Global En

12

I\Ilajor Anthropogemc
vironmental Problems

SYNOPSIS
General aecount, Acid rain, Eutrophication, Gre,

enhonse effect, Smog, Ozone de pletion,

General Account

The planet (earth) was formed over 4,600
million years ago from hot gases and cosmic dust.
Primitive life probably evolved about 3,500 million
years ago in the form of a single cell organism and
bacteria. 400 willion years ago life forms began to
- colonise the dry land. The human species evolved
about 100,000 years ago. It was not until about 10,000
years ago that modern man emerged with the
developmcnt of village, ag griculture and the
domestication of animal and plant species. From
this perspective the human species may seem to be
an mmz,mhcant episode in the planet’s history.
- However, the global population is growing by 75-

~ 80 million a year and is expected to reach
* approximately 8 billion by the year 2025. This
enormous population requires food, water, clothes,
ﬁouées, medical care, transport, education,
‘employment and recreation. The world we live in
has to provide the raw materials for all these
~_ activities. The problem we face today is managing
the earth’s resources by utilizing man’s ingenious
technology, to support a huge population while not

: destroymg the planet we live on.

~ The environmental awareness of the 1990s has

enabled us to look at our activities and examine the

*effect that we are having on the planet earth. We
;:Lare faced with the following major man-made
global environmental problems

I Acdid rain
2. Greenhouse Effect
3. Smog
4 Ozone depletion
5. Futrophication.
1. ACID RAIN
Introduction

The term “acid rain” was first coined by Robert
Angus in 1872, “Literally it means the presence of
excessive acids in rain waters”. Acid rain is, in fact,
a mixture of mainly H,S0, and HNO, where the
ratio of these two may vary depending upon the
relative quantities of oxides of sulphur and nitrogen
emitted. H,50, is the major contributor (60-70%)

to acid precipitation, HNO; ranks second (30-40%)
and HCI third.

Acid formation takes place only at higher
relative humidities (>70%).

Definition

One of the major environmental issues facing
human societies at the national and international
level is the problem of acid. The rainwater is always
slightly acidic as CO; in the atmosphere gets
dissolved in it. However, during recent years, it has
been noted a further lowering of pH of rain water
— often as low as 5.0 to 4.0. This lowering of pH is
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due to the dissolution of acids in the rain water.
Precipitation of oxides of sulphur (50,) and nitrogen
(NQ,) with rain is termed acrd rain.

+p0- H.SO, n\ﬂ
3 ” R0+ 0,—- 4HNO:

A\“\o 2
=5

rain

k lAcid rainly lAcid

Power stations and factories

Acid flows into the
lake and kills fishes

Fig. 12.1 : Schematic representation of Acid Rain

Causes of Acid Rain

Acid rain (Fig. 12.1) is caused by air pollution.
When oxides of sulphur (SO,) and oxides of nitrogen
(NO,) dissolve in rain water they form sulphuric
and nitric acids, respectively. The rain water falls as
acid rain. The chemical reactions for H,SO, and HNO,
formation are :

A. Reactions for sulplnric acid (H,SO,) formation

250,+0, — 250,
SO;+H,0 — H,S0,

‘The H,50, (sulphuric acid) in combination with
NHj as an environmental pollutant may form
aerosols :

2NH,

HSO;, - (NH,),50,
B. Reactions for Nitric Acid (HNO,) formation

Actually, two processes may be involved in
the formation of nitric acid:

.. 2NO+0O, —» 2NO,
4NO; +2HOH + O, — 4HNO,

TOXlCOLOGY
T~

II. NO+O; = NO,+0,
NO,+0; — NO;+0O,
NO;+NO, = N,O4
N,Os; + H,O — 2HNO;

From the above reactions it becomes clear that
acid rain formation may take place in two phases .

(i) Gas phase — Where sulphuric acid ang
nitrogen are oxidized, and

(i) Liguid phase — Where hydroxvlation of

oxides of S and N — (SO,, NO,) — take

place.

Sources of SO_and NO_

The main source of oxides of sulphur ang
nitrogen is the burning of fossil fuels in power plant
based on coal and oil. This contributes more than 609,
ofall SO and 25-30% of NO, in the atmosphere. Other
source of oxides of sulphur and nitrogen are smelters,

Automobiles make a substantial contributioy
in large cities. Ozone is now regarded as a major
factor in the formation of acid rain.

Acid Rain Problem Areas

Acidification of environment is a man-made
phenomenon. The problems of acid rain are realized
in North American and the Scandinavian countries
where the pH of rain water has been recorded in
the range of 4.4-4.0. In some regions, pH values as
low as 2.8 have been recorded. In Holland, the
normal pH of rainfall was anticipated to be only 3.7
in 1985. In India, low pH rain has been recorded in
Mumbai (pH 4.8), Hyderabad (pH 5.7), Kolkata (pH
5.8) and Delhi (pH 6.2). Some arcas like
Mediterranean region and Balkans are noted as
secured areas, as the soil is belter and able to resist
the acidification.

Role of Wind in Acid Rain

The oxides of sulphur and nitrogen (SO, and
NO,) are swept up into the atmosphere and can
travel thousands of kilometers. The longer they stay
in the air, the more likely they are o be oxidized
into acids. For example, a given molecule of SO,
may remain in the atmosphere up to 40 hours, while
a sulphate particle remains for three weeks. They
have enough long life period and so these molecules
may be transported by wind several kilomelers
away from their point of release.
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Acid rain causes reduced plant growth by
decreasing soil respiration and fertility.
Acid rain also leaches away the nutrients
trom the plants,

Acid rain reduces the photosynthetic rate
of plants,

Acid rain decreases activity of symbiotic
nitrogen tixing microbes present in the soil.,
Acid rain also affects the mineralization of
nitrogen.

Acid rain in Japan has damaged 5,000 sq.
I\‘ms of cedar trees in Kanto plain, north of
Tokyo.

Acid rain produces chlorotic spots on the
leaves.

Acid rain accelerales cuticular erosion of
leaves.

Acid deposition weakens the trees like pine,
spruce, ashes, and birch which can be easily
altacked by pathogens and drought.

Root systems are damaged by the uptake
of aluminium released from the soil.

Lichens are adversely affected due to rise
in soil sulphate concentration.

Effects of Acid Rain on Terrestrial Ecosystem

1.

!\)

Acid rain causes reduced rate of
photosynthesis, growth and increased
sensitivity to drought and disease.

Acid rain has severely retarded the growth
of crops such as pea, beans, radish, potato,
spinach, broccoli, carrots etc.

The activity of symbiotic nitrogen-fixing
bacteria present in the nodules of
leguminoseae family inhibited, thereby
decrease in the fertility of soil takes place.

Acidification of soil changes its biology and
chemistry. Plants can easily absorb
cadmium from acidified soil. High level of
cadmium in plants arc deleterious for
animals and human beings.

Due to acid rain, the lichens growing on
plant barks lose their hold and, therefore,
fail to grow. _

Death of lichens affects nitrogen cycle.

Acid rain causes leaching of aluminium and
nitrates from the soil and hence root system
is damaged.

Trees pull heavy metal ions, like Cd, Cr
and Al, into their systems. These ions are
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Acid rain kills small invertebrate
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Effects of Acid Rain on Human Beingg

Acidification can play havoc with hum,
n

digestive system, respiratory system and nery
system by making the person an casy Prey |

v ' . )
neurological diseases. This happens because

OUS

thQSQ

acids produce highly toxic compounds, Whigh
contaminate the portable water and enter man's
body. Acid rains containing air pollutants contribyy
to a variety of safety hazards, associated With
reduced visibility due to smog etc. These
contaminants can be nuisance in several aspects anq
cause adverse health effects.

Effect of Acid Rain on Buildings

1.

Acid rain causes extensive damage t,
building and structural components of
marble, limestone, slate, mortar, e,
Limestone is attacked rapidly :

CaCO; +H,S0, — CaSO, +HOH +CQ,
(Acid rain)

The attack on marble is termed “stone
leprosy”.

In Greece and Italy invaluable stone statues
have been partially dissolved by acid rain.

British Parliament building also suffered
damage due to H,SO, rain.

Due to acidity, levels of heavy metals as
Al, Mn, Pb, Cd, Cr and Cu in water
increases beyond the safe limit which
indirectly affect the buildings.

