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ABSTRACT

Leaves, stems and their ashes of Annona Sqguamosa, and Azdirachta Indica have been probed for their sorption
abilities towards Methylene Blue using simulated waste waters. The physicochemical parameters such as pH, time
of equilibration and sorbent concentrations are optimized for the maximum removal of Methylene Blue. These
sorbents are found to be effective at pH 8. Sorbent dosage and time needed for the maximum removal of Methylene
Blue are found to be less for the ashes than with the raw powders of the plant materials Methodologies have been
developed for the extraction of good quantities of Methylene Blue dye from waste water samples. Fivefold excess of
common anions ions, have not interfered the extraction while Cation like Ca®", Mg? and Cu?* have shown some
interference but Fe** and Zn?* have synergistically maintained the maximum extraction of the dye. The procedures
developed are successfully applied for the samples collected from dyeing industries.
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INTRODUCTION

Synthetic dyes are being extensively used in variadustries such as textile, paper and plastiégspmrt ascetic
color to the products. The effluents of these gtdes contain notable amounts of the dyes [1]thedeffluents are
to be treated for the removal of these synthetesdyefore discharging the effluents into the emvirent.

If proper treatment methods are not followed, thettsetic dyes ultimately reach to the nearby wétedies and
pose threat to the aquatic life as they are nomadizdple in nature. The dyes blocks sunlight andagsirsome
photo-sensitive chemical reactions necessary taataquife [2,3]. Further, some of the dyes are toxven
carcinogenic in nature [4].

Due to the harmful effects of dyes, EPA is instingcindustries to eliminate dyes from effluentsdsefdischarging
into the mainstreams.

Effluents containing dyes are difficult to treathase most of these chemicals are not prone tbiaatigestion [5].
There are methods reported in literature for theoneal of dyes from effluents or waste waters beasthmethods
suffers from one or the other disadvanges amdurgversally acceptable method is still eluding thsearchers.
S.M.Ghoreishi and R. Haghighi [6] studied the clmahicatalytic reactions and biological oxidatiorr filne
treatment of non-biodegradable dyes in textileueffts. S.Al-Aseh et al [7] studied the removal @timylene blue
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dye from aqueous solutions using activated andautivated bentonites. M.A.Khraisheh and M.S. Algutid8]
enhanced dye adsorption characteristics by micrégamiof modified calcined diatomite (E-CD). A.Re§ari et al
[9] probed chitosan beads in the removal of anraaiced dye from aqueous solutions.

Increasing research interest is being envisagemgltine recent past, in evolving procedures usiiogrocess of
microorganisms and bio-adsorbents derived fromafand fauna materials in controlling the pollutings. These
bio-processes along with other chemical processepraving to be potential alternative to #vdsting methods of
detoxification and for the recovery of toxic anduable ions from industrial discharges/ pollutedtava . These
biological approaches have stimulated continuou$ expanding research in this field. Fly ash [13ap[11],
unburned carbon [12], oil palm fiber activated eart)13] and activated charcoal [14] have been erpldor their
efficiency in removing dyes from wastewater. S.&k8ullah et al [15] studied the removal of Methg@dlue from
aqueous solution by adsorption on sand. M.Lehoaky A. Mracek, [16] studied the improvement of dye
adsorption on synthetic polyester fibers by low penature plasma pre-treatment. G.Cirini, [17] resdd the non
conventional low cost adsorbents for dyes.

Our research labs are also making efforts in thieet of pollution control methods and some sudekpecedures
have been developed for some polluting ions angtige been reported to the Literature [18-24].

Methylene blue is an important cationic dye andiged in many textile manufacturers and it releasesatic
amines (e.g., benzidine, methylene) and is a paterdarcinogen [4]. The attempt to remove Methyl@&hee from
waste water are few and far between [7, 15, 25-B8nboo-based activated carbon [25], gypsum [26hted
olive pomace and charcoal [27], water hyacinth [28ve been explored for their sorption abilitiesvards
Methylene Blue dye from waste waters.

