
Unit 7 Air Pollution and Global 

Atmospheric Changes
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How do you want to be known as the inventor of fire or the 

First man to pollute the troposphere?



Air is composed of water vapor and gases

• N2 = 78%

• O2 = 21%

• Ar = 0.93%

• CO2 = 0.04%



A healthy atm.  ecosystem services

• Blocks UV rays

• Moderates climates

• Water and biogeochemical cycling

•  O2 for respiration and CO2 for 

photosynthesis



2 types of Air pollutants

1. Primary (1º) air pollutants (are harmful by 
themselves)

2. Secondary (2°) air pollutants (harmful 
products of photochemical reactions in the 
air)



Acid rain



8 Major Classes of Air Pollutants

1. Particulate Matter

2. Nitrogen oxides

3. Sulfur oxides

4. Carbon oxides

5. Hydrocarbons = VOCs (volatile organic cmpds)

6. Ozone

7. Lead and heavy metals

8. Others (ex:  radon)



1) Particulate matter (PM) (1°

and 2°)

= suspended solids (dust) or liquids (mists)

 dec. photosynthesis

Health problems (ex: asthma, bronchitis…)



Ex: Black carbon, soot, lead, asbestos, sea salt, 

sulfuric acid droplets



Particle size matters



Define anthropogenic



Sources

• Natural

– Volcanoes

– Forest fires

– Soil erosion caused by 

wind

– Sea spray

• Anthropogenic

– Crematoriums

– Incinerators

– Construction/road 

work

– agriculture



2) Nitrogen oxides (1°and 2°)





NOx = 1º Pollutant

Burning fossil fuels (esp. cars), lightening  

and volcanoes  NOx

• Can 

– Human effects 

– (respiratory problems, eye irritations)

– Env. effects 

– (dec. plant growth, dec. plant immunity)

http://www.projectcleanair.org/images/tips.h1.jpg



NOx + sunlight 2º pollutants



Ex #1:  Photochemical Smog

Sun = catalyst   photochemical reactions  smog



Formula for Photochemical Smog
NOx +  VOCs   PANs + O3 + aldehydes

NOx





Note: tropospheric ozone is bad



PAN s (peryoxyacyl nitrates) 2º

• Human effects = 

– Resp. problems

– Weakened immunity

– Eye irritant

• Environmental effects

– Damages plant tissues

– Dec. photo 

– greenhouse gas

– Resp. problems in animals



NOX  Acid Rain (2º)

NO and NO2 + H2O + O2  HNO3 and HNO2    (Acid Rain)



• Human effects = 

– irritates eyes, nose or throat, 

– damage lungs

• Env. effects= 

– inc. leaching  dec. soil fertility

– Acidity  inc. solubility of toxic 
metals

– Damage aquatic life and soil 
organisms

– Damage plants (and forests)



Bacterial decomposition of fertilizers 

 N2O



https://www.nature.com/news/2009/090827/full/news.2009.858/box/1.html

https://www.nature.com/news/2009/090827/full/news.2009.858/box/1.html


3) Sulfur oxides (1° and 2°)

Sulfur dioxide (SO2) = colorless gas primarily 

from burning of coal

SO2 Damages plants 

Irritate respiratory tracts

http://www.mii.org/Minerals/photocoal.html

http://www.plantpath.wisc.edu/PDDCEducation/MasterGardener/General/Slide56.htm

http://www.mii.org/Minerals/Minpics1/CoalBituminous.jpg
http://www.mii.org/Minerals/Minpics1/CoalBituminous.jpg
http://www.mii.org/Minerals/photocoal.html


Volcanoes  sulfur aerosols and SO2 

• Sulfur Aerosols global cooling and short term ozone 
depletion

– Mount St. Helens, Washington (1980), El Chichon, Mexico 
(1982), and Mount Pinatubo, Philippines (1991) 

– All  decreased temps in trophosphere and ozone depletion in 
stratosphere

Eruptions of Kilauea Volcano



Sulfur 

aerosols and 

SO2  2º 

pollutants 

Sunlight = catalyst 

O2 + SO2 + dust + H2O 
volcanic smog (vog)



Acid rain a secondary pollutant

SO2SO3H2SO4



4) Carbon Oxides

CO2 and CO are produced more than any 

other air pollutant

• CO2 = greenhouse gases  global warming

• CO = reduce blood’s ability to carry O2

• Both can form carbonic acid  acid rain 







5) Hydrocarbons and VOCs

(volatile organic compounds)

