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Chapter 21
Water Pollution

Lecture Outline:

I. Types of Water Pollution

A. Water pollution is a global problem that varies in magnitude and type of pollutant from one region to another

B. Water pollutants are divided into eight categories which are rarely exclusive

i. Sewage

1. The release of wastewater from drains or sewers; includes human wastes, soaps, and detergents

2. Sewage generates enrichment and biochemical oxygen demand, two serious environmental problems

3. Eutrophication: an enrichment problem

a. An oligotrophic body of water has clear water and supports small populations of aquatic organisms due to the minimal levels of nutrients in its unenriched waters

b. An body of water enriched by inorganic plant and algal nutrients (i.e., phosphorus) is said to be eutrophic; it usually contains large populations of aquatic animals

c. Over vast periods, oligotrophic bodies of water become eutrophic naturally

d. Eutrophication can also be accelerated by human-induced processes (i.e., artificial eutrophication)  

ii. Disease-causing agents

1. Municipal wastewater usually contains many bacteria, viruses, protozoa, parasitic worms, and other infectious agents that cause human or animal diseases

2. Monitoring for sewage

a. Periodic tests are made for the presence of sewage in our water supplies

b. To test for the presence of E. coli in water, the fecal coliform test is performed 

iii. Sediment pollution

1. Clay, silt, sand, and gravel are sediments suspended and carried in water

2. Sediment pollution comes from erosion of agricultural lands, forest soils exposed by logging, degraded stream banks, overgrazed rangelands, strip mines, and construction

3. Sediment pollution reduces light penetration, covers aquatic organisms, brings insoluble toxic pollutants to the water, and fills in waterways

iv. Inorganic plant and algal nutrients

1. Chemicals such as nitrogen and phosphorus stimulate the growth of plants and algae

a. Nitrates and phosphates come from sources such as human and animal wastes, plant residues, atmospheric deposition, and fertilizer runoff from agricultural and residential land

b. Inorganic plant and algal nutrients are harmful in large concentrations

2. The dead zone in the Gulf of Mexico

a. Fertilizer runoff from Midwestern fields and manure runoff from livestock operations considerably pollute the Gulf of Mexico

b. This creates a dead zone where no life exists

i. In 2002 it measured more than 22,000 km2
ii. It creates hypoxia in various invertebrates and mollusks

v. Organic compounds

1. Organic compounds are chemicals that contain carbon atoms (i.e., sugars, amino acids, oils)

2. Most of the thousands of organic compounds found in water are human produced chemicals (i.e., pesticides, solvents, industrial chemicals, plastics, etc.)

a. Most seep from landfills into surface water and groundwater

b. Farm and residence runoff contributes large amounts of pesticides into surface water and groundwater

c. Some industries dump organic compounds directly into waterways

3. The effect on human health of ingesting drinking water containing traces of these chemicals are generally unknown

vi. Inorganic chemicals

1. Inorganic chemicals are contaminants that contain elements other than carbon (i.e., acids, salts, and heavy metals)

a. They do not easily degrade

b. Industries, mines, irrigation runoff, oil drilling, and urban runoff from storm sewers are the main sources of inorganic chemicals

2. Lead

a. Lead contaminates the soil, surface water, and groundwater when incinerator ash is dumped into ordinary sanitary landfills

b. Ingestion of additional amounts of lead from pesticide and fertilizer residues occur through consumption of produce, food cans soldered with lead, and dinnerware

c. Lead can come from the corrosion of old lead water pipes or of lead solder in newer pipes

3. Mercury

a. Most mercury pollution comes from human activities

i. Coal-fired power plants

ii. Municipal waste and medical waste incinerators release mercury

iii. Smelting of metals such as lead, copper, and zinc

iv. Precipitation after household trash containing batteries, paints, and plastics are burned in incinerators

b. Mercury bioaccumulates in the muscles of tuna, swordfish, sharks, mackerel, and marine mammals

c. Prolonged exposure to methyl mercury compounds causes kidney disorders and severely damages the nervous and cardiovascular systems of animals

vii. Radioactive substances

1. Radioactive substances contain atoms of unstable isotopes that spontaneously emit radiation

2. Mining and processing of radioactive materials such as uranium and thorium emit radioactive substances into water; radiation from natural sources can also pollute groundwater

viii. Thermal pollution

1. Thermal pollution occurs when heated water produced during certain industrial processes is released into waterways

2. Such a rise in temperature can have chemical, physical, and biological effects

a. Less oxygen dissolves in warm water than in cool water, affecting the dissolved oxygen levels of dependent aquatic life

b. Warmer temperatures can affect the reproductive cycles, digestion rates, and respiration rates of aquatic organisms

