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Air Pollution FactoidsAir Pollution Factoids
Americans make the equivalent of _____ round 
trips to the moon each year in their automobilestrips to the moon each year in their automobiles.
National air quality levels have shown significant  
improvements over the last _____ years in the 
U SU.S.
Since 1970, aggregate emissions of the six 
principal pollutants have been cut by %, while p p p y ____ ,
the gross domestic product has increased 164%, 
energy consumption has increased _____%, and 
vehicle miles traveled has increased %.vehicle miles traveled has increased ________%.
_____ million tons of pollution are emitted into the 
air each year in the U.S.



Air pollution EpisodesAir pollution EpisodesAir pollution EpisodesAir pollution Episodes

Meuse Valley, Belgium, 1930Meuse Valley, Belgium, 1930 –– zinc smelters,zinc smelters,Meuse Valley, Belgium, 1930 Meuse Valley, Belgium, 1930 zinc smelters, zinc smelters, 
60 deaths60 deaths
Donora, Pennsylvania, 1948 Donora, Pennsylvania, 1948 –– 23 deaths over 23 deaths over , y ,, y ,
Halloween weekendHalloween weekend
London, England, 1952 London, England, 1952 –– 4000 deaths4000 deaths, g ,, g ,
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L’Indépendance Belge 6-12-1930
De Standaard 7-12-1930

Le Peuple 6-12-1930
Le Soir 12-12-1930

De Standaard 8-12-1930
Le Soir 11-12-1930
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Donora PADonora PADonora, PADonora, PA



Donora PADonora PADonora, PADonora, PA



Central London during the killer smog, December 1952. At this point, 
visibility is less than 30 feet. During the height of the smog, people 

"Night at Noon." London's Piccadilly 
Circus at midday during a deadly smog could not see their own hands or feet, and buses had to be led by 

policemen walking with flares.
Credit: 'When Smoke Ran Like Water', by Devra Davis, Perseus 
Books

Circus at midday, during a deadly smog 
episode, this time in the winter of 1955.
Credit: 'When Smoke Ran Like Water', 
by Devra Davis, Perseus Books

Research by Rutgers University's Paul Lioy and others 
shows that as the amount of smoke and pollutants in the air 
shot up during the week of Dec. 5, 1952, so did the death p g
rate in greater London. Estimates say the smog killed 
anywhere from 4,000 to 11,000 people. 
Credit: Paul Lioy, Rutgers University



Smog: Sulfur Dioxide, Acidic Smog: Sulfur Dioxide, Acidic 
A l d S ( i l )A l d S ( i l )Aerosols and Soot (particulates)Aerosols and Soot (particulates)



Air Pollution FactoidsAir Pollution FactoidsAir Pollution FactoidsAir Pollution Factoids
Approximately _____ million people live in counties 

h it d i i 2002 h lth t tiwhere monitored air in 2002 was unhealthy at times 
because of high levels of at least one of the six principal 
air pollutants 
th t j it f th t i d h lth ithe vast majority of areas that experienced unhealthy air 
did so because of one or both of two pollutants - ______ 
and _________________, PM10
Clean Skies legislation currently being considered wouldClean Skies legislation currently being considered would 
mandate additional reductions of _______% from current 
emission levels from power plants through a c_____ and 
t programt_________ program
Of the six pollutants (NOX, Ozone, SOX, PM10, CO, lead) 
ground level _________ has been the slowest to achieve 
reductionsreductions



Primary vs secondary pollutantsPrimary vs secondary pollutantsPrimary vs. secondary pollutants Primary vs. secondary pollutants 

Primary pollutantPrimary pollutant -- discharged directlydischarged directlyPrimary pollutantPrimary pollutant discharged directly discharged directly 
into the atmosphere  (e.g., automobile into the atmosphere  (e.g., automobile 
exhaust)exhaust)exhaust)exhaust)
Secondary pollutantSecondary pollutant -- formed in the formed in the 
atmosphere through a variety of chemicalatmosphere through a variety of chemicalatmosphere through a variety of chemical atmosphere through a variety of chemical 
reactions (e.g., photochemical smog)reactions (e.g., photochemical smog)
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Stationary vs mobile sourcesStationary vs mobile sourcesStationary vs. mobile sourcesStationary vs. mobile sources

