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Introductlon § O\

The branch oLf Chamrstry whﬁch e[eals with the study of chemicals and
other pollutants the e‘n\m:oﬁment is called environmental chemistry. It also
coversthﬁa rs@ effects of these chemicals on living and non-living things.

gnvnronmental chemistry is a part of environmental education. The
objective of which is to enlighten the people. Particularly the students, about the
importance of protection and conservation of our environment. The need for this
environmental education, both formal and non-formal, is keenly felt at the
national level.

- Since the start of industrial revolution, human activities have played havoc
with the atmosphere of the earth. The gases which are released due to the
increasing use of fossil fuels (natural gas, coal and petroleum) have polluted the
atmosphere upto such an extent that it is difficult to breathe air in some areas of
metropolitan cities.

The excessive use of fertilizers, insecticides and pesticides, etc. for
agriculture purposes has proved to be harmful for animals, birds and human

beings. The situation is turning serious for every passing. day and- there\
urgentneed to control the emission of pollutants m the atmosphere =




1 0 1 Com pos:tmn of Atmosphere =L

Earth is covered,) ".|'ch a \planket of air called the “atmasphere” which is
made up ﬁf seyeralll'ayers ofgases Air is essential for Ilfe on earth, for animals to
breatha and for plants to make their food. You cannot see, smell or taste earth's
atmosphere. It contains more nitrogen than any other gas.

The components of the atmosphere may be divided into major and minor

constituents. The amount of these different gases in the air varies slightly from -

place to place, season to season and day to night. The percentages of these
constituents by volume are given in Table (10.1).

Table (10 1): Major and Minor Constltuents of the Atmosphere

Nitrogen 780 “Carbon d|0)<| ] 0.03 g

Oxygen | 21.0 Noble gases
Water Vagours 12

~ ,Ilq\,‘:.

10.2 Air Pollutants

Any substance (solid, liguid or gas) in the air which has adverse effect on
human health, quality of life and natural functioning of ecosystem is called an air
pollutant.

The concentration of a pollutant is expressed in parts per million (ppm). A
concentration of one ppm means one part of poliutant per million part of solid,
quuid or gas mixture in which the poliutantis formed.

Every Individual should tryto...“ « o ou T e s \:
Pour liquid waste into sewers not in open, drams, rrver and sea Stop usmg
chloroﬂuorocarbon CFCs) product’- )~ \(\ )




) -.;jarlv\.tays as pure as it should be. There are five types of harmful
substaﬁd: ‘which account for more than 90% of air pollution. These are fast
growing sources of air pollution created by our day-to-day activities. The detail
of these substances is mentioned below.

(i) Carbondioxide (CO,)

(il Carbonmonoxide (CO)

(iiiy Oxides of nitrogen (NO, NQO,) collectively referred to as NO,
(iv) Oxides of sulphur (SO,, SO,) collectively referred to as SO,
(v} Hydrocarbons (Methane, ethane etc.)

(vi) Particulates (Dust, pollens, metallic compounds)

(vii) Ozone ()

(viil) Smog (Mixture of smoke and fog)

__\lkmu

- Sources of Air Pollutants I::‘_)_

Millions of tom*l\95 efpallutants a‘re ,eh'ntted |nto the atmosphere each
year as a result oLhumah actnﬂtres The major activity among them is the
Complete and| |h&h plete combustion of fossil fuels which alone is responsible
for mo‘st* rpollution problem.

Burning of fosil fuels (oil natural gas, coal) produce carbondioxide carbon
monoxide, NO,, SO,, CH,, ash, smoke and suspended particles.

Many of these pollutants are also released into the air by natural
processes e.g., volcanic eruption releases large quantities of CO, SO, and
particulates. Methane is released in the air by the decomposition of vegetation. It
is also present in waste gases produced during digestion in animals.

_ Rapid growth of population, urbanization, industrialization and
transportation are the main factors which are responsible for environmental
pollution. All these factors are increasing in every city of the world especially in
the last half century. These pollutants are affecting the environment very badly.

Another pollutant ozone (Os) is formed when heat and sunlight cause
chemical reaction between oxides of nitrogen (NOx) and volatlle _organlc
compounds (hydrocarbons) i N2 -




An extremely ugly poiiutant smog is suspended in many cmes of
Pakistan especially in Wmter \Its'suspension is caused by a combination of factors
which. mc’udelmduétrlal pollution, vehicle emission and crop burning. These
factors are responsible for the accumulation of nitrogen oxides, sulphur dioxide,
particulate matter and volatile organic compounds in air.

