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Q:1 Encircle the correct option. \““ !I
{)  Which halogen molecule has the strongest bond? N
AR 8. Br, L D. cr,
() Which one of the following halogen molecules has strongest oxidizing power?
A. Br, B.F, Gl D. Ct,
() The decreasing thermal stability of the halogens down the group is primarily due to the:
A. Increasing electronegativity of the atoms.
B. Decreasing bond length between the halogen atoms.
C. Increasing atomic radius, leading to a weaker covalent bond.
D. Increasing strength of van der Waals forces
(lv) How does the acidic strength of hydrogen halides change as you move down the group?
A. It remains constant, B. It decreases from HF to HI.
C. It increases from HF to HI. D. It fluctuates erratically
(v) Why is fluorine the most reactive halogen?
A. Bond length in the halogen molecule B. Bond strength in the halogen molecule
C. Electronegativity of the halogen D. Number of electrons in the halogen molecyle
(vi) When aqueous silver nitrate is added to a solution containing bromide ions, a cream precipitate f,
What is the solubility of this precipitate in ammonia solution? o
A. Seluble in dilute ammonia solution. B. Partially soluble in dilute ammonia solution,
C. Insoluble in dilute ammonia solution. D. Soluble only upon heating with ammonia.
Q.2 Write short answers of the following questions. (2x8= “I-
() Why chlorine is more volatile than bromine and iodine?
(i) HFIs the most thermally stable hydrogen halide. Give reasons.
(i) write down the equation for the reaction of Ki with Ag followed by NHy. What would you observe 3 tp,
completion of this reaction?
(iv) Hlacts as strong reducing agent. Explain it with two chemical reactions.
(v) Which halogen is used as an antiseptic? How does it work?
(vi) Why HF is weaker acid than HCL?
(vli) Describe a simple chemical test that could be used to distinguish between aqueous solutions of potassiyn
bromide and potassium iodide. Include the reagents and expected observations.
{viil) Explain the chemical principles behind the use of chlorine as a disinfectant in water purification. Inclyde
relevant chemical equations in your explanation.
Q.3 Extensive Questions. (2x4=g)
(3) Discuss reactions of halides with aqueous silver ion followed by aqueous ammonia.
(b) Describe the reactions that occur when chlorine is bubbled through

(i) Cold and (ii) Hot, aqueous sodium hydroxide (NaOH).
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ATMOSPHERE
;

Afer studying this chapter, students will be able to:

dentify the properties and composition of the atmosphere. (Include the concept of 4 layers of
atmosphere and their composition. (Understanding)

pescribe the sources and understand the effect of air pollution, (this can inciude both natural and
human caused pollutants including Greenhouse gases (such as carbon dicside, methane, and
nitrous oxide), Chlorofluorocarbons (CFCs), and Ozone (0,) and other otone-depleting substances,
volatile organic compounds (VOCs), Polycyclic aromatic hydrocarbons (PAHs), Persistent organic
pollutants (POPs), Heavy metals such Lead (Pb), Mercury (Hg), Cadmium (Cd). (Understanding)
pescribe the impact of human activities on the atmosphere including the effects of burning fossil
fuels and deforestation. (Understanding)

identify the chemical reactions and processes that occur in the atmosphere (some examples
include the formation of smog and acid rain). (Understanding)

identify the global scale problems of air pollution, such as global warming and the greenhouse
effect. (Understanding)

Describe the factors that affect air quality. (Understanding)

gxplain the link between air quality and human health. (Understanding)

Evaluate the potential health risks associated with air pollution. (Understanding)

fFamiliarize with use of methods and techniques to measure and monitor air quality
(Understanding)

Design experiments and collect data to test hypotheses about air quality. (Application)

Analyze data and interpret air quality measurements and trends. (Understanding) -

Explain the technologies and strategies used to reduce air pollution and improve air quality, such as
emissions control and renewable energy sources. (Understanding)

identify the laws and regulations related to air quality and the measures used to contral air
poliution. (Understanding)

Analyze the economic, social, and political issues related to air pollution and air quality
management and demonstrate through answers. (Understanding)

L J
The atmosphere is a sphere of different gases around the earth.
The component of the atmospheres may be divided into major,
minor and trace components. Major components are nitrogen
(78.00 %) and oxygen (21 %). Minor components are argon (0.93 T
%), carbon dioxide (0.04 %). Trace components are methane,
hydrogen, neon, helium, krypton, and xenon. V;‘“ﬂm
Carton Goaca
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LAYERS OF THE ATMOSPHERE S

The atmosphere has four distinct layers which are determined by the
change in temperature that is observed with Increasing altitude.

]

i)

i)

iv)

Troposphere

It is the lowest region of the atmosphere which extends up 10 12
km. It includes all the major gases present in the atmosphere i.e,,
nitrogen, oxygen, and carbon-dioxide, etc. In this region,
temperature decreases from 17°C to -58°C regularly. It is the
densest layer of the atmosphere. It is the layer in which major
events such as rain, lightening, and hurricanes occur.

Stratosphere g

Above the troposphere, the stratosphere lies which is at a Flgure: Layersolthe;:m“phmﬁ

distance of 12 — S0 km above the earth surface. Temperature

increases from -58°C to -2°C. Stratosphere can also be divided 2} R )
= ! ack Your Ming!

into three regions according to the distribution of ultraviolet . ’

radiations from the Sun. Since ozone in the upper layer absorbs | 1+ Which laver of the aimgy,

contains the ozone layer thyy prot
life from harmful UV rays?

A) Troposphere  B) Mew,phua

high energy ultraviolet radiations from the Sun, Ozone breaks
down into monoatomic oxygen and diatomic oxygen.

L

0., —0,,,+0, C) Thermosphere D) Stratosphare

The middle stratosphere has less ultraviolet radlations passing [ ~ S
% * : L
through it. Here, monoator_nlc_ oxygen and diatomic oxygen Q Rack Your Mind!
recombine to form ozone which is an exothermic reaction due to e ——
which formation of ozone layer takes place. IR e S Bou et Wiang
atmosphere and their key leaturey)
0, +0  —0

o " e ) ]
The lower stratosphere receives very low ultraviolet radiations, thus monoatomic oxygen is not found hers
and ozone is not formed here.
Mesosphere
It extends to a height of about 50 — 85 km from the ground. Here, the temperature decreases with altitugs
from -2°C to —93°C. The coldest region of the atmosphere is located in this layer.
Thermosphere
It extends from 85 km to 600 km above the earth surface. This is the region where the temperatyrs
increases as the altitude Increases. The increase in the temperature is caused due to the absorptign g
energetic ultra-violet (UV) and X-rays. Temperature in the upper thermosphere can range from 500°C y,
2000°C or higher.

