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h"p://www.globalsherpa.org/china-­‐air-­‐pollu5on-­‐health-­‐environment	
  

Beijing,	
  China	
  

h"p://earthobservatory.nasa.gov/Features/GlobalTraveler/	
  

Israel	
  

//www.ny5mes.com/2005/12/17/na5onal/17building.html?_r=0	
  

Fresno,	
  CA	
  

h"p://www.thecuMngedgenews.com/index.php?ar5cle=11805	
  

India	
  

h"p://www.ariatlas.org/tools/graphics/files/Calcu"a-­‐Pollu5on.jpg	
  
Calcu"a,	
  India	
  

h"p://www.theguardian.com/environment/
datablog/2011/sep/26/global-­‐air-­‐pollu5on-­‐who	
  

London	
  

h"p://www.venturacountytrails.org/News/0075-­‐SequoiaSmog/NewsPage.htm	
  

Sequoia	
  Na5onal	
  Park	
  



Poor air quality: a modern problem? 

llustra5on:	
  Peat	
  fuelled	
  glass	
  manufacturing	
  in	
  the	
  Netherlands,	
  1700s.	
  

h"p://www.lowtechmagazine.com/2011/09/peat-­‐and-­‐coal-­‐fossil-­‐fuels-­‐in-­‐pre-­‐industrial-­‐5mes.html	
  



London, 1800s: World’s Largest City 

Monet painting showing 
Victorian smog (1900)  
[Baker and Thornes, 2006] 

http://www.feast.org/articles/?ID=331 

“At the beginning of the 1600s, coal accounted for three quarters of 
fuel consumption in London, which caused extensive air pollution.” 

– http://www.lowtechmagazine.com/ 

from	
  www.london-­‐architecture.info/LO-­‐gal1.htm	
  

London, late 1800s 



London, 1800s: World’s Largest City 

Monet painting showing 
Victorian smog (1900)  
[Baker and Thornes, 2006] 

http://www.feast.org/articles/?ID=331 

“At the beginning of the 1600s, coal accounted for three quarters of 
fuel consumption in London, which caused extensive air pollution.” 

– http://www.lowtechmagazine.com/ 

London,	
  late	
  1800s;	
  from	
  www.london-­‐architecture.info/LO-­‐gal1.htm	
  

“smog” = fog intensified by smoke  
(Henry Antoine Des Voeux, treasurer of the Coal 
Smoke Abatement Society,	
  who first used it in 

1905 to describe British urban areas) 



The Great London Smog of 1952 

December 5-9, 1952 
•  Stagnant air mass with strong inversion 
•  Cold fog + (high sulfur) coal + diesel buses  

   = “pea souper” 
•  4000 “excess deaths” in one week 
•  IMPETUS FOR ENVIRONMENTAL ACTION 

•  Clean Air Acts of 1956 and 1968 and  
City of London Act of 1954 

http://www.martinfrost.ws/htmlfiles/
great_smog.html 

www.bbc.com 

Slide	
  courtesy	
  Prof.	
  Cole2e	
  Heald	
  



The Great London Smog of 1952 
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4000 dead during 
event; over 8000 
died subsequently 

Ge"y	
  Images;	
  dowloaded	
  from	
  h"p://www.history.com/news/the-­‐killer-­‐fog-­‐that-­‐blanketed-­‐london-­‐60-­‐years-­‐ago	
  



Donora, PA: October 27-31, 1948 

Photo	
  from	
  the	
  Donora	
  Digital	
  Collec:on,	
  California	
  University	
  of	
  Pennsylvania	
  

Heavy industry: steel mills, zinc works 



Donora, PA: October 27-31, 1948 

Photo	
  from	
  the	
  Donora	
  Digital	
  Collec:on,	
  California	
  University	
  of	
  Pennsylvania	
  

Heavy industry: steel mills, zinc works 

Citizen complaints for years about pollutants 
that “eat paint off houses” 

Fish disappeared from river 



Downtown Donora,  
Noon, October 29, 1948 

Photo	
  courtesy	
  NOAA	
  Oceanservice	
  Educa:on,	
  downloaded	
  from	
  	
  
h2p://pabook.libraries.psu.edu/palitmap/DonoraSmog.html	
  

Extended temperature inversion trapped 
pollutants in valley 

20 confirmed deaths (many elderly, existing 
respiratory ailments) 

Many more ill 

WAKE-UP CALL: 
Event credited with helping invigorate 

environmental movement in US  



Los Angeles, July 26, 1943:  
smog event mistaken for chemical warfare 

Smog	
  masks	
  the	
  Los	
  Angeles	
  City	
  Hall	
  and	
  Civic	
  Center	
  in	
  1948.	
  
