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Water Pollution

Causes, Preventions & Solutions

Key Concepts
Ø Types, sources, and effects of water pollutants

Ø Major pollution problems of surface water

Ø Major pollution problems of groundwater

Ø Reduction and prevention of water pollution

Ø Drinking water quality
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• Water pollution is any 
chemical, biological, 
or physical change in 
water quality that has 
a harmful effect on 
living organisms or 
makes water 
unsuitable for desired 
uses.

Point Sources

• Point sources 
discharge pollutants 
at specific locations
– Drain pipes
– Sewage treatment 

plants
– Oil tankers
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Nonpoint Sources

• Nonpoint sources are scattered and 
diffused and cannot be traced to any 
single site of discharge.

Nonpoint Sources

• Deposition from the 
atmosphere

• Runoff from streets, 
lawns, parking lots

• Chemicals from 
cropland, livestock 
feedlots
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• Nonpoint sources of pollution are the most 
difficult to control due to the expense in 
identifying and controlling discharge.

• The major sources of water pollution are 
agriculture, industries, and mining. 

Point and Nonpoint Sources
NONPOINT SOURCES

Urban streets

Suburban 
development

Wastewater 
treatment 
plant

Rural homes

Cropland

Factory

Animal feedlot

POINT 
SOURCES
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Major Water Pollutants 
and Their Effects

Water Pollution Problems

• Exposure to infectious 
disease organisms 
(pathogens) from 
having to drink 
contaminated water

• Not enough water for 
effective sanitation
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Detecting Infectious Agents
• Measuring the 

number of colonies of 
fecal coliform bacteria 
present in a water 
sample

• A fecal coliform 
bacteria test is used 
to indicate the likely 
presence of disease-
causing bacteria in 
water.

• To be considered safe for drinking, a 100 mL 
sample of water should contain no colonies of 
coliform bacteria.

• For swimming, a water sample must have less 
than 200 colonies.

• Raw sewage may have as many as several 
million coliform bacterial colonies.
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Raw Sewage adding to beach pollution

Dissolved Oxygen

• Water quality and dissolved oxygen (DO) 
content in parts per million (ppm) at 
20°C.
– Only a few fish species can survive in water 

less than 4ppm at 20°C. Figure 21-3
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• Living organisms in a stream or bodies of water 
can help determine the quality of the water.

• Various plants, insects, and fish can help 
determine the quality of water due to the 
requirements of those species for survival.

• Flowing streams can recover quickly from a 
moderate level of degradable water pollutants.

Excess breakdown of 
degradable wastes by 
bacteria may deplete 
DO and create an 
oxygen sag curve.

This can reduce or 
eliminate populations of 
organisms with high 
oxygen requirements.
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• Oxygen-demanding wastes can deplete 
the level of dissolved oxygen (DO) in 
water.

• Chemical analysis allows us to determine 
the dissolved oxygen levels.

Pollution of Streams
Ø Oxygen sag curve Ø Factors influencing recovery

Fig. 21-4 p. 497

PLAY
AATNIMION
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• In order for recovery to happen, streams:
– Cannot be overloaded
– Must sustain their flows (no damming)

Stream Pollution in Developed 
Countries
• Cuyahoga River – Cleveland Ohio
• Thames River – Great Britain



11

• Stream pollution in most developing countries is a major 
problem

• Most cities in developing countries discharge 80-90% of 
their untreated sewage directly into rivers, lakes and 
streams – waters which are used for drinking, bathing, and 
washing clothes!!

Stream Pollution in Developing Countries

Ganges River - India

• 350 Million People live in River Basin
• Large numbers of people bathe, drink, and dip 

in the water.
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• Cremated ashes are thrown into the river.  Due 
to a poverty, some are not properly burned and 
partially burned corpses are put into the river 
along with various animal corpses.