AIR POLLUTANTS

Pollutants are substances (gases, liquids and solids) that are harmful to the environment,
The most important pollutants are mentioned below:

Oxides of Carbon (CO and CO;)

Oxides of Nitrogen (NO and NO;) collectively known as NO,
Oxides of Sulphur (SO; and 50;) collectively known as SO,
Hydrocarbons (Methane, Ethane)

Low altitude Ozone (03)

Chlorofluorocarbons (CFCs)

Polycyclic Aromatic Hydrocarbon (PAHs)

Persistent Organic Pollutant (POPs)

Volatile Organic Compounds (VOCs)

Particulate Matter (PM)

Heavy Metals (Pb, Hg and Cd)

goHOLAT
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Air pollutants can be classified as primary and secondary.

primary Pollutants:
primary pollutants are substances directly produced or emitted, such as ash from a volcanic eruption or

carbon monoxide gas from a motor vehicle exhaust

secondary Pollutants:

v secondary pollutants are formed due to chemical reactions of primary pollutants.
Differences between Primary and Secondary Pollutants
—__ Primary Pollutants Secondary Pollutants
f'fm-;-p_cﬁulants which are directly Introduced | » “The pollutants which are produced as a result
' into the environment from the sources are of various reactions of primary pollutants in the
called primary pollutants.” environment are called secondary pollutants.”
».-""T;,:Y-a_r;emitted in the same form as they exist | « They are formed by transformation of primary
jn the atmosphere. pollutants.
./"-ﬁ;;;?aTmed instantly. s They are formed overtime through chemical or
photochemical reactions.
ﬁ',;ﬁ;;:_ Examples:
sulphur dioxide, sulphur trioxide, nitrogen oxides, | » Sulphuric acid, nitrogen monoxide, carbonic acid,
carbon monoxide, hydrocarbons, ammonia, hydrofluoric acid peroxyacetyl-nitrate  (PAN),
compounds of fluorine and radioactive materials. ozone, aldehydes, ketones and peroxybenzol.

SOURCES OF AIR POLLUTION

There are broadly two main sources of air pollution:

i) Natural sources (i1) Human-made sources
- Natural Sources

Naturally occurring particulate matter (PM) include dust from earth's surface, and biological materials
in the form of pollens, spores and animal debris.

Volcanic eruptions can introduce very large quantities of gases and particulate matter (PM) into the
atmosphere. .

Thunderbolt produces significant quantitles of oxides of nitrogen (NO, ).

Other natural sources of air pollution are algae on the surface of the oceans, which gives out hydrogen
sulphide (H,5), wind erosion which introduces PM, and humid zones such as swamps, peat-bags or
little deep lakes, which produce methane (CH,).

s Human-Made Sources

12)

| » Hydrocarbons (Methane, Ethane)

. The most Important pollutants are mentioned below:

Such sources can be classified as either mobile (cars, trucks, air planes, marine engines) or point
sources (factories, electric power plants etc.).

The combustion of fossil fuels (coal, fuel oils, and natural gas) in vehicle engines, factories and power
plants produce carbon dioxide (CO,) carbon-monoxide (CO), and hydrocarbons (CH,).

The burning of wood as a domestic fuel and coal in brick kilns are also the sources of air pollutants.
‘ ,; QUICK CHECK 14.1
Mention important air pollutants.
s Oxides of Carbon (CO and CO,)

e Oxides of Nitrogen (NO and NO, ) collectively known as NO,
» Oxides of Sulphur (SO, and 50,) collectively known as SO,
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o Low ahitude Grone (0,) ks
Chloraofiuarocarbons (CFCs)
Polyeytiic hearmatic Mydrocarbon (PAMs) |
persistent Organic Pollutam (POps) .
Volatie Organic Compeunds (V0Cs) I
Particulate Matter (#14) /
Hewry Wetsls (Ph,HWg and Cd)
B)  Give the equations for the tormation and degletion of Geone in the strateaphers,
Ara. Formation of Ozone:
Tre riddie stratosphers has less uitrasolel radiations pavsing Whecugh it We0e, t0ctie,mtegn,, r.
and datorme arygen recormbine 1o form Grone witeeh i an esotherinie reaction due 4, ,:"'
turmation of Grone layer takes place. -
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Degletion of Ozone
Since wione in the upper layer atrorts bigh energy ultradclet radutions Itom the Sy 4 o
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Q. Discuss sources and effects of following air pollutants on environment:

1) Heavy metals i) vOCs iii) PAHs iv) POPs
9 Polycyclic Aromatic Hydrocarbon (PAHs)

* Polycyclic aromatic hydrocarbon (PAHs), composed of fused multiple aromatic rings are COmmg,
environmental pollutants. e.g., Naphthalene, anthracene and phenanthrene.

« PAHs are generated primarily during the incomplete combustion of fossil fuels (coal, oil, petro), ang
wood), vehicle emissions, industrial processes and even grilled foods.

* Some PAHs in the environment originate from the natural sources such as open burning, natura| jo,,
or seepage of petroleum and coal deposits. PAHs have potentlal toxicity and carcinogenic propertias.

> Persistent Organic Pollutants (POPs)

* POPs are organic compounds that are resistant to degradation through chemical, biological ap4
photolytic processes.

POPs are toxic and adversely affect human health and the environment, traveled by wind and wate,,

* Most POPs are generated in one country can affect people and wildlife far from where they are useq
and released.

* Because of their persistence, they accumulate in the environment and can have significant adverss
effects on human health. Some POPs are given in Table below:

Table: Some POPs with their Uses
Names of POPs Uses
Polychlorinated Biphenyls (PCBs) Used in electrical equipment, surface coating ink,
adhesives and paints
Dichlorobiphenyl tri-chloroethane (DDT) Used as an insecticide in agriculture
2 Volatile Organic Compounds (VOCs)

* Alarge group of organic compounds that easily evaporates at room temperature.

* VOCs are emitted as gases from certain solids or liquids.

* Liquid fuels are major sources of VOCs that impact outdoor air quality.

* Vehicle exhaust and burning liquid fossil fuels, wood and garbage all release VOCs into the atmosphere,

»  Effect of VOCs:

* Exposure to VOCs can cause a variety of health effects including eye, nose and throat irritation,
headache, nausea are short term exposures and damage to the liver, kidney and central nervoys
system are long term exposures

e They are significant air pollutants contributing to indoor and outdoor air pollution.

Examples:

= Some common VOCs are benzene, xylene, toluene, ethanol, formaldehyde, acetone etc.

o Particulate Matter (PM)

The term "particulate matter (PM)" refers to the wide variety of tiny substances that float in the airin

the form of either solid particles or liquid droplets or both.

= Particulate matter (PM) is all the dust, smoke, and haze particles suspended in ambient air.

* Particulate matter (PM) comprises acids, organic chemicals, metals, and soil or dust particles.

= Sources of PM are both natural and anthropogenic.

(i) Natural sources include volcanoes, fires, dust storms, and aerosolized sea salt.

(i) Man-made sources of particulate matter PM include combustion in mechanical and industrial
processes, vehicle emissions, and tobacco smoke.

2 Heavy Metals (Lead, Mercury and Cadmium)

—

Heavy metal like lead, mercury and cadmium can indeed be significant air pollutants.

They are released into the atmosphere from various industrial process, transportation and other
human activities.

Metallurgy, battery waste and incineration are their major sources

<@ CHEMISTRY (11%)
=" |MPACT OF HUMAN ACTIVITIES ON THE ATMOSPHERE

/::;:-Iies have significant impact on the atmosphere, prmanly through the buming fossil fuels

”ﬂ:r‘eﬂ“"’"‘ These activities contnbute to climate change, air pollution, poor 2ir gualty and oiher
fb,onfﬂ ental issues.

