Air Pollution

tutorial by Paul Rich
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1. The Atmosphere

trOpOSphere, the Atmospheric pressure (millibars)
Innermost layer:

 where weather occurs:

e contains 75% of mass of
Earth's air;

* location of greenhouse
effect, whereby heat is
trapped near Earth's
surface;

Allilude above sea level (miles)

~Tropopause

* heated from beneath ozone “layer”

because solar radiation Cr—
passes through e i [

a0 120 I,':l':l millibars

atmosphere & heats R inRaliing (05) at ground
Earth's surface. .

Altitude above sea level (kilometers)
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The Atmosphere

Atmospheric pressure (millibars)

stratosphere, the 0
second innermost
layer:

* includes ozone layer,
which filters ultraviolet
radiation;

* Increasing _
temperature with X P—

azone “layer”

altitude makes layer | i
stable & limits mixing ' ‘\ Troposphere 5
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The Atmosphere

Human inputs to the
troposphere modify - |
Earth's gaseous
nutrient cycles.

* nitrogen & sulfur
compounds are among
the substances released
by burning fossil fuels;

Allilude above sea level (miles)

 humans add carbon
dioxide (CO,) & other P 5 s B

I i roposphere 5
burning fossil fuels & e .
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2. Urban Air Pollution

Pollutants include both natural & human sources.
Sources can be mobile or stationary. Within the
atmosphere chemical reactions can form secondary
pollutants from primary pollutants.

Primary Pallutants

Secondary Paollutants

S0, MO NO,
80,

HNO, M50,
H,0, ©, PAMs

Mest Hydrocarbons
Mest suspended
particles

Mast NOSand 505 salls
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Air Pollution

In addition to gaseous
pollutants,
suspended
particulate matter,
consisting of particles

of solid matter &
droplets of liquid, is
released into the
atmosphere by
burning fossil fuels &
by other human
activities.

Fine e lum
Parthces Particles

Large
Particles

Sea sall nuclei

Carbon|black

Paint pigments Pollens

Tobacco smoke

Cement dust
Iﬂillm:l1flcrur
l:'cral1dust
Ol smoke
Melallurgical dust and fumes
Photochemical smog

|I'I5!EH:‘|:|GH-E dusts

0.001 0.01 0.1 1.0 10.0 1000

Average particle diameter (micromelers or microns)

Fig. 184
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Photochemical Smog

Photochemical

. ~ Solar
smog consists of radiation
SeCOndary Ultraviolet radiation < |
pollutants (HNO, ; NG

Nitric oxide

PANSs, O,...) that [ NO, 0 o,

Water Nitrogen Atomic Molecular
are formed in a . <wdioxides="" oxygen oxygen
complex series of
reactions
] ng i - 'PANs . Aldehyd
involving input of P AL oY e Y
energy from solar .I'_ﬂ_.!itri{: acid nit[_latgs . 'formaldehyde) Ozone

radiation Photochemical smog

Hydrocarbons
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Industrial Smog

Industrial Smog consists mostly of sulfur dioxide,
sulfuric acid suspended in droplets, & a variety of
particulates (soot).

« sulfur compounds in coal & oil react with oxygen to
form sulfur dioxide (SO,), a colorless suffocating gas;

S + 0, — SO,

* in the troposphere some of the sulfur dioxide reacts
with oxygen to from sulfur trioxide (SO,), which then
reacts with water vapor to form sulfuric acid (H,SO,).

250, +0,->S0, SO, +H,0—>H,S0,
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Thermal Inversions

Thermal inversions

involve trapping cool

air beneath warm air.

This prevents mixing ‘o
and leads to - —_ ,ﬁﬂlﬂﬂ

o eors vl
dangerous levels of

air pollution Cool
(photochemical e e

smog, industrial
smog...) near the Céﬂl q L{@ p
- o [ ST

ground.
Air Pollution Video:

http://video.nationalgeographic.com/video/player/environment/environmental-threats-
environment/state-of-the-earth/air.html © Brooks/Cole Publishing Company / ITP




3. Regional Air Pollution from Acid Deposition

Acid deposition, which consists of rain, snow,
aust, or gas with pH lower than 5.6, is commonly

called acid rain. Soils & lakes vary in their ability to
buffer or remove excess acidity.

Wind

Transformation to
sulfuric acid (HaS04)
and nifric acid (HNO4)

Windborne ammonia gas .
and parficles of cultivated soil Wet acld deposition
partially neutralize acids and fm"f'F"l‘H."" ol HzS04 and

form dry sulfate and nitrate salls HNO; dissolved In rain

Mitric oxide Suliur dioxide :SGH ‘h Dr}' ac e de pu&ltlt o and f-"'i.“'ﬂ'l
(NO) | and nitrle oxide {sulfur dioxide

gas and particles

of sulfate and
nltrw salls) P

-_..l. || "'"E_""__'
- g Farm *-.4-— - ’%Hﬂih
i ﬂ‘ ﬂ \’."l"' o Lakes in shallow soil
i 1_ ;’ j& a.ﬁl"' - | deep soil high ke b

are buffered bz ooy 2
are B ac ke

Acid fog

© Brooks/Cole Publishing Company / ITP




Acid Deposition

Acid deposition is now a problem in widespread
regions, especially in expansive areas downwind
from major industrial areas.