Stationary SourcesStationary SourcesStationary SourcesStationary Sources
Contribute approximately 40% of total air Contribute approximately 40% of total air 
pollutionpollutionpollution pollution 

•• 98% of SO98% of SOXX, , 
•• 95% of particulates, 95% of particulates, p ,p ,
•• 56% of total hydrocarbons, 56% of total hydrocarbons, 
•• 53% of NO53% of NOXX, and , and 
•• 22% of CO22% of CO

CE 326 Principles of Environmental Engineering, Copyright © 2008 Tim Ellis, Iowa State University



Stationary vs mobile sourcesStationary vs mobile sourcesStationary vs. mobile sourcesStationary vs. mobile sources

Mobile SourcesMobile SourcesMobile SourcesMobile Sources
Contribute approximately 60% of total air Contribute approximately 60% of total air 
pollutionpollutionpollution pollution 

•• 78% of CO, 78% of CO, 
•• 47% of NO47% of NOXX, , XX,,
•• 44% of total hydrocarbons, 44% of total hydrocarbons, 
•• 5% of particulates, and 5% of particulates, and 
•• 2% of SO2% of SOXX
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Source: WRI Estimate Based on Data from "National Air Quality and Emissions Trends Report, 1995," 1996, EPA 454/R-96-005.

National Emissions Inventory from EPASee:
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Effects of air pollutionEffects of air pollutionEffects of air pollutionEffects of air pollution

Damage to h h and wDamage to h h and wDamage to h_______ h_______ and w_______Damage to h_______ h_______ and w_______
Damage to v_____________ and a__________Damage to v_____________ and a__________
Damage to m and structuresDamage to m and structuresDamage to m_________ and structuresDamage to m_________ and structures

A___________A___________
D  and rD  and r_________ ___________________ __________
D__________ c__________ a__________D__________ c__________ a__________
I________ c__________ a__________I________ c__________ a__________
E________________ c____________E________________ c____________

Damage to the atmosphere, soil, and waterDamage to the atmosphere, soil, and water

CE 326 Principles of Environmental Engineering, Copyright © 2008 Tim Ellis, Iowa State University



Air Pollution EffectsAir Pollution Effects

Melon leaves damaged by ozone

Statue damaged by acid rain

Feedlot



DefinitionsDefinitionsDefinitionsDefinitions
c__________  pollutant – pollutant that is regulated based on health or 
environmental criteriaenvironmental criteria
NAAQS - National A_______________ A_______ Quality Standards -
revised in 1987, set air quality standards.
SIP – State I_________________ Plan to achieve air quality standard
AQR  – Air Q__________ R_________________  – areas that have air 
quality that meets primary standards is classified as an attainment area, 
if not, then it’s a non-attainment area.
NESHAPs – National E Standards for HNESHAPs  National E____________ Standards for H___________ 
Air P______________
MACT  – Maximum Achievable C________________ 
T_________________ 

l BACT b t il bl t l t h l ) th b t il blalso BACT – best available control technology)  – the best available 
control equipment that is technologically feasible and is currently  
available.

NSPS  – New S_____________ P_________________ Standards_____________ _________________



Seven Major Pollutants of ConcernSeven Major Pollutants of ConcernSeven Major Pollutants of Concern Seven Major Pollutants of Concern 

1.1.ParticulatesParticulates
2.2.Sulfur Oxides (SOSulfur Oxides (SOXX))
33 OO3.3.OzoneOzone
4.4.Nitrogen Oxides (NONitrogen Oxides (NOXX))
55 C b M id (CO d thC b M id (CO d th5.5.Carbon Monoxide (CO and other Carbon Monoxide (CO and other 

hyrdrocarbons)hyrdrocarbons)
66 Volatile Organic Compounds (VOCs)Volatile Organic Compounds (VOCs)6.6.Volatile Organic Compounds (VOCs)Volatile Organic Compounds (VOCs)
7.7.Lead (& others: mercury, other inorganic metals, Lead (& others: mercury, other inorganic metals, 

radon, HCl)radon, HCl)radon, HCl)radon, HCl)
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Ozone Nonattainment AreasOzone Nonattainment AreasOzone Nonattainment AreasOzone Nonattainment Areas



