
Earth’s 

Atmosphere



Earth’s Present Atmosphere

• Nitrogen    78.1%

• Oxygen 20.9%

• Argon          0.9%

• Carbon

Dioxide       0.035%

• Water 0 - 4%

http://www.ux1.eiu.edu/~cfjps/1400/FIG01_010.JPG



Layers of the Atmosphere

80%



Comparison of Terrestrial Planet 

Atmospheres



Cometary Collisions

http://www.scienceclarified.com/images/uesc_09_img0528.jpg

http://www.revelation13.net/J-collision.gif

www.msnbc.msn.com/id/29656682/

http://www.msnbc.msn.com/id/29656682/


Volcanic Gas Emissions

SO2

http://myweb.cwpost.liu.edu/vdivener/notes/early_Earth_ocean.gif

http://temp.geobio.uib.no/uploads/images/research-groups/archean_earth.jpg



Composition of Earth’s

Atmosphere Over Time

http://ircamera.as.arizona.edu/NatSci102/NatSci102/images/atmosgases.jpg



O2 Levels through Earth History

http://cosmology.net/images/Oxygen5.jpg



http://cosmology.net/images/Oxygen5.jpg



http://cosmology.net/images/Oxygen5.jpg

Limestone and CO2



O2 and CO2: 544Ma to Present

http://www.killerinourmidst.com/grafix/PhanerozoicOxygen.jpg



The Carboniferous,

Coal, and CO2

http://www.killerinourmidst.com/grafix/PhanerozoicOxygen.jpg

http://web.rollins.edu/~jsiry/

geo_Carbo-Era_foret.JPG

http://www.learner.org/courses/envsci/visual/img_med/coal_formation.jpg

http://www.shef.ac.uk/aps/apsrtp/aps-rtp-2009/pendleton-janine/342.jpg



Fossil Fuel Formation and CO2



Earth’s Recent Atmosphere 

Changes

• Nitrogen    78.1%

• Oxygen 20.9%

• Argon          0.9%

• Carbon

Dioxide       0.035%

• Water 0 - 4%

http://www.esrl.noaa.gov/gmd/webdata/ccgg/trends/co2_data_mlo.png



Earth’s Recent Atmosphere 

Changes

• Atmospheric CO2

concentrations vary 

with the seasons

– Lower CO2 in the 

summer

– Higher CO2 in the 

winter

– Due to plant 

productivity

http://lh6.ggpht.com/_WtnYwFZtgHI/SmKOQ7kkYiI/AAAAAAAAAa4/THWQ7OYkGzE/s400/co2_trend_mlo.png



CO2 and the Industrial Revolution





Earth’s Less Recent

Atmosphere Changes

• Cyclicity of 
atmospheric CO2

concentrations over 
past half million 
years

• Current CO2 levels 
higher than at any 
other time during 
that interval

http://www.tallbergforum.org/Portals/0/Images/carbon_dioxide.jpg



Methane Clathrates

http://www.blog.speculist.com/archives/methanehydrate.jpg

http://upload.wikimedia.org/wikipedia/commons/f/f8/Methane_Clathrate_Location_Map_USGS.gif



Carbon Dioxide Monitor

• Range: 0-3000 ppm

• Accuracy: ± 50 ppm

• Repeatability (Precision): ± 50 ppm

• Logs data every 30 minutes over a 24-hour period



Determining

Atmospheric Quality



AQI:
Air Quality Index

• The Air Quality Index is a 

color-coded indicator of 

air quality, that is based 

upon air pollutants that 

adversely affect human 

health.

• EPA calculates the AQI 

for five major regulated air 

pollutants:

– ground-level ozone

– particulate matter

– carbon monoxide

– sulfur dioxide

– nitrogen dioxide. 



Critical Values for AQI



NYS Air Quality Index Forecasts

http://www.dec.ny.gov/chemical/34985.html

National Air Quality Index Forecasts

http://www.airnow.gov/index.cfm?action=airnow.national

http://www.dec.ny.gov/chemical/34985.html
http://www.airnow.gov/index.cfm?action=airnow.national


Particulate Matter

• Tiny solid particles suspended in the air

• The focus of

an upcoming

class



Occurence of 

Ozone

• Ozone is concentrated at 
two horizons in the 
atmosphere

EPA Ozone Brochure

http://en.wikipedia.org/wiki/File:Atmospheric_ozone.svg

(from NASA)

../epa.gov/air/oaqps/gooduphigh/bad.html
http://en.wikipedia.org/wiki/File:Atmospheric_ozone.svg


Stratospheric Ozone

O2 + hv = O + O

O + O2 = O3

hv = wavelength < 240 nm

(ultraviolet)

