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Water Pollution 

Chapter 20 

Core Case Study: Lake Washington 

§  Sewage dumped into Lake Washington  
 
§  1955: Edmondson discovered cyanobacteria in 

the lake 

§  Role of phosphorus 

§  Public pressure led to cleanup of the lake  

§  New pollution challenges 

The Seattle, Washington Area,  U.S. 
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Kayaker Enjoys Lake Washington 

20-1 What Are the Causes and Effects of 
Water Pollution?  

§  Concept 20-1A  Water pollution causes illness 
and death in humans and other species and 
disrupts ecosystems.  

§  Concept 20-1B  The chief sources of water 
pollution are agricultural activities, industrial 
facilities, and mining, but growth in population 
and resource use make it increasingly worse.  

Water Pollution Comes from Point and 
Nonpoint Sources (1) 

Water pollution  
§  Point sources 
•  Located at specific places 
•  Easy to identify, monitor, and regulate 
 

§  Nonpoint sources 
•  Broad, diffuse areas 
•  Difficult to identify and control 
•  Expensive to clean up 
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Point Source of Polluted Water in 
Gargas, France 

Water Pollution Comes from Point and 
Nonpoint Sources (2) 

§  Agriculture activities: leading cause of water 
pollution 
•  Sediment eroded from the lands 
•  Fertilizers and pesticides 
•  Bacteria from livestock and food processing 

wastes 
Industrial Facilities 

•  Inorganic and organic chemicals 
Mining 

•  Sediment erosion, toxic chemical runoff/leaching 

Nonpoint Sediment from Unprotected 
Farmland Flows into Streams 
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Water Pollution Comes from Point and 
Nonpoint Sources (3) 

§  Other sources of water pollution 
•  Parking lots 
•  Human-made materials 

•   plastics….  
•  Climate change due to global warming 

Paved Paradise 

§  Motor vehicles are a 
constant source of 
pollutants 
•  the most significant 

being gasoline, 
motor oil, polycyclic 
aromatic 
hydrocarbons 
(PAHs), and heavy 
metals. 

•  Impervious 
pavement increases 
runoff into streams 

Consequences of Water Pollution 

§  3.2 million die annually due to polluted sources 
of water (almost 9,000 per day) 
•  Exposure to infectious diseases through 

contaminated drinking water 
§  1.2 billion people have no access to clean 

drinking water 
§  1.9 million killed each year due to diarrhea 
§  The majority of deaths come from children 

younger than five years old! 
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Major Water Pollutants Have  
Harmful Effects  

§  Infectious disease organisms: contaminated 
drinking water 

 
§  The World Health Organization (WHO)  
•  3 Million people die every year, mostly under the 

age of 5 

Major Water Pollutants and Their 
Sources 

Common Diseases Transmitted to Humans 
through Contaminated Drinking Water 
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Science Focus: Testing Water for 
Pollutants (1) 

Variety of tests to determine water quality: 
§  Coliform bacteria: Escherichia coli, significant 

levels 
§  Fecal coliform bacteria indicate water 

contamination. To be deemed safe for 
drinking, water can have 0 colonies, for 
swimming < 200 colonies. Raw sewage has 
millions of colonies. 

 

S.	  typhi	  -‐Typhoid	  Fever	   Giardia	   Schistosoma	  

Polio	   Hook	  worm	  
(Ancylosomiasis)	  

Science Focus: Testing Water for 
Pollutants (1) 

Variety of tests to determine water quality: 
§  Level of dissolved oxygen (DO)  
§  Levels of dissolved oxygen (BOD) can indicate the 

presence of bacteria. 
§  Chemical analysis 
§  Indicator species  

•  Cattails, mussels 

§  Bacteria and yeast glow in the presence of a 
particular toxic chemical 
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Water Quality as Measured by Dissolved 
Oxygen Content in Parts per Million 

Science Focus: Testing Water for 
Pollutants (1) 

Variety of tests to determine water quality: 
§  Color and turbidity of the water: an expression of 

the optical property that causes light to be scattered and 
absorbed by particles and molecules rather than 
transmitted in straight lines through a water sample.  
 