Acid rains are great threat to British
environment. Much of the falling snow in
Britain is now highly acidic. If it does not
meltit may turninto a “pollution time bonk

Scanned with CamScanner



.’W“,_ o

Episode : Taj Mahal and Acid Rain

The world's attention was drawn se notnly to
G0, emissions in India, when an ol vetinery -
stationary 5O, tml‘-‘vlnl\ﬁmnu- = v planned for
Lmh““‘““" near Taj Mahal Lot this refinery was
padly nee Wded by the Firmers of the area, for the
nupPl" of dicsel fuel for tractors and heigation
pumps. This oil refinery, lying only 40 km away
from 1o Mahal, emitted about 2530 tons of 80,
dailv. llu-nlmusplu-m concentralion of 5¢) uw\wn
“have been around L75mp/m?. Howeve, if the 50,
Jevels inairincrease, the resulting acidic prec ipil.tllun
- may react with CaCOy present in the marbles ;

CaCOy + H80, — CabO, + HOH 4 CO),

(present  (Acid rain)

" inmarble)

~ 0 ltmay cause pitting in the wonderful monument

thathas attracted people from around the world, Thus

~any increase in 50, pollution levels in the long, run
may prove dangerous 1o this structure,

Control of Acid Rain

, No effective control for acid rain has yet been
devised. There is an urgent need for proper regular
monitoring to provide timely warnings about
acidification of our environment. Short-term control
_of acid deposition problem can be achieved by using
lime. New York has been liming the lakes and ponds
~ since 1959. Mr. M. C. Chawala (1989) was the first
. Indian citizen who filed writ petition in the Supreme
Court of India regarding the protection of Taj, a
“wonderful monument. The Supreme Court of India
'lmmedlately issued an order for Taj to be secured,

especza!lv from acid rain.

v 27 GREENHOUSE EFFECT

lniroducﬂon

gt Actually, ‘greenhouse’ effect is a theory which
proposes that pollution by common anthropogenic
pollutants such as CO,, CHy, CFCs, ground Oj etc,
< may lead to an increased global temperature. Over

- the last century, e>pec:ally CO, concentration have
risen and global air temperatures have increased
by 0.4-0.7°C, which supports this theory. The
atmosphere formed around the earth insulates the
planet from the full effects of heat loss by trapping
heatin the atmosphere using greenhouse gases like

s e

fromits pre: sent level is predicted tolead toa further
warming of around 3.5°C.

CO,, CH,, CFCs, ground O,, N0, 50,, water vapour.
et Doubling % of the atmospheric CO, concentration
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Term Creenhonse effect codnad by | Fenigien
CIR27) Wi absercalled " Abanisgbwrsie Vet con " betin
Warining".

Definition of Greenhouse Bffect  foocarding
LOWotkin and FKeller (106, i a grvenibinise, visibile
Figght pisassses (hanigeli Vhe glases aned B ts v the sl
warniiig the plante. v wairn seil cinits padiation
inclonger veavelengthis, paetic ularly the infrared or
heal, Becanne glass s apaegoe o bunger weavelength
ol infrared padiation, it partly luilu! atied partly
absorbs infraved radiation. This e baciisn keeps
the preenhouse wiarmer than thie oiiter abinosphiere
(Fig, 12,2)

Thus a greenfionse vs that body which petiits
the short wavelength incoming solar radiation (light
energy) to come in, but does not permit the long
witve (heat energy) autgaing terrestiial infrared
radiation 16 ercapue,

Inasimilar way, the earth’s atiosphere bottles
up the energy of the sun and be said to act like a
greenhoyse, where CO, o wliose concentration is
increasing at the rate of 0.4%, per annum - acts like
a glass window (Fig, 12.% A and ) Increasing O,
content along with water vapoursin the atmosphere
transmits short wave length solar radiation but
reflect the longer wave length heat radiation from
warmed surface of the carth, CO, molecules are
transparent to sunlight but not heat radiation. 50
they trap and reinforce the solar heat stimulating,
an effect which is popularly referred to as
“Greenhouse Effect” (Fig, 12.4),

The Greenhouse Lffect may, therefore, be
defined as “the gradual warming or hicating up of
the earth’s surface due to blanke tm;' effect of man-
crgatcd excess CO, in the atmosphere”.

! or
— Greenhouse Effect is “the phenomenon due to
which the carth retains heat.”
! or
e rt'c’llllwmr‘ Lffect means the excessive presence

‘of gases like CO,, CHy, CFCs ete. blocked in the

mfrar('d radiation from the earth’s surface to the

, atmmphr-rc leading to an increase in lemperature,
“which, in turn, would make life difficult on carthiin

the coming future, This phr-nmm-mm is popularly
‘known as “Global Warming”.
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1 passes through radiation 1s absorned |, |
 the clear and re-emitted by the ' |
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| The effect of this is to | |
. warm the surface and + |
! the lower atmosphere | |
1
Most radiation is absorbed Infrared radiation |
by the earth's surface EARTH Is emitted from ;
and warms it the earth's surface
Fig. 12.2 : Simplified representation of global warming
//"
'{“ . -
Greenhouse Gases 6. Sulphurdioxide (50,)
) . 7. Sulphur hexafluoride (SF,)
' ~ The principal gases responsible for 8. Water vapour.

—Greenhouse Effe :
ctare Among these, CO, is the most common ang

1. Carbon dioxide (CO,) important greenhouse gas which gets introduced

2. Methane (CH,) into the atmosphere from fossil fuel burning,

3. Nitrous oxide (N,0) furnaces, uncontrolled industrial emissions,

4. Synthetic chlorofluorocarbons (CFCs) destruction of forests, automobile emissions,

s 5. Ozone (O;) at ground breathing of organisms etc. It shall not be out of
N2 N\
0N 7N

Glass house

Surface of Earth f
(B) ‘

Fig. 12.3 (A) : Light rays penetrate the glass house greenhouse. They are reradiated as heat rays. The glass doss
not permit the heat rays to escape. So the heat remains within the greenhouse and the house remains warmer. t
(B) : Carbon dioxide of atmosphere, like glass, allows light rays to pass down. But it absorbs the infrared heat rays. |
An increase in CO, ¢tould therefore lead to an increase in the temperature of the biosphere as a whole. ;
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high CO,
content
atmosphere

short waves
(light energy)

Earth

Fig. 12.4 : Greenhouse effect

o
-place to mention here that global background of
CQ; in the atmosphere was around 210 ppm, before
“the Industrial Revolution (started about 1760). After
“about 200 years, in 1981-82, CO, in the atmosphere
. was about 340 ppm — which might double up in
- another 50 years. It may change the climatic
“conditions, especially by raising the global
. temperature. This effect caused by CO, is chiefly
L due to the absorption of the long-wave radiation of
~ 'the sun and retention of the back-radiation from
- the earth. Itis similar to the role of glass panels ina
L greenhouse (greenhouse is a structure built with
‘glass walls and roof, inside which experimental
-~ studies with plants are carried out by scientists (Fig.
112.4), which reduces the convective cooling by the
outside air. Similarly, CO, accumulating in the
~atmosphere environment prevents the heat escape
~and increases the temperature of the earth surface
‘that is within its coverage. Such a phenomenon is
~called Greenhouse Effect. Such effect would result
incthe warming up of the earth, Mentioned above
0y and S0, also act as serious pollutants in causing
global warming. The Greenhouse gases such as CH,
and CECs contribute about 18% and 14%,
. respectively, to the global warming.
" One molecule of CH; absorbs 20 times more heat
than CO, molecule and one molecule of CFC absorbs
10,000 - 20,000 times more heat than CO, molecule.
All the greenhouse gases are increasing at a
rapid rate. For example, CH; has approached at
present a level of approximately 1.65 ppm from a
pre-industrial value of 0.7 ppm. N,O is increasing at
the rate of 0.25%, while CFCs at the rate of 5%. Itis
expected thatina period of about 23 years, i.e. around

e e e e ey
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HERE long waves

B . (heat energy)
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the year 2030, the non-CQO, effects are going to be

one and halt times longer than those of CO» itself!

_ Principle of Greenhouse Effect

The principle of the phenomenon of Green-
house Effect is based upon the principle of infrared
absorption characteristics of gases. Higher the
concentration of CO,, greater would be the
absorption of thermal radiation, which means that
more infrared radiation (heat energy) are reemitted
back to the earth’s surface, resulting in Vel trap’ —
increasing mean global temperature (Fig. 12.5)

lustration of Greenhouse Effect

Greenhouse gases, for example, thick CO;
laver, acts like a glass panel of greenhouse or the
window glass of a closed car, allowing the sun rays
to filter through but preventing the heat from being
escaping in the outer space; thereby warming the
troposphere of the atmosphere. This phenomenon
may well be understood when one returns {0 the
car after a while whose window glasses are closed
and have trapped the heat inside on a warm day.
This is exactly what happens in a greenhouse.
Greenhouse gases have no effect on the incoming

short wave radiations.

]
Infrared reemitac by |

CO,.molecules

1}

|
Solar radiation U\\ <--0=C=0

W o |
Visiole. | R (./ Y |R.reemitted from
7 the earth and
T ™ OO
2 7

/

Fig. 12,5 : An illustration of greenhouse effect, LR.
radiation absorbad by CO, molecules is reemitted in
all directions deflecting some back to the earth's

surface.

