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Landfills provide a quick and easy solution for waste refuse. However, they are potential
threat to the environment, economy and society. The most potent threat generated in landfills are
landfill gas and leachate. Both these waste by products are very dangerous, their composition varies
according to the waste refuse that lands in the respective landfill. They also vary temporarily and
spatially. Due to these two major pollutants and other associated pollutants, landfills have a negative
effect on climate (causing global warming), ecosystem, water resources, land and human health.
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also creates many problems. It initiated the

disposal. These sites were generally selected as
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economic activities were in full flare. Larger the

referred to as landfill sites. Landfilling is one of

scale of economic development and production

the oldest waste disposal methods. It provides an

process, greater the amount of waste generated.
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In India, there is no land left for
landfills. Due to the increased share of

into the soil and groundwater and leakage of
noxious gases into the atmosphere. [3]

agriculture, industries & construction in present
land use pattern, we are running out on the land
Landfill as a refuse disposal method is
for landfilling. There is an urgent need to reduce
easy and cost- effective. However, a complete
the tonnages of wastes which are dumped in the
life cycle analysis highlights the hidden cost
landfill. According to the Municipal Solid Waste
associated with landfills. It has many negative
Act 2016, waste management is to be practised
effects on society, economy and environment at
at each municipality level which includes;
large.
minimization, material recovery, composting,
energy recovery and at last landfilling.[1]

At the level of the society, problems are
the stigma associated with the landfills, people

The typical composition of Municipal
working in landfills are marginalized and
Solid Waste in India is around 40-60% of
outcast.

[4]

People working in landfills or

organic waste, 30-40% of earthen materials,
papers, metals, plastics, leather etc.

[2]

residing near a landfill, face many health
Most of
problems,

respiratory

and

general

health

the landfill sites in metropolitan cities have
impairments like diarrhoea, fungal infection,
outlived their lives. With the passage of time and
ulceration of the skin, loss of memory and
faster rate of economic and population growth,
sometimes they get into depression. Landfill
the solution of the landfill itself has become a
sites also provide an opportunity for vector born
problem to environment, economy and society.
disease like malaria, dengue, etc to spread.
Most of the landfill sites in India are unscientific
Burning at landfill sites produces fine particulate
(specially older sites) and not monitored, and
matter and causes nose and throat infections,
some times tragic incidents have taken place at
these sites. Old landfill sites leak toxic leachate
2
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breathing difficulties, inflammation etc. these

that waste, it is very toxic. Landfill leachate if

have a direct effect on our society.

not properly collected will seep through soil
reaching water aquifers, contaminating surface

The economic cost of land used for
and groundwater.[8] Leachate pollutants include
landfill is very high, this land could have been
organic contaminates, ammonia, nitrates, total
used for some other productive and better
nitrogen, suspended solids, heavy metals (nickel,
economic use. Alternative use of this land could
lead, copper, manganese, chromium, cadmium,
be an economically better decision, specially in
zinc, iron) and soluble inorganic salts. Organic
cities which are under tremendous pressure for
chemical compounds present in leachatesthe land resource.
dichloromethane,
Environmental problems associated with

PAHS,

Benzene,

these

compounds are toxic, persistent and likely to

landfills are gaseous emissions (greenhouse

bioaccumulate.

gases) to the atmosphere, bio-aerosols, dust,

micro-organisms like bacteria, which includes

pathogens etc. Water pollution occurs due to

aerobic, psychrophilic and mesophilic bacteria,

leachate and contamination of surface water

coliform, fungi etc. In some studies migration of

runoff and groundwater.