The following Table (10.2) shows the major air pollutants and their
harmful effects on human beings and on the environment.

‘I'ab!e {1 0.2) Pollutants and Thelr Harrnful Eﬁ’ects

Carbon Higher levels of carbon dioxide lead to
dioxide increased global warming which can cause ice

(CO,) caps to melt and oceans to warm, causing sea
levels to rise. Extreme weather changes such as
heat waves, heavy rains and W|ld flres also oceur.

L E.f l.

Carbon It is extreme!y palsan@us gas that can ]cause
monoxide suffocatlen and death Carbon monoxide is
o\~ '.,Ivery thlc gésethat stops the red blood cells in

| \ahimal's blood from carrying oxygen that body

RN AN 0 needs.
Oxides of NO, can damage lungs, irritate the eyes and
nitrogen (NO) damage vegetation.
NO, NO, it can also cause acid rain which affects

buildings and statues made of limestone.

Oxides of SQ, irritates the éyes and causes breathing |
sulphur (SO,) difficulties and acid rain.

SO,, SO, '
Hydrocarbons Poisonous and cause global warming.

Particulate matter | Irritates the eyes and can also cause severe
breathing problems for people with asthma. It
also makes clothes dlrty, Also, wslbth‘ty Is
reduced becauseit prociutes haze irrthe air. It

may render!akes and streams acidic.
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Breathing ozone can cause a variety of health
problems including chest pain, coughing,
throatirritation and congestion.

It can lead to health complications like
allergies, asthma and lung infections. Inhibits
the proper growth of plants.

Amazing Facts about the Environment
1. 78% of marine mammals are at risk of choking on plastic.
2.. Humanuse only 1% of all available water.
3. Theworld has over 3.04 trillion trees. 27000 out of them are cut down dallyto

l
I
|
l make toilet paper.

Exercuse

How'does alr poilutlon affect plants?

10.3 Acid Rain

When rain water has pH less than 5.6, itis knownh&aqd raTn SIn1 852
Robert Angus Smith was the first g shm‘w fhe relatidnsmp between acid rain and
atmospheric pollutlc\nﬁlnll quchester,\Englﬁnd He is sometimes referred to as
the "Father of AC|d Rain. Bummg of fossil fuels releases harmful gases into the
atmos__phz e Theéle gases (SO;, $Os) are produced due to the presence of sulphur
in the fossil fuels SO, is converted to SO; in the presence of oxides of nitrogen of
the atmosphere. Oxides of nitrogen are produced mostly by the direct
combination of atmospheric oxygen and nitrogen in the industrial and domestic
combustion processes. g :
They are also produced
by the combination of 8
atmospheric nitrogen [l
and oxygen in the [
presence of lightning.
Significant amount of
nitrogen oxides is
produced by the
reactions taking place
in automobile engines
Fig.(10.1).




These gases mix with the moisture that is a}ways preéent m \the-air to form
acid droplets. Wind can carrythese acld’ fad roplets tm‘huge distance.

Finally, these dvoplets retumta \the ground as acid rain, acid hail, snow
and even fog. Acid rain |ooks, \feels'and tastes like clean rain. its corrosive nature
cause_§__wi_?e§ﬁé-éd [ﬂamage to the enwronment

Thereis a giant floatmg patch of garbage spread over in the Pacific Ocean It contains
about 100 million tons of garbage.

Effects of Acn:l Rain

Acid rain causes a nu mber of advbrse‘ eﬁécts It tbnd$ tdm’crease aqdlty of
the soil, threatens human “and\ aquatic IL‘fe\_deS’croys forests, and reduces
agricultural productlwty Be@tdes, it cahf:orrode buildings, monuments, statues,
bridges and rafltqg@,'f MoStJmportant adverse effects of acid rain are as follows:

@ sail[ Y

Acid rain makes soil more acidic. It dissolves and washes away nutrients

present in the soil which are needed by plants. It can also dissolve toxic

substances such as aluminium and mercury which are naturally present in the
sail.

{ii) Plants

Many plants cannot live or grow in acidic soil. [t can damage vegetation
and plants. Tree roots hold the soil together on hills and mountain areas. If the
trees are destroyed then the soil is washed away and new plants cannot grow
there. -

(iii) AquaticLlife _
Acid rain falls into drains, streams !akes marshes, rivers and damages the

aquatic life. Acid rain can make water too acidic for anlmals ta_lwe in. Duetothts,
many lakes and rwersnolongerhavef"sh ~ X\ [ o \c




(iv) | Human Health

The acidjfication of surface water does not affect life directly. However,
toxic shlb;sltanéés”léach’ed from the soil can pollute land water supplies and
damage'human health.