Major sources of Greenhouse Gases

' M’.’.\/I.OA (World Meteorological Organization)
has suggested that a rise in global air temperature
could occur in coming 40 - 50 years and that will
exceed any climatic change ever experienced in
human history. The earth’s temperature has not
varied by more than 1 or 2°C during the past 10,000
years : but with the increasing concentration of CO,
in the atmosphere, the earth may become warmer
by about 1.5 - 4.5°C by the year 2025-2050 A.D.

‘arious industrial as well as agricultural
operations generate and emit waste gases into the
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atmosphere. For instance, from burning of fossil  atmosphere and trap the solar radiationg fefle :
fuels alone, more than 2.5 x 1033 tons of COy isbeing  back from the earth’s surface, leading to atmaogp),, '_
emitted inte the atmosphere each vear. Growing  and climatic changes. Some important sour(““‘
paddy or live-stock releases CH,. The applicationof  greenhouse gasesare given in Table 17.1 ang relyg;,
Qerosols as coolants in refrigerators and air-  global warming patential of the Pring; e
conditioning devices or sprays release CFCs into greenhouse gases in Table 12.2 as reporieq 1

dy
the atmosphere. These gases create acanopy inthen  O’Riordan (2000). )
; Table 12.1 : Greenhouse Gases and their Use/release Sources
SI. No.} Name of Use/Release sources
| Greenhouse
| gases
1. {CC, Buming of fossil fuels, factories (through their chimneys), power stations, automobiles, railways,

e aircraft, burning of firewood, deforestation, reduction in the forest cover, animal and plant respiratow
end product, petroleum by-products, cement industry etc. It is the principal greenhouse gas and ig
responsible for 50% of global warming.

2. | CH, Forest fires are the principle sources of CH, and emit one unit of CH, for every 100 unils _of CO,.
ther sources are ansrobic decomposition in biological systems, termites, biomass burning,
: fandfills and wetlands. The main sources are paddy rice farming and cattle. Methane is responsip|q
i for approximately 18% of glob! warming.
; 3 Mzn-mazde CFCs are released to the atmosphere during the operations and maintenance of appliances and
CFCs as equipments using these molecules as coolants and propellants. CFCs are inert, non-toxic and
' easily liquefied. CFCs are being frequently used in refrigerators, air-conditioners, in packaging
(i CFCl, {Styrofoam cups, egg cartons), insulation, in aerosol propellants, and as a solvent for cleaning

{#) CF,Ci, microchips and electronic circuit boards in computers, automobile air-conditioning etc.

{i) GF,Cl About 80-85% of the GFCs emitted are still accumulating in the atmosphere; only 1% of CFCs in the
{iv) CCl, atmosphere is being removed in any one year; annual increases are about 10-11%. Recent global use
{v) CH,Cl, of CFC 11 and CFC 12 is about 800 million kg. CFCs are considered to be the most potent

{vi) CHCIF, greenhouse gases. CFC is responsible for approximately 14% of global warming.
{viiy CF,CiBr
{vii) CBrF,

4. | NO Deforestation, biomass burning, nitrogenous fertilizers, and combustion of fossil fuels,
{Nitrous oxide) N0 contributes approximately 6% to global warming

5. |8G, . ” Combustion of fossil fuels, industries, transportation etc.
8. | Ozone /A ground level, Oy is used as a disinfectant for air and water bleaches, textiles and oils. It is produced
as a result of chemical manufacturing processes, electrical discharges, occurring with lightning during
; thunderstorms or with the sparking of electrical appliances.
It contributes approximately 12% to global warming.
Table 12{2 : Global warming po'tgmial of selected principal greenhouse gases
TS -
Greenhouse gasv>,f/' Chemical Lifetime Global warming potential (years)
o e . Formula.. (Years) 20 100 500
Carbon dioxide CO, "X 140 1 1 1
Methane CH, ' . 12 56 21 6.5
Nitrous oxide N,O 120 280 310 170
HFC group C-H-F . 15-50 5,000 3,000 500
Sulphur hexafluorides SFg 3,200 16,300 24,900 35,900
Perfiurocarbons C-F 3-10,000 6,000 8,000 14,000
: i F e 4J
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. possible Consequeance of
;G'\oqnh'ouso Effects

1, Temperature changes

“ the l‘)l'(.‘ﬁl'“l rale of C( )'! cinission continens
3 un'("h-”‘}'.("" the temperature of the earth would
E qpereast by 22°C (40°1) in another 50 year,
§ (j()fﬂddv"ing the effects of other greenhouse frisen
(CHye Oy, NO, CECs) this effect could be more

3 "prnn()uncod-

2, Melting of polar ice cap

E._ - Scientists feared that an increase in the
L ayerage global surface temperature by 4.5 -

10°): could lead o increased melting of the polar
icesheets and glacial ice. The melting glacier may
- paise the sea level so much (that many major
I coastal cities like New York, Los Angeles,
London, Venice and Shanghai will be flooded.
L Kolkata and Mumbai in India may similarly be
# ‘affcclcd.

- 3, Climatic changes

P . Anaverage rise in the global temperature
3 by__only 3°C could mean increase of more than

g <__‘-'.10?,'C at high latitudes in some seasons (U.N.E.P,

Fash

| 1987). The “Greenhouse Effect” will make winters
: ""h'o.glcr and wetter, and summer longer and drier
* i the Northern latitudes. Subtropical regions
. might become even drier than they are at present
- and tropical regions would become wetter. This
isbecause the rainfall pattern may also be affected.
With increasing temperature and thus
_evaporation, a corresponding rise (11 - 15%) a
'year in rainfall has been estimated. This could
‘mean that cropping pattern and regions might be
affected as well.
" 4. Crop production and nutrient depletion

The promising effect of climatic change due to
greenhouse effect will be on agriculture. A warmer
1i§;§te is likely to move the areas suitable for
. growing specific crops such as wheat towards the

-poles. There will also be widespread changes in
© natural ecosystem with grasslands and desert areas
~ expanding and forests shrinking and moving pole-
wards.

Because CO, is a natural fertilizer, most plants
would be high yielding and faster in a high CO,
world, but would demand more fertilizers since the
soil could be improvised faster, as it supports an

increased crop cover.

gnjon ANTHROPOGENIG GLOUAL ENVIHONMENIAL PHOBLEMS 174

[ the CO levels double as expected by 2050
the yleldn of many crops and weeds could
nereane by an average of 30%, ‘/il'll‘f; uf vome
cropn conld even double while that of others
cliange very little, Response actually depends on
how a plant photosynthesizes, Plants that
produce intermediary chemicals with 2 carbon
atoms (C3 plants) would respond well to an
inerease in the atmosphere levels of €O, but
those plants  that  produce metabolic
intermediaries with 4 carbon atoms (C4 plants)
wotlld do much less so,

Of the world’s 20 major food crops, maize,
sorghum, millet and sugarcane are 4 plants,
whereas the other sixteen crops (e.g.,
soyabeans, rice, wheat ete,) are €5 plants whose
yields would increase in a CQ), enriched
atmosphere, Undoubtedly this would alter the
economic viability of farming, agricultural
employment, commodity prices and patterns of
world trade.

'I'T/\Miscellaneous Effects

I. Now due to population explosion, forest

destruction have a serious effect on the
level of atmospheric CO,. If the present
trend of deforestation continues, then the
amount of CO, in the atmosphere might
reach up to approximately 0.0355% by
volume.
Athigher altitudes in the atmosphere, CO,
undergoes photochemical reactions
producing CO, which is drastically
dangerous :

CO,+hy —» CO+0O

II. Because of increased concentration of CO,
and due to much warmer tropical oceans,
there may occur more cyclones and
hurricanes and early snow melt in
mountains may cause more floods during
monsoon.

According to UNEP, within next 25 years
or so, there will be a rise in sea level by
1.5 to 3.5 metres. In Bangladesh alone 15
million people will have to shift or
drown.

Il It is further notable that if CO, level

continues to increase, it would accumulate
and may inhibit.the coolin, reffect of
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aerosols and particulate contaminants —
consequently temperature of the
atmosphere may rise again.

IV. The cloud cover blanket may rise above
50 - 60%.

V. Overall equilibrium of the ecosystem will
be disbalanced.

s

_ Rémedial Measures of Greenhouse Effect

UNEP has chosen the slogan “ Global Warning” -
“Global Warning” to alert the public on World
Environment Day, June 5, 1969.

Slight increases in global temperature can
adversely affect world food production. Biological
productivity also decreases due to warming of
surface layer. It is, therefore, absolutely necessary
that the forest cover should be maintained at least
to one-third of the total land area of the world.

The greenhouse effect can be controlled to
certain degree by taking the following important
measures :

() Reducing the consumption of fossil fuels
such as coal and petroleum. This can be
achieved by depending more on non-
conventional renewable sources of energy
such as wind, solar, nuclear and biogas
energies.

(i) Disposing of the greenhouse gases as they
are formed elsewhere than in the

atmosphere.