 

20-2 What Are the Major Water Pollution 
Problems in Streams and Lakes?  

§  Concept 20-2A  While streams are extensively 
polluted worldwide by human activities, they can 
cleanse themselves of many pollutants if we do 
not overload them or reduce their flows.  

§  Concept 20-2B  Addition of excessive nutrients 
to lakes from human activities can disrupt lake 
ecosystems, and prevention of such pollution is 
more effective and less costly than cleaning it 
up.  
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Streams Can Cleanse Themselves If We 
Do Not Overload Them 

§  Dilution (not the solution to pollution, but it helps) 
 
§  Biodegradation of wastes by bacteria takes time  

§  Oxygen sag curve (see Fig. 20-5) 

Streams and Rivers 

§  Streams and rivers can cleanse themselves if 
they are not overloaded 
•  Initial breakdown of waste by bacteria causes 

lack of oxygen 
•  Time and space can recover oxygen and 

eliminate some wastes in water 

•  Heat	  can	  also	  pollute	  streams	  
•  As	  temperature	  increases,	  dissolved	  oxygen	  decreases	  
•  B.O.D.	  =	  Oxygen	  used	  my	  microorganisms	  to	  decompose	  waste	  
•  As	  long	  as	  stream	  isn’t	  overwhelmed,	  it	  can	  “bounce	  back”	  
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Another Example 

Active Figure: Stream pollution 

Cuyahoga River (Ohio) 

§  Before 1970’s, 
industry and city 
used as a sewer 

§  So polluted with 
chemicals and oil, it 
caught fire in 1969 

§  Making comeback 
after 40 years (!) of 
restoration 
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Thames River (Great Britain) 
§  1950’s – Pretty much a 

flowing, anaerobic river of 
total crap. 

§  http://www.youtube.com/watch?v=fvDoDaCYrEY 

§  45 years + hundreds of 
millions of $ 
•  Remarkable recovery! 
•  Commercial fishing thriving 
•  20x more fish species now 

than 1960s 
•  Return of migratory waterfowl 

Room for Improvement 

§  Large fish kills and drinking water contamination 
•  Accidental or deliberate releases of toxic 

inorganic and organic chemicals 
•  Industries 
•  Mines 
•  Malfunctioning sewage plants 
•  Pesticides, excess nutrients (N and P) 

Developed vs. Developing 
Countries 
§  Since mid-20th century, WQ has improved 

in developed countries 
•  Elimination of many point sources 
•  Increased awareness/prevention of non-point 
•  Increase effectiveness and number of sewage 

treatement plants 
§  Developing countries lag behind 
•  Lack of $$, resources for WW treatment, large 

populations, lax environmental laws 
•  90% waste into river, half of top 500 polluted 

rivers 
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Developing Countries 

Examples: Ganges River (India) 

§  350 Million live in Ganges River basin 
§  Cultural beliefs lead to pollution 
•  Over one million bathe daily 

(increased chances of soul to heaven) 
•  Rich burn bodies, poor dump into river 
•  Throwing  in painted statuettes (paint pollut.) 
•  Industrial waste and sewage pollute more than 

2/3 of India’s water resources) 
•  http://www.youtube.com/watch?

v=ocvFPF746Ms 

India’s Ganges River 



3/9/16 

12 

Pollution of the Ganges River 

Global Outlook: Stream Pollution in 
Developing Countries 

§  Half of the world’s 500 rivers are polluted  

§  Untreated sewage (80-90% into rivers and 
streams) 

 
§  Industrial waste 

§  India’s rivers (Ganges River…Holy river?) 
 

