Chapter 15
Air Pollution and Stratospheric Ozone Depletion



4/10 Agenda

Discuss Lab: Waste & CO2
Notes CH |5 P25NB

Possible AP FRQ CH 14 & |5 Quiz Thursday 200 1#4, 2007#1, 2009
#3, 199943, 200041, 200 1#3, 2002#1, 2004+ 1, 2006#2, 2007#3,
2007 #4, 2008# 1, 2009# 1, 20| 0# |



Cleaning Up in Chattanooga
Read the story P409 ESBK P 24 NB AXES
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12/4 Air Pollutants Review Topic VI CH I5
Obj. TSWV identify the major air pollutants and where they come
from. P.58NB

|. ldentify the major air pollutants.

2. Where do each of them come
from?

3. How are photochemical smog &
acid deposition formed.

Chapter 15 Opener
Environmental Science



4/1 1 agenda

* Lab — Waste & COz2 Production (Data table) p. 25 NB
Do the Math CH 14 p.25 NB
* Study your FRQ from CH |5 Voc. Sheet

* Article Bolstering a Link between Alzheimer’s Disease & Lead Exposure
p.23 NB



12/5 Stratospheric Ozone & Indoor Air Pollution CH 15
Obj. TSW learn the benefit of Stratospheric Ozone, how it is formed
and the causes and effects of it’s depletion. P. 60 NB
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What are the equations in the formation
and depletion of the closed loop cycle of
stratospheric ozone.

Explain the causes and effects of
stratospheric ozone depletion.

Discuss the hazard of indoor air
pollution, especially in developing
countries.



12/12 Agenda

start quiz CHR 14 ¢ MiNnutes VICAIlISter leaves a

e |:02 Finish Quiz

c Get HW CH |6 & |7 MC & Voc Study Guides

* CH |6 Due Monday; CH 17 Due Tuesday

* Topic VI Test Wednesday Dec. |8th (CH 14— 17)



5/1 Water & Air Pollution Review CH |4
Obj. TSWV discuss thermal,& noise pollution and our Nations

The maxifmum contaminan:l Ie\rﬁls (MCL) fora
variety of contaminants in drinking water as
LA determined by the U.S. Environmental

Protection Agency, in parts per billion (ppb)

Contaminant category

Contaminant

Maximum contaminant
level (ppb)

Microorganism
Microorganism
Inorganic chemical
Inorganic chemical

Organic chemical

Organic chemical

Giardia

Fecal coliform
Arsenic
Mercury
Benzene

Atrazine

0
0
10
2
5
3

Source: U.S. Environmental Protection Agency, http://www.epa.gov/safewater/contaminants/index.html.

Table 14.1
Envi
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and Company

‘water laws. P.44 NB

|. Discuss what thermal
pollution is and a solution
to the problem.

2. Why is Noise considered
water pollution?

3. What are some of our
Nations water laws!?



12/8 Agenda

Ozone Pollution Video, pg.
HWV:

CH 16 MC SG due tomorrow, pg. 6|
CH 16 Vocab due Wednesday, pg. 63

Bring in card decks and silver spoons!



|2/8 Air Pollution CH |5

primary and secondary pollutant?

Describe Thermal Inversion and
draw the graph/diagram that go
along with it and “normal
conditions”.

What is smog and what are some
approaches to reducing it?
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Figure 15.8
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Primary pollutants- polluting compounds that come
directly out of the smoke-stack, exhaust pipe, or
natural emission source.

Examples: CO, CO2, SO2, NOx, and most
suspended particulate matter.




Secondary Pollutants

Primary pollutants

- co
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Most hydrocarbons

Figure 15.3
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Secondary pollutants




Thermal Inversions

The warm inversion layer traps emissions that then
accumulate beneath it.

1] Common in some cities where high concentrations
of vehicle exhaust and industrial emissions are

easily trapped
m| EX: 7?7
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* Forms when sunlight, nitrogen oxides, and VOCs are
present

* Impairs respiratory function in human beings
* Hard to reduce = secondary pollutant
* Focus on primary pollutants that contribute to smog

* Reducing VOCs, Nitrogen Oxide emissions



Sulfur Dioxide: Magda, Jonathan, Ellie

Nitrogen Oxide: Taylor, Bryan, Brad
Carbon Monoxide: Lovpret, Priya, Mandeep
Particulate Matter: Rachana, Luis, Monica
Lead: Ayat, Matthew, Jeanelle

Ozone: Jasmine, Daniela, Joseph



TABLE 15.1

Compound Symbol

Human-derived sources

Effects/impacts

Criteria air pollutants

Sulfur SO,
dioxide

Combustion of fuels that contain
sulfur, including coal, oil, gasoline.

