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ABSTRACT

Physico-chemical and microbiological parameters eveanalyzed in leachate affected groundwater samples
obtained at different locations viz. Bhanpor DistyiUnion Carbide Area, Shivnhagar, Mohali villagegoples
Group Colony and Nishatpora. during December, 2008/1ay 2009 in order to assess the impact of letecha
percolation on groundwater quality in District, Bbal (M.P). Different physico-chemical parameter$i(protal
Dissolved Solids, Electrical Conductivity, Dissalv®xygen, Free Carbon dioxide, Alkalinity, Chlorideotal
Hardness and Biological Oxygen Demand) and badigioal parameters (Total Coli form, Fecal Coli fos and
Fecal Streptococci) were analyzed using standarthatmlogy in each of the collected samples. Tois¢alved
solids (TDS), electrical conductivity (EC), and ‘Nexceeded the World Health Organization (WHO) tuiee
levels for drinking water in 62.5%, 100%, and 37.8%6the groundwater samples respectively with pld &e
exceeding WHO limits in 75% of the samples. Owltesuggest the altered Physico-chemical and biadogical
parameters compared to the drinking water standdaid by Indian Council of Medical Research (ICM&)d
World Health Organization (WHO). For example theadtical conductance was in the range of 980 — 1<iéfens.
A good number of samples are also showing sigmifieanount of organic matter that provides nutritifor the
growth and multiplication of microorganisms, thust fit for drinking purpose. Thus it was concludédt most of
the water samples were non-portable for human ksethge to high concentration of one or the otherapaster and
some remedial measures are suggested to redudeefugroundwater contamination via Leachate perdotat
hence the present study demands for proper manageheastes in Bhopal.

Key Words: Landfill site, Leachate, Ground water Quality, Bioghemical characteristics, Bacteriological
parameters, Health risk.

INTRODUCTION

Municipal solid waste (MSW) disposal is a globahcern, most especially in developing countries srthe
world, as poverty, population growth and high uibation rates combine with ineffectual and undedeoh
governments to prevent efficient management of egafl,2]. Landfilling is the simplest, cheapest amolst cost
effective method of disposing of waste in both deped and developing nations of the world. Howevwemnost
developed nations there has been a reduction imuh#er of landfills as well as the amount of MSamdfilled
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over the years. There is a common misconceptionsinae the materials placed in MSW landfills aesibally
household wastes, they are relatively "safe" andlavaot likely adversely affect public health ancbgndwater
guality. One need only consider the propositiodririking the ooze that develops at the bottom gadbage can or
the water used to clean a garbage can to underiiahd is not desirable to have municipal solidste leachate in
one's drinking water. Even adding a drop of suabhage-can-derived liquid to a glass of drinkingeavat.e., highly
diluted leachate, would not be considered desirald this is what happens when municipal solid terdandfill
leachate is allowed to contaminate water that isonid be used for domestic supply. A similar corrgmam can be
made with regard to construction and demolitionridedind rubble (sometimes classified as inert v&steat some
try to advocate as "safe" for land burial with miail restriction. Wastes placed in landfills are jeabto either
groundwater underflow or infiltration from precigiion and as water percolates through the wasfacks up a
variety of inorganic and organic compounds, flowmg of the wastes to accumulate at the bottonheflandfill.
The resulting contaminated water is termed 'le&tetd can percolate through the soil [3]. Municiadfill
leachate are highly concentrated complex effluaritieh contain dissolved organic matters; inorgasumpounds
such as ammonium, calcium, magnesium, sodium, giatas iron, sulphates, chlorides and heavy metath sis
cadmium, chromium, copper, lead, zinc, nickel; aedobiotic organic substances [4, 5].

