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Abstract—The present research has been carried out
during rainy season, to estimate the changes in
biochemical, anti-oxidative activity changes in E. crassipes
along with the estimation of heavy metal content in water
sample of waste water bodiespresent in trans-nearby
regions of river Ganges'Yamuna in Allahabad city. The
increasing oxidative stress levels caused due to heavy metal
contents showed significant linear increase in antioxidant
enzyme activities, i.e.,, catalase (CAT), peroxidase (PX),
ascorbate peroxidase (AXP) and superoxide dismutase
(SOD) of E. crassipes root and shoot growing in polluted
water and along with the analysisof chlorophyll and protein
content. Oxidative stress is essentially a regulated process,
the equilibrium between the oxidative and anti-oxidative
capacities determine the fate of the plant. At higher
pollution concentration chlorophyll and protein content of
E. crassipesis dlightly affected.Conclusively, the present
study demonstrates that E. crassipes can tolerate higher
oxidative stress andit can be used forbioremediation in
polluted water. Therefore, E. crassipes is helpful in
reducing the aquaticpollution andthe study provides a cost
effective management to water pollution.
Keywords—Oxidative  stress, antioxidant enzymes,
bioremediation, aquatic pollution, peroxidase, supgide
dismutase, catalase, ascorbate peroxide.

l. INTRODUCTION

The toxic pollutants causing adverse effects onsjuay,
chemical and biological factors of water bodiekm®wn
asWater pollution. It is very important to treatvege waste
water before its disposal (Sathanarayanan, 2007).
Monitoring and prevention of pollution from aquakiodies
situated in public areas is one of the hot topios i
environmental researches. Biological tools are dpein
substituted as low cost alternatives in pollutidratament
programs. Remediation or degradation is a technigue
degrade rapidly hazardous organic contaminants to
environmentally safe levels in soils, waters sludgal
residues by using microorganisms, plants and asimal
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(Goel, 1997). Aquatic plants have the ability tanove
organic and inorganic nutrients from waste waterain
complete natural way known as phytoremediationgiRen
and Teal, 1996; Dhote and Savita, 2007). Now it theesn
shown that cost efficient methods are only possibé&ans
to recycle waste water into high quality pure wg@ipuet

al., 2010). Flora acts as an efficient accumulatohedvy
metals in their body without the production of aoyicity

or reduction in growth (Begum, 2009).Bettal., 2011 has
reported that Ecrassipes is well known for the removal of
heavy metals. The Erassipesis considered in the research
work due to their high metal removal rates of cltzs&€00%
that have been reported in both in vitro and inoviv
conditions (Mataggt al., 1998).

The effects of heavy metal stress on the activify o
antioxidative enzymes superoxide dismutase (SOD),
peroxidase (POD) and catalase (CAT) have also been
studied. The increase in enzyme activities was mpemied
with higher tolerance to heavy metal stress (Sudietfal .,
2001 and Wuet al., 2003). Generally, plant antioxidative
enzymes are important as a plant protection meshani
against reactive oxygen species. Reactive oxypegiss
(ROS) inactivate enzymes and damage important laellu
componentsOxidativestressis induced by a wide range of
environmentalfactors Oxygen deprivatiostressin plant
cells is disinguished by threephysiologicalydifferent
states: transient hypoxia, anoxia and re-oxygena@f the
ROS, hydrogenperoxide §B,) and superoxide () are
bothproducedin a number of cellular reactions. The
formation of ROS is prevented byan antioxidant esyst
low molecular mass antioxidants (ascorbicacid,aghibne
and tocopherols), enzymes regeneaigtthe reducedforms
of antioxidants and ROBHeracing enzymes such as
SOD,peroxidases and catalases (Aretraal., 2002). It is
clear that the capacity and activity of the
antioxidativedefence system are important in lingti
oxidative damage and in destroying active oxygeecEs
that are produced in excess of those normally reduior
metabolism(Garg,2008).Plants in the environment are
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exposed to a range of abiotic stresses like ossdimity,
temperature and heavy metal toxicity, which affdwir
growth and other physiological processes (LevifgQ).
Both natural and man-made stress situations provoke
increased production of toxic oxygen derivatives |
response, the capacity of the anti-oxidative defesystem

is increased. It has bedhcrassipes is one of the most
productive plants in the world. In addition, thernsase of
SOD activity in E.crassipes was in accordance with the
accumulation of KD, and due to the increase of membrane
peroxidation, while the activity of catalase, whiofight
remove the excessive,8, of the E.crassipes plant parts.
The oxidative stress caused due to of waste water o
antioxidant enzyme activities such as superoxidendtase,
catalase and peroxidase OE. crassipeswere also
investigated in the present study.

