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ABSTRACT

Powders of leaves and their ashes of Ficusbenghalensis, Syzygiumcumini,
Tamarindus indica, Acasia nilotica Indica, Acacia Arabica and Psidium
guajava have been found to have strong affinity towards Chromium(VI)
at low pH values. The sorption abilities of these bio-productsin controlling
the Chromium (V1) pollutionin waste waters have been studied with respect
various physicochemical parameters such as pH, sorption concentration
and equilibrationtime. % of removal of Chromium (V1) ispH sensitive and
also depends on sorption concentration and time of equilibration. More
than 90% of Chromium (V1) can be removed using these bio-sorbents at
pH:2 and at optimum of equilibrationtime and sorbent concentrations. Cat-
ionsevenintenfold excessare almost not interfering with the extractability
of Chromium at the experimental conditions. Nitrate, Fluoride and Carbon-
ate show seldom interference while sulphate and Phosphate are interfering
to some extent in some sor bets and moreover even in these, % of extraction
has never come down below 72.0%; Chloride except in the case of ashes of
Acacia Arabica is not interfering. The adoptability of the methodologies
developed is tested with some real industrial effluents and natural lake
samples and found remarkably successful.
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INTRODUCTION

Chromium compoundsarewidely usedintanning,
electroplating, dying andtextileindustriesand the efflu-
entsdischarging from theseindustries possess Chro-
mium and if proper careisnot envisaged in removing,
the chromium compounds get in to the nearby water
bodi es causing pollution problems. Chromiumionsbe-
ing anon-degradablein nature get accumulated inwa

ter bodiesdueto bio-amplification and thereby causing
environmental threst.

Chromium exigtsintrivalent and hexava ent states
and of these, hexavalent ion is 500 folds moretoxic
thantrivaention® and the Chromium (V1) ishazardous
to healthwhenitslimit in potablewaters exceeds 0.05
ppmi23,

Literature survey indicatesthat much growingin-
terest isbeing envisaged in devel oping the methodol o-
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giesto control the Chromium pollution“?7. Research-
ersdevel oped proceduresfor theremova of Cr (V1)
based on chemical reduction* ¥, nanofiltration®,
biocaccumulation'™, ion exchange® and adsorption on
silicacomposites® 19, Activated carbons™, Fly Ashi*2,
modified zeolites** ¥4 and bone charcod™! have been
explored for the remova of Chromium from waste
waters. AshdathaSinghreviewed the various methods
avalableinliteratureinremoving Chromiumfromwagte
waters using microbes’®. A number of patents also
existinginthisregard”. These methods suffer from
high cost and arenot viablein deve oping countriesand
arelessencouraging for adoption.

Theuseof Biomassesor bio-wastesof floraor fauna
originincontrolling the pollution either intheir native
state or chemically modified by evokingtheir surface
sorption phenomenonisanother new trend*® %, Inthis
aspect of research, someagricultural waste materias
have been reported as bi osorbentsfor Chromium re-
moval*27,

Inthe present work, the sorption characteri stics of
powdersof Leavesand their ashesof different plants
for Chromium (V1), have been studied with respect to
various physicochemica parameterssuch aspH, time
of equilibration and sorbent concentration and wetried
to develop simple methodologiesin controlling the
Chromium (V1) pollutionin wastewaters by optimiz-
ing the extraction conditions.

METIRIALSAND METHODS

(A) Chemicals

All chemicasused were of analytical grade.

1. Sock solution of Chromium (V1) was prepared
by dissolving 0.144gof A.R. potassum dichromate
indoubledistilled water andismadeupto 1lit. Its
concentrationis50ppm. It issuitably diluted asper
theneed.

2. Diphenyl carbazde solution: 0.25g of Diphenyl
carbazide was dissolved in 100 ml of 50% of ac-
etone.

3. 6N Sulphuric acid solution was prepared.

(B) Adsorbents

Powdersof Leavesand their ashesof variousplants
weretried for theremova of Chromium from syntheti-
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cally prepared polluted waters by optimizing various
physicochemical parametersviz., pH, conc. of sorbent
and timeof equilibration. It has been observed that the
Leaves of Ficus benghalensis, Syzygium cumini,
Tamarindus indica, Acasia nilotica Indica, Acacia
Arabica and Psidiumguajava have affinity towards
the Chromium (VI) ions.

