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Segments of Environment

1. Lithosphere

2. Hydrosphere

3. Biosphere

4. Atmosphere4. Atmosphere



Lithosphere

Lithosphere is the rock mantle constituting
Earth's crust.

For practical purposes, it includes the soil
which covers the rock at many places.

Soil is the product of physical, chemicalSoil is the product of physical, chemical
and biological weathering of rock.

Soil is a complex mixture of inorganic and
organic matter.

lt also consists of sufficient quantity of
water and some Air.





Inorganic contents of soil 
Inorganic matter originates from parent
rock by weathering. It includes complex
mixture of silicates of Na, K, Ca, AI & Fe,
Oxides of Fe, Mn & Ti and carbonates of
Ca & Mg.

Silicates = 74.3 %Silicates = 74.3 %

O = 46.6 % Si = 27.7 %

Metals = 24.2 %

Al = 8.1 % Fe = 5.0 %

Ca = 3.6 % Mg = 2.1 %

Na = 2.8 % K = 2.6 %



Lithosphere …cont…

Macronutrients :-

These are C,H,0,N,P,S,K,Ca and Mg.

C,H and 0 are supplied by water and air.

N is supplied by Air.

P,S,K,Ca and Mg are supplied by soil.P,S,K,Ca and Mg are supplied by soil.



Lithosphere …cont…

Micronutrients :-

These are B,CI,Na,Cu,Fe,Mn,Zn,V & Mo. 

These are required at trace levels. 

Their higher levels show toxic effects.Their higher levels show toxic effects.

Most of these serve as components of
Enzymes.

CI, Mn, Fe, Zn & V take part in
photosynthesis.



Lithosphere …cont…

Organic contents of soil:

Organic matter consists of the biologically
active components such as polysacharides,
nucleotides, organophosphorous & organo
sulphur compounds, sugars and humicsulphur compounds, sugars and humic
materials.

The organic matter is derived from the plant
biomass in various stages of decay. Hence
it contains a large number of Bacteria,
Fungi and animals like Earthworms.



Lithosphere …cont…

A typical productive soil contains organic
matter = 5% and inorganic = 95%.

The clay minerals and humus of soil have a
very high cations exchange capacity, which
helps in supplying essential trace metals to
the plants as nutrient.

Soil Pollution :-

Soil produces food for living beings. But due
to human activity, it has became receptor of
many pollutants such as pesticides,
fertilizers, particulate matter, smoke, etc.



Lithosphere …cont…

i] Waste products - domestic, human,
animal, agricultural and industrial.

ii] Sulphates - due to absorption of S02

produced by combustion of Fuels,

iii] Nitrates - produced in atmosphere.iii] Nitrates - produced in atmosphere.

iv] Particulates - Pb emitted by automobile
exhausts. Pb and Zn - from Lead and Zinc
mines,

v] Fertilizers and Pesticides - applied to
crops.



Lithosphere …cont…

Pesticides undergo biochemical and
photochemical degradation in presence of
micro-organisms insects, earthworms and
plants to produce residues. These residues
find their path in food products and cause
long term health hazards.

Conclusion:- The quality of soil has an
impact on public health standards through
the human food chain. The environmental
health aspects of soil deserve a serious
attention in the near future.



Hydrosphere

This includes all the surface and
ground water resources viz. Oceans,
Seas, Rivers, Streams, Lakes,
Reservoirs, Glaciers, Polar ice caps,Reservoirs, Glaciers, Polar ice caps,
Ground water and water locked in
rock-crevices and minerals lying deep
below the Earth's crust.

Earth is called blue planet, as 80% of
it's surface is covered by water.



Hydrosphere …cont…

However, about 97% of Earth's water
resources is locked up in the oceans and
seas, which is too saline to drink and for the
direct use for agriculture and industrial
purposes.

About 2.4% is trapped in giant glaciers and
polar ice caps.

Thus not even 1% of the total world's water
resources is available for exploitation by
man for domestic, agricultural and industrial
purposes.



Hydrologic cycle

Cloud formation

Precipitation              Evaporation

Water reservoirs



Annual Rainfall

40% lost by direct evaporation, transpiration

30% goes in to stream flow.