{v) Agriculture

Crops are less affected by the acid rain than forest. Farmers can prevent
acid rain damage by monitoring the conditions of the soil and when necessary
adding crushed lime to neutralize the acid.

{vi) Human-made Structure

Acid rain and the dry deposition of acidic particles damage buitdings,
statues, automobiles, and other structures made of stone, metal etc. Historical
buildings like Parthenon in Athens (Greece) and the Taj Mahal in Agra (India) are
deteriorating due to acid rain.

- Exercise. :

o\ :'\\‘I‘_\'\\\I I~ :

\\Ih{é ‘ﬁ?b’gressive warming up of the Earth's surface due to blanketing
effect of man-made carbon dioxide, methane and other gases in the atmosphere
is called Greenhouse Effect.

The sun emits short
wave radiation that passes
through greenhouse
gases to heat the surface
of the Earth. At night, the
hot Earth's surface emits
longwave radiation that is &
mostly absorbed by green ;
house gases. This process
of absorption prevents
the radiation to reach
space, reducing the speed & ]
atwhich the Earth cancool Fig 10. I.,\Giqal_wafrﬁingfg'feenhouse effect
off (Fig 10.2). AT () || NS~

-




H|gher the oncentratlon-of carbon diomde and other gases, greater wull

bethe abforptﬁonl f thermal and radiation the increase in global warming.

\ pal!utmn

Greenhouse effect dep' tlon of ozone and ac:d raln are the global effects oij

Sources of Greenhouse Gases

Due to the burning of the
large amount of coal, oil and
natural gas, the amount of green
house gases, carbon dioxide
together with other gases in the
atmosphere has increased for the
last 300 years. About half of this
carbon dioxide is utilized by plant
life during photosynthesis.- -AS/
human beings cut down furests;"'-t e
capacity of the tre de to remove CO,
from the\ airis dlrﬁmlshed

Methane is another green
house gas which causes adverse
effects. The increase in its
concentration in air is due to the
increased decay of vegetation
matter, digestion in animals and
increased farming of the rice fields.

-~

2

Sunlight passes
through the
greenhouse gases
and warms everything
onthe Earth

Fig (10.3): GREENHOUSE GASES

™
The Earthwarmsup and
gives out heat. Some
heat pass through the
greenhouse gases but
some are trapped
ms:de warmlng upthe '

oLl

Water vapours also act as greenhouse gas. When released into- the
atmosphere watersoon comes backto earth as ac;d rain.

The remaining carbon dioxide goes on accumulating i i the {ower Akess of
the atmosphere and forms a thickdense layer This layer behaves like glass sheet
of greenhouse that allows the i mcomlng solar radiation but does not allow it to

escape out5|de, asa result of thls the average temperature of the Earth rises,




A rise of a few degrees in' temperatu re may seem small but It can be
enough to cause ,s:&_:]mﬁcant changes in the climate. Atthe moment, it is difficult
for scueﬂt#sts to say how big the changes will be and where the worse effects will
occur. This can damage agriculture and food production as well.

Exerc:se

(a) qu do hwng thmgs add and plants remov;e b d|0x|de from the
L air? : e

(b) Whichgasdorice plants produce? .
{9 Whtch gaswglven-outbyrottlng garbage 1

The effects of climate change may be physncai ecological, soc1ai or
economic. Following are four adverse effects of the global warming.

Sea level -

Higher temperature will make ¥
the water of the seas and oceans |
expand. Ice melting in the Antarctic
and Greenland will flow, into the sed |
and it results in higher\sea levels) This
phenom non]wﬂl threaten the low-
lying coastal areas of the world such as
the Netherlands and Bangladesh Fig
(10.4).

Fig (10.4): Global warming at sea levei

_Increase in Rainfall
There may be enormous increase in rainfall which may increase the sea

level. This ultimately will cause worldwide floods endangering survival of living
species.Fig (10.5),

- \Fig\(10.5); Effects of Climate Change




The changes) ih the Peather will affect
the types of crops grown in different
parts of the world. Some crops such as
wheat and rice grow better in higher
temperature but other plants such as
maize and sugar cane do not Fig (10.6).

Fig (10.6): Global warming risking the
agriculture drought.