Dissolved oxygen levels as the solubility of oxygen
decreases as water temperature increases. DO
concentrations may be measured directly in wastrwhut
the amount of oxygen potentially required by other
chemicals in the wastewater is termed an oxygen
demand.Both the BOD (biological oxygen demand) and
COD (chemical oxygen demand) tests are a meastuttee of
relative oxygen-depletion effect of a waste contemt and

as a measure of pollution effect. The BOD test messsthe
oxygen demand of biodegradable pollutants wherédms t
COD test measures the oxygen demand of biodegmadabl
pollutants plus the oxygen demand of non-biodedrieda
oxidizable pollutants. Disposal of sewage wastes ia
large volume of water could increase the biolog@malgen
demands to such a high level that all the availaixggen
may be removed, consequently causing the deathll of a
aerobic speciesgeg., fish (Maduka, 2004).The aquatic
plants showed the capacity to remove heavy metah fr
polluted water by accumulation in their rosta adsorption,
uptake and translocation Lubberdietcal., 2000; Awuaket

al., 2000; Meggo, 2001 and Alick, 2002) and effectine
influencing some of the physicochemical charadiessof
water are dissolved oxygen (DQ)iochemical oxygen
demand (BOD), chemical oxygen demand (COD), elesttri
conductivity (EC), pH, dissolved GOHCO; and CQ,
alkalinity, turbidity suspended solids, heavy metaic.
from waste water (Gupta, 1982; Redetyal., 1983). Water
quality analysis with reference DO, BOD, COD, pHitat
dissolved solids (TDS), alkalinity, total hardnessntent
were systematically, investigated determining tffective
phytoremediative role of Erassipes.Therefore, the present
study was carried out in order to evaluate the tigua
macrophyte plant, ‘EErassipes enzymatic activitychanges
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and heavy metal removal along with improving thaliy
of physico-chemical parameter present in the whoelies
naturally in nearby regions of Allahabad.

. MATERIAL AND METHOD
Sample area and Sampling Points(1 -6):
Study area
Allahabad is situated at 25.45°N 81.84°E in thetiseun
part of Uttar Pradesh at an elevation of 98 mefB22 ft)
and stands at the confluence of two rivers, thegéarand
Yamuna. The region was known in antiquity as theésVa
country. To its south and southeast is the Bundgikhand
regions, to its east is the mid Ganges valley oftiNtndia,
or Purvanchal, to its southwest is the Bundelkhumd
region, to its north and northeast is the Awadlioegnd to
its west along with Kaushambi it forms the lowerado
region.
Water samples were collected from eight sampliegsih
Allahabad region inhabited with E. crassipesfor
experimental analysis. Four sampling sites werenftbe
trans-Ganges regionz. PuraniJhusi (§, Daragunj
(Sy),Nasirpur (9) while four sampling sites from theans-
Yamuna region wereCheonkiSMaheva(g), NainiGaon
(Ss). Water samples from the above mentioned site® wer
compared against samples collected from two wasterw
bodies on either side dfans-Ganges andrans-Yamuna
without E. crassipesgrowth and served as control
ie.Daragunj and Cheonki and were designated as@ G,
respectively (Fig.1).The study was conducted dutihg
rainy season (July—February 2012)

Fig.1:Location map of the Allahabad nearby study area.
Sample collection: Wastewater samples were collected
from sampling points in plastic containers previgus
cleaned in non-ionic detergent, rinsed with tapewatnd
later soaked in 10% HNgCfor 24 hours and finally rinsed
with deionised water prior to usage for experimenta
analysis.
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Heavy metal AnalysisFor sampling, the containers were
thoroughly washed and rinsed with 8 N HN@llowed
bydouble distilled water. Then 5 ml conc. HNg@er litre of
sample was added at the time of collection to mizém
adsorption of the metals on the container walls: the
analysis of heavy metals, llitre of sample alonthwi ml
conc. HNQ was evaporated in a beaker on a water bath to
approximately 50ml and then cooled. The concentnate
transferred to 100ml measuring cylinder and 2 nmiccd.:1

HCl was added. The solution was make upto 100mih wit
distiled water. The acidified samples were analyZer
heavy metal (Iron; Fé at248.33nm, Lead; Pbat 283.31
and Chromium; C¥ at 357.87nm) using double-beam
Perkin-Elmer  AAnalyst 300 atomic  absorption
spectrophotometer (AAS) as per standard methodhef t
water quality (APHA, 2002).