SOSO22 Nonattainment AreasNonattainment AreasSOSO22 Nonattainment AreasNonattainment Areas



Lead (Pb) Nonattainment AreasLead (Pb) Nonattainment AreasLead (Pb) Nonattainment AreasLead (Pb) Nonattainment Areas



PMPM1010 Nonattainment AreasNonattainment AreasPMPM1010 Nonattainment AreasNonattainment Areas



CO Nonattainment AreasCO Nonattainment AreasCO Nonattainment AreasCO Nonattainment Areas



ParticulatesParticulatesParticulatesParticulates

released directly into the airreleased directly into the airreleased directly into the airreleased directly into the air
largely a result of stationary sourceslargely a result of stationary sources

l bi it b ll t tl bi it b ll t ta nearly ubiquitous urban pollutant. a nearly ubiquitous urban pollutant. 

“Although particulate levels in North America and Western 
Europe rarely exceed 50 micrograms of particulate matter per 
cubic meter (µg/m3) of air, levels in many Central and Eastern 
European cities and in many developing nations are muchEuropean cities and in many developing nations are much 
higher, often exceeding 100 μg/m3 (http://www.wri.org/wr-98-
99/urbanair.htm).”



Size of ParticulatesSize of ParticulatesSize of ParticulatesSize of Particulates
PMPM2.52.5--100100 :  2.5 to 100 μ in diameter, usually comprise :  2.5 to 100 μ in diameter, usually comprise 

k d d t f i d t i l i ltk d d t f i d t i l i ltsmoke and dust from industrial processes, agriculture, c         smoke and dust from industrial processes, agriculture, c         
and road traffic, plant pollen, and other natural sources. and road traffic, plant pollen, and other natural sources. 
PMPM2.52.5: particles less than 2.5 μ in diameter generally : particles less than 2.5 μ in diameter generally 

f b ti f f il f lf b ti f f il f lcome from combustion of fossil fuels.come from combustion of fossil fuels.
vehicle exhaust soot, which is often coated with various vehicle exhaust soot, which is often coated with various 
chemical contaminantschemical contaminants
f f f SOf f f SOfine sulfate and nitrate aerosols that form when SOfine sulfate and nitrate aerosols that form when SO22 and and 
nitrogen oxides condense in the atmosphere. nitrogen oxides condense in the atmosphere. 
largest source of fine particles is coallargest source of fine particles is coal--fired power plants, fired power plants, 
b t t d di l h t l i t ib tb t t d di l h t l i t ib tbut auto and diesel exhaust are also prime contributors, but auto and diesel exhaust are also prime contributors, 
especially along busy transportation corridors. especially along busy transportation corridors. 
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Health EffectsHealth EffectsHealth EffectsHealth Effects
small particulates most damaging (PM2.5)small particulates most damaging (PM2.5)p g g ( )p g g ( )
PMPM2.52.5 aggravate existing heart and lung aggravate existing heart and lung 
diseasesdiseases
changes the body's defenses against inhaledchanges the body's defenses against inhaledchanges the body s defenses against inhaled changes the body s defenses against inhaled 
materials, and damages lung tissue. materials, and damages lung tissue. 
Elderly, children and those with chronic lung or Elderly, children and those with chronic lung or y, gy, g
heart disease are most sensitiveheart disease are most sensitive
lung impairment can persist for 2lung impairment can persist for 2--3 weeks after 3 weeks after 
exposure to high levels of PMexposure to high levels of PMexposure to high levels of PMexposure to high levels of PM2.52.5
chemicals carried by particulates can also be chemicals carried by particulates can also be 
toxictoxic
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Sulfur OxidesSulfur OxidesSulfur Oxides Sulfur Oxides 
Sulfur Oxides (SOSulfur Oxides (SOXX, mainly SO, mainly SO22)            )            
emitted largely from burning coal, highemitted largely from burning coal, high--sulfur oil, and sulfur oil, and 
diesel fuel.diesel fuel.
usually found in association with particulates usually found in association with particulates y py p
SOSO22 is the precursor for fine sulfate particles (separating is the precursor for fine sulfate particles (separating 
the health effects of these two pollutants is difficult) the health effects of these two pollutants is difficult) 
SOSO22 and particulates make up a major portion of theand particulates make up a major portion of theSOSO22 and particulates make up a major portion of the and particulates make up a major portion of the 
pollutant load in many cities, acting both separately and pollutant load in many cities, acting both separately and 
in concert to damage health. in concert to damage health. 
concentrations are higher by a factor of 5 to 10 in a concentrations are higher by a factor of 5 to 10 in a g yg y
number of cities in Eastern Europe, Asia, and South number of cities in Eastern Europe, Asia, and South 
America, where residential or industrial coal use is still America, where residential or industrial coal use is still 
prevalent and diesel traffic is heavyprevalent and diesel traffic is heavy
major component of acid rainmajor component of acid rain