In moderate region, the winter
will be shorter and warmer and the
summer will be fonger and hotter Fig

(10.7).

1
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Since 1990, we }have .k:st around 28
mlhoﬂ tmje of lice. ‘At presents, its

Fig (10. u mmer and winter
melti grate is 1.2 trillion tons per year.

-10.5 Strategies to Reduce Environmental Issues

Huge amount of pollutant gases are thrown out in the atmosphere by
burning fossil fuels. Automobiles, aeroplanes, industrial machines and coal-fired
electricity generating plants, etc, are mainly responsible for the extremely
polluted air especially in big cities. Scientists have developed a number of
different ways to control this menace of pollution.

Planting trees is thought to be very helpful in removing the air pollution. A
well-known process carried out by plants is photosynthesis in which plants clean
the air through absorption of carbon dioxide and releasing oxygen. This famous
reaction takes place in the presence of sunlight and it is catalysed by chiorophyll
the green pigments present in ieaves




‘matter present in the' atmosphere is also removed by
plantswhen it c_fgp._cTsit‘;. onlleaves, branches and trunk surfaces.

?aﬁalytic \converters are used in the exhaust system of modern-day
automobiles to reduce the emissions from an internal combustion engine. Due
to non-availability of enough oxygen the carbon fuel in engine does not burn
completely into carbon dioxide and water. Thus, toxic by-products like CO and

hydrocarbons are produced.

A three-way catalytic inverter performed the following three functions
simultaneously.

1. Iltreduces nitrogen oxide into elemental nitrogen and oxygen.

The particulate

NO, 4 > Ny + Oy
2. Itoxidizes COto CO,
2C04 + Oy » 2C0,
3. ltoxidizes hydrocarbonsinto CO, and H,O e
CxH axlg) + 2){02@ » X COZ{Q) + 2_?5!'{-2 : = /\ I\“‘{\\\\\

Similarly, the emission of sulphur dioxide can be' décresised either by
using fuels which have significantly;fess (sulphur contents or using flue gas
desulphurization prdféit_\f'gé{-ﬂ”ﬁé‘pfﬁlﬁgs};céﬁ%éﬁw&e sulphur dioxide gas from the
exhaust gases of qu,_silka\'}\gl‘f-.__E\l lie gasis the emitted material produced when fossil
fuels \.a\_re;\J"p\\u;tﬂj‘;t\:fh«!p‘ti\?ifer plants. The desulphurization process involves the
additiBH\of ‘absorbents like calcium oxide which can remove upto 95% of the
sulphur dioxide from the flue gas.

To discourage the excessive use of fossil fuels in our daily lives it is
urgently required to use the renewable resources to meet our energy needs.
Renewable resources are those resources that can continue to exist despite
being consumed over a period of time even as they are used.

These resources include Sun, wind, water, geothermal, biomass and
hydrogen gas. Solar energy and wind energy have been proved to be very
effective ways of generating electricity without damaging the environment.

7 L



Air quahtw Jndéx (AQIi is a rating system that shows how bad is the
atmosphe}e around you. An (AQl) value under 50 is considered good in quality.
This means that it is safe for you to spend time outdoors without posing a risk to
your health. As the (AQI) number increases, so does the risk to health. An (AQI)
over 300 is considered hazardous. Children under 18, adults over 65, people with
chronic heart or lung disease and diabetic people are high risk groups. Outdoor
workers can also be considered at higher risk because of prolonged exposure.

The following steps should be taken when air quality is bad.

1;

3

W

Reduced the time you spend outdoors. Also reduce the intensity of
outdoor activity. According to experts the chances of being affected by
unhealthy atmosphere increase the longer a person is active outdoors
and the more laborious the activity.

If you are forced to go out, then consider wearing a mask Unfortqha\taly
not all the mask provides adequate safgtyagmngt paftlcutai\e ‘matter.
Cloth or dust mask may hot, éfngtwé]y\ ﬂlter ot/ the finer particles.
However, well’f“ﬁtedN%maqks have petter filtration capabllltles and may
besafertouse] || |\ |\ 1\

. Khﬁip Wu{ ﬂoc)f healthy by keeping the windows and doors closed. Ifitis
g

cult to maintain clean air in the entire room then create a clean room
by switching on air conditioner or air cleaner.
If you experience such symptoms that worry you, talk to your doctor.
Install carbon monoxide detector to detect the increased level of carbon
monoxide. These higher levels of CO may occur due to faulty fuel burning

- appliances.