Pollution of Lakes 

§  Lakes have trouble self-cleaning 
•  Water in lakes/reservoirs usually layers 
•  Little to no vertical mixing or flow 

§  Where a river only takes a few weeks to get rid 
of pollution, lakes can take 1 to 100 years. 

§  Pollution can lead to eutrophication 



3/9/16 

13 

Cultural Eutrophication Is Too Much  
of a Good Thing (1) 

§  Eutrophication 

§  Oligotrophic lake 
•  Low nutrients, clear water  

§  Cultural eutrophication (anthropogenic)  
 

Eutrophication of Water 

§  Eutrophication:  
Addition of nutrients 
to water source 

§  A little is OK, too 
much can be 
disastrous! 

Eutrophic	  lake:	  Too	  many	  nutrients	  

Two Very Different Lakes 

“OLIGOTROPHIC”	  LAKE	  
(Too	  few	  nutrients)	  

“EUTROPHIC”	  LAKE	  
(Too	  many	  nutrients)	  
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Eutrophication in 5 General Steps 

1.  Excess nutrients (N-P-K, etc.) introduced to 
water 

2.  Large blooms of algae and other water plants 
occur 

3.  As algal blooms and plants die, aerobic bacteria 
digests remains.  This depletes dissolved 
oxygen from water. 

4.  Fish kills and disruption of food webs can occur.  
Only species that can tolerate low dissolved 
oxygen left. 

5.  With dissolved oxygen mostly gone, anaerobic 
bacteria continue decomposition; produce toxic 
and smelly byproducts (sulfur, etc.) 

Great Lakes 
Areas	  of	  eutrophicaCon	  are	  shown	  in	  yellow…	  

What	  do	  these	  areas	  have	  in	  common?	  
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Cultural Eutrophication Is Too Much  
of a Good Thing (2) 

§  During hot weather or droughts 
•  Algal blooms 
•  Increased bacteria 
•  More nutrients 
•  Anaerobic bacteria 
 

§  Then what? ….. 

Cultural Eutrophication Is Too Much  
of a Good Thing (3) 

§  Prevent or reduce cultural eutrophication 
•  Remove nitrates and phosphates 
 

§  Clean up lakes 
•  Remove excess weeds 
•  Use herbicides and algaecides; down-side? 
•  Pump in air 

Revisiting Lake Washington and  
Puget Sound 

§  Severe water pollution can be reversed 

§  Citizen action combined with scientific research 

§  Good solutions may not work forever 
•  Wastewater treatment plant effluents sent into 

Puget Sound (can the ecosystem tolerate 
indefinite growth?) 
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20-3 Pollution Problems Affecting 
Groundwater, Other Water Sources 

§  Concept 20-3A  Chemicals used in agriculture, 
industry, transportation, and homes can spill and 
leak into groundwater and make it undrinkable.  

§  Concept 20-3B  There are simple ways and 
complex ways to purify drinking water, but 
protecting it through pollution prevention is the 
least expensive and most effective strategy.  

Groundwater Pollution 

§  50% of U.S. uses ground water (95% rural!) 
§  Groundwater sources cannot effectively cleanse 

or dilute itself (like rivers/lakes) 
§  Sources include: spills, leaking underground 

pipes/tanks, seepage 
§  Takes 100 to 1000 years to degrade wastes 
§  Nonbiodegradable wastes (arsenic, etc.) stay 

there permanently! 

According to Iowa DNR 

§  Water resources in state not equally distributed 
(due to geology)…could lead to problems down 
the road 

§  We need to update our water plan  
(updated last in 1985) 
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Groundwater Pollution 

§  Groundwater/
aquifers are 
porous – making 
removal of 
pollutants very 
difficult and 
costly! 

Groundwater Pollution 

§  According to the EPA… 
•  One or more organic chemicals contaminate 45% 

of municipal water supplies 
•  90% of U.S. aquifers are contaminated with 

VOC’s 
•  Out of 26,000 industrial waste ponds, only 1/3 

have a protective liner! 
•  Gas, oil, VOC, Flouride Ions 

•  Nitrate = blue baby syndrome! 

