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Atmosphere as a Resource

o ATmospheric
Composition
. Nitrogen 78.087
. Oxygen 20.957
- Argon 0.937
. Carbon dioxide 0.047-

o Ecosystem services
Blocks UV radiaiion

Moderates the
climate

Redistribuies waterin
Tneyarologic cycle




Types and Sources of Air Pollution

o Air Pollution

- Chemicals added to the atmosphere by natural
events or human activities in high enough
concentrations fo be harmful

o IWO categories

- Primary: Air Pollutanit

- Harmful'substance thaiisiemitited directly into the
ahimosphere

- Secondary: AirsPollufani

~ Harmiul substancerformedin fine armosphere wnen
a primary air pollufanitreacisiwitinisubsiances
normallysffoundinsinerahmosphererorwitiiother air
pollliants



Major Air Pollutants

Table 20.1 Major Air Pollutants

Primary or
Pollutant Composition Secondary Characteristics

Particulate matter

Dust Variable Primary Solid particles
Lead Pb Primary Solid particles
Sulfuric acid H,SO, Secondary  Liquid droplets

Nitrogen oxides
Nitrogen dioxide NO, Primary Reddish-brown gas

Sulfur oxides
Sulfur dioxide SO, Primary Colorless gas with strong odor

Carbon oxides

Carbon monoxide CO Primary Colorless, odorless gas
Carbon dioxide* CO, Primary Colorless, odorless gas

Hydrocarbons

Methane CH, Primary Colorless, odorless gas
Benzene CsHg Primary Liquid with sweet smell

Ozone O; Secondary  Pale blue gas with acrid odor

Air toxics
Chlorine Cl, Primary Yellow-green gas

* Discussed in Chapter 21.
Source: Environmental Protection Agency.
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Major Classes of Air Pollutants

o Particulate Material

o Nitrogen Oxides

o Sulfur Oxides
Carbon Oxides
Hydrocarbons
Ozone




Particulate Material

o Thousands of different solid or liquid
particles suspended in air

. Includes: soil particles, soot, lead, asbestos,
sea sdalt, and sulfuric acid droplets

o. Dangerous fior 2 reasoens

- May contain materialsiwith foxic or
carcinogenic effects

 Extremely'smallipariiclesican becone lodged in
IUNgs



Nitrogen and Sulfur Oxides

o Nitrogen Oxides

. Gases produced by the chemical interactions
between atimospheric nitrogen and oxygen at
high temperature

- Problems

~ Greenholse gases
' Cause difficulty breathing

o Sulfur  @xides

2 Gasesiproduced by e chemical interaciions
pesweenisulfuriandioxygen

' Causesiacid precipiyaiion



Carbon Oxides and Hydrocarbons

o Carbon Oxides
. Gases carbon monoxide (CO) and carbon
dioxide (CO5)
. Greenhouse gases
o IHydrocarbons

- Diverse group off organic compounds; fina
contain only:nydrogen and carbon (ex: CH -
methane)

» Some are relaied e phonochemical smogand
greennoluse gases



Ozone

o Tropospheric Ozone
- Man- made pollutant in the lower atmosphere
. Secondary: air' pollutant
. Component: off photochemical smog

or Stratospheric Ozone

. Esseniial component: fhaii screens ouir UV
radiation inifhe upper armosphere

- Man- made pollutanis (ex: CECs) can destroy it



Sources of Outdoor Air Pollution

o I'wo main sources
. I'ransportation
. Industry

o Lntentional forest

fires is also high I
Fue
combustion

(except in vehicles)
21%




Jrban Air Pollution
o Photochemical Smog (ex: Los Angeles below)

Browhish-orange haze formed by chemical reactions
involving sunlight, nifrogen oxide, and hydrocarbons




Formation of Photochemical Smog

/ N /\!‘\f\\

Photochemical | Nitric acid PANs Formaldehyde
(HNO;) (Peroxyacyl nitrates) and other aldehydes

+0 +HC +0

d f Nitrogen Oxygen gas (O,)
Reactionsin dioxide P Sygen + O (in presence

the atmosphere (NO,) atom (0) of HC and NO,)

Carbon dioxide Hydrocarbons
(CO,) (HC)

Source of
pollutants




Sources of Smog in Los Angeles

Consumer products
and homes

Trucks, buses, and

passenger vehicles
53%




Case-In-Point Air Pollution in Beijing
and Mexico City.