• Small = CH4

(methane) = 
greenhouse gas

– Produced in 
anaerobic env.  
(landfill, farms, 
swamps…)

https://www.youtube.com/watch?v=n4beTVw9yKk


VOC (volatile organic compounds )

• Evaporate at room temp

• React photochemically

• More concentrated indoors 

• Examples:

– Benzene (cigarette smoke)

– Formaldehyde (photocopiers, 

adhesives, wall boards…)

– CFC’s (in refrigerants)



Effects of VOC’s

• Human health

– Sick building 

syndrome

– Acute = eye, nose and 

throat irritation, 

headaches, dizziness

– Chronic = cancer, liver 

and kidney damage, 

central nervous system 

damage

• Environmental

– Photochemical smog 

– Methane = greenhouse 

gas  global warming

– Chlorofluorocarbons 

 ozone depletion





Sick building

• More than one person

• Symptoms start when 

you enter building and 

stop when you leave





6) Ozone (O3)

• 90% in stratosphere

– Decreasing due to 
CFCs

• 10% in troposphere

– Increasing due to 
photochemical 
smog



Positive feedback loop 

Global warming increases ozone

Ozone decreases photosynthesis  more 

CO2  more global warming 





7) Heavy metals

• Lead  (Pb)

• Mercury (Hg)



Other sources of 

lead:

• Old paint

• Leaded gasoline

• Lead batteries



– VERY TOXIC

– Neurological disorders 

– lower IQ’s,

– attention deficit 
disorders

– kidney failure



Lead bullets impact wildlife

• As of 2011, thirty-five states prohibited lead shot use 

in such specially-specified areas when hunting



Lead legislation does work





Impacts brain development







Hg bioaccumulates makes fish unfit to eat

Hg in streams

Hg in air

Hg in fish



8) Others 

• Hundreds of other air pollutants can be found in 

low concentrations in atmosphere

• Local concentrations can be hi (esp. near 

incinerators, industry and fossil fuel burning 

plants)

• Ex:  Hi concentrations of radon gas  lung cancer 

• Ex: Cl, HCl, radioactive substances, flouride, 

dioxins….



Zone 1 counties have a predicted average indoor radon screening level greater 

than 4 pCi/L (pico curies per liter) (red zones)
Highest Potential

Zone 2 counties have a predicted average indoor radon screening 

level between 2 and 4 pCi/L (orange zones)

Moderate

Zone 3 counties have a predicted average indoor radon screening 

level less than 2 pCi/L (yellow zones)

Low Potential



Sources of air pollution (some mobile 

(Dispersed), some stationary (Point))

1. Transportation  (NOx, COx, particulate matter, 

hydrocarbons) = mobile

Cars < SUV’s < diesel (consumes less pollutes more) < small 

motors (lawn mowers, jet skis, outboard motors, 

snowmobiles…)

2. Fuel combustion for heating and electricity = stationary 

or point sources

3. Industry = stationary (often  hydrocarbons)

4. Construction and mining  most particulate matter

5. Agriculture lots of dust and particulate matter





Air pollution and human health
• Sulfur oxides, nitrogen oxides, ozone, and 

particulate matter 

– asthma = constricting airways and 

– Chronic bronchitis = inflammation of bronchi

• Cancer = uncontrolled cell division caused by

– smoking = #1 cause of lung cancer 

– Radon gas (released from bedrock) 

– asbestos exposure

• Note: smoking also  indoor air pollution
• benzene = one of several carcinogens found in cigarettes 

• Smoking also  emphysema = loss of elasticity of air sacs 

breathlessness



More human health

• Ozone  irritates eyes, nose, and throat,

– Also  decreased photosynthesis

• CO binds to hemoglobin  dec. O2 in 

blood

• Children are more affected than adults due 

to small size and high metabolic rates



Carcinogen classifications

• A = human carcinogen

• B = probable human carcinogen

• C = possible human carcinogen

• D = not classifiable as to human 

carcinogenicity

• E = evidence of noncarcinogenicity for 

humans



Urban Air Pollution

2 types of smog

1. London type (industrial) = SOx and particulate  = 
worse in winter due to heating (increased with 
increased coal burning)

2. Photochemical (Los Angeles) worst in summer, 
major contributors = automobiles, bakeries, and dry 
cleaners

Sun + VOC’s + NOx  PANs + ozone

Damages plants, eyes, nose, throat



Weather and topography
• Normally warm air rises and disperses

• During temperature inversions (cold air is 

trapped below layer of warm) pollution 

cannot escape and disperse

• Occur more commonly in cities, on coasts, 

and near mountains

http://en.wikipedia.org/wiki/Image:SmokeCeilingInLochcarron.jpg

http://upload.wikimedia.org/wikipedia/commons/b/b9/SmokeCeilingInLochcarron.jpg
http://upload.wikimedia.org/wikipedia/commons/b/b9/SmokeCeilingInLochcarron.jpg