All combustion in the atmosphere
including fossil fuel combustion,
wood, and other biomass burning.

Incomplete combustion of any kind,
malfunctioning exhaust systems,
and poorly ventilated cooking fires

Respiratory irritant, can exacerbate asthma
and other respiratory ailments. SO, gas can harm
stomates and other plant tissue. Converts to
sulfuric acid in atmosphere, which is harmful to
aquatic life and some vegetation.

Respiratory irritant, increases susceptibility to
respiratory infection. An ozone precursor,
leads to formation of photochemical smog.
Converts to nitric acid in atmosphere,
which is harmful to aquatic life and some
vegetation. Also contributes to overfertilizing
terrestrial and aquatic systems (as discussed
in Chapter 3).

Bonds to hemoglobin thereby interfering with
oxygen transport in the bloodstream. Causes
headaches in humans at low concentrations;
can cause death with prolonged exposure
at high concentrations.

Particulate PM_ (smaller
matter than 10

Combustion of coal, oil, and diesel,
and of biofuels such as manure

Can exacerbate respiratory and cardiovascular
disease and reduce lung function. May lead

micrometers) and wood. Agriculture, road to premature death. Reduces visibility, and
PM, (2.5 construction, and other activities contributes to haze and smog.
micrometers that mobilize soil, soot, and dust.
and less)
Lead Pb Gasoline additive, oil and gasoline, Impairs central nervous system. At low
coal, old paint. concentrations, can have measurable effects
on learning and ability to concentrate.
Ozone 0, A secondary pollutant formed by the Reduces lung function and exacerbates respiratory

Other air pollutants

combination of sunlight, water,
oxygen, VOCs, and NO,.

symptoms. A degrading agent to plant surfaces.
Damages materials such as rubber and plastic.

Volatile VocC Evaporation of fuels, solvents, A precursor to ozone formation.

organic paints; improper combustion of

compounds fuels such as gasoline.

Mercury Hg Coal, oil, gold mining. Impairs central nervous system. Bioaccumulates

in the food chain,

Carbon Co, Combustion of fossil fuels and Affects climate and alters ecosystems by

dioxide clearing of land. increasing greenhouse gas concentrations,
Table 15.1
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TABLE 15.1

Compound Symbol Human-derived sources Effects/impacts

Criteria air pollutants

Sulfur SO, Combustion of fuels that contain Respiratory irritant, can exacerbate asthma
dioxide sulfur, including coal, oil, gasoline. and other respiratory ailments. SO, gas can harm

stomates and other plant tissue. Converts to
sulfuric acid in atmosphere, which is harmful to
aquatic life and some vegetation.

Nitrogen NO, All combustion in the atmosphere Respiratory irritant, increases susceptibility to
oxides including fossil fuel combustion, respiratory infection. An ozone precursor,
wood, and other biomass burning. leads to formation of photochemical smog.

Converts to nitric acid in atmosphere,

which is harmful to aquatic life and some
vegetation. Also contributes to overfertilizing
terrestrial and aquatic systems (as discussed

in Chapter 3).
Carbon co Incomplete combustion of any kind, Bonds to hemoglobin thereby interfering with
monoxide malfunctioning exhaust systems, oxygen transport in the bloodstream. Causes
and poorly ventilated cooking fires headaches in humans at low concentrations;

can cause death with prolonged exposure
at high concentrations.

Table 15.1 part 1
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Acid Deposition
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Acid Deposition

the atmosphere and combine with

il atmospheric oxygen and water. These form

Al % the secondary pollutants nitric acid and
g sulfuric acid.

These secondary pollutants further break
_ down into nitrate and sulfate which cause

Fig'ure15.10' . . . o 0

e the acid in acid deposition.

Hadrian’s Arch- Athens Greece

Made of Marble which has calcium carbonate. Dry acid in the air and acid
rain deteriorate the monument.




Effects of Acid Deposition

these into surface waters

1] Damaging statues, monuments, and buildings



Major Air Pollutants

articulate Matter

Volatiles Organic Compounds

#l Ozone

m] [ead

5| Mercury




Fig;Jre 14.19 | . _
Environmena Sciece Iceland — Svartsengi Power Plant

© 2012 W. H. Freeman and Company

Solution — to use a cooling tower to reduce the temperature of water by
evaporation.



Air Pollution

atmosphere at concentrations high enough to harn
plants, animals, and materials such as buildings, or
to alter ecosystems.