Leachate varies widely in composition dependingramy interacting factors such as the compositiahdepth of
waste, availability of moisture and oxygen, laridfisign, operation and age [6]. Leachate commosii primarily
a function of the age of the landfill and the degoé waste stabilization. The stabilization of veaist suggested to
proceed in five sequential or distinct phases [fd the rate of progress through these stages isndept on the
physical (availability of free oxygen), chemicaldamicrobiological conditions developing within thendfill with
the passage of time [8]. Historically, water bodies/e been the main center for the developmentuofam
settlement indicating that water is an essentiatroodity for life. In the beginning water from thessources was
clean and too portable. But in due course of tidue to population explosion, heavy industrializatémd excessive
use of fertilizers and pesticides water gets drallyi polluted especially ground water [9,1@s per the future
prediction, the amount of waste generated arousdwtbrld which stands at 12.7 billion tones in 2000 be
increase to approximately 19 billion tonnes in 2G2& to approximately 27 billion tones in 2050 B of
Ministry of Environment, Japan, 2006). Asia, intpardar, will see especially dramatic increasesh@ amount of
waste generated. Furthermore, the municipal sofist&{MSW) generation amount in India, which wa$ kg per
person per day in 1995 expected to grow to 0.7 éxgperson per day by 2025 (Source: SecretaridheBasal
Convention). The amount of MSW generation rate liotterms of per day and per capita basis for gwes most
important metros are shown in Fifj[11-13]. Moreover, the collection, transportation and dsg of MSW are
unscientific and chaotic in India [14]. Nearly #ie Indian cities dispose off their waste simplydwynping and the
environment friendly way of disposal like compogtincineration constitutes only about 9% [15,16]this big
amount of MSW will not be managed properly, it viiive a severe impact on environment. The wastageament
policies and strategies are still struggling whie tonflicts arising between developmental andrenmental goals.
The draft National Environmental Policy of 2005, iethincorporates the concept of the 3Rs, is culyamider
consideration (MoEF, India). The ever increasingnded for larger space for the disposal of domestitindustrial
wastes generated from urban areas makes landéllashecessary component of the urban life cydes& low-
lying disposal sites, being devoid of a Leachatkection system, landfill gas monitoring and cotlea equipment,
can hardly be called sanitary landfills and aregbtential threat for water resources, especiaibugdwater. The
pollution threat becomes more important in regishere fractures or weak zones are present eitsebgneath the
landfill or in its surrounding area.The impact aehdfill sites on groundwater has been attemptedliffgrent
workers in different perspectives [17-2BJost of the works cited above are focused onszhsg the pollution risk
to groundwater due to landfill by using invasive wasll as non-invasive methods. In view of lack abper
documentation on the characteristics of the wastestigations on landfill become a very diffictidtsk. In their
study landfill sites have proved as a potentialbptde cause for the nitrate contamination in theugdwater
environment of National Capital Territory (NCT) -eli [26]. Dissolution of solid waste combined witainfall
produces a large quantity of polluted water infdren of leachate [27]. In Athena region the grdwater quality
has been greatly affected by the leachas®#sce most of the parameters examined were fdigh in their
concentrations [28]Consequently number of cases of water born dise@agdeen seen which poses a serious
threat to human health [29]. So, it becomes necgdsaobserve the demand and pollution level ofug water
[30]. Several experimental studies on ground watrity analysis are regularly performed by diffareesearchers
and scientists across the world [31-33]
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In connection to this, the present experimentalkwsran attempt to examine the effect of landfill groundwater
quality with respect to physico chemical and bactegical parameters, with special reference to@i¢M.P).

EXPERIMENTAL SECTION

Sample Collection:

A random sampling method was employed to colleetgfound water samples during December, 2008-M&@ 20
with due consideration to represent land use pgttepography and areas close to dumping site. [@te&tions
selected for sampling are; Bhanpor District, Un@@arbide Area, Shivhagar, Mohali village, Peoplesu@rColony
and Nishatpora. The samples for physicochemicalysisawere collected in sterilized plastic canesilevtas
samples for bacteriological analysis were colleétesterilized microbiological glass bottles.

