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ABSTRACT

The sorption characteristics of bio-adsorbents dedi from leaves of Justicia adhatod€issus quadrangularis,
Soapnut Acacia toward Chromium (VI) ions , hagerbexplored by varying the physicochemical pataraeuch
as pH, sorbent concentration and time of equilitmat Percentage of extraction of Chromium (VI)asirid to be
pH sensitive and also depends on time of equilibnaand sorbent concentration. Conditions have begtimized
for the maximum extraction of Chromium (VI); itf@nd to be: 88.0% with Justicia adhatotieaves powders
88.0% with Cissus quadrangularis leaves powder, 8®% with Soapnut Acacia leaves powders. Terdrtess
of common cation ions are found to have synerggffiect in enhancing the % removal of Chromium(8Q?,
PO, and CQ* are interfering in the order: P> SO,*> CO;>. NGOy, Cl~and F have marginal interference.
The methodologies developed in this work are reatdyksuccessful in removing the Chromium(VI) fiodustrial
effluents and polluted lake samples.

Key Words: Removal of Chromium (VI), Bio-sorption, Herbal ptanApplications.

INDTRODUCTION

Toxic chromium salts are extensively used in vagimdustries such as leather industry metallurgiastries and
in the manufacture of, paints, inks, wood preséreat photographic materials, textile , rubber,acgics and in
fungicides[1 -3]. The effluents of these industtiesing have to be treated for the complete reinaiv&hromium
ions before they are discharged into environménigbrous scientific methods of disposal are ratofved, there
arises a potential danger of entrance of Chromuminto the nearby water bodies. The Chromium togiag non-
degradable in nature enter into the biologicaleyst get accumulated in the food chains in unspemifmpounds
inside the cells of living organisms causing sigaifit threat to aquatic life [3-6].

Of the two states of Chromium, hexavalent ionsraamy folds dangerous then trivalent ions It is tués easy
penetration into biological membranes resultinghaelth hazards [6] such as skin disorders, regpirarack
problems, lung carcinoma, acute tubular necrosigdsfey and even death in extreme cases [2,3,6].

The permissible potable limit of Chromium in dringiwaters is 0.1 ppm and in irrigation waters i® p@m as per
USEPA [2, 3, and 6].
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Methodologies have been developed in controllinghrotium, based on Chemical reduction [5,7-9],
Flocculation[7], Electrolysis and Electroplatingd[11], Nanofiltration[12], bioaccumulation [13],i@xchange[14],
adsorption on silica composites [15,16], activatadbons[17-19], fly Ash [20], modified zeolites1]22], bone
charcoal [23] and microbes [24] .A number of padeare also found in literature [25]. These techesgsuffer from
one or other disadvantages like costly, incomplattal removal, high reagent and energy requiremants
generation of toxic sludges or other toxic wastedpcts that require careful disposal. An efficiesitnple, eco-
friendly and economical methods are still eluding €énvironmental researchers.

In this contest bioadsorbents derived from Lignlueses materials such as leaves, barks, biomaagsdspther
agricultural wastes in controlling pollution probie [26-37] are proving to be potential alternatiwvehe traditional
and conventional methods. Many biomaterials haes lpgobed for their sorption abililties towards @hium ions.
Methods have been developed using coconut fibet, [@8calyptus bark [30] , maple sawdust [3Hevea
brasilinesissawdust activated carbon [32)aste tealeaves, rice husk [33] and Neem Sawagkt Comparative
studies have also been made using different adsbitbeffectively controlling the Chromium in wasdi36, 37]. A
review of literature using microbes in extractingr@mium is available in literature [24].

While we are making some pilot studies in exploritige sorption abilities of powders of leaves ofttaé plants for
the removal of Chromium (V1) from polluted watevge noticed strong affinity between Chromium ions éeaves
powders of Justicia adhatg@&ssus quadrangulari and Soapnut Acacia. The preserk is a thorough study of
sorption characteristics of these biomaterials towaChromium(VI) in developing a simple and veitsat
procedures for its removal .

