Chapter 20
Water Pollution

20-1 What are the causes and effects of water pollution?

A.
Water is polluted by infectious bacteria, inorganic and organic chemicals, and excess heat.

1.
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

2.
Water quality, or its chemical and physical makeup, depends upon its intended use.  Water meant for drinking needs to be of much higher quality than that used for washing your car or watering your lawn.
B.
Water pollution can come from a single source or from a variety of dispersed sources.

1.
Point sources discharge pollutants at specific locations through drain pipes, ditches, or sewer lines into bodies of surface water.  These sources are easy to identify, monitor, and regulate.

2.
Non-point sources are scattered and diffuse and can’t be traced to any single site of discharge.  Such things as runoff from croplands, livestock feedlots, etc., are non-point sources.  It is difficult and expensive to identify and control these discharges from diffuse sources.

C.
The leading sources of water pollution in order are agriculture, industries, and mining.

1.
Agricultural activities are the leading cause of water pollution from erosion, fertilizer and pesticide use, and excess salts from irrigated soils.
2.
Industrial facilities release organic and inorganic chemicals.

3.
Mining disturbs the land increasing runoff of sediments and toxic chemicals.
4.
Table 21-1 lists the major classes of water pollutants and their major human sources and harmful effects.

D.
Common diseases are transmitted to humans through contaminated drinking water (Table 21-2).

1.
The World Health Organization (WHO) estimates that 3.2 million people, most of whom are children, die prematurely every year from infectious diseases spread by contaminated water .

SCIENCE FOCUS: Testing Water for Pollutants – There are a variety of tests that can be performed to determine water quality, including: temperature, pH, dissolved oxygen, TDS or total dissolved solids, flow rate, phosphates, nitrates, chlorides, color and turbidity of the water, coliform bacteria (E. coli), and a biological assessment can be conducted by identifying indicator species.

20-2 What are the major water pollution problems in streams and lakes?

A.
Streams can recover from moderate levels of degradable water pollutants if the flows are not reduced

1.
A combination of dilution and biodegradation can allow recovery of stream pollution if they are not overloaded, or have reduced flow due to damming, agricultural diversion, or drought.

2.
The breakdown of pollutants by bacteria creates an oxygen sag curve.  Organisms that have a high oxygen demand can’t survive in the curve.

3.
Volume of the stream, volume of wastes entering, flow rate, temperature, and pH levels all affect how great a sag curve is produced.

B.
Most developed countries have reduced point source pollution, but toxic chemicals and pollution from non-point sources are still problems.

1.
The U.S. has managed to avoid increase in pollution from point sources in most streams.

2.
There are still examples of large fish kills and contamination of drinking water from releases of chemicals from industry and mining, and also from non-point runoff of fertilizers and pesticides.

C.
Stream pollution in most developing countries is a serious and growing problem.  Half of the world’s 500 major rivers are heavily polluted and most of them run through developing countries where waste treatment is minimal or nonexistent.

CASE STUDY: India’s Ganges River. Religious beliefs, cultural traditions, poverty, little economic development, and a large population interact to cause severe pollution of the Ganges River in India.  About 350 million people live in the Ganges River basin with little treatment of sewage.  Hindu beliefs add pollution to the air when bodies are cremated and to the water when partially cremated or non-cremated bodies are thrown into the river in order to find their way to heaven.  Roughly 1 million people drink, bathe, and wash clothes in this contaminated river.
D.
Lakes have little flow and so are less effective at diluting pollutants that enter them.

1.
Lakes and reservoirs are often layered (by temperature) with little vertical mixing and they also have very little flow occurring.
2.
Lakes and reservoirs are much more vulnerable to runoff contamination of all kinds of materials.

E.
Human activities can overload lakes with plant nutrients and fertilizers that reduce dissolved oxygen and kill some aquatic species.

1.
Natural nutrient enrichment of lakes from runoff is called eutrophication.  The amount of natural eutrophication depends on the composition of the surrounding drainage basin.

2.
Natural eutrophication can enrich the abundance of desirable organisms, but cultural eutrophication (when humans greatly increase the amount of nutrients in water) occurs near urban or agricultural areas and can lead to serious pollution problems.

3.
The EPA states the 85% of large lakes near major population centers in the U.S. have some amount of cultural eutrophication.