In the present work, sorption abilities of thermalttivated bio-adsorbents derived from leavestmrtls/ stems of
some plants have been explored with an object ofralling the concentration of Methylene Blue dyethe waste
waters by optimizing various physicochemical par@mse such as pH, time of equilibration and sorbet
concentrations.

EXPERIMENTAL SECTION

(A)CHEMICALS: All chemicals used were of analytical grade.
1.Stock solution of Methylene Blue: 50 ppm of Methylene blue solution was prepared isgalving a requisite
amount of A.R. grade Methylene Blue dye in doubdgilted water. It was suitably dilute as per the need.

(B) ADSORBENTS: Powders of leaves, stems and their ashesmdbus plants were tried for the removal
of Methylene Blue from synthetically prepared siaial waters by optimizing various physicochemicabmeters
viz., pH, concentration of sorbent and time of éhration. It was observed that the sorbents derifrem leaves
and stems of Annona Squamosa and Azadiracta lhdiza affinity towards the dye.

A: Annona Squamo B: Azadiracta Indica

Fig No. 1: Plants showing affinity towar ds M ethylene Blue dye
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Annona squamosa is a small well-branched shrub that bears edibledrediled sugar-apple; belongsAononaceae
family and grows well in lower altitudesAzadirachta indica, or Neemtree, is an evergreen tree native to Southeast
Asia and it belongs thidiaceae family.

The leaves and stems Ahnona Squamosa and Azdirachta Indica were freshly cut from trees, washed with tap
water, then with distilled water and then sun driEde dried materials were powdered to a fine ndsdize: > 75
microns and activated at 108 in an oven and then employed in this study. farrthese leaves and stems were
burnt to ashes and these ashes were also used natk.

(C)Adsorption experiment:

Batch system of extraction procedure was adopted (29-31). Carefully weighted quantities of adsorbemtse taken
into previously washed 1 lit/500 ml stopper bottlemntaining 500 ml/250 ml of Methelene Blue solatiof
predetermined concentrations. The various initidlv@alues of the suspensions were adjusted withd@il or dil
NaOH solution using pH meter. The samples wereeshaigorously in mechanical shakers and were alibteebe
in equilibrium for the desired time. After the eljuiation period, an aliquot of the sample was talfer the
determination of Methelene Blue using Spectrophetoim method. The dye hasnax at 661 nm and obeys Beers-
Lambers law at low concentrations. The O.D. measards were made at the sdithax using UV-Visible
Spectrophotometer (Systronics make). (12). TheimdtaO.D value for un-known solution was referregtandard
graphs (drawn between O.D and concentration) pegpaith known concentrations of Methylene Blue dgpgting
method of Least Squares.

The sorption characteristics of the said adsorbemet® studied with respect to the time of equiliiora pH and
sorbent dosage. At a fixed sorbent concentratlfem% removal of Methylene Blue from sample wateas studied
with respect to time of equilibration at various p&lues. The results obtained were presentdueitGraph Nos. A:
1-8. To fix the minimum dosage needed for the maxmremoval of the Methylene Blue ions for a pattcu
sorbent at optimum pH and equilibration times, &otion studies were made by studying the % of etitia with
respect to the sorbent dosage. The results obtaieesipresented in the Graph Nos. B: 1-2.

(D) Effect of Other ions (Interferinglons):

The interfering ions chosen for study were the cemrions present in natural waters viz. Sulphatepiide,
Chloride, Nitrate, Phosphate, Carbonate, Calciuin Magnesium (11), Copper(ll), Zinc(ll) and Nickéll). The
synthetic mixtures of Methylene Blue and of theefgn ions were so made that the concentrationeofdteign ion
was maintained at fivefold excess than the dye eoinations as cited in the Table: 1. 500ml of thesdations were
taken in stopper bottles and then correctly weigldptimum quantities of the promising adsorbeassdécided by
the Graph Nos. A and B ) were added. Optimum pH was adjusted with dil. idCdil. NaOH using pH meter. The
samples were shaken in shaking machines for degptishum periods and then small portions of the @amwere
taken out, filtered and analyzed for Methylene Bbtamcentration. % of extraction was calculatedrfrine data
obtained The results were presented in the Table: 1.

