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FOREWORD
 The members of the Air & Waste Management Association believe one of the best ways to achieve our common goal of a clean and healthy environment is to improve the environmental literacy of our youth. Asa result, the Association has established a public education program so that teachers, school children, and the public can get information they need to make responsible decisions everyday about environmental issues.
 Asapart of thiscontinuingprogram, the Associationproudlypresentsitssecond Environmental Resource Guide - Nonpoint Source Pollution Prevention.
 Today, many pollution prevention programs focus on reducing pollutants and wastes at their source. For example, efforts are being made to install air cleaners on factories, power plants, cars, and wood stoves to trap pollutants before they get into the air and are eventually transported into water. By using such an approach to head off a problem at its earliest stage, the progression of pollution is significantly reduced.
 However, because of its nature, nonpoint source pollution presents itsown set of challenges. By definition, nonpoint source pollution cannot be traced to a specific point, but rather to many individual places. Agriculture, forestry, mining, construction, and urban activities all contribute to nonpoint source pollution.
 So what can be done to prevent pollution that cannot be traced to one source? The first step is to become better educated on the subject of nonpoint source pollution-what it is, where it comes from, and what we, as individuals, can do about it.
 The Environmental Resource Guide - Nonpoint Source Pollution Prevention presents basic informa- tion on the relationships between land use and water quality-specifically nonpoint source water pollution-in a series of ten factsheets and 15 activities. This Guide provides middle school science, math, social studies, and language arts teachers with a concise introduction to nonpoint source pollution issues so they can present this basic information to their students. The material is "teacher friendly" and can easily be integrated into existing curricula. .
 We hope you will find the volume helpful, and we welcome your comments to improve future editions.
 Martin E. Rivers Executive Vice President Air & Waste Management Association
 iii
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INTRODUCTION
 Nonpoint water pollution now comprises the largest source of water pollution. Most nonpoint sources are related to land use activities. For example, rainwater washes over farmlands and carries topsoil and residues from farm chemicals into nearby streams. Primary nonpoint sources of water pollution include runoff from agriculture, urban areas, mining, forestry, and construction activities. Pollution prevention, as it applies to nonpoint source pollution, starts with understanding how human activities affect the quality of air, land, and water and the natural interrelationships that exists between these components of the environment. Nonpoint sources contribute 65 percent of all contaminants in water bodies as compared with 9 percent from industrial sources and 17 percent from municipal sources. For years we have concentrated on reducing point sources of pollution, pollution that can be traced to a single source, only to find that our waters were not free from contamination. Nonpoint sources of pollution were often overlooked because they come from many diffuse sources and are often difficult to pinpoint and control.
 This 6-8 grade activity guide has been developed to educate students about nonpoint source water pollution. Activities in the guide fall into three broad categories: (1) What is it; (2) Where does it come from; and (3) What can we do about it. Some activities may focus on one or more of these questions. For example, a single activity may focus on a specific source of nonpoint pollution and also address ways to reduce the source.
 The guide contains activities on agricultural, mining, forestry, and urban sources of pollution. Activities focus on the four main types of water pollutants-sediment, nutrients, bacteria, and toxics-and best management practices to control nonpoint source pollution. Wherever possible, special emphasis is placed on acceptable pollution prevention altematives.
 All of the activities are "hands-on" and designed to blend with existing curricula in the areas of general science, math, social studies, and in some cases language arts. Each activity contains (1) objectives, (2) subject(s), (3) time, (4) materials, (5 ) background, (6) follow-up, (7) extension, and (8) resources. Factsheets and a glossary section included at the end of the guide contains concepts and words used in the text which may be unfamiliar.
 Achieving future clean water goals will require an informed citizenry capable of understanding the complexissuessurroundingwatermanagementand motivated to takeaction. It isourgoal that wherever possible, students not only understand these issues but are given an opportunity to take action now. For this reason, we have provided suggestions on ways individuals can reduce nonpoint source pollution in their daily lives. It is the ultimate goal of this program to assure that the decisionmakers of tomorrow are equipped with a basic Understanding of nonpoint pollution problems and can use this information to make knowledgeable judgments on the difficult water-related issues that we as a global society will inevitably face.
 Organization of Individual Activities
 Each activity is organized in the same way, detailing objectives, materials needed, background informa- tion, and procedures. Following is a brief summary of what you should expect to find in each activity.
 OBJECTIVES: Describes what the student should be able to do when the activity is completed.
 SUBJECT: Thegeneral subject(s) to which theactivityapplies:Science,Mathematics,SocialStudies, and Language Arts.
 1
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TIME The approxikte number of class periods (45minute sessions) needed to complete the primary exercise(s1. More time maybe needed for the follow-up exercises. Some activities or follow-ups may require collecting data over several days/ weeks, but will only need full class periods at the beginning and end of the activity to explain, present information, and reach conclusions.
 MATERIALS: List of materials needed to complete the primary activity. Alternatives and optional materials are listed where appropriate. Occasionally, when simple but specialized equipment must be ordered, an address is given. This equipment can usually be reused by other classes or in other years. If the basic materials are not immediately availablein your classroom, they canoftenbeborrowed fromother areasin theschool or from a local college or university science department.
 BACKGROUND Background information for the specificactivity. This material is suggested as a basis INFORMATION: for teacher lecture and/or student discussion when the activity is introduced. (More
 general background information can be found in the factsheets located in the back of the guide.)
 ADVANCED PREPARATION. Directions for the teacher to prepare materials in advance.
 PROCEDURE: Setting the Stage
 Introduction of the activity to the students. This section usesboth student discussion questions/topics and sharing of pertinent background information.
 Activity Stepby-step description of how to do the activity. This ends with questions to demonstrate that students understand what they have done.
 Follow-Up Conclusion of the activity by summarizing the information and drawing conclusions if applicable.
 Extension Suggestions for extending the activity and/or suggestions for other related, non- laboratory activities.
 Resources Reference materials either used in developing the activity or to provide additional information and addresses for kits used in the activity.
 These special notations appear within some activities.
 Caution: Special care is needed for this step/procedure.
 Note: Further explanation about a procedure, used to clarify or reemphasize important directions.
 Optional: Optional procedure or materials that may enhance part of the activity.
 Activity Preparation
 Once you have decided on theactivity(s1 you will be doing, check the materials you will need, taking into account the number of studentsor student groups in your clasdes). Many materials are readily available, but some may need to be borrowed or purchased ahead of time. Prepare copies of all the needed student
 2
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;3 materials and/or transparencies or other materials for your use. If you plan to have the students do part or all of the Extension suggestions, you will want to add additional materials to your list or find out the information (e.g., sources of information, telephone numbers) they will need to complete the Extension. Some Extensions can be started simultaneously with the regular activity.
 As you read through the activity, highlight any CAUTION or NOTE and decide whether you will do OPTIONAL suggestions. Check the suggested time for completion of the activity and add time needed to do any extenstion activities. The time needed may vary from class to class. These activities have all been field-tested in middle school classrooms; however, you might want to do a trial run of the activity yourself to evaluate the time needed and areas where minor problems might occur. Marking points where a break can be taken at the end of a class period is a good idea.
 The factsheets included in the guide and the background material included in each activity provide the informationnecessary for your preparation. Further reading canbe found in thelistsof resources;if these are not readily available, check books on environmental concems.
 TOPICS I ACTIVITIES I FACTSHEETS
 Water Pollution Sources Name That Source Water Pollution Detectives That Settles It
 Water Water Quality Factors Water Pollution Land Use and Water Quality
 Point vs. Nonpoint Name That Source Water Pollution Detectives
 Water Water Quality Water Quality Factors Land Use and Water Quality
 Sediment Pollution The Temperature's Rising ~~
 Water Pollution Land Use and Water Quality Sediment Water Pollution
 Fertile Green I Nutrient Pollution Water Pollution I Land Use and Water Quality
 Bacterial Pollution Manure Matters Leachate Legacy
 Water Pollution Land Use and Water Quality Bacterial Water Pollution
 Toxic Pollution Sock It To Me Midnight Dumpers Pesky Pesticides To Miners Go the Spoils No Place To Run To Leachate Legacy
 Water Pollution Land Use and Water Quality Toxic Water Pollution
 4gricultural Sources That Settles It Fertile Green Manure Matters Pesky Pesticides Conservation Farming
 Water Pollution Land Use and Water Quality Best Management Practices
 3
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1 TOPICS
 Urban Sources
 Mining Sources
 Forestry Sources
 Industrial Sources
 I Best Management
 Practices
 ACTIVITIES I FACTSHEETS
 Fertile Green Sock It To Me Seeping Septic Tanks Pesky Pesticides No Place To Run To Leachate Legacy
 To Miners Go The Spoils
 The Temperature's Rising Timber Tactics Pesky Pesticides
 Midnight Dumpers Sock It To Me
 Timber Tactics To Miners Go the Spoils Seeping Septic Tanks Leachate Legacy Conservation Farming
 Water Pollution Land Use and Water Quality Best Management Practices Individual Actions
 Water Pollution Land Use and Water Quality Best Management Practices
 Water Pollution Land Use and Water Quality Best Management Practices
 Water Pollution Land Use and Water Quality Best Management Practices
 Land Use and Water Quality Best Management Practices Individual Actions
 4
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-3 WATER POLLUTION DETECTIVES La 1m
 OBJECTIVES
 The students will do the following:
 1. Define water pollution and describe the dif- ference between point and nonpoint.
 2. Describe the main sources of water pollu- tion-urban, agriculture, mining, and forestry and list examples of each.
 3. Identify ways to minimize nonpoint source pollution.
 BACKGROUND INFORMATION
 / - SUBJECTS: Science, Social Studies, Language Arts
 TIME 1-2 class periods
 MATERIALS: Can You "Detect'Totential Water Pollu-
 magazine photographs, slides, or other tion Problems? Handout
 pictures of water pollution c
 Water pollution is generally defined as any human-caused contamination of water that reduces its usefulness to humans and other organisms in nature. There are two broad classes of water pollution. One is point source pollution. It has its source in a well-defined location, such as the pipe through which factory discharges enter a stream. The other isnonpoint source pollution. It has its source over large areas suchasfarms,grazinglands, loggingroads, construction sites,abandoned mines,and thegardens,lawns, streets, and parking lots of cities. People can cause nonpoint source pollution by littering, wrongfully disposing of household hazardous wastes and pet wastes, dumping motor oil, over-fertilizing lawns and farmlands, misapplying pesticides and herbicides, illegally discharging wastes from boats, and inap- propriately de-icing sidewalks and driveways. Nonpoint source pollution does not enter the waterway at a single point or originate from a single location. Nonpoint source pollution is much more difficult to control than point source pollution, where the source is easily identifiable.
 Types of nonpoint pollution vary and examples include sediment, nutrients, and pesticides. Other significant nonpoint sources include leachate and runoff from waste disposal systems, farming, urban runoff, mining and logging areas, and construction sites. Regionally significant nonpoint sources include beach and shoreline erosion and atmospheric deposition.
 Of all the types of nonpoint pollution, sediment comprises the greatest amount by weight of materials transported. Sediment pollution or erosion results mainly from row-cropping, livestock operations, construction sites, logging operations, and urban runoff. Sediment can adversely affect recreational, industrial, and municipal water uses as well as aquatic habitats. Sediment can also fill lakes, navigation channels, and harbors. This can result in costly dredging operations. Sediment can also transport other pollutants.
 Other than sediment, the pollutants of greatest concern from rural and urban areas are plant nutrients, mainly nitrates and phosphates. Nonpoint sources of nutrients include inorganic fertilizers and animal wastes from agricultural operations, runoff from urban gardens and lawns, and septic tank failures. Excessive nutrients can cause unsightly growths of algae and aquatic weeds which adversely impact the entire aquatic ecosystem and can reduce the usefulness of water bodies for recreation, water supply, and wildlife habitat.
 5
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Often nutrients enter water bodies along with large quantities of organic material such as soil which, upon decomposition, increase the demand for oxygen. Algae, animal wastes, domestic wastes, and industrial discharges can contain oxygen-demanding substances that deplete the supply of oxygen available for fish, and may cause fish kills. Fish kills occur when dissolved oxygen levels drop below levels required by the fish to breathe. This causes fish to suffocate.
 Other pollutants, though present in much smaller quantities, are also a concem because of their potentially harmful effects on human health and aquatic life. Mining activities, pesticides, animal wastes, soil erosion, runoff from urban areas, leachate from sanitary landfills, and septic tank failures contribute toxic substances such as heavy metals, oil, and other dangerous organic chemicals to water systems. Water bodies contaminated with bacteria or toxic metals and pesticides require extensive treatment to make the water safe for drinking or other purposes. Water bodies contaminated with disease-causing bacteria may need to be closed for recreational purposes like swimming and fishing.
 Finally, atmospheric pollutants can cause problems when they reach water bodies as wet or dry fallout. Wet fallout is when water vapor combines with pollutants in the atmopshere and is deposited in rain, snow, and dew. Dry fallout is deposited as dust particles. Acid rain forms primarily when fossil fuels are burned. Acid rain reaches water bodies either directly as rain and snow from contaminated clouds or when dry fallout is deposited on land and washed into water bodies as runoff or snow melt.
 Nonpoint source pollution occurs over large areas and is often difficult to pinpoint. The most effective way to control nonpoint source pollution is to prevent or reduce all potential sources of pollution. Erosion, for instance, is a major contributor of sediment, nutrients, toxics, and oxygendemanding pollutants. No-till and reduced tillage agricultural practices, contour plowing, and controlled drainage (use of grassed watenvays,berms, and tile drainage systems) can go a long way toward protecting water bodies from the excessive erosion associated with rowcropping. Controlling runoff from livestock operations, reclaiming strip mine areas, carefully constructing logging roads with water diversions, using good forest harvesting practices, and exercising good judgment when planning and carrying out construction activities can all help control sediment pollution of water bodies. Atmospheric deposition can be controlled at the point of generation with scrubbers in smokestacks and reduced use of automobiles. Reducing solid wastes decreases the need for landfills and reduces the potential for groundwater contamination from leachate. These are just a few of the many ways nonpoint source pollution can be reduced or eliminated.
 PROCEDURE
 I. Setting the Stage
 A. Introduce the terms water pollution, point, and nonpoint. Pass out student handout "Can You 'Detect' Potential Water Pollution Problems?" Have the students distinguish point from nonpoint and explain why.
 B. Show the class magazine photographs, slides, or other pictures of water pollution. Ask them for their own observations of water pollution in their community or in places they have visited.
 C. Tell the students that the lesson will introduce them to the four main sources of water pollutants-urban, agriculture, mining, and forestry. Note that urbanincludescities,residential areas, malls, and roadways.
 11. Activity
 A. Read the following guided imagery to the class. After each passage, ask the students to identify the source of the pollution and explain why.
 6
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1. It's raining 'during rush-hour traffic in an industrial park where several factories are changing shifts. Smoke is billowing from the smokestacksat the factories and from some automobile and truck exhaust pipes, Visibility is limited due to the smog and drivers are being very cautious of the wet roads.
 What is the pollution source? (URBAN - Gases from fossil fuel burning power plants and industrial smokestacks [without scrubbers or other type of pollutioncontrol devices] and cars and trucks cause acid rain.)
 2. Rain is also falling on parking lots at shopping malls and on the highways. The waters flow into a nearby stream. After the rain stops, some boys playing in the water downstream notice that there is a light film of oil on the water.
 What is the pollution source? (URBAN - Oil and other deposits from automobiles was on the parking lot and highway pavement and polluted the rainwater as it flowed over the parking lot and highway.)
 3. Farther downstream the boys notice a house being built and the stream is muddy.
 What is the pollutant source? (URBAN - Erosion from bare land exposed during construction.)
 4. This same stream then flows by a cotton field which has been crop-dusted to kill weevils. The farmer's grandchildren who are fishing in the stream the next day notice that there are several dead fish in the water that were not there the day before.
 What is the pollution source? (AGRICULTURE - The pesticide drifted into the stream when the field was being crop-dusted and killed the fish.)
 5. The farmer's grandchildren decide to continue on downstream to find another fishing spot. The stream continues to flow by another farmer's land where he/she has dairy cows. Somecowsaregrazingin the pastureandothersaredrinkingout of the stream.The children notice that the water is very muddy.
 What is the pollution source? (AGRICULTURE - Dairy cows are trampling down the streambank and are also depositinganimal wastes into the water. "Trampling" results in loss of vegetation and increased erosion. Animal wastes can pollute the water with bacteria and nutrients. This is making the water muddy.)
 6. The children continue hiking on downstream. They go by a corn field. They remember how hot they got last month when they helped their granddaddy fertilize the field to get it ready to plant. They remember how wonderful it was when it rained the next day. At last the children got to a spot where they usually catch a lot of fish. They found algae and weeds that were not there during the first part of the summer. The children wonder why there was so much algae and weeds growing in the stream now.
 What is the pollution source? (AGRICULTURE - The fertilizer runoff (excessive nutri- ents) from the corn field caused the algal bloom and excess aquatic weed growth,)
 7. Meanwhile, back in the city, the employees of the wastewater treatment plant notice an increaseinbacteria when conducting their routine water testson the3:OO-11:Wp.m. shift. The employees remember that the heavy rains earlier in the day washed a lot of mud and litter down gutters and curbs, and caused the storm sewers to overflow.
 7
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What is the pollution source? (URBAN -Heavy rains cause pet wastes, soil, and litter, to wash from impervious surfaces into streams. Both pet waste and litter can contribute bacteria to the stream. Also, if storm sewers are combined with sewers for domestic and commercial wastes, untreated waste may also be released to surface waters following heavy rains. (NOTE: Most cities have separate storm and wastewater sewers. If they are combined, water may flow too fast into the wastewater treatment plant and not get adequately treated.)
 8. During the next week, employees of the wastewater treatment plant notice the creek tums green and smells. The employees couldn't understand this, so the employees look at their maps to determine if any creeks flowing into the river might be the source of the new pollution. They notice that a creek a couple of miles upstream flows by the new golf course that had just opened and they call the golf course office to find out if they had fertilized their grass. They had, in fact, fertilized it right before a heavy rain.
 What is the pollution source? (URBAN - The fertilizer was washed into the creek that eventually flowed into the river that wasused by the water treatment plant. The fertilizr added nutrients which caused an algal bloom.)
 9. The drinking water treatment plant employees do a metal analysis and find that there is an unacceptable amount of lead in the water. They look at their map for possible areas where metals might be entering the creek. They notice an abandoned area by a creek which flows into the river that is the source of the city's drinking water. Officials go to check the area and find half-filled paint cans among garbage that had been illegally dumped.
 What is the pollution source? (URBAN - The old paint contains lead and the rain washed the lead into the creek which flowed into the river used by the drinking water treatment plant.)
 10. Months later, drinking water treatment plant employees notice test results which indicate that the water is too acidic. Remembering that a coal mine is located near one of the streams that flows into the river they use for drinking water, they send someone out to check out the situation. The coal mine had been abandoned.
 What was the source of pollution? (MINING -The runoff from the spoil piles of leftover rocks flowing into the creek was acidic. Spoil piles contain sulfur and other compounds which turn into acids when they combine with water.)
 11. For several months, the wastewater treatment plant had an increase in the amount of sediment in the water, so they send someone out to check this out. They find that a ''fly- by-night" logging company had clearcut the forests near the creek that is used for drinking water.
 What was the pollution source? (FORESTRY - When the forests are clearcut and the bare soil is not protected, soil erosion increases. Therefore, there is more soil or sediment flowing into the streams. More sediment makes the water muddy.)
 III. Follow-up
 A. Divide the class into small groups and have them investigate sourcesof water pollution in their communities. Haveeachgroup write their own stories similar to theguided imagery using this information and share them with the class. After each story have the students identify the source and explain why.
 8
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B. Discuss what individuals can do to prevent the types of nonpoint source pollution mentioned in the guided imagery.
 Have each student write a story about a water droplet that tells how it became polluted, and how it could have been prevented. Have them draw pictures of before and after.
 C.
 IV. Extension
 A. Have the students write their government's environmental agency (EPA or Environment Canada) to request information about water pollution and what is being done to prevent it.
 RESOURCES
 "Nonpoint Source Pollution," Water Quality Factsheet #4, Tennessee Valley Authority, 1988.
 9
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Student Sheet
 CAN YOU "DETECT" POTENTIAL WATER POLLUTION PROBLEMS?
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NAME THAT SOURCE
 OBJECTIVES
 The students will do the following:
 1. Identify the source of the pollutant using flash cards to depict sources. More advanced stu- dents will identify the type (urban, forestry, agriculture, or mining) in addition to distin- guishing whether the source is nonpoint or point.
 2. Identify the type of pollutant (sediment, nutri- ents, bacteria, or toxics).
 BACKGROUND INFORMATION
 r
 SUBJECTS: Science, Social Studies
 TIME 1-2 class periods
 MATERIALS: magazines and newspapers scissors colored felt markers or colored
 3" x 5 (7.5 cm x 12.5 cm) index cards spray adhesive or glue stick 2 buzzers or bells posterboard camera and film (optional)
 pencils
 Part of the difficulty in addressing nonpoint source pollution is the "everydayness" of the issue. We are so used to seeing the many land-use activities that cause nonpoint source pollution, we never stop to consider them as causes of environmental pollution. For example, stormwater from a large urban area may contribute more pollutants to nearby waterways in a 24-hour period than any factory. Suburban shopping malls are convenient, but acres of pavement provide no place for rain to slowly filter through the soil. Cattle wading in a creek at first glance look like part of any rural scene, but a closer look may reveal trampled streambanks and muddy water. The list could go on and on. These land-use activities contribute sediment, excess nutrients, bacteria, and toxic chemicals to water bodies and reduce water quality. Unlike point source water pollution, pollutants from these activities come from all over and cannot be traced to a single point or source. It is often the cumulative affects of many land-use activities in an area that seriously degrade water quality.