30% percolates inside the earth

Water consumption:

80%Agriculture, 12%Industries and80%Agriculture, 12%Industries and
8% Domestic

Water pollution:

1. Domestic waste - Urban and Rural areas

2. Industrial waste – Industrial effluents



Water pollutants
1.Organic pollutants - O.D.wates, disease
agents, plant nutrients, sewage, oil,
synthetic compounds, etc

2. Inorganic pollutants- salts, mineral acids,
metals, trace elements, complexes, etcmetals, trace elements, complexes, etc

3. Sediments - domestic, agricultural and
industrial wastes.

4. Radioactive materials - Mining, Nuclear
plants, Nuclear weapons, Radioisotopes.

5.Thermal pollutants -Thermal power plants.



BIOSPHERE
This is the segment, which supports life and
sustains various human activities.

Characters :-

1] Area - Biosphere is a shallow layer as
compared to the total size of the Earth. It extends
from about 20Km below Sea level to 6 Km abovefrom about 20Km below Sea level to 6 Km above
sea level (from the bottom of Sea to Atmosphere)

2] Living species - Biosphere covers entire
realm of living organism. The total number of
existing species may be more than 3 x 106. Out of
which 3.3 x 105 are green plants, 9.3 x 105 are
animals and 8 x 104 are bacteria & fungi.



Characters
3] Role - Biosphere supplies the essential
requisites such as light, heat, water, food, etc. to
all above species.

4] Ecosystems - Biosphere is a very complex
and large fragile membrane around the Earth. It is
divided in to smaller units, commonly known asdivided in to smaller units, commonly known as
ecosystems. They are of two catagories- such
as Abiotic (Non living) and Biotic (living)

Abiotic Ecosystems - These include substances
containing basic elements such as C, N, P, etc
and their compounds.

Biotic Ecosystems - These can be three types-



Characters
Producers-These are autotrophic (self
nourishing) organisms like greenplants, algae, etc

Consumers - These are the heterotrophic (other
nourishing) organisms like insects, fishes, birds,
mammals, etc. those ultimately depend upon the
consumption of producers to sustain life.consumption of producers to sustain life.

Decomposers- These are the heterotrophic
organisms like bacterial, fungi, etc. those break
down complex compounds from waste materials
including dead producers and consumers and
make available the chemical components to
producers.



Natural cycles
There is a continuous interaction between living
organisms and other segments of environment.
This interaction makes the biological system self
sufficient by circulating the chemical components
between the organisms and the environment. The
pathways of these circulation are commonlypathways of these circulation are commonly
referred as Natural cycles.

Natural cycles are of two types - Hydrologic cycle
and Nutrient (Biogeochemical) cycles - Carbon
cycle, Nitrogen cycle, Sulphur cycle, etc.

These operate in a balance state and develop a
dynamic equilibrium in which life can sustain.



Biogeochemical / Nutrient cycle



Dynamic Equilibrium
Biosphere involves all the interactions
between the living and nonliving
components, that produce, support and
affect life. It is remarkably constant in
physical and chemical characteristics.

Temperature of bodies in space range over
millions of degrees from intense coldness to
hottest Sun, while on earth, it is always
within a few degrees, which is necessary to
maintain water, the giver of life, in liquid
state.



Dynamic Equilibrium

Earth, it's gravity rotations,
distance from the sun, chemical
composition of rocks, soil, oceans,
atmosphere, etc hold within thisatmosphere, etc hold within this
membrane a delicate balance in
which the life can flourish.

However only slightly beyond these
limits the life would perish.



ATMOSPHERE



ATMOSPHERE
Atmosphere is the gaseous mixture (Air)
which extends up to 500 kms above the
earth surface.

Characters:

1. Weight:- Approximately 4.5 to 5.0 x 10 151. Weight:- Approximately 4.5 to 5.0 x 10
metric tons, about one millionth of the total
weight of the earth.

Biosphere : Atmosphere : Hydrosphere
1 300 69100

2. Temperature:- varies from –100 to12000c



Characters
3. Pressure:- varies from 1 atmp to 3 x 107

atmp from sea level to 100 kms
Sea level 100 kms
1 atmp 3 x 107 atmp

4. Density:- varies from 0.0013 gm/m3 to
Zero gm/m3 from sea level to 100 kmsZero gm/m3 from sea level to 100 kms

Sea level 100 kms

0.0013 gm/m3 0.00 gm/m3

5. Interactions:- There occurs a continuous
but constant exchange of matter between
atmosphere, biosphere and hydrosphere.



Functions
1. Heat Balance:

Some of the gases such as H20 vapour,
C02, CH4 and CFCS present in the lower
atmosphere absorb I.R. radiations emitted
by the earth and send back them again to
the earth. This keeps the earth warm
enough to sustain the life.