" n areas, most air pollution comes from human-made sources. Such sources can be class fed 2 ethar

n e (cars. trucks, air planes, marine engines) or point sources (factories, electric power plarts atc )

Imegct of Burning Fossil Fuels on the Atmosphere

The burning of fossil fuels is the pnmary cause of current cimate change, altering the earth ecosysiem 2nd cous s
n and environment health problems. The burning of fossil fuels affects the earth system = 2 vanety of ways
some of these ways include greenhouse gas emission, air poliution, volatie organk compounds.

and

Emitted Pollutants

)

¥ 3 o 2 S, A2 Ay sl
Figure: Impacts of air pollutants on the atmosphere

» Impactof Deforestation on the Atmosphere

peforestation is purposeful cleaning or thinning of forests by humans.
Causes:

(i) Agricultural expansion

(i) Logging

(ili) Urbanization (Building roads, cities and infrastructures)

(iv) Mining
Deforestation represents one of the largest issues in global climate. Forests absorb GHGs lxe €O, 2nd
clean air for us.

Negative Effects of Deforestation:

Deforestation has a wide range of negative impact on the environment, including loss of bodwersity,
climate change (trees absorb CO., without trees more CO; remains in the atmosphere), soil degradation
ferosionl, and water gycle disruption.

| QUICK CHECK 14.2 !
| a) Mention man-made sources of air pollution. |
;Ans. Human-made sources i
' Such sources can be classified as; 5 &
| * Either mobile (cars, trucks, air planes, marine engines) or point sources (factones, electric power |
1 plants etc.). '
| * The combustion of fossil fuels (coal, fuel oils, and natural gas) in vehicle engines, factones and |
i power plants produce carbon dioxide (CO;) carbon-monoxide (CO), and hydrocarbons (CH.). 'l
' * The burning of wood as a domestic fuel and coal in brick kilns are also the sources of air
S ——————————
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EFFECTS OF AIR POLLUTANTS

The most imponant and commaoanly effects of air pollinams are lormation of Senog and feid P -

° Formation of Smog (Smoke + Fog)
Smog is a type of air pollution typically characierized by a thice
haze. It primarily occurs in urban areas and is often caused by
emissions from vehicle, industrial actiaties and other wources of
pollution. It consists of fine dust or wot panides, condensed
wiater vapor, poisonous gases like 50, N0,0,,C0, and CO,,
secondary pollutants like O,, unburned hydrocarbons, JGCs and
P 10-2.5 micron.

S Types of Smog
i) Industrial or Classical Smaog (London Smog)
il) Photochemical smog (Los Angeles Smaog)

L A T

i)  Classical or Sulphurous Smog @
Sulfurous or Industrial smog also called 25 "Reducing smag or Classicsl ¢ Vack Your Wind!
Smog” usually results from high quantities of suifur orides (50, ) being | * mﬁ‘: sererg wedd bom 4 ¢ |

released into the air. It is also called London smog. J
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i)  Photochemical Smog
Photochemical smog is @ type in which primary air pollutants jie
nitrogen orides (NO,), VOC and unburned hydrocarbons undergo
photochemical reactions in the presence of sunlight and form
secondary pollutants like ozone and peroryacetyl nitrztes (PAN). This
type of smog is considered more dangerous as it can cause hean
palpitations, pneumonia and even lung cancer. It is als called Los

Angeles smog.
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GREEMHOUSZE EFFECT AMD GLOBAL WARMING
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a)  Differentiate classical and photochemlical smog.
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5. Which of the following Is a gres
gas that Is also released by “Mtn(:"'

Ursanhouse gasas
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A1 to, W, ' A) Oxygen B) Nitrogen
ﬁ" C) Methane D) CFC
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6. What l.tt greenhouse pu.wb_“

they affect the Earth? N

0
L

Energy absorbed

Figure: Mechanism of Global Warming
It Is a global scale problem of air poliution. Carbon dioxide and water vapour in the atmosphere tran
short wavelength solar radiations but reflect back the longer wavelength heat radiation coming from,
warmed sutface of the earth,
Greenhouse Effect:
The greenhouse effect is a phenomenon which is based on the gases to absorb infrared radiations, the
day, heat from the sun (in the form of infrared) passes through the atmosphere heating up the earp, At
night, the earth radiate heat to the outer space. Some atmospheric gases trap the heat from the sup, thus,
preventing the loss of heat. Higher the concentration of carbon dioxide gas and other gases, greater wjj) be
v obtorption.ofthwime! mdiations and grester.wil bithe incthase of ghoisl Sempiratise.

] Quick ceck s

|
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Ans,
Feature Classical Smog (London Smog) Photochemical Smog (Los Angeles Smog) |
Composition Sulfur dioxide (S0,), soot, and fog Ozone (0,), NO,, VOCs, PAN (Peroxyacyl
(sulfurous aerosols) nitrates).
Formation Caused by burning coal (high sulfur Forms due to sunlight-driven reactions of
content). NO, + VOCs,

Primary Pollutants S0,, particulate matter (PM), CO NO. (NO, NO,), hydrocarbons (VOCs).

Secondary Pollutants | Sulfuric acid (H,504), sulfate particles, | O,, PAN, aldehydes.

Weather Conditions Cold, humid climates (winter Warm, sunny climates (summer

mornings). afternoons).
Health Effects Respiratory issues (bronchitis, Eye/nose irritation, lung damage, crop
asthma), reduced visibility. damage.
Geographical Industrial cities (e.g., historic Urban areas with high traffic (e.g., Los
Association London). Angeles),

Key Chemical Process | Oxidation of S0, —» H,S04. NO; + sunlight —» O, + other oxidants.

b)  Name greenhouse gases (GHGs). How do these gases cause global warming?
Ans. Greenhouse Gases (GHGs)

(I) Carbon Dioxide (CO;): Burning fossil fuels, deforestation.
(1) Methane (CH.): Agriculture (livestock), landfills, natural gas.

v

ﬁl":i—ﬁ_f._&r Vapor (H,0): Natural evaporation, ampified by warming,

th
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| v) chlorofluorocarbons (CFCs): Refrigerants (now regulated)

(vi) Ozone (0s): Tropospheric pollution (not the protective strataspheric orone).