 ADVANCED PREPARATION
 Have studentsmake flash cards by cutting out pictures from old magazines and newspapers of potential sources of point and nonpoint source pollution. Include construction, automobiles, farms, factories, gardens, landfills, etc. (See examples of possible nonpoint pictures or student sketches list included.) If pictures are not available, have students make sketches or take photographs around the community. Use a spray adhesive or glue sticks to attach pictures and sketches to the 3" x 5" (7.5 cm x 12.5 cm) index cards. On the back of each card, write point or nonpoint, the source, and the type. For example, a power plant discharge pipe would be point, urban, and toxics. You might also add some additional facts such as power plants also cause acid rain. You may want to laminate the cards for future use.
 11
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PROCEDURE
 I. Setting the Stage
 A. Explain that (1) water pollution comes from point and nonpoint sources; (2) water pollution that can be traced to a single source such as a discharge pipe from an industrial facility is called point source; (3) nonpoint source pollution enters waterfrommany diffusesourcesand is often difficult to control; (4) most nonpoint source pollution originates from four major land-use sources: urban, forestry, agriculture, or mining; and (5 ) nonpoint source pollutants includes sediment, bacteria, nutrients, and toxics.
 B. Nonpoint source pollutants such as bacteria, nutrients, and toxics may bind or attach to sediment particles and be transported with sediment.
 11. Activity
 A. Divide the class into two equal teams and have the teams form two lines. The first person in each line will get one bell or buzzer. The teacher will flash the cards up one at a time. The first team to buzz or ring gets to answer. Each team gets two points for every correct answer and loses one point for each wrong answer. If the answer is wrong the other team is given a chance to answer. Then, these two people move to the end of the line and the next two get the buzzer or bell.
 B. After each card, discuss the answer, especially if one or both teams get it wrong. Use a piece of poster paper taped to the wall or the chalkboard to keep score. Continue until all the cards are used up.
 111. Follow-Up
 A. Let students draw and label their own sketches of nonpoint pollution sources or take pictures of local problems and use these as the flash cards for another game.
 B. Create a new game called "Name the Solution" which focuses on solutions to nonpoint source pollution problems.
 IV. Extension
 A. Use the same cards to create a "Jeopardy-type'' game board. Create the game board by taking two equal size posterboards and preparing them as follows.
 1. Make slits and cut out flaps on the top board and attach the top to thebottom with glue.
 2. Then make the slits as shown on the bottom board. (You may want to laminate both sheets first and then cut them out to make a more durable game board.)
 3. Make subject cards on 3" x 5 (7.5 cm x 12.5 cm) cards and attach to the top of the columns.
 4. Then make or adapt your picture cards to relate to the subject cards. You may want to use some pictures for several categories in future games. To do this, label the answers GameA,B,C,etc. Youmay want tolaminate thecardsand usepeel-off lablesoroverhead marking pens to put new answers on the back.
 12
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 B.
 C.
 The game is played following a "Jeopardy-like" format. Have the dents form 2 r 3 lin-s. Then role a dice or flip a coin to see who chooses the first category. Open the flap to expose the card. The first person to ring the buzzer gets to respond. Like "Jeopardy," the person must respond with a question. For example, if the category was "Types" and the picture showed muddy waterrunning off a soybean field, theanswer would be"What is sediment?' If the same picture was under the "Source" category, the answer would be 'What is row-cropping?" You may have some with more than one acceptable answer. For example, using this same picture under "Effects," you might have 'What is kill or harm aquatic life?" or "What is make the water unsuitable for drinking or swimming?"
 To score the game, give the first person/team with the correct answer the point value on the flap. Deduct the value from their score for wrong answers. Play the game until all flaps are opened up. You may want to add new cards and categories and repeat the game if you have time or play it later as a review.
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Teacher Sheet
 EXAMPLES OF POSSIBLE NONPOINT PICTURES OR STUDENT SKETCHES
 1. 2. 3. 4, 5. 6. 7. 8. 9.
 10. 11. 12. 13. 14. 15. 16. 17. 18.
 19. 20. 21.
 22. 23. 24. 25. 26. 27. 28. 29. 30. 31. 32. 33. 34. 35. 36. 37. 38. 39. 40. 41. 42. 43.
 Heavy rain-(urban, forestry, mining, or agriculture - sediment or toxics) Forest fire-(forestry - sediment or toxics) Abandoned mine-(mining - sediment or toxics) Wind carrying dust+agriculture, forestry, or urban - sediment or toxics) Detergent foaming up waterdurban - nutrients) Boats in lake4urban - toxics) Erosion on hillside-(agricultural , forestry, mining, or urban - sediment) Com field-(agricultural - sediment, nutrients, or toxics) Exhaust from farm tractor in field-(agricultural - sediment or toxics) Pig in pen-(agricultural - bacteria, sediment, or nutrients) Batteries in area dump-(urban - toxics) Flood4urban or agricultural - sediment, nutrients, bacteria, or toxics) Oil spill on coastlindurban - toxics) Barge carrying coal-hrban - toxics) Oil on highway-(urban - toxics) Smoke from factories or industrial wastedurban - toxics) Horses in field-(agricultural - sediment, bacteria, or nutrients) Open dump of garbagdurban, agricultural, mining, or forestry - sediment, bacteria, toxics, or nutrients) Chemical symbol of cobalt4mining or urban - toxics) Train-(urban - toxics) Old 50-gallon drums of wastes -(urban, agricultural, forestry, or mining - sediment, bacteria, toxics, or nutrients) Cowdagricultural- sediment, bacteria, or nutrients) Field with little or no grass-(agricultural - sediment) Cropdusting4agricultural - toxics) Construction4urban - toxics or sediment) Person spraying garden-hrban - toxics) Landfills-(urban - sediment, bacteria, toxics, or nutrients) Clearcut forest4forestry - sediment) Pesticide container4agricultura1, urban, or forestry - toxics) Algal bloom+agricultural, urban, or forestry - nutrients) Chemical symbol of mercury-(urban or mining - toxics) Chemical symbol of zinc4urban or mining - toxics) C a r d u r b a n - toxics) Housedurban - bacteria, sediment, nutrients, or toxics) Street cleaning machinHurban - sediment, toxics, or bacteria) Person with pet on a leash4urban - bacteria, nutrients, or sediment) Fast-food restaurant containers on ground4urban - bacteria, sediment, nutrients, or toxics) Heavy equipment harvesting a t r d f o r e s t r y - sediment or toxics) Streambed covered with orange oozdmining - toxics) Truck putting salt or sand on roadqurban - toxics or sediment) Person washing driveway or sidewalk with hose (urban - sediment or toxics) Gas station with underground storage tanks (urban - toxics) Cleaning products under sink (urban - toxic)
 14
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THAT SETTLES IT! An dr W m M A N f f i e " A S S O C I A T I O N
 smci IPI
 OBJECTIVES
 The student will do the following:
 1. Observe the sediment carried in surface water runoff from different situations.
 2. List examples of pollutants carried by sedi- ment.
 3. Conduct research to determine ways of controlling nonpoint source pollution from sediment.
 BACKGROUND INFORMATION
 Heavy rains can wash a variety of suspended mate- rials into water bodies. Many other pollutants such as bacteria, nutrients, and toxic chemicals can be transported on sediment. Sediment can interfere with aquatic life, commercial and recreational ac- tivities, and hydroelectric power generation. sedi- ment suspended in water can clog fish gills and
 e \
 SUBJECT Science
 TIME 1-2 class periods
 MATERIALS: clear plastic bottles or jars with lids (make
 sure jarsorbottlesaresamesize;about8-16 oz. (1/4 - 1/2 literbone per student)
 masking tape or labels pencils or permanant ink pens water sample taken either while it is raining
 or within 30 minutes after a heavy rain one or more samples from (1) small stream
 by cultivated field, (2) small stream by pasture with livestock, (3) small stream in forest or wooded area, (4) urban stream, (5) water running down curb to storm sewer, (6) water draining off parking lot, (7) small stream near construction site, or (8) farm
 Coliform test kit (purchased from any bio-
 water test kit (purchased from any biologi-
 pond
 logical supply company)
 cal supply company) . interfere with breathing. When this material settles out of the water, it can gradually fill lakes and streams. Sediment-coated stream bottoms can interfere with fish reproduction. It can also reduce flood storage capacity, clog up commercial equipment, and cause navigation problems. The best way to solve nonpoint problems caused by suspended materials is to prevent them from reaching water bodies.
 PROCEDURE
 I. Setting the Stage
 A. Explain that (1) sediment consists of materials washed or blown from land into lakes, rivers, streams, and oceans; (2) many other pollutants such as bacteria, nutrients, and toxic chemicals can be transported on sediment; (3) lakes, streams, and reservoirs can receive so much sediment that they begin to fill in; and (4) sediment can interfere with aquatic life, commercial and recreational activities, and hydroelectric power generation.
 B. Give each student a plastic bottle or jar to collect a water sample. Make a list of different places to collect the samples and assign several students to each place. Wait until a heavy rain is forecasted and tell the students to collect their samples preferably while it is raining, or within 30 minutes after the rain stops. Much of the sediment and other
 15
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pollutants are carried off during the initial stages of a storm. Each student should collect approximately 8-16 oz. ( 1 /4 - 1 /2 liter) samples by filling up the jar or bottle to where the lid screws on. Have them put on the lid tightly. Make sure they label the jar with a piece of masking tape and a pencil or permanent ink pen. The label should include: name, sampling site, date, and time of day.
 11. Activity
 A. Arrange the sampling jars by site type. By now the contents will have settled in each jar. Have the students examine the jars carefully. On a worksheet, have them describe the contents of the jars from various sites. Which one has the most sediment? Why? Is the water clear above the sediment? What might make it appear "dirty"? Now shake the samples. Which sample appears the muddiest? Why? What do you think the sediment contains in each jar? Why? Have thestudentspredict what typesof pollutantsmightbein samplesfromthe different sites?
 B. Now that the samples are muddy again, observe how long it takes for the sediment to completely settle out. Look at the samples every hour and make notes. Which samples settled out thefastest? Ifyou wereafishoranaquaticorganism, howdo you thinkthesedimentwould affect you? If you were an aquatic plant, would you rather be in muddy or clear water? Why? Have the students list on their handouts what could be done at each site to reduce erosion.
 111. Follow-Up
 A. Take the lids off the jars and place them in a sunny window. Have the students observe the jars every day for a week or two. What is happening? Have your students look at what pollutants they predicted would be in the samples from each site. Were they right? Fertilizers and animal waste would make algae grow. Toxic chemicals and oil would kill algae, so the water would be clear. Bacteria from litter and animal waste would make the samples smell.
 B. Provide background materials and have them report the solutions or best management practices they would use at each site.
 IV. Extension
 A. Test your samples for coliform bacteria using Coli-test vials. The bacterium, Escherichia coli, and other fecal coliforms are present in fecal matter from humans and other worm-blooded animals. E. coli are not harmful by themselves, but are much easier to detect than pathogens and are used as an indicator organism for the presence of pathogens in water. High levels of E. coli in a water body indicate pollution due to human or animal waste.
 B. Use a water test kit to conduct a variety of chemical and physical tests on the water samples such as pH, temperature, nitrates, phosphates, etc. Do the results of your tests support your predictions? For example, did you find excess nutrients in your sample where you predicted excess fertilizers?
 16
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RESOURCES
 ColiformTest Kit, catalog # 9735, Sargent-Welch, Post Office Box 1026, Skokie, Illinois 60076-8026,l-800- SARGENT.
 Teachin? Soil and Water Conservation, A Classroom and Field Guide, U.S. Department of Agriculture, Soil Conservation Service, PA-341,1977.
 Water testing kits and equipment - For a catalog, write Hach Equipment Company, P.O. Box 389, Loveland, Colorado 80539 or LaMotte Company, P.O. Box 329, Route 213 North, Chestertown, Maryland 21620
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Student Sheet
 NameW Date
 THAT SETTLES IT!
 I SEDIMENT
 Sites I None Large 1 MLdiatt I
 Amount
 JAR 1 - Water running down curb
 JAR2 - Smallstreamby D W
 JAR3 - Smallstreamby cultivated field
 JAR 4 - Small stream in wooded area
 JAR5 - Urbanstream
 JAR 6 - Water draining off parking lot
 1.
 2.
 3.
 4.
 5.
 6.
 7.
 8.
 Is the water above the sediment clear? Jar 1 Jar 2 Jar 3
 Jar 4 - Jar 5 Jar 6 Why?
 What might make it appear "dirty"?
 Which sample appears muddiest after you shake it up?
 Why?
 What do you think the sediment contains in each jar?
 How long does it take the samples to settle out?
 Which samples settled out the fastest?
 If you were a fish or an aquatic organisms how do you think these sediments would affect
 you?
 What could be done at each site to reduce erosion?
 18

Page 29
                        

FERTILE GREEN
 OBJECTIVES
 The students will do the following:
 1. Identify sources of fertilizer runoff.
 2. Describe the effects of fertilizer on algal growth by experiment with different water sources.
 BACKGROUND INFORMATION
 r b
 SUBJECTS: Science, Math, Language Arts
 TIME 1-2 class periods
 MATERIALS: clear plastic quart containers or liter bottles
 (4 per group) measuring spoons water samples plant fertilizer tap water camera and film (optional) photographs of water bodies with algal
 problems and eutrophication (optional) L #
 Farmers, foresters, homeowners, and businesses can pollute water by improperly using chemical fertilizers. For example, in urban areas, homeowners often apply 2-3 times the recommended amounts of fertilizer to lawns, gardens, and flowers. Farmers applying too much manure or fertilizers at the wrong time can cause similar problems. For instance, it is not good to apply fertilizer to saturated ground or during the rainy season. After heavy rains, fertilizer can washinto the riversand lakesand supply aquatic plants with too many nutrients. As a result, algae can multiply faster and cause algal blooms. Algal blooms can reduce the supply of oxygen in the water because oxygen is required for algal respiration and growth. When the algae dies, oxygen is required to break down or decompose the dead algae. Both processes can make oxygen unavailable to fish and other aquatic life and may cause fish kills. When plants and animals die, they settle to the bottom. Under normal conditions this results in the water body gradually filling up with sediment. This process is called eutrophication. This process is sped up when excess nutrients and sediment are added to a water body.
 ADVANCED PREPARATION
 I. Fill several buckets or other containers with tap water and let them set for a day or so to allow any chlorine to dissipate.
 11. Prepare fertilizer according to the package directions and double its strength. For example, if the directions call for one teaspoon per quart of water and your sample is one quart, add two teaspoons of fertilizer to the water sample.
 19

Page 30
                        

PROCEDURE
 I. Setting the Stage
 A. Explain that (I) water pollution is any human-caused contamination of water that lessens its value to humans and nature; and (2) phosphorus entering lakes in runoff from fertilized areas can cause heavy algal blooms and excessive weed growth in lakes.
 B. Make a list of all the potential sources of nutrients which might wash into a watgr body after a heavy rain. The list should include agriculture, forests, plant nurseries, golf courses, home or business landscapes, and home gardens.
 11. Activity
 A. Tell the students they are going to observe the effects of fertilizer runoff on a water body. The plant fertilizer will represent the fertilizer being washed into streams, rivers, and lakes after a heavy rain.
 B. Prepare experiment for testing the effects of fertilizer.
 1. Have the students bring water samples to class taken from a stream, lake, pond, aquarium, or puddle and place on a table with the bucket of tap water.
 2. Divide the class into groups of three or four students. Have each group get four jars. Label the jars (1) "tap water" (control); (2) "tap water and fertilizer;" (3) "aquarium, pond, or lake water" (control); and (4) "aquarium, pond, or lake water sample plus fertilizer."
 3. Have students fill each jar with the appropriate water sample. Then have themadd the appropriate amount of fertilizer to jars 2 and 4. (NOTE: The amount added will depend upon the type of fertilizer used. See Advanced Preparation section.)
 4. Set all four jars in a place where there is good light. Be sure not to place them in a drafty or coldlocationbecause constant temperature isneeded forbest algal growth. CAUTION: Be sure to have students wash their hands after preparing the jars.
 C. Before they begin their observations, have each group write a hypothesis of what they think will happen to each jar and why.
 D. Observe the jars every day for a week and then once a week for a month. Record any changes in the jars on a data sheet. You may want to photograph the jars. It is best to photograph all four jars at once (side-byside) with labels showing. Keep the jars in the same place in each picture. Polaroid cameras work best because you can label the picture immediately with the date and time. If you are using another type of camera, write the date and time on a card and place in the photograph, making sure the jar labels are all still visible.
 E. Results
 1. At the end of the experiment, discuss the results with the class. What happened? Were the hypotheses they developed correct? Why or why not? The results will vary depending on your algal source and growing conditions.
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2. Arrange the photographs in order. Over the weeks, the jar with the aquarium, lake, or pond sample with fertilizer should show the most abundant growth of algae. Plant nutrients made the algae grow. The plain tap water and the tap water with fertilizer should be relatively algae free. Some algae may have entered the tap water if pond, aquarium or lake sample water gets mixed with it. Nutrients carried to waters on sediment are the pollutants that cause algae to grow in streams, ponds, and lakes.
 III. Follow-Up
 A. Repeat this experiment using different amounts of fertilizer in the water samples and use a water test kit to determine the levels of dissolved oxygen (DO). As algal growth increases, DO levels in the water should decrease.
 B Try continuously fertilizing one jar and comparing it to a jar with a onetime application. How does continuous loading of even small amounts compare with a one-time application? How did this affect DO levels? Is a layer of dead algae forming at the bottom of the jar?
 C. Research alternatives to chemical fertilizers. Can naturally occurring materials, likemulch and manure, be used? Are they as effective?
 IV. Extension
 Have the students research "eutrophication." Algal blooms speed up the aging or eutrophication of water bodies and cause them to fill in.
 RESOURCES
 Water testing kits and equipment - For a catalog, write Hach Equipment Company, P.O. Box 389, Loveland, Colorado 80539 or LaMotte Company, P.O. Box 329, Route 213 North, Chestertown, Maryland 21620.
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Student Sheet
 Name(s)
 NUTRIENT ENRICHMENT OBSERVATIONS
 Date
 DATE & TIME
 DAY 1
 DAY 3
 DAY 4
 DAY 5
 DAY 6
 DAY 7
 DAY 14
 DAY 21
 OBSERVATIONS
 JAR 3 JAR 4
 22
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MANURE MATTERS
 OBJECTIVES
 The students will do the following:
 1. Test various samples of water to determine if the water is polluted with coliforms.
 2. Describe ways to control the pollution of our streams by livestock.
 BACKGROUND INFORMATION
 Livestock production and septic tanks contribute animal and human wastes to water bodies. High concentrations of ammonium, bacteria, and or- ganic matter in manure can contaminate surface waters directly when animalsare allowed access to streams.
 Livestock operations produce large amounts of manure, which contains nitrogen and phospho- rus. The livestock problem is extremely difficult to define and handle because it is highly dispersed
 f - SUBJECT Science
 TIME 2-3 class periods
 MATERIALS: Coliform test kit (purchased from any
 plastic jars with lids stick-on address labels or masking tape permanent ink pen cooler ice samples of water found near feedlots,
 barnyards, or streams where live-stock arepastured,farmponds,or fromstreams near failing septic tanks
 biological supply company)
 eyedroppers paper towels disinfectant soap camera and film (optional)
 (NOTE: Be sure to get permission from the landowner to collect samples.) c z
 and involves operations ranging from large-feedlots to small dairy operations. Problems resulting from this type of pollution include growth of sewage algaes, depletion of dissolved oxygen (DO), and changes in the amounts and types of fish and other aquatic organisms. One concem is the potential for shock loading of lakes and streams with toxic ammonium when barnyard runoff directly enters a water body after a heavy rain. Shock loading is when any pollutant enters a water body in large quantities. Shock loading can cause acute effects like fish kills and algal blooms.
 The bacterium, Escherichia coli, and other fecal coliforms are present in fecal matter from humans and other animals. High levels of E. coli in a water body indicate pollution due to human or animal waste. Fecal contaminated water often contains pathogens; intestinal parasites and viruses that cause diseases in humans and animals. Examples of diseases spread by polluted water include typhoid fever, hepatitis, and cholera. E.coli are not harmful, by themselves, but are much easier to detect than pathogens and are used as an indicator organism for the presence of pathogens in water.
 23
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ADVANCED PREPARATION
 I. Order Coli-test vials or similar simple fecal coliform test kits and follow instructions included with the kits.
 II. Collect the water samples. (NOTE: It is better to have the teacher do this part. If students do it, caution them about washing their hands with disinfectant soap immediately after they collect the samples.) Collect samples of water found near feedlots, barnyards, or streams where livestock are pastured, farm ponds, or from streams near failing septic tanks. Number each of the samples to make them easier to identify. You may want to photograph the sites where the samples were collected and refer to them later in the extension. Put water in plastic jars with lids and label with date, sampling location, and description of polluting activity-feedlot, septic tank, etc. (NOTE: Store samples in cooler on ice for no more than 48 hours.) (CAUTION: Wash hands with disinfectant soap after you collect sample. Be sure to keep hands away from mouth and eyes.)
 PROCEDURE
 I. Setting the Stage
 Define water pollution as any human-caused contamination of water that lessens itsvalue to humans and nature. Tell the students that understanding nonpoint sources of pollution means looklng at a wide range of human activities and land management practices. For example, livestock that have access to a water body can deposit wastes directly Into the water. Poor or inadequate feedlot management can allow stormwater runoff to carry pollutants from manure Into surface waters. Pollutants coming from animal feedlots or falling septic tanks include nutrients. oxygen-demanding organic materials. and patho- gens that may &ect humans and animals.
