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Dihydrogen Monoxide 

Dihydrogen Monoxide (DHMO) is a colorless and 
odorless chemical compound, also referred to by some 
as Dihydrogen Oxide, Hydrogen Hydroxide, 
Hydronium Hydroxide, or simply Hydric acid. 
 
Some dangers related to DHMO: 1) death due to 
accidental inhalation, even in small quantities; 2) major 
component of acid rain; 3) gaseous DHMO can cause 
severe burns; 4) found in biopsies of pre-cancerous 
tumors and lesions. 
 
 



Dihydrogen Monoxide 
In spite of its potential dangers, DHMO is still an 
additive in baby food products, is found in medicines, 
and common products such as beer and shampoo, and it 
is a major industrial solvent.  
 
It is known that regular ingestion of DHMO may 
improve athletic performance.  However, over use of 
DHMO may lead to: 1) excessive sweating; 2) 
excessive urination; 3) a bloated feeling; 4) nausea; 5) 
vomiting; and 6) an electrolyte imbalance. 
 
So why is DHMO still made available to humans?  



Dihydrogen Monoxide 

 
 
 

Because we cannot survive without dihydrogen 
monoxide – WATER!!! 



What is Water So Versatile? 



Structure of Chemical Bonds 
Atoms in chemical compounds, such as water, are combined 
by either ionic bonds, polar bonds, or non-polar bonds.   
 
Each of these different types of bonds relates to the degree to 
which electrons are shared by the combining atoms. 
 
The degree of electron 
sharing or transferring is 
influenced by the 
principle that chemical 
interactions are most 
stable when the outer 
electron shell of atoms is 
either filled or emptied. 



Structure of Chemical Bonds - Ionic 



Structure of Chemical Bonds - 
Covalent 



Structure of Chemical Bonds - 
Covalent 

In water the electrons are not equally shared between 
the atoms within the molecule, causing unequal 
distribution of charge.  



Water Polar Covalent Bonds 



Qualities of Water Because It Is A 
Polar Molecule 

 1. Cohesion and adhesion 
 2. High heat holding capacity 
 3. Expansion upon freezing 
 4. Universal Solvent 



Properties of 
Water Related 
to Hydrogen 

Bonding 

Cohesion – attraction 
among water 
molecules. 
 
Adhesion – attraction 
between water 
molecules and other 
molecules. 



Cohesion and Adhesion 
Cohesion and adhesion of 
water produces: 1) surface 
tension and 2) capillary 
action. 
 
Mechanism by which plants 
draw water upward from 
roots to leaves through small 
vessels.  Mechanism by 
which water moves through 
groundwater reservoirs 
between the particles of 
rock. 
 



Water Movement in Plants 

Cucumber stem in cross 
section showing vascular 
bundles that convey water 
by capillary action. 
 
 



Water Movement in Plants 



Surface Tension 



High Heat Holding Capacity 
 

1.  Water has a high boiling point, so water is a liquid over a 
wide temperature range. 

2.  Water has the ability to absorb much heat, so large bodies 
of water can minimize temperature changes. 

3.  Water produces evaporative cooling.  The heat loss 
associated with evaporation makes evaporation an 
effective way for organisms to shed excess heat. 



Expansion of Water Upon Freezing 
Floating ice insulates the water below and 
prevents seas and lakes from freezing solid.   



Liquid Water is More Dense Than Ice 



Water Temperature and Lakes 
 

Aquatic organisms are subjected to less temperature variation 
than terrestrial organisms.  Also, the extremes are not as 
great and the rate of change is much slower than on land. 

 
 
 
 
 
 
 
Thermal Stratification - waters become layered by 

temperatures.  This usually occurs in lakes deeper than 7 
meters (25 ft), with lake morphology and wind important.  

 
 
 



Water Temperature and Lakes 
 

 Spring and Fall Overturns - very important in temperate 
zone lakes.   

 
 Ex = Spring Overturn (circulation) where initially under 
winter conditions are such that temperatures increase 
below ice from near 0 at the surface to about 4C (39.2F) 
at the bottom (stratified by density).  The ice melts and 
surface waters warm to near 4 C and begin to sink. 
Continues until whole lake is homothermous (same 
temperature).  

 
 Results in mixing of deeper, nutrient-rich water with 
surface, nutrient-poor water. 

 



Water Temperature and Lakes 



Water As The Universal Solvent 

  Water is the medium in 
which all of life’s chemical 
reactions occur.  

 
  Compounds necessary for 

living cells (nutrients, 
sugars, amino acids, etc.) 
can be dissolved in water, 
the solution of a cell.  



Water As The Universal Solvent 



pH 

pH measures the hydrogen 
ion concentration of a 
solution.  It is measured on a 
logarithmic scale (i.e., 
number change is a factor of 
10x the previous number). 

The higher the H+ 

concentration the lower the 
pH number. 

Acids donate H+ , while bases 
accept H+ . 



Instead of Terra, we should call the earth Aqua because 
water is its outstanding feature.    



Hydrologic Cycle 
Continually distills and distributes water through the 
processes of evaporation and transpiration, precipitation, 
surface runoff and infiltration, and ground water movement.   



Hydrologic Cycle 
Continually distills and distributes water through the 
processes of evaporation and transpiration, precipitation, 
surface runoff and infiltration, and ground water movement.   



Rainfall 



Earth’s Water Compartments 





Earth’s Water 
Compartments 



Freshwater Resources 



Water 
Use 



Per-capita Water Use 

1 cubic meter = 264 U.S. gallons  

~1,700 gallons/day 



How Much Water Is Needed Per 
Person 

The average person needs a minimum of 
1.3 gallons (5 liters) of water per day to 
survive in a moderate climate at an 
average activity level. 
 
The minimum amount of water needed for 
drinking, cooking, bathing, and sanitation 
is 13 gallons (50 liters).  
 



Water and Water Use II  Chapter 13 pt2 
 

 
 

 

 



Earth’s Water Compartments 



Renewable Water Supplies 

Water is renewable due to surface runoff plus the 
infiltration into accessible freshwater aquifers.   

 
 Withdrawal = Total amount taken for any purpose. 
Humans withdraw about 10% of the total annual 
renewable supply. 

 
 Consumption = Water no longer available for use 
because it has evaporated, transpired, been 
incorporated into products and crops, consumed by 
man or livestock, ejected directly into sea, or 
otherwise removed from freshwater resources. 

 



Renewable Water Supplies 

 The term consumption excludes water losses during 
transport of water between the points or points of 
abstractions and point or points of use.  It is estimated 
that between 30 – 50% of urban water is lost due to 
leaking pipes (Since 1976 Boston has reduced losses 
from 50% to 36%).  In Norway the figure is estimated 
to be as high as 70% loss. 

 
 Degradation = Change in quality so water is no longer 
as usable. 



Water Consumption 
Total water use has been increasing about twice as fast 
as human population growth. 
Agriculture:  uses the lion’s share of water. Inefficient, with 

60 to 70% of the withdrawn never reach crops..  
Industry:  25% of all water use.   

Freshwater shortages - 1.5 
billion people lack access to 
adequate quantity and 
quality of drinking water. 
 
Three billion people do not 
have acceptable sanitation.  



Current and 
Predicted 
Freshwater 
Usage	




Projected Areas of Water Stress or 
Scarcity for 2025 



The Profligate Urban Consumer 
 

A relatively small proportion of domestic water is used on 
the essential purposes needed for life and health.  Daily 
per capita consumption on essentials in a typical modern 
household with a piped supply providing 150 - 200 liters 
per head is as follows: 

 Drinking and cooking = 3-6 liters, 
 Washing and personal hygiene = 15-20 liters, 
 (excluding use of flush toilets, baths and showers). 
 Cleaning the house = 3-10 liters. 
 Total = 21-36 liters.  

In the UK, 83 liters a day are used on toilets, baths, 
showers, washing machines and dishwashers. Garden use, 
car washing, dripping taps and leakage consume 49 liters.  



Water Consumption 



Comparison of Residential Water Use 
by Different Countries 



Deficit Water Usage 

Country Water withdrawn as % 
of renewable 

Years to double 
population 

Libya 374% 20.4 

Qatar 174% 33.0 
United Arab 
Emirates 

140% 24.8 

Yemen 135% 21.7 

Jordan 110% 19.3 
Israel 110% 46.2 

Saudi Arabia 106% 21.7 

Kuwait >100% 23.1 
Bahrain >100% 28.9 

Countries Whose Water Use Exceeds 100% Of Their Renewable 
Water Supplies 



Dependency on Other Countries for Water 

Country % of water from 
outside borders 

Years to double 
population 

Egypt 97% 30.1 
Netherlands 89% 138.6 
Cambodia 82% 27.7 
Syria 79% 18.2 
Sudan 77% 22.4 
Iraq 66% 18.7 

Countries Dependent On River Flow from Other Countries For 
More Than Half Of Their Renewable Water 



Definitions 

Watershed: the area of land that catches rain and snow and 
drains or seeps into a marsh, stream, river, lake or 
groundwater. It is a renewable resource - replenished by 
precipitation. 

 



Definitions  
Floods: seasonal inundation of the land surrounding a river. 

(Provides rich organic sediment - fertilizes the land.) 
 
Channelization: straightening, deepening, widening a stream 

(Corp of engineers). Causes worse downstream flooding 
because floodwaters are forced downstream. 