] Potential problem areas
because of sensitive soils

g Potential problem areas because
of air pollution: emissions leading
to acid deposition

Flg 18—-8 [ Current problem areas

(including lakes and rivers)
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Effects on Soil & Plants

Known &
suspected
effects of
prolonged

exposure to

atmospheric
pollutants on
trees & soils.

Emissions

. 4 +

Acid S50; NOy
deposition H,0, 0O,
FaMNs Others

Direct |:!1n| G ]u ] =

£~ Increased
- evapotranspiration

Effects of Weathar

Diry Lisw
weather

\ 4

precipitation

Increased

susceptibility |

and nrr:!lrs L
=

Bark damags = ér:

b

Imcreasad
transpiration

»

ron 3,3k , _:-I';-'J-\.:_' -

e

Soil acidification

|
;

— = Tl

Gl

BT

1 i

% Kills ceriain

1o frosl, posts, §
}TUHQI. MEses,
and disoass

v ¥
Dead leaves || -
WWaler I
daficit or rl'leedlea 4
v - 3
Heduced I

photosynthesis |
and growih

= Muitrient ;
deficiency ‘!L

B eesar il sail

Damage to Tres death

Ir@e Crovwm i ‘_‘i.:

n|||:r|:|nru1n|.-.n|.-.
Halgasa of toxic melal ions

Dlal:urb:l nce
i ; || of nufrient
uptake

Damage I:|:|
T r|:|::||:'.

Leachimg of
goil nutrients

Acide amd
9.0 nutrienis

Groundvwater

sfurbance
ol waler
uplake

© Brooks/Cole Publishing Company / ITP




Effects on Aquatic Life

 aquatic ecosystems are the ultimate repository for
various air pollutants;

* in particular high acidity (low pH) can leach harmful
minerals such as aluminum into the environment, Kill
fish & other organisms, inhibit reproduction, disrupt
food chains, & decrease productivity

Effects on Property

« air pollutants cause billions of dollars of damage to
various materials (e.g., damage to buildings in U.S.
estimated at $5 billion annually);

 breaks down paints on cars and buildings,
deteriorates roofing, etches stained glass windows,
dissolves & discolors marble (see Fig. 18-3).
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- carbon monoxide (CO): reacts with hemoglobin in red blood cells & reduces
ability of blood to carry oxygen;

« particulates: long—term exposure contributes to lung disease & cancer,
aggravates bronchitis & asthma;

- sulfur dioxide (SO,): causes constriction of airways & can cause bronchitis;

- nitrogen oxides (especially NO,): irritate lungs, cause conditions similar to
bronchitis & emphysema;

- volatile organics (& toxic particulates): cause mutations, reproductive
problems, & cancer;

* 0zohe: causes coughing, chest pain, shortness of breath, & eye, nose, &
throat irritation.




4. Indoor Air Pollution

Para-dichlorobenzene Tetrachloreethylens

Indoor alr Source: Air fresheners,  Sowrce: Dry-cleaning fluid fumes on clothes
mothball crystals Possible threat: Nerve disorders, damage to

Clorofarm Possible threat: Cancer  liver and kidneys, possible cancer

pO//UtIOn Can Source: Chlorine-treated
water in hot showers Formaldehyde

be an even Possible threat: Cancer & ource: Furniture

stuffing, pansling.

greater health Bg ypidebuae, e
sl Threat: brritation of

threat than 'T'Err:!ll::ut5 Dizziness, E?EEI' throat, skin
Outdoor alr irregular breathin ! and lungs; nausea:

dizziness

Mitrogen Cxides

Source: Umnvented Benzo-a-pyrene

pollution. gas staves and _ - Source Tobacco
kerosene heaters, Threat: Lung cancer
woodstoves
Threat: Frritated Shyrene
lungs, children's aouroe: Carpels
colds, headaches plastic producs

E Threat: Kidney and
r"lEbE'E‘IIZIS_ 15-?33?;: Dﬂ:Eiglﬂl:rl:l.'!tEE I"-.__ lvier e g
Source: Fipe Threat: Lung cancer. respiratory,

insulation, ailments, heart disease
winyl ceiling Radon-22

and floor tiles Carbon Monadide Kethylene Chloride B Source: Racloactive
Threat: Lung Source: Faulty furances, Source: Paint strippers  soil and rock
disease, lung urvented gas stoves and and thinners surrounding
CAMCEr kerosens heaters, Threat: Merve disorders, foundalion, waber
woadstoves diabsates siapply
Threat: Headaches, Threal: Lung cancer
drovwsiness, irregular
heartheat

*Visit Tox Town at http://toxtown.nlm.nih.gov/




“Sick Building Syndrome”

EPA studies show that 11 common pollutants are generally 2-5
times higher inside homes & commercial buildings than outdoors.