 /
 11. Activity
 A. Follow the instructions included with the Coli-test vials or other fecal coliform test kits.
 B. Place a separate clean eyedropper beside each sample jar. (NOTE: Instructor should dispense water samples into vial. Use paper towels to wipe up spills.) (CAUTION Clean hands and any exposed surfaces with disinfectant soap.)
 C. If you are using the Coli-test vials, observe the samplesat 24 and48 hoursand look for a change in color. If the color changes, the water is polluted with coliforms. It may take 48 hours to change color if the water is not heavily contaminated. No color change indicates the absence of coliforms. Have students record their results on the data sheet (included).
 D. What were the results? Which water samples were contaminated? Why?
 E. Research what kindsof diseases are spread by fecal contaminated water? What might happen to fish and other aquatic life? How might this affect you? Would you want to swim in water with coliforms present?
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III. Follow-Up
 A. Have studentscontact their local or state healthdepartmentsand get alist of state water quality standards. Would water for these samples meet the standards for fishing, swimming, or drinking? Why or why not? Have your local wastewater treatment plant analyze samples from the same area. What were their results? Were yours the same?
 B. Make a display of your results using the photographs and data. Map your sampling sites. What are the relationships between your results and land uses in the area. Have the students write a report using the data.
 ,
 IV. Extension
 A.
 B.
 C.
 D.
 Have the students do research to find out how animal wastes are managed to prevent them from polluting streams. Have them "invent" new methods they might use to reduce animal waste in water bodies.
 Have students determine what could be done at the farms where they found fecal coliform contamination.
 Have the students do research on septic tanks. Why do they fail? How can this be prevented?
 Invite someone from the local Agricultural Extension Service to come and speak to your class about agricultural nonpoint source pollution.
 C-J RESOURCES
 ColiformTest Kit, catalog # 9735, Sargent-Welch, Post Office Box 1026, Skokie, Illinois 60076-8026,1-800- SARGENT.
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Student Sheet
 Sample ##
 Name(s)
 MANURE MATTERS
 Collected From 24 Hours 48 Hours
 Date
 ~~
 1. Were the water samples contaminated? Which ones?
 2. What kinds of diseases are spread by fecal contaminated water?
 3. What might happen to fish and other aquatic life?
 4. How might this affect you?
 i
 5. Would you want to swim in water where coliforms are present?
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a =-- -- THE TEMPERATURE'S RISING *$%:*= h Ion
 OBJECTIVES
 The students will do the following:
 1. Define water pollution.
 2. Describe the relationship between sediment loads and heat retention in dirty and clean water.
 BACKGROUND INFORMATION
 Timber cutting may cause nonpoint source pollu- tion problems. When forests that border streams are cut or harvested for timber, the land is suddenly bare of tree cover. When the trees are gone, the sun heats up the water. If the soil is left bare, it can be very susceptible to erosion. Soil particles suspended
 SUBJECTS: Science, Math, Social Studies
 TIME: 1-2 class periods (NOTE: Requires tem- perature readings every 30 minutes)
 MATERIALS: baby food jars or any small jars with lids
 thermometers (digital preferred) green construction paper tape markers scissors water soil (preferably clay type; available at art
 supply stores carrying ceramic sup- plies)
 (4 per group)
 grow light (optional)
 in water absorb heat. Removiig the shadeor increasing erosion can cause changes in the temperature of water, which can have adverse effects on fish and other aquatic life. Cooler water is capable of holding a larger amount of dissolved oxygen (DO). DO is oxygen suspended in the water. Fish take in this oxygen through their gills. When water is heated up, it holds less oxygen and this can make it difficult for fish and other aquatic organisms to breathe.
 PROCEDURE
 I. Setting the Stage
 A. Explain that (1) water pollution is any human-caused contamination of water that reduces its usefulness to humans and nature; and (2) suspended sediment can increase water tempera- turesbecause cloudy water absorbs more solar radiation. Warmer water also holdslessoxygen and if oxygen levels get too low, this can make breathing difficult for aquatic organisms like fish.
 B. Explain that in this experiment they are going to see what happens to a mountain stream when trees are harvested immediately adjacent to its banks. The first jar or Jar 1 will be a control and the other three will compare the effects of different situations. Jar 2 will look at the effect of simply removing the trees. Jar 3 will examine the effects of only erosion. Jar 4 will look at the combined effects of tree removal and erosion.
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11. Activity
 A. Divide the class into groups of three or four. Have each group get four jars. Have the students cut out green construction paper and cover the sides of two of the jars. Use tape to secure construction paper on jars.
 B. Set up the experiment.
 1. Fill one covered jar and one uncovered jar with plain water. Label the covered jar 1: shaded mountain stream. Label the uncovered jar 2: trees removed. Next put water in the two remaining jars, add one tablespoon dry powdered soil, attach the jar lid, and shake vigorously. Label the covered jar with soil jar 3: erosion in mountain stream. Label the uncovered jar with soil jar 4: clearcut stream. Remove the lids from the jars.
 2. Have the students measure the water temperature in each jar using a digital thermom- eter. (Most digital thermometers should detect temperature changes to the tenth of a degree.) Record the following information on a chart (includedbtime, temperature, and clearness of water.
 i
 1 1
 C. Have the students place all the jars in a sunny location for 30 minutes. If sunny windows are not available, usea grow light. Have the students predict what is going to happen in each jar.
 After 30 minutes, have the students measure and record the water temperature of each jar again. Repeat this procedure at 60 and 90 minutes. (NOTE: The teacher may need to do the 60 and 90 minute readings.)
 D.
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111. Follow-Up
 A. Was there a change in temperature in 30 minutes? 60 minutes? 90 minutes?
 B. Have the students describe what happened. What effect does removing shade from the stream have? What effect does erosion have? What effect does clearcutting have? What impacts do you think this will have on the animals and plants in the stream? What could we do to prevent this?
 IV. Extension
 A. Have the students measure the temperature of water in various locations such as mountain streams, farm ponds, urban streams, or puddlesin the school parking lot. Put this information in a chart; include the air temperature that day, land use where the temperature reading was taken, water clarity, and whether or not the site is sunny or shady. Ask the students why the temperatures vary?
 '
 B. Have the students find out what temperaturerangesvarious fish can tolerate? You might have them do reports on the entire life cycle of fish. How do changes in habitat affect fish behavior, reproduction, growth, and survival? How could poor forestry practices affect fish habitat, spawning, and growth?
 C. Contact your local Agriculture Extension Service or colleges in your area and see if they have films, videos, slides, printed materials, and case studies on nonpoint source water pollution problems in your area.
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Name Date
 THE TEMPERATURE'S RISING
 1. Describe what happened.
 2. What effect does removing shade from the stream have?
 3. What effect does erosion have?
 4. What effect does clearcutting have?
 5. What impacts do you think these will have on the animals and plants in the stream?
 6. What could we do to prevent these things from happening?
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SOCK IT TO ME
 OBJECTIVES
 The students will do the following:
 1. Describe how waste chemicals from auto ex- hausts can cause acid rain.
 2. Describe measures to prevent acid rain.
 BACKGROUND INFORMATION
 Acid rain is living proof that what goes up eventu- ally must come down. Cars, trucks, and fossil fuel burning industries and smelting operations release sulfur oxides and nitrogen oxides into the atmo- sphere. Coal-burning power plants and industries
 . SUBJECTS: Science, Math, Language Arts
 TIME 1-2 class periods
 MATERIALS: clean plastic bottles with lids for collecting
 stick-on address labels or masking tape
 petri dishes
 sock , filter paper eyedropper
 i distilled water
 1 samples of polluted water
 1 permanent ink pen or pencil
 1 PHpaper
 are the primary sour& of sulfur. Cars and trucks emit mainly nitrogen oxides. These gases are carried by the winds and weather. When these chemicals mix with water vapor, they form sulfuric and nitric acids. The gases (SO, and NO,) may also react with other pollutants to form sulfates and nitrates which can also form acids when combined with water. Eventually they fall to the ground in the form of rain, snow, hail, fog, and dew. Acid rain pollutants can cause problems when they reach water bodies as wet or dry fallout. Wet fallout is when water vapor combines with the pollutants in the atmosphere and are deposited in rain, snow, or dew. Dry fallout is deposited dry as dust particles. Acid rain is more acidic than ordinary rain. A common measure of acidity is pH. Low pH (less than 7) indicates higher acidity and higher pH (greater than 7) indicates low acidity (alkalinity). Normal rain has a pH of approximately 5.5 to 6. Neutral water has a pH of 7. Rainwater is slightly more acidic because naturally occumng gases in the atmosphere, particularly carbon dioxide, m i x with water vapor and form weak carbonic acid. Acid rain can have a pH of 3 to 5. Acid rain can change the pH of lakes and rivers which can negatively affect fish and other aquatic life. It can also weaken trees in forests and reduce yields from farmers' crops and make them more susceptible to insect pests and disease. Acid rain can also deteriorate painted surfaces and accelerate weathering of buildings and statuary. Individuals can prevent acid rain by using the car less and conserving electricity at home and at work.
 ADVANCED PREPARATION
 NOTE: The teacher should do this part. (CAUTION: Perform this procedure in a well-ventilated area, preferably outdoors or in a garage with the door open.) Place a piece of filter paper in a sock. Place the sock on a car or truck tail pipe, start the engine, and let the exhaust fumes filter through it for 15 minutes. Turn off the engine and let the sock cool. Remove the sock and bring into classroom when cool, attach masking tape to the sock, and use a permanent ink pen to label the sock with the date, time, vehicle type, and vehicle age. Repeat this procedure on several different vehicles of different ages and types. You might enlist the help of other teachers and parents. DO NOT LET STUDENTS DO THIS!
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PROCEDURE
 I. Setting the Stage
 Explain that (1) nonpoint source pollution enters water from many diffuse sources and it is often difficult to pinpoint and control; (2) nonpoint source pollutants are usually carried from land to water in runoff with stormwater or snowmelt, in seepage through the soil, and in the air; (3) for some nonpoint pollutants such as acid rain, sulfur and nitrogen gases deposited in the atmosphere are the most important sources; and (4) emissions of sulfur oxides and nitrogen oxides from coal-burning industries and from vehicular traffic are largely responsible for the "acid rain" phenomenon.
 11. Activity
 A. Divide the students into small groups and give each group a sock. Have a student from each group remove the filter paper from the sock, then place the filter paper in a petri dish and add one eyedropper full of distilled water. Let the filter paper soak for a few minutes and test the water with pH paper. Record your findings on the worksheet provided.
 B. Was the water acidic? What acid do you think was present? Were some samples-more acidic than others? Why?
 111. FoIIow-UP
 A. Have the students collect water samples in clean bottles from urban streams, gutters, down- spouts, and puddles, and bring them to class. Also try to collect some rainwater as it falls especially near high traffic areas (freeways). Label each sample with the date, time, location, and water source.
 B. Using pH paper, test the water samples. Label the samples with the pH reading. Use the worksheet provided to record your findings.
 C. Compare the findings from the car emissions with the water samples.
 D. What did you notice when you compared the acidity of rainwater and water samples collected from the different places? Would the level of acidity in samples be greater in puddles from parking lots where more cars, buses, and trucks are used? (The greater vehicular travel in a city, the greater the emissions.)
 IV. Extension
 A. Have the students research the U.S. 1990 Clean Air Act Amendements and the U.S. Acid Rain Control Program. Have them write to electric utilities, the Forest Service, theU.S. Department of Agriculture, the Environmental Protection Agency, state health departments, or in Canada, the federal and provincial environmental ministries for more information about the effects of acid rain and what is being done to control this problem.
 B. Arrange a visit to a power plant where scrubbers are being used to control sulphur dioxide emissions or have someone from the automotive industry explain how emission controls on cars operate.
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C. Research the impact tampering with an auto emission control system has on air quality. What are the differences in emissions from a well-maintained vehicle?
 D. Research your state or province's automobile inspection laws for exhaust emissions by contacting your State Department of Transportation or provincial equivalent. What level of SO2 and NO, gases is acceptable?
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Student Sheet
 Time Sample Location of Taken Sample
 Name(s) Date
 Water Source PH of Sample of Sample
 SOCK SAMPLE DATA RECORD
 WATER SAMPLE DATA RECORD
 I Sa:ple I Dateof Sample
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"MIDNIGHT DUMPERS" An k WASTE ~ A G E U E N T A S S O C I A T I O N
 sm la7
 OBJECTIVES
 The student will do the following:
 1.
 2.
 3.
 4.
 5.
 Define "midnight dumping" and simulate chemical dumping near streams or lakes.
 Describehow pollutan tscanbecomedispersed either in land or in a water body and describe why these pollutants might be difficult to pinpoint and control.
 Describe how pollutants impact groundwater and surface waters.
 Analyze the dispersion of "chemicals" in the environment by mapping their distribution.
 Describe the adverse affects "midnight dumping"hason plants, animals, and humans.
 BACKGROUND INFORMATION
 The cost of disposing of waste chemicals from industry has resul ted in some companies pouring their chemicals directly onto the ground in remote
 SUBJECTS: Science, Language Arts, Math
 TIME: 1-2 class periods
 MATERIALS: water cycle handout (included) deep cardboard box or circular container hack saw, serrated knife, or kitchen scissors piece of chicken wire to fit bottom of box square of cardboard (to fit bottom of slinger) duct tape 50 feet (15 m) of rope ice pick or awl heating source small pan large pan (for conventional popping method) spoon 1 pound (500 g) unpopped popcorn (or
 2 sticks butter or margarine food coloring 4 paper grocery bags 1 large garbage bag with twist tie 300 ft (90 m) or more of string (optional) stakes (optional) graph paper (optional)
 equivalent of microwave popcorn)
 areas where they won't get caugk This practice is illegal and is called "midnight dumping." It is often very difficult to figure out where the chemicals came from because once they seep into the ground, there is usually no visible trace on the land surface. Depending on where the chemicals are poured, they can seep into streams or lakes and disperse ratherquickly. Midnight dumping is not the only situation where chemicals spread from a concentrated source. For example, homeowners sometimes dump used motor oil, leftover fertilizers and pesticides, and used solvents on the ground or into storm sewers. Abandoned water wells and sinkholes are sometimes used to dump garbage. Underground storage tanks, failed septic systems, leaking landfills, and accidential spills can all have similar effects.
 ADVANCED PREPARATION
 I. Make the popcorn slinger (see illustration).
 A.
 8.
 Cut off the bottom of a box with a hacksaw or serrated knife.
 Attach chicken wire with duct tape. Cut four 24-inch (60 cm) pieces of rope. f
 i
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C. Use ice pick or awl to poke a hole in center of each side of the box about 2 inches (5 cm) from the top.
 D. Thread one 24-inch (60 cm) piece of rope through each hole and tie a figure -8 knot in the end.
 E.
 F.
 Then tie all four pieces together with a figure-8 knot.
 To complete the slinger, securely tie 25-feet (7.5 m) of rope to the slinger and fasten with duct tape.
 11. Make the "illegally disposed of' waste chemicals.
 A. Prepare one pound (500 g) of popcorn. Follow package directions.
 B. To color the popcom add 3-5 drops of food coloring into 1/2 stick of melted butter or margarine. Put about 1/4 pound (125 g) of popped popcorn in a paper bag, pour in butter mixture, and shake.
 C. Repeat this process 3 more times until you have four colors of popcorn-red, yellow, green, and blue. You may want to combine the food colorings to make other colors. For example, red + blue = purple; purple or red + yellow = orange.
 D. When your are finished, put all the popcom in a garbage bag and shake to mix.
 PROCEDURE
 I. Setting the Stage
 A. Explain the hydrologic cycle. Emphasize that most of our freshwater supply is groundwater. Describe how rain enters the ground, moves downward through the soil, and eventually reaches a zone of saturation. The water table is at the top of this zone. Groundwater also moves horizontally and eventually flows into water bodies such as rivers or lakes. Explain that chemicals poured on the ground can move the same way.
 B. Explain that (1) water pollution occurs when sewage, fertilizers, pesticides, herbicides, oils, and chemicalsrunoff into water; (2)nonpoint sourcepollutantsenter waterfrommanydiffuse sourcesand are often difficult to pinpoint and contro1;and (3) toxic chemicals can enter surface waters from urban and rural polluted runoff, industrial discharges, and atmospheric transport and deposition from urban and industrial areas.
 11. Activity
 A. Prepare for the demonstration.
 1. This activity should be conducted outdoors, preferably near a lake or stream. This activity will simulate how quickly chemicals can be dispersed from where they are dumped. The popcorn slinger will be used to disperse the chemicals.
 2. Have the students stand 10-20 (3-6 m) feet from a stream or lake. If their school isn't near one, you can mark off an area and call it a lake or stream, however, it is not necessary.
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3. Explain that criminal "midnight dumpers" have poured chemicals into the spot where the student with the slinger will be standing. Now they are spreading into the environment. Ask the students what might cause the chemicals to move? (Rain or porous ground.)
 4. Tell the students the popcorn in the slinger represents the spill. Tell them that you are going to use the popcom slinger to show where the spill might have spread since it was poured onto the ground. Tell them that the waste chemicals often contain several poisons. For instance, this spill contains oil (yellow popcom) and toxic metals like lead (red popcorn), nickel (blue popcom), and mercury (green popcorn).
 B. Practice using slinger.
 1. Before the students operate the slinger, have them practice one at a time using it without any popcom inside. CAUTION Make sure the other students stand away from the slinger to avoid being struck by it.
 Have a student hold the knot in one hand and grab the rope about one foot (30 cm) from the knot in the other hand. Have him/her start turning a circle. As he/she goes faster, tell them to let go of the knot when the bucket gets momentum. Have him/her start swinging it farther away from them by letting out on the rope (see Ilustration).
 2.
 C. Operating the Slinger.
 1. Before filling the bucket, put cardboard under it to prevent popcom from going everywhere. Fill the bucket and carry to desired spot. You can remove cardboard then, because it doesn't matter if popcom begins falling out.
 2. Havea student swing the filled bucket and watch the popcorn fly. Tell theother students to observe how far it spreads from the source. (Some popcorn should be in the water.) If you didn't know where the source was, could you find it? How?
 111. Follow-Up
 A. Record the dispersal of toxins.
 1. Map the spread of popcorn "toxins" in the environment. To do this, assign a type of toxin to each of the colors in the bucket. For example, red (lead), blue (nickel), yellow (oil), and green (mercury). Then use string and stakes to make a grid on the ground. Using graph paper, map where the toxins landed.
 2. Then take the maps back to the classroom and have two different classes exchange them. Ask them to mark where they think the source of the spill was. Were they right?
 B. Have the students inventory the plants, birds, animals, and other creatures living in this environment. Follow the spread. How many types of animals might be affected here? Which animals might be "hit the hardest?' Which animals could escape? How would the chemicals affect animals that live in the water? How might these chemicals affect you? [For example, fishing, recreation (swimming, waterskiing, sailing, or canoeing), drinking water, or food supply.1
 C. What can be done to stop people from doing these kinds of things? You might repeat the activity several more times with the slinger and show how bigger spills create even bigger problems.
 37

Page 48
                        

IV. Extension
 A. Have the students do research and write reports on the types and effects of toxic chemicals, such as mercury, cadmium, lead, and nickel. Have them emphasize the effect these chemicals have on humans and aquatic environments.
 B. Have students develop a list of potential problems created by homeowners. Then have the students brainstorm on ways they can educate their parents and their community about the problems.
 C. Pick a spot in your own community and imagine that chemicals have been poured into the ground there. Find out what typesof rock formationsand soilsoccur in your community. Find out where the water tableis (depthin feet or metersbelow theground). Using this information, predict how long it will take for these pollutants to reach the aquifer. Discuss what can happen when groundwater becomes polluted? Can it be cleaned up? How? Invite a representative from the U.S. Geological Survey, U.S. Environmental Protection Agency, U.S. Bureau of Reclamation, or the Canadian Environmental Ministry to evaluate your predictions and speak to the class about groundwater contamination.
 RESOURCES
 Adapted from OBIS Activity "Oil Spill,'' Delta Education, Box M, Nashua, NH, 1982.
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I
 Student Sheet
 -.. HYDROLOGIC CYCLE
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Teacher Sheet
 TO MAKE SLINGER -
 1
 MAKE I S€CURE ROPE T O 80%- WITH
 KUOTS
 WIRE d w ITH DUCT TAPE
 TO OPERATE SLINGER
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SEEPING SEPTIC TANKS h k w m h4ANAGarENT A S S O C I A T I O N
 sa Ism
 OBJECTIVES
 The students will do the following:
 1. Describe how a septic tank works.
 2. Observe and describe what happens when a drainfield gets clogged.
 3. Observe and describe what happens when a septic tank is not maintained properly.
 BACKGROUND INFORMATION
 Most of the contaminants in groundwater are present because of the way people use land. One very common source of nonpoint source ground- water pollutioncomes fromuntreated sewageleak- ing into the ground. Sewage is wastewater that is flushed down the toilet or washed down the drain in your house. It pollutes surface and groundwater when sewer lines are damaged or when septic tanks stop working properly. Soil has the ability to clean
 F 4
 SUBJECT Science
 TIME 1-2 class periods
 MATERIALS: 2 plastic, or cardboard, rectangular boxes
 preferably 6-8 inches, (15-20 cm), deep 2 garbage bags (if cardboard boxes are used) porous cactus-type potting soil heavy clay soil (or pottery clay) modeling clay 6 empty paper milk cartons (two 1 /2 gallon
 (2 liter) size, two quart (1 liter) size, and two pint (250 ml) or cup (125 ml) size)
 plastic straws 2 ice picks or awls 2 large needles pocket knife scissors marking pen masking tape .
 wastewater if i t faters through enough soil. If this doesn't happen, unhealthy water may end up in the family well or in nearby surface waters, or the water might carry the pollutants great distances to unsuspecting water users elsewhere.
