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ABSTRACT

Industrial wastes play a mgjor role in the environmental pollutants at least
in major cities. The objective of the present work wasto study the cytotoxic
effects of common industrial effluent from PETL, Hyderabad on Allium
sativum. As these effluents inhibited the growth of the roots which may be
dueto theinhibition of the mitotic cell divisionstaking placeintheroot tips,
the present investigation was focused to study the cytotoxicity in the root
tip cells of Allium sativum. Mitosis division frequency, chromosomal aber-
rations, micronuclei formation and mitotic index were also considered for
evaluation of cytotoxicity. The results showed aclear declinein the mitotic
index with the increase in effluent concentration and the duration of treat-
ment. Theresultsalso demonstrated other mitotic abnormalitieslike change
in nuclear morphology, nuclear death, perforation, formation of micronu-
clei, fragmentation of chromosomes, bridge formations, nuclear bursting,
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INTRODUCTION

Environmenta pollutionisthecontamination of the
physical and biological components of the earth sys-
temswherenormal environmental processesare ad-
versely affected. Theincrease of pollution by there-
lease of genotoxic chemicasand theincreaseof radia-
tion levelshave affected the ecosystem and the health
of organisms, including humans. Industriesshareama-
jor portion of such pollutantsat least inthemgjor cities.
Therearemany suchindustriesin Hyderabad releasing
thetoxicchemicasintotheenvironment which adversdy
affectsthe biota. Patancheru isone such areawhere
therearemorethan 50 small and large scaleindustries
located. Theseindustrieswhichincdudeschemicd, phar-
maceutical and stedl plantssend their organic and inor-

ganic effluentsto acommon effluent treatment plant
whichisknown asPETL [Patancheru Effuent Treat-
ment Limited]. Astherearedifferent typesof industria
effluentswith varioustypesof pollutants, thestrength of
theeffluentsin PETL isvery high at any point of time.
Thereisaneed for quick and precise methodsfor
thedetection and eval uation of air, water and soil con-
tamination and their effectson organisms. Asplantscom-
priseahighly conserved structure of the genetic mate-
rial, itispossibleto useabroad variety of speciesin
geno-toxicity tests. Themost widespread methodsare
based on the use of bacterial indicator species, yeasts,
fungi, insectsand mammalian cells or |aboratory ro-
dents. Severa higher plant bioassaysfor screening and
monitoringindugtrid effluentshavebeen esablished. The
influence of industrial effluentson aplant dependsnot
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only on thetype of mutagen, exposuretime, doseand
interaction with other factors, but also on the plant spe-
cies, genotype, and stage of development. Plant re-
sponseto effluent treatment can be considered on dif-
ferent levelsof organization from DNA, chromosome,
and genometo thewholeorganism.

Theproblemsaffectingtheenvironment arediverse,
and approachesto find solutionsare often intimately
connected with modern and classica methodsof bio-
technology. Thecommonindustrid effluent from PETL
was collected and physicochemical analysiswas car-
ried out. Several studieswith Alliumsativumare con-
ducted to assesthetoxicity of water bodiesreceiving
industrial and domestic effluents*7. Cytotoxic effects
of indugtrid effluents, for the detection of abnormdities
and chromosomal aberrations on root mitosis of Al-
liumsativumissimple, lesstimetaking and economi-
cdlyfeasble

The present work project thereforeaimsin study-
ingthecytotoxic effectsof industria effluent collected
from PETL, Hyderabad on root-tip cells of Allium
sativumduring atime-course. The endpointsconsid-
ered are changesin the mitotic stages, mitotic index
and frequenciesof aberrant cellsand micronucle. The
exposuretoindustrid effluentsinduced mitotic depres-
sion of anormal cellsto adegreedirectly proportional
to the concentration used and the period of treatment
up to 24 hrs, 48hrs, 72hrs, and 96hrs. The objective of
the project isto study the effect of industrial effluents
on the cytotoxicity with respect to cell cycle events,
micro nucle, and chromosoma aberrationsin Allium
sativum.

MATERIALSAND METHODS

All thereagentsused in the experiment are of ana-
Iytical grade. Standard approved methods werefol-
lowed for theanalysis of physico-chemica parameters
of PETL effluentsand cytotoxic studies.