Plant sample collection:

The free floatingz. crassipes plants were collected from the
sampling sites for further biochemical and enzyrssags.
The samples were labelled, stored in clean and
polyethylene bags and transported to the laborafohe
plants were washed in running tap water blotted wlitj
filter paper. Damage to root and leaf apices wewxddzd.
The samples were refrigerated “@4until used.

For the preparation of crude extracts used foretheyme
assays, 1 g of leaves in 10 ml distilled water gigiaramic
mortar and pestle were grinded. The extract prebaras
centrifuged at 15,000g for 30min at®Gt in cooling
centrifuge. Filtration was made using labsman ndiltér
paper and the filtrate utilized for enzyme analy¢be
Biasiet al., 2003).

Biochemical and Enzyme Assays:

All assays were carried out at room temperature2-22
°C). The specificprocedure followed for each enzyme
assayed is described below.

Chlorophyll estimation by Arnon(1949) and total f@ia
estimation by Lownet al., (1951), respectively.
Catalase(CAT) activity was measured accordingto the
method of Matsumurat al.,2002) ina reaction mixture
containing 1 ml of 5 mMpotassium phosphate (pH,710)
ml of 45 mMHO, and 1 ml of the crude extract. The
activitywas determined by the decrease of absodzr40

nm due to HO, consumptionusing Corning 258
spectrophotometer. Oneunit was defined as 1 mM f,H
decomposedper minute and the activity referred
tomilligrams of protein. Protein was determinedixtract
according to the method describedby Bradford (1976)
Peroxidase (POD) activity was determined accordinbe
method of Chanda and Singh (1997).The reactionumaxt

dry
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contained 1 ml of the leafextract, 1 ml of 1 mMQ4, 1 ml

of 4 mMguaiacol and 1 ml 8 mM potassium
phosphatebuffer (pH 6.5). The change in absorbatté0

nm due to the oxidation of guaiacol to formtetragaal in

the presence of 4D, was measured.The Peroxidase activity
was expressedas the rate of change of optical tgensi
(OD)per minute.

Superoxide dismutase (SOD) activity was measuredas
described by Calatayetial., (2002).The reaction mixture
contained 1 ml each of50 mM potassium phosphatéebuf
(pH 7.8),10 mM methionine, 57 pMnitroblue
tetrazolium(NBT), 1.0uM riboflavin, 0.025 % (v/v)Triton
X-100 and crude extract. The mixturewas thoroughly
shaken and illuminated for 5min with 60 Watt electulb
placed 20 cmaway. Absorbance was recorded at 560 nm
afterthe illumination period. In this assay, 1 wfSOD was
defined as the amount of enzymenecessary to proaldte

% inhibition of the NBT photoreduction.

Polyphenol Oxidase(PPO)activity =~ was estimated
simultaneously by themethod of Esterbatiat. (1977) and
estimated spectrophotometrically at 495nm. The R.&6im
Phosphate  buffer(0.1M,pH 6.5) and 0.3ml of
catechol(0.01M) solution were added in the cuvetiethe
spectrophotometer was set at 495nm. The 0.2 mhofree
extract was added andthe change in absorbance was
recorded for every 30 seconds up to 5 minutes in
aspectrophotometer at 495nm.One unit of catechiolasg

is defined as the amount of enzyme thattransforpmsole

of dihydrophenol to ilmole of quinone per minute.

Statistical Analysis: Each treatment was analyzed with a
minimum of 3 replicates and the Standard Devia{iD)
was calculated. All the data reported as MEAN + SD
(Minimum of 3 replicates).

Il. RESULTS

The present research has been carried out in ttedpef
July 2011 to February 2012deass pesof the water samples
collected from sampling points were the average
temperature recorded between 25.5°C to 35.6°C with
following inferences.