 A septic system is a wastewater treatment system designed to treat household wastewater and return it to the soil rather than to a large sewage treatment plant. It consists of a holding tank and a drainfield. In a typical system, wastewater flows into a watertight holding tank where heavier materials settle to the bottom, lighter materials float, and bacterial decomposition takes place. Liquid wastes then flow through an outlet into a soil absorption field or drainfield which distributes the liquid into the soil for purification by filtration, bacteria, and oxygen. Septic tank failures can result from improper installation, blockage within the system, damage to the piping, septic tank, or drainage lines, and overloading the system.
 PROCEDURE
 I. Setting the Stage
 A. Explain how a septic system works.
 B. Explain that (1) untreated sewage water fromdamaged or improperly maintained septic tanks can pollute surface or groundwater; (2) soil can cleanse wastewater if it filters through enough soil; and (3) groundwater polluted with wastewater can make people sick.
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11. Activity
 A. Students will construct two models of septic tanks with drainfields (See illustration). One model will show what happens whena drainfield is working properly,and the other will show what happens when a drainfield isn't working.
 B. Prepare the septic tanks.
 1. Divide the class into two groups. Give each group a box and a garbage bag. Have them line their box with a garbage bag. Fill one box halfway with porous cactus type potting soil and one box halfway with clay soil. (Pottery clay available at local art supply stores will also work.)
 2. Then have them cut off the top of the 1/2 gallon (2 liter) milk cartons so that they are six inches (15 cm) deep. Label "house." Cut the quart-size (1 liter) cartons so they are three inchesdeepand 1abel"main septic tank." Make the pint ( 2 5 O m l ) or cup-size (125ml)milk cartons one and a half inch (4 cm) deep. Label them "drainfield tank."
 C. Assemble the septic systems.
 1. Thestudentsaregoing toconnect the threeboxesindescendingorderofsizewithstraws. Use the ice pick or leather awl to punch a hole. Make sure the fit is tight. Use masking tape to seal it so it doesn't leak.
 2. To make the drainfield, connect a straw at a right angle to the straw coming out of the drainfield tank. (See illustration.) To make drains, use a large needle to punch drain holes in three straws. Then attach these three strawsas shown to the last straw. Plug the ends on the drains with modeling clay. Use masking tape to seal any leaks between the straws and the carton.
 3. Test for leaks by putting the model in a sink and filling the house with water. Water should only come out of the holes in the drains. Seal any other leaks with more masking tape.
 D. Test septic systems in open drainfields.
 1. Put one model in the porous soil box and one in the clay box. Put a layer of modeling clay around a portion of the drains in the clay soil box. This will represent a clogged drainfield. Do not cover with soil yet!
 2. Next pour water into the houses slowly. Watch what happens. The water should go out to the drainfield and trickle into the soil. Notice the clogged drainfield.
 3. Ask students what they expect to happen to the clogged drainfield. How would this affect you if you lived in this house?
 E. Test septic systems in covered drainfields.
 1. Cover model drainfields with soil. Watch what happens. The clogged drainfield should have a puddle form on top of the soil. To see what happens if you don't maintain the septic tank, fill the septic tank in the clay box half full of clay soil. What happens? If you don't pump the septic tank every3-5 years they fill up and don't work. What might cause too much pressurein thedrain pipes? Rapidly pour water into the house. What happens when you put too much pressure in the pipes? They might break.
 i
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2. Deliberately break the pipes using the pocket knife. (CAUTION: Teacher should handle the pocket knife.) Now what happens? How does this pollute groundwater or surface water? Would this affect drinking water? How? Would you want to play in this backyard? What can people do to prevent septic tanks from polluting water?
 111. Follow-Up
 A. Conduct a class survey to see how many homes or cottages have septic tanks. Have students ask their parents when the septic tanks were installed and when they were last pumped or inspected. Combine the information into a chart. What percentage, for instance, have septic tanks. What percent are less than 5 years old, 5-10 years old, 11-24 years old, or over 25 years old? What percent have been pumped within the last 3-5 years?
 B. Have the students find out what special procedures families who have septic tanks might follow, such as toilet paper choices, flushing habits, and items they are told never to flush down the toilet. Are the families using single-ply white toilet paper? Are they making sure toxic household cleaners aren't poured down the toilet? Do they use biodegradable soaps? Do they make sure no plastic or cardboard is flushed down the toilet?
 IV. Extension
 A. Have the students make a handout of do's and don'ts for septic tanks to take home to their parents.
 B. Write to a local, state, or provincal water quality agency and ask them to send you more information about septic tanks.
 C. Discuss how faulty septic tanks can affect plant and animal life in an area.
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Student Sheet
 CONSTRUCTING SEPTIC TANKS
 TESTING MODELS
 MODEL C L A Y
 PL A snc CLOTHES
 MODEL C L A Y
 L OTHES Box €S
 ?
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TIMBER TACTICS An a W m mffinmrr A S S O C l A T I O N
 h 191
 OB JECTTVES
 The students will do the following:
 1.
 2.
 3.
 4.
 Simulate and compare different timber harvesting practices, such as clearcutting and selective cutting.
 Simulate construction of logging roads.
 Demonstrate and describe how soil compaction can increase erosion.
 Demonstrate and describe how best management practices can reduce erosion.
 BACKGROUND INFORMATION
 r - SUBJECT: Science
 TIME: 2-3 class periods
 MATERIALS: grass seed (annual ryegrass sprouts quickly) soil garbage bags cardboard boxes clear plastic sheet mist bottle watering cans (with sprinkler head) water tweezers spoons
 gravel sticks or old pencils books
 small toy trucks
 c
 Our society depends on a steady supply of trees for everything from paper to building materials. However, growing and harvesting trees can cause water quality problems if it is not done properly. Most of the nonpoint source water quality problems occur when trees are harvested. Roads must be cut into the forest to get to the trees, and when the trees are cut, bare soil is exposed to the forces of erosion. Environmentally conscious foresters are aware of these potential problems and use wise timbering and road construction practices. Good timber harvesting practices include (1) locating roads and skid trails (places where trees are dragged to the trucks) away from streams; (2) leaving zonesof undisturbed forests around streams; (3) replanting or providing trees and cover in areas where soil is exposed; (4) constructing logging roads with switchbacks (in a zig zag pattern) to reduce erosion; (5) covering roads with gravel; and (6) placing diversion ditches to drain water off the roads. These practices all minimize erosion.
 ADVANCED PREPARATION
 Divide the class into small groups. Line cardboard boxes with garbage bags and fill with soil. Make one box for every three or four students. Plant grass seeds and water with sprinkling can. It will probably take 10-12 days to grow grass. You can speed up the process by covering the box with a clear plastic sheet and using a mist bottle to keep the soil moist until the seeds sprout.
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PROCEDURE
 I. Setting the Stage
 Identify forest activities that can cause nonpoint source water pollution; include logging roadconstruction, tree planting, and timber harvesting. Tell the students that (1) soil stripped of its protective vegetation can easily be washed into nearby surface water; and (2) controlling runoff and stabilizing streambanks can prevent erosion.
 11. Activity
 A. Give each group of three or four students one box. Tell them that each grass plant represents a tree and that they are looking at a dense forest. They are foresters, and they have been given the job of harvesting these trees. Divide the class into two groups-group A and group B.
 B. Construct roads and ditches.
 1. The first thing they need to do is to build a road into the site. Have each group decide where the road will go and what it will look like. Group A will use good forest practices to evaluatethesiteandlocatetheroadinanarea whereitwill have theleastimpact. They will build "curvy" roads through the middle so trees can be easily reached. Group B will use bad forest practices and make straight roads.
 2. Some of the good forest practices group will build diversion ditches to get runoff water to run into the woods and/or cover their roads with gravel. A diversion ditch is created by heaping up soil or laying sticks at an angle across the roadbed. Water runs along the soil or sticks into the woods instead of down the road. The bad forest practices group will leave them bare. Use tweezers or spoons to pull up trees.
 C. Experiment with rain.
 1. Have each group prop their box at an angle using a book, and use a sprinkling can to "rain" on the road. What happened? Which roads worked best and why?
 2. Move the toy trucks up and down the muddy road several times. What happens? The soil should become compacted and impervious to rain. Have it rain again. What happens? Why? Water won't be absorbed by the compacted soil and should run off. Runoff causes erosion. If the water could infiltrate the soil it wouldn't runoff. What difference might slope have in an area where trees have been removed? The greater the slope, the less absorption and the greater the potential for erosion from runoff.
 D. Harvest the trees.
 1. There are many ways to do this. They can cut down all the trees or clearcut the area. They can take out small groups or individual trees. This is called selective cutting. All of these practices can be good practices if care is taken to minimize erosion. For example, the good forest practices group (group A) should leave slash (left over tree branches and deformed trees) behind to cover the soil when they clearcut or group cut, and bad forest practices group (group B) should leave the soil bare.
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2. Have each'group remove 50 percent of the trees however they like. The good forest practices group (group A) can use cut up grass and/or sticks to leave behind if they clearcut or group cut.
 3. Have it rain again. What happened and why? Which forest practices worked the better and why? What other things might have been done to reduce erosion?
 III. Follow-Up
 A. Let the boxes continue to grow. Which grass plants (trees) grew better after the harvesting? Why?
 B. Have them block off and revegetate the road with grass seed. Environmentally conscientious foresters let their logging roads return to the way they were.
 IV. Extension
 A. Arrange for a local forester to speak to your class or take your class to visit a forest that is either being harvested or is being regenerated after the harvest.
 B. Have the students brainstorm about the effects of good and bad forest practices on water quality, aquatic life, wildlife habitat, and forest quality and then write about it.
 C. Have the students brainstorm on how forests affect their lives, for example, lumber, paper, and home heating. Discuss the relationship between wasteful use of forest products and nonpoint source water pollution.
 RESOURCES
 Best Management Practices for Silvicultural and Other Forest Activities in Tennessee. Tennessee De- partment of Conservation, Division of Forestry. 1985.
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Student Sheet
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PESKY PESTICIDES
 OBJECTIVES
 The students will do the following:
 1. List and describe the purpose of common pesticides used by farmers and gardeners.
 2. Interview farmersandgardeners togather data on how common pesticides are used in their communities.
 3. List examples of safe pesticide alternatives for home use.
 BACKGROUND INFORMATION
 Each year, about three billion pounds (1,362,000 metric tons) of pesticides are used in the United States. Pesticides are beneficial because they can
 F \
 SUBJECTS: Science, Language Arts, Social Studies
 TIME 2-3 class periods
 MATERIALS: pencil paper posterboard scissors glue Farmer/Gardener Interview Questions
 Handout farming magazines, chemical phamplets and
 advertisements, cooperative extension publicatons, EPA publications, and factsheets from local farm co-ops
 Safe Pesticide Alternatives for Homeowners Handout (optional)
 \
 improve crop yields significantly by controlling weeds, insects, and plant disease. Farmers are by far the largest users of pesticides. However, homeowners over-apply pesticides more often than farmers. Becausepesticidesare designed to kill living organisms, they can cause serious health and environmental problems if not used properly. Some pesticides can stay in the environment for long periods of time and may travel from the soil into groundwater and surface waters. Some pesticides continue to move up the food chain from singlecelled organisms and insects to animals and humans. For example, DDT, now banned in the U.S., washed into waterbodiesand was absorbed into single-cell organisms that were eaten by aquatic insects and fish. Predatory fish ate these fish and eagles at them. Female eagles contaminated with DDT laid eggs with thinner shells which were crushed when sat on. This and other factors reduced eagle populations to the point where they are currently listed as a federal endangered species in the U. S. Exposure to certain pesticides may cause illnesses in humans such as cancer or birth defects. Under the U. S. Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), EPA is responsible for controlling the risks of pesticides through a registration process. This registration only ensures that when a pesticide is properly used, it poses no unreasonable health or environmental risks. It is up to the person applying the pesticide to make sure it is used properly. However, the best way to limit nonpoint source pollution from pesticides is to reduce their use and consider safer alternatives such as biological controls and resistant plant species.
 PROCEDURE
 I. Setting the Stage
 A. Explain that (1) water pollution is any human-caused contamination of water that lessens its value to humans and nature; and (2) understanding nonpoint sources of pollution means looking at a wide range of human activities and land management practices.
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11.
 111.
 B. Define pesticides as herbicides, insecticides, fungicides, and rodenticides. Tell the students that pesticides are used on agricultural lands, urban lawns and gardens, forests, and in lakes and ponds for aquatic weed control, and surface water can be contaminated by drift from pesticide spraying and by runoff from pesticide treated soil.
 Activity
 A. Have each student contact at least one farmer or homeowner and interview them by asking the following questions (if farmer or homeowner is not available, contact your co-op):
 1. 2. 3. 4. 5. 6.
 What crops do they grow? How many acres do they have (square feet if a gardener)? Do they use any chemicals or pesticides? List them. What is the purpose of each chemical? How is each chemical applied? What precautions do they take when applying pesticides? (For example, checking weather forecasts for rain and wind predictions or timing application so it breaks down before harvest time.)
 B. Organize the information.
 1. After getting the information listed, the students should compile the information into a chart. On the chart, identify the chemical, what it is used for, who uses it (farmer, gardener, or other), how it is applied, and what precautions are taken.
 Then assign a group of three or four students to investigate each chemical. Have them find out what the chemical is usually used for, who typically uses it, does it require a license, how long does it persist in the environment, and is it approved by U. S. EPA?
 2.
 3. If possible get a copy of the instructions and warning labels of each. If warning labels and instructions are not available, go to a farmers co-op, garden center, or your local cooperative extension agency or soil conservation service office and copy down the information. Your county extension agent would also be a good resource person. He/ she could supply materials or leaflets about pesticides.
 4. Have the groups make posters showing information they gathered.
 Follow-Up
 A. When the posters are done, tape them up around the room. Also tape up the chart. Are the pesticides being used correctly by the people you interviewed? How dangerous are the chemicals being used? What do farmers and anyone else who uses pesticides do with the empty containers?
 B. Explain to the students that rain or irrigation of crops would wash some of these chemicals into the soil and then into the groundwater, streams, and lakes. What impacts might pesticide use have on fish and wildlife? Can the farmer make a living without these chemicals? Invite a person from your local farm coop or a local farmer to come speak to your class.
 C. Go over the handout included and discuss safe alternatives to pesticidesfor home use. Discuss how they could reduce their use of pesticides.
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$3 D. Can a gardener be successful without chemicals? What are some of the alternatives to
 pesticides? How could people reduce the chance of pesticides washing into the environment?
 IV. Extension
 A. Have the students use information from interviews and other research materials to write an article or local news story.
 B. Organic farming is a method of farming without any chemicals. Have the students research organic farming. Grow a small garden at the school and use organic gardening methods. Divide the garden into two plots and compare organic gardening to conventional gardening. Why might organically grown vegetables cost more? Is it worth it?
 C. Have the studentsresearch and writea paper on environmental lawsregulatingpesticides. For instance, in the U.S. the Environmental Protection Agency regulates pesticides under the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA). In Canada, pesticides are regulated under the Pest Control Products Act. In both countries, permits to buy, handle, and use pesticides is regulated by the state (US.) or provinces (Canada).
 RESOURCES
 I ide to m d o u s Prod Home, 2nd edition, Household Hazardous ucts Around the Waste Project, Springfield, Missouri, 1989.
 Lffton, Bernice, Bun Busters: Gett im Rid of Household Pests Without Dangerous C hemicals. McGraw Hill Book Company, New York, New York, 1985.
 Wallace, Dan (ed), The Natural Formula Book for Home and Yard. Rodale Books. Emmaus. Pennsylvania, 1982.
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Student Sheet
 i FARMEWGARDENER INTERVIEW QUESTIONS
 1. What crops do you grow?
 2. How many acres or square feet of crops do you have?
 3. Do you use any chemicals or pesticides? What are they?
 4. What is the purpose of each chemical?
 5. How is each chemical applied?
 6. What precautions do you take when applying pesticides? (For example, checking weather forecasts for rainand wind predictions or timing application so it breaks downbeforeharvest time, following label directions as to proper concentration, application, handling of product, and disposal of containers.)
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SAFE PESTICIDE ALTERNATIVES FOR HOMEOWNERS* Pest(s)
 Ants
 Fleas
 Flies
 ~ ~~ ~
 Prevention or Control Method ~ ~ ~ ~~~~~
 Vinegar: Wash countertops. cabinets, and floors with equal parts vinegar and water to deter ant infestations. Flour and Borax: Mix 1 cup (1/4 liter) flour and 2 cups (1/2 liter) borax in a quart (liter) jar. Sprinkle the contents around the house foundation. Keep borax out of the reach of children and pets. Bonemeal and Powdered Charcoal or Lemon: Set up barriers where ants are entering. They will generally not cross lines of bonemeal or powdered charcoal. If you can find a hole where ants are entering the house, squeeze the juice of a lemon in the hole or crack. Then slice up the lemon and put the peeling all around the entrance. Pennyroyal, Spearmint, Southernwood, and Tansey: Growing these plants around the border of your home will deter ants and the aphids they carry.
 Vacuum: Vacuum, remove the vacuum bag, seal it. and dispose of it immediately outside your home. Vinegar: A ratio of 1 teaspoon (5 cc) vinegar to 1 quart (1 liter) water per 40 pounds (18 kg) of pet weight in their drinking water helps to keep your pets free of fleas and ticks. Fennel, Rosemary, Red Cedar Shavings, Sassafras, Eucalyp- tus, or Penneyroyak Spread leaves or shavings of these plants under and around the pet's bed.
 ~-
 Prevention: Keep kitchen garbage tightly closed. Sprinkle dry soap or borax into garbage cans after they have been washed and allowed to dry: it acts as a repellant. Orange: Scratch the skin of an orange and leave it out; the citrus acts as a repellant. Cloves: Hang clusters of cloves to repel flies. Mint or Basil: Mint planted around the home repels flies. A pot of basil set on the windowsill or table helps to repel flies. Keep the basil well-watered from the bottom so that it produces a stronger scent. Dried ground leaves left in small bowls or hung in muslin bags are also effective. Fly Swatters, Fly Traps, or Fly Paper: Use according to label directions. Sugar and Corn Syrup: Make your own fly paper by boiling sugar. com syrup, and water together. Place mixture onto brown paper and hang or set out. Egg, Molasses, and Black Pepper: Beat the yolk of an egg with a tablespoon (15 cc) each of molasses and flnely ground black pepper. Set it out in shallow plates.
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~ ~ ~~
 Cultural Controls: Nutrition, resistant varieties, interplanting, timed planting, crop rotation, mulch, trap crops, and cultivation. Mechanical Controls: Handpicking, physical barriers, traps. Biological Controls: Frogs, spiders. ladybugs, praying mantises, other predatory and parasitic insects, and microbes. Chemical: natural sprays and dusts.
 Mashed Potato Powder or Buds: Place instant mashed potato powder or buds in strategic places with a dish of water close by. After eating the powder or buds mice will need water. This causes fatal bloating. Mouse Traps: Use according to label directions.
 ~~
 Castor Oil and Liquid Detergent: Whip together 1 tablespoon (15 cc) castor oil and 2 tablespoons (30 cc) liquid detergent in a blender until the mixture is like shaving cream. Add 6 table spoons (90 cc) water and whip again. (Caution: Keep this mix ture out of the reach of children and pets.) Take a garden sprin kling can and fffl with warm water. Add 2 tablespoons (30 cc) of the oil mixture and stir. Sprinkle immediately over the areas of the greatest mole infestation. For best results, apply after a rain or thorough watering. If moles are drawn to your lawn because of the grubs feeding in the soil, youmay be able to rid yourself of both pests by spreading milky spore disease to kill the grubs.
 Prevention: wearing perfume, bright colors, flowery prints, and bright jewelry as these items attract mosquitoes. Biological control: Put up purple martin bird houses. Citronella: Bum citronella candles to repel insects. Tansey or Basil: Plant tansey or basil around the patio and house to repel mosquitoes.
 Eliminate pools of stagnant water. Avoid
 Prevention: Store items in a clean condition: moth larvae especially like areas soiled with food stains. Rosemary, Mint, Thyme, Cloves, and Ginseng (optional): Chicago area weavers and spinners use 1/2 pound (.23 kg) rose mary, 1/2 pound (.23 kg) mint, 1/4 pound (. 12 kg) thyme, 1/4 pound (. 12 kg) ginseng (optional), and 2 tablespoons ( 10 cc) cloves, Mix and put in cheesecloth bags and place in closets or drawers. Dried Lavendar or Rosemary and Mint: Make sachets of dried lavendar or equal portions of rosemary and mint. Place in clos ets, drawers, or closed containers to mothproof gannets. Rosemary, Sage, Mint, Dried Lemon Peel, and Cinnamon: Mix handfuls of the first three ingredients. Add a little lemon peel and a pinch of cinnamon. Place in muslin bags. Molasses, Vinegar, and Yellow Container: To trap moths, mix 1 part molasses with 2 parts vinegar and place in yellow container to attract moths. Clean regularly. Clothes Dryer: Kill moth eggs by running garment through a warm dryer.