How GHGs Cause Global Warming:

. Natural Greenhouse Effect: GHGs trap outgoing infrared (heat) radiation from Earth’s surface,
warming the planet to habitable levels,

. Enhanced Effect (Anthropogenic): Human activities increase GHG concentrations, causing excessive
heat retention —» rising global temperatures (global warming)

|n short,

(i) Sunlight reaches Earth — Surface absorbs and re-emits heat as infrared radiation

() GHGs absorb this radiation —» Re-radiate heat back to Earth (iike a blanket)

(iii) Result: Disrupted energy balance —» Climate change (melting ice, extreme weather)

) write a balanced equation, including state symbols, showing the formation of sulfuric acid from
¢ tmospheric sulfur trioxide, SO;.

manufacturing of Sulphuric Acid:
Ans. 400-500°C
S + O2p —5—> SO0
000

)
|
]
|
i
|
I
|
]
I
]
[
]
|
I
| (Heterogeneous catalysis)
i 400-500°C
| 25050 + Ongg ———> 2503
)

|

L)

|

[}

|

1

|

]

|

]

|

1

|

]

ViOn AH =-269.3 K mol !
H3504isa) * 5039 — H5:00
H1$:0m0 + HiOyy ——— 2H,5041uq
How HNO; Is formed from NO In the atmosphere?
. Nitric acid (HNO;) forms in the atmosphere through a series of reactions involving nitrogen oxides
(NOx), which include nitric oxide (NO) and nitrogen dioxide (NO,).
Key Steps:
. NO Emission: NO is emitted into the atmosphere from sources like fossil fuel combustien, industrial
processes, and lighting.
il. NO to NO;: NO reacts with ozone (0,) or oxygen (0;) to form NO;.
jil. NOzReaction: NO; reacts with hydroxyl radicals (OH) or ozone (O) to form nitric acid (HNO,)
Equation:
i, 2NO +0; —» 2NO;
ii._3NO; + H:0 —» 2HNO, + NO

- — i — — . — e e e e e — e — e — . —

AIR QUALITY

E:en:ue LO&

m—

Q. What is meant by air quality AQI? Describe the factors affecting the air quality.

Air quality is measured in terms of Air Quality Index (AQI).

AQl is a measure of the concentrations of pollutants present in the air at a particular location

When the air quality Is good, the air is clear and contains only small amount of solid particles and chemical

pollutants.

Poor air quality, which contain high level is often hazy and dangerous to health and the environment.

« An AQI value under 50 is considered good in quality. This means, it is safe for you to spend time outdoor
without posing a risk to your health,

+ An AQl over 300 is considered hazardous. Children under 18, adult over 65, people with chronic heart, and
lung diseases are under high-risk.

s  Outdoor workers are at higher risk because of the prolonged exposure,

9 Factors Affecting Air Quali
Air quality is influenced by several key factors or sources.
) Emisslon sources
Burning of wood and fossil fuels can increase local pollution

@ Rack Your Mind!

7. How does deforestation Impact air
quality and the atmasphere?

level, Factories and power plants use fossil fuels that release
dangerous pollutants in air like SO, and NO,. Vehicles release CO, PM and VOCs.

—
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I, What ‘are some methods Uted
Imprave alr quality ?

) Meteorological conditions
Wind, temperature, and humidity affect pollutant dispersion
and concentration. A layer of warm ale trappling pollutants near
the ground can lead to poor alr quality,

Iv)  Natural Events
Wild fires can release large amounts of smoke and PM into the

atmosphere, Natural dust storms con signific antly lower alr quality,
v)  Seasonal Changes

Temperature variations, such as heating or cooling of bulldings In different seasons can incroase
of pollutants. Seasonal pollen concentration can contribute to poor alr quality,
Table: AQI and level of heallh concern

] l'li“hn‘

Alr Quality Index (AQU) Values Levels of Health Concern Colour
— w_-_l-l to 50 Good Green
H1 o 100 Moderate Yellow
101 to 150 Unhealthy for Sensitive Groups | Orange

151 to 200 Unhealthy Red
201 10 300 Very Unhealthy Purple
101 1o 500 Hazardous Maroon

AIR QUALITY AND HUMAN HEALTH

The link between air quality and human health Is well-documented and significant. Poor alr quality can haye
immediate and long:term health impacts,

2  Major Air Pollutants and their Health Effocta
1) Particulate matter (PM)

Particular matter (PM) consists of tny particles suspended In the alr, including dust, dirt, soot and smoke
ranging from diameter of 2.5 micrometer to 10.0 micrometer. Inhalation of these particulate matter (Pm)
can cause inflammation and irritation of alrways, leading to conditions such as asthma and bronchitis,

i) Nitrogen Dioxide (NO;) and Sulphur Dioxide (SO,)

The short-term exposures of NO; and S0O; can Irritate the respiratory system, while long term eXposure can
increase the risk of respiratory infection, asthma and bronchitls.

AIR POLLUTION AND HALTH RISK

A

ir pollution poses significant health risks to humans. The potential health effects can be acute or chronic and

vary depending on the type and concentration of pollutants, duration of exposure and individual weakness,
2 Main Health Riska Associated with Air Pollutions

]

i)  Cardio-Vascular Diseases

Respiratory Diseases
Air pollutants such as orone, particular matters (PM) and
nitrogen dioxide (NO,) can Increase asthma symptoms and
trigger asthma attack.

Long term exposure may lead to chronic cough and respiratory
infections like pneumonia,

@ Rack Your Mind!

9. Which 'Iurmll'ul pollutants are classilied
as heavy metals found In alr pollution?

A) Carbon dioxide and methane
B) Lead, mercury, and cadmium
C) Nitrogen and oxygen

D) Water vapour and argon

Exposure to particular matters and other pollutants can increase
the risk of heart attack by causing Inflammation, blood vessel
damage, high Blood pressure and finally heart stroke.

OLAR & CHEMISTRY (11"™)
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prolonged exposure 1o certain air pollutants especially particulate matter (PM) and carcinogenic
compounds (benzene formation) cause lung cancer,
ol “epfﬂdutllt‘ﬂ and Developmental Effects

[rposure 10 alr pollution may negatively impact reproductive health and fertility in both man and women.
prematuce birth and developmental problems in children may occur.

L gt —— - — - — — . — — - — —

i |F4| Quick cHECK 14.4

]
!'} gxplain the impact of particulate matter (PM) on the alr quality, [
impact of Particulate Matter (PM) on Air Quality: |

]

|

L]

!AI“- o Health: PM (PM,.5, PMyg) causes respiratory/cardiovascular diseases.

Visibility: Scatters light, reducing visibility (haze/smog).

', Climate: Alters radiation balance (cools or warms atmosphere),

! « Environment: Acidifies soil/water, harms ecosystems.

|y What Is AQI? How does it measure alr quality? .

I aas, AQI stands for Alr Quality Index. AQI (Air Quality Index) is a numerical scale (0-500) that reports daily air
I pollution levels and associated health risks,

' aQl Measures Alr Quality:

! Tracks Key Pollutants:

l e  PMy.s, PMig, 0y, CO, SO,, NO,.

| « Converts Pollutant Concentrations into sub-indices (0~500) using standardized formulas.
!

|

|l

|

L)

|

L)

|
]
|
I
|
i
|
L]
|
I
« Highest Sub-Index determines the overall AQl value (e.g., if PMy.s Is worst, it sets the AQ)). E
AQI Categorles & Health Implications: |
« 0-50 (Good): Minimal risk. '
« 51-100 (Moderate); Acceptable; minor concern for sensitive groups. |
« 101-150 (Unhealthy for Sensitive Groups): Children/asthmatics affected. d
s 1514 (Unhealthy/Hazardous): Everyone faces health risks. !
14 What are different levels of AQI? Mention the safest and the most hazardous ranges of AQJ. |
1 Ans. AQI Levels & Ranges: '
| 1. 0-50 (Good) = Safest (minimal risk). |
! 2. 51-100 (Moderate) = Acceptable. '
| 3. 101-150 (Unhealthy for Sensitive Groups) = Mild risk (asthmatics, children). !
i 4. 151-200 (Unhealthy) - Everyone affected. I
i 5. 201-300 (Very Unhealthy) = Serious health effects. t
| 6. 301-500 (Hazardous) - Most hazardous (emergency conditions). |
: In short, Safest = 0-50, Hazardous = 300+. '

METHODS & TECHNIQUES TO MEASURE & MONITOR AIR QUALITY

Measuring and monitoring air quality involves a combination of methods and technlques to assess the
toncentration of various pollutants in the air. These pollutants can include particulates matter (PM), nitrogen
dioxides (NO;), sulphur dioxide (SO;), carbon monoxide (CO), ozone (0y) and volatile organic compounds (VOCs).
There are various methods are techniques used by environmental engineers to measure air quality accurately.
The Instrument used to measure air quality index (AQl) is nephelometer. This is an Instrument used to monitor
PM such as dust, smoke, mist and fumes. Nephelometer, also known as photometer, detects particles by
measuring the total amount of light they scatter.