The atmospheric gases are commonly
referred as Green House Gases and the
phenomenon is very well known as Green
House Effect.



2. Gaseous Blanket :

Atmosphere protects the life on the earth
from dangerous Sun Radiations such as
Cosmic rays, U.V. rays, etc.

It screens all the dangerous radiations
having wave length up to 300 nm.having wave length up to 300 nm.

It transmits only the radiations in the
range of 300 to 2500 nms, those are
harmless.

Thus it acts as protective shield and
helps to sustain life on Earth.



3. Role of Atmospheric gases :

O2 supports life on earth [respiration] and
also supports combustion of chemical fuels.

C02 supports photosynthetic activity of
plants.

N2 acts as an essential nutrients for growthN2 acts as an essential nutrients for growth
of the plants.

4. Carrier of Water :

Atmosphere plays a vital role for sustaining
the Hydrological cycle i.e. carrying water
from Ocean to Land.



Composition of Atmosphere

Air contains the water vapour to an extent of
0.7 to 5.0% by volume.

Composition of Clean & dry Air at Sea level:

Components Percentage by Volume

Major components 99.03Major components 99.03

Nitrogen & Oxygen (N2 = 78.09 02 = 20.94)

Minor Components 0.966

Argon & Carbon dioxide(Ar = 0.934 C02 = 0.032)

Trace Components 0.004

Ne,CH4,He,Kr,N20,H2,Xe,S02,N02,NH3,C0,03 & I2



Atmosphere

Structure of atmosphere



Structure of atmosphere

S
N

Region Height
Km

Temp
0 C

Chemical

Species

1 Troposphere 0 – 11 +15 to -56 N2, 02, C02 

& H20

2 Stratosphere 11 – 50 -56 to -2 032 Stratosphere 11 – 50 -56 to -2 03

3 Mesosphere 50 – 85 -2 to -92 02
+, N0+

4 Thermosphere 85 - 500 -92 to +1200 0+ , 02
+ & 

N0+



Structure of atmosphere



Structure of Atmosphere

Chemosphere

1. Troposphere

2. Stratosphere2. Stratosphere

Ionosphere

3. Mesosphere

4. Thermosphere



1. Troposphere

[trope in  = to turn / rotate / change]

i] Area :- It is the zone nearest to Earth.

It extends up to 11 km. At the equator it
may be 18 km thick and at the poles 8 Km.may be 18 km thick and at the poles 8 Km.

ii] Mass :- It accounts for over 70% of the
Atmospheric mass.

iii] Composition :- It contains most of the
water, clouds and particulate matter of the
Atmosphere.



Troposphere

iii] Composition :- The composition of Air
in this zone remains more or less constant
due to the turbulence and constant
circulation of Air masses as a result of
convection currents arising from differential
heating and cooling rates between theheating and cooling rates between the
equator and the poles.

iv] Density :-The density of Air decreases
exponentially with the increasing altitude.

v] Temperature :- One property that
changes in this zone is temperature.



Troposphere

v]Temperature:- It decreases fairly steadily
with increasing altitude from ground
temperature to about -56°C with a drop rate
of about 6.4°C/Km. lt is commonly known as
normal environmental lapse rate [+ ve lapse
rate]rate]

vi] Tropopause :- At the top of troposphere
a narrow transitional layer at an altitude of
10 to 20 km is been called Tropopause.

In this region temperature starts increasing
with increasing altitude [-ve lapse rate].



Troposphere

vi] Tropopause :- Thus tropopause is the
region of Temperature Inversion.

Torpopause is least at the equator.

vii] Significance :- From Air pollution point
of view this zone is of particularof view this zone is of particular
significance.

lapse rate = change in temperature with height.

+ ve lapse rate = decrease in temperature with
height.

- ve lapse rate = increase in temperature with
height.



2. Stratosphere
i] Area :

This zone begins from tropopause and
extends up to 50 Km.

ii] Composition :

Air in this zone is very dry and normallyAir in this zone is very dry and normally
contains Ozone with a concentration of 1 to
10 ppm by volume.

The clouds and convection currents from
the troposphere normally do not penetrate
in to this zone of Ozone.



Stratosphere

iii] Temperature :

The temperature in this zone increases
with height from -56°C to -2°C [-ve lapse
rate]. This warming trend is due to the
absorption of solar U.V. radiations byabsorption of solar U.V. radiations by
Ozone.

iv] Role :

Ozone layer serves as a shield to
protect life on the Earth from harmful
effects of Solar U.V. radiations.



