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Abstract - River Ganga along with its tributaries is the lasgjend also a very important river basin of
India. The river Ganga, a holy river has over theags been subjected to tremendous pressure due to
discharge of untreated sewage, industrial effluergsidues of pesticides and insecticides usedrmd
which has adversely affected the ecological healftthe river and its basin The objective of thisdst
was to identify and quantify some selected pestcidoth organochlorine and organophosphorous
present in water of River Ganga at Bhagalpur. Thessticides are mainly used to control the soil and
crop pests in agricultural fields and direct dumgiaf wastes in to river systems. Combination oif the
physico-chemical properties such as low aqueousbddly, moderate vapor pressure and octanol —
water partition coefficient and persistence in tkavironment make them capable of long-range
transport. Water samples from 3 sites (up stream, stream and down stream) were collected and
analyzed for their pesticide profile. The study &®wn the presence of both organochlorine and
organophosphorous pesticides in the water of R@anga at Bhagalpur. Liquid-liquid extractions
followed by GC-ECD were used for the determinatibthese compounds. Among the various pesticides
analyzed, high concentration of Methyl parathiongBsulfan and DDT were observed in water samples
collected from the River Ganga at Bhagalpur. Esalggithe concentration of DDT was quite high which
might be due to slow degradation of DDT in soil ¥& —100% in 4-30 years. The present study was fir
attempt to identify and quantify some selectedigdet in water and sediment of the river Ganga at
Bhagalpur, and may be important as the Bhagalpty gets its water supply from the river for dringin
purposes.
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Introduction they cause. Oraganophosphorous pesticides, orthke lrand,
Several hundred pesticides of different chemicafre known to degrade rapidly depending on theimfdation
nature are currently used for agricultural purpcslésver the Method of application, climate and the growing stag the
world. Because of their widespread use, they atectid in  Plant.
various environmental matrices, such as soil, waret air. The general progression of pesticide development
Pesticides are divided in to many classes, of whighmost has moved from highly toxic, persistent and biotewualating
important are organochlorine and organophosphorougesticides such as DDT, to pesticides that degrapiily in
compounds. Organochlorine pesticides are known efsistr the environment and are less toxic to non-targgamisms. The
biodegradation and therefore they can be concenttatough ~ developed countries have banned many of the oldstigides
food chains and produce a significant magnificatifnthe ~ due to potential toxic effect to man and\or thenpact on
original concentration at the end of the chairhds been cited €cosystems, in favour of more pesticide formulatiom the
that the degradation of DDT in soil is 75-100% 3@l years. developing countries, however, organochlorine peks still
Due to long residence time of these substanceshin t
environment, there is a great interest in examitiirggpollution
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remain the cheapest to produce and, for some pesposmain
highly effective. Developing countries maintain tththey

cannot afford, for reason of cost or efficacy, tanbcertain
older pesticides. The dilemma of -cost/efficacy, suer
ecological impacts, including long range transpartg access
to modern pesticides formulations at low cost remaa
contentious global issue. Pesticides like DDT ar@HHwere
used extensively in India till recently both forriagltural and
sanitary purposes. It is estimated that about 25B00 of

chlorinated pesticides were used annually in lretid DDT

Study area

The study area included the Gangetic stretch in
Bhagalpur starting from Champanala Nathnagar tomiBgrghat
Barari. (Fig.1 & 2)

A total of three sampling locations were selected o
the Southern bank of Jamania river channel and &ang
depending upon the presumed water quality and exdén
pollution. They were Champanala (site |, upstreavignd ghat
(site I, midstream) and Burning ghat (Site Il vatstream).

accounted for 40% of this grofth Pesticide residues reach the Sample Collection

aquatic environment through direct runoff, leachirand
careless disposal of empty container, equipmenhivgsetd?:
Surface water contamination may have ecotoxicoldgifects
for aquatic flora and fauna as well as for humaalthef used
for public consumptiof® * > ¢ In India, the concentration of
these pesticides have been detected in almose@thents of
environment due to their extensive use in past.clwhiave
shown potential to biomagnified/accumulate in aditissue,
human blood, adipose tissue and breast MilkSince the
pesticides are lipid soluble in nature, cumulatheeumulation
of low of these in the body fat of mammals mights@o
potential hazards in long ruffl. The city of Bhagalpur
(85°59°E longitude and 25°15'N latitude) is located the
southern bank of river Ganga with an elevation @2 Teet
from the mean sea level. Bhagalpur, the silk ci#geive about
5 mega gallons of untreated waste water per dalding
effluents from urban settlement, dying industrather shoes
and slippers manufacturing units, hospital and gatfical
laboratories etc. Besides, most of the residentstha
neighboring villages of Bhagalpur city are farmarsd their
livelihood depends on their agricultural producheTbjective
of research was to carry out a systemic study entification
and quantification of selected pesticides residndsth water
and sediment of river Ganga. The results obtaimech fthis
study are presented in this paper.

