
Water Pollution

6.1 Introduction

Water pollution is the degradation of the quality of water that makes it 
unsafe or harmful to human beings, animals and aquatic life. To a certain extent, 
contamination of water is inevitable, since water being a universal solvent can 
dissolve various types of substances in it. Water pollution disturbs the normal 
use of water for irrigation, agriculture, industries and for human consumption. 
Water pollution can be caused by natural or anthropogenic processes. Natural 
processes include pollution of water bodies by decomposed vegetables, animals 
and weathered products. The anthropogenic processes include industrial, 
agricultural, radioactive and mining processes.

Water pollution is more dangerous than air pollution. This is because the 
sources of water contaminants are more diverse. There is slower rate of self-
purification. Contamination of water is more sensitive to propagation of life in 
comparison to air pollution.

6.2 Types of Water Pollutants

Water pollutants are of different types, viz. biological agents, chemical agents 
and physical agents.

6.2.1 Biological Agents
These include bacteria, parasitic fungi and protozoa. The main source of 

biological agents include human sewage, animal and plant wastes, decaying 
organic matter, industrial wastes (oil refineries, paper mill, food processing units
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etc.) and natural land and urban runoffs and waste water discharge from 
slaughter houses. Some of the contributory factors include over population, 
unplanned industrial and human settlements and lack of civic amenities.

The oxygen requiring bacteria feed on the biological wastes and this results 
in depletion of oxygen in the water bodies. Life is destroyed in the absence of 
oxygen. The water acquires foul odour.

6.2.2 Chemical Agents
These can be inorganic chemicals and minerals, organic chemicals and 

radioactive substances. The inorganic chemical agents may be acids, salts 
(nitrates, phosphates etc.), metals like lead and mercury. The main sources 
include natural run off from land, industrial wastes, leaded gasoline, lead smelting, 
agricultural chemicals run off from agricultural lands, mining, oil fields, food 
processing units etc. These pollutants in water are toxic to various forms of life 
and human beings and can cause genetic defects. The water is rendered unfit 
for human consumption (domestic, agricultural and industrial use). It upsets the 
ecosystem of water bodies and causes eutrophication.

The organic chemicals include agrochemicals (pesticides, herbicides), 
detergents, and chlorine containing compounds,-oil, grease and plastics. The 
main sources include agriculture, forestry, pest control industries, home and 
industrial wastes, paper industry, bleaching process etc. Such polluted water is 
toxic to aquatic life and other organisms that are dependent on such water 
bodies. It may also cause eutrophication of water bodies.

The radioactive substances are released into water bodies as a result of 
nuclear wastes from research laboratories and hospitals. These are also released 
by processing of uranium ores and nuclear plants. The radioactive substances 
enter the food chain and are responsible for birth and genetic defects. They are 
also the causative agents for cancer.

6.2.3 Physical Agents
The physical agents include suspended solids, particulates and heat. The 

main source is soil erosion, run offs from the agriculture, mining and power 
plants. Suspended organic and mineral solids absorb toxic substances like heavy 
metals and pass them through food chain. Aquatic animals face problems in 
breathing through gills in such waters. Thermal pollution occurs when hot water 
enters the water body. Increase in temperature lowers the solubility of oxygen 
in water, there by affecting the aquatic life.



Water Pollution 153

6.3 "types of Water Pollution

Water pollution can be divided into following categories depending on the 
source and storage of water:

(i) Ground water pollution
(ii) Surface water pollution
(iii) Sea water pollution

6.3.1 Ground Water Pollution
Water is considered to be a gift of nature. Over 98% of the fresh water on 

the earth lies underground in the form of ground water (see sec. 5.2.1). It is the 
main source of drinking water for about 50% of the population on the global 
scale.

Ground water gets polluted due to human activities (eg. industrial, domestic 
and agricultural activities). Generally, ground water contamination is irreversible. 
This lead to the degradation of water quality, i.e. objectionable taste, odour and 
excessive hardness) Following table gives the sources of water pollution along 
with the pollutants incorporated in water.

Table 6.1 Sources of contamination of ground water

Sources of contamination Contaminants discharged into ground water

Domestic wastes Pathogenic organisms, nutrients and solids from 
domestic waste

Industrial wastes Toxic heavy metals along with hazardous organic and 
inorganic effluents

Agricultural wastes Fertilisers, pesticides, insecticides, herbicides. 
Leaches from agricultural land containing nitrates, 
phosphates and potash pollute the ground water

Note: Ground water can also be polluted by septic tanks, refuse dumps.

The average chemical composition of ground water is given in Table 6.2. 
For comparison, the chemical composition of surface water (river) and sea 
water is also given.
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Table 6.2 Chemical composition of ground water, river water and sea
water

Parameters (ppm) Ground water (well) Surface water (river) Sea water

Chloride 9.6 13 19x10*

Bicarbonate 330 110 140
Calcium 92 36 400
Magnesium 34 8.0 1.35 xlO3
Iron(III) 0.09 0.02 0.01
Nitrate 13 0.1 —
Potassium 1.4 1.2 380
Silica 10 1.2 6.0
Sulphate 84 22 2.65 xlO3

Sodium 8.2 6.5 10.5 x 103

Total dissolved solid 434 1.65 —

Harmful Effects of Ground Water pollution

Polluted ground water is a major cause for the outbreak of epidemics and 
chronic diseases like typhoid, jaundice, dysentery, diarrhoea, tuberculosis and 
hepatitis. The use of polluted ground water for inigatiiig damages the crops and 
decrease the yield of agricultural products. Polluted ground water affects fertility 
by killing bacteria and soil micro-organisms. A typical case of ground water 
pollution was reported on Sept 18,1988 by the ‘Hindu’ Newspaper. It reported 
the contamination of ground water in Medak district of Andhra Pradesh in India 
from different chemical industries which released poisonous chemicals. The 
ground water become greenish in color and emitted foul smell. It caused 
dysentery, vomiting, jaundice and diarrhoea and a number of deaths were 
reported. Some other harmful effects will form the subject matter of subsequent 
sections.

In view of the above it is extremely necessary to protect ground water 
from getting polluted. This can be achieved by taking appropriate steps for 
predisposal treatment of toxic industrial effluents and municipal discharges. Also, 
location of wells for drinking water supplies should be very carefully decided.

6.3.2 Surface Water Pollution
Surface water in the form of rivers, streams and lakes is present to the 

extent of only 0.0091 percent of the total global water (see sec. 5.2). All segments 
of our society (urban, rural, industrial, agricultural) are responsible for surface
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water pollution. Various processes and materials may pollute fresh water bodies. 
Some sources of surface water pollution are given in Table 6.3 below:

Table 6.3 Sources of surface water pollution

Sources of contamination Contaminants discharged into ground water
Agricultural run offs Agrochemicals (pesticides, herbicides, 

fungicides)
Accidental spill of chemicals Different chemicals
Leaks from surface, storage 
tanks or pipelines

Gasoline, oil

Run off from industrial sites like 
factories, refineries, mines etc.

Solvents, chemicals

Radioactive material processing 
plants

Radioactive materials

The chemical composition of surface water (river water) is given in Table 
6.2. The maximum permissible limits of effluents discharged into surface water 
are given in Table 6.4 below:

Table 6.4 Permissible Limits of Various Characteristics of Effluents

Characteristics of effluents Maximum permissible limit
pH 5-9
BOD 20mg/L

Suspended solids 30mg/L

Particulates 15 mg/L
Cyananide 0.1 ppm
Phenols 0.5 ppm
Sulphate 1 ppm

Toxic metals 0.5 ppm

Depending on the extent of pollution in surface water, it is harmful for life 
processes and sustenance of life. The harmful effects are similar to that of 
polluted ground water (see sec. 6.3.1). As far as possible, efforts should be 
made so that the surface water is free from following contaminants:

• Compounds imparting colour, odour, taste and turbidity eg. oils, greases, 
phenols, toxic materials.

• Substances which float on the surface as oil, scums etc.
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• Toxic radionuclides
• Materials which are harmful for aquatic flora and fauna.
• Thermal effluents should not be discharged in the surface water.
• Chlorinated compounds

Lakes all over the world contribute to the surface water. The largest fresh 
water lake is Lake Superior in North America covering about 31,800 sq km. 
The deepest lake is Lake Baikal in Siberia, which is about 1940 m deep. Besides 
these, other well-known lakes are Dal and Nagin lakes in Kashmir and Nainital 
(India) and lake Michighan in USA. Due to pollution caused by various industrial, 
agricultural and chemical run off some of the lakes are in the process of dying.

6.3.3 Sea Water Pollution
Oceans are the major source of water in the world. Water bodies cover 

more than 70% of the earth’s surface. Due to population explosion and depletion 
of land resources, the food materials (e.g. fish etc.) are being used more and 
more. In this respect, human beings are responsible for destroying the aquatic 
environment either by mismanaging or by over exploitation. Oil pollution in the 
sea is the main factor which poses serious threat to the marine ecosystem and 
fisheries of the world. This aspect of marine pollution is discussed in chapter 7. 
Besides these, seawater is polluted by the discharge of various types of wastes 
from diverse human activities.

6.4 Sources of Water Pollution

Water is the only natural resource available in plenty and is essential for the 
survival of all living organisms. However, clean (or potable) water has become 
a precious commodity since its quality is degraded by various sources of pollution. 
Some of these sources are:

Sewage and Domestic waste 
Industrial Effluents 
Agricultural discharge /run off 
Soaps and detergents 
Toxic or heavy metals 
Thermal Pollution 
Petroleum oil Spills
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6.4.1 Sewage and Domestic Waste
The word sewage is generally used for combined liquid wastes discharged 

from all domestic (toilets etc.) and industrial sources. It consists of mixture of all 
liquid domestic wastes, including faecal matter, urine, soap and detergents. The 
total spent water (including sewage) of the community flowing through a sewer 
is referred to as municipal waste.

It is believed that about 75% of water pollution is caused by sewage and 
domestic wastes. There is uncontrolled dumping of wastes from rural areas, 
town and cities into water bodies. Due to population explosion, tremendous 
quantities of sewage are generated. Most of the sewage or municipal waste 
receive no treatment, particularly in most of the underdeveloped countries and 
some developed countries of the world.

Characteristics of Sewage
The characteristics of sewage include both physical and chemical 

characteristics.

Physical Characteristics
(i) Appearance : The sewage water normally has a high turbidity and 

appears greyish. Some times, the colour becomes black due to partial 
decomposition.]

(ii) Odour : Sewage after some time develops a characteristic rotten egg 
odour of hydrogen sulphide. This is due to the putrefaction.

(iii) Temperature : The temperature of sewage is normally a few degrees 
higher that the supply water. The temperature of sewage has an effect 
on sedimentation and biological activity.

Chemical Characteristics
The chemical characteristics of sewage can be of two types viz. inorganic 

ox organic.