Major Air Pollutants

articulate Matter

Volatiles Organic Compounds

#l Ozone

m] [ead

5| Mercury




TABLE 15.1

Compound Symbol

Human-derived sources

Effects/impacts

Criteria air pollutants

Sulfur SO,
dioxide

Combustion of fuels that contain
sulfur, including coal, oil, gasoline.

All combustion in the atmosphere
including fossil fuel combustion,
wood, and other biomass burning.
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and poorly ventilated cooking fires

Respiratory irritant, can exacerbate asthma
and other respiratory ailments. SO, gas can harm
stomates and other plant tissue. Converts to
sulfuric acid in atmosphere, which is harmful to
aquatic life and some vegetation.

Respiratory irritant, increases susceptibility to
respiratory infection. An ozone precursor,
leads to formation of photochemical smog.
Converts to nitric acid in atmosphere,
which is harmful to aquatic life and some
vegetation. Also contributes to overfertilizing
terrestrial and aquatic systems (as discussed
in Chapter 3).

Bonds to hemoglobin thereby interfering with
oxygen transport in the bloodstream. Causes
headaches in humans at low concentrations;
can cause death with prolonged exposure
at high concentrations.

Particulate PM_ (smaller
matter than 10

Combustion of coal, oil, and diesel,
and of biofuels such as manure

Can exacerbate respiratory and cardiovascular
disease and reduce lung function. May lead

micrometers) and wood. Agriculture, road to premature death. Reduces visibility, and
PM, (2.5 construction, and other activities contributes to haze and smog.
micrometers that mobilize soil, soot, and dust.
and less)
Lead Pb Gasoline additive, oil and gasoline, Impairs central nervous system. At low
coal, old paint. concentrations, can have measurable effects
on learning and ability to concentrate.
Ozone 0, A secondary pollutant formed by the Reduces lung function and exacerbates respiratory

Other air pollutants

combination of sunlight, water,
oxygen, VOCs, and NO,.

symptoms. A degrading agent to plant surfaces.
Damages materials such as rubber and plastic.

Volatile VocC Evaporation of fuels, solvents, A precursor to ozone formation.

organic paints; improper combustion of

compounds fuels such as gasoline.

Mercury Hg Coal, oil, gold mining. Impairs central nervous system. Bioaccumulates

in the food chain,

Carbon Co, Combustion of fossil fuels and Affects climate and alters ecosystems by

dioxide clearing of land. increasing greenhouse gas concentrations,
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TABLE 15.1

Compound Symbol Human-derived sources Effects/impacts

Criteria air pollutants

Sulfur SO, Combustion of fuels that contain Respiratory irritant, can exacerbate asthma
dioxide sulfur, including coal, oil, gasoline. and other respiratory ailments. SO, gas can harm

stomates and other plant tissue. Converts to
sulfuric acid in atmosphere, which is harmful to
aquatic life and some vegetation.

Nitrogen NO, All combustion in the atmosphere Respiratory irritant, increases susceptibility to
oxides including fossil fuel combustion, respiratory infection. An ozone precursor,
wood, and other biomass burning. leads to formation of photochemical smog.

Converts to nitric acid in atmosphere,

which is harmful to aquatic life and some
vegetation. Also contributes to overfertilizing
terrestrial and aquatic systems (as discussed
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Carbon co Incomplete combustion of any kind, Bonds to hemoglobin thereby interfering with
monoxide malfunctioning exhaust systems, oxygen transport in the bloodstream. Causes
and poorly ventilated cooking fires headaches in humans at low concentrations;
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These dots, representing particulate
matter, have been magnified 500 times.
Even at this magnification, it would be
impossible to see a dot that represents

0.01 pm without using a microscope.
. V.

N < PMy 5 <2

0.01 pm <PM, 5 < 2.5 pm
Fossil fuel-burning Z.Epm_J_ﬁFM,lnt: 10 pm

Particulate matter in the
atmosphere can either
absorb or scatter
sunlight, creating haze
and reducing light
reaching Earth'’s surface.

« —~@
Volcanoes (g — power plant smoke

rgﬁ." 8

The largest particulate matter
ranges from 10 to 100 um. For

scale, human hair is about 50
to 100 um in diameter.

Vehicle

Wood fires Jf
o resl exhaust
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100 um

Figure 15.2
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Dirty air

Ll

eliminator

©

Scrubbing
water

Figure 15.13
Environmental Science
© 2012 W, H. Freeman and Company

7~
@ Dirty air enters scrubber.

@ Combustion exhaust stream moves
upward in shower of water mist.

@ Mist collects particles (“scrubs”
the air) and brings them down to
bottom of unit.

@ Dirty water moves to a sludge
removal system.

@ Sludge is separated from water
and disposed of.

Water moves back to
scrubber for reuse.