II. Water Quality Today

A. Water pollutants come from both natural sources and human activities

B. The sources of water pollution are classified into two types

i. Point source pollution is discharged into the environment through pipes, sewers, or ditches from specific sites

ii. Nonpoint source pollution (polluted runoff) is caused by land pollutants that enter bodies of water over large areas (i.e., agricultural runoff, mining wastes, municipal wastes, construction sediments, soil erosion)

C. Water pollution from agriculture

i. Agriculture is the leading source of water quality impairment of surface waters nationwide, causing 72% of water pollution in rivers

ii. Soil conservation methods both conserve soil and reduce water pollution

D. Municipal water pollution

i. Sewage and urban runoff from storm sewers are the main pollutants produced by cities and towns

ii. Combined sewer overflow flows into nearby waterways without being treated when too much water enters the system; nearly 1.2 trillion gallons of combined sewer overflow are discharged into U.S. waterways every year

E. Industrial wastes in water

i. Food processing industries produce organic wastes

ii. Pulp and paper mills produce toxic compounds and sludge

iii. The electronics industry produces wastewater containing high levels of heaby metals

F. Groundwater pollution

i. Roughly half of the people in the U.S. obtain their drinking water from groundwater; its quality has become a concern

ii. Cleanup of polluted groundwater is costly, takes years, and in some cases is not technically feasible

G. Water pollution in other countries

i. 1.4 billion people lack access to safe drinking water

ii. 2.9 billion do not have access to adequate sanitation systems

iii. Worldwide, 250 million cases of water-related illnesses occur each year; 5 million result in death

III. Improving Water Quality

A. Water quality is improved by removing contaminants from the water supply before and after it is used

B. Purification of drinking water

i. The chlorine dilemma

1. The addition of chlorine to the drinking water supply has lessened the occurrence of typhoid, cholera, and dysentery

2. Chlorine byproducts are tentatively linked to several kinds of cancer

ii. Fluoridation

1. Small amounts of fluoride have been added to most municipal drinking water since the mid 1940s to reduce tooth decay

2. As of 2002, 66% of U.S. public water supplies were fluoridated

C. Municipal sewage treatment

i. Wastewater, including sewage, usually undergoes several treatments at a sewage treatment plant to prevent environmental and public health problems; treated wastewater is then discharged into rivers, lakes, or the ocean

1. Primary treatment removes suspended and floating particles, such as sand and silt, by mechanical processes such as screening and gravitational settling

a. The solid material that settles out is primary sludge
b. The wastewater facilities for about 11% of the U.S. population have primary treatment only

2. Secondary treatment uses microorganisms to decompose the suspended organic material in wastewater

a. Trickling filters degrade organic material in the water

b. The activated sludge process produces secondary sludge
c. Water that has undergone primary and secondary treatment is clear and free of organic wastes such as sewage

d. The wastewater treatment facilities for about 62% of the U.S. population have both primary and secondary treatments

3. Tertiary treatments remove pollutants such as dissolved minerals, heavy metals, viruses, and organic compounds

a. They purify wastewater for reuse in communities where water is scare

b. The wastewater treatment facilities for about 27% of the U.S. population have primary, secondary, and tertiary treatments

ii. Disposal of sludge

1. A major problem associated with wastewater treatment is disposal of the primary and secondary sludge

2. Five possible ways to handle the disposal of sludge are anaerobic digestion, application to soil as a fertilizer, incineration, ocean dumping, and disposal in a sanitary landfills

D. Individual septic systems

i. Require care to operate properly

ii. If it is not maintained every two to five years, it can malfunction or overflow, releasing bacteria and nutrients into groundwater or waterways