Stratosphere

v] Stratopause :- At the top of stratosphere
a narrow 2nd transitional layer called
Stratopause is found.

It is relatively warm and reflects sound
waves back to Earth.waves back to Earth.

v] Significance :- Because of the quiescent
nature of the stratosphere, the molecules and
particles in this zone have long residence times.
Therefore, any pollutant reaching this region may
spell long term global hazard as compared to
their impact in the troposphere.



3. Mesosphere
i] Area :

This zone begins from Stratopause and
extends up to 85 km.

ii] Composition :

The Air in this zone is fairly uniform inThe Air in this zone is fairly uniform in
composition and contains 02

+, N0+ etc.
cations and electrons.

These charged species persist for long
time without mutual neutralization, due to
the rarefied conditions existing in this zone.



Mesosphere

iii] Temperature :- The temperature in
this zone decreases with height from -2 to
-92°C [ + ve lapse rate]. This is due to
relatively low levels of Ozone and other
species those can absorb U.V. radiations
from the Sun.from the Sun.

iv] Mesopause :-

At the top of the mesosphere a narrow 3rd
transitional layer called 'Mesopause' is
found. It is the region of minimum coldest
temperature in the atmosphere [-100°C].



4. Thermosphere
i] Area :- This zone begins from Mesopause and
extends up to 500 km.

ii] Composition :- Air in this zone is more or less
similar to Mesosphere in composition.

iii] Temperature :- Temperature in this zone
rises very rapidly from -92°C to 1200°C [-ve lapserises very rapidly from -92°C to 1200°C [-ve lapse
rate].

This is due to the atmospheric gases [oxygen and
Nitric oxide] those absorb solar radiations in the
far U.V. region and undergo lionization.

iv] Density :- Due to high temperature the
pressures and densities in this zone are very low.



Radiation balance
Solar radiations - Reflection and Absorption:

Sun radiates energy like a black body at 6000°K.

• Out of total Sun radiations, 50% are reflected
back before they reach the Earth surface.

• Out of the 50% reaching to Earth, 15% are
reflected by the Earth surface.reflected by the Earth surface.

Radiation Absorption

Out of the 35% radiations absorbed by the Earth:

• 5.3 % are absorbed by soil component,

• 1.9 % absorbed by marine & land vegetation,

• 27.8% utilized in heating & evaporation of water.



Radiations: Reflection & Absorption



Absorption, Emission and Re-absorption

Solar Radiations Absorption & Emission:

The solar radiations reaching the Earth are
in the range of 300 to 2500 nm (near UV,
Visible and near I.R.)

• 92% out of them are of 315 to 1400 nm.• 92% out of them are of 315 to 1400 nm.

• 45% are of 400 to 700 nm range (Visible)

• Earth absorbs all the solar radiations in
visible region.

• Earth emits radiations in only I.R. region
[2000 to 40,000 nm with maximum at 10,000 nm].



Solar Radiations : Absorption



Infra Red Radiations Re-absorption

• Green House Gases re-absorb most of the
outgoing IR radiations [H20 vapour - 4000 to 8000
nm, C02 - 12000 to 16300 nm] and re-emit a part
of them back to Earth-surface, due to which Earth
gets heated [Green House Effect].

• The particulate matter in the atmospheric air• The particulate matter in the atmospheric air
also absorb, scatter and reflect some solar
radiations and exert some cooling or heating
effect, depending upon their nature.

The fraction of the incident solar radiations,
scattered and reflected back into space is called
'ALBEDO'.



I.R. Radiatins: Emission & Re-absorption



Heat balance
Earth maintains its heat balance within
narrow limits due to complex mechanism of
energy transfer such as ;

1. Conduction 2. Conviction

3. Radiation 4. Green House Effect3. Radiation 4. Green House Effect

1. Conduction - Conduction of Energy
occurs through the interactions of atoms,
molecules and other species.

2. Convection – Convection of Energy
occurs via massive air circulation.



Heat balance

3. Radiation - Radiation of Energy from the
Earth takes place in the I.R. region.

4. Green House Effect - Re-absorption of
the most of the radiated I.R. radiations from
the earth by the Green House Gases - H 0,the earth by the Green House Gases - H20,
C02, CH4 & CFCs and re-emission of a part
of them to Earth surface.

The above type of energy transfer maintains
optimum climatic conditions (temperature)
for supporting life on the Earth.



Species in Atmosphere

1. Ions

2. Radicals2. Radicals

3. Particles



1. Ions
• These are +ve ions like 02+, 0+ and N0+.

• These are found in Ionosphere.

