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BLOCK 2 INTRODUCTION

Unit 1 Environmental Chemistry and Pollution provides you an overview of
environmenta reactions which occur in the atmosphere that causes environmenta
pollution. You will be surprised to know that every substance or chemical
produced by human beings can pollute the environment. It described about
chemical interactions between the layers of atmosphere. It makes the learner
aware of about good ozone and bad ozone.

Unit 2 Air pollution dealt with some interesting factors about air pollution cause
by aerosols which are carried up to the atmosphere for the earth surface. These
units explained the role of chemical constituents present in the atmosphere and
how the atmosphere is getting polluted by them by undergoing certain chemical
process. You will be interested to know about the causes and health effects
of outdoor and indoor air pollution. In the course of the unfolding of the
unit, we will know various effects of the unit; we will know various effects
of air pollution- industrial smog, photochemical smog, Acid precipitation and
various pollutants and their hedth effects and effects on buildings and materials.

Unit 3 dealswith the water pollution, physicochemical and biological parameters
of water. This unit carries types of H,O pollutants with specified industries
such as Food processing industry, textile industry, tanning industry, paper and
pulp industry, due to agro chemicas. This unit aso highlighted various sewage
treatment methods and emphasizes the role of the Government.

Unit 4 familiarizes us with the soil pollution components. It provided us the
ultimate information about definition, causes of sail pollution, and its hedth effects.
It also discussed the prevention measures for soil pollution.
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UNIT 1 ENVIRONMENTAL
CHEMISTRY AND POLLUTION
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1.0 INTRODUCTION

Thelifeon earth cannot exist without itsenvironment or without collaborating with
other species or ecosystems, which arethe significant unitsof lifeonearth. Thelife
cycleof living thingsinvolves assembling and de-assembling of variousatomsfrom
theenvironment and returning back to the environment. Thiscyclic processoccurs
inthree open systems- the biosphere, the lithosphere and the hydrospherethat you
have studied in Course-1. These spheresare separated from earth to outer space
by athinlayer of gasesknown astheatmosphere. Matter iscontinuoudy interchanging
withinand amongst al these spheresin the environment. Theindustrial revolution
has played amajor rolein the change of the atmospheric gasesand the presence of
particulate matterand their effectson natural environment leading to environmental
pollution

Inthisunit, we begin with defining environmental pollutionand classifyingitinto
varioustypes. Wewould discussthe importance of natural chemical processesand
how anthropogenic activitiesdisturb these processes and affect thelife adversely on
theearth.
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1.1 OBJECTIVES

After studying this unit you should be ableto:

e defineand classify thetypes of environmental pollution and pollutants;
e describethedifferent atmospheric effects;

e anaysethe conceptsof chemical processesof the environment;

e explainvariousatmospheric reactions;

e definegreenhouse gasesand explain their effects; and

e describethe process of ozone layer depletion and itsimpact.

1.2 ENVIRONMENTAL POLLUTION

Theterm pollution isderived from the L atin word pollutioneum which means
to defile or make dirty. There are many definitionsfor pollution worldwide.

Accordingto U.S. President’s Science Advisory Committee (1966):

“Environmental pollution may be defined asthe unfavorabl e alterations of our
surroundingslargely as abyproduct of man’s action through direct or indirect
effects of changein energy pattern, radiation levels, chemical and physi-cal
constitution and abundance of the organisms”.

According to National Academy of Science, USA (1966), pollution may be
de-fined as, “an undesirable change in physical, chemical and bio-logical
characteristics of water, air and soil that may harmfully affect human, animal and
plant life, industrial progress, living con-ditionsand cultural assets.”

According to National Environmental Resear ch Council (1976), “Pollution
isviewed astherelease of substances and energy aswaste prod-ucts of human
activitieswhich result in harmful changeswithinthe natural environment”.

According to Environmental Protection Agency (EPA) - “Pollution isthe
presence of substance in the environment that, because of its chemical
composition or quantity, prevents the functioning of natural processes and
produces undesirable environmental and health effects’

Dear learner after going through these definitions we can come to a consensus
that pollution isacontamination of air, soil and water with undesirable amounts
of materia or heat which have adverse effects on natural environment aswell as
human hedlth.

A pollutant may be defined as aphysical, chemical or biological substance
unintentionally released into the environment, whichisdirectly or indirectly harmful
to humansand other living organisms.

1.2.1 Sources of Pollution

Pollution can be classified broadly two types on the basis of their sources. These
aregiven below:



Point SourcePallution (PSP): According to US. Environmenta Protection Agency
(EPA);itisany singleidentifiable sourceof pollutionfromwhich pollutantsareemitted.
Emission of contaminantsinto the environment from aparticular locationiscaled
PSP, For example:

e Emissionsfromwaste water treatment plants
o Toxicefluentsfromindustries
o  Sewageeffluents

Non-Paint Sour cePollution: Itistheemission of contaminantsinto theenvironment
frommorethan onelocation over alargewide spread area. Thereisno specificarea
of source; instead it comesfrom many unidentifiable areas. For example:

e  Toxic chemica swhich have not been properly disposed off

e  Harmful bacteriaand microorganismsfrom cattlewastes

e Pedticides, fungicidesand nutrientsfromagricultural fidds, residential aress.
e Qil, grease, metalsand cleaning agentswashed from roads, workshops

e  Sedimentsfrom congtruction sites, forestsand agricultural fields

e Leachingfromgarbagedumpsetc.

Besidesthese sourcesof pollution another source of pollutionisfugitiveemissons.
Inthisthe pollutants are rel eased into the atmosphere from leaksin equi pment,
pipelines, sedls, vavesetc., but not from the usual source.

DoYou Know?
Terminology used in the pollution

Sources: The place from where the pollutants originate is called
‘Source’ .Example: Cooking and heating (combustion) are the sources of
CO, NOx, and VOCs.

Sink: The place where the pollutants are transferred/moved/transported
from another place or source.

Example: The major sink for atmospheric N, O is stratosphere wherethe
majority undergoes photolysisto giveN, + O.

Receptor: Anything that is negatively affected by the pollutants.
Example: Human beings and plants

Transport: It isthe process by whichthe pollution travel sfrom a sourceto
areceptor.

Example: Air and water are the transport medium.

Disper sion: Changesthat occur in spreading of the pollution through the
environment in the process of transport.

Example: Pollutantsfrom various sourceslike vehicles, factory emissions
dispersed into the atmosphere and removed from the transport medium
(air) through deposition duetorain.

Environmental
Chemistry and Pollution
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1.2.2 Types of Pollution

Pollution may be of thefollowing types:

Air Pallution: Duetotheindustrid revolutionand certain anthropogenic activities
the gaseous mixture and particul ate matter in our atmosphere began to change
andleadtoair pollution. Air pollution may be defined asany substance (gases,
aerosols) including radioactive radiation present in such concentrationsthat
may haveharmful effectsonthelivingthingsand disturbsthenaturd environmenta
processes. Thefactorswhich determinetheleve of air pollutionand their effects
will bediscussedindetail inthefollowing unitsof thiscourse.

Water Pollution: Presence of undesirable substancein water bodies, which
haveadverse health effectsiscalled water pollution. Thediversity and breadth
of impact of pollution caused by theintroduction of pathogens, organicwastes,
chemical pollutants, sedimentsand nutrientsand their effectswill bediscussed
indetail in thefollowing unitsof thiscourse.

Soil Pallution: Addition of undesirable substance, which isnon-biodegradable
that adversdly affectsthesoil qudity and fertility, isknownassoil pollution. The
rangeof soil pollutants may vary from polluted water to solidwasteto acidrain
and dry deposition. The detail s of thesetypes of pollutionwill bestudiedinthe
followingunits.

Noise Pollution: In genera noiseisasound without value. It isashadowy
human health hazard that can damage hearing and evoke other gynecol ogica
and pathol ogical reactionsbesides disturbing rest, seep and communication
that in turn disrupt thebalance of human or animd life.

Thermal Pallution: Industrieslikechemical, thermal andnuclear power plants,
utilizewater from natural water bodiesfor cooling the conversionlosses. The
resultant waste heat energy in the form of hot water getstransferred to the
natural waterways and increaseitstemperature by 10-15°C known asthermal
pollutionwhich have del eterious effects on aquatic ecosystem.

RadiationPollution: The emisson of energy aselectromagnetic waves, which
have high energy,addition of radiation to the natural environment by using
radioactive elementsisknown asradiation pollution. All of usareexposed to
natural radiation, which comes from radioactive material inthe earth like
Uranium-238, inhalation of radon gasand radionucleidein food.

Thedetail sof thesetypes of pollution will be studied inthefollowing units. Inthe
next section you will study about the atmospheric effectsand thereactionstaking
placein the atmospherebut after answering thefollowing questions.

Check Your Progress1
Note: @ Writeyour answer inabout 50 words.

1

b) Check your progresswith possible answer given at theend of the
unit.

Define pollutant and pollution.



2. Listoutthetypesof pollution.

1.3 ATMOSPHERICEFFECTSAND THE
REACTIONSINATMOSPHERE

Dear learners, to understand the pol I ution and itsimpacts you havetolearn what we
mean by the atmospheric effects and the factors responsiblefor the changesin the
components of atmosphere. The study forms the basis of understanding of the
conceptsinvolved and theinteractionswithin systemsrel ated to biospherewhich
directly influencesthe environment aswell asthe human health by controlling the
globa and regiond environmental conditions. We beginwith the atmospheric effects
inthefollowing subsection.

1.3.1 Atmospheric Effects

Theatmosphereis considered asthe smallest geological reservoir of the earth. As
mentioned before natural atmosphere has three open systems viz., biosphere,
lithosphere and hydrosphere. The lowest layer of atmosphere is known as
troposphere, abovethetroposphereisthe stratosphere and beyond the stratosphere
aretwo morelayers- mesosphere and thermosphere. All thelayers are separated
by boundariescalled tropopause, stratopause, etc. Thecomposition of theatmosphere
isapproximeately sameal over theearth becauseof thehighleve of mixing insdethe
amosphere. However, some of the meteorological factors keep changing dueto
changing conditions. Thedaily dterationsintemperature, air, pressure, wind, humidity
and precipitation together are known as atmospheric effects. By having an
understanding of these effectswe can easily predict the human induced changes,
therefore, thesearevery significant.

Convection:- The movement of air due to the atmospheric heating and cooling.
For exampl e thunderstormsare the most apparent of thedriving forces.

Themoleculesin theatmosphere absorb light energy and undergo certain reactions
which do not occur at normal temperature or in the absence of light. Thereactions
determinetheeffect of chemical speciesresponsiblefor air pollution. Thefollowing
subsection deal swith some of theimportant reactionsthat occur in atmosphere.

1.3.2 Reactions in Atmosphere

Most of thechemical reactionsin atmosphere take placein thetroposphereregion.
Thechemical composition of theamosphereisba anced dueto thechemical reactions
which lead to redistribution of chemical speciesthereby moderate the atmospheric
temperatures. Thisisexplained asfollows.

The troposphere in atmosphere contains a mixture of important gases — O,
N,,CO, etc. dongwith Water_vq)_our. It isrespons blefor_ moderati ng andthedriving
energy flow to the earth, which in turn maintainsthe biogeochemical cycle of the
gasesand water vapours, etc. Thetroposphereisalso known as*turning sphere”

Environmental
Chemistry and Pollution
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becauseitiswell mixed by convection process. The gasesare generally stable but
dueto some changesreact to form new compounds. Thechemica reactionsinthis
part of aamosphereareinitiated by the solar radiations. The sun emitsradiationswith
wide range of energiesand we are concerned herewith visiblelight that can be
recognized by human eyeand UV light which cannot be recognized by human eye
andisof higher energy thanvisiblelight.

Theearth getsheated up dueto solar energy, which inturn heatsup the overlying air
causing the convective mixing. Thisisduetothehot air, which hasatendency to
rise. Therisngair generateshigh pressureupintheamosphere, leaving low pressure
areanear to earth. Therisingair at high pressureiscooled by radiating heat and
thereby generates precipitation. Thentheair flowshorizontally. Thispressure
differenceinair leadstowinds.

All the gases are rel eased into the atmosphere by some process. This could be
either by natural sourcesor by anthropogenic sourcesthat occur on the surface of
theearth. Along with these gases someéectricaly charged speciesaso exist. Most
of these speciesfound in thetroposphere region have oxidising capabilities. The
important specieswhich participatein most of theatmospheric reactionsaregiven
below.

1. Hydroxyl radical (OH.): Itisashort lived freeradical and effective scavenger
for trace gasesinthisregion. Therefore, the hydroxyl radical isknown asthe
detergent of theatmosphere. It isformed during day time by the photochemical
reaction series by the photon of light.

0O,(g) +h; — O,(g) + O(9) equation (i)

O(g) + H,0(g) —> 20H (g) equation (i)

Thehydroxy radicdl isubiquitoushenceit reactswith variouscompoundsin the
amosphere.

For example:

The reaction between nitrogen dioxide (NO,) and the OH radical in seriesof
reactionsthat |eadsto the formation of nitric acid (HNO,), oneof the contributors
toacidrain.

NO, 3 +OH  —> HNO,

Kinetic measurements show that some gases (Table 1.1) have slow rates of
reactionswith the OH radical and havelong residencetimeintheatmosphere.
These gases accumul atein the atmosphere and escape across the hydropauseinto
thestratosphere.

Table1.1: Naturally occurring trace gasesof theatmospherewith their
residencetimeand concentration (from Brimble Comb1986)

Gas Residence Time Concentration

(PPb)
Carbondioxide(CO,) 4years 360000
Carbon monoxide (CO) 0.1year 100




CH, 3.6 years 1600
HCOH 10 days 1
N,O 20-30 years 300
NO 4 days 0.1
NO, 4 days 0.3
NH, 2 days 1
SO, 3-7 days 0.01-0.1
H,S 1day 0.05
CS, 40 days 0.02
OCs 1year 0.5
CH,-S-CH, 1day 0.0001
CH.CI 30 days 0.7
CH,| 5days 0.002
HCl 4 days 0.01

2. Nitrateradical (NO,) - It doesnot sustainin sunlight henceitisa

dominant oxidant during night. Itisformed during night timeby aslow
oxidation reaction of NO, with ozone. Nitratefreeradical again reactswith
NO, toform N, O, to establish achemical equilibrium.

NO,+0O, — NO,+0O,

NO,+NO, = N,O, (dinitrogen pentoxide)

Peroxy radical (RO, )and Hydroperoxy radical(HO,):
Formation of hydroperoxy radical isas per thefollowing reaction:
OH+CO+(0,) —» HO,+CO,

OH+RH+0O, —» RO,+H)0

RO, further reactswith another molecule of RC, ather insalf-reaction or cross
reactiontoform HO, radical.

For Example:

Methyl Peroxyradica
CH,O,+CH,O, — 2CH,O.
2CH,0. + O, — HO,.+HCHO

Dismutation: Simultaneous oxidation and reduction reaction in abiol ogica
process

Hydrogen peroxide (H,0,): The main source of gaseous peroxideisthe
dismutationof thehydroperoxy radical.

2HO, —» H,O, + O,

Environmental

Chemistry and Pollution
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The source of aqueous H,0, isthe dissol ution of gaseous H,,O, into atmospheric
hydrometeors. Theother sourcesare reduction of superoxide by organic compounds,
hydrogen carbonate, photolysi s of aqueous ozoneand water vapour photonucl egtion.

The photonucleation involvesmainly theoxidation reaction of S(IV) to S(VI1) in
aqueousphase. Thisistheimportant source of sulphate particlesthat act ascloud
condensation nuclei, which play akey rolein theformation of acidic aerosolsand
acidrain.

AqueousH.0, isasoinvolved in Fenton and Photofenton process. The Fenton
reagent (Fe(I1) +H,0,) oxidises organic and inorganic compounds present in water
droplets in the atmosphere. In the photolysis process, Fe (111) complexes are
convertedinto Fe(11) inthe atmospheric hydrometeors.

Dear learners, having learnt about the species present in the atmosphere we can
summarisethe synergitic effect of these speciesintheatmosphere.

Inthe troposphere, there are threeimportant end-removal processestaking place.

1.  Atmospheric pollutantsget convertedinto nonpolluting constituentslikewater
and oxygen.

2. Gaseouspollutantsare absorbed by plants, water and soil by the phenomenon
of dry deposition.

3. Thesolublespeciesarediminated by the process of precipitation.

H,0, reactswith nitrous acid to form peroxynitrous acid, HOONO. Itishighly
unstable species and transformed intoOH + NO,andNQO,. It alsoincreasesthe
rate of corrosion of silver when exposed to atmosphere.

Inthestr atospher € region, theoxygen molecule(O,) inthe presence of UV radiation
formsatomic oxygen. Atomic oxygen further reactswith molecule of oxygento
produce ozone (O,). For this reason, ozone concentration is higher in the
stratospheric region, which formsozonelayer. Stratosphere protectsthe earth
surface from the harmful effects of the sun radiation by absorbing UV light.
Chlorofluorocarbons (CFCs) are agroup of volatile organic compounds (V OCs)
capable of reaching stratosphere. Thesereact with UV light to generate chlorine
atoms. Chlorine moleculespresent in atmosphere convert 0zoneto oxygen molecule
hence the concentration of ozonewould be decreased.

The chemical reactionswhich take placein the atmosphere by absorbing solar
redistionsare:

1. Photochemical reactions

2. Redoxreactions

3. Acidbasereactions

Theseare explainedin the following subsections.

1.3.3 Photochemical Reactions

Photochemical reactionsarethe reactionsin the atmospherethat are catal ysed by
the dectromagnetic solar radiations. Thesereactionsare controlled by two basic
principlesgiven below.

a. Grotthus-Draper Law: Itisalsoknown astheprinciple of photochemical
activation. It statesthat the solar radiation (light) must be absorbed by a



compound in order for aphotochemical reaction to takeplace. For example,
only thelight which isabsorbed by amolecul e can be effectivein producing
photochemical changesinthemolecules.

Some of the photochemical reactionsare given below.

1. Photosynthesis. Plantsuse solar energy to convert carbon dioxide and water
into glucose and dispose of oxygen asaby-product. Both carbohydratesand
oxygen arerequiredto sustain lifeon earth.

CO,+HO0 —» CH_ O, +0,(g)

6 12
2. Formation of Vitamin D:Itisavital vitaminfor bone and teeth devel opment
and kidney function. Itisformed by thereaction of 7-dehydrocholesterol with
aunlight.
3. OzoneFormation: When oxygenisexposed to sunlight it getsconvertedinto
ozonewhichwill bediscussedin Sec 1.4.

b. Sark- Einstein’sLaw of Photochemical Equivalence: It statesthat for
each photon of light absorbed by a chemical system only one moleculeis
activated for subsequent reaction. The energy absorbed by one molecul e of
thereacting moleculesisgivenby E=h,,

Where E= Energy of each quanta
h=Plank’s constant (6.6 x 10" erg. Sec)
v =frequency of theradiation

Therefore, the number of molecules absorbing radiation isequd to the number of
photonsabsorbed. Thismeansthat onemoleculeisactivated by each quantum of
radiation.

a. Primary Photochemical Reactions

Inaprimary photochemical reaction molecul esabsorbs solar radiation, movetothe
excited state, and arerelatively energized and reactiveaswell. These molecules
either transfer the energy to other molecules/atoms or losetheir energy by emitting
light to reach thenormal state.

Example: Photodissociations

ho
1. NO, —— NO,
NO, ———— NO+O

ho
2. NOC| —— NOCI.