IV. Laws Controlling Water Pollution

A. Using citizen watchdogs to monitor water pollution

i. Provisions in both the Clean Water Act, the Safe Drinking Water Act, and other key environmental laws allow citizens to file suit when the government does not enforce the laws

ii. Citizen action groups also pressure firms to clean up

B. Safe Drinking Water Act (1974)

i.  Set uniform federal standards for drinking water to guarantee safe public water supplies throughout the U.S.

ii. It requires the EPA to determine the maximum contaminant level for water pollutants

iii. It was amended in 1986 and 1996; the 1996 version requires municipal water suppliers to tell consumers what contaminants are present that may pose a health risk to humans

C. Clean Water Act (1977)

i. Affects the quality of rivers, lakes, aquifers, estuaries, and coastal waters in the U.S.

ii. It has two basic goals

1. To eliminate the discharge of pollutants in U.S. waterways

2. To attain water quality levels that make these waterways safe for fishing and swimming

iii. The EPA is required to set up and monitor national emissions limitations under this act

iv. In 1987 amendments to the Clean Water Act expanded the National Pollutant Discharge System to include nonpoint sources, such as sediment erosion from construction sites

v. A 2000 EPA report found that 39% of the nation’s rivers, 45% of its lakes, and 51% of its estuaries were too polluted for swimming, fishing,  or drinking

D. Laws that protect groundwater

i. Safe Drinking Water Act

ii. The Resource, Conservation, and Recovery Act

In-Class Activities:

Instructor Notes for In-Class Activity 1 
	Title:

	What Goes Into Your Local Storm Drains



	Time:
	10 minutes prep; Full class period

	Materials:
	None (or local map)

	Handouts:
	None



	Procedures:
	Explore the storm runoff drain system on your campus and the surrounding areas

1. Are they clearly marked? (If not, this might make a good class project)

2. Where do they lead?

3. Can you see evidence that any of the following materials are going down the storm drains?

a. Animal waste

b. Oil or grease

c. Garbage

d. Spills (what types)

e. Other material (list)

4. What options are there for preventing these materials from getting to storm drains?

5. What options are there for removing these materials after they are found in storm drains?



	Student 

Instructions:
	See above



	Specific 

Suggestions:  
	Consider doing this during a rainstorm.

Ask someone from a local water treatment facility to talk to your class

Be sure to check around vacant lots, private homes and gas stations…but also be careful about trespassing and privacy issues!

Photographic record may be useful.



	Objectives:
	Explain sources and management opportunities for pollution in storm water runoff.


Instructor Notes for In-Class Activity 2 
	Title:

	Alternatives to “End of the Pipe” Wastewater Solutions



	Time:
	5 – 10 Minutes prep; 40 – 60 minutes in class (or can assign research between class periods)

	Materials:
	None

	Handouts:
	None



	Procedures:
	For – Against – Jury standard procedure. Randomly divide class into three groups. 

Statement: Industries can find much better solutions to wastewater problems if they have to meet emissions standards, but not required to use predetermined end-of-pipe solutions like primary and secondary treatment.

Assign one group each to argue FOR or AGAINST the statement, and the third group to serve as a JURY.

Each group should select a leader and a recorder.

The FOR group should research (not just think up!) information that supports the statement. They should be explicit about their sources, whether those are data, ethics, theories, or political positions. They should then synthesize this into a five-minute verbal argument, to be made before the full class.

The AGAINST group should do the same for the opposite position. Their original argument SHOULD NOT respond to items brought up by the FOR group.

After each has made a five-minute argument, each side will have two minutes to respond to claims or statements made by the other side. 

The JURY group will then deliberate openly; the FOR and AGAINST groups will listen to the deliberations, but may not respond. The JURY may challenge either group to provide evidence for up to three pieces of information, and may ask up to three questions of each group (they may ask the same question to both groups).

The JURY should then make two judgments:

1. Which, if either, provided the most credible INFORMATION

2. Which provided the most compelling overall argument.

3. Be sure students argue their points forcefully, whether or not they believe them personally.



	Student 

Instructions:
	See above



	Specific 

Suggestions:  
	The instructor is likely to have to serve as a facilitator or moderator from time to time

1. Do not allow personal assaults

2. Feel free to challenge pieces of information that you find dubious if the JURY does not.

It will probably take a couple times through this debate process before you and your classes are comfortable with it. 



