal ions. They can be easily
found and are a renewable source. Plant leaves are also nontoxic and
biodegradable. After the biosorption process, they are expected to
precipitate and become sediments which can be disposed safely. A
research conducted by Salim and Abu El-Halawa, used mulch plant
leaves for the biosorption of cadmium, lead and copper ions. The
results proved that the performance of the leaves is close to the
efficiency of using activated carbon. The results also showed that oven
dried leaves have better performance compared to the naturally dried
ones. The functional group which is commonly found in plant leaves is
carboxylate.

Available information involving the use of mango leaf powder
(MLP) for the biosorption of heavy metals is quite limited. Particularly,
no study involving MLP for the removal of copper ions was found. One
paper was found whose the researcher” used several test plant
materials including MLP as the biosorbents for the removal of lead
ions. The maximum adsorption capacity for the MLP with lead was
found to be 31.54 mg/g. Several researchers have also performed
studies using different parts of the mango tree as biosorbents. One
such study demonstrated the use of bark of mango tree as biosorbents
suitable for the removal of Hg2+ and Cr3+ from aqueous solutions [14].

Materials and Methods

Preparation of adsorbent and characterization
The collected leaves of Mango and Neem were cut into average size

10 mm to 2 mm and dried in sun light for about 2 days. Then, it was
pounded manually and sieved using suitable sieve particle size
analyzer. These powdered leaves, were preserved in air tight containers.

Experimental procedure
All experiments were carried out in triplicate. Adsorption studies

were carried out with initial Cr(VI) concentrations 10 ppm while
maintaining the adsorbent dosage at 5%. The absorbent was, on an
average, 5 mm in size.

Preparation of bio-absorbent
Neem and mango leaves were collected washed thoroughly with

deionised water and air dried. The dried leaves were ground using and
sieved to produce 5 mm particles size.

Batch sorption experiment
Batch experiments were carried out to investigate the effects of

initial metal ion concentrations, temperature, pH and adsorbent
dosage on the adsorption of Cr (VI) ions from aqueous solutions (of 10
ppm Cr (VI)). Absorbents (5 g) were added to 100 ml of the solution.
The mixtures were stirred using a magnetic stirrer for 24 hrs and 48
hrs. The solutions were filtered using Whatman filter paper No. 41,
washed with deionized water several times (to remove all dichromate
which might have been attached to it loosely) and dried in oven at
120°C for 1 hour. These were then digested by using HNO3

+H3PO4 i.e.,
3:1 ratio then volume was made up to 100 ml with deionized water and
analyzed using atomic absorption spectrophotometer (Thermo Fisher
AA-203). Further Cr (VI) ions were also analyzed using
diphenylcarbazide. The concentration of the analyte was determined
from the calibration curve of standard solutions of Cr (VI). The effects
of various parameters on efficiency of adsorption were observed by

varying temperature, from 15°C, 25°C, 37°C and 45°C. pH of solution
was also varied from 4.5, 5.5, 7 and 8.5 along with different adsorbent
dosage.

Standard stock solution of 1 mg/mL of chromium (VI) was prepared
from potassium dichromate by dissolving 2.828 g K2Cr2O7, in 1 liter
deionized water. It was diluted further as per the need in different
experiments.

Application to samples of effluents, from primary sedimentation
pond, chromium pond and treated pond, were randomly collected,
using sterile BOD bottles, for Cr (VI) removal from nearby tannery
and leather industries. The analyses of samples were carried out in two
steps. The first one is direct analyses to determine concentration of Cr
(VI) in the wastewater and routine water testing. The second part of
the analysis was carried out by treating the wastewater with the
adsorbent prepared from leaves of mango and neem to remove the
pollutant using the optimized parameters, keeping in mind the data
from routine water testing.

Statistical analysis
Data was analyzed by one-way analysis of variance (ANOVA) with

Tukey-Kramer multiple comparison test.

Results and Discussion
It should be borne in mind that chromium is a transition element

and would form hydroxide complexes at neutral to alkaline pH.
Usually effluents containing soluble chromium salts are acidic
solutions.