9 Direct Measurement Methods

) Continuous Emlssion Monitoring System (CEMS)
Continuous emission monitoring system (CEMS) can usually monitor gas like CO, Oy, 503, NOz, VOCs and
PM at Industrial sites.
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i) Air Quality Monitoring Stations (AQMS) _\
Fixed monitoning stations are equipped with various sensors and analyzers to measure pollutany levey
rezl ume located in urban areas and industrial zones.  * -
iii) Remote Sensing Techniques
Satellites equipped with sensors can measure atmospheric pollutants over large areas, providing Valay,
data on regional and global air quality.

EXPERIMENTS AND DATA COLLECTION TO TEST HYPOTHESIS
ABOUT AIR QUALITY

The design of experiments to test hypothesis about air quality involves careful planning, data collection ,ov
analys:s. Following steps should be done about the air quality. -
i) Hypothesis
As a first step, a hypothesis is developed to design an experiment. For example, the hypothesis
concentration of airborne particulate matters (PM 2.5) and nitrogen dioxide (NO:) in urban areas 5 highe,
dunng peak traffic hours as compared to non-peak hours" can be tested by collecting air quality datz i;
different time of the day.
iil)  Designing the experiment
The detail of the experiment including the variables and methpd of data collection is planned. Busy r03g;
sites and residential areas are selacted for monitoring.
iii) Data Collection
The data on traffic volume during rush hours and non-rush hours is collected and finally compareq, 1,
reliable instruments and methods to collect air quality data are used.

ANALYZE DATA AND INTERPRET AIR QUALITY

The collzcted data is analyzed to confirm the truth or falseness of the hypothesis. The results of the anal\r;;;;
interpreted and concluded.

Example Analyzing and Interpreting Air Quality Data: It involves understanding the concentration of Varioys
pollutants, identifying trends overtime and assessing the implications for public health and environment
Policy. General approach to analyze and interpret alr quality measurements and trends are follows.

By carefully designing experiments, collecting and analyzing data, a hypothesis about air quality can be testey
and the strategies for improving air quality can be made.

STRATEGIES USED TO REDUCE AIR POLLUTION

A variety of technologies is used to reduce air pollution and improve air quality. The following five types of

technologies we can be used to control emission of air pollutants.

i)  Use of Catalytic convertor (CC) in Cars
Oxides of nitrogen and other undesirable gases such as CO and various unburnt hydrocarbon are emitted
by the vehicle engines. The most cars are equipped with catalytic convertors to convert the harmful
pollutants to harmless substances. CO is oxidized to CO;. NO, are reduced to N;. The unburnt hydrocarbon
is converted to CO; and H;0.

li Diesel Particulate Filter (DPF) in Modern Diesel Engines
Diesel particulate filter (DPF) Is incorporated in modern diesel engines to reduce the emission of harmful
particulate matter (PM) from the exhaust gases. The primary function of diesel particulate filter is to
capture and store soot particles from the exhaust gases.

iii) Selective Catalytic Reduction (SCR)
SCR is used in diesel engines to remove pollutants from the emission gases. It reduces NO, to N; and
oxidizes CO and hydrocarbons to CO; and water vapour using catalysts, such as TiO;, zeolites, etc.

4
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Figure: Selective Catalytic Reduction
scrubbers
scrubbers can be used to control wide range of poliutants including particulate matters, 50,.HCL, NH, and

vOCs. Scrubbers use liquids (e g., H:0) to remove pollutants such as SO;, PM from the industrial exhaust gases.

LAWS AND REGULATIONS RELATED TO ATMOSPHERE

= Laws and Regulations

common rules and regulations to control air pollution in Pakistan is given below:

i) Pakistan Environmental Protection Act (PEPA 1997)

i) Natural Environmental Quality Standard (NEQS)

jii) Punjab Environmental Protection (Amendment) Act 2012

Measures to Control Air Pollutions

vehicle Emission Standard: Enforcement of this standard is to reduce poliution from motor vehicles. The
promotion of cleaner fuels such as compressed natural gas (CNG), liquid petroleum gas (LPG) and sticker
regulation on fuel quality.

Industrial Emission Control: To reduce emission from industrial resources and the encouragement of
industries to adopt cleaner production techniques and pollution control technologies.

Public Awareness Campaigns: Educating the public about the sources and effect of air poliution and ways
to reduce personal contributions to air pollution also promote the use of public transport carpooling and
non-motorized transport such as cycling and walking.

Urban Planning and Green Infrastructure: Development of green belts and parks in urban / areas to
improve air quality. Implementation of urban planning measures to reduce traffic congestion and promote
sustainable transport options.

Smog Control Measures: Specific measures to control smog particularly during the winter months when
air quality deteriorates significantly, Restrictions the burning of crop residues, which is a major contributes
to smog and should use smog towers and other technologies to reduce particulates matter in the air.
Prohibition of the use of open fire: for the disposal of domestic and industrial waste. Using open fire to
bulk domestic and industrial waste can produce dust, smoke and significant amount of air pollutants

Use of low-Sulphur Diesel: Reduction of permissible level of sulphur in diesel.

Through these regulations and measures, Pakistan aims to improve air quality and minimize the adverse
effects of air pollutions on public health and the environment.

ECONOMIC, SOCIAL & POLITICAL ISSUES

Arpollution and bad air quality is responsible for huge economic costs, social and potential issues

?

Economic Issues

* Poor air quality can reduce worker productivity due to iliness and absenteeism.

