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Removal of Some Metal Ions from Aqueous Solution Using Coconut
Coir Dust and Modified Coconut Coir Dust Extract Resins
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Abstract: Coconut coir dust and its modified (carboxylated and sulphonated toluenediisocynate) extract resing
(CTR and STR) have been used to remove Pb, Cu, Zn and Ni 1ons from aqueous solution. The coconut coir dust
removed more of these metal 1ons than the CTR and STR. The adsorption of the metal ions decreased in
descending order of Pb=Ni>Cu>Zn for the coir dust, Cu>Pb>Ni>Zn for the CTR while that for STR followed
the Cu>Pb=Ni>Zn. The efficiency of the adsorbents depended on their cation exchange capacities and pH,,,,.
The higher the Cation Exchange Capacity (CEC) and pH,,,, the higher the rate of adsorption of the metal ions.
The functional groups on the adsorbents are responsible for metal ion removal mclude the carboxylic, hydroxyl
and sulphonic groups as revealed by their infra-red spectra. Hence, coconut coir dust and its modified extract
resing are efficient for the removal of metal ions from aqueous solution.
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INTRODUCTION

Over the years, industrial activities has led to the
discharged of unprecedented volumes of waste water and
effluents into the environment. The various activities
associated with this environmental pollution are mimng
operations, ore-processing and smelting, urbamzation,
metal-plating, tanneries and agriculture-related processes
(Pagnanelli et al., 2002, Puranik and Paknikar, 1997).
These contaminants cause unthinkable problems to the
ecosystem. Although, some heavy metals are necessary
for the growth of flora and fauna, at certain concentration,
they become toxic, even to microorganisms. It has been
established that various metal ions linder various
enzymes responsible for mineralization of organic
compounds to the soil (Uslu and Turkmen, 1987). Also,
the effect of heavy metals on man cannot be neglected
because of the exposure to these contamiants even at
low concentration in the environment can cause severe
dysfunction in the renal, reproductive and central nervous
systems (Manaham, 2004).

There has been serious interest in the removal of
heavy metals from contaminated soil and waste water in
recent times. A number of technologies have been
developed over the years to remove toxic metals from
water. Some mmportant technologies include chemical
precipitation,  reverse = OSINOSIS, electrodialysis,
electrofloatation, ion exchange and adsorption on

activated carbon (Kratochvil and Volesky, 1998;
Chong et al., 2000; Sud et al., 2008). These methods of
water treatment are expensive and sometimes ineffective
especially when metals are present in solution at very low
concentration (Baig et al., 1999).

An emerging field of mterest 15 the use of agricultural
by-products as adsorbents for the removal of heavy
metals from solutions. Many agricultural wastes that are
available at low cost have been reported to be capable of
removing substantial amounts of metal 1ons from aqueous
solutions (Bailey et al., 1999; Mckay, 1996, Pollard et af.,
1992; Abia et al., 2002). These agricultural waste
materials remove toxic heavy metals from aqueous
solution by adsorption, chelation and ion-exchange
(Gardea-Torresday et al., 1999). The exchange properties
of these agricultural by-products can be attributed to the
presence of carboxylic, phenolic, hydroxylic cyane groups
etc; these functional groups attract and remove metal 10ns
(Abia et al., 2002). Coconut coir dust possesses these
chemical characteristics apart from being inexpensive and
environmentally friendly. Tt was therefore explored in the
present study as an adsorbent for the removal and
recovery of heavy metals from contaminated water. Its
performance can further be enhanced by various physical
and chemical treatments. Pre-treatments procedures are
employed to modify the adsorbent either by removing or
blocking the groups or exposing more metal binding
sites (Fourest and Volesky, 1996, Park et al, 2005,
Tsekova et al., 2006).
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Coconut coir dust used here is a by-product of the
coir processing industry which was discarded as waste in
the environment. Large volumes of cowr dust are
stockpiled at cowr processing centers which caused
environmental nuisance in Nigeria. The objective of this
study is therefore, to develop an inexpensive and
effective metal 1on adsorbents from coir dust, an
agricultural waste which 1s available mn the environment
for adsorption process. If such an adsorbent is
developed, it may replace the existing commercial

adsorbents  which are  expensive, toxic and
environmentally unfriendly.
MATERIALS AND METHODS

Sample collection: Coconut coir dust was obtamed from
a local processing coir mill in Uyo, Nigeria. Tt was air-dried
for 24 h and in an oven at 60°C to constant weight. The
dried corr dust was sieved using 1.00 min mesh size sieve.

