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Point Sources

(Specific locations,
Can be traced)

Water Pollution Sources and Causes

Municipal
Sewer leakage
Liquid waste
Solid waste
Septic tanks and

cesspools

Roadway-deicing

Water Pollution: Sources

Industrial

Liquid waste
Tanks and pipe-
line leakage
Mining activities

Oil -field brines

Stock piles

Agricultural

Irrigation return
flow

Animal waste

Fertilizers and
Soil amendments

Pesticides

Non -point Sources

(Storm water runoff,
Can not be traced)

Sea water
intrusion

Seawater is
the pollutant
in the coastal
aquifers due

to over-
exploitation

of coastal

aquifers
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Sources and Causes of Water Pollution

Domestic waste

Solid wa_ste
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Types of Water Pollution

(Pollutants found in Storm Runoff)

Chemical Indicators

Reatint, 8 Biological Indicators :
AToxic Substances ABiochemical Oxygen
AHazardous chemicals Demand (BOD)
AHeavy metals _
ARadioactive materials AChemical Oxygen

Demand (COD)
ADissolved Oxygen (DO)
ANutrients

AOil Spill Pollution
APetroleum Hydrocarbons
AThermal Pollution
APlastics

ASalts or Dissolved Solids

ABacteria/ Pathogens

Alndustrial 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.

AAtmospheric poIIution . Chemicals released by smokestacks (chimney$ can enter the
atmosphere and then fall back to earth asrain causing water pollution .

A The biological (organic) pollution level still gets diluted in the river, but the chemical pollution
by industries destroys r i v eelf dlsaning properties .
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Water Pollution: Pollutants Contribution

Pollutants contribution to River & Lakes

River & Streams

Lakes & Reservoirs

Pollutant % Pollutant %
Pathogens :
(bacteria) 35( [ Nutrients 50
Siltation 31| |Metals 42
Habitat .
alterations 22| | Siltation 21

Oxygen-depleting 21
substances

TDS or Salts 19

- Oxygen depleting
Nutrients 20 substances 15
Thermal Excess algal

L 17 12
modifications growth
Metals 15| | Pesticides 8

Flow alterations |9
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Biochemical Oxygen Demand (BOD)
Variations in Indian Rivers




Pollution in Streams . Biological Indicators

i fié “:Normal clean water org:

| B - | Recovery Clean Zone
| Decomposition | Septic Zone Zone
Zone
A
F ‘ o ot Sufficient oxygen for
L4 healthy vigorous life in
stream
Accident such low oxygen ]
e - G’ | Relationshi bet
stream re
o e e elationship etween
b piag BOD d DO f
dissolved oxygen an or a
o stream following the
Conditions returning to
those necessary fo 1
im0 Input of sewage
stream environment
Low L Weh
Dissolved oxygen or BOD
A FIGURE 11.2 Relationship between dissolved oxygen and biochemical oxygen demand (BOD) for a stream
fo o i Yhe wnput of sewage
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Oligotrophic and Eutrophic Lakes: Nutrient Pollution

Oligotrophic Lake (few fed): Young lake p ic.™ Laked Sd)™
gradually acquire nutrlets fromdralnage basins, i oroducti auses decaying” orgc
Increasesaquatic g - ich;eonsumes available dissolved oxygem &

. ﬂ"

T

Average phosphorus concentrations
(o] 0.05 0.10 0.15

P Phosphorus
&P Nirrogen

Mostly forest Nutrients (N, P) pollution

Max.dﬁ loads by different sources
ARG “""’"# A Eutrophication

Mostly agriculture
| | ' ACultural Eutrophication
Agriculture ﬁ

1 2 3
Average nitrogen concentrations

Forest
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Example: Pollution threat in Ganga River

Lpesticldes eg DDT Lleaches and dyesJ

heavy metals Nt
Cvanide P ammonium sulpmc?j

(Sal(s 5 / \Fdsorbable Organic

= Halides (AOX)

[ liquid effluents

Food Processing Y
Fertiliser manufacturers <

pharmaceutical companies

//1’ electroplating
__from ——

== textile and paper industries
\§\
3 Tanneries

comprising of /
|

organic waste, sewage, industrial waste, trash, industrial wastes (15%)
polyethylene, cans, clothes, food and /1 ~260 million |/day
human dead bodies and animal carcasses .

are -a| Municipal sewage (80%)
~1.3billion I/day

\ oil refineries & petrochemicals
sugar & distilleries
sources >  Point sources | contains ——| Organics =
. i \ m lor-alkali
. ) »\ LNon-polnt sources |
‘ Urbanisation ld— reasons causes | Coliform |
Rapid .// N = Run off from
industrialization [water borne diseasesJ rural settlements

| Rising standards of living ] Fertilisers &pesticides from 40,000 cremations performed