Temperature Inversions



Cities are usually warmer than 

surrounding areas
• Due to

• increased absorption of 

solar radiation and 

• increased production of 

heat

• Cities  urban heat 

islands surrounded by 

dust domes (areas with 

increased concentrations 

of pollutants) 

London air pollution
http://www.primidi.com/2005/06/19.html



Controlling air pollution

1. Decrease emissions

2. Decrease particulates (with elecrostatic precipitatiors, 
fabric filters and scrubbers)

3. Decrease sulfur (cleaner burning coal, coal gasification, 
fluidized bed combustion, collectors on smokestacks)

4. Dec. nitrogen fertilizers

5. Catalytic converters  dec. hydrocarbons

6. More stringent emission standards

7. Reduce sulfur content of gasoline (possible but 
expensive) 



Clean Air Act 1970

• EPA sets limits on air pollutants

• States need to comply to get funding

• Focus has been on (lead, particulates, SO2, 

CO, NOx and ozone)

• Continues to be ammended

Recent concern about global warming 

expected to aim at dec. CO2







Clean Air Act 

• Cars produce fewer emissions (but increase 

in # of cars still a problem)

• Cities not reaching standards are classified 

as non-attainment cities

– LA = historically the worst

– Chicago, Houston, NYC, and Milwaukee 2nd

– Baltimore, Philadelphia and Sacramento 3rd



Globally

• 5 worst = Mexico City, Beijing-China, Shangai-

China, Tehran-Iran, Calcutta-India

• Developing countries have fewer standards and 

higher pollution 

– Ex:  leaded gasoline is still used in many 

developing nations (lead  neurological and 

learning disabilities)





Air pollution moves

• Prevailing winds carry pollutants  global 

distillation effect  high concentrations of 

pollutants at the poles

– High mercury levels found in native Inuit 

populations (due to hi fish consumption) 

• Many compounds persist 

• (ex: DDT and PCB’s, dioxins…)



Indoor Air Pollution

• Pollutants become concentrated in enclosed places 

(ex: automobiles, homes, schools, offices)

• Anything volatile = bad 

• Can lead to sick building syndrome if 

– Multiple people are affected

– Symptoms occur when you are in the enclosed space 

and disappear upon leaving



Examples of indoor air pollutants

• CO and benzene from automobiles

• Radon gas (an alpha emitter  lung cancer)

– Note highest US radon levels in Reading Prong 

(which runs thru Penn, NY, NJ) and Iowa

• Cigarette smoke

• NO2 from unvented gas and kerosene 

appliances and wood stoves 



Caused by

• Formaldehyde from furniture, carpeting, particle 
board, foam insulation



Household pesticides and cleaners



Ozone from copiers and some air 

purifying machines



Asbestos (used in fire protection 
and electrical insulation)



Asbestos removal



Sick building caused by
• Bacteria, molds and toxins build up in water 

damaged buildings 

– Can  headaches, neurological problems

– Survive in heating and ventilation ducts



Noise Pollution

• Measured in decibels

• Intensity = loudness

• Cochlea = spiral shaped portion of inner ear

http://www.sickkids.ca/auditorysciencelab/images/cochlea.jpg





Prevention

• Sound shields

• Earplugs

http://images.google.com/imgres?imgurl=http://img.search.com/thumb/b/b8/Disposable_foam_earplugs.jpg/150px-Disposable_foam_earplugs.jpg&imgrefurl=http://www.search.com/reference/Noise_pollution&h=338&w=150&sz=9&hl=en&start=28&tbnid=Gd1TOLgou5VKWM:&tbnh=119&tbnw=53&prev=/images?q=noise+pollution+and+ear+protection&start=20&gbv=2&ndsp=20&svnum=10&hl=en&safe=strict&client=dell-usuk-rel&channel=us&sa=N&ad=w5
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Noise Pollution

• Loud, high pitched noisephysiologic stress

– Injures hairs in cochlea

– Inc. heart rate

– Dilate pupils

– Cause muscle contractions, migraine headaches, 

nausea, dizziness, ulcers, stress



OSHA regulations protect workers



Electromagnetism

• Electric and magnetic fields (EMF’s) are 

produced by power lines, microwave ovens, 

video displays, cell phones…

• May be linked to cancer

– Higher incidence of leukemia in children living 

near power lines and workers exposed to high 

voltages on a regular basis.