(i) Inorganic: The common mineral matter comprises of nitrates, 
phosphates, sulphates, carbonates and chloride of calcium, magnesium, 
sodium, potassium and iron. Besides, some trace quantities of toxic 
metals such as copper, chromium, zinc, manganese, lead and nickel may 
also be present.

(ii) Organic: The common organic matter includes fatty acids, esters, amino 
acids, amides, amino sugars, proteins and their decomposition products. 
These constituents affect the pH and the odour.
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6.4.2 Industrial Effluents
Industrial wastewater results from all manufacturing industries. These 

discharges are contaminated with materials used in the plant (starting materials), 
manufactured end products, intermediate products and by-products. All these 
materials are responsible for pollution of water bodies. The types of pollutants 
depend on the various industrial processes.

The industrial pollutants include suspended matter, chlorides, surfactants 
etc. The most troublesome are sulphates, nitrates, ammonium salts, salts of 
heavy metals and oils etc. These affect the colour, taste and odour of water in 
water bodies. These pollutants affect the dissolved oxygen (DO), biochemical 
oxygen, demand (BOD) and chemical oxygen demand (COD) of the water.

Various pollutants from different industries are discussed below:

6.4.2.1 Textile Industry
Textile industry involves various operations and is among the major water 

users. The wastes from textile industry are variable in character. Many 
compounds produced by other industries are used in various stages. A composite 
waste from cotton textile unit comprises starches, dextrins, gums, glucose, waxes, 
pectins, alcohols, fatty acids, acetic acid, soaps, detergents, sodium hydroxide, 
carbonates, sulphides, sulphates, chlorides, dyes and pigments, dye carrier like 
phenols and benzoic acid, peroxides and chloride bleaching compounds.

Organic pollutants (in waste water) such as dyes, starches and detergents 
undergo chemical changes by using the dissolved oxygen from the receiving 
water bodies and thus destroy fish life. High concentrations of soluble inorganic 
salts make the water in the water bodies unsuitable for industrial and municipal 
use. Metals such as chromium and zinc are toxic to aquatic life. All these pollutants 
affect the colour and odour of water.

As per environmental laws, it is the responsibility of the textile industries to 
remove the wastes before the water is discharged into water bodies. It is, of 
course, best to reuse the processed water in the same industry. This procedure 
also results in saving the materials which can be used again in various processes.

6.4.2.2 Paper and Pulp Industry
The demand of paper and .products obtained from it, have considerably 

increased. New pulping and bleaching processes have been developed. However, 
the main pollution associated with paper and pulp industry is the pollution resulting 
from the discharge of waste materials into the water bodies. The products 
obtained from paper are fine papers, coarse papers, tissues, specialities papers
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and cardboards. All these are made from pulp, which in turn is obtained from 
wood and the supporting and conducting tissues of the trees and bamboos.

The discharge of spent water from pulp and paper industries (into water 
bodies) contains two types of pollutants; viz. suspended matter and dissolved 
organic substances. The suspended matter consists of dispersed solids such 
as coarse and fine particles of bark, wood slivers and slit. The dissolved organic 
substances include lignins, tannins, carbohydrates, salts of fatty acids and other 
organics. Besides above, the wastes contain caustic alkalis (used for pulping), 
filler and coating materials (eg. clays, calcium carbonate and titanium dioxide), 
inks, sizing and hydrolysis products. The chemicals used in sizing, coating and 
bleaching processes form extremely harmful constituents of the waste.

The suspended matter in the wastes can form bottom deposits in receiving 
water bodies. These are harmful to aquatic life and on decomposition, produce 
odoriferous components. The water in the water bodies becomes opalescent 
and so the penetration of sunlight into water is considerably reduced, resulting in 
reduced photosynthetic processes.

The dissolved organics in the discharged water are slowly acted upon by 
micro-organisms and converted into simple harmless compounds. However, in 
this process, oxygen dissolved in water is consumed and this results in the death 
of some of the aquatic organisms.

A commonly used pulp-bleaching agent is chlorine. Though, it is known for 
its excellent bleaching ability but when discharged into aquatic systems, it reacts 
with other industrial effluents to produce a number of chlorinated products; the 
most harmful of these is tetrachlorodibenzo-p-dioxin.

T etrachlorodibenzo-p-dioxin

The pulp and paper industry discharge is rich in sodium salts of resin acids 
and higher mercaptans, which are toxic to fish and other aquatic organisms.

The pollution caused by paper and pulp industry is minimised by the following 
procedures:

(i) Removal of particulate pollution : This is affected by allowing the 
particles to settle down (under the influence of gravity) in settling tanks. 
In case the suspended particles are light, coagulants such as alum or 
silica are added to expedite the settlement processes. The particulate
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settled material is removed from the bottom of the settling tanks and 
from this material, the fillers, pigments and coating materials might be 
isolated and reused.

(ii) Removal of dissolved organic matter : The effluents after removal 
of suspended matter is treated with micro-organisms and oxygen in 
specially designed tanks called the stabilization basins. In these basins, 
mechanical stirrers stir the liquid material and air is bubbled in. By this 
process, the organic effluents are biologically oxidised into harmless 
substances.

(iii) Recycling of water : The water obtained after removal of suspended 
particulate matter and dissolved organic matter (as described in (i) and
(ii) above) is recycled. This procedure helps to reduce the discharge of 
unwanted noxious chemicals in the water bodies.

(iv) Use of alternative bleaching agents: Though chlorine is a very 
effective bleaching agent, it reacts with other industrial effluents to 
produce toxic chemicals. In view of this, attempts have been made to 
replace chlorine with other bleaching agents like hydrogen peroxide and 
ozone. However, it adds to the costs.

(v) Recycling of waste paper: It goes without saying that the waste used 
paper should be recycled. It is very convenient to convert used paper 
into pulp by treatment with alkali and steam. The pulp, thus, obtained is 
bleached. This procedure saves a host of other chemicals which are 
used to convert wood into pulp.

6.4.2.3 Leather Tanning Industry
The raw material in leather industry (hides of cattle and the skins of certain 

other animals) is mostly the by-product of edible meats, which is produced in 
slaughter houses. The leather industry is one of the oldest industries. With the 
advancement of scientific knowledge, leather industry has now developed into a 
technical industry. Basically, there are only three types of tanning processes.

(i) Vegetable tanning process: In this process, sole, belting and saddlery 
leathers are tanned with infusions of barks, wood, nuts and leaves.

(ii) Chrome tanning process: In this process, shoe upper leathers are 
made from calf, goat, horse or cattle hides tanned with mineral salts. 
Some leathers are tanned with formaldehyde and some others are tanned 
with zirconium salts in a process similar to chrome tanning.

(iii) Some leathers are tanned by a combination of vegetable and chrome or 
in combination with newer synthetic tanning materials.
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Whatever process is used, the skin and hides are made free of hair and 
extraneous tissues before being tanned. This is achieved by steeping the hides 
in saturated lime solution fortified with sodium sulphide or other materials. The 
de-haired skin and hides are then subjected to enzyme treatment to remove the 
final hair debris. In the above process, water is used which should not be hard 
but it should be free from micro-organisms; for micro-organisms disinfectants 
are used.

After tanning, the leather is subjected to finishing processes. A number of 
such processes are in the use. The choice of the process depends on the use for 
which the leather is put to.

The leather and tanning industry produce effluents which contain small bits 
of skin tissue, soluble proteins, hair, blood, dirt, salts of many kinds and lime 
mixed with sulphides, amines, chrome and vegetable tanning agents, sugars, 
starch, oils and fats, acids, alkalies, dyes and pigments.

The tannery waste contains organic pollutants which are responsible for 
using the dissolved oxygen in water bodies and so are responsible for destruction 
of aquatic life. The tannery waste must be evaluated for their biochemical oxygen 
demand, suspended solids, pH, basicity, colour, turbidity, mineral content etc. 
The pollution caused by leather tanning industry can be minimised by the following 
procedures.

(i) Removal of particulate pollution: This is carried out as described 
under paper and pulp industry (see Sec. 6.4.2.2)

(ii) Removal of dissolved organic matter: This is carried by the procedure 
described under paper and pulp industry (see Sec. 6.4.2.2).

The pollution can be minimized by adopting some new procedures in the 
tanning process. Some of these are as follows:

• In unhairing bath, dimethylamine (DMA) sulphate is used instead 
of amines. The use of lime is also avoided.

• Use of proteolytic enzymes for loosening the hair.
• Synthetic tanning material is used in combination with natural 

and mineral tanning materials. Most of the synthetic tanning 
materials are absorbed by the hide and remain as part of the 
leather.

6A.2A Agrochemical Industry
Most of the agrochemicals, viz. fertilizers, insecticides, herbicides and 

fungicides are used in large quantities for better and quality crops. These are
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made by various industrial processes. The discharges from these industries 
contain various toxic chemicals and when discharged into water bodies are 
responsible for a number of adverse effects.

Fertilizers are essential plant nutrients. When fertilizers containing sulphates, 
nitrates and phosphates are added to the soil, some of these are washed off 
through rain fall, and these agricultural discharges find their way into various 
water bodies. The excess use of fertilizers distrupt the nitrogen and phosphate 
balance in water bodies, resulting in increase of BOD of water sources and this 
may also lead to eutrophication of the lakes etc.

Some insecticides, (pesticides and herbicides are not biodegradable. When 
sprayed on crops, they remain adhered to the soil for long periods. During rainfall, 
these agrochemicals are carried as suspended particles into water bodies and 
create problems. For a detailed discussion on agrochemicals, see sec. 4.4.6.

6.4.2.5 Petrochemical Industry
The basic raw material for petrochemical industry is petroleum, which 

is thick and usually dark coloured liquid, found below the earth’s crust 
trapped within rock structure or below the water in the oceans. The origin of the 
word petroleum is from the Latin words ‘petra’ (meaning rock) and ‘oleum’ 
(meaning oil).

Following are the various operations performed in the petroleum industry.
(i) Isolation of Crude O il: It involves isolation of crude oil (petroleum) 

from underground sources (below the surface of earth or oceans). 
Wastes from production operation by drilling include mud. Even after 
separation of crude oil, some amount of crude oil remains in the mud 
and accompanying water (water is used for drilling purposes for cooling 
the pipes). Though water does not come in contact with oil directly, but 
some oil may enter water by leakage etc.

(ii) Transportation: The crude oil is transported to the refineries through 
pipelines or oil tankers. Transportation via pipe lines is a safer way, 
though sometimes leaks in pipes may occur. Leakage of pipe lines under 
the surface of water in the oceans may lead to ocean water pollution 
(see Marine Pollution, chapter 7). However, transportation by oil tankers 
is not very safe. The oil tankers may meet with accidents resulting in 
spilling of oil which causes pollution. Wastes from cleaning of 
transportation equipment also require special precautions and treatments.