= : like agricultural fields annually in Varanasi
[ Exponential population growth ] @p on defecants "a

cholera, hepatitis, typhoid, amoebic are
. dysentery,gall bladder diseases )

leaves partially unburnt bodies
Dumping of animal carcasseg

| Disposal of dead bodi ] , ~a ’
< po it &rematlons on wood pyrea e e o
Floral Offerings —— T
bodies thrown as it ls] L~
Sohd waste . —
Dhobhl Ghats

[ cattie Wallowina'
Mass bathings

|
leading to
r

80% of all health problems
& one-third of deaths

(Source | Gangapedia)

i Sk I ] '
In the Ganga basin approximately 12000 million I|tres per day (mld)

sewage is generated, for which presently there is a treatment capacity of
only around 4,000mld . (80% domesticsewagend20% industrial effluents)
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Example: COVID -19 Lockdown: A ventilator for rivers

Biological indicators during Lockdown
(March 28, 2020 in the Ganga River Covid -19is gift to Ganga:

MONITORING PARAMETER VALUES
STATION A Under Namami Clean Ganga Project (2014), the GOI

UPSTREAM OF DO 8mg/litre has invested thousands of cores of rupees to clean
GANGA BOD > 1maflitre Ganga River and its tributaries, but failed to achieve
BARRAGE -+Mg the goal.
pH 7.90
Ammonia 0.49mg/litre A During _lockdown, Ganga water at Haridwar was
: reported fit for drinking , a unprecedented success
82\(/3VENS(E§EAM DO 7.9mg/litre dueto decreas@ sewagend industrial effluentsand dip
BARRAGE BOD 1.2mg/litre in thenumberofvisitors at ghatsin Haridwar.
ol 7.91 AWhen compared to ambitious Clean Ganga
Ammonia 1.1mgl/litre River project, the lockdown has certainly
: improved the health of River Ganga in the
SHUKLAGANJ DO : :
SSMEHIE upstream, since all factories are closed due to
BOD 2.1mg/litre the lockdown .
H
i _ 7.68 An 27 monitoring units, Ganga river water found
Ammonia 0.79mg/litre suitable for bathing and propagation of wildlife and
Source: CPCB data on March 28, 202( fisheries in the lockdown period.
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Example: Ganga River Water Quality in the Haridwar City

(Before and During Lockdown)

Before Lockdown

— 150 April 2020 —
DO level is '
argupd 8 mg/l» :

A During lockdown, the water quality of river
Gangaat Haridwar is @it of drinking @

A The remarkable level of river water purity is
due to the absence of any industrial
pollutants and domestic garbage and also
0 mel ofismep.wb
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Example: Pollution Sources along Yamuna River in Delhi

ARural agricultural activity (= =
ARelatively unpolluted w ]ng~ U Legend
i Sample Points
region L f Power Plants
Sup!)le ry $ = = o l&d:;tsrlu Locations
Drain -
“Rithala STP + pad Barage (= Barage
Sewage Trealment Plants
" Timarpur|STP 14 A Yam u%a Rve
AUrban industrial Rohini 5y | | Yamunam L Fi0od plain
effluents 4 Vihar
ASewage discharge from oo Shahadra Drain
major drains (Najafgarh )_ o Rajghat
Nilothi . : Jhilmi 3 :
+ 2 Kirtinagar  Power Plant Y - 4 ’gg‘::l" AUrban agricultural  and
Nal afgarh Drain i sewage drains
Papa N #‘ i AAsh pond effluents from
W Kalan Mayapuri ariana 4 \ PBarrale Power plants
i .
Indra Patharganj
N » 0 m
)N Kondly STP
3 k
i : AUrban industrial  effluents
h : Shahadra Drain & Agricultural  runoff
< > AEffluents  from  Sewage
’ Treatment Plants (STPs)
i . Okhla STP Oktia AHindan canal wastewater
; < saritgViar (3 rrage
4 Okhlasp Drai ", 114
l w  “Mehrauli  Tughlak ain
) o
A Vasnt Ghitorini Badarpur f
Kunj Power Plant
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Example: Yamuna River Pollution Levels (Comparison: 2019 -2020)

7_—.—'.\

Combarét:ive stud of pollustion
level inmn Yamuuna, Delhhi

"
I\.
‘
!
\
|
b
l"‘ ,’
L
{
B oo

Bisocfhwerrac ol Oxyepesy clesraarne? Crvvg S )

Slight increase in
BOD levels in 2020

Ila

T Oof BT Sh rechactis

“A DO, levels.increase from. 2.3.to 4.8mgll. (2020;.Nil. in 2019

Yamuna river water quality (6™ April, 2020 has improved during the

lockdown , compared to April 2019 but still not met the required water
qguality criteria
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Pollution back in Yamuna River