Ficusbenghalensis, thebanyan, isalargeand ex-
tensivegrowing tree of the Indian subcontinent having
propagating rootswhich grow downwardsasaeria roots
and once theserootsreach theground, they grow into
woody trunksthat can becomeindistinguishablefrom
themaintrunk. It be ongsto Moracesefamlily. Syzygium
cumini isan evergreen tropical treeintheflowering
plant family of Myrtaceaand havetraditiona medicina
uses. Tamarindusindicaisalong-lived tropical ever-
green treewith aspreading crown and feathery ever-
greenfoliageand fragrant flowersyielding hard yellow-
ishwood and long podswith edible chocol ate-col ored
acidic pulp and it belongsto Fabaceae family andis
cultivatedintropical regions. Acasianiloticalndicais
one of the species of acaciabelongsto Fabaceae and
isamedium sized deciduous tree with crooked and
forked truck andisgrownwell in SouthAsia. Acacia
Arabica is the gum-Arabic tree of India and pos-
sesses traditional medicinal values and it belongs
to Fabaceae family. The Psidiumguajava isan ever
green shrub or small treewidely cultivated intropical
and subtropical regions around the world and it be-
longsto Myrtaceaefamily.

The Leaves of Ficus benghalensis, Syzygium
cumini, Tamarindusindica, Acasia nilotica Indica,
Acacia Arabica and Psidium guajava were cut,
washed with tap water followed by distilled water and
then sundried. The dried materials were powdered to
afinemesh of size: <75p and activated at 105°Cinan
oven and then employed in thisstudy. Further, these
leaves were burnt to ashes and these asheswere also
usedinthiswork.

(C) Adsor ption experiment

Batch system of extraction procedure was
adopted?0

Carefully weighted quantitiesof adsorbentswere
takeninto previoudy washed 11it/500 ml stopper bottles
contai ning 500ml/250ml of Potassum Dichromate so-
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Tamarindus indica

Acacia Arabica

lution of predetermined concentrations. Thevariousinitid
pH values of the suspensionswere adjusted with dil
HCl or dil NaOH solution using pH meter. Thesamples
wereshakenvigoroudy in mechanical shekersandwere
alowedto beinequilibrium for thedesired time. After
theequilibration period, an aiquot of the samplewas
takenfor Chromium determination. Chromium (V1) was
determined Spectrophotometrically by using“Diphenyl
Carbazide” method®Y.

Estimation of chromium (VI)

Andliquot amount of Chromate samplewastaken
inaS0ml volumetricflask. Toit Iml of 6N Conc. H,SO,

V.Krishna Veni and K.Ravindhranath 69

=== Qurrent Research Papsr

Psidium guajava

solution and 1ml of Diphenyl Carbazide solution were
added successively and the sol ution wasthen diluted to
the volume and mixed well. Then O.D. of the devel-
oped color was measure against blank at 540 nm using
U.V. andVisible Spectrometer.

Thusobtained O.D Vauewasreferred to astan-
dard Graph (drawn between O.D and Concentration)
prepared with known amounts of Chromium by adopt-
ing themethod of Least Squaresto find concentration
of Chromiuminunknown solutions.