Material and Methods

Analytical procedure

Liquid-liquid  extraction followed by gas
chromatographic detectd? and *® with some modification
was used for the determination of pesticide residaeliter of
water sample was filtered using 0.45-um whatmassgféber
filter paper (washed in acetone and dried in oveermght).
To this 50 ml of phosphate buffer was added andwz$
maintained to 7. Now mixture of diethyl ether anekéne in
sulphate and made up to 5 ml with hexane.

The samples thus prepared were
analyzed. The pesticides standards (99.9%) purty supplied

from Aldrich Chemicals Germany. Using standard sas\p

containing known amounts of pesticides, accuracy ttud
determinations was routinely checked. All analysése carried
out in duplicate and recoveries of individual pesiés were
determined through spiked sample method, which ieued
between 98-99.5%.Recovery correction factors wemied to
the final results. The results obtained for theiowss water
samples are presented in Tables 3 and Fig. 4.
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The water sample of the river was collected in
sterilized plastic container. Duplicate samples fasticide
measurement were collected from each samplingitotathe
containers were carefully filled just to overflowinwithout
passing air bubbles through sample or trappindalibles in
sealed container. Preparation of the containerduded
washing with detergent rinsing with tap water airddaying.
The collected samples were preserved in an icebok a
transported to laboratory as early as possiblafiatysis. After
transportation to the laboratory, samples wereest@t -20°C
and extraction was normally done within 48 houramgling
was carried out for two years on seasonal basishtoperiod
of January 2006 to December 2007.Samples were zethin
Pesticide and Toxicology Laboratory, DepartmenZoblogy,
Delhi University, Delhi.

Chemicals and instrumentation

The solvents used for extraction i.e. diethyl etsd
hexane were obtained from Merck. Standards of titsdes
and their metabolites of 99 percent purity wereawted from
Aldrich Chemicals Germany. GC- ECD Condition. The
pesticide residues were analyzed by gas chromatbgréGC)
supported by electron capture detector (ECD). Hb®ratory
used Varian GLC with ECD Model No. 6800. Nitrogemasy
used as the carrier gas and makeup gas and thetionje
technique was in the split mode .The GC conditinsed are
furnished in Table 1. The retention times obtairied the
various pesticides residues are given in Tabled?Fag.3.

the ratio of 1:1 was taken in a 2 liter separafingnel, and 1
liter of water sample mixed with phosphate buffesvadded to
it and was shaked vigorously. The layers were abbto settle
down and pass through separating funnel and cetlecthe
extraction was repeated thrice and the solutiorainobd was
filtered with a pinch of sodium sulfate. The comdsnextract
were filtered and concentrated in a vacuorotaryexator. The
solution thus obtained was filtered with a pinch safdium

and Discussion

It is well known that most of the applied pesticde
are subject to many transport and conversion ptsdddhus
they do not remain at their target site but oftatee aquatic
environment via soil percolation, air drift or sagcé runoff
affecting abundance and diversity of non-target cigse
producing complex effect on the ecosystems andrirate
tropics interaction§™.

The results of the analysis of the water samplas fr
river Ganga at Bhagalpur have shown the presendeothf
organochlorine and organophosphate pesticides.
compounds detected were Lindane, Methyl-parathion,

The
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Endosulfan (the isomers alpha and beta endosulfaud) DDT
(the isomers orthopara and para-para DDT).

Concentration of organochlorine and
organophosphate pesticides (Lindane, Endosulfan isd
isomers and DDT and its metabolites) in water e&f @anga
River, during different season of study period @@J) are
summarized in Table 3 and Fig. 4. In Ganga Riverseasonal
as well as site trend was observed in the disinbubf
pesticides. It was invariably higher at site Iriver water.

Some physico-chemical parameters viz. pH has direct
influence on the solubility of these pesticidesiirer water of
Ganga.