Extraction of tannins from coconut coir dust: The tannin
in the coconut coir dust was extracted using acetone. A
detailed procedure for this extraction s described by
Isreal et al. (2011).

Phytochemical screening of acetone extract: About
30 mg of the acetone coir extract was dissolved in 20 mL
of deionised water at room temperature with stirring and
the resulting solution was used for phytochemical
screening (Roux, 1951; Sofowora, 1984).

Modification of tannins extracted from coir dust into
resins: The catechin obtained from the coir extract was
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modified into resins: carboxylated toluene diisocyanate
coir (CTR) and sulphonated diisocyanate coir resin (STR),
respectively.

Synthesis of the modified coir extracts resins: About
1.445 g coir extract was first dissolved in a minimum
quantity of 8.0 mL acetone m a beaker placed on a hot
plate and stired with a magnetic sturer until the mixture
was homogeneous and divided into two potions.

For CTR: To a portion of the homogeneous mixture
above was added 0.609 g 4-hydroxybenzoic acid
dissolved in acetone. This was followed by a dropwise
addition of 1.45 mlL of Toluene Diisocyanate (TDT). The
mixture foamed and became viscous with evolution of
heat (exothermic). The light brown solid formed was
allowed to cool and air-dried overnight. The air-dried solid
was separated into different particle sizes ranging from
(100-106 pm) and stored 1n air-tight lid containers.

For STR: To the other portion of the homogeneous
mixture prepared, dropwisely, 0.65 mL of phenol-4-
sulphonic acid was added then 1.45 mL of toluene
diisocyanate and stirring was allowed to continue until
the mixture foamed and turned brownish and hot then
became very viscous. The brownish solid residue formed,
being the proposed resn was air-dried overmight. The
dried Sulphenated Toluene diisocyanate coir Resin (STR)
was separated into different particle sizes ranging from
100-106 pm and stored in air-tight 1id container (Fig. 1a, b).

Characterization of coir dust, CTR and STR adsorbents:
The coir dust was characterized for moisture, ash, lignin,
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Fig. 1: The formation of CTR and STR and their proposed structures
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cellulose contents, pH, cation exchange capacity, degree
of swelling, solubility m some solvents according to
standard methods (Isreal ef al., 2011). The CTR and STR
were characterized for physical characteristics, solubility
in water, cation exchange capacity, zero point charge
(pHgy). infra red spectroscopy according to standard
methods (ACAC, 1975, Tamgami et al, 2007,
Silverstain et al., 1981).

Determination of pH of zero charge (pH,,): The points of
zero charge (pH,,.,) were also investigated to explain the
effect of pH of adsorbent adsorption using the method
described by Lu et al. (2010). About 50 mL of 0.01M NaCl
solutions was placed in Erlenmeyer flasks. The initial pHs
of the solutions were adjusted to 2, 4, 6, 8, 10 and 12 by
adding 0.1M HCI or 0.1M NaOH solutions. The 0.1g of
adsorbent was then added to each flask and agitated at
30°C for 48 h and the zeta potential (mV) of the solutions
was plotted against the mitial pH to obtain the pH at point
of zero charge (pH,..).

Spectroscopic analysis using Infra-Red spectroscopy
(TR): Infrared spectroscopy analysis of the coir dust,
carboxylated coir extract resin (CTR) and sulphonated coir
extract resin (STR) were carried out with KBr pellet using
Buck Scientific M500 IR spectrometer.

Preparation of synthetic metal ion solution: The 1.599 ¢
of Pb* (Pb (NO.),, 3.803 g of Cu™ (Cu(NO,),3H,0,
45490 g of Zn™ (Zn(NO,),.6lLO and 4.951 g of Ni*
N1 (NO,),.6H,0) were each dissolved in a litre of
de-ionized water, respectively. Researching standard
solution of 10 ppm of each of these ions was prepared
by appropriate dilution.

