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ABSTRACT KEYWORDS
Background: This study was taken up to remediate Cr® that is usually Antioxidant;
present in waste water of Industries that employs Chromium. Thisis a Chromium;
new venture in remediating Cr® using natural antioxidants which are Reduction;
usually overlooked. Also, it isan effort to both reduce and remove the Cr Removal;
& from the waste water that gives an extra edge over other technologies. Waste water.

Antioxidant activity and sorption ability of the leaves of Alternanthera
sessilis and Tagetes erecta were studied for reduction and removal of Cr
6+ from Industrial waste water. FRAP and DPC assays were conducted for
determining, Antioxidant Activity and Cr® concentration respectively.
Results: Antioxidant activity of the aqueous (A.sessilis: 2657 AOU, T.
erecta: 3071 AOU) and methanol (A. sessilis: 2932 AOU, T. erecta: 3127
AOU) extractsof both the plantswasfound to beamost similar. Untreated
industrial waste water (106.07 ppm of hexavalent chromium) was collected
from an el ectroplating unit and tests were conducted on the same. Extracts
obtained by Ultra-Sonication for 5min showed the highest reduction
efficiency (>60% until 200ppm) when compared to other timeintervals of
sonication and conventional shaking, while Cake obtained by Ultra-
sonication for 10min was found to have the highest adsorption efficiency
(approximately 80%) for waste water. In the view of combining both
reduction & removal, Synthetic and Industrial waste water were directly
incubated with 2g of plant sample for various incubation periods and
concentration levels. 1hr incubation for all the concentration levelsproved
to be the optimum incubation time for both plant samples with
approximately 98% remediation efficiency. Conclusion: Current studies
indicate that the plant samples adopted for our studies prove to be both
cost effective and environment friendly aternative to the conventional
techniques. © 2014 Trade Sciencelnc. - INDIA
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BACKGROUND

Chromium, ad-block trangtionmeta isusedinvari-
ousformsin variousindugtriesinduding pigmentsmanu-
facture, finishing of metals, in production of stainless
steel, ascorrosion inhibitorsand for preservation of
wood!¥. It isaknown fact that Cr 6+ released by all
theseindustriesis500 timesmoretoxic than Cr 3+,
Cr 6+ hasproven hedlth effectsnot only on human be-
ingsbut aso al the organisms. Cr 6+ isaconfirmed
carcinogen and can cause Lung cance, if sufficient pro-
tective measures against Cr 6+ exposure are not
taken¥. Different methodsincluding Redox reactions,
sorption, Precipitation, Biological Transformationsand
Physicad Remediation processesarewiddy usedinvari-
ousindustriesfor decreasingtheleve of Cr 6+inWaste
water, Reducing Cr 6+ toitsnon-toxicform Cr 3+is
being achieved by various reducing agentsincluding
gaseous sul phur dioxide, sodium sulphite, sodium meta-
bisul phite and ferrous sul phate®. Removing Cr 6+ by
sorptioniscarried out by adsorbentsranging from Car-
bon Nanotubes®, Algae (Biosorption)!”, coffee husk(®,
eucd yptus bark!® and otherslow cost adsorbents. Re-
duction and removal studiesare carried out by using
two plants Alternanthera sessilis and Tagetes erecta
which have proven antioxidant activitied'?.

Alternanthera sessilis (L.) known as sessile joy
weed iscommonly found in tropical and subtropical
regions. Federal noxiousweed list [USDA, APHIS]
haslisted A.sesslisasaterrestrial weed which belongs
to thefamily Amaranthaceae. A.sessilisisaperennia
plant which can grow under various soil conditionsbut
thriveswell inwet soil conditiong*?. Beneficid proper-
tiesof A.sessilisare many, to list down afew; itisa
widdy used L eafy vegetablein many South As an coun-

triesthat can begrown commercidly, to treat somach
ailmentsand asadressing for wounds. The crushed
plant material isused for headache, dizzinessand as
gdactagogue. Leafy ssemsareground and smeared for
snakehites. A. sessilisisapopular folk medicineinfew
countries, oftenitisused to treat lung disorderg*Y.