Physicochemical analysis:

In order to observe the variation in quality of eratlue to landfill leachate, the samples colleétech hand pumps
in air tight sterilized plastic canes were subjddteanalysis of major physicochemical water qualsrameters like
temperature, Electrical conductivity (EC), pH, Tiadessolved solids (TDS), Dissolved Oxygen (DO)eé&ICarbon
dioxide, Alkalinity, Chloride, Total hardness, Calm Hardness, Magnesium Content and Biological @ryg
Demand (BOD) as per the methods of assessmenbohdrwater quality described in “Standard Methautstiie
examination of Water and Waste water, American ieublealth Association [34]. The pH, EC, TDS and
Temperature were recorded on site with digital pldtan digital EC meter, digital TDS meter and dibit
thermometer respectively. For the analysis of lgjmal oxygen demand (BOD), 250 ml capacity BOD lesttvere
used for the collection of samples and dissolvegher was fixed on site. The dissolved oxygen andBfas
estimated by Azide modification of Wrinkler meth¢@4]. The free C@ Alkalinity, Chloride, Total hardness,
Calcium hardness and Magnesium content were arthlygétrimetric method [34].

Bacteriological Parameters:

For the analysis of bacteriological examinatiorg tater samples were collected in air tight stadi glass bottles
and were immediately brought to the laboratory.sEhgeamples were then kept in refrigerator at teatpes below
4°C until analyzed [34]. For bacteriological examioatTotal coliform, Fecal coliform and Fecal stregicci
organisms were studied by using the standard nhiltijoe dilution tests for the estimation of humbe&rcoliform
groups and Streptococcus groups [34, 35].

RESULTSAND DISCUSSION

A total of 36 ground water samples from differeahtl pumps and tube wells, used by the people ngsidiclose
vicinity of landfill site of Bhanpur, Bhopal cityM.P) were collected in clean plastic canes andilizest

bacteriological bottles and were brought to labmmafor analysis [36, 34, 35]. The data revealeat there were
considerable variations in the examined samplaws fidferent sources with respect to their physiamlcal and
bacteriological characteristics and indicated thaality of ground water considerably varies frontdtion to
location. The under ground water of the selectedsais characterized by a constant temperature r@fngoout 13
C to 24 C and the highest temperature was recorded inl®sdproup Colony of the range of abouf@gFig.-1).

The electrical conductance was highest in waterpsesrof Union Carbide Area, Shivpora, Mohali VikaBhanpur
District, Bhopal (M.P) of the range of about 980490 simens (Fig.-2). It is well known that elecaticonductance
of water increases with salts. Total dissolveddsoland conductivity can be used to delineate edlchr and
conductivity is proportional to the dissolved sslid

In the present study, pH variation is brought almuthe organic matters that find assess to aguiféren it moves
along with interior water land surface. The pH @snd between the range of 6.0 — 8.0 and the d#sitamit for
drinking water is 6.5 —8.5 (Fig.-3). Beyond thisiii water can affect the mucous membrane in hunuaty 30].
Therefore the results indicate that most of theewaamples showed the pH within the desirable rafigmrtable
water.

The water samples from Union Carbide area wereddonpossess TDS value in the range of 650-1180, ppm

whereas the TDS value was found to be low for tldewsamples collected from the Peoples Group Qoo
Nishatpora which indicate that the recharging adenground water through either rain water or bywlager from
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nearby canals. The Shivnagar, Mohali village andriftur area were found to contain TDS value of dmge of
about 650-1180 ppm (Fig.-4). These TDS values ithdisate the percolation of some solid wastes fthenlandfill
site into the ground water.

Dissolved oxygen present in drinking water addsetasd it is highly fluctuating factor in water. ift of great
importance to all living organisms and is consideiebe the lone factor which to a greater exteméals the nature
of aquatic system even when information on othessjglal, chemical and biological parameter is natilable [36].
In the present investigation, dissolved oxygen eohtaried in the range of 1.0 — 5.4 mg/l and tighést value was
found at Bhanpur district (Fig.-5).