Removal of metal ions from solution: About 0.2 g each of
coconut coir dust and modified coir extract resins
(CTR/STR) were soaked in 30 mL of each of the standard
sclution of metal ions of initial concentration 10 mg L™
The suspensions formed were agitated for 90 min. The
samples were filtered rapidly and the filtrates were
analysed using Atomic Absorption/Emission
Spectrophotometer (AAES) Model 250. The amount of the
metal ions adsorbed was obtained by the difference
between the initial metals ion concentration and that of
the supernatant.

RESULTS AND DISCUSSION

Phytochemical screening of coir extract: Phytochemical
screening of acetone extract of the coir dust presented in
Table 1 shows the presence of active mgredients such as
tannins, flavonoids, polyhenols and phlobatannins. The
presence of tannins of the epicatechin type which are
polyphenols have been reported in coir dust (Tejano,
1985; Joseph and Sarma, 1997). Tanmns are major
polyhydroxy compounds extractable from plants materials,
barks, fruits, leaves, seeds and roots using polar,
non-polar or mixed solvent systems. These compounds
are not pure chemicals with known structures but contain
numerous components with phenolic moieties such, as
catechol and pyrogallol condensed into a complicated
polymeric structure (Kantz and Singleton, 1991). The
tannins m coir dust are polymers of primarily flavan-3-ols
(catechin and epicatechin) along with anthocyanin
pigments. These polymers can be formed through
linkages just between the C-4 position and C-8 position of
the adjacent epicatechin units (Garro-Galvez ef al., 1997).

Table 1: Phytochemical screening of acetone extract of coconut (Cocos ruciferaL.) coir dust

Test

Observation Inference

Tannins

Acetone extract filtrate (10 mL)+Hew drops of FeCl;reagent.
Filtrate from acetone extract (5 drops)+10 ml.

of deionized water+3 drops of bromine water

Flavanoids

A few pieces of magnesium ribbont5 mL

of filtrate+3 drops of conc. HCl

Polyphenols

Filtrate from acetone extract (1 mL)+2 drops of mixture of
1mL 1%FeCl; solution with 1 mL of 1% Potassium ferricyanide
Phlobatannins

Filtrate from acetone extract (2mL) + 1 mL dil. HCI and boiled
for 2 min in a test tube

Anthraquinone

Filtrate from acetone extract (2 mL) + 2 drops of 3% NH,OH
Sap onnins

Frothing test: Filtrate from acetone extract (1 ml. ) shaken vigorously
Emulsion test: Two drops of olive oil were added to the
mixture in frothing test above

Blue-black precipitate
Brownish colour of filtrate
was decolorized

Tannins present
Tannins confirmed

Red coloured solution Flavaniods present

Green-blue coloration Polyphenols present

Pale yellow colour Phlobatannins present

Mo red coloration Anthraquinone absent

Mo formation of lather
No emulsion formed

Rapormins absent
Sapornins absent
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Table 2: Characteristics of coir dust and modified coir extract resinsg

Resing Appearance Yield (%) Melting point (°CY) Cation exchange capacity (Mmol g7!)
Carboxylated TDI coir extract resin (CTR)  Brown 65.40 233.234 0.50

Sulphonated TDT coir extract resin (STR) Dark brown 54.00 220-222 0.25

Coconut coir dust (CD) Light brown - - 2.39

Solubility tests

Resin Solubility in cold water Solubility in hot water

STR 111 Partially soluble Sparingly soluble

STR 112 Partially soluble Partially soluble

CTR 111 Partially soluble Partially soluble

CTR 112 Partially soluble Partially soluble

Characterization of the adsorbents: The coir dust was
characterized by standard methods (AOAC, 1975;
Browning, 1990; Abad et al., 2002) and the results are
shown in Table 2. The moisture, cellulose, lignin, ash
contents, water and dilute acid (HC1) extractables were
23.20, 365.99, 53.50, 9.00, 28.20 and 41.30%, respectively.
Solubility of coir dust in aqueous NaOH solutions 1 and
18% were 27.5 and 41%, respectively while solubility in
cold and hot water were 25 and 31%. The pH of the coir
filtrate and cation exchange capacity were 6.40 and
2.39 mmel g, respectively. The high lignin and cellulose
with low ash contents of coir dust are characteristics of
agricultural by products generally referred to as
lighocellulsoic materials. These findings are in accordance
with earlier studies on coir dust (Tejano, 1985; Festin and
Jose, 1980, Abad er al, 2002). The high lignin and
cellulose content of coir dust contributes to its physical
stability which does not change markedly with moisture
content.