	Objectives:
	Explain end-of-pipe wastewater management, and alternative waste reduction options.


Instructor Notes for In-Class Activity 3
	Title:

	Designing and Artificial Wetland



	Time:
	5 minutes prep; 25 minutes in class

	Materials:
	None

	Handouts:
	None



	Procedures:
	Divide students into small groups.

Have each design an artificial wetland to remove nitrogen, phosphorous and potassium from wastewater from a small suburban community.

Have them pay particular attention to:

· How much water throughput they would expect

· Whether it would be automatic or would require operators

· How much of each of the pollutants they would expect to find, and how much could be removed in the system

· Where they would locate the system (might be useful to think of a specific development in your area

· Whether such a system could meet local, state and / or federal wastewater management regulations

Have each group report its design to the class. 

Discuss the similarities and differences.



	Student 

Instructions:
	See above



	Specific 

Suggestions:  
	If possible, visit a local wetland, whether natural, reconstructed or artificial.



	Objectives:
	· Explain tertiary waste water treatment.

· Describe how wetlands serve to reduce water pollution.


Instructor Notes for In-Class Activity 4
	Title:

	Visit your local Waste Water Treatment Plant



	Time:
	10 – 20 minutes prep; full class period

	Materials:
	None

	Handouts:
	None



	Procedures:
	Most municipalities have a waste water treatment plant and they often give tours of their facility.  They usually run about two –three hours.  It is very informative and the students should walk away with a better appreciation of the water they use. 



	Student 

Instructions:
	See above



	Specific 

Suggestions:  
	Have the manager of the waste water treatment center come to your class and present on his facilities, before the visit.  Then all the ground rules and the safety issues are addressed.  



	Objectives:
	· Discuss the use of waste water treatment plants. 

· Describe the purpose of waste water treatment plants.


Instructor Notes for In-Class Activity 5
	Title:

	What’s in your water?  



	Time:
	10 – 20 minutes prep; full class period

	Materials:
	pH strips, water plants

	Handouts:
	None



	Procedures:
	Have individual students bring in a sample of water from a water source near their house, it may be a ocean, stream, lake, puddle or faucet (maybe before they bring in the sample, they can explain where they are getting it so that every student doesn’t bring in the same sample of city water). 

Line up all the samples and test each sample for the pH factor, record the findings.  Analyze the samples for pH and sediment.  

Then put in a water plant in each sample of water and monitor the growth of the plant.  



	Student 

Instructions:
	See above



	Specific 

Suggestions:  
	If there is a microscope handy, it may be interesting to put a drop of water on a slide and see if there are any living organisms in the water. 



	Objectives:
	· Discuss what is in the water we are living around.  

· List and briefly define eight categories of water pollutants.


Instructor Notes for In-Class Activity 6
	Title:

	How much water do you need to live



	Time:
	10 – 20 minutes prep; full class period

	Materials:
	None

	Handouts:
	None



	Procedures:
	Have each student for a week, keep a log of all the water they have used or witnessed using.  For example, watching parents do the laundry, how much water was used? Other uses of water would include, taking a shower, getting a drink of water, flushing the toilet, washing the car, washing the dishes, etc.  After a week, they get together and see who has used the most water, who has used the least.  Then they can discuss ways to cut their use of water.  

Week two: have the students keep the same log, but use the changes they discussed to cut their water use.  Were they successful in cutting their water use?  How much water did they save as an individual and how much water did they save as a class?  This will be a pretty impressive number.  



	Student 

Instructions:
	See above



	Specific 

Suggestions:  
	

	Objectives:
	· Describe the different areas where we use water. 

· Describe effective ways to save water. 


Answers to Critical Thinking and Review End of Chapter Questions:

1. What is sustainable water use?

Ans: While water is abundant, people need to understand and appreciate that it is limited in many regions, that there are environmental and economic costs of depleting or damaging water resources, and that unsustainable water use practices pose serious risks to people and ecosystems. The consumption of renewable natural resources is sustainable if it does not exceed the rate of long term renewal and does not impair the health and productivity of the ecosystems, communities or the economy. Sustainability is the fair and equitable access to water, water dependent resources, and related infrastructure. 