The discharge of agro-chemicals from flood plains,
agricultural fields through agricultural run off ghit have
contributed to the elevated pesticide concentratibisite .
The increased concentration of DDT at site Il iater of river
might be due to discharge of medical wastes fromMIML
College Hospitals, which is channelized directlytarthe river
near Kali Ghat. Hospitals use DDT for public healttivities.
incidents. Endosulfan is a xenoestrogen an endaclisruptor,

It has also been reported that though DDT is bannedausing reproductive and developmental damageimads and

but is a part of many organochlorine insecticidekijch are
not banned. The presence of DDT in high conceotmatight
be attributed to slow degradation of DDT resultinmg
environmental persistenéé.

humans. It is a neurotoxic in insects and mamntatslosulfan
is highly toxic for aquatic organisms and has béngculating
effect especially in fish. The order of concentatiof T.
Endosulfan in river water was: site Il > site |itedll. DDT is
an organochlorine insecticide nearly insoluble iatav with a

Lindane is an organochlorine also known as BHC arfdhlf-life of 2—15 years and is immobile in mostlsoilt is a

HCH. The solubility of lindane in water is 10 rifgind reported
half-life is of 18 hours. The concentration of larg in river
water was low as compared to other pesticides extudihe
concentration of lindane in river water ranged fridiD to 74.04
ngl™. The findings of the present study for river waee in
accordance with the findings Bf, M 2 and*®!. The order of
the concentration of lindane at different sitesiver was: site Il
> site | = site lll. Methyl parathion is an orgammgphate and is
used extensively in agriculture and pest controgpams. It has
a solubility of 24 mgt with a half-life of 10 days to 2 months.
Methyl parathion was absent in Ganga river wateinguthe
entire study period. The present result is in adaonce with the
results of*, It
parathion in river water or present in very low centration.
Methyl parathion being an organophosphate is vexyctfor
mammals as well as aquatic organisms. In mammadshyin
parathion is a nerve toxin and damages the cengalous
system where as in fishes it causes deformatiodo&irfan is
an organochlorine and highly toxic pesticide in ERXicity.

4l and™ who reported either absence of methyf,

persistent organic pollutant. DDT along with itsriger o, p’ and

p, p-DDT were present and o, p-DDT concentratioms
relatively higher than p, p’-DDT in water of riv&anga. This
might be attributed to easy metabolization of DDJ its
metabolites, which are more stable and persisteart parent
molecules of DDT??. DDT was present at all the sites in river
water at sites Il during the study period. In @resent study,
the T-DDT content ranged from ND to 489 hgh river water.

It also indicates about different sources of cotation as well
as slow degradation resulting in environmental ipsce of
these compound¥?. The present result, with reference to river
water, is in accordance with the findingst'8f 24, 221 (18] 23]

201 and “®. The present result indicates that there is
predominant use of DDT in the study area, whichgrgcultural
runoff or surface run off contributes to a heavgdmf pesticide
pollution in water §*.

DDT and its metabolic products magnify through the
food chain and stored mainly in the body fat. D3 Tclassified

The solubility of endosulfan is 0.3 mglwith a half-life of 5 as “moderately toxic” byJS National Toxicological Program
weeks in water bup isomer has longer half-life i.e. 150 daysand “moderately hazardous” by WHO. DDT is highlxitoto
under neutral conditions. Though endosulfan is bdrin many aquatic life especially fishes as it can bioaccatealeading to
countries but it is extensively used in India, espléy in these long-term exposure to high concentrations. In huibmgings, the
areas with a trade name Bhdocel excel, Endofil 45, Endumhigher concentration of DDT leads to neuropsychicklgand
etc. In the present study, T. Endosulfan rangeah lBDL to 739 psychiatric symptoms. The order of concentrationTeDDT
ngl™® in river sediments. High concentration of endamulfvas obtained in river water was: site | > site Ill, waas T-DDT
present in water of the riveti- Endosulfan was higher in waterwas either not detected or below detection limiit Il during

samples, the concentration varying from BDL to 78§
wherea$$ Endosulfan was in the range of ND to 157.30™rg|
river water. The high concentration efEndosulfan in water
than B Endosulfan in river might be explained asand 3
Endosulfan are conformational isomers and can
interconnected without breaking bonds. T-Endosulfaas
maximum at site Il. This might be due to extensige of these
pesticides in agricultural activities on the rivanks of site I,
and being an organochlorine it has also a tendetwy
accumulate in the river sediments. The finding lef present
study is in accordance with the findingsts¥ 8, 19 ¢ etc in
river water. A local survey of the market of thieareveals that
endosulfan is extensively used by the farmers @ thgion,
which might be a reason for presence of endoslfasuch a
high concentration. Endosulfan is one of the mastict
pesticides, responsible for many fatal pesticidedsgning

the study period.