Lignin and cellulose are biopolymers bearing multiple
phenolic hydroxyl, carboxyl and amino groups admittedly
associated to be responsible for the removal of heavy
metals 1ons and other contammants {rom waste
water/effluents (Tan et al., 1993, Gaballah et al., 1997).
The low ash content (9.0%) of coir dust suggests that it
contain low extractables with little or no waxes or resin
when compared with other non-woody lignocellulosic
materials such as plantain stem (Umoren et al., 2004).

The physical characteristics such as appearance and
cation exchange capacity of coir dust, melting points,
vield%, cation exchange capacities and solubility test of
the synthesized resins are shown in Table 2. The colour
of the coir dust, CTR and STR ranges from dark brown to
light brown in appearance. The melting point of the CTR
was 233-234°C whle that of STR was 220-222°C,
respectively. The cation exchange capacities (mmol g™')
of the coir dust, CTR and STR were 2.39, 0.50 and 0.25,
respectively.

Cation exchange capacity of a resm m the total
quantity of metal 10ns equivalent absorbed per gramme of
the resin. The highest exchange capacity of the coir dust
(2.39 mmol g™') compared to those of the coir extract
resins-0.50 mmol g~ for CTR and 0.25 mmol g~ for STR
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Fig. 2: Plot of zero point potential (mV) versus pH for the
three adsorbents coconut coir dust, carboxylated
resin and sulphonated resin

18 due to number of exchangeable 10ns which 1s higher in
the cotr dust compared to the CTR and STR, respectively.
This may be attributed to the fact that coir dust is a
lignocellulosic material with ligmn and cellulose contents
of up to 80% (Benzon and Valesco, 1982) while CTR and
STR are non-lignocellulosic being derived from tanmin. It
has been reported that acetone can only extract tannins
which are polyhydroxy compounds from cowr dust
(Pansera et al., 2004; Giner, 1996). The coir dust has more
exchangeable sites because of lignin, cellulose and
extractables with the CTR and STR which are synthesized
from only its extractables. The result also shows that the
coir dust, CTR and STR are all partially soluble in water
(hot/cold) which mdicates their lugh molecular weight and
consequent stability. This makes them useful resins in
aqueous medium since stability and partial solubility are
essential requirements for material to be used as 1on
exchangers/adsorbents.

pH of zero charge (pH,,) of the adsorbents: The effect of
pH on the cation exchange reaction which can be
described in terms of pH, . of the coir dust, CTR and STR
and the metal 1ons species (Pb, Cu, Zn and N1) was
studied. Figure 2 shows the pH of zero charge of the coir
dust, carboxylated and sulphonated coir extract resins.
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At the zero point charge (zpc), the swrface of the
adsorbent/cation exchanger is neutral. At a pH greater
than pH,, the surface becomes negative and cations are
attracted to it and exchanged/adsorbed by the exchanger.
However, at pH lower than pH_, the surface becomes
positive which inhibits the approach of positively charged
cations. In this, study the pH  were 7.5, 7.8 and 10.5 for
the corr dust, carboxylated coir extract (CTR) and
sulphonated coir extract resin (STR), respectively. There
1s a relationship between the pH, of adserbents and their
adsorptive capacity (Lu ef af., 2010; Adedirin ef af., 2011).
It was observed from the results that the adsorption of the
metal ions were higher at pH values greater than pH,,, of
these adsorbents (coir dust, CTR/STR). The coir dust with
pH,,. of 7.5 adsorbed more metal ions than CTR with pH,,
of 7.8 while the STR with pH, of 10.5 which
adsorbed the least. This is in agreement with other finding
(Rivera-Utrialla et al., 2003; Borah et al., 2007).

