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ABSTRACT

The present communication reports the unexdloited property of the seed powder of the
multidimensional plant (Moringa oleifera Lamarck) as a bioremedial approach for the removal
of two environmentally important oxidation states of arsenic (arsenite, As (III) and arsenate,
As(V) from water bodies. The efficiency of the desorption of the metals from loaded biosorbent
for the reusability of the biosorbent has also been examined.
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 INTRODUCTION
An increasing awareness has been

developed for the importance of renewable
natural resources.  Newly emerging terms like
Come Back to Nature, Environmental benign
processes, Renewable natural sources based
processes and eco friendly techniques are the
new principles guiding the development of
products and processes of the next generation.
Sorption using .plant biomass has emerged as
the potential alternative to chemical techniques
for the removal and recovery of metal ions from
aqueous solutions.

Arsenic is known to be highly
detrimental to human beings and animals
causing several neurological, dermatological,
gastrointestinal and cardiorenal disease  besides
being a suspected carcinogenic1-4. Recently,

because of its high nuisance value, various
regulatory agencies have revised the maximum
contaminant level of arsenic in drinking water
from 0.0 5 mg/L to 0.01 mg/L and it is under
strict watch globally. The commonly used
procedures for removing arsenic species from
aqueous streams include solvent extraction,
chemical precipitation as synthetic coagulants,
ferrihydrite precipitation  and reverse
osmosis5-7. These processes have certain
disadvantages such as incomplete metal
removal, high cost of reagent, and energy
requirements. Current research is oriented
towards the use of natural coagulants with an
aim to effectively alleviate the economic aspects
and allowing further extension of water supply
to rural areas of developing countries especially.
Biosorption has gained important credibility
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during recent years because of its ecofriendly
nature, excellent performance, and low cost
domestic technique for remediating even
heavily metal loaded waste water8.  Recently,
biological materials such as algae, bacteria,
fungi, yeast and agricultural waste products like
sunflower stalk, sargassum seaweed biomass,
pinus cone biomass, rice husk, olive pomace,
cocoa shells, aquatic moss Fontinalis
antipyretica and grape stalk waste have been
recognized as cheap natural sorbents for the
removal of toxic metals9.

Moringa oleifera Lamarck   (drumstick).
Is a cosmopolitan tropical drought tolerant tree,
available throughout the year and is well
documented for its various pharmacological
importances such as analgesic, antihypertensive
activity, and anti-inflammatory effects.  Further,
the coagulating property of the seed powder
of this plant has been used for various aspects
of water treatment such as turbidity, alkalinity,
total dissolved solids, and hardness. In Sudan,
Northern Nigeria and other developing
countries dried Moringa oleifera seeds are
frequently used for removal of turbidity in water
as low technology domestic method9-10.
However, its biosorption behavior for the
removal of toxic metals from water has not
been given attention.

MATERIAL AND METHODS
Biosorbent preparation

Moringa oleifera Lamarck seeds were
collected in May 2004. Seeds were washed
thoroughly with double distilled water to remove
the adhering dirt, dried at 650C for 24 hours,
crushed and sieved through (105 pm, 210 m
and 420 [tm) copper sieves. SMOS was used
as biosorbent. For shelled seeds, the husks
enveloping each seed were removed and the
kernel was ground to a fine powder using a
plastic blender.  No other chemical or physical
treatments were used prior to adsorption
experiments.
Biosorption and analytical procedures

Sorption studies using standard practices
were carried out in batch experiments as

functions of biomass dosage (0.5-6.0 g),
contact time (20-100 min), volume of the test
solution (100-300 ml), metal concentration (1.0-
100 mg/L) and particle size (105-420 pm) and
pH (2.0-12.5). The solutions of As (III)
comprised of sodium arsenite (NaAsO2) and
As (V) comprised of sodium hydrogen arsenate
(Na2HAsO4,7H20) were taken into separate
Erlenmeyer flasks. After pH adjustment, a
known quantity of biosorbent was added and
finally metal bearing suspensions were kept
under magnetic stirring. After shaking, the
suspension was allowed to settle (10 min).  The
residual biomass sorbed with metal ions was
filtered using Whatman 42 filter paper

Filtrate was collected and subjected for
metal ion estimation using atomic absorption
spectroscopy with a graphite furnace.  The
metal concentrations before and after
adsorption were recorded.  Percent metal
sorption by the sorbent was computed using
the equation: Percent sorption = (C0 – Ce) / C0
x 100, where C0 and Ceare the initial and final
concentration of metal ions in the solution.

For the analysis of the functional groups
that might b6 involved in metal sorption, FT-IR
analysis in solid phase was performed using a
Shimadzu 8400 FT-IR.  Spectra of the sorbent
before and after arsenic [As (III) and As (V)]
sorption were recorded.