[5]

When waste is

pathogenic

It is also contaminated with

and

potentially

pathogenic

dumped in the landfill, the organic component is

microorganisms from leachates into soil and

decomposed in an anaerobic condition, also due

water environments has been found. These show

to the weight of subsequent additional layer the

sanitary and epidemiological hazards.[9]

wastes get compacted. Major environmental
Landfill

contamination

sites

are

problems due to the above processes are the
leachate and landfill gases. [6,7]

important sources of pollution and may result in
ecotoxicological effects. They have long-term

The liquid formed when waste breaks

chronic effects. It affects all the levels of

down in the landfill and water filters through

biological organisms right from molecular level
3
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upto the ecosystem level. They affect the whole

constant danger. Carbon dioxide

ecosystem, both structurally and functionally.

released along with methane. Apart from

When

methane and carbon dioxide

the

landfill

leachate

enters

into

is also

which constitutes

groundwater or surface water it makes it

90-98% of landfill gas, remaining gases are

unusable for drinking and other domestic

nitrogen, oxygen, ammonia, sulfides, hydrogen

purposes. These leachates enters food chain of

and various other gases. Odour is a serious

aquatic organisms and bioaccumulate over long-

problem, specially in the hot summer.

term exposure, studies on bacteria
[11]

[12-14]

, crustaceans

plants

[18-21]

,

, fishes

human

[19-22]

[10]

, mollusks

[15-16]

, mice

have

[17]

,

shown

bioaccumulation.

In current scenario, almost every city in
the world is facing the problem of waste
disposal and landfill sites. Landfill sites today

Contaminants from landfills lead to
looks like a demon which is growing day by
toxicity, persistence and bioaccumulation in the
day. Delhi is no exception. It is the capital city
food chain. Landfill leachates are contaminated
of India, the geographical area is 1483 km2 and
by polycyclic aromatic hydrocarbons (PAHS).
[23]

the population is 11,034,555 (census 2011). This
Heavy metals such as mercury, arsenic,
indicates the pressure on land and other natural

cadmium, PVC, solvents, acids and lead have
resources. Associated with the large population
been found in landfills.
is the problem of waste generated. In the city of
Anaerobic decomposition of organic

Delhi, Municipal Authorities are responsible for

material present in the waste results in the

Municipal Solid Waste Management, in their

production of methane, a greenhouse gas

respective areas of jurisdiction. With respect to

(having global warming potential of 25).

landfill sites in Delhi, there are 3 landfill sites,

Methane is also a flammable gas and poses a

Bhalswa, Ghazipur and Okhla

(Figure-1).
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Figure-1: Landfill Sites in Delhi

One

of

the

man-made

landmark

mainly of sand of various grades, silt, clay and

welcoming people entering Delhi from the east

kankar. According to the Central Ground Water

through NH 24 is the famous Ghazipur landfill

Board, long term water level trend (2003-2012)

site. This landfill site has made a mark in Delhi

in East Delhi is in the range 0.62-2.81 m/yr

as been the tallest among all the landfills of

during pre-monsoon fall and range 0.34-4.88

India. It has reached a height of around

m/yr during post monsoon fall. Groundwater in

65meters, just 8 meters short of Qutub Minar.

deeper zones is saline. Depletion of groundwater

Ghazipur landfill site is located in the East of

levels is attributed to over exploitation of

Delhi. Predominant geological formations of

groundwater. Higher iron content is found at

east Delhi is quaternary alluvium consisting

Nangli Rajapur.

5
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Figure-2: Ghazipur Landfill and Shahadra Drain

Ghazipur landfill was set up in 1984, the

Patparganj, Anand Vihar and New Ashok Nagar.

total area is 29.6 ha. Everyday 2000 TPD waste

Water bodies flowing near this landfill is

is been sent to this landfill. It caters refuse

Yamuna River, Hindon River, Shahadra drain.

disposal needs of Shahdara (North and South),

Shahadra drain passes parallel to Ghazipur

City, Sadar Paharganj, NDMC. A fatal accident

landfill. Trilokpuri Sanjay Lake lies within the

took place in September 2017, which killed two

buffer zone of 3-4km. This landfill falls within

persons due to landfill collapse. Residential

Zone ‘O’ of Master Plan Delhi (MPD) – 2021.

areas located within the buffer zone of 5km are

This zone has special characteristics and

Ghazipur,

ecological significance.