Los	
  Angeles	
  Times	
  Photographic	
  Archive/UCLA	
  Library.	
  	
  

Downloaded	
  from	
  h"p://www.wired.com/2010/07/0726la-­‐first-­‐big-­‐smog/	
  

Los Angeles Mayor Fetcher Bowron announced in 
August 1943 that there would be “an entire 

elimination” of the problem within four months 
  –  as reported at www.wired.com/

2010/07/0726la-first-big-smog/ 



What was the source of this chemical haze? 

“The Southland's War on Smog:  
Fifty Years of Progress Toward Clean Air” 

http://www.aqmd.gov/news1/archives/history/marchcov.html 

“It took them to the early 1950s for a scientist 
to tell Californians that the car they loved was 

really a death chamber, because the fumes from 
tailpipes were the source of their smog 

problem,” Jacobs said. “It wasn’t some factory 
or a slip-up at some oil plant:  

It was the cars that were streaming into  
Los Angeles.”  

 –  as reported at www.wired.com/2010/07/0726la-first-big-
smog/ 



Insights of Prof. Arie Haagen-Smit, 
California Institute of Technology 

h"p://www.arb.ca.gov/research/images/ariehs_lab1.jpg	
  

California's	
  smog	
  is	
  formed	
  
by	
  chemistry	
  in	
  the	
  

atmosphere:	
  
	
  

emissions	
  from	
  motor	
  
vehicles	
  react	
  in	
  sunlight	
  	
  

to	
  create	
  ozone	
  	
  
	
  

Explained	
  eye	
  and	
  
respiratory	
  irrita5on	
  and	
  the	
  
“bleach	
  smell”	
  Angelenos	
  
were	
  complaining	
  about	
  



Insights of Prof. Arie Haagen-Smit, 
California Institute of Technology 

h"p://www.arb.ca.gov/research/images/ariehs_lab1.jpg	
  

 
 

Birth of a new 
scientific discipline: 

 

atmospheric 
chemistry 



The role of weather and topography 

h"p://switchboard.nrdc.org/blogs/eeinecke/Copy%20of%20Smog%20over%20Los%20Angeles_Flickr_vlasta2.jpg	
  

clear,	
  sunny	
  days	
  associated	
  with	
  high	
  pressure	
  

layer	
  of	
  warm	
  air	
  –	
  temperature	
  inversion	
  (“lid”)	
  

emissions	
  are	
  
trapped	
  near	
  

surface	
  

plenty of sunshine to drive the 
chemical reactions 



Why blame cars?? 
unburned and 

partially 
burned fuel 
(hydrocarbons) 

NOx  
(created from nitrogen in 

air during high-
temperature combustion)  

+ = OZONE 



Ozone formation often 
accompanied by particle formation 

Mexico City 
geographygems.blogspot.com/ 



SMOG 
(Sulfurous vs. Photochemical Pollution)#

Example: London (also Eastern US)!
•  smoke + fog#
•  SO2 + “soot”, sulfuric acid particles#
•  characterized by ground level 
inversions, cool weather, coal burning#

Example: LA!
•  sunlight, hydrocarbons, NOx#
•  characterized by hot dry sunny 
weather, reduced visibility and high 
oxidant levels#
!

The Environmental Protection Agency (EPA) is established in 1970  
to address US air quality problems at the national level 



• What levels 
pose risk ? 

•  How can 
lower levels 
be achieved? 

•  Which chemicals 
have harmful 
effects? 

•  What’s in 
the air? 

monitoring 

health & 
welfare 
impacts 
studies 

set ambient 
concentration 

standards 

propose 
controls on 
emissions 



National Ambient Air Quality Standards 



National Ambient Air Quality Standards 

6  
“criteria  

pollutants” 
 

gases: 
CO, NO2, SO2, 

ozone  
 

particles: 
“PM” 
lead 



National Ambient Air Quality Standards 

Primary standards: 
protect human health 

Secondary standards: 
protect welfare 
(visibility; crop 

damage; …) 



National Ambient Air Quality Standards 

Levels to be met, along 
with how to average 



The Air Quality Index 

Calculated	
  for	
  each	
  of	
  	
  
4	
  pollutants;	
  	
  
scaled	
  so	
  	
  