(E) Applications of the developed bio-sor bents:

The adoptability of the methodology developed wtie new bio-sorbents derived froAmnona Sguamosa and
Azdirachta Indica plants in this work for removing the dye, is tried witloree real sewage/effluent samples
collected from some dyeing industries at Hyderadwadl Mangalore. For this purpose, samples wereaelll from
effluents of industries and the samples were aedlyor actual amounts of Methelene blue and sampées fed
with known amounts of Methelene blue.

Then these samples wesabjected to extraction for the dye using the bio-sorbents developed in this work at
opti mum conditions of extraction. The results obtai ned were presented in the Table 2.

RESULTSAND DISCUSSION
Leaves, stems/barks and their ashes of Annona Sipsaend Azdirachta Indica hateen found to have affinity
towards Methylene Blue. The extractability of Methylene Blue has been studied with respect to various

physicochemical parameters suchpkk time of equilibration and sorption concentration and the results obtained
are presented in the Graph No.A: 1-12 and GraphBN@-4. The following observations are significant
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1. Time of equilibration: Percent of extractability increases with time #ofixed adsorbent at a fixed pH and after
certain duration, the extractability remains constae. an equilibrium state has been reachedtHar words, there
will not be any further adsorption after certaimei of equilibration time (vide Graph Nos. A: 1-8k for example,

in the case of powders of leavesArfnona Squamosa, % of extraction of Methylene Blue has been found to be
45.0% at 0.5 hrs, 65.0% at 1.0 hrs, 75.0% at 1.5 hrsor more at pH :2; 60.0 % at 0.5 hrs, 70.0% at 1.0 hr, 80.0% at

1.5 hrsor more. The sametrend is found in other sorbents of our present study.

2.Effect of pH: % of extraction of Methylene Blue is found to be pH sensitive. Extraction of Methylene Blue has
been found tdoe increasing with the increase of pH of the equilibration system for a fixed adsorbent at optimum
time of agitation. As for example in case of pewalofAnnona Squamosa leaves the maximum extractability has
been found to be 75% at pH: 2; 80% at pH: 4; 85%%t pH: 6; 100% at pHs: 8 after an equilibratienipd of 1.5
hrs (vide Graph No. A:1). With thash of leaves of Annona Squamosa, the % of extraction has been found to be
80.0% at pH: 2; 85.0% at pH:4; 90.0% at pH:6 and% @t pH: 8 after an equilibration time of 1.0 (w&le Graph
No.A:2). Similarly at pHs 2, 4, 6 and 8, the % of extractitras been found to be respectively 60.0%, 65.8%0%F
and 100% after 2.0 hrs of agitation time fem powders of Annona Sqguamosa and 55.0%, 60.0%, 70.0% and
100% after 1.5 hrs of agitation tinfigr their ashes (vide Graph No.A:3 and 4).

In the case of Azdirachta Indica, the % of extraction has been found to be 60.024%, 83.0%, 91.0% at pH 2, 4,
6, and 8 respectively witthe leaves powders(vide Graph No.A:5); 65.0%, 70.0%, 85.1%, and 100Rith leaves
ash (Vide Graph No.A:6); 80.1%, 85.2%, 88.3%, and 100% witie stem powders (vide Graph No.A:7); and
85.0%, 90.5%, 95.4% and 100% witte stem ashes(vide Graph No A:8).