Infrared spectrophotometry: Figure 3-5 show the infrared
spectta of the cowr dust, carboxylated coir extract
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Fig. 3: Infrared spectrum of unmodified coir dust
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Fig. 4 Infrared spectrum of carboxylated coir extract
(CTR)

resin (CTR) and sulphonated coir extract resin (STR),
respectively. These spectra show the presence of
adsorption bands for the OH,,.,, at 3424 cm ™ in coir dust,
3310 cm™' in CTR and 3360 cm™' in STR which is
indicative of the hydroxyl groups of the polyhydroxy
compounds (Sud et al., 2008).

These carboxylic groups m the compounds are
indicated by the bond at 1633 cm™ in coir dust,
1666-1617 cm™ in CTR and 1613 cm™ in STR responsible
for metal ion adsorption. The carboxylic group contained
other minor group vibrations: Oh ey O-Himen, and
C-O\ming vibrations (Pavasant ef al., 2006). The hydroxyl
(-OH) and carboxylic groups (C = O) are believed to be
responsible for metal ion binding sites in these
adsorbents. The wave bands at 2275 and 2280 ¢cm™ in
both the CTR and STR probably arise because of new
bonds formed between the coir extract and the
crosslinking agent (Toluene Diisocyanate, TDI) resulting
1n the resin formation from their precursors.

Removal of metal ions by adsorbents: The chemical
constituents of coir dust significantly include cellulose,
hemicellulose and extractables such as tannins and
pectins (Tejano, 1985, Abad er al, 2002). These
constituents make coir dust a useful natural ion exchanger
because of the presence of the hydroxyl and carboxylic
functional groups in the bulk of the material matrix.
Table 3 shows the percentage metal ion removal by coir
dust and the modified coir extract resins-CTR and STR,
respectively. The results show that coconut coir dust
bound 99.90% of Pb™, 85.0% of Cu®, 85.0% of Zn* and
96% of Ni**. Apart from Zn™, the coir dust adsorbed the

Table 3: Percentage of metal ion removal by coir dust and modified coir
extract resins (CTR and STR)

Adsorbent Pb* Cut Zn* Nizt
Coir dust 99.9 95.0 85.0 96.0
CTR 36.9 44.9 5.1 34.3
STR 21.8 57.0 21.7 15.6
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Fig. 5: Infrared spectrum of sulphonated coir extract resin
(STR), respectively
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other metal ions >90%. In the case of the Carboxylated
coir extract resin (CTR), it bound 36.90% of Pb™, 44.90%
of Cu®, 5.10% of Zn* and 34.30% of N1**. It was observed
that modification of the coir extract decreased the
adsorptive capacity of the adsorbent. The decrease in the
amount adsorbed on modification mdicates that the
Carboxylic group (-COOH) and the Sulphonate group
(-30,H) blocks some adsorption sites, on which the metal
ion would have to be bound to.

This pattern of adsorption behavior has been
documented in the literature (Fourest and Volesky, 1996;
Park et al., 2005). Reduced rate of adsorption caused by
modification has been reported for lead adsorption on
modified cocomut fibre (Igwe ef al., 2005), Cu adsorption
on modified algal carboxyl group in cyamolium caladarium
(Gardea-Torresday ef af., 1990) and Zn adsorption on
modified rice husk (Sharma et al., 2008), respectively.

The trend of adsorption of these metal 10ons on coir
dust followed decreasing order: Pb*'>Ni*">Cu’">7Zn’" and
that on carboxylated coir extract (CTR) Cu*>Fb*>
Ni*>7n* while that on sulphonated coir extract resin
(STR): Cu™>Pb* =Ni"">Zn™, respectively. The differences
in the amount of metal ions adsorbed by each adsorbent
15 being affected by metal solution chemistry, surface
morphology  of adsorbent, ionic radius, charge,
electronegativity, electrostatic strength and covalent
index (1) of the metal ion, y,, is the electronegativity and
r the 1onic radius. The greater the covalent index value of
the metal ion, the greater is its potential to be adsorbed
Nieboer and McBryde (1973). The 1onic radu of the metal
ions are Pb* (1.19A%), Cu(0.73A"), Zn*"(0.74A%), Ni*". The
electronegativities of the metal 1ons were Pb (2.33), Cu
(1.80), Zn (1.70) and Ni (1.69) have been documented by
Purcell and Kotz (1980). The higher sorbability of Pb (IT)
over the other metal 1ons may be due to the fact that Pb
(II) 1s hydrolysed m aqueous solution to a greater extent
than Cu (IT), Zn (IT) and Ni (IT) rendering it more available
for sorption than others (Kongsuwan et af, 2006). The
hydrolysis of most divalent metal ions can be written as
follows:

M* iy + HyOgmM (OH) ot H'
where, M* could be any divalent metal. Thus, for the least
adsorbed metal, 1t means the hydrolysis 1s not very
significant; for example Zr" :

Zn" T H,Op=Zn (OHY ., tH .,

The monovalent cations [M(OH)] and protons
generated by this reaction could contribute to the
increased acidity of M* solutions. If M (OH)' species is
attached to the adsorbent, more H™ will be produced
hence, the solution becomes more acidic. The presence of
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Sulphonyl acidic group (-S0,H) and Carboxyl (-COOH)
group on the modified coir extract could also enhance the
acidity of the M* solution. Binding onto the substrate
depends on the metal ion type and the level of
modification.

These results indicate that both modified corr extract
(CTR/STR) and unmodified coir dust have the capacity to
remove metal ions from aqueous solution and the amount
of metal ions bound by cellulosic substrate depend on the
metal 1on type, the solution chemistry the level and type
of modification.

CONCLUSION

Coconut coir dust and its modified extract resins have
been shown to be capable of binding several metal ions
such as Pb*, Cu®, Zn™ and Ni*". Metal ion removal from
the aqueous solutions was efficient, indicating that the
metal ions were probably adsorbed to surface of the
adsorbent. Chemical modification of the coir dust extract
using phenol-4-sulphonic and 4-hydroxybenzoic acid
produced the sulphonated coir extract resin and
carboxylated coir extract resin was produced using
Toluene Diisocyanate (TDI). The modification caused a
steric hindrance on the adsorption of all the metal ions
that was the reason the coconut coir dust removed more
of these metal ions than the modified resins (CTR and
STR).

The adsorption of the metal ions decreased in
descending order of Pb>Ni=Cu>Zn for the cowr dust,
Cu=Pb>Ni»Zn for the CTR while that for STR followed the
Cu>Pb=Ni=Zn. The efficiency of the adsorbents
depended on their cation exchange capacities and pHy,,.
The higher the Cation Exchange Capacity (CEC) and pH,
the higher the rate of adsorption of the metal 1ons. The
functional groups on the adsorbents are responsible for
metal ion removal include the carboxylic, hydroxyl and
sulphomc groups as revealed by their infra-red spectra.

REFERENCES

AOAC,, 1975, Official Methods of Analysis. 12th Edn.,
Association of Official  Analytical Chemists,
Wachington, DC.

Abad, M., P. Noguera, R. Puchades, A. Maquieira and V.
Noguera, 2002. Physicochemical and chemical
properties of some coconut coir dust for use as a
peat substitute for containerized ormamental plants.
Bioresour. Technol., 82: 241-245.

Abia, A A, M. Horsfall Jr. and O. Dadi, 2002. Studies on
the use of agricultural by-product for the removal of
trace metals from aqueous solutions. J. Applied Seci.
Environ. Manage., 6: 89-95.



Res. J. Applied Sci., 7 (9-12): 481-488, 2012

Adedirin, ©., U. Adamu and E.O. Nnabuk, 2011. Removal
of cd(Il) from aqueous solution usmng Bacillus
subtilisand Escherichia coli immobilized on agarose
gel: Equilibrium kinetics and thermodynamics studies.
Arch. Applied Sci. Res., 3: 59-76.

Baig, T.H.,, A.E. Gracia, K.J. Tiemann and I.I.. Gardea-
Torresdey, 1999. Absorption of heavy metal ions by
the biomass of solanum elaeagnifolium (Silverleaf
nightshade). Proceedings of the 1999 Conference on
Hazardous Waste Research, May 24-27, 1999, St.
Louis, Missoury, pp: 111-121.