(iii) Refining : Petroleum is a mixture of aliphatic and aromatic 
hydrocarbons. These are separated by fractional distillation into various 
fractions (as given in Table 6.5).
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Table 6.5 Some important fractions of petroleum

Fraction Building range Approximate composition
Gaseous Up to 30°C C!-C4
Petroleum ether 30 - 70°C c 3 - c 7
Gasoline (Petrol) 40 - 200°C Q " C10
Kerosene oil 170 - 290°C ^10
Heavy oil 250 - 320°C 1̂5 " ^19
Lubricating oil 320 - 400°C ^17 - ^50

Water is used in refining operations for cooling etc. The waste water is 
usually contaminated with various fractions of the fractional distillation of 
crude oil.

The most important fraction obtained by refining of petroleum is gasoline 
(petrol) which is used as an automobile fuel. However, the yield of this fraction 
is quite low. Due to increased demand of this product, the yield of this fraction 
is increased by cracking. By this procedure, higher boiling fractions are converted 
into lower boiling fractions. There are two types of cracking. The first is liquid 
phase cracking, in which heavy oil is cracked by heating (470-525°C) under 
pressure (10-70 atmospheric pressure); the yield is 60-65%. The second is the 
vapour phase cracking. In this process, kerosene oil or any other material is 
heated at 600°C under 3-10 atmospheric pressure. Following are the products 
of cracking of some of the hydrocarbons:

C4H10 -> CH3CH = CHCH3 + CH3CH2CH = CH2 + CH3CH = CH2 
Butane

+ CH2 = CH2 + c h 4 + h2

C8Hi8 —> C8H6 + C6H14 + C4Hi0 + C4H8 + C2H4 + CH4 + H2 
Octane

C12H26 C7H16 + C7H-|4 + C6H14 + C@H12 + C5Hi2 + CsH8 
Dodecane

The mechanism of cracking is complex. Besides molecular disintegration, 
it also involves polymerisation, alkylation, cyclisation, aromatisation etc. Some 
of these are discussed below:

(i) Polymerisation : The hydrocarbons - butane, butene isobutene etc. 
produced during cracking undergo polymerisation. For example, isobutene



164 Environmental Science

on dimerisation gives iso-octene, which on hydrogenation gives isooctane 
having high octane number.

(ii) Alkylation: Highly branched hydrocarbons, which constitute high quality 
gasoline are formed during alkylation involving addition of saturated 
hydrocarbons to alkenes. Thus, addition of isobutane to isobutene gives 
isooctane.

(iii) Reforming : This process is used to increase the octane number and 
consists of heating the gasoline at 600° under pressure (28-50 atm.). In 
this process, no cracking takes place, but the molecule is reformed. In 
reforming, there may be isomerization, dehydration, cylisation, and 
aromatisation. Some examples are as follows:

+

CH3̂
c = c h 2

CH3

Isobutene

Ch3\
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CH3— c h 2— c h 2— CH2— CH2— CH2—  c h 3 
n-Heptane

CH3

I
CH3 — CH— c h 2 — CH2— CH2— CHg 

2-Methylhexane

n-C7H 16

n-Heptane

CH3

+  3H20

Toluene

Reforming can also be carried out in presence of catalysts like oxides of 
chromium, vanadium, molybdenum or aluminium at 150-300°.

(iv) Production of petrochemicals: A large number of organic chemicals 
are produced from petroleum sources. These are obtained either from 
natural gas or any other chemical obtained during the refining of crude 
oil. All such chemicals that are derived from petroleum sources are 
called petrochemicals. Petroleum is a source of approximately one million 
organic compounds. The main processes that convert petroleum 
hydrocarbons into raw materials for chemical industries are (a) removal 
of hydrogen (Dehydrogenation) to give unsaturated hydrocarbons 
(alkenes or aromatics), (b) oxidation and (c) chlorination. Wastewaters 
from petrochemical industries comprise surface run-off, process water 
and cooling water. Water immiscible oils and solvents with high BOD 
along with solid matter are common to both oil refineries and 
petrochemical industries.

The wastewaters from petroleum and petrochemical industries usually 
contain:
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• Chemicals including acids, alkalies, sulphides, mercaptans, 
ammonia, phenols and suspended solids.

• Separable and emulsified oils are found in wastewater sources. 
Sulphides are obtained from cracking units; these also contribute 
to phenolic wastes.

• Many oxidisable solutes present in refinery wastewaters 
contribute to overall oxygen demand. Bad taste and odours in 
waste waters are caused by phenolic, naphthenic, nitrogenous 
and organic sulphur compounds; all these result from treating 
operations for removal of sulphur, nitrogen and oxygen 
compounds from crude and distilled fractions.

It is best to treat the wastes discharged from the petrochemical industries 
before they are allowed to find their way into water bodies. Some of the 
procedures for waste disposal or treatment are given below

(i) In-House Procedures - Specific precautions and procedures should be 
adopted to prevent entry of the wastes into the water bodies. These 
procedures involve recovery of raw materials, intermediates and final 
end products from the discharges. Reuse of water in cooling towers is 
helpful. The discharges usually contain oil, which can be separated.

(ii) Water soluble volatile components from wastewater streams are removed 
commonly by steam distillation in specially designed equipments. The 
wastewater contains varying amounts of sulphides, ammonia and 
phenolics depending on the type of the crude oil; these are obtained by 
the distillation of crude oil and in catalytic cracking. Oxidation of sulphur 
compounds and ammonia is carried by air.

(iii) Some selected wastes are combusted in specially designed incinerators.
(iv) Chlorinated hydrocarbons obtained in wastes of petrochemical 

manufacturing processes are removed by absorption in towers.
(v) Addition of certain reagents like aluminium sulphate, ferric chloride and 

aluminium chloride to waste waters help in chemical flocculation. In this 
procedure, the fine particles coagulate forming bigger molecules which 
settle down and can be removed.

(vi) Biological oxidations are extensively used for treating refinery 
wastewaters.

6A 2.6 Food Processing Industries
In food processing industries, certain additives are added to improve its 

appearance, flavour, texture and shelf life. These food additives
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• improve or maintain the nutritional quality of food. An example 
is the addition of vitamin D and A to edible oils including butter.

• improve the shelf life of food. An example is addition of calcium 
propionate to make bread.

Citric acid is added to preserve fruit juices. Also, artificial colours and flavours 
are added to make the food more attractive.

Table 6.6 gives some of the additives along with their functions.

Table 6.6 Some common additives used in food industries

Type of additive Examples Functions

Preservatives C6H5COONa (sodium benzoate) used in 
soft drinks, (CH3CH2COO)2Ca (calcium 
propionate) used in meat products; 
sugar used in jellies. Sorbic acid (CH3CH 
= CH CH = CH COOH) used in cheese. 
Ethylene oxide, to control microorga-
nisms in dried fruits and in spices, 
Sulphites used to prevent enzymatic 
browning of fruits and vegetables.

Prevent or retard the un-
desirable changes caused 
primarily by bacteria, 
yeast, and molds.

Antioxidants Butyiated hdyroxy 
anisole (BHA)

OH

Me3 C \^ ^ ^ C M e 3

OMe

Prevents oxidation of fats,
Prevents development of 
rancidity.

Butyiated hydorxy 
toluene (BHT) iH

V
Me

Increases shelf life.

Propyl gallate COOPr

HO/ ^ ^ '" 'O H

OH

Sulphites-besides being preservatives 
also act as antioxidants

Sequestrants Adipic acid 
H00C(CH2)2C02H

ch2c o 2h

HO— Í — C02H 
Citric |
acid CH2CO2H

These are metals (e.g. iron, 
copper etc. present in pro-
cessed food) scavengers 
and are generally chelating
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Ethylenediamine tetra acetic acid 
(EDTA)

h o 2c .c h 2\  > c h 2c o 2h
N—CH2—CH2— N

H02C.CH2 x c h 2c o 2h

agents. The metal ions if 
not removed cause deterio-
ration of foods.

Acidulants Lactic acid [CH3CH0HC02H] used in 
fruit juices, squashes. Phosphoric acid, 
H3PO4 lactic acid, citric acid acts as 
acidulant as well as sequestrant.

These are organic acids 
and enhance flavour and 
control pH, and assist an- 
tioxidants

Surface Active 
agents

Lecithin, mono and diglycerides 
R  =  alkyl group

O

C H 2— O — R C H 2— O — C R

I I
C H O H  C H O H

CHzOH Í H 20 - ? - R  

0
Monoglyceride Diglyceride

These are wetting agents, 
emulsifiers and lubricants. 
These make bakery goods 
to stay longer and keeping 
fresh.

Bleaching agents Benzoyl peroxide
0  0
II II C6H5-C -0-0-C -C 6H5 for making milled

flour colourless or white.
Bromates and iodates are used to bleach 
bread.

These remove undesirable 
colours from food stuffs

Natural supple-
ments

Vitamin A added to edible oils.
Vitamin B, iron and calcium added to 
cereals.
Vitamin C added to fruit Juices.
Vitamin D added to milk
Iodine added to salt
Lysine (an amino acid) added to wheat
flour

These enhance food value 
of products.

Colorants Natural colours like turmeric, saffron, 
paprika and caramel 
Artificial colourants like indigo, carmine, 
erythrosine, tartrazine etc.

These make food attractive

Artificial
sweeteners

Saccharin, cyclamic acid These are added when low 
caloric diet is preferred. 
Useful for diabetes and 
weight control measures.

Flavours Vanillin-imparts vanilla flavour 
Ethyl butyrate-pineapple flavour 
Methyl anthranilate-grape flavour

These are added to improve 
the acceptability of foods.
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Though additives are used for improving the quality, appearance, flavour, 
texture and shelf life of food products, these should be used in right amounts, 
since some of them may have harmful effects. The harmful effects of some of 
the food additives are given below:

Sodium Nitrite

It is used as an additive for cured meat products. It prevents botulism in 
cured or canned meat products. It also acts to stabilize the colour and flavour of 
the meat. Sodium nitrite is known to inhibit growth of bacterium.

Clostridium Botulinum

This bacterium if not checked, produces poisonous toxins. The nitrite in 
food products is partially converted into nitrous acid which may react with 
secondary amines in the meat to yield N-nitrosamines.

R2NH + HN02 — R2N NO + H20

These nitrosamines are believed to be carcinogenic. The nitrites may find 
their way into human stomach when cured meat is consumed. The best option is 
to use minimum amount of nitrite (about 200 ppm per kg of meat product).

Radiation
Radiation is not an additive, but it is a non-chemical method of food 

preservation. Beneficial effects are extension of storage life of crops, disinfection 
of cereals, fruits and destruction of pathogens. In fact, irradiated foods retain 
their freshness, flavour and nutritional value. However, the consumers are 
concerned by the fear that radiation of food materiÉ may generate toxic radiolytic 
products and may result in the formation of radicals which are very harmful.