3.The maximum % of extractability is found to bel00% with the sorbents derived from Annona Squamosa at
optimum pH value of 8 but with varying times of dduations: 1.5 hrs for leaves powders, 1.0 hitvitie ashes of
leaves, 2.0 hrs with stem powers and 1.5 hrs wém sishes (vide Graph No. A: 1-4)

4.In case of sorbents pertaining Aadirachta Indica, % of extraction has been found to be 91.0% watwvés
powder and 100% with the rest of the sorbents &itmaypn pH of 8 but at different optimum equilibratidcimes
namely, 2 hrs for powders of leaves and their gshéshrs with stem powders and 1.0 hr for stem(&shph No.
A: 5-8).

5.Time of equilibration: In most of the bio- sorbents, the equilibration time needed for  maximum extractability
of Methylene Blue hafound to be less for ashes than with the raw powdeleafes or stems. The equilibration
time neededor maximum extraction has been found to be 1.5fbrghe leaves powders @hnona Squamosa,
where as it is reduced to 1.0 hr with their ashesase of stem powders Ahnano sgquamosa, the equilibration time
required for the maximum extraction is found to2b@ hrs, with its ashes it is decreased to 1.53%imilar trend is
observed in the case of sorbents derived ffadirachta Indica (vide Graph No. A: 1-8).

6.Sorbent Concentration: The optimum bio-sorbent concentration required ritaximum extractability of the
Methylene Blue is found to be in the ordéreaves powder (2.0 gnvlit) >leaves ash (1.5 g/lit) >stem( 1.0 g/lit) >
Sem ash (0.5 g/lit) in the case of the plafthnona Squamosa at optimum conditions of pH and equilibration time
(vide Graph No. B:1).

In the case of Azdirachta Indica, the optimum concentration of sorbents has beenddo be in ordertLeaves
powder (1.5 gmvlit) >leaves ash (1.0 g/lit); Sem ( 1.5 g/lit) > Semash (1.0 g/lit) (Vide Graph No. B: 2).

7.Interfering lons: The extractability of Methylene Blue in preserafdfivefold excess of common ions found in
natural waters, namely, Sulphate, Phosphate, GleprCarbonate Fluoride, Calcium, Copper, Iron, Zand
Magnesium ions, has been studied. The resultsraseptedn Table No.1.]

» Anions envisagedmarginal effect on the % extractability of Methylene Blue with therbents of the present
work at the optimum conditions of time of equiliboa, pH and sorbent concentration.

« Cations like Fé* and Zri* have not interfered and synergistically maintaittezl maximum% of extraction while
cations like Ca?*, Mg®" and Cu*" have less interfered the % of extraction of the.d
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Table No. 1: Effect of interfering lonson the Extractability of M ethylene Blue with different Bio-sor bents

M aximum Extractability of Methylene Blue in presence of fivefold excess of (50 ppm) interfering
s Adsor bent Extractability ions at optimum conditions: Conc of Methylene Blue: 10 ppm
' and its :
No . at optimum
concentration conditions S02 PO* cr COs* F ca* | cu* Fe* Zn* Mg*
Leaves 100.0%; pH: 8;
1 | powder —of) 15Hrs, | 99.0% | 985%| 100.0% 100 | 09506 | 95.206| 93.5% 100.09 100.0p6 94
Annona sorbent conc. 0%
Squamosa 2.09g/l
Leaves Ash of] 13080;A)0 hr: 100
2 | Annona P 'b’ ) | 100.0% | 98.5%| 100.09 00/' 99.5% | 93.2%| 94.29% 100.0% 100.0p6 93.5
Squamosa sor eTS i °
conc.:1.5g/li
o a
Stem powdersg ;%O'OA)’ p';rg 100
3 | of Annona S‘ b | 100.0% | 98.5%| 100.09 00/' 99.5% | 95.2%| 9159 100.0% 100.0p6 94.4
Squamosa or eTO it °
conc.:1.0 g/li
-
Stems ash of iO;.OAa,pHﬁ,S- 100
4 | Annona y b | 100.0% | 98.5%| 100.09 o, | 99.5% | 93.2%| 92.5% 100.09% 98.5%  93.5
Squamosa gosr ?l_r;t conc.] 0%
5 glli
Leaves 91.0%; pH:8;
g | powder  of 2.0 sl 90.00 | 89.5%| 005%| 89.8% 91.0% 85.8% 88.8% 90.0% 0990| 89.0%
Azdirachta Sorbent
Indica conc.:1.5 g/lit.
Leaves Ash of 1050 0%, p';rg 100
6 | Azdirachta S‘ b | 99.5% | 98.0%| 100.09 00/' 99.5% | 93.6%| 92.599 100.0% 99.1% 925
Indica Cor entlo i °
once.:1.0g
o o
Stem powders iOSO'OA" p';rg 100
7 | of Azdirachta S‘ b | 98.5% | 97.5%| 100.09 00/' 99.5% | 94.5%| 93.899 100.0% 99.2% 92.§
Indica Cor entls I °
once.: 1.5 g
Stems ash of 100.0%; pH:8; 100
8 | Azdirachta 1.0 hr; Sorbent 97.8% | 98.5%| 100.09 00/' 99.5% | 93.6%| 95.099 100.0% 98.8%  93.5
Indica Conc.: 1.0 g/l °
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TABLE NO.2: % Of extractability of methylene blue from different industrial effluentswith bio-sorbentsdeveloped in thiswork