Arsenic Pollution 

§  As = toxic arsenic contamination when a well is 
drilled into aquifers where soil/rock contains 
natural arsenic. 

§  According to WHO 
•  112 million people drinking water with arsenic 

levels 5-100 times greater than the standard of 10 
ppb. 

•  Likely to cause 200,000 – 270,000 deaths from 
cancer of the skin and bladder! 
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Ground Water Cannot Cleanse Itself  
Very Well (1) 

§  Source of drinking water 

§  Common pollutants 
•  Fertilizers and pesticides 
•  Gasoline 
•  Organic solvents 

§  Pollutants dispersed in a widening plume 

Fig. 20-11, p. 542 

Polluted air 

Hazardous waste 
injection well Pesticides 

and fertilizers 
Deicing 
road salt Coal strip 

mine runoff Buried gasoline 
and solvent tanks 

Pumping 
well 

Gasoline 
station 

Cesspool, 
septic tank 

Waste lagoon Sewer 

Water 
pumping well 

Landfill 

Leakage 
from faulty 
casing 

Accidental 
spills 

Discharge 

Groundwater flow 
Unconfined freshwater aquifer 

Confined freshwater aquifer Confined aquifer 

Ground Water Cannot Cleanse Itself  
Very Well (2) 

§  Slower chemical reactions in groundwater due to 
•  Slow flow: contaminants not diluted  
•  Less dissolved oxygen 
•  Fewer decomposing bacteria 

§  How long will it take to cleans itself of 
•  Slowly degradable wastes 

•  E.g., DDT 

•  Nondegradable wastes 
•  E.g., Pb and As 
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Groundwater Pollution Is a  
Serious Threat  

§  China: many contaminated or overexploited 
aquifers 

§  U.S.: FDA reports of toxins found in many 
aquifers 

§  What about leaking underground storage tanks: 
•  Gasoline 
•  Oil  
•  Methyl tertiary butyl ether (MTBE) 
•  Nitrate ions 

Fig. 20-12, p. 543 

Leaking 
tank 

Aquifer 
Bedrock Water 

table 
Groundwater 
flow 

Gasoline 
leakage plume 
(liquid phase) 

Free gasoline 
dissolves in 
groundwater 
(dissolved phase) 

Migrating 
vapor phase 

Contaminant plume moves 
with the groundwater 

Water well 

Pollution Prevention Is the Only Effective 
Way to Protect Groundwater 

§  Prevent contamination of groundwater 

§  Cleanup:  expensive and time consuming 
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Fig. 20-13, p. 545 

SOLUTIONS 
Groundwater Pollution 

Prevention Cleanup 
Find substitutes for 
toxic chemicals 

Pump to surface, clean, 
and return to aquifer 
(very expensive) 

Keep toxic chemicals 
out of the environment 

Install monitoring wells 
near landfills and 
underground tanks 

Inject microorganisms 
to clean up 
contamination (less 
expensive but still 
costly) 

Require leak detectors on 
underground tanks 

Ban hazardous waste 
disposal in landfills and 
injection wells 
Store harmful liquids in 
aboveground tanks with 
leak detection and 
collection systems 

Pump nanoparticles of 
inorganic compounds 
to remove pollutants 
(still being developed) 

There Are Many Ways to Purify  
Drinking Water 

§  Reservoirs and purification plants 

§  Process sewer water to drinking water (“toilet to tap”: 
expensive) 

§  Expose clear plastic containers to sunlight (UV) 

§  Nanofilters (new and expensive technology for 
removal of micropollutants) 

§  The LifeStraw (portable filter removes many microbes) 

The LifeStraw: Personal Water 
Purification Device 
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Using Laws to Protect Drinking  
Water Quality 

§  1974: U.S. Safe Drinking Water Act 
•  Sets maximum contaminant levels for any 

pollutants that affect human health 

§  Health scientists: strengthen the law 

§  Water-polluting companies: weaken the law 

Is Bottled Water the Answer? 