The surface area of the biosorbent was
measured using a Micromeritics ASAP 201 0
BET surface area analyzer.

The comparison of the surface
morphology of untreated (native) and arsenic
treated SMOS (exhausted) was observed with
a scanning electron micrograph at bar length
equivalent to 50 Jim, working voltage 20 KV
with 600x magnification.
Adsorption capacity

Soluble metal fractions of As (III) and
As (V) ions after SMOS biosorption under
different experimental conditions were carried
out to determine sorption capacity. Sorption
isotherms of arsenic were obtained in the
concentration range (1.0-100 mg/L) on the
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optimum biosorbent (2.0 g) at pH 7.5 and 2.5
for As (III) and As (V) respectively and plotted
between metal adsorbed (mg) per unit mass
(g) of sorbent against concentration. The
concentration of metals in the sorbent phase
was calculated as: q = (C0 – C) V / W, where
C0 and C denote the initial and equilibrium
concentration of the metals in the aqueous
phase, V is the volume of the aqueous phase
and W is the dry weight of the sorbent.

The data was fifted to Langmuir
equation in the linear form.  Langmuir isotherm
was applied to quantify adsorption capacity
using the equation: 1/qe = (1/Q0bCe) + 1/Q0,
where Ce represents equilibrium concentration
(mg/L) and qe the amount of As (III) and As
(V) adsorbed at equilibrium concentration
(mg/g). Q0 and b are the Langmuir constants
representing adsorption capacity (mg/g) and
energy of adsorption (L/mg), respectively.  The
value of Q0 and b were calculated from the
slope and intercept of the linear plot of (1/qe)
versus (1/Ce).

Lagergren plots were also obtained by
conducting kinetit studies (batch) at initial
As (III) and As (V) ions concentration (Singh
and Pant, 2004).  SMOS (2.0 g) was suspended
in 200 ml of As (III) and As (V) solution of
known initial sorbate concentration at pH 2.5
for As (V) and 7.5 for As (III) where maximum
sorption was recorded.  The mixture was
continuously stirred using a magnetic stirrer.
Samples were withdrawn at pre-determined
time intervals in the range of 20-100 minutes,
filtered and analyzed for residual As (III) and
As (V) ions concentration.
Desorption of arsenic from loaded biomass

Desorption studies (batch process) were
conducted to restore the biomass as a function
of concentration (0.01-0.1 M) of different acids
(hydrochloric and nitric acid). Arsenic loaded
biosorbent obtained from our sorption
experiments, was transferred to Erlenmeyer
flasks and shaken with 50 ml of each acid for
40 minutes. The filtrate was analyzed for
desorbed arsenic.

Batch experiments were conducted in
triplicate (N=5) and data represent the mean
value.  Mean values, correlation coefficients,
standard deviations were calculated using
(SPSS PC’TM statistical package, 1983). For
the determination of intergroup mean values
differences, each parameter was subjected to
the student-t test for significance level (p<0.05).

RESULTS AND DISCUSSION
Sorption studies result into the

standardization of the optimum conditions as
biomass dosage (2.0 g), metal concentration
(25 mg/L), contact time (60 min) and volume
of the test solutions (200 ml) at pH range 7.5-
9.0 for As (III) and pH 2.5-9.0 for As (V)
(Table 1a and 1b). Maximum sorption for As
(III) and As (V) species is 60.21% and 85.6%
respectively.  Results indicate that SMOS has
considerable potential to be used as biosorbent
for arsenic removal from the water bodies.
Studies would therefore have to be carried out
to provide insight into the mechanism of
interactions between arsenic and SMOS.

Based on our experimental findings and
relevant literature11, we synthesize a possible
mechanism for As ion binding to the SMOS
biomass. The aqueous solution of the seeds is
a heterogeneous complex mixture having
cationic polypeptides with various functional
groups, particularly low molecular weight amino
acids. These proteinacious amino acids have a
variety of structurally related pH-dependent
properties of generating either positively or
negatively charged sites for attracting the
anionic or cationic species of metal ions,
respectively8-10.

The variation of sorption efficiency with
pH in each case has been presented in Fig. 1.
As(III) exists in anionic (H

2
AsO

3
–1 and

HAsO
3

–2 ) and non-ionic (H3AS03) species in
the pH range 7.5-9.0 and 2.0-7.0 respectively.
Optimum biosorption (60.21%) in the pH range
(7.5-9.0) can be easily assigned to the
availability of negatively charged As(III)
species interacting with positively charged ends
of amino acids.  The majority of amino acids
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present in target biomass have isoelectric points
in the range 4.0-8.0. In this OH range, over
90% of the amino acid molecules contain
cationic sites.  With the increase in pH range,
the carboxylic group of the amino acids would
progressively be deprotonated as carboxylate
ligands, simultaneously protonating the amino
group. Such positively charged NH

3
+' ions

facilitate the SMOS-arsenic binding.  SMOS
contains proteins and has a net positive charge
at pH below 8.5 because pKa>8.6. These
positively charged proteins could also be
considered to be active moieties for binding
metal ions12.