Heavy Metal RemovalGenerally, heavy metals present
and the oxidative stress on thedeassipes in waste water
bodies increases the activities of the antioxidamtymes
investigated, and the increase was proportiongloltutant
level of water bodies. The results of heavy mef’(
Cr®*and PB") reduction levels due to water hyacinth (shoots
and roots) presence were analyzed and were compétted
the control without Ecrassipesin the sampling areas are
given in presented in Fig.2.
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Fig.2: Comparison between the heavy metals content (Fe**,
Pb?* and Cr®") accumulation in E.crassipes (shoots and
roots) of Allahabad sampling sites during rainy season.

From the present studythe order of decres of Cr*
content in water sample frotnans-Gangessites was 72
(S, andS)>58% (S) as compared to ;. From trans
Yamuna sites, the decreasas in order 083% (S3) >80%
(Ss), 35% (Q)over the control (¢ water sampl. The order
of decrease in Bécontent frontrans-Gangessites was 53
(S) > 41% () > 23% () ascompared to ; while, from
transYamuna sites, decrease w&@’% (%) > 50%
(55)>38% ()>20% (S)over the control (,) water
sample.The order of decrease inPtonten from trans-
Gangessites was 73%,{$63% (3)>11% (<) as compared
to C,. From transYamuna sites, the decre. was 72%
(S5)> 61% ()>35% (S)over the control (») water sample.
From trans-Ganges/Yamuna sampling sites, (72%) and
S(72%) highest PB accumulation; §(71%)and i (79%)
highest C¥" accumulation and ,S(52%) and s (66%)
highest F&" accumulation irE. crassipes (shoots + roots).
The pattern of the sites having highest heavy n
accumulation in the plant was b Cf*>Fe** mostly in $
and 3 sites from therans-Ganges/Yamuna sampling si
of Allahabad (fig.2).

The present study is in agreement with the findiog:
Mahmoodet .al.,(2005)who concluded theE. crassipeshas
tremendous potential to absorb heavy metals from
textile wastewater which resulted in a 94.78% ré&dacin
Cr** and 96.88 % in ZH due to an extensive adventitic
root system, which offers more surface area fopadt®n.
The results of Lisst.al.,(2010) demonstrated 65% remo'
of Cf** and Cd'contents from the waste water achievec
water hyacinth in respect to the cantwhich is withoutE.
crassipes. From the study of Gakwaeual., (2009), ZA"
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was accumulated was about 56.7 % in petioles >2¥i@
leaves>16.3 % in roots and for®" content was 73.7 % in
roots >14.1 % in petioles >12.2 % in leaves by w
hyacinth plantsThe results of present study in tune with
observation of Mariaet al., (2001) were 72% of Cd
content was removed by water hyacinth dul
experimental period while, 90% of 2" and Z* content
was removed according to the study of Mishra arigaihi
(2008). Ritusmitet al., (2010) reported that more than 9
of lead was removed by water hyacinth. Brix (19
observed thate. crassipeshas been used successfully in
wastewater treatment system to improve the watelitgt
by reducing the levels corganic and inorganic pollutants.
In conclusion, water hyacir

Biochemical assay:

From the study, maximum increase of total chlordiplgs
observed in gand in § compared between the respect
trans-Ganges/Yamuna sampling sites «. crassipes(Fig.3).
Maximum increase of 24% in chl. a, 11% in chl. la doy
16% in total chlorophyll was observed ir, compared
between thdrans-Ganges sampling sites while, maxim
increase observed was 36% in chl. a, 7% in chhd21%
total chlorophyll in § compared between thérans-
Yamuna sampling sites ol. crassipes. In comparison with
both trans-Ganges/Yamuna sampling sites, the maxin
percentage increase observed was 23% in chl. a,il2%.
b and 22% in total chlorophyll observedtrans-Yamuna
sitei.e, in S.

Similarly, the study reports maximum protein comtenE.
crassipes was reported 13% 3) in shoot and 10% 6pin
root from trans-Ganges sites, while frortrans-Yamuna
sampling sites maximum increase was 11%) in shoot
and 10% (9§ in root cwmpared betweentrans
Ganges/Yamuna sites, respectively. From the cosga
between both th&rans-Ganges/Yamuna sampling sites,
highest increase was observed 14¢%) in shoot and 2.3%
(Ss) in root protein content (E. crassipes (Fig.4).