The sorption characteristics of the said adsorbents
were studied with respect to thetime of equilibration,
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TABLE 1: Effect of interfering lonson the Extr actability of Chromium (V1) with different Bio-sor bents:
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Adsor bent M aximum Extractability of Chromium (V1) in presence Ten fold excess of (500ppm) interfering
SNo and its Extractability ions at optimum conditions: Conc. of Chromium(VI): 50 ppm
concentration aéocr:%ti't?:;? soZ NOsZ ClI° POS F  CO& Ca® Mg®™ cu® zn* Ni#
Powder of
Ficus 94.2%:
1 benghdenss T 920% 93.2% 98.2% 721% 93.1% 924% 95.6% 94.0% 90.0% 88.0% 90.1%
|eaves: pr:z, .
2.5 gmg/lit
Powder of
2 Cu‘:’%’iznﬁ';‘a':/”% pHgl'%’hrs 89.1% 00.1% 91.0% 88.1% 89.0% 88.0% 83.1% 90.0% 90.5% 90.0% 89.0%
2.0gmg/lit
Powder of
i 0,
3 I:;Taalrgg pH,gO'g/s" Lo B72% 89.19% 87.2% 90.0% 87.0% 861% 901% B89.6% 86.0% 83.1% 86.2%
3.0 gmg/lit
Powder of
Acasianolitica 90.8%
4 Indica o 30hs 791% 90.1% 89.2% 88.0% 90.0% 88.3% 89.0% 89.0% 90.1% 89.0% 89.3%
leaves;2.5 pr-2, .
gmg/lit
Powder of
5 Aﬁj\g%bc')ca pHgg'%’hrs 81.0% 89.0% 88.0% 74.1% 87.2% 854% 82.1% 88.1% 88.0% B87.2% 88.5%
gms/lit
Powder of
6 lezs'vi?‘gno pH-?'??Oc/;)hrs 9021% 97.0% 96.2% 72.1% 96.0% 942% 96.1% 89.8% 92.1% 95.5% 96.5%
gmg/lit
Ashes of Ficus
7 berl‘ggva';‘ss pHgglgog;hrs 72.1% 94.0% 95.0% 86.0% 90.2% 94.0% 92.0% 935% 95.0% 90.9% 92.0%
2.0 gmg/lit
Ashes of
Syzygium 92.5%
8 cumini Ho 20hs B42% 90.0% O12% 841% 824% 9L0% 90.1% OL5% 840% 912% 93.4%
leaves;1.5 PH:2, &
gms/lit
Ashes of
Tamarindus 93.0%
9 indicais o ooms  922% 912% 921% 721% 87.1% 89.6% 90.8% 921% 90.0% 920% 92.1%
leaves;2.5 pH-z, 2.
gmg/lit
Ashes of
nes of o
10 Ali.aas'vg_”g'ga pH?ZZ_'g/g'hrs 90.1% 92.0% 92.1% 80.0% 89.0% 88.7% 91.6% 91.6% 87.0% 91.5% 86.2%
gmg/lit
Ashes of
1 Aﬁvﬁgbéca png'%’hrs 90.2% 89.0% 82.0% 86.0% 90.0% 86.0% 86.7% 84.0% 90.0% 91.0% 91.9%
gms/lit
Ashes of
12 leis'vi_uTS 99'(2)0/5"'h$';:2' 94.0% 96.0% 98.1% 76.0% 92.1% 94.0% 93.1% 96.0% 98.2% O97.2% 96.8%
gmg/lit

pH and sorbent dosage. At afixed sorbent concentra-
tion, the% removal of Chromatewasstudied withre-
gpect totimeof equilibration at variouspH vaues. The
results obtained were presented in the Graph Nos. A:

1-12 and B: 1& 2. Tofix the minimum dosage needed
for the maximum removal of the Chromateionsfor a
particular sorbent a optimum pH and equilibration times,
extraction studies were made by studying the % of
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TABLE 2: Extractability of Chromiumin Different Industrial Effluentsand Natur al L ake Samplesusing Bio-sor bents

Bio-Sor bent

% of Extractability of Chromium(V1) in diver se Samples (actual Conc. of Chromate is shown
in parenthesis)

Tannery Industry effluents

Chrome plating Industry
effluents

Natural Lake Samples

Sample- Sample- Sample-

1
(12.5

ppm)

2
(21.5

ppm)

3
(145

ppm)

Sample-

Sample-

4 5

(21.5ppm) (245

ppm)

Sample-6
(15.8ppm)

Sample- Sample- Sample-

7
(15
ppm)

8
(20
ppm)

9
(25
ppm)

Leaves powder of
Ficus
benghalensis.

:at pH:2;
Equilibration time:
3.0hrsand
sorbent
concentration: 2.5
gm/lit

L eaves powder
Syzygium cumini.
at pH:2;
Equilibration time;
2.0hrsand
sorbent
concentration: 2.0
gm/lit

Leaves powder of
Tamarindus indica.
:at pH:2;
Equilibration time;
25hrsand
sorbent
concentration: 3.0
gmg/lit

Leaves powder of
Acasianalitica
Indica.

:at pH:2;
Equilibration time:
3.0hrsand
sorbent
concentration: 2.5
gm/lit

Leaves powder of
Acasia Aribica.

:at pH:2;
Equilibration time:
25hrsand
sorbent
concentration: 3.0
gmg/lit

82.6%

81.3.%

70.4%

72.6%

73.2%

87.2%

80.6%

72.6%

70.4%

74.6%

84.6%

79.5%

74.5%

69.4%

76.6%

81.8%

80..2%

74.9%

62.3%

72.3%

86.3%

83.3%

76.2%

70.9%

74.1%

91.4%

85.4%

79.1%

68.5%

80.2%

88.7%

82.9%

80.2%

66.7%

79.9%

90.5%

81.2%

82.9%

69.3%

81.1%

85.9%

86.4%

84.6%

68.2%

77.4%
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TABLE 2: Extractability of Chromiumin Different Industrial Effluentsand Natur al L ake Samplesusing Bio-sor bents

% of Extractability of Chromium(V1) in diver se Samples (actual Conc. of Chromate is shown

in parenthesis)