Health EffectsHealth EffectsHealth EffectsHealth Effects
SOSO22 affects people quickly, usually within the first few minutes of affects people quickly, usually within the first few minutes of 
exposureexposureexposureexposure
SOSO22 exposure can lead to the kind of acute health effects typical of exposure can lead to the kind of acute health effects typical of 
particulate pollution.particulate pollution.
Exposure is linked to an increase in hospitalizations and deaths Exposure is linked to an increase in hospitalizations and deaths p pp p
from respiratory and cardiovascular causes, especially among from respiratory and cardiovascular causes, especially among 
asthmatics and those with preexisting respiratory diseases asthmatics and those with preexisting respiratory diseases 
severity of these effects increases with rising SOseverity of these effects increases with rising SO22 levels, and levels, and 
excercise enhances the severity by increasing the volume of SOexcercise enhances the severity by increasing the volume of SO22excercise enhances the severity by increasing the volume of SOexcercise enhances the severity by increasing the volume of SO22
inhaled and allowing SOinhaled and allowing SO22 to penetrate deeper into the respiratory to penetrate deeper into the respiratory 
tracttract
Asthmatics may experience wheezing and other symptoms at much Asthmatics may experience wheezing and other symptoms at much 
lower SOlower SO levels than those without asthmalevels than those without asthmalower SOlower SO22 levels than those without asthma. levels than those without asthma. 
When ozone is also present, asthmatics become even more When ozone is also present, asthmatics become even more 
sensitive to SOsensitive to SO22 indicating the  potential for synergistic effects indicating the  potential for synergistic effects 
among pollutantsamong pollutants



OzoneOzoneOzoneOzone
major component of photochemical smog major component of photochemical smog j p p gj p p g
formed when nitrogen oxides from fuel combustion react formed when nitrogen oxides from fuel combustion react 
with VOCswith VOCs
sunlight and heat stimulate ozone formation peak levelssunlight and heat stimulate ozone formation peak levelssunlight and heat stimulate ozone formation, peak levels sunlight and heat stimulate ozone formation, peak levels 
occur in the summer. occur in the summer. 
widespread in cities in Europe, North America, and widespread in cities in Europe, North America, and 
J t d i d t i l i i h i dJ t d i d t i l i i h i dJapan as auto and industrial emissions have increased. Japan as auto and industrial emissions have increased. 
Many cities in developing countries also suffer from high Many cities in developing countries also suffer from high 
ozone levels, although few monitoring data exist ozone levels, although few monitoring data exist 
powerful oxidant, can react with nearly any biological powerful oxidant, can react with nearly any biological 
tissue. tissue. 