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Roaches
 Slugs and Snails
 Prevention: Close off all gaps around pipes and electric lines where they enter the house by using cement or screening. Caulk small cracks along baseboards, walls, cupboards, and around pipes, sinks. and bathtub flxtures. Seal food tightly. Rinse off dishes that are left overnight. Do not leave pet food out over night. Hedge Apples (Osage Orange): Cut hedge apples in half and place several in basement, around in cabinets, or under the house to repel roaches. Flour, Cocoa Powder, and Borax: Mix together 2 tablespoons (30 cc) flour, 4 tablespoons (60 cc) borax, and 1 tablespoon (15 cc) cocoa. Set the mixture out in dishes. (Caution: Borax is toxic if eaten. Keep out of reach of children and pets.) Borax and Flour: Mix 1/2 cup (1/8 liter) borax and 1/4 cup (1/ 16 liter) flour and fill a glass jar. Punch holes in jar lid. Sprinkle along baseboards and doorsills. (Caution: Borax is toxic if eaten. This recipe may not be for you if there are young children or pets in the house. Oatmeal. Flour, and Plaster of Paris: Mix equal parts and set in dishes. (Caution: Keep out of reach of children and pets.) Baking Soda and Powdered Sugar: Mix equal parts and spread around infested area.
 Natural Predators: Garter snakes, grass snakes, ground beetles, box turtles, salamanders, ducks, and lawae of lightning bugs all feed on snails. Clay Pots: Place overturned clay flower pots near the shady side of a plant. Rest one edge on a small twig or make sure that the ground is irregular enough for the slugs and snails to crawl under the rim. They willcollect there during the warmest part of the day. Remove slugs and snails regularly and drop in a bucket of soapy water. Beer: Set out sauces or jars full of stale beer, placed below ground level near the garden. The fermented liquid draws them and they drown. Sand, Lime, or Ashes: Snails avoid protective borders of sand, lime, or ashes. Tin Can: Protect young plants by encircling them with a tin can with both ends removed. Push the bottom end of the can into the soil.
 *Material in this handout adapted from JWW” s Guide to Hazardous P r oducts Aro U nd the ‘Home. 1989, pp. 69 - 74.
 **Because information is too varied on this subject, we refer you to references listed in the RESOURCE section.
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:3 Au b Wnm Murh6- A S S O C I A T I O N
 Soa 1m TO MINERS GO THE SPOILS
 OBJECTIVES
 The students will do the following:
 1. Describe how active and abandoned mines can contaminate water.
 2. Describe ways to reclaim the land after it'sbeen mined.
 BACKGROUND INFORMATION
 Coal is needed to heat our homes, run our factories, and to make electric power. Coal can be mined fromdeepwithintheearthorfromnear thesurface. Surface mines are called strip mines. In strip- mining, great layers of soil are moved aside so that the coal canbe dug out. Piles of earth and rock left behind are called mine spoils. When rain falls on the waste from the mines, chemicals in the piles are washed into the streams. They can harm plants and animals that use the water.
 SUBJECT Science
 TIME: 2-3 class periods
 MATERIALS: cardboard boxes or plastic rectangular
 boxes plastic garbage bags (if cardboard box is
 used) plastic hose duct tape (to seal hose) soil grass seed gravel clay (or pottery clay) charcoal briquets or crushed charcoal
 sulphur powder watering can plastic jar water spoons paper towels clear plastic wrap (optional) mist bottle (optional)
 PH paper
 Many different minerals are mined, such as gold, silver, zinc, copper, lead, magnesium, and uranium, each with its own set of nonpoint source problems. Coal and metals mining, in particular, are associated with serious water problems. Mining nonpoint sources include discharges from inactive mining operations as well as runoff from road networks, spoil piles, and infiltration into the soil and ground- water. Although mining is not as widespread as other sources, the water impacts from mining are harmful. Erosion from mining can be severe because mining operations expose large areas of soil and rock to erosive forces.
 Inactive and abandoned mines pose serious water problems. The cost of regrading land and adding topsoil for revegetation maybe high, especially for poorly planned surface mines. Correction of drainage problems from abandoned underground mines is technically difficult and costly. In addition, correction of these drainage problems may not last and usually requires long-term monitoring and maintenance.
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ADVANCED PREPARATION
 I. Prepare the Crushed Charcoal.
 A. To crush charcoal, put in a paper bag and strike with a mallet. Mix powdered charcoal with the crushed charcoal for best results. (NOTE: Crushed charcoal is available at aquarium supply stores and some pharmacies.)
 B. Prepare charcoal in advance by crushing it and mixing it with sulphur powder. Mix one to mo teaspoons (15 - 30 cc) of sulfur powder per cup (1/4 liter) of charcoal. (Sulphur powder is available at any drug store.)
 11. Prepare the Models.
 A.
 B.
 Divide the students into two (or more) groups.
 Get a box for each group and line it with plastic.
 C. Place a drain in each box using a hose. The water from the drain will represent groundwater contamination.
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:3 D. Layer the boxes with rock, clay, coal (crushed charcoal mixed with sulfur powder), and more
 clay. Repeat this process several times on one side of the model to form a mountain.
 E. On the other side of the model make a ditch to represent a stream.
 F. Cover the entire model with soil and some grass.
 G. Water the models to let the layers settle and to get the grass to start growing. This may take several weeks. You could reduce the time by using sod although grass seed works best. (NOTE: To speed up growing the grass, place clear plastic wrap over the boxes and mist the soil until seedlings emerge. It takes approximately two days for grass to emerge using this method .)
 NOTE: This activity can be conducted either as a teacher demonstration or student activity.
 PROCEDURE
 I. Setting the Stage
 A. Tell the students that (1) understandingnonpoint sourcesof pollutionmeanslooking at a wide range of human activities and land management practices; (2) soil stripped of its protective vegetation by excavation and grading can easily be washed into nearby surface waters; and (3) erosion from nonvegetated mine spoils is a serious environmental problem associated with abandoned mines.
 B. Explain how to use pH paper and that it is used to test solutions to see if they are acids or bases. An acid has pH between 0 and 7, with 7 being neutral. Bases have a pH between 7 and 14. Distilled water has a pH of 7, while most tap water has a pH of 7-7.5. Most rainwater has a pH of 5.5 to 6, because carbon dioxide in the atmosphere mixes with water vapor to form weak carbonic acid. Acid mine drainage has a pH between 3 and 5.
 II. Activity
 A. Mine the coal and simulate rain.
 1. Give each group of students one or more spoons and a model. Tell them the spoons are shovels and that they are going to use the spoons to strip-mine for coal. Let them dig down until they reach the coal.
 2. Give each group a watering can and have them sprinkle water or rain on the model. Pour water on the model until it begin dripping out the hose. Collect this water in a jar.
 3. Use pH paper to test the acidity of the water in the jar.
 B. Have the students get a sample of water from the tap and test it with pH paper. What were the results? Which sample was more acidic? Why? How could coal mining effect the streams nearby? Ask the students what kind of things they could do to minecoal but prevent the water
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111. Follow-Up
 A. Mine owners are required by law to reclaim or rebuild strip-mined land. After mining your model, try to reclaim the area.
 B. Find out what mine owners are required to do to restore the area back to its original state. Consider possible measures that could be taken before and during the mining process to minimize erosion and prevent water pollution.
 Iv. Extension
 A. If possible, take a field trip to a mine.
 B. Have someone from the Bureau of Mines or state or provincial office of surface mines speak to your class.
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NO PLACE TO RUN TO
 OBJECTIVES
 The students will do the following:
 1.
 2.
 3.
 Develop a model which demonstrates how nonpermeable areas collect a number of pollutants which can runoff into nearby lakes and streams.
 Cite examples of urban water pollution sources by observing the model.
 Suggest ways to reduce runoff in urban areas by redesigning and testing their models.
 BACKGROUND INFORMATION
 Rainwater running off roofs, lawns, streets, and parking lots can wash a number of water pollutants into lakes and streams. These pollutants include nutrients from garden fertilizers, bacteria from pet wastes and rotting litter, sediments from erosion, toxic chemicals such as pesticides, oil, gasoline, and trace metals from emissions and grinding car parts (lead, mercury, and cadmium), zinc from roofs and gutters, and road salt or sand.
 f - SUBJECTS: Science, Social Studies, Language Arts
 TIME 1-2 class periods
 MATERIALS: cardboard boxes or plastic rectangular boxes
 (1 per group) garbage bags (if cardboard boxes are used) plastic hose duct tape (to seal hose) Styrofoam pieces (different sizes and thick-
 sponges food colorings vegetable oil potting soil eyedroppers (1 per group) small plastic jars (6 per group) scissors hacksaw watering can water paper towels pictures of different parking lots and urban
 c /
 nesses)
 areas (optional)
 In developed areas, these pollutants usually collect on hard-surfaced parking lots and streets where they remain until a hard rain washes them into nearby storm sewers. Sometimes these pollutants collect in such high concentrations that they kill fish when they are washed all at once by a heavy rain into a stream. Thisiscalled shockloading. To prevent this from happening,urbanplannersarenowplantinggrassfilter strips, diversion ditches, and holding ponds to collect the runoff and allow it to seep slowly into the ground and/or to slow runoff down so that lessenters storm sewers or washesinto waterbodies. A grass filter stripisanareaof land planted withgrasswhere water can flow insteadof runningintoa stormdrain. Adiversionditchisa channellined withgrassor riprap used to direct water away fromanarea. Diversion ditches divert water to open land or ponds where it can collect and be slowly absorbed into the ground.
 '
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ADVANCED PREPARATION
 I. Prepare the following mixtures in small plastic jars and label as follows:
 A. 1/4 cup (65 ml) salad oil + 2-3 drops yellow food coloring + 2-3 drops green food coloring-label "oil or gasoline."
 B. 1/2 cup (125 ml) water + 3-5 drops red food coloring-label "trace metals."
 C. 1/2 cup (125 ml) water + 3-5 drops green food coloring-label "fertilizers."
 D. 1 /2 cup (125 ml) water + 1 teaspoon (5 cc) salad oil + 3-5 drops yellow food coloring- label "pet wastes and rotting litter."
 E. 1/2 cup (125 ml) water + potting soil and shake vigorously-label "erosion."
 F. 1/2 cup (125 ml) water + 5 drops blue food coloring-label "toxic chemicals."
 XI. To save jars for use with the activity, store in a cool place to prevent mold from growing. Do not store more than two days.
 PROCEDURE
 I. Setting the Stage
 A. Explain that rainwater runningoff roofs,lawns, streets,industrial sites,andothernonpermeable areas washes a number of pollutants into lakes and streams.
 B. Tell the students that hard-surfaced parking lots provide no place for rain to slowly filter down through the soil, and pollutants transported in urban storm sewer systems include nutrients, bacteria, litter, soil, toxic chemicals, and organic materials.
 II. Activity
 A. Divide the class into groups of three or four and give each group a box. Have them line the box with a garbage bag. Then poke a hole in the end of the box and attach a hose to serve as a drain. Put the hose in the hole. Make sure the hose fits tightly. Use duct tape to seal the hose. The hose will represent a city storm sewer. Tell them that water flowing through the hose will travel straight into a nearby stream.
 B. Design and construct environment.
 1. Have the students design their own urban environment on a piece of paper first. Tell them they aregoing tousestyrofoamblocksand sponges tocreate thisenvironment. The Styrofoam will represent buildings and parking lots. The sponges will represent grassy areas, landscape plantings, diversion ditches, or grass filter strips.
 2. When they have completed the design, have them cut out and arrange the piecesin their boxes. (NOTE: Suggest to the students that they minimize cutting in their designs because it takes a lot of work to cut the design out.)
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C. When the students finish designing their urban areas, have them use eyedroppers to deposit pollutants onto their environments. Use the pollutants prepared in the advanced preparation section. The pollutants should be placed where they would occur normally.
 D. Place a large plastic jar under the hose to catch the drainage and create a heavy rainstorm using a sprinkling-type watering can. Keep raining until pollutants wash off. (NOTE: Use the same amount of "rain" on each model). Watch the water draining out the storm drain. What does it looklike? Did the runoff look from different models vary. Explain that now all the pollutants are mixed up so we can't see what they are.
 III. Follow-Up
 A. Tell them about diversion ditches and grass strips to prevent or reduce the amount of contaminants reaching the surface waters. How could the model be designed differently to reduce pollution? What other things could be done to prevent urban pollution? Have the students redesign their models with diversion ditches, grass filter strips, or holding ponds.
 B. Compare the water collected from the redesigned model to thesample from theoriginal model. Were they successful? Why? What worked and what didn't? Why?
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IV. Extension
 A. Invite an urban planner, architect, or water quality professional to visit your class and talk about what is being done to reduce urban water pollution in your area.
 B. Ask the invited speaker to judge the students original or redesigned models and suggest additional modifications.
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LEACHATE LEGACY
 OBJECTIVES
 The students will do the following:
 1. Demonstrate how leachate develops in a landfill.
 2. Describe how leachate can pollute water.
 3. Compare how different landfill liners work and describe how each controls water pollution from leachate.
 BACKGROUND INFORMATION
 Americans throw ou t more trash every day than any other nation in the world. On the average, each of us discards four pounds (1.8 kg) of trash per day or 1,460 pounds (660 kg) a year! The United States currently relies on landfills to dispose of almost 160 million tons (320,000,000,000pounds or 144 million metric tons!) of municipal garbage every year. However, in recent years, many questions have arisen about whether land disposal in conventional landfills is the best possible solution. Unless wastes are carefully managed, they may contaminate drinking water supplies, release toxic vapors into the air, create explosive conditions, or otherwise threaten public health. A poorly run landfill can be unsafe or hazardous to the health of people and wildlife in the vicinity. When garbage decomposes, it forms a syrupy liquid called leachate. This liquid can percolate through the ground into an aquifer or other body of water such as stream or lake and
 SUBJECT: Science
 TIME 1-2 class periods
 MATERIALS: Student Data Sheet (included) 3 rectangular cardboard boxes or plastic
 garbage bags (if cardboard boxes are used) old hose duct tape (to seal hose) scissors sand assorted colors of gelatin dessert garbage items such as colored cake sprinkles,
 candy corn,gummy bears,marshmallows, olives, pieces of fruit or food, cut up paper plates, brown paper bags, notebook paper or newspaper, cut up milk jugs, rubber bands, broken plastic spoon pieces, chopped up Styrofoam cups, bottle caps, or aluminum foil pieces
 rectangular containers
 3 bowls vegetable oil sprinkling can water measuring cup modeling clay rolling pin butter knife 3 plastic jars [pint (1/2 liter) or larger] spoons refrigerator
 pollute the water. Well-operated landfills are watertight to avoid contamination of underground water. New U.S. EPA standards are now requiring double liners and leak detection systems in addition to groundwater monitoring for new landfills. This prevents landfills from polluting land, air, and water. Unfortunately, properly operated landfills preserve garbage. The best alternatives for tomorrow's waste challenges will include reducing the amount of waste generated, reusing and recycling products, and using other waste disposal alternatives such as composting and incineration.
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ADVANCED PREPARATION
 I. Prepare jello molds of the landfill contents. (NOTE: You may want to conduct this as part of ? the student activity.) To make landfill contents, you need three bowls about the same size. Landfill and bowl size are not important. You may want to reduce the size and number of jello layers. (NOTE: Contents of bowl must fit into boxes.)
 11. Make three identical gelatin dessert molds in these bowls. For quick release, oil the bowl with vegetable oil. To make mold, you will be layeringaltemate colors of gelatin dessert. Each layer will contain some garbage items. You may want to have students gather these items and bring them to class. Garbage items can include colored cake sprinkles, candy com, gummy bears, marshmallows, broken plastic spoons, Styrofoam cup pieces, cut up paper plates, shredded brown paper bags, cut up notebook paper, shredded newspaper, cut up milk jugs, rubber bands, bottle caps, aluminum pieces, olives, or pieces of fruit and food. (NOTE: The garbage in most landfills is 40-50 percent paper, 6 percent glass, 8 percent metals, and 33-43 percent miscellaneous wastes like plastics, clothes, or discarded products.) Make your layers one at a time so they get firm.
 111. Take the boxes and the 'landfills" to school. (NOTE: Keep landfills COLD until you are ready for the activity.)
 PROCEDURE
 I. Setting the Stage
 A. Explain that (1) nonpoint source pollutionenters water from many diffuse sources and is often difficult to pinpoint or control; (2) rotting garbage in landfills decomposes and turns into a syrupy liquid called leachate; (3) leachate can seep into the ground around landfills and contaminate groundwater or surface water; (4) leachate can contain sediment, bacteria, nutrients, and toxic chemicals; and (5) leachate contents can vary among or within landfills.
 B. Explain that good landfill designs attempt to minimize the amount of leachate produced and contain the leachate so it cannot contaminate groundwater.
 11. Activity
 A. You are going to demonstrate how leachate forms in a landfill and you are going to show two different landfill construction alternatives that are now being used to control leachate in landfills.
 B. Construct the landfills.
 1. Divide the class into three groups and give each group a box. Have them line the box with a garbage bag, then cut a hole in the end of the box to attach a hose. Put the hose in the hole and make sure it fits snuggly. Use duct tape to seal the hose. Fill each box with sand.
 ?
 2. Have each group make a label for their box on an index card and tape it to the boxes. Label one box "unlined landfill," one box "clay liner," and one box "plastic liner."
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3. Give each &oup a plastic jar to put under the hose in their box to collect water. Have each group moisten the sand with a sprinkling can filled with water and make a depression about the size of your bowls or a little larger with spoons. Dispose of excess sand on the sides of the model.
 4. Give the clay liner group modeling clay and have them roll it out with a rolling pin to about 1 /4 inch (0.6 cm) thick and put it in the depression. Make sure the liner comes up over the top of the sand by about 1/2 inch (1.2 cm) and fold down the liner level with sand. Have them cut any excess clay away with a butter knife.
 Have the plastic liner group do the same thing with plastic, only secure plastic in place by putting a rim of wet sand on top of it. Now give each group their landfill contents. Release it into the depression and cover with about an inch (2.5 cm) of sand.
 5.
 C. Discuss what the students think will happen. “Rain”on your landfills with the sprinkling can. Usethesameamountof waterineachmodel. About 1/2cup(125ml) will work. Youmaywant to tip the landfill at a slight incline toward the hose. This will help leachate drain into the jars.
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IV. Follow-Up
 A. Have each group water their landfill every day for a week with the same amount of water and record any changes. Have students record their observation on the data sheet included. (NOTE: Be careful not to over water; the landfills will tum into puddles.) Look at the jars especially. What is happening? What is the syrupy liquid called?
 B. Explain that this syrupy looking liquid is called leachate. After a week have each group present their findings to the class. Which landfill worked best and why? How does water get polluted from a traditional landfill? How do liners prevent this type of pollution? What else could we do to prevent leachate pollution in existing landfills? For instance, don't throw toxic materials into landfills, recycle what you can, or reduce the amount of waste you generate.
 IV. Extension
 A. Leave the landfills set up for about a month and then lay out plastic garbage bags and dump the contents of each landfill onto a plastic bag.
 B. Have students use spoons to dig through the waste. What did they find? What decomposed and what did not? Find out how many years it takes for different things to decompose. Then talk about how we could reduce the waste we generate. Have them observe what happened to glass, plastics, and aluminum. Discuss how recycling could reduce the amount of nonbiodegradable waste from going to landfills.
 C. Discuss how "typical" products used in the home are toxic and often end up at the landfill. This affects the potential polluting effects of the leachate. What could they do to reduce the use of toxic substances in the home?
 D. Asthemodelsdecompose,mold willgrowonboththejelloand thegarbage. Discusshowmold breaks down organic materialsand returnsnutrients to soil. Have the students research home composting foqd wastes and yard brush. Discuss how this might reduce the need for landfills and tum waste into valuable mulch.
 E. Invite a member of a firm which designs landfills to speak to the class. If none is available, professors of environmental or civil engineeringat a local university maybe able to discuss the subject with the class.
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3 Student Sheet
 Date
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 Li4 -- 5 d: Y7,YP- CONSERVATION FARMING s m u lpDl
 OBJECTIVES
 The students will do the following:
 1. Research, compare, and contrast specific farming practices.
 2. Build a model demonstrating a variety of best management practices to control nonpoint source water pollution from agriculture.
 3. Educate school and community about conservation farming practicesusing the model.
 BACKGROUND INFORMATION
 The successful conservation farmer follows a plan that is designed for his/her particular farm much the same way a tailor cuts and fits a suit to a particular person. The first step in preparing this conservation plan is to find a good use for each acre on the farm. The physical characteristics of the land, in combination with the climate, limit how the land can be used effectively.
 No two acres of land are alike. The differences include variations in slope, soil depth, productivity, moisture, soil texture, amount of erosion, and many other features. Some soils may be so shallow that cultivated crops will not yield enough for profit. This kind of soil is best suited to grass or pasture lands. The amount of soil that has been lost by erosion has a lot to do with how land can be used
 f 1
 SUBJECTS: Science, Language Arts, Social Studies
 TIME: 2-4 class periods
 MATERIALS: NOTE: The amounts of material required
 varywith thesizeanddesignof themodel. 2feetx4 feet x 1 inch (60cmx 120cmx2.5cm)
 piece of wood (NOTE: You may want to make a smaller model.)
 hacksaw scissors 1-inch (2.5 cm) Styrofoam insulation sheets
 plastic crack filler papier mache or putty paints (brown, blue, green, black, orange,
 sand sawdust glue or hot glue gun spray adhesive balsa wood nails picture hanging wire aluminum screen heavy cord stiff burlap colored sponges chicken wire paint brushes dried flowers and seeds plastic farm animals plastic farm buildings
 or plywood
 red, and white)
 \ 4
 effectively. Severely eroded slopeswill need maximum plant cover protection. Grass and trees or shrubs for wildlife are usually the best use here, although some eroded land can be reclaimed for cultivated crops or pasture lands if the soil is deep enough and if the slope is not too steep. Some land slopes so much that any cultivation of the soil will result in serious erosion in spite of what the farmer does to protect it. Even too much grazing or heavy cutting of timber will have bad effects. Steep slopes will be more profitable to the farmer in the long run if used for grass or trees. Gentle slopes, provided the soil is satisfactory in other ways,canbe safely cultivated and used for crops like corn, cotton, and vegetable crops. Level lands are also good for livestock operations. Level land that is well drained, has deep soil, and has no physical impediments like outcropping rock makes the best land for growing cultivated crops. Such land can be cultivated frequently.