MATERIALS AND METHODS

(A) Chemicals:

All chemicals used were of analytical grad® ppm stock solution of Chromium (VI) was prepateihg A.R.
Potassium Dichromate in double distilled water. 8Mphuric acid and 0.25% of Diphenyl carbazide 0%5of
acetone were employed.

(B)Adsorbents: The sorption nature of powders of leaves dfisticia adhatodaCissus quadrangulariend
Soapnut Acacidor Chromium (VI) have been studied in this work .

Justicia adhatoda Soapnut Acacia

Fig : 1: Plants showing affinity towards Chromium 1)

Justicia adhatodas a herbal plant blossoms in cold season andlsdcsaidyamata Singhee in Sanskrit. It belongs
Acanthaceae family and grows wild in abundanceoedir India. It is reported to have many medicinalues
especially related to heart ailme@ssus quadrangularis a perennial plant of the grape family andcasxmonly
known as Veldt Grape or Devil's Backbone. It igiveato India and grows to a height of 1.5 m.ltdrgjs to
Vitaceae family. It has many therapeutic valuesuring fractured bones, asthma and cardiac probl#sproducts
also reported to be useful in curing leprosky,ldcéumours and skin diseases. Soapnut Acacia s Iflengs to
Mirnosaceae family and is well grown in costal glanof south India. Its plant material are used duage
astringentand cleanser and also in the preparatione traditional  Tribal Formulations. It is endmivwith
medicinal values in curing skin diseases, reakduti, vesicle calculi, hemorrhoids, leprosy, alsses, eczema and
biliousness.
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The leaves oflusticia adhatodaCissus quadrangularisnd Soapnut Acaciavere cut, washed with tap water
followed by distilled water and then sun dried. Tieed materials were powdered to a fine meshzs: st75u and
then employed in this study.

(C) Adsorption experiment:

Batch system of extraction procedurevasadopted [7-9]: Carefully weighted quantities of adsorbents wekena
into previously washed 1 [it/'500 ml stopper botttemtaining 500ml/250ml of Potassium Dichromateugoh of
predetermined concentrations. The various initidlv@alues of the suspensions were adjusted withd@il or dil
NaOH solution using pH meter. The samples were eshafgorously in mechanical shakers and allowetean
equilibrium for the desired time. After the equiliion period, an aliquot of the sample was tal@nCGhromium
determination. Chromium (VI) was determined Speqatimiometrically by using Diphenyl Carbazide” method
[38].

Estimation of Chromium (VI): An aliquot amount of Chromate sample was takes 100ml volumetric flask. To
it, 1ml of 6N Conc. HSQ, solution and 1ml of Diphenyl Carbazide solutionrev@dded successively and the
solution was then diluted to the volume and mixesdlwrhen O.D. of the developed color was measganst
blank at 540 nm using U.V. and Visible Spectrometer

Thus obtained O.D Value was referred to a standeagh (drawn between O.D and Concentration) prepaith
known amounts of Chromium by adopting the method edist Squares to find concentration of Chromium in
unknown solutions.

The sorption characteristics of the said adsorbeete studied with respect to various physicochahparameters
such as pH, time of equilibration, sorbent conaitn. The results obtained were presented in tia@IGNos. A:1-
3; B:1 and C:1.

(D) Effect of Interfering lons:

The interference of foreign ions: Sulphate, Néra€hloride, Phosphate, Fluorides, Chloride, CaabmnCalcium,
Magnesium, Copper , Zinc, Nickel and Iron ions hbeen studied. The synthetic mixtures of Chromidt) and

one of the interfering ions were so made that thecentration of the interfering ions were maintdiréten-fold
excess than the Chromium (VI) ion concentratiorQ B0 of these solutions were taken in stopped éstind then
correctly weighed optimum quantities of the promisisorbents as decided by the Graph No. C:1 wededad
Optimum pH was adjusted with dil. HCI or dil. NaQksing pH meter. The samples were shaken in shaking
machines for the desired optimum periods and thensamples were filtered and analyzed for Chrom{\i.
Percentage of extraction of Chromium was calculdtech the data obtained. The results were preseimtdte
Table No. 1.