* Air pollution and air quality can damage crops reducing agricultural yield and Increasing food prices.
* Air pollution leading to acid rain can degrade buildings, bridges and other infrastructure.

s —— i — — S ————
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2 Social Issues .
= Vulnerable populations, such as children, the elderly, =
and low-income communities are disproportionately @ Rack Your Mind!
affected by air pollution. 10. What is a key social lssue relateqg o ) MULTIPLE CHOICE QUESTIONS (MCQS)
= Chronic exposure to polluted air reduces the overall pollution? ar #
quality of life. This affects social well-being and A) Improved education
community health. 8) Poor communities often face highey Pty ol four cholces are given for each question. Select the correct choice.
« Severe air pollution can force people to migrate from €) More internet access “ ,  Whichgas causes vellow color in photochemical smog?
the unhealthy polluted areas to places with better air D) Increased rainfall a)CO b) 50, c) NO, d) s,
quality, leading to social displacement and associated ] The depletion of Ozone In stratosphere region is mainly due to the reaction of O, with:
challenges. " a) €O, b) SO, c) O, d) CFCs
< Political Issues . Which particulate matter size is considered the most harmful to human health?
* Implementing effective air quality regulations can be challenging due to political and economic interasy, ¥ a)PM 100 b) PM 5.0 c)PM 25 d)PM 10
* Air pollution is not confined to borders and effective management requires international €00perayy, W which of the following is a natural factor that can improve air quality?
« Implementing air quality regulations requires strict governance, which might slow down indust, : . a}\._,lldﬁre b) Urbanization c) Rainfall d) Industrial emission
growth and economic development and leads to political conflicts. N v What is a common human activity that led to Increased level of carbon 1 ide in the at phere?
* Addressing air pollution requires a multi-faceted approach, balancing socio-economic, ,. " 3)Tree planting ) b) Gasoline driven vehicles
technological considerations. a ¢) Using electric appliances d) Solar panel installation
, \i. Cnlorofluorocarbons (CFCs) have been primarily used in:
SO&!. mn ‘F‘l& Rack Your Brain! a) Fertilizers ) b) Refrilgerants and aerosol propellants
\ ¢ pPharmaceuticals d) Pesticides
- the primary chemical processes that removes carbon dioxide from the atmosphere?
Sr. M yi. Whatare I sphere
T | Option : : Explanation 3) Combustion b) Photosynthesis ¢) Respiration d) Volcanic actvity
1 0 The ozone layer is located in the stratosphere and absorbs most of the sun’s Ultravigjey vil. AnAQI value between 51 and 100 typically indicates which level of air quality?
radiation. ST a) Good b) Moderate ¢) Unhealthy d) Fatal
(i) Troposphere: Closest to Earth, weather occurs here ) Acid rain is primarily caused by the release of which of the following gases into the atmosphere?
2 s.Q (ii) Stratosphere: Contains the ozone layer a) Carbon dioxide (CO,) and methane (CH,)
(lii) Mesosphere: Coldest layer, where meteors burn b) Sulfur dioxide (50,) and nitrogen oxides (NO, )
(iv) Thermosphere: Hottest layer, contains auroras and satellites ¢) Chlorofluorocarbons (CFCs) and halons
3 sQ Smog is a type of air pollution formed by the reaction of sunlight with pollutants fig d) Ozone (0,) and carbon monoxide (CO)
nitrogen oxides and VOCs. It causes breathing problems and eye irritation. X. Inthe presence of sunlight and nitrogen oxides (NO,), VOCs can contribute to the formation of:
a B These gases form sulfuric and nitric aclds when they mix with water in the atmosphers, a) Acid rain b) Ozone depletion c) Photochemical smog d) Greenhouse gases
: resulting in acid rain, X. Primary pollutants like nitrogen oxides (NO.) and volatile organic compounds (VOCs) react in the
. e Methane (CH.) is a potent greenhouse gas emitted from natural sources and human presence of sunlight to form a key component of photochemical smog, which Is a:
) activities like cattle digestion and wetland farming. 3) Primary pollutant. . b) Secondary pollutant.
- - ~ ¢) Naturally occurring atmospheric gas. d) Harmless byproduct of combustion
6 s.Q Greenhouse gases like CO;, CHy, and N;O trap heat in the atmosphere, leading to global - : .
i . warming and climate change. Answer 7\;’_’)’ with ‘E(pﬁllmf ons
7. s.Q Defnr.eslation reduces oxygen production, in.cre'ases. carbon dioxide levels, and sr.No. | Option Answer Explanation
contribules to the greenhouse effect and loss of biodiversity. ; c NOs e Nitrogen dioxide (NO;)is a brown/yellow gas that
(i) Use of renewable energy (solar, wind) ) contributes to the visible color of photochemical smog.
8 5.Q (ii) Emission control devices (e.g., catalytic converters) » Chlorofluorocarbons (CFCs) react with ozone (O,) in the
- g (ill) Air quality monitoring using sensors I d CFCs stratosphere, breaking it down into O,
(lv) Laws and regulations like vehicle emission standards (e.g., CL+ 0y — CLO + 0;).
8 These heavy metals are toxic and can accumulate in the body, affecting organs and the * PM 2.5 (particles s 2.5 um) penetrates deep into lungs
- nervous system. . c PM 2.5 and bloodstream, causing severe health issues (eg,
10, B Disadvantaged groups often live in more polluted areas with fewer protections. asthma, heart disease). .
. 2 Rainfall * Rainfall scrubs pollutants (e.g., PM, SO;) from the air,
improving air quality naturally.
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O (R ® Incomplete combustion N gasofine  engines Mleg,
v. b Gazoline dfiven vehicies cartan manorde (CO), #1022 gas
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- Hefrigerans and aeromml o CFCs were widely used in refrigeratons, ACs, ang Sray
g . propellants cans belore being ghased oul due 10 G100 depler,
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- v __-""'-\
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bt ey atfect sensitue groups
" b o 50, and N0, react with water vapor 1o f'a""_'-'m:“'
L 5 "
S0y and NO, acid, Lauwing a0 rain (H504/HNO )
% e« VOCs + NO, + sunlight form oione (0y) 4’-4—;;'7-?‘
L € Photochemical smog companents of photochem cal smog
i ) e Ozone/PhM are weondary pollutants, formed by eartie ]
L W, 3l 1,
b secandary poliutant of primary po'lutants (NO,/VOCs) in sunlight \J

SHORT ANSWER QUESTIONS

Q.2 Attempt the following short-answer questions:

a,  Identity and briefly explain three major natural sources of air pollutants, -
Ans. The three major natural sources of air pollutants are gieen below; T —
1, Voleanic aruptions: felease sulfur digside (50,), ash, and gases into the atmosphere
2. Forest fires: [mit carbion mongside (CO), nitrogen orides (NO,), and particulate matter,
3. Dust starms; Spread large armounts of particulate matter (PM) into the air.
——

b.  Mow can defarestation impact alr quality?

Ans. Deforestation reduces the number of trees that absorb €Oy and release orygen, 1€ading 10 incregmy
carbiun dicgeide and particulate legels, thereby degrading air quality,

. Fuplain the reasons for the temperature trends observed In the troposphere and the stratosphere,

Ans. Inthe troposphere, temperature decreases aith height due 1o less heat from Eanth's surface.

In this region, tempecature decreases from 17°C to =58°C regularly.

In the stratosphere, temperature Increases with height because of ozone absorption of ultravigley (g ]

radiation. Temperature increases from =58°C to =2°C.

d.  Describe four significant anthropogenie (human-caused) activities that contribute to the deterioration o
alr quality, For each activity, name at least one major pollutant released,

Ans. Tour significant anthropogenie (human-caused) activities that contribute to the deterioration of air quals,
are green below,

1. Vehicle emisslons: felease nitrogen oxides (NO,).

2. Industrial activitids: Release sulfur dioside (50,).

3. Burning fossil fuels: Produces carbon monoxide (CO)

4, Agricultural practices; Emit arnmaonia (NH,) and methane (CHy).

®.  What are the environmental Impacts of persistent organie pollutants (POPs)?