Water Compartment - Lakes, Ponds, 
Rivers, Streams 

Lakes, ponds, rivers, and 
streams are accessible, so 
important.  Short residence time 
 
Wetlands - bogs, swamps, wet 
meadows, marshes.  Stabilize 
soil and hold back surface 
runoff, allowing time for 
infiltration into aquifers.  
Provide year-long stream flow.   



Overdrawing Surface Waters 
Removing too much fresh water from a river or lake. 
 

 U.S. Southwest - 70% of surface water is removed.   
 

 Wetlands dry up - breeding grounds for bird species.  
 

 Causes increasing salinity for many bodies of water. 

Owens Lake - water 
was first diverted from 
the Owens River 223 
miles to the City of 
Los Angeles in 1913, 
and by 1926 Owens 
Lake was dry. 



Global Surface Water Issues 
The level of the Dead Sea plummeted more than 10 
meters during the 20th century.   
 
In an agreement in 1981 between Israel and Jordan, 
they increased the volume of water they could take 
from the River Jordan, which has been reduced to 
little more than a drainage ditch.  
 
In northern Israel the Sea of Galilee, which gives 
much of the south its water, is shrinking and 
threatening to turn saline. 
 
 



Global Surface Water Issues 
Lake Chad, once one of the sources of the Nile, is 
shrinking at a rate of nearly 100 meters a year; in dry 
years, you can wade across it. 
 
The water level in the once-
pristine Lake Baikal, the 
deepest fresh-water lake in 
the world, is sinking 
steadily.  At the same time, 
the quality of its water 
deteriorates as effluent from 
unregulated factories pours 
into it. 



Colorado River 
Headwaters in Wyoming; discharge in Gulf of California 
 
Perhaps the most over-utilized river in the world.   

 Water quality can be so salty that Mexican farmers  
are unable to use it on their crops. 

Sometimes no more than a trickle reaches the Gulf. 



Mono Lake 

Salty desert lake in CA, 
east of Yosemite. 

Snowmelt redirected away 
from Mono Lake to 
L.A.   

The lake has gone down 
40 feet; the salinity 
has doubled.  

Migratory birds, such as 
loons, grebes, 
cormorants, egrets, 
bitterns, are at risk 
(food and predators).   



Groundwater accounts for more than 95% of all fresh 
water available for use. 
 
Approximately 50% of Americans obtain all or part of 
their drinking water from groundwater. 
 
Nearly 95% of rural residents rely on groundwater for 
their drinking supply. 
 
About half of irrigated cropland uses groundwater. 
 
Approximately one third of industrial water needs are 
fulfilled by using groundwater. 
 
 
 

Groundwater Facts 



Water Compartment - Groundwater 
Precipitation that percolates through the soil and into 
fractures and spaces of permeable rocks (infiltration) 
until stopped by impenetrable rock layer.  
 



Groundwater 
Groundwater is recharged slowly, so it must not be used 
so quickly as to not be renewable. 
 
30 times as much groundwater as all other fresh water 
(lakes, rivers, reservoirs).  



Overdrawing Groundwater 



Ogallala Aquifer 

225,000 square miles in the Great 
Plains region 

 

Water level dropping 2-5 feet a 
year, but worst in Texas. 

 

At this rate of depletion, the 
aquifer can supply water 
for the next 40 to 100 years.  

 

Much of the ground water we now 
are using was left by the 
glaciers—so we are mining 
the water.  



Ogallala Aquifer Cost of 1 acre-foot 
(325,000 gals.) has 
gone from $1.50 to 
$60 because of cost of 
pumping.  But the 
federal government 
subsidizes the cost.. 
 



Effect of Urbanization on Water 
Movement 



 
 

 

 



Saltwater Intrusion on Groundwater 



Saltwater Intrusion on Groundwater 



Water Usage Issues 

Important issues: 
 

How much water does each individual “need”? 
 

In what ways can we develop fresh water resources 
in a safe renewable manner. 
 
How can we conserve and wisely use the water 
resources available? 

 



How Much Water Is Needed Per 
Person 

The average person needs a minimum of 
1.3 gallons (5 liters) of water per day to 
survive in a moderate climate at an 
average activity level. 
 
The minimum amount of water needed for 
drinking, cooking, bathing, and sanitation 
is 13 gallons (50 liters).  
 



How Much Water Is Needed Per 
Person 

The average person in the United States uses between 65 
to 78 gallons of water (250 to 300 liters) per day for 
drinking, cooking, bathing, and watering their yards.  
 
The average person in the Netherlands uses only 27 
gallons (104 liters) per day for the same tasks. 
 
Many people in the poorest nations survive on far less than 
the recommended amount.  The average person in Somalia 
uses only 2.3 gallons (8.9 liters) of water per person per 
day.  
 



U.S. Population Growth 
1980 – 2025  (Source: US Census) 

 







Accessing More Water 
Desalinization: removal of salts making water fit to drink  

 Distillation: boiling off and collection of water.  High 
energy input.  
 Reverse osmosis: forcing salt water through a 
membrane that is permeable to water but not salt. 

 
Harvesting Icebergs:  Huge amounts of fresh water are 

available in icebergs if they can be towed without 
excessive melting. 

 
Reservoirs, Canals, and Aqueducts:  Refer back to 

earlier discussions of consequences. 



Accessing More Water 

Collection of moisture from fog: techniques to cause 
condensation of fog on surfaces that allow for 
collection and storage of fresh water. 

 
Collection of rainwater:  collection from roof systems to 

supply both drinking water and bathing water. 
 



Reverse 
Osmosis 



Of the more than 7,500 desalinization plants in 
operation worldwide, 60% are located in the Middle 
East.  
 
The world's largest plant in Saudi Arabia produces 
128 MGD of desalted water.  
 
In contrast, 12% of the world's capacity is produced 
in the Americas, with most of the plants located in 
the Caribbean and Florida. 
 

Desalinization - Usage 



Desalinization plants produce liquid wastes that may 
contain all or some of the following constituents: 
high salt concentrations, chemicals used during de-
fouling of plant equipment and pretreatment, and 
toxic metals (which are most likely to be present if 
the discharge water was in contact with metallic 
materials used in construction of the plant facilities). 

Desalinization - Byproducts 



Liquid wastes may be discharged directly into the 
ocean, combined with other discharges (e.g., power 
plant cooling water or sewage treatment plant 
effluent) before ocean discharge, discharged into a 
sewer for treatment in a sewage treatment plant, or 
dried out and disposed of in a landfill.   
 
Desalinization plants also produce a small amount of 
solid waste (e.g., spent pretreatment filters and solid 
particles that are filtered out in the pretreatment 
process).  
 

Desalinization - Byproducts 



For example, the capacity of the City of Santa Barbara's 
desalinization plant is 7,500 AF/yr (about 7.16 MGD).  In 
May 1992, the plant produced 6.7 MGD of product water 
and generated 8.2 MGD of waste brine with a salinity 
approximately 1.8 times that of seawater.  
 
An additional 1.7 MGD of brine was generated from filter 
backwash.  Assuming that concentrations of suspended 
solids in the seawater feed range from 10 to 50 ppm, 
approximately 1.7 to 5.1 cubic yards per day of solids 
were generated, which is equivalent to one to two truck-
loads per week. 

Desalinization - Byproducts 



In 1991, the Metropolitan Water District (MWD) of 
Southern California paid $27/AF for water from the 
Colorado River and $195/AF for water from the 
California Water Project. One acre foot of water = 
325,851 gallons  
 
The cost of desalted water in Santa Barbara ($1,900/AF) 
Price estimates of water produced by desalinization 
plants in California range from $1,000 to $4,000/AF.   
 
 

Desalinization - Cost 





Icebergs 
A 90 x 35 kilometer piece which drifted along the Antarctic 
Peninsula in 1977, for example, contained enough water to 
supply fresh water to Washington, D.C., for thousands of 
years. 

A trip to 
Southern 
California or 
Saudi Arabia 
would take 
about a year, 
with a 20 
percent loss due 
to melting. 
 



Irrigation 



Water Conservation 

Reducing agricultural water waste: 
 

 Irrigation methods consist of flooding land or using 
above ground sprinklers to water crops. 

   
 Approximately 40 - 60% of water lost to evaporation or 
leakage.  

 
 Using drip irrigation to water fields can reduce water 
use by 40%.  The cost is large for the equipment. 





Sequential Irrigation 

Sequential crop irrigation farmers use agricultural 
drainage water from one crop, such as lettuce, to irrigate 
a more salt-tolerant crop, such as cotton.  The water 
may be used once again on extremely salt-tolerant crops 
before the much-reduced volume of water is pumped 
into a comparatively small evaporation pond.  
 
 
 



Water Conservation 
Reducing industrial water waste: 
 

 If returned in original quantities and without thermal 
 shock effects. 
  
 Then, use of water for cooling is a withdrawal, 
 not consumption/degradation. 



Water Conservation 
Reducing residential water waste: 
 

 More efficient appliances. 
  
 Reduction of unneeded uses in bathing. 

 
 Use of grey water 

 
 Xeriscape gardening 



Water Conservation 
 
 
Reducing Municipal Water Waste 
 
• Decreasing lawn watering  
• Low flow toilet (30% less water) (3 gal, not 5 gal) 
• Clivus Multrum waterless toilet (save over 60,000 liters of 
water per year in the average home) 
  
 

 
If water is treated and 
returned, these uses 
are withdrawals, not 
consumption. 
 