Tageteserectawhichisadicot like A.sessilisbe-
longstothefamily Asteraceae. Theplantishabitualy
1-3feet tall and hasaspread of 1-5 feet and hasorigin
in North America®?. It is grown for the purpose of
showy flowers. After the harvesting of thereof, therest
of theplant usudly isallowed to dry or removed. Flow-
ersareaso used for variouscommercid, traditiond and
medicinal purposes. Asmentioned above, theleavesof
both the plantshave proven Antioxidant activities.

Inthe current report we present evidencethat anti-
oxidant activity of these plant materid siseffectively used
for reduction of Cr 6+ toitsnon-toxic Cr 3+. Thisisto
determine the best extraction procedure with the
optimised parametersfor effectiveremoval of Cr (both
6+ and 3+) fromindustrial wastewater. In summary,
reduction and remova put together providesan excel-
lent dternativeto the conventiona methodsthat arebeing
currently employed by the industries involving
Hexavdent Chromium.

RESULTSAND DISCUSSION

Antioxidant activity

FRAP assay resultsindicatethat conventiona shak-
ing for 24hrshasanti-oxidant activity higher than Ultra-
sonication carried out for 1 min, 3min, 5minand 10
min.

Itisseenthat, A.sessilishasabetter anti-oxidant
property than T.erectain al the Ultra-Sonication meth-

TABLE 1: Comparison of antioxidant activity of different extractsfor variousextraction methods. Thevaluesindicatethe

mean and standar d deviation of triplicate samples.

AS-AQ* AS-Meth* TE-AQ* TE-Meth*
Shakeflask-24hrs 2657.704+57.36 2932.305+41.27 3071.05+63.74 3127.15+48.12
Ultra-Sonication-1 min 2617.145+0.007 408.56 66.53 766.92
Ultra-sonication-3min 2884.445+33.01 2550.595+8.25 1797.09+28.89 2280.36+28.89
Ultra-sonication-5min 2757.79+30.55 1276.99+29.36 1485.415+42.09 1090.6155+98.09
Ultra-sonication-10min 2889.12 2878.61+14.86 1103.115+3.3 1588.715+77.59

*AS-AqQ : A. sessilis aqueous extract; AS-Meth : A. sessilismethanolic extract; TE-Aq : T. erecta aqueous extract; TE-Meth : T.

erectamethanolic extract
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ods; whilein conventional method T.erecta hasabet-
ter Anti-oxidant activity (TABLE 1).

Amongst thetwo extraction sol vents used, aque-
ous solvent wasfound to be effectivefor cell disrup-
tion. Also water being more economical, further ex-
tractionswas made using aqueous solvent (i.e., water).
Although therewerevariationsfound intheantioxidant
activity of two plantsin different extraction methods,
they have proven activity which wasagain confirmedin
our study. Thischaracteristic of theplantswas utilised
intresting wastewater containing toxicchromiumtoits
non-toxicform.

Reduction of hexavalent chromium

The extractswereincubated with varying concen-
trations of Cr 6+ to study thereduction efficiency. It
wasfound that the percentage reduction efficiency de-
creaseswiththeincreasein Cr 6+ concentration.

By comparing theextraction methodsfor effective
reduction, Ultra-sonication for 5 min demonsirated bet-
ter reduction efficiency than other methodsfor lower
concentrationsof Cr 6+ up to 100ppm (Typically, the
concentration of Cr 6+ in untreated Industrial waste
water). Ultra-Sonication for 7 min also givesacompa:

Ultrasonication
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Figurel: Comparison of effect of extraction methodson reduction efficiency at variousconcentration levelsof Cr 6+in A.
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rableefficiency. It wasa so evident that, A.sessilishad
abetter reducing efficiency than T.erectairrespective
of extraction methods (Figure 1 and 2).

Effect of timeon remediation efficiency in direct
incubation of plant samples

Thewastewater sampleswereincubated directly
with the processed plant materid at variousincubation
periods by shakeflask method. Thewater wasfiltered
out conventional ly and % remediation efficiency was
caculated. It wasfound that % Remediation decreased
asthe concentration of Cr 6+ increased.

Remedi ation efficiency for dl the concentration lev-
elswasfound to be morethan 50% for all theincuba-

tiontimesconsdered. However 1 hrincubeation showed
anoverdl effectivelessening of Chromium (>80% effi-
ciency for al Cr 6+ concentrations) when compared to
all theother incubation periods (Figure3 & 4).

