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ABSTRACT

Inthisstudy, atotal of 20 individual exposed to contaminated water bodies
were investigated for DNA damage. The water samples from pallipalayam
were found to be mutagenic when analyzed by comet assay. The nitrate
level in the water samples analyzed was higher than the permissible limit.
Thevalues of physioco-chemical parameterslike TDS, BOD and nitrate of
thewater samplesfrom pallipalayam were higher than the permissible limit.
The higher concentrate of nitrate was removed with the help of organism
isolated from ground water. The bio adsorption rate of Aspergillus niger
adsorbed 94% of the nitrates, A. flavus adsorbed 80% of the nitrate, A.
fumigatus adsorbed 81% of the nitrate and Penicillium spp. Adsorbed 75%
of the nitrate. Consortium of these cultures adsorbs 95% of the nitrate. In
conclusion, ground water at pallipalayam does have genctoxic effect onthe
consumers and the indigenous microbial consortium can be used in the
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removal of mutagenic nitrate.

INTRODUCTION

Oneof theprincipa hygienic problemsof dl time,
including the present, isthe quality of thewater, which
should bemade avail able to man in accordance with
his physiological needs. No specification that can be
applied towater for human consumption, with respect
to physiological criteriafor itschemical composition,
can ignorethe contribution madeto theregular human
intake of these componentsthrough food consumption
and breathing of the ambient atmosphere. The compo-
gtionsof water, whichwill best maintainlifeintheflora
and faunaof the earth isthe subject of discussion.
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Thecrucid roleground water playsasadecentra-
ized source of drinkingwater for millionsof rural and
urban familiescannot be overstated. The nationa wa-
ter policy drawn upin 1987 and presently under revi-
sion hasaready accorded the highest all ocative prior-
ity to drinking water needs of the househol d sectort.
Ground water resources feed more than 50% of the
total areaunder irrigation. According to someestimates,
it accounts for nearly 80 percent of domestic water
needs and 50 percent of the urban needs in India
Ground water isgenerally | ess susceptibleto contami-
nation and pollution when compared to surface water
bodies. Also, thenaturd impuritiesin rainwater, which
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repleni shes ground water system, get removed while
infiltrating through soil strata. However, thequality of
theground water availableisaconcernfor itssustain-
ableand effective use. The current pattern of industrial
activity atersthenatural flow of materialsand intro-
ducesnove chemicasintotheenvironment®®. Thedata
at which effluents aredischarged into the environment
especially water bodieshave been ontheincreaseasa
result of urbanization. Most of these effluentscontain
toxic substancesespecialy heavy metds. Theseheavy
meta sincludearsenic, zinc, copper, nitrite, iron, man-
ganese, mercury, molybdenum, nickel, silver, cobalt,
chromium, lead and nitrate. The presence of heavy
meta sintheenvironment isof mgor concern becauise
of their toxicity, bicaccumul ating tendency threet to hu-
man life and the environment!”9. Heavy metals are
among the conservative pol lutants that are not subject
to bacterial attack or other breakdown or degradation
process and are permanent addition to the aquatic en-
vironment!4. Asaresult of thistheir concentration often
exceedsthepermissiblelevelsnormally foundin soil,
waterwaysand sediments. Chemica compoundsof toxic
potentid entering apublic water supply may imposean
immediaterisk on human healthi*3, Itisknownthet or-
ganismsinhabitingaressinfluenced by effluent discharges
can suffer del eterious somatic effectd™? or genetic dam-
aged and that people using polluted water could beat
higher risk of amilar genotoxic effect and cancer devel-
opment4,

Among thesetoxic chemicasnitrateisthe most
common chemica contaminant intheworld’s ground-
water aquifers®®. In most, European countries, nitrate
levelsinriversand groundwater haveincreased gradu-
aly over thelast decade mainly asaconsequence of
large-scaleagriculturd application of soil fertilizer with
manuremainly fromanimal origin. An estimated 42%
of theU.S popul ation usesgroundwater astheir drink-
ing- water supply'®. IntheUnited States, total nitrogen
instream and nitratein ground water arehighestinag-
riculturd aress, followed by urban areasand areaswith
mixed land use. Themost recent dataindicatethat about
22% of domegticwdlsin agricultura areasof theUnited
States exceeded the MCL (U.S. Geological survey,
unpublished data). In contrast 3% of public supply wells
in major water suppliesexceedtheMCL (U.S. Geo-
logica survey, unpublished datd).