Tannery Industry effluents

Chrome plating I ndustry

effluents Natural Lake Samples

Bio-Sorbent Sample- Sample- Sample-

1 2 3
(125 (215 (145

ppm) ppm) ppm)

Sample-4 5
(21.5ppm)

Sample- Sample- Sample- Sample-
Sample-6 7 8 9
(15.8ppm) (a5 (20 (25

ppm) ppm) ppm)

(245
ppm)

Leaves powder of
Psidium.

at pH:2; Equilibration
time: 3.0 hrsand
sorbent concentration:
2.0 gm/lit

Ashes of Leaves of Ficus
benghalensis.

:at pH:2; Equilibration
time: 2.5 hrsand
sorbent conc.: 2.0 gms/lit
Ashes of Leaves powder
Syzygium cumini.

:at pH:2; Equilibration
time: 2.0 hrsand
sorbent concentration:
1.5 gml/lit

Ashes of Leaves
powder: Tamarindus
indica.

at pH:2; Equilibration
time: 2.0 hrsand
sorbent concentration:
2.5 gml/lit

Ashes of Leaves powder
:Acasiandlitica.indica
:at pH:2; Equilibration
time: 2.0 hrsand
sorbent conc.: 2.0 gm/lit
Ashes of Leaves powder
of AcasiaAribica:

at pH:2; Equilibration
time: 2.5 hrsand
sorbent conc. 2.5 gm/lit
Ashes of Leaves powder
of Psidium.

:at pH:2; Equilibration
time: 2.5 hrsand
sorbent concentration:
1.5 gm/lit

91.4% 89.4% 92.4%

86.3%  90.1%  92.7%

914% 90.8%  88.3%

72.4% 80.1% 813%

724%  869%  85.3%

76.3% 84.6% 83.7%

79.4% 87.6% 88.4%

90.6%

93.4.%

89.4%

88.5%

87.3%

90.2%

90.5%

88.2% 90.6% 88.7% 86.2%  84.3%

89.1% 92.3% 941% 94.7%  92.6%

86.2% 90.1% 87.6% 89.2% 91.9%

89.4% 90.0% 90.6% 91.2%  91.9%

83.2% 88.6% 89.4% 89.9%  79.4%

91.4% 91.9% 884% 89.6%  90.9%

92.5% 91.3% 92.7%  90.9%  89.5%

extractionwith respect to the sorbent dosage. Theresults
obtained werepresentedinthe GraphNos. C: 1 & 2.

(D) Effect of interferingions

Theinterferingionschosenfor study arethe com-
monionspresent in natura waters, viz., Sulphate, Ni-
trate, Phosphate, Fluorides, Carbonate, Chloride, Ca-
cium, Magnesium, Copper, Zinc and Nickel. Thesyn-

thetic mixturesof Chromium (V1) and oneof theinter-
fering ionswere so made that the concentration of the
interferingions maintained at ten fold excessthanthe
Chromium (V1) ion concentration. 500 ml of these
solutionsweretaken in stopped bottlesand then cor-
rectly wel ghed optimum quantitiesof thepromising sor-
bentswereadded. Optimum pH wasadjusted with dil.
HCI or dil. NaOH using pH meter. The sampleswere
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shaken in shaking machinesfor the desired optimum
periods and then the samples werefiltered and ana-
lyzed for Chromium (V1). % of extraction was cal cu-
lated from the dataobtained. Theresultsare presented
intheTABLE No. 1.

(E) Applicationsof thedeveloped bio-sor bents

Theadoptability of themethodol ogy devel oped with
the new bio-sorbentsin thiswork for removing Chro-
mium (V1) istried with somered sewage/effluent samples
of someindustries. For this purpose, threesampleswere
collected fromtannery industriesin Hyderabad and three
from Chrome platingindustriesin Chennal and these
sampleswere andyzed for the actua concentration of
Chromium (V1). Further, threemore natural samples
fromthreelakesat different placesin Bgpatlamanddam
of Guntur Dt of Andhra Pradesh were collected and
these samplewerefed with known amounts of Chro-
mium(V1).

Then these sampleswere subjected to extraction
for Chromium (V1) usi ng the bio-sor bents devel oped
in this work at optimum conditions of pH, equili-
bration time and sorbent concentration. Theresults
obtained were presented in the TABLE 2.