The free CQdissolved in water is essentially the only sowftearbon that can be assimilated and incorporiated
the skeleton of the living matter of all the agoatiutotrophs and once fixed it can further be z€di by the
organisms of other categories. In the present sftely CQ at the Union Carbide Area, Bhanpur area, Mohali
village and Shivpura was found between the rang0e88 mg/l, while at Peoples Group Colony and Kipbra the
value was found between the range of 9-24mg/| {jgThese values also indicated the pollutionrolugd water.

In the present investigation pH value did not e’cB& and therefore carbonate ions were absentn\Witleer of
the two ions (C@or HCQ;) ¢is absent the value of the remainder is equal éadbal alkalinity. The alkalinity was
found between the range of about 25 mg/l to 78 eiglUnion Carbide area, Peoples Group Colony astidtjpura,
while at Bhanpur village, Mohali village and Shivpualkalinity lies between the ranges of 42-1041r(igg.-7).
Therefore these values signify that there is patom of industrial wastes which showed pollutidrgmund water.
A significant presence of anions like chloride lisoaobserved in the water samples under investigati has been
observed that greater amount of anions in driniater causes diarrhea. The chloride amounts isdhgles range
from 22 — 83.99 mg/l at Union Carbide Area. At flura and Mohali Village the chloride value rangesrf 85.99
—174.99 mg/l. In the area of Bhanpur the chlorgeges from 94 — 195 mg/l. The maximum chlorideugalas
found at the Peoples Group Colony and Nishat Reith, the range of about 166 — 337.29 mg/| (Fig.+8gre it is
observed that the chloride content is much highantpermitted values of WHO and ISI which indicaties
pollution of ground water of these selected sites.

The summation of calcium hardness and magnesiuginbss is regarded as the total hardness of watehel
present investigation it has been observed thatidignesium concentration is two fold higher thaat tf calcium
concentration at Union Carbide Area, Peoples Gf@olpny and Nishatpura. At theses sites, the Watempdes has
registered higher value of magnesium of the rarigebout 55.96-104.96 mg/l, 89.58-107.97 mg/l andd@29.23
mg/l respectively and the lower values of calciuwneentration of the range of about 21.20-41.21 nM&/l97-20.18
mg/l and 15.91-20.15 mg/l respectively, while asShivpura, Mohali village and Bhanpur village, th&ues of
calcium was too higher than that of magnesium c¢urdgad the value of calcium at these sites wagdecbbetween
the range of about 23.54-70.64 mg/l, 23.54-70.64l mugd 23.44-71.16 mg/l respectively, while the megjum

content was recorded at the range of about 0.386281g/l and 8.39-21.11 mg/l respectively (Fig.-9:1The

limiting values prescribed by ISl and WHO are mieds than reported values which indicated much rpolietion

of heavy metals.

BOD approximates the amount of oxidized matter gmeén the solution and this parameter can be tsegtcess
the degree of pollution due to organic matter afnan and animal origin. In the present investigatidmas been
found that higher BOD value was recorded in theewsamples collected from Bhanpur and Mohali vélagth the
range of about 0 mg/l- 1.1 mg/l which revealed thatwater samples are polluted to some extent-(iAy

Most of the water samples contain significant anmiafrorganic matter that provides nutrition for thewth and
multiplication of microorganisms. The present irtigegtion has shown the values of the range of aB8t2400 of
MPN coliforms per 100ml of water sample, while las feacal coliform and feacal streptococci exhibities below
hundred per 100ml (Table 1), which indicates thaesiof the water samples contain microorganismsitiaicates
the contamination of ground water [34].