(iii) Recovering greenhouse gases present
already in the atmosphere and disposing
them off elsewhere.

(iv) Learn to adapt and accept the changing
climate.

(v) International cooperation operating for
attempting the reduction of greenhouse
gases.

(vi) Enriching oceans with iron can help in
absorbing greenhouse gases such as CO,.
Actually the theory is that many parts of
the ocean lack iron, which stunts the
growth of algae. Enriched with enough
iron, the algae will bloom luxuriantly,
soaking the atmospheric CO,, the principal
culprit belind global warming.

(vii) Enhancing forestation will certainly reduce
the CO, level, thereby decreasing the
“Greenhouse Effect”. As trees are the big

estimats, if the
reforested in Indiz,
Pakistan and Colum
of the total released

reduced. Thus there snot
on deforestation wnich s
alarmingly, part%cu}ari}' in the deve!l
countries.

There should be a res o
emission of dangerous CO, and Cfc.

from the factories and automobiles

(ix) ‘Ao Driving’ day once a week shoul,
n all the countries — espex;

(viil)

imposed o tries
in developed countries like U.

3. SMOG

ed bv — Voeux, H.A. Des (19(3)

Term coin

Introduction

The word smog is derived from an elision ¢
smoke and fog- The oldest smog, 2 mixture of coa]
smoke and fog, has plagued human beings since
14th century. Urban smog, also known as smo
fog (occurs normally over industrial areas
happened in Dec. 1930 1n Meuse Valley of Belgium
which killed about 600 people. A classical example
of smog (smoke + fog) is London smog of Dec.
1952, which killed approximately 5,000 people inz
single year and thousands became ill. Anothe:
example of smog is Donora Pennsvlvania Smog
(USA) which killed 20 people and made hundreds
ill. This smog persisted for 5 days and was preceded
by the formation of thick fog due to strong
inversion temperature on Dec. 26, 1948. i

~
e

The other type of predominant smog is called
Photochemical or Los Angeles or Killer Smeg or
Oxidizing Smog. Its first clue appeared in 1944 in
Los Angeles and hence the name Los Angeles Smog
It was mainly a mixture of oxidizing pollutants.
hence it is known as oxidizing smag, while London
Smog consisted mainly of a mixture of reducing
pollutants and so it has been called reducing
Photochemical smog problems also occur in severa!
other countries like Tokyo (Japan), Mexico, Svdrev
Melbourne etc. This problem is aiso experieﬁced in
some cities of India, such as Mumbai, Chennai, Del
Kolkata, Kanpur, Bangalore and Ahmedabad
During 1987, Mumbai experienced heavy smog f
about 10 days. .

.
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"
components of London Smog or Reducing The components of typical photochemical ¢

gmog or Clussical Smog

(i) 50, (i) Particulates, such as soot, (NH,),50,
ele. (i) humidity or water from fog. It involves no
huludmxnistry and is commonly known as

1 E sulp“”'““” SO,

Camponenis of Photochemical Smogor

'~ Los Angeles Smog or Oxidizing Smog

1. Inorganic gases suchas O,, nitrogen oxides
(NO,), H,0,and CO.

- 2. Organic peroxides, peroxyacetyl nitrate

» (PAN), peroxybenzoyl nitrate (PBN),
Peroxy propionyl nitrate (PPN), peracetic
acid (CH;COOOH), acetylperoxide [CH,
(CO) OO0 (CO) CH,J, ethylhydro-
peroxide etc. '

smog, a!ong with their optimum level, are given in
the Table 12.3 :

Table 12.3 : Components of photochemical !

smog and their levels ‘

SI. No.| Components Optimum leve! (ppm) '

1. | Carbon monoxide 2.0

2. | Nitric oxide 0.15
3. | Unsaturated hydrocarbons 0.05
4. Aromatic compounds 0.20
5. | Nitrogen oxide 0.20
6. | Ozone 0.10
7. | Aldehydes 0.20
8. | Organic peroxides 0.03

London Smog was characterized by bronchitisand
irritation whereas Los Angeles Smog was characterized ._
by reduced visibility and eye irritation (lacrimation). 1

uv rays
Nigtrogen dioxide !

_—

Peroxy acetyl nitrate + O,
(Hydrocarbon) (Ozone)

Haze, Eye irrilation

NO,

|
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the free radical RCH,O,*.

- FUNDANENTALS OF TONICOLDe,
N
Smeoyg s formmad of fog and sorokse wherees . N T
a 2 - s . . 2 =2thw hndocsmoe
pitochemical smog & formed by 2 complen serfes
of chemical reactions. when oxides of nitrogen o
NS and hvdrocarbons of the exhausted Sases 1 -
- =i - - v - - e g — e TR O
mom ractories and engines of autemobiles (Fig. > TS “Te9e
I2e) are exposed to ultraviolet {(UV) ravs of \
- - - B
sunfizht. RCH )
=~ \ r
Photochemical smoyg is characterized by NT, - ROT RCRO < %
brown-hazy fumes, which irmtate the eves and \
tungs, kead to the aracking of rubber and extensive NQ o2 = O,
damage to plant kfe. .
Stadle zicshvae
Mechanism of Photochemical Smeg
- e s rn AN fqcees 2w
{Oxidizing Smog) Formation 3 FUREE I LN
- - oD
The most probable mechanism of rphote- SESRESE
chemical smog forming reactions are : : {une
U L aevimdic
1. Reactive hydrocarbons (C= Cgroup) from | nae =0 ATVIRIN
automobile exhaust interact with O; to { -
- — + A"
2 hydrocarbon-free radical RCH,™ | i N
- H —- pemoxyva yi
s . - -~ TN a3 N ‘. <
2. RCH;" rapidly reacts with O, to form | "L <00 radka
2 2 ; !
another free radical RCH,O,". t Photochemical ___ | NO,
- reaction v
3. Formed RCH.O,* reacts with nitric oxide E S e =0
& . 4 Y~ AaAun
(NO) to produce nitrogen oxide (NO,) and | QONC
{

4. This new free radical (RCH.O,") further
interacts with O, to vield a stable
aldehyde, (RCHO), and hydroxyperoxyl
radical HO,".

5. HO,* further reacts with another molecule
of nitric oxide to give NO, and HO*.

6. HO" is highly reactive and rapidly reacts
with a stable hydrocarbon RCHj to vield
H,O and regenerate the hydrocarbon-free
radical, RCH,*, thereby completing cycle.
This goes on and on as a chain reaction.
One complete cycle vields two molecules
of NO,, one molecule of aldehyde RCHO,
and regenerates the free radical RCH,* to
start all over again. Immediately there is a

rapid building of smog products in
presence of ultraviolet light.

7. The aldehyde (RCHO) may initiate
another route by interaction with the HO*
radical, leadmg to the formation of an acyl
radical RC = O, peroxyacyl radical RCOO,*
(by reaction with 0,), and fmally
peroxyacyl nitrate PAN (by reaction with
NO,). PAN is one of the most potent eye
irritants found in smog.

Fig. 12.7 : (A} Smog-forming =

(B) PAN formation reaction

-t

All the reactions from 1-7 in photochenu

smog or oxidizing smog formation is illustrated in

the flow chart (Fig. 12.7 A and B). Photochemic

reactions start with the combination of N,and O
the air.

~n

Ll

presence of NO, and olefins. PB.N is 100 times mone

RGNS

powerful than PAN and 200 times as powertul as
HCHO.

PB,N is produced in photochemical smog i

Photochemical smog shows characteristic
variations of the parameters (smog m«'runmt\
with the time of day. The hy dmmrl\m lovel s
maximum during early morning traffic rush
hours, then dque ases during lhc remaining
daylight hours as it is consumed in the smog:
formation reactions described above. NQ (nitre

oxide) concentration has a peak value at the same
time and then falls as NQ, concentration increases
Subwequentlv there is a rise in the concentration
of oxidants (aldehyde, PAN), which are active
oxidizing agents and contain the irritating
ingredients of smog.
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: ygié‘h""ism of London or Sulphurous Sme
: . A g
(uducmg Smaog) Formation

; An T pl"'ﬂh{’ﬂi'l'f y.\h(!V &, w',,.(‘_n',}?;- prdois am ockd
o i b srwerkens xencd B ad . T
gombination ot »#if'ﬂfx and fog, wiuch im D,
wis ;.,rm,u,\lt:m in London. This s, however,
chemically reduang with high level of 50, and &

P .
b
LAUA

dfed reducing smog. 1t is also called Sy

. The steps in the formation of London senoe
op Sulphurous sinog or reducing smoyz ate s n
* in the form of following reactions

§+ 0, - 50, (1
50, C('>rnh§n5:ﬁ. with moisture from fog to form
-ﬂﬂphumusa:id (H.SO,).