4.
Eutrophication can lead to a large fish kill events.  Excessive nutrients cause out of control algae growth.  However, when algae use up all the nutrients, they die, and decompose.  This decomposition process results in low oxygen levels that can kill 1000’s or 10,000’s of fish at a time.

5.
Cultural eutrophication can be reduced or prevented by banning or limiting phosphates in detergents and using advanced treatment methods to remove nitrates and phosphates from wastewater, and by use of soil conservation to reduce runoff.

20-3 What are the major pollution problems affecting groundwater and other drinking water sources?

A.
Groundwater is especially vulnerable to contamination because it can’t effectively cleanse itself and dilute or disperse pollutants.
1.
Spilling gasoline, oil, paint thinners and other organics onto the ground can contaminate groundwater.

2.
Contaminated water in the aquifer will slowly flow along and create a plume of contaminated water.

3.
Contaminants in groundwater are not diluted or dispersed because this water moves very slowly.
4.
Factors such as lower oxygen content, colder temperature of the water and smaller populations of decomposing bacteria mean that cleansing is extremely slow.

5.
It can take hundreds of years to cleanse degradable wastes, non-degradable wastes are there permanently.

B.
The extent of groundwater contamination is generally unknown since there has been little tracking and testing done on aquifers.

1.
Some 26,000 industrial waste ponds/lagoons in the U.S. do not have a liner to prevent toxic waste seepage.

2.
Many of the underground storage tanks containing organic solvents have been found to have leaks.

3.
Determining the extent of a leak is costly and the cost of cleanup is more costly yet.
4.
Nitrates can also contaminate groundwater, especially in agricultural areas.

C.
Prevention is the most effective and affordable way to protect groundwater from pollutants.

1.
Figure 20-13 lists ways to prevent and clean up groundwater contamination, not an easy task nor cheap.

D.
Centralized water treatment plants can provide safe drinking water for cities in developed countries.
E.
Several simple, inexpensive ways for individuals and villages to purify drinking water have been developed.

1.
Boiling water to kill infectious agents is always effective.

2.
Exposure of contaminated water to intense sunlight in a clear plastic bottle is one method.  It takes as little as 3 hours to kill bacteria in the sun and heat.

F.
The U.S Safe Drinking Water Act of 1974.
1.
The EPA establishes maximum contaminant levels for any pollutants that may adversely affect human health.  Drinking water can not contain contaminants at a level higher than these maximum levels.

2.
This legislation used to only relate to the output from water treatment plants.  It has been expanded to address drinking water sources such as rivers, lakes, and groundwater.
3.
Certain industries want to weaken the Safe Drinking Water Act.
4.
Despite the Safe Drinking Water Act, 5.6 million Americans drink water that does not meet the standards.
G.
Is bottled water the answer?  NO.  Some bottled water is not as pure as tap water and costs much more.

1.
Bottled water is vastly more expensive than tap water and about 1/3rd of it is contaminated with bacteria.
2.
The manufacturing of the plastic bottles requires the use of petroleum.

3.
Use of bottled water also can cause environmental problems from all the throw away plastic bottles.

20-4 What are the major water pollution problems affecting oceans?

A.
Oceans can disperse and break down large quantities of degradable pollutants if they are not overloaded.

1.
Raw sewage, sludge, oil and some degradable industrial wastes can be degraded, especially in deep-water areas because there is a lot of water to dilute, disperse, and degrade the wastes.

B.
Pollution of coastal water near heavily populated areas is a serious problem.

1.
About 40% of the world’s population lives on or within 62 miles of the coast and this puts a tremendous burden on the wetlands, estuaries, coral reefs and mangrove swamps found along the coast.

2.
Nutrient enrichment from nitrate and phosphate runoffs have caused harmful algal blooms, called red, brown and green toxic tides.  Toxins from these algae kill fish, fish-eating birds and poison seafood.

3.
Extensive non-point runoffs have caused seasonal, large oxygen-depleted zones in temperate coastal waters due to oxygen depletion (hypoxia).  The second largest of these zones forms each summer at the mouth of the Mississippi River in the Gulf of Mexico.

4.
Preventive measures to reduce the number and size of these oxygen-depleted zones include reduction of nitrogen inputs from various sources, planting forest and grasslands to soak up excess nitrogen, restore coastal wetlands, improve sewage treatment, and require further reduction of NOX emissions and phase in forms of renewable energy to replace fossil fuels.