The presence of pollutants in water bodies has a neg
effect on biochemical aspects of plant life. Thegence o
pollutants in water bodies has a negative effect
biochemical aspects of plant life. Many deleteri
environmental influences that inhi plant growth, ranging
from nutrient deficiencies to anthropogenic pobuti can
result in decreased leaf chlorophyll conteiBorkert. al.,
2013). The present study is in agreement with theirfgs
of Chen and Djuric, 200ilwho stated that chlorophyll
degradation is the routinely observed responseré&ss ol
chiefly in elevated concentrations of various heawstals.
Mohan and Hosetti (1997) found more pronouncededess
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in the protein content with G as compared to Pb
treatment inL. minor.Borkert al., (2011) reported that the
effect of ZnC} on chlorophyll content of mature leaves of
E. crassipesit is evident from the results that the total
chlorophyll content of the mature leaves slightgcbased
at 75ppm (0.80%) as compared to the control. Thelt®
on reduced levels of chlorophyll pigments at higlesels

of metal salt are in consistent with the findindgsviishra et

al. (2007). Similarly, a heavy metal concentration
dependent reduction in chlorophyll content overtamwas
also observed in the leaves bfesculentum(Gaubat al.,
2007). Several cases of decreased chlorophyll obnte
owing to metal toxicity have been reported in tHanp
kingdom growing in wetland ecosystems (Valavaraidés.,

2005). In the present study, the aim to evaluatewa
~ 0.69 EE Chyl.'a’
¥ 0.4
:
g o0.2-
5
0.0~

—Z 4 2

Chyll.'b’

hyacinth  fitting  strategies  towards  undesirable
environmental conditions.

Odjegba and Fasidi(2004) study on ther&ssipesand P.
stratiotes implication in the phytoremediation of waters
polluted with low levels of heavy metals and toedgtine
whether part of the differences in stress tolerdmsveen
E. crassipesand P. stratiotes could be explained by
differences in reactive oxygen metabolism. It wagorted
that the nonlethal concentrations of heavy metalsgvo
cause increased oxidative stress and thereforecéndu
defence systems against ROS and that the effectheof
metals would be different while the species witrerai
higher levels of antioxidant enzyme activity would
comparatively tolerate heavy metal stress more fiien

other species.
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Trans-Yamuna sites

Fig. 3: Total chlorophyll content (mgg™FW) of E. crassipes presents in trans-Ganges/Yamuna sites.
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Fig.4: Comparison of protein content (mggFW) in E. crassipes (shoots and roots).

Anti-oxidant enzymesOxidative stress is essentially a
regulated process, the equilibrium between the atixid
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and anti-oxidative capacities determine the fatehefplant.
From the study, all the sampling stations signiftcactivity
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is observed to be higher activity in root than hoat of 0,00
E.crassipes.

From the study, it was observed to have significdratnge:
in the antioxidant enzyme activity of the shoot adt
parts of E. crassipes present in waste water bodies of
sampling sites. It was reported that in maximuoréase ir
enzymatic activity irk. crassipes (in shoots and roots) wi

mostly found inSand S5 sites from sampling sites. T 0,005

maximum catalytic specific activity (Ung' protein) in ' l . l I
shoots of thée. crassipes was observed maximum ir, (35) Lo ot Aoct roet Mot 10ct oot Poct bt oot
and in 3 (40) while was observed maximurn S (93.5) fous Nwer foi 100 ek i Kook r0ck Hhasejront

0.025

=
o
(=

UL

PPO ip. ackivity
=
=
e

and % (764) in rOOtS mgS)!SOD SpeCiﬁC aCtiVity (U m-l siatemn 1 | siafins F  sfabinn 1 oiafined  chafien & afakkan R
protein) was observed maximum in(8.8U) andin S;(4.4) |
in shoots of theE. crassipes along with same pattern Fig.7:PPO sp. activity (U mg™* protein) of E. crassipes.

roots of theE. crassipesi.e, S, (4.73)and S (6.48) €ig.8);
maximum guaiacol peroxidase specific activiU mg*
protein) was observed in, $175.08)and in & (175.08)
observeth shoots and in roots observed maximum ,
(662.0) and in $(760)fig.6). Similar pattern of maximur

i
increase was observed in the P&®cific activity U mg* ’
protein)i.e.,in $,(0.16) and in §(0.0044)n shoots while, ir ¥
roots was observed in, §.0219) and $(0.0126) fig.7)of }
theE. crassipes present in the sampling site i I I
120 i} '