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After a careful study of the land and soil characteristics, the farmer makes a plan to use each part of his/ her farm within the physical limitations imposed by nature. This plan becomes the farmer's blueprint for his farming and livestock operations. It incudes a plan that puts each acre of land to work effectively. A farmer's plan also takes into consideration what crops the farmer wants to grow and what livestock he/ she wants to raise.
 After the farmer plans for the effective use of each acre of cropland, he/she then plans the necessary supporting conservation practices like crop rotations, terraces, grass waterways, strip-cropping, contour farming, pasture rotation, and woodland protection. If the farmer chooses to raise livestock, the plan will also include safe animal waste management practices such as dry stacks, holding ponds, grass filter strips, fences, and a plan to apply manure to croplands as a fertilizer and soil conditioner.
 When a farmer plans and manages hidher farm according to the physical nature of the land in a manner that protects land and water resources, it is called conservation farming.
 PROCEDURE
 I. Setting the Stage
 A. Tell the students that (1) land management activities to control nonpoint source pollution are called best management practices (BMPs); and (2) agricultural BMPs are farming practices that reduce erosion, pesticide use, fertilizer use, and effectively manage animal waste.
 B. Have the students conduct research to find out about the following farming practices. (See references listed in this activity.)
 1 Farming Practices 1 Animal Waste Management
 1. 2. 3. 4. 5. 6. 7.
 8. 9.
 10.
 Contouring Crop rotating Terracing Field borders Grass waterways and buffer zones Field windbreaks Proper timing and application of fertilizers and pesticides Conservation tillage No-till farming Strip-cropping
 1. Fences 2. Grass filter strips 3. Storage ponds/lagoons 4. Drystacks 5. Animal waste application
 methods
 C. Explain what land contours are by using a topographic map. (See reference listed in thsactivity.)
 HI. Activity
 A. Using information students gathered during research of farming practices, have them plan what their conservation farm will looklikeongraphpaper. If theconservation farmmodelcan be based on local land use problems and water quality problems, it will be more effective in helping students relate best management practices (BMPs) to their own community. Teachers in urban schools can relate wise use of soil and water to the everyday lives of urban students by pointing out that food, lumber, wool, cotton, and other necessities come from agriculture.
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B. Plan the model.
 1. The model should be planned in detail under your guidance as teacher. Discuss what farming methods you are going to use and why. How will this prevent streams from becoming polluted with sediment, fertilizers, pesticides, or animals wastes?
 Decide what construction materials are needed, what soil and water conservation measures are to be applied, and how structures such as dams, terraces, bridges, fences, and buildings are to be modeled. The assignment of various construction details on the basis of age and skills makes it possible for all students to share in the work.
 Be sure to review safety procedures with students on the use of tools. Also be careful to use paints and glues in a well ventilated area.
 2.
 3.
 C. In making plans for this project, consider the sources of outside information and assistance. Where can you find out what the local soil erosion problems are and what water conservation measures are in use? What visual aids and references are available? Local representatives of state and federal conservation agencies and organizations, including conservation farms and ranchers, canbe helpful. In Canada, these representatives can be found at both the federal and provincial levels.
 OGLUE LAYERS OFILE EPGES OFF WAINT WITH GLUE TO bETH €R WITH WOOD PAS P AND ZJPRINKLE
 W I T H SAND
 73

Page 84
                        

D. The model can be a replica of the general terrain of the community in which the school islocated, or you can select a nearby farm or ranch that the class can study firsthand. Let the students see the erosion problems, then build a model showing the land as it should be used. (NOTE: If constructingamodel is too expensive, you maywant to have themillustrate the farm on a mural instead.)
 E. Models are usually built of fiber insulation board, papier mache, or a salt/flour mixture on a sturdy base. One good method is to use pieces of thick fiberboard cut to match the outlines of the different contours of the land. The pieces are stacked in the order of succeedingelevations and glued together. The edges of the layers are then filed off with a wood rasp to make the slopes smooth and even.
 If you want to makea model of an actual farm, your first step is to get a contour map of it. You can contact a local Soil Conservation Service representative for sample maps of local farms. He/she can also give you suggestions about reproducing the contours to scale on the model. If the terrain is flat, you may need to exaggerate the steepness two or three times. Make a base for the model from 1-inch (2.5 cm) lumber the size and shape of the farm. An 80-acre (30 ha) farm could be 2 feet by 4 feet (60 cm x 120 cm). You can make the models smaller or larger if you choose. You may wish to construct the model in smaller pieces and assemble it together in one place for viewing. The first layer of insulation board should be the same size as the base. Cut the succeeding layers according to the contour lines and glue them together. You may be able to save material and reduce the weight of the model by having the layers overlap only a little so that the inside is hollow. Plastic crack filler or papier mache maybe useful during the final shaping. You may want to make some minor cuts and fill for roads, gullies, and other physical features.
 F . Asthefirststepindecoratingthemode1,paintit withglue. Whiletheglueisstilltacky, sprinkle screened sand over it. This surface has a texture that will make it look like fields and pastures when painted suitable colors. In deciding on the scale for the other items on the model, it is a good idea to start with the buildings. They need not be same scale as the land; usually they can be somewhat larger. But other items such as fences, machinery, and livestock should be in scale with the buildings.
 Buildings and dry stacks-Cut buildings from balsa or other softwood. You can do some carving but windows and doors can be painted in. You may want to use toy farm buildings instead of making your own.
 Fences-Drive dark nails or pins for fence posts and cut them off at a suitable height. For barbed wire, use fine wire fastened by a loop around each post. For woven wire, cut strips of screen and push them into the modeling material; fasten with airplane glue. Some toy farms contain fences which might be used.
 Storage pond-You can use papier mache or modeling clay to shape your storage pond. Manure can be represented with brown sawdust.
 Farm pond or creek-Either can be made with papier mache and painted blue.
 Clover, alfalfa, and grass-The best way to simulate these crops is to paint the areas and sprinkle sawdust of appropriate colors over them. Sawdust coming from different kinds of machines, such as sanders, saws, chippers, and jointers, hasdifferent textures. The texture can be altered by screening. Coarse-textured sawdust is best for crops like alfalfa and clover; fine sawdust would be best for grass. Color the sawdust with a mixture of about one-fourth paint and three-fourths turpentine. Pour this over the sawdust and then spread it out to dry. You might also choose to glue small seeds on the model and paint them.
 74

Page 85
                        

3 k.
 Bare soil-Fine sawdust or sand, or the modeling material itself will give about the right texture then painted the appropriate color.
 Terraces-Loosely twisted heavy cord or small rope can be glue to the model. The areas above and below the cord or rope can be filled with the crack filler, then shaped to give the form desired.
 Com-You can represent young corn by gluing strips of stiff burlap vertically in rows. After the glue has set, pull out the horizontal threads. Then split and curl the remaining vertical threads. Dried flowers might also work well.
 Shrubs-Cut sections from colored sponge and glue them in place. You can make isolated trees in the same way, but to represent a woodlot, treat the whole area as a mass, usingcolored sponge. Dried flowers may also work well.
 Trees-Twigs or certain dried flowers make great trees. You can spray paint the top green if you want.
 Animals-Small plastic farm animals work great and can be glued directly to the model.
 People-Small plastic people figurines may also be glued to the model.
 G. Construct the model.
 1. Get pictures of actual farms and use them to plan your farm, especially animal waste management facilities. Models of farms can also be made with papier mache. On a sturdy base make the farm you want by bending and shaping chicken wire. Then cover it with layers of paper dipped in paste, until you have the right amount of strength and form.
 2. Add the buildings, fences, and crops as explained above. For younger children, don't overlook the sandbox. It offers a good opportunity to makea less elaborate model. Even with sand, it is best to copy an actual farm even though you will need to exaggerate the topography
 3. Make sure the students label each conservation practice. Also include the reason you chose the practice. For example, fences prevent animal access to the stream, and reduce erosion and animal waste pollution.
 111. Follow-Up
 A. Display the model in a prominent place in your school or community.
 B. Plan an assembly program or do a presentation for other classes and have students explain what they learned.
 C. Have members of the class write student reports on various farming practices such as dry stacks, buffer zones, and no-till farming.
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CLOVER. ALFALFA -'> VARIOUS TEXTURES q L U E DOWN PAP\EE/ SMALL PLASrlC NAILS OR PIP& OF SAWDUST, HEAVY CORD MACH E ANIMALS LoOP WITH
 N. Extension
 A. Invite a farmer or representative of the local soil extension service or a conservation authority (Canada) to come to your presentation as a guest. Have them evaluate your model. Is your farm practical and economical? Does it really prevent agricultural nonpoint source pollution?
 B. Arrange for the class to visit a demonstration farm in your area.
 RESOURCES
 "Cattle Waste Management," "Dairy Waste Management," Poultry Waste Management," and "Swine Waste Management," Tennessee Valley Authority, Knoxville, Tennessee, 1985.
 ProtectinP - Minnesota's Waters, The Land-Use Connection, Minnesota Pollution Control Agency, St. Paul, Minnesota, 1986.
 TeachinP - Soil and Water Conservation, A Classroom and Field Guide, U.S. Department of Agriculture Soil Conservation Service, PA-341,1977.
 Touozrauhic Maus, U.S. Geological Survey, Denver, Colorado, 1984.
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GLOSSARY
 acid rain: rain with a pH of less than 5.6; results from atmospheric moisture mixing with sulphur and nitrogen oxides emitted from burning fossil fuels; causes damage to buildings, car finishes, crops, forests, and aquatic life.
 algal bloom: a heavy growth of algae in and on a body of water as a result of high nitrate and phosphate concentrations from farm fertilizers and detergents.
 alfalfa: a plant, Medicaeo sativa, that isalegume havingcompound leaves with threeleafletsand clusters of small purple flowers; widely grown for a forage crop and groundcover.
 aquifer: any geological formation containing water, especially one that supplies water for wells and springs.
 atmospheric deposition: particles from the atmosphere deposited on the earth’s surface in either wet or dry form.
 best management practices: an engineered structure or management activity, or combination of these, that eliminates or reduces an adverse environmental effect of pollutants.
 biodegradable: capable of being decomposed by natural biological processes.
 cadmium: a soft bluish-white metallic element (atomic number 48), occurring primarily in zinc, copper, andleadores. It isusedin theproductionof tiresandisa toxicpollutant instreetand parkinglotrunoff.
 catalytic converter: a reaction chamber typically containing a finely divided platinum-iridium catalyst into which exhaust gases from an automotive engine are passed together with excess air so the carbon monoxide and hydrocarbon pollutants are oxidized to carbon dioxide and water.
 clarity: the state or quality of being clear.
 clearcutting: felling and removing all trees in a forest area.
 coliforms: bacteria found in the intestines of warm-blooded animals that aid in the digestion process; used as indicators of fecal contamination in water quality analyses.
 composting: mixing together leaves, grass clippings, table scraps, and soil and allowing to decompose into mulch that is high in nutrients and usable in gardens and flower beds.
 conservation farming: the management of farm activities and structures to eliminate or reduce adverse environmental effects of pollutants and conserve soil, water, plant, and animal resources.
 contour plowing: plowing sloped land by going around the hill (instead of up and down) to reduce erosion, control water flow, and increase moisture penetration.
 crop-dust: the application of pesticides to crops from the air using an airplane or helicopter.
 dissolved oxygen: oxygen gas (0,) dissolved in water.
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diversion ditch: a channel constructed across a slope to divert runoff water and help control soil erosion.
 drainfield the part of a septic tank system where the wastewater is carried to the soil for absorption.
 dredging: removing solid matter from the bottom of a water body.
 drinking water treatment: the filtration, treatment, and chlorination of water to make it suitable for human consumption.
 erosion: processes, including weathering, dissolution, abrasion, corrosion, and transportation, by which material is removed from the earth's surface.
 Escherichia coli: a specific coliform (see coliform).
 eutrophication: changes that take place after a water body receives inputs of nutrients, mostly nitrates and phosphates from erosion and runoff of surrounding lands.
 fish kill: the sudden death of fish due to the introduction of pollutants or the reduction of dissolved oxygen concentration in a water body.
 fungicide: an agent that kills fungi.
 grass filter strip: a strip or section of land in permanent vegetation (e.g. grass), established downslope of agricultural operations to control erosion and slow, reduce, or prevent pollutants from entering an adjacent water body.
 groundwater: water that infiltrates into and is stored in the soil.
 heat retention: the retaining of heat.
 landfill: a large, outdoor area for waste disposal; landfills where waste is exposed to the atmosphere are called open dumps; in sanitary landfills, waste is layered and covered with soil.
 leachate: the syrupy liquid formed when water (from precipitation) infiltrates through the soil covering a landfill and percolates down through the waste, picking up a variety of suspended and dissolved materials from the decomposing waste.
 lead a soft, malleable element (atomic number 82) used in metals, solder, pipes, paints, and bullets; a toxic pollutant known to cause nervous system disorders.
 mercury: a metallic element (atomicnumber80) that at room temperature isa silvery, heavy liquid; used in thermometers and certain industrial processes. Mercury is known to increase in concentration as it moves up through the food chain resulting in toxic concentrations at the top of the chain.
 midnight dumping: a term used for the illegal disposal of hazardous wastes.
 mine spoils: the discarded remains leftover from mining operations; a source of acidic and other toxic pollutants.
 nitric acid: a component of acid rain; corrosive; damages buildings, vehicle surfaces, crops, forests, and aquatic life.
 nitrogen oxides (NO,): toxic, colorless gases that result from the burning of fossil fuels; mixes with atmospheric moisture forming nitric acids, a major component of acid rain.
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nitrate (NO, or compounds containing it): fertilizer consisting of sodium nitrate or potassium nitrate, an urban and agricultural nonpoint source pollutant.
 nonpoint source pollution: pollution that cannot be traced to a specific point, but rather from many individual places (e.g., urban and agricultural runoff).
 no-till: the management of farming activities with the minimum disturbance of the soil; planting a field without preparation of the seedbed.
 nutrients: substances such as fertilizer; phosphorous and nitrogen compounds which enhances the growth of plants and animals.
 oxygen-demanding substances: biodegradable organic matter in water that is broken down by microorganisms utilizing dissolved oxygen in the process.
 pathogens: disease-causing organisms (e.g., bacteria, viruses, fungi, etc.).
 pesticide: any chemical or biological agent that kills plant or animal pests; herbicides, insecticides, fungicides, rodenticides, etc., are all pesticides.
 p H a measure of the concentration of hydrogen ions in a solution; the pH scale ranges from0 to 14, where 7 is neutral and values less than 7 are acidic and values greater than 7 are basic or alkaline.
 phosphorous: a nonmetallic element (atomic number 15) used in the production of detergents and phosphate-containing fertilizers.
 point source pollution: pollution that can be traced to a single point source, such as a pipe or culvert (e.g., industrial and wastewater treatment plant discharges).
 pollution prevention: the use of processes, practices, or products that reduce or eliminate generation of pollutants and wastes including those which protect natural resources through conservation or more efficient utilization of resources.
 recreation: any activity which restores, refreshes strength and emotional well-being after work; water- related recreation includes swimming, fishing, boating, water skiing, picnicking, hiking, and camping.
 reduced-tillage agriculture: farming practices that disturb the soil less than conventional methods.
 riprap: large rocks placed along the bank of a waterway to prevent erosion.
 rodenticide: any chemical or biological agent used to kill rodents (mice, rats, etc.).
 row-cropping: a farming practice where crops are planted in rows usually between 10 and 24 inches (.27 - .65 m) wide (commonly used in growing corn and soybeans).
 runoff: water (originating as precipitation) that flows across surfaces rather than soaking in; eventually enters a water body ; may pick up and carry a variety of pollutants.
 scrubbers: pollution control equipment used to remove sulfur dioxide and particles from coal burning power plants before smokestack emissions.
 sediment: insoluble material suspended in water; a major nonpoint source pollutant that other pollutants may attach to.
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sediment load: the solid material that is transported by water.
 selective cutting: the timber harvesting practice where only selected treesarecut and the rest are allowed to remain.
 septic tank: a domestic wastewater treatment system into which wastes are piped directly from the home; bacteria decompose the organic waste, sludge settles to the bottom of the tank, and the treated effluent flows out into the ground through drainage pipes.
 shock-loading: the sudden introduction of pollution to a water body that severely impacts the aquatic life.
 slash: branches and other residue left on a forest floor after the cutting of timber
 spoil piles: the piles of leftover materials from mining operations (see mine spoils).
 strip mine: an open mine, especially a coal mine, where the topsoil and overburden is removed to expose and extract the coal.
 sulfuric acid the acid (%SO,) formed when sulfur oxides combine with atmospheric moisture; a major component of acid rain.
 sulfur oxides: toxic gases (So,) that are a result of burning fossil fuel; a major contributor to acid rain.
 surface water: precipitation which does not soak into the ground or return to the atmosphere by evapottation or traspiration, and is stored in streams, lakes, wetlands, and reservoirs.
 switchbacks: roads or trails with a zigzag pattern designed to minimize erosion.
 tailings: rock and other waste materials removed when minerals are mined; usually dumped onto the ground or deposited into ponds.
 terrace: a horizontal or gently sloping embankment of earth along the contours of a slope to reduce erosion, control runoff, or conserve moisture.
 toxic chemicals: any chemical that causes death or damage to humans, animals, or plants.
 trace metals: naturally occurring metals found in minute quantities in the environment.
 wastewater treatment: the process by which municipal wastewater is treated and cleaned before discharging into a waterbody.
 water cycle: the cycle of the earth’s water supply from the atmosphere to the earth and back which includes precipitation, transpiration, evaporation, runoff, infiltration, and storage in water bodies and groundwater .
 water pollution: any humancaused contamination of water that reduces its usefulness to humans and other organisms in nature.
 watershed: land area from which water drains to a particular water body.
 water table: upper surface of the zone of saturation.
 zone of saturation: area above an impermeable layer where all openings are filled with water.
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WATER
 More than three quarters of the Earth’s surface is made up of water. Approximately 80 percent of the human body is water. Water is essential to all plant and animal life. Many organisms can live without oxygen, but none without water. So water supply and quality are critical.
 The Water Cycle
 Water is the original renewable resource. We use the same water today as we did centuries ago. We just keep recycling and reusing it over and over.
 Water has its own cycle in which it is naturally purified and replenished. In this cycle, water naturally circulates through seven principle places: oceans, lakes, and rivers; ice caps and glaciers; underground; and the atmosphere. This cycle consists of the processes of evaporation, sublimation, transpiration, condensation, and precipitation.
 Evaporation is the changing of a liquid to a gas. Sublimation is the changing of a solid (ice) directly to a gas. It is a slower process than evaporation, but it is still part of the water cycle, particularly in colder areas. These processes are critical to the renewal and purification process because as water changes into a gas, it leaves behind any contaminants that it may have picked up in liquid or solid form.
 Transpiration is the process by which plants use water from the ground and give off water vapor into the air. A single tree can release more than l0,OOO gallons (37,850 liters) of water a day back into the atmosphere. This is also a purification process.
 As the atmosphere absorbs water vapor from evaporation, sublimation, and transpiration, it reaches a saturation point. As the air is saturated, water vapor condenses into droplets that form clouds, fog, dew, and in cold weather, frost. When water droplets in a cloud become too heavy, they fall as precipitation in the form of rain, snow, sleet, or hail. Condensation and precipitation complete the cycle of water from the earth to the atmosphere and back again.
 Surface Water and Groundwater
 Much of our water supply is visible, in the form of surface water in oceans, lakes, streams, rivers, and glaciers. Surface water originates as either runoff from rain, melting snow, and/or groundwater.
 But much of the water supply is unseen, in the form of groundwater. Groundwater originates either as rain or snow which gradually seeps into the ground until it reaches impermeable layers, such as shale, slate, or clay. When water completely fills the spaces between soil and rock particles, it forms a zone of saturation. The top of this zone is called the water table. The water table can rise or fall, depending on how much water is absorbed into the ground or how much water is removed from it. An area capable of supplying a significant amount of groundwater to a well or spring is known as an aquifer.
 Groundwater may be trapped in rock formations, or it may flow through porous rock or even underground rivers. The ability to access groundwater supplies through wells or springs is vital to the development of some areas. Deserts have been transformed into viable agricultural areas using groundwater resources.
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WATER POLLUTION
 Water pollution is any human-caused contamination of water that reduces its usefulness to humans and other organisms in nature.
 From the moment it begins to fall as rain, water begins to collect natural impurities. These can be dust particles in the air, minerals and organic matter in the soil, or material that enters lakes, streams, oceans, or groundwater. Some of these impurities, in small quantities, can be beneficial. Minerals are a good example. But in larger quantities, natural impurities become water contamination. For example, when a volcano erupts and dust from the volcano enters water bodies, the water is contaminated, not polluted.
 According to the U.S. Clean Water Act of 1986, water pollution is caused by humans and canbe divided in two classes. Point source pollution is contamination that comes from a single, clearly identifiable source, such as a pipe which discharges material from a factory into a lake, stream, river, bay, or other body of water. Point source pollution is relatively easy to identify and control.