IP

Extension,

Mayur

Vihar,

6
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Figure-3: Ghazipur Landfill Location and Buffer Zone Map

Bhalswa landfill is located in North

It was set up in 1992, the total area is

Delhi. Predominant geological formations of

26.2 ha. Everyday 2200 TPD waste is been sent

North Delhi is quaternary alluvium consisting

to this landfill. It caters refuse disposal needs of

mainly of fine sand, silt, clay and kankar.

Civil Lines, Karol Bagh, Rohini, Narela,

According to the Central Ground Water Board,

Najafgarh and West Delhi. Residential areas

long term water level trend (2003-2012) in

located within the buffer zone of 5km are Badli,

North Delhi is range 0.06-3.69 m/yr during pre-

Jahangirpuri, Jahangirpura, Bhalswa, Shalimar

monsoon fall and range 0.04-1.50 m/yr during

Bagh, Siraspur, Azadpur, Nathpura, Model

post- monsoon fall. Groundwater in deeper

Town,

zones is saline. Depletion of groundwater levels

University is also located within 4 km. Bhalswa

is attributed to over-exploitation of groundwater.

landfill site is close to Yamuna River. Other

Pitampura.

Delhi

Technological

7
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surrounding water bodies are Bhalswa lake and

Park, which is an eco-sensitive area, some part

Najafgarh canal. Bhalswa Lake is very close to

of this park falls with a 5km buffer zone (figure-

landfill within 1-3kms. Yamuna Biodiversity

3).

Figure-4: Bhalswa Landfill Location and Buffer Zone Map

where Yamuna Flood Plain occurs, depth to
Okhla landfill is located in South Delhi.
water level varies from 8 m to 22 m.bgl but in
The predominant geological formation of South
rest of the area, it ranges from 30 to 65 m.bgl.
Delhi is valley fill deposit, the alluvium
The fresh/Saline water interface depth varies
thickness varies from 0.0 m to 140.00 m.bgl
from 75 m to 100 m. The thickness of the
(Satbari

village),

below

which

quartzitic
freshwater zone varies from 30 m to 85 m. (NCT

basement rock prevails. The depth to water level
Delhi)
varies widely in this district and is ranging from
8 m to 65 m. In the eastern tract of the district

8
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Okhla landfill was set up in 1996, the

Yamuna River flows close to this

total area is 16.9 ha. Everyday 1200 TPD waste

landfill site and falls within a 5km buffer zone.

is been sent to this landfill. It caters refuse

Kalindi Kunj and Agra Canal are in the near

disposal needs of Central, Najafgarh, South and

vicinity and they are important water bodies of

Cantonment Board. Residential areas located

Delhi. Two eco-sensitive zones Asola Bhati

within the buffer zone of 5km are Badarpur,

Wildlife Sanctuary and Okhla Bird Sanctuary

Govindpuri, Molarband, Jasola Vihar, Devli,

are located close by. Asola Bhati Wildlife

Roopnagar, Mithapur, NHPC colony.

Sanctuary falls within a 2km buffer zone.
Kalindi Kunj park is within a 5km buffer zone.

Figure-5: Okhla Landfill Location and Buffer Zone Map
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Leachate Charateristics at Ghazipur Landfill
600
500
400
300
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100
0

Pre-rainfall June

Post-rainfall sep

Average

Figure-6: Leachate Characteristics at Ghazipur Landfill (2000)
(Data Source: M. Zafar and B.J. Alappat 2000)

Leachate Charateristics at Bhalaswa Landfill
45
40
35
30
25
20
15
10
5
0
Iron (mg/L)

Copper (mg/L)

Nickel (mg/L)

Zinc (mg/L)

Chloride (mg/L. '00)