BHA and BHT

The antioxidants BHA and BHT exhibit anti-microbial activity against several 
common food pathogens and viruses. These inhibit the oxidation of food fats, 
especially unsaturated fats in the body. In experimental animals, it has been 
found that the liver gets enlarged and the rate of synthesis of DNA and RNA 
gets slowed down, which in turn reduces the rate of cell division and growth. 
However, these effects have not been observed in humans. One thing which 
has been established is that if the oxidation of fats in the body is not prevented, 
peroxides are produced which are definitely carcinogenic. The recommended 
daily intake of BHA and BHT is 0.3 mg and 0.125 mg, respectively per kg of 
body weight.
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Diethyl Pyrocarbonate
It is used as an anti-microbial food preservative in fruit juices, wine and 

beer. Normally, it gets hydrolysed to ethanol and carbon dioxide. However, the 
beverages usually contain small amount of amino acids and proteins, which 
slowly hydrolyse to give ammonia. The ammonia so formed reacts with diethyl 
pyrocarbonate in the pH range 4-9 to form urethane (ethyl carbonate, H2N- 
COOEt) which is carcinogenic. WHO has recommended that diethyl 
pyrocarbonate should be used in those beverages which have a pH lower than 
4 and a low concentration of amino acids and proteins. The recommended level 
of diethyl pyrocarbonate is about 300 mg per kg of food item.

Phosphoric Add
It is used in soft drinks (cola types). Excessive intake of phosphoric acid 

reduces the level of calcium and leads to osteoporosis - a condition in which 
bones becomes brittle and more susceptible to fractures.

Potassium Bromate
It is used as a bleaching agent for flour. In experimental animals, it has 

been found that in bromate fed rats, there is increased incidence of kidney 
tumours. Due to this reason, the use of bromide in flour is significantly curtailed. 
Some countries have banned the use of bromate as an additive.

Artificial Sweeteners
Saccharin and cyclamates are commonly used artificial sweeteners in a 

variety of foods. It has been found that in experimental animals, both saccharin 
and cyclamates produced bladder cancer. In case of cyclamate, the metabolite 
cyclohexamine is a cancer promoter. WHO has recommended a daily intake of 
0.43-4.3 mg and 4-10 mg per kg body weight of saccharin and cyclamate, 
respectively. In some countries pregnant women are advised to avoid saccharin 
and cyclamates.

6.4.2.7 Dairy Industry
Dairy industry includes processing of milk to produce homogenised 

pasteurised milk, milk powder, cheese and other products. The wastes from 
dairy industry resemble other food wastes but do not contain suspended solid 
materials. These wastes arise during handling of milk at different stages, eg. 
receiving section, bottling, condensing, dry milk powder manufacture and cheese 
and butter making along with ice-cream manufacturing. The wastes from dairy 
plants consist of various dilutions of milk that enter the drainage system. The 
wastes also include by products such as buttermilk and skim milk that cannot be
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utilized. Most of the dairy wastes (expect the by-products) can be reduced by 
proper handling and controls so that there is no spilling or leakage. The by-
products such as whey, buttermilk should not be allowed to enter the plant 
sewer system.

The dairy wastes are composed of organic matter and are high in oxygen 
demand. If allowed to enter the water bodies, the oxygen in these is considerably 
depleted causing serious pollution. Milk wastes also contain nitrogen and 
phosphorous, which are harmful if allowed to enter the water bodies.

The dairy wastes are allowed to settle in settling tank. Here, lactose is 
converted into lactic acid which precipitates the casein. Air is bubbled into these 
tanks which is helpful for biological oxidation of organic matter. The solid material 
is filtered before the wastes are discharged into water bodies. However, if 
suitable land is available, disposal of milk wastes by irrigation is possible; this is 
the most convenient and economical procedure of dairy waste disposal.

In units dealing with the manufacture of soymilk, the waste consists of particles 
of soybeans. These are removed by filtration and then used for cattle feed.

6.4.2.8 Soaps and Detergents
Soaps are sodium salts of fatty acids. They are obtained by the saponification 

of fats and oils. Synthetic detergents (or syndets) are soap substitutes and 
comprise of surfactant, builder and other ingredients. Soaps are not effective in 
hard water (there is considerable loss of soap before it is available for cleaning 
purpose) compared to detergents which can be used in hard water. A common 
class of detergents is alkylbenzene sulfonates. Both soaps and detergents contain 
non-polar or hydrophobic (water repelling) group (the fatty acid chain in soaps 
and the alkylbenzene group in detergents) as well as a polar or hydrophilic 
(water attracting) group (the carboxylate group in soap and the sulfonate group 
in detergents). Due to the presence of hydrophobic as well as hydrophilic groups, 
both soaps and detergents lower the surface tension of water and aid in the 
wetting of clothes, dishes etc. and in emulsifying and dispersing of soil or dirt 
particles; such substances are called surfactants.

The soaps cause virtually no environmental problems, since they are 
biodegradable. In aquatic systems, they are degraded by micro-organisms in 
presence of oxygen into harmless products (C02, H20, carbonates and 
bicarbonates). The disadvantage of using soaps is that they do not function 
efficiently in hard water. The calcium and magnesium ions present in hard water 
react with soap to produce precipitate of calcium and magnesium salts of fatty 
acids.

2 RCOCTNa* + Mg2+ -------
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This leads to wastage of soaps. Also, the precipitates of calcium and 
magnesium salts adhere to the fabrics and stain them. Further, in acidic medium, 
the soaps are precipitated as fatty acids.

The detergents, on the other hand, are not completely biodegradable. When 
discharged into water bodies, a part of detergents always persists and causes 
environmental problems. It has been found that detergents having branched 
chain are less biodegradable than those having a linear carbon chain. Some 
examples are as follows:

Linear chain detergents (more biodegradable)

Alkyl benzene sulphonate

CH3— (CH2)n— CH2— OSC>3-Na+ 
Teepol

Branched chain detergents (less biodegradable)

c h 3 c h 3 c h 3

C H 3— C H — C H 2— C H — C H 2— C H — C H — C H 3

S 0 3-Na+ 
alkylbenzene sulfonate

CH3— CH2— CH — (CH2)2— CH— (CH2)2— CH— (CH2)2— CH2— CH3

C2H5 0S03"Na+ C2H5
Tangitol7

Types of Surfactants

The surfactants can be anionic, cationic, non-ionic or amphoteric in nature. 
Table 6.7 gives example of various types of surfactants along with their 
applications.



Water Pollution 173

Table 6.7 Types of Surfactants

Types Examples Uses
Anionic Soaps

0
II // \

RCH2 C—0"Na+ V -SO i—Na+

R=Cio —C 1 5  Alkyl benzene 
sulphonate

Most commonly used for 
toilet soap, laundry deter-
gents and shampoos.

Cationic
r r  / c h 3~\

S Cl" (R = C io-18) 
/  \

|_  R CHa J
Quaternary ammonium salts

r
R— N— (CH3)2 (R=C14-i 8)

Used mostly as fabric 
softeners

Non-ionic R(CH2CH20)n H Polyoxyethylenes 
(R=C6_16;n=3-15)

Used for heavy duty 
laundry detergents

Amphoteric
c h 3 p
l+ '/ /

R— N— CH2— C
I \ -

CH3 0

Used for shampoos

Ingredients of Detergents
As already stated, the detergents are of synthetic origin and contain 

surfactants (mostly anionic like alkyl benzene sulphonates) and builder along 
with other additives. Some of the additives are given below in Table 6.8.

Table 6.8 Additives of Detergents
Additive Example Role of additive

Builders* Polyphosphates* Better cleaning action even in hard water
Brighteners Ultramarine Improve the appearance of the fabric
Bleachers Perborates Removing stains etc.
Enzymes Amylase Removing starch , protein based stains
Softeners Quaternary ammonium salts Making fabric feel soft

(Note: Builders, the most important additive will be discussed in detail subsequently)
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Builders are the most important constituents of detergents and are present 
to the extent of about 40% of the total weight. Following are the most useful and 
powerful builders.

O O O  
. ^  ^  ^

Na+0 "— P— O— P— O— P— O

0 “Na+ 0~Na+ 0"N a + Na+0 ^

Sodium tripalyphosphate

O O  Na+0 “ f  °  0 _Na+

^ ^ xP
« * 0 -— p - o — P -O -K *  0 ^ \ 0 /  O

crvC o 'K *
Potassium polyphosphate Sodium tripalyphosphate

Following are given some of the common and useful functions of builders

(i) The builders act as sequestering agents. These block the Ca2+ and Mg2+ 
ions present in hard water.

It is due to this reason that detergents are effective even in hard water.
(ii) Builders along with surfactants exhibit marked synergistic effect; this 

makes their combination a much better cleaning agent.
(iii) Builders make the wash solutions alkaline -a requisite necessary for 

effective removal of soil and dirt particles.
(iv) Builders act as buffers- this implies that change of pH during washing 

is taken care of.
(v) Builders are responsible to make aggregates of surfactant molecules in 

a concentrated wash solution commonly called micelles. These micelles 
remove oil and grease particles (from the fabric to be cleaned) by 
dissolving them.

The main problem with polyphosphate additives (builders) is environmental. 
These cause eutrophication of water bodies. This aspect is discussed in a 
subsequent section.

Effects of Soaps and Detergents on Environment

Soaps, as already stated, are biodegradable. This implies that when
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discharged into water bodies, these are acted upon by micro-organisms in 
presence of dissolved oxygen and converted into harmless products (e.g. carbon 
dioxide, water, carbonates and bicarbonates). On the other hand, detergents 
affect the environment. Following are some of the harmful effects of detergents 
on the environment.

(i) Detergents containing phosphate as builders contribute to the growth of 
algae in water bodies. This results in the consumption of the dissolved 
oxygen and the aquatic animals are deprived of oxygen resulting in their 
death. Thus, phosphate detergents are the main cause of eutrophication 
of water bodies, particularly lakes.

(ii) Aquatic animals and water plants are severely affected by synthetic 
detergents. A concentration of 2.5-3.5 percent of common household 
detergents causes mortality to some types of fish and retards the growth 
of (or even kill) the water plants.

(iii) Health hazards- The workers in detergent industry are exposed to 
enzyme additive in the formulation section. The enzymes attack the 
proteins in the soft lung tissue resulting in allergic conditions and 
respiratory problems.

(iv) The potable water acquires objectionable taste.
(v) The detergents make the water purification process difficult. This is 

because, the micro-organisms which oxidise organic pollutants to 
harmless materials are killed. Also, with detergents, the oily and greasy 
impurities are emulsified and their removal becomes difficult by skimming 
process.