(E)Applications:

The procedures developed in this work, were appbesbme real samples collected from three tanimelystries in
Hyderabad, three Chrome plating industries in Chemmd three polluted lakes at different placeBapatla
mandalam of Guntur Dt of Andhra Pradesh. The sasnfslam industrial effluents were analyzed for Chiom
contents and the lake samples were fed with knawouats of Chromium (V1).

Then these samples were subjected to extractioBHosmium (V1) using the bio-sorbents developethis work at
optimum conditions of pH, equilibration time andtsent concentration. The results obtained wereeptes in the
Table 2.

RESULTS

From the sorption data presented in the Graph Nd-23; B: 1; C: 1 and Table No.:1 &2, the followipgints may

be inferred:

1. The powders of leavedusticia adhatodaCissus quadrangularignd Soapnut Acacia have been found to be
sensitive to Chromium (VI) ions at low pH values.

2. Percent of extractability is time dependent andymssively increases with time for a fixed adsotlzra fixed
pH and after certain duration, it remains constdrd; an equilibrium state has been reached.Herowords, there
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will not be any further adsorption after certamdi of equilibration time (vide Graph Nos. A: 1-3s for example,
in the case of leaves dfisticia adhatodaat pH: 2 and at sorption conc. of 2.5gm/500 imé, % of extraction is :
28.0% at 0.5 hr; 44.0% at 1.0 hr; 64.0% at 1.584r0% at 2.0 hr; 88.0% at 2.5 hr; 88.0% at 3.088:0 % at
periods more than 3.0 hrs. (Vide Graph No.: A:The trend is same in rest of the sorbents (videpGNo.: A:
2&3).

3. Effect of pH: pH conditions of sorption experiment are founglizy a major role. As pH decreases, percentage
of extraction is found to be increasing (Vide Graph 1). As for example, with the leaves powdersJasticia
adhatoda, % of extractability is found to be : 36.8t pH: 10, 44.0% at pH: 8, 52.0% at pH: 6, 72#&%H: 4 and
88.0% at pH: 2 after an equilibration time of 2r5 hwith sorbent concentration of 2.5 gm/500 mithWthe leaves
powders of Cissus quadrangularjs % of extractability is found to be 16.0 % at:p6} 20.0% at pH:8, 28.0% at
pH:6, 48.0% at pH:4 and 88.0% at pH: 2 after quilération time of 2.0 hrs and with the sorbenhcentration

of 2.5 gm/500 ml . In the case of leaves powderSadpnut Acacia, % of extractability is found to 2&0% at
pH:10, 24.0% at pH:8, 36.0% at pH:6, 76.0% at p&hd 84.0 % at pH:2 after an equilibration time &f Brs and
sorbent concentration of 2.0 gm/ 500 ml.

4. Sorbent Concentration The sorbent dosage needed for the maximum eiiraof Chromate at pH: 2 and at
optimum equilibration times is found to be 2.5mfa00 ml for the leaves powders of Justicia adreato@.5
gm/500 ml for leaves powders Gfssus quadrangularis 2.0 gm/ 500 ml for leaves powders of Soapnutcheca
(vide Graph No.: C:1)

5. The % of maximum extractability of Chromium (VI ) eptimum conditions of pH and equilibration times a
found to be 88.0%, 88.0% and 84.0% in the cédeaves powders of Justicia adhato@&ssus quadrangularjs
Soapnut Acacia respectively (vide Graph Nos.A:1-3)

6. Interfering lons: The extractabilities of Chromate ions in preseot&enfold excess of common ions found in
natural waters namely, Sulphate, Nitrate, Chlorflepsphate, Fluoride, Carbonate, Calcium, MagnestCopper,
Zinc, Nickel and Iron ions have been studied. fdwilts are presentéd Table No. 1.

