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Water Pollution: Sources

Water Pollution  Sources and Causes

Municipal Industrial Agricultural Sea water 
intrusion

Sewer leakage Liquid waste Irrigation return 
flow Seawater is 

the pollutant 
in the coastal 
aquifers due 

to over-
exploitation 

of coastal 
aquifers

Liquid waste Tanks and pipe-
line leakage

Animal waste

Solid waste Mining activities Fertilizers and 
Soil amendments

Septic tanks and 
cesspools

Oil -field brines Pesticides

Roadway-deicing Stock piles

Non -point Sources
(Storm water runoff,
Can not be traced)

Point Sources
(Specific locations,

Can be traced)
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Sources and Causes of Water Pollution

Domestic waste Sewage system Solid waste

Industrial waste Oil industry : Oil spills

Aquatic plants Religious means Prawn Hatcheries:

Acid Rain & Acid Mine Drainage
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Types of Water Pollution
(Pollutants found in Storm Runoff)

Chemical Indicators

ÅSediment

ÅToxic Substances
ÅHazardous chemicals
ÅHeavy metals
ÅRadioactive materials

ÅOil Spill Pollution

ÅPetroleum Hydrocarbons

ÅThermal Pollution

ÅPlastics

ÅSalts or Dissolved Solids

Biological Indicators :

ÅBiochemical Oxygen
Demand (BOD)

ÅChemical Oxygen
Demand (COD)

ÅDissolved Oxygen (DO)

ÅNutrients

ÅBacteria/ Pathogens

ÅIndustrial pollution : Each year, the world generates perhaps 5-10 billion tones of

industrial waste, much of which is pumped untreated into rivers, oceansand other waterways .

ÅAtmospheric pollution : Chemicals released by smokestacks (chimneys) can enter the

atmosphere and then fall back to earth asrain causing water pollution .

ÅThe biological (organic) pollution level still gets diluted in the river, but the chemical pollution
by industries destroys riverõsself cleaning properties .
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Pollutants contribution to River & Lakes

Water Pollution: Pollutants Contribution 

River & Streams Lakes & Reservoirs

Pollutant % Pollutant %

Pathogens 
(bacteria)

35 Nutrients 50

Siltation 31 Metals 42

Habitat 
alterations

22 Siltation 21

Oxygen-depleting 
substances

21 TDS or Salts 19

Nutrients 20
Oxygen depleting 
substances 15

Thermal 
modifications

17
Excess algal 
growth

12

Metals 15 Pesticides 8

Flow alterations 9

River basin-wise riverine length under 

different level of pollution
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BOD <3 mg/L

BOD 3-6 mg/L

BOD >6 mg/L

Biochemical Oxygen Demand (BOD) 
Variations in Indian Rivers

Ganga River
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Clean Zone
Decomposition

Zone

Septic Zone
Recovery 

Zone

Clean Zone

Normal clean water organisms
(trout, perch, bass,mayfly, stonefly)

Trash fish
(carp,gar,leeches)

Fish absent, fungi,
sludge worms,

bacteria
(anaerobic)

Trash fish
(carp, gar,
leeches)

Normal clean water organisms
(trout, perch, bass,
mayfly, stonefly)

8 ppmDO

BOD 

8 ppmTypes of
organisms

Pollution in Streams : Biological Indicators

Relationship between
BOD and DO for a
stream following the
input of sewage

Pollution 
zone
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Oligotrophic and Eutrophic Lakes: Nutrient Pollution

Oligotrophic Lake (few fed) : Young lake
gradually acquire nutrients from drainage basins,
increasesaquatic growth .

Eutrophic Lake (well fed) : Increased
biological productivity causes decaying organic
matter which consumes available dissolved oxygen.

Nutrients (N, P) pollution
loads by different sources

ÅEutrophication

ÅCultural Eutrophication

Studying sources of pollution ðThe corona pandemic as an epistemic opportunity



In the Ganga basin approximately 12,000 million litres per day (mld )
sewage is generated, for which presently there is a treatment capacity of
only around 4,000mld . (80% domesticsewageand20% industrial effluents)

Example: Pollution threat in Ganga River
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Covid -19 is gift to Ganga:

ÅUnder Namami Clean Ganga Project (2014), the GOI
has invested thousands of cores of rupees to clean
Ganga River and its tributaries, but failed to achieve
the goal.

ÅDuring lockdown, Ganga water at Haridwar was
reported fit for drinking , a unprecedented success
due to decreasein sewageand industrial effluentsanddip
in thenumberofvisitorsat ghatsin Haridwar.

ÅWhen compared to ambitious Clean Ganga
River project , the lockdown has certainly
improved the health of River Ganga in the
upstream, since all factories are closed due to
the lockdown .

ÅIn 27 monitoring units, Ganga river water found
suitable for bathing and propagation of wildlife and
fisheries in the lockdown period .