The best way to check the environmental problems is to use nori- 
phosphate builders. Some builders which have been tried are EDTA, sodium 
citrate, zeolite-A [Na20.Al203.2Si02.4.5H20 ] and nitrilotric acetic acid 
[N(CH2COOH)3]. However, none of these is as efficient as the phosphate 
additives.

6A 2.9 Hazardous Wastes

Hazardous wastes are mostly the by-products of various industrial set ups. 
Some of these are known carcinogens and some are suspected carcinogens. 
Table 6.9 gives various types of hazardous wastes and their sources.



176 Environmental Science

Table 6.9 Hazardous wastes

Type of hazardous waste Source
Cyanide wastes Electroplating industries and some 

metallurgical operations

Metal finishing wastes Metal polishing industries

Wastes containing water soluble 
compounds of lead, copper, zinc, 
chromium, nickel, selenium, barium, 
antimony (heavy metals)

Extraction of various metals from their 
ores

Mercury, arsenic, thalium and cadmium 
wastes (heavy metals)

Metallurgical Processes

Waste from paints, pigments, glue and 
printing inks

Paint and pigments industries

Dyes Dye industries and dyeing of fabrics

Oil and oil emulsions 
Tary wastes and tar residues

Petroleum extraction and refining

Asbestos Mining and construction industries

Agrochemicals Agro industries

In addition to the hazardous wastes mentioned above (see table), some 
more examples of hazardous wastes include:

• plastic materials generate harmful combustion products when 
disposed off by burning; the toxic materials generated include 
carbon monoxide, sulphur dioxide, nitrogen oxides, ammonia, 
formaldehyde, hydrogen cyanide, hydrogen chloride etc.

• the insulating fluid used in the electrical transformer on burning 
produces toxic materials containing polychlorobiphenyls (PCBs) 
which take very long time for biodegradation.

• the nuclear waste generated in nuclear plants is highly dangerous 
and may cause various complications.

• the sludges arising from treatment of waste waters containing 
heavy metals, toxic organic compounds, oils, emulsions etc. are 
extremely harmful. ,

• the discarded containers containing hazardous and toxic wastes 
are also hazardous waste.

• traces of heavy metals (see table above) such as Hg, Cd, Pb, 
As, Co, Mn, Fe and Cr are deleterious to aquatic ecosystem. 
Wastes containing high concentration of toxic metals are
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extremely toxic to all organisms. These metals are cumulative 
poisons and if accumulated in the food chain can have very 
severe consequences. A detailed discussion on the heavy metal 
is given in sec. 5.4.12 under toxic elements in water.

Management of Hazardous Wastes

The methods of hazardous waste management include

• Reduction of waste at source
• Recycling, recovery and reuse
• Treatment
• Disposal

The first method, viz. reduction of waste at source is the most preferred 
one. The procedure to be adopted for any process should be the one which 
generates no or the least amount of wastes. These include

• Recycling of a waste at site
• Improving process, technology and equipment which is the main 

source of waste generation
• Improvement in plant operations

The common types of treatment are chemical, physical, biological or thermal 
treatment. Thermal treatment using incineration technique is the preferred 
procedure of hazardous waste management. Treated hazardous wastes are 
disposed off on land which is not a permanent solution since it is only a transfer 
of wastes from one place to another.

6.5 Impact of Water Pollution on Human Health

We now know that water is easily polluted by physical and chemical agents 
present in the atmosphere, microbial disease causing germs, nuisance organisms 
like slime, molluscs, sewage and industrial effluents and agricultural based 
effluents. All these pollutants affect our health by causing various diseases. 
They also effect our other resources such as animals, forests etc. on which we 
directly and indirectly depend for food and survival.

6.5.1 Water as a Carrier for the Transmission of Diseases
A number of micro-organisms (eg. Bacteria, viruses, protozoans, insects 

and helminthes etc) present in polluted water can cause infectious diseases.
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These diseases are called water-borne diseases. These water-borne diseases 
can be present in the form of outbreaks. This usually happens if the dose of 
contamination is heavy. Cholera and jaundice (hepatitis) usually occur in the 
form of outbreaks, which can be very explosive. However, when contaminated 
water is treated or not used, the outbreak subsides (eg. In the case of cholera). 
The following table gives diseases caused by micro-organisms commonly in the 
polluted water. These diseases are the important causes of ill health particularly 
among the people in the developing countries.

Table 6.10 Diseases caused by micro-organisms commonly in
pollutant water

Organism Diseases Remarks
Ascaris sp. Nematode worms Danger to man from polluted 

water and dried sludge 
used as a fertilizer

Bacillus anthracis Anthrax Found in waste water spores 
are resistant to treatment.

Brucella sp. Brucellosis, Malta fever in 
man, contagious abortion in 
sheep, goat and cattle.

Transmitted by infected 
milk by contact, by waste 
water

Entameoba histolytica Amoebic Dysentery Spread by contaminated water
Leptospira sp. Leptospirosis 

(Weil’s Disease)
Caused by sewer rats

Mycobact.tuberculi Tuberculosis Isolated from waste water

Salmonella paratyphi Paratyphoid fever Common in waste water.

Salmonella typhi Typhoid fever Common in waste water.
Salmonella sp. Food poisoning Common in waste water.
Shigella sp. Bacillary dysentery Polluted water

Vibrio cholarae Cholera Polluted water

Virus Poliomyelitus hepatitis Waste water treatment plants

E. coli Diarrhoea Polluted water

6.5.2 Chemical Toxicants in Water Affecting Health
We are aware that there are a number of chemicals in drinking water. 

These may be naturally occurring or reach the water due to human activities. 
The presence of these chemicals in water do not pose health problems if their 
levels are below the threshold level. However, if these toxicants are present in 
excessive amounts, their presence is a matter of great concern since excessive
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amounts are detrimental to the health. Various chemicals which may pose a 
threat are: Fluoride, Arsenic, Lead, Nitrates, Pesticides, Cadmium, Chromium 
and Cobalt. Let us see these chemicals one by one.

Fluoride
The major source of fluoride to man is drinking water. In most parts of 

India the fluoride content is about 0.5 mg/L_1. There are, however some areas 
where fluoride content in drinking water may be as high as 3-12 mg/L_1. The 
recommended level of fluoride in drinking water in India is 0.5 to 0.8 mg/L_1.

High intake of fluoride causes humped back. Continuous consumption causes 
stiffness of bone joints, particularly spinal cord. It accumulates in bones causing 
outward bending of legs from knee-called Knock Knee Syndrome. Water 
rich in fluoride cause endemic fluorosis. It was first detected among cattles by 
the farmers of Andhra Pradesh in early 1930’s.

Excess fluoride is removed by Nalgond techniques. It involves the addition 
of lime and alum in sequence followed by flocculation, sedimentation and 
filtration.

Arsenic
Arsenic is introduced into water via the dissolution of minerals and ores, 

from industrial effluent and from atmospheric deposition. A provision^ guideline 
value for arsenic in drinking water of O.Ol mg/1. World’s worst affected areas 
due to arsenic contamination is the Indo-Bangladesh region. WHO has alarmed 
govt, of India to keep Arsenic related disease under immediate national 
surveillance, giving it a status similar to that of cancer. WHO prescribed limit to 
0.01 mg/1.

At higher levels, As(IH) compounds coagulate proteins, possibly by attacking 
S-bond retaining the secondary and tertiary structure of proteins. In the biological 
systems, Arsenic compounds complexes will coenzymes resulting in coagulation 
of biological proteins and uncoupling at phospfidfylated sites. The effect on 
human depends on the arsenic dosage.

Mild Dose -  nausea, fainting, salivation, vomiting, burning pain in 
Stomach.

Higher Dose -  diarrhoea, peripheral neuritis, hyperketosis, conjunctivitis.
Chronic dose -  severe gastroenteritis, loss of weight, skin lesions, black 

food disease.
Lethal dose -  death due to shock and vascular failure.
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Arsenic is a cumulative poison. In animals, it affects the organs like liver 
lungs causing toxicity to biological systems. Arsenic in water may be carcinogenic 
in nature.

Lead

The important sources of lead for biological systems are mining, smelting, 
winning of metals, automobiles etc. In urban areas, citizens are exposed to it 
through emission of vehicles and food. About 200-300 mg/day of lead intake 
through food and about 10-15 mg/day through air and water is quite common 
in urban settlements. Lead is present in tap water to some extent as a result 
of dissolution from natural sources but mainly from household plumbing 
systems containing lead pipes. It is satisfying to note that emission of lead 
from vehicular emissions has ceased since leaded petrol is no more used in 
cities like Delhi.

When present in <40 mg/100 mL of blood, lead is considered as normal. 
However >100 mg/100 mL of blood is unacceptable.

Lead gets deposited in bones and is considered as a cumulative poison. 
Lead is a general toxicant that accumulates in the skeleton. Infants, children 
up to six years of age and pregnant women are most susceptible to its adverse 
health effects. Lead interferes with calcium metabolism, both directly and 
by interfering with vitamin D metabolism. Lead is toxic to both central and 
peripheral nervous system, inducing subencepalopathic neurological and 
behavioral effects.

Since most of the lead in drinking water arises from plumbing in buildings 
and so the remedy consists in removing plumbing and fittings containing lead.

Nitrates tfAOop

Both nitrate and nitrites are naturally occurring ions that are part of the 
nitrogen cycle. Naturally occurring nitrate levels in surface and ground water 
are generally a few mg/L_1. In many ground waters, an increase of nitrate level 
has been observed due to intensification of farming practice.

The danger of drinking water containing high nitrate content has long been 
recognized. Live stocks have been effected by well water containing 75-10 
ppm of nitrate nitrogen. Human infants have been susceptible, especially bottle- 
fed infants, of less than 3 months of age are most susceptible.

Nitrate poisoning brings about a condition called methemoglobmamia, 
resulting from change in the hemogldbin of the red blood cells that reduce their 
capacity to carry oxygen. This is referred to as blue baby syndrome.
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The Table 6.11 given below gives the toxic and pathological effects of 
some heavy metals.

Table 6.11 Hazardous effects of some metals on Human beings

Metals Impact
Arsenic -  Adversely affect peripheral circulatory systems and CNS, 

hyperkeratosis, ulcer in gastrointestinal tract, liver cirrhosis.
Barium -  Abdominal pain, diarrhoea, vomiting, excess salivation
Cadmium -  Diarrhoea, growth retardation, malfunctioning of urinogenital 

system, CNS, Kidney, Liver

Copper -  Sporadic fever, uremia, coma, hypertension
Cobalt -  Diarrhoea, lowering of blood pressure, paralysis, respiratory 

problems, deforming of skeleton

Chromium
(Generally Hexavalent 
form)

-  Malfunctioning of gastrointestinal, CNS and urinogenital 
systems

Mercury -  Haemolysis, diarrhoea, severe headache, paralysis, desiccation 
of intestinal epithelium, ultimately death, loss of appetite, 
convulsions, brain damage, malfunctioning of liver, kidney, 
anaemia, vomiting

Zinc -  Abdominal cramps, vomiting, diarrhoea, renal damage

6.5.3 Water as a Vector Habitat in Disease Transmission in Humans

Following are the most important water-related vector borne diseases
-  Malaria
-  Schistosomiasis (found mostly in sub Sahara Africa)
-  Dengue fever
-  Filariasis
-  Japanese encephalitis

6.5.4 Treatment of Waste Water

The waste water is the spent water supply of the community. It comprises 
of sanitary sewage, domestic sewage (arising from kitchens, bathrooms, laundries, 
and laboratories etc.) and wastes (discharged into water bodies) arising from 
industrial units.