100	
  =	
  level	
  of	
  standard	
  



More on each pollutant… 



Carbon monoxide, CO 

h"p://www.gassaferegister.co.uk	
  



Carbon monoxide, CO 

h"ps://www.wisconsinhistory.org/whi/fullimage.asp?id=41287	
  

h"p://i79.photobucket.com/albums/j133/gwnkids/
Summer2011115.jpg	
  

h"p://media.kcrg.com/images/7557543+-­‐+LAS+-­‐+IOWA
+CITY+LANDFILL+FIRE+-­‐+05_29_2012+-­‐+12.14.14.jpg	
  



www.leadfreefrisco.com	
  



US Environmental Lead and Blood Lead Levels 
J. Clin. Invest. 116(4) (2006) 853–857 

Downloaded	
  from	
  chemistry.beloit.edu/
classes/Chem117/lead/index.html	
  



h"p://www.epa.gov/airtrends/lead.html	
  

Major sources today: 

Ore and metal processing 
(smelters; incinerators) 

Piston-engine aircraft using 
leaded aviation gasoline 



Sulfur dioxide and nitrogen dioxide 
(SO2 and NO2) 

h"p://www.greenop5mis5c.com/wp-­‐content/uploads/2013/07/Coal-­‐Fired-­‐Power-­‐Plant.jpg	
  

respiratory 
irritants atmospheric 

chemistry 

particles 

“acid rain” 

OZONE 
(O3) 



Sulfur dioxide and nitrogen dioxide 
(SO2 and NO2) 

h"p://www.greenop5mis5c.com/wp-­‐content/uploads/2013/07/Coal-­‐Fired-­‐Power-­‐Plant.jpg	
  

respiratory 
irritants atmospheric 

chemistry 

particles 

“acid rain” 

OZONE 
(O3) 

SECONDARY	
  
POLLUTANTS	
  



Ozone’s detrimental effects 

h"p://i.livescience.com/images/i/000/003/960/
i02/070724_leaf_damage_02.jpg?1296081687	
  

h"p://images.books24x7.com/bookimages/
id_21519/fig6-­‐1.jpg	
  



“good up high, bad nearby” 

h"p://www.epa.gov/oar/oaqps/gooduphigh/good.html#2	
  



Particles affect visibility 
slide courtesy Tom Moore 

Aerosol conc. = 65.3 µg/m3 Aerosol conc. = 21.7 µg/m3 

Aerosol conc. = 12 µg/m3 



Particles have varied sizes and sources 

Aerosol particles collected in the industrial city of Port Talbot, England.  
 
(Micrograph courtesy MRC Institute for Environment and Health, and posted at http://
www.nasa.gov/vision/earth/environment/New_IDEA_Air_Quality_Monitoring.html) 
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Airborne Particulate Matter (PM) 
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Slide courtesy Prof. John Volckens 

Inhalability and Particle Size Are Important 
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Slide courtesy Prof. John Volckens 

Inhalability and Particle Size Are Important 
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Slide courtesy Prof. John Volckens 

Inhalability and Particle Size Are Important 
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Source: 
Dockery et al. (1993) 

8 12 16 20 24 28 32
PM Concentration, µg/m³

1.0

1.1

1.2

1.3

M
or

ta
lit

y 
R

is
k 

R
at

io

Harvard Six Cities Study (1993) 

Slide courtesy Prof. John Volckens 



Source: 
Dockery et al. (1993) 
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Slide courtesy Prof. John Volckens 



Great strides in improving  
air quality…. 

h"p://www.epa.gov/airtrends/aqtrends.html#comparison	
  
1980 2012 

emissions 
decreased ~70% 

growth of population 
and GDP 



Visibility improvement 2000 to 2008 

Linville Gorge, North Carolina 
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Number of people in U.S. living in counties having 
pollutant concentrations above the NAAQS (2012) 

h"p://www.epa.gov/airtrends/aqtrends.html#comparison	
  



PM2.5 nonattainment areas  
(1997 standard) 

Source:	
  EPA	
  	
  
(h"p://www.epa.gov/oar/oaqps/greenbk/map8hr_2008.html)	
  



8-hour ozone nonattainment areas 
(2008 standard) 8-Hour Ozone Nonattainment Areas (2008 Standard)

8-hour Ozone Classification

Extreme
Severe 15
Serious
Moderate
Marginal

12/05/2013

Nonattainment areas are indicated by color.
When only a portion of a county is shown in color,
it indicates that only that part of the county is within
a nonattainment area boundary.