-4 o Benjing (et )
or MexicorCity (above)




Effects of Air Pollution

o Low level exposure
. Irritates eyes

. Causes inflammation of respiratory fract
o Can develop into chronic respiratory.

diseases

Table 20.2 Health Effects of Several Major Air Pollutants
Pollutant Source

Particulate Industries, electric power plants, motor
vehicles, construction, agriculture

Nitrogen oxides Motor vehicles, industries, heavily

fertilized farmland

Sulfur oxides Electric power plants and other industries
Carbon monoxide Motor vehicles, industries, fireplaces

Ozone Formed in atmosphere (secondary air
pollutant)

Effects

Aggravates respiratory illnesses; long-term exposure
may cause increased incidence of chronic conditions such as
bronchitis; linked to heart disease; suppresses immune system;
some particles, such as heavy metals and organic chemicals, may
cause cancer or other tissue damage

Irritate respiratory tract; aggravate respiratory conditions such
as asthma and chronic bronchitis

Irritate respiratory tract; same effects as particulates

Reduces blood’s ability to transport oxygen; headache and fatigue
at lower levels; mental impairment or death at high levels

Irritates eyes; irritates respiratory tract; produces chest
discomfort; aggravates respiratory conditions such as asthma
and chronic bronchitis
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Health Effects of Air Pollution

Sulfur Dioxide and Particulate material

- Irritate respiratory fract and impair ability of:
lungs to exchange gases

Nitrogen Dioxides

. Causes airway. restrictiion

Carbon monoxide

- Binds with irontin blood hemoglobin

- Causes headache, fatigue, drowsiness; deatih

@zone

' Causesiburningeyes, colugning, andichest
discomifor,



Children and Air Pollution

o Greater health threat to children than
adults

. Air pollution can restrict lung development;
. Children breafin more oftien than adults

o Children who live in high 6zone areas are
more likely fo develop asihma



Controlling Air Pollution
i US

o Smokestacks with
electrostatic precipitator

(right)

Without:
Electrostatic
precipiraior

With Electrosiatic
PrecIpITaior

Electrostatic precipitator
Clean gas
g ot

/

|
|
|
i

Electrode
(negative charge)

Precipitator wall
(positive charge)

Dirty gas

smoke) in

Dust falls off
‘ wall into
gy _— collector




Controlling Air Pollution

in The US Scrubber Clean gas out
o Smokestacks with
scrubbers (right) entrainmene ML
o Particulate material can N ~ YYD
also be controlled by RC
proper excavating
1-eChnlqueS Dirty gasin

Polluted liquid
(sludge) out




Controlling Air Pollution in the US

o Phase I Vapor Recovery System for

gasoline

OC

HoseB
(Vapor Tube)

Hose A
(Gasoline Tube)

Vapor

Gasoline



The Clean Air Act

(0) AUThOP'Zes EPA TO Se’|' s | 11970

F ¥ 2006

limits on amount of
specific air pollutants
permitted

o Focuses on 6
pollutants:

- lead, particulate
maiter, sulfur diexide, | |
CC(r'bOn monox |d61 Carbon Sulfur Volatile Nitrogen Particulate
ni.i.r.ogen OXIdQS, Gnd monoxide dioxide co:g::i:ds oxides (;:\:t::(:)
0)740) (|~

o, Acli has led o
decreases!




Other Ways 1o Improve Air Quality

o Reduce sulfur content in gasoline from its
current average of 330 ppm to 30 ppm

. Sulfur clogs catalytic converters

or Require federal emission standards for all
passenger vehicles

- Including SUVs;, frucks and minivans

or Require emission testing for allivenicles
Including diesel



Ozone Depletion in Stratosphere

o Ozone Protects earth from UV radiation

Part of the electromagnetic spectrum with
wavelengths just shorter than visible light;

Ultraviolet
solar radiation

arf- V
/ ol \

l/ % 3 \ )
oS N\ 7 Stratosphere 7\ g‘, N4
» N @ (6 o S S
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. /0 . Troposphere E | \\o

— 7 __ 9 1\ >
- Ozone present at normal levels Ozone present at reduced levels

(a) Stratospheric ozone absorbs about 99% (b) When stratospheric ozone is present at

of incoming solar ultraviolet (UV) radiation, reduced levels, more high-energy UV radiation

effectively shielding the surface. penetrates the atmosphere to the surface,
where its presence harms organisms.