• These are always associated with the
electrons.

• These have considerable residence times.• These have considerable residence times.

• These are formed by ionization during day
times from 02, 03, N2, NO, etc. by the action
of solar U.V. radiations.

• During night these tend to recombine with
the electrons to produce the molecules.



2. Radicals
• These are the charge less species like HO, CH3,
S02, RCOO, HCO, N02, etc.

• These are found in Chemosphere.

• These are highly reactive and short lived.

• These may be Organic or Inorganic.• These may be Organic or Inorganic.

• The are generated by photochemical reactions.

• These interact with other chemical species
available to propagate chain reactions, until chain
termination occurs.

• These play significant role in photochemical
smog formation.



3. Particles (spm)

• These are in the form of dust, mist, smoke,
fumes, smog, fog, volcanic ash, pollen grains,
bacteria, etc.

• These may be Organic or Inorganic in nature.

• Generated as a result of natural processes
or anthropogenic activities.or anthropogenic activities.

• Pure air contains 102 particles per cc while
polluted air contains 105 particles per cc.

• These are of diameter of 0.1 to 10 microns.
Particles of colloidal dimension are called
Aerosol while the naturally originated particles
with d < 0.24 microns are called Aitkins.



Significance of spm
Chemical nature and size of particles are more
significant than their concentration. The fine spm

• maintain radiation balance and heat balance,

• provide nuclei for water vapour condensation,

• responsible for the cloud and fog formation,

• carryout heterogeneous gas phase reactions,• carryout heterogeneous gas phase reactions,

• reduce the rate of free radical chain reactions by
absorbing and destroying the free radicals,

• increase radiation absorption by absorbing
gases like O2 on solid surface.

• provide surface to carryout several reactions as
Oxidation, Neutralization, Photochemical, etc.



Reactions in Atmosphere
Types :

1] Chemical 2] Photochemical
Factors :

1] Temperature 2] Sunlight intensity
3]Composition                      4] Humidity
Chemical species :- SO ,N0 ,HN0 ,N , Ketones, Chemical species :- SO2,N02,HN03,N2, Ketones, 
H202, Organic peroxides, metal oxides, aerosols 
(particulates), etc. 

Photochemical reactions :- Involve three steps 
1. absorption of radiation

2. primary reactions

3. secondary reactions.



Photochemical reactions
Mechanism: On absorption of U.V. radiations
(Photons) the chemical species produce
electronically excited molecules which can bring
about certain reactions (not possible in lab.) by
undergoing any of the following changes-

i] Collisions. ii] Polymerization iii] Internali] Collisions. ii] Polymerization iii] Internal
rearrangement iv] Dissociation v] De-Activation.

Types of photochemical reactions:

i] Oxidation of S02

ii] Reactions involving Nitrogen Oxides

iii] Oxidation of Organic compounds

iv] Photochemical smog formation.



GREEN HOUSE EFFECT (GHE)
Earth is heated by sunlight and some of the
heat absorbed by the Earth is re-radiated
back in to space. However some of the
gases in lower atmosphere like C02, H20
vapour, CH4 and CFCs do not allow to re-4

radiate this heat into space. They absorb
some heat and send back a part of it to the
Earth again. Therefore the Earths surface
gets heated and temperature above 0°C is
maintained. This Phenomenon is commonly
known as Green House Effect.



Solar Radiations Absorption

The solar radiations falling on the
Earth are in the range of 300 to
2500 nm, i.e. near U.V., Visible
and near I.R.and near I.R.

The gases present in lower
atmosphere allow these
radiations to fall on the Earth like
glass in green house.



Solar Radiations : Absorption



Radiations Emission by Earth

The Earth emits the heat thus
absorbed from sun in the form of
I. R. radiations in the range ofI. R. radiations in the range of
2000 to 40,000 nm with the
majority radiations of 4000 to
16,300 nm and with a maximum
of about 10,000 nm.



I.R. Radiatins: Emission & Re-absorption



I.R. Radiations re-absorption by Earth

Water vapour absorb the I.R. radiations of
4000 to 8000 nm while CO2 absorb that of
12,000 to 16,300 nm and re-radiate them
back to the earth. Due to this the earths
average temperature is maintained at about
150C otherwise it would have been -180C.

The I.R. radiations in the region of 8000 to
12000 nm are escaping unabsorbed. This
has avoided over heating of the earth. This
region is commonly referred as the region of
atmospheric window or optical window.



I.R. Radiatins: Emission & Re-absorption