% of Extractability of Methylene Blue

Sample 1: Sample 2 Sample 3 Sample 4 Sample5
Bio-Sor bent Fed with Fed with Fed with Fed with Fed with
10.0 ppm of 15.0 ppm of 20.0 ppm of 25.0 ppm of 30.0 ppm of
MethleneBlue | MethleneBlue | MethleneBlue | MethleneBlue | Methlene Blue

Leaves powders of Annona Squamosa
:at pH:8; Equilibration time: 1.5 hrs and 96.5% 95.5% 94.0% 93.5% 97.5%
sorbent concentration: 2.0 g/l
Leaves ashs of Annona Squamosa :
at pH:8; Equilibration time: 1.0 hs and 97.5% 94.5% 93.5% 91.5% 92.5%
sorbent concentration: 1.5 g/l
Stem powders of Annona Squamosa
:at pH:8; Equilibration time: 2.0 hrs and 93.5% 92.5% 91.5% 94.3% 92.5%
sorbent concentration: 1.0 gms/I
Stems ashs of Annona Squamosa
:at pH:8; Equilibration time: 1.5 hrs and 98.5% 96.5% 97.5% 95.7% 94.5%
sorbent concentration: 0.5 gm/lit
Leaves powders of Azdrirachta Indica
:at pH:8; Equilibration time: 2.0 hrs and 87.5% 85.5% 84.5% 83.5% 86.5%
sorbent concentration: 1.5 g/l
Leaves ash of Azdirachta Indica :
at pH:8; Equilibration time:1.5 hrs and 96.0% 94.5% 92.0% 95.0% 94.6%
sorbent concentration: 1.0 g/l
Stem powders of Azdirachta Indica
:at pH:8; Equilibration time: 1.5 hrs and 95.0% 93.5% 93.0% 94.0% 93.0%
sorbent concentration: 1.5 gms/I
Stems ash of Azdirachta Indica :at pH|8;
Equilibration time: 1.0 hr and sorbent 94.0% 95.8% 91.0% 93.0% 96.2%

concentration: 1.0 g/l

Applications

The Applicability of the methodologies developadhis work have been tested with respects togakbsamples of

diverse nature, collected from the sewages/effeiehtlyeing

the dye Methylene Blud&he results have been presented in the Table No: 2.
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It is found that the sorbents developed in this kware successful in removing Methylene Blue at moptn
conditions of pH, equilibration time and sorbentsage as cited in the Table No.2. Percentage of valnaf
Methylene Blue is found to be betwe&3.5% to 97.5% with leaves powder ofinnona squamosa and 91.5% to
97.5% with their ashes; 91.5% to 94.3 % with stems powder oAnnano squamosa and94.5% to 98.5% with their
ashes; 83.5% to 87.5% with the leaves powders #fdirachta Indica and92.0% to 96.0% with their ashes; 93.0% to
95.0% with thestem powder of Azdirachta Indica and81.0% to 96.2% with their ashes.