Figure-7: Leachate Characteristics at Bhalswa Landfill (2009)
(Data Source: Bharat Jhamnani and SK Singh 2009)
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Leachate Charateristics at Okhla Landfill
800
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600
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200
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Figure-8: Leachate Characteristics at Okhla Landfill (2000)
(Data Source: M. Zafar and B.J. Alappat 2000)

TABLE-I
Hydrogeochemistry of groundwater of Ghazipur, Okhla and Bhalswa Landfill: 2004-2007 &
Drinking water quality standard as recommemded by BIS27 & WHO28
(Data Source: Report on “Study of Groundwater Contamination through Landfill Site,
NCT Delhi” http://cgwb.gov.in/INCGW/AL%20Ramanathan.pdf,)

Pre-Monsoon

Post-Monsoon

Standards

Ghazipur

Okhla

Bhalswa

Ghazipur

Okhla

Bhalswa

BIS Max.
permissible

WHO

Ca (mg/l)

66.49

160.54

107.39

71.76

146.61

101.21

200

150

Mg (mg/l)

16.57

38.24

24.86

18.89

33.6

23.33

100

200

Na (mg/l)

149.47

236.01

296.44

150.47

222.7

294.07

NA

1.5

K (mg/l)

43.05

12.35

22.66

44.06

10.52

18.02

NA

200

Cl (mg/l)

241.02

361.77

434.89

234.21

361.59

444.05

1000

200

HCO3 (mg/l)

66.16

83.8

147.81

68.18

85.99

139.87

NA

NA

SO4 (mg/l)

161.72

361.75

238.49

168.92

361.96

236.83

400

50

NO3 (mg/l)

11.89

13.34

19.92

11.93

14.21

22.73

45

0.5

F (mg/l)

3.65

1.16

5.74

3.55

1.13

6.21

1.5

1.5

H4SiO4 (mg/l)

14.09

6.25

22.58

14.29

6.47

23.47

NA

NA

pH

7.6

7.31

7.32

7.21

7.54

7.18

6.5-8.5

6.5-9.2

Parameters

-
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TABLE-II
Groundwater quality at different radial distance f rom Ghazipur Landfill Site
(Data Source: S. Mor et al. 2006)

Parameter (mg/L)

Less than 1km

1km

2km

Iron

0.04

0.17

0.12

Floride

0.85

0.8

0.67

Nitrate

0.6

1.6

Nil

Zinc

0.03

Nil

Nil

Chloride

737

286

58

TABLE-III
Groundwater quality at different radial distance f rom Bhalswa Landfill Site
(Data Source: B. Jhamnani and SK Singh. 2009)

Parameter (mg/L)

Less than 1km

1km

2km

Iron

7.04 mg/L

3.61 mg/L

0.64 mg/L

Copper

0.1 mg/L

0.05 mg/L

0.01 mg/L

Nickel

0.43 mg/L

0.13 mg/L

0.43 mg/L

Zinc

3.37 mg/L

1.11 mg/L

0.02 mg/L

Chloride

1174.2 mg/L

543.12 mg/L

135.36 mg/L

Post rainfall the temperature of the

rainfall colour becomes darker and high hazen

landfill leachate increases. pH before rain is

value is obtained. Hardness, nitrate, chloride and

around 7, however after rain alkalinity increases

Iron are reported to be very high in landfill

in the range of 5-12%. The organic strength of

leachates.

leachate increases after rainfall and some studies
have suggested as high as 85% increase. Post
12
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Groundwater is directly affected due to

population of these residential areas. Yamuna

high pollution load of the landfill leachate and

River and associated water bodies and canal are

its infiltration in the groundwater. The three

passing by in close proximity to these three

landfills are located close to river Yamuna and

landfills.