From the above discussion, it is obvioud tha order of
the concentration of these pesticides in wateivef iGanga
varied from site to site, and from one location another
becation, with vegetable growing areas having highe
concentrations of endosulfan and lindane (site Where as
location near maize growing areas contaminated @i and
its metabolites (site 1ll). At many sites highemcentration of
these pesticides were found, indicating that they mpresent a
hazard for riverine ecosystem. The analysis of thsults
revealed that neither temporal, nor spatial distiim pattern
was found, perhaps due to the presence of mukiptealeatory
sources. Ganga River receives intermittent input
organochlorine and organophosphate pesticides aldthgtheir
isomers, which are the main contributors to thetipiee
pollution of the Ganga River. The presence of DDdtabolites

(0]
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and BHC in the river indicates continuous use ofTDID the
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Table-1: Column specification and operating condibn of Gas Chromatograph.

Detector El

ectron Capture Detector (ECD)

Column specification

30m x 0.25m x 0.25u

Cpsil-5-CB
Injection port temperature 28D
Detector temperature 3t

Column Programming

210°C hold for 0 min @ 3&/min
270°C hold for 2 min

Total retention time 20.33 min

17G hold for 2 min @ &/min

Carrier gas N, flow

Split ratio 9:1

Carrier gas flow rate 2 ml/min

Back up flow 27 ml/min

Injection volume 2 pl

Total volume of sample

Water — 2 ml.
Soil —= 5 ml.
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Table 2: Retention Time for the pesticides analyzeldy the Gas Chromatograph

Pesticides Retention Time (R.T.)

(in min.)

1 Lindane 3.53

2 Methyl-Parathion 4.64

3 a-Endosulfan 8.77

4 B-Endosulfan 10.57

5 o,p’ - DDT 11.72

6 p,p’ - DDT 13.18

Table 3: Seasonal Pesticides concentration in Gangaer water at Champanala (Site 1), Mond
ghat (Site Il) and Burning ghat (Site I111) 2006-200 at Bhagalpur.

Sites Seasons Lindane,  Methyl a-Endo B-Endo T-Endo o,p- p.p’- T-DDT
Parathion | sulfan sulfan Sulfan DDT DDT
Summer BDL ND 168.09 ND 168.09 ND ND ND
Monsoon BDL ND BDL BDL BDL 78.22 ND 78.22
Winter BDL ND 108.02 BDL 108.02 56.78 ND 56.78
Summer BDL ND 130 ND 130 ND ND ND
Monsoon ND ND BDL BDL BDL 489.00 ND 489.0
Sites ["Winter ND ND 140.08 BDL 140.08 489.00 ND 489.0
|
Summer BDL ND BDL 125.09 125.09 ND ND ND
Monsoon 74.04 ND 512.11 BDL BDL ND ND ND
Winter BDL ND 208.09 ND 208.09 ND ND ND
Summer ND ND BDL 157.30 157.30 ND ND ND
Monsoon 48.30 ND 739 ND 739 ND ND ND
Sites ["Winter BDL ND 739 ND 739 ND ND ND
Il
Summer BDL ND 145 ND 145 ND ND 145
Monsoon ND ND BDL BDL BDL 100.0 112.0 212.0
Winter ND ND 129.08 BDL 129.08 125.0 BDL 125
Summer BDL ND BDL BDL BDL ND ND ND
Monsoon BDL ND BDL BDL BDL BDL ND ND
Winter BDL ND BDL BDL BDL BDL ND ND
Sites
1l

BDL = Below detection limit, ND = Not detected, Betable limit: Lindane = 1.00, Me. Parathion = D0 ®Endosulfan andg-

Endosulfan = 10.00, o, p’-DDT and p, p-DDT = 1.@0l values in nanogram/ litre = ngl
(Analysis done at Pesticide Toxicology LaboratoryDept. of Zoology, Delhi Univ., Delhi, usingarian GLC with ECD, Model

No. 6800.
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Puraini®)
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Figure 1 : Satellite Imagery of River Ganga in Natimagar-Bhagalpur Stretch (Bihar)

Fig2 Research sites along the southern bank of River Ganga and its

%iributary, River Jamania
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Figure 2: Research Site along the southern bank &iver Ganga and its tributary, River Jamania
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Fig. 3 Chromatogram showing retention time for sixdifferent Pesticides
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Figure 4: Range of Concentration of Pesticide at faous Sites in Water of River Ganga (2006-2007).
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