 Nonpoint source pollution is more difficult to identify because it originates over a broad area from a variety of causes. Examples of nonpoint source pollution include 1) animal wastes from agriculture; 2) pesticides and fertilizers; 3) sediment from mines, construction, agriculture, and logging; 4) leachate from landfills; 5) effluent from failing septic tanks; 6 ) petroleum-based products from streets and parking lots; and 7) atmospheric deposition. Because of its dispersed sources, this type of pollution can be difficult to control.
 Water pollution, whether point source or nonpoint source, canbe broken down into four main categories: sediment, nutrients, bacteria, and toxics.
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:3 LAND USE AND WATER QUALITY
 Urbanization
 The urbanization of land concentrates people, and the pollutants that result from their lifestyles, in areas that are largely covered with impervious surfaces-buildings, driveways, roads, sidewalks, and parking lots. Thiscombinationof people, pollutants,and pavement produces urban runoff that canca rryagreater pollutant load than municipal sewage.
 The amount of pollutants carried in urban runoff with stormwater or snowmelt is influenced by traffic density, littering, fertilizer and pesticide use, construction site practices, animal wastes, soil characteris- tics, topography of the area, percentage of impervious surfaces, atmospheric deposition, and amount of precipitation.
 Pollutants transported in urban storm sewer systems to nearby waters include nutrients, bacteria, litter, soil, toxic chemicals, and organic (oxygen-consuming) materials.
 Construction Sites
 Construction activities can harm nearby waters in three ways. The first occurs when natural land cover is disturbed during excavation and grading operations. Soil stripped of its protective vegetation can be easily washed into nearby surface waters.
 Second, stormwater runoff often carries materials used on the site, such as oil, grease, paints, glues, preservatives, acids, cleaning solutions, and solvents, into nearby lakes or streams.
 And third, inadequate planning-failure to design and construct projects with water quality factors in mind, such as peak runoff and flow routing-can accelerate runoff.
 Septic Systems
 Many homes are not connected to municipal wastewater treatment systems and rely on septic tanks and field lines for sewage treatment.
 If they are well designed, installed, and maintained, septic systems will safely treat wastewater for 20 to 50 years. Improper design, installation, or operation of septic systems or holding tanks can lead to pollutionof surface or ground-watersby bacteria,nutrients, and household toxic chemicals. A recent US. Environmental Protection Agency (EPA) report stated that most waterbome diseases are probably caused by old or poorly designed and operated septic systems.
 Septic systems use natural decomposition to treat wastes. Holding tanks do not treat wastes, but simply contain them on site. Both septic systems and holding tanksmust be periodically pumped out or cleaned. Care must be taken in disposing of the materials removed in this cleaning. Solids cleaned out of septic systems can be land-spread since they are partially treated, but continuous spreading on a single site of land should be avoided. Wastes removed from holding tanks need additional treatment since they generally have not undergone much decomposition.
 Deicing Materials
 Keeping roads safe in the winter requires the use of deicing materials, bu t the stockpiling and application of these materials (primarily sand and salt) can harm surface and groundwater.
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Runoff from inadequately protected stockpiles of salt or sand and salt mixtures has contaminated both surface and groundwater. One study estimated that if all stockpiles were covered, most of the reported cost to the environment from the use of deicing materials would be eliminated.
 Frequent or highly concentrated road salt application can cause surface water quality problems, particularly in small lakes or streams. Shallow groundwater contamination may be caused by the use of deicing materials, particularly in areas of sandy soils or karst topography (where there are direct connections, such as sinkholes, between surface and groundwaters).
 Croplands
 Stormwater and snowmelt runoff from croplands can carry sediments, nutrients, bacteria, and organic contaminantsinto nearby lakesand streams. Nitrates and pesticides can seep from agricultural landsand contaminate underlying groundwater supplies.
 By volume, sediment is the pollutant entering waters in the largest quantity. Cropland erosion is the most significant source of sediment.
 Good water quality and soil erosion management practices by individual land managers is the key to stopping valuable soil loss. This also protects water quality by preventing the movement of sediment and other pollutants from croplands to waters.
 Livestock Operations
 Animal feedlots are defined as lots and buildings used to confine animals for feeding, breeding, raising, or holding purposes. This definition includes open ranges used for feeding and raising poultry, but does not include pastures.
 Poor or inadequate feedlot management can allow stormwater runoff to carry pollutants from accumu- lating manure into surface and groundwaters.
 \
 The trend nationally has been toward the construction and operation of fewer, but larger and more specialized livestock and poultry farms.
 Feedlots can create significant pollution problems. Pollutants coming from animal feedlots include nutrients, oxygen-demanding materials, and pathogens that may affect humans and animals. High nitrate levels in groundwater have been associated with improper storage of animal manure.
 Fertilizers
 Nitrogen, phosphorus, and potassium are the three primary nutrients applied to crops, gardens, and lawns as fertilizers.
 Phosphorus and nitrogen entering water bodies in runoff from overfertilized areas can cause nuisance conditions, such as heavy algal blooms and excessive weed growth, making lakes unsuitable for swimming, waterskiing, and other uses.
 The presence of nitratesin rural well water presentsa risk to infantsunder sixmonths old whose formula is prepared with nitrate-contaminated water. Young infants lack the ability to handle high levels of nitrate and may develop methemoglobinemia (blue-baby syndrome), a disease impairing the ability of blood to carry oxygen throughout the body.
 Studies have indicated that nitrogen in fertilizers and manures is a probable source of elevated nitrate concentrations in rural groundwater supplies.
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Pesticides
 Pesticides are used to control undesirable plants or animals. They include herbicides, insecticides, fungicides, and rodenticides. Pesticidesareused on agricultural lands, on urban and suburbanlawns and gardens, as aquatic nuisance controls in lakes, and in forest management.
 Pesticide application can lead to groundwater contamination. Surface waters can be contaminated by drift from pesticide spraying and by runoff from pesticide-treated soil. Both surface and groundwaters are vulnerable to contamination by stormwater runoff flowing from storage, mixing, loading, and spray- tank cleaning areas.
 Mining Activities
 Mining activities can cause dramatic changes in surrounding watersheds. Lakes, streams, and ground- water can be polluted by sediment, tailings, dust, chemicals, and wastes from open pit, strip, and underground mines.
 Regulations to control mining activities have been instituted at both U.S. Federal and state levels. The National Pollutant Discharge Elimination System (NPDES) permit program administered by state agencies regulates discharges from industries into state waters and is used as a tool to regulate pollution from mining.
 Forest Practices
 Waters inforested areas usually are of very high quality, so pollution, when it does occur, is likely to harm a valuable and relatively sensitive ecosystem.
 Forestry activities that can transfer pollutants from land to water are road construction, clearing land for fire breaks, stacking and loading operations during harvest, mechanical site preparation, controlled burning for site preparation, and application of pesticides and herbicides.
 Many large forested areas are managed by the U.S. Forest Service and state agencies. These agencies have authority to protect water quality by regulating forestry practices on public lands. Establishing effective forest management practices on private land is the primary concern for continued water quality protection from forestry activities.
 SOURCE: Tennessee Valley Authority, Teacher/Student Water Quality Monitoring Network Fall Workshop Teacher Guide, TVA, Norris, Tennessee, 1992.
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3
 SEDIMENT WATER POLLUTION
 Sediment is the most prevalent water pollutant. America’s water is polluted by more than one billion tons of sediment annually. Every day, Americans lose millions dollars because of sediment pollution.
 sediment is mineral or organic solid matter that is washed or blown from land into lakes, rivers, or streams. It can be point source or nonpoint source pollution. Typically, it comes from nonpoint source causes. Sources of sediment pollution include construction, row-cropping, livestock operations, logging, flooding, and runoff from urban areas. Sediment by itself can be a harmful pollutant and it can transport other contaminants.
 The results of sediment pollution can be devastating. It can clog municipal water systems. Lakes and reservoirs can receive so much sediment that they actually fill in. Sediment can turn a deep lake into a shallow wetland area over time. Fine sediment can blanket the bottoms of lakes and rivers and smother aquatic life such as insects and mussels. Sediment can also interfere with spawning.
 Sediment canalso be detrimental while it is still suspended in water. It can make water cloudy or turbid. High turbidity makes water aesthetically unpleasant and reduces recreational opportunities. Suspended sediment can clog fish gills which interferes with breathing. Some species of fish, such as smallmouth bass, will not live in a highly turbid aquatic environment, and studies indicate that high turbidity decreases fishing success.
 sediment in water can also create thermal pollution problems. Sediment darkens water which causes it to absorb more solar radiation. This raises water temperatures to the point where it may not support some formsoflife. At thesame time, sedimentblockslight fromreachingaquaticplantlife,slowingor stopping plant growth. Also, warmer water cannot hold as much dissolved oxygen. In fact, oxygen levels can be reduced to the point that fish kills occur.
 Solutions
 Because many causes of sediment pollution are nonpoint source, finding solutions to the problem can be difficult. In some cases, solutions are ongoing activities like dredging and water filtration. In the U.S., over 2,000 billion gallons (7,570 billion liters) of water are filtered annually to remove sediment and silt.
 However, many causes of sediment water pollution can be reduced or eliminated through proper land management, particularly for activities that create erosion, such as agriculture, construction, mining, and logging.
 Croplands account for the largest amount of sediment pollution. Bare earth erodes quickly, since there is no plant cover to protect soil from rainfall or wind. Careful land management can reduce erosion dramatically. Better livestock management practices can also reduce sediment pollution from livestock trampling streambanks and reducing vegetative cover. Runoff can be channelled into lagoons where sediment settles before water is released into streams. The nutrient-rich sediment can then be used to fertilize croplands.
 Construction sitesand strip-mined areascan lose soil to erosion at a rate up to 70 tons (63.5 metric tons)per acre per year-fifteen times higher than the normal rate from croplands. Many U.S. Federal and local laws require construction and mining companies to reclaim land instead of leaving it bare to the ravages of erosion and subsequent sediment pollution. Proper management of logging areas can reduce runoff,
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improve forest stands, and make reforestationeasier. Aerial photography is now being used to determine land use in specific areas, identify drainage pattems, and establish erosion rates. Information can be quickly gathered in this manner and steps taken sooner to alleviate nonpoint source water pollution problems. ?
 90

Page 101
                        

NUTRIENT WATER POLLUTION
 Many of the nutrients used to bring the earth to life can "overfeed" a waterway to death. Nutrients like phosphates and nitrates stimulate plant growth and are primary ingredients in fertilizers. These compounds occur naturally. In fact, certain levels of nutrients are necessary to maintain healthy aquatic ecosystems. But in excess quantities they can cause great damage. Approximately 80 percent of nitrates and 75 percent of phosphates introduced to lakes and streams in the U.S. are the result of human activities.
 Naturally occurring nitrates and phosphates usually are limiting factors in the growth of plant life. In other words, they occur in limited amounts that help govern the growth of different organisms and keep ecosystems in balance. But when excess amountsof these nutrients are introduced into a waterway, some plant species can experience explosive growth, literally out-competing other life forms.
 Sources of nutrient pollution are sewage and septic runoff, livestock waste, fertilizer runoff, detergents, and industrial wastes. Some of these are point sources, while others are nonpoint sources.
 When soluble inorganic nitrogen concentrations in water reach just 0.3 parts per million and inorganic phosphorus concentrations reach 0.01 parts per million, algae "blooms" or multiplies rapidly. An algal bloom can become so severe that an entire lake can be covered with green, foul-smelling mats of algae. Clear water can become so cloudy that visibility is restricted to a depth of a foot or less.
 Rapid and excessive growth of algae and aquatic plants can change the character of lakes, streams, and coastal waters and impair their recreational uses. Nutrients can cause aquatic weeds and other undesir- able plants to flourish. Filamentous or branched algae can foul up boat propellers. Blue-green algae can stain boats and give swimmers a skin rash. Algal blooms can also impair water quality. If the waterway is a source for municipal water supplies, it can be expensive to remove impurities and odors caused by algae. Algal blooms can impart toxins into water that cause human and livestock digestive problems. Blue-green algae is toxic to most livestock. In fact, in some coastal areas it is dangerous to eat foods like oysters at certain times of the year because of algal toxins. Masses of algae can wash up on shore, decay, and produce hydrogen sulfide gas, which smells like rotten eggs.
 Algal blooms can harm other aquatic life. Algae, like all plants, requires oxygen for respiration and growth. When algae multiply rapidly, the larger population requires more oxygen, which can deplete the supply for other aquatic life. This can cause other organisms to suffocate. For example, it is not uncommon for fish kills to occur at night when algae are using oxygen to respire and grow instead of producing it through photosynthesis.
 When an algal bloom clouds water, it can block sunlight from reaching other plants, killing them or limiting their growth. And as the algae dies, the bacteria which feed on it can deplete oxygen levels in the water to the point where other life forms are weakened or killed.
 Eutrophication is a process where lakes and other water bodies accumulate decaying plant materials and begin to shrink in size. The addition of nutrients to a lake or other waterway which causes plant growth and subsequently causes eutrophication is a naturally occurring process. It happens slowly over millions of years. When the process is accelerated by the addition of excess nutrients, it can be very serious. Eutrophication caused Lake Erie to "age" nearly 15,000 years between 1950 and 1975.
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Solutions
 Since many sources of nutrient pollution are human-caused, they have the potential to be controlled. It has been estimated that the amount of fertilizersused has increased more than 15 times since 1945. There is a movement to curb the use of high phosphate and nitrate fertilizers in areas where nutrient pollution is a problem, even though crop yields would be reduced. Land management practices, such as crop rotation to reduce fertilizer requirements, is another option.
 Homeowners can also adopt more environmentally sound lawn and garden practices. In many places, chemical tests indicate that individuals use 10 to 50 times more fertilizer than necessary for good plant health. Substituting compost as a mulch and fertilizer can eliminate this potential pollution source. (Composting also reduces waste going into landfills.)
 Most sewage treatment plants only remove about 50 percent of the nitrogen and 30 percent of the phosphorus from domestic sewage. This still allows an estimated 200 to 500 million pounds (90 to 225 million kg) of phosphates into waterways every year. The use of lower phosphate detergents has been encouraged to reduce this, along with improving sewage treatment systems to remove more nutrients before water is released.
 Proper management of livestock can also reduce nutrient pollution from animal wastes. Lagoons and holding ponds in feedlots can trap animal wastes and reduce nutrient pollution. U.S. Federal and local wastewater release laws govem industrial releases of materials that could contribute to nutrient pollution.
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 BACTERIAL WATER POLLUTION
 Bacteria are necessary for the decomposition of organic material in water. But decomposition requires oxygen. There is plenty of oxygen in the air, but oxygen dissolved in water is limited. If there are too many bacteria in water, they must compete for oxygen with fish and other organisms.
 The amount of bacteria present in waterbodiesdepends upon the amount of organic materials to decom- pose. The more organic material to decompose, the faster bacteria multiply to decompose the material. Large numbers of bacteria can deplete oxygen supplies in water from a normal level of about ten parts permillion tounderoneortwo part spermillion. At thisleve1,manyaquaticinsectsandfish cansuffocate. Even a short-term drop in oxygen levels can be enough to cause fish kills. Long-term reductions in dissolved oxygen levels can cause game fish like lake trout to die off and be replaced by trash fish like carp, which can survive on lower oxygen levels. The Federal government monitors waterways across the country for oxygen content, because this factor is considered critical to the health of a lake or stream.
 Bacterial water pollution Can be caused by a variety of point and nonpoint sources. These include 1) improperly treated sewage; 2) runoff from livestock wastes; 3) industrial sources such as slaughter- houses, food processing plants, or paper mills; and 4) poorly designed or mismanaged landfills.
 In addition to oxygen depletion problems, bacterial water pollution can be the source for the spread of many diseases. This can bea danger for both surface and groundwater supplies. Among the diseases that can be spread in this manner are diarrheal diseases, infectious hepatitis, parasitic diseases, cholera, dysentery, salmonella, and typhoid fever. Testing for all these diseases would be complicated, so health officials analyze water for the presence of coliform bacteria. Coliforms, by themselves, are not harmful, but are used as an indicator of fecal contamination where most waterborne disease-causing organisms originate. Water is considered unsafe for human consumption if tests indicate the presence of more than one coliform bacterium per 100 milliliters of water. During periods of heavy runoff, beaches may be closed because of high coliform counts. The principal source of this type of bacterial pollution is poorly treated municipal sewage, although urban runoff (which can contain high levels of pet wastes) can also be a problem after heavy rains.
 Inruralareas,runoff fromlivestockoperationscancreate bacterial pollution, ascan failing septic systems, which can contaminate groundwater supplies and make well water unsafe. Rural ponds and lakes used as watering sources for animals can rapidly spread disease among entire herds. In urban areas, runoff containing pet wastes contribute bacteria to urban waterways. Poorly designed or mismanaged landfills, open dumping, and litter also contribute harmful bacteria to water bodies.
 Solutions
 The fight against bacterial water pollution is almost as old as man himself. Epidemic diseases such as cholera killed hundredsof thousands of people before the linkbetween them and polluted water supplies was established. In third world countries, the lack of clean water still allows disease to run rampant.
 Proper sewage treatment is the key to stopping most bacterial pollution. Modem municipal sewage treatment plants are capable of controlling bacterial pollution, unless stormwater runoff overwhelms the treatment systems. Private septic systems, however, can be a significant problem.
 Well-designed septic systems will safely treat wastewater for 20 to 50 years, but a failing system can lead to pollution of both surface and groundwater. The U.S. Environmental Protection Agency reports that most waterborne diseases are caused by old or poorly designed septic systems. Systems should be periodically pumped out and cleaned, with the removed material disposed of properly.
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Today most landfills are designed with liners to prevent leachate from contaminating water supplies. Open dumps and litter problems can be controlled by always disposing of wastes properly. Wastes can be reduced by decreasing what we buy, reusing items, purchasing reusable products instead of dispos- ables, purchasing products with less packaging, composting organic wastes, and recycling.
 Proper management of livestock wastes can also eliminate bacterial pollution problems affecting both humans and animals. In urban areas, particularly where domestic animals are abundant, pet owners should collect and dispose of pet waste either in compost piles or with their other garbage.
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TOXIC WATER POLLUTION
 Modem nations rely on thousands of organic and inorganic chemicals in industry, agriculture, and the home. These materials provide many benefits, and new chemical compounds are constantly being developed to improve existing processes. But with modern chemicals come pollution problems. Improp- erlyusedordisposedof,reasonablysafechemical compoundscanbecome toxic. The effectsof such toxics can be immediate illness or allergic reactions. Or they can be delayed for years before resulting in diseases or even death. For this reason, toxic water pollution is regarded as a major national and intemational health concem.
 Toxic water pollution is most often linked to point source causes, such as industrial discharges or accidents in transportation (such as oil spills). But it can also come from nonpoint source causes. These include runoff from both urban and rural areas, and atmospheric transport.
 Hard surfaced roads and parking lots in urban areas collect toxics such as lead, oil, cadmium (from tires) and other pollutants, which can be washed into streams through storm drains. These materials are not only immediate toxics, but remain and accumulate in sediment or in the tissue of living organisms. (In the 1970s many people suffered severe health problems from eating swordfish containing high levels of mercury, which accumulated in the fish over a long period of time.)
 In agricultural areas, pesticides containing toxic compounds are applied to crops to improve crop quality and increase yields. Their proper use has helped eliminate hunger in many parts of the world. But improper application of pesticides can create serious water pollution problems, because runoff from fields can introduce large amounts of toxics into waterways. Pesticides can also cause groundwater contamination.
 The cost of disposing of toxic chemicals created by industry is high. U.S. Federal and state laws or Canadian provincial laws require careful monitoring of industrial processes and specific storage and disposal procedures of these materials. This cost has caused some unscrupulous business people to illegally dispose of toxic chemicals, a process called ”midnight dumping.” Pollution from this source may go undetected for years, and when discovered, it can be very difficult to determine the source and very expensive to clean up. U.S. Legislation adopted since the late 1970s has imposed large fines and jail sentences for people caught illegally dumping toxic wastes.
 Another, perhaps surprising, source of toxic water pollution comes from individuals. Household chemicals such as cleaners, dyes, paints, and solvents are a large source of toxic water pollution, particularly in urban areas. Many of these materials are simply poured down drains or flushed down toilets with no regard to their consequences. And while the toxic chemicals from one household may not seem like much, they can cause problems. In fact, a single quart (liter) of motor oil can pollute a quarter of a million gallons (1 million liters) of water. And homeowners may use ten times the amount of pesticides per acre as farmers. The amount of toxics released by an entire city, one person at a time, can be staggering.
 An often overlooked form of toxic water pollution is from atmospheric transport. Pollutants can be deposited directly into water or wash off the land in runoff. Acid rain, for example, is caused when sulfur and nitrogen gases emitted from automobiles and coal-burning power plants combine with water in the atmosphere to form acids. Acid precipitation can damage buildings, car finishes, crops, forests, and aquatic life. Many other chemicals emitted from industrial stacks at plants can also end up in waterbodies. For example, prior to lead-free gasoline, lead was being emitted from car exhaust, being deposited on land, and then washed into water bodies.
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Another source of toxics are landfills. Leachate formed when precipation percolates through garbage may contain toxics that can contaminate surface and groundwater supplies.
 Solutions
 Increased concerns over industrial toxic pollution have created strict regulations for most companies, ranging fromlargeplants to small businesseslikedry cleaners, which use potentially toxic solvents. Since the effects of some toxics have not yet been determined, it is expected that even more regulations will be created in the future to limit the material that can be released into both the nation’s atmosphere and waterways. Thiscreatesa major challenge for industry to keepup withchangingregulationsand develop ways to meet new requirements. Efforts are being made to install air cleaners on factories, power plants, cars, and wood stoves to trap pollutants before they get into air and are transported into water. The use of nonpolluting methods of power production such as hydroelectric, thermal, and solar also helps.