Wastewater is circulated 
inside a greenhouse through 
a series of clear tanks, each 
with its own aquatic 
ecosystem, and marshes. In 
this treatment process, 
sunlight, oxygen, bacteria, 
algae, plants, snails and fish 
work together to purify the 
water. The super-clean 
effluent from these systems 
can be used for irrigation or 
groundwater recharging or 
disinfected and used to 
flush toilets. 

Duplicate and Optimize the 
Natural Water Purification 
Processes of Freshwater 

Wetlands. 



Grey Water 



Grey Water 
Compared to 
Black Water 



Xeriscaping 
Xeriscape is a word derived from the combination 
of a Greek word "Xeros" meaning dry and "scape" 
from the word "landscape.“  These plants can live, 
once established, with little or no supplemental 
watering.  Some are drought tolerant.  Xeriscape 
means the conservation of water and energy through 
creative landscaping. 
 



Water Pollution Ch 22 

•  Diseases can be transmitted by water 
– Cryptosporidiosis – Milwaukee, WI 1993 
– Fecal Coliform Bacteria – E. coli. 

•  Often manure getting into water 
•  A problem after disasters when sewers break or 

don’t work 



Too many nutrients 

•  Algae grows too fast- can cover the surface 
of the water and kill off deeper oxygen 
producing plants 

•  Nitrogen 
•  Phospherous 



Oil Spills 
•  Exxon Valdez (1989) 
•  11 million gallons released 
•  13% of harbor seals, 28% sea otters, 

100,000-645,000 seabirds 
•  Effects lasted a couple of decades+ 



Gulf of Mexico Spill/Leak 2010 
•  Occurred April 20, 2010 
•  Began to make major shoreline impact  

May 19, 2010. 
•  Approx 2-3 million gallons a day (initial 

estimates much smaller) 



Sediment (man-made erosion) 
•  Disturbed land will erode faster and the soil 

easily washes into streams, lakes and the 
ocean 



Acidic runoff from mining 



Surface 
Water 

Pollution 



Ground water contamination 



Groundwater contamination with 
salt water  

•  Near the shore      and    on Islands 



Air Pollution I   Chapter 24 

 
 

 

 



Examples of Catastrophic Air Pollution 
1911 in London - 1150 died from the effects of coal smoke.  
Author of the report coined the word smog for the mix of 
smoke and fog that hung over London. 
 
1952 in London - 4000 died from smog.  
 
1948 in Donora, Penn.  Town of  
14,000 people - 20 died and 6000  
were ill from smog from the  
community's steel mill, zinc smelter, 
and sulfuric acid plant. 

 
1963 in New York City - 300 people died from air pollution. 
 



London 
Smog 1952 



London Smog 1952 

In 13th century London - laws 
against burning outside 
because London was already 
heavily polluted since the 
middle ages  
 



London 
Smog 1952 



London 
Smog 1952 



Piccadilly – Noon 1955 



Sources of Air Pollution 

In terms of volume and variety of contaminants emitted, 
no other single pollution source comes close.  Nationally, 
annual power plant emissions are responsible for 36% of 
carbon dioxide pollution, 64% of sulfur dioxide 
pollution, 26% of nitrogen oxide pollution, and 34% of 
mercury pollution in the USA.  

According to the 1997 EPA 
report on air quality:  
Coal-Burning Power Plants 
are the Single Largest 
Source of Air Pollution! 



March 23, 
2003 



Earth 
Smog 

May 7, 
2002 



Los 
Angeles 



Houston 



An active adult inhales 10,000 to 20,000 liters of air 
each day, or 7 to 14 liters every minute.  

 



Contrary to popular belief, death as a result of a smog 
siege is often not a result of air pollutant poisoning, but 
rather, a result of increasing susceptibility to diseases.  
 
By and large, children, asthmatics, people with chronic 
respiratory or pulmonary and heart disease, and the 
elderly are the most susceptible to air pollutants.  
 

Effects of Air Pollution on Human Health 



 
 

Effects of Air Pollution on Human Health 

Because the lungs of children are not yet fully 
developed and because children inhale more air per 
unit of body weight than adults, they are prone to 
greater health effects as well as long-term damage to 
the lungs.  
 
Similarly, because asthmatics and those suffering 
from chronic diseases are already in a weakened state, 
smog adds stress to their bodies.  For the elderly, 
smog increases their susceptibility to viral and 
bacterial attacks, as both lung and immune system 
functions decrease with age. 



 
 

Effects of Air Pollution on Plants 

Air pollution commonly leads to oxidation damage of 
both crop plants and wild species. 



 
 

Effects of Air Pollution on Plants 

Air pollution weakens plants by damaging their 
leaves, limiting the nutrients available to them, or 
exposing them to toxic substances slowly released 
from the soil.  Quite often, injury or death of plants is 
a result of these  
effects of acid rain  
in combination with  
one or more  
additional threats. 
 



Effects of Pollution on Buildings 
For limestone, the acidic water reacts with the calcium to 
form calcium sulfate: 
 
CaCO3 + H2SO4                 CaSO4 + 2H+ + CO3

2- 
 
The calcium sulfate is soluble so it is easily washed away 
during the next rain storm. 
 

Statue carved in 1702 
photographed in 1908 
(left) and 1969 (right). 



Costs of Pollution 

 
 
Health: $36 billion in sickness annually - health care and 

lost work. 
 
Agriculture: up to 10% of nation's crops lost to all forms 

of pollution. 
 
Materials: corrosion - $5.5 billion annually. 
 

  



Contribution of Climate - Inversion Layers 



Contribution of Climate - Inversion 
Layers 



Types of Smog 

Industrial smog = the gray air in industrial cities in 
cold winter areas, caused from burning fossil fuel.  
 
Industrial smog is in the forms of dust, smoke, soot, 
ashes, asbestos, oil, lead, heavy metals, and sulfur 
oxides.  
 
In 1952, industrial smog held in place by a thermal 
inversion caused the 4,000 deaths in London.  



Types of Smog 

Photochemical smog = brown and smelly, found in 
large cities in warm climates.  
 
Most are the result of gases from auto exhaust.  
 
This is the type of smog that hangs over Los 
Angeles or Houston and causes air quality warnings 
many days each year. 
 



Photochemical Smog 



Industrial Smog 



Mexico City Smog 





Types of Air Pollution 
 

Primary air pollutants: harmful chemicals that enter directly 
into the atmosphere. 

 

Secondary air pollutants: harmful chemicals that form from 
other substances in the atmosphere. 



Indiana Compared to the Nation:  
 Top 10% for SOX  
 Top 20% for NOX  
 Top 30% for CO and for VOCs (volatile organic 
compounds) 

 
 Vandenberg county is 7th in the state of Indiana for VOCs

  
http://lungaction.org/reports/SOTA03_stateozone.html?geo_area_id=18 

http://lungaction.org/reports/SOTA03_staterisk.html?geo_area_id=18 



Air Pollution II  Chapter 24 and 25ish  
 

 
 

 

 



Types of Air Pollutants 

 Carbon Oxides 
 

 Hydrocarbons 
 

 Nitrogen Oxides 
 

 Sulfur Oxides 
 

 Suspended Particulate Material 
 

 Ozone (in troposphere) 
  



Carbon Oxides 

Top two products of pollution.  Produced by motor vehicles 
and industries, especially power plants. 
 

 

     Carbon dioxide (CO2) and carbon monoxide (CO) 
 
 
 

 Carbon dioxide - most influential greenhouse gas. 
 

 Carbon monoxide - reduces the body’s ability to 
transport oxygen. (Also linked to ozone production). 



Carbon Oxides 



Carbon Monoxide 

Carbon monoxide results from incomplete combustion of 
fuel and is emitted directly from vehicle tailpipes. 
Incomplete combustion is most likely to occur at low air-to-
fuel ratios in the engine.  
 
These conditions are common during vehicle starting when 
air supply is restricted ("choked"), when cars are not tuned 
properly, and at altitude, where "thin" air effectively 
reduces the amount of oxygen available for combustion 
(except in cars that are designed or adjusted to compensate 
for altitude).  
 



Hydrocarbons (Organic Compounds) 
Methane - From crops, gas drilling, landfills, cattle, 

termites.  Important greenhouse gas, so affects global 
climate change.   

 

Non-Methane Hydrocarbons - Produced by vehicles and 
other causes of fuel combustion.  Causes photo-
chemical smog, cancer-causing, respiratory tract 
irritants, and some mutagens.  



VOCs are generated by power plants, municipal 
waste combustors, motor vehicles, solvent use, and 
the chemical and food industries.  They are also 
emitted from natural sources like forests.  
 
VOCs in the atmosphere have two major health 
impacts: some are directly toxic, and they can 
combine with nitrogen oxides to form ozone. 

Hydrocarbons (VOCs) 





Global Distillation Effect	


Hazardous air pollutants, such as DDT and PCBs are moved 
globally by atmospheric transport. 	


Persistent and 
Volatile, so 
transported by 
water cycle. 	


Pristine areas have 
dangerous levels 
of persistent 
toxins.	




Nitrogen Oxides 
Nitric oxide (NO), nitrogen dioxide (NO2), and nitrous oxide 
(N2O).  Produced by vehicles and industries.  Inhibits plant 
growth, aggravate health problems.  
 
Involved in:  (1) acid deposition 

   (2) global warming 
   (3) ozone depletion 
   (4) photochemical smog 



Nitrogen Oxides 

NOx, is the generic term for a group of highly reactive 
gases, all of which contain nitrogen and oxygen in varying 
amounts.  
 