2NOCI ——— 2NO+Cl,

b. Secondary Photochemical Reactions

In a secondary photochemical reaction, it is not necessary that the absorbed
radiation by a molecule in the form of photon undergoes further reaction. The
absorption of one photon by amolecule in the first step results in the formation
of an activated molecule. This may lead to the reaction of more molecules through
achain mechanism.

Environmental
Chemistry and Pollution
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Example: Formation of Free Radicals

Inachain reaction light energy stimul ate a series of reactions by generating free
radicals, which arereaction intermediates.

For example: ho

SO, — SO,

SO, + 0, — > SO,

Thisreaction can beterminated by reacting with other freeradical or suitablespecies
and terminatesthereaction.

Example: SO, +O0, ————— S0, +0,
.CH,+.CH, —— CH,-CH,

Theother important reaction isthe formation of photochemical smog, wherethe
photooxidation reaction between NO, and SO, leads to the formation of
photochemical smog. The formation of photochemical smog is a significant
phenomenon and a so animportant environmental issue.

Check Your Progress2

Note: @ Writeyour answer inabout 50 words.

b) Check your progresswith possible answer given at theend of the
unit.

3.  Whatisaphotochemical reaction and explain chainreaction.

1.3.4 Redox Reactions

Redox reactions are the reactionsin which oxidation and reduction reactions occur
a thesametimewith transfer of electrons. Theseredox reactionsin theatmosphere
decidetheabundance and the effects of many organic and inorganic pollutant Species.
Kineticsof these reactionsindicatesthat thesereactionsin the atmosphere arevery
dow. Thissignificant propertyisuseful incontrallingtheair pollution.

Theabundance of oxygenisvery highin theatmosphere.Sinceit contains21% of
oxygen,oxidation reactionsin the atmosphere are thermodynamically favourabl e.
Theavailable oxygeninthe atmosphere either reduces or oxidisesthe compounds
containing carbon, nitrogen and sulphur.

You know that in oxidation and reduction reactions two components are always
present in which one component isoxidised and the other oneisreduced. Whenan
organic compound isoxidised by acatalyst, the catal yst itself must bereduced.

Likewise, when an organic compound is reduced by a catalyst, the catalyst
getsoxidised. Thisphenomenon candso beunderstood by somegenera statements
asgiveninFig.1.1.



e Increaseinthenumber of C-O bondsor decreasein the number of C-H bonds
istermed asoxidation.

e Increaseinthenumber of C-H bondsor decreasein the number of C-O bonds
istermed asreduction.

For example: Formation of CO, from methane
Increasein the number of C-O bond

Increasein the number of C-H bonds

Cradation
Increasing number of CO bhonds

B~

O R A < L |
H—C—H a—™ H—C—OH C=) = C=0 _— 0=C=0

—

U I I L T

Decreasing number of CO bonds
Feduction

Fig. 1.1: Formation of CO, from methaneindicating oxidation and reduction reaction
Some of the oxidation-reduction reactionsare given bel ow.
1. Corrosion: Rustingof Iron

Whenironisexposedto moigt air, it convertsironinto rust and disintegratesit
dowly. Rustingisacommonterm used for corrosion of iron. Rust consistsof
hyadratediron (111) oxides, Fe,O,. nH,O, iron (111) oxide-hydroxide (FeO (OH),
Fe (OH),.

2. Acid Rain: Nitric oxide is oxidized to nitrogendioxide then reacts with
amospheric moistureto form nitric acid,whereas sulphur dioxideisoxidised to
sulphateradical ,then gets converted to sulphuric acid. These compounds
precipitate as snow or rainwhichisknown asacid rain whichwewill discuss
indetail inUnit-2.

1. 4NO+ 30, ——» 4NO,
4NO,+2H,0 ———» 4HNO,

2. SO,+0, ——» 250,
250,24+ 2H,0 ——— 2H,S0,

The productsfrom thesereactions show adverse effectson the atmospherelike the
photochemical smog that will bediscussedin Unit-2.

1.3.5 Acid- Base Reactions

All the speciesexisting in the atmosphere can be classified either asacids, basesor
salts. Acid-base reactions occur between acidic and basic species. Insimpler
terms, proton [H] donor isan acid whereas proton acceptor isabase.
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Example: InorganicAcids

HCI, H,S0,, HSO, , H,0, H,O*
Example: I norganic Bases

H,O, NH,, "OH, "NH,

Compounds like H,0 that contain both hydrogen atoms and lone pair act as
both acid and base depending on the reaction. Our atmosphereisslightly acidic
in nature because of the presence of CO, that dissolvesin atmospheric water
dropletsand dissociatesin the following way.

H,0 ——— H*+OH"
CO, (g) + H20 ————» H* + HCO,
SO, (g) + H20 ——— H* + HSO,"

Strong acidslike HNO, and H,SO, are produced by the atmospheric oxidation
reactions of NO, SO,and H_S.

The abundance of basic speciesin the atmosphereis relatively small when
compared to the acidic species. The most important basic species in the
atmosphereisammonia (NH,). It enters the atmosphere from biodegradation
of nitrogen containing biological matter and from bacterial reduction of nitrate
ion. It neutralizes acidic speciesin the atmospherelike HNO,, H,CO,, H,SO,
becauseitissolublein H,O.

Example

NH, + H,O ———— NH," + OH -
NH, +HNO, ————» NH,NO,
NH, + H,SO,——— NH,HSO,

After studying the important reactionstaking place in the atmosphere, in the
next section wetake up animportant global phenomenon which isaconsequence
of many factors including those discussed in the above subsections. The
phenomenon is called the global warming and the rel ated factorsinclude the
greenhouse gases.

1.4 GREENHOUSE GASESAND GLOBAL
WARNING

Asmentioned in the previous section, there are gases present in the atmosphere
that absorb IR radiations and radiate heat because of which these areresponsible
for increased temperature across the globe. The gasesare called the greenhouse
gasesdueto their behaviour like that of a greenhouse. On aglobal scale, six
main gases are referred to asgreenhouse gases. Theseare: carbon dioxide (CO,),
methane (CH,) nitrous oxide (N,O), fluorinated industrial gases like
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) sulphur hexafluoride (SF)
and chlorofluorocarbons (CFC). Water vapour isalso considered agreenhouse
gas. The greenhouse gases are responsible for thewell known global war ming.




CO, average lifetime cannot be measured with avalue sinceit is not destroyed
over aperiod of time. It travels from ocean to atmosphere to land system.
Since the absorption in the sink is very slow process it will remain in the
atmosphere for thousands of years. Its 100 years global warming potential is
oneton.

An exampleisgiven hereto make you to understand the greenhouse gases and
the phenomenon of global warming. Theinterior of aclosed car heats up when
thecar isparked inthe sun. Thisisdueto the radiation from the sun entering
through windows and getting absorbed by the inner objects of the car, then
converting light energy into heat energy, which releasesin theform of IR radiation.
Unlike, sunlight thisIR radiation isblocked inside the car and cannot |eave the
car. Thetrapped heat energy causestheriseintemperatureinsidethecar. In
the same way, gasesthat trap the heat in the atmosphere similar to that of glass
in agreenhouse hencethey are called greenhouse gases. Greenhouse gas effect
increases the average temperature of the earth’s climate systemthat is, known
asglobal warming. Theincreaseinthe greenhouse gas concentration isthe
major cause of global warming. Let ustry to understand global warming potential,
atermrelated to global warming.

1.4.1 Global Warming Potential

All greenhouse gases (GHGs) may vary in atmospheric lifetime and heat-trapping
potential.

Global Warming Potential (GWP) unit has been devel oped to comparethe ability
of each greenhouse gasto trap heat in the atmosphererelative to carbon dioxide
(CO,) over aspecifiedtime. Ingeneral, greenhouse gasemissions are cal cul ated
interms of how much CO, would be required to produce an equivaent warming
effectinthegiventime. Thisiscalled the car bon dioxide equivalent (CO.g)
value and is calculated by multiplying the amount of gas by itsglobal warming
potential (GWP).

GWP value provides policy makersto compare the impacts of emissionsand
reductions of different greenhouse gases. For example, methaneisanotable
contributor of the greenhouse effect and has a GWP of 21. This means that
methane has approximately 21 times more absorption capacity of heat radiation
than carbon dioxide per unit of weight. Methane emissionsin permafrost areas
could be higher than CO,,

DOYOU KNOW?

The Greenhouse effect wasfirst indentified by French scientist Jean- Baptise
Fourier in 1927. The Greenhouse gases are like heat blankets, insulating
Earth and slowing down the process of IR energy into the space. Without
thisinsulation average surface temperatures on earth would be about -
19°C instead of +14°C and it would beimpossibleto sustainlife. Therefore,
our global climate depends on the concentrations of greenhouse gasesin
Earth.

After understanding the Greenhouse gas phenomenon we should learn about
the sources and effects of greenhouse gasesin the following subsection.

Environmental
Chemistry and Pollution

17



Air, Water and Soil Pollution 1 42  Sources of Green House Gases

The greenhouse gases are generated by different sources as detailed below
for al of these.

1. Carbondioxide: Theincreasing sourceof carbon dioxideintheatmosphere
isby burning fossil fuels(coal, natural gasand oil) solid waste, trees and
wooden products and manufacturing process of cement.

Sink: The terrestrial sink is the absorption of CO, in the process of
photosynthesis. The oceanic sink is by uptake of CO, by phytoplankton
aswell asdissol ution acid-base reactions and reactions of carbonates. The
atmospheric life-time (ALT) of CO, is12.4 yearsand 100 years GWPis
28-36 tons.

2. Nitrousoxide: The main source of nitrous oxide in the atmosphere
isoxidation of ammonia(NH,) in the atmosphere and also from tropical
soils. Anthropogenic sources are agricultural burning of biomass and
anaerobic denitrification process.

Sink: Mot of the nitrous oxide (N,O) participatein the photolytic process
and convertitinto N, + O. in stratosphere. The rest of the N,O reacts
with oxygen to generate nitric oxide (NO) that can participatein the ozone
depletion reaction.

3. Methane: Itisathird most important greenhouse gas and is a product of
fermentation reactions catalyzed by microbes. The natural source of
methane (CH,) iswet lands. Bacteria emit methane in the process of
decomposing organic materialsin the absence of oxygen (anaerobic decay).

Anthropogenic sources are from livestock (methaneis generated in the
ruminants stomach asa part of digestive process), natural gas production
and transmission, rice cultivation landfills, coal minesand manure storage
systems.

Sink: Thesink for methaneisthe atmospheric oxidation by hydroxyl radical.

Do You Know?

Human activitiesthat produce CH, includeenergy production fromnatural
gas, coa and petroleum, decompositioninlandfills, raising ruminant animals
andrice farming. Wetlands are the main natural source of CH, (marsh gas
produced by the anaerobic decay of vegetation). A similar induced effect
is caused by the warming planet that has recently caused permafrost
melting in the Arctic with accompanying decay of vegetation that had been
frozen.

CH, now bubbles from shallow newly-formed lakes caused by permafrost
subsidence and collects under theice when these lakesfreeze over in thewinter.
Poking aholeintheice and igniting theresulting rush of gasproduces astriking
effect, Fig. 1.2.

4. Chlorofluorocarbonsand Halocar bons: The source of chlorofluoro-

18 carbons and halocarbons are only anthropogenic in nature. Thiscontains



hydrofluorocarbons, perfluorocarbons, sulphur hexafluoride, chlorofluoro-
carbonsand nitrogen trifluoride. These gases are emitted from various
industrial processes, commercial and household useslikerefrigerantsandfire
retardants.

Sink: Removal processisvery slow and they will persist from GWP-1000
yr</10,000 years and are permanent residents.

5. Water Vapour: Itisoneof themost abundant greenhousegas. It absorbsIR
radiation and obtained through evaporation and precipitation. It undergoes
rapidturnover in thelower atmosphere controlled by local temperatures. Due
tothe* pogtivefeedback’ phenomenonitincreasesthedimate sensitivity thereby
increasesthe anthropogeni ¢ greenhouse gases.

Theeffects of these gases on global warming and therefore climate change
depend upon thefollowing:

1. Howmuchistoo much?t meansthat the adverseeffectswill bemeasured
in concentrations (concentrationsare measured in ppm/pphb/ppt).

2. How longistoo long? Which means average timesit remainsin the
amosphere.

3. Howstrongistoo strong?How strongly it absorbsenergy.

1ppm-isequal toonedrop of H,Ointo 13 gallonsof liquid.

Dear learner, wewill quickly go through the consequences of global warming.
Globd warming resultsinto thefollowing effects:

1. Rapidchangesin globa temperature

2. Extremeweather patternsresultin more hurricanesand drought to
occur. Longer duration of heat wavesandintenserainisgenerally
experienced.

3. Ecosystemimpactdikespecies habitats decrease and the chancesfor
variousecosystemsto adapt natural ly would diminish.

4. Risingsealevelsduetowater expand when heated resulting into melting
of polar caps.A largemass of human livesinthecoasta linesuffers.

5. Oceanacidification caused by dissolving more atmospheric CO, into
theoceandisruptstheahility of oceanic lifeto make shellsand skeleton
of calcium carbonate.

6. Increaseinpestsand diseasesof theagricultural crops

1.4.3 Ozone Layer

The Earth’satmosphere consists of variouslayers. Thetroposphereisthelowest
layer extendingto 15kmsindtitude. Next layer isstratogpherethat extendsupwards
toan dtitudeof 50kms. Theterregtria life cannot sustainin stratosphere sinceits
dengityistoolow but it isthe house of the ozonelayer, which hastheability for life
to survive on earth. About 90% of ozone present in stratosphere and remaining
ozoneislocated in troposphere. Dear |earners, you have learnt in school about
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ozone layer that filtersthe UV radiation from the sun before reaching the earth
and isknown as protecting layer.

The molecular oxygen (O,) and the ozone (O,) interconvert in stratospherein
the presence of UV radiation of the sun.

Interconversion reaction in the stratosphere can be written asfollows:

hy
1. o, ——» 20 ()
0,+0———» O, (i1)
hy
O3 _ 02+O (iii)

The high energy solar radiation splits O, into oxygen atoms, which combinewith
other molecules of O, to produce O, asin thefirst and second reactions. Ozone
isabluish gaswith pungent odor. Ozone may be generated by many ways by
the atmospheric reactions. Sometimes, ozone may be produced near high-voltage
equipment by the action of electrical discharges. Inthetroposphere, ozoneis
produced by NO,. NO, splitsinthe presence of sunlight, rel eases oxygen atoms
and in the lower atmosphere it produces ozone. Ozone can also produced by
carbon monoxide (CO)(Fig. 1.3). Oxidation of CO produces hydrogen atom
that reacts with oxygen inthe following way.

CO+OH ——» CO,*H

H+O, ——» HO,

The HO, radical undergo self-reaction to produce hydrogen peroxide.
HO, +HO, ———» H,0,+O,

Thishydrogen peroxide actsin three different waysin the atmosphere.

1. Duetoitssolublenatureitisremoved fromthe atmosphere and deposited
by rain water.

2. It produces hydroxy radical on photolysis.
hy
H,O, ————» 20H
3. Itreactswith hydroxy radical to produce HO, radical .
H,0,+OH ——» HO,+H,O

Theregenerated HO, reactswith atmospheric NO produce ozoneinthefollowing
manne.

HO,+NO ———» OH+NO,
ho

NO,+ O, ———» NO+O,

The sequences of repeated chain reactionsthat occur in the atmosphere are as
follows:



OZ
CO+OH ——— CO,+ HO,

HO#NO ———» OH+NO,

ho
NO,+ O, — > NO+O,

Theover dl reactionis

CO+20, ——» CO,+O,

ihv

0, Stratosphere
Troposphere
/ hv
NO, <> NO
O,_hv

Deposition
Fig. 1.3: Mechanismfor O,-HO, -NO, — CO chemistry

Ozoneactsasanatural atmospheric filter for biologically damaging UV-B light
by absorbingit in the range of 200-310 nm frequency where interconversion of
ozone and molecular oxygen occurs as shown in the above reaction. Therole of
stratospheric ozone is by undergoing photo dissociation reaction where it
interceptsthe damaging UV radiationsfrom reaching the Earth’s surface. This
absorption of UV radiation by stratosphere prevents 99% of UV radiation from
reaching the Earth’s surface. The radiation energy inthisrange isenough to
cause skin cancer in human beingsand damages our environment. For that reason
stratospheric ozoneistermed ozone shield and the  good ozone'. The ozone
inthetroposphereishighly reactivewith living tissue causing adverse effectson
humans, forest damage and reduced crop production and finally alters the
ecological welfare. Hencethe ozonein thetroposphere is known as destructive
ozoneor ‘bad ozone'.

Let usread in the next section how the ozone layer depletion is affecting the
whole ecosystem.

1.44 Ozone Layer Depletion

Thedepletion of ozonelayer isnot good for theliving beingsas has earlier been
mentioned. A number of factorsplay rolein thisfor example; chlorofluorocarbons
play amajor rolein the depletion of ozone. Specific exampleslike CFCl, (CFC-
11), CF, CI, (CFC-12) compounds are non-flammable, volatile but readily
liquefiable, non-toxic and relatively inertin nature. Because of these beneficial
properties they are useful in refrigerators as coolants, in foam plastic
manufacturing, aerosol propellants and industrial solvents. These properties
areuseful for human comfortsbut adversely affect the stratospheric ozone. Once,

Environment Pollution and
Chemistry

21



Air, Water and Soil Pollution

22

these gasesrel easeinto the atmosphere, these persist for very long time because
of relative inertnessin the troposphere and enter into the stratosphere through
atmosphere mixing. The high energy solar radiation in the stratosphere
decomposes chlorofluorocarbons and isinvolved in reactions which curtail the
concentration of ozone.

Seriesof chemical reactionsthat deplete the ozone layer in the stratosphere are
cleavage of C-Cl bond that results in chlorine free radical as shown in the
following steps:n the stratosphere are cleavage of C-Cl bond resultsin chlorine
freeradica

Step (i)
hl)
CFCl, () ——— CF,Cl.(g) +Cl. (g)
Step (ii)

Thechlorinefreeradica reactswith ozone molecul e by chain reaction mechanism
producing chlorine monoxide free radical and an oxygen molecule.Chlorine
monoxide freeradical reactsfurther inthefollowing way.

Cl.(g) +O,(g) —— ClO.(g) + O,(9)

Sep (iii)Chlorine monoxide reacts with oxygen atomsto form oxygen molecule
and chlorinefreeradical.

ClO.(g) +O ——» Cl.+0,

The net reaction for conversion of two ozone molecules into three oxygen
molecules

20, (g) ——» 30,

Thechain reaction increasesthe rate at which stratospheric ozone is destroyed
but it does not alter the rate of ozone formation. The reports says that, one
chlorine atom will destroy as many as 1, 00,000 molecules of O, beforeitis
suspended to the troposphere as HCI.

The cycle of 0zone destroying reactions disturbs the abundance of ozone since
ozoneisdepleted quickly thanitisbeing produced.

The evidence of stratospheric ozone depletion istheformation of Antarctic
ozonehole. According to the British atmospheric report in 1985, thinning of
ozonelayer in the stratosphere over the south polein September and October.

Scientistsfound reasonsthat during summer, NO, and CH, react with chlorine
monoxideto trap the chlorineforming chlorine reservoirs. Duringwintersinthe
extreme cold weather avortex of extremely cold air formsclouds containing ice
crystals provides surfacefor various chemical reactionswhich produce hydrogen
chloride and chlorine nitrate (CIONO,). They react with each other to form
chlorinemolecules.

HCI (g) + CIONO, (J) ——— Cl,(g) + HNO, (9)

During spring, the chlorine molecul e photodissociate into chlorinefreeradicals
that can further involvein the ozone destruction reaction.



DoYou Know?