» Cations:

It is interesting to note that the extractabildymarkedly enhanced in presence of. catimms. The tenfold excess
of C&*, Mg?*, CU#*, zr**, Ni**and Fé&" ions, is found to increase the % of exctractbhromium respectively
from 88.0% to 100.0%, 94.3%, 97.8% ,96.1%, 97.9861 0.1 % respectively with the leaves powderdusticia
adhatoda(vide Table No.: 1:column No.3) ; from 88.0% to.3%, 93.8%, 97.2% 95.5%, 97.2% and 98.4%
respectively with the leaves powdersGi$sus quadrangulariévide Table No:1: Column No. 4)); and from 84.0%
to 95.7% , 88.7% ,92.3 %, 91.6%, 92.4% an8%respectively with leaves powders $bapnut Acacigvide
Table No. 1: Colum No.5).

Further, it is interesting to note that the exiahinterference is found to be in the expectedbar
Ca’"> Fé*>Ni% ~ Cu** > Zn**>Mg?*.

* Anions:
* Phosphate, Sulphate and Carbonatare found to be interferingnd the extent of interference is found to be in
the order: PGy > SQ2> CO,%.

« Ten fold excess of PG} is found to reduce % of extraction from 88.0% 384 in the case of leaves of
Justicia adhatoda; 88.0% to 61.2% with leaves powofeCissus quadrangularis 84.0 % to 60.9 % with leaves
powder of SoapnutAcacia (vide S. No. 5 of Table:llps

+ Tenfold excess of S@ is found effect the % extraction from 88.0% to4% in the case of powder of leaves of
Justicia adhatodas sorbent; 88.0% to 63.6% with leaves powde€is$us quadrangulari84.0 % to 62.9 % with
leaves powder of Soapnut Acacia (vide S. No. 2atfle Nos:1).
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e CO5% in tenfold excessis also found to decrez the % of extractiofrom 88.0% to 71.9%n the case of
powder of leaves alusticia adhatod; 88.0% to 71.1% with leaves powder @ifssus quadrangularis; 84.0 % to

70.2 % with leaves powder oapnut Acac (vide S. No. 7 of Table Nos:1).

= Ten fold excess of Nitrate , Chloride and Fluoradal are foundto have marginalinterference with the % of
extractability of Chromiumin all the sorbents of intere(vide Sl.Nos. 3,4&6 of Table No. JEven then, the
natural expected order of interference:s > CI' > F is followed.

DISCUSSION

The available data is in adequdn understanding the sorption characteristics @f adsorbents. A thoroughly
surface morphological studgdopting such modern techniqulike X-ray Photo Electron Spectroscopy (XP
Fourier Transform Infrared spectroscopy (FTIR), i8tag Electron Microscope (SEM) and Energy Disper
Spectrum (EDS) techniquaese needein addition to the classical elemahchemical analysis before and after
sorption of the adsorbate on the sorbent su. It beyond the scope of their work.

However, the observations may be accounted asifs:

« The biosorbents may be having some natural compounds hwiave affinty towards Chromate at low p
values.

« The functional groups present in the lingo cellekismaterials like leaves a-OH/-COOH and dissociation of
these groups are pH sensitive. At high pHs, théasas are charged with negative charge and heneesifaces
have thrust for cations while ltw pHs, the surfaces may have positive chargetdiprotination and hence show
affinity towards weak anions . The dissociatiorttaf functional groups may be represente

At high pH values: Adsorb-OH = Adsorbent-©H"
Adsorben-COOH - Adsorbent-CO®H*
At low pH values: AdsorbeOH + H S5 Adsorbent‘®
H

In basic solutions, the hexavalent Chromium presesttetrahedral Chromate ions ,%; between pH: 2 to 6, the
species: HCr@ and the orange red dichromate ions ,O-* are in equilibrium; and at pH values less tharhé
main species is }rO;,.