Many of the nitrogen oxides are colorless and odorless. 
However, one common pollutant, nitrogen dioxide (NO2) 
along with particles in the air can often be seen as a 
reddish-brown layer over many urban areas. 
 
NOx and the pollutants formed from NOx can be 
transported over long distances, following the pattern of 
prevailing winds in the U.S. 
 
 



Nitrogen Oxides 

Ground-level Ozone (Smog) - is formed when NOx and 
volatile organic compounds (VOCs) react in the presence 
of heat and sunlight.  Children, people with lung diseases 
such as asthma, and people who work or exercise outside 
are susceptible to adverse effects such as damage to lung 
tissue and reduction in lung function.  
 
NOx and sulfur dioxide react with other substances in the 
air to form acids which fall to earth as rain, fog, snow or 
dry particles.  Some may be carried by wind for hundreds 
of miles.  
 
 



Nitrogen Oxides 

NOx reacts with ammonia, moisture, and other compounds 
to form nitric acid and related particles.   
 
Human health concerns include effects on breathing and 
the respiratory system, damage to lung tissue, and 
premature death.   
 
Small particles penetrate deeply into sensitive parts of the 
lungs and can cause or worsen respiratory disease such as 
emphysema and bronchitis, and aggravate existing heart 
disease.  
 
 
 



Nitrogen Oxides 

Increased nitrogen loading in water bodies, particularly 
coastal estuaries, upsets the chemical balance of nutrients 
used by aquatic plants and animals.  
 
Additional nitrogen accelerates "eutrophication," which 
leads to oxygen depletion and reduces fish and shellfish 
populations.  
 
One member of the NOx, nitrous oxide, is a greenhouse 
gas.  
 
 
 
 



Sulfur Oxides 
Produced by fossil fuel burning, industry, biomass 
burning.  Sulfur oxides dissolve easily in water. 
 
Sulfur dioxide - involved in acid deposition; corrodes 

metals and damages stone, irritates respiratory 
system.  (SO2 reacts with 
 enzymes, impairing  
 their functions.) 



Sulfur Oxides 

SO2 can be transported over long distances. 
 
SO2 and the pollutants formed from SO2, such as 
sulfate particles, can be transported over long 
distances and deposited far from the point of 
origin. 
 
SO2 contributes to respiratory illness, particularly 
in children and the elderly, and aggravates 
existing heart and lung diseases. 
 



Effects of Sulfur Dioxide 



Sulfur Oxides 





Suspended Particulate Materials 
Dust - Produced by construction, industry and vehicles.   
 
Inhaled into respiratory system, it can cause health 

problems, including scarring lungs and cancer.   



Inversion Layers	

When air near the ground is colder than the air above it, the 
pollution stays trapped in near the ground.  	

	


Occurs (1) when a high pressure system stalls, (2) in cities in 
valleys, near the coast or surrounded by mountains.	




Dust Domes	

High concentration of fuel combustion and heat from 
concrete (urban heat islands).	


Causes 
particulates 
to be trapped 
in a dome 
over the city 
because the 
air is warmer 
than the 
surrounding 
area.	




Ozone 
Ozone = secondary pollutant.  Caused by nitrogen oxides 

and carbon monoxide, hydrocarbons, and light.   

Component of 
photochemical 
smog; reacts 
with cell 
components, 
destroying 
cells - 
emphysema. 
 



Ozone 
Ground-level ozone, the major component of smog, is the 
most pervasive outdoor air pollutant in the U.S.   
 
Ozone is largely formed from volatile organic compounds 
and nitrogen oxides.  
 
Exposure to elevated ozone levels can cause severe 
coughing, shortness of breath, pain when breathing, lung 
and eye irritation, and greater susceptibility to respiratory 
illnesses such as bronchitis and pneumonia. 
 



Ozonators 
Spring Air Ozonators provide 
mountain fresh air anywhere you like, 
anytime your like. ���
(NEW!! REAL WOOD CABINET - not 
pine but real oak, cherry, walnut.���
Produces Ozone through Corona 
Discharge���
	






Greenhouse Gases and Global 
Warming 



Greenhouse Gases and Global 
Warming 

Each greenhouse gas differs in its ability to absorb heat in 
the atmosphere.  Methane traps over 21 times more heat 
per molecule than carbon dioxide, and nitrous oxide 
absorbs 270 times more heat per molecule than carbon 
dioxide.  
 
All of the major greenhouse gases have increased in 
concentration since the beginning of the industrial 
revolution.  As a result of these higher concentrations, 
global mean surface air temperature has increased between 
approximately 0.3 and 0.6ºC (0.5 and 1.1ºF) since the late 
19th century. 
 



Greenhouse Gases and Global 
Warming 

Possible consequences of global warming include: 
 
1.  A rise in sea levels that could threaten island and coastal 

communities. 
2.  A more vigorous hydrological cycle that may increase 

the severity of floods and droughts and cause more 
extreme rainfall events. 

3.  Ecological change that could threaten agricultural 
productivity and the survival of natural forests. 



 
 

 

 



Children Are Especially At Risk To 
Air Pollution	


	

Children have twice the 
metabolic rate of adults, so they 
breathe more to get oxygen à  
exposed to more to pollution. 	

	

Their lungs are developing, so 
pollution can restrict lung 
development.	






Smoking As Pollution	

Smoking is a ‘portable’ mixture of air pollutants.  Cigarette 
smoke includes hydrocarbons, carbon monoxide, cyanide, 
and particulates.  	

	

Smoking causes more human health problems (emphysema, 
lung cancer, heart disease, etc.) than all other atmospheric 
pollution.	




Tobacco Smoke 

Tobacco smoke pollution contains over 4,000 
chemicals; 200 are poisons; 43 cause cancer.  Tobacco 
smoke pollution has been classified by the  
Environmental Protection 
Agency (EPA) as a known 
cause of cancer in humans 
(Group A carcinogen). 



Secondhand Tobacco Smoke 

The EPA estimates that secondhand smoke causes 
approximately 3,000 lung cancer deaths and 37,000 
heart disease deaths in nonsmokers each year. 
 
EPA estimates that secondhand smoke is responsible for 
between 150,000 and 300,000 lower respiratory tract 
infections in infants and children under 18 months of 
age annually, resulting in between 7,500 and 15,000 
hospitalizations each year. 



Normal lung 

Lung from baby of 
mother who smokes 



Secondhand Tobacco Smoke 

Tobacco smoke pollution can make healthy children less 
than 18 months of age sick; it can cause pneumonia, ear 
infections, bronchitis, coughing, wheezing and increased 
mucus production.  According to the EPA, tobacco smoke 
pollution can lead to the buildup of fluid in the middle 
ear, the most common cause of hospitalization of children 
for an operation. 
 

 
 



Smoking As Pollution	


Lung from non-smoker 
living in city. 

Lung from smoker 
(with cancer). 



Clean Air Act	

	
EPA. - 1970, 1977, and 1990.  The law authorizes the 
EPA to set limits on the levels of specific air pollutants 
permitted in the U.S.  	


Lead, particulates, 
sulfur dioxide, 
carbon monoxide, 
nitrogen oxides, and 
ozone.	

	

Lead: 98% decrease	




Clean Air Act	

	

1990 Amendment to the Clean Air Act: 	

	

(1)  Automobiles must cut emissions by 40 to 60% 	

	

(2)  Industries must cut toxic chemicals by 90%, coal 

emissions by 50%.	




Clean Air Act	

	

	
Cities that do not meet the Clean Air Act 
recommendations are listed as “nonattainment areas.”  	


	

	
As many as 90 million Americans are currently living in 
nonattainment areas.	


	

	
Failure to meet standards results in fines (e.g., “… 
$5,000, adjusted in accordance with paragraph (3), per 
ton of VOC emitted by the source during the calendar 
year in excess of 80 percent of the baseline amount …”) 
or suspension of construction permits.	




Clean Air Act	


Bush “Clear Skies” plan 
actually weakens the 
Clean Air Act by: 

 
1.  Exempts current power 

plants from standards 
2.  >500% more mercury 

than CAA 
3.  68% more NOx 
4.  225% more Sox 
5.   Restricts the power of states to call for an end to pollution from 

 upwind sources in other states. 
6.    Delays enforcement of smog and soot regulations until 2115 



Indoor Pollution 



Indoor Pollution 



Indoor Pollution 





Sick Building Syndrome - Causes 

Chemical contaminants from outdoor sources - e.g., motor 
vehicle exhausts. 
 
Chemical contaminants from indoor sources - e.g., 
adhesives, carpeting. 
 
Biological contaminants – e.g., pollen, bacteria, viruses, and 
molds. 
 
Inadequate ventilation 



Sick Building Syndrome - Costs 

Illness - fatigue, eye irritation, skin rash, respiratory 
problems, headaches and nausea. 
 
Mary Beth Smuts, a toxicologist with the U.S. 
Environmental Protection Agency, estimates that indoor air 
pollution costs corporate America up to $150 billion 
annually in lost productivity.   
 
Medical costs in USA exceed $1 billion/year. 
 
Corrective construction costs exceed $2 billion/year. 
 
 



Sick Building Syndrome – Causes/Solutions 
The dirty dozen - Twelve indoor air-contamination 

sources affecting homes and businesses: 
 

 Inadequate maintenance of heating and cooling 
 systems. 

 
 Lead paint. 

 
 Asbestos. 

 
 Car exhaust, pollen, mold, pollution and bird 
 droppings from outside. 