2. What is water pollution? Why is wastewater treatment an important part of sustainable water use?

Ans: Water pollution consists of any physical or chemical change in water that adversely affects the health of humans and other organisms. Having water of good quality is just as important as having enough water. Water is used over and over-as for example, when a downstream town uses river water that an upstream city first used. Therefore, wastewater treatment is an important part of sustainable water use.
3. Describe the relationship between biochemical oxygen demand and dissolved oxygen available for fish.
Ans: Biochemical oxygen demand (BOD) is the amount of oxygen needed by microorganisms to decompose biological wastes into carbon dioxide, water, and minerals. A large amount of sewage or fertilizers generates a high BOD, which lowers the level of dissolved oxygen in the water. Less dissolved oxygen means less oxygen available to fish and can cause them to die.

4. Distinguish between oligotrophic and eutrophic lakes.

Ans: An oligotrophic lake has clear water and supports small populations of aquatic organisms. Eutrophication is the enrichment of a lake, estuary, or slow-flowing stream by inorganic plant and algal nutrients such as phosphorus; an enriched body of water is said to be eutrophic.

5. How do midwestern farmers threaten the livelihood of fishermen in the Gulf of Mexico?

Ans: Every spring and summer, fertilizer runoff from midwestern fields and manure runoff from livestock operations find their way into the Mississippi River and, from there, into the Gulf of Mexico. The amount of such runoff is considerable. These nutrients (nitrogen and phosphorus) are largely responsible for a huge dead zone in the Gulf of Mexico. The dead zone extends from the sea floor up into the water column, sometimes to within a few meters of the surface. Other than bacteria that thrive in oxygen-free environments, no life exists in the dead zone. The water does not contain enough dissolved oxygen to support fishes or other aquatic organisms. Fishes, shrimp, and other active swimmers avoid the area, but bottom dwellers such as sea stars, brittle stars, worms, and clams suffocate and die.

6. Does agriculture water pollution come from point sources or nonpoint sources? What about municipal waste? Industrial waste?

Ans:  Nonpoint source pollution is much more difficult and expensive to control than point source pollution. U.S. environmental policies have not effectively addressed many nonpoint sources of pollution, which requires regulating land use, agricultural practices, and many other activities. Such regulation necessitates the interaction and cooperation of many government agencies, environmental organizations, and private citizens, which can be enormously challenging. Agriculture water pollution is normally classified as a nonpoint source of water pollution.   Sewage is the main pollutant produced by cities and towns, but municipal water
pollution also has a nonpoint source: urban runoff from storm sewers. Urban runoff carries salt from roadways, untreated garbage, animal wastes, construction

sediments, and traffic emissions. It often may contain such contaminants as asbestos, chlorides, copper, cyanides, grease, hydrocarbons, lead, motor oil, organic wastes, phosphates, sulfuric acid, and zinc. 

Industries generate different types of water pollutants and is classified as a source pollutant since the origin of the pollutant can normally be determined. Food-processing industries produce organic wastes that are readily decomposed but have a high BOD. In addition to a high BOD, pulp and paper mills produce toxic compounds and sludge. Many organic compounds, such as pesticides, pharmaceuticals, solvents, and industrial chemicals, are quite toxic to organisms. Thermal pollution occurs when heated water, produced during many industrial processes, is released into waterways. 
7. Contrast organic compounds and inorganic chemicals as types of water pollution.

Ans: Organic compounds are chemicals that contain carbon atoms; a few examples of natural organic compounds are sugars, amino acids, and oils. Most of the thousands of organic compounds found in water are human-produced chemicals; these synthetic chemicals include pesticides, solvents, industrial chemicals, and plastics.  Inorganic chemicals are contaminants that contain elements other than carbon; examples include acids, salts, and heavy metals. Inorganic chemicals do not easily degrade, or break down. When they are introduced into a body of water, they remain there for a long time.

8. Tell whether each of the following represents point source pollution or nonpoint source pollution: fertilizer runoff from farms, thermal pollution from a power plant, urban runoff, sewage from a ship, erosion sediments from deforestation.