3 '-:; H_): 4 E'{:() sy !’{26(.)1 (24

T The oxidation of sulphurous acid (H.30,) i
wg‘, rapid, more so in the presence of metal 5.:'I:s

$ _ metal salts
5 H,50, +% 0y —5 H,SO, (3
It is also notable here that H,SO,; may combine

NH; in moist air forming (NH),SO,:

and UV radiation produce photochemical smog.
- Also, when organic substances like alcohol, olefins,
araffins, and carbonyl compounds are irradiated
by UV radiation in the presence of NO,, the
tochemical smog may be formed. Hot climate
524°C) with low humidity is favourable for the
formation of photochemical smog. It does not rise
high above in the air, instead, it circulates in the
Jower atmosphere of the earth.

Effects of Photochemical Oxidants on

0, and PAN (peroxy acyl nitrate) chiefly
cause irritation of the eyes creating
lacrimation and affect severely the

respiratory tract of human beings.

Lower concentration of Os irritates the
throat and nose while its higher
concentration causes cough, headache,
. throatdryness, chest pain, and impairment
in breathing. Exposure to 1.0 - 3.0 ppm of
ozone produces fatigue and lack of
coordination in central nervous system.

7 S R S TR,
WA ANTHROPOGENIC GLOBAL ENVFHOMMENTA

Lo et ot S e -
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e
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- Sl £ 40 20 ppam o wzone Ior several
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g r 5 1(,
I
-
=
: 21e, a secondan
s g [ e -
t, oocurs mpoluted
18 aromafic
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9 A: L—L‘.‘ as a

e irntant and lachrymator.

Effects of Photochemical Oxidants on Plants

0

=

U

10.

N ~A

AN and other

lants 1s regarded to

L R
produce eariy matunty or senescence.

AR msice o th oF Froct Hrpes
PAN cause death of torest trees.

“hill

reaction” of

inhibits
photosyn thesis.

Q, promotes excessive transpiration from
the leaves of plants causing dehvdration.
O, is also harmful for vegetables like
radish, carrot and tobacco. It alone causes
50% crop loss.

O,, together with PAN, form small drops
in air forming smog, thus blanketing the
sunshine, which indirectly inhibits the rate
of photosvnthesis in plants.
Photochemical oxidants (products) lixe O,
PAN (peroxy acetyl nitrate), PBzN (peroxy
benzovl nitrate) are phytotoxic and kill
microflora and fauna of soil and water.

O, causes leave tip burn, a disease of white
pines.

Some sulphates and nitrates which are
formed during smog formation due to the
oxidation of sulphur-containing compo-
nents (SO, and H,S) and NO, (N,05, N-Os,
NO,), nitric acid and some nitrates are
important toxicants of smog. They
adversely affect plant growth and

damage crops. :
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Ecological Effects of Photochemical Smog

Photochemical smog produces regional
ecological effects such as

1. Disturbs thermal equilibrivm
Reduces soil tertility
Affects freshwater lake and pond
ecosysten.

I

Effects of Photochemical Oxidants on
Materials

Scientists now believe that degradation of
materials commonly attributed to “weathering” is
actually the result of attack by photochemical
pollutants. The smoke containing fog, dust, mist,
SO0 etc. in the smog causes corrosion of metals,
stones, building materials, textile, paper, rubber,
leather and painted surface.

Organic polymers including rubbers, naturaland
synthetic textiles are subjected to chemical alteration
upon exposure to varying quantities of ozone.

Long exposure of ozone to rubber in a relaxed
state brings about no characteristic crack. However,
exposure to a concentration of 0.01 -0.02 ppmozone
causes cracks in rubber.

Secondary photochemical pollutants also attack
cellulose in textile fabrics. The harmful effects of
ozone exposure on textiles increase in the order for
fabrics made of cotton, nylon, terrycot and polyester.

Control of Photochemical pollutants

The control of primary precursors such as
hydrocarbons and NO, may ultimately control O,
and PAN formation, which are secondary pollutants.
In present days some techniques have been devised
to control hydrocarbon emissions from stationary
sources. Important techniques are :

1. Incineration method
2. Adsorption method

FUNDAMENTALS OF TO\ICQLQG\.

3. Absorption method, and
4o Condensatton method,

1. Incineration method

This method is based on the taey that
hvdrocarbon removal etficiencies are greater in gy,
atter burner inwhich thame s applied o vompley,
the onvidation of hydrocarbon into COL and HOYy

2. Adsorption method

In this method, exhaust gases are releasyg
lhrnu}:h a bed of gl\\l\lll.lll‘d adsorber, which
consists of activated carbon. Hydrocarbon apoury
are adsorbed over the surtace of activated \\n[\(,“‘
which remain there until they are periodically
removed by passing steam through the system, Ty,
hvdrocarbons are then condensed o liquids apg
can be used for further purpose.

3. Absorption method

Liquid containing hvdrocar bons is brought 1o
intimate contact of exhaust gases. The serubbeg
exhaust then passes on, leaving the hydrocarbong
trapped in the scrubbing liquid. The contactbetween
absorbing liquid and exhaust gases is generally
carried in tall scrubbing lowers. '

4. Condensation method

Condensation of hydrocarbons requires low
temperature. It causes gaseous hydrocarbon, ie,
smog forming pollutants, to condense to liquids,
which are collected and reused. However, the
control of hydrocarbon emission from automobilesis
more complicated. For this, application of oxidizing
catalyst may convert hydrocarbons and CO to €O,
and HOH :

combustion

1. Hydrocarbons - CO, + H,0

__ combustion _
2. CO - CcO

n

Researches are being conducted to utilize
smog-forming gases and hydrocarbons.

ir - Table 12.4 : Characteristics of “Classical” and “Photochemical” Smog ;
i S No.| Characteristics “Classical” “Photochemical” —]
1. First occurrence noted London (U.K.) s Los Angeles (U.S.A) :1
2. Principal pollutants Sulphur oxides, particulale matters Ozone, nitrogen oxides, hydrocarbons,
carbon monoxide, frec radicals |
3. Pnncipal sources Industrial and household fuel Motor vehicle fuel combustion (pctroTeﬁBn !
combustion (coal, petroleum) |
4. Effects on human Lung and throat irritation Eye imtation o o

5 Effects on compounds Reducing O—.\;idizing Mwmﬂ;_‘

6. Time of sccunence Winler months (especially in morning) ~ | Around midday Or‘s—l»ll—ubl)‘c,r_I\;Ol;lh:‘ i
7. B Popular worst episodes London Smog Los Angeles Smog T ’“__#
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4. OZONE DEPLETION

[ntroduction

Ozone (O,), a natural constituent of the
atmosphere, is composed of three oxygen atoms
held together in their configuration by electrical
attraction. This electrovalent bond is much weaker
than the covalent bond that holds oxygen (0Q,), so
the molecule is always susceptible to having one
of its oxvgen atoms stripped b)-' an ‘oxygen-
secking” molecule. The reactivity of the chemical is
in large part determined by the strength of the
bonds between atoms. The weak bonds in the
ozone molecule make it an even more highly
reactive gas than oxygen. The word ‘ozone’ (in
Greek, ozefrmeans ‘to smell’) was first introduced
by Shoenbein in 1840 to characterize a chemical
siwccics which had a pronounced odour. This pale-
blue, stinky and explosive gas is formed when an
oxvgen molecule (O,) dissociates thermally. Each
atomic oxygen (O) combines with a molecule of
oxvien (O,) to form an ozone molecule (O5). Ozone
is unstable and destroyed mainly in upper
stratosphere through photochemical reactions with
UV waves. However, nature maintains equilibrium
as shown below :

O, + Ultraviolet light in the wavelengths

E 242nm—0+0

185

B ——————

The free oxygen then joins an O, molecule to
form ozone :

2(); d 3()2

01 -7 ()1 +0
O+() - ()2
0,40 = O,

0+0, - 0,+0,

Ozone is highly unstable relative to oxygen.
Normally, about 90% of the ozone is present in the
upper part of the stratosphere extending from 14 to
40 km average height (22 - 23 k) from the sea
level. This upper layer of the atmosphere enveloped
by ozone is commonly known as ozonosphere or

zone layer, or stratospheric ozone layer or protective
layer or ozone umbrefla. The major subdivisions of
the atmosphere and the location of the ozone layer
are shown in Fig. 12.8.