 Individual actions can also have a big impact on the toxic pollution problems. Homeowners can substitute biocontrol agents, like praying mantises or ladybugs, for pesticides. Other natural insect repellents include plants like mint (which discourages ants), garlic, and marigolds. Acid rain can be reduced by using the car less and conserving electricity at home and work.
 Properly tuned automobiles and adequate pollution control devices will also reduce acid rain. Since virtually every liquid in an automobile can be a serious pollutant, care should be taken to avoid spilling oil, antifreeze, or other fluids from automobiles. In some cases, it maybe more ecologically sound to have repairs done by a reputable garage than to attempt messy do-it-yourself work. Reformulated gasolines designed to reduce harmful emissions can also reduce pollution.
 Household cleaners can add toxics or nutrients to water. In most cases, harsh chemicalsare not necessary to do an effective cleaning job, and less-damaging substances can be substituted. Baking soda can be used as a scouring powder or water softener to increase the cleaning power of soap. Soap biodegrades safely without adding phosphates or dyes to water like many detergents. Borax cleans, deodorizes, and disinfects. An all-purpose cleaner made of a teaspoon (5 cc) of liquid soap, two teaspoons (10 cc) of borax, and a teaspoon (5 cc) of vinegar in a quart (liter) of water is an effective grease cutter. A quarter cup (1/8 liter) of baking soda followed by a half cup (1/4 liter) of vinegar makes a good drain cleaner. Consumers should also take care in disposing of potentially dangerous household waste like batteries, nail polish, drain cleaner, and paint. Many communitiesoffer regular hazardous waste pickups. The U.S. EPA Resource Conservation and Recovery Act hot-line (703) 486-3367 can supply more information.
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OTHER WATER QUALITY FACTORS
 Water in different areas will have different qualities, (caused by natural impurities and conditions) that can affect pollution levels. These considerations often affect the ways in which pollution problems can be addressed.
 Dissolved Oxygen (DO)
 The amount of dissolved oxygen (DO) or concentration in a water body is a very important indicator of the "health" of a lake or stream. For aerobic organisms, such as fish, zooplankton, and invertebrates, the concentration of DO in the water will determine the type of organisms which can live in a lake or stream. If dissolved oxygen levels fall below desirable levels, aerobic organisms can suffocate and die. Different organisms have different preferences. For example, brook trout require high levels of Do while carp can survive at lower levels. The production of oxygen by green plants, either algae or aquatic macrophytes, during the day, and respiration by aquatic animals and plants at night greatly affect DO concentrations.
 DO is supplied to a water body through (1) the diffusion of atmospheric oxygen into the water and (2) the production of oxygen through photosynthesis by algae and aquatic macrophytes. Usually, a natural gradient exists favoring the diffusion of oxygen from the atmosphere into water. The agitation of water by wind, waves, or as occurs in the riffles or falls of a stream quickens the diffusion process. Internal mixing in a lake or stream helps distribute the oxygen throughout the water body. The solubility of oxygen in water is related to temperature. Oxygen is more soluble in cold water than in warm water. Thus, during the winter, the surface waters of a lake usually will have a higher concentration of DO than they will in the summer.
 DO can be depleted by respiration or decomposition. At night, when photosynthesis ceases, the plants take up oxygen. Coupled with bacterial respiration associated with the decomposition of material, and the respiration of fish and invertebrates, this can lead to a serious depletion or even exhaustion of the Do content. This places a great stress on the organisms living in the water and leads to a condition where the water body becomes dominated by highly tolerant organisms.
 Low DO can be caused by (1) increasing nutrients such as nitrogen and phosphorus that accelerate plant growth, (2) runoff of manure and other organic wastes directly into water bodies, and (3) discharge of poorly treated wastewaters with high concentrations of organic compounds.
 Temperature
 The temperature of a water body affects the solubility of oxygen. In addition, nearly all organisms have some temperature range they prefer or even require. For example, trout only live in cool mountain streams. Water temperatures often increase when tree cover is removed from stream banks or when sediment clouds the water. Sediments absorb heat. Also, some factories and power plants discharge heated water.
 By definition, pH is a measure of the concentration of free hydrogen (H') or acidity. The pH level of water is determined by its acidity or alkalinity. The pH scale ranges from 0 (very acidic) to 14 (very alkaline). Distilled water has a pH of 7. The introduction of impurities into water changes its pH and affects the numbers and types of aquatic plants and animals which can live in it. Pollution problems like acid rain can lower the pH of a body of water to the point that it can become essentially "dead" or devoid of aquatic organisms.
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Alkalinity
 Buffering capacity refers to the ability to resist pH change upon addition of an acid or base. In fresh waters, buffering is accomplished through the chemical interrelationship between carbon dioxide, bicarbonate, and carbonate. In essence, the alkalinity helps the water body resist changes in pH due to the addition of acids or bases. Alkalinity measures the total amount of carbonate, biocarbonate, and strong bases (like hydroxide) present in the water.
 In soft water bodies which drain land overlying igneous rock, the alkalinity is fairly low. In hard water bodies which drain limestone formations or calcareous deposits, alkalinity is fairly high.
 Highly productive lakes will tend to be more alkaline than lakes of low buffering capacityor resistance to change in pH. This is the result of photosynthetic activity which fixes carbon dioxide. As the carbon dioxide content of the water decreases, the pH of the water body will shift toward the basic side of neutral. The buffering capacity of water bodies determines the extent to which the pH will deviate from neutral. Low alkalinity water bodies will be more affected by acid rain, whereas high alkalinity water bodies are less affected because they buffer pH changes due to acid rain.
 Hardness
 This is a measure of calcium and magnesium ions in water. Hardness is a concern where water is being used for municipal or industrial supply. Hard water can have a "slimy" feel to it, and the hardness limits the ability of soaps to lather. Hard water can also cause deposits to form in pipes, eventually blocking them. This is of particular concern for industry. Hard water used in manufacturing may contain enough impurities to affect the quality of materials being produced. There is also some concern that hard water used for drinking may encourage health problems like kidney stones.
 Chlorides
 In water bodies where a septic or sewage problem is suspected, chloride analyses typically may be conducted. Natural chloride concentrations in water bodies are typically very low. Because humans eat so much salt as seasoning and most of this salt is not necessary, ti passes through into urine and is a good indicator of human sewage. Road salts are another source of chloride. In most cases, the concentration of chloride in natural waters is approximately 8-20 mg/l. The concentration of chlorides in waters subjected to pollution from wastewater or road runoff may be as much as 200 mg/l. At times, groundwater contributions to water bodies may be very high in chloride depending upon the geological nature of the watershed.
 Oxygen-Demanding Pollutants
 While land animals extract oxygen from the air, aquatic life depends on oxygen dissolved (Do) in water. The oxygen consumed by aquatic life is naturally replenished through photosynthesis by living aquatic plants, and through reaeration, which occurs when the layer of oxygen-depleted water contacts surface air. Reaeration takes place more quickly in fast-moving, shallow streams where the rate of air/water interchange is greater than in quiet lakes.
 Pollutants, such as inadequately treated sewage, manure, crop residues, and natural loadings of leaves and algae require oxygen for decomposition, creating an oxygen demand on a water body. A discharge of organic nitrogen or ammonia can also create an oxygen demand through the process of nitrification.
 When oxygen-demanding pollutants enter a water body as a result of poor land-use practices and waste disposal activities, they upset the delicate balance between oxygen-consuming aquatic life and the oxygen-replenishing process. The pollutants can increase the rate of oxygen consumption to a level higher than the water body is adequately replenished. As a result, the oxygen content of the water will fall below what is needed to support aquatic life.
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BEST MANAGEMENT PRACTICES
 There are many approaches to stopping or preventing water pollution. These vary depending on the type of pollution and its source. Human activities on land have a direct impact not only on the types of pollution created, but also on the methods used to control pollution. The most effective ways of controlling water pollution are sometimes called best management practices.
 Urban And Suburban
 Control of both point source and nonpoint source pollution in urban and suburban areas is increasing. Tremendous investment by cities and industry have helped curb pollution problems immensely. Municipal sewage treatment facilities have grown faster than the nation's population. However, more improvements are still needed to make sure that water treatment systems can keep up with our needs. U.S. Federal and state laws, beginning with the landmark 1972 Clean Water Act, are continually being developed that limit what types of contaminants can be released into water systems. These controls have stopped many of the fish kills and other problems associated with pollution in the 1970s. Many urban area lakes that were consider "dead" are now clean enough to support many fish species and other animals. Urban runoff is still controlled primarily by voluntary means, but cities have adopted new practiceslike leaf collection and street cleaning at critical times, that can reduce the flow of sediment and other contaminants into waterways. City planning places new emphasis on water conservation and control, particularly in areas where water supplies may be limited. Detention-retention ponds have been incorporated into some water control systems to allow contaminants to settle, and to feed rainwater into runoff channels at a controlled rate.
 In some cases, building codes limit construction based on water demand. A single new household consumes more than a hundred thousand gallons (370,000 liters) of water each year, placing more demand on water supplies and on wastewater and sewage treatment systems.
 Education programs designed to teach people the proper use of water and disposal of potential pollutants are also having a positive impact. These programs show people the staggering amounts of water they consume each day, and steps they can take to reduce consumption. Less consumption means less wastewater that has the ability to carry pollutants.
 Construction
 Construction must take into account both short-term and long-term water pollution management practices. Construction removes vegetation from the ground, inviting erosion and sediment pollution. Practices to reduce this include temporary measures such as diverting water flow through trenches or sediment ponds that allow silt and other materials to settle before water runs off into streams. Silt screens, hay bales, mulch, and other materials may also be used as temporary controls, as well as the planting of temporary grasses to control erosion before more permanent landscaping can be done.
 One key to success in best management practices for construction is proper site planning. The type of soil, the location of streams, and the topography of the area must all be considered before the construction process begins. Permanent measures may have to be taken to ensure that slow erosion doesn't create problems several years in the future. These measures may include storm drains; "riprap," a permanent layer of stone that retards water flow and enhances infiltration; or even construction of grassed or lined waterways that convey excess storm water away from developing areas or critical slopes. The construction process itself may be modified to include a stone "pad" at the construction entrance to reduce the transportation of mud off the building site by vehicles or runoff.
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Croplands
 Croplands are the primary source of sediment pollution, and they can be a source of nutrient or toxic pollution from fertilizer or pesticide runoff. New management methods are being used to reduce these problems.
 One practice for reducing erosion and sediment pollution is conservation tillage. Instead of plowing under the residue from a previous crop and exposing bare soil, conservation tillage uses a disc or other device to cut through the residue so seeds can be planted. This process allows a protective layer of vegetation to remain on top of the soil to retard erosion and to retain more water in the soil. One negative impact is that this process may require increased use of herbicides. Another process, called ridge planting, puts seeds in ridges of plowed soil. This method allows warmer soil temperatures for planting and traps rainwater in the furrows between the ridges.
 Agricultural extension servicesalso provide soil testing to farmers so that fertilizers canbe properly used. The tests indicate which nutrients maybe needed for the type of soil and the crop being used so that over- fertilization does not occur. Not only does this practice reduce pollution, it can reduce the cost of producing a crop.
 Other best management practices include crop rotation, which may replace a row crop with a grain or other plant that covers more ground and reduces erosion. Planning field layouts can also reduce erosion and sediment pollution by contour farming, changing the direction of rows, or creating runoff channels that allow sediment to settle before the runoff water is released into streams.
 Feedlots and Pasture Lands
 Animal wastes can be sources of sediment, bacterial, and nutrient pollution. Waste management systems, however, can be used to convert animal wastes into reusable resources. A ton (908 kg) of animal manure is equal to about 100 pounds (45.4 kg) of high quality chemical fertilizer.
 There is no one single system that isbest for animal waste operations. Dependingon the size of operation, type of livestock, and the potential for pollution, systems may need to be customized to a particular location. Considerations for system design include local environmental regulations, the number of animals, fertilizer needs, location of water sources, and the location of residences around the livestock operation.
 A waste management system has three basic components: collection, transportation, and storage or disposal. For some farms, a system may provide collection and transportation functions, with the wastes delivered to another location for storage or disposal. Collection methods vary, ranging from scraping to washing and flushing. Transportation methods include conveyors, pumps, wagons or manure spread- ers.
 Collection and storage methods are based on the principles of either keeping wastes for later use or providing a safe method for their treatment and disposal. Proper storage facilitiesare important because wastes can lose nutrients and fertilizer value. A common treatment facility is a lagoon. Anaerobic lagoons break down waste materials without oxygen or aeration. Aerobic lagoons break down waste material with oxygen. This type of lagoon creates less odor than anaerobic lagoons. Aerobic lagoons require more surface area. Both types reduce the concentration of nutrients (by as much as 90 percent), making it safe to dispose of wastes by irrigation or even through controlled flow into streams.
 i
 Other alternatives include collection of wastes and drying them for use as household fertilizers or even additions to silage for animal feeds.
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Mining
 Mining is one activity that is specifically regulated as a potential source of pollution. Since 1965, more than three million acres (1,125,OO ha) of land in the US. have been disturbed by strip-mining activities. Severe problems have been created by erosion and acidity. However, mined lands must now be “reclaimed,” or restored to acceptable condition after operations are complete.
 The best management practices included in this process are preplanning to determine how the site will be used after operations are finished, stabilization of the site while work is in progress so that it does not create an immediate source of pollution, creation of storm water control and storage, and re-creation of natural beauty by replanting the site so it has minimum aesthetic impact on the area. Since mining can destroy topsoil, new soil or nutrients may need to be added before plants can thrive, or different vegetation requiring less nutrients may be used to start growth.
 Underground mines can also be pollution sources, particularly for groundwater. These are also subject to reclamation and other laws requiring steps be taken to keep sediment or toxics from entering waterways.
 Forests
 Forestry practiceshavebeen modified voluntarily and by law to reduce their pollution potential. Instead of clearcutting sites and inviting erosion, many logging companies now use selective cutting practices that allow for better timber choices and minimal impact on the land. Many forest products companies have found that proper land management can actually increase their profits by increasing forest yields.
 For softwoods like pine, which are used for paper production and lumber, forest product companies manage their own “plantations” of timber, replanting several trees for every one cut down. This has increased the amount of useable timber available in the US., and has reduced the potential of pollution. Site planning is now an important consideration. Loggingroads may wind around hills to reduce erosion and allow natural growth to quickly ”retake” the land after cutting is finished.
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3 INDIVIDUAL ACTIONS
 There are a number of things that individuals can do on their own to reduce water pollution. Many of these practices are simple ones that only require changing old habits or switching to more environmen- tally responsible products.
 Lawn And Garden
 Individuals can create more pollution on small plots of land than many farms create over hundreds of acres (ha). One reason for this is that individuals tend to overuse fertilizers and pesticides. The excess that runs off during rains combined with similar overuse from the rest of a neighborhood can cause significant pollution problems. Homeowners may apply 50 times more fertilizer than necessary for plant health, for example.
 -
 One good alternative is to create a compost pile to produce natural fertilizer. Composting can be started by simply gathering leaves, branches, and other materials, and placing them in a location where their is enough aeration and moisture to allow bacteria to begin breaking the material down. This produces a rich mulch that can be applied to gardens or plant bases for fertilizer.
 Chemical pesticides can be avoided by the use of natural insect controls, including predatory insects like ladybugs or praying mantises. These creatures feed on many garden pests and some people actually keep mantises as pets. Simply installing a bird feeder to attract birds can help control populations of Japanese Beetles and other pests. Pesticidal soaps that do less harm than chemicals are also available, as are some forms of insect diseases that wipe out pests but don't harm other organisms. Proper selection of plants for gardens and lawns can also reduce pests. Some, like mint, garlic, and marigolds, will drive insects away, while others may not affect the local insect populations at all.
 '3 k-
 Automobiles
 Even sitting still with their engines off, automobiles are sources of pollution. Petroleum based fluids can wreak havoc in water supplies, contaminating thousands of gallons of water. Do-it-yourselfers spill or dump more oil in a month than is lost in major tanker disasters.
 Do-it-yourself jobs like oil changes should also have oil disposal taken into consideration. Many service stations accept oil for recycling, and most auto parts stores offer oil collection boxes that soak oil into shredded paper or other material. Theseboxes can thenbe taken to waste oil collection stationsfor proper disposal. Low price quick oil change businesses can actually be more economical than doing it yourself, particularly if your car requires special tools to reach oil filters and drain plugs. And most of these businesses have waste oil handling procedures in place so that used oil is collected and recycled.
 Fluids like antifreeze and battery acid are especially dangerous toxics. Even small amounts can cause personal health problems or great environmental damage. Special care should be taken when dealing with these materials so they are not spilled. If a job appears that it may be particularly messy, it may be best to take the vehicle to a responsible professional mechanic. Many garages now use safer environ- mental practices to make sure toxics are disposed of carefully.
 Household Cleaners and Solvents
 Many household shelves would be considered toxic waste dumps in industrial situations. Even common cleaners and solvents contain acids, lye, volatile organic compounds, and other materials that can '3
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contaminate drinking water, even in small amounts. Detergents can add nutrients like phosphates to water and create problems like algal blooms. People tend to practice “overkill” with cleaners as they do with fertilizers and pesticides. And since these materials are usually much more toxic-and much more concentrated-they can create serious pollution problems.
 Natural cleaners like baking soda, vinegar, and borax can be substituted for many harsh cleaners. These materials can make good all-purpose cleaners, grease cutters, and even drain cleaners. It is also possible to buy low-phosphate laundry detergents and detergents that are free of dyes and perfumes. These are more easily handled by sewer systems and cause less nutrient or toxic pollution.
 Common household products like paint thinner may contain volatile organic compounds like methylene chloride, ketones, and other chemicals that have been proven to cause cancer. Yet many people ignore warning labels and dispose of these materials in water systems. EPA tests on drinking water supplies found that nearly a fourth of the samples tested contained traces of one or more hazardous compounds like these. So proper disposal is critical. The U.S. EPA hot-line (703-486-3367) can give advice on the best waste disposal procedures.
 Water Conservation
 Each of us uses about 150 gallons (565 liters) of water every day. One half-gallon (2 liters) is used for drinking. The other 149 1/2 gallons (563 liters) go for cleaning, cooking, toilet flushing, and other uses. It is in itself, a form of runoff. One very effective way to reduce water pollution is to simply reduce water consumption.
 This can be done by changing a few habits. Puttinga bottle of water in the refrigerator for drinkingrather than letting water run into the sink until it gets cold uses less water. Peeling fruits and vegetables and then rinsing them saves two gallons (7.5 liters) every minute. A dishwasher usesless water than washing by hand-about six gallons (23 liters) a load. And washing an entire load of d i s h e c r clothes-saves water over washing several partial loads. New washing machines can reduce water consumption by one third, or more than 400 gallons (1500 liters) monthly fora family of four. But the greatest water use occurs in the bathroom. Simply turning off the water while brushing your teeth will save as much as ten gallons (38 liters) per person per day. Takinga shower instead of a bath will save about 25 gallons (95 liters), and new low-flow shower heads can reduce consumption even more.
 Forty-five percent of the water used every day is flushed down the toilet. New toilets use about half the water as old models, and older toilets can still work effectively with less water. Devices like toilet dams block part of the water in the tank and reduce the amount used with each flush. If a toilet dam sounds too difficult to instal1,you canget the sameeffect simplyby puttinga water-filled plasticbottle in the toilet tank. This displaces water and means that less is used.
 Washing the car with a running hose will use more than 100 gallons (380 liters) of water. Using a bucket and sponge cuts that by 90 percent. And it’s best to water lawns and plants late in the evening or early in the morning so water will soak into root systems and not be lost to evaporation. Another personal choice that can be made to reduce water consumption is to eat less meat. Half the water consumed in the U.S. goes to meat production. Eliminating a singleeight-ounce (225g) portion of meat a month will save more water than not turning on your kitchen sink for the same 30-day period.
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1 ABOUT THE AIR & WASTE MANAGEMENT ASSOCIATION
 The Air & Waste Management Association is a nonprofit, technical and educational organization with nearly 13,000 members in more than 50 countries. Founded in 1907, the Association provides a neutral forum where all viewpoints of an environmental management issue (technical, scientific, economic, social, political, and public health) receive equal consideration.
 This worldwide network represents many disciplines-physical and social sciences, health, engineering, law, and management. The Association attracts decisionmakers from government agencies, industry, and the academic and research communities who exchange technical and managerial information about air pollution control and waste management. The Association serves these members and the public by promoting environmental responsibility and providing technical and managerial leadership in the field of air and waste management. Dedication to these objectives enables the Association to work towards its goal-a cleaner environment.
 Through the Association, environmental management professionals develop technical expertise, man- agement skills, and familiarity with all sides of an environmental issue. Members leam about technical advances in environmental control, trends in the profession, and the probable effect of eachon their work.
 Although the Association has nearly 13,000 members worldwide, the majority of the members reside in North America. As a result of regional and local issues, these members formed sections and chapters to offer additional programs and activities in their geographical areas.
 Each year the Association conducts the largest environmental conference in North America-its Annual Meeting and Exhibition. This conference features a five-day exhibition and the many business and ancillary meetings that drive the Association. Thousands of environmental management professionals attend this annual event.
 Throughout the year, the Association conducts hundredsof specialty conferences, workshops, seminars, sectionand chapter meetings,and continuing educationcourses. Sinceall of thesemeetingsareproduced and conducted by the members themselves, their topics vary among the many issues surrounding air and waste management.
 The Association's support and administrative offices are located in Pittsburgh, Pennsylvania. Any questions about the Association, its members, programs, or outreach activities can be answered by the staff by contacting:
 Air & Waste Management Association P.O. Box 2861
 Pittsburgh, PA 15230, USA (412) 232-3444
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