RESULTSAND DISCUSSION

Leaves and their ashes of Ficus benghalensis,
Syzygiumcumini, Tamarindusindica, Acasianilotica
Indica, Acacia Arabica and Psidium guajava have
been found to have affinity towards the Chromium
(V1) ions. Theextractability of Chromium hasbeen stud-
ied with respect to various physicochemicd parameters
such aspH, timeof equilibration and sorption concen-
tration and the results obtained are presented in the
GraphNo.A:1-12; B: 1&2; C: 1&2). Thefollowing
obsarvationsaresgnificant:

1. Timeof equilibration: Percent of extractability in-
creaseswith timefor afixed adsorbent at afixed
pH and after certain duration, theextractability re-
mains constant, i.e. an equilibrium state has been
reached. In other words, therewill not beany fur-
ther adsorption after certaintimeof equilibration
time(vide Graph Nos. A: 1-6). Asfor example, in
the case of Ficus benghalensis, at pH:2, % of
extraction is 60.0% at 0.5 hrs, 83.6% at 1.0 hr,

26 of remowval of Chromium{WVi)

2 of remowval of Chromium(wvi)

%% of remowval of Chromium{Wwi)

100
&0
60
40
20

100

100

0

0

0.5

L
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LEAVESPOWDER OF FICUS BENGALENSIS
Conc. of Chromium (VI}: 50 ppm

=t=pH:2
=E=pH:4
pH:6
==pH:8
= H:10
05 1 15 2 25 3 35 4 45 5
Time in hours
% removal of Chromium (V1)
GraphNo:A-1
LEAVES POWDER OF SYZYGIUIM CUMINI
Conc. of Chromium (V1); 50 ppm
=4=pH:2
~&-pH:d
pH:6
w8
1 15 2 25 3 35 4 45 5
e H:10
Time in hours
% remaval of Chromium(Vi)
Graph No:A-2
EAVES POWDER OF TAMARINDUS INDICA
Conc. of Chromium (VI): 50 ppm
=4=pH:2
=&=pH:4
pH:6
i 1H: 8
st 1H: 10

Time in hours
% removal of Chromium({V1)
Graph No:A-3
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LEAVESPOWDER OF ACASIA INDICA
Conc. of Chromium (VI): 50 ppm
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LEAVES POWDER ACASIA ARABICA
Conc. of Chromium (V1): 50 ppm
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Conc. of Chromium (VI): 50 ppm
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Graph No:A-6
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ASHES OF ACASIA ARABICA LEAVES
Conc. of Chromium (V1): 50 ppm

Time in hour
% removal of Chramium{VI)
Graph No:A: 11

ASHES OF PSIDIUM LEAVES
Con, of Chromium(V1) : 50 ppm
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Graph No:A:12
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120 ‘
Conc. of Chramium (VI): 50 ppm b Leaves povder officus
100 bengalensis|2. Shr)
= Leaves powder of
20 - tamarindus indica 3}
—i— Leaves poweder of
60 - Syzyghum cumiini Zhi)
—— Leaves powder of acasla
a0 - indical2 5hr)
20 ——leaves poveder of acasia
' arabical 3]
0. . . o Leaves poviler of
psidivm{2hr)
l 4 b ] 10
pH
pH Vs % of removal of Chromium (V1)
Graph No. B:1
—+— Ash officus
120 Con. of Chramium (V1) 50ppm bengalensis leaves
—8— fsh oftamarindus
100 indicaleaves
—i— hsh ofsyzygium
80 1 purminis leaves
—— Ash of acsla Indica
60 leaves
40 | —+— Agh of Acsla Indica
20 & Ash of pridium leaves
[:| )

2 4 b 8 10

pH
pH Vs % remaval of Chromium (V)
Graph No: B:2

87.2% at 1.5 hrs, 91.0% at 2.0 hrs, 92.0% at
2.5 hrs, 94.2% at 3 hrs and 94.2% above 3
hrs.(vide Graph No.A: 1). The sametrend isno-
ticed in the case of other sorbents.