The waste waters arising from industrial set ups must be treated appropriately 
to remove all possible impurities before discharging into water bodies. It is
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however, best course that the industrial units should use the spent water (after 
purification) in their own units.

The waste from sewage and domestic discharges must be treated before 
being discharged into the water bodies.

Methods of Sewage Treatment

The treatment procedures and generally divided into the following three 
groups,

. -  Primary Treatment
-  Secondary Treatment
-  Tertiary Treatment
Removal of Solids, which settle down is called primary treatment. Secondary 

treatment involves removal of solids with the aid of living organisms (biological 
treatment). The combination of primary and secondary treatment constitutes 
complete treatment. The purification of waste water by advanced biological, 
chemical processes and also the recycling of waste water constitute the tertiary 
treatment. For details see sec. 5.2.3, sub-sec. iv.

6.6.5 Eutrophication
When sewage and agricultural run-off containing phosphates (phosphates 

are major ingredients of most of the detergents) or other nutrients enter natural 
water bodies, they cause over nutrition leading to eutrophication. In such a 
situation the water bodies became highly productive or eutrophic and the 
phenomenon is called eutrophication. The ponds or lakes etc. during their early 
stages of formation are comparatively barren or nutrients-deficient-thus 
supporting no or poor aquatic life. This stage of these water bodies is known as 
Oligotrophic. With the introduction of nutrients, there is a stimulated luxuriant 
growth of algae in water. This growth depletes the dissolve oxygen and causes 
the death of the other aquatic flora and fauna and ultimately the lake dies.
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What is air pollution

• A physical, biological or chemical alteration to 
the air in the atmosphere can be termed as 
pollution. It occurs when any harmful gases, 
dust, smoke enters into the atmosphere and 
makes it difficult for plants, animals, and 
humans to survive as the air becomes dirty.

• more about 40 facts of air pollution are there 
in environment 

https://www.conserve-energy-future.com/what-are-flora-and-fauna.php
https://www.conserve-energy-future.com/various-air-pollution-facts.php


• Another way of looking at air pollution could be any 
substance that holds the potential to hinder the 
atmosphere or the well being of the living beings surviving 
in it.

• The sustainment of all things living is due to a combination 
of gases that collectively form the atmosphere; the 
imbalance caused by the increase or decrease in the 
percentage of these gases can be harmful to survival.

• The Ozone layer considered crucial for the existence of the 
ecosystems on the planet is depleting due to increased 
pollution. Global warming, a direct result of the increased 
imbalance of gases in the atmosphere, has come to be 
known as the biggest threat and challenge that the 
contemporary world has to overcome in a bid for survival.

https://www.conserve-energy-future.com/causes-and-effects-of-indoor-air-pollution.php
https://www.conserve-energy-future.com/ozone-layer-and-causes-of-ozone-depletion.php
https://www.conserve-energy-future.com/various-global-warming-facts.php


Types of Pollutants

• In order to understand the causes of Air 
pollution, several divisions can be made.

• Air pollution can be classified into two sections –
invisible and visible air pollution.

• Visible air pollution, as the name suggests, can 
be visible. The smog you see over a city is an 
example of visible pollution.

• Invisible air pollutants are less noticeable, but 
they can be more deadly. Good examples of 
invisible air pollutants are sulfur dioxide, carbon 
monoxide and nitrogen oxides.

https://www.conserve-energy-future.com/study-reveals-outdoor-air-pollution-cuts-short-human-life-expectancy.php
http://nationalgeographic.org/activity/visible-and-invisible-pollutants/


• It can be further divided into Primarily and Secondary 
air pollutants if we go deep.

• Primarily air pollutants can be caused by primary 
sources or secondary sources. The pollutants that are a 
direct result of the process can be called primary 
pollutants. A classic example of a primary pollutant 
would be the sulfur-dioxide emitted from factories.

• Secondary pollutants are the ones that are caused by 
the intermingling and reactions of primary 
pollutants. Smog created by the interactions of several 
primary pollutants is known as a secondary pollutant

https://www.conserve-energy-future.com/various-environmental-pollutants.php
https://www.conserve-energy-future.com/SmogPollution.php


Top-ten Kinds of Air Pollution

• Sulfur dioxide
• Carbon monoxide
• Carbon dioxide
• Nitrogen oxides
• Volatile organic compounds (VOCs)
• Particulates
• Ozone
• Chlorofluorocarbons (CFCs)
• Unburned hydrocarbons
• Lead and heavy metals



Sources of Air Pollution

• There are two types of sources that we will 
take a look, namely Natural sources and Man-
made sources.

• Natural Sources

• Man-made Sources



• Natural Sources
• Natural sources of pollution include dust carried by the wind from 

locations with very little or no green cover, gases released from the 
body processes of living beings (Carbon dioxide from humans 
during respiration, Methane from cattle during digestion, Oxygen 
from plants during Photosynthesis).

• Smoke from the combustion of various inflammable 
objects, volcanic eruptions, etc. along with the emission of polluted 
gases also makes it to the list of natural sources of pollution.

• Man-made Sources
• While looking at the man-made contributions towards air pollution, 

it can be further divided into:
• Outdoor pollution sources
• Indoor pollution sources

https://www.conserve-energy-future.com/HowVolcanoesForm.php
https://www.conserve-energy-future.com/causes-effects-solutions-groundwater-pollution.php


• Outdoor Pollution Sources
• The major outdoor pollution sources include power generation, vehicles, 

agriculture/waste incineration, industry and building heating systems. Smoke 
features as a prominent component. The smoke emitted from various forms of 
combustion, like in biomass, factories, vehicles, furnaces, etc.

• Waste dumped in landfillsgenerates methane, which is harmful in several ways. 
The reactions of certain gases and chemicals also form harmful fumes that can be 
dangerous to the well-being of living creatures.

• Indoor Pollution Sources
• In low- and middle-income countries, mostly burning fuels such as dung, coal and 

wood in inefficient stoves or open hearths produces a variety of health-damaging 
pollutants. These include carbon monoxide, methane, particulate matter (PM), 
polyaromatic hydrocarbons (PAH) and volatile organic compounds (VOC).

• Even burning kerosene in simple wick lamps also produces significant emissions of 
fine particles and other pollutants. Exposure to smoke from cooking fires causes 
3.8 million premature deaths each year.

https://www.conserve-energy-future.com/BioMassEnergy.php
https://www.conserve-energy-future.com/causes-effects-solutions-of-landfills.php


Various Causes of Air pollution

• 1. The Burning of Fossil Fuels

• 2. Agricultural Activities

• 3. Waste in Landfills

• 4. Exhaust From Factories and Industries

• 5. Mining Operations

• 6. Indoor Air Pollution

• 7. Natural Events



1. The Burning of Fossil Fuels

• Sulfur dioxide emitted from the combustion of fossil 
fuels like coal, petroleum for energy in power plants, and 
other factory combustibles is one the major cause of air 
pollution.

• Billions of vehicles run on roads are powered by gasoline 
and diesel engines that burn petroleum for releasing 
energy. Petroleum is made up of hydrocarbons, and 
engines don’t burn them cleanly.

• As a result, pollutants such as PM, nitric oxide and NO2 
(together referred to as NOx), carbon monoxide, organic 
compounds, and lead emit from vehicles including trucks, 
jeeps, cars, trains, airplanes, causing a high level of 
pollution. These modes of transportation form part of our 
daily basic needs, so we rely on them heavily.

https://www.conserve-energy-future.com/Advantages_FossilFuels.php


2. Agricultural Activities

• Ammonia is a very common byproduct of agriculture-
related activities and is one of the most hazardous 
gases in the atmosphere. The use of insecticides, 
pesticides, and fertilizers in agricultural activities has 
grown quite a lot. They emit harmful chemicals into 
the air and can also cause water pollution.

• Farmers also set the field and old crops on fire in order 
to keep them clean for the next round of sowing. The 
burning to clean fields is said to cause pollution by 
releasing harmful gases in the air.

https://www.conserve-energy-future.com/sources-and-causes-of-water-pollution.php


3. Waste in Landfills

• Landfills are land areas in which waste is 
deposited or buried. These deposited or 
buried wastes generate methane. Methane is 
a major greenhouse gas that is highly 
flammable and very hazardous.

• E-waste is another grave concern involving a 
lot of unscientific dismantlings such as 
chemical leaching, burning wires and others.



4. Exhaust From Factories and 
Industries

• Manufacturing industries release a large amount 
of carbon monoxide, hydrocarbons, organic 
compounds, and chemicals into the air, thereby 
depleting the quality of air.

• Manufacturing industries can be found at every 
corner of the earth, and there is no area that has 
not been affected by it. Petroleum refineries also 
release hydrocarbons and various other 
chemicals that pollute the air and also cause land 
pollution

https://www.conserve-energy-future.com/25-effective-ways-to-improve-indoor-air-quality.php
https://www.conserve-energy-future.com/causes-effects-solutions-of-land-pollution.php


5. Mining Operations

• Mining is a process wherein minerals below 
the earth are extracted using large equipment. 
During the process, dust and chemicals are 
released in the air causing massive air 
pollution.

• This is one of the reasons which is responsible 
for the deteriorating health conditions of 
workers and nearby residents.



6. Indoor Air Pollution

• Household cleaning products, painting supplies emit 
toxic chemicals in the air and cause air pollution. Have 
you ever noticed that once you paint the walls of your 
house, it creates some sort of smell that makes it 
literally impossible for you to breathe?

• Suspended particulate matter popular by its acronym 
SPM, is another cause of pollution. Referring to the 
particles afloat in the air, SPM is usually caused by dust, 
combustion, etc.

• Around seven million premature deaths caused every 
year due to the combined effects of ambient (outdoor) 
and household air pollution cause, WHO says.

https://www.conserve-energy-future.com/how-make-eco-friendly-cleaning-products.php
https://www.who.int/health-topics/air-pollution
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1.  Learning Outcomes  

After studying this module, you shall be able to 

• Know the causes and effects of soil pollution. 
• Learn about fertilizers and its adverse effects on soil due to its excessive use. 
• Gain knowledge of the pesticides and its effects on soil and environment. 
• Analyze the prevention and control measures of using fertilizers and pesticides. 

