Unit-3
Water Pollution
Importance of water

. The origin of creature is from the water

. Water is essential for the existence of all life forms.

. In addition to household uses, water is vital for agriculture, industry,
fishery and tourism etc.

« Sl PTHEd

. AP IO IA TGS 8

2. o gyt Sitem =l & 3if&da & forg smawuss B |

. % TR IUINT & STal, U Sy, I, A IR T anfe & fow Agaagut
|

10 Amazing Reasons You Need to Drink Sufficient Water
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Water

Resources on Earth

About three fourths of our planet earth’s surface (71%) is covered by water.
However, very little of it is available for consumption.
1. Most (about 97%) of the water on earth is present in the seas and oceans. It is too salty

to be of any use for drinking, agriculture and industrial purposes.
2. The remaining 3% is fresh water; 75% of which is locked up in the polar ice caps and in
glaciers

and quite deep under the earth’s surface as underground water.
The fresh water, which we can use, comes to us from two sources:
a. Surface water
b. Ground water
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Distribution of water on Earth
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Surface Water: Rain and snow are good natural resources of fresh  water.

1/3 absorbed by plants

1/3 absorbed by soil

1/3 run off in tiver, lakes etc.

This part of precipitation, which runs off to form streams, rivers and lakes, is called the
surface water.

Precipitation (rain or snow) that runs-off into stream, rivers and lakes is called
surface water.
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Water Pollution - Parameters

A large amount of water is discharged back after domestic and industrial usage. This
is contaminated with domestic waste and industrial effluents. When this contamination
reaches beyond certain allowed concentrations, it is called pollution and the contaminants

are called the pollutants.

‘Water pollution may be defined as the contamination of streams, lakes, seas,

underground water or oceans by substances, which are harmful for living beings.’
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1. Physical parameters:
Colour, odour, turbidity, taste, temperature and electrical conductivity
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2. Chemical parameters:
These include the amount of carbonates, sulphates, chlorides, fluorides, nitrates, and
metal ions.
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3. Biological parameters:
The biological parameters include matter like algae, fungi, viruses, protozoa and
bacteria.
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Water Pollution - Sources

Water pollutants refer to the substances which are capable of making any physical,
chemical or biological change in the water body. This contamination leads to the pollution
of water, which is generally called the fresh water pollution. Fresh water pollution may be
classified into two types: surface water pollution and ground water pollution.

1.  Surface Water Pollution When pollutants enter a stream, river or lake these gives
rise to surface water pollution.
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Common point source discharges of pollutants to waters
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Point Source and Non Point Source of Water Pollution
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Pollution:

1. It is pollution caused by discharge of
effluents at one point.

2. Due to large scale entry of pollutants at
one point, the contamination and harmful
effect on quality of water is maximum.

3. Treatment plant can be installed in the
area of flow of effluents.

4. Other type of control measures are not
required.

5. Examples include smokestacks,
discharge pipes, and drainage. Factories
and power plants can be a source of point-
source pollution,
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1. It is pollution caused by discharge of
pollutants over a wide area.

2. There is some dilution of the effect of
pollutants due to large size of area.

3. Treatment plant is useless for this type
of pollution.

4. Control measures are required on a
large scale for non-liberation of

pollutants.

5. Example- water Runoff through
agricultural land, mining land, mountains,

city streets.
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Natural and Anthropogenic Sources:

Natural sources u'ﬁ’_ﬁﬁ? 3T A4 ST i

An increase in the concentration of naturally occurring substances is also termed
pollution. The sources of such an increase are called natural sources.
« Siltation (which includes soil, sand and mineral particles) is one such natural

source.
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» Deforestation makes soil loose and flood waters bring silt from mountains into

streams, rivers and lakes.
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Anthropogenlc (Man made) Sources
The human activities that result into the pollution of water are called anthropogenic or
man-made sources of water pollution.
For example, domestic (sewage and waste water), industrial and agricultural wastes that
goes into the rivers, lakes, streams and seas are anthropogenic sources. Certain materials
that are leached from the land by run-off water and enter the various water bodies also
belong to this category
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2. Ground Water Pollution
When the polluted water seeps into the ground and enters an aquifer it results into
ground water pollution. Groundwater gets polluted in a number of ways.

i.  The dumping of raw sewage on soil, seepage pits and septic tanks cause
pollution of groundwater
ii.  The excessive use of nitrogenous fertilizers and unchecked release of  toxic wastes
ili. By Carcinogenic substances by industrial units
iv.  Suspended impurities and bacterial contaminants through soil run off.
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Weater Polllutanits

Types of Water Pollutants

various types of pollutants arising out of these sources. These can be broadly put under
the following types.