While there are some who attempted to minimizecthr@amination of groundwater by MSW landfill leatdhaf the
type generated today, as large amounts of highgarg@us industrial chemicals are prohibited fronmépealisposed
off in municipal landfills, which is not based uptethnical facts. Most monitoring programs measnly about
200 of the more than 60,000 chemicals in commeavday, many of which could be present in municipalds
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waste. the chlorinate 2-phenoxypropionic herbicigesubiquitous in MSW landfill leachates in the[8/8. There
are likely to be many other potentially hazardoustber deleterious chemicals and are yet to betifited in MSW
landfill leachate. It is therefore clear that todagociety had not found all of the highly hazasiohemicals that can
cause cancer (carcinogens), birth defects (terag)gand mutations (mutagens) till date and thég@yhhazardous
chemicals or hazardous transformational produesdhe now part of the non-conventional contamsamtMSW
landfill leachate will be still found in the future

Drinking water quality standards as recommended by BIS and WHO

BIS standards

Parameter* Desirable Max. permissible WHO standards
Color 5 25 —
Odor Unobjectionable Unobjectionable -

Taste Agreeabl Agreeabli -

pH 6.5-8.5 6.5-8.5 6.5-9.2
TH 300 600 300
TA 20C 60C 50C
TDS 300 1500 250

cr 250 1000 200
SC& 25 40C 50
NOs 45 45 0.5

F 1.0 1.5 100
ce” 75 20C 15C
Mg** 30 100 200

K* - - 200
Na" - - 15
nhy* - 0.0
Phenol - 0.3

B - 0.3

Fe -

"Except pH and color (hazen unit) all unit are i i’

O Temp (T)

30.0

25.0 ~

iH

H

20.0

i
H

15.0 ~

10.0

5.0

0.0 T T T 1
Union Carbide Shivaji Nagar Mohali Village  Bhanpur Peoples Nishat park
Area Grop.

Fig 1: Samplesfrom Different water bodies showing Temperature
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@ conductivity (micro simens)

1400 -+
1200
1000 -+

800 ~

600

400 -

200

O T T T T 1
Union Carbide Shivaji Nagar Mohali Village Bhanpur Peoples Nishat park
Area Grop.
Fig 2: Samplesfrom Different water bodies showing conductivity
O pH

7.2
7.2
7.1
7.1+
7.0

T
7.0 A
6.9
6.9
6.8 -
6.8
6.7 ‘ ‘ ‘ ‘

Union Carbide Shivaji Nagar Mohali Village Bhanpur Peoples Grop. Nishat park
Area

Fig 3: Samplesfrom Different water bodies showing pH
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o TDS (mg/l)

1200.0
1000.0 T T

800.0 ~ T

600.0 ~

400.0 +

200.0 ~

0.0 - ‘ ‘ ‘ ‘
Union Shivaji Nagar Mohali Bhanpur Peoples Nishat park
Carbide Area Village Grop.
Fig 4: Samples from Different water bodies showing TDS
o DO (mg/l)

4.5

3.0

2.5 ~

2.0

1.5 ~

1.0

0.5 ~

0.0 \ \ \ \ \

Union Carbide Shivaji Nagar Mohali Village Bhanpur Peoples Grop. Nishat park
Area

Fig 5: Samplesfrom Different water bodies showing Dissolved oxygen
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@ CO2 (mg/l)

40.0 +

35.0

30.0 +

25.0

20.0 +

15.0

10.0 A

5.0

0.0 ‘ ‘ ‘ ‘ ‘

Union Carbide Shivaji Nagar Mohali Village  Bhanpur Peoples Nishat park
Area Grop.
Fig 6: Samplesfrom Different water bodies showing dissolved CO,
@ Alkalinity (meqg/l)

90.00
80.00 +
70.00 +
60.00
50.00 +
40.00
30.00 +
10.00 -

0.00 ‘ ‘ ‘ ‘ ‘

Union Carbide Shivaji Nagar Mohali Village  Bhanpur Peoples Nishat park
Area Grop.