Ans: Point Source Pollution: thermal pollution from a power plant, sewage from a ship

Nonpoint Source Pollution: fertilizer runoff from farms, urban runoff, erosion sediments from deforestation.

9. What is the source of arsenic contamination of groundwater in Bangladesh?

Ans: The groundwater in Bangladesh wells is contaminated with high levels of naturally occurring arsenic.

10. Why is chlorine added to drinking water? Why does the Environmental Protection Agency recommend that public water treatment facilities find alternatives to chlorine?

Ans: Most municipal water supplies are treated before being used so that the water is safe to drink. Water is usually treated with aluminum sulfate to cause suspended particles to clump and settle out, filtered through sand, and disinfected by adding chlorine. Because there is concern over whether low levels of chlorine in drinking water pose a health hazard, the EPA has proposed that water treatment facilities reduce the maximum permissible level of chlorine in drinking water and look for alternatives to chlorine disinfection.

11. What is removed during each of the three stages of wastewater treatment: primary, secondary, and tertiary?

Ans: Sewage treatment, or domestic wastewater treatment, is the process of removing contaminants from wastewater and household sewage, both runoff and domestic. It includes physical, chemical, and biological processes to remove physical, chemical and biological contaminants.

· Primary treatment consists of temporarily holding the sewage in a basin where heavy solids can settle to the bottom while oil, grease and lighter solids float to the surface. The settled and floating materials are removed and the remaining liquid is subjected to secondary treatment.

· Secondary treatment removes dissolved and suspended biological matter. 

· Tertiary treatment is sometimes defined as anything more than primary and secondary treatment in order to allow rejection into a highly sensitive or fragile ecosystem. Treated water is sometimes disinfected chemically or physically prior to discharge into an aquatic ecosystem it can be used for the irrigation of a golf course, green way or park.

12. What is sludge? How is it disposed of?

Ans: Primary and secondary sludge consist of the solids remaining after sewage treatment has been completed. Primary sludge is formed during primary treatment, and secondary sludge is formed during secondary treatment. One of the most pressing problems of wastewater treatment is sludge disposal. Five possible ways to handle sludge are anaerobic digestion, application to soil as a fertilizer, incineration, ocean dumping, and disposal in a sanitary landfill.

13. Taking a systems perspective, suggest how to prevent BOD from animal sewage and milk processing of a dairy farm from reaching an adjacent river.

Ans: Answers will vary.

14. In what ways might climate change make dead zones in the ocean worse? Better?

Ans: Less oxygen dissolves in warm water than in cool water, and the amount of oxygen dissolved in water has important effects on aquatic life. As oceans warm dead zones could become larger. In contrast, scientists think that Hurricane Dolly in 2008 may have reduced the dead zone by churning the water. Climate scientists expect hurricanes to get stronger, which could mean more churning and thus smaller dead zones.
The spill happened at station C you would expect to find the most dead fish at station E.

15. Is industrial waste discharge to a river regulated under the Clean Water Act or the Safe Drinking Water Act?

Ans: Industrial waste discharge into a river is regulated by the Clean Water Act. The Clean Water Act has two basic goals: eliminate the discharge of pollutants in U.S waterways and to attain water quality levels that make these waterways safe for fishing and swimming.
16. The graph reflects the monitoring of dissolved oxygen concentrations at six stations along a river. The stations are located 20 m apart, with A the farthest upstream and F the farthest downstream. Where along the river did a sewage spill occur? At which station would you most likely discover dead fish?

INSERT GRAPH PAGE 461
Ans:  The spill happened at station C you would expect to find the most dead fish at station E.