Collection of industrial effluent and analysis

Theeffluent sampleswere collected fromthe PETL
common effluent. Theeffluent sampleswerebrought to
thelaboratory and were analyzed for physico-chemica
parameters. The parametersconsidered werepH, Con-
ductivity, Total Dissolved Solids, Suspended Solids,
Chlorides as CI- Sulphates as SO,, COD, BOD,
Sulphidesas S, Dissolved phosphatesas P, % Sodium,
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and Oil & Grease. Standard protocols (APHA Stan-
dard Methods of Water and Waste Water Analysis)
werefollowed for theanalys sof phys co-chemical pa-
rametersof the PETL effluents.

Collection of allium sativum cloves

Fresh healthy cloveswere purchased fromthelo-
cal market. Medium, equal sized bulbswere selected
and used for the study. Each group contained 4 such
cloves.

Eexperimental setup and methodology for cyto-
logical studies

Thecommonindustrid effluentsfrom PETL were
taken for the cytotoxic studies. 25%, 50%, and 100%
concentrations of theaboveindustrial effluent were
prepared and used for the experimentation. Thetest
was carried out at room temperature and the garlic
cloveswerekept awvay from direct sunlight during the
experiment. 200ml beskerswerefilled withthesample
of various concentrations and cloves of Allium
sativum were kept on the sample with the help of
tooth picks. Potable tap water served as control to
comparetheresultswith PETL effluents. Thegrowths
of the rootswere observed and theroot lengthswere
taken for 24, 48 and 72 hrs. The cellswere observed
for mitotic division and for chromosoma aberrations.
Simultaneoudly, control swereal so maintained under
identical conditions. For every 24 hthetest solutions
were replaced by fresh sol utions and maintained at
room temperature to observe root growth. Root
lengths were measured with the help of athread and
scaleand theresultstabul ated. After sufficient growth,
therootswere cut off and placed in atest tube con-
taningaceto-acohal. Thelast 2mmfrom severd young
vigorously growing root tipswere removed with the
help of scissors. Theseroot tips of both the treated
and controlswere taken and fixed in aceto-al cohol
for cytological preparation. The observationswere
recorded from 5000 cells selected from each con-
centration and cytol ogical observations were made
using aceto-orcein stain and squash technique. Mi-
toticindex for each dlide examined (the mitoticindex
isthefraction or percentage of cellscontaining con-
densed chromosomes) was cal cul ated using thefol -
lowingformula
Mitoticindex =number of cellscontaining chromo-
somes/ Total number of cells.

Snvivonmental Science (=
A Jndian ﬂo«/maZ



ESAIJ, 5(2) April 2010

R.Prasanna et al.

== Qurrent Research Papsr

157

100°% PETL
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Figurel: Photograph showingthegrowth of therootswith variousconcentrationsof PETL . Tap water served ascontrol

Figure?2: Photograph showing microscopic view of root tip
cellsof Allium sativum after 24 h growthin 50% PETL efflu-
ent with afew mitoticdivisons

RESULTSAND DISCUSSION

The effluents collected from PETL wereinitialy
analyzed for physicochemical parameters. TABLE 1
showsthe results of various parameters analyzed to
tabulatetoxicity in PETL. TheBOD and COD levels
were high enough to affect thecell division and cause
cytotoxicity. Thelevelswerevery much higher thanthe
standard limits(TABLE 1) given by pollution control
board. The effluent BOD was 3810mg/lit, where it
should be 30 mg/lit according to the Pollution Control
Board. The COD was 6730mg/lit, against 250mg/lit
according tothe Pollution Control Board. Theremain-
ing parameters considered were also higher than the
standard limits, but not much higher asBOD and COD.
Asthestrength of the effluent washigh it was decided
to study the effect on cytological parameters.

Theresultsof experiments conducted to study the
cytotoxic effectsunder pollutant was very good show-
ing reduction in the growth of root lengths probably
dueto awiderange of mitotic abnormalitieswhichin-
cludechangein nuclear morphol ogy, nuclear death, per-
foration, micronucle, fragments, bridges, nuclear burst-
ing and polyploidy. Theresults showed that thereisa
drasticinhibitionin root growth withincreasing con-
centrations of theeffluent. Very littleor no growth was
observed in 50% and 100% effluent (Figure 1). Sur-

Figure3: Photograph showing themicr oscopicview of micro
nuclei formation in theroot tip cellsof Allium sativum after
24h growthin 50% PETL effluent

prisingly, with 25% effluent concentration the growth
was higher than control (Figure 1). Probable reason
behind thiswould be the ratio of organic content to
inorganic content intheeffluent. Itisproved that efflu-
ent waste could beutilized in plant growth for their or-
ganic contents®. Organic content present in the efflu-
ent might have helped in the growth of the Allium
sativumwheretheinorgani c strength might have been
lesstoinhibit thegrowth.