Wastewater and 100ppm werefound to havesimi-
lar Y%oremediation efficiency indl theexperiments. This
indicatesthat the other constituentsof wastewater like
Zn?*, Cl, SO*, Na', Fetc. has no effect on Cr 6+
remediation.

EXPERIMENTAL

Preparation of plant extracts
Fresh matureleavesof A.sessilisand T.erectawere
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Figure 3: Comparison of effect of incubation timeon % remediation at various Cr 6+ levelsusing Alternanthera sessilis
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Figure4: Comparison of effect of incubation timeon % remediation at variousCr 6+ levelsusing Tageteserecta sample
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collected fromthefarmsof Anekd tauk, Bengauru (R),
India. Theleaveswere extensively washed and dried
(at 50°C for 48hrs) and were finely powdered. The
powder was suspended in water/ methanol (1:10w/v)
and subjected to different extraction procedures (shake
flask and ultra-sonication for varyingtimeintervas). The
extractswerethen filtered using Whatman paper No.1.
Theresidue obtained as cake was dried and stored at
roomtemperaturefor removal studies.

Preparation of synthetic wastewater

A stock solution of Cr 6+ of concentration 1000
mg/l was prepared using an accurately weighed quan-
tity of theK,Cr,O, indistilled water. Different concen-
trationsof Chromium required for theexperimentswere
prepared by dilutingtheinitid stock solution.

Antioxidant activity by FRAP assay

Antioxidant activity of the sampleswasdetermined
by theFRAP assay asdescribed by Benzieand Strain™,
Vitamin C (ascorbic acid) sandard ranging from 0-1200
uM, with an interval of 200 uM was prepared. The ac-
tivity of thesampleswasfound with thehel p of standard
graph after reading the absorbanceat 592 nm.

Egtimation of Cr 6+ by DPC (Di-phenylcar bazide)
method

The total Cr 6+ content in the waste water was
determined by reaction with Di-phenylcarbazidein
acidic pH using acolorimeter!*s,

To obtain Cr 6+ concentration of unknown sample,
aknown volume of samplewastaken in 100 ml stan-
dard flask, pH wasadjustedto 0.7to 1.3using 0.2 N
sulphuric acid and distilled water was added to make
up thevolume. Then Diphenyl Carbazidewas added
so that final volume became 102 ml. Theinstrument
was set by keeping blank in absorption cell. The ab-
sorbance was read at 540nm for both blank and test
samples. Theabsorption wasinterpreted withthe cali-
bration curve and Cr 6+ concentration of unknown
samplewasobtained by thefollowing formula
[mgCr(VI)/1] (ppm) =pg Cr (in 102 ml final volume) / A
WhereA=ml of origind sampletakenfor andysis.

Direct I ncubation of the plant samplewith chro-
mium
Inthe view of combining both reduction and re-

moval, the plant powdersweredirectly incubated with
Cr 6+. Plant powders (2 gramseach) wereincubated
withvaryingknownlevesof Cr 6+ concentrations(100-
1000ppm), for variousincubation periods (1hr, 2hr, 3hr,
4hr and 6hr) in shakeflasksat room temperature. DPC
method was carried out to obtain thetotal percentage
remediation of Cr 6+.

LIST OFABBREVIATIONS

AOU :Antioxidant units(uM of Ascorbic Acid/gram
dry weight of the sample)
Cr%  :Hexavdent Chromium
Cr3*  :Trivdent Chromium
CONCLUSION

Thistechnology that isdevised to apply theantioxi-
dant potentialsof A. sessilisand T. erecta can be used
to both reduce and remove thetoxic hexavaent chro-
mium from theindugtrid wastewater. Thetwo step pro-
cessincluding antioxidant extraction and extract incu-
bationwith wastewater isefficient for Chromium con-
centration upto 100 ppm and gradually deteriorates
thereafter. Theefficiency can be enhanced by directly
incubating the processed plant materia withwastewa
ter containing chromium. Thisnot only rendersthe pro-
cesssampler (by eliminating theextraction step) but dso
improvestheremediation efficiency at low incubation
time (here, 1 hour) and higher Cr 6+ concentrations
(approximately 85% for 1000ppm Cr 6+). By appro-
priate assessment of the antioxidant potentia of thebio-
logica material, thistechnology can bescaled up and
efficiently usedin diminating the hazards caused by Cr
6+ inindustria waste water.
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