Health risks are magnified because people spend 70-98% of
their time indoors.

Indoor pollutants linked to dizziness, headaches, coughing,
sneezing, nausea, burning eyes, fatigue, & flu-like symptoms

At greatest are smokers, children under 5, old, sick, pregnant
women, etc.

Building is considered “sick” when at least 20% of its occupants
suffer persistent symptoms that disappear when they go outside.

New buildings are more commonly “sick” than old ones because
of reduced air exchange (to save energy) and chemicals from
new carpeting and furniture.




Indoor Air Pollution

Outlet vents for furnaces and dryers

Radon-222 gas is a
colorless, odorless, _ j
naturally occurring gas T | -  1 rq:gpan window

. {] e ’I.
that is a breakdown o iy R sl S Cradie !
‘ |, amound! g pal
el wall

. pipas |

product of uranium-— e i
']]l‘ Porsa 1
Slab joints

238 found in small

amounts in most soil. clf‘!.ﬁﬁﬂ .ﬁ?f‘é% r‘_}i {‘:
Radon gas causes . Glnthas dryﬁlr e
lung cancer & other gy -~

health problems.

Ventilation & proper

building can prevent

accumulation of this

dangerous gas.

*See http://www.atsdr.cdc.gov/tfacts145.html




EPA Map of Radon Zones

Which states
are most at

U.5. EPASOAR/ORIA/Indoor Environments Division
EPA Map of Radon Zones

EPA-402-R-93-071
www.epa.goviradon/zonemap.html

NORTH CAROLINA

Zone 1 Highest Potential (greater than 4 pCi/L)
Zone 2 Moderate Potential (from 2 to 4 pCi/L)
B Zone 3 Low Potential (less than 2 pCi/L)
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Laws for Preventing & Reducing Air Pollution

The Clean Air Acts of 1970, 1977, & 1990 provide
federal air pollution regulations & require the
Environmental Protection Agency (EPA) to establish
national ambient air quality standards (NAAQS).

* NAAQS apply to seven outdoor pollutants: suspended
particulate matter, sulfur oxides, carbon monoxide,

nitrogen oxides, ozone, volatile organic compounds, &
lead;

* prevention of significant deteriorization is a policy
of the Clean Air Act, under which regions with air
quality cleaner than that required by NAAQS are not
allowed to deteriorate;

 national emission standards for toxic air pollutants
require the EPA to regulate many toxic air pollutants.
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Effectiveness of Laws

The Clean Air Act has worked.

* between 1970 & 1997 levels of six major air
pollutants decreased by 31%,;

* nitrogen dioxide levels have increased slightly,
primarily from automobiles;

* a 1996 study by the EPA shows that benefits of the
Clean Air Act greatly exceed costs: 1970-90 $436
billion spent, health benefits of $2.7 to $14.6 trillion;

e still EPA estimates that 107 million Americans live In
areas that exceed at least one outdoor air pollution
standard.
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Technologies for Preventing &
Reducing Air Pollution

i
+._—Cleaned gas

Four commonly Electrodes  Cloaned

used methods | i gas 4
for removing Lﬁ - |
particulates N W Prvees
frOm the Dust discharggir;;u;'s _ |

exhaust gases a. Electrostatic Precipitator  b. Baghouse Filter %

of electric cloanedgas ——F12 G Dy gee
power & Dirty gas =l ' =
industrial plants. B Hi =1}
All produce B j =
hazardous G

waste that must g .

be diSpOsed of. ¢. Cyclone Separator f’%{Dust discharE:: e d. Wet Scrubber
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Preventing & Reducing Air Pollution

Methods for Prevention Cleanup
reducing Mass transit Emission control

N o e N 7o) . Bicycles and walking devices

motor vehicles. Less polluting engines 0o
Less polluting fuels

cars off the road

Improve fuel efficiency Car exhaust
. . . inspections

t older Hut :
Get older, polluting twice a year

@ 2
Give buyers tax write- I{'_;j_l' i
offs for buying low- ey
polluting, energy-

efficient vehicles

Restrict driving in ;.: _ Stricter emission
polluted areas : <\ standar ds
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Preventing & Reducing Air Pollution

How can we protect the atmosphere?
« Put more emphasis on pollution prevention;
 improve energy efficiency;
 reduce use of fossil fuels (especially coal & oll);
* increase use of renewable energy
* slow population growth;
* integrate air pollution prevention with other policies;
* regulate air quality for entire regions;
» tax the production of air pollution;

« transfer appropriate technologies to developing
countries.
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