Breathing in polluted air by these high risk groups may affect their lungs,
heart and brain. Air pollutants can enter their blood stream and can cause
coughing or itching of eyes which may lead to poor quality of life, hospitalization,
cancer or even premature death.
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e Ox:des of carbo nttrogen and sulphur along wn:h methane and partmulate matter :
B i arethe mam po tants ih thealr ¥ : o

Earth is coveref:l v&lth'-
Iayﬂsqféasés,' g

Ahysubstance in the air wh|ch has an adverse effect on human health quallty of life
‘and naturalfunctlomng ofthe ecosystem is called a pollutant s

_léﬁkét"‘éf'air called._atmd_sphéra_ wth'ich-. is made up of several

Every eﬁort shoul‘d _be made to reduce the harmfu! eﬁectsi 0 herpolltgtanfe
disc g 7ees and-using

(i)

l
\H\‘” J I '

W “

Tick (V') the correct answer.

Which gases are responsible for greenhouse effect?

(a) SO, NO, (b) CO,CO

(c) CO,CH, (d)y 0,0,

Indicate the source of sulphur which is responsible for the presence of
oxides of sulphur inthe atmosphere.

(a) Decomposition of vegetation

(b) Waste gases from digestion of animals

() Photochemical of smog

(d) Combustion of fossil fuels

Concentration of which gas in the atmosphere 15 decreas""d"- by
photosynthesis in plants? ~\Ie \qH "
a) Oxygen 0\ {b) Nitrogen

(¢) Carbondioxide . (d} Watervapour




(v)

(vi)

(vil)

(viii)

exhaust of ﬂ]e aummoh]es?

-:;j(ﬁ)llt@“ (b) CO
'(c) NO (d) NO,

People of which age groups are the most affected by the air pollution?
(a) Young aduit

(b) Cancer patient

() Children

(d) Both children and aged people

Inwhich area there is a greater possibility of acid rain?

(a) Aroundvillage (b) Around bigcities -

(¢) Around industrial area (d) Aroundwaterbodies

Why is smog not feltin summer?

(a) Because fogisnot presentinsummer

(b) Because dueto heat of the earth the smoke rises up X \\\
(c) Because insummersmoke and fog cannot mlxwﬂzh each cﬁhgr 1\ UL
(d) Because less fossil fuels areburntin. summer NS ,' (elo =

Which catalyst 15\ used in| tbg*‘ca\fafyt}ﬁ\chve&er [fixed in the exhaust
systems ofauteckn@bﬂqs? \‘..\ N
@Ni |\ \byca ()Pt,PdandRh  (d)Ca0

(ix) \\Wh‘i(:h\ b\%ments are essential for the formation of photochemical

)

097‘ _
(a) CO,NO,, CO,
(b) NO, volatile organic compounds, sunlight
(c) CO2, NOg, sunlight
{d) volatile organic compounds, NO,, CO
Which air pollutant can cause respiratory problems?
a)CO, b) Ozone ¢)Smog d)CO

Questions for Short Answers

What is the main objective of environmental education?
How is particulate matter released in the atmosphere?
Which gas is more poisonous, CO, or CO?

How does acid rain affect forests?

“Inwhat way sulphurpresentinfossil fuels becomesda{\gérous?
Name any three major sources responsit ble ¥0rthe greenhou%e effect.
ii. Howis geothermai anergyusefulforlugi?) NPT
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Con truﬁiqﬂl RESpénse Questions

: b
2 é‘/

Ho% the excessive use of insecticides and pesticides harmful for birds?
Percentage of CO; in air is only 0.03%. Then how does it become harmful for
the ecosystem?

Why only some poliutant gases present in the atmosphere cause green
house effect while others do not?

How can you reduce the emission of CO present in the gases emitted by the
burning of fuel in the automobile engines?

Mention three different ways in which solar energy can be usedful for us.

Descriptive Questions

Describe the harmful effects of the major pollutants present in the air.
Explain greenhouse effect. How is global warming dangerous forus? _
Whatis air quality index? What information does it ccmvey? T
Who are at high risk groups and whyis pollutlon mpre dangerous for them?
Describe three StFEIthIES to- address erwironmental issues.

Inv'ﬁstlg@tl'ée Questlons |

Méjor Pakistani cities experience a very high AQIl in winter whlch renders
them the most polluted cities in the world. Point out some of the major
causes of high AQlin these cities.

Why does AQI not rise in Pakistan in hot days of summer?

How has climate change affected Pakistan during the last five years?