MONITORING 
STATION

PARAMETER VALUES

UPSTREAM OF 
GANGA 
BARRAGE

DO 8mg/litre

BOD 2.1mg/litre

pH 7.90

Ammonia 0.49mg/litre

DOWNSTREAM 
OF GANGA 
BARRAGE

DO 7.9mg/litre

BOD 1.2mg/litre

pH 7.91

Ammonia 1.1mg/litre

SHUKLAGANJ DO 8.5mg/litre

BOD 2.1mg/litre

pH 7.68

Ammonia 0.79mg/litre

Source:  CPCB data on March 28, 2020

Example: COVID -19 Lockdown: A ventilator for rivers

Biological indicators during Lockdown
(March 28, 2020) in the Ganga River
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Example: Ganga River Water Quality in the Haridwar City 
(Before and During Lockdown)

Before Lockdown

During Lockdown 
15th April 2020

DO level is 
around 8 mg/l

ÅDuring lockdown, the water quality of river
Gangaat Haridwar isôfit of drinking õ.

ÅThe remarkable level of river water purity is
due to the absence of any industrial
pollutants and domestic garbage and also
ômeltingof snowõ.
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Example: Pollution Sources along Yamuna River in Delhi

ÅUrban industrial effluents
& Agricultural runoff
ÅEffluents from Sewage
Treatment Plants (STPs)
ÅHindan canal wastewater

ÅUrban industrial
effluents
ÅSewage discharge from
major drains (Najafgarh )

ÅUrban agricultural and
sewage drains
ÅAsh pond effluents from
Power plants

ÅRural agricultural activity
ÅRelatively unpolluted
region
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Example: Yamuna River Pollution Levels (Comparison: 2019 -2020)

Yamuna river water quality (6th April, 2020) has improved during the
lockdown , compared to April 2019, but still not met the required water
quality criteria

Slight increase in
BOD levels in 2020

Å18-33% reduction in BOD levels in 2020
ÅDO levels increase from 2.3 to 4.8mg/l (2020); Nil in 2019

Studying sources of pollution ðThe corona pandemic as an epistemic opportunity



Pollution back in Yamuna River 

Friday, 24.07.2020

Yamuna River water quality variations :
6th April 2020: Water quality has improved during the lockdown
24th July 2020: Pollution level increased due to resuming industrial operations
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Coal strip 
mine runoff

Pumping 
well

Waste lagoon

Accidental 
spills

Groundwater 
flow

Confined 
aquifer

Discharge

Leakage from 
faulty casing

Hazardous waste 
injection wellPesticides

and fertilizers

Gasoline station

Buried gasoline 
and solvent tank

Sewer
Cesspool 
septic tank

De-icing 
road salt

Water pumping 
well

Landfill

Polluted air

Groundwater Pollution: Human activities
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Ganga -Meghna -Brahmaputra Plan  
Area = 569749 sq km; Population = > 500 Million

1976 - Chandigarh 

1983 - West Bengal
1995 - Bangladesh
2001 - Nepal
2002 (June) - Bihar
2003 (October) - Uttar Pradesh

2003 (Dec) ð2004 (Jan) - Jharkhand
2004 (Jan ðFeb) - Assam

2006 - Manipur

2012 Varanasi, Uttar Pradesh

Arsenic Pollution in 
Groundwater: Geogenic

India has well established two acute public health problems induced by excessAs and F content in groundwater



Geomorphology Control :
River meandering responsible for the localized

depositions of As rich sediments in the Indo -
Gangetic plains (IGP) derived from Himalayas .

Arsenic Contamination in IGP: Geogenic Sources

Arsenic in the Holocene
newer sandy aquifers may
be due to the reductive
dissolution of Fe-oxy-
hydroxide present as
coatings on clay and sand
grains.

The pleistocene older
alluvium aquifers are
arsenic safe, due to lack
of reducing conditions
(i .e organic matter ) for
releasing As into the
groundwater

Varanasi 
Environs
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Groundwater fluoride condition in India: Geogenic Sources

18. West Bengal

16. Kerala
17. Jammu & Kashmir

5. Rajasthan
6. Gujrat
7. Haryana
8. Delhi
9. Bihar
10. Jharkhand
11. Madhya Pradesh
12. Chattrishgarh
13. Orissa
14. Maharastra
15. Karnataka

1. Andhra Pradesh 

2. Tamilnadu
3. Uttar Pradesh
4. Punjab

1986

1937

1950

1992

1997
19. Assam 1999
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Overall 62 million people in 19
states in India, including 14
million children are fluoride
affected

17
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Sources of Fluoride in Groundwater

S.No. Mineral name &
Chemical formula 

Association with Rocks

1 Fluorite
CaF2

Vein mineral in
pegmatite and also
pneumatolytic deposits

2 Fluorapatite
3Ca5(PO4)3 (OH,F)2

Igneous rocks especially
pegmatites and
metamorphic limestones

3 Cryolite
Na2Al F6

Pegmatite vein

4 Muscovite
KAl 2(AlSi3)O10(OH, F)2

Micas occur in igneous
rocks, pegmatites and
many metamorphic
rocks

5 Hornblende
NaCa2(Mg,Fe2)(AlFe3)
(SiAl)8O22(OH,F)2

Widespread in igneous
and metamorphic rocks

6 Topaz
Al 2F2SiO4

In cavities of acidic
igneous rocks, quartz
veins and gemstone

7 Tourmaline
Na(Mg,Fe2)Al 6(BO3)3
(Si6O18)(OH,F)4

Pneumatolytic minerals
in acid rocks, schistsand
gneisses

Granite Rock
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