§  U.S.: some of the cleanest drinking water 

§  Bottled water 
•  Some from tap water 
•  40% bacterial contamination 
•  Fuel cost to manufacture the plastic bottles 

§  Growing “back-to-the-tap” movement 

20-4 What Are the Major Water Pollution 
Problems Affecting Oceans?  

§  Concept 20-4A  The great majority of ocean 
pollution originates on land and includes oil and 
other toxic chemicals and solid wastes, which 
threaten aquatic species and other wildlife and 
disrupt marine ecosystems.  

§  Concept 20-4B  The key to protecting the 
oceans is to reduce the flow of pollutants from 
land and air and from streams emptying into 
these waters.  
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Ocean Pollution Is a Growing and Poorly 
Understood Problem (1) 

§  2006: State of the Marine Environment 
•  80% of marine pollution originates on land 
•  Sewage 
•  Coastal areas most affected 

§  Deeper ocean waters (best for waste disposal?) 
•  Dilution 
•  Dispersion 
•  Degradation 

Ocean Pollution Is a Growing and Poorly 
Understood Problem (2) 

§  Cruise line pollution: what is being dumped? 

§  U.S. coastal waters 
•  Raw sewage (viruses and fecal coliform) 
•  Sewage and agricultural runoff: NO3

- and PO4
3- 

•  Harmful algal blooms (HABs: red tides) 
•  Oxygen-depleted zones (Gulf of Mexico – severe 

cultural eutrophication; hypoxia, anoxia) 

Ocean Pollution 

§  Oceans can easily dilute and degrade large 
quantities of pollution (if not overloaded) 

§  Coastal pollution is a serious problem 
•  40% of world population lives near shoreline 
•  EPA: 4 of 5 estuaries are impaired/threatened 
•  2010 Gulf of Mexico oil spill near Louisiana 
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Fig. 20-15, p. 548 

Industry Nitrogen 
oxides from autos and 
smokestacks, toxic 
chemicals, and heavy 
metals in effluents 
flow into bays and 
estuaries. 

Cities Toxic 
metals and oil 
from streets and 
parking lots 
pollute waters; 
sewage adds 
nitrogen and 
phosphorus. 

Urban sprawl  
Bacteria and viruses from 
sewers and septic tanks 
contaminate shellfish 
beds and close beaches; 
runoff of fertilizer from 
lawns adds nitrogen and 
phosphorus. 

Construction sites  
Sediments are washed into 
waterways, choking fish and 
plants, clouding waters, and 
blocking sunlight. 

Farms  
Runoff of pesticides, 
manure, and fertilizers 
adds toxins and excess 
nitrogen and phosphorus. 

Red tides  
Excess nitrogen causes 
explosive growth of toxic 
microscopic algae, 
poisoning fish and marine 
mammals. 

Toxic sediments  
Chemicals and toxic 
metals contaminate 
shellfish beds, kill 
spawning fish, and 
accumulate in the tissues 
of bottom feeders. 

Oxygen-depleted zone 
Sedimentation and algae 
overgrowth reduce 
sunlight, kill beneficial sea 
grasses, use up oxygen, 
and degrade habitat. 

Healthy zone  
Clear, oxygen-rich waters 
promote growth of 
plankton and sea grasses, 
and support fish. 