i.  Sewage Pollutants (Domestic and Municipal Waste)

ii.  Industrial Pollutants

iii.  Agricultural Pollutants

iv.  Radioactive and Thermal Pollutants
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(i) Domestic and Municipal Pollutants :
The sewage contains garbage, soaps, detergents, waste food and human excreta and is the
single largest sources of water pollution. Pathogenic (disease causing) microogranisms
(baccteria, fungi, protozoa, algae) enter the water system through sewage making it
infected. Typhoid, chloera, gastroenteritis and dysentery are commonly caused by
drinking infected water.
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(ii) Industrial Pollutants:
Many industries are located near rivers or fresh water streams. These are responsible for
discharging their untreated effluents into rivers like

a. highly toxic heavy metals such as chromium, arsenic, lead, mercury, etc.

b.  along with hazardous organic and inorganic wastes (e.g., acids, alkalis,
cyanides, chlorides, etc.)

C. They damage the growth of crops and the polluted water is unsafe for drinking

purposes.

d.  Mercury enters the food chain through bacteria, algae, fish and finally into the
human body causing heavy metal poisoning.
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(ii1) Agricultural Waste:

1. Manure, fertilizers, pesticides, wastes from farms, slaughterhouse, poultry farms,
salts and silt are drained as run-off from agricultural lands.

2. The water body receiving large quantities of fertilizers (phosphates and nitrates or
manures becomes rich in nutrients which leads to eutrophication and consequent
depletion of dissolved oxygen.

3. Pesticides (DDT, malathion, etc.) are used to kill insect and rodent pests. Toxic
pesticide enter the human body through drinking water or through food chain.
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(iv) Physical Pollutants:

Physical pollutants can be of different types. Some of them are discussed below :

(a) Radioactive Wastes : Radionucleides found in water are radium and potassium-40.
These isotopes originate from natural sources due to leaching from minerals. Water
bodies are also polluted by accidental leakage of waste material from uranium and
thorium mines, nuclear power plants and industries, research laboratories and
hospitals which use radioisotopes. Radioactive materials enter human body through
water and food, and may be accumulated in blood and certain vital organs. They
cause tumours and cancer.
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(b) Thermal Sources:

Various industries, nuclear power plants and thermal plants require water for cooling
and the resultant hot water is often discharged into rivers or lake. This results in
thermal pollution and leads to the imbalance in the ecology of the water bodies. Higher
temperature lowers the dissolved oxygen level by decreasing the solubility of oxygen
in water.
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(d) Sediments :




Soil particles carried to streams, lakes or oceans form the sediments. The sediment
becomes polluting due to their large amount. The sediments by Soil erosion may
damage the water body by introducing a large amount of nutrient matter.
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(f) Petroleum Products:
Petroleum products are widely used for fuel, lubrication, plastics manufacturing, etc.
and happen to be poisonous in nature. Crude oil and other related products generally
get into water by accidental spillage from ships, tankers, pipelines etc.
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Effects of Water Pollution
1. Eutrophication
The word eutrophication is derived from the Greek word which means well nourished.
Eutrophication of a water body results due to the release of large amount of nutrients by
the action of aerobic bacteria on organic wastes entering a water body naturally or by
human activity. Nutrients are released from organic waste by aerobic (oxygen requiring)
bacteria which start decomposing it. Dissolved oxygen is consumed in this process.
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2. Biological Oxygen Demand (BOD)
The quality of oxygen used up by microorganisms at 279C and in darkness during 5 days

in breaking down organic wastes in a water body is called its biological oxygen demand
(BOD). In the process the metabolic activity requires oxygen which is met by the dissolved
oxygen present in water. It is this amount of oxygen which is defined as biological oxygen

demand (BOD
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The BOD value of an aquatic system depends upon:

* the type and amount of organic waste



*  the organisms present in it

*  temperature and pH
The greater the amount of organic waste in the water body, the greater is the amount of
oxygen required to break it down biologically and therefore higher is the BOD value of
water. This value is a good measure in evaluating the degree of pollution in a water body.

The less polluted water shows comparatively low value of BOD.
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Water and health

Contaminated water and poor sanitation are linked to transmission of diseases such as

Cholera,

Diarrhoea, Dysentery, Hepatitis A, Encephalitis, Typhoid, and Polio.
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Effect on aquatic life

a. Heavy metals from industrial processes can accumulate in nearby lakes and rivers.
These are toxic to marine life such as fish and shellfish, and subsequently to the humans
who eat them.

b.  Organic matter and nutrients causes an increase in aerobic algae and depletes
oxygen from the water column. This causes the suffocation of fish and other aquatic
organisms.

C. Sulfate particles from acid rain can cause harm the health of marine life in the rivers
and lakes it contaminates, and can result in mortality.

d. Suspended particles in freshwater reduces the quality of drinking water for humans

and the aquatic environment for marine life.
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3. Chemical Oxygen Demand (COD)
The COD is the amount of oxygen consumed to chemically oxidize organic water

contaminants to inorganic end products. The chemical oxygen demand (COD) is a measure
of water and wastewater quality.