ESAIJ, 5(1) February 2010

Higher nitrate concentration in drinking water has
drawn alot of attention dueto itsharmful biological
effectson hedlth. It hasbeen established that indiges-
tion of water containing higher nitrate concentration
causesmethemoglobinemia(i.e. infant cyanosisor blue
baby syndrome). It dso affectstheblood insuch away
as to reduce its oxygen carrying capacity (OECD,
1988). However, it dso hastherisk of gastricand in-
testinal cancer. Thefunctioning of centra nervoussys-
tem and cardiovascul ar system may al so be affected
adversdly by nitraterich nitraterichwater™®. TheWorld
Hedlth Organization hasrecommended thepermissible
limit of 10mg/l nitrate nitrogen (NO,-N) or equivaent
to 45mg/l of NO,, which is also accepted by Indian
council of medical research.

A widerangeof physico chemica processsuch as
ionexchange, reverseosmos's, eectrodialys's, chemi-
cd denitrificationandbiological denitrification processes
arecurrently being devel oped for remova of nitratefrom
drinking water, essentialy for large-scal e water treat-
ment plants'¥. These processes may beineffectiveor
expensive, especialy whenthe heavy metd ionsarein
solution containing inthe order of 1-100mg dissolved
heavy metal ions/I*®19, Biol ogical methods such as
biosorption /bioaccumul ation for theremoval of heavy
metal ions may provide an attractive aternative to
physico chemical methodg™.

Microorganismsplay amgjor roleinreducing the
nitrogenlevel inthewastewater. Theorganic nitrogenis
converted to ammoniainthefirst step of thenitrogen
cycle. Inorder to remove nitrogen from wastewater,
theammoniamust be oxidized to nitrate (NO,). This
processiscommonly referred to as nitrification. An
anaerobic environment will promotenitrification. Bio-
logical nitrification occurs producing nitritein aninter-
mediate step and ultimately producing nitrate. Follow-
ing nitrification, nitrogen gascan beremoved fromwaste-
water by reducing thenitrateto nitrogengas(N.,,), which
isreleased to the atmosphere. This process is com-
monly referred to asdenitrification. Denitrification re-
quires anoxic condition as well as organic carbon
sourcesto proceed. Under anoxic condition dissolved
oxygenisnot availableto themicroorganismfor respi-
ration .Because of thisthe oxygen isstripped fromthe
nitrate |l eading to the production of nitrogen gas, car-
bon dioxide and water are also produced in the pro-
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cess, which results from the degradation of
BOD(UFWREF, 2003).

Microorganism and microbial material havebeen
used in the recovery or removal of valuable or toxic
metasfromindustrid processstreamsor effluentsand
have advantages over conventiona methodsincluding
ion-exchangeresins. Theability of metal uptakeby the
microorganismshascaught greet attention duetoitspo-
tentia to provide an effective and economic meansfor
theremediation of heavy metd polluted wastewatert?-22,
Hencethereisanincreased awareness of the potential
roleof microorganismson solving mgjor industrial and
environmenta problemsassociated with metals.

Hence as a sequel to the genotoxicity study the
present work involvesidentification of microbesgener-
ally present in groundwater and therole of theseiso-
lated indigenousmicro florain biosorption and remova
of mutagenicnitrates.

MATERIALSAND METHODS

Collection of water samples

Nearly 31 groundwater sampleswerecollectedin
asterileconical flask in different location from open
well and borewel | water at Pallipalayam, Namakkal
District in Tamil Nadu. The collected ground water
samples were transported to the laboratory within 6
hoursinanicebox for further physico-chemica analy-
sislike TDS, BOD and Nitrate (APHA, 1985) and
microbid andyss.