Lakes

• Stratified Layers –
There is very little 
vertical mixing

• Minimal Flow –
Flushing of water in 
lakes and large 
reservoirs can take 1-
100 years



13

Pollution of Lakes

Ø Eutrophication 

Ø Slow 
turnover 

ØThermal 
stratification

• Eutrophication: the natural nutrient 
enrichment of a shallow lake, estuary or slow 
moving stream, mostly from runoff of plant 
nutrients from the surrounding land.

• Cultural eutrophication: human activities 
accelerate the input of plant nutrients (mostly 
nitrate- and phosphate-containing effluents) to 
a lake.
• 85% of large 
lakes near major 
population 
centers in the 
U.S. have some 
degree of cultural 
eutrophication.
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Case Study:  The Great Lakes

p. 500

• Lake Washington / 
Puget Sound
– Water diverted to 

Puget Sound to mix 
with ocean tides

– Lake Washington 
recovers

– Puget Sound currently 
in trouble from urban 
runoff

p. 500-501
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Groundwater Pollution
• Drinking water for 50% of the US population 

uses groundwater & 95% of those in rural 
areas comes from groundwater

• Groundwater cannot effectively cleanse itself, 
therefore is seriously threatened

• Pollutants such as fertilizers, pesticides, 
gasoline, and organic solvents seep into 
the ground

• The contaminants fill the porous layers of 
the aquifer (sand, gravel, bedrock)

• It slowly flows in a widening plume of 
contaminated water
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Groundwater Pollution:  Sources

Fig. 21-7 
p. 501
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Coal strip 
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Pumping 
well
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Groundwater flow
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Discharge
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Hazardous waste injection well
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Gasoline 
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Water pump 
well

Landfill

• Groundwater flows very slowly (less than 
0.3 meters a day) so contaminants are not 
diluted quickly.

• Groundwater has minimal dissolved 
oxygen which is needed for bacteria to 
decompose contaminants

• Groundwater has lower temperatures 
which slows chemical reactions
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• It can take hundreds to thousands of 
years for groundwater to cleanse itself of 
degradable wastes.

• Nondegradable wastes (such as toxic lead, 
arsenic, flouride) are virtually permanent.

• Slowly degradable wastes (such as DDT) 
are there for decades.

• 90% of US aquifers 
contain VOC’s 
(volatile organic 
chemicals) but fewer 
than 2% have unsafe 
levels

• Underground storage 
tanks have been a 
major source of 
contamination
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• MTBE (methyl 
tertiary butyl ether) 
is a suspected 
carcinogen used in 
gasoline that was 
discovered to be 
dangerous to 
groundwater in the 
1990’s.

PLAY
VIDEO

POLLUTION OF GROUNDWATER

• Leaks from a number of sources have 
contaminated groundwater in parts of the 
world.
– According the the EPA, one or more organic 

chemicals contaminate about 45% of 
municipal groundwater supplies.

– By 2003, the EPA had completed the cleanup 
of 297,000 of 436,000 underground tanks 
leaking gasoline, diesel fuel, home heating oil, 
or toxic solvents.
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Case Study: Arsenic in 
Groundwater - a Natural Threat

• Toxic Arsenic (As) can naturally occur at 
high levels in soil and rocks.

• Drilling into aquifers can release As into 
drinking water supplies.

• According to WHO, more than 112 million 
people are drinking water with As levels 5-
100 times the 10 ppb standard.
– Mostly in Bangladesh, China, and West 

Bengal, India.

Fig. 21-9, p. 504

Solutions

Groundwater Pollution

CleanupPrevention

Find substitutes for 
toxic chemicals

Install monitoring 
wells near landfills 
and underground 
tanks
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 to surface, 
clean, and return 
to aquifer (very 
expensive)

Pump 
nanoparticles of 
inorganic 
compounds to 
remove pollutants 
(may be the 
cheapest, easiest, 
and most effective 
method but is still 
being developed)

Keep toxic 
chemicals out of 
the environment

Inject 
microorganisms 
to clean up 
contamination 
(less expensive 
but still costly) 
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• Because it is so expensive and difficult to clean 
up a contaminated aquifer – PREVENTION is 
more effective!!