The COD is often measured using a strong oxidant (e.g. potassium dichromate K2Cr207,
potassium permanganate KMnOs) under acidic conditions. This is usually done by
titration, using an indicator. COD is expressed in mg/L, which indicates the mass of oxygen
consumed per liter of solution.

The COD test only requires 2-3 hours, while the Biochemical (or Biological) Oxygen
Demand (BOD) test requires 5 days.
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Prevention of Water Pollution SI¢] Ug¥UT DI ADHYUH

Water pollution of nearby rivers and lakes as well as groundwater and drinking water can

be reduced by following some simple guidelines in our everyday life.
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1. To conserve water by turning off the tap when running water is not necessary. This

helps prevent water shortages and reduces the amount of contaminated water that

needs treatment.
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2. To be careful about what are thrown down in the sink or toilet. Don’t throw paints,

oils, medicines or other forms of litter down the drain.
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3. To take care not to overuse pesticides and fertilizers. This will prevent runoffs of the

material into nearby water sources.
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4. By growing more plants spread of fertilizer, pesticides and contaminated water

from running off into nearby water sources can be prevented.
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5. No industrial effluent or waste to be released in rivers, lakes or oceans without
treatment.
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Water Treatment

e Screening TPIT (S)

e Aeration aTg-ﬁranT (oTdd dTd-)

« Coagulation and flocculation TG 3R IuiA

¢ Sedimentation S[dHTg
« Filtration fAREG
* Disinfection ﬁ?ﬂ{[‘x’ﬁ%ﬁ

e Supplementary treatment Y¥d SUIR

Methods of water treatment 9 SUIR & A3 b
1. Screening

Wastewater Screeningis the first unit operation in all wastewater treatment plants.
Screen is the device used to retain solids found in the influent wastewater to the
treatment plant. The main purpose of screening is to remove solid materials that could:

a) Cause damage to other process equipment.

b) Cause reduction in efficiency of the whole system

c) Contaminate waterways

The materials that are removed using screens are called screenings.
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Classification of Wastewater Screens &N&I? ol Eﬂq Gal EITWUT

Screens are generally classified into three based on the size of their openings in the
screening element and mechanism of removal.

a) Coarse screens: Coarse screens have a clear openings ranging from 6 to 150 mm

b) Fine screens: Fine screens have clear openings less than 6 mm.

c) Microscreens: particles in the range of 10 to 35um.
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Screening

2. Aeration: dig-fAUT (STd dTa)

Water aeration is the process of increasing or maintaining the oxygen saturation

of water in both natural and artificial environments. Aeration techniques are commonly



used in pond, lake, and reservoir management to address low oxygen levels or algal

blooms.
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3. Coagulation and flocculation: &ha- 3R JuiF
Coagulation-flocculation is a chemical water treatment technique typically applied

prior to sedimentation and filtration (e.g. rapid sand filtration) to enhance the ability of

a treatment process to remove particles.
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Flocculation is a water treatment process where solids form larger clusters, or flocs, to

be removed from water. This process can happen spontaneously, or with the help of

chemical agents. It is a common method of storm water treatment, wastewater treatment,

and in the purification of drinking water.

Coagulation: The aggregation of very tiny suspended particles into large particles

to be precipitated. The substaces used for coagulation are called as Coagulant.

The commonly used metal coagulants fall into two general categories:

a. those based on aluminum: The aluminum coagulants include aluminum sulfate,
aluminum chloride and sodium aluminate.

b. those based on iron: The iron coagulants include ferric sulfate, ferrous sulfate, ferric

chloride and ferric chloride sulfate.
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4. Sedimentation: ddlg"
Sedimentation is the process of allowing

particles in suspension in water to settle out of the suspension under the effect of gravity.
The particles that settle out from the suspension become sediment, and in water

treatment is known as sludge.
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5. Filtration: fFRUE:

Water flows through a filter designed to remove particles from within it. The filters are
made of layers of sand and gravel, and in some cases, crushed
anthracite. Filtration collects the suspended impurities in water, enhancing the

effectiveness of disinfection.
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6. Disinfection aﬂaqsﬁ‘aq

i.  Chlorination

ii. UVtreatment (CITIaTFﬁ JUHR)
iii.  Ozone treatment 3o SUAR

Wi

sediment
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Water : |
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7. Supplementary treatment:
Supplementary treatment includes fluoridation of the water, to protect teeth.
Defluoridation may be necessary in some areas to reduce excessive fluoride to safe levels.
The wastes from a water treatment plant include screenings, sludge, backwash waters and
packaging from the supply of chemicals and equipment.
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Sewage Water Treatment
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Sewage Treatment
Sewage treatmentis a process that removes the majority of the contaminants from

wastewater or sewage and produces both a liquid effluent suitable for disposal in the
natural environment and sludge.