Nitrateestimation by ultraviolet spectr ophotomet-
ric screening methods

The50ml of known concentration of Potassiumni-
tratewastaken at varying proportion. TothisIN HCL
solution was added and read at 220 nmin UV spectro-
photometer. A standard graph was plotted with con-
centration of nitrateintheX-axisand O.D.vaueonY-
axis. For estimating the nitrate concentration of ground-
water samples, theevery samplewasread at 220 nmin
UV spectrophotometer and the O.D. value correl ated
with nitrate concentration plotted in thestandard graph.

| solation of indigenousfungalflorafrom ground-
water

Pour plate technique was employed for the enu-
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meration of microorganismssuch asfungi fromthepol-
luted groundwater sample. Serial dilution was made
from 10 to 10°. Thefungal cultureswereidentified
based on their morphol ogical features by performing
lacto phenol cotton blue.

Evaluvation of genotoxic effect on human consum-
ersof groundwater by comet assay

1% Normal melting agaroseand 0.5% low melting
agarose was prepared in the phosphate buffered saline
(pH 7.4). Theagarose was heated until boiling or aga-
rosewasdissolved. Theconventiond microscopicdides
weretaken and the dideswere dipped in themethanal
solution and it wasburnt over ablueflameto remove
themachineoil and dust. Thedidesweredippedinthe
heated 1% normal melting agarose up to one-third the
areaand dideswere gently removed. Thedideswere
air-dried.

The whole blood was used for assay. The 75
microlitre of low melting agarose wasadded over the
normal melting agarose coated slides. The whole
blood was diluted with the equal volume of phos-
phate buffered saline and 5-10 microlitre of blood
was added to slides. The cover slip was placed over
the dides. After the slideswee harden the cover slip
wasremoved fromthedlides. After removing the cover
dipfromthedidethethirdlayer of low melting agar-
ose was added to the slide and the cover slip was
placed over thedlide, it was removed after the agar-
ose harden.

Thedlideswereplaced for at least 2 hoursinthe
lysissolution (2.5M NaCl, 100mM EDTA, 10mM
TrisBase, 10% DM SO and 1% Triton x-100) at 4°C.
Thedlideswere removed from thelysis solution and
the dlideswere placed in the horizontal gel box filled
with the electrophoresis buffer (10 N NaOH and
200mM EDTA) for 30 min at 20 voltsto allow un-
winding of DNA. Thedidesweretakenfromtheeec-
trophoresistank and placed in tray for drying. The
slideswere drop wise coated with the neutralization
buffer (0.4M Tris) for 5min. The Slidesweretaken
and procedure was repeated twice. Theslideswere
stained with ethidium bromidesolutionfor 5 min. 200%
Cold ethanol wasused for destaining. Thedlideswere
observered under 40 x magnificationsinthefluores-
cent microscope.
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Nitrateremoval by microorganism

Fungi play asawideroleintheremovd of nitrate
from the polluted groundwater. The stock cultures of
Aspergillusspp. likeA. niger, A. flavus, A. fumigatus
and Penicilliumspp. werereconstituted in broth me-
dia Sodium aginate solution preparedin 0.85% of sa-
linewater and maintained in 80°C weremixed with broth
cultures of the sel ected organismsindividudly andin
combined form. Alginate broth matrix wasdropped into
2% of calcium chloride solution with the help of sy-
ringe. Immobilized gel beads containing theorganisms
were separated and stored in acontainer.

Immobilized cells of A. niger, A. fumigatus, A.
flavus and Penicillium spp. were subjected for
bi oadsorption studies. 0.5g of each organismwasin-
oculated into thewater sample, whichisknownto con-
tain nitrate, theconcentrationthat areestimatedinitialy.
Samplewith microbial consortium and controlswere
maintained. The media was kept in the shaker for
120rpm for 120 hours. After the sufficient period of
incubationthemediawasdlowed for nitrateestimation
for checkingtheremoval of nitrate. The samplefrom
experimenta flaskswereanayzed for their optical den-
sity at 220nm and from the OD val ue adsorption of
nitrate was deduced.