older and younger alluvium makes it more

contamination is a major threat. More than half

susceptible to leaching. The pH of ground water

of the population of Delhi is dependent on these

is generally neutral. The concentration of ions

water bodies for domestic water supply. Canals

like Ca, Mg, Na, K, F, Cl- , show lower levels in

like Agra Canal, Yamuna Canal etc are back

groundwater post- monsoon as compared to pre-

bone of agricultural communities in the NCR

monsoon, however HCO3, SO4, NO3, H4Sio4

area. They are dependent for their irrigation

shows slightly higher levels post-monsoon. Most

needs on these canals. There are direct chances

of the ions are within BIS maximum permissible

of biomagnifications of these pollutants. Many

limit for drinking water (IS 10500:2012, II

biodiversity and ecosensitive zones of Delhi like

edition), except F which is present in higher

Smriti Van, Yamuna Biodiversity Park, Asola

value then permissible limit. Many studies have

Bhati Wildlife Sanctuary, Okhla Bird Sanctuary

shown as the radial distance from the landfill

are located close to these landfills. These

increases the concentration of ions in the ground

biodiversity and ecosensitive zones are lungs of

water is decreasing, this demonstrates that

Delhi. They are rich in floral and faunal

landfill has direct effect on groundwater quality.

diversity. All the three landfills of Delhi are

The

surface

and

groundwater

located within highly populated residential areas
and very close to River Yamuna, which is the
In Delhi, there are three landfill sites

life line of Delhi.

Bhalswa, Ghazipur and Okhla. All these landfill
In an unprecedented judgement NGT
sites are located in highly populated residential
directed the Delhi government and civic bodies
area, this has a direct detrimental effect on the

to deposit an amount of ₹ 250 crores to an
13
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escrow account. The bench observed that at

Government and citizens should take a

Ghazipur, Okhla and Bhalswa, leachate is

proactive role to minimise the waste and should

contaminating the ground water which is turning

adopt municipal solid waste management, to

yellow and orange, the leachate is also reaching

reduce the load on existing landfills. Landfill

the Yamuna. Amount collected in the escrow

bioreactors and landfill mining should be

account will be used for bioremediation and

promoted and developed to reduce the negative

biomininig project at the three landfill sites. This

impact of landfills. Future landfill planing

decision will ensure that the government

should be done taking in account location of

becomes very serious about the treatment of

residential areas, water bodies nearby and eco-

leachate from landfills.

sensitive areas.

1.

2.

3.

4.

Salient
Features
of
SOLID
WASTE
MANAGEMENT RULES, 2016, Government of
India.
http://cpcb.nic.in/uploads/hwmd/Salient_fea
tures_SWM_Rules.pdf
Rawat M, Ramanathan AL. (2011) Assessment of
Methane Flux from Municipal Solid Waste
(MSW) Landfill Areas of Delhi, India.
Journal of Environmental Protection.
2:4(399- 407) doi: 10.4236/jep.2011.24045.
Ayub S, & Khan A. (2011). Landfill practice in
India: A review. Journal of Chemical and
Pharmaceutical Research. 3 (270-279).
http://www.jocpr.com/articles/landfillpractice-in-india-a-review.pdf
Ray MR, Choudhury S R, Mukherjee G, Roy S, &
Lahiri T.(2005). Respiratory and general
health impairments of workers employed in
a municipal soild waste disposal at an open
landfill site in Delhi.International Journal of
Hygiene and Environmental Health.

208:4(255-262).
https://www.sciencedirect.com/science/artic
le/pii/S1438463905000295?via%3Dihub
5.

Depountis N, Koukis G, Sabatakakis N.
(2008).Environmental problems associated with the
development and operation of a lined and
unlined landfill site: a case study
demonstrating two landfill sites in Patra,
Greece.https://link.springer.com/content/pdf
/10.1007%2Fs00254-008-1224-1.pdf

6.

Delhi government, Department of Environment.
http://www.delhi.gov.in/wps/wcm/connect/e
nvironment/Environment/Home/Environme
ntal+Issues/Waste+Management

7.

Kumar S, Smith SR, Fowler G, Velis C, Kumar SJ,
Arya S, R, Kumar R, Cheeseman C. (2017)
Challenges and opportunities associated
with waste management in India.R. Soc.
open
sci.
4:
160764.
DOI:
10.1098/rsos.160764

14
Vol-24 (2), 2019

Geodiversity & Impact on Environment

8.