Ans. These are arganic compounds that are resistant to degradation through chemical, biological ard
photolytic processes, These are toxic and adversely affect human health and the environment
POPs accumulste In the environment, harm wildlife, contaminate soil and water, and can travel lorg
distances thiough air and water.

f. How does polyeydic aromatic hydrocarbon (PAHs) affect human health?

Ans. Polycychic aromatic hydrocarbon PAHS can cause respiratory problems, skin irritation, and are known ta b
carcinogenle (cancer-causing)
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/;h';:;;hatod\emir.al srmog? Under what conditions, it forms?

L —rorocnemical smog 15 a type in which primary air poliutants like nitrogen onces (MO, VOC and
yrh srred hydrocarbons undergo photochernical reactions in the presence of suntight and form
qecondary poll lutants like ozone and perceyacetyl nitrates (PAN)

This tipe of srmog 15 considered more dangerous as it can caute heant palptatans, pre mona and
even lung cancer.
it forms in warm, sunny, and urban areas with heayy traffic.

,-""""_‘m,. type of data do air quality index (AQJ) system provide?

.—-"F:Eﬁl provides data on the concentration of major ar pollutants lice #M,.., PM., 0,, €O, 50,, and NO,,
jﬂd indicates how polluted the air current) b5 or haw poliyted t s farecast to become

I“""'Ea;t_i:tulsh between PMy; and PM, ., specifying the size ranges and describing why PM,; is generally
considered more harmful to human health.

“"":Tﬁ;iﬂ’ particles £ 10 micrometers, PM,.g are particles < 2.5 micrometers. PMy.g 16 more harmtul as it can
penetrate deep into the lungs and enter the bicadstream, causing heart and lung diseases

= /hat are the main chemical processes involved in the formation of acid rain?

-
Wr dionide (50;) and nitrogen omdes (NO,) react with water vapor in the atmosphere 1o form sulfune
2cid (H:504) and nitric acid (HNO,), which fall as acid rain

T wihat are the specific measures to control smog?
mﬂ:ntml smog followings should be taken:
+ Reducing vehicle emissions
using cleaner fuels

L
« Limiting industrial pollutants
-
L]

Plantling trees
Implementing air quality regulations.

L How does a catalytic converter reduce harmful vehicle emissions?

ans. Oxides of nitrogen and other undesirable gases such as CO and various unburnt hydrocarben are emitted
by the vehicle engines. The most cars are equipped with cataiytic convertors 10 convert the harmful
pollutants to harmless substances. CO is oxidized to CO,. NO, are reduced to N;. The unburnt hydrocarbon
is converted to CO; and H;0.

m. Describe the sources of lead and mercury pollution.

‘ans. Lead pollution comes from leaded gasoline, battery manufacturing, and paints.
Mercury poliution comes from coal burning, mining, and industrial waste

- DESCRIPTIVE QUESTIONS

,0.3 Discuss sources and effects of following air ml!utants‘bn environment:
i) Heavy metals ii) vocs ili) PAHs

Ans. See Page No. (472)

0.4 Write short notes on the following:
1) CFCs and ozone layer depletion

Ans. See Page No. (471, 475)

Q.5 How the fossil fuel burning causes acid rain? Discuss in detail with chemical reactions.
Ans, See Page No. (475)

Q.6 What is meant by air quality AQI? Describe the factors affecting the air quality.

Ans. See Page No. (477)

iv) POPs

ii) Greenhouse effect and global warming
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ADDITIONAL SLOs BASED MCQs

What is a primary source of air pollution?

A. Natural volcanic eruptions B. Industrial emissions
C. Forest fires D. All of the above
Which gas is primarily responsible for the greenhouse effect?

A. Oxygen (0;) B. Carbon dioxide (CO:) C. Nitrogen (N:)
Which of the following is NOT a greenhouse gas?

A. Methane (CHy) B. Nitrous oxide (N;0)  C. Sulfur dioxide (SOz)
What is the main component of smog that poses health risks to humans?
A. Oxygen (0:) B. Carbon monoxide (CO) C. Sulfur dioxide (SO:)
Acid rain is primarily caused by the emission of:

A. Carbon dioxide (CO;)  B. Ammonia (NH;) C. Sulfur dioxide (SO;)  D. Oxygen (0;)
Which of the following is a short-term effect of air pollution on human health?

A.Increased cancer risk  B. Respiratory problems C. Long-term memory loss D. None of the above
What is the main consequence of global warming?

A. Rising sea levels B. Decreased carbon dioxide levels

C Increased ozone layer thickness D. Reduced rainfall

Which of these is NOT an adverse effect of air pollution on the environment?

A. Disruption of ecosystem B. Increased agricultural productivity

C. Damage to buildings and monuments D. Loss of biodiversity

The ozone layer depletion is primarily caused by:

A. Greenhouse gases B. Volcanic eruptions

C. Chlorofluorocarbons (CFCs) D. Deforestation

What can individuals do to help reduce air pollution?

A. Drive gasoline-powered cars B. Use single-use plastics

C. Reduce energy consumption D. Burn waste materials openly

Air is polluted by:

D. Hydrogen (H;)
D. Water vapor (H,0)

D. Nitrogen dioxide [Ho,]

A_ toxic materials B. hydrocarbons C. harmful gases D. all of above
Which of following gas is not pollution?

A .SO; B.CO C.CO: D. NO;

Oxides of sulfur and nitrogen react with oxygen to form:

A_bases B. acids C. salts D. all of above
Oxidizing smog consists of high concentration of:

A.50; B. Ozone C. NO; D.Cl;

Ozone is destroyed by:

A.50; B. NO; o C. Chlorofluorocarbons  D. None of above

Explanations

v
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— Short-term exposure to air pollution can cause respiratory problems such as coughing,
& B | chortness of breath, and exacerbation of asthma.
s Global warming leads to the melting of polar ice caps and glaciers, contributing to rising sea
; A | Jevels and potential flooding of coastal areas.
|~ Air pollution typically harms agriculture by damaging crops and reducing yields rather than
5. B increasing productivity.
L—] CFCs release chlorine atoms when they are broken down by UV radiation, which then deplete
9. c the ozone layer in the stratosphere.
—] Reducing energy consumption helps decrease the demand for fossit fuels, thereby lowering the
10 ¢ emissions of pollutants and greenhouse gases.
""1';" D | Air poliuted by harmful gases like CO, NO,, SO, Ozone, Hydrocarbons and toxic material
-"1';" ¢ | cO;is not a pollutant gas as it is required for photosynthesis.
In the atmosphere SO, and NO, are transformed by reactions with oxygen and water into
H:S0: and HNO; respectively. These acids get mixed with rain. The acid deposition includes
5 both wet (rain, snow, fog) and dry acidic deposition.
13.
1
so= +50: 4_"10 Ferlrocarhon, veoke Mot pude ‘H,SO‘
The photochemical smog consists of higher concentrations of oxidants like ozone and is also
14, B | termed as oxidizing smog.
c Chlorofluoraocarbons (CFCs) destroy ozone by releasing chlorine atoms that break down ozone
15. molecules in the stratosphere.