RESULTSAND DISCUSSION

Physico-chemical parameter sof polluted ground-
water

Following the standard method (AHPA, 1985) ini-
tialy the polluted groundwater were subjected to vari-
ous physico-chemicd parameterslike TDS (Tota Dis-
solved Salids), BOD (Biologica Oxygen Demand) and
Nitrate were estimated. Thetotal dissolved solids of
thewater samplefrom the polluted siteranged between
665-7800 mg/l (Figure 1), the biological oxygen de-
mand ranged from the 255-390mg/I (Figure2) and the
nitrateranged fromthe6-32 mg/l (Figure3). Thephysico
chemical parametersof the groundwater were higher
than the permissiblelimit. Ashuman populationisin-
creasing by leapsand bounds, thereisneed for more
productionindl spheres. So, moreindustriesare com-
ing up polluting more and morethat |eaves biosphere
foul. Asman hasbecomemoreand morecivilized heis
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Figure 1: Total dissolved solidslevelsin polluted ground-
water collected from pallipalayam.
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Figure?2: Biological oxygen demand level in polluted ground
water
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Figure3: Nitratelevel in polluted ground water collected
from pallipalayam
not content with three primary requisitesof food, shel-
ter and clothing. Man now has more needs, more en-
tertainment and morecomfort, civilization and industri-
alizations associ ated with the devel opment has polluted
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TABLE 1: Removal of nitrate
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TABLE 2: Resultsfor comet assay

. Before After
SNo Organisms nitratelevel  nitratelevel
1. Aniger 32 mgl/l 6 mg/l
2. Aflavus 32 mgl/l 7 mg/l
3. Afumigatus 32 mgl/l 7 mg/l
4. Penicillium spp 32 mgl/l 5 mg/l
Microbial
5. . 32 mgl/l 5 mgl/l
consortium

the Mother Nature considerably. Among this water
pollutionisteking aheavy toll of humanlives. Chemica
contamination of groundwater dueto unauthorized and
uncontrolled rel ease of contaminated effluentsfrom
domesticand industria sector isagrowing problemin
India. A groundwater source once contaminated tends
to remain contaminated for along period dueto slow
dispersion and the existence of anaerobic condition,
which preventstheoxidation of chemica contaminants.
Either chronicor acute, the personsexposed to textile-
polluted water bear the major burnt of thishazard. The
subjectsin thisstudy the peoples exposed to textile ef-
fluents contaminated water containing nitrate arere-
ported to be mutagenic.

Resultsfor comet assay

A total of 20 blood sampleswere collected from
persons consuming the polluted groundwater knownto
be contaminated with textil e dischargewere collected
to study theincidence of the DNA damageby usingthe
comet assay. Detail sof their age, smoking habit, dura-
tion of exposureto water polluted with textiledischarge
arepresented inthe TABLE 2 among 20 blood samples,
3 samplesshow the positiveresults. Thedataon DNA
damagein non-smokers and smokersof control group
showed an apparent DNA damage. When compared
with the control group the exposed group exhibited a
linear increaseinthe DNA damage, withtheincreasein
theage and duration of consumption. M ost of themoni-
toring studiesof exposed groups measure mutationsor
other formsof induced DNA damageinvolvetheevau-
ation of genotoxic compoundsin peripherd blood.

Anayssof DNA damagein exposed cellshasbeen
recognized asabiologica tool to eval uate genotoxic
effects and to monitor the extent of damage. In the
present study the DNA damage on peripheral blood of
peoples exposed to textile effluent wereinvestigated.
Apart from the exposure, the peopl e havethe habit of

Sample Smoking Year of Comet tail

Gender Age

no habit exposure length
1 M 44 - 20 -
2 F 21 - 21
3 M 48 - 20
4 F 43 - 10
5 F 40 - 15
6 M 25 - 10
7 M 21 - 20
8 F 55 - 35
9 M 23 + 15
10 M 30 + 10
11 M 60 + 55 10
12 F 58 - 55 6
13 F 58 - 40
14 F 50 - 40
15 M 58 + 50 8
Control 1 F 22
Control 2 M 24
Control 3 F 23
Control 4 M 31
Control 5 M 45

smoking and intoxication. Hence, theobservationspre-
sentingtheinvestigationaresynergistic effectsof dl these
factors. Control group of individuasincludessmokers
and a coholicsin order to comparethedifference be-
tween the respective groups.

Andyzed sampleswere having theexposed period
of minimum 10 yearsto maximum 30 years of expo-
sureof polluted water. The analysishas shown that the
frequency of DNA damageisstatistically significantin
the group of individua shaving morethan 30 years of
exposures. However, theindividual s exposed to pol -
luted water below 6 years showsno significanceagainst
the control group.