Closed shellfish 
beds Closed 

beach Oxygen-depleted 
zone 

Ocean Pollution 

§  Similar to eutrophication in lakes, oceans can 
suffer from dissolved oxygen depletion 

§  Agricultural runoff and sewage (rich in NPK) can 
cause algal blooms 

§  Oxygen-depleted zones suffer from hypoxia 
§  Sometimes called “dead zones” 

Example of Algal Bloom 

A	  brown	  (de.	  This	  
harmful	  algal	  bloom	  off	  
the	  coast	  of	  Mexico	  

contains	  organisms	  that	  
give	  the	  water	  a	  reddish	  
brown	  Qnt.	  They	  make	  

the	  water	  unappealing	  to	  
tourists	  and	  can	  be	  toxic	  
to	  fish,	  wildlife,	  people,	  

and	  their	  pets.	  
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Dead Zone in Gulf of Mexico 

§  Much of the hypoxia 
caused in gulf 
originates from Iowa’s 
agricultural waste 
moving down the 
Mississippi 

Hypoxia/Dead Zone 

December	  17,	  2007	  -‐	  MSNBC	  
hYp://www.msnbc.msn.com/id/
22301669/	  
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Ocean Oil Pollution 

§  Most ocean oil pollution originates on land 
(runoff, dumping, etc.) 

§  Large point-source pollution gets our attention: 
•  Exxon Valdez – 1989 – 11 million gallons 
•  Deepwater Horizon – 2010 – TBD 
 

“Oil	  Spill	  Map:	  Hard	  Hit	  and	  WaiQng	  For	  Another	  Blow”	  -‐	  The	  Washington	  Post	  
hYp://www.washingtonpost.com/wp-‐dyn/content/graphic/2010/05/02/GR2010050200340.html	  
	  

Exxon Valdez - 1989 

§  Grounding in Prince William 
Sound, Alaska 

§  Huge environmental impact 
– even after 20 years! 
•  250,000 seabirds 
•  2800 sea otters 
•  300 harbor seals 
•  247 bald eagles 
•  Billions of salmon eggs 
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Ocean Oil Pollution Is a Serious Problem (2) 

§  Volatile organic hydrocarbons 
•  Kill many aquatic organisms 

§  Tar-like globs on the ocean’s surface   
•  Coat animals 

§  Heavy oil components sink  
•  Affect the bottom dwellers 

Fig. 20-17, p. 551 

SOLUTIONS 
Coastal Water Pollution 

Prevention Cleanup 
Reduce input of toxic 
pollutants 

Improve oil-spill 
cleanup capabilities 

Separate sewage and 
storm lines 

Use nanoparticles on 
sewage and oil spills to 
dissolve the oil or 
sewage (still under 
development) 

Ban dumping of 
wastes and sewage 
by ships in coastal 
waters 
Ban ocean dumping of 
sludge and hazardous 
dredged material Require secondary 

treatment of coastal 
sewage Regulate coastal 

development, oil 
drilling, and oil 
shipping Use wetlands, solar-

aquatic, or other 
methods to treat 
sewage 

Require double hulls 
for oil tankers 

ABC Video: Beach pollution 
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20-5 How Can We Best Deal with  
Water Pollution?  

§  Concept 20-5  Reducing water pollution requires 
preventing it, working with nature to treat 
sewage, cutting resource use and waste, 
reducing poverty, and slowing population 
growth.  

We Need to Reduce Surface Water 
Pollution from Nonpoint Sources (1) 

§  Reduce erosion 
•  Keep cropland covered with vegetation 

§  Reduce the amount of fertilizers 

§  Plant buffer zones of vegetation 

§  Use organic farming techniques 

Reducing Surface Water Pollution 

§  Much non-point pollution comes from agricultural 
sources 

§  The key is to prevent pollution from reaching 
water bodies 

§  Farmers could: 
•  Install buffer zones, use contour farming, locate 

feedlots away from water 
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U.S. Clean Water Act 

§  Passed in 1972 
§  Variety of rules/regulations with the goal of… 
•  Reduce point source pollution into waterways 
•  Finance waste water facilities 
•  Manage polluted runoff 
•  Establishing water quality standards (WQS) 

