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Topic 24: Anthropogenic Changes: Pollution

image: Wikipedia

Coal-fired Gavin Power Plant,
Cheshire, OH

please participate in SET course evaluation by 12/7

test 8: today; includes questions for HW6!
test 9: next Monday (incl HW 7)

Homework 8 due tomorrow 5 pm; 
absolutely no late submissions 
past midnight

Today 4 pm : discussion session; York 3030 
Today 5 pm:  zoom office hour
no class Wednesday
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5-9 Dec 1952 “Great London Smog”

ØSO2 from coal burning + H2O
   -> sulfuric acid -> acid rain
Øinstances of poor air since 1200s
Øworsened in 1600s
ØGreat London Smog worst ever
Ø1956: UK Clean Air Act

source: Wikipedia

4000 fatalities by 12/8
(later update: 12,000)
100,000 ill

²cold wave
²temperature inversion
-> polluted stagnant air
²“pea soup” fog

short video 19
(acid rain)
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Acid Rain and Coal Burning

- After coal-firing powerplants increased smokestack height
- massive fish kills in freshwater lakes (Scandinavia, Canada, NE U.S.)
-   mountain forests damaged, particular at higher elevations
-   $1 billion damage each year to buildings and monuments

Image: “Understanding Earth” by Press/Siever

statues at the Cologne/D 
cathedral (1248)

short video 19

Ø75% of lakes
Ø50% of streams acidified

Image: wikipedia

pH < 5.5 affects fish 2023 - EPA
clean rain: 5.6
normal rain: 5.0-5.5
acid rain: < 4.5
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Acid Rain and Coal Burning – U.S.

- about 50% of Canada’s fallout has U.S. source
- relationship between acid rain and coal burning firmly established
-> Clean Air Act in 1991 (1963) (EPA): reduce SO2 and NO2 production!
- last administration: “get rid of Clean Air Act” and EPA

short video 19

N2O greenhouse gas
NO2 pollutant

Harvard marble and copper statues
Wrapped for protection every winter 
against acid rain and snow

source: wikipedia
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After expiration of Kyoto Protocol, 2011 
Fukushima and 2022 Ukraine war:
Germany increased low-grade coal 
plants instead of  extending nuclear 
power plants

Newspaper 22 Nov 2016

last U.S. administration: 
Ø bring coal power back
Ø abolish/weaken EPA

Coal – The Dirtiest Fossil Fuel
Coal burning emits:
CO2
CH4 
SO2
Hg

Europe:
virtually all countries
moving/moved away from
coal

Canada to phase out 
coal electricity by 2030
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coal seam

acid streams

Mining Coal
Østrip mining (open pit)
Øunderground mining
Øcoal mining releases CH4

open pit mining:
Ømost economic but leaves scars
Øacid mine run-off

underground mining:
Ødig shafts (can collapse)
Ømine gas can explode
Øminers get black-lung disease

10



11/25/24

4

SIO15 2024: Topic 24 - Anthropogenic Changes: Pollution

Acid Rain and Fish Kill

Image: “Earth, Portrait of a planet” by Marshak

• east: from coal burning (SO2)
• southwest: from traffic (NOx)

short video 19

pH<5.5 affects fish

Image: wikipedia

image: Wikipedia

USGS monitoring, 
 current numbers 
higher 2023 - EPA

clean rain: 5.6
normal rain: 5.0-5.5
acid rain: < 4.5
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SoCal Traffic: NOx – Acid Rain - Ozone

NOx with rain -> acid rain
NOx with sun -> ozone

• stratosphere: 
     protects against UV
• ground: 
     highly corrosive, unhealthy 

OZONE

Cali now has 
stricter emission 
standards
… yet ….
Ozone a problem 
in summer 
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NOx – California - Farming

Source: Science News, 3/3/18

2018: study that claims that 
~ 50% of NOx in California 
come from farming. This is 
based on modeling the use 
of fertilizers, so not actual 
measurements.

2018: California
~50% of NOx comes from 
farming

short video 19 
will have to be updated … 
eventually
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Black Carbon in the Lower Atmosphere
ØRF of CO2 1.7
ØRF of black carbon: 0.34 – 1.1
Øshort-lived
Øreduction would have instant effect

6% residential coal burning
10% industrial; power generation
10% diesel engines, industrial
14% diesel engines, transportation
18% residential biofuel burning
42% open biomass burning

work done at SIO 
(Ramanathan)

black carbon is
unhealthy!
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Particulate Matter

Source: Griffin et al. 2001

tiny pieces of solid or liquid matter in 
atmosphere suspended in air - > aerosol