Source:	
  EPA	
  	
  
(h"p://www.epa.gov/oar/oaqps/greenbk/map8hr_2008.html)	
  



Challenge for future: Ozone export 

h"p://www.cfa.harvard.edu/atmosphere/links/tom_jul1506-­‐sep0706.gif	
  

Satellite view of near-surface ozone 



Export of pollutants:  
a “rising background”? 

Western U.S. sites 

Jaffe et al., Geophysical Research Letters, 2003 



EFFECT OF INCREASING SIBERIAN FOREST FIRES ON 
SUMMER SURFACE OZONE IN PACIFIC NORTHWEST#

Jaffe et al. [2004]!

Observations!

Modeled ozone enhancements!Siberian fires!

Ozone!

Slide	
  courtesy	
  Prof.	
  Cole2e	
  Heald	
  



Particles in the atmosphere 

blue=sea	
  salt	
  

green=smoke	
  

red=dust	
  

white=sulfate	
  

NASA;	
  h"ps://www.youtube.com/watch?v=oRsY_UviBPE	
  



Summertime North African dust in SE US 

h"p://alg.umbc.edu/usaq/images/20130608_MACC_Dust.png	
  



Asian dust storms 

h"p://science1.nasa.gov/science-­‐news/science-­‐at-­‐nasa/2001/ast17may_1/	
  



Asian dust in western U.S. 

Page,	
  Arizona	
  Looking	
  East	
  Toward	
  Navajo	
  Mountain	
  	
  
h2p://www.lakepowell.net/impact2001.htm	
  

April	
  16,	
  2001	
  
(major	
  Asian	
  dust	
  storm)	
  



The role of fire in air quality 

NOx, hydrocarbons 
(ozone ingredients) 

carbon 
monoxide 

particles 



Fires: a global concern 



NOAA Smoke Forecasting 



From	
  a	
  presenta5on	
  by	
  Running	
  &	
  Reinhardt,	
  h"p://ametsoc.org/atmospolicy/climatebriefing/	
  

Concern for the future… 

1988	
  Yellowstone	
  
fire	
  

1918	
  

A	
  warmer,	
  drier	
  
climate	
  is	
  

projected	
  to	
  
INCREASE	
  fires	
  



What about…? 

Image:	
  markmaynard.com	
  



Coal burning is a source of mercury  
to the atmosphere 

h"p://people.uwec.edu/piercech/hg/mercury_water/cycling.htm	
  



Air Toxics  
(Hazardous Air Pollutants, HAPs) 

187 compounds 
 (metals, 

carcinogens, …) 



HAPs:  
inventories and emissions reductions strategies 

Image:	
  markmaynard.com	
  

http://epa.gov/oia/toxics/mercury/mercury_context.html 

Anthropogenic mercury emissions  
to the atmosphere, 2010 



Slide courtesy Prof. John Volckens 

Occupational Exposures (OSHA) 
•  Most occupational exposures far exceed those 

encountered outdoors in the natural environment 
–  Construction 
–  Mining 
–  Manufacturing 
–  Agriculture 



h"p://www.floridahealth.gov/chdlee/eh/iaq.html	
  

radon	
  

Indoor air quality outdoor	
  air	
  pollutants	
  



Poor indoor air quality is responsible 
for more premature deaths worldwide  

h"p://www.greenchipstocks.com/ar5cles/x-­‐prize-­‐calls-­‐for-­‐efficient-­‐cookstoves/1101	
  

…than is outdoor air pollution 



For more information … 

www.epa.gov 





More about the AQI 

SO2 

CO 
ozone 

PM 

Compare to 
NAAQS 

AQI, PM 

AQI, CO 

AQI, ozone 

AQI, SO2 

Largest is 
reported 
as AQI for 
that day 

moderate	
  



All under the ambient air quality standard 





ALL	
  



www.airnow.gov 



State	
  info	
  











Particulate matter concentrations 
across the US from real-time monitors 



Web tool to  
convert readings 

into practical advice 



The Smog Blog (alg.umbc.edu/usaq/) 



h"p://www.who.int	
  



WHO PM10 exposure assessment 



http://earthobservatory.nasa.gov/ 



Air Quality Awareness Week 
April 28 – May 2, 2014 

h"p://www.epa.gov/airnow/airaware/	
  



Comments & Questions? 