 
 New carpet, paint, paneling and furniture. 

 
 Carbon monoxide. 

 



Sick Building Syndrome – Causes/Solutions 

The dirty dozen - Twelve indoor air-contamination 
sources affecting homes and businesses (cont): 

 
 

 Lack of housekeeping. 
 

 Pests such as cockroaches and mice. 
 

 Cleaning supplies and other household chemicals. 
 

 Pollen and plant debris. 
 

 Tobacco smoke. 
 

 Excess water that allows mold and fungi to grow. 
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Pesticide Dilemma 

Because of the efficacy of DDT in checking malaria and 
other mosquito borne diseases (yellow fever, 
encephalitis), it is estimated that more than 75 million 
deaths have been averted. 	

	




Pesticide Characteristics 

Pesticides are toxins used against organisms that 
interfere with human activities or welfare. 
 
Pesticides are grouped according to the pests they 
target – insecticides kill insects, herbicides kill 
plants, fungicides kill fungi, and rodenticides kill 
rats and mice. 
 
Agriculture uses ~85% of the almost 3 millions 
tons of pesticides used each year. 



Pesticide Characteristics 

Many plant-derived pesticides (e.g., pyrethrin from 
chrysanthemums) or their derivatives are easily 
broken down by microorganisms and do not persist 
long in the environment. 
 
Most of the second generation man-made 
pesticides (e.g., DDT) are broad spectrum and slow 
to degrade (half-life 15 years in soil and as much as 
150 years in aquatic environments). 



Pesticide Risks 

Pesticides can kill desirable organisms as well as 
pests.  For example, broad spectrum insecticides 
may kill pollinators such as bees or lady bugs, 
which eat garden aphids. 
 
Pesticides enter the food network and through 
biological magnification may concentrate to toxin 
levels in secondary and tertiary consumers. 



Pesticide Benefits 

Disease control - e.g., malaria caused by female 
Anopheles mosquitoes. 
 
Crop protection - reduce loss from competition 
with weeds, consumption by insects, and disease 
caused by fungi and bacteria.  Part of reason for 
large numbers of agricultural pests is emphasis on 
monoculture in large tracts of land. 



Effects of Long 
Term Use of 

Pesticides 



Effects of Long Term Use of Pesticides 
In addition to selection for pests with genetic resistance, 
long term use of pesticides causes imbalances in 

ecosystems.  Beneficial organisms 
and even natural enemies of the 
pests may be among the species 
eliminated by pesticides.  May lose 
keystone species.  May develop new 
dominant pest species. 



USA Loss of Crops to Pest  

Since 1940s there has been a 33 fold increase in use of 
pesticides in the USA. 

Percentage of USA Crops Lost Annually to Pest 

Interval Insects Diseases Weeds 

1989 - 1999 13.0% 12.0% 12.0% 

1974 13.0 12.0 8.0 

1951 - 1960 12.9 12.2 8.5 

1942 - 1951 7.1 10.5 13.8 



Effects of Long Term Use of Pesticides 
In 1987 the American Consumers Union compiled a list 
of 50 active ingredients of pesticides used around the 
home and found that 66% had been inadequately tested to 
determine whether they could cause cancer, 72% 
inadequately test for mutations, 62% for birth defects, 
64% for adverse effects on reproduction, and 98% for 
neurobehavioral effects. 
 
Human exposure to pesticides produces cancers, deaths 
(~67,000/year in USA), sterility, and endocrine disorders. 
 
Persistence of man-made pesticides in the environment 
indicates a long term environmental issue. 
 



Alternatives to Pesticides 
1.  Rotation of crops and interplanting of alternate rows 

of different crops. 

2.  Biological controls - use of natural predators or 
parasites. 

3.  Sterile male technique. 

4.  Pheromone and hormone lures. 

5.  Genetically modified plants (e.g., Bt plants). 

6.  Quarantine and post harvest irradiation. 



Integrated Pest Management 





Formation of Soil 

Soil is the thin surface layer of mineral (~45%) and 
organic material (~5%) containing water and air (each 
~25%).   
 
Soil is formed by natural agents such as weathering, 
wind, water, and organisms.  To form one inch of 
topsoil through natural means may take 200 – 1000 
years. 

























American 
Dust Bowl 

Semiarid areas, like the 
prairies have native 
plants with deep root 
systems.  Removal of 
these native plants 
opens up the soil to 
wind and violent storms 
that severely erode the 
topsoil. 



American Dust Bowl 

Between 1930 and 1937 the 
prairies received 65% less 
rain than normal and most of 
the native plants were gone 
through farming.   

Topsoil was carried as dust 
as far as the east coast and 
hundreds of kilometers off 
the coast into the Atlantic. 



Thirty-two year old mother of seven  



Must This Be Our Fate? 
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Global Temperature Change 
 Globally, the 10 hottest years on record have occurred 
since 1991(Science [2004] 303:176).  Temperatures have 
risen 0.6°C in the past 100 years, and global sea levels 
have risen ~20 cm because of melting ice and thermal 
expansion of the oceans. 

 
 Large icebergs have  
 recently been breaking 
 off of Antarctica. 

 
 Arctic surfaces have warmed  
 50 C in the last 100 years.  



Global Temperature Change 

In less than 200 years the atmospheric concentration of 
greenhouse gases has increased by 50% relative to pre-
industrial levels.  Three socioeconomic scenarios 
indicate in the best case scenario by 2080 risk of floods 
will increase 30x present levels.  In the high emission 
scenario by 2080 flood levels expected once every 100 
years would recur every 3 years. 

In Britain, usage of the Thames 
Barrier, which protects London 
from flooding, has increased from 
less than once a year in the 1980s 
to more than 6 times a year in 
2003. 



Global Temperature Change 
 Reducing carbon emissions does not necessarily equate 
with lower standards of living.  Between 1990 and 2000, 
Britain’s economy grew by 30%, employment grew by 
4.8%, and greenhouse gas emission fell by 12% due to use 
of less fossil fuels.  During the same period from 1990 to 
2000 the Chinese economy grew by 60% and emissions 
fell.    

 
 However, the USA has not ratified the Kyoto Protocol and 
has not implemented the emissions goals set by the 
Protocol.  The UK is responsible for ~2% of the world’s 
emissions, while the USA is responsible for more than 
20% (with ~4% of the world’s population). 
 Science (2004) 303:176 Climate Change Science: Adapt, Mitigate, or Ignore 



Global Temperature Change 
 Projections for increased global temperatures up to 50 C in 
the next 100 years.  (This is equal to a temperature change 
between the waxing and waning of ice ages.) 



The Gases of Global Warming	

There are five main greenhouse gases (plus water and ozone). 
CO2 and CH4 have not been this high in 160,000 years.	




Anthropogenic Causes of Global Warming	

The Gases of Global Warming: 
 
Carbon dioxide:  50% of the effect of global warming.  
     Fossil fuel, deforestation, agriculture, and industry. 
Methane:  16%.  Rice paddies, bogs, termites/deforest,  

 landfills, cattle 
Chlorofluorocarbons:  20%. Freon, styrofoam,   

 propellants.  
Nitrous oxide (N2O):  6%. From fertilizers, livestock  

 wastes, fuel combustion. 
Ozone (O3):  8%. Tropospheric ozone is a secondary air 

 pollutant caused by photochemical reactions. 



Sources of CO2 Emission and Increases in 
CO2 During The Last 5 Decades.	




Greenhouse Gas 	
 	
Pre-Indus. 	
1997 	
 	
GH Warming 	

	

Carbon Dioxide 	
 	
288 ppm 	
 	
367 ppm 	
 	
~50%	

Methane 	
 	
 	
 	
848 ppb 	
 	
1745 ppb 	
 	
15-20%	

Chlorofluorocarbon 	
0 	
 	
 	
 	
262 ppt 	
 	
15-20%	

Nitrous Oxide 	
 	
 	
285 ppb 	
 	
533 ppb 	
 	
5-6%	

Tropospheric Ozone 	
 	
 	
 	
 	
 	
 	
 	
 	
~8%	




Human Activities That Cause Global 
Warming	




Global Circulation Models	

Predict the changes in movement of surface water, 
groundwater, ocean circulation, atmospheric circulation, 
and cloud cover.  	


The surface of 
the earth is 
divided into 520 
cells (size of 
Oregon) by 20 
cells deep.  
Each cell 
interacts with 
the cells 
adjacent to it. 
 
 
 



Possible Feedbacks To Global Warming ���
	


1. 	
Greenland and Antarctic ice sheets = large mirrors, 
reflecting light into space and cooling the planet.  
Melting of this ice could cause greater warming.	

	
	


2. 	
Increased water in air could cause less light penetration 
and decrease warming.  But if cirrus clouds, it could 
increase global warming.	

	
	


3. 	
Increased temperatures could 	

	
cause more snow on ice sheets, 	

	
thereby decreasing global 	

	
warming.	




Possible Feedbacks To Global Warming ���
	


4. 	
Ocean Conveyor Belt, which transports heat from the 
tropics to the northern hemisphere.  Warming of northern 
oceans will change pattern producing:	


- Cooling in 
Europe and 
warming in the 
tropics.  

-Decreased 
carbon dioxide 
uptake into 
oceans, causing 
greater global 
warming. 





The Effects of Global Warming	

Rising Sea Level	

	
 	
Flood coastal cities. 	

	
 	
Salt intrusion could contaminate coastal aquifers	


	

Changes in Precipitation Pattern and Temperature	

	
 	
Increased hurricanes and typhoons. 	
	