As(V) exists in monovalent (H2AsO4)
and divalent (HASO

4
–2) anionic species in the

pH range 2.0-9.0 (Ghimire et al., 2003).  The
positively charged group of amino acids can
hold the negatively charged monovalent
arsenate species (H

2
AsO

4
).

Protein/amino acid - arsenic interactions
can further be highlighted on the basis of the
records of IR spectrum of native and exhausted
SMOS after metal sorption. The shifting of

NH
3
+ symmetric stretching bands at 2854.2

cm-, and 2925.2 cm–1 to 2924.6 and 3005.
3 cm–1, NH3

+ asymmetric: stretching band
at 1656.4 cm–1 to 1658.6 cm–1 and NH

3
+

symmetric bending band at 1544.4 cm–1 to
1545.9 cm–1 have been observed. The absence
of characteristic peaks of carboxylate ions at
1600-1590 cm- further confirms the cationic
nature of polypeptides present in SMOS.

The powdered SMOS sieved at 105 pm
had a surface area of 4.01. The records of
scanning electron microscopy of native and
arsenic treated SMOS (exhausted) are
presented in Micrographs 1 and 2. The
comparison of scanning electron micrographs
of native and As(III) and As(V) treated SMOS
represents large spherical clusters having a
pore area of 8.66 [LM2 in case of native
SMOS while dense agglomerated, etched
dendrite-type morphology having pore area of
0.78 1IM2 of As(III) treated SMOS and 3.14
Jim 2 of As(V) treated SMOS. Observed
aggregation and reduction in pore area of
arsenic treated SMOS in the scanning electron

Fig. 1. Effect of pH on As(III) and As(V) biosorption [C0 : 25mg/L; m : 2g;
V : 200 ml; t : 60 min]
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micrographs may be ascribed to the liquid phase
concentration of metal ions at experimental pH
confirming the biosorption phenomenon.
Sorption capacity using isotherms

One of the important physicochemical
aspect for the evaluation of the sorption process
as a unit operation is the equilibria of sorption.
Fig. 2 shows sorption isotherm of As (III) and

As (V) on the biosorbent. The L-type nature
of the isotherm curves obtained in experiments
indicates favorable environment for adsorption
and highlights the strong tendency of the
process for monolayer formation.  The extent
of sorption of arsenic on the SMOS biosorbent
has been described by Langmuir isotherm
(Fig. 3). The data are fifted in Langmuir

Fig. 2. Sorption isotherms of Arsenic [As(III) and As(V) on SMOS [C0 : 25mg/L’ pH : 7.5
for As(III) and 2.5 for As(V)]

isotherm equation in the concentration range
1.0-100 mg/L in the linear form. The magnitude
of Langmuir (Qo and b) constants shows
adsorption capacity of 2.17 mg/g for As(V)
and 1.70 mg/g for As(III) and energy of
adsorption of 0.09 Umg for As(V) and 0.04
Umg for As(III) of the biomass which means
the target species can be separated from water
bodies with ease.
Kinetics studies

Kinetics experiments show that the
adsorption of both As (III) and As M increases
with the lapse of time. Maximum uptake of
As(III) and As(V) over SMOS was 1.50 mg/g

and 2.14 mg/g respectively. However, the
adsorption of As (III) and As(V) was rapid
during 20-60 minutes of contact time after
which the rate slowed down as the equilibrium
approached at 60 minutes of contact time.  No
further increase in sorption was observed with
further increase of contact time upto 100
minutes.  Adsorption rate constant (Kad) was
determined from the following first order rate
expression log (qe - qt) = log (qe.) - (K.ad/2.303)
t, where qe and qt (mg/g) are the amount of
arsenic adsorbed per unit mass of SMOS at
equilibrium and at time t, respectively. Kad

(min
_1) was calculated from the slope of the
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Fig. 3.  Langmuir plots for As(V) and As(III) on SMOS [C0 : 25mg/L’ pH : 7.5 for
As(III) and 2.5 for As(V)]

linear plot of log (qe - qt) versus time (Fig. 4).
Adsorption rate constants were 0.056 min