Industries back, to hit Sup

was hit twioce on Thursday and Friday al Delhi, sc :
tonmmundm Dolht

A senior Delhi Jal Board (DJB) offici-

aloverseeingquality control said thatin N k- uncil areas. The public is toma-
' the past two days theammonia level rea- ' R . ke judicious use of water,” it added.

ched 3.5ppm, while the treatment plants B - Bymm&mn ,
" have the capacity to treat raw river wa- : : | Chmdn\nl | Wazirabad were not 3,

ter with a maximum limit of 0.9ppm. & i, F ent

Toxicfroth wasalso visibleat Okhla bar- mmFrlday, 24. 07 Othe entire day ‘ ‘,‘“ff ’*"f’“ 1 "x’ 8

rage, indicating that pollution in the ri- — from associated undergrour :

ver had again started rising of lndnnrm waste from F a, | |

und 3ppm In the raw river water. In the mh-d t 25% of 1 he processing |

last three months, around 2,000-3,000 cu- | ¢ ,a azir

mofmta'mbelngnhuoddm&, ,,gl

which thopolluuonlo.dm duced. whw‘

Butnow, the water being re dhasre-

ducedlloundlndmw

bnctlnhmnm.'un
Senlor DJBof :

- = SR T

Yamuna River water qualltv variations :

6" April 2020 Water quality hasimproved during the lockdown
24t July 202Q Pollution level increased due to resuming industrial operations
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Groundwater Pollution: Human activities

o

-
Polluted air ' - .

Hazardous waste
injection well

Coal strip - :
mine runoff o

s
—H

nool
tank

age from
y casing

Confined
aquifer

Groundwater
flow
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Ganga -Meghna -Brahmaputra Plan

Area = 569749 sgq km; Population = > 500 Million

India haswell established two acute pu'bllc health problems induced by excessAs and F content in groundwater
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2004 (Jan 8Feb) - Assam = o
2006(_ Manipur) Arsenic PoIFt:rtlon N
2012 Varanasi, Uttar Pradesh Groundwater: Geoge

\{_Q\\
AR

GANGA -

MEGHNA - BRAHMAPUTRA PLAIN

Upper Gangetic Plain \(,;-; Pleistocene Upland
“ and Pleistocene Plain|

Jw Middle Gangetic Plain

M Lower Gangetic Plain 8, Hill Tract

=~ Ganga Rivers
Other Rivers

~~ 150 m Contour represents the division
between plain and Highland Plateau

~«~ State Boundary




Arsenlc Contamlnatlon In IGP Geogenic Sources

o o, Sepae R ‘ 4/““V| | Geomorphology Control :
oy / ~ River meandering responsible for the localized
! 2

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

1 ’

1 @& =

SIS . Y o

Adampura

Varan aSBLI; Kotwal
Environs

The pleistocene older

alluvium aquifers are |[® Arsenic in the Holocene

arsenic safe, due to lack newer sandy aquifers may

of reducing conditions , — . be due to the reductive
(i.e organic matter) for €7 . \dissolution of  Fe-oxy-

releasing As into the oW hydroxide present  as

groundwater * coatings on clay and sand
grains.

Groundwater arsenic
e < 10ppb

® 10-50 ppb

@ >50ppb ™ .

== Water body .
-~ Stream/ River
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Groundwater fluoride condition in

Overall 62 million people in 19

million children are fluoride _
affected 2. Tamilnadu

3. Uttar Pradesh
4. Punjab

5. Rajasthan

6. Gujrat

/. Haryana

8. Delhi

9. Bihar

10. Jharkhand
11. Madhya Pradesh
12. Chattrishgarh
13. Orissa

14. Maharastra
15. Karnataka

17. Jammu & Kashmir

17
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Sources of Fluoride in Groundwater

S.No. | Mineral name & Association with Rocks
Chemical formula
1 | Fluorite Vein mineral in
CaF, pegmatite and also
pneumatolytic deposits
2 | Fluorapatite Ilgneous rocks especially
3Ca;(PO,); (OH,F), pegmatites and
metamorphic limestones
3 | Cryolite Pegmatite vein
NaLAl Fq
4 Muscovite Micas occur in igneous
KAI ,(AlISiz)0,,(OH, F), | rocks, pegmatites and
many metamorphic
rocks
5 | Hornblende Widespread in igneous
NaCa,(Mg,Fe,)(AlFe;) | and metamorphic rocks
(SiAl)gO,,(OH, F),
6 | Topaz In cavities of acidic
Al ,F,SiO, igneous rocks, quartz
veins and gemstone
7 | Tourmaline Pneumatolytic minerals

Na(Mg,Fe,)Al ((BO,);
(SigO1g)(OH F),

in acid rocks, schistsand
gneisses

Granite Rock
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