Sewage is 99 % water carrying domestic wastes originating in kitchen, bathing, laundry,
urine and night soil. A portion of these goes into solution. The remaining goes into
colloidal or suspended stages. It also contains salts used in cooking, sweat, bathing,
laundry and urine. It also contains waterborne pathogenic organisms from the night soil

of already infected persons.
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Sewage treatment generally involves three main stages:

1. primary,

2. secondary and

3. tertiary treatment
but may also include intermediate stages and final polishing
processes.
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Primary Treatment
Primary treatment consists of temporarily holding the sewage in a quiescent basin where

heavy solids can settle to the bottom while oil, grease and lighter solids float to the
surface. The settled and floating materials are removed and the remaining liquid may be

discharged or subjected to secondary treatment.
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Secondary treatment
Secondary treatment removes dissolved and suspended biological matter. Secondary

treatment may require a separation process to remove the micro-organisms from the

treated water prior to discharge or tertiary treatment.
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Tertiary treatment

Tertiary treatmentis sometimes disinfected chemically or physically (for example, by

lagoons and microfiltration) prior to discharge into a stream, river, or wetland, or it can be



used for the irrigation. If it is sufficiently clean, it can also be used for groundwater

recharge or agricultural purposes.
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Pretreatment 'l]\?f SUAR

Pretreatment removes all materials that can be easily collected from the raw sewage

before they damage or clog the pumps and sewage lines of primary treatment clarifiers.
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Grit Removal Y¢ef gCTHT

Grit consists of sand, gravel, cinders, and other heavy materials. Pretreatment may include
a sand or grit channel or chamber, where the velocity of the incoming sewage is adjusted

to allow the settlement of sand and grit.
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Fat and grease removal 94T 3R W ger

In some larger plants, fat and grease are removed by passing the sewage through a small

tank where skimmers collect the fat floating on the surface. Air blowers in the base of the

tank may also be used to help recover the fat as froth.
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Primary treatment WY& IUAR

In the primary sedimentation stage, sewage flows through large tanks, commonly called

"pre-settling basins", "primary sedimentation tanks" or "primary clarifiers”. The tanks are

used to settle sludge while grease and oils rise to the surface and are skimmed off.
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Secondary treatment
Secondary treatment is designed to substantially degrade the biological content of the

sewage which are derived from human waste, food waste, soaps and detergent.
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Tertiary treatment




The purpose of tertiary treatment is to provide a final treatment stage to further improve
the effluent quality before it is discharged to the receiving environment (sea, river, lake,
wet lands, ground, etc.). More than one tertiary treatment process may be used at any
treatment plant. If disinfection is practised, it is always the final process. It is also called

"effluent polishing".
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Filtration
Sand filtration removes much of the residual suspended matter. Filtration over activated

carbon, also called carbon adsorption, removes residual toxins.
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Biological nutrient removal
Wastewater may contain high levels of the nutrients nitrogen and phosphorus. Excessive

release to the environment can lead to a buildup of nutrients, called eutrophication, which



can in turn encourage the overgrowth of weeds, algae, and cyanobacteria (blue-green
algae).
The decomposition of the algae by bacteria uses up so much of the oxygen in the water

that most or all of the animals die.
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Disinfection
The purpose of disinfection in the treatment of waste water is to substantially reduce the

number of microorganisms in the water to be discharged back into the environment for
the later use of drinking, bathing, irrigation, etc.
Common methods of disinfection include ozone, chlorine, ultraviolet light, or sodium

hypochlorite.
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Fourth treatment stage
Micropollutants such as pharmaceuticals, ingredients of household chemicals, chemicals

used in small businesses or industries or pesticides may not be eliminated in the
conventional treatment process (primary, secondary and tertiary treatment) and
therefore lead to water pollution. This can be removed by such process steps mainly

consist of activated carbon filters that adsorb the micropollutants.
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Sludge Treatment And Disposal
The process is often optimised to generate methane gas which can be used as a fuel to

provide energy to power the plant. The most common treatment options

include anaerobic digestion, aerobic digestion, and composting. Incineration is also used.
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Drinking Water Parameters

S. Parameters Standard Permisible

No. Value values

1 pH 6.5-85 No relaxation
Turbidity (NTU) 1 5

3 Total Dissolved Solids (mg/L) 500 2000

4 Total Hardness (as CaCO,, mg/L) 200 600

5 Sulphates (mg/L) 200 400

6  Magnisium (mg/L) 30 No relaxation

7  Nitrate (mg/L) 45 No relaxation

8 Chloride (mg/L) 250 1000

9  Residual Free Chlorine, (mg/L) 0.2 1

10 Calcium (mg/L) 75 200

11 Total Alkalinity (as CaCO,, mg/L) 200 600