Newer aternativesto CFCsare hydrochlorofluorocarbons (HCFCs) and
hydrofluorocarbons (HFCs). These compounds have similar propertiesas
CFCs, but decomposed by OH radical before reaching the stratosphere,
hence these will not participate in the radical reactions resulting in
O, destruction. Propane and butane are now used as propellantsin spray
cansin place of CFCs.

The 1995 Nobel Prize in chemistry was awarded to Mario Molina, Paul
Crutzen and F.Sherwood Rowland for their work in elucidating the
interaction of Ozone with CFCs.

Check Your Progress 3

Note: a Writeyour answer inabout 50 words.

b) Check your progresswith possible answer given at theend of the
unit.

4. Enligt thegaseouspollutantsin theatmosphere?

1.5 LETUSSUM UP

Thisunit dealt with environmental pollution and different reactionsthat occur inthe
atmosphere, sincethe source of pollution isoccurred by anthropogenic activities.
Every substance or chemical or materia produced by humansor nature can pollute
theenvironment. Based onthechemica composition, and properties atmosphereis
dividedinto variousregions. Thereare different physical and chemical reactions
occur inthe atmosphere because of chemical interactions between itscomponents.
Tropospheric 0zone, methaneand nitrous oxide are cons dered asgreen house gases.
These have both natural and anthropogeni ¢ sources and contributeto the global
warming. Thestratospheric ozoneisuseful for lifeon earth by protectingthem from
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UV radiation. Where astropospheric ozone harmful to the humansand other living

beings.

1.6 KEYWORDS

Acid deposition

Acid precipitation

Aerosols

Anthropogenic

Base

Biosphere

Biotaliving

Buffer

CFCs

Any form of acid precipitation and also fallout of
dry acid particles.

Includes acid rain, acid fog, acid snow, and any
other form of precipitationthat ismoreacidic than
norma (i.e., lessthan PH 5.6). Excessacidity is
derived from certain air pollutants, namely, sulfur
dioxideand oxidesof nitrogen.

Microscopic liquid and solid particlesoriginating
fromland and water surfacesand carried upinto
theatmosphere.

Referring to pollutantsand other forms of impacts
onnaurd environmentsthat can betraced tohuman
activities.

Any compound that rel easeshydroxyl (OH") ions
when dissolved inwater. A solutionthat containsa
surplusof hydroxyl ions.

Theoverall ecosystem of Earth. Thesumtotal of
al the biomes and smaller ecosystems, which
ultimately aredl interconnected and interdependent
through global processes such asthewater cycle
and the atmospheric cycle.

Thesumtotd of dl livingorganisms. Thetermusually
isapplied to the setting of natural ecosystems.

A substancethat will maintainthepH of asolution
by reacting with the excess acid in the solution.
Limestoneisanaturd buffer that helpsto maintain
water and soil at anear-neutral pH.

Nuclear reaction wherein each atom that fissions
(splits) causes one or more additional atomsto
fisson.

Chlorinated hydrocarbons. Synthetic organic moleculesinwhich one or more

Chlorinecycle

Chlor ofluor ocarbons
(CFCy)

hydrogen atoms have been replaced by chlorine
atoms. Chlorinated hydrocarbonsare hazardous
compounds because they tend to be non-
bi odegradable and therefore to bio-accumulateand
many have been shown to be carcinogenic. They
aredso caled organochlorides.

Inthe stratosphere, acyclical chemical processin
which chlorine monoxide breaks down ozone.

Synthetic organic moleculesthat contain oneor
more of both chlorine and fluorine atoms and that
areknown to cause ozone destruction.



Convection . Thevertical movement of air dueto atmospheric
heetingand coaling.

Environmental impact . Effect onthenatural environment caused by human
actions. Includesindirect effects, for example,
through pollution, aswell asdirect effectssuch as
cutting down trees.

Photosynthesis . The chemical process carried on by green plants
through which light energy is used to produce
glucosefrom carbon dioxide and water. Oxygenis

rel eased as aby-product.

Precipitation . Any form of moisture condensing in the air and
depositing ontheground.

Primary pollutants . Pollutantsrdeased directly intotheatmospheremainly

asaresult of burning fuelsand wastes, asopposed
to secondary pollutants.

Troposphere . Thelayer of Earth’satmospherefromthe surfaceto
about 10 milesinaltitude. Thetropopauseisthe
boundary between the troposphere and the
stratosphereabove. Thetroposphereiswel mixed
and isthesite and source of our weather, aswell as
theprimary recipient of air pollutants.

1.7 REFERENCESAND SUGGESTED FURTHER
READINGS

1. Fundamentasof Environmenta Chemistry by A.K.De

2. Environmental Chemistry by Stanley Manahan
3. Environmental Sciencetextbook by Richard T. Wright

1.8 ANSWERSTO CHECK YOUR PROGRESS

1. A poallutant may bedefined asaphysical, chemical or biological substance
unintentionally rel eased into the environment whichisdirectly or indirectly
harmful to humans and other living organisms. Whereas pollution isthe
presence of substancein the environment that, because of its chemical
composition or quantity, preventsthe functioning of natural processesand
produces undesirable environmental and health effects.

2. Airpollution, water pollution, soil pollution, Noise pollution, Thermal and
Radiation pollution.

3. Reactionsthat occur by absorbing sunlight are known as photochemical
reactionswith the formation of varioustypesof freeradicals asintermediate
species. A chain reaction isaseguence of reactionswhereareactive product
or by-product causes additional reactions to take place. In a chain
reaction, positive feedback |eadsto a self-amplifying chain of events. Due
to the abundance of oxygen moleculesin the atmosphere oxidation and
reduction reactionswill occur. Some chemical reactionsin the atmosphere
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can occur as gas phase collisions between molecules, on the surfaces of
solid particles (particulate matter) or in agueous solution (in water droplets).
Thereactionsthat take placein water dropletsare mainly acid-basereactions.

CO,, CO, CH, CFCI,, NOX, SOX.

Anthropogenic sources are from livestock (Methaneis generated in the
ruminants stomach asapart of digestive process) natural gas production
and transmission, rice cultivation landfills, coal minesand manure storage
systems.

The Global Warming Potential (GWP) isameasureto allow comparisons
of the global warming impacts of different gases. It provides how much
energy the emissions of 1ton of agaswill absorb over agiven period of
time, relativeto the emissionsof 1 ton of carbon dioxide (CO,). The higher
the GWP the morethat agiven gaswarmsthe earth compared to CO, over
that time period. The time period usually used for GWPsis 100 years.
GWNPsprovide acommon unit of measure, which allowsadding up emissions
estimates of different gases and allows policymakersto compare emissions
reducti on opportunities across sectors and gases for making decisions.
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20 INTRODUCTION

In the first unit of this block you have studied about the nature of atmosphere
and various types of environmental reactions that occur in the atmosphere.
Present day atmosphere has changed with the onset of the industria revolution.
Previously everybody heard about atmosphere consistting of various gases
with magjor constituents like nitrogen(78.08%y), oxygen(20.95%), argon(0.93%),
CO,(0.04%), water vapor(0-4%) and trace gases including ozone, helium,
hydrogen, nitrogen oxides, sulfur dioxide. It islearnt that in addition to these
gases, microscopic liquid and solid particles like dust, pollen grains, carbon
particles, sea salt and microorganisms collectively known as aerosols are
carried up to the atmosphere from land and water surfaces. In this unit you
will study the role of these congtituents in the atmosphere and learn about the
chemical processes that explain how and why the atmosphere is getting polluted.
The unit aso ded'swith how the natural properties of air pollutants are influenced
by external factors and the environmental medium where these exist. Inthe
next section we will begin with defining air pollution.
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2.1 OBJECTIVES

After studying this unit you should be able to:
e define air pollution;

e enlist the sources of common air pollutants;
e classify various types of air pollutants; and

e  describe the effects of air pollution.

2.2 AIRPOLLUTION: DEFINITION

By definition air pollution isthe presence of contaminants or pollutantsin the
air like noxious gases, particles of solid and particulates of liquid matter in
high concentrations that interfere with human health or welfare, or produce
other harmful environmental effects (US-Environmenta Protection AgencyUS-
EPA). In other words, any substance in the atmosphere which can create
harm to the natural environment and human beings is known as air pollutant..
The level of air pollution can be determined by three factors given below.

1. The quantity of pollutant that is present in the air
2. Theareain which the pollutants are dispersed
3. Theremoval process of pollutants from the air

Let usfirst of all study the common pollutantsin air and their sources.

23 AIRPOLLUTION: DEFINITION

Onthe basis of adverse effects of air pollutants like impaired health, destroying
the environmental resources and damaging property, as per the clean air act
of 1970,the sources of air pollutants can be classified as follows:

1. Mobile Sources: Mobile sources of air pollution start with the exhaust
from the vehicles that contains notable pollutants like lead particul ates,
carbon monoxide, carbon dioxide, hydrocarbons, and oxides of nitrogen,
and small amounts of sulfur oxides. These pollutants generate secondary
pollutants when react in the atmosphere and adversely impact on the
environment like photochemical smog and acid rain.

2. Stationary Sources. Stationary sources are two types. point sources
and rea sources

Point sources: These include some of the most important stationary
sources like furnaces and the combustion of carbonaceous fuels, bailers,
ovens and dryers, process systems which produce volatile chemicals,
gases, €tc.

Area sour ces. Solvents from solvent-based paints, |eaking pipe joints,
mai ntenance work involving the dismantling of pumps or breaking of
pipeline spills, unloading /loading procedures and contaminated ground
come under this type of sources.

3. Fugitive Emissions: Fugitive emissions are those which escape from a
process rather than being discharged. They enter the atmosphere untreated



by which they show adverse effects. These emissions can be reduced by
implementing standard operating procedures but natural emissions are
impossible to control. For example: industrial sources, dry cleaning,
agricultural practices, natural sources like volcanoes, forest fires.

The particulate matter (PM), ozone (O,), carbon monoxide (CO), sulfur dioxide
(S0O,), nitrogen dioxide (NO,) and lead (Pb) are some of the air pollutants
about which you would study in the following paragraphs. The sinks (place
of absorption or dispersal) of some of these pollutants are also given here.

1. Particulate matter: The particulate pollutants mean very minute solid or
liquid particles. They may be different in size and shape, also in physical
and chemical properties. These can be either natural or man made. The
major sources are stack emissions, construction work, unsealed roads
etc., Since they are very small in size they provide surface for many
reactions for the formation of secondary pollutants and also diffuse light
by which reduce visibility. The particul ate pollutants are classified as:

a Dust: These are solid particles with >100%4m in diameter dispersed into
the air.

b. Fume: These are solid particles from factories and industries usually
between 0.03- 0.3 ¥am in diameter. Example: metallic oxides

Cc. Mist: These are liquid particles with 0.5-3.0 ¥am in diameter formed by
condensation reactions.

For example: SO, + H O —» H_SO,

d. Smoke: These are solid particles between 0.5-1.0 ¥am in diameter
produced by incompl ete combustion of carbon containing material.

e. Spray: These are liquid particles which are formed by the process of
atomization.

If the size of the particulate matter is >3 pm, these are negatively charged
where as particles with < 0.01 um size are positively charged. These electrical
charges will have considerable effect on the rate of coagulation and deposition.
Once the particul ate matter rel eases into the atmosphere it undergoes many
physical and chemical changes like increase in size, absorb or desorb gases,
changein éectrical charge, colloid or cohere with other particles, change in
specific gravity, converting into sulpahate and nitrate aerosols .Due to this the
pH, chemical reactivity, and toxicity changes dramatically that affects the life
time of these particlesin the atmosphere.

For example: Polycyclic aromatic hydrocarbons (PAH). PAHSs are generated
by coal furnace (>1 um), cigarette smoke (0.1 um) and chemical reactions
involving ethene and ethane > 500°C.

2. Carbon Monoxide

Carbon monoxide is a colurless, odourless and tastel ess gas found in abundance,
around 530 million tonnes (about 0.00001%), with an average residence time
of 36 to 100 days. The natural existence of atmospheric CO is due to
volcanic eruptions, photolysis of methane and terpenes, forest fires, chlorophyll
decomposition, and microbia action in oceans.

Air Pallution
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It enters the atmosphere by anthropogenic sources like transportation, disposal
of solid waste, burning of agricultural waste, steel production, etc. It is also
emitted directly into the atmosphere by inefficient combustion of fossil fuels.

2C+0, —» 2CO

Sink: The CO in the atmosphere by anthropogenic and natural sources will be
naturally removed from the air by conversion to CO, in a sequence of chemical
reactions either by aerial oxidation or soil microorganisms.

2CO+0, —» 2CO

2

3. Carbon dioxide

In the natural atmosphere carbon dioxide is generated by the combustion of
organic matter, weathering or biological decomposition.

CO, acts as thermal absorber by which it can absorb energy from infrared
(IR) radiationThe energy from the incoming IR photon causes the CO, molecule
to vibrate and the extra energy has been removed by the emitted photon in
acontinuous process. This potential of CO, to absorb and re-emit infrared
energy makes this gas an effective heat-trapping greenhouse gas. The gases
like nitrogen (N,) and oxygen (O,) are not able to absorb infrared photons
because of lack of vibration. The details of greenhouse gases and the importance
of greenhouse effect have already been discussed in the previous unit. Sink:
Because of its nature of solubility in water, the major sink for CO, is ocean
where 50% of all anthropogenic emissions are getting absorbed. The forests
also serve as asink.

4. Sulfur Compounds

Number of sulfur compounds are released into the atmosphere from both
natural and anthropogenic sources. The major sources are from volcanic
eruptions and man made emissions like incomplete combustion of fossil fuels.

The common sulfur compounds exist in the atmosphere is SO,, SO,, H,S and
H,SO,. Combustion of fossil fuels and roasting of metal sulfide ores are the
anthropogenic sources. Out of these sulfur trioxide (SO,) is directly emitted
in ore smelting and fossil fuel combustion and also by the oxidation of SO,
and readily soluble in water to produce H,SO, which is known as acid rain.
The reactions of formation are as follows.

S+0, — SO,
280, + 0, —» 250,
SO, + H,O — H,SO,

It is estimated that100-130 million tonnes of SO, per year enter the atmosphere
through anthropogenic activities and 50-70 million tonnes are released from
natural sources like volcanoes, sea spray and microbial activities.

Sink:
The removal process of SO, from the atmosphere is by both dry and wet

deposition. SO, dissolves in water to form a dilute solution of sulfurous acid
(H,SO,). This sulfurous acid remainsin clouds, rain droplets or at the surface.



A portion of the SO, is converted into H,SO, by its gas-phase oxidation with
subsequent aerosol formation by nucleation or condensation. Sulfuric acid
reacts with ammonia (NH,) to form ammonium hydrogen sulfate (NH,HSO,),
ammonium sulfate [(NH,),SO,] or mixed salts with ammonium nitrate
(NH,NO,) salts.

The atmospheric SO, is converted to sulfate aerosol in other process and is
removed from the atmosphere by dry and wet deposition processes.

5. Nitrogen Compounds

The most abundant gas in the atmosphere is nitrogen with 78.09% abundance.
The mgjor gaseous forms of nitrogen in the atmosphere are molecular nitrogen
(N,), nitrous oxide (N,O), nitrogen dioxide (NO,), nitric oxide (NO) and
ammonia (NH,). The details of these gases and their role in pollution are
explained here.

Nitrous Oxide

It isanatural constituent of the air in the atmosphere with concentration of
0.30 ppm. It acts as a strong oxidizing agent. It is also called laughing gas
because of its euphoric effects. It is produced in the soil by anaerobic bacteria.
It generates NO in the stratosphere by photolytic dissociation.

Nitric Oxide

Nitric oxide is generated naturally by anaerobic processes in soil and water,
by combustion processes and by photochemical destruction of nitrogen
compounds in the stratosphere. The major man made sources are automobile
exhaust, combustion of fossil fuel-fired electric generating stations, industrial
boilers, incinerators and home heaters.

Nitrogen Dioxide

Nitrogen dioxide is light yellowish orange at low concentrations and brown at
high concentrations. It is produced by the direct oxidation of NO in the
atmosphere as per the following reaction.

2NO + O, ——»2NO,

It can also be generated by photochemical reactions of O,, peroxy radical
(RO,), hydroxyl radical(OH)e, hydroperoxide radical (HO,) and H,0O..
Therefore, higher NO, levels occur on sunny days. Some of the important
reactions are shown below.

NO+0O, —— NO,+0O,
RO, + NO — NO, + RO
HO, + NO —» NO, + OH

Sink:

The significant sink for NO is its conversion by direct oxidation and
photochemical processes to NO,. A major sink for NO, isits conversion to
nitric acid as is shown below.

OHe + NO,+ M ——— HNO; + M
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Where M is a species which absorbs energy (generally O, or N,).
NO, +0, — NO; + O,

NO,+ NO,» — N,O,

N,O, + H,O ——»2HNO,

Nitrogen dioxide reacts with ozone to produce nitrate free radical (NO,).The
nitrate free radical further reacts with nitrogen dioxide to give dinitrogen
pentaoxide (N,O,). This react with water swiftly to produce HNO,. HNO,
reacts with ammonia (NH,) or other alkaline species to form salts like
NH,NO,.The nitrate aerosol is removed from the atmosphere either by dry
or wet deposition processes known as acid deposition or acid rain likein
the sulphate aerosol.

Lead: Lead is a significant heavy metal air pollutant. The exhaust of the
vehicles which use leaded petrol is the primary source of this pollutant. It is
used as a fuel in the form of tetraethyl lead (Pb (C,H,),) to aid even
combustion. The reaction is as follows:

Pb (C,H,),+O,+Petrol (Halogenated organic compound ——»
CO,+H,0+PhCl_+PbBrCl+PbBr,

Other major sources of lead in the air are waste incinerators, processing of
ore and metals, aircraft operating on leaded aviation fuel, utilities, lead-acid
battery manufacturers, lead smelters, lead-based paints, ceramics, pipes,
plumbing materials, solders, gasoline, batteries, ammunition and cosmetics.

Now you can assess your understanding about the sources of air pollutants
by trying to answer the following questions. After this you will study the types
of air pollutants in the next section.

Check Your Progress 1
1. Fill in Sources of the following air pollutants

a Ozone

24 TYPESOFAIR POLLUTANTS

There are different types of air pollutants depending on how and where these
are generated . These are listed below and explained in the following
subsections.




« Natural and Anthropogenic Pollutant

e Primary and Secondary Pollutants

«  Outdoor and Indoor Pollutants

« Stationary and Mobile Source Pollutants

2.4.1 Natural and Anthropogenic Pollutants

The pollutants which are released by the natural sources such as eruption of
volcanoes, sea sprays, lightning and microbial processes are called natural
pollutants. Where as pollutants released by human activities such asindustrial
and vehicular emissions are known as anthropogenic pollutants.

The sources for natural pollutants are listed below:

1. Biogenicsources-: soil micro organism, hydrosphere organism, vegetation
and animals.

2. Geophysical sources- soil dust and sea salt

3. Geochemical sources- volcanism, burning of biomass and lightening
The anthropogenic sources are:

1. Biogenic sources- Agriculture

2. Chemical sources- chemical processes, high temperature processes and
combustion

3. Physical processes -dust resuspension and volatilization
2.4.2 Primary and Secondary Air Pollutants

The pollutants which are rel eased directly into the atmosphere from a particular
source of pollution which means they are the direct products of evaporation
and combustion. Example: CO, CO,, CH,, NO, N,O, NH,, H,S, SO,
chlorides, fluorides, bromides and participate matter/aerosols.