	
 	
Some areas will become drier, some wetter.	




Effects of Global Warming On Living 
Organisms	


1. 	
Increase bacterial decay, which could exacerbate 
global warming.	


2. 	
Increase the spread of diseases: malaria, encephalitis.	

3. 	
Increased invasion of pest species (Med. fruit fly).	

4. 	
Coral bleaching due to increased stress/disease.	




Effects of Global Warming On Living 
Organisms	


5. 	
Fish death due to increased water temps (or loss of 
oxygen from increased algae growth) (trout à bass and 
catfish).	


6. 	
Canada and Russia may increase agricultural 
productivity, while tropical countries have declining 
productivity. 	


7. 	
Fast climate change could cause plant and animal 
species not to be able to migrate to changing climates.	


	




Effects of Global Warming On Living 
Organisms	




Effects of Global Warming In Indiana	


Increased precipitation, but increased temperatures will 
cause greater evaporation, so lake and river levels will 
decline.	

	

	

Effects: 	
Locks/Dams, Ship Docks.	


	
 	
Hydropower	

	
 	
Water Quality	

	
 	
Declining Corn Yields	




How Can We Deal With Global Warming	

Prevention of Global Warming: 	


Kyoto Protocol of 1997: legally binding timetables to cut 
emissions of greenhouse gases.	


	
Alternatives to hydrocarbons must be found/used.  	

	
Trapping CO2 instead of being released 	

	
 	
 (need new capturing technologies)	


	

Mitigation of Global Warming: 	


	
Increase forest planting (area size of U.S. planted/year to 
	
 	
 	
totally offset deforestation and CO2 

emissions) 	

Pay tropical countries for keeping forests.  	

Increase energy efficiency	


	

Adaptation to Global Warming:	


	
Dikes and levees	

	
Drought resistance plants and trees.	




Acid Problems 

•  Tums anyone? 



Measuring Acidity - pH	

pH = negative log of the hydrogen ion concentration in a 
solution.  Each unit has 10x change in acidity. 	

	

Rain: normally a pH of 5 to 6—because of CO2 dissolved in 
the water makes carbonic acid.  But in Eastern US, pH of 
rainwater can be 4 or even 3.	




Origins of Acid Deposition	

Nitrogen oxides - vehicles and industry	

Sulfur oxides - power plants, smelters, industrial boilers	




Effects of Acid 
Deposition	


a.  Leaching of nutrients 
from soil (calcium and 
magnesium) and 
increasing heavy metals 
(aluminum), which causes 
poorer tree growth.	


	

b. 	
Acidity of soil also 

damages roots.  Damage 
to leaves and bark due to 
acidity.	


1. Forest decline:	




Effects of Acid Deposition	


1. Forest decline:	


Black forest of Germany: up to 50% of trees are dead or 
severely damaged.	


Cloud water in 
eastern U.S. is 5 
times more 
acidic than 
precipitation.  
Trees in high 
altitudes are 
bathed in this.	




Effects of Acid Deposition	

2.  Aquatic animal declines in rivers and lakes:	

Dramatic differences in tolerance limits:  From mussels and 
mayflies, which are intolerant to low pH, to some insects that 
are very tolerant to pH.	




Effects of Acid Deposition	

2.  Aquatic animal declines in rivers and lakes:	


Sweden has 3000 to 4000 dead 
lakes.  Lakes without fish, frogs, 
or lily pads.  Acidification can 
cause toxic metals to be leached 
from sediments in lakes into the 
water.  Similar risks for lakes in 
the Adirondacks.	

	

Depends on the presence or 
absence of buffering agents in 
the bedrock surrounding or 
underlying lakes - carbonates.	




Politics of Acid Deposition	

Regional issues.  Pollution in Sweden is from other European 
countries.  Similarly, pollution from Illinois, Indiana, 
Missouri, West Virginia, Ohio, Penn causes acid deposition 
in New England and Canada.	




Controlling Acid Deposition	

Reduction of emissions (e.g., Clean Air Act of 1990)	


Conversion of sulfur and nitrogen oxides into acids is also 
affected by availability of ozone and other emissions which 
help cause the chemical reactions..  	




Almost 15% of the world's reefs are 
already beyond repair thanks to global 
warming, according to an AAAS 
report. Another 30% may be lost over 
the next 30 years. Global warming is 
harming coral reefs in at least three 
ways. Changes of just 1 or 2 °C can 
stifle the life-giving algae. Spiraling 
levels of carbon dioxide, a greenhouse 
gas, dissolve in sea water, creating an 
acidic cocktail that stops polyps 
oozing their skeleton. And warmer 
water makes the reef more vulnerable  
threats, such as overfishing, diseases 
and pollutants that drain into coastal 
waters.  
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Sources of 
Water 

Pollution 



Water Pollution	

	
Definition = physical, chemical, biological changes in 
water quality that adversely affect living organisms.  (i.e., 
degradation)	


	

	
Types:	

	
 	
Infectious Agents	

	
 	
Oxygen-Demanding Wastes	

	
 	
Inorganic Pollutants	

	
 	
Organic Chemicals	

	
 	
Sediment (Particulates) 	

	
 	
Thermal Pollution	




Infectious Agents 
Infectious Agents = pathogenic organisms.  Water-borne 

diseases from infectious agents include typhoid, 
cholera, bacterial and amoebic dysentery, polio, 
infectious hepatitis, guinea worm and schistosomiasis. 
Due to lack 	

	
of sanitation. 	


	
Analyze coliform 
bacteria (E. coli).  
Presume if coliform 
bacteria are present, 
infectious pathogens 
are also present.  





Eutrophication 
Eutrophication is the natural process by which waters 
(lakes, rivers etc) become excessively enriched with 
nutrients, typically nitrogen and phosphorus.  It is one of 
the ways in which a water body (lake, rivers, and seas) 
transforms from a state where nutrients are scarce 
(oligotrophic), through a slightly richer phase 
(mesotrophic) to an enriched state (eutrophic).  
 
Human activities often enhance the rate of change due to 
activities such as farming, forestry, road-building, industry 
and waste treatment that cause nutrients to enter 
watercourses.  This nutrient enrichment often results in a 
population explosion of algae and other aquatic plants.  



Oxygen-Demanding Wastes	

Oxygen dissolved in water is indicator of water quality.  6 
ppm O2 or more supports desirable aquatic life.  	

	


BOD (biochemical oxygen demand) measures the amount of 
dissolved oxygen consumed by aquatic microorganisms.  
Sewage, paper pulp, or food wastes can cause an Oxygen 
sag, where few fish survive.	




Eutrophication 
BOD and Eutrophication - rapid succession in a body of 
water because of an increase in biological productivity. 
(Oligotrophic lakes and rivers have clear water and low 
biological productivity).	




Eutrophication - Solutions 

Limit your fertilizer use and apply at appropriate times 
 
Control runoff and soil erosion 
 
Start a compost pile and recycle yard waste 
 
Conserve water and energy 
 
Plant trees and other deep root plants 



Inorganic Pollutants	

Heavy metals, like mercury, lead, tin, cadmium, selenium, 
and arsenic are caused by human activities.	


	


Mother and Son 
Minamata Bay, Japan 



Inorganic Pollutants	

Metals:	


	
Mercury poisoning from coal, incineration 
	
 	
 	
Causes: 	
- damage to the nervous 

system 	

	
 	
 	
 	
 	
metal retardation	

	
 	
 	
 	
 	
cerebral palsy	

	
 	
 	
 	
 	
development delays	

	
 	
 	
 	
- kidney disorders	


	

	
Lead poisoning from incineration, pipes, solder 	


	
 	
 	
(previously in shot, gasoline)	

	
 	
Causes: 	
- miscarriages	

	
 	
 	
 	
- hearing loss	

	
 	
 	
 	
- learning disabilities	




Mad Hatter Mercury (Hg), 
once used 
extensively in the 
hat making 
process, caused a 
brain illness in 
many hatters.  Hg 
is still a major 
water pollutant 
around Danbury, 
Conn - 19th 
century “hat 
making capital of 
the world.” 	




Inorganic Pollutants	

Nonmetallic Salts: 	

	


	
Arsenic from mining or drainage of desert soils 	

	
 	
Causes: 	
- anemia	

	
 	
 	
 	
- cancer	

	
 	
 	
 	
- death.	


	

	
Sodium Chloride: Salinization	


	

Acids: 	


	
Sulfur and nitrogen compounds from coal.	

	
 	
Causes: 	
- pH changes which affect species	

	
 	
 	
 	
- leaches aluminum	






POPs 

Persistent Organic Pollutants (POPs) are chemical 
substances that persist in the environment, bioaccumulate 
through the food web, and pose a risk of causing adverse 
effects to human health and the environment.  
 
The "dirty dozen" includes: PCBs, aldrin, chlordane, DDT, 
dieldrin, endrin, heptachlor, hexachlorbenzene, mirex, 
polychlorinated dibenzo-p-dioxins, polychlorinated 
dibenzofurans, and toxaphene. 



Organic Pollutants	


Examples = Dioxin, PCB, DDT (Chlorinated)	

	

	

Dioxin: stable; slow to degrade	




Organic Pollutants - Dioxin	


	

	

Generated from: 	
Burning wood, coal, oil, household 
trash, and chlorine bleaching of pulp and paper	

	

Accumulates in fat of animals à biomagnification	

	

Causes: 	
cancer	

	
 	
	
 	
weakened immune response	




Organic Pollutants - PCBs	

	

	


	
PCB = non-flammable; not dissolved in water; high 
boiling points; does not conduct electricity well.  So used 
for transformers and capacitors.  	