C.
Most ocean pollution comes from human activities on land such as changing and dumping motor oil.

1.
Crude petroleum and refined petroleum reach the ocean from a number of sources.
2.
More oil is actually released from day-to-day activities such as oil wells off-shore, leaks from pipelines, tankers being washed out, loading and unloading of tankers and leaks from pipelines and storage tanks.

D.
Oil spills and tanker accidents occur much less often, but the grab the news headlines.

1.
The 1989 crash of the oil tank Exxon Valdez in Prince William Sound off the coast of Alaska spilled 11 million gallons of crude oil into the ocean.
E.
Preventing or reducing pollution from the land and from streams is the key to protecting the oceans.

1.
Figure 20-17 lists ways suggested to prevent and reduce excessive pollution of coastal waters.

2.
Ocean pollution control must be linked with land-use and air pollution policies to be effective.

30-5 How can we best deal with water pollution?

A.
Reduce non-point pollution by preventing it from reaching bodies of surface water.

1.
Agricultural non-point pollution can be reduced by reducing soil erosion, reforestation of watersheds, keep cover crops on farmland, reduce fertilizer use or use slow-release fertilizer and plant buffer zones between farmland and surface water nearby.

B.
The Clean Water Act sets standards for allowed levels of key water pollutants and requires polluters to obtain permits that specify the amounts of pollutants they can discharge into aquatic systems.

1.
Water quality standards (WQS) are risk-based requirements which set site-specific allowable pollutant levels for individual water bodies, such as rivers, lakes, streams and wetlands.  States set WQS by designating uses for the water body (e.g., recreation, water supply, aquatic life, agriculture)

2.
Total Maximum Daily Load (TMDL), is a calculation of the maximum amount of a pollutant that a water body can receive and still meet WQS.
3.
EPA is experimenting with a discharge trading policy that would allow a permit holder to purchase unused credits from another permit holder.
4.
The CWA does not specifically address groundwater pollution.

C.
About 1/4th of homes in the U.S. are served by septic tanks to reduce point-source water pollution.

1.
.  A septic tank is a small scale sewage treatment system used by a single home or building.  The term septic comes from the anaerobic bacteria that break down the organic waste.

D.
Most urban areas are served by sewage treatment plants.

1.
Raw sewage generally undergoes one or two levels of treatment.

2.
Primary sewage treatment is a physical process that removes grit, floating objects and suspended solids.  A settling tank allows suspended solids to settle out as sludge.
3.
Primary treatment removes about 60% of suspended solids and 30-4-% of organic wastes, but no phosphates, nitrates, salts, radioisotopes, or pesticides.

4.
Secondary sewage treatment is a biological process where aerobic bacteria remove up to 90% of dissolved and biodegradable, oxygen-demanding organic wastes.

5.
A combination of primary and secondary treatment removes 95-97% of the suspended solids and oxygen-demanding organic wastes, 70% of most toxic metal compounds, 70% of phosphorus, 50% of nitrogen and 5% of dissolved salts.

6.
Tertiary sewage treatments is a third level of cleanup.  Here a combination of chemical and physical processes remove specific pollutants left by the other methods.  This is expensive and used to treat only 5% of the wastewater in the U.S.

7.
Water is bleached to remove colors and then disinfected to kill disease-causing bacteria and some viruses.  Chlorination is the usual method of disinfection.

8.
The final effluent that results from waste water treatment can be discharged into a stream, river, bay, lagoon or wetland, or it can be used for the irrigation of a golf course, or park.
E.
Natural and artificial wetlands and other ecological systems can be used to treat sewage.

1.
These systems are a low-tech, low-cost alternative to expensive waste treatment plants.

2.
Sewage goes to sedimentation tanks where solids settle as sludge that is removed.  The liquid is pumped to oxidation ponds, bacteria break down remaining wastes.  After a month, water is released to an artificial marsh where plants and bacteria filter and cleanse it.

F.
We need to shift priorities from controlling to preventing and reducing water pollution and will require bottom-up political action by individuals and groups.

1.
Prevention of water pollution will take action from individuals and groups to pressure elected officials – bottom-up political pressure

2.
A shift needs to be made to how we can prevent water pollution in the first place.  See figure 20-20.