The carbon particulate matter is released into the atmosphere by burning of
fuels and wastes. In addition to thisincomplete combustion of fuel molecules
releases in to the atmosphere as Volatile Organic Compounds (VOC).The
nitrogen gasin the air gets oxidize during combustion at high temperatures and
releases various nitrogen oxides (NO,).The pollutants like sulfur oxides are
release into the atmosphere by burning of coa. Coal contains 0.2-5.5% sulfur
and heavy metal impurities like mercury.

Source: Industry or vehicles
Effects: Photochemical smog Secondary Air Pollutants

The primary pollutants which can under go further reactions by light energy,
heat or the presence of other chemicals and get converted into undesirable
toxic compounds are called secondary pollutants.

Example: Ozone is a secondary pollutant which is formed by the photolysis
reaction of oxides of nitrogen followed by subsequent reactions with VOCs
NO,, SO,, HNO, and H,SO,. formed from SO.,,.
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Effects:: Acid rain

Some pollutants may act both as primary and secondary pollutants that mean
they are both emitted directly and formed from other primary pollutants also.

Some primary and secondary pollutants, their sources and the effects are
listed in Table 2.1.

Table2.1: Some Primary and secondary pollutants, their sourcesand

effects
Primary Pollutants
Name Symbol | Source Effect
Suspended particul ate | PM Smoke, metal particles,| Respiratory ailments,
matter soot from cooking and | impair lung growthin
heating. Dust through | infants and heart
wind. attacks
Volatile organic VOC Incomplete combustion| Carcinogenic
compounds of fossil fuels

emissionsfrom
industries, evaporation
of gasoline and solvents

Carbon monoxide CO Incomplete combustion| It bindsto

of fuels hemoglobin and
block the oxygen
delivery tissues

Nitrogen Oxides NOx Burning of Nitrogen Causes acid rain and
containing fuels, Lungirritation
biomassat high

temperatures lightening
and microbial process.

Sulfur Oxides SOx Burning of Sulfur Causes acid rain and
containing fuels (coal), | impairs breathing
volcanoes, sea spray
and microbial process.

Lead Pb Burning of lead Causes brain damage
containing fuelsand and death
solid waste

Radon Rn Natural breakdown Lung cancer

of radium and Uranium
containing rocks

Chlorofluorocarbons | (CFC) | Leakages from Causes ozone
refrigerants and the depletion and
causes
use of aerosols. skin cancer
Secondary Pollutants
Ozone O, Photochemical reactions | Oxidizesrubber,
of VOCs & NOx highly reactivein




lungs and shows
adverse effects on
animalsand plants

Peroxyacetylnitrates | PAN Photochemical Adverse effects on

reactions

of VOCs & NOx eyes

plants, lungsand

pollutants

Persistent organic POPs Pesticides, solvents Causes
and pharmaceuticals | cardiovascular

disease and cancer

2.4.3

Indoor and Outdoor Air Pollutants

Dear learner, have you ever thought that one source of pollution could be our
own housewhichisafirstindoor environment for achild? Thisiscalled indoor
air pollution. Let uslook into some of the factorswhich causeindoor air pollution
that affectsour health. . The causes and the health effects of indoor air pollutants
aregiveninTable2.2.

Table 2.2: The causesand the health effects of indoor air pollutants

S.No

Causeof indoor air pollutant

Health effect of thepollutant

1

Inadequate ventilation in poorly
ventilated dwellings pollutants will
accumulate to higher concentrations
thanthat of outside. Thisisknown as
‘Sick building syndrome'.

Irritations of eyes, nose and
throat, dry mucous membranes
and skin erythema (reddening or
flushing of the skin), rashes,
mental fatigue, headache,
slegpiness, cough, hoarseness,
wheezing, nausea, dizziness,
unspecific hypersensitivity
reactions

Hightemperature and humidity

Fetigue, irritability, headacheand
adecrease in performance and
dertness

Combustion of ail, gas, kerosene, cod,
wood, and tobacco products.

Bronchocongtriction, lung
cancer.

e Buildingmaterias Formaldehyde
released from pressed wood
productslikehard wood, plywood,
wall paneling, fibre board and
urea-formaldehyde  foam
insulaion.

e Radon released from rocks and
other building materials under the
constructions of homes, schools
and officesentersinsgdewith dust.

e Asbestosfoundin materialsused
in the automotive industry and
construction of buildings, ceiling,
andfloortiles.

e |Irritation in eyes, nose and
throat, coughing, skin
rashes, headache, dizziness
and vomiting.

e Radon isacarcinogen.

e prolonged exposure causes
asbestosis, mesothelioma
and lung cancer.
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Second hand tobacco smoke/
Environmental tobacco smoke
(ETS): releases from burning end
of cigarette and smoke exhaled by
the smokers.

Respiratory tract infectionsand
lung cancer

Biologica pollutants- Mites- Allergens
— Molds developed in damp or wet
areassuchascooling coils, humidifiers,
condensate pans or unvented
bathrooms can be moldy draperies,
bedding, carpet and other areaswhere
dust collects that may accumulate
biologica contaminants.

Hypersensitivity, pneumonitis,
dlergic rhinitisand some
typesof asthma

Volatile organic compounds(\V OCs)
emitted from paints, and other
solvents, wood preservatives, agrosol
sprays cleansers and disinfectants,
moth repellents and air fresheners,
stored fuelsand automotive products:
dry - cleaned clothing, pesticides,
building materials, furnishings, office
equipment such as copiers and
printers, graphics and craft materials
including glues and adhesives,
permanent markers and photographic
solutions.

Eye, nose and throat irritation,
headache, | oss of
coordination, nausea,-
damage to liver, kidney

and central nervous system
cancer in animals, some are
suspected to cause cancer in
humans

Outdoor Air Pollutants

The causes and health effects of outdoor air pollution are given in
Table 2.3.

Table 2.3: Thecausesand health effects of outdoor air pollution

S.No

Cause of outdoor air pollutant

Health effect

1

Combustion of fossil fuels from
domestic  heating, power

Respiratory
(pneumonia, asthma) Increased

morbidity

generation and motor vehicles
releases primary particles
containing sulpahate, metals and
polycyclic aromatic hydrocarbons
and secondary particlescontaining
nitrogen oxides, sulphur oxides
and ozone.

mortality (from all causes)
Decreased lung growth and
function.O, causeslungirritation
and inflammation, impaired
pulmonary function, eye, nose
and throat irritation

Industrial processes release
nitrogen oxides, CO, sulphur
oxides other than dust, fly ash,
smoke, fog, soot and fumes

Decrements in lung function,
reduces oxygen-carrying capacity,
chronic bronchitis, broncho-
constriction

Agricultural processes-biological
agents like fungi, mycotoxins,

N-ARD, ARD, infections and cancer,
Acute respiratory problems.




glucans, actinomycetes, viruses,
microbial enzymes, plant,
mammalian and invertebrate
proteins. Burning of agriculture
waste releases greenhouse gases
like N,O and methane, SPM.

containing heavy metals, dioxins,| Hyperactivity Disorder (ADHD),
furans, mercury etc. lung cancer, dementia damages
immunesysem

5. | Natural processes like volcanic| Headache, dizziness, increased
eruptions releases CO,, SO,, H,S,| heart rate, irritation of the upper
HF, HCI and HBr respiratory tract and , pulmonary
edema and death during long
exposure

Check Your Progress2

Note: @ Writeyour answer in about 50 words.

b) Check your progresswith possible answer given at theend of the
unit.

2. Whatis"sick building syndrome”?

2.4.4 Urban and Rural Air Pollution

Urban air pollutionismainly caused by both * mobile’ sources (vehicular) and
‘stationary’ sources (i.e. biomass). Other sourcesinclude exhaust fumesfrom
vehicles, emissionsfrom factories and power generation plants.

Threetypes of air pollution that affect rural areasare solid fuels like coal and
biomassfor cooking and heating, outdoor pollution from urban sources and
secondary pollutantsfrom thetransport of emissionsfar from their primary.
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Do You Know?

Lichensare natural biological indicators of air pollution because of their
source of nourishment isair. Gray-green crusty lichensindicate highly
polluted air, Orange crusty lichensindicate moderate air pollution and leafy
lichensindicateclean air.

Wewill now learn about the effects of air pollution.

25 EFFECTSOFAIRPOLLUTION

Primary and secondary pollutants are threat to human health particularly
respiratory related ail ments. Severe exposure to some of these pollutants will
be chronic and life threatening. Some pollutants are carcinogenic too. Dear
learner, we areall in one way or the other exposed to a number of particulate
and gaseous pollutantswith inhaled air. The adverse effects of these pollutants
may vary from proximity to the source, nature of wind and weather and
concentration. These effects may be additive, synergistic or antagonistic.
Additive effects are those which occur when the exposure to various pollutants
produces an effect equal to the sum of the effects of the pollutants acting alone.
Syner gistic effects are those where the sum of the effects of two or more
pollutantsis greater than the combined effect. Antagonistic effectsare those
where one pollutant minimizesthe effect of another pollutant. These effectsare
more often synergistic in nature.

Smog isakind of air pollution which reduces visibility and is composed of
tropospheric ozone (O,); primary particul ate matter such as pollen and dust;
and secondary particulate matter such as sulphur oxides, volatile organic
compounds, nitrogen oxides(NO, ) and ammoniagas. Itisof two types: Industrial
smog and Photochemica smog depending on the nature of pollutants. Industrial
smog generally existsinthe urban areas. Smogis

Even though the colour of both appearsto be brown haze but the differ intheir
formation and chemica compoasition

2.5.1 Industrial Smog

Itisalso called as grey or black smog and develops under cold and humid
climatic conditions especialy in urban areaswhereindustrial sourceslike heating
of reactors, roasting processin the nonferrous heavy metals etc., and power
plantsrun on fossil fuelslike coal. These industries emit approximately about
2.5tonsof sulfur per hour. This sulphur immediately reacts with water vapour
and the secondary pollutant sulphurdioxideisformed. At high humidity SO, is
rapidly oxidized toform sulphuric acid and sul phate particles. Sometimes catalytic
oxidation of dust particles containing heavy metal s and soot in the presence of
water dropletsin the atmosphere makesthe dropletsacidic. Thesecreate a
thick blanket of haze known as acid smog or industrial smog. It isformed
closeto the ground. The general reactions of industrial smog are given below.

1) C+0O,— CO, (carbon dioxide)
2) S+0,— SO, (sulfurdioxide)



3) SO,+0,— So, + O (sulfurtrioxide)

4) S0O;+H,0—H,SO, (sulfuric acid)

5) H,SO,+NH; — (NH,),SO, (solid ammonium sulfate)

Let uslearn about another type of smog called the photochemical smog.
2.5.2 The Photochemical Smog

The photochemica smogisformedin aseriesof chemical reactions of secondary
pollutantsin the atmosphere in the presence of sunlight. Photochemical smog
appears mostly in urban areas, which has exhaust from vehicles.

The photochemical smog isformed when the primary pollutantslike NOx and
hydrocarbonsare captured in the lower atmosphere on exposureto UV radiation
fromthe sun. The pollutantsin the photochemical smog are ozone (O,), hydrogen
peroxide (H,0,), organic peroxides (ROOR’), organic hydroperoxides
(ROOH), peroxyacyl nitrates (RCO,NO,) PAN . Thelatter areformed by the
irradiation of mixtures of alkanals, 0zone and nitrogen dioxide. Asseeninthe
previous unit the concentration of O,inlower atmosphereis higher than formed
by photolysis of NO, alone because chemical conversion of NO to NO, isnot
catalyzed by O,

Therate of formation of O, isinfluenced by the concentration of peroxy radical
(RO,.). Peroxy radicals are produced when hydroxy radicals (OH+) and HOx
react with hydrocarbons. The hydroxy radicals are produced by photolysis of
O,, carbonyl compounds and nitrous acid. Thus the concentration of O, in
polluted atmosphere isbased on intensity of sunlight, nature of hydrocarbons;
NO,/NO ratios and other pollutantslike alkanals and CO.

The general reactions of Photochemical Smog are given below:
1) NO+VOC — NO, (nitrogen dioxide)

2) NO,+UV — NO + O (nitric oxide & molecular O)

3) O+0O,— O, (ozone)

4) NO,+VOC — PAN (peroxyacetyl nitrate)

Net result:

NO +VOC + O,+ UV —» O,+ PAN + other particulates

We would how learn another effect of air pollution caused by the presence of
sulphur and nitrogen oxidesin the atmosphere called the acid precipitation.

2.5.3 Acid Precipitation

Acid precipitation means any type of deposition like rain, fog, mist or snow
whichismoreacidicthan normal. The pH of rainwater in the absence of pollution
isapproximately 5.6 because of solubility of CO, intheair to produce carbonic
acid. Acid deposition isthe combination of precipitation and dry acidic particle
fallout with apH lessthan 5.5 which occursusually in theindustrial regions.
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Acid is any chemical that
releases hydrogen ions when
dissolved in water. The more
acidic substance means the
higher the concentration of
hydrogenionsin the solution.
Itisexpressed aspH. The pH
starts from O(highly acidic)
through 7(neutral) to
14(highly basic).This scale
represents the negative
logarithm (power of 10)of the
hydrogen ion concentration,
expressed in grams per liter
9L).

Ex:To say that a solution has
a pH 1 means the hydrogen
ion concentration in the
solutionis10-1g/L(0.1g/L)
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The acid precipitation principally contains amixture of sulfuric acid (H,SO,)
and nitric acid (HNO,) in aratio of two to one. Aswe haveread in the previous
sectionsof thisunit and also in the previous unit that burning of fuels generates
sulfur and nitrogen oxidesinto the troposphere either by anthropogenic or natura
sources. These oxides are oxidized by hydroxyl radicalsto sulfuric acid and
nitric acids which immediately dissolvein rain water or adsorb to particul ate
matter and brought down to earth as acid deposition. If the deposition iswet
then we can call it asacid rain. Some times acidic particles brought down to
earth by the phenomena of dry deposition (acid aerosols) called the acid fog.

Acid materials reaching the earth by any of the above processes have
significant harmful affectson flora, soil and surface watersand change the pH.

Air pollution affectsthe human health in variousways. Let uslearn in the next
subsection.

26 EFFECTSOFAIR POLLUTION ON HUMAN
HEALTH

In general human beings are affected by air pollution. Thefirst effected system
of our body istherespiratory system dueto the synergistic effects of ozone and
NOx causing chronic respiratory and cardiovascular diseases. Theair pollutants
may also alter major body functions such as exchange of oxygen in the lungs
and oxygen transport in the blood. Irritant pollutants may lead to irritation and
long term damage to eyes, nose, throat and other wet surfaces of the body and
the soluble particles get transferredtotheblood. One of the most important
particlesin the atmosphereis H,SO,, which irritates the mucous membranes
and leadsto bronchial constrictions.

Most of the gaseous pollutantslike SO,, O, and NO, are pulmonary irritants,
and cause congestion, edemaand even hemorrhage. Gaseslike NO, H,Sand
CO are asphyxiants. These gases bind the hemoglobin molecules and prevent
oxygen transfer within the body. Organic gas pollutants such as acrolein (I-
propenal) causeseyeirritation.

Living spacesin urban areas are polluted and people suffer from chronic effects.
Some of the effectsaregivenin Table 2.4

Table 2.4 : Some pollutants and -their effects on human health

Pollutant Effect on human health

SO, Bronchitis

O, Inflammation which leadsto lung fibrosisand failure of
lungs

CO Reduces the oxygen carrying capacity of blood and
contribute to the heart disease

NO, Impairslung function and affect theimmune system

Particulate Matter | Broad spectrum of health ailments, respiratory infections
to heart disease.

Let uslook into the effects specific to various pol lutants.



Carbon Monoxide

Inhaling of high concentrations of carbon monoxide shows adverse effectson
human beings. It binds irreversibly to hemoglobin in the blood forming
carboxyhaemogl obin thereby reduce the oxygen carrying capacity of the blood.
When comparing to oxygen, CO hasagreater affinity (200 times greater) for
haemoglobin.

The concentration of CO at around 10ppm has primary health effect asreduction
in awareness and at around 100ppm, headaches and drowsiness are observed.
Unconsciousness and death occurs at 250ppm level. The continuous exposure
tolow levelsof CO may cause nervousdisorders and finally causesheart disease.
At concentrationsin excess (1000ppm) death results from anoxia because of
insufficient supply of O, to body tissuesand brain. Theeffects of CO on human
health at different concentrationsaregivenin Table 2.5

Table2.5: Theeffectsof CO on human health at different concentrations

Concentration of CO in ppm Effect on health

10 Lowered awareness and driving
performance

50-100 Headaches and drowsiness, changesin

driving performance and increased
reactiontimeto visual stimulation

>250 Death

Sulfur Compounds

Themost important sulfur compound in the atmosphere issulfur dioxide. The
adverse effects of sulfur dioxide are often associated with particul ate pollutants
since both have common source of generation like combustion of fossil fuels.
Hence high concentration of SO, is associated with high concentration of
particul ate matter forming sulfate aerosols. These agrosol s show significant threat
to human hedlth than do sulfur dioxide emissionsalone. Theseagrosolsareretained
in the lungs and cause maximum physiological damage. At elevated
concentrationsthese result in higher mortality from bronchitis and lung cancer.
Sulfur dioxide alone causesrespiratory tract irritation and breathing difficulty.
Theeffects of SO, to human health are givenin Table 2.6. Table 2.6: Effect of
SO, to human health at different concentrations

SO, (concentration in ppm) Health effect

500 Reduction in human sensation
800 Threshold of taste

1400 Threshold of odour

4400 Bronchia congtriction

20000 Immediatethroat irritation
30000 Immediate eyeirritation
50000 Immediate coughing
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Oxidesof Nitrogen

Nitric oxideisarelatively non toxic and non-irritating gas when compared with
NO, but itisrapidly oxidized to NO,, whichistoxicin nature. Because of its
less solubility in water NO, generally diffuses deep into the lung and causes
tissuedamage. At high concentrationsit showsthe effectslike pulmonary edema.
The major health problem created by nitrogen oxidesisthat they arethe origins
for the mixture of pollutantswhich form photochemical smog.

Hydrocarbons

All hydrocarbons arerelatively nontoxic in nature at the ambient concentrations
but they encounter reactions in the atmosphere with O,, O,, NO,, SO, and
other componentsto form photochemical smog whichisvery harmful to human
health. At high concentrations HCHO (methanal), acrolein, and peroxyacyl
nitrate (PAN) cause reduction in visibility, unpleasant odours and cause skin
and eyeirritation. Hydrocarbonslike polycyclic aromatic hydrocarbons (PAH),
benzo (¢ ) pyrene (BaP), are carcinogenic in nature.

Ozone

Asper theambient air quality standards ozoneis one of the most toxic pollutant.
In polluted ambient environmental conditions ozone causes significant
physiological and pathological changesin both animalsand human beings. The
ambient air quality standard for O, is0.12ppm (235mg/m?). Some of the adverse
effects of ozone on exposure are given below.

e At0.1- 0.4ppmrangeof for 1-2 hourssignificant lung function changesin
smokers, adults over 55yrs, asthmatics, or individuals with chronic
obstructive lung disease are more responsive to O, exposures.

e  Above0.12ppm range symptomsincluding throat dryness, chest tightness,
coughing, painwhilst deep breathing, shortnessof breath, lassitude, maaise,
headache, nausea and al so cause decrease in athletic performance.

e O, exposuresinhibit theimmune system activity.

e At 0.08-0.10ppm concentrations for three hours causesincrease in the
susceptibility of miceto bacterial infectionProlonged and acute exposure
causes death.