Actually, composition of air in the stratosphere
remains fairly uniform throughout the region.
However, O, concentration varies by about 10 ppm
in the stratosphere compared to 0.02 ppm in winter
to 0.05 ppm in summer in the troposphere.
Normally, it has been present in the atmosphere at
about 0.75 ppm at sea level. The presence of ozone
layer in the stratosphere is of vital significance for

Quter atmosphere /

—

Stratosphere

- Mesosphere

Stratosphere

|  Fig. 12.8 : Major subdivisions of the atmosphere and the location of the ozone layer i

i
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is toxic, and is produced by photochemical smog
resulting fmm fossil fuel emissions.
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Formation of Ozone

Natural process of formation of ozone is from
oxvgen in the stratosphere. In the lower
mesosphere, the atmospheric oxygen absorbs UV
radiation < 242 nm and photo-dissociates into two
oxygen atoms. Theses atoms subsequently combine
with molecular oxygen of upper stratosphere
producing ozone :

O, +hv{242nm) —» O0+0O
0+0; = O;

Cr

O, +hv (242nm) — 20

20+20, — 20,

At ground level, ozone may also be formed
from oxygen containing pollutants such as NO,,
SO, and aldehyde on absorption of ultraviolet
radiation :

absorption of solar UV radiation

NO, — NO, = O*+NO
(Nitrogen {excited form) (atomic form)
dioxide)

o* + 0O, — O3 (ozone)

(Atomic oxygen)

Ozone at ground surface acts as a harmful
pollutant for plants and animals including man. It is
also responsible for the formation of the potentially
more hazardous pollutant smog, through a series
of photochemical reactions involving oxides of
nitrogen, hydrocarbons and other pollutants.

Sources of Ozone at Ground Level

~ IS -y we 1
Exposure to ozone at ground level,

{troposp i‘.en.. is because of its use as a dising ctan
for air and water U aches in .e\:z s, oil wavn 3
inorganic synth ¢ industries. Ozone is 3 \t
componen tof o\“..;..t Smog ana s producegd ae

ruu}t of electrical discharges, occurrin

<

’J 7
=

.

lu,l**mxw g.‘:rm‘* thunderstorms or with
sparking © ‘L\_trlkﬂi appliances. Other sourceg
ozonein tl“ -ironment are gamma radiation,

Ao ‘;SKA‘\;.

“T

L\-‘

in food prescr\‘ation, commercial UV lar
for sterilization, high voltage electric ee.u’
and dermatological phototherapy equipments
even in photocopying machines.

Toxicity of tropospheric ozone

Tropospheric ozone 1s an extremely reactive
molecule. When ozone occurs in concentratio,
above normal, it creates pollution and may damags
human health as shown in Table 12.5.

Table 12.5 : Effects of Ozone on Human Haalth
T —
SI. No.| O, Leve! (opm) QObserved effects ,
, S
1 0.2 No ill-efiect ‘

2. 0.3 Nose and throat imiation

3 0.8 Genetic alteration i the fung

{long exposure) within 5 days i
4. 1.0-3.0 Extreme fatigue after two hous ‘.
5. Q.0 Severe pulmonary edema »

The toxic effects of ozone are manifested upon
its inhalation and absorption in the lungs. Ozone
toxicity is, in part, produced via free radical
mechanisms. The per oxidation of polyunsaturated
fatty acids and oxidation of amines and proteins
which produce free radicals have been implicated in
ozone-induced damage in pulmonary and extr
pulmonary sites. Free radicals produced by oxidants
damage DNA and thus modify cellular genetic
integrity, which lead to carcinogenic events. But the
role of ozone, if any, in lung cancer is very rare.

Emphysema, a destructive and chronic
obstructive lung disease such as chronic bronchitis,
and development of asthma might be the ultimate
results of chronic ambient ozone exposure.

Ozone exposure has also been implicated in
dizziness and visual impairment — a sign of central
nervous system damage, enlargement of spleenand
thymus, and impairment of immune system.
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Exposure o alr having Oy results in the
lesions to plants nml.-lliy confined 1o the
upper surfice of leaves. The nanl'me
disteibuted white or brown flecks
characterize their lesions and stipplea(dots)
inrregularly distributed blotches,

Ozone tlecking, is enpecially observed with
the plants of grape, citrus and tobacco,

In pine seedlings, ozone causes tip burns,

0.02 ppm ot ozone has been observed 1o
damage pea, pine, tomato and other plants.

In plants, ozone enters through stomata,
Itcauses visible damage 1o leaves, thereby
reducing their photosynthetic rate and
consequently decrease in the yield of certain
tood crops.

Ozone is now known to be the most toxic
photochemical product causing injury to
plants.

Tobacco plants, when exposed for 5.5
hours at 0.10 ppm concentration of O,,
showed 50% reduction in pollen
germination and pollen tube growth,

In caliform fruits and vegetables, yields
have been reduced due to ozone pollution.
Grapes are no longer produced at places
chiefly because of ozone pollution.

Ozone, along with other environmental
pollutants like SO, and NO,, is affecting
crop losses of over 50% in European
countries. In Denmark, ozone affects
spinach, potato, clover, alfalfa elc.

In Netherlands, ozone level was high
enough o reduce yields of beans, polato

FHVIBONIL 1 1A

PHOBEE 1A% s

andd poplars tn UK alone, ozone concen
fration exceeded ADD pig /o 1o 1976 e 1o
Industrind pollation,

Hombawalo (191) proseated evidence that a
sevions deal spot disease of polato, which appeared
I India during cacli year nince 1978, vt primmarily
due 1o ozone

From the above disaassion it iy be coneluded
thal azone in the stratosphere protects as but gt
proves to be dethal when it comes in direct contact
Wl as and plants at earth’s surfice,

Unitof Ozone Thickness

Phe thicknens of ozone layer is measured in
Dabson Unit (DU), where | DU = 0.01 1min of the
compressed gas at 0°C and 760 mm Hy, presaure,

Dopletion of Stratospheric Ozone Layer
(Earth’s Protective Umbrolla)

Whereas an increase in the concentration of
ozane al the ground Jevel is andesirable because it
could induce toxicity, a decrease in the stratospheric
ozone s also dangerous to human beings, their lives
and ccosystem. This is because the stratospheric
ozone acts as a protective layer or sheath, which
absorbs UV radiations from the sun. '

Ultraviolet light arriving in the atmosphere
may be divided into three categories according to
wavelength, UV-A has the longest wavelength, and
UV-C the shorlest. Ozone absorbs more than 99%
of the UV-C wavelengths, about half of the lower
energy UV-B and little of the relatively harmless
UV-A. If the equilibrium of the reactions that absorb
UV radiation is perturbed, a change in the influx of
UV radiation to the surface of earth will occur.

In simple words, an umbrella of ozone in the
stratosphere (aboul 25 km above the surface of the
carth) is able to protect us from the harmful solar
radiations, In spite of being in a small proportion, it
plays a vilal role in the climatology and biology of
the carth. It filters out all solar radiations below 320
nm, which are biologically harmful, and thereby
controlling the thermal budget of the earth. The
amount of ozone, therefore, must have been
intimately connected with the life-sustaining process.
Any large-scale depletion of ozone content,
therefore, will exert catastrophic influence on biotic
systems including plants.

In the last years of 20t century, there has been

much hue and cry about the destruction ofé;; ,
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stratospheric ozone and the issue has oW st
obad dimensions, The problem ol ozone dopletion
andl its adverse consegiences have threatened the
extstence of hite oo the planet 1O (lntetnational
Ozone Trend Faoeh conclided that the depletion ol
vzone layer i a \k‘,h\[u\l atlair and not 4 seasonal

phenomenon contined only Lo the atimosphere by ing

over Antatctica

World Ozone Day — September 16
Causes of Stratospheric Ozone Depletion

Two principal causes may be attribuded ton
ozone depletion — (1) The Natural processes, ad
() The Anthropogenic (man-made) processes

1. The Natural Processes

The mechanism of ozone depletion by natuval
processes is not well-understood, However, it is
believed that ozone is depleted by reactions with
atomic oxygen, reactive hydrowyl radicals and
mainly by NO as shown in weaction numbers 1, 2
and 3, respectively
Reaction |
O+ 0O - O, +0,

Neaction 2
Oy +HO* =5 O, + HOO?
HOO*+ O > HOY 4+ O,

ltcates the everted atom,

Rewaction
O, +NO - NO,+0O,
NO, + O > NO+O,

[t may be noted that nitrie oxide (NO) is
sroduced in the stratosphere below 30 knv by the
reaction of N,O (nitrous oxide) with excited oxygen
atoms, and above 30 km by jonising radiation on
nitrogen

N,O 4+ 0% = 2NO

Ny+hv = N+N

0, +N = NO+O

it may further be noted here that NO s also
anthropogenic.