 

2. Introduction 

 

One part of the Earth that we rarely see is the soil, due to the rise of concrete buildings and roads. 
Many different names are associated to it, such as dirt, mud and ground. However, soil is 
certainly very significant to us. You are well aware that plants cultivate in soil. It is very essential 
to keep the soil clean and healthy to maintain our Earth as a beautiful planet and as a complete 
ecological system. Unfortunately, like all other forms of nature, soil also suffers from pollution. 

2.1. What is ‘Soil Pollution'? 

Let us begin with knowing the definition of soil pollution. It can be understood as changes in all 
three soil characteristics. In a way, it is quite different from other pollutions like air and water 
pollution, because in soil pollution, the pollutants remain in direct contact with soil for a longer 
period of time. 

If we try to look the main reasons for soil pollution, instantly one can say that it is due to the very 
fast growth of industrialization, urbanization and also population increase that causes soil 
pollution. Soil pollution is also an issue of serious concern because it is the soil on which we live 
and is our food resource through plants, which grow in soil. 

2.2. Sources of Soil Pollution  

Let us first of make ourselves aware about the various sources responsible for soil pollution. The 
sources of soil pollution can be mainly divided into two broad groups as natural and 
anthropogenic sources. 

2.2.1. Natural Sources: As the name suggests, these are the natural resources, which cause soil 
pollution. They include natural processes as follows: 
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• Soil erosion: By soil erosion, it is meant that it is the wearing away or removal of a 
field's top layer of soil. Soil erosion is caused due to the natural physical forces of water 
and wind on soil and due to farming activities such as tillage. As a result of soil erosion, 
cropland productivity is reduced and this soil moves to adjacent watercourses, wetlands 
and lakes, thereby polluting them. 

• Land Degradation: As the name suggests, it is degradation or reduction in the capacity 
of the land to provide ecosystem goods and services. As a result of this, there is decrease 
in the soil quality and the land is made unfit for human habitat. 

• Landslides: It is a mass movement of soil, rock or debris that flow down a slope as a 
result of gravity. The effects that landslides can have are exposure of subsoil and 
bedrock, burying of vegetation along with soil where the slide comes to rest, introduction 
of sediment into various watercourses that can result in blockage of the watercourse, lead 
to harm to aquatic life, reduce water quality for drinking purpose and increase flooding 
potential. 

• Earthquake: It is a geological phenomenon. An earthquake is also known as 
a quake, tremor or temblor. As a result of earthquake, generally, there is a damage to 
buildings, dams, factories, bridges, communication lines, power plants, drinking water 
and sewer systems etc. As a result of damage to sewer systems, the sewage and waste is 
spread around which leads to the pollution of the soil and threatening the public health. 

• Volcanic eruptions:  A volcano is a rupture on the crust of a planetary-mass object, such 
as our planet Earth. The volcanic eruption when cools creates new sediments as well as 
lead to formation of igneous rocks and land formation. 

• Floods: A flood can be defined as an excess of flow of water that disturbs the natural 
environment. The factors responsible for floods are temperature extremes and 
precipitation including acid rain. Many human activities like agricultural development, 
deforestation, also cause floods. Floods, in turn, cause soil erosion. 

2.2.2. Anthropogenic Sources. This category of soil contamination is due to man-made 
materials. Some major anthropogenic sources are: 

• Industrial activities: By-products obtained from industrial processes are contaminated 
and not further treated for their safe disposal. Due to this, the soil surface where disposal 
of these byproducts is done becomes unsuitable for use. 

• Agricultural activities: In the agriculture, in order to have higher crop production and 
lesser crop-diseases, the use of chemicals has increased tremendously ever since modern 
fertilizers and pesticides were made available. They can seep to ground hence reduces 
fertility of the soil.  

• Waste disposal: Every human being produces a certain amount of personal waste 
products as urine and feces. Due to the growing population this amount is very huge. 
Through the sewer systems it is taken out of cities and usually the sewer system ends at 
the landfill. At these landfills, the biological waste pollutes the soil and water.  

• Accidental oil spills: Oil spills or oil leaks can occur either during storage or their 
transportation. The chemicals present in the oil or fuel when get spilled over soil, reduces 
the quality of soil and make them unsuitable for cultivation. 

• Acid Rain: Acid rain is caused when certain pollutants, which are present in the air mix 
up with the rain, form acidic chemicals and fall back on the ground. This leads to 
damage in the structure of soil as the acid in acid rain reacts with components of soil.  
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2.3. Effects of Soil Pollution 

• Effect on health of humans: Soil pollution can have serious health effects on humans, 
i.e through the food obtained from the plants grown in them. Plants and crops cultivated 
in the polluted soil absorb the pollutants, which in turn through food is passed to us. If 
humans are exposed to this for a long duration, the long-term exposure can even affect 
the genetic make-up of the human body. This in turn can cause congenital illnesses and 
chronic health problems, which cannot be cured easily. It also has considerably harmful 
effect on the livestock and can sicken them as well as cause food poisoning. 

• Effect on growth of plant: There is an adverse effect on the growth of the plants, which 
grow in polluted soil. If the chemistry of the soil changes radically in a short duration of 
time, most of the plants are unable to adapt to this change and their growth is affected and 
many of them die. Various fungi and bacteria, which are commonly found in the soil and 
are responsible for binding it together, also decrease due to pollution. This also causes 
soil erosion. The soil fertility also decreases gradually, making the land unsuitable for 
agriculture as well as for the local vegetation to survive. 

• Decreased soil fertility: Soil pollution due to the toxic chemicals present in it, causes 
alteration in soil fertility. This leads to the decrease in the soil yield. If this is used for 
agricultural purposes, they lack in nutrients and poison it. These poisonous substances 
can cause very serious health problems in people who consume these fruits and 
vegetables.  

• Toxic dust: It results from the emission of toxic gases and causes serious health issues. 
The very unpleasant smell arising out of the landfills and a major constituent in toxic dust 
causes inconvenience to other people. 

• Changes in soil structure: Due to soil pollution by chemicals, many soil friendly 
organisms (e.g. earthworms) die. This leads to alteration in soil structure and in turn 
make it less fertile as well having less joining capacity. As a consequence, it also forces 
other predators to move to other places in search of food. 

The soil pollution is a serious concern and it needs to be checked and controlled. A number of 
ways have been suggested to curb the current rate of pollution. Many regulations have been 
imposed on industries mainly in terms of disposal of hazardous waste. Organic methods of 
farming, which do not use chemical based pesticides and fertilizers are being supported. 
Awareness for use of less or no chemicals in agriculture needs to be created. In order to remove 
the pollutants from the soil, use of plants, which can remove pollutants from soil is being 
encouraged. However, in our country India, it is a very tedious task and the prevention of soil 
pollution will take many more years. 

3. Fertilizers 

3.1.What are fertilizers? Why are they used? 

You are already aware that soil nutrients are important for plant growth and development. Air and 
water provide hydrogen, oxygen and carbon to plants. In addition to this, other necessary 
nutrients like nitrogen, potassium, phosphorus, magnesium, calcium, sulfur and more have to be 
obtained from the soil. Out of these, the three primary soil nutrients which are often present in 
less amounts in soil are nitrogen, phosphorus and potassium, abbreviated as NPK ( N= Nitrogen, 
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P = Phosphorus and K = Potassium). In harvesting of crops, macro and micronutrients are 
removed from it. As a result of this, the soil becomes depleted in these particular nutrients. The 
level of nutrient and crop yield is less for the crop frown in such type of soil. These necessary 
nutrients can be returned to the soil through the application of fertilizers. As the name suggests 
they help make the soil fertile again.  
 
Two types of fertilizers are added to the soil, namely, organic and chemical. 

1. Organic fertilizers: They are made from naturally occurring substances. Waste products 
of animals and plants are known as organic fertilizers. When organic fertilizers are used, 
the farming is referred to as organic farming. They naturally contain nitrogen, phosphorus 
and potassium hence termed as NPK.  

2. Chemical fertilizer: These are the chemical substances that are synthetically prepared so 
as to provide the vital nutrients to the plant, which are necessary for its growth process. 
All of them have a chemical composition in such a manner that they contain the normal 
NPK requirement as well as any other nutrients as required.  

 
Ammonium nitrate (NH4NO3) is a nitrogen fertilizer, there are number of components of nitrogen 
fertilizers such as urea (NH2CONH2), sodium nitrate (NaNO3), and calcium nitrate, potassium 
nitrate, and ammonium phosphates. Ammonium phosphates are the most suitable, they are highly 
soluble phosphate fertilizers 
 
Potassium fertilizer consists of potassium salts, (KCl). Fertilizers are classified as 6-12-8, this 
represents the nitrogen percentage in fertilizer. Organic fertilizers undergo release simple 
inorganic species (NO3

-, HxPO4
x-3, K+) during biodegradation.  

 
3.2. Effect of fertilizers on soil 
 
In order to restore lost plant nutrients, farmers now a days use either organic fertilizers or 
commercial inorganic fertilizers.  In the organic fertilizers, animal manure, green manure and 
compost are most commonly used.  

• Animal manure is made from cowdung and urine of farms animals such as cattle, horses 
and poultry. It helps in the improvisation and binding the soil together, adds organic 
nitrogen, and stimulates beneficial soil bacteria and fungi.  

• Green manure is made from freshly cut growing green vegetation plowed into the soil. 
It provides manure and humus for the next crop that has to be grown. 

• Organic matter can be decomposed by the microorganisms present in soil. The 
decomposition is done in the presence of oxygen.  

 
Many farmers especially in developed countries rely on commercial inorganic fertilizers 
containing active ingredients NPK. They act on soil very fast -- unlike organic fertilizers that 
need to break down before absorption. This is beneficial to malnourished plants. They are easy to 
use and immediately affect the soil fertility. Also they are easily available in gardening stores. 
But without careful control these fertilizers, especially the synthetic fertilizers can pollute water 
bodies. 
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3.3. Fertilizers as pollutants 
 
Degradation of soil quality 
Fertilizers contaminate soil from waste material release from raw material that are used in 
manufacturing processes. As metals are not degradable, they can contaminate soil by 
accumulating in it due to use of phosphate fertilizers in excess.  
Agricultural practices have been reduced due to overuse of NPK fertilizers. When wheat, maize 
or gram is grown on such soils they have lower protein content. Moreover the carbohydrate 
content of such crops also reduces in quality. When excess of potassium is present in soil it 
decreases the Vitamin C and carotene content of vegetables and fruits.  
 
Excess use of fertilizers can alter fertility of the soil and its acidic level. This is the reason that 
soil is advised to be tested at least once in 3 years in order to check the exact amount of fertilizers 
should be used. The pH of soil can vary from 0-14, where 0 is refereed as most acidic and 14 as 
the most basic while, 7 is considered to be neutral. The pH of soil can be altered by making some 
changes to soil and also the pH varies from one plant to another.  
 