Particulate M atter

Oneof themajor air pollutantsis particul ate matter. Because of itssizeit exhibits
toxic effectslikeirritation. The concentration of adsorbed substancesincludes
SO, polycyclic aromatic hydrocarbons (PAH), and heavy metal s such aslead,
cadmium, zinc and mercury. Particleslessthan 2.5um are called “respirable”;
they can enter pulmonary tissue and be deposited there. Particles smaller than
10umare described as“inhalable particles’ and be deposited in the respiratory
system. The deposition of these particles shows adverse effectson health. It
dependsontheir level of concentration, pH, solubility and synergistic effects
with pollutants such as SO,. The main health effects are acute bacterial and viral
bronchitis, bronchial asthmaand pulmonary emphysema.

At Total Suspended Particulate Level (ug/m?®) of 200 TSP, minor reversible
changes are observed in the lung function of children. At 250-500 TSP acute
bronchitisand at 1000 TSP resultsin increased mortality are observed.



Lead

Exposureto lead particulates resultsin lead poisoning and the most affected
organs are the blood, the brain, the kidney, the nervous system and the
reproductive system. Symptoms of acute lead poisoning are shock, anaemia,
nervousness, and irreversible kidney and brain damage. In growing children,
lead poisoning affectsintelligence, length of concentration and activity. Lead
poison hasthe ability to crossthe placenta, hencein a pregnant woman results
in highlead levelsin the foetus that may lead to mental retardation.

Asbestos

Ashestosisthe name given to anumber of mineral silicates which are compressed
together to form fibrous materials. It cannot be classified under distinct mineral
species but applied to variousfibrous material swith varied composition and
physical propertiesfor commercial purpose. Thefibresin asbestosare highly
toxic in nature with very long dormancy periods. Once the asbestos fiber is
inhaled by anindividual it has the potential to cause cancer for therest of the
individud’slife.

The asbestos particul ates show a considerable public health problem dueto
their wide usein the construction and insulating material . Inhalation of thefibres
causesthe lung disease known as asbestosiswhich is characterized by chronic
inflammation and scarring disease affecting the tissue of thelungs. Patientswith
asbestosis may experience acute shortness of breath and are at an increased
risk for certain cancers, including lung cancer and, |ess commonly, mesothelioma
(cancer of thelining of the body cavity).

Chromium

Chromiumemissionsintheair are mainly fromindustrieslikeiron and chrome,
and associated industrieslikerefining, chemical and refractory processing, cement
production plants, automobiles, leather tanneries, chrome based dyes and
stainless stedl production.

Theharmful effectsof chromium arerelated to respiratory aillmentslike shortness
of breath, coughing, and wheezing. Chronic exposure resultsin septum damage,
disrupted pulmonary function- pneumoniaand lung cancer.

Let usnow learn how theair pollution affects building and materials.

2.7 EFFECTSOFAIRPOLLUTANTSON
BUILDINGSAND MATERIALS

Infact, most of the material s are affected by the direct exposure of air pollutants.
Some of them are different types of stones, metals, papers and textiles which
may be deteriorated by either of the processes of abrasion, chemical exposure,
deposition and corrosion. The moisture, temperature and freezing and thawing
arethe conditions which influence therate of deterioration.

1. Abrasion: Solid particlesof sufficient sizetravelling at high speed can
cause destructive abrasion.

2. Deposition and Removal: Solid pollutants deposited on the surface may
cause discoloration and theremoval of the deposit causes deterioration to
the structure.
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On the basis of chemical
and mineralogical studies
asbestos is grouped
under silicate mineral.
Asbestos is a mixture of
six varieties of silicate
minerals having common
properties of eponymous
asbestiform nature. They
arechrysotile, crocidolite,
amosite, anthophyllite,
tremolieand actinolite.

Moisture is required to
cause the corrosion of
iron and steel in the
presence of sulfur oxides.
Metal samplesin dry air
containing oxides of
sulfur do not corrode.
Deterioration by a
chemical reaction will
increase with
temperature. Surface
which is below the dew
point temperature will
cause surface
condensation and
enhanced reaction with
solublepollutant gases. If
temperatures  drops
below the freezing point
of water, freezing and
defrosting cause cracks
and spalling on stone,
exposing new surfacesto
reactive pollutants.
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3. Direct and Indirect Chemical Attack: Some of the air pollutantslike
sulfur oxides, mainly sulfur trioxide (SO,) react with marble or limestone
(CaCQ,) irreversibly and converted to gypsum that cause deterioration.
Materials made by |eather abosorb sulfur dioxide (SO,) which gets converted
to sulphuric acid that damage the |eather goods.

4. Corrosion: Gaseslike sulfur dioxide (SO,) and sulfur trioxide (SO,) are
corrosive in nature and in the presence of moisture they undergo
electrochemical reaction and corrode the metal objects.

Wewill now learn how the buildings and materials may get affected in terms of
discoloration, lossof material, soiling and structural failure.

Stone: In general most of the historic monuments are constructed by different
types of stones. For example: Marble, Granite and M osaic. These get affected
in the following manner inthe case of marble.

Marble: Marbleisametamorphic rock of carbonate mineral. The constructions
made by marble or alternate cal careous stones are vulnerableto air pollutants
liketotal suspended particulate matter (TSPM), oxides of sul phur and nitrogen.
We have already learnt about acid rain and how SO, gets converted into
H_,SO,.This sulphuric acid goes deep into the marble stone thereby sol ubilises
the calcium carbonate and dragsto the surface by the process of natural heating
and reaction with moisture, whereit is deposited as gypsum. During wet and
dry environment cycles recurring deposition of gypsum and the porous crust
formed has no link to the stone. It can easily detatch the stone and scaleit off.
Thedust particlesin TSPM contain soot which quickly gets deposit on porous
crust which appears asa black surface.

Decolouration of Taj Mahal- a 17"" Century | slamic Architecture: A Case
Sudy

India’s most famous pride and tourist attraction Tgj Mahal isnot an exception
tobeanon-living victim of the pollution. Theindustrieslike Mathuraoil refinery,
rubber processing, automobile located around Agra have been responsiblefor
producing pollutantslike sul phur dioxide and nitrogen oxides. Theseair pollutants
react with water vapor present in the atmosphere forms sul phuric and nitric
acid. These acidsreach the ground with rainintheformof acid rain. Acid rains
decolorize the white marble and al so corrode the marble which is known as
“Marblecancer”.

Check Your Progress 3

5. Matchthe wordsin column A with those of column B appropriately in
thefollowing:

Industrial smog Asbestos

SO

2

o W

1

2 Lungfibrosis
3. Acidrain c. H,SO,, (NH,),SO,
4.  Photochemical Smog d. Carcinogenic
5

6

7

o) e H,SO, HNO,

3

PAH f. Bronchitis
Asbestos g O

3



2.8 KEY WORDS

Acid Precipitation

Asbestos Fibres

Greenhouse Effect

Hydroxy Radical

Nitrogen Oxides (NOXx) :

Photochemical Smog

Primary Pollutants

Secondary Air Pollutants:

Includesacid rain, acid fog, acid snow, and any
other form of precipitation that ismore acidic than
normal (i.e. lessthan pH 5.6). Excessacidityis
derived from certain air pollutants; namely,
sulphur dioxide and oxides of nitrogen.

Crystals of ashestos, anatural mineral, that have
the form of minute strands; asbestosis aserious
health hazard in indoor spaces.

An increase in the atmospheric temperature
caused by increasing amounts of carbon dioxide
and certain other gasesthat absorb and trap het,
which normally radiates away from Earth.

Thehydroxyl group (OH), missing the electron.
Thehydroxyl radical isanatural cleansing agent
of the atmosphere. Itishighly reactive, readily
oxidizes many pollutants upon contact, and thus
contributesto their removal fromtheair.

A group of nitrogen-oxygen compounds formed
when some of the nitrogen gasin air combines
with oxygen during high-temperature combustion.
Nitrogen oxides are a major category of air
pollutants and, along with hydrocarbons, are a
primary factor in the production of ozone and
other photochemical oxidantsthat are the most
harmful components of photochemical smog.
Nitrogen oxides also contribute to acid
precipitation.

The brownish haze that frequently forms on
otherwise clear, sunny daysover large citieswith
significant amounts of automobile traffic.
Photochemical smog resultslargely from sunlight-
driven chemical reactionsamong nitrogen oxides
and hydrocarbons, both of which come primarily
from auto exhausts.

Pollutantsreleased directly into the atmaosphere
mainly asaresult of burning fuels and wastes, as
opposed to secondary pollutants.

Air pollutants resulting from reactions of primary
air pollutants resident in the atmosphere.
Secondary air pollutants include ozone, other
reactive organic compounds, and sul phuric and
nitricacids.

Air Pallution
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29 LET USSUM UP

There are anumber of formsof air pollutantswhich existsin the form of gases,
fumes, clouds, smoke, mist, fog, smog, haze, dust, aerosols, etc. They are
classified as natural/anthropogenic, primary/secondary, particul ates/gases,
ambient air/indoor air/ global, stationary/mobileetc. Air pollutant concentrations
aremeasured in theform of their threshold valueswhich are different for different
pollutants. Above these val ues the pollutants shows adverse effects on human
beings. The common problemisthe respiratory tract infection, bronchitis and
other diseases can occur dueto inhalation of toxic pollutants. Pollutants such as
arsenic, lead, fluoride, insecticides and pesticides affect human beings adversely.
Air pollutants al so deteriorate the objects made of ferrous, aluminum, copper,
silver, building materids, leather, paper and textile.

2.10 REFERENCESAND SUGGESTED FURTHER
READINGS

1. Fundamentalsof Environmental Chemistry by A.K.De
2. Environmental Chemistry by Stanley Manahan
3. Textbook of Environmental Science by Pearson.

211 ANSWERSTO CHECK YOUR PROGRESS

Answer sto check your progressshould includethefollowing points.

1 a Lead: Exhaust of the vehicles which use leaded petrol, waste
incinerators, processing of ore and metals and aircraft operating
on leaded aviation fuel, utilities, |ead-acid battery manufacturers, lead
smelters, lead-based paint, ceramics, pipes, plumbing materials,
solders, gasoline, batteries, ammunition, and cosmetics.

b. Nitrogen dioxide: Itis produced by photochemical reactionsof O,,
peroxy radical (RO,), OHe, HO,, and H,0,

c. Carbon dioxide: It isgenerated by the combustion of organic matter
weathering, or biological decomposition.

2. In poorly ventilated dwellings pollutants will accumulate to higher
concentrationsthan that of outside causesiirritations of eyes, nose, and
throat, dry mucous membranesand skin erythemaknown as* Sick building
syndrome'.

3. Primary pollutants are the pollutantswhich arereleased directly into the
atmosphere from a particular source of pollution which meansthey arethe
direct products of evaporation and combustion. Where as the primary
pollutants which can under go further reactions by light energy, heat or the
presence of other chemicals converted in to undesirable toxic compounds
are known as secondary pollutants.

4, VOC'semitted from paints, and other solvents, wood preservatives, aerosol
sprays, cleansers and disinfectants, moth repellentsand air fresheners,
stored fuelsand automotive products, dry - cleaned clothing, pesticides,



building materias, furnishings, office equipment such as copiersand printers,
graphics and craft materialsincluding glues and adhesives, permanent
markers and photographic solutions.
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UNIT 3 WATER POLLUTION
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3.0 INTRODUCTION

Water pollution can be defined asthe presence of any solid, liquid, gaseousmateria
and the heet generated contami nantsin such concentration that may dragticaly change
thequality of water thereby impairing the utility of water. Water pollution problem
has become more pressing nowadays because of increasein popul ation growth and
increased use of per capitamaterial energy. Thishasresulted inincreasein the
production of by-products as effluentsthat reach water bodiesand affect theentire
biosphere. Thewater pollutants generated from human activitiesreach surface and
ground water through various pathways. These pollutants are categorized as point
and non-point sources. Effluentsfrom factories, sewage systemsare point sources
whereas agriculture run-off and atmospheric deposition are some of theexamples
of non-point sources. Water isan excellent solvent for many chemicalswhich have
adverse health effects on the environment. Petroleum products, pesticide run-off
andindustrial chemicals pollute many water bodies even at |low concentrations.

Dear learner, inthisunit wewould first learn about physico-chemical and biological
parametersof water whichishd pful in understanding the pollutionlevelsof various
water sources. The point and non-point sources of water pollutants, pollution
parametersand waste water treatment methods are discussed in detail in different
sections. We start with the study of physico-chemical parameters.



3.1 OBJECTIVES

After studyingthisunit, you should be ableto:

e definevariousphysicochemical parametersof wastewater,
e defineindustria effluentsand describetheir characterigtics,
e explantheoriginof pallutantsin petrochemica industries,
e anlistvarioushedtheffectsof industrial pollutants,

e explainwater pollutantsdueto agrochemicals

e Listoutthegenera characteristicsof sewage, and

e  Describe sawagetreatment methods.

3.2 PHYSICO-CHEMICALANDBIOLOGICAL
PARAMETERSOFWATER

Water getscontaminated by human usefor different purposesthat include household,
industry, agriculture, etc. The contaminated water is called thewastewater whichis
required to be estimated by known methods of analysis. Quantitative analysis of
waste water isindicated by predictable parameterswhich delineate the nature of
wasteand itspotentia impact onthe health of environment and human health. The
following arethe phys co-chemical and biological parameters.

Total Suspended Solids 2. pH 3. Dissolved Oxygen (DO) 4 Total Dissolved Solids
(TDS) 5. Qil 6. Turbidity 7. Biochemica Oxygen Demand (BOD) 8. Chemical
Oxygen Demand (COD)

Let usunderstand these parametersin detail.

Total Suspended Solids (T SS): The particlesthat arelarger than 2 micronsand
non-filterableare considered assuspended solids. These particlesmay be sediments,
sand, silt, plankton, algae, animal decay and chemical precipitates. The heavier
suspended particles settled at the bottom of the water body over aperiod of time
areknown assediments or bedload. The remaining particleswhich float in water
areknown ascolloids.

Effects: The SSchangesthecolour and reducesthelight penetration thereby affecting
the photosynthesi s processwhere generation of oxygen ceases.

Hypoxic inadequate supply of oxygen at thetissuelevel

Theincreasein TSSincreasesthe water temperature and decrease in dissolved
oxygen levels. The high rate of heat absorption by TSSthan clear water increases
thetemperature of surroundingweter by the process of conductionthere by decrease
indissolved oxygen levels. Another effect of increasein surface water temperature
isthewater sratification. Becauseof this, thelower layersof water becomehypoxic
for survival of theorganisms.

pH: pHisachemica parameter that values between 0to 14 on adefined scale. It
providesthe intensity of acidity and alkalinity of agiven water ssmple along a
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logarithmic scale. It hasdirect influence onthe treatment procedures. It provides
critical information in the treatment of wastewater which removes heavy metals
or organic compounds. The effluents contain heavy and toxic metalsin the
dissolved form. These will be removed by altering the pH by different suitable
methods. High or low pH of water may kill water organisms and sterilize the
water bodies, thereby inactivate the vital microorganisms in waste water
treatment.

Doyou Know?

Thelower the number, the more acidic thewater is. The higher the number, the
morebasicitis. A pH of 7isconsidered neutra. Thelogarithmic scale means
that each number below 7 is 10 timesmore acidic than the previous number
when counting down. Likewise, when counting up above 7, each number is10
times more basi ¢ than the previous number. The pH measurement can bedone
by using € ectrometric technique.

Dissolved Oxygen:

Dissolved oxygen (DO) isnon-compound, free oxygen inthe stream of water which
isanimportant criterion to assessthe quality of water.

Thedissolved oxygen for aguatic animal svariesfrom speciesto speciesranges 1-6
mg/L to4-15mg/L. The DO isrequired for microbial decomposition of organic
material at the bottom of the water. The DO levels decrease with increase of
temperature, concentration of saltsand increasein pressure.

DoYou Know?

Causesof low dissolved oxygen (DO) primarily result from excessive algd
growth caused by phosphorus. Nitrogen is another nutrient that can
contribute to algae growth. Asthe algae die and decompose, the process
consumes dissolved oxygen. This can result in insufficient amounts of
dissolved oxygen availablefor fish and other aguatic life. Dying off and
decomposition of submerged plantsalso contributeto low dissolved oxygen.
The process of decomposition is called Carbonaceous Biochemical
Oxygen Demand (CBOD). Sources of phosphorusinclude discharges
from municipa and private wastewater treatment, cropland and urban storm
water runoff, and natural decay of vegetation. Direct discharge of pollutants
from point source and non-point sourcesinto ariver segment add toits
CBOD loadings, creating an oxygen demand that may depress DO bel ow
acceptable concentrations.

Total Dissolved Solids(TDS): Itisameasure of organic and inorganic substance
inagivenliquid. TDSmainly congtitutescal cium, magnesium, sodium, and potassium
cationsand carbonate, hydrogen carbonate, chloride, sulfate, and nitrate anions.
Theorganol eptic properties (qualitiesliketaste, colour, odour, fed, etc.) of water
withrespect to TDSareasfollows:

<300mg/L - Excdlent
300-600 mg/L -Good
600-900 mg/L —Fair



900-1200 mg/L —Poor
>1200 mg/l L -Unacceptable

TDSinwater streamsisgenerated from urban and agricultural run-off, sewage,
industrial wastewater, road de-icing salts and natural sources.

Turbidity: Turbidity isthe only parameter which has optical determination. It
isanindicator of water quality on the basis of clarity and relatively estimated
TDSinwater. Turbid water looks cloudy, coloured because of suspended solids
that is based on the amount of light scattered by these. In addition to the
suspended solids, coloured dissolved organic matter (CDOM), fluorescent
dissolved organic matter (FDOM) and dyes enhance the turbidity of water.

Biochemical Oxygen Demand (BOD)

Biochemical oxygen demand is the amount of dissolved oxygen required for
microbial metabolism of organic compounds in water at certain temperature
(~20°C) and a period of time (~5 days). It is a chemical procedure to measure
the quantity of dissolved oxygen that indicates the quality of water. It is
dependant on temperature, pH, microorganisms and organic and inorganic
materials.

Chemical Oxygen Demand (COD): It is the amount of oxygen required in
chemical oxidation of organic matter present in water. It essentially indicates
the amount of oxidizable pollutants in water body and thus helps to know the
pollution levels.

Check Your Progress1

Note: a Writeyour answer inabout 50 words.

b) Check your progresswith possible answer given at the end of the
unit.

1. Listout physico-chemical parametersof thewastewaters.

3.3 TYPESOFWATERPOLLUTANTS

Asmentioned earlier, water can get contaminated by variousmeans. Therearea
number of sourcesthat areresponsiblefor adding pollutantsto the running water,
underground water or anatural water body. Thusthe pollutants can come from
Food Processing, Petrochemical, Textile, Tanning, Paper, etc. industry and also
fromAgrochemicasand Sewage. Thepollutantsfromall these sourcesarediscussed
inthefollowing subsections.

3.3.1 Industrial Water Pollutants

Industria devel opment leedstoindugtrid effluents, and theuntreated effl uentsbecome
responsiblefor water, soil and air pollution. The quantitative assessment dependson
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the concentration of these effluents present in the waste water. The expression of
concentration of impuritiesiseither by mgL-! or ppm or percent saturation.