Itisrecognized that environmenta chemicascould
damagethegeneticintegrity of plants, animasand hu-
mans. Unfortunately, different agentsproducevariable
proportionsof different typesof geneticinjury, suchas
base subdtitutions, frame shift mutations, trand ocations
and chromosomal deletions. Thusitisnot surprising
that thereisno singlemethod avail ablefor the screen-
ingof al geno-toxic substances. Somaticcellsareeasier
toanalyze, but sincethetype of event scored isgener-
ally not heritable, one must extrapolateto the gonadal
tissues(meictic cels) in order tojudgegeneticrisk and
other tissuestojudgecarcinogenicrisk. Ingenera, more
relevant the aberrations are to genetic risk, themore
effort isrequiredto detect them. Theuseof micronucle
to assay chromosomal damageisconsistent withthis
pattern. Chromosomal aberrations produced in atar-
get cell population can be measured more easily by
monitoring micronucle appearingin adescendent cell
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TABLE 1: Physico-chemical analysisof theindustrial efflu-
ent

Sr.No Parameters Amount in mg/lit
1 pH 8.3
2 Conductivity 4.3
3 Total dissolved solids 2940
4 Suspended solids 320
5 Chlorides 720
6 Sulphates 360
7 COD 6730
8 BOD 3810
9 Sulphides 0.9
10 Dissolved Phosphates 11
11 %Sodium 91%
12 Oil & Grease 9

population rather than by direct metaphase analysis®.
Thusathough the measure of geneticriskisnot direct,
lesseffort isrequired to measureit. To date micronucle
assays have been used with avariety of target organ-
ismsand cellsincluding plants. Micronucle havebeen
recognized asindicatorsof genotoxic damage. Itisgen-
erally accepted that micronuclei ariseprimarily from
chromosomefragmentsthat are not incorporated into
daughter nuclel at thetimeof cdlular divison™. They
may a so be generated from whol e chromosomesthat
areexcluded from the tel ophase nucleus dthough the
loss of wholechromosomeismuch alesscommonre-
sult of chemica sthanin chromosome breskage™. The
principa mechanism by whichmicronucle arethought
to beformed is presented below.

Abberationsinduced by clastrogensduring inter-
phase may include an accentric chromaosoma fragment.
Centromereistheorgandleof chromosomemovements
during anaphase. If thisfragment isnot caught upinthe
cytoplasmic flow when thechromosomesaredrawvnto
the polesof thedaughter cells, they appear inthe cyto-
plasm asamicronucleusi.e. asmal, round chromatin
positive body which stainslikethe nucleus. In Allium
sativum(Garlic cloves), root meristamatic cellsarea
suitable cdl population inwhich thefrequency of mi-
cronuclel can bemonitored. Alliumsativumoffersthe
best condition for this experiment first on account of
their small sizeyet with many rootsand secondly one
garlichbulbyieldsseverd cloves. Thismakestheentire
materia of the samegenetic origin. Theroot meristems
of Allium sativum are employed for assaying micro-
nuclel, andmitoticindices.

Inthecurrent study, root merissemswereimmersed
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invarious concentrationsof PETL industrial effluents
from 25%, 50%, and 100%. Duration of thetreatment
was 24 and 48 h. Root tipswere randomly processed
following standard aceto-orcinetechnique after fixing
them in 1:3 aceto-al cohol and 5000 to 5700 cellswere
scored to determine mitoticindex. Mitoticindex was
severdly reduced in 50% concentration of the effluent
(Figure?2).1n 100% PETL effluent treated bulb showed
completeroot growth inhibition (Figure 1). Testscon-
ducted showed adecreaseinthecell divis onfrequency
with increasing concentrations of the effluent at 50%
(Figure 3). Thereason for thischangewould havebeen
dueto micronucle formed asareason of chromosomal
breakage and consequently forming acluster. Thiswas
clearly observed inthe study (Figure2 & 3).Themi-
toticindex asoindicatesthedecreasein mitotic divi-
sons

In conclusion, the present work indicates a cost
effective method to assessthe cytotoxic effects of in-
dustrial effluentsusing the Alliumsativum. These ef-
fluentsinhibited the growth of therootswhich may be
duetotheinhibition of themitotic cell divisonshappen-
ingintheroot tips. Theresultsa so showed concomi-
tant declineinthemitoticindex withtheincreasein ef-
fluent concentration and duration of trestment time.
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