Moreover textiledye effluents have been found to
induce DNA damagein aquatic organismsg®®, anditis
also known that some substances, especially
azocompoundsdischarged fromtextiledyeing and dye
manufacturing unitsinto theenvironment releesemono-
cyclic aromatic amined!12, Theseamineswere some
of thefirst chemical sfound to becarcinogenicin hu-
mansandin experimenta animagY. Thechemica char-
acterization of the organic res duesindicated the pres-
enceof such aminesin most of the samples.
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Bioadsor ption of nitrateby indigenousmicroflora
fromthepolluted groundwater

Thebioadsorption of nitratewasdoneby usngthe
immobilized cellsof fungi such asA. niger, A. flavus,
A. fumigatus and Penicilliumspp. The samples con-
taining immobilized cdlswereagitated. After sufficient
period of incubation the samplesweretaken and the
percentage of adsorption was measured. The adsorp-
tion of nitratewas gradually increased at 120rpm for
120 hours. The combination of fungal cellsshowsthe
greatest efficiency of the adsorption. The A. niger
adsorbed the 94% of the nitrates, A. flavus adsorbed
80% of thenitrate, A. fumigatus adsorbed 81% of the
nitrates and Penicillium spp adsorbed 75% of the ni-
trate. Consortium of these cultures adsorbsthe 95% of
thenitrate. Moreover textile dye effluentshave been
found toinduce DNA damagein aguatic organismg*®,
and it isalso known that some substances, especially
azocompoundsdischarged fromtextile dyeing and dye
manufacturing units into the environment release
monocylic aromatic amines12, Theseamineswere
some of thefirst chemica sfoundto becarcinogenicin
humansand in experimental animals. Thechemical
characterization of the organic residuesindicated the
presence of such aminesin most of thesamples.

In order to remediate the water bodiesknown to
be contaminated with nitrate contai ning polluted ground-
water, microorganismsdueto their inherent property to
degrade and adsorb xenobiotic compoundswere em-
ployed to remove nitrate. The organisms namely A.
niger, A. flavus, A. fumigatus and Penicillium spp
have been isolated from the polluted ground water. Our
investigation hasreved ed that indigenousmicrofloras
isolated from the polluted groundwater havetheability
to adsorb nitrate. The A. niger adsorb the 94% of the
nitrates, A. flavus adsorb 80% of the nitrate, A.
fumigatus adsorb 81% of thenitratesand Penicillium
spp adsorb 75% of the nitrate. Combination of these
cultures adsorbs the 95% of the nitrate. Thanh and
Simand™*” reported thesameresult for thetreatment of
wastewater by various Yeast species. The study
screened 27 yeast strainsfor their ability to producea
high biomass, whilemaximizing reduction of phosphate,
ammoniaand organic matter. Reported phosphatere-
moval ranged from 12% to 100%, total nitrogen re-
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moval from 22to 93%, anmonianitrogenfrom 27%to
90%, and COD removal from 0to 72%. Hiremath et
a % performed asimilar study except they tested seven
fungd speciesfromwastewater stabilization pond. The
study reported BOD, removal between 53 to 72%,
phosphate removal from 34 to 77%, and ammoniani-
trogen removal between 49to 77%.

Water pollutionisagloba problem andisamgor
threat at the dawn aof 21 century. Every man must
fight against it instead of wringing hishandsin despair
or joining the carping crowds demanding ahalt to our
technological advances. Water pollution is woven
throughout thefabric of modernlife. Man should change
hisout of sight isout of mind concept and must whole-
heartedly participatein the environmenta quality im-
provement programs. The public must be educated to
keep their surroundingsclean. Theenvironmenta engi-
neers and scientist must find out ways and meansto
convert by product into useful materialsand minimize
wasteto assmadl an amount aspossible. He must copy
naturethat ishe must observethat processesaregoing
oninnatureto assimilateforeign material and usethe
samemethodsto destroy harmful pollutantsarisngfrom
thetextileindustries. If every citizenredlizesthatitis
primary duty to live thisworld abetter placethan he
had foundit, the problemswill beautomatically solved.
But for the damagethat hasbeen dready doneweasa
microbiologist should rely ontheability of microorgan-
ismsto degrade and adsorb the xenobiotic metalsas
has been done in the present project. The microbial
infalibility may haveasol utionto the problem of pollu-
tion.
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