According to the PressInformation Bureau, Government Of India(GOl), Ministry
of Environment and Forest (MoEF) 2016, theMinistry of Environment, Forest and
Climate Change (MoEFCC) hasdevel oped the criteriacf categorizeation of industria
sectorsbased on the Pollution Index (PI) whichisafunction of the emissions (air
pollutants), effluents(water pollutants), hazardouswastes generated and consumption
of resources. For thispurposethereferencesaretaken fromthetheWater (Prevention
and Control of Pollution) Cess(Amendment) Act, 2003, Standards sofar prescribed
for variouspollutantsunder Environment (Protection) Act , 1986 and Doon Valley
Notification, 1989 issued by MoEFCC. The Pollution Index of any industrial
sector isanumber from0to 100 and theincreasing value of Pl denotestheincreasing
degreeof pollution load from theindustrial sector and thefollowingisthecriteria
on ‘Range of Pollution Index ‘for the purpose of categorization of industrial
Ssectors.

e Industrial Sectorshaving Pollution Index score of 60 and above —

Red category
e Industrial Sectorshaving Pollution Index scoreof 41t059 —
Orange category
e Industrial Sectorshaving Pollution Index scoreof 21t040 —
Green category

e Industrial Sectorshaving Pollution Index scoreincl.&upto 20 —
White category

Thisunit discusses about some of theindustrieswhich are under the category of
Red.

3.3.2 Food processing industry

Thewaste from food and food processing industries are termed as by-products.
These by-products have the properties of high water holding capacity, binding,
gelling and thickening. Biological Oxygen Demand (BOD), Chemical Oxygen
Demand (COD), and Dissolved Oxygen (DO) are the important organic
parameters to determine the liquid wastes from food industry.

The by-products from some of the food processing industries which pollute
the water bodies are summarized in Table 3.1.

Table 3.1: Some food processing industries and their by-products

Industry By-ProductsWastes

Fruit and Vegetable Industry | High amount in glucose, citric and linoleic
acids, tocopherols, and isorhamnetin-O-(di-
deoxyhexosyl-hexoside), polysaccharides
(e.g. pectin, cellulose, hemicelluloses, lignin
and gums) and phenolic compounds bound
with skin, i.e. dihydrochal cones, flavonolsand
phenolicacids




Dairy Industry

Dairy effluents, fats, oil and grease, whey by-
product contains solvent proteins like 2-
lactoglobulin, £-lactalbumin, immunoglobulin,
bovine serum albumin, lactoferrin, and
|actoperoxidase, high content of essential amino
acids, urea, uric acid, creatine, creatinine and
amnmonia

Grain Processing Industry

Ricebran, ail, tocotrienol s2-glucans, the spent
grain rich in cellulose and non-cellulosic
polysaccharides, the hot trub and the residual
yeast, the powder of macaroni boiling water,
slime and waste waters

Brewery and Winery Industryf

Wine prunings, grape stalks, grape pomace
and grape seeds, yeast lees, tartrate, carbon
dioxide and wastewater

Meat Industry Carcasses, skins, bones, meat trimmings,
blood, fatty tissues, horns, feet, hoofs or
internal organs that are rich in lipids,
carbohydrates and proteins

Marine Industry E-3 PUFAsfrom thelivers of whitelean fish,

waste flesh parts of fatty fish, blubber of
marine animals, hydrolysates from fish guts/
cleanings, peptides, and products from
crustaceans such as chitosan, chitosan
oligomers and glucosamines

Check Your Progress2

Note: a Writeyour answerinabout 50 words.

b) Check your progresswith possible answer given at theend of the

unit.

3.  What aresourcesof wastein fruit and vegetableindustry?
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3.3.3 Pollutants from Petrochemical Industry

Petrochemical wastefrom production torefining isconsidered to be complex to
treat among theindustrial wastewaters. Occasionally these are rel eased into the
atmosphere by accidental discharges due to the technical error and abnormal
operations from polyethylene and ethylene oxide glycol industries. These are
highly industry specific and typically generate hazardous solid waste, sludges
and colloids which contain huge quantities of heavy metals, toxic organic
substances like polycyclic and aromatic hydrocarbons, phenols, metal
derivatives surface-active substances, sulphides, naphthylenic acids and other
chemicalswhich contaminate thewater bodiesthat pose adverse consegquences
on the ecosystem.

3.34 Pollutantsfrom Textile Industry

The textile industry is one of most rapidly developing important industry on
the globe. It requires large volume of water for numerous unit operations and
chemicalsfor various processesinvolveswet processing sequences. Thewaste
generated by thisindustry has high negative impact on the environment since
this industry plays a mgjor role in the fashion garment that varies in type of
demand and coloured fabrics. The textile processing produce loads of liquid,
solid and gaseous waste in each step.

Thetextileindustry uses natural fibreslikewooal, hair, silk, cotton and flax and
synthetic fibres like rayon and nylon. These wastes have salts, surfactants,
ionic metals and their complexes, toxic chemicals, emulsifiers, dispersants
and biocides that contributes to BOD,foaming and effluent aquatic toxicity.
The pollutants generated in various processes of the textile industry are listed
inthe Table 3.2.

Table 3.2: Nature of effluentsgenerated in thetextile
industrial processes

Process Pollutants

Energy production Particulate matter, NO,, SO2
Coating, drying and curing Volatile organic compounds
Cotton handling activities Particulate matter

Sizing NO,, SO, CO,

Bleaching Chlorine and Chlorine dioxide
Dyeing H,S

Printing and finishing Hydrocarbons and NH,
Chemical storage VOCs




3.3.5 Pollutants from Tanning Industry

Tanning Industry is considered to be one of the mgor sources of pollution
with a potential environmental concern. The leather production process
consists of the following stages and used hazardous chemicals at every stage.
Theseare 1. Preparatory stages 2. Tanning 3. Crusting and 4. Surface Coating
(Fig. 3.3).

Water Pollution
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Fig. 3.3: Different stagesin leather production process

Natureof Effluents: Approximately 80% of the organic pollutants, limed and non-
limed waste is generated in the pretanning process. The waste water contains
pollutantslike sAts(Cl), fats, proteins, preservatives (soaking); limeand ammonium
sdts, ammonia, protein (hair), and sulphides (fleshing, trimmingating); chromium(sats)
and polyphenolic compounds (tanning); and dyeand solvent chemicals (wet-finishing).
Sgnificant threat to environment and human heath from tannerieshave been observed
because of chromium contamination, high chemical oxygen demand and BOD.

3.3.6 Pollutants from Paper and Pulp Industry

Paper and pulp industry isalso one of thelargeindustrial polluter to water, air and
soil. Themgjor process of apaper industry isdepictedin Fig. 3.4.
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Fig. 3.4: Flow diagram of the processesin paper and pulp industry

Paper and pul p are manufactured from cellul osic fibres of wood, straw, cereal,
reeds, jute, flax and esparto grass. These different raw materialsused for different
types of paper. For example, coarse type paper is generated from straw. Kraft,
sulphite, neutral sulphite, soda, cold soda and ground wood areimportant pul ps
used to produce paper.

Themajor stepsintheindustry are raw material preparation, wood pulping, pulp
bleaching and paper manufacturing. Raw materid preparation includesdebarking of
wood, chipping of logsand screening of chips. Thechemica pulping processfibres
arerdeased from thewood matrix since theligniniseliminated by solubilizingin
cooking liquor at elevated temperature.

Natureof Effluents

Themgjor effluentsfrom pulp and paper making are fromwood preparation unit,
screening and pul p cleaning unit, mechanica and chemica pulping, chemica pulping,
textilefiber pul ping unit, machine and bleaching waste which contains dissolved
organic substances and suspended particles. They contain chlorineand chlorine
based materials, sulfur, hydrogen sulfide and sulfur dioxide. The chlorinated
compoundsare mainly used in bleaching process of wood pulp and chemical pulp.
The pollutantsfrom bleaching process contain significant amountsof dioxinswhich
belong to agroup of POPs, with high toxic potentials. The waste waters contain
varioussolids, nutrients; sulfur compounds and Dissolved Organic Matter (DOM).
Nutrientslike nitrogen and phosphorous cause eutrophication. DOM changesthe
ecological characteristicsof water bodiesthat lead to the high levelsof BOD which
can cause the death of aguatic organisms, SO, released from the processing of
sulphur compoundsthat makesthewater bodiesmoreacidic. Solid pollutantsconsst
of clay particles, CaCQ,, titanium dioxide and fiber.

3.3.7 Water Pollutants due to Agrochemicals

The pesticides, biocides, manuresand fertilizersare categorized under agrochemicals
that are used to enhancetheyield of the crop. The essentia hydrological processes



that loop rainfall, runoff and leaching, and which bring about erosion and transport
of chemically augmented soil particles, areimportant in aquatic contamination by
fertilizer products. The major sourcesof pollutantsdueto pesticidesareindustries,
agriculture, forestry and also air which becomesameans of spreading the pollutants.
Thedust particlesintheair adsorb the pesticidesfrom pesticides spray inagriculture,
forestry and then contaminate water bodies, sedimentsand soil through rain water.
Thehigh quantity of theresidua pesticide eventualy beleachedto aquifer levelsand
pollutethe groundwater. The amount of pesticideleachability ismeasured interms
of thegroundwater ubiquity score (GUS).

The GUSindex can bewritten as

GUS=log (DT,). [4-Hog(Ka )], Where DT, and Ka are persistence and
mohility respectively. Thetendenciesof groundweter contamination are (i) non-
leacher (GUS < 1.8), (ii) transition (1.8 < GUS < 2.8) and (iii) leacher
(GUS>2.8).

Leaching of pesticides dependsontheamount applied per areaper year, application
procedure, the solubility of the compound, how strongly it isbound by the soil and
how quickly it degradesin the root zone. After apesticide application apart of it
may belost to the atmosphere through volatilization, and apartis carried away to
surfacewaters by runoff, or broken down by photolysis. The pesticidesfromthe
contaminated water are taken up by plantsand animals and enter thefood chain.
Oncethey enter into the body they are tissue degradative, relatively stable and
carcinogenicin nature. Some of them damage theliver and the nervous system.
Further more, certain pesticides arefound to alter the enzymatic activities of the
body whichleadstodifferent typesof diseases. Someof the commonly used pesticides
and their health hazardsaregivenin Table 3.3.

Table3.3: Most commonly used pesticidesand their health hazards

Pesticide Diseases/Adver se effects

Aldrin Attacks the nervous system, convulsion,
repeated dosage damages the liver,
carcinogenic

Benzene hexa chloride (BHC) | Liver tumour

Captan Abnormality in the eyes and brain,
carcinogenic

Chlordane Carcinogenic

DDT Liver damage, carcinogenic

Dieldrin Liver damage, carcinogenic, destroys
enzymatic activities

Endosulfan Carcinogenic

HexaChloro Benzene Highly toxic, bone marrow damage,

mutagenic, teratogenic, carcinogenic

Water Pollution
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Heptachlor Liver damage, carcinogenic

Madathion Low toxic but sometimes carcinogenic
Methoxychlor Low toxic but sometimescarcinogenic
Mirex Carcinogenic

Commercid fertilizerscontain mainly potassium and nitrogen and phosphorous. Some
of thefertilizersareidentified as possible sources of water pollution. Theimproper
dissemination causes adversetoxic effectson the environment and humansaswell
sincethese substancesaretoxicin nature. For example, surface water fertilization
resultsin eutrophication, i.e., intense growth of algaewhich causes unmanagesble
changesto thebiological equilibrium. These chemicasenter thewater bodiesby
intentional or unintentional application for pest control. Globally many soilsare
deficientin phosphorous, whichisrequired for plant growth. Initsphosphateform,
phosphorusissignificant for cell’sgenetic material, and available asadenosine
triphosphate (ATP), theenergy carrier in cells. Phosphorous based fertilizer isthe
major contributor to run-off phosphorous pollution from the agriculture land and
through manureinto waterways. Excessphosphorusresultsinto harmful aga blooms,
known aseutr ophication. The blooms consume much of the dissolved oxygenin
thewater, arelethal tofish and other plant life, also rel easetoxinsthat aretoxicto
humansand animals. Toxic effectsof potassumin humansarevery raresinceitis
promptly excreted in the absence of pre-existing kidney damage. The impacts of
someof theagrochemicalsarelistedin Table 3.3.

Table 3.4: Some agrochemicals and their impacts

Agrochemicals Impacts
Ground Surface Ecosystem Humans
water water
Pesticides Some pesticides| Pesticides runoff | Pesticides Adverse
may leach into |contaminatesthe | inhibit the effects on
groundwater  |surface water and| growthand human health
and contaminatq biota; Pesticides | causes by eating
thedrinking  |arealsotravel | reproductive | contaminated
water causing  [long distances as | failure. food like
human health  |dust by wind and | Consequent fruits,
problems. contaminate upon vegetables and
aquatic systems. | malfunctioning fish, breathing
of ecologica | contaminated
systemin ar etc.,
surface waters
occurs by loss
of top predators.
Fertilizers ;\lelrttri?igzeerns i an Surfacgtrunoff Nitrate can toxic | \Water with
Nitrogen lanycarry nitrogen | oantsthat | high quantity
based form leach in to|fertilizer to the of nitrate and
causes stunted
groundwater  water streams and food
growth and
_and cqnyerted Iak%th_ere by excessive nitrate | consumed by
mit::)rggrrlt:si ks)r);]c contaminates. accumulatesin | humansand
9 ~ the leaves of the | Cattie gets
that crop converted into
contaminate ' nitrites by
ground water. microorganism's
causesthe
disease




methemogl-
obinemea (blue
baby
syndrome) in
children and
by the
formation
nitrosamines
have the same
effect in cattle
aso.
Potassium Potassiumis Potassium
based strongly held by toxicity causes

clay particlesin chest tightness,

soil. Therefore, nauseaand

leaching of vomiting,

potassium diarrhea,

through the soil hyperkalaemia,

profile and into shortness of

ground water is breath and

important only heart failure.

on coarse-

textured soils

Phosphorous | Leached Excess Excess of Excess of
based phosphorus phosphorus Phosphorous | phosphate can

storedinbed | caused harmful | causestoxic [ causehedlth

sediments algal blooms algal blooms, | problems, such

whichis known as loss of asirritation in

released back to| eutrophication. | biodiversity and| eyes, kidney

the water The blooms increased health| damage and

column causing | consumemuch | risksfor the 0Steoporosis.

‘dead zones. | of thedissolved | plants, animals

Phosphate oxygeninthe | and humansthat

fertilizer can water, lethal to | comein contact

aso contribute | fishand other | with polluted

heavy metal like| Plantlife, also | waters.

cadmium to release toxing

food chain. that aretoxic to

Cadmiumis humansand

present in animals.

concentrations

ranges between

5-280mgkg?in
Rock
phosphate.

DoYou Know?

M ethemogl obinemeais caused by highlevelsof methemoglobin intheblood.
Methemoglobinisoneof theformsof hemoglobin that containstheferric[Fe*]
ion and the affinity for oxygen of ferriciron isimpaired and the binding of
oxygen intheremaining hemesitesthat arein ferrous state within the same
tetrameric hemoglobin unit will increase. Hypoxiawill occur when
methemoglobin concentration iselevatedin red blood cells. Thisleadstoan
overall reduced ahility of thered blood cell to rel ease oxygen to tissues.
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3.3.8 Sewage Water Pollutants Sewage includes domestic
wastewaters and municipal wastewater that isproduced by a popul ation. Sewage
contains organic wastes aswell aschemicalspollutants. It consists of grey water,
black water, soaps and detergents. Sewage isdrained off in large quantitiesinto
rivers and other water bodies without treating. This causes adverse effects on
biodiversity and humans. The characteristics of sewagewater are asfollows.

i.  Temperature, Odour and Turbidity: Theinformation about thetemperature
of sewage is helpful in measuring the solubility of oxygen, which affects
sedimentation and rate of biologicd activity. At extremely low temperature
viscosity increases and affects sedimentation adversely. The odour of old
sewageisoffensveand unusual smell observedinthecaseof industrid sewage
water. Fresh sewageishighly turbid and grayishin colour.

ii. Inorganicand Organic M atter: Thenitrogen compoundsin domestic sewage
are proteins, amines, amino acids, and urea formed by the bacteria
decomposition of organic constituents. Nitrogen content in the untreated
sewage is observed to bein the range of 20 to 50 mg/L measured as Total
Kjeldahl Nitrogen(TKN). Phosphorusin domestic sewage arises from food
residues containing phosphorus and their disintegration products. The huge
quantities of synthetic detergents add substantialy to the phosphorus
content.

Organic constituents in the sewage are mainly proteins, carbohydrates
and fats. The microorganisms metabolize sewage organic compounds for
the source of energy by catabolism. Protein contains C, N, H and O and
sometimes P. The source of nitrogen in the sewageis ureathat decomposes
immediately to CO,and NH,. Proteins also release H,S gasin the process
of reduction. Carbohydrates contain C, H, O and mainly exist in the form
of sugars and starch. By the bacterial action they produce organic acids
and the pH of brackish sewage water is low when compared to the fresh
sewage. Fats also contain carbon, hydrogen and oxygen. They form thin
film and decompose to produce filthy smell.

The parameter that characterizes all sewage organic compounds is that
which can be oxidized and contains organic carbon. Oxidation of organic
compounds can be measured by 1) the Biochemical Oxygen Demand
(BOD) and 2) the Chemical Oxygen Demand (COD) tests. Total Organic
Carbon (TOC) test is the other test to measure the concentration of the
organic material.

Biochemical Oxygen Demand (BOD): The BOD of the sewage is the
amount of oxygen required for the biochemical decomposition of
biodegradable organic matter under aerobic conditions. The established
range of BOD for raw sewageis 100 to 400 mg/L.

Chemical Oxygen Demand (COD): The COD of the sewage is the
amount of oxygen required for chemical oxidation. The established range
of the COD of raw sewageis200to 700 mg/L. In BOD test, the oxidation
of organic matter takes several weeks, whereas, biochemical oxidation of
organic matter takes barely two hours.

iii.  Microorganisms: Microorganismsfound in sewage emergefrom two sources.
1. soil and 2. sanitary waste. Onemilliliter of sawageranges between 100,000



and 1 million microorganisms. Some of them considered asgood bacteriathat
purify sewage. In anaerobic conditionsthey hydrolyze protein, reduce urea
and emulsify fats. They also reduce sulphate and nitratesgiving riseto CH,,
CO,and NH,. They add nitrites, nitrates, CO, and H,O. Some forms of
parasitic bacteriaproducetoxinsthat are capableto causediseasesandinfection
in humansand animals. Pathogens commonly found in sewage are E. cali,
Salmonella, Shigella, Pseudomonas aeroginosa, Streptococcus,
Mycobacteriumand Giardia Lamblia.

35 SEWAGETREATMENT METHODS

The polluted water has to be treated by using different waste water treatment
technol ogies depending upon the type of pollutants. The type of pollutantsin
waste is divided into four categories.

1
2.
3.
4,

Debrisand grit
Particulate organic material
Colloidal and dissolved organic material

Dissolved inorganic matter.

In addition to these pollutants raw waste water, pesticides, heavy metals and
other toxic compounds are also present. The general procedure of sewage
treatment isdepictedin Fig. 3.5.

Thesawagetreatment invovesthefollowing steps:

1

Prediminary treatment involves screening and settling processfor theremova
of debrisand thegrit.

Primary trestment for theremoval of particulateorganic matter involvesfloaing
processby primary clarifiers.

Secondary treament involvestrickling-filter system or activated sludge
system for theremoval of colloida and dissolved organic matter. Secondary
treatment isalso known asbiological treatment becauseit uses organisms
which are natural decomposers and detritus (waste) feeders. The principle
behind thisis creating such environment that enabl esthese organi smsto feed
on the waste containing organic matter and break it down to CO,, mineral
nutrientsand water in the process of cell respiration.

Biological nutrient removal (BNR) processfor theremoval of dissolved
inorganic material involves various processes like denitrification for
nitrogen containg pollutants and chemical filtration for phosphorus
containg pollutants.

The secondary-treatment systems were designed for biological digestion
and the secondary activated-sludge systems have been added, which
remove both nutrients and oxidize detritus by the process known as
biologica nutrient removal.