BRailey, S.E., T.J. Olin, RM. Bricka and D.D. Adrian, 1999.
A review of potentially low-cost sorbents for heavy
metals. Water Res., 33: 2469-2479.

Benzon, I.A. and I R. Valesco, 1982. Coconut Product and
Utilization. Philippine Coconut Research and
Development  Foundaton  (PCRDF), Pasig
Philippines, Pages: 351..

Borah, D., S. Satokawa, S. Kato and T. Kojima, 2007.
Characterization of chemically modified carbon black
for sorption application. Applied Surface Sci.,
254: 3049-3056.

Browning, B.L., 1990. The Chemistry of Wood. 4th Edn.,
Inter-Science Publishers Inc., New York..

Chong, AMY., Y.S. Wong and N.F.Y. Tam, 2000.
Performance of different and zinc from industrial
wastewater. Chemosphere, 41: 251-257.

Festin, T.F. and W.I. Jose, 1980. Utilization of waste
coconut coir dust as a source of fuel. Conserv.
Recycl., 3: 383-388.

Fourest, E. and B. Volesky, 1996. Contribution of
sulphonate groups and alginates to heavy metal
biosorption by the dry biomass of Sargassum
fluitans. Enviorn. Sci. Technol., 30: 277-282.

Gaballah, I, D. Goy, E. Allain, G. Kilbertus and I.
Thauront, 1997. Recovery of heavy metal ions
through decontamination of synthetic solutions
using modified barks. Metallurgical Mater. Trans. B,
228:13-23.

Gardea-Torresday, I.1.., M K. Becker-Hepak, J.M. Hosea
and D.W. Dammall, 1990. Effect of chemical
modifications of algal carbonyl groups of metal 1ons
binding. Env. Sci. Technol., 24: 1372-1378.

Gardea-Torresdey, T1., K.J. Tiemann, G. Gamez and
K. Dokken,19991599. Effect of chemical composition
for multi-metal binding by Medicago sativa (alfalfa).
T. Hazard. Mater., 69: 41-51.

Garro-Galvez, I M., B. Riedl and A .H. Conner, 1997.
Analytical studies of Tara tannins. Holzforschung,
51: 235-243.

Giner, CB.I., 1996, Condensed tannins in tropical forage.
Ph.D. Thesis, Cornell University, Tthaca, New York,
USA.

487

Igwe, I.C., E.C. Nwokennaya and A.A. Abia, 2005. The
role of pH m heavy metal detoxification by
biosorption from aqueous solutions containing
chelating agents. Afr. J. Biotechnol., 4: 1109-1112.

Isreal, AU, R.E. Ogali and O. Akaranta, 2011. Extraction
and characterization of coconut (Cocos nucifera L.)
cor dust. Songklanakemm J. Sci  Technol.,
33 717-724.

Joseph, ET. and V.C. Sarma, 1997. Coconut fibre
morphology and chemical composition. I. Food Sci,,
67: 420-424,

Kantz, KK. and V.I. Singleton, 1991. Tsolation and
determination of polymeric polyphenols using
sephadex LH-200 and analysis of grape tissue
extracts. Am. I. Enol. Vitic., 42: 306-316.

Kongsuwan, A., P. Patnukao and P. Pavasant, 2006.

of metal from  Eucalyptus
canoldulensis. Proceedings of the The 2nd Joint
International Conference on Sustamable Energy and
Environment, November 21-23, 2006, Bangkok,
Thailand.

Kratochvil, D. and B. Volesky, 1998. Biosorption of Cu
from furuginoss wastes. Wat. Sci., 3: 2760-2768.
LuL.,D. Ly L. Chem and F. L, 2010. Removal of Cd(IT)
by Modified lawny grass
Desalination, 259: 120-130.

Manaham, S.E., 2004. Environmental Chemistry. 8h Edn.,
CRC Press, India, Pages: 171.

Mckay, G., 1996. Use of Adsorbents for the Removal of
Pollutants from Wastewaters. CRC Press, Boce
Raton, Pages: 186.

Nieboer, E. and W.AE. McBryde, 1973. Free energy

Removal ons

cellulose adsorbent.

relationships i coordinate chemistry (III): A
comprehensive index stability. Can I Chem.,
57: 251-254.