2. The Anthropogenic Processes

Anthropogenic processes have been known
to cause 50-70% damage to stratospheric ozone. The
important anthropogenic processes include the
CFCs and NO, release.
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Al OFCEC T Bonmen s acsolvent Abontvp owe
the CECs emitted ave sl acommulating il
atmosphere; onhy e ot CECs i the atimesphere o
being removed i any one veat aniial g
are approninately S0 T date abont 120 bllion
K of CECx have been produced and ied wp thee
are serionsly depletiog the earth s protective shield
Earlier models predicted a o % ozone depletion by
the year 2080, but it couhbawellbe ol e

Unlike other componinds, CEes ae neithe
destroved nor removed i the lower atisphet
by precipitation: sin ravs, however  whee thet
chlorine atoms are released inte the afmosphee
under the effects of UV radiation— encounterand
destroy ozone, Also CECxoand hatons have 1000
times more heat absorption power than O, Al
current envission rates the heating potentialofcies
may rise from 15% o the equivalent of GO, by the
year 2025, CECs and halons remain inactive o the
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MAJOR ANTHROPOGENIC GLOBAL
“upub]’l!unf and it takes about 20-4¢) years for these
chemicals (o travel 1o reach the stratosphere, but
after that their intermediate product (chlorise atom)
remains active for 75-110 years, Once these CECy
and halons reach to stratosphere, the chlorine and
promine atoms present in these chemicals are
released as aresultof interaction with UV radiations
in the stratosphere. The ultraviolet light splits up
the tight chemical bonds of CFCs and halons and

. chlorine or bromine atom is set free. These chlorine
- or bromine atoms act as catalyst in splitting up

- (breaking down) ozone into Oxygen molecule and

. chlorine monoxide (CIO). The chlorine monoxide

© molecule isevenly splitup by interaction with another
ozone molecule to give up two oxygen molecules

~ and a freed chlorine atom. The reactions are :

UV radiation

CFCs - Cl+F+C
“ Cl+0; — ClO+0,
~ CI0+0, - Cl+20,
: Or
1 ClO+hv — Cl+ 0O, (photodissociation)
4 Or

ClIO+0 — Cl1+0,

This chlorine atom again repeats the cycle of

destruction of ozone in the stratosphere.

Similar pattern of reaction takes place for

; UV radiation
Halons — Br

The chlorine or bromine atoms remain active

~ for 75-110 years and are capable of breaking

.thousands of ozone molecules before the released
‘chlorine gets converted into dilute HCl and come
down in the form of acid rain. It is important to note
“that each atom of chlorine chain reacts with more
than 100,000 molecules of ozone converting ozone
into oxygen.

Wide range of CFCs are known as shown in
Table 12.6, but widely used are CFC-11, CFC-12 and
CFC-13. Almost all the CFC-13 is used as solvent.
The developed countries release more CFCs into the
air than the developing ones. USA, having 5% of
global population, releases 70% of CFCs whereas
India and China (having 17% and 20% of world
population, respectively) release only 1.8% of CFCs.

Role of NO_in ozone depletion

The rate of destruction of ozone is further

5 enhanced by the oxides of nitrogen (NO,) released
‘;" .

Eﬁ

F
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from the exhaust of arge fleet of supersonic aircraft
and also from fertilizers. The nuclear explosions
directly inject superheated NO, into the
stratosphere, The S5 aircraft generally fly at
ozonospheric level and their exhaust gases directly
provide water vapours and NO, into the
stratosphere.

Curtsey (1971) and his collaborators pointed
out that SS aircraft fleet could add significant
quantities of NO, leading to about 40% reduction in
the O, concentration. Following reactions between
O, and NO, are known to exist :

NO+0O, — NO,+0,

NO,+0; — NO;+0O,

Further, OH species have been known to cause
ozone depletion in the stratosphere :

Photodissociation

HOH — OH+H
OH+0; — HOO+0O,
H+0; - OH+0,

Also, the process of decomposition of ozone
may be enhanced in the presence of some
greenhouse gases such as CO, and CH,,.

It is due to continuous breakdown of ozone
molecules that ozone layer in stratosphere is getting
depleted and at certain locations holes have been
created in the ozone layer.

Ozone Hole

Hole actually represents depletion of ozone
concentration in the stratosphere, not an empty space.
Besides CFCs, NO,, OH species etc., methv] bromide
and hydrochloroflurocarbons also deplete ozone
layer. Depletion of ozone concentration at Antarctica
(South Pole) is more than Arctic (North Pole).

There has been gradual decrease in the ozone
concentration since 1970 to 1993 :

1970 306 DU
1971 245 DU
1993 (October) 240 DU

Ozone hole was first noticed in 1979 in
Antarctica. Tf holé develops in Arctic (North Pole),
then consequences would be more dangerous.
However, at Arctic, a layver of CIO cover over the
ozone has been noticed in 1987. Chlorine monoxide
(ClO) is highly active and encountersezone molecule.

T
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FUNDAMENTALS OF

Ci0+0, - C10,+0,

(chlorine monoxide) (chlorine dioxide)

The CIO, is soon broken down by UV light to
leave a free chlorine atom and an oxygen molecule :

ClO,+ UVlight — CI+0,

It is estimated that a single chlorine atom can
break down 100,000 ozone molecules.

WMO (World Meteorological Organization) in
1995 reported record increase in the size of the ozone
hole at South Pole, which was 20 million km?, twice
the size of Europe. At present the ozone hole covers
the entire Antarctica. Globally, it appears that about
4-5% of the earth’s ozone has been degraded since
the early 1980s. If the trend of ozone loss continues,
itis predicted that the ozone shield will be depleted
by a further 10% by 2050. It is conjectured that this
may lead to an additional 300 million cases of skin
cancer in human.

Effects of Ozone Depletion

It is universal fact that ozone layer in the
stratosphere protects humans from the deleterious
UV radiations coming from the sun. Though ozone
accounts for only 3 parts in ten million of the earth’s
atmosphere, it plays various crucial roles in the
radiation balance of the planet. The depletion of
ozone-layer by chemical pollution created by man'’s
activities have imparted serious implications by
letting “ozone-eaters”. The following would be the
consequences of ozone - depletion :

The consequences of ozone-depletion :
A. Effect on Human beings

1. Eye damages including tumors of the
conjunctiva and cornea, cataracts and
retinal damage may be enhanced.

2. Three kinds of skin cancer — Basal cell
carcinoma, Squamous cell carcinoma and
Melanonm — are rapidly climbing the list of
human diseases caused by UV rays.

3. Suppression of certain immune responses
in human occurs due to UV rays.

4. UV radiations cause blood vessels near the
skin’s surface to carry more blood, making
the skin hot, swollen or red causing suz-
buruns.

5. Long exposure to UV radiations caused by
O; depletion may cause leukemia and
breast cancer. :

TOx e,
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Studies reveal that a 10%

o d('f{n__ar\,.’
stratosphere 0zone may leagd to a0 o
increase in cancer. N carf_\- 7.000 etw_“:"-?:L.,
of such diseases in USA each ';'e: “Cdi
cases have increased by 107, in o Sug
and New Zealand. sty

al
dis

6. Photochemical changes OCCurring i
biological molecules as nucl,.
proteins, lipids, steroids and me)
cause damage to the cel]
cytoplasm, organelles and mem
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B. Effects on Biotic Community

1. UV solar radiation causes heavy mops.-
. - Mortaliy,

in phytoplanktons.

2. The marked reduction in the Productiyis,
of phytoplanktons would, in burn
adversely affect zooplanktons.

3. Enhanced UV radiation also impairs
productivity.

4. Researches conducted on microbes rey ey
that photo irreversible and reversible tyn..
of injury are caused. h
C. Effects on Plants

1. Important crops (wheat, corn, rice ang
soyabean) are sensitive to UV-B ray:
Exposure to UV-B radiation may cause
reduction in the crop yield.

N

UV-B radiation reaching the earth through
the depleted ozone laver in the
stratosphere also reduces the effectiveness
of photosynthesis and multiplication of
phytoplanktons.

3. Due to ozone reduction, intense U\
radiation causes greater evaporation of
surface water through the stomata of the
leaves and decreases the soil moisture
content.

D. Climatic effects of Ozone Depletion

Ozone depletion changes spectral compositio?

of solar electromagnetic radiation. The increased st

UV radiation causes greenhouse effect changing the
global energy and radiation balance. Needless R
mention that every molecule of either of two comme”
CFCs — CCLF and CCI,F, — has the same globa!

warming effect as 10,000 CO, molecules.

E. Ecological Disturbances due 0
Depletion

0:

i
on ¢

Scientists are of opinion that the deplet:o”
=l [tald
ozone, if not controlled, would enormously aff€

I
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Control of Ozone Depletion

Stee CPCs canse maniniim damage to ozone
&.\\\‘:, henee its application should be completely
Nm Al No sate substitute of CECs has yel been

saamrchad out e cooling system, natural products
houhd e used but not the CRCs, Indonesia is using
a natural product (Kapok fibre) in foam mats in

system, Much s yet needed to be done o

Several of the BEEC (Buwrapean Economic
« ‘ammuntty) nations have banned CFC production
altogether, a protocol for the protection of the ozone

~faver was adopted in Vienna in March 1935 by 21
7 )

eountries and the EEC, The convention pledged to
protect human health and the environment from

' the effects of ozone-depletion,

V. EUTROPHICATION

“Eutrophication” is a natural process, derived
from the Greek word “ewtropfos’ meaning well-
nourished or enriched, it means eutrophication is a
nataral process by which lakesare enviched naturally
or, more usually, by human activity, As a resulg, an
aloveropine bk (“aaderfad” ov "nuuwnlptmr") may
become ety (Cwell-fed” or “nutrient rich”) in
due course of time. The key nutrients responsible
l‘m- mnmphic.nim\ ave artraven, phosphorus and
ad/cinr. The envichment Jeads to other slow
procegses veforred toas “satinil ageing of lakes )

Sources of Nutrients : Eutrophication escalates
rapidiv, however, when abnormally high amounts
of nutrients from fertilizers, industeial and domestic
wastes, urban drainage, animal wastes, detergents
and sediments enter water streams,

UNVIRONMENTAI

PROMEMA ]

Types of Eutrophication

Entrophication i chiefly of twa types
(1) Natural entvophication, and (2) Cultural
entrophication.