§  Early focus on point-source, now a focus on 
nonpoint sources 

Clean Water Act Terminology 

§  Designated Uses (DU) 
•  Drinking water, recreation, fishing, aquatic life, 

agricultural or industrial water supply 
§  Water Quality Standards (WQS) 
•  Acceptable conditions for water body based on 

DU, must be approved by EPA   
§  Total Maximum Daily Loads (TMDLs) 
•  Amount of contaminant water can receive and still 

achieve WQS 

Sewage Treatment Reduces  
Water Pollution (1) 

§  Septic tank system (Fig. 20-18) 
§  There are three steps to cleaning sewage: 
•  Primary sewage treatment 

•  Physical process 
•  Secondary sewage treatment 

•  Biological process  
•  Tertiary or advance sewage treatment  

•  Bleaching, chlorination, UV radiation 
 

§  Only after sewage has been treated is it safe to 
reintroduce to water supply 
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Primary Treatment 

§  Goal: Removal of solids from waste water 
•  1.  Bar screens remove large solids from water 
•  2.  Settling basins allow small particles to settle 

§  The solids removed in these steps are called 
“sludge” 
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Secondary Treatment 

§  Goal: Clean water of chem. & bio. pollutants 
•  1.  Aeration adds D.O. to water for bacteria 
•  2.  Bacteria in tanks digest majority of organics 
•  3.  Chlorination tanks kill off bacteria 
•  3.  Settling tanks collect more sludge (bacteria) 

Tertiary Sewage Treatment 

§  Goal: Clean additional pollutants from water 
•  1.  Chemical and physical processes used 
•  2.  Lagoons or wetlands used for purification 
•  3.  Sampling to see if water meets WQS 
•  4.  Disinfect with chlorine again (if necessary) 
•  5.  Release into nature 
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Sludge Treatment Options 

•  Digesters with aerobic bacteria 
•  Produces CO2 as by product (undesired) 

•  Digesters with anaerobic bacteria 
•  Produces methane/biogas (can burn for electricity) 

•  Composting 
•  Mix sludge with bacteria, straw, wood chips, etc. 
•  High levels of heat, kills parasites/microorganisms 
•  Use as fertilizer   

Fig. 20-18, p. 553 

Manhole cover 
(for cleanout) 

Septic tank 
Gas 

Distribution box 
Scum 

Wastewater 
Sludge 

Drain field  
(gravel or 

crushed stone) 

Vent pipe 
Perforated pipe 

We Can Improve Conventional Sewage 
Treatment 

§  Peter Montague: environmental scientist 
•  Remove toxic wastes before water goes to the 

municipal sewage treatment plants 
•  Reduce or eliminate use and waste of toxic 

chemicals 
•  Use composting toilet systems 

§  Wetland-based sewage treatment systems 
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Science Focus: Treating Sewage by 
Working with Nature 

§  John Todd: biologist 

§  Natural water purification system 
•  Sewer water flows into a passive greenhouse 
•  Solar energy and natural processes remove and 

recycle nutrients 
•  Diversity of organisms used 

Solutions: Ecological Wastewater 
Purification by a Living Machine, RI, U.S. 

Where our water comes from 
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CR Drinking Water 

1.  AeraQon	  
2.  Sobening	  

3.  Re-‐carbonaQon	  and	  
chlorinaQon	  

4.  FiltraQon	  

5.  FluoridaQon	  and	  phosphate	  
addiQon	  

6.  DistribuQon	  
7.  Reserves	  

8.  FiltraQon	  

Bottled Water is NOT the answer! 

§  Some bottled water is not as pure as tap water 
and costs much more. 
•  1.4 million metric tons of plastic bottles are thrown 

away. 
•  Fossil fuels are used to make plastic bottles. 

•  The oil used to produce plastic bottles in the U.S. 
each year would fuel 100,000 cars. 

Solutions: Water Pollution, Methods for 
Preventing and Reducing Water Pollution 
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What Can You Do? Water Pollution, Ways 
to Help Reduce Water Pollution 