Nitrogen: It is converted by bacteria (ammonia and nitrate) through
denitrification process into nonnutritive nitrogen gas that is released into
the atmosphere.
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Phaosphor us: In oxygen rich environment the bacteriaabsorb phosphate from
solutionand soreitinther bodies. Theraw dudgeistreated with these phosphete
contai ning bacteriaproducing amore nutrient-rich treated-d udge product and
can beremoved. Phosphorous can be eliminated by precipitating ascalcium
phosphatewith lime or treat the effluent with ferric chloride, which produces
insolubleferric phosphate, or with an organic polymer, which givesrisetoa
floc.

Treatment of sludge: Anaerobic digetion,composting,and pasteurization
procedures are used for thetreatment of sludge. These are explained bel ow.

Anaerobic Digestion: Anaerobic digestion is a process of enabling the
bacteriato feed on the detritusin the absence of oxygen. In the absence of
oxygen, organic matter is broken down by anaerobic bacteria and
decomposed to biogas which is a mixture of carbon dioxide, methane,
and water. Because of its methane content, biogas is flammable and can
be used for fuel.

Composting: Another processused to treat sewage sludge is composting.
Raw dludge is mixed with wood chips or some other water-absorbing
material to reduce the water content. It isthen placed in windrows—long,
narrow pilesthat alow air to circulate conveniently through the material
and that can be turned with machinery. Bacteria and other decomposers
break down the organic materia to rich humus-like material that makes
an excellent treatment for poor soil.

Pasteurization: After the raw sludge is dewatered, the resulting sludge
cake may be put through ovens where the sludge is pasteurized to
sufficiently kill any pathogens. The product isdry, odorless and the organic
pellets are used as organic fertilizer.

On-site waste water treatment systems, reconstr ucting wetland systems
are the alternate treatment methods.

Ground water remediation involves drilling wells, pumping out the
contaminated water, purifying and reinjecting.

You are aware that water pollution is one of the most burning problem
across the globe. The intervention of the Government isamust and it has
tried to enforce anumber of Actsto streamlinethe proceduresfor reducing
water pollution. In the next and the last section of the unit let us study
about the Acts and the regulations formulated by the Government and
analyse the role of stakeholdersin the whole proces.

36 ROLEOFTHE GOVERNMENT

1

In India Water (Prevention and Control of Pollution) Act 1974 has been
enacted for the Prevention and Control of Water Pollution and the
maintenance or restoration of the wholesomeness of water for the
establishment.

Central Pollution Control Board (CPCB) under the Water Act 1974 advise
the Central Government on any matter concerning the prevention and
control of water pollution by collecting, compiling and publishing technical
and statistical data relating to water pollution and the measures devised



for itseffective prevention and control and prepare manual's, codes or guides
relaingto trestment and disposa of sewageand trade effluentsand disseminate
information (MoEF).

3. CPCB inassociationwith state pollution control boards has been monitoring
the qualities of water bodies under National Water Quality Monitoring
Programme (NWQMP).

4. CPCB hasidentified many polluted rivers and preparing action plans for
prevention and treatment of pollution.

5.  Steps have been taken for the initiation of installation of online effluent
monitoring system, issuance of directions to the industries for
implementation of zero liquid discharge etc.

3.7 LET USSUM UP

Quantitative analysis of waste waters is indicated by predictable parameters
which delineate the nature of waste and its potential impact on the health of
environment and human health. The physico-chemical and biological
parameters are total suspended solids, pH, dissolved oxygen, oail, turbidity,
biochemical oxygen demand and chemical oxygen demand. The waste water
from dairy includes huge amounts of nutrients like nitrogen and phosphorus.
Thewaste water from petrochemical industries rel ease huge quantities of heavy
metals, toxic organic substances like polycyclic and aromatic hydrocarbons,
phenols, metal derivatives, surface-active substances, sul phides, naphthylenic
acidsand other chemical swhich contaminate the water bodi esthat pose adverse
consequences on the ecosystem. This unit also discussed different pollutants
from tanning industry, paper and pul p industry. The sewage treatment plant for
treating the polluted water involves different stageslike, preliminary, primary,
secondary, biological removal of nutrientsand sludge treatment. The unit finally
discusses the role of the Government to mitigate the water pollution problem
in the country.

38 KEYWORDS

Acidity : Quantitative capacity of aqueous
solutions to react with hydroxyl ions.

Chemical Oxygen Demand . Measure of oxygen consuming capacity
of substances present in the waste water.

Turbidity . Condition in waste water due to the
presence of suspended particles
resulting in the absorption and
scattering of light rays.

Eutrophication . Eutrophication, or hypertrophication, is
when a water body becomes nutrient
rich that influence excessive growth of
plants and algae.

Herbicide ;A chemica used to kill or inhibit the
growth of undesired plants.
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Petrochemical

pH

Persistent organic pollutants
(POP)

Phosphate

Pathogen

Pasteurization

Sludge cake

A chemicd madefrom petroleumasabase
raw material —incdludepladic, syntheticfibre
€etc.

Scale used to designate the acidity or
akalinity of solutionsor soil, expressed
asthelogarithm of the concentration of
hydrogen ions.(H”,pH 7 is neutral;
values decreasing from 7 indicate
increase in acidity, values increasing
from 7 increasing alkalinity.

Any member of aclass of organic
pollutants that are resistant to
bi odegradation and that are often toxic;
for ex: DDT, PCBs and dioxin are
POPs. Such chemicals may remain
present in the environment for periods
of years.

An ion composed of a phosphorous
atom with four oxygen atoms attached.
Denoted PO,?3, phosphate is an
important plant nutrient. In natural
waters, it is frequently the limiting
factor; therefore, additions of phosphate
to natural water are often responsible
for algal blooms.

An organism, usually amicrobe that is
capable of causing disease.

The process of applying enough heat to
kill pathogens to extend the shelf life
of the product.

Treated sewage sludge that has been
dewatered to make a moist solid.
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310 ANSWERSTO CHECK YOUR PROGRESS

1. a Total suspended solidsh. Total dissolved solids c. Dissolved oxygen d.
Biological oxygen demand e. Chemical oxygen demand

2. Oneof the most important characteristics of industrial wasteistheir acid
or alkali content. It provides critical information in treatment of waste



waterswhich removesheavy metd sor organic compounds. Theeffluentscontain
heavy and toxic meta sin dissolved form. Thesewill beremoved by dteringthe
pH by different suitable methods. High or low pH of water may kill water
organisms and sterilize the water bodies, thereby inactivate the vita
microorganismsin waste water treatment.

Highamount inglucose, citricandlinoleic acids, tocopherals, andisorhamnetin-
O-(di-deoxyhexosyl-hexoside), polysaccharides (e.g. pectin, cellulose,
hemicellul oses, lignin and gums) and phenolic compoundsbound with skin, i.e.
dihydrochd cones, flavonols, and phenalic acids.

The Pollution Index Pl of any industrial sector isanumber from0to 100 and
theincreasing value of Pl denotestheincreasing degree of pollution load from
theindustrial sector and thefollowing isthecriteriaon * Range of Pollution
Index ‘for the purpose of categorization of industrid sectors.

e Industrid Sectorshaving Pollution Index score of 60 and above
- Red category

e Industrial Sectors having Pollution Index score of 41to59
— Orange category

e Industrial Sectors having Pollution Index score of 21 to 40
— Green category

e Industrial Sectors having Pollution Index score incl.& upto 20
- White category

Eutrophication, or hypertrophication, is when a water body becomes
nutrient rich that influence excessive growth of plants and algae.

Water with high quantity of nitrate and food consumed by humans and
cattle getsconverted into nitrites by microorganism’s causesthe disease
methemoglobinemeain children and by the formation nitrosamines have
the same effect in cattle al so.

Water Pollution

65



66

UNIT 4 SOIL POLLUTION

Sructure

4.0 Introduction
4.1 Objectives
4.2 Causesof Soil Pollution

4.3  Sourcesof Sail Pollution
431  Agricultural Sources
432 Industrial Sources
433 Urban Sources
434 Nuclear Waste Sources

4.4  Effectsof Soil Pollution
441 Effectson Agriculture
442 Effects on Ecosystem
443 Effects on Humans

45  Preventionof Soil Pollution

4.6 LetUsSumUp

47  KeyWords

4.8  Referencesand Suggested Further Readings

49  Answersto Check Your Progresss

4.0 INTRODUCTION

Soil istheunconsolidated outer layer of theearth’s crust consisting of amixture of
minerass, organic material, living organisms, air and water that together support the
growth of life. The process of soil formation is complex and involvesanumber of
physical, chemical and biological transformations. Severa factors contributeto the
formation of soil. The factors include mechanical weathering of rocks due to
temperature changesand abras on, wind, moving water, glaciers, chemica wegthering
activitiesand lichens. Climate and time are also important determinantsin the
development of soils. Extremely dry or cold climatesdevel op soilsvery dowly while
humid and warm climates devel op them more rapidly. Thetopmost layer of the soil
richer in nutrientsand supports maximum bioformscomposed of minerasof varying
sizesand organic matter along with pore spacefilled with air and water. Thereare
different classesof soil typesbased on the particle sizedistribution patterns. The soil
ecosystemincludesinorganic and organic constituents, and microbia groups. The
soil biotacan be categorized asbacteria, algae, fungi, actinomycetes, protozoans,
nematodes and microarthropods. The biotahel psin decomposition of soil, organic
materials and in nutrient cycling. Soil microbes are the active agents in the
decomposition of plant and animal wastes and arereferred to as nature’ sgarbage
disposal system. These soil microbes keep the earth free of toxins and help in
biogeochemica cycling of dementsi.e. C, N, and P However, soil getscontaminated
through anumber wayswhichisreferred to assoil pollution/land pollution. Soil can
be contaminated with pollutantsfrom different sourceslikeindustriesand agricultura
practices. Heavy metal contaminationsof soil through anthropogenic activitiessuch




as chemica and metallurgical industries have degraded the soil quality. These
substances changethe qudity of soil and makeit lessfertileto support life.

4.1 OBJECTIVES

After reading thisunit, you should be ableto:
e ddfinesoil pallution;

e  describethesourcesof soil pollution and typesof soil pollutants;
o explaintheeffectssoil pollution; and

e  discusssome prevention measuresto reduce soil pollution.

4.2 CAUSESOF SOIL POLLUTION

Sail pollution can bedefined asan undesirable changein the soil physico-chemical
properties, which canresult in adverse effectson human beings, plant lifeand animals.
Sail pollution occurswhen the presence of sometoxic chemicasor contaminantsin
the soil isin reasonably higher concentrationsthat can pose arisk to plant life,
animalsand humans. Globa warming, unsustainable practices, agriculturd fertilizers
and pesticides areresponsiblefor converting arableland to non-arablelandsfinaly
leading to the process known as desertification. Soilsare often contaminated with
persistent toxic organic compounds, chemicals, salts, radioactive materials and
biological disease causing agents. Pollution of the soil makes soil less suitablefor
crop cultivation causing severeecol ogical disturbances. Biological contaminantslike
bacteria, viruses, fungi, agae, nematodes and vectorslike mosquitoes multiply in
numbersin polluted soilsthat pose severe health threats. Some of the pollutants
biomagnify in the food chain giving rise to undesirable and disastrous effects.
The United NationsFood and Agricultural Organization estimate that annually 75
billiontonsof sail, islost to erosion, water-logging and salination. A healthy soil has
several physical, chemical and biological properties. A heathy soil, (1) needsto
incorporate adequate organic matter, (2) haveagood structure, and (3) behometo
adiversemix of organisms. These propertiesallow the soil to carry out important
functions, and thismay beachieved inanatural setting by asoil reachingequilibrium
withitssurroundings, or in managed settings by humaninterventiontoimprovethe
overdl soil'shealth. Agricultural soil healthislinked to human health, as poor soils
yield fewer cropswith decreased nutritional value. Healthy soilsalso limit erosion,
and helpimproveair and water quality (Brevik et al. 2013).

The European Commission has proposed thefol lowing definition of  contaminated
site': asitewherethereisaconfirmed presence, caused by human activities, of
hazardous substancesto such adegreethat they pose asignificant risk to human
health or the environment, taking into account land use (Commission Proposal COM
(2006) 232). Themajor causesof soil pollution occur fromindustria activities, oil
spills, domestic activities, agricultura activitiesand acid rain. Local soil contamination
occursinplaceswhereintensiveindustrial activities, inadequate waste disposal,
mining, military activities or accidents have introduced excessive amounts of
contaminants. Soils havealimited ability to processthese contaminantsthrough
filtering or transformation. Oncethisability isexceeded, problems such aswater
pollution, plantstaking up contaminantsetc. becomemoresignificant (EEA, 2007).
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4.3 SOURCESOF SOIL POLLUTION

Over 200 yearsof industridization have caused soil contaminationto be awidespread
problemintheworld. Decision makers, scientists, businessesand individual citizens
generaly accept and understand that pollution can have negativeimpacts on human
hedlth, but theimpactsof soil pollution on our health arenot sowell understood. The
major sources of soil pollution include: mining and quarrying, household waste,
congtructionindustry wastes, biomedical wastes, agricultural wastesetc. Thesewastes
reechthesoil andinfiltrateeventually entering theground waters, rivers, lakes, sreams
throughrainfall, irrigation, drainage thuspolluting and disturbing the natura baance
of the ecosystems. Soil gets polluted in a number of ways and some important
sourcesare discussed bel ow.

4.3.1 Agricultural Sources

a) Pedticides

In modern agriculture the use of various agrochemicalsisacommon practice. A
widerange of pesticides have been devel oped, almost morethan 450 compounds.
Themost commonly used include herbicides, insecticides, fungicideswhileothers
include nematicides, miticides, rodenticidesand molluscicides. Pesticidesapplied
on seed or foliage act in anumber of ways depending on their application and
ultimately reach the soil. Accumul ation of pesticideresiduesinthe biospherecreates
ecological stress causing contamination of soil, water, and food. After the Second
WorldWar, many countriessuffered from food shortage and thisintroduced chemica
fertilizers and other agricultural chemicals. Pesticides such as DDT i.e.
dichlorodiphenyltrichloroethaneachemica pesticide, wasintroduced whichisapotent
nerve poison in insects. DDT was found to bioaccumulate in the food chains.
Persi stent pesticides may accumul atein the bodies of anima sand over aperiod of
timeincreasein concentration if theanimal isunableto flush out thetoxinsleading to
bioaccumulation. When an affected animal iseaten by acarnivore, the pesticideis
further concentrated in the carnivore. This phenomenon of increasing in the
concentration of a nondegradable substance along the food chain is called
‘Biomagnification’. DDT preventsthe shelling of bird eggs. Thewar of Vietnamin
1970’sintroduced another chemical, dioxin. Dioxin isatoxic chemica and was
used asadefoliant by theAmerican army. After thewar, it wasfound that thechemica
caused congenital deformitiesand mental aberrationsto the children born to the
American soldiers. Insecticidessuch as, lead arsenate, calcium arsenate, and Paris
green are used extensively and can penetrate soil and ground water.

b) Fatilizers

Farmersstarted using artificial fertilizersat the end of the 18" century that enabled
more land to be brought under cultivation. The production of these man-made
fertilizersrequireslarge amounts of energy and depl etesthe world’s resources of
phosphate ores. In recent decades the use of inorganic fertilizers hasincreased
dramatically. Between 1952 and 1985, the global consumption of thesefertilizers
increased from 14 million tonnesto 125 million toneswhichisatremendousincrease.
Inorganicfertilizersare usedin preferenceto organicfertilizersasthe nutrientsarein
amorereadily availableformand are released quickly after their application tothe
soil. Theagricultural production dependson chemical fertilizer application, asmost



of our highyielding varietiesarefertilizer responsive. Continuous application of
chemicdl fertilizerslead to deterioration of soil propertiesand cultivated soilslose
their naturd characterigtics. Fertilizerslikeammonium sulphate, ammonium chloride
and ureareducethe soil pH. Many crops, for examplelike potato, grapes, citrus,
beansare sengtiveto chloridetoxicity. Excessveuseof inorganic nitrogen fertilizers
inagricultura practiceshas been associated with soil acidification, partly through the
process of nitrification. If the levels of NO, ionsin soil are in excess of plant
requirements, they will behave asmohile anions, thusincreasing thel eaching process.
Theacidifying effect of nitrogenfertilizersismobilizedintheform of organo-metallic
complexes. If minerd acidspredominatethenauminiumismobilizedinitsionicform
Al®*. Thisform of aluminiumisvery toxic to fish and many freshwater organisms.
Theexcessuse of nitrate containing fertilizersleadsto nitrates discharged in the soil
and ground waters. When human beings consume nitrate rich waters, the nitrates
areconverted to nitritesby the action of intestinal flora. Thenitriteshave an effinity
to hemogl obinand combinewithit to form methaemoglobinthat interfereswith the
oxygen carrying capacity of blood. This phenomenon is called
‘methaemoglobinaemia’. It iscommonininfantsand often called the ‘ blue baby
syndrome’ as the symptomsinclude blue colouration of the skin, vascular and
respiratory problems, headache, giddiness, and ocular tensions. Serious nitrate
poisoning isreported in Rgjasthan and Punjab. Integrated nutrient management helps
tosustainthe productivity of soils. Theuse of organic manuresand biofertilizersare
recommended assupplementsto chemica fertilizers.

Bluebaby or methemoglobinemia

Nitrates can enter the ground water from chemical fertilizers used in
agricultural areas. Excessive nitrate concentrations in drinking water
pose animmediate and serious heal th threat to infantslessthan 3 months
of age. Thenitrateionsreact with blood hemoglobin, reducing the blood's
ability to carry oxygen and this produces a disease called blue baby or
methemoglobinemia. In thisillnessthe infant’s blood is unableto carry
enough oxygen to the body cells and tissues. An infant with moderate to
serious‘ blue baby syndrome’ may have a brownish-blue skin tone dueto
the lack of oxygen. The symptoms observed include: fatigue, diarrhea,
vomiting, headache, respiratory disordersand in severe casesit can cause
death.

c) ExcessSatsandWater

Salinization refersto theimpregnation of soilsby various salts most importantly,
caciumsulphate (gypsum: CaS0O,.2H.,0) and sodium sulphate (thenarditeNa,SO,)
andinsome casesvarioussdtsof magnes um sul phate (gpsomite) and sodium chloride
(haite). They precipitate from the ground water by percolating vertically through
capillary under theinfluence of evapotranspiration during spdlsof drought, and not
fromthe evaporation of stagnant water onimpermeable soils. They dissolveagain
and seep downwardswhen rain occurs; hencean alternate vertical motion of salts
occurswith time. Salinization usually occurs per ascensumwhen capillary water
bringsup phrestic water and when supersaturation of dissolved salts occursthrough
evaporation. Hence, excessirrigationwhich shiftsthegroundwater leve isasignificant
cause of soil salinization. Theirrigation water helpsto produce moreyield than
rainfed land. Irrigation water containsdissolved saltsand in the dry seasons, water
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isintheform of saline sol ution which evaporates|eaving its salts such as sodium
chloride (NaCl) in thetop soil. Thissaline soil causes stunted plant growth, lower
yieldand productivity. FHushing out sdtsreducesthe sdlinity but makesdownstream
irrigationwater sltier.