pH: % of extractionisfound to be pH sensitive.
AspH decreases, % of extraction isfound to be
increasing (Vide Graph: B: 1 and 2). Asfor ex-
ample, with the powder of Ficus benghalensis
leaves, % of extractability isfoundto be25.0 % at
pH:10; 38.0% at pH:8; 60.0% at pH:6; 80.0% at
pH:4 and 94.2% at pH: 2 whilewith the ashes of
Ficusbenghalensisleaves % of extractability is
found to be: 20.0% at pH:10, 24.2% at pH:8,
56.8% at pH:6, 70.0% at pH:4 and 96.0% at pH: 2.
Similar trend isfound inthe caseof other sorbents:
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at pH:2,4,6,8 and 10 respectively, extractability
of Chromium(V1) isfound to be 91.0%, 75.2%,
59.0%, 40.0% and 17.4% in the case of powder
of Syzygiumcumini leaves after 2 hrs of equili-
bration time; 90.2%, 82.0%, 70.8%, 69.8% and
68% inthecaseof powder of leavesof Tamarindus
indicaafter 2.5 hrsof equilibration; 90.8%, 63.6%,
57.8%, 20.4% and 18.6% in case of powder of
leavesof Acadaniloticalndicaafter 3hrsof equili-
bration; 89.0%,49.6%,40.0%, 25.4% and 20.0%
in case of powder of leaves of AcaciaArabica
after 2.5 hrsof equilibrationtime; 97.0%, 69.8%,
55.6%, 30.8%, and 22.0% in case of powder of
leavesof Psidium gugjavaafter 3hrsof equilibra-
tion time.

Inthecassofashesof Syzyg umounin 92.5%6,88. 0%, 76 0%,
59.0% and 40.0% have been found at pH: 2,4,
6,8 and 10 respectively at an equilibration pe-
riod of 2 hrs; 93.0%,57.4%,37.6%,25.8%and
17.4% at equilibration time of 2hrsin the case
of ashes of Tamarindus indica leaves; 92.0%,
76.0%, 60.0%,40.0% and 18.0% at equilibration
timeof 2 hrswith ashesof Acasianiloticalndica;
92.8%, 76.0%, 64.0%, 46.0% and 20.0% at
equilibrationtimeof 2.5 hrswith ashesof Acacia
Arabica ; 99.0%, 92.0%,84.0%, 60.0% and
46.0% at equilibration time of 2.5 hrs with
ashes of Psidium guajava.

. The maximum % of extractability isfound to be

marginaly morewith ashesof leavesthan withraw
powders of leaves.
In most of the sorbents, time of equilibration

needed for maximum extractability of Chromateis

found to belessfor ashesthan with the raw pow-
der of leaves. With leaves powders of Ficus
benghalensis, Syzygium cumini, Tamarindusin-
dica, Acasianiloticalndica, AcaciaArabicaand
Psidium guajava, the equilibration time needed
for maximum extractionisfoundtobe 3 hrs, 2 hrs,
2.5hrs, 3 hrs, 2.5 hrsand 3.0 hrsrespectively at
optimum pH:2whilewith their ashes, the optimum
equilibrationtimesarefoundtobe2.5hrs, 2.0 hrs,
2.0hrs, 2.0 hrs, 2.5 hrsand 2.5 hrs. respectively
(videGraph Nos. A:1-12).

. Sorbent Concentration: The sorbent dosage

needed for maximum extraction of Chromateis
foundto belessinthe case of |leaves powdersthan
with their ashes. Sorbent concentration for maxi-
mum extraction at optimum conditionsof pH and
equilibrationisfoundto be2.5 granvlit for the pow-
dersof leavesof Ficusbenghalensiswhilewithits
ashes optimum sorption concentration has been
reduced to 2.0 gmg/lit. Similarly, with the powders
of leaves of Syzygium cumini, optimum sorbent
concentrationis2.0 gnvlit but with their ashes, 1.5
gm/litissufficient. Inthe case of powdersof leaves
of Tamarindusindica, Acasianiloticalndica, Aca
ciaArabicaand Psidium gug ava, the sorbent con-
centration needed isfound to be 3.0 gmg/lit, 2.5
gmg/Lit, 3.0gms/litand 2.0 gms/lit respectivdy while
withtheir ashes2.5 gmg/lit, 2.0 gnvlit, 2.5 gm/lit
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and 1.5 gmg/lit. respectively are sufficient. (Vide
GraphNo.C:1and 2).

6. The % of maximum extractability of Chromium
(V1)at optimum conditions of pH and equilibra-
tion time are found to be 94.2%,91.0%90.2%,
90.8%, 89.0% and 97.0%in the case of powders
of leaves of Ficus benghalensis, Syzygium
cumini, Tamarindusindica, Acasianiloticalndica,
Acacia Arabica and Psidium guajava respec-
tively (vide Graph Nos.A:1-6).

7. With ashes of Ficus benghalensis, Syzygium
cumini, Tamarindusindica, Acasaniloticalndica,
AcaciaArabicaand Psidium gugava, % of maxi-
mum extractability is found to be 96.0%,
92.5%,93.0%, 92.8%, 92.0% and 99.0% re-
spectively at optimum conditions of pH: 2 and
equilibrationtimesof 2.5 hrs, 2.0 hrs, 2.0 hrs,
2.0 hrs2.5 hrs and 2. 5 hrs respectively (vide
Graph Nos.A: 7-12).