	




Organic Pollutants - PCBs	


More than one billion pounds of PCBs have been made.	

	

Accumulates in fat of animals à biomagnification	

	

Causes: 	
cancer 	


	
 	
 	
hormonal and reproductive disruptions	

	
 	
 	
decrease cognitive abilities (dopamine)	




PCBs & GE	


 Between 1947 and 1977, 
General Electric dumped an 
estimated 1.3 million pounds 
of PCBs into the Hudson 
River.  In 1983, the EPA 
classified the 200-mile 
stretch of the Hudson River, 
from Hudson Falls to the 
Battery in New York City, as 
a Superfund site under the 
Superfund law.  $460 
million to dredge hot spots. 

 



Organic Pollutants - DDT	

DDT is an insecticide; stable and slow to degrade.	

	

Paul Muller won the Nobel Prize in 1948 for developing 

DDT.	

	

Benefits = Controlled spread of malaria; Provided crop 

protection	




Organic Pollutants - DDT	




Organic Pollutants - DDT	

	


	
Problems with DDT: DDT is not metabolized very rapidly 
by animals; instead, it is deposited and stored in the fatty 
tissues à biomagnification	




Organic Pollutants - DDT	

	


	

 Toxic to fish 	


	
	

 Increased mortality in birds: calcium decreased in egg shells	

 	




Organic Pollutants - DDT	

	


	

 	

 Estrogen mimic in Vertebrates: feminizes males - lower sperm 

count; alters behavior	

 Human Health	


	
 	
decreased mental function	

	
 	
male infertility	

	
 	
cancer	




Organic Pollutants - DDT	

	


 	


Unintentional Pathways:	




Organic Pollutants - 
DDT	


Problems with DDT (and other 
pesticides)	


	
Evolution of resistance 	

	
Non-target species and creation of 

new pests	




Sediments 

Sediment from erosion and runoff:	

	
Fills lakes	

	
Obstructs shipping channels	

	
Clogs hydroelectric turbines	

	
Purification more costly	




Thermal 
Thermal Pollution = an increase in temperature	

	


	
Can cause: 	
thermal shock 	

	
 	
 	
parasites and disease 	

	
 	
 	
greater vulnerability to toxic pollutants 	




Specific Sources of Ground Water Pollution 	

	
(rate of breakdown is extremely slow in ground water)	


•  Industrial waste into aquifer recharge zone	

•  Surface runoff into abandoned wells - industry, agriculture, 

home	

•  Leaking underground storage tanks of gas stations 	

•  Leaking septic tank into recharge area.	

•  Injection wells for secondary recovery.	




	

	


	

Point Source: discharge of 

pollutants from single point. 	

	
Factories, power plants, sewage 
treatment plants, oil wells.  	


	

Non-point Source: sources of water 

pollution that are scattered or 
diffuse, not having a specific 
location.  Farm fields, golf 
courses, lawns, cities, roads, 
clearcut forests, mines	


	
 ���

Water Pollution Control	


Reduce the sources 
of water pollution	




	
 ���

Water Pollution Control	


Agriculture 
is the biggest 
source of 
water 
pollution.	




Pollution From Agricultural Runoff 



Legislation Enacted to Improve Water	

Clean Water Act: to restore and maintain the chemical, 

physical, and biological integrity of the nation’s waters. 
(1972/77/81/87)	


	

	
greatly decreased the amount of point source pollution.  	


	

	
PCB’s, DDT, and Dioxin are no longer allowed as 
waste products into waters.  	


	

Superfund Program: remediation of toxic waste sites 

created in 1980/1984.	

	

Safe Drinking Water Act: regulates  water quality in 

commercial and municipal systems. (1974) 	








	
Improved water quality has been one of the biggest 
success stories of the environmental movement.	




Improved Water 
Quality	


	

Chesapeake Bay - America’s 
largest estuary.  	


•  reducing nutrient loading	

•  banning phosphate detergents	

•  restoring seagrass and 	


	
wetlands. 	


•  upgrading wastewater treatment 
	
plants	


	




Municipal Sewage Treatment	

Primary treatment: physical separation of solids	

Secondary treatment: aeration tank, biodegradation	

Tertiary treatment: remove phosphates/nitrates 	
 	


	
 	
lagoon/marsh or trickling filter. 	

	
Bioremediation: use of organisms to remove 	

	
 	
 	
water pollutants	








Septic Tanks 
and Drain 

Fields. ���
	


Domestic Sewage Treatment	
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Waste Stream 
The waste stream is the flow of wastes we produce.  
 

USA produces more than 11 billion tons of solid waste 
each year. USA volume has doubled since 1960. 
 

Agricultural wastes - crop 
and animal residue   

Mining - mine tailings, 
overburden, slag  

Industrial waste 

Municipal waste 



Agricultural 
Wastes 

Types: 
 

 Pesticides 
 Carcasses 
 Horticultural wastes 
Animal feces (e.g., reported that North Carolina’s 
hogs outnumber its citizens and produce more fecal 
waste than all the people in California, New York, and 
Washington combined.  Each day the Arkansas 
poultry industry dumps urine/feces equal to the daily 
waste generated by a population of 8 million people.) 

 
Management: 
 

 Landfills/water sources 
 Composting 
 Energy Production 



Industrial Wastes 

EPA estimates American industries generate 7.6 billion tons 
of industrial solid waste each year 
 
Types: 
 

 Manufacturing byproducts 
 Outdated equipment 
 Sludge; decontamination products 

 
Management: 
 

 Landfills/water sources 
 Recycling 
 Energy Production 



 
 
Municipal Waste  
 
 
 
 
 
 
 
 
 
 
 

Refuse mixing - hazardous wastes with non-hazardous.  
   

 Batteries - zinc, lead or mercury 
 Paint 
 Pesticides 
 Plastics that produce dioxins   

 

 Loss of recyclable wastes (dumped with non-recyclable 
 wastes). 





The Waste Stream Options 







Disposal Methods  
Bad Ideas: 

 1. Ocean Dumping 



Disposal Methods  
Bad Ideas: 

  2. Open Dumps –  exposed refuse 



Disposal Methods  
Bad Ideas: 

  3. Exporting Waste - Garbage Imperialism (e.g.,   
 Khian Sea from Philadelphia with toxic ash) 

 

Sailed 16 
years, then 
returned to PA 



Western History of Waste 
Management 

Believed that the city of Athens organized the first 
municipal dump in the Western world.  In approximately 
500 BC citizens were required to dispose of their waste at 
least one mile from the city walls. 
 
Ancient rubbish dumps excavated in archaeological digs 
reveal only tiny amounts of ash, broken tools and pottery. 
Everything that could be was repaired and reused, 
populations were smaller, and people lived in less 
concentrated groups. 



Pre-Industrial Revolution Waste 
Management in England 

In early pre-industrial times, waste was mainly composed of 
ash from fires, wood, bones, and vegetable and bodily 
waste.  It was disposed of into the ground, where it would 
act as compost and help to improve the soil.  
 
In 1842, a report in England linked disease to filthy 
environmental conditions and launched the age of 
sanitation. 
 



Post-Industrial Revolution Waste 
Management in England 

In Nottingham in 1874, a new technology called "the 
destructor" provided the first systematic incineration of 
municipal solid waste. 
 
 
The Public Health Act in 1875 charged local authorities in 
England with the duty to arrange the removal and disposal of 
waste, starting the civic and local authority power over waste 
management. 



Disposal Methods 

Two Alternatives: 
 
1. Sanitary landfills 







Problems and Concerns with Sanitary 
Landfills 

 1. Number of landfills declining 
 2. Methane gas 
 3. Contamination of surface and ground    
 water (must monitor) 
 4. Plastics - Extremely  
  long life in a landfill 
 5. NIMBY 





Disposal Methods 
 

2. Incineration - Space reduction and energy recovery  
 Mass burn - avoids sorting, but can cause air pollution 

because hazardous wastes are not removed. 
 Refuse-derived fuel - Removal of unburnable or recyclable 

materials before combustion. 
 





Incineration - Benefits 
1.  Incinerators drastically reduce the amount of municipal 

solid waste - up to 90% by volume and 75% by weight. 

2.  Incinerators can be constructed locally, thus cutting 
down on transportation costs. 

3.  Derived heat 
may be used 
for electricity 
generation. 



Problems and Concerns with Incineration 
 

1.  Many of the problems existing with sanitary landfills 
2.  Air pollution - carbon monoxide, particulates, heavy 

metals (mercury and lead), dioxins from plastics 
3.  Slag and fly ash can be a hazardous waste - removing 

batteries and chlorine-based plastics can help. 
4.  NIMBY  
5.  Cost 



Shrinking the Waste Stream – Source 
Reduction 

 
Since 2 liter soft drink bottle was introduced in 1977, weight 
has been reduced by 35%. 
 
Since 1965, aluminum cans 
have been reduced in 
weight by 35%. 
 



Shrinking the Waste Stream - 
Recycling 

Benefits:  
 Fewer landfill/Incineration issues 
 Fewer raw resources needed 
 Less pollution 
 Economics 

 
 
 
 
 
 
 
 
 

Constraints: 
 Fluctuating market price 
 Diverse Plastics 
 Lack of Deposit Fees  
 Lack of Incentives: recycled plastics more costly  







Tire Recycling 
Americans dispose of approximately 278 million tires/
year, more than one for every man, woman and child.  
Are approximately 3 billion tires stockpiled. 