Ozone Depletion in Stratosphere

o Ozone thinning/hole
. First identified in 1985
over Antarctica
or Caused by

- human-produced bromine
and/chloerine containing
chemicals

EXICECs




Ozone Depletion in Stratosphere

o Hole over Antarctica requires two
conditions:
. Sunlight just refurning to polar region

. Circumpolar vorftex- a mass of cold air that
circulatesiaround fhe southern polar region

. Iisolates it from the warmer air in the rest of fhe
planes;

o Polarsiratespheric clouds form
2 Enables Cliand Brije desifiroy ozone



Effects of Ozone Depletion

o Higher levels of UV-

radiation hitting the

earth

. Eye cataracts

- SKinicancer (right)
Weakened immunify.

5. May disrupi

2CosysIems

5 Miay damage crops f
and' foresis
p (£ 4L
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Recovery of Ozone Layer

Montreal Protocol (1987)
. Reduction of CFCs
. Started using HCECs (greenhouse gas)

Phase out of all'ozone destiroying chemicals
IS underway: globally

Saitellitie picturesiin 2000)indicated thai
0zone layer was recovering

Fullfrecovery: willfnoeiroccur uniilF2050



Acid Deposition

o Sulfur dioxide and nitrogen dioxide
emissions react with water vapor in the
atmosphere and form acids that return to
the surface as either dry or wet deposition

0 pH scale

Neutral
Strongly Weakly Weakly Strongly

acidic acidic basic basic




How. Acid Deposition Develops

‘Cohversiontoacids:™ ~ . =

sulfuric acid (H,50,) “Wet acid deposition-.

nitric acid (HN03) —f’ddroplets of HZSO4’ H 37’
nitrous acid ,(»H!\_l»

and HNO, dissolved in rain
and snow)

Dry acid
deposition




Effects of Acid Deposition

o Declining Aquatic
Animal Populations
o Thin-shelled eggs
prevent bird
cpPlroduc .Oﬁ
- Because calciumis
unavailableinacidic soil

EX: Black fioresiiin
Germany (907sis
desiiroyed)



Acid Deposition and Forest Decline

Increased susceptibility Threat to

to environmental forest
Reduced stressors—drought, ecosystem
photosynthesis extreme cold, insects, health
and growth disease organisms, and

heavy metals, and stability

air pollution

Damage to soil

fungi that aid 5

in root uptake Impaired water
and nutrient




Air Pollution Around the World

o Air quality is deferiorating
- | rapidlyindeveloping countries
JAE il Shenyang China

weeksieach year:

o Developing countiriesihayve older
cars

Still useleaded gasoline:
5 9 Worsi cities)inworld

Beling, China;MexicorCiiy, MeXi
Snangnai, eninasalienran, Iran; and
Calcuimayindy



Long Distance Transport of Air
Pollutants

More deposition at

high latitudes High
volatility

More evaporation
at low latitudes

Deposition at
high latitudes




Indoor Air
Pollution

o Pollutants can be
5-100X greater
than outdoors

oo Most common:

Radon, cigareiie
smoke, carbon
monoxide,
nitregen dioxide,
formaldehyde
pesiicides; lead)
cleaning solvenis,
ozone, and
asbesitios

Carbon monoxide 2:0‘:::‘ uranium-

From: faulty containing rocks
furnace,auto - under home
left running —

Fungi and bacteria
From: dirty heating
and air conditioning
ducts .

Asbestos
From: pipe
insulation,
vinyltiles

Ammonia
From: household
cleaners

Nitrogen oxides =3
From: unvented gas
stoves, wood stoves,
kerosene heaters

Chloroform ,
From: chlorine-treated
water in hot showers

Para-didﬂorobenzn
From: mothball
crystals, air freshners |

Tetrachloroethylene
From: dry deaning fluid

Pesticides

From: gardening

products

Gasoline
From: auto,
lawn mower

Methylene
chloride
From: paint
strippers and
thinners

Tobacco smoke

~ From: digarettes

and pipes

~ Formmaldehyde
__ From:furniture and

carpeting from
synthetic polymers,
particle board, foam
insulation