Fig 7: Samplesfrom Different water bodies showing Alkalinity
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@ CI (mg/l)
400.0
350.0
| T
300.0 T
250.0 I
200.0 - -
150.0 L L I -
100.0 - = L
50:0 I —
00 L= | |
Union Shivaji Mohali Bhanpur Peoples Nishat park
Carbide Nagar Village Grop.
Area
Fig 8: Samplesfrom Different water bodies showing Chloride concentration
O Total Hardness (mg/l)
700
600 -
T
500 i
400 - I T
300 T L
200 - T T L
100 + L L
O T T T T T 1
Union Carbide Shivaji Nagar Mohali Village Bhanpur  Peoples Grop. Nishat park
Area

Fig 9: Samplesfrom Different water bodies showing Total har dnessin the form of Calcium content.
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@ Hardness (mg/l)

60.00
50.00 T
40.00
30.00
20.00 T

0.00 ‘ ‘ ‘ ‘ ‘

Union Carbide Shivaji Nagar Mohali Village  Bhanpur Peoples Nishat park
Area Grop.
Fig 10: Samplesfrom Different water bodies showing Hardness
@ Mg (mg/l)

140.00
120.00 -
100.00

80.00 +

60.00 -

40.00 -

20.00 ~ ﬁ ﬁ ﬁ

0.00 ‘ ‘ ‘ ‘
-20.00 - Union Shivaji Nagar Mohali Bhanpur Peoples Nishat park
Carbide Area Village Grop.

Fig 11: Samplesfrom Different water bodies showing Magnesium content
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@ BOD (mg/l)

0.3

0.2

0.1

LT T —— I

Union Carbide Shivaji Nagar Mohali Village Bhanpur Peoples Grop. Nishat park

Area
Fig 12: Samplesfrom Different water bodies showing Biological oxygen demand
TABLE : (1) Bacteriological Characteristics of Ground Water
Area/Site Total Colifcrm Faecal Coliforr Faecal Streptococ
1) Union Carbide
1 75 <3 9
2 93 <3 9
3 210 <3 20
4 23 <3 <3
5 3 <3 <3
6 3 <3 <3
2) Shivnagar
1 15 <3 4
2 15 <3 15
3 4 <3 43
4 150 <3 7
5 23 <3 4
6 43 <3 <3
3) Mohali Village
1 9 <3 <3
2 39 <3 <3
3 > 2400 <3 39
4 > 2400 <3 93
5 28 <3 21
6 > 2400 <3 9
4) Bhanpur Village
1 29 <3 <3
2 24 <3 <3
3 <3 <3 <3
4 <3 <3 <3
5 6 <3 <3
6 9 <3 <3
5) Peoples Group
1 9 <3 <3
2 39 <3 <3
3 23 <3 21
4 43 <3 <3
5 28 <3 <3
6 <3 <3 <3
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6) Nishatpora
1 75 <3 <3
2 93 <3 <3
3 210 <3 39
4 23 <3 93
5 <3 <3 <3
6 <3 <3 <3
CONCLUSION

The present experimental work revealed that moshefphysico-chemical parameters of ground watenast of
the sites nearby landfill area of Bhopal distriet aot in accordance with the normal standardsoofaple ground
water. Bacteriological parameters analyzed in émelfill area also lead us to conclude that the igiovater is non-
portable for human consumption and emphasized aequid effective monitoring of such hazardous sifes
particular attention should be paid to the tubelsveituated near to the landfill area and the gdowsater nearby
landfill area should be properly treated for makitngafe for human health as municipal solid wéatelfill leachate
contains a wide variety of hazardous chemicalsyeotional contaminants, and non-conventional coirtants.
Contamination of groundwater by such leachate nenleand the associated aquifer unreliable for elstic water
supply and other uses; "remediation” treatment doésestore their quality. Focus must be placegrewention of
pollution of groundwater by MSW landfill leachat@ommonly used indicator parameters (e.g., pH, TDQGX,

TDS) do not provide adequate sensitivity to detecipient landfill leakage. Typically, but not alys the VOC's,
such as TCE and its transformation product vinylogtle, are better indicators of leakage than thaicator
parameters that are often used. A monitoring pragnaust include routine measurement of a wide waradt
chemicals that are known or suspected to be pras¢éme landfill that can be measured at very l@naentrations.
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