Radiative forcing:
lower atm:  positive
upper atm: negative

it takes 2 days for dust 
from Gobi desert to 
reach U.S. West Coast

Science News: 11/23/19
offset in global warming 
1940s-1970s due to 
global dimming by pollution 
(before Clean Air act)
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Particulate Matter: PM10; PM2.5
source: wikipedia

smaller particles more 
dangerous than larger ones
smog: PM2.5

China:
101 Shenyang
121 Beijing
124 Xining
126 Xi’an
133 Ürümqi
155 Lanzhou

China:
55 Yanan
56 Beijing
57 Xining
58 Xi’an
61 Ürümqi
71 Lanzhou

EU PM10 legislation limits:
yearly average: 20µg/m3

daily average:   50µg/m3

# days:               7 
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Delhi, India 11/04/2019

Image: NASA Earth Observatory

Air quality index: 900!
2-week driving ban
100s flights cancelled
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Mining and the Environment

* open-pit mining leaves landscape scars
* mining leaves waste rock in tailings piles
   (e.g. pile in Moab, UT uranium!)
* acid/toxic mine runoff
   (e.g. sulfides released in ore-mining;
   mercury in gold mining;
   some is radioactive!)
* rare-earth mining very problematic
* smelting in ore-processing creates acidic
   air and rain  
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Mine Reclamation – In Response to a Student Question
check out on Wikipedia:
land rehabilitation
mine reclamation

it may take less than a “couple 
decades” … but it depends on toxins

some issues:
• regrade to avoid erosion
• remove sulfides, toxins
• secure tailings dams
• costs

can also be done after agriculture, 
e.g. to restore wetlands

open pit mine in Britain before/during reclamation
2006 2008
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Mine Reclamation – In Response to a Student Question

Reclaimed strip mines in southwestern Pennsylvania

source: wikipedia

U.S. has invested
$7.2 B by 2011
to reclaim
 295,000 acres
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Mercury

-heavy metal; liquid at room T; vapor highly toxic
-USE: 
     * electrical switches
     * dental fillings 
     *  extract gold and silver from dirt

- HOW DOES IT GET INTO ENVIRONMENT?
  * unregulated burning of coal (and oil); above all in U.S.
  * incineration of waste (batteries!)
  * gold (and silver) mining runoff

- can be stored in bones instead of Calcium
- not broken down in metabolism; accumulated in food chain
- damages brain and nervous system
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-PCB (phased out in 1970s but long-lived)
  (polychlorinated biphenyl)

PCB:
pesticides
paints
plastics
flame retardant
transformers
causes 
cancer!

Mercury (Hg) in tuna:
tuna is a predator/high on food chain
accumulated Hg
attacks nervous system

Mercury and PCB in the Oceans
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DDT 
(dichloro-diphenyl-trichloroethane)

1. modern insecticide
(malaria, typhus)
also used in agriculture
2. “safe in humans”
…. but …..
3. DISASTROUS TO BIRDS

California Brown Pelican
- shells too thin for chicks to hatch
- close to extinction 1980s

phased out in 1970s but still used
(Bald Eagle also threatened)

The California Brown Pelican – 
An Unlikely Victim?
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current EPA threshold for infants:
10 mg/l (but should be 4 mg/l?)

Other thresholds:
Germany:    50mg/l
Switzerland: 25mg/l

20mg/l bad for cows

Farming, Fertilizers and Groundwater
• blue baby syndrome due to nitrate in drinking water (> 10 mg/l)
• nitrate -> nitrite (particularly babies and sick)
• lack of oxygen in blood
• levels in Europe so high that bottled water recommended

U.S.
some areas 10-fold 
increase in last century
… and counting
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Farming, Fertilizers and Groundwater
Nebraska: beef, pork, corn,
soybeans
Iowa: nations’ largest in 
ethanol, corn, soybeans
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Farming and Fertilizers

… think not only food but also biofuels …..

the increase in value of produce is not
keeping up with the costs of fertilizers fertilizers

herbicides
pesticides

²toxic
²carcinogenic
²reach to 
ocean
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Farming and Fertilizers
update: the increase in value of produce is not
keeping up with the costs of fertilizers
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deforestation agriculture

- soil erosion
- increased runoff
-> sedimentation along coast
- choking habitat (coral reefs!)

fertilizer, pesticides, 
herbicides, fungicides, 
other chemicals

Assault on Coasts from far Inland
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dinoflagellate

research 
done at SIO

diatoms vs dinoflagellates

Nov 21, 2015: CA, WA, OR delay 
crab season b/c toxic red tide

- harmful algal blooms/red tides
- toxic domoic acid
-> shellfish poisoning
- number of incidents increased 
  7-fold in last 20 years
- relationship to warming ocean not
   clear

Consequences of Overfertilization - Oceans
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dinoflagellate

dinoflagellatesMar 4, 2022: San Diego 

Local Red Tide -> Bioluminescence
Source: SD Union Tribune
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