8. Interferinglons. Theextractability of Chromateions
in presenceof tenfold excessof commonionsfound
innatura waters, namely, Sulphate, Nitrate, Chlo-
ride, Phosphate, Fluoride, Carbonate, Calcium,
Magnesium, Copper, Zincand Nickel ions, hasbeen
studied. Theresultsare presented in TABLE No.
1.

e Cations envisaged marginal effect on the % ex-
tractability of Chromate with the sorbents of the
present work at the optimum conditions of time of
equilibration, pH and sorbent concentration. % of
extractions of Chromate is found to be between
88.0% to 95.6% with leaves powder of Ficus
benghalensisand 90.9% to 95.0% with its ashes;
83.1% t0 90.5% with leaves powder of Syzygium
cumini and 84.0% to 93.4% with itsashes; 83.1%
to 90.1% with leaves powder of Tamarindus in-
dicaand 90.0%t0 92.1% with itsashes; 89.0% to
90.1% with leavespowder of Acasianiloticalndica
and 86.2%t0 91.6% withitsashes, 82.1%t0 88.5%
withleaves powder of Acacia Arabicaand 84.0%
t0 91.9% with itsashes; and 89.8% to 96.5% with
leaves powder of Psidium guajava and 93.1 to
98.2%.

e Anions

o SO, isfoundto beinterfering to someextent only
with the powder of leavesof Acasianiloticalndica
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and Acacia Arabica and alsointhe case of ashes of
leaves of Ficusbenghalensis(vide S. No. 4,5 and
7 of TABLE Nos:1) and in the reset of the sor-
bents, the extractability of Chromates is seldom
effected.

e Tenfold excessof NO,, Fluoride and Carbonate
arenot interfering with the % of extractability of
Chromatein all the sorbentsof interest.

e Chlorideevenintenfold excessisnot interfering
with theextractability of Chromatein al sorbentsof
study except inthecase of ashesof AcaciaArabica
(vide 5" Column of TABLE No. 1)

e Phosphateisfound to beinterfering the extraction
with respect to the sorbents: |eavespowdersof Fi-
cus benghalensis, Acacia Arabica and Psidium
guajava and also with the ashes of Tamarindus
indica and Psidium guajava. However, the ex-
tractability never comes down below 72.1%. In
the remaining sor bents, the % of extractabilityis
almost un-effected (Vide 6™ column of TABLE
No. 1)

APPLICATIONS

TheApplicability of the methodol ogies devel oped
inthiswork have been tested with respectsto thereal
samplesof diverse nature, collected from the sewages/
effluentsof Tannery and Chromeplatingindustriesand
asoinnatural lakes. Theresults have been presented
in the TABLE No: 2.

Itisfound that the sorbents developed inthiswork
aresuccessful inremoving Chromatesat optimum con-
ditionsof pH, equilibration time and sorbent dosage.
% removal of Chromatesisfound to be: 81.8% to
91.4% with leaves powder of Ficusbenghalenssand
86.3% t0 94.7% with their ashes; 79.5% to 86.4%
with leaves powder of Syzygiumcumini and 86.2%
t0 91.9% with their ashes; 70.4% to 84.6% with the
leaves powder of Tamarindusindicaand 72.4% to
91.9% with their ashes; 62.3% to 72.6% with the
leaves powder of Acasianiloticalndicaand 72.4%to
89.9% with their ashes; 72.3%to 81.1% with leaves
powder of Acacia Arabicaand 76.3% to 91.9% with
their ashes; 84.3% to 92.4% with the leaves pow-
der of Psidium guajava and 79.4% to 92.7% with
their ashes.
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DISCUSSIONS

Theavailabledataisin adequateto propose sound
theoretical explanationsfor each observation madeas
it needs surface studies of “adsorbent and adsorbate
interactions” using more sophisticated instruments and
methodol ogiesand itisbeyond theaimsof thiswork.