Changes the Biology of Water Bodies 
Excessive use of fertilizers causes eutrophication. Fertilizers contain chemical substance like 
NO3

- and PO4
- which are flooded into lakes and oceans. These substances are toxic for the aquatic 

life as they increase the growth of algae in the water bodies and decreases the level of oxygen. 
This leads to a toxic environment and death of aquatic life and other aquatic animals and plants. 
Indirectly, it disrupts the food chain as different kinds of fish in the water bodies, which are the 
main food source of many birds and animals in the environment. It’s shocking to know that only a 
little less than 50% of the lakes in the United States are not eutrophic. 
 
Effects on Human Health 
Fertilizers, which are, composed of N2 and other chemicals affects the ground water systems and 
used for drinking purposes. One of the most common results for this can be the development of 
blue baby syndrome that occurs in infants whose skin tissues are low in oxygen, which is why 
their skin seems to be purplish or blue in color. Different studies have disclosed that the use of 
lawn fertilizers and pesticides can cause threat to health. These risks are very serious with 
examples such as cancer and chronic diseases in humans, especially in children. 
 
Climate Changes across the Globe 
Fertilizers consist of substances and chemicals like methane, carbon dioxide, ammonia, and 
nitrogen, the emission of these gases lead to greenhouse gases present in the environment. This in 
turn leads to global warming and weather changes .The three most significant greenhouse gases 
are carbon dioxide, methane and nitrous oxide. Nitrous oxide is a byproduct of nitrogen.  
 
Therefore it is important to reduce the use of fertilizers in order to minimize the consequences. 
Fertilizers are being used extensively for growth and cultivation and they are fulfilling our needs 
but if this trend continues won't take long to see the times where there is lack of food, water, and 
health. 
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3.4. Prevention and control 
 
For healthy soil, both inorganic and organic fertilizers should be used in moderation. Other than 
that, the soil must be allowed to replenish its nutrients naturally by giving it a break from crop 
production and also, the fertilizers should be avoided during precipitation. Crops such as corn, 
tobacco, and cotton can deplete nutrients (especially nitrogen) in the top soil if they are planted 
on the same land several years in a row. Crop rotation provides one way to reduce these losses. 
Farmers plant areas or strips with nutrients depleting crops one year. The following year, they 
grow legumes whose root nodules add nitrogen to the soil on these areas. In addition, this method 
reduces erosion by keeping the soil covered with vegetation. Additionally, the use of "green 
manure" is recommended.  
 
 

4. Pesticides 

 
4.1.What are pesticides? Why are they used? 

 
Pesticides are a general class of chemicals or biological agents used to control, repel, attract or 
kill pests. Insects, weeds or other plants, birds, mammals, fish and microorganisms are known as 
pests. They strive for food with humans and destroy the property of food and spread diseases. 
Almost all categories of organism i.e. synthetic, organic, inorganic or biological can be pest. 
Pesticides are used for destroying pests, they are generally derived from Arsenic, Mercury, 
Fluorine, Sulphur and Copper and Cyanide.  
 

 
 
They are also known as chemical pesticides.  
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Some chemical pesticides are as follows:  
 

• Organophosphate pesticides: They regulate acetylcholine, which is a neurotransmitter 
and hence affect the nervous system of the body.  Most of the organophosphates are 
generally insecticides. Some of the insecticides are poisonous in nature and used in 
World War II. They do not persist in the environment. Examples of orthophosphate 
pesticides are malathion, parathion, diazinon etc. 

• Carbamate pesticides: They also affect the nervous system of the body by similar 
mechanism as orthophosphate pesticides. Some of the examples of carbamate pesticides 
are baygon, dimetilan etc. 

• Organochlorine insecticides: These types of pesticides were used in past time but then 
their supply is banned due to its hazardous nature as they cause serious health and 
environmental problem.  Examples of organochlorine insecticides are DDT, chlordane, 
lindane etc. 

• Pyrethroid pesticides: They are synthetic form of pyrethrin, which is naturally found in 
chrysanthemums. Natural pesticides are converted into synthetic in order to increase the 
stability.  Some of the pyrethroidspesticides are harmful for nervous system of the body.  

• Sulfonylurea herbicides: Some examples of sulfonylurea herbicides arenicosulfuron, 
triflusulfuron methyl, and chlorsulfuronbroad-spectrum herbicides that affect plants. It is 
estimated that in 1960, more than 1 kg/ha chemicals were supplied in order to protect the 
crops. On the other hand, sulfonylureates allows only 1% in the same respect. 

 
Biopesticides: As the name suggests these pesticides are made from natural ease materials of 
plants and animals. Other examples of biopesticides are canola oil and baking soda. 

 
4.2 Effect of pesticides on soil 
 
Pesticides are most efficient against pests but they can destroy small as well as large crops. In 
order to increase the crop quantitatively or qualitatively insects should be controlled. They can 
also help in maintaining the cost of clothes and food because pests destroy crops. This results in 
increase of rate of crops like corn and cotton.  
 
4.3 Pesticides as Pollutants 
 
Pesticides cause environmental pollution, they get adsorbed by soil results in contamination to 
plants grown on it.And the contaminated plants if consume by us results in the damaging of 
human biological system. Several pesticides are stable as they biodegrade in months or even more 
than that. Some of them have dramatic environmental effects.  
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Effect of pesticide on soil 
 
Pesticides are composed chemicals that are persistent soil contaminants, which means they can 
harmfully influence soil conservation and this type of situation can exist for exist for years. 
Additional harmful effects of pesticides are:  

• Reducing the biodiversity of the soil, which decreases the soil quality and prevents both the 
level of organic matter and the water retention property of the soil.  

• Water retention is good because it takes less water and increases the yield that farmers get 
from their crops.  

• Organic matter present in soil breaks down pesticides therefore the soil containing high 
concentration of organic matter needs more number of pesticides.  

 
DDT, one of the first synthetic organic (organo-chlorine) insecticides to be used, was thought to 
be the perfect insecticide until we could see its shortcomings. The half-life of DDT is around 10-
15 years. Half-life is the amount of time required by the chemical to decompose into its half 
quantity. 
 
The main cause of biomagnification in ecosystems is the high usage of DDT. The use of 
pesticides results in short-term and long term health effects to both the person using pesticides 
and to the public who consumes the food grown in these pesticides. 
 
 
Effect of pesticide on soil organisms 
 
Pesticides are toxic to living organisms. Excessive use of pesticides damages agricultural land as 
it destroys beneficial insect species other soil microorganisms which are accountable for 
nitrification and nitrogen fixation, therefore it reduces the concentration of essential plant 
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nutrients in the soil such nitrogen and phosphorous. High usage of pesticides kills worms which 
naturally limit pest populations and maintain soil health, which weakens the plant root and 
immune systems. 
  
Animal and human exposure 
 
Pesticides are responsible for number of health problems. The problems may be short- term such 
as headaches and long-term such as cancer and reproductive problems in humans. Also the 
normal diseases such as skin and eye irritation, dizziness, fatigue and nausea can be dangerous 
sometimes.  
 
Example: “Agent orange” an herbicide was used in the Vietnam war. Its exposure causes cancer, 
skin problems and infertility.  
 
Pesticides in water and atmosphere 
 
Less than half of the applied pesticides reach the pests and most of it becomes a pollutant in the 
environment as they are applied by spraying. The largest amount settle onto land and water close 
to the point of application and some smaller amounts are swept into the atmosphere with the 
winds, and can be carried many miles. Most commonly used herbicide atrazine has been found at 
levels above 1ppb (parts per billion) in rainwater and surface water. Most surface water pesticide 
contamination results from runoff from lands where pesticides have been applied. A number of 
European countries have banned atrazine. Also, the water-soluble pesticides can move down 
through soil to ground water. 
 
4.4 Prevention and control 
 
The problems associated with the use of pesticides force scientists to make idea of seeking 
alternatives. Pesticides cause resistance, resurgence and health problems.  
 
Integrated Pest Management, or IPM, is a method used to control pests in an environmentally 
friendly manner. IPM helps in protecting our environment, saves money and health when we 
reduce our dependency on pesticides. IPM farmers do use synthetic pesticides, but with a 
different philosophy. IPM combines different techniques to prevent pest damage without harming 
the environment. Insects, mites, rodents, certain birds, plant diseases, and weeds are considered as 
pests. IPM practices include the following methods. 
 
Different methods of cultivation, genetic engineering use of pheromones and microbial pesticides 
as biological pest controls and methods of interfering with insect breeding are alternative methods 
to pesticides. Other way of controlling pest is applying composted yard waste, which reduces its 
harmful effects to nature. The above mentioned methods are gaining popularity and are often 
safer than traditional pesticides, which are of chemical origin.  
 
Different cultivation practices are adopted such as growing of multiple types of plants, crop 
rotation, planting crops in areas with limited pests, seasonal planting and use of trap crops that 
repel pests. In U.S.A, farmers have been spraying with hot water and have gained success to 
control insects and the cost is same as of pesticide spraying. 
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An alternative way to avoid using of pesticide is releasing other organisms that have the ability to 
fight the pest. This includes natural predators or parasites of the pests. Entomopathogenic fungi or 
bacteria and viruses which are biological pesticides, which have the ability to cause disease in the 
pest species are also used. 
 
Production of offspring can be controlled by sterilizing male species of the target insects. They 
are then released so that they can mate with females and therefore cannot produce any offspring. 
In around 1958, the above mentioned technique was first used on the screwworm fly and 
subsequently used with the medfly, the tsetse fly, and the gypsy moth, but this is a costly and is 
effective on only few types of insects.   
 
An alternative to pesticide is thermal treatment of soil with steam. Pests are destroyed using soil 
steaming and it also increases soil health. Traditional pests control methods that are used in India 
is using Panchakavya, which is a "mixture of five products."  Using of Panchkavya has regained 
popularity as it is partly used by the organic farming community. 
 
 
 

5. Summary  

In this module, you have been acquainted with: 
• Soil pollution is the undesirable changes in physical, chemical and biological 

characteristics of soil, that are harmful for plant growth and all other different living 
organisms. 

• Fertilizers are the chemical (Inorganic or synthetic) or natural (Organic) substances 
added to soil or land to increase its fertility by providing essential nutrients (NPK). 

• Using too much of fertilizers in the soil alters the fertility of the soil, leads to 
Eutrophication, affects human health and environment. 

• For healthy soil, green manure must be preferred, inorganic fertilizers should be used in 
moderation, the fertilizers should be avoided during the rains, methods such as crop 
rotation must be followed. 

• Pesticides are a general class of chemicals or biological agents used to control, repel, 
attract or kill pests. 
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