DISCUSSION

For a thorough understanding of the sorption meisharof these bio-adsorbents, surface morphologitiadies
using such modern instruments like X-ray Photo titec Spectroscopy (XPS), Fourier Transform Infrared
spectroscopy (FTIR), Scanning Electron MicroscdpEN) and Energy Dispersive Spectrum (EDS) in addito
the classical elemental chemical analysis befork aiter the sorption of the Methylene Blue speciesthe bio-
sorbent surface, are needed. It is beyond the afiitiiss work.

However, a rough nature of sorption characteristéty be accounted from the pH-dependent dissociafisnrface
functional groups namely -OH or —COOH preserthese biomaterials. As pH increases, the dissiod of the
functional groups increases imparting negative ghao the surface and so the surfaces thus chaegatively has
electrostatic thrust for positively charged ions.

Methylene Blue being a cation in the pH range 3,tis glued to the surface resulting in the inceeimsthe % of
extraction.

Ashes are the oxides of some heavy metals congplarge amounts of silica. The ashes, contains *-@blups and
‘~O-". The observed behaviors of extractabilityphs$ varies may be understood in the same linegssridbed in the
case of raw leaves or stem powders. In fact, iritbeature it is reported that the silica possess#ion exchanging
nature [32-34] and this supports the proposed lfayithe observed behavior.

The decrease in the rate of adsorption with thgness in the equilibration time may be due to tleenavailability
of adsorption sites initially and are progressiveded up with time due to the formation of adsarlfdin on the
sites of adsorbent and hence, the decrease ir@ogapability of the adsorbent with the increasthie time.

The observations made with respect to the interfelons are interesting to note. Anions have ntdrfared with
the extraction of the Methylene Blue at the optimeonditions of extraction as cited in the Tableut $ome catios
have marginal interference. This is excepted becthes negatively charged surface at the high pdegashow less
affinity towards anions. The cations lika*", Mg? and Cu®** competes with methelene blue for sorption sites on the
sorbents resulting inference. But this is not found in the case of Zn and Fe because the Zn ion forms negatively
charged zincate at the experimental pH resulting no affinity towards the sorbent while Fe** gets precipitated as
ferrous hydroxide at the pH:8 and thus resulting precipitate also adsorbs or traps the methylene dye resulting the
complete removal of Methylene Blue dye.

CONCLUSION

1.Leaves, stems/barks and their ashed\miona Squamosa, and Azdirachta Indica been found to havetrong
affinity towards Methylene Blue at pH : 8.

2.% of removal ofMethylene Blue is pH sensitive and also depends on sorption cdrateon and time of
equilibration

3.The conditions for the maximum extraction Methy®ne at minimum dosage and equilibration time have been
optimized.

4.Sorbent dosage and time needed for the maximumwvanod Methylene Blue is less for the ashes than with the
raw powders of the plant materials.

5.Fivefold excess of common anions ions present in natural waterse haot interfered the extractability of
Methylene Blue at optimum conditions of pH, edusitition time and sorbent concentratid®ation like Ca?*, Mg?
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and Cu®*" have shown some interference but whiks® and Zn** have synergistically maintained the maximum
extraction of the dye.

6.We claim 100% of extraction of Methylene Blue dyéhwthe sorbents derived frodnnona Squamosa plant
from the simulated waters at the optimum experimeabnditions of extraction. With the sorbents aiing to
Azdirachta Indica plant also experimental conditions have been optimizedxtract 100% the dye except in the
case of leaves powders wherein the maximum % o&etibn has been found to be 91.0% from the syicidibt
prepared simulated water.

7.The developed methodologies in this work are testitl respect to diverse waste water samples delfiefrom
dyeing industries. The methods have been four teemarkably successful in removing the MethylBhe from
industrial effluents as detailed in Table No: 2.
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