ADDITIONAL SHORT ANSWER QUESTIONS

Ii

a_l_what are the components of Environment?
“Ans. Components of the Environment:
The environment consists of the following components.
« Atmosphere: The layer of gases which surrounds the earth.
« Hydrosphere: Concerned with all water bodies i.e. ocean, rivers, streams lakes, glaciers and ground
water reservoirs.
+ Llithosphere: Concerned with hard and rigid rocky earth crust.
« Biosphere: Area on earth which supports life i.e. air, lakes, etc.

Q2 Whatis Troposphere?

Ans. Troposphere
Itis the lowest region of the atmosphere which extends up to 12 km. It includes all the major gases present
in the atmosphere i.e., nitrogen, oxygen, and carbon-dioxide, etc. In this region, temperature decreases

1 D All listed sources, including natural volcanic eruptions, industrial emissions, and forest fires, { from 17°C to -58°C regularly. It is the densest layer of the atmosphere. It is the layer in which major
i contribute significantly to air pollution. I| events such as rain, lightening, and hurricanes occur.
2 B Carbon dioxide (CO2) is a major greenhouse gas that traps heat in the atmosphere, contributing | Q.3 What conditions are necessary for photochemical smog?
significantly to the greenhouse effect. ! Ans. Conditions for Smog Formation:
3. c While sulfur dia:ide (50:)is an air pollutant, it is not . d?ssiﬁed as a greenhouse gas. The following conditions are required for the formation of smog. :
Greenhouse gases include methane, nitrous oxide, carbon dioxide, and water vapor. i. There must be sufficient NO, hydrocarbons and volatile organic compounds (VOC) emitted by the vehicles.
a. D Ni;rogen dioxide (NO:) is a key component of smog and can cause respiratory problems and li. Sunlight, so that some of the chemical reactions may occur at a rapid rate.
other he.alth issues. : lii. The movement of air mass must be little so,that reactions are not disturbed.
5. c Sulfur dioxide (SO;) and nitrogen oxides (NOx) are the primary contributors to acid rain, which iv. Temperature greater than 18°C. .
forms when these gases react with water vapor in the atmosphere to produce acids. ]
|
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Q.4 What are the effects of excess of CO; present In the atmosphere. ﬁ

Ans. Effect of Excess of CO; Present In the Atmosphere: e
If the atmosphere contains too much quantity of COy, the greenhouse effect is considerably increa;ﬁ.ﬁt
the atmosphere; the temperature of the earth is increased too much. This too much high temper, =
melts all the glaclers (snow-mountains) floods the low-lying areas of the earth, changes the bjg
activity of oceans and the patterns of cropping etc. Thus we see that the presence of the excess of g
the atmosphere brings about climate changes. R

Q.5 What is photochemical smog? Give its properties.
Ans. Smog:
“The word smog is a combination of smoke and fog”.
Itis formed from ground level upward to an altitude of few kilometers high.
Pollutants Causing Photochemical Smog:
e Due to having higher concentrations of oxidants like ozone, photochemical smog is also Calley
“oxidizing smog”.
s Itis ayellowish brownish grey haze due to the presence of NO;.
e It has unpleasant odour because of its gaseous components.
Reactants of Photochemical Smog:
* Nitric Oxide (NO) which main reactions of photochemical smog is oxidized to NO; within minues y,
hours depending upon the concentration of pollutant gas.
* Unburnt hydrocarbons.

Ure

—
—

Q.6 What are greenhouse emissions?

Ans. Greenhouse gas emissions are gases released into the atmosphere that trap heat, contributing to glob)

warming and climate change. The main greenhouse gases include:

* Carbon dioxide (CO;) from burning fossil fuels like coal, oil, and natural gas.

» Methane (CH,) from agriculture, landfills, and fossil fuel production.

= Nitrous oxide (N;O) from fertilizers and industrial processes. .

* Fluorinated gases synthetic gases used in refrigeration and manufacturing.

These gases create a "greenhouse effect” by trapping heat from the sun, leading to rising global
temperatures and climate-related impacts.

Q.7 Relate greenhouse effect and global warming. Write some important points.

Ans. Here's how the greenhouse effect and global warming are related, explained point by point:
» Greenhouse Effect is Natural:
It is a natural process where greenhouse gases trap some of the sun's heat in the Earth’s atmosphere,
keeping the planet warm enough to support life.
« Human Activities Increase Greenhouse Gases:
Burning fossil fuels, deforestation, and industrial activities release excess greenhouse gases (like CO,,
CHa, N;0) into the atmosphere.
= Enhanced Greenhouse Effect:
This build up of gases strengthens the natural greenhouse effect, trapping more heat than necessary.
* Result: Global Warming: )
The extra trapped heat leads to a gradual increase in Earth’s average temperature—this is global
warming.
= Climate Change Link:
Global warming contributes to broader climate change, causing extreme weather, sea-level rise, and
ecological disruptions.
In short, The greenhouse effect is the process; global warming is one of the harmful outcomes when
this process is intensified by human actions.
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" 1ead (Pb)
L . Environment:
o Contaminates soil and water.
o Harms plants and animals by affecting growth and reproduction
. Human Health:
o Damages the nervous system, especially in children,
o Causes developmental delays, learning disabilities, and behavioral issues.
o Long-term exposure may lead to kidney damage and high blood pressure
Mercury (Hg)
« Environment
o Bioaccumulates in aquatic ecosystems, especially in fish.
o Highly toxic to wildlife, affecting reproduction and behavior.
» Human Health:
o Affects the brain and nervous system.
o Particularly dangerous for pregnant women and young children—can cause developmental issues.
o Inhalation or consumption (e.g., through contaminated fish) can lead to MErTUry poisoning
;. Cadmium (cd)
¢ Environment:
o Accumulates in soil and water, entering the food chain through plants
o Toxic to aquatic life and reduces crop productivity.
« Human Health:
o Damages kidneys and lungs.
o Can cause bone weakness and pain.
o Long-term exposure may lead to cancer.
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Q9 Discuss Air Quality Monitoring Stations (AQMS) as direct measurement method.
Jns. Air Quality Monitoring Stations (AQMS)-Direct Measurement Method
Air Quality Monitoring Stations (AQMS) are fixed installations used to directly measure air pollutants in the
atmosphere. They play a crucial role in understanding and managing air pollution.
1. Direct Measurement:
o AQMS use advanced sensors and instruments to continuously and accurately measure pollutant
concentrations in real-time (e.g., PM 2.5, PM 10, CO, NO,, SO, 0;).
2. Stationary and Continuous Monitoring:
o These stations are usually located in urban, industrial, or sensitive ecological areas and provide
24/7 data on air quality.
3. Data Collection and Analysis:
o Data from AQMS is used to generate Alr Quality Index (AQI), track pollution trends, issue public
health advisories, and support policymaking.
4. High Accuracy:
o Compared to indirect or modeling methods, AQMS provide precise and reliable pollutant
concentration levels.
5. Regulatory Use:
o Governments and environmental agencies use AQMS data to enforce air quality standards and
comply with environmental laws.
Advantages:
¢ Real-time and continuous data.
s Accurate and reliable results.
¢ Helps in early warning systems for pollution events.
» Supports long-term environmental planning and research.
Limitatlons:
* High installation and maintenance costs.
* Limited spatial coverage — fixed stations cannot cover wide areas.
* Requires skilled personnel for operation and calibration.