1. Natural Butrophication

The process of lake aging characterizod by
natvientenvichment is called yatural entrophication
s Procens ,‘ﬂ;hlll.\”}‘ converts |||ip‘llllll|!|\it ke
it a entrophic Jake: Due to increase in natoral
tertility, it prmuits the production of phytoplinktons,
algal blooms and aquatic vepetations including
waler hyacinth, water fern, water lottnce and aquati
weeds which, in taen, provide ample food for
zooplanktons, herbivores, and fishes

2, Cultural Eutrophication

When the process of eutrophication inspeeded
up by human activitien, it is called cultiral
cutrophication. Approximately 80% of the nitrogen
and 76% of the phosphorus added (o Jakes and
streama in developing and developed countries hav
its source through human activities, Zake Mendote
and Lake Washington have undergone rapid
entrophication due to human activities In India,
recreational value of Kashmir lakes is diminished
while Nainital Lake is undergoing a rapid
entrophication as a result of sewage, domestic waste
and detergent addition,

When the average concentration of soluble
inorganic nitrogen exceeds .30 ppm and the soluble
inorganic phosphorus content exceeds 0.01 ppm,
algal blooms may appear in any oligotrophic lake,

Effects of Butrophication

Butrophication causes several physical,
chemical and biological changes, which considerably
deteriorate the water quality. Entrophication may
otherwise be called “nutricnt pollution” of lake ele,
Their adverse effects are

1. Butrophication reduces the recreational
values of a lake,

2. During eutrophication, algal blooms
release deleterious (toxic) chemicals which
kill fishes, birds, and other aquatic fauna
~ causing water to stink,

3. The algal blooms impair water quality by
giving ita bad taste and odours, If the lake
is a source of drinking water, considerable
expense may be involved in improving its

quality.
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Decomposition of algal bloom leads to 0,
depletion in water. Thus, with a high CO;
level and poor O supply, aquatic biota
begin to die and the clean water lurns into
a stinking drain.

Toxic gas (H,S) that emanates (originates)
from rotting algae has foul smell. Tt
indirectly impairs the physiology,
metabolism and behaviour of aquatic biota.
Dense algal blooms at the lake surface
reduce penetration of sunlight to the lake
bottom. As a result, the decper waters
contain less amount of DO (dissolved

l oxygen), which is further reduced by

decomposing algae and organic matter.
accumulated at take bottom. The O,
depletion is often responsible to the
winterkill of fishes in northern lakes of India.

Many pathogenic microbes, protozoa,
bacteria, viruses etc. grow on sewage
products under anaerobic conditions. It
results into spread of fatal water-borne
diseases such as polio, dysentery, diarrhea,
typhoid and viral hepatitis.

Macrophytes, particularly Hydrilln,
Potamogeton, Ceratophyllun and
Myriophyllum, assume high population
densities making near-shore and shallow
regions unsuited for any purpose.

The lake undergoing eutrophication may
become O, - deficient, destroying fish
habitats, leading to the elimination of
several desirable aquatic species in water.

Prolonged eutrophic conditions lead to
“dystrophicstate”. The lake receiving huge
amounts of organic matter from
allochthonous sources are called
dystrophic. These lakes contain bog flora
and high amounts of humic acid while
planktonic productivity is very low.

The rooted weeds gradually reduce the
lake size and also interfere with fishing,
navigation, irrigation, and the production
of hydroelectric power.

As a result of sediment pollution, the lake
basin is gradually filled in, rendering the
jake shallow, and, in due course of time,
the lake becomes “extinct” as a result of
eutrophication.

Control of Eutrophication

The role of various nutrients, especially nitrogen
ulrnphicalion is so overwhelming
J

and plu)splmrus, ine
as ratified at the 9

that an international resolution w
International Congress of Theoretical and Applied
Limnology in 1974. Geveral technical devices along with
r inflow of effluents have been

prevention of furthe
yn. For example :

used to control cutrophicatic
1. The waste waler must be treated before
its discharge into water streams to limit
the nutrient value.
2. Recycling of autrients can be checked
through harvest.
3. Eulrophicalion can be reduced by
removing nitrogen and phosphorus al the
source and by dilution.

4, Algal blooms should be removed upon
their death and decomposition.

5. Algal foodweb should be disrupted to
stimulate bacterial multiplication.

6. Algalgrowthcan be controlled by limiting
the dissolved nutrients. The most suitable,
feasible and effective method involves the
use of chemicals to precipitate additional
phosphorus. Such precipitants include
alum, lime, iron and sodium aluminate.

7. Physicochemical procedures can be applied
to remove dissolved nutrients. For
example, phosphorus can be removed by
precipitation and nitrogen by nitrification
or denitrification, electrodialysis, reverse
osmosis and ion exchange methods.

8. To minimize algal population, copper
sulphate may be applied.

Ecological Classification of Fresh water
(Lentic) Biota

A. Pond Flora : The floral community of the
pond constitutes the producers (autotrophs).

Pond flora are of four types:

1. Phytoplanktons: These are plant plankfon
having chlorophyll. They are capable of
synthesizing their own food by the process
of photosynthesis and, hence, are called
producers.

Important phytoplanktons of pond (lentic
habitat) are :

Scanned with CamScanner



Valoox, Luglena, Anabacna, Chalamy-
damtonias, Ceratinn, Fragilarin, Mic rOCyats,
Lidarind, Closterisim, Naviculn, Asterionella,
Richiterithiete,

2. Floating Plants : These includes plants which
flaat freely on the water surface and also
rooted plants with floating leaves, Examples
= Wolfin, Leinma, Nymplaen, Pistin ete.

- 3 Submerged Plants: This comprises plants
which remain submerged in water,
Examples — Hydrilla, Vallisneria, Cerato-
phllum, Utricutaria ele.

4. Emergent Plants : This comprises rooted
butemergent plants, Examples — Saerttaria,
Ty, Nymiptaen, Marsilea, Netanbo ele, Few
important (emergent plants) flora of a pond
have been shown in Fig. 11.4

B. Pond Fauna: The fauna of the pond (lentic
itat) constitute the consumers and decom-
ers. The consumers are divided into five
wipal groups : (1) Benthos, (2) Periphyton,
Zooplankton, (4) Nekton, and (5) Neuston.
1. Benthos: Animals which live on the bottom

are called benthos. Examples — Prla,
Lamellidens, Enrthworms, Turfles etc.

- 2. Periphytons : Animals attached or clinging

.~ to aquatic plants are called periphyton.
These are also called Aufwuchs. Examples
— Hydra, Planaria.

Revision Questions  *

' A. Long-Answer Questions
‘1. Name the major environmental effects.
Describe any one of them well-studied by
you.
2. Define “acid rain” and its causes. Give
effects of acid rainon :
(i) Aqualic ecosystem
(ii) Forest ecosystem
(iiiy Terrestrial ecosystem

X—13]
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(iv)  Human beings
(v) Buildings.
3. Write an essay on Eutrophication,

4. Define Greenhouse effect. Name the green-
house gases and their release sources,

A

Describe the principle and consequences
of greenhouse effect.

6. Writeanessay on London and Los Angeles
Smog,.

7. Give the causes of ozone depletion and its
mechanism.

8. Justify the statement “Ozone is a protector
of human on one hand and killer on the
other.”

B. Short-Answer Questions
1. Bricfly describe
(i) Wetand dry acid rain
(ii) Role of wind in acid rain
(iii) TajMahal and acid rain.
2. Write short notes on :
(i) Principle of greenhouse effect
(ii) Possible consequences of greenhouse
effect
(i) Remedial measures of greenhouse
effect.
3. Briefly describe :
(i) Photochemical Smog
(ii) Conditions for Photochemical Smog
formation

(iii) Mechanism of Photochemical Smog
(Los Angeles Smog) formation
(iv) Mechanism of London Smog for-
mation
(v) Control of photochemical pollutants.
4. Write short notes on :
(i) Formation of ozone
(ii) Toxicity of ozone
(iii) Depletion of ozone layer
(iv) Effects of ozone depletion
(v) Eutrophication.
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