4.3.2 Industrial Sources

Indi scriminate dumping of untreated or inadequately treated industria wastesisan
important source of soil pollution. Fall out of gaseousand particulateair pollutants
frommining and smelting operations, smoke stacksetc. aresomeof themagjor source
of industrial soil pollutants. They can be wastesfrom textile, tannery, chemical,
eectroplating, glass, ditilleries, paper, petroleum, cement industries, pharmaceutica
etc. These wastes containinorganic and organic materia sthat alter and changethe
natural compaosition of our soils. Toxic chemicalsleached into the soil arepotentia
threatsto large numbers of birth defects, cancers, respiratory, nervousand kidney
diseases.

Heavy metd pollution

Metalliferouswasteswhichinclude heavy metalslike: mercury, lead, zinc, cadmium,
copper, nickel are commonly found in soils where ore extraction and smelting
processes have occurred. Further metal contamination can also occur on land/soil
used for scrap metal dealing and ammunition factories. The heavy metalsincludedl
metal swith atomic numbersgreater than 23 (with afew exceptions). Themetalsare
classified as"heavy metals’ if intheir standard statethey have aspecific gravity of
more than 5 g/cm®. There are sixty known heavy metals. Heavy metals get
accumulated in timein soils and plants and could have a negative influence on
physiological activitiesof plants (e.g. photosynthesis, gaseousexchange, and nutrient
absorption), determining the reductionsin plant growth, dry matter accumul ation
andyield (Devkotaet al. 2000, Baker 1981). In small concentrations, thetraces of
the heavy metalsin plants or animalsare not toxic (De Vrieset al. 2008). Lead,
cadmiumand mercury areexceptions,; they aretoxic eveninvery low concentrations
(Galas-Gorchev 1991). Heavy metalsare hazardous and toxic to man and other life
forms. Most of them are s ow poisons asthey accumulatein the body and cause
seriousdisorders. Another description often used interchangeably with heavy metals
is‘tracedlements' . Thesedementsoccur naturaly inrocksand in variable amounts
in soils, depending on their location and the rocks that have broken down to make
thesoil’scomponents. Thegroup ‘ heavy metals for the purposeof discussing hedlth
risks or impacts generally includes: Arsenic (As), Lead (Pb), Cadmium (Cd),
Chromium (Cr) (although only theform Cr(V1) istoxic), Copper (Cu), Mercury
(Hg), Nickel (Ni), Zinc (Zn). Several of these elements are necessary for human
health, and are beneficial whentaken into the body in foods or as supplementsat
appropriate, low levels. Conversdly, cadmium, |ead and mercury have no known
biologicd functionand aretoxicto humans. Heavy metdsarewidely usedinindustrid
processesand asbiocides. These can be dischargedinto the environment by improper
treatment, resulting intheir accumul ation causing public hedth hazards. Toxic metals
canexistin soil inanumber of formsincluding adsorbed cations, attached to clay
and humus colloidsand organometalic chel ates. Their availability to plants depends
onanumber of soil metds. In soilswith low cation exchange capacity (CEC), the
metalsare not retained effectively and will beleached fromthe soil. But in the case
of soilswith high cation exchange capacity they arefixed inthesoil through adsorption.
Hencethe mobility and availability of heavy metalsisimportant and isgreater in
acidic soils(pH<5.5) thanin near neutral and alkalinesoils. The heavy metalsonce



mohilized can enter thefood chain through water supplies, aguatic organisms, arable
produceand grazing animals.

Table4.1: Some sour ces of heavy metalsin soil

Heavy metal Sour ces

Lead Plumbing, petrol, paint, battery, refinery,

Arsenic an dter, plumbing pipes

Mercury Wood preservative, pesticides,

Zinc uraniummining, glass/copper

Cadmium smeltersPesticides, mining, refinery,

Chromium photography, scientificinstruments

Nicke Electroplating, textileindustry
Fertilizers, tannery, smelter, battery,
eectroplating, paint pigments
Dyeingindustry
Electroplatingindustry

4.3.3 Urban Sources

Annually tonnes of untreated urban waste are produced. Thiscause serioushealth
hazardsto humans, pollutethe soil and decreasssitsfertility and productivity. Plagtics
constituteamajor portion of global domestic andindustrial waste. Plasticsarenon-
biodegradabl e so they remain in the environment for anumber of years. Municipa
wastesmainly include domestic and kitchen wastes, market wastes, hospital wastes,
livestock and poultry wastes, daughterhouse wastes etc. Wastesfrom theresidences
areusually found dumped on soil and isa seriouscause of concern. Thesewastes
include garbage, organic wastes, paper, glass, plastics, clothes, metal containers
etc. Thesedo not degrade easily and cause toxicity to the soils. Hospital wastes
contain organic materials, chemicals, metal needles, plastic and glassbottles, vials,
etc. Dumping of domestic and hospital wastes contaminatethe environment with a
variety of pathogensthat can serioudly affect human health. Plasticsform amajor
part of globa domestic andindustria waste. They are nonbiodegradableand remain
inthesoil addingto pollution. Using photodegradable plastic or biodegradableplastic
aresolutionsto the problem. Photodegradabl e plastic contains an € ement sensitive
to UV rays. Under the effect of solar raysthe element isactivated and breaksthe
polymeric chain of the photodegradableplastic. It resultsin small fragmentsthat are
easly digested by microbes.

4.3.4 Nuclear waste sources
Radioactivematerias

They are often released into the soil from nuclear explosions, atmospheric fallout
from nuclear dugt, dischargesfrom radioactivelaboratories etc. Uranium, Thorium,
Radium, and Cesium are commonly found in the environment that keep emitting
radiationsand persist for along time. They are knownto bioaccumulatein plants.
Radiationscan enter human beingswhen plantsand food contai ning them areingested
resulting in mutationsand genetic disorders.
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Activity 1

e |dentify someactivitiesinyour residence/ officesthat areresponsible
for soil pollution.

e |dentifythesoil pollution generating sourcesin your neighborhood.

e Classify them based on the sources and type

Check Your Progress1

Note: @ Writeyour answer inabout 50 words.

b) Check your progresswith possible answer given at theend of the
unit.

1. Whaissoil pallution?
2.  Describethesourcesof soil pollution.

4.4 EFFECTSOFSOIL POLLUTION

Soil pollutants may beresponsiblefor health effects costing millions of Euros, but
studiesto quantify themarein il inthe preliminary stages. Health problemsfrom
cancers(arsenic, ashestos, dioxins), to neurol ogical damage (lead, arsenic), kidney
disease (Iead, mercury, cadmium), skeletal and bone diseases (lead, fluoride,
cadmium) are serious issues, that needs to be addressed. Some countries have
detailed soil monitoring networksto measure soil quaity, however, these may reflect
national or regional prioritiesand standards, and so comparing results between
countriesisextremely difficult. Recent improvementsin data collection mean that
the number of reported contaminated sites could increase by as much as 50% by
2025 (EEA, 2007).

44.1 Effects on Agriculture

Themajor effectsof soil pollution on agricultureare: lossof nutrientsinthesoil, soil
erosion, lessfertileland for vegetation, reduction in crop yield and reductionin
nitrogen fixation. Many of the chemicals used in pesticides are persistent soil
contaminants, whose impact may endure for decades and adversely affect soil
conservation. The use of pesticides decreasesthe general biodiversity inthe soil.
Pesticidescan hinder nitrogenfixationinlegumes. DDT wasoneof thefirst synthetic
organicinsecticidestobeused. DDT, methyl parathion, and pentachlorophenol have
been showntointerferewithlegumerhizobiumchemica signaling resulting inreduced
nitrogen fixation and thus reduced crop yields. DDT also interferes with the
production of norma eggshellsin birdsmaking themweak and thin shells. Pesticides



lead to poor root hair development, shoot yellowing and reduced plant growth.
Pesticide surface runoff into riversand streams can be highly lethal to aquaticlife.
The ecological balance of any system gets affected due to the widespread
contamination of thesoil. Most plantsare unableto adapt when the chemistry of the
soil changes so radically in ashort period of time. Fungi and bacteriafound inthe
soil that bind it together begin to decline, which createsan additiona problem of soil
erosion. Thefertility dowly diminishes, making land unsuitablefor agricultureand
any local vegetationto survive. Thesoil pollution causeslargetractsof land to become
hazardousto hedlth. Unlike deserts, which are suitablefor its native vegetation, such
land cannot support maost formsof life. Thetoxic chemicals present in the soil can
decrease soil fertility and therefore decreasein the soil yield. The contaminated soil
isthen used to produce fruitsand vegetabl eswhich lacks quality nutrientsand may
contain some poi sonous substance to cause serious health problemsin people
consumingthem.

4.4.2 Effects on Ecosystem

Soil pollution can affect theecosystemin thefollowing ways. ecol ogical imbalance,
permanent changein thechemical propertiesof soil, aterationin the metabolism of
endemic microorganismsresulting in eradication of the primary food chain, adverse
hedlth effectson dl organisms. Infact, it can sicken thelivestock to aconsiderable
extent and causefood poisoning over along period of time. Thesoil pollution can
even |lead to widespread faminesif the plantsareunableto grow init.

4.4.3 Effects on Humans

We are a so affected by soil pollution ascropsand plants grown on polluted soil
absorb much of thetoxic contaminants. Long term exposureto polluted soil can
affect the genetic make-up of the body, causing congenital illnesses and chronic
health problemsthat cannot be cured easily. Theseinclude: pollutionindrinking
water, contamination in vegetation dueto presenceof chemicas, problems of waste
management, polluted environment with harmful gasesto breathein and foul smdlls
and healthissues. Exposureto pesticides by consumption of food can resultinskin
irritation, birth defects, tumors, genetic changes, blood and nerve disorders, endocrine
disruption, and even comaor death. Soil can enter our bodiesviathree main routes.
eating, inhalation and through the skin. (a) Ingestion: Eating soil or geophagiais
common among children under the age of three. Childrenare particularly sensitive
to contaminantsand at highest risk from contaminated soils. Accidental ingestion
may occur inadults(i.e. by eating fruitsor vegetableswith some soil contamination).
When consumed, some chemicalsare absorbed inthe oral cavity while othersare
swallowed and move into the digestive system. From here, they may be absorbed
into the body and transported to theliver. Intheliver, somechemicalsarelargely
returned tothe digestive sysemviabhile, but otherswill enter the bl oodstream. Some
chemica sarebroken downintheliver beforethey reach theblood. Somechemicas
arenot absorbed, and remaininthe gut and may causetoxicity tothegut lining. (b)
Inhalation: Working with soil releases particulate matter into theair that may be
inhaled by workers. These particlesmay enter thelungsand may beabsorbedinto
the bloodstream. Compared to ingestion, thisisafar less significant source of
exposure, but may berelevant to those exposed repeatedly over along time period.
(c) Skin contact: Volatile, organic compounds are absorption through the skin.
Absorption of achemicd throughtheskinisknown as* dermal absorption’, ‘ cutaneous
absorption’ or ‘transcutaneous absorption’. (d) Indirect contact: Soil contaminants
may movefrom soilsinto ground or surfacewater, |eading to contaminated drinking
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water. They may al so be taken up by plants which are subsequently consumed,
either by humansor by agriculturd livestock, causing contaminantsto enter thehuman
food chain. Some of these effectsmay be quite significant, asin the case of dioxins
accumulating up thefood chain, or large quantitiesof cadmiumin cropsgrownin
contaminated soils. Highlevelsof arsenicin drinkingwater suppliesare often another
significantindirect result of soil contamination. Arsenic may aso be naturally present
ingroundwater. A contaminant becomestoxicin the human body oncethesystemis
unableto detoxify. The body startsto be exposed to excessamountsof the chemical
or the metabolite produced when the body’s horma metabolic pathways are
saturated. If achemica accumulatesintissues, reaching critical toxicity long-term
accumulation and toxicity occurs. Factorsthat arerdevant inthiscasearethebody’s
rateof eimination (by metabolism or excretion), and theoverall ‘ body burden’ —the
quantity of chemicalsstoredin body tissues (Environment Agency, 2009).

Check Your Progress2
Note: @ Writeyour answer inabout 50 words.

b) Check your progresswith possible answer given at theend of the
unit.

1.  Explanthevariousroutesthroughwhich soil can enter the human body?

2.  Describesomeimportant effectsof soil pollution?

4.5 PREVENTIONOFSOIL POLLUTION

Thedifferent typesof wastes namely agricultural, industrial and urbanization have
decreased the il fertility and madeit highly contaminated. Somewaysin which soil
pollution can becontrolled are discussed bel ow:

(i)  Proper dumping of unwanted materials: Excess wastes by man and
animals pose adisposal problem. Open dumping isthe most commonly
practiced technique. Nowadays, controlled tipping is followed for solid
waste disposal. The surface so obtained is used for housing or sports
field.

(ii)  Use of bio-pesticides and biofertilizers: Bio-pesticides should be used
in place of toxic chemical pesticides. Organic fertilizersshould beusedin
place of synthesized chemical fertilizers. To increase agricultural yield, most
farmersusechemical fertilizers. The microorganismsin thesefertilizerswill
helpinincreasing thefertility of the soil. Ex: Organic wastesin animal dung
may be used to prepare compost manureinstead of disposing theminto sail.
The concept of Integrated Plant Nutrient System (IPNS) can al so be used.



(iii)

(iv)

v)

(vi)

(vii)

Proper Hygienic Condition: People should betrained regarding sanitary
habits. Ex: lavatories should be equipped with quick and effective disposa
methods.

Public Awareness. Informa and formal public awareness programs
should beimparted to educate people on heal th hazards by environmental
education. Ex: Mass media, Educational institutions and voluntary
agencies can achieve this.

Recycling and Reuse of Wastes: To minimize soil pollution, the wastes
such as paper, plastics, metals, glasses, organics, petroleum products
and industrial effluents etc should be recycled and reused. Ex: Industrial
wastes should be properly treated at source. Integrated waste treatment
methods should be adopted. Therefore, people should consider shifting
to reusable containers like glass, cotton bags, etc. Although paper does
disintegrate faster, a lot of trees are cut for producing paper bags.
Therefore, it is best to opt for cloth bags. Similarly, instead of using
tissue papers in the kitchen, etc., one should use cloth napkins,
handkerchief, etc. Thiswill go along way in reducing land-fills.

Ban on Toxic Chemicals: Ban should be imposed on chemicals and
pesticides like DDT, BHC, etc which are fatal to plants and animals.
Nuclear explosions and improper disposal of radioactive wastes should
be banned.

Reduce Toxic Waste: Toxic wasteisasignificant aspect of soil pollution.
Hence, industrial toxic waste should be treated to reduce its toxicity
before it is disposed of. At the same time, responsible methods should
be used for disposing off the waste. The best however, isto avoid the use
of harmful chemicals unless they are of extreme importance.

(viii) Deforestation: To prevent soil pollution, deforestation measures have

(ix)

)

to be undertaken at rapid pace. Soil erosion is caused, when there are no
treesto prevent thetop layer of the soil from being transported by different
agentsof nature like water and air. At the sametime, measures should be
taken to avoid over cropping and over grazing, as it leads to flood and
soil erosion and further deterioration of the soil layer.

Reforesting: Control of land loss and soil erosion can be attempted
through restoring forest and grass cover to check wastelands, soil erosion
and floods. Crop rotation or mixed cropping can improve the fertility of
the land.

Solid Waste Treatment: Industrial wastes can be treated physically,
chemically and biologically until they are less hazardous. Acidic and
alkaline wastes should be first neutralized; the insoluble material if
bi odegradabl e should be all owed to degrade under controlled conditions
before being disposed. Further, storage of hazardous waste should be
investigated such asdegpwell injection and more secure landfills. Composting
thewastein locations situated away from residential areasisthe smplest and
most widely used technique of solid waste management. Environmental and
aesthetic cond derations must betakeninto consideration before sl ecting the
dumping sites. Incineration of other wastesis expensiveand leavesahuge
residue and addsto air pollution. Pyrolysisisaprocess of combustionin
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absence of oxygen or the material burnt under controlled atmosphere of
oxygen. Itisan dternativeto incineration. Thegasand liquid thus obtained
can be used asfuels. Pyrolysisof carbonaceouswastes|ikefirewood, coconut,
palmwaste, corn combs, cashew shell, rice husk paddy straw and saw dust,
yiddscharcoa dongwith productsliketar, methyl dcohol, acetic acid, acetone
and afud ges.

(xi) Soil Conservation: Soil conservation isthe protection of soil against excessive
loss of fertility by natural, chemical, or artificial means. It encompassesall
management and land-use methods protecting soil against degradation, focusing
on damage by erosion and chemicals. Soil conservation techniques can be
achieved through crop selection and rotation, fertilizer and limeapplication,
res duemanagement, contouring and strip cropping, and mechanica methods
(e.g., terracing).

4.6 LETUSSUM UP

Dear learners, inthisunit wehavelearnt that soil servesasanatural sink for pollutants
by concentrating contami nantswhich end up inthe soil from varioussources. Modern
citieshave enormousimpactson soils. Here, thecity' ssoilsare covered with asphalt,
cement, stone, waste piles, pollutantsand the soilshavelost their natural cover of
vegetation. Thenatural exchange of gasesbetweenthesoil andair isgreatly reduced.
Such soilslosetheir organic matter and arelikely to be waterlogged, compacted
andimperviousto water flow. Pollutantsdecrease soil qudity, disturb the soil’ snatura
balance and may al so lead to wear and erosion. Different typesof soil pollution can
bedistinguished by their source, aswell asthe effects each has on the ecosystem.
Anthropogenic or human activitiesthat pollute the soil include: agricultura practices
that useexcessve pedticides, industria wastes, radioactive emissonsthat contaminate
the soil with varioustoxic substancesetc. Soil pollution affectsplants, animalsand
humans. Sail pollution may cause avariety of health problemsin human beings,
starting with headaches, nausea, fatigue, skin rash, eyeirritation and potentially
resultingin more serious conditionslike neuromuscul ar blockage, kidney and liver
damage and variousformsof cancer. Some prevention measuresfor soil pollution
arealso discussed.

4.7 KEY WORDS

M ethemoglobinemia: Thenitrateionsreact with blood hemoglobin, reducingthe
blood’s ability to carry oxygen and this produces a disease called blue baby or
methemoglobinemia

Soil conservation: Soil conservationisthe protection of soil againgt excessiveloss
of fertility by naturd, chemicd, or artificid means.

Land Farming: Itisabioremediation treatment processthat iscarried out inthe
upper soil zone.

Refor estation: It involvesreplanting areas of forest which have previously been
damaged or destroyed, using native tree species.

Deforestation: It referstotheremoval of aforest or treeswheretheland isthereafter
converted to anon-forest use.
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49 ANSWERSTO CHECK YOURPROGRESS

Answersto Check Your Progress1

1. Youranswer mustincludethefollowing points:

Soil pollution can be defined as an undesirable changein the soil physico-
chemical properties, which can result in adverse effects on human beings,
plant life and animals. Soil pollution occurs when the presence of some
toxic chemicals or contaminants in the soil is in reasonably higher
concentrations that can pose arisk to plant life, animals and humans.

2. Your answer must include the following points:
Agricultural sources
Industrial sources
Urban sources
Nuclear waste sources
Answersto Check Your Progress?2
1. Youranswer mustincludethefollowing points:

Soil can enter our bodiesviathree main routes: eating, inhalation and through
theskin.
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Ingegtion

Inhdation

Skin contact

Indirect contact

Your answer must includethefollowing points:

Sail pallutants may beresponsiblefor health effects costing millions of Euros,
but studiesto quantify themarein till inthe prdiminary stages. Hedlth problems
from cancers (arsenic, asbestos, dioxins), to neurological damage (lead,
arsenic), kidney disease (lead, mercury, cadmium), skel etal and bonediseases
(lead, fluoride, cadmium) are seriousissues, that needsto be addressed.

EffectsonAgriculture
Effectson Ecosystem
Effectson Humans

Effect on growth of plantsand soil fertility