Bashir MJK, Isa MH, Kutty SRM, Awang ZB,
Abdul AH, Mohajeri S, et al. (2009) Landfill
leachate treatment by electrochemical
oxidation. Waste Management. 29-9(253441). DOI: 10.1016/j.wasman.2009.05.004

9.

Matejczyk M, Ptaza GA, Jawecki G N, Ulfig K,
Szczupak, A M.(2011) Estimation of the
environmental risk posed by landfills using
chemical,
microbiological
and
ecotoxicological testing of leachates.
Chemosphere
82(1017-1023).
DOI:
10.1016/j.chemosphere.2010.10.066

10. Donnelly K C, Brown K W, Thomas J C.
(1990)Bacterial mutagenicity of leachate water from
municipal sewage sludge-amended soils.
Environment Toxicology and Chemistry
9(443-451). DOI: 10.1002/etc.5620090405
11. Tsarpali V, Dailianis S. (2012) Investigation of
landfill leachate toxic potency: an integrated
approach with the use of stress indices in
tissues of mussels, Aquatic Toxicology.
124–125
(58–68).
DOI:
10.1016/j.aquatox.2012.07.008

eISSN 0974-1356
pISSN 0974-1364

15. Deguchi Y, Toyoizumi T, Masuda S, Yasuhara A,
Mohri S, Yamada M,Inoue Y, Kinae N.
(2007) Evaluation of mutagenic activities of
leachates in landfill sites by micronucleus
test and comet assay using goldfish, Mutat.
Res.
627
(178–185).
10.1016/j.mrgentox.2006.11.006.
16. Ernst W R, Hennigar P, Doe K, Wade S, Julien G.
(1994) Characterization of the chemical
constituents and toxicity to aquatic
organisms of a municipal landfill leachate,
Water Pollut. Res. 29 (88–101). DOI:
10.2166/wqrj.1994.006.
17. Tewari A, Chauhan L K S, Kumar D, Gupta S K.
(2005) Municipal sludge leachateinduced
genotoxicity in mice – a subacute study,
Mutat.
Res.
587
(9–15).
10.1016/j.mrgentox.2005.07.007
18. Sang N, Li G. (2004) Genotoxicity of municipal
landfill leachate on root tips of Vicia faba,
Mutat.
Res.
560
(159–165).
10.1016/j.mrgentox.2004.02.015

12. Bloor M C, Banks C J, Krivtsov V. (2005) Acute and
sublethal toxicity tests to monitor the
impact of leachate on an aquatic
environment, Environment International.
31(269–273). DOI: 10.1205/psep.03303

19. Chandra S, Chauhan L K S, Murthy R C, Saxena P
N, Pande P N, Gupta S K. (2005)
Comparative biomonitoring of leachate
from hazardous solid waste of two
industries using Allium test. Sci. Total
Environ.
347
(46–52).
10.1016/j.scitotenv.2005.01.002

13. Verbel J O, Bottet C P, Rosa O D. (2008)
Relationships between physicochemical parameters
and
the toxicity of leachates from a municipal
solid
waste
landfill.
Ecotoxicology
Environment Safety. 70 (294–299).
10.1016/j.ecoenv.2007.05.016.

20. Sang N, Li G, Xin X. (2006) Municipal landfill
leachate induces cytogenetic damage in root tips
of Hordeum vulgare. Ecotoxicol. Environ.
Saf.
63(469–473).
DOI:
10.1016/j.ecoenv.2005.02.009

14. Tsarpali V, Kamilari M, Dailianis S. (2012) Seasonal
alterations of landfill leachate composition
and toxic potency in semi-arid regions, J.
Hazard. Mater. 232–234 (163–171).
10.1016/j.jhazmat.2012.07.007.