SO0 Aty

e
shost root shoot root sheot roat shoot root shoat roat shoot root
g oe0
& 60 stathom 1 stablom?  stathond | statlond | station 5 statlon b
i @ i
L]
; 1..11
0 | i | Fig.8: SOD activity (Umg™ protein) of E. crassipes.
g E g E g E F E F E F E (All experlments performed in t.rlr).llcai n=3 and are
= = = 5 5 C shown in Means and stand deviation)

It was reported that enzymatic activities was fo

increased in roots than in shoots E.crasspes. The

Fig.5: CAT activity (xmol mg-1 protein) E. crassipes. increased enzymatic activities in shoots and roof:
E.crasspes was likely to protect plants from heavy me

900 induced oxidative stress  activating multi defense
800 mechanisms and for better growth in polluted emuinents

station 1 station 2 station 3 stationd station 5 station &

g o0 SODacts as the first line of defence against F
i :z dismutating superoxide t0,0, and APX, GPX and CAT
%r 200 and subsequently detoxifying ,0,. Among various
B oo enzymatic enzymes wolved in the abolishment of RO
£ e l I I I SOD plays a pivotal role, it reduces the oxidasuess by
W: I ' I l [ ] i dismutation of two superoxide radicals tO, and Q
shoet root shost reat shost reat shoot rast shoat rest sheat oot (Cakmak, 2000). CAT present in peroxisomes

mitochondria decomposes,0, to water and oxygen. POD
| consumes kD, to generate phenoxy compounds that
Fig.6:GPX activity (4470 min™ g* FW) of E. crassipes polymerized to produce cell wall components suchigmsn
(Singhet al, 2006; Guptat al, 2011).
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The present study is in agreement with the findiogs
Borker (2011) who stated that the activity of casel was
increased (+119.71%) in the leaveskdthhorniaby at 75
ppm ZnC} over the control. The increase in catalase under
the influence of zinc chloride might be associangth the
detoxification mechanism which indicates the relaship
between metal tolerance and antioxidant defenstersys
Similarly induction in the catalase activity By crassipesin

the presence of heavy metals has been reporteterearl
(Odjegba and Fasidi, 2007). The present study is in
agreement with the findings of Srinivasan (2014pwtated
that the catalase activity increases by 60% andal AP X
activity increases by 537% and 55% and POX activity
increased about 589% and 254% in leaf and rootdfss
respectively as compared to the control without”*Pb
treatment. Krishnat al., (2012), the antioxidant potential of
Amorphophalluscommutatusintuber  exhibited  significant
SOD (47.745.5 U/g tissue), AAO (0.38+0.12U/g tissue
PPO (0.8+0.45U/g tissue) while young leaves coetiin
significant CAT (64.3 £6.02 U/g tissue). Generalhgavy
metals increased theactivities of the antioxidamtyenes
investigated, and the increase was proportionahgavy
metal. However, there was adifferential level afinement
among various metalsand this had a direct relatipnsith

the toleranceof the metal by the plant speciesdixie
stress is essentially a regulated process, theliguin
between the oxidative and anti-oxidative capacities
determine the fate of the plant. At higher pollatio
concentration chlorophyll content & crassipesis slightly
affected. Armed with a better understanding of this
symbiotic association, this environment friendlgtgyn can

be fruitfully employed in the field of phytoremetan.
Wetland plants are being used successfully for the
phytoremediation of pollutants in natural and courted
wetlands. The high productivity and resilience fud tveed
make them ideal macrophyte for wastewater treatment
(Xiaomekt al., 2004).

V. CONCLUSIONS
E. crassipesis suitable for wastewater treatment. This
luxuriant plant has the tremendous capacity forogtiag
toxic heavy metals and other pollutants from wasatew
showing its phyto-remediation potential.Overall dstu
reported that total chlorophyll was and proteinteaninE.
crassipes was found to be lower in sites fromans-Ganges
than thetrans-Yamuna regions due to the higher pollutant
stress. Summarizing the present study results,dbserved
that enhanced antioxidant level especially in sgdgplants
of E. crassipesmay account for its better survival in
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contaminated water bodies and while higher level of
pollutants decreased antioxidant activities dracadyi
showing reduced metal tolerance capacity and dveral
inhibition of plant growttEichhorniacrassipesis invokes
considerable interest in developing cost effectized
environmentally friendly technologies used in impny

the effluent quality of the municipal, agriculturand
industrial wastewaters bynot onlyremoving pollugafrom

the water, but also alters the physicochemicaladtaristics

of the water.
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