_1 for
25 mg/L and 0.054 min

_1 for 50 mg/L of
As(III) and 0.067 min

_1 for 25 mg/L and 0.065
min

_1 for 50 mg/L of As(V) and were found to
be independent of initial arsenic concentration
indicating that the adsorption of As(III) and
As(V) on SMOS follows first order rate
kinetics.
Desorption and regeneration studies

Desorption of both arsenic species from
exhausted seed biomass has also been
attempted. Fig. 5 explains the desorption

behavior of arsenic [As(III) and As(V)] from
loaded biomass after eluting it with two acids
(hydrochloric acid and nitric acid).  In general,
extent of arsenic desorption increases with the
increase in the strength of acids ranging from
0.01 to 0.05 M. The maximum desorption was
91% for As(III) and 96% for As M which was
observed at hydrochloric acid strength (0.05
M).  However, comparatively, better desorption
of b8.6% for As(III) and 98.8% for As(V)
could be achieved with the same strength of
nitric acid as eluant.  In biosorption studies,
regeneration of the biosorbent is practiced to
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ensure its effective reusability. Sorption and
desorption of arsenic species on SMOS after
each regeneration cycle using nitric acid
(0.05M) is depicted in Table 2. It is interesting
to note that sorption remains maximum at
61.66% for As(III) and 85.92% for As(V) with

up to the three regeneration cycles and then
decreases to 54.34% for As(III) and 82.41%
for As (V) in the fourth cycle.  However,
desorption of both oxidation states of arsenic
lie in the range 98.0-99.0% in each regeneration
cycle.

Fig. 4. Langergren plots for adsorption of As(V) and As(III) on SMOS [C0 : 25mg/L;
pH : 7.5 for As(III) and 2.5 for As(V)]

CONCLUSION
A process has been developed at

laboratory scale using metal ion solutions for
the removal of arsenic from water bodies with
As (III) being 60.21% removed and As M being

85.6%. The exhausted biosorbent can be
regenerated using nitric acid (0.05 M) and then
effectively reused. However, desorption of
arsenic is higher in nitric acid as compared to
hydrochloric acid.  Considering various aspects
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like metal concentration, volume of test solution
and biomass dosages, the sorption efficiency
of the present process is better than other
biomass removing arsenic such as water lettuce
while matching with biomasses applied for
other metals (Cd, Ni, Cr, etc.) such as cassava
waste biomass and grape stalk waste. The

successful application of easily abundant
agricultural waste, SMOS, as a biosorbent has
potential for a low technological possible
pretreatment step, prior to economically
unviable high-tech chemical treatments for the
removal of arienic from water bodies.

Fig. 5. Comparative desorption of  Arsenic [As(III) and As(V)  from exhausted SMOS
using hydrochloric and nitric acid].
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Table l (a)
Soluble As (V) ion concentration in test volume (200 ml) after sorption on

unmodified SMOS as functions of biomass dosage and metal concentration at pH 2.5

Initial Biomass dosages
Conc. 0.5 g 2.0 g 4.0 g 6.0 g

mg/L (liM)
As(V)      Soluble As (V) ion concentration (M)

1 a(2.67) b 1.28±0.07 f+ 1.15±0.06 f+ 1. 15±0.06 f+ 1.11± 0. 06 ff+
(52.21 %) c (56.87%)C (57.11%) (58.24%)

5 (13.35) 6.22±0.32 f+ 1.15±5.05  f+ 4.79±0.25 ff+ 4.54± 0.17 ff+
(53.42%) (62.20%) (64.13%) (66.01%)

10 (26.70) 10.60±0.41f+ 8.39±0.34 f+ 8.19±0.37 ff+ 7.78±0.29 ff+
(60.29%) (68.55) (69.31) (70.88)

25 (66.75) 19.93±0.77 f+ 9.61±0.39 f+ 9.43±0.42 ff+ 9.33±0.35 ff+
(70.15%) (85.60%) (85.88%) (86.01%)

50 (133.51) 43.63±1.70 f++ 24.81±1.01 f+ 23.82±1.07 ff+ 20.91±0.79 ff+
(67.32%) (81.42%) (82.16%) (84.34%)

100 (267.0) 101.09±3.944 f++ 63.04±2.58 f++ 60.85±2.73 ff+ 58.29±2.21 ff+
(62.14%) (76.39%) (77.21%) (78.02%)

Correlation- 0.86 0.96 0.91 0.89
Coefficient

(r)

Numbersa and b represent soluble metal concentrations in ppm and pM, ±Standard deviations,
Mean value difference [initial As loaded versus soluble As (M)]: as a function of biomass
dosagef significant (p< 0.05), ffinsignificant (p> 0.05), metal concentration + significant (p< 0.05),
++insignificant (p> 0.05), CNumbers in parenthesis represent percent sorption.
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