OzoneOzoneOzoneOzone
concentrations of 0.012 ppm can irritate the respiratory tract and concentrations of 0.012 ppm can irritate the respiratory tract and 
impair lung function causing coughing shortness of breath andimpair lung function causing coughing shortness of breath andimpair lung function, causing coughing, shortness of breath, and impair lung function, causing coughing, shortness of breath, and 
chest pain. chest pain. 
Exercise increases these effects, and heavy exercise can bring on Exercise increases these effects, and heavy exercise can bring on 
symptoms even at low ozone levels (0.08 ppm).symptoms even at low ozone levels (0.08 ppm).
ozone exposure lowers the body's defenses, increasing ozone exposure lowers the body's defenses, increasing 
susceptibility to respiratory infections susceptibility to respiratory infections 
As ozone levels rise, hospital admissions and emergency room As ozone levels rise, hospital admissions and emergency room 
visits for respiratory illnesses such as asthma also increasevisits for respiratory illnesses such as asthma also increasevisits for respiratory illnesses such as asthma also increase. visits for respiratory illnesses such as asthma also increase. 
hospital admissions rise roughly 7 to 10 percent for a 0.05 ppm hospital admissions rise roughly 7 to 10 percent for a 0.05 ppm 
increase in ozone levels.increase in ozone levels.
in 13 cities where ozone levels exceeded U.S. air standards, the in 13 cities where ozone levels exceeded U.S. air standards, the 
A i L A i ti ti t d th t hi h l lA i L A i ti ti t d th t hi h l lAmerican Lung Association estimated that high ozone levels were American Lung Association estimated that high ozone levels were 
responsible for approximately 10,000 to 15,000 extra hospital responsible for approximately 10,000 to 15,000 extra hospital 
admissions and 30,000 to 50,000 additional emergency room visits admissions and 30,000 to 50,000 additional emergency room visits 
during the 1993during the 1993--94 ozone season 94 ozone season 





Nitrogen OxidesNitrogen OxidesNitrogen OxidesNitrogen Oxides

principal precursor component ofprincipal precursor component ofprincipal precursor component of principal precursor component of 
photochemical smogphotochemical smog
component of acid rain (NOcomponent of acid rain (NO is oxidized tois oxidized tocomponent of acid rain (NOcomponent of acid rain (NOXX is oxidized to is oxidized to 
NONO33

-- in the atmosphere, NOin the atmosphere, NO33
-- reacts with reacts with 

moisture to form nitric acid Hmoisture to form nitric acid H NONO ))moisture to form nitric acid Hmoisture to form nitric acid H22NONO44))
formed inadvertently due to high formed inadvertently due to high 
t t f b ti f t h it t f b ti f t h itemperature of combustion of atmospheric temperature of combustion of atmospheric 
nitrogennitrogen
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Carbon MonoxideCarbon MonoxideCarbon MonoxideCarbon Monoxide
Hemoglobin has an affinity for CO that is 200 to 250 Hemoglobin has an affinity for CO that is 200 to 250 
ti it ffi it fti it ffi it ftimes its affinity for oxygen times its affinity for oxygen 

this reduces its affinity for oxygen, disrupts release of oxygen.this reduces its affinity for oxygen, disrupts release of oxygen.
Blood level of 0.4% is maintained by CO produced by Blood level of 0.4% is maintained by CO produced by 
b db dbody.body.
Blood is cleared of 50% of CO in 3Blood is cleared of 50% of CO in 3--4 hours after 4 hours after 
exposure.exposure.
Global emissions of CO are 350 million tons per year, Global emissions of CO are 350 million tons per year, 
20% from mobile sources.20% from mobile sources.
CO concentration in cigarette smoke is ~400 ppm.CO concentration in cigarette smoke is ~400 ppm.
24% of emergency room patients complaining of flu24% of emergency room patients complaining of flu--like like 
symptoms in one study showed carbon monoxide symptoms in one study showed carbon monoxide 
poisoningpoisoning
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Volatile Organic Compounds Volatile Organic Compounds 
(VOC )(VOC )(VOCs)(VOCs)

contribute to ozone generationcontribute to ozone generationcontribute to ozone generationcontribute to ozone generation
many are subject to NESHAPS (benzene many are subject to NESHAPS (benzene 
from gasoline vapors)from gasoline vapors)from gasoline vapors)from gasoline vapors)
significant industrial emissions (e.g., significant industrial emissions (e.g., 

hl th l f d l )hl th l f d l )perchloroethylene from dry cleaners)perchloroethylene from dry cleaners)
many are carcinogenic or suspected many are carcinogenic or suspected 
carcinogenscarcinogens
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Other Air PollutantsOther Air PollutantsOther Air PollutantsOther Air Pollutants

LeadLeadLead Lead 
MercuryMercury
th i i t lth i i t lother inorganic metalsother inorganic metals

RadonRadon
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