• Antarctic ozone hole formed by 

destruction of ozone by Cl and Br

• In upper atmosphere, UV breaks 

Cl and Br off of long-lived 

pollutants (CFCs, HCFCs, carbon 

tetrachloride, methyl chloroform, 

halons and methyl bromide)
http://www.nasa.gov/images/content/139207main_ozone_hole_img.gif

http://www.giangrandi.ch/optics/spectrum/visible-a.jpg


Formation of Ground Level Ozone

epa.gov/air/oaqps/gooduphigh/bad.htmlwww.geo.sunysb.edu/bad-ozone/Resources.html

http://epa.gov/air/oaqps/gooduphigh/bad.html
http://www.geo.sunysb.edu/bad-ozone/Resources.html
http://www.geo.sunysb.edu/bad-ozone/Resources.html
http://www.geo.sunysb.edu/bad-ozone/Resources.html


Ozone And Photochemical Smog

• Ground-level ozone is a 

major constituent of 

photochemical smog

• Smog = “Smoke + Fog”

http://wildgreenyonder.files.wordpress.com/2007/05/la_smog.jpg

http://gothamist.com/attachments/Joe%20Schumacher/

tankengine_smog_0627.jpg

http://hk.geocities.com/xavier114fch/03/03b.htm

peroxyacetylnitrate



Ground-Level Ozone Controls

• Ground-level ozone requires heat and sunlight

– Varies by time, season, and location

http://www.wunderground.com/hurricane/2007/ozone_recap.jpg

http://www.deq.state.or.us/aq/images/ozone.jpg



Catalytic Converters

• Catalytic Converters use platinum 

group elements to help complete the 

combustion process in cars:

Reduction of nitrogen oxides:

2NOx → xO2 + N2

Oxidation of carbon monoxide:

2CO + O2 → 2CO2

Oxidation of unburnt hydrocarbons: 

CxH2x+2 + 2xO2 → xCO2 + 2xH2O
http://www.autocatalyst-recycling.umicore.com/

catalyticConverter/catalyticConvertorEng.jpg



Carbon Monoxide (CO)

• Carbon monoxide (CO) is a deadly, colorless, odorless, 

poisonous gas that is produced by the incomplete 

combustion of fuels

• Urban sources include cars, furnaces, and stoves

http://www.epa.gov/OMS/invntory/overview/pollutants/carbonmon.htm



Carbon Monoxide Effects

• 1 to 70 ppm: No symptoms for most people

• 70 to 150 ppm: Symptoms (headache, fatigue
and nausea) become more noticeable.

• 150 to 200 ppm (sustained): Disorientation, 
unconsciousness, and death are possible.

• From 2000-2005, >400 New Yorkers were 
hospitalized and 30 died from CO poisoning.

• NYC buildings require CO sensors that can 
shut down furnaces. Building owners in NYC 
must install CO detectors in every dwelling 
unit  

http://www.kenthospital.org/healthGate/images/

si55551241.jpg

http://images.google.com/imgres?imgurl=http://www.futureheatllc.com/full_size/Digital-CO-Detector.jpg&imgrefurl=http://www.futureheatllc.com/accessories.html&usg=__LGuJlYC8g7JS0zC9iD8HY8c2X4A=&h=250&w=250&sz=6&hl=en&start=33&sig2=AkxUDHmgLB1Bhk6143aVWw&um=1&tbnid=_94YrjcGS4aa8M:&tbnh=111&tbnw=111&prev=/images%3Fq%3Dco%2Bdetector%26ndsp%3D18%26hl%3Den%26rls%3Dcom.microsoft:en-us:IE-SearchBox%26rlz%3D1I7GGIT_en%26sa%3DN%26start%3D18%26um%3D1&ei=VSqlSqPECsrslAew-uCzAQ


Portable CO Meter

• Range: 0-500 ppm

• Accuracy: ±3%

• Repeatability (Precision): 

20%

• 12 hour or “Always On” 

• Max/Min, Total, Average

• Used by Inspectors from 

the NYC Department of 

BuildingsOffice: 0 ppm

Living Room: 0 ppm

Kitchen (Dinner): 7 ppm

Downwind of charcoal grill: 84 ppm



Nitrogen Oxides (NOx)

• Formed from high-temperature burning of fuels

• Contributes to ground-level ozone and fine particulate 

matter

• Dissolves in water to form nitric acid

http://www.epa.gov/oms/invntory/overview/pollutants/nox.htm



National and Local NOx Sources



Sulfur Dioxide (SO2)

• Produced from the burning of fossil fuels

• Dissolves in water and contributes to formation 

of acid rain

• Emissions can travel far from their source

http://www.epa.gov/oar/urbanair/so2/



Group Assignment

• Form six groups

• Assignment of either a CO or CO2 monitor

• Discuss possible hypotheses that you could investigate 

within a day with your assigned monitor

• Select one hypothesis to test by next Tuesday’s class. 

Be sure that your investigation is: safe, logistically 

possible, testable, brief.

• Report your proposed research investigation to the class

30 Minutes