However, the observations may be accounted as
follows
¢ Thebio-sorbentsmay be having somenatural com-

poundswhich have afinity towardsChromateat low
pH vaues.

e Further, thesenatural substanceshave-OH/COOH
groupsand their dissociation ispH dependent and
thisimpartsweak anion exchangeability at low pH
vauesand wesak cation exchangeability at high pH
vauesasper theequilibrations:

At lugh pH values: Adsorbent-OH Adsorbent-O'+ H
Adsorbent-COOH Adsorbent-COO+ H'
At low pH values: Adsorbent-OH +H Adsorbent-0"H

H

e Inbasicsolutions, thehexavadent Chromium presents
astetrahedral Chromateions CrO,*, between pH:
2 1o 6, the species: HCrO , and the orange red
dichromateions Cr,O_* arein equilibrium and at
pH valueslessthan 1, themain speciesisH,CrO,.

e S0, Chromate being an anioninthepH range: 2-6,
isget sorbed by theleaves materid sat low pHsdue
to weak anion exchange nature and thusresultsin
higher % of removal at low pH values.. AspH in-
creases, the cation exchanging nature prevailsand
thisresultsinlow % remova of Chromateions.

e Further, these natural materials may have of metal
ionslikeCa, Mg, Cu, Zn, Fe, Al. and these di/triva
lent metal ionsform sparingly solublesaltswith of
Chromate which are gelatinousin natureand are
being trapped in the matrixes of the bio-adsorbents
and thusresulting in theincrease of % removal of
Chromate. Thisismore so in the case of ashesas
adsorbents, which areoxides of somemetd ions.

e Ashesaretheoxidesof someheavy metdscontain-
ing largeamountsof silica. The ashes, contains ‘-

ESAIJ, 7(2) 2012

OH’ groups and ‘—O-’. The observed behaviors of
increaseinextractability with thedecreasein pH may
be understood in the samelinesasdescribedin the
caseof raw powdersof leaves. Infact, thetrangition
pH for silicafrom anion exchanging natureto cap-
tion exchanging natureis 3234 and thissupportsthe
proposed logic for the observed behavior.

The decrease in the rate of adsorption with the
progressintheequilibration timemay bedueto the
moreavailability of adsorption Stesinitiallyandare
progressively used up withtimedueto theformation
of adsorbate (Chromate) film on the active sites of
adsorbent and thusresulting in decreasein capabil-
ity of the adsorbent.

The observations made with respect to theforeign
ionsareaso confirming as per the expected nature
of extraction. % of extractability islessaffected even
inthe presenceof tenfold excessof cationschosen
for study but someinterferenceto someextentis
found with some anions especially Sulphate and
Phosphate.

CONCUSSIONS

Powders of leaves of Ficus benghalensis,
Syzygium cumini, Tamarindus indica, Acasia
nilotica Indica, Acacia Arabica and Psidium
guajava have been found to have strong affinity
towards Chromate at low pH values.

. %of remova of ChromateispH sensitiveand also

depends on sorption concentration and time of
equilibration

. Theconditionsfor themaximum extraction of Chro-

matea minimum dosageand equilibrationtimehave
been optimized.

. Sorbent dosage and time needed for the maximum

remova of Chromateislessfor theashesof leaves
thanwith theraw leaves powders.

. Tenfold excessof common cationionspresentin

natural waters, viz., C&?*, Mg?, Cu?, Zn?* and Ni?
*haveless affected the % of extraction of Chro-
matea optimum conditionsof pH, equilibrationtime
and sorbent concentration. Nitrates, Fluoride and
Carbonate even when present in ten fold excess
hasshowed amogt ‘no’ interference with all the bio-
sorbent. Tenfold excess of Sulphatesand Phos-
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phatesin few sorbents have showed interference
to some extent but however, the extraction has
never come down below 72.1%. Chloride, ex-
cept in the case of ashes of Acacia Arabica, has
showed seldom interference.

6. Weclaim 94.2%, 91.0%, 90.2%, 90.8%, 89.0%
and 97.0% of removd of Chromatefrom synthetic
waters with the leaves powders of Ficus
benghalensis, Syzygium cumini, Tamarindusin-
dica, Acasianiloticalndica, AcaciaArabica and
Psidiumguajava respectively at pH:2 and at op-
timum of equilibration time and optimum sorbent
concentrations. The % of removal isfound to be
96.0%, 92.5%, 93.0%,92.8%, 92.0% and 99.0%
inthe case ashesof Ficusbenghalensis, Syzygium
cumini, Tamarindusindica, Acasianiloticalndica,
Acacia Arabica and Psidium guajava respec-
tively at pH 2 and at optimum conditionsof equili-
bration timeand sorbent concentration.

7. Thesuitability of the developed methodologiesin
thiswork istested with respect to diverse waste
water samplescollectedinninedifferent places. The
deve oped methodshave been found to beremark-
ably successful inremoving the Chromatefromin-
dustrial effluentsand natura lake samplesasde-
taledinTABLENoO:2
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