Answers to Review Questions

Types of Water Pollution

1. What are the eight main groups of water pollutants?  Give an example of each main type.

Water pollution consists of any physical or chemical change in water that adversely affects the health of humans and other organisms.  Water pollutants are divided into eight categories: sewage, disease-causing agents, sediment pollution, inorganic plant and algal nutrients, organic compounds, inorganic chemicals, radioactive substances, and thermal pollution.  Sewage is the release of wastewater from drains or sewers (such as from toilets, washing machines, and showers); it includes human wastes, soaps, and detergents.  Sewage is also responsible for the transmission of another group of water pollutants, disease-causing agents.  Examples of disease-causing agents include bacteria, viruses, protozoa, and parasitic worms.  Sediment pollution, primarily from soil erosion, increases water turbidity, thereby reducing photosynthetic productivity in the water.  Inorganic plant and algal nutrients, such as nitrogen and phosphorous, contribute to enrichment, the fertilization of a body of water.  Many organic compounds, such as pesticides, pharmaceuticals, solvents, and industrial chemicals, are quite toxic to organisms.  Likewise, inorganic chemicals include toxins such as lead and mercury.  Radioactive substances include the wastes from mining, refining, and using radioactive metals.  Lastly, thermal pollution occurs when heated water, produced during many industrial processes, is released into waterways.

2. What is biochemical oxygen demand (BOD)?  How is BOD related to sewage?

Biochemical oxygen demand (BOD) is the amount of oxygen needed by microorganisms to decompose biological wastes into carbon dioxide, water, and minerals.  A large amount of sewage generates a high BOD, which lowers the level of dissolved oxygen in the water.

3. What causes the dead zone in the Gulf of Mexico?

A dead zone is a section of the ocean or a sea in which oxygen has been depleted to the point that most animals and bacteria cannot survive; it is often caused by runoff of chemical fertilizers or plant and animal wastes.

Water Quality Today

1. How do point source and nonpoint source pollution differ?

Point source pollution is water pollution that can be traced to a specific spot.  Nonpoint source pollution consists of pollutants that enter bodies of water over large areas rather than being concentrated at a single point of entry.

2. What are some major agricultural, industrial, and municipal water pollutants?

Agriculture is the biggest contributor to surface-water pollution.  Water pollutants associated with agriculture include fertilizers, pesticides, plant and animal wastes, and eroded soil.  Water pollutants associated with municipal waste can include surface runoff containing a variety of chemical and organic contaminants, as well as sewage.  Lastly, water pollutants associated with industrial wastes vary based on the type of industry and can include a variety of chemicals, organic materials, and radioactive materials.  

Improving Water Quality

1. How is most drinking water purified in the United States?

Most municipal water supplies are treated before being used so that the water is safe to drink.  Water is usually treated with aluminum sulfate to cause suspended particles to clump and settle out, filtered through sand, and disinfected by adding chlorine.  

2. Why is chlorine added to drinking water?  What is the potential problem with adding chlorine to drinking water?

Chlorine is added to drinking water for disinfection purposes.  There is a concern that chlorine in drinking water creates health hazards, so alternatives, including UV radiation and ozonation, are being developed.

3. Distinguish among primary sewage treatment, secondary sewage treatment, tertiary sewage treatment, and septic tanks.

Primary sewage treatment treats wastewater by removing suspended and floating particles using mechanical processes.  Secondary sewage treatment treats wastewater biologically to decompose suspended organic material; it reduces the water’s biochemical oxygen demand.  Tertiary sewage treatment is the advanced wastewater treatment method that is sometimes employed after primary and secondary treatments are completed; its aim is to eliminate synthetic organic compounds in the water.  Tertiary treatments include a variety of biological, chemical, and physical processes, and help reduce phosphorus and nitrogen in the water.  Septic tanks work much like primary treatment in municipal sewage treatment.  Within a septic system, sewage from a house is piped to the septic tank, where particles settle to the bottom.

Laws Controlling Water Pollution

1. What are the main goals of the Safe Drinking Water Act?  The Clean Water Act?

The main goals of the Safe Drinking Water Act are to set uniform federal standards for drinking water to guarantee safe public water supplies throughout the United States.  Likewise, the Clean Water Act has two basic goals: to eliminate the discharge of pollutants into U.S. waterways and to attain water quality levels that make these waterways safe to fish and swim in.

2. How do maximum containment levels and national emission limitations differ?

The maximum containment level is the upper limit for the concentration of a particular pollutant in water intended for human consumption.  The Environmental Protection Agency (EPA) determines maximum containment levels for water pollutants that might affect human health and mandated by the Safe Drinking Water Act.  The National emission limitation is the maximum permissible amount of a water pollutant that can be charged from a sewage treatment plant, factory, or other point source.  The Clean Water Act instructs the EPA to set up and monitor national emission limitations.