Figure 1: Absorption of Cr by mango leaves at pH 5.5 for 24 hrs
incubation at various temperatures. Series 1 indicates Cr
concentration in the leaf pieces and Series 2 indicates Cr
concentration in solution.

It can be seen from Figure 1 that at pH 5.5. maximum absorption
was observed to be 4.5 ppm of Cr (VI) at 24 hrs at 37°C. Increasing the
temperature further to 45°C does not show any increase in absorption.
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Figure 2: Absorption of Cr by mango leaves at pH 5.5 for 48 hrs
incubation at various temperatures. Series 1 indicates Cr
concentration in the leaf pieces and Series 2 indicates Cr
concentration in solution.

It can be noted from Figure 2 that by increasing the time from 24
hrs to 48 hrs, there is no change in absorption of chromium by the
leaves.

Figure 3: Absorption of Cr by mango leaves at pH 7 for 24 hrs
incubation at various temperatures. Series 1 indicates Cr
concentration in the leaf pieces and Series 2 indicates Cr
concentration in solution.

It can be seen from Figure 3 that at pH there was only 3.0 ppm of
chromium absorbed by the leaves at 25°C and 3.2 ppm at 37°C,
whereas at 15°C the absorption was 3.5 ppm. This erratic absorption
pattern is may be due to the fact that chromium is a transition series
element and tends to form water insoluble hydroxide complexes in
aqueous medium at neutral to alkaline pH, which precipitates. The rate
of hydroxide formation is slower at a low temperature like 15°C which
shows absorption of 3.5 ppm. There is no difference in absorption
pattern after 48 hrs. and hence the results are not shown.

At pH 8.5 more the 85% of the chromium gets precipitated and
there is hardly any significant absorption and hence the results are not
shown.

Figure 4: Absorption of Cr by neem leaves at pH 5.5 for 24 hrs
incubation at various temperatures. Series 1 indicates Cr
concentration in the leaf pieces and Series 2 indicates Cr
concentration in solution.

It is very evident from Figure 4 that neem leaves hardly absorb
Chromium from the solution at pH 5.5. Even after 24 hrs, it can be
seen that only at 15°C there is 3 ppm of absorbed chromium whereas
at 25°C to 45°C there is hardly any absorption (barely 1 ppm). The
results do not change any significantly by increasing the exposure to 48
hrs. and hence the results are not shown for 48 hrs exposure.

Figure 5: Absorption of Cr by neem leaves at pH 7.0 for 24 hrs
incubation at various temperatures. Series 1 indicates Cr
concentration in the leaf pieces and Series 2 indicates Cr
concentration in solution.

There is hardly any difference in the absorption values at pH 5.5.
and that of at pH 7.0 after 24 hrs of exposure (Figure 5). Further
exposure to 48 hrs also does not change the absorption and hence the
results are not shown. The hydroxide formation of the element at
neutral and alkaline pH does not affect significantly the absorption
because it is already very poor.

The only noteworthy observation is that the absorption is virtually 0
at pH 8.5.
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Figure 6: Absorption of Cr from tannery effluent at pH 6.5 for 48
hrs exposure at near 37°C. Series 1 indicates Cr concentration in the
leaf pieces and Series 2 indicates Cr concentration in solution.

With these information, it was decided to go for effluent treatment
with tannery effluent containing 32% chromium. The pH of the
effluent was around 6.5. After 48 hrs of exposure the results are as
shown in Figure 6. It can be seen from the results that nearly 86% of
the chromium was absorbed by the mango leaf pieces as compared to
54% by neem leaf pieces.

Conclusion
The results clearly indicate that mango leaves are suitable for

absorption of chromium (VI) from solutions. The experiment with
actual chromium containing effluent clearly indicates that mango leaf
pieces could be a potential candidate for bio-detoxification of
chromium containing effluents. In order to carry out pilot plant level
experiments the isotherms of this biosorption needs to be studied to
determine the feasibility for scale up studies.
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