Pagnanelli, F., A. Esposite and F.I. Veglio, 2002.
Multimetallic modeling for biosorption of binary
systermns. Wat. Res., 36: 4095-4105.

Pansera, MR., G.A. Iob, AC. Atti-Santos, M. Rosatto,
L. Afti-Serafini and E. Casel, 2004. Extraction of
tannin by Acacia mearnsii with supercritical fluids.
Int. J. Braz. Arch. Biol. Technel., 47: 995-998.

Park, D, Y.5. Yun and J.M. Park, 2005. Studies on
hexavalent chromium biosorption by chemically-
treated biomass of Ecklomia sp. Chemosphere,
60: 1356-1364.

Pavasant, P., R. Apwatikul, V. Sungkhum, P.
Suthiparinyanont, S. Wattanachira and T.F. Marhaba,
2006. Biosorption of Cu®, Cd”, Pb* and 7Zn*' using
dried marine green macroalga Caulerpa lentillifera.
Bioresour. Technol., 97: 2321-2329.



Res. J. Applied Sci., 7 (9-12): 481-488, 2012

Pollard, S.I.T., G.D. Fowler, C.I. Sollars and R. Perry, 1992.
Low-cost adsorbents for waste and wastewater
treatment: A review. Sci. Total Environ., 116: 31-52.

Puranik, P.R. and K. M. Paknikar, 1997. Biosorption of lead
and zinc from solutions using Streptoverticillivum
cinnamoneuym waste bilomass. . Biotechnol,
55:113-124.

Purcell, K F. and J.C. Kotz, 1980. An Introduction to
Tnorganic Chemistry. Saunders College, Philadelphia,
USA., ISBN: 9780030567681, Pages: 637.

Rivera-Utrialla, I, I. Baustista-Toledo, M. A. Ferro-Garcia
and €. Moreno-Castilla, 2003. Activated carbon
surface modifications by adsorption of bacteria and
their effect on aqueous lead sorption. J. Chem.
Technol. Biotechnol., 761: 1209-1215.

Roux, D.G., 1951. Photometric method of tannins analysis
for black wattle tannins. J. Soc. Leather Trades
Chem., 35: 322-322.

Sharma, N., I. Singh and A. Sharma, 2008. Removal of
Zn (IT) ions from aqueous solution using rice
(Oryza sativa) husk in a sequential bed adsorption
column. Int. T Technol.
12: 333-342.

Silverstain, RM., G.C. Bassler and T.C. Morril, 1981.
Spectrometric Identification of Organic Compounds.
4th Edn., John Wiley and Son, New York, pp: 95-105.

Environ Manage.,

488

Sofowora, A., 1984. Medicinal Plants and Traditional
Medicine in Africa. John Wiley and Sons. Inc., New
York, Pages: 256.

Sud, D., G Mahajan and MP. Kaur, 2008.
Agricultural waste material as potential adsorbent
for sequestering heavy metal ions from
aqueous solutions: A review. Bioresour. Technol.,
99: 6017-6027.

Tan, W.T., 3.T. Ooi and C K. Lee, 1993. Removal of Cr{VT)
from solution by coconut husk and palm pressed
fibres. Environ. Technol., 14: 277-282.

Tamigami, T., H. Iwata and T. Mori, 2007. Ion Exchange
membrane based on polySstyrene sulphonic
acid-VO-NO- (2-hydroxy ethyl) acrylamide. T. Appl.
Polym. Sei., 103: 2788-2796.

Tejano, E.A., 1985, State of the art of coconut coir dust
and husk utilization. Philippme J. Coconut Stud,,
10: 36-41.

Tsekova, K., D. Christova and M. Loannins, 2006. Heavy
metal biosorption sites in Penicilium cyclopedium. J.
Applied Sci. Environ. Manage., 10: 117-121.

Umoren, S.A., A.J. Unoudoh and UJ.DD. Akpabio, 2004,
Conversion of agricultural waste to cellulose
derivatives. Bull. Pure Applied Sci., 23: 9-13.

Uslu, O. and A. Twkman, 1987. Water pollution and
control. T.R. Prime Ministry Environmental General
Managership, Publications Education Series 1.