Mosquitoes 
and disease 
may arise 
from 
stockpiles. 
 
Pollution 



Tire Recycling – Possible Uses 
Rubberized asphalt concrete (RAC) - Caltrans began 
use of rubberized asphalt concrete in 1980.  Between 
1980 and 1998, Caltrans used a total of 2,458,930 tons 
of RAC.  Based upon the formula developed by the 
Rubber Pavements Association, this translates to the 
use of 4.5 million discarded tires.  

Whole tires may be used in 
artificial breakwaters and 
reefs.  



Tire Recycling 
– Possible Uses 

Shredded tires may be used as lightweight fill in civil 
engineering applications, and they can replace other 
conventional lightweight fill such as expanded foam.  The 
benefits of using tire chips instead of conventional 
construction materials include: reduced density, improved 
drainage properties and better thermal insulation.  

Chips, crumble, and 
shreds of tires currently 
have limited markets 
(e.g., playground 
surfaces) 



Tire Recycling – Possible Uses 
As as energy source (long payback period, requires 
ongoing stockpiles, burns hot, emission issues).   
 
On average, the BTU value of scrap tires or TDF (tire-
derived fuel) exceeds that of coal, while the sulfur content 
is in the same order of magnitude or even lower.   
 
Cement kilns are by far the largest users of TDF.  Some 
cement companies have the capacity to incinerate whole 
tires, thus being able to omit the comparatively expensive 
size reduction process.  
 
 
 



   

 

   Means of Disposal 

 
EU  

 
USA  

 
Tire Derived Fuel (TDF)  

 
508,500  

 
22%  

 
950,000  

 
40%  

 
Landfilling  

 
1,017,100  

 
46%  

 
920,000  

 
38%  

 
Civil Engineering  

 
228,900  

 
10%  

 
225,000  

 
9%  

 
Rubber Recycling  

 
228,800  

 
10%  

 
180,000  

 
7%  

 
Export and Miscellaneous  

 
279,700  

 
12%  

 
135,000  

 
6%  

 
Total:  

 
2,263,000  

 
   
 

2,410,000  
 

   
 

Table 1: Scrap Tire Disposal in EU Member States and the U.S. in 1999. All figures are in metric 
tons, percentage figures are rounded. Sources: Recycling Research Institute, European Tyre 
Recycling Association (ETRA). 



Waste and 
Recycling 



Recycling Benefits 

Resource Conservation (e.g., One Sunday edition of 
N.Y. Times consumes 62,000 trees.) 

Pollution Reduction 
 

Energy Conservation (e.g., Crushed glass reduces the 
energy required to manufacture new glass by 50%.) 



Data Accuracy 
Raven and Berg Textbook 

   Alum. = 66% 
   Paper = 40% 
   Glass = 36% 
   Plastics <20% 



Disposal of 
Municipal Solid 

Wastes 



Paper or Plastic? 
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Packaging Waste Reduction 

 
The Packaging Waste Regulations was enacted in March 
1997.  These new regulations are the UK Government's 
approach to meeting the recycling and recovery targets as 
set out in the EU Directive on Packaging and Packaging 
Waste.  
 
The aim is to recover 50% of the 8 million tons of 
packaging waste produced in the UK.  It is estimated that 
the cost is likely to be 2p per £10 of every shopping bill. 

 



Examples of Reduction/Recycling Savings 
By eliminating 12% of the aluminum in a 16-ounce beer can, 
Coors saves 673 tons of aluminum, valued at more than 
$1.25 million.  
 
 

Rogers Group reclaims asphalt pavement to add to virgin 
paving material at 15% rate, reducing materials and disposal 
costs. 
 
Ben & Jerry's Homemade. Inc. uses a reusable, collapsible, 
275-gallon intermediate bulk container (IBC), thus 
increasing product per pallet, reducing warehouse space 
requirement, and avoiding the disposal of 800-900 pounds 
per day of corrugated cartons.  



Examples of Reduction/Recycling Savings 
Ferodo America, Inc., reduces raw material costs by 
$950,000 a year by reprocessing rejects and dust into new 
feedstock. 
 
Instead of landfilling coal ash, electric utility sells it as an 
ingredient of cement, avoiding 95% of previous disposal 
costs, generating a new profit center. 
 
By adopting nine standard sizes of corrugated cardboard 
boxes, Xerox saves between $2 million and $5 million a 
year.  



Examples of Reduction/Recycling Savings 
McDonald's reduces solid waste 3.5 million pounds, saves $4 
million a year worldwide by repackaging hash browns in a 
lightweight paper envelope.  
 
Cushioning materials made of air-filled HDPE bags enable 
the use of corrugated shipping cartons that are 15% to 20% 
smaller than the size required by polystyrene (PS) peanuts. 
 
Delco reuses 30% of incoming plastic reels of wiring 
components, reducing cost of new reels $150,780.  
 
Warner-Lambert eliminates outer carton of Benadryl Cold 
Formula, reduces paperboard needs by 33 tons per year.  



Shrinking the Waste Steam 
Composting - Yard wastes/food wastes 



Shrinking the Waste Steam 

Demanufacturing - taking apart obsolete products for their 
useful materials. 

    
CFCs - $100/lb.  Helps the ozone. 
Computers - $6 gold, $5 copper, $1 silver. 

90% of lead and mercury 
contamination comes from 
electronics and batteries 



Shrinking the Waste Steam  
 

 Garage sales.  Auto junk yards.  House parts yards. 
 Producing Less Waste: Don’t consume as much! 



Overconsumption 
Our economy often ignores the operating inefficiencies and 
wastes of the systems that we developed. 
 

Two fundamental assumptions: 
  cheap disposal costs   
  cheap energy  



Types of 
Waste 

RECYCLE: 
Paper 
Plastic  
Cardboard 
Glass  
Aluminum 
Appliances 
Motor oil 
Brake/Trans. fluid 
Auto batteries 

HAZARDOUS: 
Insecticides 
Herbicides 
Mothballs  
Bathroom cleaners  
Oven cleaner 
Paint 
Paint thinner 
Varnish 
Glue 





Recycling of Motor Oil 
Why recycling used oil? 
 
One gallon of used oil will contaminate ONE 
MILLION gallons of water. 
  
Do-it-yourselfers improperly dispose of at least 200 
million gallons of used oil per year in the United 
States.  This is equal to 20 Exxon Valdex spills.  
 
One gallon of used oil can be used to generate 98 
kilowatt-hours of electricity (enough to run an 
electric water heater for almost a month). 
 



Disposal of Hazardous Wastes 
Convert to Less Hazardous Substances 

 Distillation  
 Incineration 
 Immobilization  
 Store Permanently   
 Produce Less Waste 

 
 
 

 
RCRA (Resource Conservation and Recovery Act) - 
Rules that govern generators, shippers, users, and 
disposers of hazardous and toxic substances.  Enacted to 
avoid orphaned hazardous wastes. 







Nuclear Fuel 
Waste 



Superfund Sites 

Superfund - (Comprehensive Environmental Response, 
Compensation, and Liability Act) - Program to clean up 
abandoned and illegal toxic waste sites in the U.S.   
 
1400 sites on a National Priority List.  
 
Revolving pool of money generated by litigation: 
 

 $38 billion in private and public funds spent   
 on Superfund site remediation. 

 
 100 of 1400 sites have been reclaimed.   



Superfund Sites 



Love Canal (Niagara Falls) 
Old dump site for factories and municipalities.  In 1953, 
sold by Hooker Chemical to the city.  800 homes and 
several schools were built over 200 tons of  dioxins and 
PCBs.   



Love Canal (Niagara Falls) 



Love Canal (Niagara Falls) 



Summary 

Development must meet sustainability criteria 
 Earth has a carrying capacity 
 Earth’s productivity and resources limited 
 Renewable resources need sufficient protection 
  to be reusable 

 
Resources are distributed unequally and the quality of 
life is unequal 
 
We are part of and dependent on the web of life and 
must conserve diversity (ecosystem services enable us 
to survive) 



Summary 

We must change our personal attitudes and practices to 
produce the collective activities which will balance of 
standard of living with sustainability 
 
Success of society will depend upon personal 
activities, economic costs, and political will. 
 
Ultimately, global considerations will need to 
supersede the interests of individual countries or 
limited alliances 





GET INVOLVED 
 

You can make a difference!!! 
 

Think before you consume or dispose of 
wastes.  What can I do to help cut down on 

resource utilization and make sure we 
efficiently utilize the resources necessary for 

human survival. 
 

Baby Steps! 
 



Next… 

Now… go take on the world! 



Team Activity 9:20pm 
Global Warming Debate 
– Complete the following in your team meeting and be 

prepared to report your results and discussions to the class: 
•  Divide the Learning Team into two groups.   
•  One group must support the statement that the best adjustment to global warming 

is to do little or nothing and learn to live with the change.  
•  The other group must rebut the statement that the best adjustment to global 

warming is to do little or nothing and learn to live with the change.  
•  Participate in an open debate in support or not of the statement that the best 

adjustment to global warming is to do little or nothing and learn to live with the 
change. 

•  Examine the importance and applicability of this week’s concepts to each team 
member and to society in general. 

•  Give a brief update to the class in which you present your team’s 
solutions from this exercise. Be sure to describe how this activity 
applied to the weekly concepts. 