@ Excess mist collects on screen.

S —

Cleaner air exits through stack.
\.

Sludge removal system

Sludge
to disposal

—

collected and
processed for
disposal.
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Anthropogenic Sources of Air Pollution

Industrial processes

5] Waste disposal



On-road vehicles

Non-road equipment

Fires

Residential wood combustion
Industrial processes

Waste disposal

Fossil fuel combustion

Electricity generation

(a) Carbon monoxide

Electricity generation
Fossil fuel combustion
Industrial processes
Non-road equipment

On-road vehicles

(c) Sulfur dioxide

Figure 15.5
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Ways to Prevent Air Pollution

cruppers on sMmokKe staCks

Baghouse filters

1] Electrostatic precipitators



Clean air

Shaker Baghouse Filter
Air pollution control

mechanism

N7 4
Dirty i | | @ Dirty air enters housing.
airinlet = '

@ Combustion exhaust stream moves
through and dust particles are trapped
in a series of filter bags.

O“‘* - : @ Cleaner, filtered air moves out of unit.
= inner bag

Collection hopper surface

A shaker mechanism is activated
periodically to dislodge trapped
particles, which can then be collected
from beneath the unit.

Figure 15.11
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® High-voltage @ Positive
negative collection
electrode electrode

O,

Dirty air |

p
@ Dirty air enters precipitator unit.

a positively
by negatively charged plates, which gives C h a rged P I ate .

@ Particles in combustion exhaust stream pass

them a negative charge.

The particles
@ The negatively charged particles are attracted
to positively charged collection plates. are COI IeCted fO r

@ Cleaner air moves out of the unit. d i S Posal .

@ The positive collection plates are periodically
discharged, which causes the particles to fall off

so that they can be removed from the system.
& s

Figure 15.12
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p
@ Dirty air enters scrubber.

@ Combustion exhaust stream moves
upward in shower of water mist.

Mist collects particles (“scrubs”
the air) and brings them down to
bottom of unit.

@ Dirty water moves to a sludge
removal system.

@ Sludge is separated from water
and disposed of.

Water moves back to
scrubber for reuse.

@ Excess mist collects on screen.

Cleaner air exits through stack.
\.

Sludge removal system

Sludge
to disposal

f—
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Formation and Breakdown of Ozone

Sometimes the free oxygen atoms result in ozone:
O2+0->0s

1] Ozone is broken down into Oz and free oxygen atoms when it
absorbs both UV-C and UV-B ultraviolet light:
O3 + UV-Bor UV-C->02+ O




Anthropogenic Contributions to Ozone
Destruction

compound known as chlorofluorocarbons (CFCs)

1] CFCs are used in refrigeration and air conditioning, as
propellants in aerosol cans and as “blowing agents” to
inject air into foam products like Styrofoam, foam
cushions.



Anthropogenic Contributions to Ozone
Destruction

to break the bond connecting chlorine to the CFC
molecule.

5| which can then break apart the ozone molecules.




Anthropogenic Contributions to
Ozone Destruction

Next, a free oxygen atoms pulls the oxygen atom from CIO,

liberating the chlorine and creating one oxygen molecule:
CIO+0->Cl+ 02

5] One chlorine atom can catalyze the breakdown of as many
as 100,000 ozone molecules before it leaves the stratosphere.



Depletion of the Ozone Layer

Decreased stratospheric ozone has increased the amount of
UV-B radiation that reaches the surface of Earth.




Indoor Air Pollutants
Indoor Air Pollution - Zimbabwe

used for cooking
and heating in
developing

countries.

Asbestos

Carbon Monoxide

Radon

VOCs in home
products




Sources of Indoor Air Pollution

Furniture; carpets;

foam insulation; Tobacco smoke
pressed wood Pollutants: Many toxic or
Pollutant: VOCs carcinogenic compounds

Household products:
Pesticides; paints;
cleaning fluids
Pollutant: VOCs
and others

Old paint
Pollutant: Lead

wood stove
Pollutant:

| d ceiling tiles;
Particulate 1ing !

insulation
nt: Asbestos

Leaky or unvented g: I g
wood stoves and furnaces; Rocks and soil
car left running in garage A g beneath house
Pollutant: Carbon monoxide Pollutant: Radon

Figure 15.16
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Potential Radon exposure in
United States




Do the Math
Calculating Annual Sulfur Reductions

Divide the reduction by the original amount and multiply by o
obtain a percent reduction.

* The total reduction was 56 percent. To calculate the reduction per year
divide 56 percent by the number of years from beginning to end:

2008 — 1982 = 26 years
o 56%/ 26 years = 2.2%lyear



Working Toward
Sustainability