So, Chromate being an anion in the pH ran¢6, is sorbed to the leaves materials at low pHstdugeak aniot
exchange nature and thus results in higher % of ramaviow pH values. As pH increases, the catioccharging
nature prevails and this results in low % removallromate ion:

« Further, biomaterials may contain some impuritiésnetal ions like Mg, CaFe, Al. which form sparingl
soluble salts with Chromate. These precipitategalatinous in nature and are being trapped imtagrixes of the
bio-adsorbents removal of Chromate

« The decrease in the rate of adsorption with theness in the equbration time may be due to the mc
availability of adsorption sites initially and apeogressively used up with time due to the formmatid adsorbat
film on the sites of adsorbent and thus resultinddcrease in capability of the adsort

« The obsevations made with respect to the foreign ions a@s® conforming as pethe expected nature of
extraction. PQ', SO® and C@ are found to effect the percentageeafractability ir the order: PQ > SO*>
CO:*> while F,CI and NQ have marginal effec In the case of Cations, the % extraction of Clium(VI) is
increased. This kind of synergic effect may be tutghe formation of sparingly soluble gelatinouggipitates o
metal chromates, which are trapped or occultedeémbirix of the sorbents.

Applications:

The methodologies developed in this work wappliedto the real samples of diverse nature, whvere collected
from the sewages/effluents of Tannery and Chronaing industries and iipollutec lakes (fed with known
amounts of hexavalent ChromiunThe results have been presented in the Table No: 2.

It is found that the sorbents developed in thiskname remarkably successful in removing Chium(VI) in all the
samples studied at optimumrabtions of pH, equilibration time and sorbent dge as given in the Table 2 .
Percentage removal of Chram(VI) is found to be: 79.5% to 84&with leaves powder ¢ Justicia adhatoda
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78.0% to 83.3% with leaves powders 6fssus quadrangularis/7.5% to 82.5% with leaves powders of Soapnut
Acacia (vide Table No.2).

LEAVES POWEDER OF JUSTICIA ADHATODA
Conc. of Chromium(VI1):50ppm

100 - Sorbent Conc: 2.5gm/500ml
——t—t——¢ —*—pH2
~fli—pH-4
=== pH-6
=>¢=pH-8
==pH-10

% of removal of Chromium(VI)

0 05 1 15 2 25 3 35 4 45 5

Time in hours
Graph No. : A:1:Time Vs % of removal of Chromium(VI)

LEAVES POWEDER OF CISSUS QUADRANGULARIS
Conc. of Chromium(VI):50ppm
100 - Sorbent Conc : 2.5gm/500ml

—0—0—0—¢

—&—pH-2
=i—pH-4
wfe=pH-6
—>¢—pH-8
=ie=pH-10

% of removal of Chromium(VI)

Time in hours
Graph No. : A:2:Time Vs % of removal of Chromium(VI)
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LEAVES POWEDER OF SOAPNUT ACACIA
100 - Conc. of Chromium(VI):50ppm
Sorbent Conc : 2.0gm/500ml

r—r—b——

=0—pH-2
=fli—pH-4
=== pH-6
=>¢=pH-8
=#=pH-10

% of removal of Chromium(VI)

0 05 1 15 2 25 3 35 4 45 5
Time in hours
Graph No. : A:3:Time Vs % of removal of Chromium(VI)

Chromium Concentration:50ppm
120 - —&—Justicia adhatoda leaves powder (equlibration
time:2.5hrs;sorbent Conc.:2.5 gm/500ml)
100 =—Cissus quadrangularis leaves powder (equlibration

3 time:2.0hrs;sorbent Conc.:2.5 gm/500ml)
E 80 . .
£ ——Soapnut Acacia leaves powder (equlibration
_g time:2.0hrs;sorbent Conc.:2.0 gm/500ml)
o
% 60 -
©
>
[]
£
¢ 40 -
k]
x

20 A

0 T T T T 1
0 2 4 6 8 10
pH
Graph No.:B:1: pH Vs % of removal of Chromium(VI):5 Oppm
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120 ~

100 -

80

40 A

% of removal of Chromium(V1)
(@)}
o

0 It

Conditions:
Conc.0f Chromium:50ppm.
and at pH-2

=@ Justicia adhatoda Leaves
powder

== Cissus quadrangularis
Leaves powder

Soapnut Acacia Leaves
powder

Graph No. :C:1: Sorbent Concentration Vs % of remowal of

0.5 1 15 2 2.5 3

Sorbent Concentration:gm/500ml

Chromium(VI)

Table No: 1: Effect of interfering lons on the Exractability of Chromates with different Bio-sorbents:

% of maximum extractability in synthetic water séeagontaining 50.0 ppm of Chromium (V1)

Justicia adhatoda leaves Powder| Cissus quadrangularis leaves Powdef: Soapnut Acacia leaves powder
SI.No Interfering ions : :mesh:75 p mesh:75 p :mesh:75 p
" Ten fold excess pH:2 pH:2 pH:2
Equilibration time:2.5 hrs; Equilibration time: 2.0 hrs; Equilibration time: 2.0 hrs;
Sorbent Conc.: 2.5 gms/500 Sorbent Conc.: 2.5 gms/500 Sorbent Conc.: 2.0gms/500
1 Without interfering 88.0%; 88.0% 84.0%
ions

2. sQ? 64.4% 63.6% 62.9%

3. NO;y 84.9% 84.2% 80.3%

4. Cl- 86.8% 86.1% 82.2%

5. PO~ 62.3% 61.2% 60.9%

6. F 87.4% 87.1% 83.2%

7. CO* 71.9% 71.1% 70.2%

8. ca”’ 100.0% 99.3% 95.7%

9. Mg** 94.3% 93.8% 88.7%

10. Cu*’ 97.8% 97.2% 92.3%

11. Zre* 96.1% 95.5% 91.6%

12. Ni** 97.9% 97.2% 92.4%

13. Fe&* 99.1% 98.4% 94.8%
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Table No: 2: Extractability of Chromium (V1) in D ifferent Industrial and Natural Samples using Bio-®rbents

% of Maximum extractability
Justicia adhatod#eaves Cissus quadrangularileaves Soannut Acacia leaves powder
Cr(VI) in Powder :mesh:75 p Powder: mesh:75 u P ‘mesh-75 P
SAMPLES the Sample pH:2 pH:2; . H
COLLCETED AT Equilibration time:2.5 hrs; Equilibration time: 2.0 hrs; EummmgnﬁEEZOhm'
DIFFERENT PLACES Sorbent Conc.: 2.5 gms/500 Sorbent Conc.: 2.5gms/500 ml Sorcl‘)ent Conc.: 2 Oém's/SOOV i
ml T
Tannery Industry
Effluents:
1 12.5 ppm 83.2% 79.6% 77.5%
2 21.5 ppm 82.0% 78.0% 78.0%
3 14.5 ppn 81.0% 80.5% 80.5%
Chromate Plating
Industry Effluents:
1 21.5 ppm 82.5% 82.5% 78.5%
2 24.5 ppm 79.5% 83.3% 79.5%
3 15.8 ppm 80.8% 78.5% 81.5%
Natural Lake
Samples(fed with
known amounts of
ChmTateS): 15.0 ppm 83.1% 79.5% 81.0%
> 20.0 ppm 84.5% 78.5% 82.5%
3 25.0 ppm 83.9% 81.0% 82.0%
CONCUSSION

1. Leaves Powder ajusticia adhatoda Cissus quadrangularjsSoapnut Acacia are found to have strong affinity
towards Chromium(VI) ions at low pH values.

2. % of removal of Chromate is pH sensitive and akspemds on sorption concentration and time of daratiion.

3. The conditions for the maximum extraction of Chrom{VIl) at minimum sorbent concentration and
equilibration time have been optimized.

4. Ten fold excess of common cation ions present mmrahwaters, viz., G4, Mg®",C#*, Zr®*, Ni#* and Fé&',
have synergistic effect in increasing the % remafaChromium(VIl). S, PQ;” and CG are found to be
interfering with the extractability of Chromium(Vlin the order: P> SQ?> CQO;%". The other anions: NO, Cl
~“and Fand are found to have marginal interference.

5. We claim 88.0%, 88.0%, and 84.0% of removal ofddhium(VI) from synthetic waters with the leaves
powders ofJusticia adhatoda, Cissus quadrangularjsSoapnut Acacia respectively at pH:2 and at optimu
equilibration time and sorbent concentrations.

6. The methodologies developed in this work are founde remarkably successful in removing the Chrom{i)
from industrial effluents and polluted lake sanspds detailed in Table No: 2.
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