21. Lah B, Vidic T, Glasencnik E, Cepeljnik T, Gorjanc
G, Marinsek-Logar R. (2008)Genotoxicity
evaluation of water soil leachates by Ames
test, comet assay, and preliminary
Tradescantia micronucleus assay. Environ.
Monit.
Assess.
139
(107–118).
https://link.springer.com/article/10.1007%2
Fs10661-007-9819-7

15
Vol-24 (2), 2019

Geodiversity & Impact on Environment

22. Bakare A A, Pandey A K, Bajpayee M, Bhargav D,
Chowdhuri D K, Singh K P, Murthy R C,
Dhawan A. (2007) DNA damage induced in
human peripheral blood lymphocytes by
industrial solid waste and municipal sludge
leachates, Environ. Mol. Mutagenesis 48(
30–37). 10.1002/em.20272
23. Fent K. (2003). Ecotoxicological problems
associated with contaminated sites.Toxicology
Letters. 140-141(353-365).
24. Amahdar L, Anouar A, Ababou B, Verschaeve L,
HilaliA. (2009)In vitro genotoxicity of Settat
town landfill leachate, Morocco, Arh. Hig.
Rada Toksikol. 60 (179–184).
10.2478/10004-1254-60-2009-1925
25. Gajski G, Orescanin V, Garaj-Vrhovac V. (2012)
Chemical composition and genotoxicity
assessment of sanitary landfill leachate from
Rovinj, Croatia, Ecotoxicol. Environ. Saf.
78 253–259. 10.1016/j.ecoenv.2011.11.032
26. Gajski G, Orescanin V, Garaj-Vrhovac V. (2011)
Cytogenotoxicity of sewage sludge leachate
before and after calcium oxide-based
solidification in human lymphocytes.
Ecotoxicol. Environ. Saf. 74 (1408–1415).
10.1016/j.ecoenv.2011.04.008
27. Indian Standard Drinking Water – Specification
(Second Revision) IS 10500:2012.
http://cgwb.gov.in/Documents/WQstandards.pdf

eISSN 0974-1356
pISSN 0974-1364

28. Guidelines for Drinking Water Quality,WHO, 4th
Edition
https://apps.who.int/iris/bitstream/handle/10
665/254637/9789241549950eng.pdf;jsessio
nid=03C34507B45C83C89EAB029987B78
93B?sequence=1
29. Ramanathan, AL., et al. Report on “Study of
Groundwater Contamination through Landfill Site,
NCT Delhi” CGWB,
http://cgwb.gov.in/INCGW/AL%20Ramana
than.pdf
30. Zafar, M. and Alappat, B.J. (2004) Landfill surface
Runoff and It’s effect on Water Quality on River
Yamuna. Journalof Environment Science and
Health,. 39(2) pp. 375-384.
https://www.tandfonline.com/doi/full/10.10
81/ESE120027529?scroll=top&needAccess=true
31. Jhamnani, B and Singh, S.K. (2009), Groundwater
Contamination due to Bhalaswa Landfill Site
in New Delhi, World Academy of Science,
Engineering and Technology International
Journal of Civil and Environmental
Engineering,
Vol
3(3)
pp181-185.
https://waset.org/publications/5296/ground
water-contamination-due-to-bhalaswalandfill-site-in-new-delhi
32. Mor, S., Ravindra, K., Dahiya, R.P., Chandra, A.,
2006. Leachate Characterization And
Assessment Of Groundwater Pollution Near
Municipal
Solid
Waste
Landfill,
Environmental Monitoring and Assessment.
118:
435–456
https://link.springer.com/article/10.1007/s10
661-006-1505-7.

16
Vol-24 (2), 2019

Source: from various newspaper’s clips

PRINTED MATTER BOOKPOST

To
-----------------------------------------------------------------------------------------------------------------------------------

If undelivered please return to:
The Coordinator
JNU-ENVIS RP: Geodiversity & Impact on Environment
School of Environmental Sciences
Jawaharlal Nehru University, New Delhi – 110 067

